
0 3  
2 2< 

COAST AND GEODETIC SURVEY q3C 

/% 
Ct 1J 

U. S. DEPARTMENT OF COMMERCE 
DANIEL C. ROPER, S e M t u y  

R. S. PAITON. Dinstor 

no .  Zof 

Special Publication No. 201 

EARTHQUAKE INVESTIGATIONS 
IN CALIFORNIA 

1934-1935 

UNITED STATES 

GOVERNMENT PRINTING OFFICE 

WASHINGTON a 1936 

- 
For ule  by tha Superintendent of Documentr, Warhlngton, D. C. - - - Prloe 36 cent. 



National Oceanic and Atmospheric Administration 

ERRATA NOTICE 

One or more conditions of the original document may affect the quality of the image, such 
as: 

Discolored pages 
Faded or light ink 
Binding intrudes into the text 

This has been a co-operative project between the NOAA Central Library and the Climate 
Database Modernization Program, National Climate Data Center (NCDC). To view the 
original document, please contact the NOAA Central Library in Silver Spring, MD at 
(301) 713-2607 x124 or www.reference@nodc.noaa.gov. 

LASON 
Imaging. Contractor 
12200 Kiln Court 
Beltsville, MD 20704- 13 87 
January 1,2006 



Blank page r e t a i n e d  for p a g i n a t i o n  



C 0 N T E N 1’ S 

Preface. N. H. Heck _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -  
Chapter 1.-Field parties and problems. F. P. Ulrich _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Chapter 2.-Strong-motion program and tiltmeters. N. H. Heck, H. E. 

McComb, and F. P. Ulrich _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Strong-motion program-- - - - - - - - - - - - - - - - - - - - - - - - _ - _ - - - - - 
Ti l tme te r s________-_ - - - - -~ - - - - - - - - - - -_ - - - - - - - - - - - - - - - -  

uestionnaire program for collecting earthquake data. 
P. %yerly and H. Dyk _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

H i s t o r i c a l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - - - - _ - - - - -  
Present status-- - - - - _ - - - - _ - - - - - - _ - - - _ - - - - - - - - - - - - - - - - - - 
Future possibilities _ _ _ _  - - - - - - - - - - - - - - - - - - _ - _ _ - - - - - - - - - - - 
Significance of the program _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

D. S. Carder--- - - - - - - _ - - - - - - - - - - 
Introduction. L. S. Jacobsen _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Report of vibration observations _ _ _ _ _  - - - - - - - _ _  - - - - - - - - - - - 
Building vibrations - _ _ - - - - - - _ - - - - - - - - _ _ - - - - - - - - - - - - - - - - 
Tank-tower vibrations-_- - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - 
Bridge and bridge-pier vibrations- - - - - _ _  - - _ _  - - _ _ _  - - - - - - - - 
Dam v i b r a t i o n s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - -  
Ground vibrations- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. - - 
Special vibration measurements _ _ _ _ _  - - - - - - - - - - - _ - _ - - - - - - - 
.4cknowledgments- - - - - - - - - - - - - - - - - - - - - - - - - - .. - - - - _ _ _ _ _ _ - 

R. S. McLean and W. W. Moore _ _ _ - - -  - 
Introduction- . . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _ _ _ _ _  ~ ______- . . -  - 
Tank period computations- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

J. A. Blume _ _ _ _ _ _ _ _ _ _ -  
Introduction. L. S. Jacobsen _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Preliminary considerations- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Design and construction of the vibrator _______________- . . -  
Description of the vibrator _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  - _ - -  - 
Method of making tests _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 
Results of experiments- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - - - -  - 
Example of a preliminary report on a forced vibration test-- 

Chapter 8.-A report on earthquake damage to type I11 buildings in Long 
R. R. Martel--, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - 

General conclusions- _ - _ _  _ _ _  _ _ _ _  - _ _  _ _  _ _ _  - _ _  - _ _  __ - - - - - -  - - 
Acknowledgments _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - 
Supplementary report on earthquake damage in Compton - - 

Chapter 9.-Periods of the ground in Southcrn California earthquakes. 

History___ _ _ _ - - - - - _ - _ - _ - _ _ _ _ _ - _ - - - - - - - - - - _ - - - _ _ - - - - - - - 
Data _ _ _ _ _ _  _ _ _ _ _ _  _ _  - - - _ _  _ _ _ _  - - - _ _  - - - - - - - - - - - - - _ _  - - - - - -  
The periods measured in records of earthquakes- - _ - - - - - - - - 
Differences in different components- - - _ _  - _ _  - - _ _ _ _  _ - - - - - - - 
The effect of distance on the recorded periods _ - - _ - - - - - - - - - 
The effect of the station _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  - _ _ _  _ _  - - - - _ _  - - - - 
The effect of the epicenter on the recorded periods-- - - - - - - - 
The effect of the magnitude of the shock _ _ _ _ _ _ _ _ _ _ _ _ - _ -  - - -  
The periods observed in blasts _ _ _ _  - _ _ _ _ _  - - _ _ _ _ _ _  _ _  _ _  - - - - - 
The periods recordcd during microseisms _ _ _ _ _  _ _ _  _ _  - - - - - .- - - 
Theory _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _  - - _ _ _  - - - - - _ _ _  - -  - - 
Conclusions------________----------------_--_---------  

H . 
Renio f f_______-_ -____-___- - - - - - -__ -__- - - - - - - - - - - - - - - - -  

W. I?. 
Reynolds and H. S. Rappleye- - - - - - - - _ _  - - - - - - - - - -  - - - - 

Triangulation___--. .---_--------_---------------------  
L e v e l i n g _ _ _ _ _ _ _ _ _ _ _ _ _ - _ ^ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Chapter 3.-The analysis of records. 
Chapter 4.--The 

F. Neumann 

Chapter 5.-Vibration observations. 

Chapter 6.-Vibration studies. 

Chapter 7.-The building and ground vibrator. 

Beach. 

B. 

Chapter 10.-Preliminary report on four-unit portable seismograph. 

Chapter 11.-Geodetic work in earthquake regions in California. 

111 

Page 
vi1 

1 

4 
4 

23 
31 

43 
43 
45 
47 
47 
49 
49 
53 
54 
75 
95 

100 
100 
105 
106 
107 
107 
112 
117 
117 
118 ~~ 

119 
120 
122 
123 
131 

143 
181 
161 
181 

163 
163 
165 
170 
194 
200 
214 -~ 
214 
218 
219 
220 
22 1 
224 

226 

228 
228 
23 1 



IV 

Fig- 
ure 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 

19. 

20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 

28. 

29. 

30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 

44. 
45. 
46. 
47. 
48. 

CONTENTS 

LIST OF ILLUSTRATIONS 

49. v -  

50. Subway Termi?al Building, Los Angeles _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _  
51. Los Angeles City Hall _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  
52. Heartwell Building, Long Beach _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
53. Periods observed in three adjacent buildings _ _ _ _ - _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _  
54. Vibrograms of the California Conserving Co. tank tower, Hayward- _ _  - 
55. Vibrogram of the Standard Sanitary Products Co. water tower-_- - - - - - 
56. Vibrogram of the Port of Oakland tank tower _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _  
57. Pull-back test on Port of Oakland tank tower . . . . . . . . . . . . . . . . . . . . .  

71 
72 
72 
73 
76 
77 
77 
78 



CONTENTS V 

Fig- 
ure 
58. Durkee Famous Foods tank tower _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  - - - - - - -  - - - - - - -  
59. Pacific Manifolding Book Co. tank tower-- - - - - _ _  - - - - - - _ _ - -  - - - - - - 
60. Port of Oakland tank tower _ _ _ _  - - - - - - - - - - _ _  _ _ _  - - - - - - - - - - - - - - - - -  
61. Johns-Manville tank tower- - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - 
62. Typical pull-back tests- - - - - - - - - - - - - - - - _ _  - - _ _  - - - - - - - - - - - - - - - - - - 
63. Orbits of motion in tank vibration tests _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ - - - -  - - - -  
64. Radial application of force, and position of vibration meter in pull- 

back tes t_- - - - - - -_- - - - - - - - - - - - - - - - - - - - - -_-__-- - - - - - - - - - - - - -  
65. Second method for radial application of force, and position of vibra- 

tion meter in pull-back test _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
66. Tangential application of force and position of vibration meter iti 

pull-back t e s t _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
67. Radial application of force, and position of vibration meter at a 45' 

angle in pull-back test _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - -  
68. Radial applicatipn of force, and positions of vibration meters on pier 

and platform in pull-back test _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _  - - _ _ -  - - - - - - - - - - - 
69. Loading curve, Chevrolet Motor Co. high tank tower _ _ _ _ _ _  .___-----  
70. Record of blast a t  the Morris Dam- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ - -  - - -  - - -  
71. Layout of ground vibration tests, site of new San Francisco Mint-- - - - 
72. Mount Wilson telescope pier vibration tests _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ -  - - -  
73. Vibrogram obtained on Colorado Street bridge in Pasadena- _ _  - - - - - 
74. Vibrogram, Los Angeles City Hall- - - - _ _  - - _ _  _ _  - - _ -  - - - - - - - _  - -  - - - - 
75. Combinations of siniplc harmonic motions - - - - - - - - - - - - - - - - - - - - - - - 
76. Vibrogram analysis- _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _  _ _ _ _ _ _ _  _ _  - _ _ _ _ _  _ -  - -  - 
77. Effect of error in orientation- _ _ _ _ _  - - - _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ - - -  - -. - -  - 
78. Torsion study in a rectangular building- _-  - - - - - - - - - - - - - - - - - - - - - - 
79. Torsion study Pickett method _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ - _ - _  
80. Los Aiigeles dity Hall, simultaneous measurenients- - - - - - - - - - - - - - - 
81. Los Angeles City Hall _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - _ _ _ _ _  - - - - - -  - - - - - - - - -  
82. Computation of tower period _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ - - - _ - - - -  
83. Period and water load of 50,000-gallon steel tower tank- - - - - - - _ _  - - - - 
84. Tierod compression and tower oscillation _ _ _ _ _  - - - - - - - - - - - - - - - - - - - 
85. Vibrator f o r c e s _ _ _ _ _ _ _ _ _ - _ - - ~ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
86. Diagram of wheels showing unbalance _ _ _ _ _  _ _  - - - - - - - - - - - - - - - - - - - - 
87. The building and ground vibrator- - _ - - - - - - - _ _  - - - - - - - - - - - - - - - - - - 
88. Vibrator a t  Mare Island set to exert vertical forces ___-___. .___-- - -  
89. Palo Alto Transfer & Storage Co. Building _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - -  
90. Resonance curves, Palo Alto Transfer & Storage Co. Building_-- - - - - - 
91. Resonance curve for Searsville Dam _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
92. Resonance curves for Colorado Street bridge, Pasadena --....- - - - - - - - 
93. Record from Benioff strain seismometer at Pasadena, showiiig forced 

vibration of the solid rock__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 
94. Bank of America Building, San Jose- - _ _  _ _ _  _ _ _  _ _ _ _ _ - _ _ - -  - _  -. - - -  - 
95. Bank of America Building, plan and elevation _ _ _ _ _ - - _ - - _ _ _ _ _ _ - - - -  
96. Plan of set-ups, Bank of America Building tests _ _ _ _ _ _ - _ _ _ _ _ _ _ - - - -  
97. Set-up for runs 7 to 12, Bank of America Building tests ______.---- 

98. Set-up for runs 13 to 16, Bank of America Building tests-.. _ _ _ - - -  
99. Set-up for run 21, Bank of America Building tests _ _ _ _ _ _ _ _ _ _ _  ---. 

100. Set-up for run 23, Bauk of America Building tests _ _ _ _ _ _ - _ - - _ - - - - -  
101. Deflection curve, second mode of vibration, Bank of America 

Bu i ld ing___-________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
102. Bank of America Buildirig, clevation and fundamental mode of 

v i b r a t i o i i _ - - _ - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - -  
103. Torsional vibrations at thirteenth floor, Bank of Anierica Building---- 
104. Bank of America Building, resonance curve for basement record---- - - 
105. Resonance curves for run 17- - _ _ _  - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - 
106. Resonance curve for run 5, fifth floor- - - - _ _ _ _ _ _  _ _  - - - - - - - - -  - - - - -  - 
107. Resonance curve for run 9, thirteenth floor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -  
108. Vibrator test run 20. Bank of America Building ____-________--.- 

109. Earthquake . .  . damage to type 111 buildings in 1,ong Beach ant1 
vicinity- - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _  - - - - _facing 

110. Limits of chimney damage in Long Beach earthquake-- - - - - - - - - - - - 
11 1. Sail in Long Beach area- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
112. Key to building subtypes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
113. Damage distribution chart-- - - - - - - - - - - - - - - - - - - _ _  - - _ -  - - - -  - - - - - - - 
114. Relative damage to buildings of different heights- - - - - - - - - - - - - - - - - 

. .  
. .  

- - 

Page 
80 
80 
80 
80 
81 
82 

84 

85 

85 

85 

86 
91 

100 
103 
104 
107 
107 
IOU 
109 
109 ~~~ 

110 
110 
1 1 1  
111 
113 
114 
115 
120 
121 
122 
123 
124 
125 
126 
127 

128 
130 
131 
132 
133 
133 
134 
135 

137 

138 
139 
139 
140 
140 
141 
141 

144 ~~~ 

145 
146 
148 
152 
154 



V I  CONTENTS 

Fig- 
ure I’nge 
115. Relative damage to one-story buildings _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  156 
116, Relative damage to  two-story buildings- -. _____._____________ _ _  157 
117. Relative damage to three-story buildings-. 158 
118. Relative damage to four-story buildings _______.____ _ _ _ _ _ _ _ _ _ _ _ _  150 
119. Relative damage according to adjacency _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __._____ 160 
120. Benioff electromagnetic seismometer- _ - - - - - - - - - - -. - -. - -. - - - - - 226 
121. Four-unit galvanometer assembly _ _ _ _  - - - - - - - _ _  - _ _  - - - - -. -. . - - - 227 
122. Parkhurst 9-inch theodolite used in first-order triangulation. - - - - - 229 
123. Triangulation, San Fernando to Bakersfield, 1932 ________. ___..__ 230 
124. Latest type of level used in first-order leveling ____________.______ 231 

- - - - - - - - -. - - - - - - - . - - 



PREFACE 

The seismological work of the Coast and Geodetic Survey began 
in 1925 with tho transfer of seismological work of the Government 
from the Weather Burcnu, though prior to that time for 25 years 
seismographs had been operated a t  the magnetic observatories in 
connection wit,h magnetic work. The early observations related to 
the collection and publication of information re arding TJnited States 
and other earthquakes and the operation of te f eseismic instruments 
for the recording of more or less distant earthquakes, especially in 
places where similar work was donc by no other agency. Develop- 
ment of cooperative work has always been a feature of the program. 
Before many years the view developed that the program should be 
steadily developed in the direction of finding facts which would aid 
in the saving of life and property during strong earthquakes, as has 
been found necessary in other countries, notably Japan and Italy, - 

Congress provided additional funds in 1932 which made It possible 
to undertake greatly needed and hitherto lacking observations of 
strong earthquake motion, especially in regions where damage occurs. 
California was selected since even though other parts of the country 
have had more severe earthquakes, the conditions both as to type 
of earthquake, frequency, and probable immediate economic return 
from the investigation made it the most suitable place. 

Existing instruments were inadequate for such investigations as 
their records failed because they were not adapted to the recording 
of destructive ground movements. New instruments had to be devel- 
oped. This was done with the aid of various cooperating institu- 
tions, notably the Nationnl nurctlii of Standards, the Massachusetts 
Institute of Technology, anti the University of Virginia. 

The obtaining of useful records of the Long Beach earthquake on 
March 10, 1933, gave new impetus to the program. It was seen 
that many allied observations had to he made to make the program 
of damage prevention effective. Drs. Robert A. Millikan and Arthur 
L. Day presented a program to the Public Works Administration and 
the program was approved subject to the work being under the super- 
vision of an existing Government agency. The Coast and Geodetic 
Survey was selected as the proper agency. The detailed plans were 
worked out a t  a series of conferences in California of representatives 
of all the different interests, attended by the writer. The year's 
work which followed is the subject of the present volume. 

Strong emphasis should be laid on the cooperative nature of the 
work. This is discussed in detail elsewhere, but it should be stated 
that if any of thc man agencies had failed to do their part the result 
would have been far 9 ess effective. Many persons gave their time 
without recompense, and besides, useful occupation was provided to 
a considerable number of college graduates who were without other 
employment. Too much credit cannot be given to those who helped 
to.mabo the work eft'evtive, some of whom are authors of chapters of 
this volume. 

V I 1  



VI11 PREFACE 

Mention should also be made of those outside of California who 
took part in an advisory capacity. At the Massachusetts Institute 
of Technology the results of laboratory vibration work on elevated 
tank models, by Mr. Arthur C. Ruge, were made available insofar as 
they affected the observational program in California. Results on 
actual tanks in California were coordinated, thereby doubling the 
value of each investigation. Dr. J. J. Creskoff made useful sugges- 
tions in connection with the preparation of reports and the collecting 
of miscellaneous information which might have a, bearing on the 
observational data. 

It should be emphasized that the other branches of the Federal 
Government have profited from this investigation. The information 
obtained has been used in the design of structures in California in 
which much Federal money is invested and also in such structures 
as Boulder Dam and the Madden Dam a t  Panama. Sites for Federad 
structures have been investigated. 

It should be pointed out that the results in this volume represent 
not much more than a start. There are many as yet unsolved prob- 
lems connected with the program, especially in the practical applica- 
tion of the data. Engineering authorities are hesitant about giving 
advice until further study can be given the various phases of the 
problem, but an excellent start toward a solution has been made. 
Credit must be given to the public-spirited attitude of those who 
have permitted publication of data relating to their buildings. This 
is done only when full consent is obtained. It is recognized that such 
publication can do no harm and is likely to result in great benefit. 

The various chapters of this report have been prepared by those 
who were actually engaged in prosecuting the work. I n  many cases 
the chapter contains only a fraction of the data obtained, being pri- 
marily intended to describe the methods used and the nature of the 
results, with enough data to enable the reader to grasp the scope of 
the work. More detailed results on some of tho projects are available 
in mimeographed form. 

Among the institutions cooperating in this program the National 
Bureau of Standards was active in the development of strong-motion 
instruments and tilt meters ; the California Institute of Technology 
in buildin vibration studies and the investigation of structural dam- 

lated vibration studies; the University of California in the operation 
of tilt meters and the collection and appraisal of noninstrumental 
reports; the Seismological Laboratory of the California Institute of 
Technology and the Carnegie Institution of Washington a t  Pasadena 
in the investigation of ground-wave periods recorded on seismographs, 
and the development of galvanometric recording seismographs for 
special study of structural vibrations; the Massachusetts Institute of 
Technology in the development of automatic starters, and the discus- 
sion of elevated tank vibration problems; and the University of Vir- 
ginia in the development of strong-motion instruments. The success 
of the program to date is due largely to the enthusiastic cooperation 
of the interested personnel of these institutions as well as to others 
who were especially qualified by training and experience to act in an 
advisory capacity. 

age; Stan F- ord University in vibration-machine development and re- 
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EARTHQUAKE INVESTIGATIONS IN CALIFORNIA, 1934-35 

Chapter 1.-FIELD PARTIES AND PROBLEMS 
F. P. ULRICH 

Plans for work were developed a t  a series of conferences in thh San 
Francisco Bay region and in southern California which were attended 
by .engineers, architects, seismologists and others interested for 
business reasons. Availability of existing instruments and methods 
and need for developing new ones to give the information needed for 
the design of earthq uakc-resistan t s triic tures were discussed. 

Tentative plans by Dr. H. A.  Millikan for southern California, 
I>y Mr. Henry Dewell representing a group of engineers, and by 
Messrs. Will G. Corlett and Walter T. Steilberg representhy a group 
of architects, were considered a t  these conferences, and m t h  many 
contributions from other members of the conferences, formed the 
bnsis of the plan adopted. 

For practical operation charge of the work wus assigned to the 
writer, who divided his party into subpurties, each charged with 
specific projects. A brief description is given liere of the different 
subparties and the work upon which each is engaged, together with 
comments on some of the problems that have arisen. 

S a n  Franc isco  ofice.-The work carried on a t  the San Francisco 
(Iffice could very well be divided into several parts. The first part 
consists of the administrative work, including the handling of accounts, 
Purchase of supplies, correspondence, anti contact work necessnry to 
carry on some of the field work. The second part consists of the 
questionnaire program. This work is carried on in very close CO- 
operation with Professor Byerly, of the ITniversity of California, and 
a separate report covering this work has been prepared by him and Dr. 
Henrietta S. Dyk. The third part consists of the study of the field 
records and the preparation and distribution of preliminary reports. 
u p  to April 1, 95 reports had been prepared and distributed to inter- 
ested engineers. These reports are in mimeograph form, giving the 
VaLfious periods of vibration and general information about the 
budding and the ground upon which the building is located. More 
complete reports with pictures are pluced for the use of engineers a t  
the following places: University of California (Professor Byerly) ; 
Stanford University (Professor Jacobsen) ; California Institute of 
Technology (Professor Martel) ; and Massachusetts Institute of Tech- 
nology (Mr. Ruge) ; secretary, Structural Engineers’ Association. of 
Northern California; secretary, Structural Engineer?’ Association 
of Southern California; secretary, San Francisco section, American 
society of Civil Engineers; secretary, Los Angeles section, American 
Society of Civil Engineers; United States Coast and Geodetic Survey, 
Washington, D. C.; United States Coast and Geodetic Survey, 510 

1 



2 COAST AND GEODETIC SURVEY 

Customhouse, San Francisco; and United States Coast and Geodetic 
Survey, 286 Chamber of Commerce Building, Los Angeles, Calif. 

Strong-motion work.-Two parties, one in northern California and 
one in southern California, have been engaged in handling the strong- 
motion work. This consists of the operation and servicing of 51 
strong-motion instruments scattered throughout the State of Cali- 
fornia. A separate report has been prepared covering this work. 

Vibration work.-Two parties have been engaged in vibration 
work. This work covers the observation of periods of vibration of 
various structures. Up to April 1, period observations had been 
made in 292 structures. A report on these observations is covered 
in a separate paper. 

A brief history of development of instruments and methods will 
be of interest. The only previous similar work in the region was by 
Prof. Perry Byerly who had measured the periods of 16 buildings in 
San Francisco using the Hall vibration meter. This instrument, 
which resembles the Bosch-Omori seismograph except that is has a 
vertical component, proved satisfactory only where a large amplitude 
of motion could be obtained. Besides it is large and heavy, and 
requires considerable time for setting up and dismantling, and 
accordingly i t  is not suited to quantity observations. 

A very light and portable instrument developed by Mr. Frank 
Neumann, of the Coast and Geodetic Survey, was tried out. It has 
a small mass attached at  the end of a horizontal arm which is free at  
one end. The particiilar feature is the practically frictionless trans- 
mission of the vibrations to the recording mirror. This apparatus 
showed good possibilities although in its only available form it was 
suited to only a few problems. Later Mr. Ralph S. McLean used 
the same principle in another instrument with which he measured 
some building vibrations. He also built a recorder which uses 
motion-picture film. This recorder is small enough to be used 
advantageously in places such as tank towers, where only a ljmited 
space is available. 

The Coast and Geodetic Survey has developed a small portable 
type of vibration meter which is easy to set up, gives a range in period 
up to 6 seconds, and has a magnification around 200. The first 
experimental instrument was used continuously in northern Califor- 
nia until the working instruments were constructed. In  southern 
California, several regular Wood-Anderson seismometers were used 
extensively for building vibration work. These instruments are 
still used occasionally when a high magnification is desired, as for 
instance, on dams or similar rigid structures. Each of the two 
parties now has several of the new vibration meters and recorders 
which are equipped with a common simultaneous time-marking 
system. This has been found very useful in making detailed studies 
of buildings. Descriptions and pictures of these instruments appear 
in this publication in the chapter on vibration work. 

It appeared evident in the course of the conferences that additional 
instruments would be needed for recording earthquakes and other 
vibrations, and it was believed that suitable instruments using the 
same general principle as the Renioff seismometer would prove 
especially useful. Dr. Benioff agreed to supervise such development 

1 H. Benioff. A New Verticsl Seismograph, Bulletin of the Seismological Society of America. Vol. 22, 
No. 2, June, 1932, p. 165. 
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work a t  the Seismological Research Laboratory a t  Pasadena. The 
results are described on p. 226. 

Ground and building vibrator.-Under Prof. L. S. Jacobsen and Mr. 
John A. Rlume, a ground and building vibrating machine. has been 
designed, constructed and tested in the field. For buildlng work, 
this machine has proved very satisfactory, but the usefulness of this 
particular machine for determining ground periods is still uncertam 
due primarily to the relatively small amount of power that can be 
generated. The report, on this work will be discussed in another 
chapter. 

Other jield work.-A party under the supervision of Prof. R. R. 
Martel has been engaged in a study of damage to type 111 masonry 
buildings during the Long Beach earthquake. An exhaustive search 
has been made from available records and reports to determine 
building damage, which was later verified by actual inspection of the 
building. 

In another project under Dr. Gutenberg, the work consisted of 
measuring thousands of earthquake periods on seismograms and 
arranging these periods in tabular form. As both projects are covered 
in separate chapters no detailed discussion will be given here. 



Chapter 2.--STRONG-MOTION PROGRAM AND TILTMETERS 
N. I€. HWK,  H. 15. MCCOMR, AND 1’. P. ULRICII 

STRONG-MOTION PROGRAM 

The original npproprintion for tlie Clnlifornin scismologicnl program 
provided I‘untls for the piirclinsc of n number of strong-motion instru- 
ments to he instnlletl in Cnlifornin where there was the greatest oppor- 
tunity for measuring the mnximiini forces s r t  iip by enrtliqunkes. In 
selecting the vririoiis locations for thr instruments, preference was given, 
in most cases, to  areas linving the greatest population or  where there 
WRS n concmtrntion of Inrgv biiiltlings. ‘I’hc rnnin parposc of the 

rrcrallh I i l i n  X I P U  ( I )  I ,o i ip i l i i ( l in i l  Irr. (2)  \rr t i(  11 irirlrrnrnrlrr, (‘0 
ronirti r. (4)  lirni.-rii:lrkinR rIo( I,, 1 5 )  I I I I  , ( 1 , )  I ~ ~ i j i ,  (7) rr( i i r i l i i iE ilriini, ( X J  

r l r i r inc i n n t o r ,  ( ( 1 1  I i rn ( l i i l i i r i i  <t,trlPr, (10) control rrIb\ ,  (I I )  \ I  i r t i r i p  rrhv ,  (12) milliimmetrr, ( I O  v r n i i l -  
lanemi? Liinr-nr,irhi.r, ( I + )  tixdiiir niirror\. ( l 5 j  rrboliilion (iiiiiilrr, (IO) [ \ I i n i l r l ~ i i I  Ii’iilr, (17) lrrpr 
;Lt12ihrllrlll 

strong-motion instriiments is to gntlicr seismologicnl d n t n  ncccwnry 
in designing stritrtiires wtiicli tire rcnsonnhly cnrtliqiialte-rcsistnnt. 
Tlic engineer milst, ]<now, nmong other things, something nboiit t he  
forces wliich siich striictmrcs will linve to with5tnntl. In tlic past most 
buildings hnve been clesignccl prirn:irily from ti stntic viewpoint, con- 
sidering only vcrticnl londs. The engineer hns had to consider pri- 
marily the tlend vcrticnl londs, nntl such mnsimiim live londs tha t  were 
considered were just t h n t  much more weight ntltlcd to dead Iontl. 
These l i re  londs were rclntivcly slow moving nntl there was iisitnlly 
nn npprecinble intervnl between the mnximum and minimum. The 
live horizontal lontls linvc bwn trc:Ltctl very similnrly to  the verticnl 
loads. \ Y h m  such horizonttil lontls have hcrn considered, i t  has i is i i -  
nlly been SI. wind forw, in w1iic.h cnsc tlic c,linnge from mnximiim to 
minimum tias trikc~n tiri apT)rrcizibl(> intcrvnl of time. I n  cnrthqunltcs 
this intcrvnl i s  somrtinics only n few tenths of a second ant1 in such 
cases stntic considerations do not hold. The problem becomes one of 
dynamics. In n dynamic mnlysis the necessary dntn consist of contin- 

4 
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uous records of nccclrrntion and tlisplnccment (luring tlir active 
prriod of tho enrthqunlrc. This is the kind of information obtninctl hy 
tlir s trong-mo tion instriimcn ts. 

The  instruments developed for the rcqpecti vc piirposcs arc cnllcd 
accelerogmphs (fig. I )  nnd displacement meters (fir. 2 ) .  1':twh ron- 
sists of the instriirnents which respond lircctlv to t)hc cnrtliqnnke, IL 
starting device, ttic nutomatic recorder t h r  time-mnrking clock, tlir 
light nnd optical system, electric circuits, nntl txittcrirs. T~ocnl cur- 
rent supply cannot be used sincr i t  is likely to he put out  of commis- 
sion by the cnrtliqiiake. Thc starting tlcrice and somc of the sprcinl 
features of tlic nutomatic recorder arc n nry in order thnt tlic instrii- 
irients miiy remain in a s ta te  of inactivity iin'til nn enrtliqunkc occurs, 
and then instnntly stwt molting n sntisfnctory rccortl. I n  view 6C the 
possibility of long dclny, continuous recording such t is is custorncwy 
with ordinary seisiiiogr:Lplis is impracticnblc on nccoiint of tlir cost 
of photogrnpliic p p r r  zintl 11 tt8rntlnncr. 'IYie time-marlring tlrvicc 
is simply n sliiitker nttnclied to the h l n n c e  stnff  of n spring clock, 

i 

I k i r r t a  2 -i)i~~il~ii~iiii~iil tii,~Iw, i'tic1 \ iiw ( I )  I )  i t i i [ i i t i i  ui~Il\, ( ? I  Imott iL, ( { I  t i > (  111 I i r i ' ~  t l r t i i i i i  Iwhinil 
shidil, ( I )  drivinl: ~ i i i i t ~ i r  hrIiiii(1 \liirld, ( r ~ t  l imp,  (01 ~ h w l r l  (71 11111' iii i i h i r i ~  d m k .  

which evrry half sccond eclipses the  light, froni 11 fisrtl soiircc nnd piitq 
II mnrlr 0.2 srcontl long on tlir side of t l i r  rccortl. 

I l ie nutomntir rwordrrs, clr\~rlopctl by tlir ('onst end Gcotlctir 
Survey, rsprcinlly ttiroiiqli tlie worlc ol' hfcssrs. 11. 1,. l'iirl,liiirst, J I .  E. 
McCornt), nntl ICtl~vnrtl t'. Ilohison, nrr motor-driven (fig. 1 ).  IYlirn 
the stnrtinq tlcvicr operates, tlie light goes on, tlic rccorctcr m o t o r  
qtnrts, tlic clrum starts tiirninq tit n l)cripliernl spcctl of n1)oiitJ I O  milli- 
meters per srcond, tlir clock is relcnsetl, nntl n hiimcr operntcs, sigiinl- 
ing nnponc in thr vicinity t l i n t  the recorder is in opcrntion. *In r ic l t l i -  

nrg for stitisI':ictory opcmtion is $1  counting tlcvicc in 
1 1  siiitrihlc plncr outsitlc thc rwortling room so thnt tin nttrntlnnt, c ~ i n  
tlrtrrniinc il tlir recortlcr ]ins hcen in operntion, nlso \ilicthcr it, litis 
turnc(l 11 snflicient numhcr of times to  require n rcplnctmcnt of the 
pnprr. Aftrr complrting 1 'i trims, t l i r  d r u m  stops niitomnticiilly i iritl  
till othcr nctivity ccnses unless tlic enrtliqiinkc is still going on, in wliicli 
caw tlir nbovc cycle is rcpc:itrtl. I n  so~t i r  cmcs n second sliock m n y  bc 
dclriprtl, in which case the rccoidcr rc.ni:iins fit, rest with thc light oll' 
until it, occurs, after whic.11 tlic ril)ovr ryclr i q  rrpentetl. In tlic rnr1ic.r 

I 1  
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models the drum was papered with a single sheet of photographic 
paper, and moved longitutlinally by a helical screw to reduce over- 
lapping of the traces. I n  has been found more satisfactory to use n 
longer strip of paper winding on spools and passing around the drum. 
Tape attachments embodying this principle have been installed on all 
the accelerographs. I n  the latcr models the width of the recording 
drum has been increased from 6 to 12 inchcs, and provision has been 
made for flashing time marks on both edges of the paper. 

Another important improvement in the newer models is a wiring 
arrangement by which 2 or 3 accelerographs locatetl in different parts 
of a building can be connected together so tliat they will all start recortl- 

FI( ,uK~ 3 --hccelrrometrr ‘rmn\vcrv inrnpnnent, slioivirig mirror ]nst ill~ove tlnrnping InnpnQt, tinti 
prism for deflecting light so that the (Ieflrrtcd light will he I,rought psrallrl to  the Ilrht tw UIP from the 
other componrnts ( I )  Damping mnpnrl, ( 2 )  mirror, (3) prism, (4) pivot v~~pensiori .  

ing a t  the same time, and the time marks on the records will be mnde 
simultaneously, providing a basis for comparison of tlie motion oE the  
different parts of the structure. 

As 
in the case of seismographs, there are three components set a t  right 
angles to each other. Then? is also a starting pendulum ant1 the 
parts that  have been described. The whole npparntus is placed in a 
light-tight box, 45 inches long by 20 inchcs wide and 12j4 inches high 
provided with a removable cover, one end of which is hinged so thnt 
there can be access to the drum for the removal of paper and repapering 

An accelcrograph has three accelerometers on a common base. 
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without taking off the cover. The box is rigidly bolted to a concrete 
block. The whole is enclosed in a dark room which should be kept 
locked. This may be an enclosure in a larger room and of inexpensive 
construction. 

The parts of an accelerograph requiring description are the acceler- 
ometers and the starting devices. The accelerometers (fig. 3) were 
designed by Dr. Frank Wenner, of the Bureau of Standards. The late 
Prof. K. Suyehiro in one of his lectures stated that the Wood-Anderson 
torsion seismometer would make an excellent accelerometer. This 
statement needs modification since that instrument has a very high 
sensitivity and can be used only for very moderate earthquakes. 
However, what he meant was that it embodied a correct principle. 

FIGURE I.--Diagram of accelerometer with pivot suspension. 

Dr. Wenner has recognized this in utilizing the principle to some extent 
while making a very different type of instrument. 

The accelerometer has three essential parts in addition to the sup- 
porting frame: A suspension, a loop or vane, and a cobalt-steel 
magnet. In the quad- 
rifilar sus ension, fine wires are threaded through four holes a t  the 

pension passes through and is rigidly clamped to a small tube which 
is part of a rectangular loop or vane forming the steady mass of the 
accelerometer. The suspension is pyramidal in form above and below 
the tube in order to prevent the setting up of so-called “violin-string 
vibrations ” in the suspension itself. In most seismometers the essen- 
tial part is a mass so supported that it is free to act as a pendulum 
or to swing around an axis, and in this case the loop or vane has that 

Two types of suspension have been used. 

top and E ottom. Midway between the top and bottom the sus- 

3350.1-36--2 
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function. Torsion in the suspension furnishes the restoring force when 
the mnss is moved from its position of rest with rcspwt to tlw supporting 

frame. When the siispension is placed liorizont,nl to record verticnl 
motion, additional torsion is nccrss:Lry to hold the vn,ne horizontal. 

The objection to this nrmngcrncnt, which is othwwise satisfactory, 
is the difficulty of adjustment. A motlifietl pivot suspension (figs. 3 



providing the neccssnry tlnmping. 
The magnet mny be rcmovctl 
to mnke Iiccessnry tests of the sus- 
pension. 

A mirror nttnrlictl to  thc v n n r  
mnlres possiblo pliotogrnpliic re- 
cording of its movement, with rcftir- 
ence to the supporting fr:~inc nntl, 
therefore, with rcfcrcwcr to tltc 
earth. A recent improvement (fig. 
5 )  consists in tlic ntldition of nn 
a~isilinry mirror, nt,t:ichctl n t  tin 
nnglc in siicli a wny n q  t o  pro- 
vitlc on t h e  rrcortl, i n  ntltlitlion to 
tlic regular t,r , :inother trnce 
of rctliicctl nm iidc so thnt i f  
f h c  motlion is sidTicicnt Iy yioiciit . to  carry tdic rcgii1:ir liglit, spot 
ofl' t h e  p n p c r ,  t h e  nrisi1i:iry 
spot, will still tw recordccl. I t  is 
tJioiigh t8 thn t, with this :I rrfi ngc- 
rncnt, the inst8ruincnt1 will now 
hr nblc t,o go through tlic strong- 
estj cnrtliqunkc without, loss of 
rerorcl. 

The first st,nrting nc~c~clcroinctcr 
11wd wns tlic 13rniinlit*li c-ontn(t nv- ,.,,,,, ILF R,--Frn,,lllrrl,l 5 t I l , t , r  (,) , , l , , l l l l l ln  



10 COAST AND GEODETIC SURVEY 

The type of starter now generally in use (fig. 6 ) ,  which was devel- 
oped by Mr. H. E. McComb, is a pendulum of 1-second period which 
carries a platinum cone separated by an air space from a platinum 
ring. With small movements of the pendulum such as might be 
caused by artificial vibrations, no contact is made, but when the 
motion is sufficient, as in a strqng earthquake, contact is made and 
an electrical circuit closed. It requires about 0.2 second for an 
earthquake to start a strong motion seismograph. 

Although the accelerometers are designed primarily to measure 
ground accelerations, it is possible, in some cases, by the methods 

I 
F I ( ~ U R E  ?.-Plan of displacement meter. ( 1 )  Damping. wells, (2) booms, (3) recording. drams. (4) driving 

motor, (5) lamp, (6) shield, (7) titne-marking clock, (8) mirrors. 

developed by Mr. Frank Neumann, of the United States Coast and 
Geodetic Survey, to integrate the records obtained with them and 
obtain ground displacements. While the full usefulness of such 
methods has not been definitely established, every effort is being 
made to facilitate its application, especially in obtaining the type 
of records most suitable for such work. 

The instruments intended primarily for measurement of groiind 
displacement, and hence called displacement meters, although of 
different detail from the accelerographs, are fundamentally the same 
except for the type of seismometer pendulum used and the starting 
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device. The former is an ordinnry seismograph (fig. 2) of the hori- 
zontal pendulum type with two horizontal components set at right 
angles to each other, developed by H. E. McComb and ICdwnrd C. 
Robison, of the United States Const and Geodetic Survey. The 
detail of the pivot at  the cup hearing, where the boom cnrrying the 
steady mass meets the vertical column, is devised to prevent, enrth- 
q~ialrc tlnmage to the instrument and fnilure to record. I n  the 
Jnpnnesc earthquake of 1923, a numbcr of seismographs failed because 
tho boom pulled nwny from the bearing nntl then swung bnck dnm- 
aging either the pivot or the cup benrirrg, or the boom stnyrtf out of 
the bearing entirely, and so rendered the instrument useless. I n  

ment meter n guard prevents the pivot from Ienvinc the 
cnp brnring by more than n.ny desired nmount such 3s onc-tlrirty- 
second of nn inch, though the amount is adjustable. The stencly 
mnqs attached to the boom weighs 1 pound nnd the optical nrrange- 
ments nre such that the mngnification is unity. The pendulum is 

I 

' *  
I -  4 

h' 7 
R 

pll iURE X.-JVwd seismograph. ( I )  llal terirs, (2) p h t n  holilrr, (3) recording ;miis, (4) Hrfiilnlirh s.tnrlers, 
(5) tfrivinrr clock, (6) cl:iinl,inp vane, (7) oil woll, (X) ilnniping ndjilstor, (!U invorbntl pundnlrlnl Sl loWinl:  
t h o  wire siipliorts. 

Oil-damped. A sketch of the nssrmbly is shown in fig. 7 .  T h o  
instrument and n11 ories nrc enclosed in a light-proof cnse 44 
bY 40 by 20 inches 

The starting devi is case is nthchcd dir ly to the boom and 
is of tho make-circuit, type. Contnct is m d e  when tho outer end of 
the boom has moved through nbout one-third inch, though this, too, 
Is Rd.iustable. At  present nll displnccmcnt mctcrs tire locnted a t  
StRtions provided nlso with accelcrographs, and, to seciiro simul- 
taneity in the records, the two inst,ruments are wired together so that  
the displacrmpnt meter is stnrted by thc pendulum starter of the. 
ncCe1erogrnph instend of by its own stnrting device. This nrrnngc- 
?lent, hns also the advantage of freedom from spurious starts due to 
tllts. 

A less expensive And somewhat less nccurwte instrumcnt, which, 
however, hns possibility of great, u ~ e f u l n e ~ ~ ,  hns been tested in a model 
fofm and a number have been installed. The Weed strong-motion 
Seismograph (fig. S), designed by Mr. Arthur J. Wced, of the Uni- 
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versity of Virginia, is very compact, its outside dimensions being 
20 inches long by 8 inches wide by 8 inches high. This does not re- 
quire a dark room and therefore can be used in many places where ti 
more elaborate installation is out of the question. I ts  essential fea- 
tures are: a cylindrical steady mass of about six pounds, resting OR 
three vertical wires placed in the form of an cqiiilatcral triangle, to 

LOCATION Of STBONG MOTION SEISMOGRAPHS IN CALIFORNIA 
h 

which an oil damping device is attached. The period is fixed by the 
weight of the mass and the stiffness and length of the wires. A short 
rod projects above the mass in the line of its axis. Two slotted levers 
are coupled to the mass by this means and they in turn each operate 
a recording stylus. The record is made on the under side of a smoked- 
glass plate. Since the slots are a t  right angles to each other, & motion 
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LOW SENSITIVITY VERTICAL COMPONENT 

.... 

NORMqL LONOITUDINAL COMPONENT 

D 

- LOW SENSITIVITY LONOlTVDlNAL COMPONENT 

TRANSVERSE COMPONENT 

- 

LOW SENSITIVITY TRANSVERSE COMPONENT - 

SYNCHRONOUS TIME MARKS 

FIOURE 10 --Test record of flccelerogrsph. 
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The 
ass p h t e  is moved by clockwork and can be used throughout the 

of its travel of 7 inches. Since there are no time marks, re- 

in two directions is recorded as in the case of two components. 

FWJRE 12.-Swinging glal.forni test of 1hree-coinpi)nent acmleriigr1ip11. The l~lalform motion is ellii)lir-al 
From t,op to hottom. coilnting two lines to each element, the rtlrord W i t h  a small vertical component. 

shows half-second t,ime marks, vertical Idotion, oast-west motion, and north-south motion. 

TEST RECORD FROM A WEED STRONG 
MOTION SEISMOGRAPH SHOWING DECAY CURVE 
AND FORCED OSCILLATIONS ON BOTH COMP- 

PIFVRR lO.-Test record from Weed strongmotion seismograph. 

liance must be placed on the accuracy of the rate of the driving clock, 
which i.s a t  best somewhat uncertain since i t  starts from rest. The 
same applies to the drum rate for the other types of instrument, but 
1n their case any irregularity can be measured and allowed for by use 



FIGURE lL-Test record from disclacement meter. 

."..,~..~.."...................~...................................*....... .................. .................... 

I * I  , *  
$ 1  

FIGVRE lj.--Accclercgrsph reccrd of the Long Beach earthquake. Record obtained at Long Beach 



of the time marks flashed on the record. An attempt was made to 
provide a mechanical starting device, but this proved uneven in 
performance and a simple pendulum starter was substituted. 

From experience obtained in operating the strong-motion instru- 
ments, it has been found advisable to  have regular monthly inspection 

LONG BEACH 

i 
Component II 

I LONG BEACH 

Raririonml tracing of 
doubtful aecurmy. 

FIGURE ltX-Accelerogram tracings, Long Beach earthquake of March 10, 1033. 

of each instrument. Tests are made for free period, decay curve, 
dampinp, and parallax between the various traces. The lighting 
system is also thoroughly checked. Power for displacement meters 
?nd accelerographs is furnished by two 6-volt storage batteries. There 
IS a small drain upon the batteries at  all times, and a t  present the 
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VERNON 

Ver t ica l  Component 

VERNON 

-4 

I North 8' East 
South 8' West 

0 sec. 5 IO 15 20 25 
I , I I L i  I ,.LLLLLLlLL I ,.L, 1 I L L L L L ,  1 L l  1 I -I 1 L L - I  LL--,-I 1-1 L lLLLLl 8 I I I 

VERNON 

bvw w 

East 8' South 
West 8' North 

I 
! 

_L1-LL_I I L L - ,  1 * I  I I I I I I I I I 1  1. I 3 1 ,  I I I I I I I I I ,  I 1  I I I ,  I , I I I I I I 
0 see. 5 10 IS 20 25 

P I O U H E  17 -Tracings of Vernon accelerogram, I m g  Beach earthquake of March 10, 1933. 
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batteries are kept charged by a microrectifier in continuous opera- 
tion. These microrectifiers have an output ranging from 25 to 75 
milliamperes. It has been found that an output of about 40 milli- 
amperes keeps the batteries well charged. 

Penthouse 

HOLLYWOOD STOIUOE 00. 
Average Sensitivity 

Epioentral distmoe 24 milcr Ootober 2. 1933. 

FIGURE 18.-Accelerogram tracings, southern California earthquake of October 2, 1933. 

The locations of the instruments that have been installed are shown 
in figure 9 and listed in table 1. 
motion records have thus far been obtained are listed in table 2. fi 
figures 10 to 14 are shown test records for the 3 types of instrument, 
and in figures 15 to 20 actual records of earthquakes for the first 2 
Considerable shocks recorded, those of March 10 and October 2, 1933. 

The earthquakes for which stron 
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- 
~ 

-_______ _ _ _ _ ~ - ~  _______ _. 

Station and foundation Instrument 

_ _ _ _  - - 

N O R T H E R N  CALIPORNIA 
Berkeley' 

University of Callfornla Solid rock Accelerograph. 

1. A. Subway Terminal Displacement XIter Record 
mrthpuakc or Oatokr t, loss 

* Diaplroapent S So E 

E: =* 

1 bm. 

0 reoonds 6 10 15 20 26 

- _ _  
Date of lnstal- 

lation 
~ - _  

h'oveniher 1932 

F I G U R E  19.-Los Angeles subway terminal displacement-meter record of earthquake of October 2, 1833 

Eureka: 

Ferndale: 

Federal Building: Alluvium ........................... 

Clty Hall: Alluvium ................................... 

I .  + Pcldulma north relative to  pier 

Accelerograph and dis- MRY 1933. 

Accelerogr~ph.. ........... Do. 

placement meter. 

Weed sciamfpq?b Becord 

Mhqu8ke of Ootober a, 1953 obtained 
in th. tor Awplcr chamber of -rot 
Bmlldi118. 
(This i r  an inverted print of t& Orie 

9 , , , 
h O , l  p h k )  

Federal Building: Alluvium ........................... Accelerograph.. ........... 

County Court House: Alluvium _ _ _ _ _ _  do ..................... 

Sacramento: 

Salinas: 

t Pemiulm east relative to  pier 

Do. 

Do. 

Oakland: 
"'% TTnll. Alluvium: 

...................................... ................... th Boor (lo.. 
U , L <  

Sixteen 
Basement ............................................ .do.. June 1933. ................... 

Chahot Observatory: Solid rock ..................... j Weed seismograph.. .... ..I Do. 
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TABLE 1.-Location of 48 strong-motion instruments i n  California-Continued 

Station and foundation 

NORTEERN CALIFORNIA-Continued 

Ban Francisco: 
Alexander Building: Alluvium: 

Sixteenth floor ..................................... 
Eleventh floor ..................................... 
Basement .......................................... 

Twenty-eighth floor. ............................ 
Four Fifty Sutter: Rock: 

Basement-- ...................................... 
Golden Gate Park: Rock. ............................ 
Shell Building: Rock: 

Twenty-eighth floor.. ............................. 
Twenty-third floor ................................. 
Subbasement. .................................... 

Southern Paciflc Building: Alluvium and mede ground 
Fourteenth floor .................................. 
Basement, Room 18 ............................... 

Sanaer: 
Rasidence of Maxwell Allen: Alluvium .............. 

San Jose: 
Bank of Amerlcsn Buildlng: Alluvium: 

Thirteenth floor-.- ............................... 
Basement-.. ...................................... 

Suisun Bay Bridge, 8. P. R. R. bridge pier: Rock. ....... 

B1s%&w Los Angeles Weter Department: Alluvium.. _ _ _  
Colton: 

Southern California Edison substation: Alluvium..-. 

SOUTHERN CALIFORNIA 

El Centro: 
Southern Sierras Power Co., substation: Alluvium.. - 

Rollywood: 
Storage Go.: Alluvlum: 

Penthouse ....................................... 
Basement ...................................... 
Adjoining Paciflc Electric lot f--.~. .............. 

Long Beach: 
Public Utilities Building: Alluvium. .............. 
Angeles: 
Chamber of Commerce: Alluvium: 

Twelfth floor-. .............................. 
Basement ....................................... 

Basement ........................................ 

Thirteenth floor.-. ............................... 
Subbasement ..................................... 

Vernon-Central Manufacturing District: Alluvium.. 

Edlson Buildlng: Harpan or clay: 

Subway Terminal: Hardpan or clay: 

PasadBna: 
Californla Institute of Technology:  alluvium..-...-^. 

Do .............................................. 

County Court Ifouse: Alluvium .................... 
5.311 Bernardino: 

5an Diego: 
Consolidated Gas & Electric Co.: Alluvium ....... 

Bents Ana: 
County Court House: Alluvium.. .................... 

santa Bnrbara: 
County Court House: Alluvium ...................... 

University of California a t  Los Angeles: Alluvium.. .. 
Wctwood: 

Instrument 

Accelerograph. ............ 
____do  ..................... 
.... do ..................... 
Weed selsmograph -. - -. -. . 
.--.do ..................... 
Accelerograph.. ........... 

Weed seismograph ........ 
.-.-do. _ _  _ _  - - - - - - - -. . - -. - -. 
-..-do ..................... 

Accelerogrsph.. ........... 
Accelerograph and dis. 

Weed selsmograph ........ 
placement meter. 

Accelerograph. ............ 
-...do ..................... 
. .do ................... 

 do.^ .-.- .-..- 

Accelet'ograph and' dis- 

Accelerograph.. ........... 
placement meter. 

-.-.do .................... 
-..-do ..................... 
_ _ _ _ d o  ........... .._.. ..... 

____do _ _ _ _ _  - _ _  .-. .- -. . __. . 

.___do .................... 
Accelerograph and Weed 

seismograph. 
Accelerograph.. -. - -. - - -. - 
_.__do .................... 
Accelerograph and dis- 

Accelero,raph.-. ......... 

Accelerograph and dis- 

Weed seismograph (add- 

Weed seismograph. ...... 

Accelerograph.. .......... 

Woed seismograph.. ..... 

Accelerograph.. .......... 

.... do.. .................. 

placement meter. 

placement meter. 

ed). 

Date of Instal- 
lation 

November 1934. 
Do.! 
Do. 

Do. 
Do. 

August 1933. 

October 1933. 
May 1034. 
October 1933. 

October 1934. 
July 1933. 

June 1933. 

Septemher 1932. 
DO. 

August 1932. 

June 1933. 

January 1933. 

July 1932. 

June 1933. 

December 1034. 
no. 

July 1932. 

November 1934. 
June 1933. 

Decemher 1934. 

Do. 
Allgust 1932. 

July 1932. 

Mey 1933. 

June 1933. 

1)o. 

July 1932. 

June 1933. 

Do. 

Do. 

Theacwlerograph on theeleventh floor of the Alexander Buildlng has not been installed to date, but has 
It lsox cted 

tbat It will be installed In thenesr future. This Instrument will be et  the nodal Doint for the seconEiode 
retained temporarllyat Washlngtou LIY a model forlmpmvements which seem desirable. 

Or vibration and should lve ver valuable data on the action of this building during an earthquake. . ' The ina&iment on t!e €'mi& Ehctrio Co. lot In Hollvwood is in a a e w a t e  small bulldinn several 
nundred I&%om the Hoilywood Btorage Co. Bulldincanil should provide data whloh will be free from 
Vlbratioas set u by the bulldlng Itself. I t  Is  connected wlth the two acoelero raphs In the Hollywood 
fJbl'8ge Co.. mafing a aet of three instruments In one locality operatlog under dlterent condltions They 

Wnnected electdoally for simultaneous starting and ttme marklng. 
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Dec. 20, 1932: Western Nevada: 

Mar. 10,1933: Long Beach ea;thquake: 

Long Beach .......................................................... 
Southern Paciflc Building San Francisco. .................................... 
Long Beach .......................................................... 
Vernon .............................................................. 
Los Angeles Subway Terminal ....................................... 

8.  P. R.  R. bridge over Suisun Bay- ................................. 

San Jose, Bank of Amerim ........................................... 
6. P. R. R.  Building, San Fmncisco ................................. 
Sacramento .......................................................... 
Shell Building, San Fiancisco. ................................................ 
9. P. R.  R.  bridge over Suisun Bay .................................. 

Long Beach .......................................................... 
Hollywood Storage Co. Building ..................................... 
Los Anples Subway Terminal ....................................... 
University of California in L O ~  Angeles ............................... 
Vernon ............................................................... 
California Institute of Technology .................................... 

May 16, 1933: Southern Alameds County: 

June 25, 1933: Western Nevada: 

Oct. 2, 1933: Signal Hill, Calif.: 

COAST AND GEODETIC SURVEY 

1 

1 
1 
1 

1 

2 
1 
1 

1 

-. 

TABLE 2.-List of shocks recorded on strong-motion seismographs 

Records 

_- 

1 

........ 

1 

1 
........ 

Date, epicenter, and recording station 

.................. 

.................. 
.......... 

................. 
2 

................... 

................... 

................... 
.......... 

................... 

................... 
.......... 

! 

1 

Santa Ana .......................................................... 
Loa Angeles Chamher of Commerce .................................. 

Ha; Jose. Bank of America.-. ........................................ 
Jan. 30 1934: Western Nevada: 

............... 
................. 

......... 
................... 

.~ ~~ ~ ~~ 

Bishop ............................................................... 

Santa Barhara ....................................................... 
Hall wood Storage Co. Building ..................................... 

June 7, 1934: Temblor Mountains, Calif.: 

Caligrnia Institute of Technology .................................... 
July 6, 1834: At sea, northwest of Eureka, Calif.: 

Jiily 17, 1934: Chiriqui Province, Panama: 

Oct. 2, 1934: San Francisco Bay region: 

Oct. 15, 1934: Imperial Valley: 

Dec. 30, 1934 (5:52 a. m.): Lower California: 

Ferndale ............................................................. 
Eureka.-.. ........................................................... 

Balboa Heigh ts... ................................................... 

Golden Gate Park ................................................... 
Oakland City Hall ................................................ 

El Centra .................................................... 

El Centra.. ........................................................ 
San Diego ........................................................... 
Los Angeles Subway Terminal ....................................... 
Hollywood Storage Co. Building and adjoining lot.. ................. 

Dee. 30, 1934 (5:55a.m.): Near Santa Cruz: 
San Jose Bank of America.. - ~ - _ _ _  - - - - ~ ~ - - - -. - -. - -. . -. . -. -. -. .- - 

Dec. 31, 19341 1 Lower California: 
San Diego ............................................................ 
Long Beach .......................................................... 
Los Angeles Chamber of Commer ce-... .............................. 
Vernon ............................................................... 
Los Angeles Subway Terminal ....................................... 
Edison Building, 110s Angeles. ....................................... 
University of California in Lo8 Angeles ............................... 
TIollywood Storage Co. Building and adjoining lot. ................ 

Jan. 2, 1936: Off northern coast of California: 
1 

1 

~- 
8 

............................................................ I Eureka 
Mar. 3. 1935 Od northern coast of California: 

................... 

................... 

................... 

................... 

................... 

................... 
................. 
................. 

.......... 

.......... 
................... 

___._- 
6 

2 
1 

1 
2 
1 

1 
1 

1 

1 
1 

1 

1 
1 

1 

Eureka ............................................................... 
Ferndale ............................................................. 

Total number of records--- ........................................ 

.................. l 1  -. - -. - 

.................. 

.................. 

.................. 

................... 

................... 

................... 

................... 
1 .......... 

.................. 
1 .--- ~ ..-.. 

.........I.......... 

.................. 

......... 1 -  ....... 

....... 1 ......... 

.........I.......... 

1 In w s  where there is confusion as to whether a record W'BS made on Dec. 30 or Dec. 31, it  is assigned to 
the stronger shock of Dec. 31. 
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TILTMETERS 

A line of development which hns been carried on in Japan, and on 
which Suyehiro has laid some emphasis., is the measurement of enrth 
tilt as an indication of what may be going on. Several types of tilt- 
meter have been developed and used in Japan for this purpose. 
Mr. George E. Merritt, of the I3ureau of Standards, has developed 
tiltmeters using the principle of interferometry. A number of these 
Instruments have been built and tested a t  Washington, and four of 
them were installed in the spring of 1933 by the United States Coast 
and Geodetic Survey on the campus of the University of California, 
near the Hayward fault. The locations of the tiltmeters and the 
approximate location of the Hayward fault are shown in figure 25. 
"ha sensitivity of the instruments is such that a chnnge of one fringe 
between crosshnirs represents a 1-second change in tilt for instru- 
ments nos. 1, 2, and 3 .  and one-half second for instrument no. 4. 

F1('IJRF 21 -Tiltmrler plt, showlna end of trlcscopa and bnsin of oil on ronrreto slnh nt bottom of plt. 

The daily rendings consist of counts of the fringes between crosshairs 
In both directions. 

'J'hr, tiltmeter readings have been plotted to show vnrintion in tilt 
in fimres 22 tjo 24. Considerable fluctuntions hnvc been cnuscd by 
rnPteoroIogicnl chnnges. Itninwntcr seeping into the tiltmeter pits 

cnusctl milch tJrouhle rind in n number of cases has  put the tilt>- 
m('tjcrs out of operation. 'Tiltmeter no. 4 is lcnst susceptible to 
metcorologicnl chnngcs, and, hence, should be accorded more weight 

In figure9 22 to 24, the rainfall is shown as well ns cnrthqunkes that 
were felt n t  J3crlreley during this period. Probably the only shock on 
the Bqyward fault occurred on November 5, 1034. 

During the time thnt these observations were mndc, tiltmeter no. 4 
Ilnring 1034 tiltmeter no. 2 recorded considcr- 

able flirctiintions in tilt for which no  definite cause is Itnown. Our 
'cnow~ct~gc on tliis sul)jcct is cviticntly still very impcrfrct. 

Figure 21 shows the tiltmet,cr instnllation. 

the others. 

quite stable. 

33504-36---3 
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FIGURE 26.-University of California CSmPuS. 



Chapter 3. -THE ANALYSIS OF RECORDS 
F. NEUMANN 

Publication of data.-Records obtained from the Coast and Geodetic 
Survey accelerograph, displacement-meter, and strong-motion seis- 
mograph installations in California are analyzed in the Washington 
office. The results of analyses already completed are published in 
Serial No. 579, entitled “United States Earthquakes, 1933”; in a 
mimeographed report entitled “Analysis of Strong Motion Seismo- 
graph Records of the Western Nevada Earthquake of January 30, 
1934, with Description of a Method of Analyzing Seismograms by 
Precise Integration” ; and in monthly mimeographed statements 
entitled Progress in Strong Motion Earthquake Work in California 
and Elsewhere.” Three preliminary reports, covering the earth- 
quakes of March 10, May 16, June 25, and October 2, 1933, are 
reproduced in Serial 579 just mentioned. 

Analyses of vibration records are made by the parties carrying out 
the various vibration projects in California. That work is discussed 
m other chapters of this report, but complete results of the work are 
Published only in mimeographed pamphlets which are available at the 
San Francisco Field Station of the Coast and Geodetic Survey, Cus- 
tomhouse, San Francisco, and from the Director, Coast and Geodetic 
Survey, Washing ton. 

Recording characteristics o seismographs.-I t is not in tended to 
djscuss in detail the metho d s used in analyzing strong motion and 
vibration records, but it is believed that a broad statement, of the 
f+ciples involved will give a better idea of the possibilities and 
lmitations of seismographic methods. The primary purpose of the 

instrumental equipment is to measure the motion of the ground, 
building, or other structure with a pendulum device known as a 
seismograph. Any object capable of oscillating in the manner of a 
Pendulum is forcibly set into motion if its support moves to and fro, 
but the motion of the object will necessarily be different from that of 
Its support. The seismograph records this differential movement, 
and from it it is possible to compute the motion of the instrument 
foundation, whether it is rhythmic in character, or otherwise. In  
Practice, however, there are important limitations. 

First, such a large range of ground and building motion is covered 
seismographic measurements that different instruments with 

varying degrees of sensitivity are necessary to record them all. The 
double magnification device recently placed on a number of accelero- 
graphs in California is a notable step forward because it increases the 
range of the instrument’s usefulness with respect to the number of 
shocks capable of being satisfactorily recorded, and to the range of 
a.%plitudes which can be recorded during a destructive shock. Sensi- 
tlvlty, however, involves not only the so-called static or lever magni- 
fication of a seismograph, but also the pendulum period, or more 
Precisely, the ratio of the pendulum period to the period of the earth 
movement, if the motion is of periohc type. 

31 
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This may be illustrated as follows. Take a plumb line about a foot 
or two long with a rather heavy bob, and suspend it by one hand. IF 
the hand is moved rapidly through small horizontal amplitudes, tho 
inertia of ths bob keeps it practically fixed in space; and if the relativt. 
motion between the hand and the bob could be measured, i t  would be 
very close to the motion of the hand in space. Now go to the other 
extreme. Move the hand to and fro very slowly and observe how 
closely the bob follows the motion of the hand. There is very little 
differential movement, and if a record could be made of it, the relative 
motion would be found very small as compared with the motion of the 
hand in space. This latter case is analogous to that of a long period 
earth wave (corresponding to the slow motion of the hand) and a 
relatively short period seismograph pendulum (corresponding to the 
plumb line). Obviously if the pendulum period is too short, practi- 
cally no record whatever will be obtained, and this becomes a limiting 
condition in the satisfactory recording of ground and struct’ural 
movements. 

The harmonic rnagni$cation cume.-The ratio between (1) the mo- 
tion of a pendulum (with respect to its moving support) and (2) the 

3 
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Te /To 
FIQURE %.-Harmonic magnification curves. 

motion of the support itself (corresponding to the motion of the 
ground or structure) is of fundamental importance in seismogram 
analysis and can be shown in the form of so-called “harmonic magni- 
fication curves. ” 

The relations shown m these curves hold only when the motion 
impressed on the instrument is of simple harmonic character. The 
ordinates repiesenting harmonic magnification are ex ressed in terms 
of unity, that is, the actual magnification which wou Q d be obtained if 
no magnifying levers were attached to the pendulum and the record 
were made by a writing element fixed beneath the center of oscillation 
of the pendulum. If magnifying levers amplify the motion of the 
center of oscillation, say 100 times, then all ordinates should be multi- 
p l id  by that factor. The term T, is the period of the earth wave 
(time of one complete cycle), which is read directly from the seis- 
mogram because the seismograph pendulum is forced to oscillate in 
the period of the ground wave regardless of its own natural period, 
To is the natural period of the seismograph pendulum. The shape of 
the curve depends on the “damping ratio’’ of the pendulum; that is, 
the ratio of successive amplitudes of the pendulum after a frictional 
element, such as oil, or an electromagnetic resistance, has been intro- 
duced into the pendulum system to prevent resonance, or “tuning-in” 
effects. 

See figure 28. 
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The equation of the harmonic magnification curve is derived from 
the differential equation of motion given on page 35, and may be 
written in the form: 

1 M -  
^- J [ (y+q+4(T 'Y 'h ' -  TO TO 1) 

in which the damping constant h is obtained from the damping 
ratio e by the formula 

log,, e h= 
4 l . S 6 l +  (log,, e)' 

T* 
To Of special interest is the fact that after - becomes numerically 

greater than about 3 or 4, the ordinates of the curve may be expressed 

with sufficient accuracy by -2, meaning that the amplitude of any 

impressed displacement or ground movement is minified in that 
ratio on the seismogram. Substituting this in the well-known 
expression for acceleration in simple harmonic motion, we have: 

T,z 
To 

in which a is acceleration, A amplitude of roundmotion, and At trace 

18 V, then V should be placed in the denominator with T,2. In this 
equation it should be noticed that acceleration depends only on the 
trace amplitude, not on the period, and the instrument therefore 
fUnFtions as an accelerometer. This holds as lon RS the earth wave 

When the impressed periods are less than about one,third the peqdu- 
lum period it is seen from the curve that the harmonlc magnificatlons 
are nearly constant, and the seismogra h therefore functions as a djs- 
Placement meter, The range of erio x s over which this occurs varies 

greater than 'usf indicated. When the impressed pefiods a:e close 
to the penddum period the seismograph records neither displace- 
ment nor acceleration directly. . +ensitivity .-Sensitivit when applied to seismographs means sensi- 
t!vlty to acceleration. Tn v e 7  sensitive seismographs large deflec- 
tlons of the recording spot are o tained when the horizontal pendulum 
ls tilted sideways only 1 second of arc, which corresponds to .an 
acceleration of gravity times sin 1". In the case of very msensltlve 
Pendulums (of necessarily short period) they may be turned side- 
?a s through 90° so that the full acceleration of gravity is effective 

'% 8 pendulum to n part of, or the full acceleration of gravity. 
Changes in acceleration resulting from changes in tilt are re istered 

Or of long period, as compared with the pendulum penod. This is 
an&gous to the response of a pendulum to purely horizontal accelera- 
tlon of simple harmonic character as revealed by the harmonic 

Fmplitude. If the lever magnification o P the selsmograph pendulum 

Period is more than three or four times the pendu f um period. 

greatly with the degree of pen B ulum damping, and may be much 

!n d eflecting them. Sensitivity is thus determined directly by subject- 

quite faithfully by a pendulum as long as they are re1,ative f y slow, 
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magnification curves, and explains why a short period pendulum 
can function as an ac,celerometer for relatively slow irregular motions 
as well as for slow simple harmonic motion. 

The following relation between pendulum period and sensitivity 
holds true for any pendulum seismometer: 

in which Sa is the deflection of the seismograph writing point for any 
arbitrary acceleration a. 

Analyses based on the assumption o simple harmonic motion.-As 

monic magnification curve. If the records are of displacement- 
meter type, or of accelerograph type, the analysis is somewhat 
simplified, but it must not be forgotten that, after all, such records 
simply represent conditions at  extreme ends of the magnification 
curve. 
proportional to displacement as long as the recorded periods are sma 1 
compared with the pendulum period, say less than one-third, and 
within these limits the record represents true displacement whether 
the waves are of simple harmonic character or not. Acceleration 
can be reliably estimated from a displacement-meter record only 
when the recorded motion is of simple harmonic character. In  that 
event, the period and amplitude are read directly from the gram, and 
acceleration can be computed from the well-known expression 
a=4?r2A/T;. But such an analysis cannot be accepted as a substi- 
tute for an accelerogram because the chances are that some of tho 
most important accelerations in the movement are so poorly defined 
on the record that they will escape detection. The hi her accelera- 

displacements but on a displacement-meter record they appear 
insignificant with respect to the longer period waves. This is quite 
apparent from any displacement record such as that of figure 19 or 
the computed curves of figure 27. These facts restrict the field of 
usefulness of the displacement meter to studies of long period waves 
only. 

When the recorded waves are close to the pendulum period the 
trace amplitudes represent neither displacement nor acceleration. It 
is then necessary, if the motion is of simple harmonic type, to go to 
the magnification curve and measure the harmonic magnification 
factor from the ratio of the ground and pendulum periods. It is 
usually less than unity for satisfactorily damped pendulums. This, 
multiplied by the static ma nification of the seismograph, gives the 

measured. The trace amplitude divided by the resu tant magnifi- 
cation gives the displacement of the ground. Acceleration may then 
be computed from the usual simple harmonic acceleration formula 
given in the preceding paragraph. In this range of periods neither 
displacement nor acceleration can be computed precisely, but esti- 
mates of displacements are more reliable for the shorter earth-wave 
periods; for the longer earth-wave periods acceleration is the more 
reliable. Here again the question of how closely the recorded waves 
approximate simple harmonic motion enters largely into the value of 

previously stated the key to the ana f ysis of seismograms is the har- 

9 On displacement meter records the ordinates are direct1 

tions are always associated with short periods and re B atively small 

P resultant magnification of a1 pi impressed waves of the round period 
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the results, but not as much as when estimating acceleration from a 
displacement meter record or displacement from an accelerometer 
record. 

When the seismograph functions purely as an accelerograph, accel- 
eration can be read directly from the seismogram when the sensitivity, 
or scale, is known. Displacement of the short period waves can be 
quite accurately computed because period and acceleration are known, 
and such waves are usually clearly defined on the record. The trace 
amplitudes of the longer period waves, however, grow smaller so 
rapidly with increasing period that quite frequently movements. of 
major importance are almost completely masked by the short period 
Waves. For these reasons it is next to impossible to estimate the 
displacement of long period waves from an accelerogram, especially 
when motion is not clearly of simple harmonic character. The 
acceleration is obviously very small under such circumstances. 

Analysis by integration.--If a record is important enough to justify 
extended analysis a second method of treatment may be resorted to, 
namely, integration. Analysis by integration is based on the funda- 
mental equation of motion of a damped pendulum when subjected to 
an external acceleration: 

X = D -+- 2ky +p2y 

in which z is the instantaneous displacement of the instrument 
f?undation, y the instantaneous displacement of the pendulum rela- 
tive to the instantaneous position of the foundation (measured directly 
from the record), k a damping constant, and p 2  an instrument period 
factor. By integrating the expression two times, successive values of 
2, the ground displacement, may be obtained as follows: 

This is a laborious computation, and satisfactory results may be 
expected only when the records are obtained from high grade seis- 
mographs and the integration processes carried through with special 
equipment. The differential equation for displacement is of such 
fundamental character that comment on the various terms will not 
be s1lperfluous. It expresses quantitatively the response of a damped 
Pendulum to any motion impressed on its support,.and discussion of 
I t  Wll bring out in detail to just what degree the period of a pendulum 
Cpntrols the character of a record as already evidenced in the case of 
Simple harmonic motion. The theory involved in analysis by mte- 
Dation is not new but its successful application is most difficult] 
because of the high degree of precision required in making measure- 
ments on the seismographic record, the fact that the zero line of a 
r e p m i  is usually more or less indefinite for such precise wprk, and the 
fact that the determination of the constants is a problem in itself, the 
solution depending largely upon the nature of the record to be analyzed 

The t h e e  terms containing y have different relative weights in the 
solution of 8 record depending largely upon the ratio between the 
ground-wave periods and the pendulum period of the seismograph 
writing the records. If the ground-wave periods are short compared 
to .the pendulum peripd, the two terms containing integrals are 
‘nslgnificant. Then y is by far the most significant term and, under 
the Period conditions just named, the instrument functions as a dis- 
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placement meter. This is perfectly analogous to the case when the 
ground movements are assumed to be of simple harmonic character. 

The term containing the single integral is m a t  significant when the 
pendulum and ground periods are about equal, but even then the 
other y terms cannot be neglected. The instrument functions more 
than anything else as IL velocity meter. The only way to make a true 
velocity meter out of the pendulum for a resaonable range of ground 
periods is to make the k factor so large (by overdamping the pendulum) 
that the remaining terms will have but little relative weight. In  
practice, however, the lever or static magnification of such a seismo- 

increased. The advantage of a 
velocity record would be that greatlT on y a single (not double) integration, 
graph would need to be 

and a single differentiation of the observed curve would be required 
to reduce it to terms of displacement and acceleration, respectively. 
When the double process is undertaken errors of measurement are 
likely to enter so largely into the results that it is generally considered 
impracticable, although reasonably satisfactory results have been 
obtained by the use of precise methods (especially for integration) in 
the office of the Coast and Geodetic Survey. Good results in the 
application of the equation to records of so-called intermediate period 
pendulums have been obtained by quite a number of investigators, 
but in most work the double integral term plays only a secondary 
part so that, although appreciable error may enter into the double 
integration term, it is largely masked by the greater weight of the 
other terms involving only one integration or none a t  all. 

The term containing the double integral is most significant when 
pendulum periods are short compared to ground wave periods. When 
all of the ground wave periods are three or four times as large rts the 
pendulum period , the instrument functions as an accelerometer anti 
the other ?J terms may be neglected so far as practical results are 
concerned. This is a most important case so far as the California 
program is concerned because most of the strong motion instruments 
are of the accelerometer type. The pendulum periods are 0.1 second 
so that the accelerographs give a continuous and direct measure of 
acceleration as long as the ground wave periods or building vibration 
periods are more than 0.3 or 0.4 second. If they are under these 
values, acceleration and displacement must be computed on the 
assumption of simple harmonic motion, or by application of all three 
y terms in the differential equation of motion. In  the critical analysis 
of an accelerograph record by integration, however, it has been found 
unnecessary to apply the first two y terms because (1) the resulting 
amplitudes of the ultrashort period waves are always insignificant 
compared to those of longer period; and (2) the wave forms of the 
shorter period waves are shown to better advantage on an accelero- 
gram than on any other type of record, their displacements being 
estimated quite accurately by assuming simple harmonic motion. 
Another practical reason for ignoring wave periods under 0.3 second 
in inte rzting accelerograph records in which the elemental ordinates 

tripled to obtain a sufficient number of points to define the waves, 
adding greatly to the laboriousness of the task. This is, of course, 
not such a great consideration when integration machine methods are 
employed. Numerical mcthods of integration can always be carried 
out to greater accuracy than is obtainable with an integraph, but it 

are sca 7 ed, is that the number of readings would have to be doiiblcd or 
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may nevertheless be true that mechanical methods will suffice in 
Parts of the work. This is a matter for further study. 

The constants of integration in the right-hand member of the equa- 
tion depend on the initial position of the pendulum and are trouble- 
some factors which can be determined best by trial when it is known 
that the record does not begin with the pendulum at rest. A method 
of adjustment is explained in strong motion report no. 4 mentloned in 
the first paragraph of this chapter. Another difficult problem 1s the 
determination of the true axis of the recorded curve throughout its 
entire length. With this in mind, and the desirability of keeping all 
measured distances on the seismogram as small as possible to escape 
Paper distortion effects, special base lines have been placed on the 
records of some of the newer installations so that the average distance 

~~ 

PIWEE 27.-Aocelerstion and computed displacement curves, eartfiqu&e of January 30,1834. 

from base line to the normal trace position will never be more than 
1 or 2 centimeters. 

Three instrumental constants, pendulum period, damping, and 
f"agnification, are involved in the reduction of all records, whether by 
'ntegration or the assumption of simple harmonic motlon, The 
damping factor depends on an instrumental ad'ustment, and 1s most 

aCc?lerograph results appreciably only around the lower range of 
Penode- 1n which the instrument continues to functlon as an acceler- 
Ometer. A satisfactory adjustment of damping will enable the 
accelerometer to function very closely as such for ground periods &S 
low &S 0.2 second instead of the customary 0.3 or 0.4 second, but It 

much care to maintain such precise damping adjustment. 
Examples of integration results as applied to accelerograms are shown 
ln figures 27, 28, and 29. 

view of the results already obtained in analysis by integratjon 
there 1s reason to believe that some very thorough analyses of bulldmg 

unPortant in the case of the intermediate type o 1 pendulum. It affects 
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movements during strong earthquakes will be forthcoming from 
accelero aph records. 

Perio r analysis.-The engineer is interested not only in the accelera- 
tion and displacement of all measured movements but also in the 
various periods, or frequencies, contained in a given record. The period 
characteristics of seismic ground movements are of fundamental 
importance in estimatin the distortion to which a structure may be 

record can be translated into terms of simple harmonic motion. While 
it is possible, from the theoretical viewpoint, to take a curve of irregular 
character and break it up into a number of elementary curves of 
simple harmonic character the usefulness of this Fourier analysis is 
very limited in the case of seismographic records. Fortunately, in 
most records certain periods stand out so clearly that they can be 
read simply by ins ection. No computation is involved because every 

period of the impressed vibration; but there may be great differences 
in phase, and in the relative trace amplitudes of the various periods 
regardless of actual ground motion. The best the seismologist can do, 
therefore, is to read off by inspection the periods of those movements 
which appear to be of simple harmonic character; but the ran e of 

seismometer. Short-period pendulums accentuate short-period waves; 
long-period pendulums accentuate long-period waves. In accord with 
this we find accelerometers recordin short- eriod waves best, while 
displacement meters, with 10 secon i f  pendu urns, record long period 
waves best. 

Neither a long-period nor a short-period pendulum can visibly 
record all seismic-wave periods, but it has been shown that the process 
of double-integrating accelerograph records brin s out the entire 

period waves, the first integration or velocity curve emphasizing 
waves of intermediate period, and the second integration or displace- 
ment curve emphasizing the long-period waves. Long- eriod waves 

amplitudes are so small (of the order of 0.1 mm in some recent records) 
that they can be detected only by precise methods of integration. 
I t  therefore appears that integration offers one of the most promising 
lines of attack in detecting hidden movements on accelerograms. 
Although a greater range of periods is made available for study there 
still remains the problem of measuring what may be called the ele- 
mentary periods of the wave trains which produce the record. When 
it is realized, however, that the periods of even the simplest train of 
seismic waves change from be inning to end of the train, and that 

on each other, the difficult of the problem becomes increasingly 
apparent if one hopes to ana r yze the period characteristics of a record 
by strictly mathematical methods. The outlook from the point of 
view of application to building and other structural vibrations is more 
hopeful because there the vibrations are of more uniform character. 

Studies in the response of hypothetical structures.--It has just been 
stated that the problem of the engineer would be greatly simplified 
if observed ground movements could be ade uately expressed in 

subjected; and the prob 91 em is greatly simplified if the seismograph 

pendulum, regard P ess of its own period, is forced to oscillate in the 

visibly recorded periods will depend largely upon the period o 7 the 

spectrum of ground waves, the original record emp !i asizing the short- 

actually are recorded by high-grade short-period pendu P ums but the 

most seismic movements are t g' e result of several trains superposed 

terms of simple harmonic motion, and also that t x is is more or less of a 
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hopeless task if only the usual number of seismographic records are 
available. As the ultimate purpose of the engineer is to compute the 
response of structures to these motions, the question arises: Why not 
compute it directly from the observed ground motion using the 
differential equation of motion discussed elsewhere in this paper? 
The rocess would be in effect a reversal of the procedure used in 
calcufating the motion of the ground from the motion of the pendu- 
lum. To make such computations it is necessary to know the period 
of the structure and the degree of damping, elements which must 
be measured or estimated beforehand. Unfortunately, the formula is 
very complex and the computation of such laborious character that 
its usefulness will de end largely upon how expeditiously the work can 
be done. hlr. A. Bp lake, of the Coast and Geodetic Survey staff, 

QRQUW ACCLLERATIQN AND COYCUTED DUIUHNC MSPL*CLYLNT8 

 LO^ ~WILIS  WWAV ncccao-tmcn io.ts.rmc CW-T 

a 

FIOURE 30.--Uround acceleration and computed building displacements. 

has already succeeded in reducing the labor considerably. If the 
method proves practicable it will be possible to compute the response 
of representative types of structures to any observed ground move- 
ment; or the response of some specific structure to such movement. 
An example of such work is shown in figure 30. 

theoretically 

to an impressed motion. A battery of pendulums of similarly 
variable character, a so-called “harmonic analyzer ”, would record 
similar results and it may be that the construction of such an instru- 
ment will be more economical than the cost of theoretical studies. 
It would register automatically at  the time of an earthquake. 

It is of interest to note that either type of study would aid greatly 
in detecting dominant ground-wave periods because of resonance 

An analysis of this kind corresponds to computin 
the response of a system of o~cillators of varying perio ff and damping 
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effects regardless of whether or not the periods are clearly defined on 
the seismogram. Resonance will result when ground and undamped 
pendulum periods coincide and large amplitudes will appear on the 
response curve. For this reason the computation described would be 
ti valuable tool in eriod investigation. 

response of a pendulum by actually constructing one with the desired 
characteristics and imposing upon it the accelerations recorded on 
the strong-motion instruments by means of tilts, springs, or other 
forces which would vary directly with the acceleration. As page 
proof of this publication is given final revision, the author is afforded 
opportunity to state that a satisfactory solution of the problem has 
apparently been found in the properties of a simple torsion pendulum. 
It is based on the principle that if the suspension, or torsion head, of 
such a pendulum is turned through angles corresponding in magnitude 
to the instantaneous values of acceleration (as recorded on an accel- 
erogram), then the mass of the torsion pendulum will be deflected 
through angles corresponding to the deflections of any vibrating 
system having similar period and damping characteristics. This 
means that if we have the acceleration record of a ground movement, 
it will obviate the necessity of building other types of pendulums such 
as displacement meters and harmonic analyzers. Their response can 
be readily determined with the torsion pendulum analyzer. This 
should also apply to the response of engineering structures. A great 
practical advantage of the torsion pendulum is that earthquake 
motions and effects can be reproduced in slow motion so that, in the 
apparatus developed by the author, analysis can be made by moving 
a tracing point manually over the accelerograph record a t  one or two 
hundredths of the speed of the recording drum of the accelerograph. 
It is obvious from the preceding paragraphs, which were written 
before the possibilities of the torsion pendulum were investigated, 
that the device should provide a marked impetus in the study of 
destructive ground movements. 

I n  conclusion it is quite evident that some rather difficult problems 
confront the seismologist in his attempts to analyze seismographic 
records in a way that will be of maximum benefit to the structural 
engineer. Engineering precision is forcing new standards on the 
seismologist in both the instrumental and analytical fields and he must 
work up to them; but progress is being made and i t  is reasonable to 
believe that the prospects are brighter than ever before for the success- 
ful application of seismological principles to engineering problems. 

Some thought K as been given the possibility of measuring the 



Chapter 4.-THE QUESTIONNAIRE PROGRAM FOR 
COLLECTING EARTHQUAKE DATA 

P. BYERLY AND H. DYK 

HISTORICAL 

In 1925 tlie Coast and Geodetic Survey was authorized “to make 
investigations and reports in seismology, including such investiga- 
tions as have been heretofore performed by the Weather Bureau.’’ 

Prior to 1929 the collecting of reports of felt earthquakes was 
confined to requests sent out after it was learned, by instrumental or 
other means, that an earthquake had occurred. This type of work 
was done principally in California by the University of California, at 
Berkeley. After the larger northern California earthquakes post- 
card questionnaires were sent into the region in which the shock was 
reported felt and the intensities rated from the answered question- 
naires. This method yielded few reports unless they were specifically 
requested and numbers of smaller shocks were liable to pass unre- 
ported. Also there was some loss of time since the observer did not 
report immediately but only on receipt of a request sent after the 
earthquake. 

After consultation with California seismologists it was decided that 
the Coast and Geodetic Survey could well undertake and expand the 
Program for collecting information on earthquakes felt in the State. 
After careful consideration it was decided to use a post-card question- 
naire form, sending copies to a number of observers who would keep 
them on hand and furnish reports immediately after the occurrence 
of a shock. The 
Wording of the form is based on the current earthquake intensity 
scales, the details sought being those which are the criteria of the 
scales. The general form of the card follows that used earlier by the 
university of California and still earlier by Mr. Maxwell Allen. 

The earlier work had shown that postmasters were, in general, 
faithful reporters. Therefore, the first step of the Coast and Geo- 
detic Survey was to place a supply of questionnaries with each post- 
master in California with the request that he report all earthquakes 
felt in his community. The distribution of questionnaires among the 
employees of large corporations followed. 

In the early part of January 1929 Mr. Arthur S. Jones, manager 
of the pipe-line department of the Associated Oil Co., was interviewed 
concerning the possibility of having questionnaires placed at  the 
Pumping stations and with field engineers of the company, and under 
date of January 31, 1929, Mr. Jones offered to cooperate fully in this 
Wprk. Questionnaire cards were then placed with the members of 
his organization. This was the first occasion in which the facilities 
of a large public-service corporation were utilized for the collection 
of earthquake data. 
I .Dnring the succeeding months, a number of other public-service 
corporations agreed to cooperate in furnishing reports. In addition, 

A copy of the questionnaire is shown in figure 31. 

43 
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many interested individuals have been secured as regular reporters, 
it being the policy of the Coast and Geodetic Survey officers in Cali- 
fornia to supply with questionnaires all who are willing to report. 

The work has been under the general direction of Capt. N. H. Heck, 
Chief of the Division of Terrestrial Magnetism and Seismology of the 
Coast and Geodetic Survey; the execution of the plan, including 

Form 880 
Rev. Mar., 1932 

An earthquake was felt, not felt, on 

{:. 2: Date _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Time _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Please r e tu rn  the card even if the shock was not felt, as such infor. 

mation is essential. 

Shook how long . . . . . . . . . . . . . . . . . . . .  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
Please underl ine the words below which best describe the shock a t  

Felt by few, several. many, all; by observer, by others. 
In bunding, wood, brick, ____-___ - ----------, strongly,'weakly,bullt; 

Outdoors. by observer, by others; quiet, active. 
Dlrectlon of motion felt outdoors: N., NE., E., etc. 
G r o u n d  unde rnea th  locality: Rock, soil, loose. compact, marshy, 

filled in, _____I_________________; level, sloping, steep. 
Motfon rapid, slow, -___-__--__ ----______; begfnnfng gradual, abrupt. 
Bat t l ing of windows, doors. dishes, . . . . . . . . . . . . . . . . . . . .  
Crealdng of walls, frame, . . . . . . . . . . . . . . . . . . . .  
Hangfng object& doors, etc., did, did not, swing, N., NE,, etc. 
P e n d u l u m  doelo, did, did not, stop; clocks fared N., NE., etc. 
Moved small objects, furnishings, . . . . . . . . . . . . . . . . . . . .  
Overturned vases, etc., small obiects, furniture, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  
Bpflled water, oil, etc., from indoor, outdoor containers, tanks, etc., in 

Cracked plaster, windows, walls, chimneys, ground. 
Fan of knick-knacks, books, pictures, plaster, walls. 
Broke dishes, windows, furniture, . . . . . . . . . . . . . . . . . . . .  
Twisting, fall, of chimneys, columns, monuments. 
Damage+ none, slight, considerable, great, total In wood, brick, 

Awakened no one, few, many, all. 
Frightened no one, few, many, all. 
Trees, bushes shaken slightly, moderately, strongly. 
REMARKS: 

your locality. 

on 1, 2, _ _ _ _  _ _ _ _ _  floor, lying down, sitting, quiet, active. 

N., NE., E., ____________________direct ion.  

masonry, concrete, . . . . . . . . . . . . . . . . . . . .  

Signature _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _  _ _  _ _  . _ _ _ _ _ _ _ _ _  __________________ .  

Address _ _ _ _ _ _ _ _  _______________________________________ 
Any additional informatlon will be appreciated. 

" L 00v..IYm, ,","TUl@ ornc., 1- 1 1 4 7 8 1  

FIGURE 3l.-Questionnaire card for reporting earthquakes felt. 

arrangements with the heads of various organizations to cooperate 
in the securing of data and the actual operation of the system, was 
under the immediate direction of Commander Thos. J. Maher, Ins ec- 

Survey, from the date of inception of the program until 1934, when 
the entire California Seismological Program was united in one party, 
under the direction of Mr. Franklin P. Ulrich. 

tor of the San Francisco Field Station of the Coast and Geo B etic 
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The numbers of card reports received during the various years 
since 1929 are shown in the following table: 

Number of 
Calendar year reports 

1 9 2 9 _ _ _ _ _ _ _ - - _ - - - - - - - - - - - - - - - - - - - - - . . - - - - - - - - - - - -  510 
1 9 3 0 _ _ _ _ _ _ _ - - - - - _ - - _ - - - - - - . - - - - - - - - - - - - - - - - - - - - - -  1,747 
1 9 3 1 _ _ _ _ _ _ _ _ - _ _ ~ _ _ _ _ ~ ~ ~ ~ ~ ~ - ~ ~ - - - ~ - ~ - - ~ ~ - - - - - - - - - -  1,581 
1 9 3 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ - ~ - - - - - - - - ~ - - - - - - ~ ~ - - - - - - - -  3, 081 
1 9 3 3 _ _ _ _ _ _ _ - - _ ~ - _ _ - _ ~ - ~ ~ - ~ - - ~ - - - - - - - . ~ - - - - - - - - - - -  2,065 
1 9 3 4 _ _ _ _ _ . _ _ - _ _ _ _ _ _ _ ~ ~ ~ - - ~ - - - - - - - - - - - ~ ~ - - - - - - - - - -  2,258 
1935 (Jan. 1 to May 1 5 ) _ _ _ _ ~ ~ _ ~ ~ ~ ~ ~ _ ~ ~ _ ~ ~ - - - ~ - - - - -  285 

Prior to 1934, the questionnaire cards received from correspondents 
were copied in the San Francisco Field Station of the Coast and Geo- 
detic Survey, for its files, so that a complete record would be available 
for inspection b anyone interested. From the original cards, a 
report was compi 9 ed listing the shocks observed in chronological order; 
this was issued in mimeographed form to those organizations cooperat- 
ing in securing reports. The material was later incorporated in the 
annual report of earthquakes published by the Bureau. Since it had 
been agreed that the function of the Coast and Geodetic Survey was 
to collect data only, the study of such reports as were received 
remained with the two institutions in California actively engaged in 
studying the earthquake problem; the Seismographic Station of the 
University of California at  Berkeley, and the Seismological Labora- 
tory of the Carnegie Institution of Washington, a t  Pasadena. In 
order to avoid confusion and duplication of effort, an arbitrary line 
dividing the State, previousiy drawn by the re resentatives of the two 

that line were sent to tlie Seismological Laboratory at Pasadena, and 
of those north of the line to the University of California. The line 
follows the northern bountiaries of San Luis Obispo and Kern Counties, 
and the western boundaries of Inyo and Mono Counties. 

After copies of the questionnaires had been made a t  the San Fran- 
Cisco Field Station, the cards were forwarded immediately to the 
appropriate one of the two above-mentioned institutions. Upon the 
completion of examination of tlie cards a t  these places where com- 
plete files were also kept, the original cards were then forwarded to 
the Washington office of the Coast and Geodetic Survey where tliry 
formed part of the permanent record. 

The files of reports a t  the University of California are arranged 
chmologically, where they may be inspected by interested persons; 
a system of cross-indexing is being established, whereby it will be 
Possible to determine how many shocks have occurred within a given 
area, and thus appraise the seismicity of that region. IJntil 1933, 
complete records were kept in the San Francisco Ficld Station, and 
these have been filed according to counties. 

PRESENT STATUS 

institutions, was adopted tmtl reports of all s R oclis centered south of 

Since June 1934 two copies of each card received have been rnado 
in San Francisco. One copy is immediately forwarded to the Wash- 
?%ton office, where it forms part of the permanent record; the other 
18 retained in San Francisco, and the original cards are sent t G  the 
University of California Seismographic Station or to the Seismolog- 
leal Laboratory a t  Pasadena. From the copies which are sent to 
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Washington, D. C., a mimeographed compilation is prepared, and 
copies distributed to a number of interested parties. These compila- 
tions are later incorporated in the printed annual seismological 
reports of the Bureau. 

The post-card reports allow a quick grouping of earthquake inten- 
sities as follows: 

A. Felt so slightly that observers will not estimate duration of movement 

B. Observer will estimate duration or direction but windows, doors, etc., 

C. Windows, doors, etc., rattle and walls creak, but movable objects are 

D. Movable objects are displaced but not overthrown. 
E. Movable objects are overthrown; chimneys and walls may crack. 
F. Chimneys are thrown down. 

For earthquakes of intensity F or over field studies are usually 
made by the seismologists and engineers. When a trained observer 
goes into the field, he may then use the many criteria of a scale such 
as the Modified Mercalli scale of Wood and Neumann. 

It has been noted in the California practice that regions covered 
by C above are very wide. The type of construction of California 
dwellings favors such phenomena strongly. 

Seismologists recognize that reports from observers of the visible 
and felt effects of earthquakes are very important checks on the con- 
clusions reached by purely instrumental means, and, moreover, are 
the fundamental basis of seismology. On the other hand, the instru- 
mental record may afford a means of estimating the efficiency with 
which a questionnaire program is operating. An attempt has been 
made to appl such a criterion to the material a t  hand, with the 

1. In the case of a shock reported by a single observer, there is 
considerable probability that a disturbance of nonseismic character 
was mistaken for an earthquake. 

2. Complete data regarding northern California shocks, us registered 
on seismographs, are available for the period from April 1, 1933, to 
April 1, 1934. During that period there were 85 shocks with epi- 
centers which could be located, and of these, 16 were reported felt. 
It is the opinion of the writers that of these 85 recorded shocks, the 
great majority must have been felt, but many only very slightly. 
Thus, about 20 percent of shocks whose epicenters could be located 
by instrumental means were reported on the questionnaires. For the 
calendar year 1934, 600 epicenters were located in southern California. 
Of these 103 were reported felt, about 17 percent. 

This gives a rough measure of the efficiency of the system as applied 
to the ordinary small shocks which occur relatively frequently through- 
out the State. It is not a measure, however, of the efficiency of the 
system as applied to large and important earthquakes; for in such a 
case, the procedure followed differs from that otherwise employed. 
As reports come in, the places from which cards are received are 
plotted on a map in such a way as to differentiate between those 
localities which report the shock felt and those which report it  not 
felt. If, after a few days have elapsed, there appear to be regions 
from which no reports have been received, letters are sent to those 
localities requesting reports on the earthquake in question. As these 
are received the plotting on the map is continued, and this procedure 

or its direction. 

do not rattle or walls creak. 

not displaced. 

following resu iT ts: 
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is repeated until, in the estimation of the Seismological Laboratory 
at Pasadena or the Seismographic Station of the Universit'y of 
Ca,lifornia, the area has been sufficiently well covered. 

During the fiscal year 1935, eleven shocks have been so covered. 
The following figures regarding specific shocks show the effectiveness 

of the program in the case of large shocks: 
January 2, 1935: Del Norte, Humboldt, Mendocino and Trinity Counties. 

Reports from 12 different places were received before requests were sent out; 
requests were sent to 125 places; replies were received from 97 different places; 
there were some duplications; 110 reports were received in all. 

December 30 and 31, 1934: Southern California (these two were considered as B 
single shock in the tabulation). Reports from 25 different places were feceivcd 
before requests were sent out; 209 requests were sent out, and 157 rephcs were 
received. 

FUTURE POSSIBILITIES 

(See fig. 32.) 

Since the results to be obtained from the questionnaire program 
aTe statistical in nature, the value of the program as a-whole increases 
With the number of reports and with the length of time over whlch 
reports are received. It is obvious, therefore, that the continuation 
of the program is of the utmost importance, not only because of the 
Qew information thereby obtained, but in properly interpretin 

depend on continued contact with the observers, who must, for the 
most part, be reminded frequently that the program is still active and 
that their reports are high1 appreciated. tis mentioned above, it 
has been the practice in loca f ities where there were no representatives 
Of cooperating organizations, to call on the postmasters for reports. 
Their response has been most satisfactory, and many of the post- 
masters have proved to be interested and efficient observers. Where 
this is not the cme, it is highly desirable that special observers be 
Contacted, who can be relied upon to send in reports of any shocks in 
their locality, rather than depending upon intermittent requests sont 
to a comparatively unselected group. A widened group of special 
Observers may be developed in time, individuals who are par$cularly 
htted, and particularly interested, and who will be able to give care- 
flllly considered reports. Frequently individuals who spontaneously 

forward and show great interest in the subject are not the best 
Observers, since they are concerned with some particular.theory as to 
the cause of earthquakes, rather than the phenomena exhiblted by the 
shock. 

Previously received reports. The efficacy of such a program w1 fi 

SIGNIFICANCE OF THE PROGRAM 

Many objections to tbe rating of earthquake intensities on the hasis 
Of earthqllake scales such as the Mercalli or Rossi-Fore1 may be and 
have been raised. Such ratings are based on the reports of individuals, 

many cases not trained in scientific observing, and in the case of 
larger earthquakes often under emotional strain at the time. The 
useful items on the scale are those which describe the effects of the 
shock on inanimate objects, not on people. Buildings are variously 

and some will creak, wrack, or fall when others will not. This varies by districts. In  regions of mild climates houses ?re not 
bu% in general, as firmly as those in regions of severe climates. 

a shock of less energy may produce greater effect on buildings in 
One Place than in another. But from the point of view of human wel- 
fare, the important fact about an earthquake is the damage which it 
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does, not its total energy or the maximum acceleration of its wave 
motion. From this viewpoint the intensity of an earthquake depends 
on the type of structures in the area concerned as well as on the energy 
released b the shock. 

the rating of shocks by effects on structures. When pushed for B 
reason for his interest in a physical measure of the energy of a shock in 
the desert, the engineer usually answers that he wishes to know 
what would have happened to a city had there been one in the epi- 
central region. Since to date mankind appears to ignore earthquake 
hazard in the location of cities, the question appears to be an abstract 
one. But perhaps with time cities may be selected and buildings 
constructed with more consideration of earthquake hazard than in the 
past. 

Earthquake motion is so varied that the physical description of it in 
a given shock may never be given by one number. By such work as 
that of the strong-motion program of the Coast and Geodetic Survey 
the engineer will eventually be given a fairly complete picture of the 
motion of an earthquake throughout its course, and the damage which 
a shock will cause will depend largely on the coincidence of earthquake 
periods of vibrations and the free periods of vibration of structures 
and parts of structures. The physical constants of the shock must be 
considered together with those of the hypothetical city before a pic- 
ture of its effects on the city may be obtained. 

The rating of intensities by damage done, on standard scales, will 
always be very useful, particularly to insurance agencies and to 
engineers. The isoseismals drawn by seismologists from the data 
presented on such scales are not such smooth curves as would be the 
case if some measure of energy passing the observing station were 
available, but from many viewpoints they are much more interesting. 

There is no more im ortant activity in the field of seismology than 

by the questionnaire. The data collected by the questionnaires will 
lead eventually to earthquake catalogs the value of which to the insur- 
ance man in making rates, to the engineer in choosing sites for struc- 
tures, and to the geologist in determining which portions of the State 
are geologically active, is generally recognized. In  the long run the 
value of this program to the members of these professions and to 
builders cannot be overestimated. And, if prediction of earthquakes 
ever becomes possible, all present indications are that it will depend, 
to a large extent, on the frcquency of earlier shocks, as well as on the 
results of geodetic surveys. 

Strange iy y enough, it is frequently the engineer who objects most to 

tho systematic acciimu P ation of the type of field data which is sought 



Chapter 5.-VIBRATION OBSERVATIONS 
D. S. CARDER 

INTRODUCTION 

L. 8. JACOBSEN 

The work that has been done in California during the past year by 
the several parties of the California Seismological Program of the 
United States Coast and Geodetic Survey is of such fundamenal 
importance to the engineering profession that it marks a distinct 
milestone in our quest for a better linowledge of how to build earth- 
Wake-resistant structures. 

The following introduction and discussion of the test results is 
arbitrarily limited to the work covered by the subparties engaged in 
measuring the vibrational periods of buildings and other structures, 
and will not touch upon the important work done by the other.pa.rties. 

It is, of course, true that a knowledge of the periods of u building is 
not sufficient for expressing a rational opinion as to whether or not 
the building is “earthquake proof” or even relutively.safe. However, 
before such an opinion can be formulated, the analytical study as well 
as the tempered practical considerations re uire! without exception, 

The numerous and carefully-conducted tests reported on in this 
stones for linking theory and 

Without these or similar tests, we should be in the dark as to whether 
O r  not certain proposed theories have experimental confirination. 
. Let us confine ourselves, for the present, .to. a discussion. of the 

characteristics of a symmetrical building of approsl.nlately 
Constant cross-sectional mass and rigidity. This will also include 
bu!ldings in which the variation of mass and rigidity with height is 
uniform. 
. At first we assume a mere abstraction, namely, that the foundu- 

tlons of the building are infinitely rigid. Under these circumstances, 
we “nay inquire about the relative values of the natural periods of 
the building, about the types of distortions concomitant with the 
“lodes of vibration, and about the relative importances of taking 

into consideration in future period studies. 
It is obvious that if the height-to-width ratio of the building is 

large, flexural distortions are of importance and shear distortions 
play a small role; but just how large must this ratio be before 
may be neglected? 

A theoretical answer to this question is possible, but it is not entirely It can be shown 
‘heoretically that for the fundamental translational modes of vibra- 
!‘On, shear and flexural distortions are of equal importance in comput- 
:g the period if the height-to-width ratio of the building is between 

For smaller ratios, shear distortions predominate, and for 

a fairly precise knowledge of the building’s vi % rational characteristics. 

Practice together in the problem of vi E rational properties of structures. 
furnish the steppin 

until borne out by actual observations. 

and 4. 
49 
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larger ratios flexural distortions assume the important role. If the 
fundamental translational period of the building of the above propor- 
tions, as computed from shear distortions, be 1 second, another com- 
putation from flexural considerations will yield the same period, while 
a more accurate computation involving both types of distortion will 
give a period of 1.34 seconds. But what about the period corres- 
ponding to the second mode of vibration? I n  this case, computations 
from shear distortions will give a second period of 113 second, while 
flexure will yield a period of 1/6.2 second and the more accurate com- 
putation involving both types of distortion will give 1/2.7 second. For 
the third mode of vibration, shear predominates until the height-to- 
width ratio is nearly 9. Since most tall buildings on the Pacific coast 
have height-to-width ratios smaller than 4 or even than 3, we conclude 
that flexure of the building as a whole is of importance only for the 
fundamental period and in a few cases for the second mode period. 

The two translational fundamental periods of the symmetrical 
building correspond to the two independent modes of vibration in 
planes a t  right angles. The fundamental torsional mode of vibra- 
tion of the building about its vertical axis involves torsional or shear 
distortions only, and its period is quite readily computed from the 
constants and dimensions of the building. The second torsional 
period offers no difficulty and for the s mmetrical, uniform building 
on a rigid foundation it will be one-thir B of the fundamental torsional 
period. The third mode period will be one-fifth of the fundamental, 
and so on. 

We are now ready to consider the effect of a yielding foundation on 
the periods of the symmetrical building. A priori, we should expect 
that the foundation will yield in three ways: First, translatory 

; second, rotatory; and third, torsional. It can be shown, 

yielding, depend mainly on deformation constants of the ground in 
the horizontal direction; these can be simply related if the building 
is relative1 isolated from other structures, and if the ground is 
uniform. $he rotatory yielding of the foundation depends mainly on 
a vertical deformation constant of the ground and is almost independ- 
ent of the other two types of yielding. 

The effect of the translatory and rotatory yielding of the founda- 
tions on the fundamental translational period of the building is to 
make it longer. Thus, when each of these types of yielding is responsi- 
ble for one-fourth increase in the deflection a t  the top of the building 
(height-to-width ratio of building between 3 and 4) the period chan es 

ing is responsible for one-fourteenth increase and the rotational for 
1 / 2 3  increase of the deflection at  the top of the building, the period 
changes from 1.34 seconds to 2.28 seconds. The yielding of the foun- 
dation affects the fundamental periods of translation as well as those 
of torsion very appreciably. As the yielding increases, the periods 
increase until the building overturns. 

The second mode periods are also affected by the yielding founda- 
tion, but not to as high a degree as the fundamental. Thus, if we 
consider shear and translation only, the period increases from one- 
third second on the rigid foundation to one-half second on the com- 
pletely yielding foundation, but in this case the motion is unstable. 

P l d i n g  owever, that the first and third, the translatory and the torsional 

from 1.34 seconds to 1.78 seconds. Again, if the translational yie P d- 
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The third mode period for shear alone on the rigid foundation 
one-fifth second while the same building on the completely yie 
foundation will have a period of one-quarter second; moreover, in 
this case the motion is stable. Similar considerations apply to the 
higher modes of torsional vibration. 

The conclusions that we may draw from this introduction are that 
experimental studies of the vibrational periods of buildings as under- 
taken by the California Seismological Pro ram will help us to settle 

importance of shear and flexural distortions. Thus, if shear pre- 
dominates, the ratios of the observed translational and torsional 
fundamental periods to higher mode periods for buildings on rigid 
foundations should be near 3, 5 ,  7, etc. If flexure predominates,.the 
translational period ratios should be near 6.2, 17.5, 34.6, etc. Since 
the influence of the foundation on the periods of most actual buildin s 

expect that if shear predominates, the period ratios would be of the 
order 3+; 5 + ,  7+ ; while if flexure predominates, the translational 
Periods should be in the ratios of 6.2+, 17+, 35+. 

A reading of the report will convince one that shear distortions are 
Predominant in most Pacific coast buildings. 

The diversity of buildings tested makes it a great task to analyze 
the results, and this report does not attempt to do that. It is hoped 
that the Uata will be used extensively for serious studies of the 
Problem by competent investigators, and that premature conclusions 
restin on irrational fundamental conceptions may be few. 

so  far we have considered the vibrational eriods of a symmetrical 

stance an E-shaped and a U-shaped building, translational vibra- 
tlons parallel to the axis or plane of symmetry will be coup!ed wlth 
the torsional vibrations of the building. I n  L-shaped buildings and 
other asymmetrical structures, the three fundamental modes of 
vibration will be coupled and therefore interdependent. This is, of 
Course, also true of all the higher mode vibrations. 

In  order to find the three fundamental periods, it is necessary to 
the location of the principal gravity axes or planes of the 

bullding for which the dynamic moments of inertia are maximum and 
minimum. When this has been done, three simultaneous differential 
e.Vations of the second order can be set up, and the frequency.equa- 
tlon of the third degree resulting from the simultaneous solution of 

the question of foundation influence as we1 P as the one of the relative 

1s appreciable-in a few cases it has been evaluated1-we shoud f 

structure. If the building possesses one-fo P d symmetry, as for in- 

the three differential equations will then 
'dentified with the three fundamental 
Periods. Even for a one-story 
Considerations are rather 
Itis, therefore, not 
gymme trical buildings is rather perplexing. 
. The work done on the free vibrations of tank towers is especially 
'nteresting on account of the relatively great uniformity in their 
design and construction. Whenever de artures from the usual be- 
havior occur, these can be explained, a t  f east qualitatively, by one or 
several factors, namely: 
L ' thesis by J. A. Blume and H. I,. Hesselmeyer, Stanford University, 1934. 
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(a) Ground conditions. 
( b )  Loose or only slightly stressed tie rods; unsymmetrical structures. 
( c )  Resonance phenomena between the gravitational vibration properties 

of the mass of water and the tower-tank system. 
Factors (a)  and ( b )  are quite well understood, but more obscurity 

surrounds factor ( c ) .  In  order to clear up the question of the effect 
of the mobile water in the tank, the following discussion is submitted. 

Assume that a rectangular tank is placed on a solid foundation and 
that the tank walls are extremely rigid. If the tank be given a rather 
sudden horizontal displacement, the water surface on one side of the 
tank will be elevated and on the other side it will be depressed. This 
means that two gravitational waves are started, one of elevation and 
another of depression. Each of these waves will travel toward its 
opposite side with a velocity of propagation that depends mainly 
on the square root of the average depth of water in the tank. The 
time it takes each of the waves to reach the opposite side is of course 
4. This time is called one-half the gravitational period of the water 
V 

2L 2L body in that particular tank. The full period is given by T,=-i-==r-, 
where L is the length of the tank, d is the average depth of water aAh g 
is the gravitational constant. It is thus seen that the lower the depth 
of water in a particular tank, the longer the gravitational period. 

It is obvious that a similar effect occurs in a tank of circular or any 
other cross section, only the evaluation of T, will not be as simple as 
in the case of the rectangular tank. If the average depth of water in 
the tank be const.ant, T,--, whatever be the cross section of the tank, 
but if d varies, as is the case when the bottom is hemispherical, a more 
com licated functional relationship holds. Whatever this relation is, 

increases with a decrease in depth of water. 
Consider next the inertia effect of the water in the rectangular 

tank. It has been shown by several investigators that it is possible 
to substitute for the mobile water a dynamically equivalent rigid 
mass which depends in magnitude mainly on the square of the depth 
of the water. When the cross section of the tank is circular instead 
of rectangular and the bottom is hemispherical, the problem is some- 
what more com licated, but the same tendency is present, 

with an increase in depth. 
We may now consider the combination of tower, tank, and equiva- 

lent mass of water, and compute the translational period from the 
known rigidity of the tower construction, the mass of the tower, and 
tank proper, and the equivalent mass of the water. Let the period 
thus computed be TI.  This period will generally be different 

1 
l l d  

the P act remains that the gravitational perioa of the water in the tank 

nanlelf , that the equiva P ent translational mass of the water increases rapid y 

1 
1 

from T,, but since T,--J- and TCwJC+d2 it  is sometimes possible 
to have the two periods a'pproach each other with a consequent exhi- 
bition of resonance effect. If T,  and T, are nearly equal, very 
pronounced beats should occur in the motion. 
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REPORT OF VIBRATION OBSERVATIONS 
Before a formal presentation of vibration data collected under the 

California Seismological Pro ram is given, it seems appropriate to 

These instruments, which are about equally divided between the 
subparties operating in northern and southern California, are listed 
as follows: 

list briefly the instruments w E ich are being used to obtain such data. 

5 survey vibration meters (later type). 
5 electric recorders. 
2 spring recorders. 
1 electric recorder, equipped to use motion-picture film. 
1 eurve vibration meter (experimental type). 
2 WooLAnderson seismometers (loaned by the Seismological Laboratory 

of the Carnegie Institution). 
2 Taylor anemometers (capacity 3,000 feet per minute). 
Accessory equipment such 8 s  lamp assemblies equipped with single- 

filament 6-volt lamps, timing clocks, electric timers, and sheets of black 
cloth to protect recording equipment from the light. 

The first instruments used by the subparty working in northern 
California were the experimental vibration meter and sprin re- 
corder. The subparty working in southern California used a lfood- 
Anderson seismometer with a spring recorder. In each case, the 
Second component was measured by resetting the instruments at 
r1. ht angles to the former positjon. Upon the arrival of the new 

record both directions at  t e same time. Later, the arrival of new 
recorders (fig. 34) made simultaneous recording possible. No 
Provision has yet been made to record vertical vibrations. With 
the present equipment, optical distances are kept fixed for a given 

of work; about 100 cm for routine building vibration work, and 
“bout 60 cm for recording tank and bridge tower vibrations where 
the amplitudes are greater and space is more at  a premium. If 
greater sensitivity is needed, a Wood-Anderson seismometer replaces 
the Survey meters. 

Normally the instrumental period is set well above the expected 
period to be measured. The trace amplitudes are then approxi- 
mately proportional to the displacement of the ground, which is 
C?mputed directly by taking account merely of the static magnifica- 
tlon of the instrument. This method gives results which are theoreti- 
?llT accurate to 10 percent when the period of motion of the structure 
!s a most as high as the period of the instrument, provided the da.mp- 
I% ratio of the pendulum is taken near 1O:l. 

If the amplitudes of vibration of a structure are great, say 1 mrn 
more as in the case of forced tank-tower and normal bridge-tower 

V1.brations, an effective method of reducing the trace amplitude 
without a serious change of the instrumental constants is to set the 
‘“Qtrumental period somewhat below that of the structure. When 
thlS method is used, or whenever greater accuracy is desired than 

be obtained by taking account of the static magnification alone, 
the harmonic ma nification formula is used. It is applicable to a11 

of sustainef simple harmonic motion. The assumption that 
the motion is of this type is not far wrong in most of the cases dealt 
with here. It gives the effective magnification of the seismograph 
In terms of its static magnification, V, in the following form: 

K % ration meters (fig. 33) rovision was made by both parties to 

V 
J (1 +d)’ - 4u2 (1 - h’) 
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in which IL is the m,tio of the period of the vibration being recorded, 
to that of the seismometer; and h is the damping constant of thn 
seismometer. The damping constant h is computed from the damping 
ratio E by the formula 

FIGURE .?R.-Vihmt,ion mrtrr. 

l3UILDING VIBRATIONS 

Investigation of building vibrations has been carried out according 
to tho following plan: 

(a)  Measurement of periods of buildings of all types with record of point,s of 
ohsrrvations, such observations t o  bc filed at the Washington office so t h a t  
comparisons may bc madc in CRPC h n i l r l i n p  n.rc siihjcctcd to a fiitiirc scvrre 
enrthqunke. This will also give iisrfril information on the  variation of period 
with height. In  most ~ n s e s ,  ohsrrvations t,o l)o mndr only nt  on(? p1nc.e i n  a hiiild- 
ing and preferably at the  top, or scvcral mensurcrnent,~ at different parts of a n  
upper floor in R building of complex crom mction. 



TABLE d.-Summary of building vibration data, Mag I, i9.94, to Mar. SI, 1985 
EXPLANATIONS OF ABBREVIATIONS AND SYMBOLS 

[Reference numbers refer to explanations in footnotes] 

Partitions 

None-.-.--.. 

None..--.-.- 

Tlle _._______ 
W. and P... 

ML. and P-. 

ML.and P.. 

ML.and P-- 

Tile ...-....- 

ML. and P.. 

Tlle _ _ _ _ _ _ _ _ _  
L. and P _ _ _ _  

L.and P..-. 

ML.andP-. 

Bk. Brick. Brick walls are curtain w a h  unless otherwise noted. 
C. Cross,,or short dimensfon of bullding. 

Comb. Combmed. 
Conn. Connected horizontally (interconnected). 
Cont. Continuous. 

F. Facine. 

Floor 

RC ..-..... 

RC-..-..-. 

RC _______. 

RC. and W 

RC 

RC _ _ _ _ _ _ _ .  

RC _______.  

RC .....-.. 

RC. _ _ _ _ _ _ .  
R C  _____... 
W _________.  

W. on Bt 
befURS. 

RC.. _____. 

8. Stone. 
s. Street sides. Refers to brick, tile, or terra cotta face on walls. 

TC. Terra mtta. w. wood. 
I. Used in dimensioning L-shaped buildings. Tabulated flgum are outside dimensions. x indicates 

Frame 

$ Beaufort scale of wind ford: 
Light = 0 to 7m. p. h. 
Gentle - 8 to 12 m. p. h. 
Moderate -13 to 18 m. p. h. 
Fresh =19 to 24 m. p. h. 
Strong -25 to 38 m. p. h. 
Gale =3Y to 64 m. p. h. 
Whole gale=55 to 76 m. p. b. 
Hurricane =above 75 m. p. h. 

Very light=less than 100 feet per minute. 
Light =about 900 feet per minute. 
Moderate =about 1,400 feet per minute. 
Frtwh =about 1,900 feet per minute. 
Strong -about 2,800 feet per minute. 

To convert milffl per hour to feet per minute, multiply 
in this tahle will be approximately the following: 

Walls 

width of wings. 
Asterisk indicates an approximate value. 

I Perpendicular. 
t The interpretation of the periods on the records made in these buildings is believed to be par- 

ticu!iuly doubtful and will require additional tests to separate translation, torsion, or extraneous 
motions. 

f In flat-iron type buildings the longitudinal direction is deflned as the direction of the bisector of 
the vertex angle. 

RC .........- 

RC ...---... 
St _ _ _ _ _ _ _ _ _ _ _  
RC .......-. 
St _ _ _ _ _ _ _ _ _ _ _  
St _ _ _ _ _ _ _ _ _ _ _  
St _ _ _ _ _ _ _ _ _ _ _  
St __--_______ 

St _ _ _ _ _ _ _ _ _ _ _  
8t  __- -_______  

W. and St.. 

W.aand St.. 

RC ... _ _ _ _ _ _  

~. ~ 

fl. Floor- 
L. Wood lath; also used before period to indiats long direction of building. 

Mez. Mezzsnme floor. 
ML. Metal lath. 

None ...-... 

None -...-.. 

Bk _ _ _ _ _ _ _ _ _  
RC ..-...-- 
Bk. and T C  

Bk., 8.F. 8 

Bk _ _ _ _ _ _ _ _ _  
RC.,B.F.s 

RC., Bk. F 

Bk. and T C  

Bk. veneer- 

Bk _ _ _ _ _ _ _ _ -  
RC ... _ _ _ _ _  

' by 88. Then tlie wind-velocities used 
P. Plaster. 

Pent. Penthouse. 

8t. steel. Always refers to structural steel; not reinforcing bar. 
RC. Reinforced concrete. 

RECTANGULAR BUILDINGS 

Dimensions 
- - 

No 

- 

1 

2 

3 

4 

6 

6 

7 

8 

0 

10 

11 

12 

13 

Mate.rials Vibration data 

I Maxi- 
Periods I I 

Building, city, date of 
observation 

Foundation type 
and loading 

I I I mllm sou Remarks Component . build- 
ing ~ i ~ ~ ~ ~ i ~ ~  or Fundamental Position 

street dis- 
Other Extraneous piam 

Transla- Tor- ment 
tion sion 

Length Width Height 

I I-1-1 I I- 

I 1 Seconds ISecondaI Seconds 1 Seconds 1 0.001 inch 
2 f l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  N L  _ _ _ _ _ _ _ _ _ _  0.55 _____._______ 0.26, _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.07 

E W  .... _ _ _ _ _ _ _  0.54 _ _ _ _ _  ~ _ _ _ _ _ _ _  0.3. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.07 

Lbr. per 8q. p .  
RC. footing. 8,000.. Addams, Pasadena Junior Col- 

lege. sept. 4, 1834. 
Being rebuilt. No 

walls or partitions. 

Same as No. 1. 2 f l _ _ _ _ _ _ _ _ _ _ _  ~ ___. NS.. _ _ _ _ _ _  ___. 0.55 ____________. 0.28 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10.07  
0.07 I E W  _ _ _ _ _ _ _ _ _ _ _  I 0.55 _____._______ I I  0.28 . . . . . . . . . . . . . . . . . . . . . . .  I A assiz, Pasadena Junior Col- 

!we. Bept. 4. 1934. 
____do _ _ _ _ _ _ _ _ _ _ _ _  ----do _ _ _ _ _  _ _  - 

,..__.do ______._______. 
RC. footing _ _ _ _ _ _ _ _ .  

RC. footing. 8,000. 

Grillage. Footing 

RC. footing ________. 

-__-do _ _ _ _ _  _ _  - - _ _  - - -. 
on RC. mat. 

Alexander,San Francisco. Oct. 

Ambassador Apartments, Berk- 

American Trust Co., Berkeley. 

American T m t  Co., 8an Jose. 

Bank of America, Berkeley. 

17, 1034. 

eley. Dec. 18,1034. 

Dec. 18, 1034. 

Jan. 21,1035. 

Dec. 16, 1934. 

Sand ... _ _ _ _ _  _ _  _ _ _  
Alluvium. - _ _ _ _ _ _  

No thirteenth floor. 16, 14, 12, 11, 10, Montg _ _ _ _ _ _ _ _  1.25 _ _ _ _ _  0.80 0.40,0.22 _ _ _ _  ._____._______ 1.30 
6 fl. Bush _ _ _ _ _ _ _ _ _ _  1.33 _ _ _ _ _  _ _ _ _ _ _ _ _  0.40,0.2!2 _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.00 

6 fl- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . Banuoft _ _ _ _ _ _  C. 0.45-. _ _ _ _ _ _ _ _  0.28,O. 08 ___. ~ _ _ _ _ _ _ _ _ _ _ _ _ _  0.15 
Union _ _ _ _ _ _ _ _ _  L.0.25'. _ _ _ _ _ _ _ _  0.08 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.05 

0.60 
1.60 

0.60 
0. 50 

0. 25 
0. 25 

0.50 
1.60 

Gravel and clap-. 

Sand and clay, 

Alluvium. _ _ _ _ _ _  - 
Band and clay... .. 

soft. 

1-story wing on west. 12 f l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Center _ _ _ _ _ _ _ _  1.05 _ _ _ _ _  0.70 
lCenter  ___.__ 1.25 .___. _______. 0.4. _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

7 f l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  First _________. O.W,O.84. _ _ _ _ _ _ _ _  0.79,O. 12 ___. ._____________ 
Sen Fernando. 0.70.0.64. ._______ 0.11 _ _ _ _ _ _ _ _ _  ____________._ 

6 f l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Center. _ _ _ _ _ _ _  0. 50 _ _ _ _ _  ._______ .____________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

LCenter _ _ _ _ _ _  0.45 _ _ _ _  ~ _ _ _ _ _ _ _ _  0.28 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
14 f l _ _ _ _ _ _ _ _ _ _ . _ _ _  ~ New Montg.- 1.30 _ _ _ _ _  0.64 0.11. _ _ _ _ _ _ _ _  ._____________ 

Market- _ _ _ _ _ _  1.63 _ _ _ _  ~ ~ _ _ _ _ _ _  ~ 0.11, _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  _ _  

Street ly a t  fronts 90' angle. not exact- 

Bank of America Market and 
New Montgbmery, San 
Francisco. Jan. 11, 1935. 

Bank d America, 
Sept. 25, 27, 1034. 

Jose. RC. footing on piles. 

RC. footing ________. 

Concrete. _ _  - - - - - - - -. 
Barker Brou., Los Angelea. 

Feb. 15, lw5. 

Belmont 
Beach. 

Fire Station 
Oct. 10, 1034.' 

Long 2 fl. and ground.-- ISecond. _ _ _ _ _  (1) _______. 0.06, 0.04.-.. 0.33 _ _ _ _ _ _ _  _ _  0.07 
Second _ _ _ _  _ _ _ _  (p) _ _ _ _ _ _ _ _  0.17,0.W,O.M. 0.33 _ _ _ _ _ _ _ _ _  0.07 

and bearing column stud8.t wood 

BufTum Hotel, Long Beach. 
Oct. 6, 1034. 

Adobe overlylng 

Hard clay _ _ _ _ _ _ _ _  
sand. 

4 fl. and baseinent- IThird ....... 0.25. _ _ _ _  _ _ _ _ _ _  _ _  O.lO*________ 0.33 3 _ _ _ _ _ _ _ _  0.16 
lhird _ _ _ _ _  _ _ _ _  0.B _ _ _ _ _ _ _ _ _ _ _ _ _  0.10'________ 0.%J*. _ _ _ _ _ _ _  0.15 

10 f l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Frnnklin _ _ _ _ _ _  C. 0.40. _ _ _ _ _ _ _ _  O . l * _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ~ _ _ _ _ _ _ _  0.26 
Nineteenth _ _ _ _  I l l  L. 0. 36- _ _ _ _ _ _ _ _  0.2. _ _ _ _ _ _ _ _ _  I _ _ _ _ _ _ _ _ _ _ _ _ _ _  ! 0.20 

Ground 0.33.t period may be HC. footing. _______. 

RC. footing. 6,000.. California, Oakland. Dee. 15, 
1034. 

Sea footnotea at  end of table. 
aam&--a6 (Paoep.66) No.1 



TABLE 3.-Surnmary of building vibration data, May 1,  1938, to Mar. 31, 1936-Continued 

Building city dateof 
ob&vation 

Caliiornia and Hawaiian Sugar 

(a) C%arhb;se. A u ~ .  3, 6, 
Rennin Co Crockett: 

7.m. 1834. 

(b)  Re-. Aug. 6, 7, 
1934. 

(e) Packing House No. 1. 
Aug. 6,7,1Wd 

(4 Packing House No. 2. 
Aug. 6, 20, 1934. 

California Pacific, Ban Fran- 
Cieco. Nov.6.1934. 

Campanile University of Cali. 
fomI8, drkeley. July IU, 1934. 

Campbell Apartments, Long 
Beach. Aug. 28,1934. 

Chevrolet-Fisher Body Co., 
Oaldand. Nov. 9, 1934. 

31ty Hall, Long Bearch. Oct. 
17,1934. 

City Transfer, Long Beach. 

3laus Sprecklea, San Francisco. 

Aug. 27.1934. 

OCt. 18. 1834. 

3oit Tower San Francisco. 
Oct. 22,lUh. 

:ommerical, San Jose. Jan. 21, 
1936. 

:ooper, Lo8 Angeles. Mar. 4, 

:unard, San Francisco. Jan. 11, 
1U35. 

)e Youn Museum, San Fren- 
cisco. 8ct.  24, 1934. 

:@ton, Oakland. Dec. 17, lU3.1- 

1936. 

Inglish, Long Beach Junior 
College. Gept. 28. 1U34. 

xchange Garage, San Fran- 
CISCO. Dm. 26. 1934 

xposition San Francisco. 
NOV. 30.1634. 

.___do _ _ _ _ _ _ _ _ _ _ _  
____do.. - - _ _ _  _ _ _ _ _  
3and and clay, 

firm. 

Gravel _ _ _ _ _ _ _ _ _ _ _  
Alluvium, soft--- 

Adobe clay _ _ _ _ _ _ _  
Adobe over sand. 

Adobe _ _ _ _ _ _ _ _ _ _ _  
Sand _ _ _ _ _ _  _ _ _  _ _ _  - 

3and and clay, soft 

and and marine 
clay. 

and _ _ _ _ _ _ _ _ _ _ _ _ _ _  
and and clay.--. 

.lluvial silt _ _ _ _ _ _ _  

i l l  over lying 
marine clay. 

.--do _ _ _ _ _ _ _ _ _ _ _ _  

Foundation type 
and loading 

Lbs. cr ag. I t .  
Cont. HC. arches 
on pilea. 

RC. slab _ _ _ _ _ _ _ _ _ _  ~ 

RC. footing. 6,000. 

RC. footing _ _ _ _ _ _ _  ~ 

___-do.-- _ _  _ _ _  _ _ _ _ _  
RC. footing. 6,500. 

St. Grillage mat. 
4.500. 

RC. conn. footing 

RC. footing. Some 

RC. girder and slab. 

RC. footing _ _ _ _ _ _ _ _ _  
 do _ _ _ _ _ _ _ _ _ _  _ _ _ _  - 
Zoncrete- _ _ _ _  _ _ _  _ _  _ _  

on pilea. 

piles (7). 

:onCrete pilea -____--  

3.C. conn. footing 
on piles. 

BECTANGULAU BUILDINGS-Contlnued 

Frame 

Materials 

wells Partitions 

None- - .-- 

None .-...- 

None-..-.- 

None-.-.-. 

ML. and P 

None-.---. 

Tlle _ _ _ _ _  _ _  
None ...--- 

_______-- - -  

Few _ _ _ _ _ _ _  
Tile and 

None _ _ _ _ _ _ ,  

ML,P.,an 

rile _ _ _ _ _ _ _ _  
tile. 

ML. and E'. 

rile _ _ _ _ _ _ _ _  
ML. and P. 

w ___-_---- - 

Cone _ _ _ _ _ _  - 
RCu ....--. 

Component. Direction or 

street 

Vlbration data 

I Periods 

Fundamental I 
I Transla- 1 Tor- 

Other 

2.20 _ _ _ _ _  _ _ _ _ _ _ _ _  0.68, 0.40, _-__--___ _-__----  0.20. 
1.96 _ _ _ _ _  _ _ _ _ _ _ _ _  

0.80, 0.30, 0.36, 0.27, 
0.20. 

1.67 _ _ _ _ _ I  0.71)0.1* _ _ _ _ _ _ _ _ _  
1.18 _ _ _ _ _  _ _ _ _ _ _  _ _  O.I* _ _ _ _ _ _ _ _ _  

~ 8 x 1 -  
mum 

ing 
dis- 

Extraneous plam 
ment 

build. 

I- 
0.001 

Seconds inch 
1.00,0.3,0.17, 0.20 

0.05. 
1.00,0.3,0.1-- 0.20 

0.06. 

Wind velocity Remark8 

Beaufort 8Cal.2 I 
or ft./min.t 

}____do _ _ _ _ _ _ _ _ _  Plant not running. 

1 ____do _ _ _ _ _ _ _ _ _  
}____do _ _ _ _ _ _ _ _ _  
._________------ ._______-------- 
Light. _ _ _ _ _ _ _ _  Ornamental tower. .___________-___ Near Hayward fault 

280 _____- - - - - - -  t 

200 _ _ _ _ _ _ _ _ _ _ _ _  Steel tank tower rests 
on building columns. 

_.______-------- 

_______------.-- 
700 ______-- --_ - 
Very light -.... After earthquake re- ____________-___ pairs. See table 7. 

Light- __---_-_ 

__________---_--  

_______-----.--- 

Mod _ _ _ _ _ _ _ _ _ _  T u b u l a r  concrete ____________.___ tower. Very smooth 

Light ___- -__ -  - 
1,600 ___------- 

Gentle _ _ _ _ _ _ _ _  
Light. - __-_---  

360 _____-  - -_-  - - 

200 _ _ _ _ _ _ _ _ _ _ _ _  U n d e r  construction _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Tlle on roof, no stuc- 
co on wall3.t 

Mod--.- _ _ _ _ _ _  Abuts no. 30 and no. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.58. 

Mod _ _ _ _ _ _ _ _ _ _  Abuts no. 29. 

motion. 

__________------  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _______.________-_------ 
_______--------  

________------- 

, _ _ _ _ _ _ _ _ _ _ - _ _ _ _  

Bee footnotes at  end of table. 
33604-36 (F-p 66) No.2 



TABLE 3.-Summary of building vibration data, May I, 1934, lo Mar. S I ,  1936-Continued 
RECTANGULAR BUILDINGS-Contlnued 

I 

Wlnd velocity 

- - 

No. 

- 
a i  

32 

ta 

a4 

ab 

a6 

37 

a8 

a9 

# 

41 

42 

43 

44 

48 

16 

47 

48 

40 

M) 

61 

62 

I Remarh 

I Dimensions Vibration date 

PerfOdS I MEA 
mum 
build- 

ing 
dis- 

placs 
ment 

- 
0.001 
inch 
0.16 
0.07 

0. Bo 
0.60 

0.26 
0.35 

0.75 
0.26 

0.60 
200 

0.16 

0.10 

0.80 
0.40 

0.07 
0. M 

0.25 
0.26 

0.7b 

0.76 

0.30 
0.70 

1.00 
0. 20 

1.6 
1.0 

0.30 
0.35 

0.20 

0. 20 
0. 20 

0.16 
0.20 

0. 03 
0.03 

0.04 
0.03 

1.50 
0.25 

0.10 
0. I 
0.10 
0.07 

0. 20 

Building city dateof 
obskat ion 

Foundatlon type 
and loading 8011 gFs:rJ; Fundamental 

Transla- Tor- 
tion sion 

street 
Other 

-- 

Helght Positlon Frame Wslls 
Extraneons 

I 
Lbs. per rp. Jf .  

RC. footing _------- Famom Department Store, 
Long Beach. Mar. 23,1934. 

Farmers’ and Merchants’ Bank, 
Lang Beach. Deo. 5.1934. 

First National Bank, 8an Jow. 
Jan. 21,1935. 

Adobe overlying 

Adobe over sand. 

Soft sand and clay 

Bandy clay _ _ _ _ _ _ _  

sand. 

.________-_--.----- 

.------------------ 

Pine _ _ _ _ _ _ _ _ _ _  I 1.00 _ _ _ _ _ I  _ _ _ _ _ _ _ _  I0.8*, 0.3. _ _ _ _ I  
3d _ _ _ _ _ _ _ _ _ _ _ _ _  0.87 _ _ _ _ _  _ _ _ _ _ _ _ _  0.7*, 0.3. _ _ _ _  

RC. footing on pilea 

RC. footing _ _ _ _ _ _ _ _  
.____do _ _ _ _ _ _  ____-___ 

Frsnklh, 
1934. 

Oakland. DW. 

Garment Capital, Los Angela. 
Mar. 8.1936. 

Graphic Arts Loa Angelen. 
Nov. 26, lW’. 

Great Western Power, Oakland. 

Griggsby, Long Beach. Nov. 

Harris Newmark, Loa Angeles. 

Haas. Los Angelen. Mar. 29, 

Nov. 7,1934. 

23,1934. 

Mar. 8,1935. 

1936 and July 8,1936. 

RC.footing. &ooO. 

RC. footing _ _ _ _ _ _ _ _  

Heartwell, Long Beach. Mar. 
21.1936. 

Eollywocd Btorage, Hollywood. 
dug. 13,1934. 

RC. footing. 7,700.. 

RC. comb. & cob 
umn footing on 
piles. 

Insurance Center Ban Fran- 
dsoo. NOV.N,~W. 

Fill overlying sani 
and clay. 

RC. comb. footing 

RC. footing -__-- - - - .  

on piling. 

tnsUranaa Exchange Long 
Beach. Nov. 22, 193;. 

[nsuranca Exchange La A n  
lea. Jsn.  0 and Air. ‘23.19% 

Adobe over sand - 

.-----.------------ 
International Mart Loa Ange 
ks. Mar. 4, 1934.’ 

iergin’s Trust Co., Long Beach. 
Aug. 30,1934. 

Lagunits Court, Stanford Unl- 
veristy. Bept. 26,1934. 

Lloyd and Cssler, Los Angeles. 

Luckenbach L o  8 A n g e 1 e s. 

Lumbermen’s, 8an Franclaw. 

Nov. %3,1984. 

Feh. 23, ld35. 

Peb. 6, 1935. 

Recent alluvium- HC. footing _ _ _ - - _ - - .  

____do ________-___- -. 

RC. footing on pilea. 

RC. footing ________. 

Fill overlying ma- 

Adobe overlying 

rine clay. 

nand. 
Lyon Storage 

Nov. 16,1934: 
Beach. 

&e footnotes at end of table. 



TABLE 3.--Summary of building vibration data, M a y  1, lQS& to Mar. 31, 1936-Continued 
RECTANGULAR BUILDINGS--ContinUed 

Length Width Height 

=F 

No 

- 

6: 

& 

61 

P 

6: 

61 

6f 

B( 

61 

61 

63 

64 

65 

e5 

67 

68 

88 

70 

71 

72 

73 

74 

Periods 
Marl- 

Component. build- 
mum 

ing 
dis- 

Paaftion Direction or 
street 

Other Extran00~8 place 
ment 

Building, d t y  date of observation 
Partitions 

I. Magnin and Go., Oakland 

I. Magnin and Go., San Fran 

May Co., Los Angelas. Jan 
19,1935 and July 12,1935. 

Msxfleld, Loa Angela. Mar. 8 
1935. 

Medical, Loa Angeles. Mar. 1, 

Medico-Dental, Los Angeles 

Medico-Dental. San Jose. Jan 

Morgan's Professional, Berke 

Newhall. San Francisco. Dec. 

Nov. 7,1934. 

CISCO. Oct. 26,1934. 

1935. 

Peb. '26, 1936. 

21. 1935. 

ley. Dee. 18.1934. 

26,1934. 

Floor 

Oceanic, San Francisco. Feb. 
5,1934. 

Frame 

130 Bush St., Ban Francisco. 
Jan. 9, lTd5. 

Walls 

Pacific Commerce, Loa Angela. 
Mar. 18, 1935. 

Wind velocity 

Paciffc ffas and Electric Co., 

Pacific National Bank, San 

Patriotic Hall, Los Angela. 

Oakland. Nov. 7, 1934. 

Franduco. Jan. 9,1936. 

Mar. 12. 1935. 

Remarks 

Printing Center, LOB Angelea. 

Public Utilitias, Long Beach. 

Nov. 24. 1934. 

Oct. 3. 1934. 

1. W. Robinson, Los Angela. 
Jan. 18. 1935. 

loyal Insurance Go., San Fran- 

Lohs, San Francisco. Mar. 7, 

It. Clair, San Francism. Deo. 

CISO. Nov. 28,1934. 

1936. 

26,1934. 

lanta Marina, Ban Franckco. 
Feb. 5,1936. 

Foundation type 
and loading 8OU 

-I 
I 

sandy clay. on RC. pila. 

Blueclay _ _ _ _ _ _ _ _  ~ RC. Conn. footin8 
on piles. I 

Clay, firm _ _ _ _ _ _ _ _ _  RC. footing 

Fill overlying ma- RC. mat on piles.-. 

____do _ _ _ _ _ _ _ _ _ _ _ _ _  RC. footing on pila 

r im clay. 

.__________________ RC. footing ________  
3andy clay _ _ _ _ _ _ _ _  .____do _ _ _ _  ~ _ _ _ _ _ _ _ _ _  
3and and clay, RC.footing. 6,000. 

.__________________ RC. footing _______ 
Recent alluvium.- _____do _.____________ 
Pdobe over .sand.- _____do _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Arm. 

. _ _  _ _  _ _  - - _ _  _ _  _ _  _ _  - - -----do _ _ _ _ _  - _ _  - _ _  - - - 
Till over fkm, clay- RC. footing on pilea 

land and day RC. footing _ _ _ _ _ _ _ _  
Till ovff marine RC. Conn. footing 

.--do _ _ _ _ _ _ _ _ _ _ _ _ _  RC.footinponpUea 

clay. on piles. 

Materials 

None _ _ _ _ _ _ _ _  RC ____--_ 
Few _ _ _ _ _ _ _ _ _  RC _ _ _ _ _ _ _  
None _ _ _ _ _ _ _ _  RC _ _ _ _ _ _ _  
Few _ _ _ _ _ _ _ _ _  RC _ _ _ _ _ _ _  
8t. and P... RC _ _ _ _ _ _ _  
Ti la  _ _ _ _ _ _ _ _  RC _ _ _ _ _ _ _  
ML. and P. RC _ _ _ _ _ _ _  
ML.and P-- RC __.____ 
Tile ________-  RC ___- -  -- 

Tile, ML. RC _____-_  
None _ _ _ _ _ _ _ _  RC _ _ _ _ _ _ _ .  

and P. 

Tile _ _ _ _ _ _ _ _ _  RC _ _ _ _ _ _ _ _  
ML. and P-- RC ____-__. 

Tile _____.-__ RC _______. 

Tile, ML. RC _._____. 

Tile ____-_.-- RO _______. 
and P. 

Tile, ML. RC ........ 

_ _ _ _ _ _ _ _ _  RC-------. 

and P. 

Vibration data I Dimensions 

-1-1 I I I- 

0.001 I Seconds ISecondsl Seconds 1 Secondr 1 tnch 
113 _ _ _ _ _ _  100 4 _ _ _ _ _ _ _ _  74 _ _ _ _ _ _ _  4 , 1  f l______________ Broadway _ _ _ _ _  0.43 _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.0924 _ _ _ _ _ _ _  0.16 

20th _ _ _ _ _ _ _ _ _ _  0.37 _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____._________ 0.16 

Fed I Fed I SLortu 1 Fed I I 
I 12 f l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Santee __._____ 

LSantee ...-.- I 

430 _ _ _ _ _ _ _ _ _ _ _ _  M a y  be ground .______________ of 0.31-0.32. g:$ I ing very rigid.t 

See footnotes at end of table. 



TABLE 3.--Summary of building vibration data, M a y  1 ,  1934, to Mar. 31, 19S6-Continued 
RECTANGULAR BUILDINGS-Continued 

~~~~~~~; 
street 

-~ 

Wind velocity 
Fundamental 

Transla- Tor- 
tion sion 

I 

Remarks 

Other 

- - 

N O  

- 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

8E 

88 

87 

88 

89 

90 

91 

92 

93 

Extraneous 

- 

Soil 

Materials Dimensions Vibration data 

Periods I Marl- 
mum 

ing 
dis- 

piace- 
ment 

build- Building city dateof 
obdrvation 

Foundation type 
and loading 

Frame Walls Floor Length Width IIeight Position Partitions 

CJ 

Sand and clay. 

0.001 
inch 
0.75 
0.25 

0.45 
0. 10 

0.50 
0.80 

0.30 
0. 25 

0.25 
0. 25 

1.50 
0. 50 

0.60 
0.30 

0.04 
0.04 

0.25 
0.50 

0.25 
0.40 

0.30 
0.35 

0. 50 
0.26 

0.26 
0.26 

0.07 
0.07 

0. GO 
1.90 

0.25 
0.75 

0.20 
0.40 

1.00 

0.30 

0.25 
0.25 

Lbs. per 69. ft. 
RS. footing. 8,000- 

RC. Comb. footings 

RC. footing ________.  

Seconds Seconds 
Broadway _ _ _ _ _  C .  0.82.- _______. 
11th __.________ L. 0.62.- _ _ _ _ _ _ _ _  
Broadway ___._ 0.51 .____ _ _ _ _  ___. 
10th _ _ _ _ _ _ _ _ _ _ _  0.27 ? o - - .  _______. 

1Ocean _ _ _ _ _ _ _  0.88 _ _ _ _ _  _ _ _ _  _ _ _ _  
Ocean _ _ _ _ _ _ _ _ _  0.98 _ _ _ _ _  _ _ _ _ _ _ _ _  
Spring _ _ _ _  _ _ _ _  0.91. _ _ _ _  _ _ _ _ _ _ _ _  
1st. _ _ _ _ _ _ - _ _ - -  0.63 _ _ _ _ _  _ _ _ _ _ _ _ _  
Smsome. _ _ _ _  ~ 1.15. - ~ _ _  0.65 
Pine---------- l.ZJ----- _ _ _ _ _ _ _ _  
Franklin _ _ _ _ _ _  C. 1.41.- ._______ 
LFranklin _ _ _ _  L. 0.95-.. _ _ _ _  _ _ _ _  
Maple .___ _ _ _ _  0.81. _ _ _ _  0.50 
8th _ _ _ _ _ _ _ _ _ _ _ _  0.98 _ _ _ _ _  .______. 

NS _ _ _ _ _ _ _ _ _ _ _ _  0.21 _ _ _ _ _  _______. 
EW ____-_-_- - -  0.22 _ _ _ _ _  _-__---. 

Spring _______. 0.86 _ _ _ _ _  _______. 
4th.-. _ _ _ _ _ _ _ _ _  0.91 ___._ _______. 
17 th  _ _ _ _ _ _ _ _ _ _  0.83.-... 0.50 
7th _ _ _ _ _ _ _ _ _ _ _ _  0.89 _ _ _ _ _  .___---. 

Sapsome _ _ _ _ _ _  0.95 _ _ _ _ _  0.65 
Bush _ _ _ _ _ _ _ _ _ _  1.M) _ _ _ _ _  0.65 

Sansome. _ _  - -. 0.78. - _ _ _  - - _ _  ~ - -. 
Pine _ _ _ _ _ _ _ _  _ _  0.52. _ _ _  _ _  _____. 

Security Bank, Oakland. Feb. 
25,1935. 

Southern California Gas Co., 
Los Angeles. Feb. 28,1935. 

Sovereign Apartments, Long 
Beach. Feb. 1, 1935. 

Stato, Los Angeles. Mar. 14, 
1935. 

Stock Exchange, San Francisco. 
Dec. 28,1934. 

Telephone, Oakland. Dec. 13, 
1934. 

Bk _________. 

RC _ _ _ _ _ _ _  -. 
RC. and 

RC. and 

Bk. and 8. 

Bk ________-. 

tile $7. 

Bk.98. 

F.$*. 

RC. ______-.  

Bk.ao-------. 

Bk. and TC. 

RC 

Bk 

RC., TC. F. 

RC- 

RC _ _ _ _ _ _ _  - .  

RC., Bk. 
F., 6. 

Bk 

RC. 

Bk. and TC.  

w __--_ -- - - -. 

IML. and P 

Tile, few.-- 

Tile-. _ _ _ _  - - 
Tile _ _ _ _ _ _ _  - 
Tile _ _ _ _ _ _  -. 
M L  and P- 

Tile _ _ _ _ _ _  -. 
Bk 

Tile 

Tile. ______.  

Tile _ _ _ _ _ _ - .  

Tile 

Tile-. 

Tile 

Tile nnc 
ML.and1 

Tile 

ML. and P. 

Tile. 

L. and P... 

Adobeand sand ... 

Gravel--. _ _ _  _ _  _ _ _ _  
Fill over sand----. 

Sandy clay _ _ _ _ _ _ _ _  
RC. comb. footing 

RC. footing under 
on piles. 

mat. 

Textile Center, Los Angeles. 
Mar. 8.1935. 

RC. footiug 

RC -..-...-.-.-.--_ 

RC. footing ___.____ 
____do  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

37th St. School, Loa Angels. 
Sept. 14,1934. 

Title Insurance and Trust Co., 
LDS Angeles. Mar. 12,1935. 

Transportntion, Los Angeles,. 

2W Bush St., San Francisco. 

Mar. 5,1935. 

DW. 27.1934. 
Sand over clay- - ~. Abuts Stock Exchange. 

0.65 period is com- 
mon to both. 

RC. footing on pre- 
cast piles. 

RC. footing on piles Fill over flrm clay. 1.00 period from abut- 
ting Insurance Ex- 
change No. 143. 

233 Sansome St., San Francisco. 
NOV. 6, 1934. 

University Club, Los Angeles. 
Jan. 17, 1935. 

RC. footing. _ _ _ _ _ _ _  
Adobe over sand -. Walker's Department Store, 

Long Beach. Nov. 23,1934. 
_ _ _ _ d o  _ _ _ _ _ _ _ _ _ _ _ _ _ _  Pine _ _ _ _ _ _ _ _ _ _  I 0.46 _ _ _ _ _ I  

4th _ _ _ _ _ _ _ _ _ _ _ _  0.43. _ _ _ _  t 0.36 period most 
ground promlnent. period. M a y  be 

Sand _ _ _ _ _ _ _  - - _ _ _  -. .... do _ _ _ _  ~ West Coast Life, 8an Francisco. 
Jan. 11, 1935. 

2d. _ _ _ _ _ _ _ _ _ _ _ _  
Market- - _ _ _ _ _  L.O.83.. 

C.1.18-- 
1.17,0.4*,0.11 _ _ _ _ _ _ _ _ _ _ _ _ _  

0.85*.0.4?, _ _ _ _ _ _ _ _ _ _ _ _ _  
0.12. 

Wilshire Medical. Los Angeles. 
Jan. 17,1935. 

.__.do _ _ _ _  ~ - - _ _ _ _ _ _  - .  

RC. invert.T beams 

RC. comb. footing.-. 

Westlake ___.__ 1.18.. _ _  
Wilshire _ _ _ _ _ _  0.93 _ _ _ _ _  
Stockton _ _ _ _ _ _  0.75 _ _ _ _ _  
Post - - - - - - - - - -  0.60 _----  
Broadway _ _ _ _ _  C. 1.12-- 

8th _ _ _ _ _ _ _ _ _ _ _ _  L. 0.59 81 

Fleming- _ _ _ _ _  0.21 _ _ _ _ _  
LFleming _ _ _ _  0.20 _ _ _ _ _  _ _ _ _ _ _ _  

Abuts No. 103. Drake Hotel 

Wood frame house. 

Wiltahire Hotel, San Francisco. 
Mar. 7,1935. 

Wurlitzer, Los Angeles. Mar. 
20.1935. 

-Residence, 4508 Fleming 
Ave., Oakland. Sept. 22,1934. 

W. on concrete. 

See footnotes a t  end of table. 
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TABLE 3.--Suntmary of building vibration data, May 1,  1994, lo Mar. 31, 1986-Continued 
L-SHAPED BUILDINGS 

-.- 

Floor 

- -  I 

No. 

- 

94 

95 

96 

97 

8% 

99 

loo 

101 

102 

103 

104 

105 

106 

107 

108 

106, 

110 

111 

112 

113 

114 

Length 
Building, city, date of 

observation 

RC _ _ _ _ _ _ _ _ _  
RC _ _ _ _ _ _ _ - -  

RC _____----  

RC _ _ _ _ _ _ _ _  ~ 

RC _ _ _ _ _ _ _ -  ~ 

RC _ _ _ _ _ _ _ _ _  
RC. _ _ _ _ _  - - 
RC _ _ _ _ _ _ _ _ _  
RC _ _ _ _ _ _ _ _ _  
RC _ _ _ _ _ _ _ _ _  
RC.---.-..- 

RC _ _ _ _ _ _ _ _ _  
RC _ _ _ _ _ _ _ _ _  

RC _ _ _ _ _ _ _ _ _  
KC _ _ _ _ _ _ _ - _  

RC. - - _ _  - - - - 

RC _ _ _ _ _ _ _ _ _  

RC--------- 

RC _ _ _ _ _ _ _ _ _  

RC.-..-..-. 

RC ... _ _ _ _  ~. 

Allied Crafts, Los Angeles. 
Nov. 27, 1034. 

Balboa, San Francfsco. Nov. 
21,1834. 

Hank of .4merica. 485 California, 
San Francisco. Nov. 22,1934. 

Fed 
142 _ _ _ _ _  
100x44- 

138x43. 

103x40. 

129x81. 

125 ____. 
144 x 60. 

149x44. 

184x 52. 

150x30. 

loo----. 

1371 47. 

135 

137 ____. 

110x48. 

137 x 48. 

160x60. 

150x50. 

148x20. 

2oOxM). 

150x48. 

Bank of America, I08  Sutter, 
San Pranckco. Nov. 3,1934. 

Bendix, Los Angeles. Nov. 20, 
1934. 

Building and city not named. 
Yeb. 18, 1935. 

Brcakers Hotel, Long Beach. 
Oct. 11, 1034. 

Central Bank, Oakland. Nov. 
8, 1034. 

Cooper Arms, Long Beach. 
Mar. 21, 1035. 

Drake IIotel, San Francisco. 
Mar. 6, 1935. 

Financial Center, Oakland. 
Nov. 7, 1931. 

Financial Center, Ban Fran- 
cisco. Sept. 5, 19334. 

Learnington Hotel, Oakland. 
Dec. 13, 1034. 

Matson Nav. Co.. San Fran- 
cisco. Oct. 24, 1934. 

Medical. Oakland. Dec. 13, 
1931. 

Pacific Cas and Electric, San 
Francisco. Oct. 2.5, 29, 1934. 

Pariflc Tolepbone and Tele- 
graph, $an Francisco. Oct. 
31, 1034. 

Press Telegram, Long Beach. 
Feb. 1, 1935. 

Sharon, San Francisco. Jan. 
11. 1035. 

standard Oil Co., Ran Fran- 
cisco. Sept. 4, 1934. 

Tapscott, Oakland. Itec. 5. 
1934. 

Soil 

Recent alluvium. 

Sand over blue 

Hard clay _ _ _ _ _ _ _ _  
clay. 

Sand and clay.--- 

Soft alluvium .... 

Fill over marine 

Beach sand --.... 
clay. 

Sandy clay _ _ _ _ _ _ _  

Sand and clay--.. 

Sandy clay _ _ _ _ _ _ _  
Sand and clay.--- 

Hard clay _ _ _ _ _ _ _ _  

Fill ovcr sand and 

Sandy clay _ _ _ _ _ _ _  
mud. 

Fill over sand and 
mud. 

Sand clay hardpar 

Adobe. _ _ _ _ _ _ _ _ _  - 
Sand .____________ 

Sand and sandy 
clay. 

Sandy clay _ _ _ _ _ _ _  

Foundation type 
and loading 

Lb8. per a q . f t .  
E C .  footing _ _ _ _ _ _ _ _  
Sprwd grillage----- 

RC. eont footing. 
8,COO. 

RC. footing. 8,000- 

KC. rooting - - -__---  

RC.footingon piling 

RC. piling _ _ _ _ _ _ _ _ _  
RC. footing. G,OOO. 

RC. footing _ _ _ _ _ _ _ _  
____do _ _ _ _ _ _ _ _ _ _ _ _ _ _  
RC. footing. 8,000. 

____do _ _ _ _ _ _ _ _ _ _ _ _ _ _  
RC. footing. 8,Mx). 

RC. slab over piling 

KC. looting. _ _ _ _ _ _ _  
RC. Qonn. footing 

on piling. 

RC. slabs. 8,OOO..- 

RC. footing. 8,000. 

RC. footing. G,OOO. 

RC. mat.87 4 ,  OOO... 

RC. footinq. 8,MM. 

Materials 

Walls 

RC., Bk. 

Bk _ _ _ _ _ _ _ _ -  
F. 8. 

Bk. and S., 
tile F. 

Bk _ _ _ _ _ _ _ _ -  

RC _ _ _ _ _ _ _ _  
RC. and Bk 

RC-..-.-.- 

Bk _ _ _ _ _ _ - _ -  

Bk _ _ _ _ _ _ _ _ _  
RC.. Bk. 

Bk. and RC 

Bk _ _ _ _ _ _ _ _ _  
RC _ _ _ _ _ _ _ _  

F. s. 

Bk. and RC 

RC. Bk. 

Bk ... _ _ _ _ _ _  
F.'s. 

Bk., TC. F. 

Bk _ _ _ _ _ _ _ _ _  
Bk. and 

HC.86 

Bk., 1C. F. 

RC., Bk. 
F. 6. 

Partitions 

Tile, ML. 
and P .  

Tile ________. 

ML. and P.. 

Tile 

Tile, ML. 
and P. 

Tile .____ ___.  

ML. and P- 

Tile 

Tile _ _ _ _ _ _ _ _  
ML. and P.. 

Tile. 

Tile _ _ _ _  _ _ _  _ .  

Tile _ _ _ _ _ _ _ _  

Tile. _ _ _ _ _ _ _  

Tile and W. 

Tile 

Tile _ _ _ _ _ _ _ _  
Tile and 

ML. and 
P. 

Dimensions 

Width 

Feet 
96------ 

79x41.. 

67 I 44-. 

- -_. 

141 x 88. 

02. _ _ _ _ _  
83x50.. 

101 x 44. 

95x5L.  

50170-. 

73..-.-. 

137x 47. 

135 ..... 

137--.-. 

64x30-. 

120x44 

147 x 50. 

150 x 50. 

148x48. 

137 x 59. 

83x46-. 

Height 

8 _ _ _ _ _ _ _ _ I  108 

Position 

1 0 8  _ _ _ _ _ _ _  * ___ - - -  

9 fl. wings ______--  
12 fl. corner- _ _ _ _ _  
10 fl. corner _ _ _ _ _ -  
11 f l ._________-- - -  

12 0 _____________-  

148. tower _ _ _ _ _ -  
13 fl. wings _ _ _ _ _ _ _  
12 f l____-_____-_- -  

7 0  _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
14 fl. wings _ _ _ _ _ -  

i2,13 fl. a ~OS..-. 

11 0. pent. wings. 

m a. 3 POS ______-. 

2Ofl.3pOS 

4 fl. corner 

Component. 
Direction street or 

Maple- 
Pica _ _ _ _ _ _ _ _  
Id _ _ _ _ _  _ _ _  _ _ _  - .  
Market.---.. 

Montg _ _ _ _ _ _ _  
calif 

Kearny 
Sutter -------- 
Maple _ _ _ _ _ _ _  
12th _ _ _ _ _ _ _ _ _ _  
NS _ _ _ _ _ _ _ _ _ _ _  
EW .-.....-.. 
IOcean.---.. 
Ocean _ _ _ _ _ _ _ _  
Broadway--.. 
14th _ _ _ _ _ _ _ _ _ _  
Linden _ _ _ _ _ _ _  
Ocean _ _ _ _ _ _ _ _  
Stockton..--- 
Post-. - ____- -  
Franklin- _ _ _  - 
14th _ _ _ _ _ _ _ _ _ _  
Montg .-....- 
Calif _ _ _ _ _ _ _ _ _  
Franklin- _ _ _ _  
18th _ _ _ _ _ _ _ _ _ _  
Main. _ _ _ _ _ _ _  
Market.- _ _ _ _  
Franklin. - - _ _  
19th _ _ _ _ _  - _ _ _ _  
Beale. _ _ _ _ _ _ _  
Market.----. 

New Montg-. 
Mission--. _ _  
Pine.- _ _ _ _ _ _  - 
6th. _ _ _ _ _ _ _  - _ _  
New Montg.- 

Stevenson _ _ _  
Sansome- _ _  - ~ 

Hush _ _ - _ _ _ _ _ _  
Broadway .... 
19th _ _ _ _ _ _ _ _ _ _  

Vibration data 

Perioda 

I Fundamental 

Other 

0.83 _ _ _ _  ~ _ _ _ _ _ _ _ _  0.25. _ _ _ _ _ _ _  
1.60 _ _ _ _ _  I /  _ _ _ _ _ _ _ _  0.80', 0.26.. 

0.75 _ _ _ _ _  _ _ _ _ _ _ _ _  1.2*, 0.4'-.. 
1.21 _ _ - _ -  - -_ -__ - -  0.43 ___---_. 

0.74 _ _ _ _ _  0.58' 0.23. _ _ _ _ _ _ _  
0.74 _ _ _ _ _  _ _ _ _ _ _ _ _  0.23'______. 
1.34 _ _ _ _ _  0.72 0.3 _ _ _ _ _ _ _ _ _  
0.89 _ _ _ _ _  _ _ _ _ _ _ _ _  0.31 _______. 

0.73. 1.23 _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  0.3*_______. 0.27 

1.32 _ _ _ _ _  _ _ _ _ _ _ _ _  1.0(?), 0.21. 
1.12,1.06. 0.80 0.23, 0.15*.. 

0.04 _ _ _ _ _  _ _ _ _ _ _ _  ~ 0.30t-.. 
0.84- - _ _ _  _ _ _  _ _ _  - - 0.50, 0.30f.. 

0.75. _ _ _ _  0.43 O.G*_______. 
0.60 _ _ _ _ _  _ _ _ _ _ _ _ _  
1.12 _ _ _ _ _  0.82 0.34 
1.34. _ _ _ _  _ _ _ _ _ _ _  - 
1.30 _ _ _ _ _  _ _ _ _ _ _ _ _  0.20 _ _ _ _ _ _ _  
1.24 _ _ _ _ _  _ _ _ _ _ _ _ _  0.20 

0.08'. 

1.47,1.40. _ _ _ _ _ _ _ _  0.28,0.23... 
1.2&,1.31- 0.02 0.33, 0.28... 

0.65 _ _ _ _ _  ~ _ _ _ _ _ _ _  O.IO*______. 
0.65. _ _ _ _  _ _ _ _ _ _ _ _  0.2', 0.10*-. 

1.60----- 1.0-1.1 0.43'. 0.32 

1.30 _ _ _ _ _  _ _ _ _ _ _ _ _  0.35,0.04.- 

2.20. _ _ _ _  _.__.___ 0.40 .______ 
2.25 _ _ _ _ _  1.3085 0.40 _ _ _ _ _ _ _  

0.04. 

0.39 _ _ _ _ _  _ _ _ _ _ _ _ _  0.32*, 0.09- 
0.39 _ _ _ _ _  _ _ _ _  ̂ _ _ _  0.09 _-- - - -_  
0.50 _ _ _ _ _  0.38 0.41, 0.36 

0.13. 
0.w _ _ _ _ _  _ _ _ _ _ _ _ _  n.12.. _ _ _ _ _  
1.80 _ _ _ _ _  1.20 0.6'. 0.4.-. 
1.50 ____. _______. 0.5(?). 0.4. 

0.68 - -_ _ _ _ _ _ _ -  ~ 0.28 _ _ _ - - _ _  
0.28 _ _ _ - -  _ _ _ _ _ _ _  ~ . - ~  _____- -__  

Maxi- 
mum 
build- 

ing 
dis- 

Extraneous place- 
ment 

l- 

Wind velocity Remarks 

I 
Gentle _ _ _ _ _ _ _ -  I Abuts NO. 109. 

Light _ _ _ _ _ _ _ - -  

Gentle _ _ _ _ _ _ _ _  AbutsNo. 107,Mataon. 

_____- - -__- - - - -  

I 
Light _ _ _ _ _ _ _ _ _  

360 _ _ _ _ _ _  - _ _ _  - - 
Gentle _ _ _ _ _ _ _ _  
OM). Irregular- 

Fresh _ _ _ _ _ _  - _-  
_ _ _ _ _ _ - - - _ _ _ _ - - -  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  

See footnotes at end of table. 
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TABLE 3.--Summary of building vibration data, May 1, 1934, to Mar. 31, 1936-Continued 
L-SHAPED BUILDINGS-Continued _-__ 

Materials 

Frsme Walls Partitions Floor 

St-. _ _ _ _ _ _ _ _ _  Bk _ _ _ _ _ _ _ _ _ _  Tile _ _ _ _ _ _ _  _ _  RC ________. 

RC ____.____ RC _ _ _ _ _ _ _ _ _  Tile _ _ _ _ _ _ _ _ _  RC _ _ _ _ _ _ _ _ _  
St ______.____ RC _ _ _ _ _ _ _ _ _  ML. and P- W _ _ _ _ _ _ _ _ _ _ _  

- _. 

No. 

L 

115 

116 

117 

- 
- 
118 

119 

im 

121 

122 

123 

124 

126 

126 

127 

Length 

Reet 
127x30. 

146x46. 

150x43. 

Vibration data 

Perlods 
Maxi- 
Inum 
build- 

Other Extraneous plooe- dis- 

ment 

Fundamental ing 

Transla- Tor- 
tion sion 

Wind velocity 

0.62 _ _ _ _ _  
0.62 _ _ _ _ _  
0.33 _ _ _ _ _  
0.33 _ _ _ _ _  

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  ._____________ 0.25 260 

_ _ _ _ _ _ _ _  ._____________ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.25 

_ _ _ _ _ _ _ _  0.5.. 0.10 .... _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.25 Verylight _ _ _ _ _ _ _ _  0.10 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.25 

Soft alluvium _ _ _ _ _  

Recent alluvium-- 

RC. footing 

_____do _ _ _ _ _ _ _ _ _ _ _ _ _  _. 

).52 _ _ _ _ _ _ _ _ _  
1.20 _ _ _ _ _ _ _ _ _  
1.22 _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _  

0.75 
1.25 
0.25 
0.25 

1.60 

Dimensions 

Building, city, date of 
observation 

Remarks Foundation type 
and loading Soil 

Component. Direction or 

street 
Hoight Width 

Feet 
54 x 47-. 

141 x 46. 

105 x 63. 

1-1 I 1-1 
Beaufort rcale 

Seconds ISecond81 Seconds 1 Seconds I %% 1 or ft.1min.t 
0.48 _ _ _ _ _  _______. 0.7'8;; 0.24. _ _ _ _ _ _ _ _ _ _ _ _  _ _  0.10 Mod 

Lbs. per aq. ft. 
Fillovermudand I Grillage beams on 

clay. piling. 

sor im I Feet 
7 _ _ _ _ _ _ _ _  107 _ _ _ _ _  Welsh, San Francisco. Dec. 

28, 1934. 
Battery. ____. 
Calif ________. 

13d _ _ _ _ _ _ _  __. 

3d _ _ _ _ _ _ _  ____. 
Paciflc- - 
Slauson.-.--. 

After repalrs. See table 
7. 

Willmore Apartments, Long 
Beach. Sept. 6.1934. 

Wilson, Huntington Park. 
Feb. 14, 1935. 

HIGH TOWER AND "SET-BACK" BUILDINGS 

Bank of America, Oakland. 
Feb. 25. 1935: 

500 _ _ _ _ _ _ _ _ _ _ _ _  %story attached to _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  8-story at one side. 
Sandy clay. ______. 
Sandy clay _______. 

RC. footing. 8.OOO. 

RC. footing _ _ _ _ _ _ _ _  
8, 18fl____________.  

8 

Broadway .-... 
12th _ _ _ _ _ _ _ _ _ _ _  
Broadway.-.-. 
12th _ _ _ _ _ _  - - - -. 
Main _ _ _ _ _ _ _ _ _  
1st. -_----_-_-. 

Washington-. 
14th 

Polk- 

McAllister. __. 

Broadway 

19th _ _ _ _ _ _ _ _ _ _  
Broadway--.-. 
19th. 

Embarcadero. 

Market..---- 
Embarcadero. 
Market - _ _ _ _ _  
IMarket- - - 

Market - _ _ _ _ _  
Montg ______. 
Butter _ _ _ _ _ _ _ _  
LPike _ _ _ _ _ _ _  
Pike.- - - _ _ _  - - 
Mont. _ _ _ _ _ _ _  
Pine. _ _ _ _ _ _ _ _  
NS _ _ _ _ _ _ _ _ _ _ _  
EW _ _ _ _ _ _ _ _ _ _  

0.29.. -_-_-_. 
0.45, 0.2. _ _ _ _  
0.41, 0.2*____ 
0.49, 0.2'____ 

0.80, 0.61, 

0.5, 0.41, 

0.80, 0.22. 0.63. 

0.28'. 0.22. 

0.45, 0.33 
0.4', 0.33 ___. 

0.25, 0.17, 
0.11. 

0.32, 0.27, 
0.17, 0.12. 

_-____-_- - - -  

0.15'. _ _ _ _ _ _  
0.43, 0.3'Ca. 0.21 0.22- - _ _  
0.15,0.3(?).. 

0.10,0.3(?)-- 
0.3*, 0.1*.-- 
0.3', 0.22, 

1.2'. 0.4*, 

1.5*, 0.2'--. 
0.23 ._______ 
0.23 _ _ _ _ _ _ _ _  
0.3'. 0.2*--- 

0.6' 0.60, 

0.8,0.6,0.3*- 

0.8', 0.3, 
0.18(?). 

0.64, 0.40-.. 
0.40.. _ _ _ _ _ _  

0.1.. 

0.3'. 

o.zi?), 0.13' 

Tile, ML. 
and P. 

rile, ML. 
and P. 

Tile _ _ _ _  - _ _  - 

Tile _ _ _ _ _ _ _ _  

Tile. _ _ _ _ _ _ _  

Tile a n d  
M'L. a n d 
P. 

Few _ _ _ _ _  _ _ _  

ML. and P. 

Tile _ _ _ _ _ _ _  - 

Tile _ _ _ _ _ _ _ _  

Tile _ _ _ _ _ _ _ _  

(a)  Tower _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
(b )  Old building _ _ _ _ _ _ _ _ _ _ _  

Bk _ _ _ _ _ _ _ _  - 
Bk _ _ _ _ _ _ _ _ _  
Bk., Tile F. 

Bk., 5. F--- 

Bk., S. F--. 

RC _ _ _ _ _ _ _ _  

Bk. and RC 

RC --...... 

nc. _-----  - 

Bk.,TC. F 

Bk _____- - -  - 

Light _ _ _ _ _ _ _ _ _  I IO-story wings on each 
side of tower part. City Hall, Los Angeles. Oct. 

16, 1934 and Apr. 3, 1935. 
Blue shale RC. footing mat 

under 25th floor. 
24,ZO, IS, 12,9 fl.. 

I 

City Hall, Oakland. Oct. 12, 
19g. 

Firm sandy day-. 

Sand _ _ _ _ _ _  _ _  _ _ _  
RC. mat _ _ _ _ _ _ _ _ _ _ _  16, 14. 12, 10, 8, 6, 

3 fl. 

4 a. dome _ _ _ _ _ _ _ _  

500 _ _ _ _ _ _ _ _ _ _ _ _  Rectangular sha e set- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  back tower. walls aril high 

Mod _ _ _ _ _ _ _ _ _ _  I City Hall, San Francisco. 
27, and Oct. 26,29,1934. 

July RC. footing. 6,OOO. 

Elks Club, Carillon Hotel, Oak- 
land. Dec. 4.1934. 

RC. footlng. Pilec 
under tower. 

Piling under RC. 
piers. 

Mod _ _ _ _ _ _ _ _ _ _  1 Low wings and cen- 
tral tower. 

Ferry, San Francisco. Oct. 22, 
1B4. 

Mud over clay.--. 
_ _ _ _ _ _ _ _ _ _ _ - - _ -  ________-_-___-I  
______-_-_-_- - -  

I 
Gentle _ _ _ _ _ _ _ _  High tower wlth L- 

shaped twelfth floor 
extension. 

Hobart, San Franclsco. Nov. 
5,1934. 

Sand aod clay -.... RC. wnn. footing-. 

...._-____- ~. 1.5  
1.5 44 _______. 0.25 
1.3 _ _ _ _ _ _ _ _  0.26 

700 .___________ E-shaped to sixth I floor. 
Ocean Center, Long Beach. 

Aog. 28,1934. 
Beach sand over 

clay. 
RC. piles. _ _ _ _ _ _ _ _ _  

Mod _ _ _ _ _ _ _ _ _  E-shaped floor. T-shaped to sixteanth to 
twenty-second floor. 

RIA-, San Francisco. Nov. 3, 
1934 

Firm sand and clay. Cont. footing mat 
under thirtieth 
floor. 8,W. 

Adjacent to No. 1W. t I Building and city not named. 
Jan. 8, 1935. 

Firm clay _ _ _ _ _ _ _ _ _  RC. caissons _ _ _ _ _ _ _  
Sea footnotea at end of table. 
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TABLE 3.-Summary OJ building vibration data, May 1, 1934, to Mar. 91, 1936-Continued 
IIIGH TOWER AND "SET-BACK" BUILDINGS-Continued 

Wind velocity 

Beaufort scale 

-d 

Rsmarks 

- - 

No. 

- 

128 

129 

130 

- 
- 
131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

Partitions Floor Length Width IIaight 
Other Extraneous 

mum 
build- 

ing 

$$,- 
ment 

Tile _ _ _ _ _ _ _  _ _  

ML.andP-- 

Tile _ _ _ _ _ _ _ _ _  

ML.andP--  

-~ 
Feel Feet Stories Feet 

RC _ _ _ _ _ _ _ _ _  137,80"- 117,80"0. 29 _ _ _ _ _ _ _  381 

RC _ _ _ _ _ _ _ _ _  137 _ _ _ _ _ _  137 _ _ _ _ _ _  26 _ _ _ _ _ _ _  300. _ _ _ _  

RC _ _ _ _ _ _ _ _ _  100 _ _ _ _ _ _  40 _ _ _ _ _ _ _  20 _ _ _ _ _ _ _  308 

RC _ _ _ _ _ _ _ _ _  100 _ _ _ _  _ _  GO _ _ _ _ _ _ _  8 _ _ _ _ _ _ _  ~ 85 _ _ _ _ _ _  

Bush _ _ _ _ _ _ _ _ _ _  
Battery _- -____ 

Leavenworth.- 

McAllister. _ _ _  
Franklin _ _ _ _ _ _  

13th ._________. 

Franklin _ _ _ _ _ _  
13th _ _ _ _ _ _ _ _ _ _ _  

Seconda Secondr 
1.90 _ _ _ _ _  
1.92 _ _ _ _ _  ~ 

1.40 _ _ _ _ _  _ _ _ _ _ _ _ .  

1.40. _ _ _ _  
1.55 _ _ _ _ _  _ _ _ _ _ _ _  

1.97 _ _ _ _ _  _ _ _ _ _ _ _  
0.52. _ _ _ _  0.34 
0.58 _ _ _ _ _  _ _ _ _ _ _ _  

or fi./niin.f 
Q e n t 1 e t o  

strong. 

_ _ _ _ _ _ _ _ _ _ _ _ - -  ~ 

Tenth floor wings ex- 
tend at right angles 
from main tower. 

Do. 0.80, 0.45, 
0.40, 0.35, 
0.25. 

0.6. _ _ _ _ _ _ _ _ _  
0.63 _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _  2.8 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  1.2 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  0.8 

Gentle. ___. _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

Thirteenth floor wings 
extend at right angles 
from main tower. 

Do. 

Figueroa _ _ _ _ _ _  C. 0.75.- 0.45 
5th. _ _ _ _ _ _ _ _ _ _ _  L. 0.63.- _ _ _ _ _ _ _ _  
Olive ________. ~ 1.14 _ _ _ _ _  _ _ _ _ _ _ _ _  
6th _ _ _ _ _ _ _ _ _ _ _ _  1.00 _ _ _ _ _  _ _ _ _ _ _ _ _  

0.24, 0.1'___. 
0 . 2 * _ _ _ _ _ _ _ _ .  

0.38 
0.3,0.5* 

Light. _ _ _ _ _ _  _ _  
Light _ _ _ _ _ _ _ _ _  
Light.. _ _ _ _ _ _ _  

____-__--_-----  

____-___-____-. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Oentle. _ _ _ _ _ _ _  
________-_ - - - - -  
Light-. ~ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ - _ - - -  

Light _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ - _ _  
Light. _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ - _ _  
Light _ _ _ _ _ _ _ _ _  
Mod. _ _ _ _  ~ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~ _ -__ 

Long narrow U. 

U-shaped. 

U-shaped. Abuts Dol- 
lar who.qB Annex Caiif. No. st. 158, p s  

riod IS same. 
Do. 

U-shaped. Old and 
new tached. buildings at- 

Do. 

U-shaped. 

U-shnped. 

U-shaped.t 

E-shaped. 

U-shaped. 
Do. 

~ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ - _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  

0.07 
0.07 

0.40 
0.30 

450 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  U-shaped. Desigr 1 
for 10 percent horizontal gravity. forct sf 

Light. - - _ _ _ _ _ _  
800 _ _ _ _ _ _ _ _ _ _ _ _  

U-shaped. 

Do. 

Dimensions I Materials Vibration data 

Periods I Maxi- 
Building, city, date of 

obsarvation Soil 
Fundamental 

Transla- Tor- 
tion 1 sion 

street 
Position Walls 

Bk., TC. F. 

Bk 

RC. 

RC-------. 

0.001 
Seconds 1 Seconds 1 fnch 

0.35,0.21. 
0.67, 0.40, _ _ _ _ _ _ _ _ _ _ _ _ _ _  2.8 

Lbs. per aq. ft. 
PC.caissons. 8.OOO. Shell Oil Co., San Francisco. 

May 3,4,7.8,9, 14, 16, 1934. 
Hard clay anc 

gravel. 
All f l _ _ _ _ _ . _ _ _ _ _ _ _ _  

Wm. Taylor Hotel, San Fran- 

Tribune Tower, Oakland. Feb. 

(a) Tower _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

cisco. Nov. 19, 1934. 

25, 1935: 

Sand. 

Sandy clay 

RC. footing. 8,ooO-. 2Gfl_____ ~ 

19.7 Gentle- _ _ _ _ _ _ _  High set-back build- 
in attached to older 
e-ffoor HC. huild- 

0.7781, 0.52, _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.50 
0.08. 1 1 

0.79s', 0.58, _ _ _ _ _ _ _ _ _ _ _ _ _ _  2.00 

0.085 _ _ _ _ _ _ _ _  0.7761 _ _ _ _ _ _ _  0.75 
0.085 _ _ _ _ _ _ _ _  0.75. _ _ _ _ _ _ _ _  0.25 

O'=. I I (b) Old building _ _ _ _ _ _ _ _ _ _ _  RC. footing _ _ _ _ _ _ _ _ _  

RC. footing _ _ _ _ _ _ _ _  
.-.-do _ _ _ _ _ _ _ _ _ _ _ _ _  
RC. piers on piles ... 

I 

U -  AND E-SHAPED BUILDINGS 

12 _ _ _ _ _  150 _ _ _ _ _  Architects. Los Angeles. Dec. 
12, 15, 27, 1934. 

Tile _ _ _ _ _ _ _  - 
Tile _ _ _ _ _ _ _  - 
Tile _ _ _ _ _  - _ _  

ML. and P. 

Tile _ _ _ _ _ _  - - 

None. _ _ _  ~ - ~ 

Tile _ _ _ _ _ _  ~ - 

Tile _ _ _ _ _ _  - - 
Marble and 

ML. and P. 

glass. 

Ht. andglass 

Tile _______-  

Amciated Realty, Los Angeles. 
Mar. 14,1935. 

12 _ _ _ _ _ _ _  150 

15 _ _ _ _ _ _ _  219 ____.  Balfour, San Francisco. 
1G. 1934. 

July 15 fl. wings and 
eater .  

Sansome _ _ _ _  _ _  1.17. _ _  - - _ _  _ _ _  - - 0.52,0.43(?), 

O.lO(?). 
0.22, 0.15, 

Calif.. _ _ _ _ _ _ _ _  1.08, 1.14 0.85 8' 0.21,0.14(?), 

Montg _ _ _ _ _ _ _ _  0.59 _ _ _ _ _  0.48 0.27 _ _ _ _ _ _ _ _  
0.11. 

Bank of America, Montgomery 
and Clay, San Francisco. 
Feb. 18. 1935. 

RC. plsson s, R C  
iootmg. 

RC. footing. 6,000. 

Bk. a n d  
RC.U 

9 tl. and roof . - - - -  

Clay _ _ _ _ _ _ _ _ _ _  10.65 _ _ _ _ _  I _ _ _ _ _ _ _ _  I0.4(?),0.27-.. 

Calif. Comm. Union, San Fran- 
CUM). Jan. 10,1035. 

Firm sand and 
clay. 

Bk  _ _ _ _ _ _ _ _ _  15 fl. and pent .... 

Central Mfg. Dist. Terminal, 
Vernon. Dec. 14, 1934. 

RC. footing. 

____do. - _ _ _  - 
RC _ _ _ _ _ _ _ -  6 fl. wings and 

center. 
Loma Vista.-. 0.m _ _ _ _ _  _ _ _ _ _ _  _ _  0.5*, 0.3*, 

Loma Vista ... 0.00 _ _ _ _ _  _ _ _ _ _ _ _ -  0.36,0.1____ 

Main _ _ _ _ _ _ _ _ _  1.40 t _ _ _ _  1.02 0.40 _ _ _ _ _ _ _ _  
6th _ _ _ _ _ _ _ _ _ _ _ _  1.58 t ___-  1.06 0.07 _ _ _ _ _ _ _ _  
Broadway _ _ _ _ _  1.07. _ _ _ _  0.93 0.1*_____ _ _ _  
12th _ _ _ _ _ _ _ _ _ _ _  1.06 _ _ _ _ _  _ _ _ _ _ _ _ -  0.50,0.43,0.1 

Montg _ _ _ _ _ _ _ _  1.30. _ _ _ _  _ _ _ _ _ _ - -  0.19 _ _ _ _ _ _ _ _  
Post _ _ _ _ _ _ _ _ _ _  1.10 _ _ _ _ _ _ _  ~ _ _ _ _ -  0.10 _ _ _ _ _ _ _ _  

0.16. 

1.M) t---- 
Central, Los Angela. Dee. 26, 

1934. 
Bk  _ _ _ _ _ _ _ _ _  

Chamber of Commerce, Los 
Angcles. Mar. 6, 1935. 

Crozker First National Bank, 
San Francisco. Jan. 11, 1935. 

Bk. and T C  

RC.,S. F--- 

RC. - _ _ _  .-- 
Sand and clay -... 

Blue shale .______. Edison, 1.0s Angeles. Aug. 7. 
1934. 

Federal Reserve Rank, San 

Eoward. San Francisco. Mar. 

Francisco. Sept. 8, 1934. 

7, 19.15. 

Fill over sand and 
mud. 

RC. looting on pile! 

RC. footing. 6,000. 

Bk. and 8.. 

Ek,, TC. F- 

7 fl. wings and 

12 fl. ends _ _ _ _ _ _ _ _  
center. 

Sand _ _ _ _ _ _ _ _  _ _ _ _ _  
Sea footnotes a t  end of table. 
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TABLE 3.--Summary of building vibration data, M a y  I ,  1934, to Mar. SI, 1935-Contiiiued 
U- AND E-SHAPED BUILDINGS-Continued 

Floor 

RC --...-... 

-_ - 

No 

- 

143 

144 

145 

14 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

100 

161 

162 

103 

Length 

.- 

Feet 
l%.-.-. 

~ ~ ~ $ ~ ~ ~ ;  
street 

Fundaniental 

Transla- Tor- 
tion sion 

Other Extraneous 

Pine ______.__. 
5th _ _ _ _ _ _ _  _ _ _ _  
Telegraph ____. 
16th ___._._ _ _ _ _  
Broadway ____. 
1Broadwny--. 

Los Angela.-. 
7th ._-___. ~ _ _ _ _  
EW ___._.____. 
NS .__________. 

NW-SE ______. 

IBroadway ... 
Broadway _ _ _ _ _  
M o m  _ _ _ _ _ _ _ _  
Sutter _ _ _ _ _ _ _ _  
American ...... 
Broadway _._._ 

MontK _._____. 
Market -.-.... 
Battery ______. 
Pine _ _ _ _ _ _ _ _ _ _  
Flower _.._.___ 
1Flower ---... 

17 th  ._._____.. 
7th .... --_____. 

Pine _ _ _ _ _ _ _ _ _ _  
8th .__________. 

Buttery ....... 
Calif .__..___.. 

Flower.-. ____. 
7th __._______._ 

1,rxlust- ___._.. 
II,ocu?t 

C. 0.68.- _______. 0.08.. _______. .____________ 
L. 0.44.. .______ 0.07-.-. ._____ ._________ _ _ _  
1.00 .--.. 0.62 0.40,0.14,0.10 _ _ _  _ _ _ _  _.____ 
l.CW.Yl, .______ 0.15,0.13,0.11 _ _ _ _ _ _ _ _ _ _ _ _  

0.8665. 

1.28 _ _ _ _ _  .____- ~. 1.00,0.4*,0.25* _ _ _ _ _  _ _  _ _ _ _ _ _  
0.72 -.... .___.___ 0.22,0.1_____. _ _ _ _ _ _ _ _ _ _ _ _ _  
0.87 ...-. _______. 0.50*, 0.27 _ _ _ _  .____________ 
0.72 ..... ______.. 0.1*__.__ _ _ _ _ _  _ _ _ _ _ _  ~ _ _ _ _ _ _  
1.35 ___.. _______. 0.40,0.2* ..... .____________ 

O.lO*___. .._____ 0.05*-.. _____. ____.________ 

C. 0.68.. _______. 0.45,O.l. _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
1,. 0.44.. _______. 0.1'. _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
1.50 ___.. .-... ~ - .  0.45,0.05 _ _ _ _ _  .____________ 
1.32 ..... 0.40 ___.____ ~. _ _ _ _ _ _ _ _ _ _ _ _ _  
1.42. _ _ _ .  1.06 0.31,0.10,0.07 .____________ 
1.22. _.__ ..__.__. 0.43,0.31,0.07 .~ ._________. 

0.72 --... ____.._. 0.41,0.20,0.11 .~ _ _ _ _ _ _ _ _ _ _ _  
0.72 0.55 0.827,0.30,0.20 .___ ~ _ _ _ _ _ _ _ _  
1.03 ____. .______. 0.80.0.4*.0.07 _ _ _ _ _ _ _ _ _ _ _ _ _  
0 . W  -.-. _ _ _ _ _ _ _ _  O.41,0.07 _ _ _ _ _  ______.__ _ _ _ _  
0.93. _._. _ _ _ _ _ _ _ _  0.3*_________. .____________ 
1.00,0.93. ______.. 0.50, 0.3*______ _ _ _ _ _ _ _ _ _ _ _ _ _  
0.73. _ _ _ _  ._____.. 0.33. ____.__.. __.__________ 
0.53 ____. __.__--- 0.33 ___._____. _ _ _ _ _ _ _ _ _ _ _ _ _  
0.00 ..... __._.--. ...__.__.___.. __._..._____. 
0.34 ____. .____._. .____________. .___________ ~ 

0.80 ____. 0.50 0.15 _.__.___.. .______.._.__ 
1.08 ____. _____--. 0.21,0.12,0.17 __________.__ 

1.26 .__.. .______. 0.40 .___ ~ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _  _ _ _  

1.42 .-.-. ..--.... 0.45*.---.--.. ____._._____. 
1.41 __... _.__.-.. ._.________.._ _ _ _ _ _ _ _ _ _ _ _ _ _  
u. 0.37.. _--. - - -  0.1*.__._.._. ~ ...__..___._. 
L. 0.31.. .____-.. 0.2% ...- ~ _.__ ~ .___.___..___ 

-~ 

Remarks 

Materials Dimensions Vibration data 

Periods I Maxl- 
mum 
build- 

ing 
dis- 

place- 
ment 

Building, city, date of 
observation 

Foundation type 
and loading so11 Wind velocity 

Walls Width Height Frame Position Partitions 

ML. and P. 

Tile _ _ _ _ _  - _ _  
Tile, ML. 

and P. 

Tile _ _ _ _ _ _ _ _  
Tile few..-- 

Tile-.+-- - - - 

L. and P.-. 

Tile _ _ _ _ _  _ _  - 
Tile _ _ _ _ _  - - - 
Tile .____ _ _  - 

Tile and Bk 

Tile-.. _ _  - - - 
Tile _ _ _ _  - - - - 
None..-.-.. 

Tile ... . - - - - 

Tile _ _ _ _ _  - - - 

Tile _ _ _ _ _ _ _ _  
Tile ... - - _ _  - 
Tile _ _ _ _ _ -  - -  

Tile _ _ _ _ _ - - -  

Tile. _ _ _ _  _ _  - 

1-1- I I 
0.001 
inch 
0.25 
0. 50 

0. 20 
0. 07 

0.25 
0.45 

0. 15 
0. 10 

0. 25 
0.25 

Lbs.  pcr sq. ff. 
RC. footing on pilm Insurance Exchange, San Fran- 

Kress, Long Beach. Nov. 23, 

Latham Square, Oakland. July 

cisco. Nov. TL, 1934, 

1931. 

21,1934. 

Bk.andRC 
TC. F. s. 

RC.. 

RC., Bk. F 
9. 

Bk 

RC ~ - - _ _  - -. 
Bk 

RC 

RC. _ _  - ~ ~ - 

Bk _ _ _ _ _ _  
Bk 

Bk-- 

Bk _ _ _ _ _ _ _ _  
Bk 

RC .... 

RC. _ _ _  _ _ _  
RC-. 

Bk., TC.  F 

RC _______. 

S. 

Bk ________.  

Bk ________. 

Bk.. 8. F. 
8. 

Sand and clay..-. 

Adobe over sand 

Clay ... _ _ _ _ _ _ _ _ _  

&shaped. Abuts 233 

Long narrow U. 

Sansome. no. LIB. 

RC. footing _ _ _ _ _ _ _ _  
RC. fwting. 6,000. J-shapxi. 

Law, Los Angeles. Feb. 28, 
1Y35. 

DO. 

Merchants Exchange, Los An- 
gelas. Mar. 18, 1935. 

Metrowlitan Water District, 
Los Angeies. Mar. 29, 1935. 

Do. 

Long narrow U. High 
building tre. above thea- - - - - - -. 

0.003 

0. m 
0.20 

0.75 
0.75 

1.0 
1.0 

0.30 
0.20 

0. 50 
0. 50 

0. 15 
0. 16 

0.07 
0.07 

0. 20 
0.07 

0.35 
0.25 

0. 35 
0.50 

0.16 
0. 15 

1. M) 
0. 35 

0. 25 
0.30 

1.00 
2. oo 

Ming Quong School, Oakland. 

Omar L. Hubbard, Long Beach 

One Eleren Butter, Sen Fran- 

NOV. 9, 1834. 

Oct. 26, 1934. 

cisco. h'ov. I, 1934. 

Gravel _ _ _ _  ~ _ _ _ _ _  
Adobe over sand 

RC -..-...-.....-.. 

RC. footing _ _ _ _ _ _ _ _  
RC. mat. 0,000 _ _ _ _  
RC. footing _ _ _ _ _ _ _ _  

Very light.---. 

Light.. _ _ _ - _ _ -  

Mod _ _ _ _ _ _ _ _  _ _  
_ _ _ * _ _ _ _ _ - _ _ _ - -  

Jshaped. ward fault. Near Hay- 

Long narrow E. 

J-shaped. Firm sand an( 

Adobe over sand 

clay. 

Light. - - _ _ _ _ _ -  Pacific Southwwt,Long Beach. 
Sept. 11, 19J4. 

Damaged in 1933 earth- 
quake. Has not been 
repaired. U-shapea. 

J-shaped. Palace Hotel, San Francisco. 
July I?, 19.34. 

Sand _ _ _ _ _ _  - - _ _  - - 
Fill over marim 

Recent alluvium. 

Pill. _ _ _ _ _ _  _ _ _ _  

clay. 

Grillage footing. - - 

RC. footing on pi ls  

RC. footing-. _ _ _ _ _ _  
RC. pilea _ _ _ _ _ _ _ _ _ _  

Mod _ _ _ _ _ _ - - _ -  

Light- _ _ _ _ _ _ _ -  

Light _ _ _ _ _ _ _  _ -  
_ _ _ _ _ _ _ _ _ _ - - - - -  

Postal Telegraph, San 
cisco. Sept. 5, 1934. 

Fran- Do. 

Petroleum Securities Los An- 
geles. DW. 15, 1934. 

DO. 

Prmter & Gamble Finished 
Proa., Long Beach. Oct. 20, 
1 934. 

Professicjnal, Long Beach. Oct. 

Robert Dollar, San Francisco. 

26, 1934. 

July 14, 1034. 

DO. 

Adobe over sand. 

Fill- ~ 

RC. footlng. _ _ _ _ _ _ _  Long and narrow U. 

RC. Cont. footing 
on piles. 

10 fl. wings and 
center. 

U-shaped. Connected 
to Dollar Annex 
which abuts Balfour, 
no. 133. 

E-shaped. Koosavelt, Los Angeles. I)%. 
4, 1934. 

Recent alluvium. 

Soft tilluvium. _ _ _  
RC. footing 88 ._____ 

School Administration, Long 
Beach. Aug. 29, 1934. 

RC. footing. Some 
Cont. 5,000. 

Pine ._____._.. i.49.--.. ._____.. 0.4. ___._ .____ __.__________ 
1st ._.-..__._.. 1.24 ___.. ._.____. I P ,  0.35. _ _ _ _  ____________. I l l  I Security, Long Beach. Oet. 9, 

1934. 
RC. footing _ _ _ _ _  _ _ _  13 fl.. . ._____ ~ _ _ _ _  U-shaped. No appar- 

ent earthquake. damage in 1933 

Security Title, Los Angeles. 

Shreve, San Francisco. Mar. 6, 

Mar. 15, 1935. 

1035. 

____do  _ _ _ _ _ _ _ _ _ _ _ _ _ _  13 11 _.______ ~ .____ 

11 fl. ends _.______ Sand _ _ _ _  ~ _______. St. beam grillage. 
8,W. 

U-shaped. Large win. 
dows. 

Sea footnotes at end of table. 
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TABLE 3.-Summary o/ building vibration data, May 1, 1934, to Mar. $1, 1936-Continued 
U- AND E-SHAPED BUILDINGS-Continued 

Wind volocity 

- - 

No. 

- 

1fi4 

185 

166 

167 

168 

- 

Reinarks 
Fundamental 

Transla- Tor- 
tion sion 

Other 

mum 
build- 

ing 

ment 
Extraneous 

Seconda 
1.13 .-... 
1.w _ _ _ _ _  

0.001 
Seconda Seconda Seconds inch 

1.0067- 0.45,0.311,0.21. .___..__._____ 1.50 
_______. o.r~.0.35,0.27, .____ ~ ..__._.. 1.50 

0.21). 

Beaufort acale 
or ft , /min.:  

Mod __.___.... 
______________. 

Light- _ _ _  _ _  -. 
Light _ _ _ _ _ _ _ _ _  
yo0 ___-_- - -_ -  ~. 

Very light..--. 

______________. 

_._._-_-_-_---. 

_ _ _ _ _ _ _ _ _ _ _ _ - _ _  

E-shaped. Long pilea 
through soft ground. 

E-shaped. 

U-shaped. 

no. 

Do. 

Sand _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sandy clay _ _ _ _ _ _ _ _  

_ _ _ _ _ _  _ _ _ _ _  ________. 

Recent alluvium.. 

RC. footing.. _ _ _ _  ~ - .  St _________.. 

_ _ _ _ _ d o  St 

.____do ._____________. St ______.__ ~. 

_____do. _ _ _ _ _ _ _ _ _ _ _ _  _ _  St 

- 

0.31. ___. 
0.46 ___.. 

0.50 _ _ _ _ _  
0.77 _ _ _ _ _  
l.lQ---*- 
1.00 ____. 

1.18 _ _ _ _ _  
0.94 _ _ _ _ _  

.______. __..__________ 
_.__._.. 0.27 ______._. 

. - ~  _--_. 0.4*.-.. .__-. _ _ _ _ _ _ _ _  0.35, 0.3. ___. 
_ _ _ _ _ _ _ _  0.28,0.1*___. 
- _  - - -_ - -  0.5O,O.W _-_. 

_ _ _ _ _  ~ - .  1.4*,0.38 ___. _ _ _  _ _ _ _ _  1.12,0.38 _ _ _ _  

10 f l _ _ _ _ _ _ _ _ _ _ _ _ _ . _  

13 f l _ _ _ _ _ _ _ _ _ _ _ _ _ _ .  

Hill 
5th ____.___ 

Spring 
3rd 

ML.andP.. RC _ _ _ _ _ _ _ _ _  80 _ _ _ _ _ _ _  
ML. and P-. RC _ _ _ _ _ _ _  _ _  135sides. 

Tile -....---. RC ...--.-.. -________. 

ML. and P.. RC _ _ _ _ _ _ _ _ _  104 ____._ 

69 

_ _ _ _ _ _ _ _ _ _  

35.01 982. 

169 

170 

171 

172 

American, Oakland. Dee. 5, Sandyelay _ _ _ _  ___. RC. mat _ _ _ _ _ _ _ _  _ _ _ _  St. ~ _ _ _ _ _ _ _ _  RC .... 

Broadway, Oakland. Dec. 17, Sandandclay .-... RC. footing _ _ _ _ _ _ _ _ _  RC _ _ _ _ _ _ _ _ _  RC., TC.  

Crocker, San Francisco. Nov. .____do _ _ _ _ _ _ _ _ _ _ _ _ _  Spread footings _ _ _ _ _ _  St __________. Bk.* _______. 

FederalRealty, Oakland. Dec. _ _ _ _ _  do-. _ _ _ _ _ _ _  ___. RC. Comb. footing. St _ _ _ _ _ _ _ _ _ _ _  RC., T C .  

1034. 

1934. F. s. 

5, 1934. 

17, 1934. F. s. 

11 _____.. 

8 _______. 

11 ______. 

13 _ _ _ _ _ - -  

145 _____. 11 f l _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  Long. 0 _ _ _ _ _ _ _  0.89 _ _ _ _ _  0.5. 0.27. _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _  
Cross _ _ _ _ _ _ _ _ _  1.06 _ _ _ _ _  _______. 0.33 _ _ _ _ _ _ _ _ _  ._____________ 

115. _ _ _ _ _  8f l______  ~ _ _ _ _ _ _  _ _ _  Long.$.. _ _ _ _ _  0.66 _ _ _ _ _  0.45 0.22 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Cross. - - - - _ _  - - 0.76- - - - _ _  -. - . - _ _  - - ~ - - - - - - - - ~ _ _  ~ - - - - _ _ _  - - 

189 _ _ _ _ _ _  118 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  Long.$ _ _ _ _ _ _ _  0.83 ____.________ 0.25. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Cross _______._ 1.00 ___.. ._____ _. 0 . 3 * _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

177 _ _ _ _ _ _  1 2 8  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  Long. p _ _ _ _ _ _ _  1.06 ..... _ _ _ _ _  _ _ _  1.?*.0.25*.-. _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Cross _ _ _ _ _ _ _ _ _  1.70 _ _ _ _ _  0.9* 0.10*________ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0.50 
1.00 

0.25 
0.50 

0.50 
0.25 

0.60 
1.50 
__ 

1,150. _ _ _ _ _ _ _ _  Angle about 65O. 

Light _ _ _ _ _ _ _ _ _  Angle about 40". 

Light _ _ _ _ _ _ _ _ _  Do. 

Light. _ _ _ _ _ _ _ _  Angle about 16'. 

.___.___._______ 

_.______________ 

____.___________ 

._____ ~ _ _ _ _ _ _ _ _ _  

Very light .-... 
______________. 
_._____________ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
Light. - .____ - 
_____.___._____ 

Light.- .___ _ _  
Mod-. _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ - _ _ _ - _ _ _ -  

Light to mod. 
_._.___________ 

Mod.. _ _ _  __. . 
_.___.______-.- 

_ _ _ _  _________._ 

Gentle. -. - - _ _  ~ 

- _ - _ _ _ _ _ _ _ _ _ _ _ _  
1,500 to 3,000.. 
_____._________ 

New part. 
New part. 
Old part. 
Old part. 

&sided building. Skew 
corner. 

H-shaped. 

Front and back paral- 
lel, 1 side a t  right 
angles, other side at 
450. 

Rectangular up to sev- 
enth floor. T -shaped 
from seventh to top. 

Very irregularuhaped. 

Being rebui l t .  See 
table 7. 

H-shaped. Very irreg- 
ular motion. 

H-shaped. 

Materials Dimensions Vibration data 

Building, city, (late o! 
observation Component. 

Direction or 
street 

Poqition Wslls Partitions Floor Length Width Height 

Feet 
201)---.-. 

110 ..... 

69- _ _  _ _  - 

85. _ _  - _  -.  

Lba. per aq. ft. 
Southern Peciflc. San Francisco. 

June 11, 12, 13, 1034. 
Bk 

Bk. and 9. 
F., RC.68 

RC. and Bk 

Dk _ _ _ _ _ _ _ _ _  
Bk.. _ _ _ _ _ _ _  

MI,. and P. 

Tile ... - ~ - - 

ML. and P. 

Tile _ _ _ _ _ _ _ _  
Tile _ _ _ _ _ _ _ _  

RC. ~ 

RC.. _ _ _ - _  

RC. _ _ _ _  _ _  - 
RC _ _ _ _ _ _ _ _  
RC. 

14, 11, 10, 7.4 fl.... 

State, Snn Fmnciscn. Nov. 19, 

Syndicate, Oakland. Dec. 17, 

Title Guarantee, Los Angeles. 

Washington, La Angeles. Dec. 

1934. 

1934. 

Mar. 18, 1935. 

6, 1934. 

6 ll--* _ _ _ _ _  .___ _ _  Larkin _ _ _ _  I McAllister 

10 il. wings and I3roadway-.-.. 
center. 14th _ _ _ _ _ _ _ _  _ _  

FLAT-IRON TYPE BUILDINGS 

T-. H-. AND IRREGULAR-SHAPED BUILDINGS - 
173 

174 

175 

176 

17i 

178 

179 

180 

181 

RC.P Bk.83 

RC -..-.... 

RC., Bk .  

RC., Bk. 

E. s. 

F. s. 

RV., T C .  
F. s. 

nk. _______. 

None _ _ _ _ _  - - 

Bk., S. E'. s. 

KC ... _ _ _ _ _  

Tile and W. 

Few _ _ _ _ _  _ _ _  
Tile, ML.  

and P. 

ML. and P. 

Tile _______. 

Tile .____. -. 

None ._____- 

LML. and P. 

Tile .... ___. 

4 and 5 f l _ _ _ _ _ _ _ _ _  Barbara Worth,  El  Centro. 
Feb. 20, 1935. mezz. 

Bekins Storage, Oaklnnd. Dee. 

Exchange Block, San Francisco. 

Fife, S m  Francisco. Dec. 26, 

21, 1934. 

Jan. 10, 1935. 

1934. 

Clay _ _ _ _ _ _ _ _ _  _ _ _ _  
Sand and clay .... 

RC. footing ._______ 

Footing on brick 

Steelgrillageon piles 

piers.64 

Fill over marine 
clay. 

Four Fifty Sutter, San Fran- 
c:sco. May 21, 2 4  28, 31, 1934, 
June 1, 2, 1934. 

Poxcroft, RR Post, San Francisco. 
Sov. 1, 1934. 

Horace ?Jann, I'a~a(1ena Junior 
College. Aug. 24, 1934 and 
Mar. 1, 1935. 

Koiil, San Francisco. Dee. 28, 
l(134. 

Sand and clay .... RC. footing. 8,ooO. All f l .___  - _ _ _ _  - _ _ _  
Sandy clay ....--- 

Gravel ____._ .-- - - 

100. - __. Sand and clay ...- Montg _ _ _ _  _ _ _ _  0.97t. ~ ~ 0.611 1 
C!dif ...... _ _ _ _  Lost  _ _ _ _  0.7t 

Harrison. .____ 0.57. _ _ _ _ _ _  
.LRarrison..-. 0.51 ..... ~ _ _ _ _  _ _  Lakoside Pomm. Apartments, 

Oakland. Dee. 5, 1934. 
Silt over hard clay Coflerdam to clay.. 

See footnotas a t  end of table. 
33504-36 (Face p. 55) No. 10 



TABLE 3.-Summary o j  building vibration data, May 1, 1934, to Mar. 31, 1936-Continued 
T-, H-, AND IRREGULAR-SHAPED BUILDINGS-Continued - - 

No 

_. 

18? 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

165 

106 

197 

198 

199 

200 

-_ 

Materials Dimensions Vibration data 

Periods 

- 
Maxi- 
mum 
mild- 
ing 
dis- 

,lace. 
ment 

- 
0.w1 
inch 
1.00 
0.75 

0. 10 
n. 10 

0.35 
0.40 

n. 30 
0.75 

0.07 
0.07 

0.05 
0.15 

0.25 
0. 25 

0. 50 
2. 50 

0.m 
0. 30 

0. 10 
0. 10 

0.40 

0.30 

0. 70 
0.35 

0.75 

0.75 

0. 50 
0. 25 

0.25 

0.25 

0. 05 
0.05 

0.25 
0. 25 

0.6 

0.4 

0.10 
0.25 

__ 

Lsngth 

__ 

Width 

Building, city, date of 
obswvation 

Foundation type 
and loading Soil Remarks Component. 

Direction street or Fundamental Frame W'plls Floor Posi:ion Partitions Ifeight 

Transla- 
tion 

Seconds 
1.31 ...- 
1.31---- 

0.33.---  
u.33-..- 

1.27---- 
1.15-..- 

0.m. - - - 
I ) . Y l - - - -  

11.33---. 
0.53.0.36 

n.2569--- 
0.30 60, 

0.3 

0.67.. ~ - 
0.55.--. 

1.22. -. 
1.22. -. 

0.54. - _ _  
0.42. 

0.60..-. 
0.34.--. 

0.86,0.69 

0.72..-. 

C. 1.25.. 
L. 0.83.. 

1.85. - -. 
1.3.t. - - 

0 .4~  70- - 
0 8 4  .... 

0.50.... 

0.56,0.61 

0.23. - _ _  
0.23.--. 

0.72. - -. 
o.oo.... 
1.25. - -. 
0.72. - -. 

0.66 .... 
0.56---. 

Lbs. per sq. f t .  
H C .  footing..-. 

R C .  piles _________. 

LOR Anneles Athletic ('luh, Los 
Angeles. Mar. 18, 1Y35. 

Bk. 

RC--- - 

Uk 

C o n c r e t t  

RC _ _ _ _ _ _  _. 

w. E. 

n C  _______. 

RC. ,  Bk 

Bk _______.. 

F. s. 

nc _______. 

Bk-.-. _.._ 

Bk ..._____. 

RC ... .___. 

Bk _.__ ~ ___. 

ne.. _ _ _ _  ~. 

Uk., TC. F. 

It  c- _ _  - ~ ~. 

HC. and Bk 

Bk. _ _ _ _  _ _  -. 

Uk _._______ 

Tile ._____ _ _  
TileandRC 

Tile _ _ _ _ _ _ _ _  

Tile .______ - 

RC _ _ _ _ _ _  _ _  

Some RC-. 

ML. and P. 

ML. and P 

ML. and Y 

W, L and P 

Tile _...__. - 

Tile.. ~ _ _  - - - 
Tile _ _ _ _ _ _ _ _  

Tile .______ ~ 

Tile __.____ - 

MI,. aud P. 

ML. and P. 

ML. and P. 

ML. and P- 

Olive.-..-.. ~. 
7th _ _ _ _ _ _ _ _  _ _ _  
NS .__________ 
EW--------- .  

16 th  _ _ _ _ _ _ _ _ _  
6th _ _ _ _ _ _ _ _ _ _ _  
NW. ________. 
N E  _ _ _ _ _ _ _ _ _ _  
17 th  ________. 
7th _________. . 

N? 88 _ - _ - _ _ _ _ _  
EW ...--..-.. 

Broadway. _ _  . 
19th. _ _ _ _ _ _ _ _ _  
New Montg- 
Mission-. . -. 

San Pablo..-. 
1San  Pablo.. 

San Pablo .... 
LSan Pablo. 

Hill _ _ _ _ _  _ _  -. 
4th __________. 

NW-SE..--. 
NE-SW .-... 

Spring. ~ - - -. 
5th _.__ .____. . 

Hill ._________ 
11th ._______.. 

Hill ....---. _ _  
7th ... . - *  -___. 

1Durant  ..... 
Uurant..-. _ _  
Leavenworth 
Golden Gate. 

NS -.-.-..-... 
EW ....--.... 

pavenworth 
rurk _ _ _ _ _ _ _ _ _  

12 n 

Top fl. at ends .... 

Every other floor is a 
mezzanine. 

Auditorium and exhi- 

bition open spacw, hall. Large bal- 
conies, etc. 

t. 

Lfunicipal Auditorinm, Long 
Beach. Aug. 30, 1934. 

Pacific Mutual, Los Angeles. 
Dee. 4. 1934. 

RC. footing ________ .  

Pellisier, Los Angeles. Feb. 13, 
1935. 

High corner building of theatre. on one 

Procter and Gamhle, 1\11 Process 
Iiuilding, Long Ueach. Oct. w, 1YJ.I. 

Providence Hospital, Oakland. 
Sept. 8, l'Y34. 

Ray, Oakland. Dec. 5, 1934.-- 

Firm clay _ _ _ _ _ _ _ _  Roof wings and 
rotunda. 

l O f l _ _ _ _ _ _ _ _ _ _ _ _ _ -  - 

8 11. ends. 

7 11 

6 f l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

10, 11 f l _ _ _ _ _ _ _ _ .  ~ I 

X-shaped. 

T-shaped ebove second 
floor. 

H -shaped. Rialto, San Francisco. Oct. 31, 

Royal Hotel, Oakland. Dec  21, 

3tewwt, Oakland. Dec. 17. 

1934. 

1934. 

1934. 

6 sides, skew corner. 

5 sides, skew corner. 

subway Terminal, Los Angeles. 
Aug. 16, 17, 1934. 

UuildinC has 1 m d n  
Part. 4 wings south, 
1 n0rth.t 

2 wings join at about 

running 145". IIeavy during test. surf 

llollow square with 
back wing.t 

Villa Ribiera, Long Beach. 
Sept. 5, 1934. 

3oft alluvium ...- 15 fl... _ _ _ _ _ _ _ _  _ _ _  

Rowan, Los Angeles. Mar. 13, 
1935. 

R C .  footing _ _ _ _ _ _ _ _ _  n.50*, 0.29 
0.5(?), 0.22. 0.2.. 

O.R*, 0.26 ... 
0.62.. ___.._ 

0.23(?), 0.1' 
0.07. 

0.11. 
0.45, 0.22 

..__^_.____. 
0.08 _ _ _ _ _ _ ^ .  

0.4371 .___.- 
0.27, 0.17--. 

0.53, 0.40 
0.10 

0.41, 0.3' 
0.2, 0.1. 

O . R ' . _ _ _  ~... 
027. ~ _ _  - _. 

Southwestern University, Los 
Angeies. hlar. 20, 1935. 

_._-do _ _ _ _ _ _ _ _  _ _ _ _  __. 

...- do _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _  
H-shaped. 

iVarner's Theater, Los AngeleS. 
Mar. 15, 1035. 

Offire part in front of 
thoater. 

rVonien's City Club, Berkeley. 
Uec. 18, lW4. 

\lluvium __._ _ _ _ _  .... do _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  Irregular-shaped. At- 
torium, tached etc. wings, audi- 

Very with irregular open courts, shape, etc. 

Adjacent to no. 127.t 

i. M. C. A, ,  Ban Francisco. 
&-or. 19, 1934. 

_ _ _ _ d o  .___._. ~ _ _ _ _ _  _ _  
Grillage footings ..... 3uilding and city not named. 

Jan. 8, 1935. 
i i r m  c l a y  a n d  
sand. 

IW. footing. - _ _ _ _  -. . H-shaped, narrow 
wings. 

?. M. C. A. Hotel, San Fran- 
cisco. Nov. 20, 1934. 

See footnotes at end of table. 
33604--38 (Face p. 55) No. 11 



TABLE 3.--Summary building vibration data, May  I ,  1934, lo Mar. SI, 2936-Continued 

Fundamental 

Transla- Tor- 
tion sion 

Other Extraneous 

.~ 
mum 

ing 

$Ee- 
merit 

build- 

-- 

1.38 Seeonda _ _ _ _ _  
1.40 _ _ _ _ _  

0.001 

inch 1.25 
0.78 0.48 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.50 

Scconda 0.77 0.48. &con& _ _ - _ _ _ _ _  _ _ _ _ _  Second8 ~ _ _ _ _ _ _ _ _  Lba. per uq. It. 
RC. footing ......... St __---- ---_ 

0.66 _ _ _ _ _  
0.89 _ _ _ _ _  
1.40 _ _ _ _ _  
1.17 _ _ _ _  ~ 

0.6. 0.22,0.10.... ._____________ 0.20 
~ _ _ _ _ _ _  ~ 0.28,O.lO _ _ _ _  .~ _ _ _ _ _ _ _ _ _ _ _ _  0.30 

_ _ _ _ _ _ _ _  0.17 ___._____ _____________. 0.75 
.______ ~ 08*.0.40 _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.80 

HOLLOW BECTANGULAB BUILDINGS - - 

No. 

Vibration data Materials Dimensions 

Periods 1 Maxi- 
Building, city, date of 

observation 
Kind velocit3 Remarks Foundation type 

and loading 
Frame 

Soil Component. 
Direction or 

street 
Posltion Walls Partitions Floor Width 

- 
Feel 

115. - - 

137. - _ _ _  
2 1 0 , s  74 

60-..... 

124. - - -. 

122 ..... 

185.. - _ _  

100..-.. 

98--- - - - 
120 -.... 

Helght 

BeauJort scale 
or Jt./min. t 

Light _ _ _ _ _ _ _ _  Spring. _ _ _ _ _ _  
6th _ _ _ _ _ _ _  _ _ _ _  
Bush _ _ _ _ _ _ _ _ _  
Bansome- - _ _ _  
Leavenworth 
McAllister.-. 

Bk. and TC 

Bk _ _ _ _ _ _ _ _ _  
Bk. and 8. - 

Bk. and TC 

Bk _ _ _ _ _ _ _ _ -  

Bk _ _ _ _ _ _ _ _ _  
Bk., 8. F--- 

RC ...--.-. 

Bk. and RC 

Bk. and RC 

Tile _ _ _ _ _ _ _  - 
Tile __--- -- - 

('9 

Tile _ _ _ _ _ _ _  - 
Tile ______-. 

ML. and P. 

Tile _______. 

ML. and P. 

ML. and P. 

ML. and P 

RC. _ _ _ _ -  -. 

RC _____-.. 

RC. 

mi 

102 

aoa 

2M 

m5 

a08 

207 

203 

208 

210 

- 

Uitiwn's Bank, Los Angeles. 
Mar. 13, 1935. 

Adam Orant, San Frnncisco. 
Dec. 27, 1034. 

Federal OfRca San Francisco. 
July 11, Augl27, and Nov. 11, 
1934, and Apr. 24,1935. 

FergUSOn, Los Angele-s. Feb. 
25, 1935. 

Bard clay under 

3and _ _ _ _ _ _ _ _ _ _  _ _ _  . 
511. 

RC _ _ _ _ _ _ - .  

RC ........ H. W. Hellman, Printing 
Trades, Loa Angeles. Mar. 
28,1934. 

I. 00 
1.60 

__-_--. 
- - - - - -. 

0.26 
0.25 

0. 10 
0.15 

0.35 
0.35 

Abuts Bank of Ameri- 
cn, No. 98. 

13 fl _ _ _ _ _ _ _ _ _ _ _ _ _ -  Monk _ _ _ _ _ _ _  
Calif _ _ _ _ _ _ _ _ _  
Larkin _ _ _ _ _ _ _  
McAllfster ... 

Merchants Exchange, San Fran- 
cisco. Nov. 21,1934. 

Fillover clay ...... 

Sand _ _ _ _ _ _  - _ _  _ _ _  _. High floors. 3 fl. west side and 
wing. 

8 fl-..-..--....... 

Public Library, San Francisco. 
Oct. 29,1934. 

1st __---_____. 
Market. _ _ _ _  0.7*, 0.11 _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0.73, 0.65, _ _ _ _ _ _ _ _ _ _ _ _ - -  
0.11. I /  RC --...-. Sheldon, San Francisco. Jan. 

11,1935. 
Fill over marine 

clay. 

Sandy clay _ _ _ _ _ _ _ .  

Sand over blue 
clay. 

Oentle ...... Kearny- - _ _ _  . 
Butter Butter Hotel, 

Nov. 2,1934. 
Francism 

Walls Fargo, Ban Francisco. 
Nov. 21, 1Y34. - 

MISCEUCANEOUS 

82 Width in front. 
u New part of buildin Ls RC. Old part is brick bearing wall and wood. 

U A pears only ad acent to 6-floor building. 
u Hygh part of building 
(1 Floors gqne@ly odt tad.  Steel brPdng added to give horizontal 

rigidity. 
U Parallel to wings in approximately this direction. 
@E Both components. 
10 Moat prominent period. Component parallel to longitudinal 8x1s of 

Foundation of prevfous building. 

buildlna. 

2' Very prominent. 
Irregular motion. 

8a Brick E l k  in front. 

4: Probably due to tower. 
4s Period in low wings. Foundatlon under tower heavier and deeper than 

under WII~PB. 

1 Above flrst floor. 
2 Top of steel in tower. Second floor extension in back. 
I Same period in basement. 
4 Wood studs in partitions. 
1 Connected buildhgn cover large area, Mudl mtr812eoacl motion 6114 to 

7 Very prominent period. 
I Floors about double normal #pacing. 
8 RC. to flrst floor. 
10 Probabl due to machinery. 
11 Anchor h t s  into stone. 
If Tower Dart. 

machinery. 
Plant not running. 

44 ~roG6iiy transmitted from tower. 
41  Dlmensfons above sixth floor. 
4 1  Bulldlau hee a stmet lev& and 1 meecenine. 

" Due to machine. 
u From Bhell Building. * Most p r o s  tmnrletlon period. 
n Hollow tile above third. 
1 Terra cotta and granite face. * RC. wall in back. 

81 Most prominent. 
1: Hei bt of tower 
u BO$% ptomlneni. 
84 Tower. 

aouthaaat WJng. 
@E Wnlla on court. 

RC. oil- under end walls. 

Brick bearing w&. 

47 Sixteenth to twentysecond floor. 
Twentyseoond to thlrtleth floor. 

49 Probably from no. 199. 
Above bnth flmr. 

_ _  
71 Ver- prominent. 
7: Proiably from no. 121. Two courts, connectlng crosJ-BTm of bullding. 
71 Probably due to Shell Bullding, no. 128. 
74 Under construction. See table 7. 

- -  ;tZ KZci tor water tanL. 
14 Period8 of south wing 1.06 and 0.91; center 0.91; north wlng 0.86. 
16 Pika under part of bulldlng. 
a i  nniv 

1) Ma & ground period. 
14 Prokbiy from buildings nos. 158 and 30. 
1( Partitions are concrete on expanded metal. 
$4 West wall is brick. 

71 Dimensions of court. 
14 Doea not include bnck 1-floor extension. __-.,. 

u Abofe---ht% floor. U BrloKwithstonefaceonfrontandsid~. RC.Inback. 
18 Tower %ensions above wings. 

(1 clock level in tower. 

M Probably due to abutting Central Bank Building, no. 101. 

*I Width in bdk .  
Old building self-sustaining w&, hung floot~. Dome. Large area building with cantral dome and 2 Open WUrtr. 

77 Win- inl<--Vibraiion t j p i  unknown. 
I* Syn&ronous condensers running. Very heavy foundatlon. 
n Same period and amplitude In second floor and basement. 

17 Above third fioor. 
18 Under wall. 
1) Steal studs and bracing in crosa-partitiOIU. 

Probably due to yreases running. 



EARTHQUAKE INVESTIGATIONS IN CALIFORNIA t5 5 

(b)  MeaRurements on each floor of 1 or 2 buildings and on several floors of R 
few other selected buildings. 

(c) Simultaneous measurements of periods on several of the floors or at differ- 
ent  parts of the same floor of a building to  hr made in a limitrd number of rases. 

(d )  Measurement at, different heights of buildings having variable rrosq sections. 
( e )  Measurcment of the period., of certain hiiildings undrrgoing construction 

at various stages of construction. 
cr) Use of a building vibrator t o  put  buildings into controlled vibration. 

Items (c) and (f) arc covered in other chapters. 
Prior to April 1, 1935, the peiiods of 212 buildings in California 

have been investigated. These include 48 buildings in Los Angeles, 
74 in Snn Francisco, 30 in Oalrlnnd, 29 in Long Reach, 6 in Berkeley, 
5 in Snn Jose, 4 in Pasadena, 3 in Pnlo Alto and Stanford University, 
1 in Crockett, 1 in Huntington Pnrk, 1 in Vernon, and 2 in El Centro. 
Two of the buildings are being covered in item (j). 

Table 3, which wns prepared by Mr. M. P. Tnylor, lists certain 
structurnl nnd x-ihrntion data for these buildings, which are qrouped 

- &  -------I I 

L 

FIGURE 34.-Vihration meter recorder. 

according to the shape of their crqss sections. Three of the 1,uildings 
arc referred to by number, as their owners or managers object to the 
nnrnes being published. Two of these have interconnecting hnllwnyp, 
find nre under the same mnnngcmcnt, nlthough the frnines of the 
1)tiildings arc in(lcpendont. The building data in table 3 in mnny 
QNCS were obtained direct,ly from the archi s or designing engineers. 
In routine \vorli this information was ohtnincd. when possible from 
the 1)iiilding manngcrs ant1 engineers, nnd thc dimensions often werp 
c’stitnntctl from the street. An important source of informfition is n 
roport8 of the subsoil committee of the Snn li‘rnncisco section, American 
Society of Civil Engineers, Hcptcmhc: entitled “Subsidence 
and Foundation Pro\)Icm in Snn Francisco. 1)ctnilcd maps of soil 
Surveys likewise arc, important sources of subsoil datn. 

The periods Itre those ac t id ly  read from the records, or the aver- 
Hges where sevrrnl records have been tnlrcn. The item of judgment 

33504-3(i-F, 



56 COAST AND GEODETIC SURVEY 

enters all the measurements. The periods listed are those which, to 
the persons making the measurements, are the most representative 
values of the records. The amplitudes listed represent the maximum 
displacement of the building from the rest position in thousandths of 
an inch a t  the time of the observation. 

a t  
485 8 alifornia Street. The time scale is marked by the dashed Tine. 
The distance between corresponding parts of consecutive dashes 
represents a half second. The following facts are illustrated in 
this record: (1)  The fundamental periods of vibration are distinctly 
different in the two directions; (2) the fundamental mode of one 
component may underlie or be superposed upon the record of the 
other; (3) shorter waves, probably written by secondary modes of 
vibration, may be superposed upon the record of the fundamental 
mode; and (4) the measurement of a single wave on the record often 
gives an unreliable picture of the true motion. 

Two reports of building vibrations, in form similar to those being 
sent out by the field office to interested persons and organizations 
are reproduced here. 

Table 6 contains the vibration data of buildings which have been 
investigated in detail. It lists slightly different periods on different 

Fi ure 35 is a reproduction of a vibrogram of the bujldin 

PARALLEL TO MONTQOMERY ST. . 
I SEC. PARALLEL TO CALIFORNIA ST. 

. - .  . . . . _ _ .  .. . . . _ _ .  . _ _ _  . ___  ~ .-. _ _ _ .  . ..- _ _ _ _ _ _ _ _ _ _ _ _  TrL@.:.. _ _ _ _ _ _ _ .  . 

IWWRE 35.-Typical vibrogram. Observations in building at  485 California Street, San Francisco. 

floors or st different parts of the same floor of a building. This 
condition is not to be interpreted as due to a real difference in period 
from part to part of a building, even though the difference may be 
slight, nor can it be attributed to instrumental errors. The fact tha t  
the observations at  different parts of the building were taken at 
different times is sufficient to account for slight discrepancies in 
observed periods. The few simultaneous measurements that have 
been taken show that the period of the fundamental vibration of 
a building is the same (in any particular direction) a t  various parts 
of the building a t  the same instant, but that it may differ slightly 
from time to time, partially due, perhaps, to inequalities of structural 
conditions in the building; for instance, a stiff wall may be brought 
into play in one instant end not so much in another. 



E AR1’IIQTJAKE INVE~S‘I’ICATIONS IN CALIFORZJ I h  

No. 

1 

2 

3 
4 

‘j 7 

Location Compo- P eriode Uaximum single 
nent amplitude on t r aoe  

see. - in. - 
South w i n g  Saneome l.SbO.1; 1.24.1; 0.6oa .2 

Bueh 1. 0 1. 0. 7 .2 
Outer eo- Saneome l.$O:lf 1.8 ca; 0.67 

Ins ide  co- Sans me1 1.75 .0  , . 7;  0.57 

West w i n g  Bansome l.gt0.1; 1.2 ca; 0.41 .4 

nor  Bush 1.5f$.1&.;.3 ca; 0.5 ca 
25 

nor Bush3 1.7W.l; 1.27; 0.51 .? 

Blrsh l . p O . 1 ;  1.21; 0.47 .25 

Preliminary Report 
DFPAR-T OF CWACERCE 

U. 8 .  COAST AND GEODETIC SURVEY 
CALIFORNIA SEISMOLOOICAL P R O O W  

BUIIDING VIBRATION TEaTS 

C I T Y :  8an Francisco. STWET AND NO.: Bueh and Sansome St ree ts .  

BUILDING: Standard O i l  Co. HEIGHT: S to r i e s ,  21; Feet,  309. 

CIBSERVATIONS: DATE: 9/4/34. FLOOR: 20th. LOCATION: A s  ahown on 

I N S T R ~ T S :  Spring recorder;  Survey v ib ra t ion  meter. OBSERVERS: DSC, 

plan. 

PT. 

1 

2 
Component 100 1. of Sansome St. 

Component 100 N. or Bush 8t. 

SOIL:  sand and ea& olay. FOUNDATION: Continuous, re inforced  mate- 

FRAME: Steel.  -each end wall. 
rial. Concrete p i l e a  under 

WALLS: Brick and terra cotta.  PARTITIONS: T i l e .  FLOORE: Reinforced 
concrete. 

WEATHER CONDITIONS: Before t e s t a :  Fair.  During t e s t s :  Fair. 

RIND: VELOCITY: 600 f t .  per  minute. DIRECTION: West. CHARACTW: 

DISTANCE AND DIRECTION FROM NEAREST KNOWN FAULT: 

V e r y  guety. 

About 4 miles eaet. 

ALLOWABLE BEARING VALUE OF BOIL: 4000 lbs. design. Test6 Up t o  
15,000 lbs./aq. it. 

RELATION TO OTHER BUILDIWS: 2-atom abu t t ing  on south, 5-atory abutt-  
i ng  on west. 

R e :  W i n d  very irregular. 

Bet-upr 1, 2, 4,-oomponente 
p a r a l l e l  t o  building 
aides. 

PL&N OF SET-UPS: 

FlG.36 



58 COAST AND GEODETIC SURVEY 

Preliminary Report 
DEPARTMERT OF COUMERCE 

U. 8. COAST AND GEODETIC SURVEY 
CALIFORNIA SEISMOLOCICAL PROGRAM 

BUILDING VIBRATION TESTS 

CITY: Loa Angeles. STREET: H i l l  Street  between Fourth and Fifth. 

BUILDING: Subway Terminal. HEIGHT: 12 s to r i e s ;  150 aa i t .  

OBSERVATIONS, DATE: 6/16, 17/34. FLOORS: 10, 11. LOCATION: See plan 

INSTRUMENTS: Wood-hdereon eeiemometer; Spring recorder. 

OBSERVERS: RSMcL, WmWX. STATIC MACNIFIOATION: 1400. DAMPING: 6. 

PENDULUM PERIOD: 2.5 eec. 

of aeiupe. 

TABLE 5. PERIODS A N D  AMPLITUDES I N  SUBWAY TEWIIOAL BUILDING,  
LO8 ANGELES 

Compo- + 
A 1  

Room 

B 
11ps' 

C 1  

Rooml 

Room 
1127l 
10th f loo r  
North ring2 

H i l l  
4th 
H i l l  

H i l l  

H i l l  
4th 
H i l l  
4th 

Periods 

a. 
0 69.02; 0.2g1.02 
0 ' 6 a 0 1 - 0 3 * 0 1  
o:L*:w; 0:5&:01; 0.350a; 0. 
0.6p.oi;  0.5et.01; 0.2~ 
0.74.02 ; 0.5'3.03 
0.73t.02; O.56t.02; 0.2oa 
0.g7f.02; 0.5 ar; 0.2 O. 
0.7m; 0.5W.01; 0 .2M.a 
0.86f;Ol; 0.551 

.01; 0.3W .oi; 0.59.02; ; 0 . 2 ~  
0 75oa; 0.5tL.03 
0164.03: 0. 4.02;  0.2- 
0.64.02; 0.5~ .. 

Maximum single 
rmplitude on t race 

u. 
0.1 
0.1 

f 0.2 
0.4 
0.3 
0.1 
0.6 
0.1 

Obaerved on August 16, 1934. Observed on August 17, 1934. 

SOIL: Blue shale. FOUNDATION: Concrete. FRAME: Steel. WALLS: Brlok. 

PARTITIONS: Clay t i l e .  FLOORS: Conorete. 

WEATHER CONDITIONS: BEFORE TESTS: Olear. DURIMO TESTE: Olear. 

WIND: VELOCITY: Low. DIRECTION: South. RELATION TO OTHER BUILDINGS: 

PLAN OF SET-UPS: 

i4a'J 

Independent. 

I- 
W 
W 

I- 
v) 

a 

FtO. 37 
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TABLE 6.-Vibration data for buildings i n  which observations were made on several 

jloors 

She11 Building, Bush and Battery Streets, San Francisco. [Components 1 : (a) Battery Street, (h) Bush 
Street.] - - 

Date 
1934 

May 9 

0 

May 14 

May 7 

7 

9 

9 

9 

9 

8 

8 

n 
8 

4 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

14 

4 

4 

8 

8 

16 

8 

7 

__ - -. 

Instrument location 

Hoof ..-.-.................. ~~ ...... ~ .~~. .~ . .~ .  

Twenty-ninth floor. ___. .. . . . . . . . . -. . . - __.__ ._. 

Twenty-eighth floor.-. . . . . . . . . . . . . . . . -. .-.--.. 

Twenty-seventh floor ~~ .-.-.... 

Twenty-slxth floor.. -.-. . .-. __..__ ~. .  .~ ._..._-. 

Twenty-flfth floor. ____._.__. . .-.~ -..... ..-----. 
Twenty-fourth floor --.. . . . . . .. . .. ~-~ __.-- ~ - .  .-. 

Twenty-third floor-.. . . . . . . ~ ~. . ~. . . .. . . ....__. 

Twenty-second floor.. . . .~. ~...~.~... .. ... 

Twenty-flrst floor..-. . . . . . . . . . ~ . . ~  ...--.--. 

Twentieth floor.. .... ~ .. ....... ~. -.... .....-. 
Ninteenth floor.. .. .. . ~ ...~... ..-........ 

Eighteenth floor .___ . . . . . . . . ~ ~. 

Seventeenth floor. -. ~ . ~ .~ .. ~ 

Sixteenth floor.. . . .. .. . . . . . .. . . . . . - 
Fifteenth floor _____.. . . .. .. .. .. 

Fourteenth floor.. . ...... . . . . .. . . . ~ . .  

Thirteenth floor ... . . . ~ -  . ~ . . . . ~ . ..- 

Twelfth floor.-. . . ~. _. .. . .~ ~. ~ ~. . . . . . . ~. .. . 

Eleventh floor _ _ _ _  . ..... . . ~  .... .. . . . . 

Tenth floor ...... . ~ . ..... ... ..-~. ..-.. 

Ninth floor.... .. .... .... ........ 

Eighth floor -... ~.~ ~ _ . ~  ~. ~ . ..... ... 

Seventh floor ... ........ . 

Sixth floor ____. . . .. . . ..- ... .. ... ...... ~-~ 
Fifth floor ___. . . . - ~ ~ . . . . . ~ - .  . -. . . . . . . - -. . .- - - _. 

Fourth floor ____._ ~. ~ ..-.. .-.- .-..... ~ __....___. 
Third floor. .-... . .. ... __. ____________._ ~ 

Second floor. _._____..._________________.______. 
First floor _ _ _ _  - - _ _  - -. ... ._ -. . _ _  _ _  _ _  - ________.  

Basement, center --... _ _  -. . - _ _  _ _ _ _  _ _  _ _  .._______. 
Subbasement, center.. - _ _  - - _ _  - _ _  - _ _  _ _ _ _  ~ 

Mean values of periods 9 
3uildlng 
lisplace- 
went 3 

Lo01 inch 
1. 7 
1.7 
1.4 
1 .3  
3.8 
1.1 
4.2 
4 .1  
4.6 
4.7 
1.3 
1. 1 
1.4 
2.2 
1.8 
2.2 
1.6 
1.7 
1. 1 
2.1 
1.4 
1.4 
1.7 
2.6 
1.0 
0.7 
0.6 
0.9 
0. 6 
0.6 
0.4 
0.6 
0.8 
0.3 
1.4 
1. 1 
0.9 
0.5 
0.9 
1.0 
0.3 
0.6 
0. 5 
0.4 
0.4 
0.9 
0.3 
0.6 
1.2 
1 . 0  
0.1- 
0.3 
0.1- 
0. I- 
o. 2 
0.2 
0.2 
0.2 
0.1- 
0.1- 
0.1- 
0.1- 
0.1- 
0.1- 

See footnotes a t  end of table. 
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TABLE &-Vibration data for buildings i n  which observations were made on several 
floors.-Continued 

Edison Building, 5th Street and Grand Avenue, Los An des. [Components: (a) 5th Street, (b) Grand 
Avenue.7 

Instrument location Mean values of periods 2 Date 
1934 

Building 
displace- 
ment 2 

Aug. 7 

7 

7 

7 

7 

7 

7 

(a) 1.36; 0.44; 0.27 ____________.._... 
b) 1.55; 0.97; 0.51; 0.32 4; 0.21. _ _ _ _ _  
a) 1.37; 0.46; 0.26 ____________....._ 
h) 1.55;1.10;0.49 _ _ _ _ _ _  _ _ _ _  __.._ ~ . .  

1.33; 0.42 _ _ _ _  ~ _ _ _ _  ________._.. ~~ 

b) 1.52; 0.95; 0.47 ___.__________.__. 
1.34; 1.28; 1.00; 0.47 4; 0.32 4. .-.. 

b) 1.63; 0.97; 0.46 8- - - - - - - -. . . . . - - - 
1.34; 0.44.-. - - - - - - -. -. - -. . . . 

b) 1.56 0.99; 0.48 4 __...___.____.._ 
a) 1.36 ______________.._.__.---.--. 
b) 1.57’ 0.49 8 __________...._..._.. 
a) 1.37f0.46;0.2a ____._.._..._._.. 
b) 1.56; 1.01 _ _ _ _ _ _  ~ ____._._._...__. 
a) 1.38; 1.33; 0.24 * 
b) 1.55; 1.00 _____________..___._--. 
a) 1.36; 0.24 _ _ _ _ _ _ _ _ _  ~ .......-.-.. 
b) 1.51; 1.00; 0.23 3 ______...___.__. 
a) 1.36; 0.26 ___________._.____..... 
b) 1.56; 1.00; 0.27 4- _____..__.___.. 
a) 1.44 4; 1.32; 0.45; 0.25 _._..__._.. 

(b) 1.69; 0.99; 0.54 4; 0.21 4 .___._..__ 
a) 1.35; 1.00 4; 0.24 ____........... . 
h) 1.53 ________________.. ~ . . . ~  .-.. ~ 

a) 1.36; 1.30; 0.26-.. - -. . . . . . . . . -. . . 
b) 1.59;0.97;0.4~_..__._.._.._. ~ ~ 

a) 1.35; 0.42 _ _ _ _  ~ .____........... .. 
(b) 1.58;1.00~;0.48 ~ .... ~ . .  
a) 1.38;0.45 _______........... ~ .~ 
b) 1.58; 0.42 ___._._ ~ _______.__..__ 
a) 1.26;0.41;0.19 _____.........._._ 
b) 1.51; 0.98; 0.46; 0.19 ____________. 
a) 1.33; 0.44; 0.25 a - - - -  -........--. 
b) 1.51; 0.97; 0.47-. _______.__._..__ 
a) 1.34; 0.43; 0.24 ______._..._.____. 
b) 1.54; 0.96; 0. 48.... ._._..._....._ 
a) 1.35; 0.44; 0 . 2 L  - - -. -. . . . . . . . . . 
h) 1.55; 0.9Q 0.47; 0.24 4 _____._.... 
a) 1.39; 0.44; 0.25 ________..._...... 
b) 1.57; 0.98; 0.47. - -. . -. . . 
a) l.W, 0.44; 0.26 ________....______ 
b) 1.66; 0.47; 0.23 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
a) 1.35; 0.44.0.25 ________._____..__ 
b) 1.57; 0.97; 0.48; 0.28.. _.______.. 
a) 1.35; 0.44; 0.24 ____.___..._._..._ 

(b) 1.57; 0.97; 0.47; 0.27 a __...._..__ 
(a) 1.35; 0.43; 0.24 __________......_. 
b) 1.56;0.48;0.27. _ _ _ _  _ _  .._.___.... 
a) 1.31 4; 0.44; 0.24; 3.0 4 ....___.___ 
b) 1.57; 0.48; 0.28; 0.19 __.___..____. 
a) 1.33; 0.u 4; 0.26 _____.._____.___ 

(b) 1.54; 0.47 -____ _ _  - - - -. . . - - - - -. . -. 
a) 1.3a;O.244 _ _ _ _ _ _ _  _ _  __._____.___ 
h) 155. 0.48; 0.28 
a) 1:341 
b) 1.57 ---___________________.__... 

i 
I 
I 
i 
1 
i 
t 

I 
I 

I 
1 

Seconds 0.001 inch 

Four Fifty Sutter Building, 450 Sutter Street, San Francisco. [Components: (a) Powell Street, ib) Butter 
Street.] 

May 25 

25 

26 

24 

25 

25 

26 

26 

28 

28 

28 

31 

31 

31 

31 

June 1 

1 

I 

1 

1 

I 

I 

3 

I 

May 8. 

a - 

Twenty-eighth floor, east stair landing. - -. . .- -. 
Twenty-seventh floor, east stair landing ...-. . . . 

Twenty-sixth floor, north wing _______...._.._.. 

Twenty-sixth floor, southwest wing. _____. -. - _. 

Twenty-flfth floor, north wing- - - _________. . - .. 
Twenty-fourth floor, e8st end of south hall--.. 

Twenty-third floor, north wing _ _ _ _ _  _ _ _  _ _ _  _ _ _ _  _. 

Twenty-second floor, west end of south ha11 

Twenty-first floor, north wing 

Twentieth floor, east end of south hall ... -.-... 
Nineteenth floor, north wing _ _ _ _ _ _ _ _ _ _ _ _ _  ._. . . 

Eighteenth floor, west end of south hall __._._. 

Seventeenth floor, north wing _ _ _ _ _ _ _  _ _ _ _  .. ... . 
Sixteenth floor, east end of south hall ..... .- . . ~  

Fifteenth floor, north wing _____________.. .~ .-. 

Fourteenth floor, west end of south hall.- ..... 

Thirteenth floor, north wing .... _____._._ .-... 

Twelfth floor, east end of south hall __._..__.__ 

Eleventh floor, north wing ___________. - ....--. 
Tenth floor, west end of south hall.. .-. .-. . .-- 

Ninth floor, north wing _ _ _ _  ~ _ _ _ _ _ _  ~ - - _ _  ..--.-. 
Eighth floor, west end of south hall.. . . . . - -  --. 
Seventh floor, center of south hall-. .-.. .-.. ~ - .  

Sixth floor, lobby south center. - _____.. .------ 

Fifth floor, room 508 south side _____--.- ....--. 

Fourth floor, room 408 south center ---.-. ..-.-. 

Third floor, room 314.. _ _ _ _ _ _ _ _ _ _ _  .- .~.- .-.--- - 

First floor, south hall near center. _ _ - - - - - -  .-.-- 
Basement, room B-4 south side. - ~ __ - - - - - -  _ - _ -  

1.1 
1.2 
0.7 
1.2 
0.6 

1.3 
0.7 
0.7 
1.1 
1.8 
1.3 
0.7 
1.4 
0. 7 
0 .8  
0.6 
0.6 
0.8 
0. 5 
0. 6 

1. 1 
1.7 
1.5 
2. 5 
0 .0  
I. 4 
1.7 
2.4 
0.3 
0. 5 
0.3 
0.5 
0.3 
0.3 
0.4 
0.4 
0.3 
0.3 
0. 1 
0. 1 
0. 1 
0.1 
0.1 
0. 1 
0. 1 
0.1 
0.1- 
0.1 
0. 1- 
0. 1 
0.1- 
0. 1 
0.1- 

0. 1- 

0. a 

0. 8 

n. 1 

0.1- _-  
See footnotes a t  end of table. 
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Mean values of periods * 

TABLE 6.-Vibration data for buildings i n  which observations were made on several 
floors.-Continued 

Southern Paciflc Building, 85 Market Street, San Francisco. [Components: (a) Spear Street, (b) Market 
Street] 

Building 
displace- 
ment * 

Date 
1934 

Seconds 
(a) 1.16; m; 0.4 3; 0.32; 0.27; o.i6-- 
h) i.m;0.64;0.21 _ _ _ _ _ _ _ _ _ _  ~ _..____ 
a) 1.14; 0.29; n 20 .___. ~ ..___.______ 
b) 1.16;0.3:;0.20 __.._________._ _ _  
a) 1.13; 0.30 _._________.___________ 
h) 1.21; 0.33 ._____.._...._...______ 
a) i.i4;n.45qn.z1 ..._______....__ 
h) 1.19; 0.30; 0.23 ...__.___........ I 8) 1.12; 0.46 a; 0.24 .___._.__.._____ 

(b) No record __.____._______..._.. 
(a) 1.10; 0.03; 0.30 ______.._ .________ 
(h) 1.24; 0.32; 0.10 3 .__._...__...___ 
(a) 1.12; 0.30 _._...___.__________.._ 
(h) 1.10; n.80; 0.30; 0.10 8 -  .._.______ 
(8) 1.11; n.os; 0.30 ..._.._._______.__ 
(h) 1.20; 0.04; n.65; 0.21 _....__._..__ 

I I 

(a) 1.10; 0.57; 0.29 .___._____.... _ _ _  
(b) 1.20; 0.36 3; 0.27 _.___. ~ _ _ _  _ _ _ _ _  
(a) 1.18; 1.00; 0.21 3. . . - - - -. .- ~. . - ~ 

(h) 1.23; 1.00. 0.27 ._...___......___. 
(a) 1.12; 0.08: 0.61 ___.._.____.....__ 
b) 1.22; 0.35 ___.__...._.____....._. 
a) 1.13;0.25 ._.___.__..._.-____..__ 

(h) 1.22 .__.______.....___.......... 
(a) 1.18; 0.21 __._____........_._.__. 
(h) 1.22; n.21 .... ____..____._...____ 
(a) 1.12; 0.23 ...._____...__._....___ 
h) 1.20;0.23 ._____....____._._._._ 
a) 1.16; 1.00; 0.24. .._._.___._.___.. 
h) 1.12; 0.64; 0.24 .__......____ ~ ___. 
a) 1.09; 0.27 ..______.._.________--. 

(h) 1.10; 0.97; 0.35: 0.23 ...........-. 
(a) 1.14; 1.07; 0.30 ._______.._....__. 
(h) 1.19; 0.42; 0.21 ..__.._____...___. 
a) 1.15; 0.31; 0.21 _.____________.___ I h) 1.21; 0.40; n.a _.______._..._.__ 

(a) 1.15; 0.28; 0.22 __.______._....... 
(h) l .Zf i ;0 .21 ._ ._____._ .__ .___  ~ ___.. 
(a) i.oo;n.~.... _.____.___......._ ~ 

h) 1.25; 0.41; 0.22 __.__._ ~ . .  
a) 1.16: n.oo; 0.29 ___.____..__....__ 

(h) LOR; 0.29; 0.22 ._________._....__ 
a) 1.10;0.3i;o.2n~ ______..____..__ I h) 1.10; 0.47 4; 0.34 4; 0.27 4 ......... 

I 

I 
t 

I 

June 12 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

' 12 

12 

13 

13 

13 

13 

13 

13 

13 

0.001 inch 
0. o 
0.8 
0.0 

..- 

Instrument location 

,~ ~ 
~~ 

Tenth floor, e&~t  of center ....... .. ...._____.__ ~ 

Eighth floor, sooth of center ...-. . . . ... _ _ _  .-. . .. 

Fourteenth floor, tank room ..______._.___.___. 

Eleventli floor, west wing..-. -. . . .-. __. . .___ 

Eleventh floor, west corner ....______.____.___. 

Eleventh floor, center _.____.__.__ ~ _.._.____ _ _ _  
Eleventh floor, elevator.. . -. . .. ... - _ _  - - .- - ~ __. 
Eleventh floor, east corner -......-....-... ___. 

Eleventh floor, east wing ....._..__._._.______ 

Tenth floor, west wing __.........__.__._ _..___ 

Tenth floor, west corner ... ._______...._._._._. 
Seventh floor, west wing __..__....._._._..____ 

Seventh floor, west corner .-... -. .-.. .__...____ 

8event.h floor, center _____.  .. .- .. . ...-.... _ _ _ _ _  
Seventh floor, elevator. -. - -. . . . . . . . .. - -. . - -. -. 
Seventh floor, east. corner .....-. .....__________ 

Seventh floor, east wing ... .___... ____.._______ 

Fourth floor, west wing __..___.____._ ~ _.______ 

Fourth floor, west corner ___._..___._ ~ ____.__ _. 
Fourth floor, center -... ____._________________. 
Fourth floor, elevator. - ~. -. .______.____ .-- - - .. 
Fourth floor, east corner.-.. . - - -. - _._.___ _____.  

Fourth floor. east wing .__.___...__..__________ 

Basement, west corner of seismograph room ... 

, I  

(h) 1.10;0.45 .___________ _._.___.___ 
(a) 1.20 ._._.__ ~ _______. ~ __.__._____ 
h) 1.10;0.45 ._____.___..... ~ _._____ 

(h) 1.10: 0.4' ______._._._._________ 
8) i .m ;n .4a  ____._______...__ _ _ _ _ _  

1.4 
1.5 
0. 7 
1.0  
0.7 

1.4 
0.6 
0.7 
1.4 

1.2 

1.2 

1. 1 
0. B 

0. a 
. - - - - - - 

I .  n 
1. n 
n. 5 

n. 5 
n. 4 
n. 7 
n. 4 
n. n 
n. 7 
n. (I 
n. 6 

n. 4 
n. 3 
n. 4 
n. 4 

n. 3 
n. 4 
n. 4 
n. 3 
n. 5 

n. 6 
n. 1 
n. i- 

0.0 

0.3 

0.3 

Oakland City Hall. Fourtoenth and Washington Streets, Oakland. [Components: (a) Fourteenth Strnet 
(b) Washington Strcet] 

Oct,. in 

in 
i n  

i n  
in 

i n  

i n  

IO 

Sixteenth floor, center ____.___._._ ~. .___._.. 

Fourteenth floor, center __.___.. ~. .. ~ .._.___.... 

(a! 1.20; n.3 3 ..________..__. ~ _.____ 1 [h) 1.10;0.33J.. ______._._.___ ~ .___ 1 
a) 1.20; 0.31 8 .___.________._______ 

(h) i m ;  0.33 3 __..____.____________ 
Twelfth floor. north of center ... .- ... . . . .. .. .. ..I (a) 1.20: 0.4 4 ___.______..____.__.__I 

Sixth floor, northeast corner ___._.______._._..__ 

Mezzanine, southwest corner .... ..._.._________ 

Third floor. northeast corner. - _...__.._ _ _ _ _  .___ 

h) 1.10; 0.4 3; 0.33. - _____.__ _ _ _ _ _ _ _  
b) i.in; 0.33 ___._____.___._________ 

n. 7 
n. F, ... 
0. 7 

0.3 
n. Q 
n. 3 
a R .. . 
n. 5 

n. 1 
0.3 

0. 1 
0. 3 
0. 1 
0. 1 
0. 1 

Sae footnotes a t  end of table. 
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T A B L E  6.-Vibration data for buildings i n  which observations were made on several 
floors.-Continued 

C and H Sugar Co.. Crockett. [Components: (a) N-5, (b) E-W.1 -_ 
Data 
1934 

Aug. 3 

20 

3 

6 

7 

3 

0 

3 

7 

3 
fi 
7 

8 

7 

6 

7 

6 

7 

0 

7 

6 

20 

-___ 

Instrument location 

CHAR HOUSE 8 

Tank platform, center.-. - - - - .- .- - .-. - - -. -. . . -. . 
Tank platform, near east side __.....__.. .... .--. 

Roof of ninth floor, below tanks __............___ 

Roof of ninth floor, helow tanks-.---.. ~- _..___ 

Roof of ninth floor, below tanks --.... ... ~. ~ ..-.. 

Roof of ninth floor, west wing ___._. ~ - .  - ~ ~ ~. ~- _ _  
Ninth floor, west wing _______._.____..._ ~ .~ ...-. 

Ninth floor, west wing _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ . ~ .  ~ .___ 

Roof of seventh floor, northwest section.. 

Roof of seventh floor, northwest section. -. ~ .-.. 

Roof of seventh floor, southwest section-. ~ 

Roof of seventh floor, southwest section.. _ _ _  
Roof of seventh floor, southwest section. ~ . . . . 

Seventh floor, beneath tanks __._....._ .. ~ ~-~ 
Seventh floor, beneath tank9 _ _ _ _  -. . . . . . . . .. 

Fifth floor, heneath tanks.. ___._.. . . . . -. 

Fifth floor, beneath tanks. ---.... .. . . . . . . . . . 

REFINERY 

Beventh floor, center-. ______._.._. ... . . . . . ~ 

Beventh floor, center.. ____. -. . . . ~. . . . . ~ ~ ~ . ~ 

PACXING HOUSE NO. 1 

Seventh floor, west of  center...^. .- .. .. . . . ~. . . . 

Seventh floor, west of center ____.__.._......... 

PACKING HOUSE NO. 2 

Fourth floor, between char house and refinery. 

Fourth floor. west end _________.___...___...- 

Mean values of periods 1 

Second8 
;a) 0.07; 0.20. - - - - -. - - -. - - - -. . - - - - -. 
.b) 0.01; 0.28.--. ___. ~ ._____.______. 
:a) 0.94; 0.27. - - - -. - - - -. . - - - - - - - - -. 
Ib) 0.90; 0.27 .___________________--. 
,a) 0.94; 0.20 _________._..._______ _. 
;b) 0.84; 0.28 .._.___________________ 
.a) 0.93; 0.40 4; 0.25 4; 0.15 4 ._.__..._ 
;b) 0.90; 0.27 ....___._______________ 
a) 0.30;0.13 ~ 

b ) 1 . 0 0 ; 0 . 3 0 ; 0 . 1 ' _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ .  
a) n.94;0.20 ..____.._. ~ ..._.___._. 
h) 0.92; 0.m ..._.__._______._...-. 
~)o.gf i ;n .m ._.__.....___..._..__ ~ 

(R) 0.30; 0.05; 2.5 to 3.0 4. .~ ....... 
b) 0.90; 0.25 ..______._ 

(h) 1.00; 0.27; 0.1 4; 0.M; 2.6 ____.._ 
(a) 0.94; 0.20 _ _ _ _  - - ~ -. . ~. . . . . . . . . - 
(b) 0.02; 0.28 ___.__.____._.___._.._ 
(a) 1.5 to 2.0 4; 0.05 4 ....-...-..... 
(b) 0.30; 0.05 4 ______.._._..__..... 
(a) 0.97; 0.M- ......... ...... . .. 
(h) 0.94; 0.28 _.__.___..........___ 
(a) 1.00; 0.30; 0.05 .---.. ..-. ~- ~. 
b) 1.00; 0.30; 0.10; 0.05 4 . -  
a) 0.94; 0.20 ...--... .~ ~ .... 
b) 0.00; 0.28 ...-.._..._.___....... 

(a) ~ . w ; o . R o ; o . I ~ ; ~ . ~ ~ ~  ...-.. ~~ ~ 

(b) 1.00; 0.a; 0.1 3;  0.05 3 
(a) 0.03; 0.25 3 ..._ ~.~ _._____.. . 
(b) 0.84; 0.27.. _____......._._._.. 
(8 )  0.27; 0.10 ..-- - ........ ... ~ . 
(b) 1.00; 11.53; 0.2 01 0.3 4; n . i n . . ~  ~ 

(a)0.50;0.20 ...- - - - - - - - - - - -  ~ 

(h) 0.50; 0.2 L.. . -. . . . .. . . . . . . . . 
(a) 0.53; 0.15; 0.05 ...-.-.. ~~ . . . 
(h) 0.50; 0.40; 0.35; 0.06 ... ~ ... . 

(a) 0.60; 0.05 4. - -. -. . . . . . . 
b) 0.52; 0.25 4-. . - - -. . . . . . -. -. . . -. I a) 2.7; 0.64; 0.10.- _.._._..._. .... ~ 

(b) 2.7; 0.40; 0.05 ......_._......__. 

a) 2.5; 0.1 3 -  ____.. ..... 

(h) 0.96; 0.28 ...___.._____..._..._ 

....-.. 
h) 0.28 3; 0.1 3 ...... ~~~ .....- . - - ~  

(a) 0.05; 0.28 . . ~  ....... 

Building 
displace- 
ment I 

0.001 inch 
0. 2 
0. 2 
0. 2 
0. ,5 
0. 2 
0. 4 
0. 3 
0. 2 
0.9 

0. 2 
0. 4 

0. 2 
2. 5 
0. R 

0. 2 
2. 6 
0. 5 
0. 1 

n. 7 

0. 2 

n. z 

0. 2 
n. 2 

n. 2 . 
0. fi 

n. I 

0. 4 
0. 2 

0. h 

0. I 

0. 4 
0. 4 

I1 I 
11. I 
0. R 
0. 4 

n. I 
0. 1 
1 . 5  
1. 1 

n. 2 
n. i 
11. 2 
I). 2 

Ferry Building. foot of Market StrCet, San Francisco. [Components: (a) Embarcadcro Street, (h) Mar- 
kot Street] 

Oat. X2 
22 

22 

22 

22 

Twelfth floor, tower ____. . ~ - .  . ~. . ~. . 

Ninth floor, tower ____._. . . .. - . ~. ~. .~ 

Second floor, south end --.. . ~ .  .. 

Second floor, cantar. ___...... ~ . . 

Beoond floor, north end ...-. . .. ~ . .  

~ 

~ 

a)0.69;0.16 _______._._ ~ _...._____ ~ 

h) 0.82; 0.10 _______......_....._.._ I a) 0.89. 0.3 4 ______._.... ~ -.......- 
(b) 0 . d ;  0.3 4 ________._ .. ..~. .. _ _  

0. R 
2. 3 

1 .2  
0 . 2  
0 . 2  
0. 2 
0 . 2  
0 .1  
0 . 2  

n. R 

I I -__-__.- - 
8ee footnotes a t  end of table. 
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TABLE &-Vibration data for buildings in which observations were made on several 
jloors-Continued 

Claua Spreckles Building. 3d and Market Streets, San Francisco. [Components: (a) 3d Street, (b) Mar- 
ket Street] 

, 

a) 1.19 _ _ _ _ _ _ _  _ _ _ _  _____...____ ~ .___ 
b) 1.19 ______..._____ ~ ......_._.._. 
8 )  1.17; 0.26 __...____ ~ ._.....____.. 
b) 1.18 ..... -. . . - _ _  _ _  . . . - -. . -. - .__. I a) 1.18; 0.27 8 ___.__. ... . ...-... _ _  

(b) 1.20;0.266... .--.... ._____.-_ 

Date 1 
1934 

0.3 
0.6 
0.3 
(1.3 
0.3 
0.3 

Instrument locstion 
Building 
displace- 
ment * Mean values of periods 2 

Oct. 

- 

18 

18 

18 

18 

18 

18 

18 

18 

- 

Eighteenth floor _.____ .~ ____.________._.._.____ ~ 

Fifteenth floor _ _ _ _ _ _ _ _ _ _  _ _  __. ___. - _ _ _  -. - ..-- .___ 

Fourteenth floor-.. ___._._______._._._.-.-.. ___. 
Thirteenth floor ...-. - .- ._____. - . - ~  - .-. - .-. . . - -. 
Twelfth floor .-.....--...----------------------- 
Eleventh floor.-.. ..~. - -. . - _ _ _ _  -. - - _ _ _  - __. . . - _ _ _  
Tenth floor _____..._.---___- __-_._ __.__.._.__.- ~ 

Fifth floor-.. _ _  __. .___ _ _  .-.. ________...... _.__ 

Seconda 
(a) 2.20; 0:40: _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _  _ _ _ _  
b 1.95, 0 80,0.36 _______.______..-- 

{a) 2f2010.40 _ _ _ _  ~ ______.. ._.____ _ _ -  
b 193,0.28--.. ________.._____..__ 

8)  2.20; 0.41; 0.1 b - - - -  ______._. ~ - - - -  
b) 1.94; 0.35; 0.2 4 ____..._..... ~... 

(a) 2.10; 0.40; 0.20 ~ _...__._ ~ 

0.40;0.20 _____.____._ _ _ _ _ _ _  
0.27; 0.20. _______._._____._ 

a) 2.0 8; 0.86; 0.36 a-.-- _...__._..__ 
b) l.94;O.Bo;O.31. ..-..... ~ __._... 

0.001 inch 
1.1 
1.5 
0.4 
0.8 
1.1 
1.5 
1.1 
1.1 
0.8 
0.8 
0.8 
I). 8 
0.8 
0.4 
0.4 
0.4 

Alexander Buildlng. Bush and Montgomery Streets, San Francisco. [Components: (a) Montgomery 
Street, (b) Bush Street] 

~ 

Oct. 17 

17 

17 

17 

17 

17 

1.25;0.40 ___._... ~ .__......_. _ _ _  
1.33; 0.84 .___._...______...____. 
1.25; 0.2 4 ._._____......_..__..- 

1.26;0.22 ._.__._._.______ _ _  ____. 
1.33;0.74;0.24 ...- ...___.._____ 
1.26; 0.4 4;  0.22.. _......______.. 
1.33; 0.7 4; 0.22 ___.__________.__ 
1.24; 0.40; 0.2' .... ._---.------ - -  
1.33; 0.40 ____._____.....______.. 
1.26; 0.40; 0.22 ____--------....-- 
1.32; 0.40; 0.22 _ _ _ _  ~ ---.-------- - 

1.36; 0.8 4; 0.2 4 ..__..__...______ 

1.2 
1.0 
0.7 
0.7 
1.2 
0.7 
0.6 
0.7 
0.6 
0.7 
0.2 
0.2 

I , - I 

Bank of America Bullding, 1st Street and Santa Clara Avenue, San Jose. [Componetlts: (8) 1st Street* 
(h) Santa Clara Avenue] - 

eept. 26 

28 

28 

28 

26 

28 

27 

27 

27 

Fifteenth floor, tower _______-_  _ _ _ - - _  .-. . . ~ .~ ___. 

Thirteenth floor, seismograph room - - - - - - - -. 
Elevent4 floor, north end of hall. - - -. . . .- _ _  -. . . 
Ninth floor, south end of hall ... ._.___._____. __. 

Seventh floor, north end of hall __.__.-_________. 

Flftb floor, south end of hall----. .-- ._ .- .-- - __.. 

Second floor, corner. -. .-- __. . .-. - .- .-__ _ _  ____. . 

Second floor, northeast wlng ._____.--_ - - .- .~ _ -  .. 
Basement, seismograph room _ _ _ _  _ _  - - - - -. - .-. - .. 

0.6 
0.7 
0.5 
0.7 
0.2 
0.2 
0.2 
0. Q 
0.6 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0. 1- 
0.1- 

hther Tower (Campanife),7 University of Cahforniu Campus, Berkclcy. 

----- I 

[Components: (a) N-8, 

- - - _. - 
(b) E-Wl 

July 19 

19 
19 I 

Between seventh and eighth floors. - _______._. 

Sixth floor _.______._..___ ~ ..-. ~ ._.___ _ _ _  
Fourth floor ... . . . . . . . . . . . ... . . ~ . . . .. . .~ ~. 

I - _ _  - _. _- I _ _  _ _ _  -. I __ 
footnotes at end of table 
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.. . 

Date 1 InRtrument location 
Building 

Mean values of periods displac- 1 ment 

Oct. 20 

26 

26 

26 

26 

July 27 

27 

Fourth floor, front lobby -... _._.._.._....... .. . 

Fourth floor, south end _____.___.___.... . .--.. .~ 

Fourth floor, north end -... _.__.____.. ~ . ~ .  ... ~ 

Fourth floor, a t  dome arch footings .-....... .. . 

Fourth floor, between dome arch footings. . . .~ ~ 

Topofdome ___. ~ --...-.-_ ~ ._._. ~ 

Seventh floor, gallery _________._.__..__... ~ .____ 

0.001 inch Second8 
a) 0.71; 0.40; 0.11- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  'iw 0.65; 0.27 8; 0.1 3 _.____..__..__._ 

(a) 0.67 3; 0.25; 0.10 8 _ _ _ _ _ _ _  _.______ 
(b)0.74;0.40 ___.__. ~ .---... ~ ..--.- 
(a) 0.67 a; 0.40 a; 0.27 _____.__.__.... 
(b) 0.68; 0.38 ... __._______._______.. 
(a) 0.70; 0.4 3; 0.10 3 ____..____...... 
(b)0.68;0.27(-. _ _ _ _  ~ __.______._.._ 
(a) 0.69; 0.17 _____.___.._._._____--. 
(b) 0.67; 0.35 a ..______.________._.. 
(a)0.71;o.n __.._.____..__......_.. 
(b) 0.60; 0.32; 0.17 __...__.._____._._ 
(a) 0 65; 0.17; 0.11- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
(b) 0.65; O.lb; 0.12 __._......_..._... 

0.1 
0.1 
0.1 

I I 1 

Loa Angelem City Hall, 1st and Main Streets, Lo8 Angela. [Component: E-W] 

1835 
Twenty-fourth floor Q _______._.___._.__.._______ 

wentieth floor ................................ 
Twenty-fourth floor ________._._...__......_.__. 
Sixteenth floor ... ___._____._._____._....._...... 
Twent fourth floor--.*.. _ _  __._._._._._. .._._ _ _  
Twelftg-floor __.._._._..._._._._.-... 1 ....-- ~..- 
Twenty-fourth floor __._._._ _ _  .-.-.-. . . ___._ ~. . . 
Ninth floor ____________________-----.-.-.-.-.-.. 

Apr. 3 {T 2.25; 0.8 4; 0.3 4 __.________ ~ ____.____ 
2.26;O .50.......................... 
2.25; 0.28 3 _________.__.__......... ~ 

2.25; 0.50; 0.25 8 -.-.......-......... 
2.25 10; 0.75.. . ____.__._._ ...____... 
227 l0;0.82;0.63;0.41 ~~~ . . .~ . . .~ .~~  
2.23; 0.85 ._____._______.___.____ ._. 
2.75 8 ;  0.82 ___.._................___ 

0. 1 
0. I 
0. 1 
0.1 
0. 1 
0. 1 
0. 1 
0.3' 
0.3 
0. 1 
0. 1 

1.3 
1. 1 
1.5 
0.9 
1.3 
0.6 
1.4 
0.4 

Pellbier Buildlng. 3780 Wilshire Boulevard, Lo8 Angela. [Components: (a) NE-SW, (b) N W-SE] 

Feb. 13 

13 

0. 6 
0.7 
0.4 
0.5 
0.4 
0.5 
0.2 
0.3 

1 Vibration riods are measured in directions parallel to the streets indicated by (a) and (b) in the bead. 
ing of each t a L r  mom.  

rMeasured from zero position. 
3 Approximate value. 
4 QuestioMhle vdlue 
6 Irregular motion. 
6 Height of Char House: Q stories; 140 feet to roof, 104 feet to tank platform. During the observations 

on Aug. a there waa one machine running on the ninth floor of Char House. The plant was in operatioti 
AUE. 7: not in ooeration Am. 6. 

7 ka&&r &&ponds h height to 2 ordinary stories. 
8 Periods 0?0.27 and 0.26 see. are very prominent on the fourth floor. 
9 Braces indicate simultaneous observations. 
14 There were a few waves of 2.5 880. period a t  time of the third test; they eyipeured on l~olh Ihe twentj- 

fourth and twelfth floor records. 

The data of table 6 indicate that the amplitude of vibration a t  u 
given level of a building is roughly proportional to the elevation of 
that level, even though records on different floors were usually made 
under var in wind conditions. Uyerly noted this in his measure- 
ments of yb7 ui ding 127. This condition is further verified by mea- 
surements taken simultaneously a t  levels which are widely separated, 
See chapters 6 and 7 .  

2 Byerly Perry Vibrations of Buildings. An abstract, Paciflc Coast Applied Mechanics Meeting of 
lhe Amerihau Yodety of Mechanical Engineers, California lnstitute of Technology, Pasadena, Jan. 20-21, 
1933. 
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Mr. Neil R. Sparks has plotted the periods of a number of buildings 
against their heights in figure 38. Although the points are scattered, 
the graph indicates roughly that the period is a linear function of the 
height. It must be understood, however, that the period of a build- 

400 

550 

500 

250 

h 

%I 

r2 - 200 

150 

100 

50 

0 

BUILDING HEIGHT 

0 0.5 1.0 1.6 2.0 Z.6 

P m O D  (boondo) 

ing is determined also by other factors such as elastic properties and 
mass. 

The periods of vibration of the Shell Building (fig. 40) have been 
Plotted against its height in figure 53. This graph shows clearly the 
nodal points of the second and third modes of vibration, but it does 
hot show the actual deflection curve, as the observations were not 

FI(,IIHE 38. -Building height v. fundamental period. 
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taken simultaneously. The fundamental vibrations of high buildings 
have been observed on the ground floor during a high wind, and the 
are noticeable under moderate wind conditions on other floors a[ 
though the secondary vibrations are predominant in that region. 

Byerly has noted that vibrations of building 127 are transmitted 
to building 199, even though the two have no further connection 
than the lath and plaster of common hallways and 2 inches of terrazzo 
on the floors, and the foundations are separated by a :&inch thickness 
of gypsum plaster board. Sparks, in his study of vibration records, 
has verified Byerly’s conclusions in regard to buildings 127 and 199 
and has also noted similar conditions existing elsewhere. A note- 
worthy example is the case of the Shell, 130 Bush Street, and Adam 
Grant Buildings of San Francisco, which are located in the same 
block, with the narrow 130 Bush Street Building sandwiched between 
t,he other two ns shown in figure 40. The long 1.9-second period 
vibrations of the Shell Building are noted dong both components 
of both the other buildings, and vibrations in the 130 Bush Street 
building are probably influenced by both of the other two. Each of 
these buildings is structurally independent. I t  is planned to investi- 
gate the vibrations of these buildings simultaneously.3 

The tower of the Bank of America Building in Oakland is an addi- 
tion to the older structure. The two buildings have interconnecting 
Iiallways, walls, and floors, but are otherwise structurally independent. 
A simlar example is the Tribune Tower and the older Tribune 
Building in Oakland. 

The Pacific Gas and Electric and the Matson Buildings in San 
Francisco form another example of abutting but structurally inde- 
pendent buildings. Byerly, Hester, and Marshall have noted that 
these buildings have the same period in the direction parallel to 
Market Street. 

The periods of five buildings have been measured to date at various 
stages of construction or repair. Vibrational data on these buildings 
we listed in table 7. 

It is to be noted that increased stiffening from the addition of the 
curtain wall of the Federal office buildin seems to compensate the 

that the addition of the exterior walls to the framework of Building 
128 reduced the period in one direction (north-south) by 0.1 second, 
but did not affect the east-west vibration. Other buildings under 
construction are the Jane Addams and the Louis Agassiz Buildings 
a t  the Pasadena Junior College. The measurements of these build- 
ings are not yet complete. 

Their heights, however, are nearly the same. 

increase in load by the addition of the fi f th floor. Byerly observed 

3 The foregoing conclusions were later veri6ed by simultaneous observations in the three buildings. 
4 Perry Byerly, James Hester, and Kenneth Marshall, The Natural Periods of Vibration of Some Tall 

Buildings in Ran Francisco, Bulletin of the Seismological Boclety of America, vol. 21, no. 4, December, 1031 
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I'I(,URE I'c.--Southern I'aciflc IluildinE, San Francisco. 
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TABLFJ 7.-Vibration data for  buildings undergoing construction or alteration at 
time of observatzon 

Federal OfRee Bullding. McAllister and Leavenworth Street8 San Francisco. [Components: (a) Leaven- 
worth Street, (b) McAllister Street. July 11 test was mahe prior to pouring of concrete for flfth floor. 
Walls and partitions not in. Aug. 27 test made with attic floor and roof on east, south, and west sides 
complete. Fifth floor poured. North side of flfth story open. Walls and partitions not in. Nov. M 
test made with brick inner curtain walls up to above flfth floor. Outer curtain walls up to between flrst 
and second floors. Partitions and ceilings not in] 

Seconds 
(a) 0.54; 0.40; 0.33 3; 0.1 a ____...._.. 
(b) 0.56; 0.26. _________________.__-. 
(8) 0 . ~ 4 ;  0.47; 0.31 _ _ _ _ _  ~ --.. __._ .-.. 
(b) 0.43: 0.28 ________________. ~ _.___ 

Instrument location 

0.001 inch 
0. 4 
0 .2  
0. i 
0.1 

Building 
displace- 
ment 2 

Mean values of periods I 

.June 15-. 

Fourth floor, east end _.__ ..-.... ..~. . . . . - . . 
Fonrth floor, north side.. . . . . .. .- .~ _ _ _ _  .--.... 
Fifth floor, east end. ...-.... ....-.. .-. .... 

Fifth floor, north side __._ ~ . .  . . ....... .... 

Fifth floor, east cnd ....-. .. . ~. .. ~ _ _ ~ .  . 

Fifth floor. north sicte ... . ._._....__..._.___ ~ _ _  

Attic of second floor in north end of southeast 
wing .._....._. ~ ._._.___. ~ ______.____...______ (a)0.22;0.084;0.05. _._._._._..__.. 0.1 

(b)0.22;0.08;0.05a ________._._.... 0.1- 

(a) 0.12; 0.031 5 ___._____.__._______ 
(b) 0.14; 0.W; 0.0% ______.__..____._ 

~ ) o . I ~ ; o . o ~  . . . . . . . . . . . . . . . . . . . .  ~ - .  
b) 0.14; 0.026 _______._________.___ 

____________________. 
(b) 0.57’ 0.35 3 _______.____.__ -.... 
(a) 0.49; 0.10. _ _ _ _ _  _ _  .. . -. . -. ..-. . _ _  

0. I 
0. 1- 

0.1- 
0. 1- 

b) 0. 38... . . . . . . . . . . . . . . . . . . . . .  ~... 
a) 0.52; 0.28 6; 0.10 1 _ _ _ _ _ _ _ _ _ _ _  _ _ ~ _  
b) 0.37; 0.26- - - - _ _ _  - - ~ - .- - - -. .-. . . 

Aug. 24 

1935 
Mar. 1 

0. 9 
0. 6 
0. 4 n. s 

0. I 
0. I 

0.2 
0. 1 

Third floor near northwest inside corner _ _ _ _  _ _ _ _  (a) 0.22 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  
(b) 0.23 _ _ _ _  ~ ____._________________ 

Third floor near northwest inside corner _ _ _ _ _ _ _ _  (a) 0.46; 0.35 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  .____ 
(h) 0.46, 0.35 _ _ _ _  ~ ___________._____ 

0.1- 
0 .1 -  

0 .1 -  
0 .1-  

Lsgunita Court, Campus Stanford University. [Com onents: (a) E-W, (b) N-S. June 15 test wasmade 
when metal lathing w&’partially on; plankin on roof gu t  no tile. Diagonal bracesin walls and partitions 
are welded to steel frame. Sept. 25 teat ma& when huiidin was ready for occupancy. There are four 
separate sections, each 2 stories and attic, connected by flexfble passages] 

Sept. 6 Eleventh floor, kitchen off solarium at north- 

Der. 28 Eleventh floor, by stairway.. __._ ~ ___.___ _ _ _ _ _ _  1934 1 east corner. 

I 

(a) 0.73; 0.2 3 ________..__. ~ .._.___ ~ 

(b) 0.74;0.23. _ _ _ _  _ _  _...__________ ~ 

(a) 0.62. - - _ _ _ _  __._._________.___. ~ 

(b) 0.62 ____________.. ~ ._______.___ 

0. I 
0 . 3  
0 . 2  
0 . 2  

Horace Mann Building Pasadena Junior College 1400 East Colorado St,reet Pasadena. Corn onents’ 
(a) N-S, (b) E-W. ‘;he walls were of hrlck andthe partitions of hollow tlld at the time 01 the 8rst test: 
Removal of the walls had been started; much of the north uarauet wall and all of the material around the 
dome had been taken down. In the second test all walls b d  partitions were down] 

City Transfer Building. 1430 East Anaheim Street Lon Beach. [Components: (a) E-W (b) N-6. 
Damaged by earthquake of March 10. 1933. Rep& worl was started about August 27 and’cornpleted 
hy time of repeat test on November 151 

1 Vibration periods are measured in directions parallel to the streets indicated by (a) and (b) In the headinP 

* Measured from zero position. 
3 Approximate value. 
4 Queationable’value. 
6- ery prominent periob. 

of each tabular group. 



EARTHQUAKE INVESTIGATIONS IN CALIFORNIA 75 

TANK TOWER VIBRATIONS 

The primary purpose of the investigation of steel water towers 
was to determine, if possible, the influence of soil, foundation, degree 
of bracing, tension of tie rods, loading, wind velocity, direction and 
magnitude of side loading, and other factors, u on the character of 

the vibratory characteristics of a structure of this type in several 
directions and a t  all Dlaces on a tower where an instrumental set-ur, 

vibration of these structures. An attempt was a P so made to compare 

could be made. 
The vibrations of 37 water towers have been investigated. Two of 

these have wooden tanks on steel frames. Two are-on the tops of 
buildings, one is on the ground with the building built around it, 
and the remaining towers are independent structures. The capacities 
of the tanks usually range from 50,000 to 100,000 gallons, and tho 
heights to balconies are usual1 from 63 to 133 feet. The few exce - 
placed on the platform of the tank between two consecutive columns, 
or if this is inconvenient, on the walk below the tank. It has been 
demonstrated that the fundamental period of the tank can be measured 
s t  both positions. 

During the course of this investigation several tank towers have 
undergone strengthening for more effective earthquake resistance. 
The vibrations of some of these towers have been measured while the 
tanks were empty and full, and before and after reinforcing. On 
some, tests have been made from time to time as the tanks were being 
filled. 

Figure 54 shows portions of records of vibrations of a tank tower 
taken on the same day but under different wind and instrumental 
conditions. The larger waves represent the fundamental translatory 
vibrations of the tower. 

It is interesting that the maximum amplitude is roughly propor- 
tional to the square of the wind velocity. Note further that reduction 
of To below the tank period materially reduces the trace amplitudes 
of the fundamental waves, but has little influence on the secondary 
vibrations provided the reduction of To is not too great. This IS the 
Performance expected in view of the harmonic magnificatioc curve 
of the instrument. 

Figure 55 shows a record written by three types of vibration. 
The regular undulations (TI=  1.33 seconds) undoubted1 represent 

have a period of about 2.6 seconds. Waves of this t pe appear on 

Arthur C. Ru e has observed a natural period of 2.65 seconds in a 
model of the &illard storage battery tank tower tested on a shaking 
table a t  the Massachusetts Institute of Technology, and ascribes it 
to the natural swing of water inside the tank. 

The period of the short secondary waves shown in figure 55 is about 
0.35 second. Waves of this type appear on nearly every. tank tower 
vibration record. Most of those records were made wlth a single 
component vibration meter placed first on one side of the tank, and 
then at  goo around the tank to get the other component. The 
bection of registration was always tangent to the tank. Later, 
when it was possible to record two components sunultaneously, it 

tions are noted in tablo 12. %he recording instruments are usual r y 

the fundamental vibrations of the tower. The long under 9 ying waves 

, though not all, tank-tower vibrograms, es ecia 9 ly if the wind 
at t le time the records were being made was F airly strong. Mr. 
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was observed t,liat the secondary waves written by the instrunlent 
vibrating in the direction along the radius of the tank have much 
shorter periods (about 0.1 second, see fig. 57b). As the 0.35-second 
waves appear on very few, if any, records of the radial component, 
and as they have been observed to remain nearly constant during a 

WIND VELOCITY-14 MI. PER HR. Toa2.0 SEC. 

(a) NW-SE 

WIND VELOCITY -6.5 MI PER HR. Tou1.0 SEC. 

WIND V E L O C I T Y - 6 . 5  MI. PER HR. Toc2 .0  SEC. 

tb) NE- S W  

VIBROGRAMS OF T H E  CALIFORNIA CONSERVING 
COMPANY TANK TOWER, HAYWARD, CALIFORNIA 

FIGURE 54. 

r11:~rigo of loricl within the tank, it seems cvidcnt tlint they are pro- 
duced by torsionltl vibrations of the tower. 

Figure 56 is a vibrogram taltcri during and after forced vibrations 
of a set of tierods in the upper pariel. While the rods were being 
forced to vibrate, their. period of 0.26 second was predominant in thc 
record. After the force was no longer applied, it  was the  0.34-sccond 
period of torsional vibration that was recorded. 



EARTHQUAKE INVESTIGATIONS IN CALIFORNIA 7 7  

Figure 57 is a record of a pull-back test (to be described later) on the 
same tank. The force was applied to one column and was directed 
tangent to the tnnlr so that its release would produce strong torsional 
vibrations. The waves which are so dominant on the tangential 
component, but which are very faint on the radial component, have 
n period of 0.35 second, which is also the poriod of secondary waves 

VIBROGRAM OF THE STANDARD SANITARY 
PROOUCTS CO. WATER TOWER 

b’IGURE 55 

FORCED VIBRATION 
FORCEO VIBRATION I 

A- 
DUE TO WIN ON 

SEPT It, 1934. SET-UP NO. 4 
N-S COMPONENT 

FOR ABOUT 5 SEC. 
DIAGONAL TIE-RODS FORCEO TO VIBRATE BY SHAKING ONE ROD 

Vl9ROGRAM OF THE PORT OF OAKLAND TANK TOWER 
FIRURE 6G. 

vn wind records (tnngential component) of this tank. T h y  clarvly 
lndicate rotary oscillations of the tank. 

Secondary waves appearing on vibrograms of the radial component 
]lave shorter eriods, usually from 0.10 to 0.15 second. They are 
Probably pro&ced by tilt resulting from vertical vibrations of the 
Platform. ’ 

Figures 54 and 55 are typical tank tower vibration records where 
wind is the motivating force. ‘ h e  study of tliese records gives rise 
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to several interesting problems, for instance, when the amplitudes of 
the vibrations become so large that a set of tierods go out of action 
as the tank approaches its maximum deflection, how is the character 
of vibration of the structure affected? Also, what part does the 
water in the tank play in these vibrations when all rods remain in 
action; and when some of them are slackened to zero tension? Mr. 
Ruge has su gested giving a tank tower a series of pull-back tests as a 

ducted by attaching a rope to a member near the tank and connecting 
the other end to a block-and-tackle arrangement which is ttnchored 
to a rail, tree, or post. The release is effected by cutting or breaking 
a wire link. Usually, a no. 6 Calloy wire link is broken, the wire 
being previously tested to break at 2,000 pounds. Forces in earlier 
tests we& measured by inserting in the line t i  dynamometer borrowed 
from Stanford University. 

An attempt was made to so stress some of the towers that a set of 
tierods would go out of action. The two highest applied forces 
(3,200 and 3,700 pounds) failed to do this. Some of the tierods of 
the third tower so tested were very loose. Jf they were not out of 

means of so P ving these problems. A pull-back test is usually con- 

b 

FIGURE 67.-Pull~back test on the Port of Oakland tank tower. 

action a t  zero side load, they certainly went out before the applied 
force reached 2,000 pounds. We have not, therefore, arrived at  an 
entirely satisfactory solution of our first problem but have, neverthe- 
less, secured valuable information as to the role played by tierod 
tension in the natural vibration of a water tower. Purtllormore, 
these tests have given rise to other problems which are not without 
interest . 

The sudden 
departure from the rest position represents the release of the tipplied 
force, A detailed analysis of vibrograms of pull tests reveals that a 
tank particle vibrates rn an elongated ellipse. Upon the release of 
the pull, the major axis of the ellipse is in the direction of the pull. I t  
then usually rotates to the transverse direction and continues on 
through the longitudinal again. It has been observed that the rate 
of rotation of the direction of greatest vibration is relatively slow on 
towers on which the tierods have recently been tightened. It appears, 
then, that inequality in the tension of tierods causes this rotation. 
The path of a particle through one cycle at different stages of vibra- 
tion of some of the towers tested is shown in figure 63. 

The extraneous vibrations on records of the radial component were 
caused by slight movements of the observer on the platform. 

Figure 62 shows typical records of pull-back tests. 
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The records of the Port of Oakland tower, figure 62a, tank full, are 

of special interest. Twelve records of pull-back tests have been made 
of this tower, all of which show this characteristic beating effect, even 
though the exciting force has been applied in such a way as to set the 
tank into torsional vibration (see figs. 57 and 66). The period of this 
beating (recorded in fig. 62a) is invariably 22.5 to 23 seconds, and 
each beat contains 14 to 15 waves. 

The rotation 
previously mentioned of the direction of vibration a t  the rate of one 
cycle in 45 or 46 seconds would give results such as are observed here, 
except that the peaks on one component would occur simultaneously 
with the nodes on the other. But in the present observations the 
peaks occur almost together, so that this explanation is insufficient. 
It seems evident, then, that the cause is a union of two vibrations 
which are not far apart in frequency. The extremes in the periods of 
lndividual waves on all records of the Port of Oakland tower, tank 
full, have been observed to be 1.53 and 1.64 seconds. The union of 
two vibrations havin these respective periods produces beats having 

tion of the tower vibrating alone and the tower and foundation 
vibrating together, especially if the structure is on piling driven through 
yielding material. The S. H. Frank & Co. tannery and the Paraffine 
Co. tank towers are two other structures of this type. As the char- 
acteristic beating did not appear on the pull-test records of these 
tank towers, it appears that we must seek further to find the cause of 
the beating on the Port of Oakland tank pull-test records. 

Prof. L. S. Jacobsen offers the following explanation: 

Such beating might be explained in various ways. 

a period of very near K y 23 seconds. Such action may be a combina- 

I t  is probable that the gravitational waves of the water in the tank, surging 
from one side to the other, reach maximum values with a slightly different period 
from that of the natural vibration of the tank tower. In other words, the body 
of water constitutes a separate vibrating system. If this be the explanation of thc  
beating phenomenon, a change in the amount of water in the tank would most 
certainly change its natural surge period. It is true that the period of the tank 
tower would also be changed, but it is quite improbable that the period of beating 
Would remain constant. 

Figure 62b is a pull-back record taken on the same tower after tho 
Water level had been lowered 6 feet. This is conclusive evidence 
that the latter explanation is valid. Beating, although not nearly 
80 evident, is still present. The period of beating is 11.5 seconds, 
and the period of the waves is uniformly 1.42 seconds. Compare this 
record with figure 62c taken of a similar tower tank full, on firm 
ground. 

Professor Jacobsen states further: 
For purposes of analysis we may think of the water-tank system and tower- 

tank system as constituting a coupled vibrating system. In  this case the observed 
Period of 1.53 seconds must be identified with the gravitational period of the 
water-tank system, although it, on account of the coupling, will be different from 
the period of a similar water-tank system isolated on a rigid foundation. In  the 
%ne way, the period of 1.64 seconds must be identified with the tower-tank 
system, the tank containing an equivalent rigid mass of water. If the amount of 
Water in the tank be decreased, the gravitational period identifiable with the 
water-tank system will increase; and tho period identifiable with the tower-tank 

on account of the smaller equivalent rigid mass of water, will decrease. 
After the water level has been lowered 6 feet, the observed period of 1.42 seconds 
must be identified with the tower-tank system, and the period to be identified 
W h  the water-tank system can then be estimated from the 11.5-second period 
Of beating. This gives the value of 1.62 seoonde. 
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M * a PORT OF OAKLAND-TANK F U L L  

b 

c m PORT OF OAKLAND-PARTIALLY E M P T Y  
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SEC. 
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P TANGENTIAL 

FICCRE 62.-Typical pull-back tests. 
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I t  is interesting to note that the first 4 or 5 waves after the release 
of the pull, tank full, usually have the shorter periods, 1.53 seconds 
or slightly greater. The waves in the fifth heat on the longitudinal 
component and in the eighth or ninth beats on the transverse com- 
ponent (about 90 and 180 seconds after the release, respectively) have 
periods near 1.64 seconds. In the fifth beat, the major axis of the 

FIOWRE 63.-Orbits of motion in tank vibration tests. 

ellipse of vibration is transverse to the direction of the pull and in the 
ninth beat it is parallel to the pull (see fig. 63). Apparently, then, 
the water-tank system does not contribute materially to the vibra- 
tion in the direction of the pull during the fifth beat, nor to the trans- 
verse vibration during the eighth or ninth beats. At these times the 
beating phenomenon temporarily disappears on the component con- 
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cerned. The period of the waves elsewhere, not including the tran- 
sitions between the beats, is 1.58 seconds, which is also the value ob- 
tained by combining the vibrations we are dealing with. The aver- 
age period of all waves including the short transitional waves is 1.53 
seconds. 

When the record in figure 62d was taken, some of the tierods on the 
tower of the American Can Co., Oakland, were observed to be very 
loose. The natural tower vibrations seem to be damped out early on 
the records and a long period wave, 2.85 seconds, is dominant about a. 
minute after the release of the pull, continuing for at  least 7 or 8 min- 
utes until the end of the record. Waves having this period appear 
also on wind-test records of other towers of this size including the 
Johns-Manville tank tower which has been reinforced and whose 
fundamental period is much shorter. That they also are caused by 
water action in the tank seems to be a reasonable explanation. 

The early large-amplitude waves on the first two pull-test records 
of the American Can Co. tower (see table 10) have a longer period than 
similar waves appearing later, which in turn are slightly longer than 
vibrations produced by wind alone. Furthermore, the vibrations 
resulting from the release of the larger side loud seem to have the 
greater periods. It has been noted that some of the tierods were very 
loose. It was necessary to give the turnbuckles as much as two com- 
plete turns to brin them back into proper tension. These rods prob- 

fore the applied side load reached 2,000 pounds. Under these con- 
ditions, the period of vibration is not constant, and the vibrations of 
the larger amplitudes seem to have the longer periods. 

It is well to emphasize that the concluding statement of the fore- 
going paragraph does not apply if the tierods all remain in tension 
throughout the test. The periods of all the other towers-except the 
Paraffine Co. tower, tank full-are independent of amplitude. This 
statement applies in equal measure to the American Can Co. tower 
after the tierods had been tightened. The period of this tower for- 
merly was variable, 1.60 to 1.75 seconds. After tightening, it became 
very constant, 1.44 seconds, regardless of amplitude. The last test 
on the Paraffine Co. tower was made just after the tank had been filled 
after a reinforcing job, and the tierods had not yet been given their 
final cinching. 

The damping ratio of a given structure may easily be determined 
from the records of pull-back tests. “Damping ratio” is defined as 
the ratio between the amplitude of a given wave crest and the ampli- 
tude of the crest (in the opposite direction) a half cycle later. I t  is 
usually represented by E .  The damping ratio of the tower, et,, is 
connected with the damping coefficient k in the differential equation 
of motion, viz, 

g f 2 k Y  + p z ~ = O  
by the relation 

where T, is the damped (and also the observed) period of the tower. 
It is evident that cinching u loose tierods decreases the damping 

A report on a series of pull-back tests of a tank tower follows. 
The vibration data for 19 selected water towers are listed, togethcr 

ably had no initia B tension and they certainly went out of action be- 

k TI .- - 
€ = e  

ratio as well as the period of t !l e tower. 

withibracing, soil, and tierod conditions, in table 9. 
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Prellmlnary Report 
DEPARTMENT OF OOMKERCE 

U. 8. GUST AUD UEODETIC BURVET 
CALIFORIIA SEIBPIOLOUICAL PROOWY 

TA?% VIBRATIOH TE8TS 

CITY: Oakland. LOCAT1011 of TABR: Foot of 14th Street. 

COMPANY: Port of Oakland. DATE: 12/10/34. OBSERVERS: DBO, MIH, 

ELEVATIOR OF PLATrOW: 109 it. 6 In. LOCATION ON PLATFORM: See de- 

80IL: F i l l  overlying firm olay. 

FOOmATIOH: Concrete p le rs  on plllng. DOYINART PERIOD OF UROUMD: -. 
WEATHER COIODITIOIS: BEFORE TESTS: lair. DURIIU TESTS: mlr. 
W I N D :  VELOCITY: 30Ot it. per mln. DIRECTION: Variable. 

DISTANCE AID DIRECTIOB FROM NEAREST KNOWN PAULT: About 5 miles south- 

TYPE OF TARK: 

RELATIOB TO OTRER STRUCTDRJES: Independent. 

REIuFK8: 

12111134. YT, OIC.  

scription of tente. 

west. 

Standard (100 mi. per hr. wlnd design); 1 0 0 , ~  gal. 

Tank f u l l .  
i n i t i a l  teneion. 
pected t o  go out of aotlon was ehaken by bend. 
evidently loosened the rod. but the l n l t l a l  tenslon m s  by 
no means ent i re ly  relieved. 

f l e d  under aSerles Bn t o  dlrtinguleh them from previous t e s t e  
on the same etruoture whloh w sMll  c lass  8s 'SerIeE A'. 
The purpose of pull  te6ta under 8erlee B Is t o  determine t h e  
nature of motion In rarloue dlreotlons and under dlfferent  
conditions of ride laadlag. 
lows: 

The rope attached t o  the erpnrlon jo in t  immedistely adjaoent 
t o  the bottom of the tank mad the  position of the Instrument 
as shown in F i g .  64. 

A t  t h e  of t e s t s  t l e  rods had a relat ively high 
During t e a t  6 ,  one of the t i e  rods ex- 

The pul l  

DESCRIPTIOR OF TESTS OF SERIES B: The t e s t s  In t h l 6  report are O l a 6 6 1 -  

These m y  be desoribed as fol- 

a. 

FIG.64 

Thlr arrangement m e  used in pul l  t e s t e  Nos. 1, 5, b, and 8 .  

and no defleotlon yas noted by the  uee of a t r a a a i t  set up on 
the  roof of an adjaoent building. 

*eo. 
lay wire. 

lease was effected br outting one of the strands of s block 
and taokle arrmgement. 

Test lo .  &. The foroe was 2000 lbr. The instnrmentsl reoord f a i l e d  

Test Ho. 5. The foroe m e  2000 lbe. The drun speed Was about 4 111. per 
The foroc was released by snapping a l lnk of Uo. 6 -1- 

The re- Test Uo. 6. &me as l o .  5 exoept that the force -6 3200 lbs. 

If m e  not very ratiefaotory. 



f ee t  lo.  8 .  

b. 

&me as Teat No, 5 except t M t  t h e  drum rpeed war about 20 
ma. per reo. 

Rope passed a r m n d  t h e  oolumna j u s t  below t h  p l a t r o r a  as 
shorn i n  Fig. 65 ured i n  Test No. 2. 
speed 4 m. per  seo, 

loroe b00 lbr. and dnu 

F 

f1Q.W 

o. Rope a t taohed  t o  a s ing le  column and t h e  p u l l  in 8 d t r a o t i h  
tangent t o  the  tank, ured i n  tests 808. 3 and 4. 

FIG. 66 

Instrumental  record f a i l ed .  The force  m e  2000 lbs. and 
I O s t  lo* ' k a  re leased  by snapping a lo. 6 oa l loy  wire. A d e f i n i t e  

shook was noted by t he  observer on tne  platrorm. Drum rpeed 
4 mm. per  600. 

Test lo. 4. Same a8 Test 3 except t h a t  an  inetiumental  record.wai ob- 
tained. 

d. &me 8s Teat 5 except that instrument was r e t  up over a ool- 
umn and components r eg i s t e red  at  45' t o  t h e  d i r ec t ion  of pull, 
an shorn in Fig. 67. Usea i n  Teet 7. 

e, Rope arrangement i n  Test 9 rame a s  i n  Test 5. A s ing le  c o b  
ponent on platform. A double component on a p i e r  ar  ind ioa ted  
i n  Fig. 68. The rboorders were provided w i t h  timerr marking 
simultansourly. The force  was 2000 l b s .  and drum rpeed 10  nm. 
per  (180. on upper reoorder. 
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INS T RUYENT 
ON PIER 

F- 

FIG68 

IBSTROYtMTB UBEO I N  TESTE 1 TO d INOLU8IVZr &ring rooorder. Surrey TI- 
bration a e t e r r  Nom. 6 and 7. 
r t a t i o  aagnifioation, 105; damping, rlmort o r l t l oa l .  

118TRUMEUTS USED IN TEST 9 :  
1 on platform; A. 0. motor reo-,rder, meterr 6 and 7 on pier; 
rimultaneour t i m i n g .  Peddulum period, 0.67 reo. on plrtgorm, 
2.5 reo. on p ie r ;  r t a t l o  magnification, 110 on p la t ro r r ,  200 
on p i e r ;  damping r a t i o ,  2 01). on platform, 8 on pier.  

Pendulum period, 0.d reo.; 

8pring rooorder, 6unef Tibration meter le. 

- - 
Force 
.pplle 

a. 
1800 

Wlnd 

- 

1800 

2000 

Wlnd 

2000 

wind 

2000 

T A B U  8. PEHIODB OF PORT 01 W1 
I , Periods 

u. 
~ Loat 

1.56 oa; 

1.5s t o  1.63 

io.3w.01 

iP5’ to ’eb4 

~ 

10.35 

L0rt 

‘1.57 0s 

‘0.35 

i1.60 a 

0.35 
1.W. 01 
0.550 

1.5p. 01 ; 

1.55f.02; 
0.33 

0.3 a 

1.55f.02;O.lol. 1 

1.55 to 1.60; 
2.8 oa 

1.54 t o  1.63; 
2.6 a 

ZQ 

11 

r m  

Remarke 

Bee note 1. 

[ r r e p l a r .  

Bee noter 2 and 3. 

rorrlonal pu l l .  

b5 m referr t o  

1.8 plll i m  oompoundea 
D.350 moo. period. 

‘?om T and R w i t h  
ieoondary added. 
lee noter 2, 4. 

8.8 reo. O(L i n  near 
tnd of reoord. 

lee noter  2, 3, 5. 



- 
6 

7 

8 

9 

towel 

p ie r  

4 
14 
1 

29 

12 

I4  

15 

? 
4 

25 

21 

1.7 

0.6 

Wind 

3100 

Wind 

1 too 

Wind 

1800 
t o  
2000 

Wind 

2000 

Wind 

2000 

18 

2 

10 

9 

17 

21 

l e !  

Tang. 

Rad. 

Tang. 

Rad. 

Tang. 

md. 

Tang. 

Rad. 

Tang. 

Rad. 

Tang. 

Rad. 

Long? 

Long. 

Long. 

2.8 

1.2 

2.0 

0.1 M 

1.54 t o  1.60 2.1 
3.5 

14, 
3 

1.53 t o  1.63; 
0.1 ea 

1.58 a; 
0.34 or. 

1.60 a; 
0.1 08 

1.57 t o  1.61 

1.55 t o  1.58 

1.20 ca 
0.35 

0.105f.oog 

1.54 t o  1.57 
1,55*. 01 ; 
0.10 M 

1.60t.02 ; 
0.346 

1. 82.02; 
1. 2 2; 0.35 

1.57; 0.17 

Transv! 7 ? 

Long. 1.6ot.02; 
0.174 

'ermanent set of 1 
am toward force. 

? mm amplitude built 
ip slowly. Bee 
iotes 2 ,  3. 6,  

)iagonal r eg ie t r a -  
:ion. 

?.O mm amplitude is 
impounded from T 
md R. 8ee note 7. 

9ee notes  2, 3, 8. 

90 note S. 

Maximum s ingle  t r a c e  amplitude. 
L n i t i a l  impulse on t r a c e  a f t e r  the  re leaas .  
Computed maximum displacement of t he  tank from pos i t i on  of r e s t .  
Displaoement of tank observed through a t r a n s i t .  The f i r s t  f i gu re  
r e f e r e  t o  the displacement of tank due t o  pu l l  before re lease  of the 
force ;  the  second r e fe ra  t o  the  extreme movement immediately a f t e r  
t h e  releaae.  
Longitudinal-parallel  t o  pu l l .  ' Transverse-at r i g h t  angles  t o  d i r ec t ton  of p u l l ,  

NOTES. 1. Under column headed " lorce ,  lba.", multiply by 0.8l t o  g e t  t h e  
a c t u a l  hor izonta l  force. Under t h e  oolumn headed Components', 
"angentialn r e f e r s  t o  t h e  d i r eo t ion  tangent t o  the  tank and 
"Radial" t o  t h e  d i r ec t ion  perpendioular there to .  I n  most 
cases ,  t he  t angen t i a l  component is i n  the  d i r eo t ion  of t he  
pu l l .  

2. A l l  wavee from records  of p u l l  t e s t a  of t he  Por t  of Oakland 
water tower ahor a d e f i n i t e  beating in a l l  d i rec t ions .  The 
maxima i n  the  d i r ec t ion  of p u l l  oocur ehor t ly  a f t e r  t h e  snap- 
back and r ecu r  at  i n t e r v a l s  of 2j 800. i n  gradually diminish- 
ing amplitudee. The map-back ie not  reoorded d e f i n i t e l y  on 
t he  oomponent tranaveree t o  t h e  p u l l  bu t  a maximum b u i l d r  up 

:KKiO4--:Ki - i 
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23 eeo. l a t e r ,  and t h e r e a f t e r  a t  i n t e r v a l e  of 23 rec.,  siml- 
taneously with t h e  longi tudina l  component. The a o t u a l  Wixtaa 
of t h e  bea te  gradual ly  diminish, but  on a s ingle  component it 
may eeem t o  inorease a f t e r  t h e  f i f t h  or e ix th  beat .  Thie I6 
due t o  the  plane of v ibra t ion  s h i f t i n g  t o  t h e  t ransverse  di- 
r e c t i o n  then back t o  t h e  longi tudinal .  I t  i s  i n t e r e s t i n g  t o  
note t h a t  t h i s  23 eeo. i n t e r v a l  between t h e  maxims of t h e  
b e a t s  is the eame a s  recorded i n  e a r l i e r  p u l l  t ee te .  

per iod of 1.57 eeo. Thie per iod inoreaeee t o  about 1.62 eeo. 
i n  t h e  f i f t h  maxima and beoomee 1.57, or thereabouts, i n  euo- 
ceeding beats .  The longer period on t h e  r a d i a l  component oo- 
ours i n  t h e  9 t h  and 10th maxima. 

A 0.34 seo. wave appeared immedlately before  t h e  snap-back, and 
was probably oaueed by t h e  t a c k l e  s l ipp ing  i n  t h e  blocks. 

4. The dominant wave on the  record of the  tangent ia l  component i n  
t e s t  4 h a s  a period of 0.345 sco. An underlying wave having a 
period of 1.6 seo. 16  evident. The ehorter  wave 16  subordinate 
on t h e  radlal oomponent, and a f t e r  20 600. become6 subordinate 
on the  tangent ia l ,  and t h e r e a f t e r  t h e  motion behaves a6 i n  p u l l  
test 2, except t h a t  t h e  1.65 eeo. period does not appear. As 
t h i s  p u l l  produced r o t a t i o n  of t h e  t a n k ,  and as the  shor te r  
per iod was dominant on t h e  tangent ia l  component only, it seem6 
d e f i n i t e  t h a t  r o t a t i o n  IS one of the  oausee of t h e  seoondary 
wave observed on records of v ibra t ions  due t o  wind. 

that t h e  break m e  muoh cleaner .  The seoondary motion j u s t  be- 
f o r e  t h e  break is not so oonepiououe. 

6. The record of t e s t  6 16 muoh the  same a s  in t e s t s  2 and 5. The 
amplitude is much too low f o r  a suppoeed inorease i n  force ,  but 
here t h e  re leaee  was made by c u t t i n g  a rope through a blook and 
taokle  arrangement and not a sudden snapping of a wire l i n k  di- 
r e c t l y  i n  the  l ine .  

7. The beat ing e f f e c t  on record of t e s t  7 begins w i t h  e ual inten- 
s i t y  on both components. 
d i r e c t i o n  of pul l .  Otherwise, the record d i f f e r s  but l i t t l e  
from thoee of o ther  t e e t e .  

6. T h e  reoord on the platform was taken eimultaneouely w i t h  that 
of the  movement on the  p ie r .  The movement on t h e  p i e r  6hows 
beat ing,  t h e  same a6 that on t h e  platform. There seems t o  be 
but l i t t l e  d i f fe rence  i n  t h e  period8 of v ibra t ion  at the  two 
plaoee. The amplitudes at  the  platform are obaerved t o  be 
about 100 timee thoee a t  t h e  p ie r .  I t  l e  i n t e r e s t i n g  t o  note  
t h a t  t h e  eeoondary v ibra t ione  of the  p i e r  have a d i f f e r e n t  f re-  
quency than t h e  seoondary v ibra t ione  of t h e  platform. 

9. The damping r a t i o  of t h e  tank tower m e  oomputed from t h e  reo- 
ords t o  be l.Ol5f.605. 

3.  The tangent ia l  component on t e s t e  2,  5 ,  6, and 9 begine with a 

5. The record of t e e t  5 I6 very similar t o  that of t e s t  2 exoept 

The oomponente here are 458 from t h e  



TABLE 9.--Tank tower vibrolion testa 
100,WGALLON TANKS. 100 FEET TO BOTTOM 

Tie rods 

- - 
&TO. 

- 

1 

2 

3 

4 

5 

6 

7 

8 

- 

Mean values of Displace. 
periods 1 j ment 

Port of Oakland 3 .___ _ _ _ _ _ _ _ _ _  
American Can Co., Oaklands- 

Fageol, Oakland 3 _-..__ - - .. -. 
Port of Stockton 1- ___.. ~ ._.__ 

California Conserving Co., 
Hayward 3 __...___________. 

Johns-Manvilie. Pithburg'.. July 23,1934.-- Concrete piers. Firm I 1  ._.--do _ _ _ _ _ _  - - - ..---do.. - _-. . - - - . . - - - - _ _  . _ _  ground. 

June 15,1934_-. Concrete piers on piling in 

Sept. 18,1934. - Concrete piers. Firm clay 
Mar.TL, 1935.. .do _____.._._______..___ 
Sept. 21,1934.- Concrete piers. Firm 

Sept. ZO, 1934-. Concrete piers on piling in 

Sept. 21,1934-- Concrete piers. Clay __.__ 
_____do _ _ _ _ _ _ _ _ _  _____do ___________.________. 
-. -do.- - - ~ . .. -do-- _ _  .. - - ._ - - -. . - - - - -. 

hydraulic 6ll. 

j---iound. 

river loam. 

Very loose .._______.. 
Very tight ____.___.. 
Tight ______..._._ _ _ _  

1.61; 0.36; (0.11) ____.. 3.0  
1.44; 0.33; (0.11) ____.. 25.0 
1.56; 1.52; 2.9; 0.40; 1.5 

mi. 

Tight ____. . .. .. .- -. 

____do ____.___._.... 

Moderate ___.__.____ 
_.__do ___.___...___._ 
...- do _____.__.._____ 

Tight-. ____.__._.__. 

- _ _  -do--.. _._.__.._ .. 

_.__do ___________._.. 

Veryloose to tight.-- 

_._~. 
1.70; 0.42; 0.38 _____.. 7.0 

3.0; 1.g5.0.42 .________ _ _ _ _ _ _ _ _ _  
1.75;1.60;0.42;2.9 ___. 9.0 
1.64; 0.39. ______.____ ____.____ 

1.03; 0.26; 2.85 __._____ 15.0 

1.30; 0.25; 2.55 3 _...__ ._______ ~ 

1.43;0.30;0.15 __....__ 3.0 

1.59; 0.30.. _ _ _ _ _ _ _ _ _ _  2.0 

Pacific Manufacturing Co., 

Pratt-Lowe, Santa Clara * _-.. 
Santa Clara.a 

7 5 , W O A L L O N  TANKS. 100 FEET TO BOTTOM 

Sept. 24,1934-- Concrete piers. Firm clay- 

_____do ______.__ _ _ _ _ _  do---. .______________._ 

9 National Motor Bearing Co., Sept. 18,1934-. Concrete piers. Adobe _ _ _ _ _  Looseand tight _ _ _ _ _ _  1.43; 0.34 
0akland.a 

..I 3.0 

Cedar Co., Oak- I Sept.21,1934--1_____ do _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0; 1.45; 1.38;0.35 _ _ _ _  I 5.2 

11 P&ii%vsCo., Emeryvillea--- Concrete piers on piling in Probably loose _ _ _ _ _ _  3.0; 1.80; 1.55; 0.47; 5.6 

Paraf5e Co., Emeryville6.- .____do _________._.____--.___ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.10;0.45;0.26;0.08.~. 5.5 
filled ground. 1 0.43. 

Wind 
velocity 

Ft.lmin.2 
Moder- 

ate 

310 
2,500 

790 

740 

1,110 
. - - - - - - -. 
- -__  - 

ZOO0 

2,4aJ 

300 

400 

350 

630 

Moder- 
ate 

1.500 

-. -do--- - 

Remarks 

Water 1 f t .  from tom Test 
made before re6rac ing  
tower. 

Water0.8ft.from top. 
Practically full. 
Water 1 ft. from top. 

signbeneath tank. 
Water 0.6 ft. from top. 

Large 

Water 2.5ft. from top. 
Water 0.5 ft. from top. 
Water 0.5 ft. from top. At 

right angles to preceding 
test. 

East-west motion. Water 4 
ft.fromtopatstart. 

North-south motion. Tank 
full. 

Tangfull. Fairly uniform 
tension on rods. 

Tank overflowing. Some 
rods out of action; others 
tight. 

Water 1.5 ft. from top. Some 
rods out of actlon. 9 and 10 
are identical towers. 

Do. 

Tank full. 

Tank full. After reinforcing. 

Water8ft.fromtop. 



- - 
KO. 

- 

12 

13 

14 

15 

16 

17 

18 

19 

- 

Very tight __.__...... 

Moderate __.__...___ 

Tight to very tight .. 

Tight ____....._.__.. 

Loose to moderate ... 

hfoderate ._....___.. 

Tight __....__._..... 

I Date 

Tank tower 8 

0.95; 0.19. ______..___ 3.1 

1.22;0.29;0.lca -... ~.. 3.7 

1.23; 0.28. - -. . ... .-.- 12.0 

2.63;1.33;0.32 --.....- 6.5 

1.32; 0.30.- ~. . . .~. . .. 18.0 

1.53; 1.47; 0.31 ___._ ~. 6.0 

1.26,0.30; O.lca --.... 2.0 

S. H. Frank Co., Redwood Aug. 10.1934.-. 
City.' 

Standard Brands, Oakland,' 

Guggenheim and Co.. San 

Norton Wool Co., San 

highest tower. 

JW.4 

Aug. 22,1934 _ _  
Sept.21,lW.. 

Aug.27,1934-. 
I Francisoo.4 

Co., San Pablo J. 

Standard Sanitary Products Sept. 19,1934-. 

Stauffer Chemical Co., .____ do--- _.__. 
Stege.3 

tinez., 
Western Plywood Co., Mar- July31,1934-.. 

Durkee Famous Foods, I Dec. 6, 1934 ... 
Berkeley.3 

TABLE 9.-Tank tower vibration t e s t s c o n t i n u e d  

50,WGALLON TANKS. 100 F E E T  T O  BOTTOM 

Eo 
0 

Foundation 

Concrete piers on piling 
in marshy fill. Clay un- 
derneath. 

Concrete piers. Firmadobe 

Concrete piers. Adobe.--. 

Cross-braced footings on 
piling in soft fill and clay. 

Concrete piers. Ado be... 

. . . .do. -. . . . . . . . . . . . . . . - -. 
Concrete piers on piling in 

Bay silt. 

concrete piers. Firm 
ground. 

Mean valiies of Displace 
periods 1 1 ment Tie rods 

I l- 
Seconds 0.001 ind 

Tight ._______._.._.. 1.12;0.23 _ _ _ _ _ _ _ _ _ _ _ _  4.0 

I Periods in parentheses are from tests made at other times. -411 vibrations shown in 

2 Or Beaufort scale described in table 3. 
this table are due to wind. 

8 100 m. p. h. wind design. 
4 Designed to mist 8 percent of gravity. Johns-Manville tank reinforced for 10 per- 

cant before pull back tests in February 1935. 
8 Period doubtful. 

Wind 
velocity 

Ft.lmin.1 
500 

650 

260 

1, 

1,030 

1,610 

400 

Light 

Remarks 

Tank probably full. 

d Water 0.8 ft. from top. Tank 
on 3-foot riser. 

Tank full. 2 
b Water 1 ft. from top. 

Water0.6ft. from top. * c3 

Water0.8ft.from top. 2 
Water 3 ft. from top. Add 

0.1 sec. to period fcr a 
full. 

Probably full. U 
M 

d 
2 

6 Designed to resist 12 to 15 percent of gravity. 
7 Designed to resist 10 percent of gravity. 
8 Tanks 1 2 3 4 5 6 11 14 15 and 16 also tanks 21 24 25 8 and 37 which are not 

shown in thk  'tahe', Gek f~br~catkd by t b  Chicago Brihgi 6 fro; Works. 
T ~ 7 , 8 , 9 , 1 0 , 1 2 , 1 3 ,  !7,18,.and19,slso tanks.20, 2!2.23,27, ZS, 30, 32,33,34,35, and 

36, which are not shown In this table, were fabricated by the Pittsburgh-Des Moines 
Steel co. 
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and on two towers on the following day. The degree of 
in a rod was judged by the amount by which the center 
moved by shaking the rod with a given estimated force 
a given estimated distance from the lower end. 
be out of tension, it was classed as “very loose.’’ 

he most accessible tierods were tested on towers in h b l e  9 on the 

If the rod 

LOADING CURVE 
CHEVROLET MOTOR CO. 

HIGH TANK TOWER 

~CAPACITY OF HEMISPHERICAL BOTTOM 

I !  I I I I 
IO 2 0  30 40 5 0  

WATER IN TANK (IOOOGALS.) 
FI(>LT?E 139. 

results of the pull-buck tests ure given in table 10. Table I 1  
e data for the tested towers that have been reinforced during 

The vibration and structural data for the re- 
Figure 69 shows graphically 

?nVestigation. 

’atlation of period with water load of u tanli. 
@ Qg towers are listed in table 12. 
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Smnda 
1.54 to 1.64; 0.35; 

1.5% 0.350.. -. . 

2.8. 

1.60; 0.174 ...... 

1.57; 0.27. -. -. . 

1.42; 0.34; O.lL-. 

1.53 to 1.83; 0.34; 

COAST A N D  GEODETIC BURVEY 

0.001 
inch 
2 112 

152 

1 

- - -. -. 
76 

a in 

TARLE 10.-Tank tower pull-back tests 

100,000 (IAT,I,ON TANKS, 100 F E E T  TO ROTTOM 

1.44; 0.31; 0.11 ... 
1.86 to 1.75; 2.85; 

1.61; 1.55; 0.38; 

1.44; 0.33; 0.11-.. 

0.38; 0.11. 

0.11, 

56 

152 

4 

6 

1.30; 0.28; 0.11- ~ 

1.30; 0.3 to 0.4..- 
1.30; 0.27; O.ll--- 

40 

1 
1 

11 Parafflne Co., 
Emeryville. 

0.4 ..................... 
1.10; 0.25; 0.12-.- 
0.66;2.6 _______._ 

4 
6 8 4  

0.98; 2.55 _ _ _ _ _ _ _ _  
0.85.. .................. 

0.98 ............. 
1.26 _ _ _ _  ......... 

84 

6 
3128 

__ 
~ 

Force 

__ 

Date 

.______ 

Tank tower 1 

lamp 
ing 

ratio 
of 

tower 

Remarks 

L b s .  
2,000 

2, om 

2,000 

2,000 

2,000 

3,100 

Wind 
2,000 

2.000 

3,000 

Wind 

Wind 

2,000 

2,000 
Wind 

Port of Oakland.. Dec. 10-11,1931. 1. 007 

__._. 

..... 

..... 

1.010 

__._~ 

..... 
1. 06 

1.018 

1.09 

...... 

__._. 

...... 

...... 

...... 

... .do-. ....... 

--..do. -.- -. . ~. . 

- .- -do-. - ~. -. - -. 
Mar. 26, 1935 ... 

Dec. 10-11,1934. 

--..do.. ........ 
Dec. 12, 1934. -. 
Mar. 22, 1935 ... 

Dec. 12, 1934 ... 

----do .......... 

Mar. 22, 193L.. 

Feb. 28, 1935. -. 

--..do _ _ _ _ _ _ _ _ _ _  
---.do.. _ _  -. _ _  -. 

pull. 
Straight pulls; water 

8 feet from top. 
Tank full, poor rw 

lease. 
Tank full. 
Tank full: tierods 

0.1. 

0.38: 0.11. 

1.57; 0.33; 0.1 ._._ 1 
1.65 to 1.73; 2.85; 112 American CanCo., 

Oakland. 

loose. 
Do. 

Water 0.8 foot from 
top; rods tight. 

Tank full. Johns - Manville, 
Pittsburg. 

Pier. 
Tank. 

75,000 GALLON TANK, 100 F E E T  T O  BOTTOM 

Water 8 feet from 

___._do .......... Wind 
inforcing. 

inforcing. 
Tank full; before rw June 14, 1934.-- Wind I I  I _- 

....... 
0.43. 

50,000 GALLON TANKS, 100 F E E T  TO BOTTOM 
- 
1.014 9. H. Frank and 

Co., Redwood 
city. 

I Feb. 19, 1935. _ _  2, 000 I Tank full. 12 

13 

1.09; 0.25. - _ _  - - - - 92 

Pier. 
Tank. 
Water top. 12 feet from 

Tank full. 
Water 12 feet from 

..-..do .......... 

..... do .......... ..... 
Standard Brands, 

Oakland; high- 
est tower. 

_ _ _ _ _  
1.016 ..... do .......... 2,000 

.__._do .......... Wind 

..... 
1.008 

1.011 

T k t f u l l .  
Tank full; rods 

tight. 
Tank full. 

..... do .......... Wind 

..... do .......... 3,700 
.......... Wind 

Foods, Berkeley. 
1.26;O .30... ..... 6 240 
1.26;0.30 _ _ _ _ _ _ _ _  I 20 Do. 

I gee footnotes of table 9 for side load designs. 
2 Displacement observed with transit, 0.125 inch. 
a Displacement observed with transit, 0.140 inch. 
4 R e d  ofl both sides of sheet. 
1 Dlsplaoement observed with transit, 0.1001nch. Record ofl sheet. 
6 Displacement observed with transit, 0.260 inch. 



TABLE 11.-Tank tower /mi8 under dayerent loading and &racing conditions 

Capacity 

- - 

NO. 

- 
11 

m 

21 

22 

23 

24 

- 

Plat- 
form 

height 
Tank tower 

Paraffine Co., EmeryviUeJ. 

Chemolet Motor Co., Oak- 
land.7 

Fisher Body Plant, Chev- 
rolet Motor Co., Oak- 
land.6 

Pacific Manifolding Book 
Co., Emeryville. 

Paci5c Coast Shredded 
Wheat Co.. Oakland. 

Western Cooperage Co., 
San Francisco. 

I Date I H e k E o f  I CO;!II~~ of I Average values of Displace 
periods' I menta Bracing design 1 

SCeOnds 0.W1 inch 
100 miles per hour _ _ _ _ _  June 14, 1934 _ _ _ _  Full ___.___ Unbraced.-- (1.60,1.55); (0.46,0.42)_ 5.5 
15 percent. _ _ _ _ _ _ _ _ _ _ _ _  Mar. 20, 1935 _ _ _ _  .-.do _ _ _ _ _ _  Braced ____. 1.10; 0.45 ___.________.. 5.5 
100 miles per hour ___. .4ug. 21. 1934 _ _ _ _  ..-do .__-__ Unbrsced--- (1.44.1.32); 0.30 __._.._ 3.0 

.__..do _....___._______ Oct. 15, 1934 .____ Empty _._. -..do .._..___ 0.42;0.24 ___.__..____.. 2 2  
10 percent _._______.___ Nov. 9, 1934 _ _ _ _ _  -..do .._.__ Braced .___._ 0.36; 0.20 __________..._ 1.5 
..--.do _...._._._____.. Nov. 12. 1934 ..__ Full ___._.. ..-do .__...__ 1.01;0.21.__.._._____.. 0.8 
1OOmilesper hour _ _ _ _ _  Aug. 21, 1934 --.. --.do _.____ Unbraced ... (l.Z,1.07); (0.26.0.32). ..~ _____. 

____.do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sept. 13, 1934 __._ Empty ..-- --.do ....__.. 0.24;0.30 ______._..__._ 0.6 
20 percent .__________._ Oct. 3,1934 ....__ .-.do .__.._ Braced ....-- 0.42; 0.24; 0.14 _.___..__ 2.5 
____.do ___.____________ Oct. 10, 1934 ___._ Full _._____ ... do ...___._ (0.74, 0.80); 0.16 _.___.. 1.7 
100 miles per hour ___.. July 26,1934. .-. -.-do ._..._ Unbraced.-- (1.04, 1.07); 0.26.- __... 2.0 

.___.do ______._._______ Oct. 3, 1934 ___.__ Empty ___. --.do .._...__ (0.55, 0.35) ____._____._ 3.0 
10 percent .___..__.__._ Oct. 10-11,193.. ... do _._.__ Braced ..__.. 0.32, (0.24; 0.19) __._.._ 0.6 

_____do ____._______.___ Oct. 11, 1934 ...__ Full _ _ _ _ _ _ _  ---do .._...__ (0.94,0.91); (0.19,O.Za). 1.0 
100miles per hour _ _ _ _ _  Aug. 1,1934 ___.. Empty _ _ _ _  Unbraced-.. (0.55,0.39) _ _ _ _ _ _ _ _ _ _ _ _  2 3  

0.40; 0.21 ___.______._.. 5.5 
1.13; 0.25 ______..._____ 6.0 
0.36 _______.. ~ ___._.__. 2 2 

1 Wind bracing is given in miles per hour; bracing against earthquake movements in percentage of gravity. 
2 When periods of the 2 components are ditlerent they are both given and placed in parentheses. 

Displacement of platform computed from ucsition of rest. 

Wind 
velocity 

1,1m M 
5 3 0 m  

470 
340 
430 

740 z 
9 4 0 m  
790 Y 

890 

?. 

Modeate.-- - 
7 Tower extends through a zgtory building and has independent foundation. Reconstruction work began about Oct. 15,1934. Smaller tank which was removed during con- 

: Tower rests on concrete columns built in and tied to Z-story reinforced concrete building. By Oct. 3 the tower had been rebraced. 
6 

struetion was built in tower duectly beneath the larger tank. 
Watex 2.8 it. from top. 



TABLE l2.-Periods of miscellaneous tank towers 

~merican Can CO., Sacramento- Concrete pilei in alluvial 
loam. 

-~ ...__._.._._.__.______ 

(a) (5 ,000. .  . ... ~ 1 Concrete piers in firm clay. - 
(b) 101. 

piers in silt _ _ _ _ _ _ _ _  
Do ________.____.._____.-.-.-, (a) 250,OOO ..._.. ___.__.__...._.___.___ 

piers on piling in 

California and Hawaiian Sugar I (a) 4 -....... .... 
Refining Co., Crockett.' 

De Vaux-Dursnt, Oakland.. 
1 (b) 22. 

City of El Centro, El Centro .-.- 1 (a) 1OO,000.. . 
I (b) 75. 

Ford Motor Go., Richmond .._._ 

- - 

NO. 

- 

25 

26 

2 i  

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

- 

Sept. 20.1934 

Aug. 20.1934 

Bug. 2,1934 

Feb. 19.1935 

_ _ _ _ _  do .__.__ 

July 24.1934 

(a) Capacity 
Tanlc tower (b) Platform 

height 
Foundation and soil 1 Date 

(0.94, 0.90); 0.n-l 

1.45; 0.40 ___.__._ 

0.94.- - _ _ _ _ _ - - - _ _  
(1.15, 1.09) _.____ 

1.48; 0.37 ___.__._ 

0.70; 

(1.16, 1.20); 0.26- 

0.24;0.10 ---. -- - -  
(0.52, 0.30); 0.30. 

1.06; 0.10 g _ _ - - - _ _  
1.06; 0.19 10. - - -  - - 
1.07; 0.27 9 .__--__ 

1.12; 0.12 9 .__-. - 
1.09; 0.27 10 .---._ 
(0.78, 0.83); 0.33. 

(1.51, 1.41); 0.19. 

1.13; 0.19 10- - _ _ _ _  

W. P. Fuller Co., South San 

Hercules Powder Co., Hercules 5 -  
Francisco. 

(a) 50,000 ....... Concrete piers in firm Aug. 9,1934 
(b) 50. 1 ground. 
(a) 100.000 _.__..,..._. do ___.._._.____...._____ July 25,1934 
Ihj 1% \-, --". 

Standard Brands, Oakland 6 ....- I (a) 100,OOO.. __.. ~ Concrete piers in adobe.- 

Standard Brands, Oakland 7 _ . _ . _ I  (a) 100,OOO.. __._ 
j (b) 65. ! 

do.. - .._...____._..___._ 

i (b) 65. I - - - - -  
-4ng. 22,1934 

--...do. .__._ 

Mean values of Displace- 
periods1 / ment 2 

U. S. Xary,  Sunnyvale 8 _.__._._ 

Seconds 0.W1 inch 
1.22; 0.23 ___.._._ 4.6 

(a) 2M).0O0.. __._ do .__....-._.__-_-._._.. Sept. 28.1934 

 do ._____ 
1 ._._.do.- _ _ _ _  

(b) 100. 

U. S. Veterans' Administration (a) 1OO,0O0 _ _ _ _ _ _  
Willard Storage Battery, Los 1 (a) 60,000.--.-.- 
Bureau. Palo Alto.11 

Angel&. I (b) 92. 

I (b) 107. 

0.4 

7. 0 

1.0 

0.8 

8.5 

2.0 

3.0 

0.6 

0.6 

0.8 

2. 0 
1.2 
1.2 
2. 0 
2.4 
2.5 

7.5 

. - - ..do-. - _ _ _  
Concrete piers in firm soil ...I Aug. 10,1934 

Concrete piers in alluvium..; Bug. 15,1934 
I 

Wind 
velocity 

rt.lmin.3 
680 

420 

950 

( I 9  

(1') 

1.030 

1,750 

330 

1,320 

1,060 

800 

800 
800 
8a) 
800 
800 
870 

1. m 

Remarks 

Xater 0.2 foot from top. 

Two 25,Wgallon tanks full; 
others empty; 9-story building. 

Water 2.5 feet from top. 

Water 11 feet from top. 

Gcolumn tower; elliptical bottom 
on riser; tank full. 

0.37-yf~nd period has larger am- 
plitude than fundamental; 
tank full. 

Plat bottom wood tank on *foot 
steel tower; tank full. 

Water 1.2 feet from top. 

Tank empty. 

Do. 

Water 1.0 foot from top; level 
lowered somewhat during test. 

Tank about half full (water 10 

Tank full. 
feet above stand pipe). 

1 Parentheses are used when periods on 2 components are Merent. 
8 Measured from position of rest. 
J See Beaufort d e  of wind force in table 3. 
4 Two 25,OOO-gaUon tspks and 2 smaller tanks are set on platform supported by steel framework on roof ofh tory  steel and concrete charhouse. Continuous concrete arches rest 

on 16- to %foot DUE dnven to shale. 22-foot Dlafform braced for 10 percent side loadiog. 
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.Certain conclusions may be derived from these data. From table 

is indicated that, other things being equal- 

sually have a greater 
strong evidence that 

e motion of water in the tank tends to complicate the records, 
arison of periods of empty tanks would be more reliable. 
ble 10 it is seen that- 

the pier is less if the 

BRIDGE AND BRIDGE PIER VIBRATIONS 

rsons and organizations follows. 
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Periods Location & Date Compo- 
nent 

Center of long BPPI 
Open 3&+ Le* 0.85t.01; 0.4$.01 

Over pier  2 from T O.Se.02; 0.77 0.567 
W., 12/10/34 L O . u . 0 1 ;  

T. 0 .86 .02 ;  

02; 0.77 

Over p i e r  from T 0.6 i.01; 

Center of l o  T o.s$.oi; o.45t.01; 0.36+.03 

N . ,  12/10/<4 L 0.4$*.01; 

span 2, 12&4 L O.d&.03; 

COAST AND GEODETIC SURVEY 

Maximum 
S i n g e  
amplitude 
on t r ace  

a. 
1 
0: 5 
0:2 

0: f 

0 

0 

0.8 
0.2 

0.2 
0.5 

P r e l l a h a r y  Report 

DEPARZYEWT OI 0-CE 
U. 1. C U T  AND OmDETIC SUPVQ 
CALIFORNIA SEI8HOLOoIaAL PROGRAM 

BRIDGE VDRATION TEST8 

Cfn :  Pamdea .  LOCATION: Neet Cdorado S t r s b t  ororsing -70 BeOO. 

STRUCTURE: Colorado S t r ee t  Brl?dge. DATE: l2/7,  10/34. OBSERVWB: YcL. Y. 

POSITION ON BFUWE: Roadmy': conter and p i e r s  of 220 it. awn; CeI'Iter of ~~ 

second- ipan east.  

IlfBBTRUYWT: Wood-Anderson Befsmometer. STATIC MA@NIIICATIOI: 

DAYPINO RATIO: 6. PENDULUM PERIOD: 2.5 see. 

1400. 

Special 
loading 
t e s t a  

T I oomponent traneveree t o  roadway. 
*@L - component p a r a l l e l  t o  roadway. 

On a l l  reoordde there a r e  ehort period v ibra t ions  (0.07 t o  0.10 sec.) 
whioh a r e  plzobably due t o  t r a f f io .  

BOIL: ROCIS under We8t b i e r  of 220 it. span. Poorly consolidated alluvium 

8TRuCTURE: Relnforoed concrete. 

WEATHER CONDITIONS: BEFORE TESTS: C l e a r  before l2/7. Rain before 12/10. 

under eae t  p i e r  and under piere of seoond span east. 

WRING TESTS: C l e a r .  

WIND: Velocfty, very low. Oharacter, varying. 

DISTANCE AND DIRECTION FROM NEAREST KNOWN FAULT: Very cloee t o  Eagle Rock 
fau l t .  

ALLOWABLE BEARING VALUE OF SOIL: --. DOMINANT PERTOD OF SITE: --• 

RELATION TO OTHER STRUCTURES: Independent. 
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Vibrations of the Southern Pacific bridge across the Suisun Bay 
caused by wind alone and by a pnssing train were measured with the 
following results: 

TABLE 14.-Observations on  S u i s u n  B a y  Bridge, July 31, 1934. 
[Components Transverse (T), longitridinal (L)]  - ~ _ _ _ _ _ _ _ _ _ _ _ ~  -~ . - _ _  ---- _____________ 

Location of instrument I Mean values of periods I "z!$ye- 1 Remarks 

Awtierogra )h room on I'iw 14, 2,222 feet 
from sont /~  approach. 

Second8 0.001 inch 
('P) 0.m; 0.33 --... ~ . . .~  I .  t i  Wind d(inr. 
(I,) 0.5fi.. . ..~... . . ~. . . (w 0.7 2; mi; 0.05 *. ._ 
(I,) 0.64; 0.24; 0.05 *... 

1 . 6  I ) o .  
(7)14 Train crossing hridge. 

DO. 

I Maximum displacement 
* Approximate values. 

measured from position of rest. 

The rentast amplitudes occur just as the locomotive reaches the 
. % I C  t,rnnsverse record of the train passing over is incomplete. gl: pier is constructed of reinforced concrete. It is 20 by 55 feet a t  

the bnse and 20 by 49 feet a t  the to . It is 174 feet high above its 

is in water, and 60 feet is in mud. The Southampton Fnult parallels 
the bridge and lies 2 miles to the west. 

Mr. Henry Dewell suggested that periods of the reinforced concrete 
Piers of the San Francisco-Oakland Bay Bridge and the Golden Gate 
Bridge, which were under construction, be measured (1) before the 
steel of the superstructure was placed upon them, and that subsequent 
measurement of the periods be made; (2) when the steel towers are 
Completely in place; (3) when the cables are completely in place; and 
(4) when the bridges are finally completed. Acting upon this sugges- 
tlon, the periods of 14 piers of the San Francisco-Oakland Bay Bridge 
and 3 piers, including San Francisco pylon no. 1 of the Golden Gate 
Bridge, have been measured. Marin Pier, of the Golden Gate 
Bridge, and Piers W-2 nnd W-3 of the Snn Francisco-Oakland Bay 
Bridge had the towers in place or under construction at  the time these 
measurements were started, and Pier E-1 was so rigid that little or 
90 motion was recorded. The results of the measurements are given 
I t )  hblo 15. 

base on bedrock, which is shale; 64 f p  cet of it is above water, 50 feet 
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AVerage values of 
periods 
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TABLE 15.-Vibration observations on bridges 

[Components: Transverse (T): longitudinal (L)] 

OAKLAND BAY D R I D O E  

I:;;- 
nient ' 

Pier W-l ................... 

Pier W-2 ................... 

Pier W-3 ................... 

Top of tower, Pier W-3 _ _ _ _ _  
Pier W-4 ..... ......___..... 
Pier W-5 ................... 

Pier W-G ................... 
Pier E-1 .................... 

Pier E-X.. ................. 

Pler E-4. ..................... 
Pler E-5 ......................... 

Top of Pier E-7 ............ 

Top of Pier E-9. ................ 
Top of Pier E-10.. ......... 

Bottom of Pler E-17 ........ 

Top of Pier E-I7 ................ 

Apr. 9,1935 

..... do. ....... 
Sept. 6,1934 

..... do ........ 
Nov. 14,1934 

.----do.--- - - _. 
-----do-.- _ _ _ _  
----.do _ _ _ _  __. . 
Feb. 15,1935 
..... do ........ 
Oct. 18,1934 
..... do ........ 

Sept. 6,1934 
..... do ........ 
__.-.do ........ 
..... do ........ 

 do ........ 

..... do ........ 
.-.do. ....... 

..... do ........ 
do ........ 

 do do ........ 
Ilec. 15,1934 
.... .do.. ...... 

do ........ 
 do do ....... 
 do ........ 
.. .--do.-. .... 
Sept. 14,1934 

----.do.-. . ~ - -, 
do ........ 

__.__do ....... 

Seconds 
(L) 0.54; 0.29; 0.10; 0.05. 

(T) 0.29; 0.07 .......... 
(L) Nothing measur- 

ahln. 

0.001 
inch 
0. 1 

T)  3.0' 0.30 ........... 
IL) 3.51 0.77; 0.50 ...... 
(T) 1.02; 0.5 3 ......... 
(L) 3.52; 1.0, .......... 

(L) 3.63; 0.47. _ _ _ _ _  ~ ___. 
T)  3.62; 0.58.. ......... 

(T) 0.45; 1.0 *--  ........ 
(L) 2.7' 0.35 ........... 
(T) 2.7;; 0.65; 0.35; 0.1 1. 
(L) 32' 0.5 ._... ......... 
(T 2b. 387,065 .... 
(L] 2:310:97; 014 <:.. ... 
(TI 1:V; 0.8 7 .......... 
(L 2 1 ; 0 4 t 0 0 . 5  ...... 
(TI .... ~ ................. 
L 2.5 0.50; 0.22 ..-..- I T) 3.03; 0.41; 0.22 .___ ._ 

I L) 3 to 5; 0.71; 0.45 .... 

(T 3 55 4 103 
(L! 0:GL 1 _:__ ~~~~~: : : :  
T) 4.0 7 or 2.5 7; 0.99 ... 
L) 2.6; 0.44 _ _ _ _ _ _ _ _ _ _ _  

(TI Nothing measur- 

(L) 3.2; 0.57 ........... 
T) 3.52 ............... 
L) 0.16 to0.17 ........ 

(T) Nothing measur- 

ahle. 

t 

I 
d: 45 2. . ; . ; . ;  

able. 
(L 2 5 t 0 3 a  0 6  ne2  

North Tower, second strut 
from top. 

North Tower Pier ............... 

South (San Francisco) Pier. 

San Francisco Pylon No. 1. 

0. 1 

0.3 
0. 6 
0. 2 

210; 
lo00 a 

10; BO 8 
0. 1 
0. 7 
0. 1 

0. E 
0.02 

. - - - - -. 

. - - - - - - 

. - -. . -. . 

saddle8 not-on. 
__ .__do  ........ (Ti 4.02: 1:79; 0.30 ...... 8 Do. 
Jan. 15,1935 (L 4.40, 1 8  .......... 36 To strut and sadd'f 

pyace. Wind abol' 
miles per hour. ..... do ........ (TI 1.8:; .............. 4 Do. 

Jan. 14,1835 L) 0.22 to 0.30; 0.05 3. .  

.....d o ........ T)  0.25 ............... 0.0(15 Do. 
-_ .__do  ........ L) 0.63.. ............. I). 3 
__.__do ........ T) 0.35 ............... 11.1 

do ........ L 4.4 .............. 0.1 
............... ..... do ........ T) 4.41 ( 8 )  

0.01 Top pier being polisbi 
tower placement. 

I 
I 

0. 1 

0. 05 
0.2 
0.2 
0. 1 

0.05 
0.3 
0. 1 
0.3 
0. 2 
0. 7 
0.1 
0. 2 _ _ _ _ _  
n. 7 
0. 5 

G O L D E N  QATE BRIDQF, 

Remarks 

Motion apparently nc 
fected by ad' 
cables. 

Do. 
Tower on pier. See tr 

Tower on pier. 

Wind 30 miles per 
across tower. 

]lo. 

0.R second appears t o y  
dominant period. 
ord is irregular. 

Do. 

North (Marin) Tower, Arst Sept. 11,1934 
strut above roadway. 

(L) 4.3 ................ 35 Wind aboi 
hour aln-". =- l i  tower. TOD SU 

I Maximum displacement computed from the position of rest. 
a An a proximate value of period. 
a 14ncRdisplacement estimated from visual test. See text. 
4 Probably a record of the longitudinal component. 
6 Bdon 8 to 3.56 second period. Probably corresponds to larger amplitude of L. 
4 ~ e s s  t%an 0.1. 
7 Existence of period questionable. 
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Measurements of the bridges in stage (1) of the foregoing plan of 
procedure have practically been completed. Three of the piers 
measured are on land. The instruments used on Pier E-1 were not 
sensitive enough to pick up much motion, although low amplitude, 
0.16-second period waves may be observed on one of the components. 
Two walkway cables in a slack condition were attached from Pier 
W-1 to the San Francisco anchorage and the rocker arms for the 
cables were in place at the time measurements were made. It is 
doubtful whether the attached cables seriously affected the vibrations 
of the pier, as the vibrations were too regular and the periods were 
too short. Besides, the expected difference in period across and 
lengthwise to the bridge was observed. The vibrations of the San 
Francisco Pylon No. 1 are likewise regular. 

Records obtained from all piers in water, except the San Francisco 
Pier of the Golden Gate Bridge and perhaps Pier W 4  of the San 
Francisco-Oakland Bay Bridge, shown in figure 43, show a very irreg- 
ular motion. There is no doubt that this is caused by wave action 
of the water. An underlying irregular wave having a period from 2 
to 4 or even 5 seconds appears on all these records including that of 
Pier W-4. Oncoming waves have been observed to have this range 
in period. Amplitudes of vibration due to this motion are usually 
much greater than those of the natural vibrations of the pie!s alone. 
It is natural to expect that waves striking against the pier will cause 
it to rock on its foundation, but the magnitude of this rocking is 
ordinarily not much more than a thousandth of an inch. The fact 
that the East Bay Piers 7, 9, 10, and 17 are on piling probably serves 
to further complicate their motion. 

Owing to the great mass and height of Pier W-4, its motion is not 
influenced much by ordinary wave action. It has a definite vibration 
in what is probably its natural period, even though underlying motion 
is roduced by waves. 

%he San Francisco Pier of the Golden Gate Bridge is surrounded by 
dead water enclosed by a fender. It is a massive structure and the 
amplitude of its vibrations before the tower was erected was very 
small. 

A visual test of the period was made near the top of the tower on 
Pier W-2. The period in each direction was observed to be 3.00 
seconds. I n  the direction across the bridge a shorter vibration, period 
unknown, was superposed on the longer. Vibration of the tower is 
evidently transmitted to the pier, as a definite 3.0-second period has 
been observed there also. 

A maximum single trace amplitude of about 12 inches was observed 
visually but not photographed a t  the top of the tower on Pier W-3. 
The static magnification of the instrument was 120 and its period was 
1.2 seconds. Since the ratio of the period of vibration of the tower 
and the period of the instrument was about 3, the actual magnifica- 
tion was about 12. Therefore, the single-trace amplitude as observed 
visually represented a movement of the tower of about 1 inch from 
the position of rest, or 2 inches for the total movement. The wind 
velocity was observed to be 25 to 30 miles per hour. 

Vibrations of the Marin Tower in both directions were recorded 
simultaneously on the strut about 100 feet from the top of the tower. 
Investigations of the vibrations of the piers and towers are not yet 
complete. 
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I 

DAM VIBRATIONS 

Forced vibrations of the Searsville Storage Dam near Palo Alto 
and the Morris Dam near Pasadena are discussed in another chapter. 

A measurement of the natural vibrations of blocks 4 to 10 of the 
Morris Dam (fig. 41) was made with a Wood-Anderson seismometer 
in June 1934. With a magnification of 1,400 the trace amplitude was 
less than 0.1 mm in a moderate westerly wind. The level of the 
impounded water was about 110 feet below the roadway a t  the 
gatehouse. The period of blocks 4, 5 ,  7, 9, and 10 was very near 
0.16 second; on blocks 6 and 8 it was about 0.17 second. Even 
though the amplitudes were very small, the waves on most records were 
quite distinct and their period uniform. 

I n  August 1934 a record of a blast aboiit 3 miles upstream was 
made on the top of block 5 (see fig. 70). The coda of this blast record 
contains waves having periods ranging from 0.14 to 0.18 second, the 

i I I I I I 
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DEPARTMIENT OF COMURCE 
U. 3. COAST AND GEODETIC SURVEY 
CALIFORNIA SEISMOLOOICAL PROGRAM 

PAVEMENT VIBRATION TESTS 

A t  t h e  request of t he  Telephone Company, pavement v lbra t ion  
measurements were made a t  the  f o l l o w i n &  places i n  Ban Francisco: 

Stockton & Geary E t a . ,  
Post & Grant Eta., 
Post & Stockton Eta . ,  
Post & Powell S t s . ,  
Sut te r  & Stockton S t s . ,  
Stockton St.  Tunnel, south end. 

The purpose of these t e s t s  was t o  determine, i f  possible,  the 

I t  was hoped t h a t  the  observations 

vibration period and amplitude caused by s t r e e t  t r a f f i c  a t  these pOlntS. 
The Telephone Company had hnd several  telephone cable breaks along Stock- 
ton  E t .  i n  t h e  v ic in l ty  of Post st. 
would show e l t h e r 5  d i f f e ren t  period o r  a r e l a t ive ly  l a rge r  amplitude 
near Post and Stockton St ree ts  to  accowt  f o r  these breaks. W i t h  the 
present inetrumental equipment there wcula always be some questlon a s  t o  
whether t rue  absolute periods a r e  obtalned o r  whether the  recorded peri- 
ode a r e  a f fec ted  by some resonance from the v io l in  e t r lng  e f f ec t  of the  
suspension. 
quenclea present,  the slower of the  order of about 12 cycles and the  
f a s t e r  of t he  order of about 40 cycles per second. Because of the very 
emall amplltude i n  a l l  cases, a comparison of  amplitude8 would be of llt- 
t l e  or no value. An instrument s iml la r  t o  the Benloff type of electro- 
magnetic seismometer usin& very high aagnlficntlon and eliminating the 
Violin s t r i n g  e f f ec t  should show s l igh t ly  d i f f e ren t  periods a t  the same 
looatlon and t h i s  might be accounted f o r  by d i f f e ren t  water content of 
the  ground on these two dates. 

I t  i s  f a i r l y  safe  t o  s t a t e  t h a t  there  a r e  two d i f f e ren t  ire.- 

Table 16. EUMMARY OF PERIODS OB 

Test No. 

8 

9 

10 

11 

12 

13 

14  

Location and Date 

Corner of Stockton 
& Sut te r  2/14/35 

Corner of Stockton 
& Post 2/14/35 

Corner of Stockton 
0-w 3/19/35 

Corner of Powell 
& Post 3/19/35 

Corner of Grant 
& Post 3/19/35 

8 .  end of Stockton 
st. Tunnel 4/4/35 

Corner of Stockton 
& Sut t e r  ‘r/4/35 

WED I N  PAVEMEN1 

Component 

Stockton 
Su t t e r  

Stockton 
Post 

8 tockton 
G a r y  

Powell 
Post 

Grant 
Post 

Stockton 
Sut te r  

Stockton 
Su t t e r  

l I H R A T I O N  TESTS. 

Frequenoles 
(CYOle8/SeC.) 

11 t o  12; 37 to  40 
13 t o  15; 
14 to  15; 40 t o  50 
14  t o  15; 40 t o  50 
15 t o  id; 40 $0 50 
15 ; 35 - 
12 t o  14; 
13 t o  15; 
107 
10 t o  11; 

10 t o  11; 
10 to  11; 

I n  the  l i r a t  two t e s t s  of t h e  e a r l i e r  observations, a eingle- 
oomponent Survey vibmt ion  meter was used. Unfortunateu, v lo l ln  s t r ing  
v lbmt ion  lnduced i n  t h e  filament by t r a f f i c  was eo bad a s  t o  render the  
records useless. A three-component acoelerometcr, To .I 0.1 sec., was 
used i n  t e a t s  3 t o  7. 
cycles per  second appeared on these records i n  auoh extent as t o  cover 
up many waves having o ther  frequencies. 
t l O n S  of t h i s  frequency could be  induced i n  the  accelerometer sprlnge. 
I t  appears, therefore,  t h a t  these waves a r e  instrumental i n  o r lg in  and 
t h e i r  measuremente a r e  not lncludrd i n  t h i s  report .  

I n  t e s t s  Nos. 9 t c  1 4  inclusive,  t h e  two-component Surrey vi- 
b ra t ion  meters were used. The v io l in  s t r i n g  v ibra t ion  of t h e  fllament 
was carefu l ly  eliminated 8 0  that the recor’da g i v e  a p ic ture  of t he  ac- 
t u a l  ground motions. 
therefore more r e l i a b l e  than those of the previous t e s t s  and should be 
subatltuted f o r  those previously reported. 

Regular t r a ins  of wuves having a frequency of 60 

It was l a t e r  found t h a t  vibra- 

The frequencies measured on these  recorda are 
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UXOUlU) YIBRATIOB TESTS 

A t  the request of t h e  Procurement Division of the  TreaeurJ Depart- 
m e n t  O b s m t l o M  were made Maroh 18, 1935, to  detenulne the period of 
&ro& ribration a t  the si te  of the  new Mint in Ban Prancisoo. Thls 
r i t e  i o  the bled baandbd by H m n n ,  Webster. Buchanan, and Duboce Eta. 
This si te  OOMiEta of a rocky hill with s t eep  c l i f f s  on Duboce, Buohanan 
ud ths e a s t e r l y  end of the Hermana S t r e e t  eldb. 
h d a t  of nmarly 100 f e e t  B b T O  the r t r e e t  l e v e l  a t  the  corner of Buchan- 
an and Ikbooe Streets.  The top  of t he  hill i s  rather f l a t .  The rock of 
t h e  hill oonsista of serpentine and c.horte of t h e  Fmnclaoan series. 
H e a r  t h o  surfaoe, the m&-espeO)ally the serpentine-le badly weathered. 
The steeper o l l f f e  are of oh&. and serpentine Bewe t o  underly the  
g e n t l s t  slopso. Acool.ding to the map prepared by M r .  H. 0. Wood, t he  
in t ens i ty  of the  1906 earthquake e t  the Bite wae r e l a t ive ly  w e a k .  
0 ~ 3 ~ 0  of t h e  so l id  chamcte r  of t he  fowa t ion ,  lt was thought advleable 
to  set off some ena l l  b lae te  t o  produce vibra t ions  in the rock. The 
h i l l  is p a r t i a l l y  covered by eand ranging i n  depth from l e a s  than an inch 
t o  a feu f e e t  whioh aoted ae  a blanket f o r  the explosions. 
aiona were under the d l rec t ion  Of Y r .  Wm. F. MCCfbndllEh of t he  Herculee 
Porder C o m p f ~ n j .  ?lg. 71 shows the  d i s t r i b u t i o n  of ehote and instrumenta. 

1 l n . T l n .  s t loka  of 40 pawent  g a l a t i n  which m e  detonated by a No. 
6 6 it. e l e a t r i c  b lae t ing  mp. Hole 2 mas 74 it. deep. 10 s t i c k s  of dy- 
naolte end a No. 6 12 it. blae t ing  cap were used. Hale it. deep. 
17  stioLs of dynamite and a No. 6 12 it. aap were u&zz 
it. deep. 13 etlcka of dynamite and a NO. 6 12 it. aap were used. 

o v e r I d  oorner of Buohanan Duboce s t r ee t s .  The instruments 
were placed d l r e c t l y  upon t he  chert. It le about 10  f e e t  lower than the  
rhot points. Por l t lon  B lo a l e v e l  part of t h e  maeonry foundation of an 
old rceervofr. Thls foundation preeumably l i e s  on rock, although th i s  is 
not de f ln l t e ly  known. Posi t ion  B b e  about the  aame elevation 8 8  t he  
shot points. Pos l t lcn  C i s  on a sandy elope about twenty f e e t  lower than 
t h e  shot points. The instrument w a s  s e t  up on eand which probably over- 
l i e s  serpentine. Poelt ion D l e  on t h e  s ide  walk about 60 f e e t  lower than 
t h e  shot points. 

The h l l l  r i eee  t o  a 

Be- 

The explo- 

Hole 1 r a o  W, in. deep. The charge conaisted of one and one half  

m e  10 

Pos i t ion  l a  a t  the poin t  of t h e  h i l l  J u s t  above the  eteep c l i f f  

TABLE 17. PERIODS OBBERVED IN GROUND VIBRATION TEBTB AT MINT BITE 

Record f a i l e d  

0.10-0.12 .016E 

0.09-0.11 .01oE 

0.06-0.07  oil^* 
0.060.07 

0.05-0.07 

motion 

14. 

1. 157 sp-y 
2. 125 

1. 
2. 
3. 
4. 

7 r1. 
7 2. 

3. id0 sw-1 o.obo.05 
4. 192 * o.oL0.05 

0.08-0.10 .OO4N 

0.08-0.09 .006N 

I Poei t ion  A 
I 

1. 
2. 
3. 
4. 

3 
146 

155 

first 

motion 

I Posi t ion  B 

W$ 1 Reyord f a i l ed  

BW-2 0.08-0.09 .012P 

* " 0.0g-0.09 .010N 
I 1 .WE 

.006E 

*Abbrwlationa Used above: Bvll-2, Burvey v ibra t ion  meter (2-component). 
BTN-1, Survey vibra t ion  meter (1-component). 
moreter. E, east. N,  north. 

WA, WoobAnderson or is -  



a i s -  
Location Date 

‘ikB%h, near sovereign Sept: 6,1934 
_ _ _ _  do .... ___. 
--..do ._____ - - 
____do _______. 
____do. _ _ _ _ _ _ _  ik &h sidewalk, Oct. 20,1934 _ _ _ _  do .... .___ 

\% &Ia,h, rear 
to Building. 
L@&::Nh, near Villa ____do _ _ _ _ _ _ _ _  I htments. 

I ‘Ooter 6r Q h b l e .  

______ _ ~ ~ _  _ _ _ _ _ ~ ~ ~  -~ . ~ ._...._____ ~~ 

Average values of periods placa- Remarks 
__-. ment 1 

0.001 
Seconds 

(a) 0.32; 0.2’; 0.10; 0.03- - 
b) 0.32; 0.20.0.1; 0.03 _ _ _ _  0.01 Do. 

[a) _ _  _ _  _ _ _  - _ _  _ _  - _ _  - _ _ _ _  - - _ _ _  _ _  Do. 

(b) 0.32;0.18;0.1_________ 0.04 Do. 

b) 0 30; 0 18; 0.13; 0.09-. Do. 
a 0.32. _____._________ _ _  0.04 Normal vibrations. 

1 3 0 . 3 3  _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  0.04 

0.01 Heavy S u r f  striking 011 { seawall. 

1 a) 0.30; , 0 .; 20,0.13 ~ ___._-_ o.04 0.04 Do. 
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It appears that 0.32 second is the dominant period of the ground 
underlying Long Beach, although it is possible that these vibrations 
are microseisms induced from some external source. Shorter periods 
of 0.2 and 0.1 second are not so definite. The ground near Ocean 
Boulevard consists of 30 or 40 feet of adobe overlying white sand. 
Alluvial silt underlies the region near 2926 Cedar Street. Incident- 
ally, according to Kohler,' the natural period of the upper subsurface 
layers under Gottingen, Germany, as determined by independent 
methods, is about 0.32 second. 

The recorded periods of nearly all of the lower buildings of Long 
Beach listed in table 3 are observed to be in the neighborhood of 0.32 

DOME AND SHUTTER ROTATING 
2+ 

STARTING AND STOPPING DOME 

DOME ROTATED AT HIGH SPEED 

DOME ROTATED AT SLOW SPEED * 

QUIET 

- ~ - . L - - c I - ~ - ~ - - ~ . - - ~ - ~ - -  

FIGURE 72.-Mount Wilsou telescope pier vibration tests. 

second. This period may also be assigned to secondary waves on the 
vibrograms of some of the higher buildings. Furthermore, it has been 
observed that the amplitudes of the vibrations on the ground of a few 
of these buildings, for instance the Belmont fire station, are not 
appreciably different from the amplitudes recorded on an upper floor. 
The reader may form his own conclusions as to whether these periods 
belong to the building concerned or whether the building is merely 
moving along with the vibrating ground. 

1 Dr. Reinhard Kohler Eigenschwingungen des Untergrundea ihre Anregun und ihre Seismischo 
Bedeutung, Naohrlchten ;on der Qeaellschaft der Wissenschaftan ;u Oottingen, ~aathematlsch-PhysIcsl- 
ische Klasse, Fachgruppe 11, Neue Folge, Band 1, Nr. 2,1934. 
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Vibrations of the concrete slab roof of the Chevy Chase Reservoir, 
Glendale, caused by the movement of a tractor and grader which were 
a t  work covering the slab with 2 feet of earth, were measured with a 
strong-motion accelerograph in June 1934. 

The dominant period of the waves appearing on all three compo- 
nents of the record, which may also be the fundamental period of the 
slab, is 0.08 second. Other waves, which probably represent second- 
ary vibrations of the slab, have periods of 0.06 and 0.04 second. 

The maximum single amplitude of the vertical vibrations is com- 
puted to be very nearly 0.001 inch. The amplitudes in the horizontal 
directions are about half this. It is to be noted that the instrumental 
period, 0.1 second, is greater than the periods of the forcing motion, 
so that the term “accelerograph” in this case is a misnomer. The 
observer noted that these vibrations felt like a very slight earthquake, 
even though their amplitudes were small. This is quite characteris- 
tic of high frequency vibrations. The maximum acceleration was 
computed from the period and amplitude to be 1.5 percent of gravity. 

Special vibration tests a t  the Mount Wilson Observatory, near 
Pasadena, were made in January 1935. The purpose of the measure- 
ments was to determine how the vibrations produced by the dome of 
the 100-inch telescope rolling on its track were transmitted from the 
building footings to the telescope pier, and to determine the order of 
movement and tilt of the telescope pier while the dome was being 
operated. Observations were first made on the concrete immediately 
beside the casting a t  the north end of the telescope, and then on the 
telescope yoke a t  the south end and on the concrete pier immediately 
underneath. Tests were also made a t  ground level on the telescope 
pier and on the building foundations. The structure is built upon 
rock. 

SPECIAL VIBRATION MEASUREMENTS 

The results are shown in figure 72 and table 19. 
TABLE 19.-Observations on Moiint Wi lson Observatory 100-inch telescope pier 

[Tests made Jan. 11, 19351 

On concrete beside casting 
on north end of telescope. 

..-.do ..................... 
-.-.do ..................... 

Seconds 
0.28. - - ~ _____. -. . 

0.33. ............ 
0.17. ............ 

.___do.. ................... 
____do  ..................... 
__-.do..  ................... 
-...do ..................... 
....  do....^. .............. 
____do  ..................... 
____do  ..................... 
_.__do ..................... 
South end of yoke-. ....... 
__..do ..................... 
Column a t  north window. 

____do  ..................... 

0.88; 0.27$O.IOJ.. 

0.17; 0.10 I - - - .  ... 
0.188; 7 1 
0.29. ............ 
0.28 ............. 
0.15;0.07 ........ 
0.29;0.16;0.1..~. 
0.28; 0.15; 0.1 .... 
0.28; 0.17; 0.1.. .. 
0.18; 0.09..  

0.17 ......... 

0.17; 0.1 8 ......... 

......... 

I 

Telescope pier at ground 

-...do ..................... 
level. 

__ ___ 
Die 

place- 
ment I 

0.17; 0.08.. ...... 

0.17; 0.10 ........ 

0.001 
inch 
0.02 

0.01 

0.01 
0.01 
0.01 
0.01 
0.07 

0.03 
0.04 
0.04 
0.06 
0.01 

0.01 

0.01 

0.01 

- _ _ _ _ _  

_ _ - _ _ _  

- 

~ ..- ._ 

Remarks 

Person running down stairs. 

Person running up stairs. 
Tilt teat with dome rotating at high 

speed. Evidentlyno tilt. 
Bttikting and stoppin dome 
Dome rotating at hi& smd .  
Dome rotatlng at low sged .  
Everything quiet. 
Person running down stairs. 
Person walking up stairs. 
Dome slow1 rotating $6 turn. 
Dome ranldrv rotatinn 4 i  turn. 
Dome s l ~ w i ~ r o t a t i n g H t u r n .  
Dome rapidly rotating $4 turn. 
East-weat motion. Dome rotating 

rauidb. Considerable tilt shown. 
North-south motion. Dome rotating 

rapidly. Considerable tilt shown. 
E&,-west motion. Dome r o t a t i n g  

rapidly. 
North-south motion. Dome rotating 

rapidly. 

I Maximum displacement measured from 
Existence of period questionable. 

position of rest. 

’Approximate period. 
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Chapter 6.-VIBRATION STUDIES 

R. S .  MCLEAN AND W. W. MOORE 

INTRODUCTION 

Vibration measurements ma be made quite simply in very little. 
time in ordinary structures, zut considerable study is sometimes 
necessary to be certain that the vibrograms are correctly analyzed. 
It is necessary to consider those characteristics of the structure which 
would be expected to affect its vibrations, in addition to the features 
which appear on the gram. Motions recorded on the gram may be 

ON SPEED PO MP.H OFF 
I FROM WEST I 

FIGURE 73.--Vihroqram obtained on Colorado Street Bridge in Pasadem 

misinterpreted unless the ph sical features causing such action are 
taken into account. Three il r ustrative cases will be discussed. 

Portions of tests made on the Colorado Street Bridge in Pasadena 
(fig. 73) are cited as the first example. The instrument used is quite 
sensitive to tilt, and the long waves indicated b the dotted lines are 
due to moving loads. Their eriod is depen d? ent on the speed of 
the load, and independent of t K e natural period of vibration of the 
bridge. 

Actual vibrograms of buildings or other structures are seldom 
smooth curves with constant amplitude and period. In  addition to 

FIGURE 74.-Vibrogram. Los Angeles City Hall. 

the slower regular movement of the building in its fundamental 
period, harmonics are frequently present. External forces also cause 
variations in period and amplitude that greatly complicate the record. 
It then becomes the task of the observer to identify the various 
frequencies of vibration and to allow for irregularities caused by 
external forces. 

two simple harmonic vibrations are shown in figure 75. Except for 
ono case, these are for ideal cases in which the amplitude of each 
component of the motion is constant. 

Two curves of constant amplitude have been combined in figure 76 
to form a graph similar to figure 74, which is a portion of a vibrogram 

Fi ure 74 is an example of such a record. 
A number of grap a s of the resultant motion obtained by combining 

107 
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made in the east-west direction on the ninth floor of the Los Angeles 
City Hall. 

Vibrograms must also be examined with great care because of the 
errors introduced by improper orientation of the vane of the vibratioxi 
meter. The seismometer used for much of the work done by sub- 
party no. 5 was originally equipped for double reflection to gain 
greater magnification, and the mirror was set a t  a small angle to the 
plane of the vane. In adapting this instrument to building vibration 

FIGUEE 75 --Combinirtion\ of simple harmonic motions. The bottom curve is In each cme the resultant 
of the two above it, illustrating the complexity of ~ a v e  types that can be obtained from as few as t a o  
sine curves. 

work using single reflection, the vane was turned out of correct orien- 
tation by an angle which varied up to perhaps 15'. 

The vibrograms of building A, which is rectangular in plan and 
four times as long as it is wide, illustrate this point (see fig. 77). 
Assuming that the angular error of orientation is 10' the longitudinal 
east-west record will include a component of the transverse north- 
south motion whose amplitude will be two-tenths of the latter. It 
was assumed from the vibrogram that the transverse period was 1.23 
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seconds and the longitudinal period was 0.49 second. Waves of the 
shorter period and of three different amplitudes were combined with 
the component of the north-south motion. The resulting curves 
are quite similar to the east-west vibrogram; and indicate that 

F l o U R E  70. -Vibrograrn analysis. The resultant of these two sinusoidal waves is similar to t ho  vibrogra~n 
shown in flgure 74. 

although periods of both 1.23 seconds and 0.49 second appeared on 
the gram, the 0.49-second period is correct for the east-west direction. 
When considerations of this kind are not available the analysis of the 
recorded motion may in simple cases be accomplished by inspection 
and in more difficult cases, if the motion is periodic, by Fourier analysis ; 
otherwise more complicated methods such as that of periodogram 
analysis must be resorted to. Machines exist which are capable of 
facilitating the work in extremely complicated cases. 

It was found in the case of building B that vibrations of approxi- 
mately I-second period appeared on the vibrograms made in both 

ASSUME0 N-S MOTION 

COMPONENT OF N-S MOT/ON ON E-W RECORO 
/? 

ASSUMED E-W MOTION 

CONSTRUCTED E-W GRAM --- 
TRACE OF ACTUAL E-W VIEROGRAM 

FIQURE 77.-E!fect of error in orientation. 

directions. As the building is more than three times as long as it is 
wide, it seemed improbable, just, as with building A, that the period 
should be the same in both directions. Records were made simul- 
taneously with instruments a t  both ends of the building, portions of 
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NEND N-S $ .,'\ 7 
SCND N J  % ._a \. 

IO SECONDS 

FiowRE 78.-Torsion study in a rectangular-shaped building. The north-south motion is very similar 
for simultaneous observations made at the two ends of the building. The east-west motions are diu. 
similar, and their differonce, shown in the top curve, measures the torsion of the building. 

TORSlOtV 

DERIVED 
TRANSL A TION 

s. ZND E-w c  SERVED 

I I 
10 SECONDS 

D I S P L A C E M E N T  / /  

PIOWRE ?Q.-Torsion study, Piokett method. 
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which are reproduced in figure 78. The curve marked ‘IT” was 
obtained by plotting the differences of the ordinates recorded simul- 
taneously a t  the ends of the building. It gives the relative transverse 
movement of one end with respect to the other and indicates the 
presence of torsional vibrations. 

A somewhat different method of determining torsional vibrations 
i s  that used by Mr. G. H. Pickett, illustrated in figure 79. Successive 

EL 463’ 

12 - -/-A EL 235’ I__ , 

EL 203’ BTR FL 

E L  140’ 

EL loo‘ I S T  FLOOR I 1 I- 

24 

16 

I 

1 

.____d 

I SECONDS 

FIGURE 80 1,m Anpelos (’ity HnI1 s~rniiltrlneon~ n1easuremenl.s. Tho niimhers refer to the floors 011 
wh;rh the vihrograms were ohtriined. 
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and twenty-fourth and ninth floors of the Los Angeles City Hal 
are reproduced in figure 80. The complete records show conclusively 
that the lower floors move in the same fundamental period as the 
twenty-fourth, a fact which is to be expected, but which could not 
be determined from individual records a t  different times on the various 
floors, because of changes of external disturbing forces. 

Figure 81 shows sketch elevations of the building and a comparison 
of the motion of five floors. The portions of the several runs plotted 
were selected because the motion on the twenty-fourth floor was the 
same in period and amplitude. From this group the deflection 
dia rtLm has been constructed. While it is based on the displacement 

maximum deflection a t  any one time. 
of B oors a t  various times, it is believed to be nearly the same as the 

TANK PERIOD COMPUTATIONS 

The method proposed for computing the period of vibration of a 
tower is based upon the relation of period to the deflection of the 
tower under a horizontal load equal to its own weight. The mathe- 
matical formula necessary for computing the period of vibration 
can be derived quite simply. It is assumed that the deflection of 
the tower during oscillation is equivalent to that of a heavy mass 
supported on a weightless spring having one degree of freedom. 
As the weight of the tower is usually about one-twentieth of the 
water load, the latter assumption is believed to be sufficiently precise. 

The period of oscillation is then given by the equation: 

The term 6,, is the deflection in feet of the top of the tower under a 
static horizontal force equal to its own weight and load. The follow- 
ing computations are based on this e uation. 

only those which are subjected to tension may be considered in 
designing a tower of this type to resist lateral forces. The measured 
period of the Willard Storage Battery Co. tower in Los Angeles 
was 1.45f .05 seconds, while the computed period was 1.93 seconds, 
considering onc-half of the tierods as acting. The truss joints were 
assumed pin connected, and a more elaborate study considering the 
joints as rigid should lead to a somewhat shorter computed eriod. 

It is reasonable to believe that 

would be to lengthen the period of the tower. The computations 
were, therefore, thought to be in error as it was believed that the 
measured period should, if anything, be longer than the computed 
period. 

Further consideration suggested that, since the tierods in a tower 
usually have some initial tension, they might be treated as acting 
in both tension and compression under the conditions of vibration 
measurements. That is, the deflection of the tower is very small 
under test conditions, and the resulting compression in a tierod 
might be so low as to fail to exceed the initial tension in the member. 

Since it is evident that tierods w 'ii 1 buckle under compression, 

Probably the assumption that the foundation was rigid shoul dp result 

there wi f be some yielding of the foundation, the effect of which 
. in an op osing and larger error. 
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In computing the deflection of a truss under load, the factor considered 
is the change in stress which a member undergoes as the load is 
applied. Until the compression caused by the applied load exceeds 
the initial tension in a tierod, the member must be considered 
as contributing to the rigidity of the structure. Some other factors 
dependent on tierod initial tension will be treated later. 

Assuming all tierods to be acting, the computed period of the 
Willard tower is 1.5 seconds, which compares very well with the 
measured period of 1.45C.05 seconds. This tank is a standard 
60,000-gallon tank, on a 3- anel steel tower, 92 feet to the platform. 

is computed in the usual manner, using the Maxwell-Mohr theorem 
of dummy unit load. The period may then be found by use of the 

A typical computation 0 P period is shown in figure 82. Deflection 

*lu, -LA= cl l4=-@y 
f& -L, La- U,Q=#?$2J4 
SMc -bl.,- Q U , n m 2 . 9 4  
t V ,  -~U,=U,L,451.081 X.82)X 2.2=.95 

fV, -L,,q -L&L,<5 - 0 8 1  x 2.04)rl.d 1.41 

T 9 2 r r W  &-tw $=UXP 
P= &ATER LOAD t WT. TANK t s W T  TOWERt443 

t Y  -44- yL&-.oo1x2.14Lx1.? 9.59 

sir- ~ X I O O O - Z . O ~ *  OR w K e  1-1 - l . s e s e c . l c o M P ~ ~ ~ ~ )  TOTA 14070 
AND 1.56 TO 1.58 SEC. (MEASURED) 

'~~YOIHIWRO'VIMITWN moauys IN cwwtcma mor LT 

FIGURE 82.--Computation of tower period. 

equation previously given. These figures are for a standard 100,000- 
gallon tank on a 3-panel, 100-foot steel tower owned by the port of 
Oakland, 

The subparty in northern California has made a series of period 
observations corres ondin to various amounts of water in the ttink 
of the Pacific Manikldin g o o k  Co. at. Emeryville. This is a 50,000- 

reinforced for earthquake loads. 
A curve showing the relation of weight of water to depth is shown 

in figure 83. There are also both computed and measured curves of 
Period versus height of water. There is good agreement between 
these curves in view of the approximations used in the computation. 
In considering these curves a few facts should be remembered. For 
the computation, foundations were assumed rigid. A yielding of 
the foundation causes the measured period to be longer. than the 
computed period by about 30 percent when the tank IS empty. 
meu water is in the hemispherical bottom of the tank, there is 

gallon tank on a 3-pane Y steel tower 83 feet high, which has been 
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probably more movement of the water relative to the tank than 
when the tank is more nearly full. As the mass of the water does 
not all act, the computed period, which considers all the water as 
effective, becomes the longer at low depths of water. When the 
tank is full, a larger part of the mass of water is apparently effective,' 
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DEPTH OF W A T E R - F T .  
FIGURE 83.-Period and water load of 60,000-gallon steel tower tank. 

and close agreement between the measured and computed periods 
results. This agreement has been verified by other, independent 
computations of period with tanks full. When the percentage of 
water acting becomes quite large, the measured period again becomes 
the longer of the two because of yielding of the foundation. 

1 From experlments at Stanford Unlverslty Professor Jambsen estimatas that about 70 ercent of the 
water wlll be effectlve when the depth of the h e r  Is equal to the diameter of the tank. W h e  the effects 
of movement. 01 water and yleldlng of foundation are always opposed, It is Interestlog that in thls case they 
are nearly equal. 
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C O M P U T E D  O S C I L L A T I O N  

CASE I CASE iqa4 
P - I B I  P - d g  
T g 1 5 0  8 $C 1 T ~ I S B S E C .  M O R E h z g  

PlMAXk73X 8 
IS-24000LBS /SQ.IN) 

I 2 3 4 
T- I 58 T 4 8 8  Tal De P2.04 

'It ROD INIT IAL TENSION ASSUMED 5000 LBS 

FIaum 84 -Tierod conipression and tower oscillallon 

the deflection and period. If initial tension is equal in all tierods, It evident that the tierods in different panels do not buckle it the same amplitude. The upper anel tierod goes out of action 

The period for each of these sepa- 
:te cases is computed and shown in figure 84 along with the force 
o p s a r y  to cause the required deflection During an actual cycle 
aa08cdlation the tower may go through ali four of these phases, and 
fi result the period may be a composite of the four computed 

This type of movement is represented for an assumed 
t?Pbtude by the computed curve at the top of the figure. It should 

Ooted that a changing rigidity, as in this case, results in a skew 
$Qance curve. However, in view of the uncertainty as to action 

PVater in the tank, and the rather small changes 111 period, a de- 
t''ed consideration of this phenomenon was not undertaken. 

It may be interesting to note that an acceleration of about 15 
Pe'%t of gravity is necessary to cause the total load of the tower 

Ztt then the center, and last the P ower one as the amplitude of 
Ot1on increases progressively, 
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to rest on one pair of footings. This acceleration corresponds to an 
amplitude of oscillation of slightly less than 4 inches. Extrapolation 
of results of pull-back tests give an amplitude of 3.6 inches for a 
similar force. 

The method presented appears to be reliable for the conditions of 
vibration measurements. The computations have shown that there 
is a possibility of movement of the water relative to the tank and of 
yielding of the foundation. The extent of these effects under earth- 
quake conditions is not known, but they may be of importance. 
Seismograph records during actual earthquakes should aid in evalu- 
ating the effect of movement of water in the tank, lack of foundation 
rigidity, and computed variations. of period with amplitude. 

In  conclusion the authors wish to acknowledge their indebtedness 
to Prof. R. R. Martel for his helpful assistance and criticism in the 
preparation of tjhis paper. 



Chapter 7.-THE BUILDING AND GROUND VIBRATOR 
J. A. BLUME 

INTRODUCTION 

L. S. JACOBSEN 

An experimental study of periods of vibration of buildings may be 
made by observing the free, transitory vibrations set up in the struc- 
tures by impulsive external agencies, as, for instance, wind gusts. 
Under these conditions a building will vibrate in a number of its 
natural modes, the largest number being equal to three times the 
number of stories in the building. The time displacement curve 
obtained by the seismograph set up in the building will be far from 
simple in regard to the amplitudes of the motion, but it will contain 
only a finite number of periods. Sometimes it is possible to identify 
these with definite periods as, for instance, the fundamental torsional 
period, the third-mode transverse period, etc. As a rule, however, 
we may say that the wind-gust excitation of the building is quite 
indeterminate and will not be under the control of the observer. 

In the field of mechanical engineering, a method of studying 
vibration properties of machine parts by the centrifugal force agitator 
has been employed successfully for years. During the last 10 years 
or so, the centrifugal force a itator has also been applied to struc- 

about their dynamic roperties has been obtained by inferences drawn 
from the records of t R e resulting vibrations. 

If such a centrifugal force agitator be a t  the disposal of the ob- 
server, he can excite the mode of vibration of the building that he 
wishes to study by placing the agitator in a definite relation to tho 
nodal points of the distortion curve associated with the mode of 
vibration. He can repeat the test if necessary, and convince himself 
of the accuracy of the observations. The records are obtained with 
seismographs as in the case of the wind-gust experiments, but they 
me quite different from the former in appearance. In  this case, the 
records show the forced vibration of the building and exhibit very 
prominently the period of the agitator or shaking machine. If tho 
speed of rotation of the agitator be varied, the response of the building 
to this variation is recorded as an increased or as a decreased ampli- 
tude of motion, and it is easy to determine at  what speed of rotation 
a maximum amplitude or response occurs. In  other words, by letting 
the rotative speed of the machine decrease slowly, as in coasting from 
a given top speed, all the modes of vibration of the buildin excitable 

gram. If the higher modes are to be studied, the rotative speed must 
he high, and the unbalanced element producing the centrifugal 
force need not be very large. If the fundamental modes of the building 
must be excited, the rottAve speed will be relatively slow and tho 

tures such as bridges and bui K dings, and a great deal of information 

from the particular location of the vibrator will appear in t a e seismo- 
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no. 8, the Building and Ground Shaker Party. 
Previous work has been carried on with vibrating machines in @; 

many, where they have been used extensively to test railway brdg 
and to compact filled ground. Dr. Reinhard Kohler, of the Ge‘ 

forced-vibration method to obtain natural periods of vibration of tbp 
physical Institute in Gottingen, has done considerable research by tbp 
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ground a t  Gottingen and to compute its damping coefficients. A few 
frame houses have been vibrated in Germany by means of a bicycle 
wheel to which was attached an unbalanced mass. Vibrating ma- 
chines involving eccentric wheels are manufactured commercially by 
Losenhausenwerk A. G., Dusseldorf-Grafenberg. It was impossible 
to buy one of these machines because under the N. I. R. A. appro- 
priation all materials and articles purchased had to be produced and 
Inanufactured in the United States. Moreover, the cost and the 
length of time required for delivery of one of these machines were 
considerably in excess of our estimates. 

DESIGN AND CONSTRUCTION OF THE VIBRATOR 

In  the design of the vibrator two factors have been kept in mind as 
being of great importance, namely, portability and adaptability. 
Inasmuch as it was not known what forces would be necessary to 
vibrate a large building or ground sufficiently to yield workable 
records, the machine was made as large as could be readily handled in 
a building by a few men. I n  order to simplif the evaluation of the 
test results, it is desirable that the centrifuga 9 force reactions of the 
hbrator shall have effective components in one direction only. For 
50me tests the forces exerted by the vibrator must be horizontal, and 
for other tests, as, for instance, ground or soil vibrations, the machine 
must produce variable forces in the vertical direction. It is, there- 
fore, necessary to have two unbalanced masses or flywheels, rotating 
ln opposite directions on two shafts geared together. If only one 
unbalanced flywheel were used, the centrifugal forces would be effec- 
tlve in all directions of the plane of the wheel, as is the case with the 
unbalanced bicycle wheel apparatus. Employing two shafts naturally 
increases the over-all dimensions of the machme considerably. How- 
eyer, it is felt that the apparatus as built is really portable. I ts  
dlmensions are: Height, 48 inches; length, 36 inches; and width, 
20 inches. It weighs about 340 pounds, depending upon the amount 
of unbalance attached to the wheels. The ratio of the maximum 
reactive force that may be produced to the total weight of the ma- 
chine is 10. It is believed that this ratio is much greater than that 
of the Losenhausenwerk machines. The weight of the frame has 
been kept a minimum by using duralumin instead of steel. Experi- 
ence has shown that four mcn can easily remove the machine from the 
truck, place it upon a dolly, and wheel it into the elevator of a build- 
‘“6 and thence into its test position within a few minutes. 

Under the question of adaptability the range of periods and the 
Corresponding forces have been considered. The apparatus was 
Qade flexible by providing a means of changing the amount of un- 
bdance to suit local conditions. Provision has been made to vary 
the amount of unbalanced moment between 0 and 1,540 inch-pounds 

changing the number of lead plates on the wheels of the vibrator. 
e fastest speed that has been attained is about 750 revolutions per 

minute, a period of 0.08 second. However, it is felt that for safety, 
a maximum specd of 600 revolutions per minute should be assigned. 
The slowest period that has been definitely excited in a building by 
the tests made thus far is 1.33 seconds; an unbalanced moment of 
768 inch-pounds WRR used a t  tho time. Building periods considerably 

3Ki304 - 36-9 
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longer than 1.33 seconds could probably be excited by using the 
maximum amount of unbalance. 

Most of the actual construction of the vibrator was done in the 
Stanford University machine shops. Acknowledgment is due the 
mechanical engineering department of that university for gratuitous 
permission to use its equipment in this work. 

DESCRIPTION OF THE VIBRATOR 

The vibrator consists essentially of three %-inch steel-plate wheels, 
each 30 inches in diameter, to which are bolted lead plates in order to 
produce “unbalance.” The forces developed by the machine are 
directly proportional to the amount of this unbalance as represented 
by the familiar equation for centrifugal force, F=-w2, in which Wr 
equals the total unbalanced moment in inch-pounds; w ,  the angular 
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FIGURE 88. 

velocity in radians per second; g, the acceleration of gravity in inches 
per second er second; and F, the centrifugal force in pounds. Figure 

unbalance lotted as the parameter. 

attached to the other shaft. The two shafts are geared together by 
16-inch cast-iron spur gears and consequently rotate in opposite 
directions. The same amount of unbalance is applied to each shaft. 
Figure 86 illustrates how the force is limited to one direction in the 
plane. 

The machine may be driven either directly or through a 6:1 speed- 
reduction gear. In all of the tests made thus far the procedure has 
been to drive the machine directly by means of a direct-current motor 
and V-belt until the highest speed desired has been attained, and then 

85 shows t R e forces developed a t  various speeds with the amount of 

Two of t !i e wheels are attached to one shaft and the third wheel is 
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to remove the belt, the record of the response of the structure being 
taken as the machine slows down. This procedure allows the speed 
of the machine to decrease very slowly since it eliminates the friction 
and windage losses of the motor and belt. Ball bearings are used 
throughout the machine. Ordinarily the vibrator takes about 5 
minutes to come to a sto from a speed of about 500 revolutions per 

as the type and size of structure being vibrated, the amount of un- 
balance, and the method of anchoring the vibrator to the structure. 
This question will be considered in future tests in an attempt to 
obtain the energy input into the structures from deceleration curves, 
m order to evaluate the amount of damping. 
. It was decided to use a direct-current motor to drive the vibrator 
In order to obtain a flexible as well as delicate speed control. As 

minute. Of course, this P ength of time varies with many factors such 

4 4 
(A) END V f W  

f 

(C) SIDE V I E W  
VERTICAL FORCE = O  
HORIZONTAL FORCE F 

(a> U2.E V L W  
VCRTICAL rORCE = 0 
HORIZONTAL FORCE = O  

DIAGRAM OF WHEELS SHOWING UNBALANCE 
FIQURE 88. 

direct current is used very little in buildings today, it was necessary 
t? provide a motor-generator set to convert alternating current to 
dlrect current. A 3-horsepower single-phase alternating-current 
botor and two direct-current motors were bought. These three units 
Qe wired so that rheostats control the fields of both the direct-current 
generator and the direct-current motor, thus providing a wide rango 
Of speed. The alternating-current motor can be driven from either 
a 110- or 220-volt circuit. As mentioned in the preceding paragraph, 
the test procedure to dste has been to accelerate the vibrator to the 
‘Peed desired and then remove the belt, taking the records of vibration 
as the machine decelerates. Obviously, this method does not demand 
a delicate speed control. However, at  the time of the design, it was 

known whether this method would provide time for establishing 
a sufficiently steady state to give distinct resonance phenomena. 
‘he direct-current apparatus will be necessary for tests involving 
‘Wained vibrations of constant periods. 
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METHOD OF MAKING TESTS 

I n  buildings the vibrator is seciirely brncetl betwecn two columns. 
Ortlinnrily a piece of 4- by 4-inch lumber is plncctl Iiori/ontnlly 
hetwern the end of the vibrator ant1 the ntljoining column, and IS 
screwed tightly into plnce by mcnns of :L large bolt nttnclictl to tlic 
frame of the mnchinc (fig. 87). 13nllnst is iisunllg pln 
bolted to the bnsc of the mncliine in order to stcntly tkie nppnrntus. 

n t  nffortl no columns or walls t l i n t  cnn be hrncctl 
nry to  resort to other methods of trnnsmitting tlw 

disturbing forces. On the top of Senrsrillc Dam,  :I spccinlly built 
wooden frame was iised which wns licltl t o  the tlnm by bolts set into 
the concrete. On the Colorntlo Street, nridqe, tlic vihrntor wns heltl 
in place mainly by piling n great mnny sacks of cement on the skids 

attached to the bnse of the frame. For ground-slinking tests nt Mnrr 
Island, n plntform was constructed of 2- by 12-inch 11imI)cr nntl tlic 
vihriitor bolted to this plntform. Bnllnst nnd sloping brrwrs were 
also used. (I  on its side to exert verticnl 
forces for fi few test?. This set-up i Ilustrntcd in  figure 88. Tlic 
Survay vibration meters nntl tlic spring recorder are plnccd in the forc- 
ground of the  picture for the purpose of illiistrntion only. Ordi- 
narily, the inst,rumcnts nrc, placed nt> n consitlcrnble distnncc from 
thc, vibrator when records nrc tnkcn, so thnt  locnl tlistiirbnnccs will 
not  affect the records. The mcthod of using the instruments nnd 
recorders is described in nnothcr chrp t r r  of this report. Jn n forced 
vibration test, the positions of the vibrator and of the instruments 
t ha t  record the response of the structure to  the disturbing forces 
depend upon tlie information sought. By mcnns of judicious locations 

The mncliine was nlso pln 
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various modes of vibration of buildings can be exi ted and the motion 
recorded. The  tests made in the J h n k  of America Bldg., which will 
be described lntcr in this report, illustrnte this feature of controlled 
vibration studies. I n  buildings, the Survey vibration meters (used 
with a mngnification of about 200) yield excellent records of the re- 
sponses to the forces of the vibrator. On rigid structures such n s  
(lams and on solid rock, it has been found necessary to iisc Wood- 
Anderson instruments with magnifications of about 1,500 in order t o  
obtain legible records. 

RESULTS OF EXPERIMENTS 

Several experiments have been conducted with the vibrator for the 
lmrpose ol testing it) under various conditions nnd of ascertaining just 
\vhnt can be done in dynamic and seismological research with such a 
Innchine. Incidentally, these tests hnvc furnished consitlernble infor- 
hntion rrgarding the dynnmic bchnvior of the structures vibrated. 

' h e  tests 11rivc incliitletI 1)uiItliniy, (lams, hritI:rs, rocli, and soft 
firoiind ; in ench cnsr rccords showing forced vibration hnvc been 
!)htninetI. Tlie test results indictite that  vnlunhlc informntion rcgnrd- 
lng the vibrn tion charnctrristics of structures can lw obt,nineti by tlir 
LIqc of such t i  machine tlirit otherwise woiiltl be diflicultj to detcrminr. 
h i s  is cspeciiilly true wlien simiiltnneons timing is usctl on scvcrnl 
"X-ords. The ncw instrument, being developed by Dr. llugo Benioff 
to record vihm tions from four din'rrcnt Iocn tions simiil tnn~ously on 
One record with possible mngnifictitions up to 25,000 will be of grent 
vt1luc in studies by tlic controlled, forced-vihrntion mctliod. 
, Preliminnry reports on most of tlir striicturcs vibrntccl have becn 
lWicd  in mimeographed form from tlic Stin I'rnncisco oflicc. Although 
t 1 ~ s e  reports tirc prcliminnry, tlwy include prncticnlly rill of tlie 
Ohervntionnl informiition ot)tnined. Intcrpr.et1ntion nntl matJie- 
h t i c n l  treatment of the results linve becn omitted. 

1 1 ~  following tcsts were macle with the vibrator t o  the date of 
No attcmpt is macle here to describe every 

r l  

report, Mny 1, 1!)35. 
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run made in these experiments nor to go into much detail. Tlic 
tests nre p rcscn td  in clironologicnl order. 

I’rrlo Alto Transfpr tB Storngr C’o. Rii nfj, Prr lo Alto, (7n 1 t’ f . , 
NowrnhPr 13 anlo! 16, 193~.-‘i’his is n foilr-?tory “storage-type ” 
buildinq with reinforced concrete frame and floors, and hollow tile 
walls, Fig. 89. It is rectangular in plan, 75  by 40 Iert. The  vihrntor 
wns plncetl on the third floor pnrallel to  tlie 75-foot side of the builtlint., 
and the vibration meters were located on tlie fourth floor. IGvck riinq 
of the vibrator wcrc made using various mnounts of nnhalnnce. ,211 
of the records showed definite forced vibration and resonance eflrc.ts. 
liesonnnce curves for four tliffcrent degree? of unbnlnncc arc plottctl 
in Fig. 90. The fiindamental period of the biiiltling nppenrs to h i  

0.18 second. .llthough this seems short for the fundnmcnt:il period ol 
:L four-story l,uiltling, i t  may be rvplnincd by the f:ict tlint tlic strcct 
wnll in tlic direction iincler considemtion contnin? TIO openings nhow 

I- 

I I ‘ . I  i ( i  I I ’ i l r l  1110 ‘I r i i i  I( I 11v1 < l o t  

the first story, tind is consequently very rigitl, u liile t h e  opposit(3 
wall contnins no openings n t  nll  rind is, tliorefore, still Inor(’ rigitl 
The second period which is prohhly near ().Of\ second coultl not h’ 
r~ac l ied  by t h e  vibrator. 

In four of the rims, tlic t d t  to the vibrntor WZIS removed n t  t l i c  
highest speed nnd tlie rccortls were t1nkm t i $  the 1n:icliinc slowctl down. 
I n  one run,  tllie twlt was not  rc3rnovcvl. A comparison of the recorclq 
indicatrs thnt the rnticliine comes to :I slop in :ilmut one-third of tlw 
time when ttic t)clt is not removed. JIowcvw, there wns no npprc- 
cinhlc difrercnce in nmplitude for tlic two conditions. 

This t)uilding offers opportunity for x computntionnl stmdy no\\‘ 
t h a t  its response to tho vibrri tor is l~nown.  E’1esnr:d dcfIcctio11~ 
coiild be ncglectcrl in this structnrc without npprccinhlc error. 8inc.c’ 
the amplitutles on the peaks of the resonance curves arc npproxim:itclt’ 
proportional t o  the forces of ths vibrator, a, purely viscous €rictioll 
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could be assumed in damping computations. A more detailed 
consideration of damping computations is presented elsewhere in 
this report. 

Searsville Dam, near Woodside,  Calif., November 27 and 28, 1934.- 
Searsville Dam is a gravity-arch dam of interlocking concrete blocks. 
It is 290 feet wide and stands 80.5 feet above its foundation. It is 
51 feet thick a t  the bottom and 3 feet thick a t  the top. At the time 
of the tests, the water surface of the lake was approximately 20 feet 
below the top of the dam. The first runs yielded records that showed 
forced vibration, but no resonance peak. Accordingly, for the 
following runs, the amount of unbalance was reduced and the pulley 
ratio of the driving apparatus was altered so that a faster speed could 
be attained. A maximum speed of about 750 revolutions per minute 
was reached during the tests. Although the records obtained show 
the amplitude increiwing out of proportion to the forces, there is no 

peak” or period below which the vibrntion shows a reduced nmpli- ( L  

P.,IOd In .e00d.. 

P I G ~ J I ~ I C  90. -11ewnitnco curves, Palo Alto Transfer and Storage Co. 13uiltlin~. 

tude. A resonnnce curve was plotted for these runs o€ the vibrator 

Some preliminary computations have been made on the assumption 
t!lat this structure is a single-mass vibrating system. This assump- 
tlon will not lead to serious error if the points for the computations 
ape taken near the resonance peak. The method of computation was 
to select three points from the plotted curve and to solve three 
equations simultaneously €or the viscous friction coefficient, the 
@?ective mass, and the spring fnctor of the system. Since a t  the 
tl..le of this writing the work has not been checked for various com- 
blnations of points on the resonance curve, w0 hesitate to present 
the results beyond stating that the period of the dam is probably 
%htly shorter than attainnble with the vibrator To one signifi- 
cant figure (which is sufficient for this purpose) the period is 0.08 
‘econd. For the sake of safety, it is believed that a speed of 600 

(fig. 91). 
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revolutions per minute should be arbitrarily assigned as a maximum 
speed for this machine, and in future tests no attempt will be made 
to exceed this. 

Colorado Street Bridge, Pasadena, Calij. January 22, 1936.-This 
bridge is a long, reinforced-concrete structure consisting of 9 large 
arches, 6 of 113-foot span, 2 of 151.5-foot span, and 1 of 223-foot span. 
The vibrator was placed on the roadway, transverse to the longitu- 
dinal axis of the bridge and directly above the crown of the 223-foot 
arch. The tests were all made a t  night between the hours of 1 a. m. 
and 6 a. m. in order that traffic should not be delayed unnecessarily. 
No traffic was allowed on the bridge during any of the runs. Records 
of the forced vibration were taken over the long arch, over the two 
adjacent arches, and over the piers of the long arch. 

All the records are complicated by resonance effects, beating, and 
the interdependence of the motion in the two components. Compli- 
cated records of forced vibration are to be expected from a structure 
such as this, which is composed of a great many structural elements 

CY CL ES / SECOND 

and therefore possesses a great many possible modes of vibration of 
itself as a whole, as well as of individual members. To determine d l  
effective principal modes of vibration of this bridge and to ascertain 
how the various structural elements move in these modes would 
necessitate an exhaustive series of tests that might not be justified bY 
the usefulness of the results. 

The tests made are sufficient to indicate that the bridge is very 
complex from a dynamic consideration, and .that i t  is highly suscep- 
tible to resonance phenomena between the limits of 0.10 second and 
0.90 second. In  none of these tests m s  the s eed of the vibrator held 

down from high speed to 60 revolutions per minute was about 3 
minutes. The probability of quasiresonance phenomena occurrin 
during an earthquake is increased by the great number of natura 
periods of vibration of the structure. 

FIGURE 111. 

constant; in most cases the time required f or the machine to slofl 

4 
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The periods of some of the most pronounced “peaks” on the records 
are tabulated below. Most of these peaks indicate natural periods of 
vibration. I n  many cases the peaks occur simultaneously on both 
components; this indicates that (at  the location of the instrument) 
the principal direction of motion is not parallel to either component 
of the vibration meter. Resonance curves for a typical record me 
shown in figure 92. 

8 0  

COMPONENT PARALLEL TO BRIDGE 
(dpprox. perpendicular l o  vibrator) 

p 4 0  

0 
X 

RESONANCE CURVES 

(RUN NO. 5> 
COLORADO STREET BRIDGE 

PASADENA, CALIF. 
JAN. 22, 1935. 

TO BRIDGE 

0 0.10 0.ZO 0.30 0.40 0.50 0.60 0.70 0.80 

P E R I O D  I N  S E C O N D S  

FIGURE N.--Hesonauce curves for Colorado Street bridge, Pasadena. 

TABLE 2O.-I‘eriods corresponding to some o j  the most pronounced peaks on the 
Colorado Street Bridge resonance curves 

-. 

1,oration of recorder no. 

Over crown of 223-foot arch ....... 
Over west pier of 223-foot arch-.-.. 

Over crown of arch west of 2%-foot 

Over east pier of 223-foot arch- -. . 

Over eust pier of 223-foot arch. - ~. 

Over crown of 2234oot arch. 

span. 

\ I  
Very pronounced. 

__ . ~- 
Periods 

Transverse to roadway 1 Parallel to  roadway 

Seconds 
0.17; 0.19; 0.21 1; 0.24; 0.27 1; 0.42 1; 0.87 1 

(end of record 0.87-t). 
0.17; 0.21; 0.24; 0.27 1; 0.43; 0.88 (end of 

record 0.68+). 
0.19; 0.29; 0.37; 0.42 1; 0.51; 0.85; (end of 

record 0.88). 
0.17; 0.19; 0.21 1; 0.24; 0.29 1; 0.43; (0.88 

after vibrator stopped). 
0.12; 0.14; 0.17; 0.21; 0.24; 0.28; (eud of 

record 0.3. Underlying perlod 0.87 1) 

0.12; 0.21; 0.24; 0.27; (forced vibrittionr 
not apparent beyond 0 .n ;  under- 
lying period 0.88 9. 

Seconds 
0.17; 0.19; 0.21 1; 0.27; 

0.38; 0.87. 
0.17; 0.19; 0.24. 

0.17 1; 0.19; 0.!B;O.51. 

0.17; 0.21; 0.24; 0.28 1; 

0.17; 0.21. 
0.43; 0.50. 

0.21. 0.27’ (sonis evi- 
d$nce df 0.38). 

No~a.--The moment of the vibrator wag 384 in.-lb. for runs 3,4,6, and 6; and 104 in.-lb. for runs 7 and 8. 

It should be pointed out that a structure oi the complexity of the 
Colorado Street Bridge does not yield either experimental or theoreti- 
cal results that can easil be interpreted. A study by the forced 
Vlbration or vibrator met 1 od is the most direct way of approaching 
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the problem, but even such a study-after the 
bridge has been built-gives very complicated 
results. It would be wellito ,concentrate on a 
stud of relatively simple structures, for instance 

and experience has been gained. 
Pasadena Seismological Laboratory, Pasadena, 

Calq., January 23, 1936.--8 few runs were made 
with the vibrator placed on the ground adjacent 
to the seismological laboratory. Records were 
obtained on the Benioff strain seismometer, which 
has a very high magnification factor. This record 
shows that the vibrator was affecting the bedrock 
which outcrops at the site of the laboratory. A 
portion of the record of two of the runs is shown 
in figure 93. The indicated time interval is 1 
minute. These records have not been analyzed. 
It is very doubtful if any period is excited. It is 
interesting to note that the forces were sufficient 
to vibrate solid rock sufficiently to yield a record. 

Morris Dam, San Gabriel Canyon, Calij., January 
25 and 26,1936.-The Morris Dam is a large con- 
crete gravity dam built by the city of Pasadena. 
It is especially interesting in that a minor and ap- 
parently inactive fault intersects the dam foundrt- 
tions in a direction almost normal to the axis of 
the dam, and that special provisions were made for 
movement along this fault in the design of thc 
structure. These precautions include an open 
joint along which motion can occur without haz- 
ard to the stability of the dam. The length of tlie 
dam at its crest is 780 feet; it is 328 feet high (from 
its lowest foundation); and it contains 514,000 
cubic yards of concrete. The elevation above sea 
level of the water behind the dam a t  the time of 
the tests was 1,088 feet, about 87 feet below the 
roadway on top of the dam. 

A series of 17 runs was made with the vibra- 
tor placed in two different positions on top of the 
dam and with the Wood-Anderson instrument 
located in many positions across the dam from 
one abutment to the other. One record was 
taken in a gallery at the bottom of tlie dam 
directly below the vibrator. Particular attention 
was paid to the open joint in locating the vibra- 
tor and the instruments. All of the records with 
the exception of one taken on a rock abutment 
show forced vibration. However, the amplitude 
of motion is very slight on most of the records 
and analysis has been postponed until a suitab!e 
micrometer-scale instrument can be secured. This 
instrument will facilitate the analysis of all future 
records and will greatly increase the accuracy of 
the amplitude readings. 

regu r" arly shaped buildings, until more knowledge 

See figure 41. 
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North-south direction 
Floor 

Periods .- - - 

- 
East -w est direction 

Run no. 1 Periods _- - -  
Seconds 

2 2.2 8 ;  0.78; 0.47 1; 0.20 1; 0.23 I_._ 
1 2.2; 0.31 I; 0.29 1; 0.21 1; 0.111 I - . .  
3 2.2;0.291;0.261 ____..____._..._ 
4 2.2; 0.78 8 ;  0.G 4; 0.34 1;  0.29 1 ...- 
5 2.2; 0.76; 0.88 I ;  0.21 1 _ _ _ _  ~ _ _ _ _ _ _  
0 2.1; 0.76 8 ;  0.0 4;  0.20 1 _ _ _ _ _ _ _ _ _ _  
7 0.78; 0.6 4; 0.34 1; 0.20 1- _ _  ~ ___. 

Seconds 
10 2.3; 0.83; 0.21.1 

(PI I 
9 2.3; 0.35 1; 0.29.1 

11 2.3; 0.29 0.20.l 
12 2.3; 0.77 8; 0.20.’ 
13 2.3; 0.20.1 
14 2.3; 0.78 8 ;  0.29 1; 0.24 1; 0.20.’ 

” I 
Excited by the vibrator. * No record taken. * Approximate value. ’ Existence Of DeriOd QU6StiOnable. 

“~TE.-Ruu no. 8 showed no forced vibration; the instrument wm set transverse to the direction of tke 
plbrator. 
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Rank of America Building, San Jose, Cabif., Februory 8,  11, 12, IS, 
, and 21, 1935.-The only structure that has been tested in detail 
the vibrator is the Bank of Americn Building in San ,J+ose. This 

ilding is especially interesting because of the fact that it contains 
o permanently locnted strong-motion instruments, one on the 
rteenth floor and one on the basement floor. Contrary to the 
ief of many engineers, this building wns not deqigned to be a 
&le first-story structure. Two views of the building are shown 
figure 94. 
As an example, the preliminary report on the Bank of America 
ilding is prosented in its entirety. It illustrates what can be 

A typical vibrator test run is shown on pi~ge 41. 

! I I .  Ih i i ih of A r w r i ? . i  I ~ i i i l ~ l i r ~ j ! ,  . I i w ,  'I i \ o  v i i v s .  

'IC in building research with the vibrator. 
:lit, he considered superfluous. However, this was the first 
:L comprehensive series of tests and it wns necessary to pr 
crta.in extent by trihl and error. In  n,ny futiire tests of this nn,lixrc 
shn,ll have this one as a, precedent. This particiilnr bidding was 

a,l for these tests, because tJhe top story was not only unoccupied 
; contained no partitions; thus it was possible to brn,ce htwecn  
i two columns desired. Moreover, the manngement was very 
iging nnd courteous in placing the entire thirteenth floor at the 
posal of tho vibration party. 
$de  of the n,ew San Francisco Mint, March 16, 19St5.-Three runs of 
1 vibra,tor were made on the site of tho new Snn Frsncisco Mint. 
e site is the block bounded by Hermann, Webster, Buchann,n, nnd 
boce Streets. It is a rocky hill with steep cliffs on Duboce, 

A few of tho rims 
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BANK OF AMERICA BUILDING. 

DESCRIPTION OF BUILDING: 

Corner of F i r s t  and Santa Clara St ree ta ,  8sn 
Jose, Calli. 

Thls building has 13 s to r l ea  and a tower. The 
main pa r t  of the  s t ruc ture  l a  54 it. by 125 it. in plan. (Be6 
Flg. 95). The frame Is s t e e l ,  f ireproofed with concrete; , 
walle, concrete w i t h  face  brick; pa r t l t i ons ,  l a t h  and p las te r ;  
floors, concrete; founaatlons, concrete footlngs on p l lee ;  
so l l ;  unconsolidated sand and clay (o ld  creek bed). 
s tory  building abuts on the  east. 

A one- 

N 
t 

SANTA CLARA ST / 
54' 84' 

2 fis. 

13fls. 

137' 
PLAN 

FIG.95 

EL E VAT ION 

OBSERVERS: B l u e ,  Carder, Taylor, Campbell. 

OBSERVATIONS: In  each run the UnbalanCed moment on the  v ibra tor  w 8 8  766 
The maximum speeds of the  rarioue runs ranged between 

Records were taken as the  rlbnrtoralowed 
in. lb. 
320 and 380 R. P. 11. 
down a f t e r  the  driving b e l t  was removed, 

February 8 ,  1935. &u.U No. a. 
Vibrator on 13th f l o o r  
of the  bullding, pa ra l i e1  t o  Banta Clara St. 

Vlbratlon meter approximately i n  the  center of t he  13th f loor .  
Both componenta. Y8gniflOatlOn, 200. 

about 12 it. south of the oenter l i n e  

RunNo.. February g, 1935. 

Vibrator I n  same po6ltion as i n  Run 1. 

Vibration meter on 13th  floor, In l h e  with the vibra tor ,  olO6r 
t o  the  F i r s t  8t. na l l .  Both componente. YagniflcxatlOn, 200. 

FebX'U8W d,. 1935. 

Vibrator i n  same poaltion a6 i n  Run 1. 

Vibration meter on the 13th f l o o r  oloae t o  the  a o u t h  w a l l ,  O n  
t h e  N-E axle of t he  building pa ra i l e l  to F i r s t  St. 
ponents. ?iakrgnificatfon, 200. 

Both C O W  

-. Febnurry 8 ,  1935. 
Vibrator i n  same ~ o s i t i o n  81 in Run 1. 
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Vibration meter on the  13th r loor ,  olose to the  Santa Clam 
St. w a l l ,  on t h e  N-5 a x i s  of the  building. Both components. 
Magnif ica t lon ,  200. 

&&n No. 5. Febniary 8, 1935. 

Vibrator in same pos i t ion  as i n  Run 1. 

Vibration meter on t h e  5th r loor ,  i n  l i n e  w i t h  t h e  r lb ra to r ,  
c lose  t o  the  F i r s t  St .  w a l l .  Both componente. Magnlrloation, 
200. 

gun No. 6. February g, 1935. 

Vibrator in same pos i t ion  as i n  Run 1. 

Vibration meter on t h e  5th  f loo r ,  close to  t h e  south wall, on 
the  H - 9  ax i s  or t he  building. Both components. Magnirlca- 
t lon ,  200. 

Q 
(I) 

FIG.96 

PLAN OF SET-UPS 

\ N 

Everything on the  1 th f l o o r  except v lbra t lon  meter 
f o r  Rune 5 a d .  6, when on the  5th rioor. 

- indicatee Vibratlon meter. 

Bua No. 2. February 11, 1935. 

Records f a i l e d  ( elnultaneoua tlmlng trouble). 

&&l No. 8. February 11, 1935. 

Records f a i l e d  (simultaneous timing trouble).  

-. February 12, 1935. 

( A  r epe t i t i on  of Rune 7 and 8). 

Vibrator i n  same pos i t ion  as i n  Run 1. 
Vibration meters. This run and the  3 iollowlng rune were re- 
corded slmultaneouely on three  d i f f e ren t  f loors.  I n  th l a  run 
each Vibration meter was located near t he  eaet wall about, 10  
it. south of t h e  E-W axis of the  building pa ra l l e l  to Banta 
Clam St. (See Fig. 97). The component PecorUed i n  each oare 
waa p a r a l l e l  t o  t he  vibrator.  
9th,  and 5 th  f l o o r s  were 100, 100, and 200, r e spec t lve~y .  

Ilagnlficationa on t h e  1 th, 

Ihurlo.. Februarg 12,  1935. 

~ e c o r d s  ra i led .  

-. February 12,  1935. 

( A  r epe t i t i on  of Run 10). 

Vibrator in same pos i t ion  ea in n u  I. 
Vibration se t e ra  i n  UIDO pos i t ion  on w c h  f l o o r  81 ln Run 9. 
8lrnultanbour rwomtr. ~ g n i i i c a t % o n r  on ~ t h ,  7th, a d  
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f loo r8  were 100, 100, and 200, respeotlvely. 

&@ No. 12. February 12, 1935. 

Vibrator I n  same pos l t lon  as In  Run 1. 

Vibration meters in same pos l t lon  on each f l o o r  as l n  Run 9. 
Slmultaneour records. l(agnli1oatLons on 2nd, and l a t  r l oo r r ,  
and basement were 100;200, and 14-90, respeotlvely. 
spote on r i r e t  r i o o r  ra i led .  

Time 

% 

I V I B R A T I O N ~ E R  I 
RUNS' 7-12 INC. $ 

z 
3 

FIG. 97 

-0. u. February 13, 1935. 

Vibrator on 13th f l o o r  about it. w e t  of t h e  osn ter  l l n e  of 
t h e  building, pa ra l l e l ' t o  Fire2 8t. 

Vlbratlon meter on 13th f loo r ,  0108s t o  the  eouth wall, on t h e  
N-8 axis or the  building. 30th oomponents. h g n i r i o a t i o n ,  
200. 

w. Fabruary 13, 1935. 

Vlbrator i n  eame poel t lon  ae I n  Run 13. 
Vibration meter on 13th f loo r ,  oloee to  the  F i r s t  St. wall, 
near t h e  E-W axla of the  bulldlng. Both oomponantr. Maw- 
r ioa t lon ,  200. 

n. February 13, 1935. 

Vibrator i n  

Vlbratlon meter on th floor., d l r eo t ly  below the por l t l on  of 
t he  set-up f o r  Run 23. Both oomponentr. Hagnliloatlon, 200. 

pos i t ion  as i n  Run 13. 

&IQLliQdL. FObbrUaV 13, 1935. 
Vibrator i n  eame pos i t ion  a8 i n  Run 13. 
Vibration meter on th floor, d l reo t ly  below the  po r l t l on  of 
the s e t u p  ror  Run 24. Both oomponmtr. h g n i r l o a t i o n ,  200. 

RUN D-l3TH 
RUN Ib-STH 

VIBRATOR-JIM FLL 

RUNS 13-16 INC. 

FIO. 98 

w, February 20, 1935. 

Vlbrator on 13 th  f l o o r  p a r a l l e l  t o  a n t a  Clara at., about 15 
it. i ron t h e  eouth wad. 

Vlbratlon meter on 13th  f loo r ,  o los r  t o  tha routh wall, on t h o  
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N-9 ax le  of t h e  bullding. Both componente. Nagnificatlon, 
20% 

w. February 20, 1935. 

Vibrator i n  eame pos i t i on  a s  i n  Run 17. 
Vibration meter on 13th f l o o r ,  c lo se  t o  t h e  F i r s t  St.  w a l l ,  
near  t h e  D W  a x i s  of the building. Both components. MaLagnift- 
oat ion ,  200. This record was p a r t i a l l y  epolled by a eudden and 
r a t h e r  eevere movement of the  bui ld ing  caueed by some other  
agency than the  vibrator.  This la t h e  only record upon which 
t h i s  movement wae noticed. 

&lL&LU. FebNary 20, 1935. 
An exact r epe t i t i on  of Run 18. 

w. February 20, 1935. 

Vibra tor  i n  sane pos i t ion  as i n  Run 17. 

Vibration metere. Simultaneous records were made with one in- 
strument on t h e  13th  f loo r ,  c loee  t o  the  south wall and on the  
N-9 ax le  of t he  building; one Instrument on the  5th f loo r  d i -  
r e c t l y  below t h e  one on the  13th; and t h e  t h i r d  inetrument on 
t h e  5th f l o o r  near the  E-VI a x i s  of t he  bui ld ing  and c lose  t o  
t h e  Yire t  St. w a l l .  btagniflcatlons on t h e  l j t h ,  5th-eOUth w a l l  
and 5th-Fi rs t  St. wall were 100, 100, and 200, reepectlvely.  

W L & ~ ~ L .  February 20, 1935. 
Vibra tor  i n  same poal t lon  as i n  Run 17. 

Vibration meters A,  B, and C located on the  13th f l o o r  as shown 
in diagram. The records were taken slmultaneouely. The magnl- 
f l c a t i o n  a t  metera A, E, and C were 100, 100, and 200, reepec- 
t ive ly .  Time spots  on B fa i led .  

-. Febmary 20, 1935. 
Vibrator i n  eame pos l t lon  as i n  Run 17. 

Vlbratlon meters D, E’, and E loca ted  on the  13th f l o o r  a8 
ehown under Run 21. 
The magnification a t  meters D ,  B f ,  and E w e r e  100, 100, and 20q 
respectively.  

The recorda were taken slmultsneously. 

Vibrator I n  same pos l t lon  as I n  Run 17. 

Vibration meters F, Q,  and H located on the  13th floor as shown 
i n  diagram. The r t 3 C O r d 8  were tftken simultaneously. The magnl- 
f l o a t i o n  a t  meters F, G, and H were 100, 200, and  130, reepec- 
t ive ly .  
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T1/T2 

T d T 3  

Ti/T4 
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Paral le l  to 8. C. St. .Para l le l  t o  1st Et .  Tors iona l  

3.5 3.5 3.2 

5.5 5.2 - 
7 - - 

110 motion 
1.73 0.38 
1.53 O.$Oi 

Floor 

evident 
0.24 
0.58 
0.25 

Tower 
a t  
Tank 

level  

:: 
13 
13 
13 
13 

13 
13 
13  
13 
13  
13 
13 
13 

13 
13 

;3 
:2 

7 

11 

10 
9 

6 
5 
5 
5 
5 

Run 
NO. 

24 

1 

I 
9 

13 

1 4  

1 7  
19 
20 
2I.A 
21c 
22D 
22B 
22E 
23s 
230 $ZH 
3 

3 
24 
9 

24 
5 
6 
9 

15 

Periods Paral le l  to  
Santa Clara St. 

wind 
see. 

1.32 

1.31 
1.32 
1.31 
1.31 
1.32 
1.32 

1.31 
1.52 

1.51 
1.33 1.3~1 
1. j 2  

1.3 
1.54 

1.52 

1.30 
1.33 
1.33 
1.32 
1.32 
1.32 
1.33 
1.32 
1.32 

1.308 
1.32 

1.31 

~. 

Vibrator 

0.3g 

1.33 
1.3 
1.33 
1.33 

1.5: 

1-33 

1.5 
1.29 
1.33  
1.3 
1.34 

1.52 

1.52 

0.23 

0.3s 
0.58 
0.37 
0.82 
0.38 

0.84 

E: g 
0.84 
0.84 
0.84 
0. 58 
0.64 

0.17 

0.24 
0.26 
0.26 
0.38 
0.26 

0. Xe:  
0.26 
0.26 
0. j e  
0. j;g 
0.je: 
0.38 

0.38 
0.26 

0.38 ;. 32 
1: 33 
0. ?S 
1.32 

1.32 
1-53 

0.261 
0. 78 
0.26 
0.501 
0.26 
0.50 

0.38 
0.501 

0.24 
0.26 
0.23 
0.3g 

0. 78 
0.25 

0.38 
0.26 

0.26 

0.2: 

0.26 
0.24 

0.18 

0.26 
0.26 
3.26 
3.26 

3.26 

0.19 
0.18 
0.24 

0.24 

0.18 
0.18 

0.19 

Periods Paral le l  to  - 
wind 

u. 
~ 

1.21 
1.20 
1.20 
1.19 

1.21 

1.21 

1.20 
1.22 

1.22 
1.22 
1.22 
1.20 

1.22 
1.20 

1.2q 

F i r s t  St. 

Vibrator 

0.23 
0.26 
0.22 

1.19 

1.20 

0.84 
0.84 

0.84 

0.8 
0.34- 

0.25 

1.20 

EEC. - 

0.4 
0.34 

0.44 
0.34 
0.26 
0.26 

0.26 
0.261 
0.26 

0.44 
0.34 

0.23 

0.23 

0.23 
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Basement 12  

1 
Exalted by wind or other agencies than vibrator.  
average values. 

These periods a r e  
The maximum var i a t ion  is 30.02 880. 

SECOND MODE OF VIBRATION. The main purpose of t he  slmultaneous measurs- 
ments on various f loo r s  was t o  obta ln  data for p l o t t i n g  the  d e  
f l e c t i o n  curve of t h e  bui ld ing  i n  i t s  second mode of vibra t ion  
parallel t o  8anta Clara St. 
sured poin ts  on t h e  t h r e e  f loo r s  were taken a t  the  same i n s t a n t  
w i t h  pa r t lou la r  a t t en t ion  t o  phase differences.  
i n  Run 9 ( taken  on the  5th ,  9th ,  and 13th floors), t he  5th and 
9 th  f l o o r  defleOtiOnE were i n  phase, bu t  the  13th f l o o r  deflec- 
t i o n  was approximately 180° out of phase with the  o the r  two 
f loors .  (See Fig. 101). 

For each pa r t i cu la r  run the  mea- 

F o r  example, 

Tower k Bank of America Building 
8an Jose, Oalif, 

Vibrator on 13th f loo r  

T2 * 0.38 sea. 

Simultaneous records were taken 
on t h e  following floors: 

k-8-12 
3-7-11 

Bsmt-1-2 

t .  feral 

10 5 0 5 10 
-4 

Defleotion, lnoher x 1 0  

FIG. 101 

It is i n t e r e s t i n g  t o  note tha t  the poin ts  f o r  various runs 
agree. This is because the  v ib ra to r  causes a l l  of t he  motion, 
and i t s  disturbing fo rces  a r e  the  name r o r  each run. 

. t i on  have been p lo t t ed  a l so .  The po ln t s  f o r  any one run l l n e  
up approximately as a straight l i n e ,  which ind ica t e s  that t h e  
bui ld ing  d e f l e c t s  in f l exure  as w e l l  as i n  shear. This  agrees 
rlth mathematical s tud ie s  made l a s t  year  on a bui ld ing  of s h i -  

do not agree s ince  t h e  wind is a f f e c t i n g  the  motion as well as 
the vibrator.  (See Fig. 102). 

 ENTAL MODE OF VIBRATION. Poin ts  f o r  t h e  fundamental mode or  vlbra- 

h r  At10 Of height  t o  width. The po in t s  for  the Various -8 
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Tower ./ 
r 
I 
I 
I 
I 
I 13 ? 

Bank of America Buildin(  
San Jose, Cal i f .  

8 
- ; I /  PUNDAYENTAL MODE OF VIBRATION 

9 PARALLEL TO SANTA CLARA STREEI w 

2 - 

a 

I 
Banta Clara St. E leva t ion  

l I a semen t 

D e f l e c t i o n ,  inches  x lo-’ 
FIG 102 

TOR8IONAL MODES OF VIBRATION.  From Runs 21, 22,  and 23 t h e  d e f l e c t i o n 0  
Of t h e  1 3 t h  f l o o r  while  v i b r a t i n g  i n  t h e  f i r s t  and seoond tor -  
s i o n a l  modes of v i b r a t i o n  were p l o t t e d  wl th  p a r t i c u l a r  a t t e n -  
t i o n  t o  phase r e l a t i o n s h i p s ,  and from t h e s e  p o i n t s  t h e  appror i -  
mate c e n t e r  of r o t a t i o n  of t h i s  f l o o r  was loca ted .  T h i n  cen- 
t e r  seems t o  be c l o s e r  t o  t h e  F l r s t  8t. wall then  t o  t h e  oppo- 
site w a l l  on t h i s  f l o o r .  T n e  F i r s t  S t .  w a l l  on t h l a  s t o r y  Me 
no openings while  t h e  oppos i te  wall c o n t a i n s  s e v e r a l  Mindown. 
(See Fig. 103 on fo l lowing  page). 

VIBRATOR I N  BASEMENT. Run No. 26. Records were taken s lmultaneously on 
t h e  1 3 t h  f l o o r  and on t h e  bneement f l o o r  w l t h  t h e  v i b r a t o r  get  
up between two columna i n  t h e  basement. The record  taken  on 
t h e  1 3 t h  f l o o r  ( w i t h  a magnl f lca t lon  of 200) showed no response 
t o  t h e  v i b r a t o r .  T h e  basement record  ( w i t h  a magni f ica t ion  of 
1400) ahowed a d e f i n i t e  response but  no n n t u r a l  per lods.  A 
resonance curve h a s  been p l o t t e d  f o r  t h i s  record.  (See Fig. 
104 on fo l lowing  page). T h e  t e s t  aerms t o  i n d i c a t e  t h a t  the  
v i b r a t o r  wu8 shaking t h e  ground but  no t  t h e  b u i l d i n g  as a 
whole. When t h e  v i b r a t o r  was on t h e  1 3 t h  f l o o r  and t h e  l n r t r u -  
ment i n  t h e  basement. there ma a n  i n d l c a t l o n  of p e r i o d s  of  
0.56 .eo. and 0.25 aec. o n , t h e  zeoord t a k e n l i n  t h e  basement. 
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undamental Torsional' 
Per iod a84 sec. 

Plan of I3 t h  f loor showing def1pcfion.s for  the 
fundamental torsional mode of v ibra t ion .  

4 
v) 

Second Torsional 
E 

(D c 

G of rotat ion 

F i r s t  11 St. 
P l a n  of 13th-f loor showing deflections for the 
second torsional mode of vi  brat ion. 

FIG. 103 

Per i o d s  - s e c o n d s  

Fle. tO4 
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RESONANCE 

lot 

COAST A N D  GEODETIC SURVEY 

CURVES. 
ahom i n  Figs.  105, 106, and 107. 
the building is  not shown i n  Figs.  106 and 107. 

Resonanoe curves plotted for a few typieal  rune are 
The fundamental period of 

FIG. 105 

PERIOD - SECONDS 

RESONANCE CURVE FOR RUN _5--5TH FLOOR 

FIG. 106 
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PERIOD- SECONDS 

m H  FLOOR 
R E s o " C E C U R V E @ W P  

FIGURE 107. 

Buchannn, and the easterly end of the Hermann Street side. The 
hill, which consists mainly of serpentine and chert, is nearly 100 feet 
above the street level at  the corner of Buchanan and Duboce Streets. 
Loose sand overlies the rock to a depth of several feet a t  many locations 
on top of the hill. 

It was placed on 
top of the hill between two masonry piers of an old reservoir. Records 
were taken with the vibration meter located on top of a neighboring 
pier and also on the sand about 70 feet from the vibrator. Motion 
was evident on each record taken, but no "peaks" were obtained. Tlic 
only results are of a negative character. The plotted resonance curvcs 
indicate that there aro no predominant periods between the limits of 
0.10 second and 0.36 second. However, they also indicate, by the 
fact that the amplitudes increase out of proportion to the forces at 
high speeds, that there may be some naturnl period or periods slightly 
shorter than 0.10 second. The maximum speed attained by the vibrti tor 
was about 580 revolutions per minute because of the excessive linc- 
voltage drop to the motor in the long length of cable. 

The vibrator was in the same position for all runs. 

FIOUBE 108.-Vibrator test run No. 20. Bank of America Building, San Jose. 

Mare Island ground vibrating tests, April  16, 17, and 18, 1935.---A 
series of tests was conducted on dredger-filled ground a t  Mare Island. 
A platform was constructed of 2- by 12-inch lumber upon which ballast 
was placed (see fig. 88). This platform held the vibrator satisfactorily 
during all of the tests. Twenty-three runs were made with the vibrn- 
tion meters located in various positions relative to the vibrator. 
Motion was recorded as far as 1,000 feet from the machine with n 
Wood-Anderson instrument. Considerable motion was recorded a t  
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stations located out to the side of the vibrator as well as at  stations 
located directly in line with it. The motion of the ground within 100 
feet of the platform was so great that it could be felt. Two runs were 
made with the vibrator placed on its side to exert vertical forces. The 
records are being analyzed. They indicate, at  lenst, that the vibrator 
can shake soft ground considerably. 

Causeway tests, Mare Island, Calij., Apri l  I9  and 22, 1935.-An 
attempt was made to vibrate the new causeway between Mare Island 
and Vallejo. The tests were difficult because there was no place to 
anchor the vibrator near the top of the structure (on the roadway), 
as it was impossible to stop the heavy traffic. The only alternative 
was to place the vibrator on a platform, which is below the roadway 
and within a few feet of the high-water line. There was insufficient 
room on this platform to properly anchor the machine, and conse- 
quently high speeds and relatively large amounts of unbalance were 
prohibitive. This position was too low on the structure for the com- 
paratively small forces produced to be effective, since a great deal 
of energy was absorbed by the piles and the mud. Consequently, 
the records obtained are unsatisfactory for plotting resonance 
curves. 



Chapter 8.-A REPORT ON EARTHQUAKE DAMAGE TO 
TYPE I11 BUILDINGS IN LONG BEACH 

R. R. MARTEL 

This is the report of an investigation of damage caused by the 
March 10, 1933, earthquake in Long Beach, Calif., to the group of 
buildings designated as class C in many of the older building codes 
and as type I11 in the Uniform Building Code.‘ This particular class 
was chosen since, in number of buildings (1,261) and spread of distri- 
bution, it was second only to wood frame residences, on which a some- 
what analogous survey had already been made b a committee of the 

The aims of this investigation were: First, to determine if nppre- 
ciable differences in the intensity of the earthquake existed inside 
the Long Beach city limits; second, to determine if significant dif- 
ferences m damage resulted from differences in the building’s subtype, 
occupancy, or adjacency to other buildings. 

For a measure of damage, the use of the ratio of cost of re airs to 

While in many cases the figures obtained for such cost of repairs did 
not constitute an absolute measure of damage, they are tolerably 
satisfactory as indices of trends when averages for fairly large groups 
are used comparatively. 

to the actual studies, a card index was 

and adjacency to other buildings were noted. This information was 
obtained from the Sanborn Fire Insurance Atlas, and by field checks 
of the buildings themselves. The building permit files are complete 
since 1926 so that the original costs for buildings built after 1926 
were available as well as the cost of repairs for all buildings repaired 
up to August 1934. As a result of the building department’s large 
force of inspectors in the field following the earthquake, very few, if 
any, of the repairs to type I11 buildings were made without a permit 
recorded in the department’s files. 

The card index was completed from data in the office of the city 
assessor. The information here available was well adapted for thc 
purposes of this investigation due to several unusual circumstances. 
First, the city assessor had just completed new assessments of all 
property prior to Mqrch 10, 1933. Second, the earthquake’s occur- 
rence a few days after the first Monday in March, the date on which 
assessments are based, was in part responsible for State legislative 

ermitting assessed values for 1933 in Orange and Los 
Ange chanYes es 8 ounties to be based as of March 10, 1933, i. e., after the 
earthquake. 

Structural Engineers’ Association of Southern cy alifornia. 

the original cost appeared feasible because of readily availab r e data. 

prepared in which, for each T uilding, the height, subtype, occupancy, 
As a necessary prelimina 

~ 

1 Class C, or type 111 htiildings-ordinary masonry constri~ction; i. e., exterior masonry henring wulls 
with interior load-hearing ronstriir1,ion of wood, steel, or mssonry. P ~ r t i l i o n ~ ,  roof, snd floor frsming nisy 
he wood. Type I11 is not, cnnflned t,n hrick; ye(,, a t  the timo of t,he earthquake, practimlly sII f,ype IL1 
buildings in Long Beach were brick construction. 

143 
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However, in order for property owners to benefit under these new 
acts, i t  was necessary for them to file an earthquake damage claim for 
each improvement, giving the amount of damage or the cost of re- 
pairs. These claims were all checked by the assessor’s office and new 
assessed values for 1933 were determined. The manner of this 
determination can best be shown by an example. 

If new, 
it would be assessed a t  50 percent of cost, or $5,000; but, if it is 10 
years old, it  might, due to depreciation, be assessed at 40 percent of 
cost, or $4,000. If the owner claimed and was allowed $800 damage 
on this 10-year-old building, the reduction in assessed value w-ould 
be 40 percent of the $800, or a $320 reduction in assessed value. On 
each building’s card in the card index, the original 1933 assessed value 
and the reduction ranted were noted. 

1934, so that buildings which had been damaged ut not repaired 
within a year had a lower assessment for 1934 than for 1933. This 
decrease in assessed value was noted on the cards the same as a reduc- 
tion in 1933 values. 

The information from the assessor thus sup lied an assessed value 

damage when claims had been filed or when the building had not been 
repaired within a year.2 This source of reductions yielded values for 
approximately 60 percent of the buildings, but probably included 
more than an average proportion of high-value or high-damage 
buildings. The building permits yielded similar information for 
about 30 percent of the buildings. The rest of the buildin s (less 

either the assessor’s rolls or the building permit files, had reductions 
estimated for them where the field check disclosed damage. Reduc- 
tions in assessments were also adjusted when they were obviously 
erroneous or not due primarily to earthquake damage. For instance, 
a heavily damaged obsolete building which could have been repaired 
might have been demolished for economic reasons. This would 
result in a 100 percent reduction in assessed value. In  the few cases 
of this type which required adjustments, modified values based on 
estimated costs of repairs were used. 

Since for the study of variation in intensity no reliable direct 
measurements were available, the problem was attacked by consid- 
ering variations in amount of damage. The method employed wns 
to determine the relation in percent between the total assessed value 
of type I11 buildings only and the total adjusted reductions in as- 
sessed value for each block. These percentages varied from 3 per- 
cent to 90 percent and were arranged in 5 groups: 0 percent to 10 
percent, 10 percent to 17 percent, 17 percent to 23 percent, 23 per- 
cent to 30 percent, and 30 percent to 100 percent. Each group was 
designated by crosshatching on the map, figure 109, so that heavily 
damaged areas showed black, and lightly damaged areas were just 
gray enough to be distinguishable from the unshaded areas having 
no type I11 buildings. 

In some cases the results lotted on the map indicate sharp differ- 
ences in damage between a x jacent blocks, but these differences can 
and should be attributed to a number of factors other than variation 

Consider a store building with an original cost of $10,000. 

% The assessor’s o &l ce further checked all buildin s before March 

for each building and a reduction in this vaue P due to earthquake 

than 10 percent), for which no claims for damage were availab 7 e from 

’ No date were available for public buildings, which have, therefore, been excluded from oonsideration. 





/ \  

FIGURE 110 -Limits of chimney clamap. in Ling Beach earthquake. 
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in intensity. However, the opinion of those who prepared the data 
and made the field surveys is that, in general, appreciable differences 
in intensity did exist and were related as shown on figure 109. 

To convey an idea of the extent of the area strongly shaken by the 
earthquake and determine also if the shape of this area was materially 
influenced by underlying soil conditions, a field survey was carried 

N 

i 
WELL CONSOLIDATED S O L  COVER- 
ING AND LOW WATER TABLE. 

RECENT ALLUVIUM- 
POORLY CONSOLIDATED SOIL COVER- @ 
ING AND HIGH WATER TABLE WHICH 
LIES FROM 2' TO IO' BELOW THE 
SUR FACE. 

FIGURE 111.-Soil in Long Beach area. 

out to locate the damaged chimneys most remote from the epicenter. 
A line connecting these chimneys would correspond to isoseismal VI 
on the modified Mercalli scale of 1931. The results of this survey 
are given in figure 110. I t  is of interest primarily because the area 
is larger and extends farther south and north than was popularly 
supposed. 

To aid in the correlation of the damage shown in figures 109 and 
110 with soil conditions, a sketch map, figure 111, has been ~ r e p a r e d . ~  

anased on a map in Bulletin 45 of the Division of Water Resources, Department of Public Works, 
State of California. 
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From this it will be observed that the damage to type I11 buildings 
located on the softer, more recently deposited alluvium with ground 
water a t  from 2 to 10 feet from the surface is somewhat less than to 
similar buildings on the slightly older, firmer alluvium with ground 
water not so close to the surface. Areas of lesser damage are found 
both a t  the west end of the city along the old river bed and in the 
southeast section bordering on Alamitos Bay. Damage along the 
beach, below the bluff, was also less than on the higher ground. 

In  the second part of the investigation the brick type I11 buildings 
were segregated into groups as follows: First, they were divided as 
to height measured by the number of stories and indicated by the 
first number in the key designations. Second, a division was made 
based partly on the amount of openings in the walls and partly 
upon the building’s size. The letters in the key designate these 
subtypes. Third, a further classification was made based upon the 
manner of supporting the roof if the building was one story high or 
of supporting the upper stories in buildings of two stories or over. 
The last figure in the key describes this classification. (See summary 
of key designations below.) 

The buildings were further classified according to their use, viz, 
into garages, stores, apartments, theaters, churches, and residences. 

For each group in table 23 of the summary sheet the total assessed 
value was found, and then the total reductions in assessments and 
their ratios in percents were tabulated. The summary sheet reads 
across for subtype classifications and down for the three use or occu- 
pancy classifications subject to subtype divisions. The percent iig- 
ures are, of course, only averages of quite widely divergent individual 
conditions, and unless the number of buildings is fairly large they are 
of doubtful significance. By the very nature of the data, they are 
a t  best only valuable as a yardstick in making comparisons. 

It should be remembered in using the figures for comparison t l i n t  
assessed values of improvements include not only the buildings but 
their plumbing, wiring, interior decoration, etc. Tlius, wlicre tho 
chief damage was to the masonry exterior walls a garage and an 
apartment house might have appeared to be equally damaged, but 
the percentage relationship would by no means be the same since in 
an ordinary garage the walls constitute a very much higher propor- 
tion of the total assessed value than do the walls of an apartment 
house. This is only one example, but the point is important and 
must not be overlooked. 

Summary of key designations.-The first figure indicates the height 
of the building in stories. The letter shows the building subtype, as 
in figure 112. The last figure refers to the first-story construction 
and denotes: 

1. Simple span joists spanning between the exterior walls. 
2. Interior bearing partitions. 
3. Interior posts aiid girders. 
4. Roof trusses. (Applied to one-story buildings only.) 
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C 

SUB-TYPE "A" 
MAXIMUM PERCENTAGE OF 
OPENINGS IN ANY ONE W A L L  
IS 40 

SUB -TYPE "B" 
VERY SMALL OR NARROW, SINGLE 
SPAN BUILDINGS 

SUB-TYPE "C" 
OPEN OR SHOW WINDOW FRONT 
WITH COLUMNS OR NARROW PIERS 
f URNISHING INTERMEDIATE SUPPORT 
TO THE LINTELS 

SUB-TYPE "0" 
OPEN IN FRONT. SINGLE LINTEL SPAN- 
NING ENTIRE FRONT 

SUB-TY PE "E" 
CORNER BUILDING. OPEN .OR SHOW 
WINDOWS TWO SIDES, BUT BUILD- 
ING IS ONLY ONE STORE WIDE 

------- J 

SUB-TYPE "F" 
CORNER BUILDING. OPEN OR SHOW 
WINDOWS TWO SIDES, STORES 
FRONTING ON BOTH STREETS I 1' SUB-TYPE AN "L" SHAPED 'G' BUILDING. THE 

DRIVE-IN-MARKETS ARE OPEN ON 
THE INSIDE OF THE "L" 

r------- 

YIOUKE IlO.--Key to building sub-types. 
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TABLE 23.--Summary sheet of weighted averages 
1-STORY BUILDINGS 1 

5 
85 
45 

128 
86 

144 
17 
27 
25 
21 
14 

___- 1 Garages 

- - - - - -. 
6 
5 
4 
4 
8 _ _ _ _ _ _ _  
1 

- - - - - -. _ - _ _ _ - -  _ _ _ _ _ _ _  

__ 
Subtype I Per- I cent 

Num- 
ber 
- 
.~ _____.  

76 
22 

-. . . . . . 
10 
5 
6 

224 
__ 

___ 

Stores 
__ 
Per- 
cent 
.- 

-... 
25 
24 
21 
21 
20 
14 
26 
27 
21 
21 

24 
22 

21 

_ _ _ _  
_. 

- 

__ 
Num- 

ber 
__ 
. - - -. . . 

9 
23 

128 
86 
56 
15 
27 

21 
14 

2 
8 

in 

._____. 

398 
-_ 

Apartments I 
Mear 
per- 

Per- Num- cent 
cent I ber 1 

2-STORY BUILDINGS 3 

Number nf 
buildings 

Total Razed 
-- 

_I__ 

628 I 29 

140 

Assessed 
value 

$20, 750 
333,780 
R1,830 

397,320 
268, 790 
595,530 
68,110 
64,700 
09,5ml 

120,040 
82.330 
90. ,500 
16,730 
81,4.50 -__ 

2,316,950 

2 A  
2 R  
2 C  
2 C  
2 E  
2 F  
2 F  ---___--- 

Total 2 ....___.____ 1 _ _ _ _ _ _  I _______. 1 2 1 1  1 9 9 ( 2 3 1  571 

23 
21 
20 
20 
26 
21 
23 

21 
- 

$370, RIO 
30,240 

327,710 
628,360 

35. fi3n 
142, OBn 
277, R M  

1.812. RIM 

I Asswed value of garages, 1-story buildings: $931,440. Assessed value of stores, 1-story buildings: 
$1.384.780. 

8 Drive-lo markets. 

4 Assessed value of stores, 3-story butldlogs: $657,6SO. Assessed value of apRrtments, 3-story buildings: 
a Assessed value of stores, %story buildings: $1,441,880. 

sm1m _.__,__". 
6 Assessed value of stores, 4-story bulldlogs: $142,800. Assessed valuo of apartments, 4-story buildings: 

)337,400. 
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Subtype 

~-~ 
Totalsforahovetypes ~ . .  

COAST AND GEODETIC SURVEY 

Garages Stores Apartments Number of 
M~~~ huildings 

Assessed 
value 

-___-____~ 
per- 

Per- Num- Per- Num- Per- Num- cent 
cent her cent her cent her Total Razed 

~ __ ~ _- __ __ ~ __. 

25 224 20 655 16 114 20 993 40 $5,912,700 

TABLE 23.-Summary sheet of weighted averages-Continued 

-__- _____- 

Miscellaneous. 
Theaters- 
Churches 
Residences: 

Brick-..- 
Tile 

Total 

__ -..- _ _ ~ ~  
.................................................... 17 146 3 .w.n3o,fixn 

21 I9 1 27S, 810 
3 524,lW 

...................................................... 24 54 i n  180,800 
........................................................... I 51,040 19 32 

19 271 18 3,062,41~) 

......................................................... 
.......................................................... 24 20 

- ___ 
......................................................... 

-_ 

-~ -___ 

Subtype 

-. - 
1 A 2 
I A 4 
I H I .  
I C 2  
1 C 3  
1 C 4 
1 1) 4- . .  ............... 
1 E 1 
1 ~ 4  ................... 
1 F 2  .......................... 
I F 3  .............................. 
1 ~ 4  .............. 
l ( i ? , : j . . ~ . .  
! ( I 4  

.................... 
................... 
.................................. 
.................................. 
.................... 

............................. 

. . . .  
.................. 

Total I ~ . . ~ ~ . .  

. --__-..__ 

Numher or Garages Stores Apartments 
M~~~ buildings 
per- -..______ 

Assessed 
value 

--___ 
Per- Num- Per- Nnm- Per- Num- cent 
cent her cent her cent her Total Rased 

~~ ~ _ _  - ~ _ _ _ _  ______- ___ ~ 

................................................ 5 .................. 18 5 1R 
28 76 28 9 2R R5 A .......... 
30 22 21 23 25 45 5 .......... 

21 1% 21 128 4 .......... 
2.5 86 25 RB 4 ......... 

26 XH 25 5fi 25 144 R .......... 
17 2 14 15  ............. 14 17 .................. 

27 27 27 27 1 .......... 
30 15 ZF, i n  ............. 25 .................. 

21 21 .............. 1 ;? 21 .................. 
21; 1 4  ............. 26 14 ................. 

2 ........... 2' 7 .............. 20 5 26 
26 A 22 24 14 1 ........ 

27 224 6 1 24 1 8% 1 21 1.. ~~ . . 

.............. 

.............. 

.............. 

.............. 

.............. 

............. 

22 in ....................... 22 i n  ................ 

...... 
- -- -_ - __ - - - -. - _-- . -_ 

... . _~ . ~ ~ ~ 

~ ~- 
P A  2 . - . -  
2131. .  ....................... 
2 c 2  ........................... 
2 ( : 3  .......................... 
2 E I  .......................... 
2 8 2  ............................. 
2 F 3  ................................ 

Total2. 
~. ~ . 

~ ~ ~- ~~ ~~ 

................................. 23 57 23 
26 9 .............. 26 
22 57 .............. 22 

2s 7 ............. 25 
27 13 ............. 27 
24 23 .............. 24 

57 25 

20 9n .............. ZA 

~ _ _ _ _ _  ~ 

......................... 26 1 199 23 
. -~ ~~ . ~~ 

57 
9 

57 
90 

7 
13 
23 

4 . . . . . . .  

2 ........ 
2 ......... 

................. 
1 .......... 

................ 

................ 
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M~~~ buildings 
1 Garages I Stores Apartments 

Per- Num- Fer- i cent I ber cent 

N urn ber of 

3 A 2.. .................................... 
3 c 2 ................................... 16 
3c3 ................................. 21 
3 F 2  ................................. 2.1 
3 F 3 .................................. 17 

Total 3 .......................... 20 
__-- 

4 . 4 2  . . . . . . . . . .  1 . -  
4c2 .......................... 
4 c 3 . .  .......................... 
4 v 3  .............................. 

...... 
......... 

...................... 14 12 14 12 ................. 
1.5 3 ................ 15 3 .................. 
15 2 ............... 15 2 .................. 
4 2 .............. 4 2 .................. __-__ ~ _---__ ~ __-- ___ 

4-STORY RUILDINGS 

_____ ~ _ _ _ _ ~ ~ -  
................................................... 

........................................................ 
....................................................... 

.......................................................... 
Tile ......................................................... 23 32 

Totid ....................................................... 23 271 

Mlscellaneous. M 
Theaters 22 
Churches 26 
Residenres: 

Brick 30 

~ -_____ ;? 
- 

3 
1 
3 

. - - - - - . . -. 
- - - - - - -. -. 
- - - - - -. - -. 

i n  .......... 
1 .......... 

1R .......... 

ALL TYPES 
~ 

I 
Orand totals.. .................................................... 1-1 I ~ 1 I 1 2 4 1  1,2G4/ 5tl/..--.1 
-_ 

In  table 23, all the figures for subgroups a.nd totals may be con- 
sidered as weighted averages and were obtained as previously de- 
scribed. I n  table 24, the figures for sub roups and totals werc 
obtained by adding the percentage damage f or each of the buildings 
involved and dividing by the number of the buildings. By using 
simple averages, the values for percent of damage were generally 
higher than those found from the weighted averages, which reflects 
the influence of the lesser relative damage to the heavil assessed 
properties. Comparative trends, however, are general iy y in the 
same direction regardless of whether the averages were or were not 
weighted. In  making up the diagrams and as the basis for subse- 
quent discussions, the weighted averages have been used unless 
otherwise stated. 

33504-30-11 
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cn' 

m 3 3oo 

r, 2oo 
8' 100 

0 )  

To avoid the possibility of forming an erroneous impression, i t  
should be borne in mind that while the grand total average per- 
centage reduction is only 19)4 percent (table 23), this includes 14 
buildings that collapsed during the earthquake, 58 buildings that 
were demolished or razed following the quake, and 305 buildings 
whose fronts or other parts were considered so dangerous following 
the quake that such dangerous parts were pulled down or removed 
by the building department crews. A graphical representation of the 
spread of the damage is given in figure 113. 

In  evaluating the significance of the statistical data obtained, 
certain qualifying conditions are to be noted. One-story buildings 
were quite well scattered over the area, 2-story buildings nearly as 
well, but the 3- and 4-story buildings were nearly all confined to one 
relatively small area, i. e . ,  south of Seventh Street between Atlantic 
and Magnolia Avenues; this, as shown on the area map, was an area 
of less than average damage. In  only two groups of any size did the 

400 

DISTRIBUTION CHART 

1 1 . 1  I , ,  

PERCEWAGES OF R4MPI;E 
FIGVRE 113.-Damage distribution chart. 

age of the buildings seem to be similar enough to be important.' 
In the 1 D 4 store group (which is composed of one-story market 
buildings entirely open in the front, whose roofs are supported by 
trusses) and in the 1 G 4 store group (L-shaped drive-in markets), 
the buildings were much newer, the majority having been built about 

Of the many comparisons that may he made from the data presented 
on the summary sheets, the following are of particular interest. 

Story heights.-The percent of damage decreased consistently from 
23 percent for all 1-story buildings, to 21 percent for 2-story buildings, 
to 16 percent for 3-story buildings, to 12 percent for 4-story buildings. 
The restriction of the comparison to store buildings, on1 eliminates 

the 2- and 3-story buildin s. Considering apartments only, the 

1 93 0-3 1. 

the difference between 1- and 2-story buildings, but not t K a t  between 

downward trend is confirme f from 2- to 3- to 4-story buildings. 
4 For the influence of a e on dam e cf : Earth uake Damage Analyzed by Long Beach 083cisl8, by 

C .  D. Wafles, Jr. and A. 8. Horner,%ngineering Jews Record, May 26, 1933. 
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Height 

stories: 
l - . - - . . . . .  ........................................ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4. - - - - - - - -. - - . - - - - - - - - - - - - - . - . - - - -. 

Total .... __....._______...______________ _ _  ______. 

-~ ___  ~ 

Second are*. parls 
.4 IlIld B First area 

_____~___  ~ . ~ ~- 

Peroeut Number Percent Nunilwr 
-- - . 

18 192 1Y I ?  
19 124 28 f i  
12 68 34 5 
10 14 19 1 

16 381) 27 24 
___- 



-RELATIVE DAMAGE TO BUlDlNGS 7 180- 
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STORY STORY 0 STORY STORY 
100 =AVERAGE OF ALL TYPE IU BUILDINGS 

LEGEND: - TYPE IU BUILDINGS IN LONG BEACH ---- TYPE m BUILDINGS IN AREA I } SEE ABOVE -- TYPE IU BUILDINGS IN AREA 2 

FIGTRE 114.-Relative damage to buildings of different heiphts 
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The 1 G 4 store group (drive-in markets), while perhaps too small n 
group (eight buildings) to consider, does not vary appreciably from 
the general store average of 21 percent. 

Based on the data in table 23, figures 115 to 118 have been drawn 
to represent the difference in damage according to subtypes. 

Use or occupany classes.-One-story garages show higher damage- 
25 percent-than 1-story stores-21 percent. Differences between 
garages and stores for the same subtypes were, in general, small and 
consis tent . 

Apartments and stqres have practically the same percentage of 
damage when considenng buildings of the same story height. 

The percentage of damage to theaters and residences is close to the 
one-sto7 building average. 

Misce 1aneous.-There was less damage to tile residences than to 
brick residences. In the case of 2-story apartments the tile ones 
(5 buildings) seemed to have a slightly smaller percentage of dam- 
age than the brick-21 percent against 23 percent. This is a small 
difference, but is in the same direction as in the residence group. 

Brick veneer 2-story apartment houses showed only 7 porcent 
damage for 39 buildings. For 18 residences of this construction a 
14-percent damage was found. These figures were obtained in the 
same way as for type I11 buildings with which they cannot fairly be 
compared, as the brick veneer buildings are more nearly frame con- 
struction. One reason for these low figures is that in many cases 
where the brick veneer came dangerously loose, or fell off, the veneer 
was not replaced, but was completely removed and the wood frame 
walls stuccoed at relatively low cost. 

Adjacency.-To ascertain the effect of adjacency all the buildings 
were classified in three groups: Nonadjacent, or free-standing; one 
side adjacent; and two sides adjacent. The total assessed value and 
total reductions for each group were tabulated and their relation 
expressed in percent. To obtniri 
the simple averages shown in the second part of the table, the sum of 
the individual percentage figures for each of the buildings was divided 
by the number of the buildings in the group. 

TABLE 26.--Adjacency 

The results are given in table 26. 

WEIOHTED AVERAOES 

Stories: 
37 
24 

57 17 

30 

_ _ _ _ _ _ _ _ _ _ _ _  ~ __________._.__....... 239 
2 _____.___._.____._____._.._.._.__.... 146 
3 and 4 __..__._____.._.__.._.......-.. 

Total _ _ _ _ _  _ _ _ _  _ _  _ _  -. -. -. .. . __..__ .. 442 
--__ ____ 

Nonadjacent 
buildings 

Height 

-~ - . .. ~ _. 

180 22 96 IS 
79 20 31 13 
27 12 11 Y 

286 21 I 3n 1 t i  
___ .~ 

~ ~ 

-_______ ~ . . . ~ .~ 

1 Number Percent I 

SIMPLE AVERAGES 

1 side adjacent 
buildings 

_______ 
Number Percent 

180 21 
79 20 
27 9 

286 17 
-____ 

_~____-_ 
~I_____ 

2 sides adjaceut 
buildings 

Number 

96 
31 
11 

138 
__- 

Percent 

18 
16 
I) 

I 0 
__ 
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FIGURE 115.-Relatire damage to one-story buildings 
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RELATIVE DAMAGE TO TWO 

STORY BUILDINGS 
160 

I40 

d 

I 

I n . . 
40 

20 

I I I I .  

8 -  
C E: F 8  6 - c 

BG.-INTERIOR POSTS & GIRDERS 

A 

B . P = e  PARTITIONS 
NOTE IIO=AVERACE OF TWO STORY BUILDINGS 

KKI=AVERAGE OF ALL TYPE P BUILDINGS 

F I C ~ R E  116.--Relative damage to tvo-story buildings. 
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RELATIVE DAMAGE TO FOUR 
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F I C ~ R E  116.-Relatire damage t o  four-story buildings 
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FIGUBE llg.-Relative damage wording to adjacency. 
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definitely to indicate a trend toward lesser 

buildings. Confirmation of this trend resulted from considering 
only the 1 C 2 and 1 C 3 stores, and again from using 2 C 2 and 2 C 3 ; 
i. e. using only buildings very much alike. The results are shown in 
figure 119. 

These results seem ve 
damage for adjacent bui Y dings, and higher damage for free-standing 

GENERAL CONCLUSIONS 

After making allowance for the fact that the basic data used were 
mainly of relative value and subject to errors, which rendered the 
averages of smaller numbers of buildings unrekable, and the further 
fact that the influence of any single one of the numerous causes on 
the extent of damage cannot be sharply segregated, the following 
general conclusions appear warranted: 

1 .  The damage to buildings on soft, water-logged soil and on the 
beach was somewhat less than to those on more firmly consolidated 
soil. 

2. The damage to buildin s adjacent to others was less than to 

on 2 sides than on 1 side. 
3.  The percentage of damage decreased with the number of stories. 

those that were isolated, an c f  less for those with buildings adjacent 
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SUPPLEMENTARY REPORT ON EARTHQUAKE DAMAGE IN COMPTON 

The investigation of the March 10, 1933, earthquake damage in 
Compton was undertaken to determine the areal distribution and 
extent of damage. 

The principal source of data, the building department of the county 
assessor’s office, yielded assessed values and reductions in assessed 
value due to earthquake damage, when granted, for all the buildings.’ 
This information was supplemented and checked by use of Compton 
eit building permits and by field surveys. 

$he results of considering the damage percentage for wood-frame 
residences (type V) as to location indicated that a central area, seyeral 
blocks wide and extending north and south to the city limits, received 
slightly higher damage than either the east or west sldes of Compton. 
However, since many old buildings of low value were in this area, the 
bmall increase in percentage damage of this area ovef the rest of the 
town does not definitely indicate much difference in mtensity. 

The extent of damage for wood-frame residences (type V) is very 
low; in fact in 95 percent of these buildings the damage was less thas 
5 percent. The complete results are tabulated below: - 

1 For detailed explanation see the Long Beach investigation report. 
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T A n m  27.--Damagc to tvpe V buildings in  Compton. Wood-frame residences 
___.- . _ _ _ _ _ _ _ _ _ _ _ ~  -____ 

Damage (percent) 

Percenl 
.............................................................................. 94. 7 ! 1 2.9 

0-4 
li-24 ............................................................................. 
2 , ~ 4 9  ............................................................................ 63 1 . 4  
,SO and more ..................................................................... 
Demolished ..................................................................... 

Total ..................................................................... 1 4.575 1 100.0 

The masonry bearing wall buildings (type I11 or class C) were too 
few in number and too concentrated in location to justify consideration 
as to differences in intensity within Compton city limits. 

The extent of damage for type 111 buildings with commercial 
buildings and brick residences considered separately shows that the 
brick residences suffered much less damage than brick commercial 
buildings. Thus, while 47 percent of the brick residences were 
damaged less than 5 percent, over 50 percent of the type I11 commer- 
cial buildings were demolished. The complete results are tabulated 
below: 

TABLE 28.-Damage to type 111 buildings in  Compton. Masonry bearing walls 
- 1 Commercial 

Damage (percent) 

buildings 

0-4 .................................................. 2 
5-24 ................................................... 6 
25-49 ................................................ 
M 7 5  .................................................. 
Demolished .......................................... 

Total ............................................ 1 122 

Fraction of 
total 

number 

Percent 
2 
4 

21 
20 
63 

100 

Residential 

Number of 
buildings 

13 
3 
4 
1 

21 

Fraction of 
total 

number 

Percent  
47 
16 
27 
10 

_ _ _ _ _ _ _ _ _ - -  
100 

General conclusions.--The wood-frame type V buildings suffered 
very little damage-less than in Long Beach-while type I11 com- 
merical buildings suffered heavy damage-more than in Long Beach. 



Chapter 9.-PERIODS OF THE GROUND IN SOUTHERN CALI- 
FORNIA EARTHQUAKES 

€3. GUTENBERG 

HISTORY 

From the ea,rly seismic records various Japanese scientists found 
that the microseisms which are produced by traffic, industry, and mete- 
orological conditions, as storms and surf, show certain prevailing pe- 
riods which are different in different localities. Omori and Kikuchi l 

ha,ve especially investigated this problem. Kikuchi expressed his 
opinion that the prevailing periods constituted the free periods of 
the ground and their harmonics. The problem of the connection 
between periods of microseisms produced by local causes and thc 
free periods of the ground has been investigated frequently since. 
0. Geussenhainer in his investigation of microseisms in Gottingen 
with periods between 5 and 9 seconds found that they change gradu- 
ally in the course of time in the vertical component, but that in Che 
horihontal component periods of 6 ,  7.5, and 9 seconds prevail. He 
believed these periods to be free periods of Love waves in the ground 
near Gottingen or harmonics of such. 

One of the first who investigated the connection between periods in 
earthquakes and free periods of the ground was A. I m a m ~ r a . . ~  He 
found that seismograms may involve, beside seismic waves propagated 
from the focus to a given station, vibrations induced a t  the station. 
From an examination of the seismograms due to the same earthquake 
and obtained a t  various seismological stations in the Kwanto district, 
he found for the induced earth vibrations the following periods: 

Seconds 

Station on mil _.___.__._______________ 0. 2-0. 3 
Station on alluviuni ___ .  _.___.._._.___._____.---.-.-- 0. 4-0. 5 
Station on tertiary _ _ _ _  - . .~ __.. -~ _ _ _  _.___._. 0. 6-0. 7 

The results of Imamura caused K. Sezawa, G. Nishimura, and K. 
Kanai to investigate thoroughly the possibility of free oscillations of 
the ground excited by seismic waves. 

The importance of such investigations concerning the engineering 
problems in erecting buildings was recognized relatively early. There 
are many publications in which the idea has been stressed that in 

1 F Omori, Observations of Earthquakes at Hitotsubashi, 1900 (Publications of the Earthquake InvE- 
F. Omori, Tilting of the Uround During a Storm (Bulletin of the Imperial Earthquake Investigation 

Baron Dairpku %ikuchI, Hocent Seismolo ical Inveatigations (Publications of the EarthquakeInvmti- 
1 I.). Ueussenhainer, Ein Beittag zum Studium der Bodepunruhe . . . ; Diss. QGttingen 1021, Auszug 

a A. Imamurn, Earth Vibrations Induced in Some Localities at the Arrival of Seismic Waves (Bulletin 

4 K. Sezawa Possiblity of the Free Oscillations of the Surface Layer Excited by the Seisniic Waves 

K.  Sezawa and a. Nishimura. Dispersion of 8 Shock in Echoing a$ Dispersive Elastic Bodies (Bulle- 

K. Sezawa and K. Kapai, Possibility of the Free Oscillation of.the Surf- Layer Excited by the Seismic 

tigation Committee in foreign lan~uages, 13.1003). 

Committee, I, Tok 0,1907). 

gation Committee in foreign la!iguegee, 19, T O E Y O .  1804). 

irn Iahrb. d. philos. Fakultilt (k%tlnuen 1821. Nr. 18. Qeophysik, p. 73. 

>I the Earthquake Hesearch Institute, Tokyo, vol. VII, 1928, p. 493). 

(Bulletin ofthb Earthquake Research Institute, Tokyo, vol. VI11 1930 ). 1). 
tin ofthe Earthquake Hesearch Institute, Tokyo, vol. VIII, 1830, p. 321.) 

Waves, Part III.(Bulletin.of the Earthpuake Research Institute, Tokyo, vol. X, lQ32, p. 1). 
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earthquake regions buildings should not have the same free periods 
as the ground. The high value of investigations concerning free per- 
iods of the ground has been clearly recognized by many scientists. 
For example, K. Suyehiro5 wrote that the periods of earthquake 
motions play an important role in the destructive effect of an earth- 
quake on buildings and other structures, and that it is important, 
therefore, to investigate the periods of habitual motion peculiar to 
the ground if such motion does really exist a t  ordinary times and dur- 
ing earthquakes. When we remember that the ground is made up of 
several strata, it is not difficult to understand the existence of a period 
of motion peculiar to a given district. For detecting the prevailing 
periods of earthquakes in a particular locality Suyehiro has devised 
and used a seismic vibration analyzer.6 It consists of a number of 
compound pendulums having different natural periods, the shortest 
being 0.2 second and the longest 1.8 seconds, which are arranged side 
by side in a row along the side of a recording drum. With this 
instrument Suyehiro found that Hongo on the high ground of Tokyo 
has a habitual motion with a period of about 0.3 second both at 
ordinary times and during earthquakes. At Marunouchi, on the low 
ground of Tokyo, the analyzer indicated that the prevailing periods 
in earthquakes are generally 0.7 to 0.9 second, but that secondary and 

free motions of this district with smaller periods may be 

Detailed investigations on the periods prevailing in the neighbor- 
hood of Tokyo have been published by M. Ishimoto.' He gives 
periods recorded during the maximum phase of four earthquakes a t  
nine different stations. In  most cases the periods observed most 
frequently are between 0.3 and 0.5 second, but there is some difference 
between the prevailing periods due to the source as well as to the 
stations. For example, in the third earthquake investigated by him 
periods of 0.2 second prevail a t  practically all the stations. On 
the other hand a t  a few stations there are maxima in the neighborhood 
of 0.7 second. 

Other investigations concerning the periods observed during earth- 
quakes a t  Marunouchi (downtown in Tokyo) have been carried out 
b T. Saito and M. Suzuki.8 They have found there that in the 

and 0.7 second and in diluvial formations 0.25 second and 0.45 second. 
They tried to show that 0.25 second and 0.75 second are the free 
periods of the alluvial layer. 

Thorough investigations concerning free periods of the ground 
have been carried out by Dr. R.  kohl^.^ He measured the periods 
during different phases in earthquake records and compared them 
with periods produced by vibrations of a large engine which was 
run with different frequencies. The records of the movements of the 
ground taken during these experiments showed clearly an increase in 

minor but sharp earthquakes. 

a r luvial layer there are numerous waves having periods of about 0.2 

6 K. Suyehiro Engineering Seismology, Notes on American Lectures (Proceedinp of the American 
Society of Civil kngineers, vol. 58, no. 4, 1932, p 9). 

8 K. Suyehiro A Seismic Vibration Analyzer and the Records Obtained Therewith (Bulletin of the 
Earthquake Reiearch Institute Tokyo vol. I 1926 

7 M. Ishlmoto Observations'ac~l~r~metri~ues '&s secousses sismiques dans les villes de Tokyo et 
Yokohama (prehier rapport) (Bulletin of the Earthquake Research Institute, Tokyo, vol. XII, 1934, 

I T. Salto and M. Suzuki On the Upper Surface and Undergound Seismic Disturbances at the Down- 
town In Tokyo Bulletin o/ the Earthquake Research Institute, Tokyo, vol. XlI, 1934, p. 617). * R. Kohler &igenschwingungen des Under rundes, ihre Anregun und ihre seismische Hedeutung 
(Nachrlchten ;on der Gesellschaft der Wissenac%alten zu Qdttlngen, dath.-Phys. Klasse, Fachgruppe 11, 
Neue Folge, Bd. 1, Nr. 2,1934, p. 11). 

59). 

p. 234). 
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amplitude when the engine was running with a certain period and 
decrease in amplitudes as soon as the period was either increased or 
decreased. Thus he found that the free periods of the ground corre- 
sponding to the maximum amplitudes in these records were between 
0.30 and 0.35 second in the valley of the Leine near Gottingen. The 
same periods prevail in the records of earthquakes recorded at  the 
Seismic Observatory of Gottingen from distances less than 300 
kilometers. This result makes it very probable that the frequencies 
prevailing in earthquake records are largely influenced by the free 
vibrations of the ground at  the station. Sinusoidal waves of quarry 
blasts recorded in Gottin en show only periods of 0.3 to 0.4 second. 

transverse waves and during the maxima of earthquake waves, while 
in the P-phase of earthquakes recorded in Gottingen the periods of 
0.3 to 0.4 second prevail up to distances of about 1,000 kilometers; 
for all phases at distances over 1,000 kilometers periods of I .2 seconds 
are more prevalent. Even at very great distances such periods are 
not infrequent there. Dr. Kohler, therefore, believes in the possi- 
bility that the period of 1.2 seconds is the period of the free vibration 
of the uppermost crustal layer at  Gottingen and that the periods of 
0.3 and 0.4 second are harmonics of it, but he considers also the pos- 
sibility that the period of 0.3 second is the free period of the upper- 
most layer, while the period of 1.2 seconds is the free period of a 
thicker crustal layer. The thickness of the first layer would be of 
the order of 2 kilometers. He tries to explain the fact that the pre- 
vailing period at  Stuttgart is about 0.2 to 0.3 second, while at  Ravons- 
burg it is 0.5 to 0.6 second by the increase in thickness of the surface 
layer in approaching the Alps. At Ravensburg the thickness of the 
surface layer is estimated to be about 4 kilometers. Kohler also gives 
some data for other stations. In  Jena, for example, periods between 
0.26 and 0.43 second are especially frequent. At Potsdam periods 
in the neighborhood of 0.41 second prevail. Microseisms a t  places 
west of Potsdam show periods of sinusoidal waves between 0.35 and 
0.37 second. A t  Zurich the prevailing period is 0.6 second, with a 
small secondary maximum a t  1.2 seconds. Periods under 0.5 second 
are recorded there very infrequent1 . The period of 1.2 seconds 

Gottingen is also frequently recorded at Jena and Pulkovo. 

At distances over 300 a ilometers longer periods are recorded in the 

which has been mentioned previousy 9 in discussing the periods a t  

DATA 

The fact that a t  Pasadena and its six auxiliary stations the same 
type of instruments are operated offers an unusual opportunity to 
compare periods recorded during different earthquakes at several 
localities. The constants of these stations are the following: 
Pamdena: 

Mount Wilson Seismologic Station: 

Latitude=34'08.9' N.; 10ngitude=118~10.3' W.; h=295 m.; deeply 

Latit~de=34~13.5' N.; longitude= 118'03.4' W.; h= 1,742 m.; weathered 

weathered granite rock, with inclusions of gneiss and schist. 

granite. 
Riverside Seismologic Station: 

Latitude=33'59.6' N.; longitude= 117'22.5' W.; h=250 m.. apDrox.: - . - _  
weathered granite. 

heavy, boulder-laden alluvium. 

Santa Barbara Seismologic Station: 
Latitude=34'26.5' N.; longitude=11Q042.9' W.; h= 100 m., approx.; 
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La Jolla (Scripps Institution Seismologic Station) : 

Tinemaha Seismologic Station: 

Latit~de=32~51.8' N.; longitude= 117'15.2' IT.; h=7.7 m., approx.; 

Ilatitude=37'05.7' N.; longitude=118'15.5' W.; h=1,180 m., approx.; 

consolidated detrital material. 

. -  
basalt. 

Haiwee Seismologic Station: 

loosely cemented tuff. 
Latitude=36'08.2' N.; longitude= 117'57.9' W.; h=  1,100 m., approx.; 

It is a well-known fact that in the case of continuous waves of a 
sinusoidal type the instruments have very different (dynamic) mag- 
nificat,ion for waves with different periods. For this reason, in the 
case of a wave train containing waves with different frequencies, the 
instruments accentuate those waves with periods for which their 
magnification is large. First, therefore, we have to consider the 
properties of the instruments used in this investigation. 

Originally all stations had two Wood-Anderson horizontal com- 
ponent torsion seismometers with electromagnetic damping and 
optical recording (Cf. Bull. Seis. SOC. Am., XV, 1, 1925) with free 
periods of somewhat less than 1 second, static magnification between 
2,500 and 3,000, and almost crit.ica1 damping. During recent years 
one Benioff vertical component seismometer with galvanometric- 
optical recording has been added at  each station. This seismometer 
has an inertia-mass of 100 kilograms, a free period between 0.5 and 
1 second, about critical damping, and a galvanometer with a free 
period of about 0.2 second. The torsion seismometers have their 
maximum magnification for continuous sinusoidal waves with periods 
less than 0.5 second. In the case of sinusoidal waves with longer 
periods the magnification decreases and reaches about half the maxi- 
mum value with periods of 1 second and about one-tenth with periods 
of 3 seconds. The Benioff vertical combination mentioned above 
gives its maximum magnification for sinusoidal waves witah periods 
between 0.1 and 0.4 second. The magnification drops down some- 
what faster than i t  does in the case of the torsion instruments and is 
about one-tenth of t4he maximum magnification for waves with periods 
of 1 second. Beside these instruments, a t  Pasadena short-period 
horizontal instruments with slightly different properties have been 
used temporarily. Examples of these are the horizontal instruments 
of the Benioff type with short-period galvanometers and the Benioff 
short- eriod strain seismograph.' 

been in use: One or two torsion inst,ruments with free periods of 6 
seconds or more, Benioff horizontal and vertical instruments, and u 
long-period Strain seismograph. The maximum magnification of the 
long-period torsion seismometers occurs for all waves with periods 
less than 3 seconds. Most of the long period Benioff combinations 
have their maximum magnification for continuous sinusoidal waves 
with periods between 0.4 and 1 second. It is smaller for shorter and 
longer waves, being about one-half for waves with periods of 0.1 to 
2 seconds. 

For the present investigations the records of Pasadena have been 
separated into two groups, one containing the short-period instruments 
and the other containing all long-period instruments. Besides the 
instruments mentioned so far, the geophysical outfit of the Cali- 

At  F asadena the following group of long-period instruments have 

1 H. Benioff, A Linear Strain Seismograph, Bulletin of the Seismological Bociety of America, vol. 28, 
1935, p. 283. 
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San Bernardino Moun- 
tains.. . ~.-.  . .-.--.. . 

__ ._do  -.... -.. _._~___ 
-..-do .__.. . __. -. -. -. . 
Mohave Desert.. -.... 
____do  -..- ___._._ .-... 

.-..do .________._ .~ .-.. 
_.__do.-. __._._._...___ 
...- do.-. ____..._._..._ 
Twenty-nine Palrns ... 
Hedondo ______..._.___ 

North of Barstow.. 
South of Bakersfleld ... 
West of Parkfleld ...... 
Wast of Santa Barbara. 
Near Santa Barbara ... 

Panamlnt Valley ....-. 
East of La Jolla ... .-.. 
Chatsworth __...._____ 
Northeat of Bishop ... 
50 kilonieters west of 

Bishop ___________... 

fornia Institute of Technology was used during the days following 
the Long Beach earthquake to record aftershocks. It proved very 
clearly that waves with periods as small as 0.01 second occur during 
all phases of local shocks. As earthquakes are frequently accom- 
panied by audible sound waves, there is no doubt that waves with 
even shorter periods are produced during an earthquake, but as 
these waves are of no interest in engineering pToblems we will not 
deal during these investigations with waves having periods less than 
0.1 second. On the other hand, very long waves with periods of a 
large fraction of a minute have been found occasionally in records of 
close-by shocks. The st,udy of these long waves also is omitted in 
the investigation. 
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TABLE 29.-List of shock.q--Continued 
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Records of 108 shocks which are listed in table 29 have been measured 
for all stations as far as available. Table 29 contains a list of these 
shocks and the approximate distances of the stations from the epi- 
center. As the accurate distances were not needed in the present 
investigation the closest values available from previous investigations 
have been used without further examination of the accuracy. Many 
of the distances have been computed by using the e icenters given 

Pasadena.” These shocks did not provide data concerning earth- 
quakes nearer than 50 kilometer8 t80 Tinemaha, Haiwee, and La Jolln. 
Therefore, besides the shocks listed in table 29, small shocks origi- 
nating within this distance from the stations have been investigated. 
In n similar way records of 22 blasts recorded at Pasadena and four 
of the outside stations have been investigated. The const,ants con- 
cerning these blasts are given in table 30. Table 31 gives a list of 
the seismograms on which periods of microseisms have been measured. 
Altogether, over 2,000 records have been investigated. 

TABLE 30.-List of blasts 

by Dr. Richter in the “Monthly Report on Loca P Earthquakes, 

1 
2 
3 
4 
6 

6 
7 
8 
9 

10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

Epicenter 

Oct. 21,1923 Palos Verdes _.__. ~ __.___. ~ 

Apr. 27,1924 Corona 
Dec. 8,1924 Hollywood 
June 28.1927 Monolith _ _ _ _ _ _ _ _  ~ 

Apr. 1,1928 glover Mountain ....__._..__.__ 

Apr. 28,1929 San Gabriel Dam .__.___.______ 
June 11,1929 ____.do.. 
June 16,1929 Victorville _ _ _ _ _ _ _ _  ~ ___. ~ 

June 28,1929 Ban Gabriel Dam ___._._____._. 
Apr. 12,1930 Olendora Road No. 1 

Apr. 12,1930 Olendora Road No. 2. 
Bept. 12,1931 Victorville No. 2 ________._____ _. 
Apr, 21,1933 Ban Gabriel West Fork 
June 2.1933 Signal Hill ______._ ~ _ _ _ _ _ _ _ _ _ _ _  _.  
Oct. 27,1934 _____do  ________________. ~.~ 

Nov. 17,1934 -____do _ _ _ _ _ _ _ _ _  _ _ _  
Dec. 6,1930 Buena Vista No. 1 ______.__ ~ 

_____do  _ _ _ _ _ _ _ _  Buena Vista No. 2. _ _ _ _ _ _ _ _  ~ 

Nov. 12,1930 La Jolla Pit No. 1 
Nov.  13,1930 La Jolla Pit No. 2 _______.____ 

Skunk Point Blasts No. 1. 
Skunk Point Blasts No. 2 

Pasa- 
dena 
Long 

Distance in kilonieters 
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TABLE 31.-Dates jor  which microseisms have been measured 

Pasadena 1 Mount Wilson 1 Haiwee 1 La Jolla I 
N o v .  %21, 1934. 
AUK. 27-28 1934. 

h p t .  10-11, 1934. 
Oct. 4-5, 1034. 
Oct. 13-14, 1934. 
Uec. 18-17 1934. 
Nov.  Wid, 1034. 
h+oV. 21-22, 1934. 

s e p t .  5-6, i934. 

Sept. 30,-0ct. 1, 1934 
Sept .  28-29, 1934. 
Sept. 2&27, 1934. 
Sept .  15-18, 1934. 
Sept .  12-13, 1034. 
Sept. 2-3, 1934. 
AUg. 31-Sept. 1, 1934. 
Aug. 29-30, 1934. 
AUg. 16-17, 1934. 

Jan .  1%-14, 1935. 
Jan .  12-13, 10:35. 
Jan.  11-12. 19:45. 

1)ec. 10-11, 10:14. 

Aug. 9-10, 1934. 
Aug. 13-14, 1934. 
Aug,  8-0, 1934. 
Aug. 5-6, 1934. 
Aug.  3-4, 1934. 
Aug. 1-2, 1934. 

Aug. 29-30, 1934. 
Aug.  1-Se1>t. 1, 1934. 

July 22-23, 1934. 

Rivers ide 

J u l y  11-17, 1034. 
.July 10-11, 1034. 
JUly %IO, 1034. 
J u l y  8-9 1934. 
.July .5-k: 19:14 
July 4-5, 1934. 
July ZXJ-30, N34. 
J u n e  27-28, 1934. 
June 20-21, 1084. 

Dec. 16-17, 1934. 
Dec. 13-14, 1934. 
Dec. 9 1 0 .  1934. 
Dec. 4-5, ’1934 
Nov. 30-Dec. 1,1034 
Nov .  26-27, 1934. 
Nov .  2%21, 1934. 
Nov.  15-16, 1934. 
Nov.  5-8, 1934. Nov.  5-8, 1’934. 

T inemaha  I 
J>ec. 2-3, 1034. 

Nov. 2Pr20. 1934. 
Nov. 3O-Dec. I ,  1 

Nov. 27-B; 1934. 
Kov. 15-16, 1934. 
Nov .  6-7, 3984. 
Nov.  3-4, 10:34. 
Oct .  21-22, 1934. 
Oct. 12-18, I!J:i4. 

1934. 

THE PERIODS MEASURED IN RECORDS OF EARTHQUAKES 

In each record a certain number of periods has been measured con- 
cerning the P-phase, the S-phase, and the maximum phase. For 
shocks less than 100 kilometers distant there is usually no clear 
distinction between “S” and “M.” In  these cases the first waves 
of the large phase have been called “S” and the later waves “M.” 
All measurements were finished before calculations were begun in 
order to avoid any influence of known data on the measurements. 
For each phase on each seismogram the number of occurrences of 
each period found in that phase has been tabulated. It is not 
possible to reproduce the results of these measurements in extenso 
in this paper. Table 32 gives the complete data concerning the 
short-period instruments a t  Pasadena while tables 33 to 38 show 
the tabulations concerning the outside stations for distances less than 
about 200 kilometers. 

The outstanding result of these tabulations is that the periods 
which have been measured change very slightly between different 
shocks recorded from about the same distances a t  the same station 
and that they usually cover a very na,rrow range. 



TABLE 32.-Frequencies of periods recorded by the short-period instrumenls at Pasadena duftleg /he earthquakes listed in table 29 
The numbers in the first column correspond to those in table 29. The frequencies are tabulated vertically fa tho order of increasing dist-1 
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[The numbers in the fkst column correspond to those in table 29. The frequencies am tabulated vert idy  in the order of increasing distance] 
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TABLE 32.--Frequencies of periods recorded by the short-period instruments at Pasadena during the earthquakes listed i n  table 29-Continued 
The numbers in the 6rst column correspond to those in table 29. The frequencies ace tabulated vertically in the order of increasing distance] 
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TABLE 32.--Prequencies of periods recorded by the short-period instruments al Pasadena during the earthquakes listed i n  table $$-Continued 

PASADENA 9-PHASE-Continued 
[The numbers in the ht column correspond to those in table 29. The frequencies am tabulated vertically in the order of inmasing distanca] 
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TABLE 32.--FTeqUenn'eS of periods recorded by the short-period instruments at Pasadena during the earthquakes listed i n  table !&--Continued 
[The numbers in the first column correspond to those in table 29. The frequencies are tabulated vertically in the order of increasing distance] 

PASADENA M-PHASE-Continued 

l l  Periods in seconds 
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TABLE 33.-Freqitencies o j  periods recorded at Riverside at distances less than 200 
kilometers during the earthquakes listed i n  table 99 

[The numhers in the flrst column correspond to those in table 29. The frequencies are tabulated vertically 
in the order of increasing distance] 

__ - 

Dis. 
tanct 
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km 
37 
37 
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58 
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58 
58 
58 
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TABLE 33.-Frequencies of periods recorded at Riverside at distances less than BOO 
kilometers during the earthquakes listed i n  table 99-Continued 

[The numbers in the flrst column correspond to tho? in table 29. The frequencies are tabulated vertically 
In the order of increasing distance] 

__ - 

No. 

__ ~ 

Dis- 
tance 

km 
37 
37 
68 
68 
68 

68 
68 
68 
68 
68 

68 
68 
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70 
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70 
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74 
76 
77 

86 
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6 
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4 
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10 

12 
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6 

12 
11 
12 
6 
9 
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2 
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14 
8 
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13 
10 
10 
6 

10 
12 
4 
4 
1 
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6 

3 
9 

3 
4 
6 
1 

2 
4 
7 
4 

.__. 

.__. 

._-. 
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4 

6 
2 

.__. 

- 

- 

.3 

- 
6 
3 
3 
3 

4 
I1 
3 
6 
8 

4 
4 
4 
2 

8 
4 
I1 
6 
3 

8 

4 
6 
2 

6 
7 
4 
7 
4 

3 
4 

4 
6 
6 
3 
3 
4 

8 
3 
6 
6 

11 
6 
3 
3 

3 
2 

6 

.- 

0.4 I 0.6 1 0.6 1 0.7 1 0.8 I 0.9 1 1.0 ~1.1~1.3~1.6~1.7/1.9~2.1/2.6~2.9~3.3~3.7 to to to to to to to to to to 

1.2 1.4 1.0 1.8 2.0 2.4 2.8 3.2 3.6 4.4 
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No. 

__- 

2--.-- 
3..... 
77.-.. 
7 K . .  
70 .... 

SO.-.. 
81.--- 
8L.- 
83...- 
84 .... 

85 .... 
57 .... 
5R .... 
50 .... 
tX... 

61 L.. 

62 .... 
63L.. 
M-.. 
65 .... 

W . .  
67 .... 
08 .... 
60--..  
70..-. 

71--.. 
72.-.. 
73.-.- 
74.--- 
87..-. 

75.-.. 
8.---- 
l.--.- 
28...- 
29.-.- 

21 .... 
IO.-.. 
l7--.. 
6 . - - . .  
9-.-.. 

7..... 
4 L . .  
40 .... 
I8 .... 
5..... 

16 .... 
I1 .... 
30.-.. 
31---- 
32 .... 

33.--. 
34.-.. 
35..-. 

TABLE 33.-Frequencies of periods recorded at Riverside at distances less than 200 
kilometers during the earthquakes listed i n  table 29-Continued 

in the order of increasing distance] 
[The numben in the flrst column correspond to those in table 28. The frequencies are tabulated vertia3llY 

Dis- 
tance 

km 
37 
37 
58 
58 
58 

58 
58 
58 
58 
58 
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70 
70 
70 
70 

70 
70 
70 
70 
70 

70 
70 
70 
70 
70 

70 
70 
70 
70 
70 

74 
75 
77 
86 
86 

107 
108 
108 
109 
110 

111 
114 
122 
123 
146 

170 
178 
190 
180 
1 0  

190 
190 
1 0  

- RIVERSIDE M-PHASE 

Periods in seconds 
- 

.2 

- 

0 
5 
5 
7 
8 

0 
9 
3 
0 
7 

12 
1 
4 
9 
6 

6 
3 
6 
6 
6 

0 
6 
6 
6 
2 

9 
4 
5 
8 
5 

5 
4 
8 
5 

4 
12 
6 
5 

4 
3 

5 
1 

3 
5 

1 

._ 

.- 

- 

1.3 

- 
4 

1 
5 
6 

8 
5 
2 

13 1 

4 
1 
4 
5 

._ 

.. 

._ 

._ 
3 

_ _  _ _  
._ _ _  
-. 

4 
6 
2 
6 
9 

10 
4 
2 
6 
5 

0 
6 
1 
4 
4 

5 _ _  5 

-. 
1 

6 
2 
1 
1 

- 

.4 

- 

3 
3 
7 
4 
1 

1 
4 
.. 
_. _ _  
_. 
3 
.. 
.. 
4 

_. 
1 
3 

2 

3 

1 
4 

3 
3 

8 
5 
5 
3 
5 

2 
4 
1 
2 
4 

6 
3 

5 
5 

4 
1 
4 
3 

.. 

.. 

.. 
- 

0.6 0.7 0.8 l l  
- 

0.9 

-I-1-1-1- 
2 3 .... 2 2 

II 4 .... 4 3 
3 ................ 
5 4 2 . . -  ..... 
.................. 

................ 
4 ............... 
.................. 
................. 

................... 

................... ! I l l  
................ 
1 6 7 2 3  
..... 2 .... 3 
5 7 4  ........ 

. . - 3  .___ 2 4 
5 5 5 3 3  
6 4 3  ........ 
.-- 3 1 2 5 
........... 1 1  

4 2 _ _ _ _  1 3 
4 6 1 3 _ _ _ _  
............... 4 
5 ................ 
4 2 2 4 3  

2 ................ 

1 1  ............ 

................... 

................... 

.................. 

3 2 2  ........ 
.................. 
8 1  2 2 ;  .... (-1 .... 

............... 
5 2  ........... 

l ! 3 2 1  
5 2  ........... 
-.- 1 1 1 3 
2 2 1 ..~- __. 
6 3 3 2 1  

4 ............... 
7 7 4 3 1  
6 4 4  ....... 
8 3  ........... 

2 -. . - - - - . - -. . - . 
4 3 3 2 --. 
5 5 3 2 . .~  
5 3 1 ........ 
7 8 2 ...... 

.. 2 (i 5 5 
........... 4 2 

-. - . - - - - - - - . - - - . - - 

. . . . . . . . . . . .  

....................................... 

....................................... 

....................................... 

.................................... -.-\.-.-] .... \ .... \ .... \.-..! .... 1 .... \ .... I - - - -  ....................................... 

....................................... 

....................................... 
-.- __._ .-.- -..- _ - - -  .___ _ _ _ _  .-.- _ _ _ _  .--- 
....................................... 

.-.- _ _ _ _  --.. _ _ - -  __._ ___. ._._ .___ .--- 
........................................ 

I .................................... 
........................................ 
........................................ 

2 ........ 2 ........................ 

5 3 3 2 - * - -  .................... 
3 2 1  1 1 4  ................ 

................ _ _ - _  .................... 

........................................ 

.... .... 

.... .-.- ................................ 

....................................... 

....................................... 

........................................ 

........................................ 

........................................ 

........................................ 

........................................ 

........................................ 

........................................ 

........................................ 

_- - -  .___ .-_. --.. - - - -  _ _ _ _  _ _ _ _  .___ ..-- _ - - -  
........................................ 

.--- 
........................................ 
_ _ _ _  _ _ _ _  ._._ _ _ _ _  ._-- _ _ _ _  _ _ _ _  .--. .--. 
. _ _ _ I  .... 1 .-.-I .... I .... 1 _ _ _ _ I  .... j .... I .... I - _ - -  
........................................ 
...................................... 
........................................ 
........................................ l l l l l l l l l  

_.-- ................................... 
........................................ 
........................................ 
....................................... 
.............. - ~ - -  .___ _.._ _ _ _ _  __._ .--- 

....... 2 1 6  1 2  2 - . . .  1 
1 1 .... 4 - . . . . . .  ................ 
fl 5 2 _.__ .___ __._ _ _ _ _  _ _ ^ _  ___. -- - -  
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6 

6 
4 

5 
8 
to 
2 

6 
7 

6 
5 

1 
5 
7 
10 
4 

2 
4 
2 
3 
5 

2 
5 
2 

.... 

.... 

TABLE 34.-FT8qUen&e8 of periods recorded at Mount Wi lson at distances lms than 
200 kilometers during the earthquakes listed in table 29 

.................................................. 
5 3 ...................................... 
2 ............................................ 
1 ............................................. 

2 ............................................. 
2 ............................................. 

1 5  ............................................. 
.................................................. 

................................................. 

................................................ 
1 2 ........................................ 
1 1  ....................................... 
3 ............................................ 
4 4 ....................................... 

9 10 5 
3 .  ......................................... 
1 1 ....................................... 
3 ........................................... 

................................................. 
.................................. 

......................... --... .................... 

............................................... . 

.................................................. 

.____ ~ _ _ _ _  __.__ _ _ _ _ _  .____ __.__ ._..- .-_-- _ _ _ _ -  - - - _ _  

.................................................. 

.......... ........................................ 
-. . . -. . -. . . -. -. . - - -. - -- . - - - - - - - - - - - - - - - -. - - 

..... 

[The numbers in the flrst column correspond to those in table 29. The frequencies are tabulated vertically 
in the order of increasing di5tanWl 

4 
7 

9 
4 
3 

9 

8 

8 
5 

8 
8 
8 
5 
8 

- 

No. 

_ _ _ _ _  .____ .__-_ .___. _ _ _ _ _  ___._ _ _ _ _ _  __._. _ _ _ _ _  --__. 
.... 2 ........................................ 
2 ............................................ 
5 6 .____ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ._.__ __.__ __.__ _ _ _ _ _  

4 7 7 1  ................................... 
4 2 .___ 2 _ _ - _ _  _ _ _ _ _  _ _ _ _ _  .____ __.__ _ _ _ _  ~ 

1 3.. ...................................... 
4 2 2 3 2 2 1  .................... 
1 6 6 4 1 1  ......................... 

3 1.. ...................................... 
2 1 .____ _ _ _ _ _  _ - _ _ _  ~ _ _ _ _  .____ .-.-- _ _ _ - -  ..-__ 

5 3 ........................................ 
4 2 __-._ _ _ _ _ -  -_.__ - _ _ _ _  .___- .---- .- .- - - - - -  
4 2 ........................................ 
5 1 1 ................................... 
3 7 ........................................ 

_ _ _ _ _  _ _ _ _ _  .____ ._.__ _ - _ _ _  __.__ _ _ _ _ _  _-.-- _ _ _ _ _  .--__ 

76 ....................... 
77 ....................... 
78.. ..................... 
79 ....................... 
80 ....................... 

81 ....................... 
82 ....................... 
R3 ...................... 
84--. .................... 
U5 __._ . _____. - _ _  --. .___.. 

86 ....................... 
21 ....................... 
75 _..__ -. .____-- --.--- --. 
14 ....................... 
28 ....................... 

29 ....................... 
10 ....................... 
57 ....................... 
58 ....................... 
59 ....................... 

60 ....................... 
61 ....................... 
62 ....................... 
63 ....................... 
64 ....................... 

65 ....................... 
66 ....................... 
67 ..-- _ _  .- _.__ ~ .-- ~ .___. 
68. ...................... 
69. _ _  . . -. -. - - - - - - -. - - -. 
70.. ..................... 
71 ....................... 
72 ....................... 
73 ....................... 
74. ...................... 

R7 ....................... 
8. - - -. - - - - - - - - - - - - -. 
2 ........................ 
3 ........................ 
1 ........................ 
(........................ 
14 ....................... 
11 ....................... 
15..-. ................... 
5 ........................ 
4 ........................ 
40 ....................... 
16 ....................... 
17 ....................... 
9 ........................ 

__ 
_. 

D i s -  
tance 

km 
35 
35 
35 
35 
35 

35 
35 
35 
35 
35 

35 
40 
50 
54 
60 

60 
03 
68 
68 
68 

68 
68 
6U 
88 
68 

68 
68 
68 
68 
68 

68 
68 
68 
68 
68 

68 
103 
112 
112 
116 

124 
140 
144 
145 
150 

154 
157 
163 
168 
170 

MOUNT WILSON P-PHASE 

Periods in seconds 
- 

3.2 

- 

14 
11 

5 
14 

14 
10 
9 

16 
9 

8 
7 
3 
3 
5 

4 
8 
7 
14 
17 

12 
14 
11 
9 
8 

8 
5 
9 
16 
10 

14 
3 
12 
18 
15 

15 
8 
2 
1 
5 

3 
2 
2 
7 
10 

4 
7 
6 
9 
2 

.... 

- 

7 l l l l l l l l l l  ............................................ 

2 ............................................. 

8 5 ............................................. 
;: 1 7 1 3 j 2 1 __.__I .... 1 ..... 1 .... 1 ..... 1 ..... 1 ..... 
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TABLE 34.-Frequencies of periods recorded at Mount WihOn at distances less than 
200 kilometers during the earthquakes listed in  table 90-Continued 

[The numbers In the flrst column corm ond to those in table 28. The frequencies are tabulated vertically 
in tge order of inomsing distsnoe] 

No. 

76 ....................... 
77 ....................... 
78 ....................... 
79 __-____ - _ _ _  - - - - - - - _--- - 
80 ....................... 
81 ....................... 
82 --__- - - - - - - - - - - - - - - - - - - 
83 ....................... 
a4 ....................... 
85 ....................... 
88 ....................... 
21 ....................... 
75 _ _ _ _  - - - - - - - - - - - - - - - - - - - 
18 ....................... 
%.- - - - - - - - - - - - - - - - - - - - - 
28 _ _ - _ _ _ _ - _ _ _ _  ~ _.-_ * _ - _ _ _  
10 ....................... 
57 ....................... 
58 ....................... 
59 ....................... 
00 ....................... 
61 ....................... 
62 _ _ _ _  - - - - - - - - - - - - - - - - - - - 
63 ....................... 
64 ....................... 
66 ______. ~ -. _ _  _ _  -. . -. . __. 
BB .................. .r... 
67 _ _ _ _  - - - - - - - - 
88. ...................... 
69 ....................... 
70 ....................... 
71 ....................... 
72 _ _ _ _ - _ _ _ _ _ _  - _ - _ _  _ -  __. _. 
73. _ _  - - - - - - - 
74 ....................... 
87 _ _ _ _  - - - ~. - - - - - - - _  - - - - -. 
8 ........................ 
2 ........................ 
3 ........................ 
l..... ................... 

--  - - - - - - -. 

- - - - - - - -. -. 

4 ........................ 
40 ....................... 
16 - - -_ -_ -  ~ - _  __ - - -  - ------. 
17 ....................... 
9 -_ -_ -_  ~ _ - -_ -_-_-_  ~ _ _ _ _  _. 

Dis- 
tance 

km 
36 
35 
35 
36 
35 

36 
35 
35 
36 
36 

35 
40 
M) 
54 
00 

88 
68 
88 
88 
88 

88 
88 
68 
88 
68 

88 
88 
68 
88 
68 

88 
103 
112 
112 

124 

141 
146 
1W 

l i e  

140 

164 
167 
lea 
188 
170 

MOUNT WILSON 8-PHASE 

Periods in seconds 

1.2 

- 

9 
6 

2 
10 

10 
8 
10 
10 
4 

3 
3 

2 
4 

3 
4 

9 
10 

6 
14 
3 
6 

1 
6 
7 
12 
11 

9 

16 
17 

14 
7 

1 
1 

-. 

.-- 

io a 

.-- 

.-- 
6 
2 
7 
8 

1 
4 
1 
7 

-_. - 

1.3 

- 

8 
4 

7 
3 

6 
13 
10 
7 
7 

8 
9 

2 
5 

3 
8 
6 
6 
9 

12 
10 
4 

16 
7 

8 
6 
5 

13 
13 

14 
10 
9 
8 
8 

11 
6 
1 
4 
6 

1 
6 
2 
0 
6 

5 
5 
a 
6 
2 

_.- 

- 

1.4 

- 

4 
3 
2 

5 

2 
2 
3 
1 
3 

1 
1 
2 
6 

-- 

.__ 
13 
6 
10 
6 

6 
2 
1 
4 
a 
2 
2 
1 .-- ._- 

11 
6 
1 

1 
.-. 

._- 
2 
4 
E 
6 

1 

2 

2 

E 
E 
2 
L 

a 
a 

e 

- 

1.5 

- 

--- 
4 
1 
2 
4 

- - -  
2 
1 
3 

7 
7 
3 
4 

.--. 

.-.. 
‘13 

3 
1 

2 
.--. 
._-. 
1 

1 
.-.. 
._-. 
__-.  

3 
4 

1 
8 
8 
4 

1 
2 
7 
2 

9 
2 
7 
2 
8 

_ _ _ .  

- 
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76 ........................ 
77 ........................ 
78 ........................ 
79-.. .................... 
80 ........................ 

TABLIO 34.-Frequen&es of periods recorded at Mount Wilson at distances le88 than 
200 kilometer8 during the earthquakes listed i n  table .$&Continued 

[The numbers in the flrst column corres nd to those In table 29. The frequencies are tabulated vertically 
in &order of Incmsing distance1 

MOUNT WILSON M-PHASE-Crmtlnued 

I I  
Periods In seconds 

km 
35 6 4 
35 ..... 2 
35 ..... 3 
36 ..... 6 
35 ..... 16 

6 

2 
3 
4 

8 

4 
6 

3 
5 
2 
4 
1 

4 
2 

.... 

81 ........................ 35 ..... 
82 ........................ I 35 l _____ l  

3 _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _  .____ _ _ _ _ _  
6 7 3 2 1 1 . .  .................. 
.......... 1 1 3 1 1 .......... 

ti 4 ................................... 
4 2 - - - _ -  __.._ _ _ _ - -  ---_. _ _ _ _ -  - _ _ - -  ._-- 

, 4 4 6 2  .............................. 
5 _ _ _ _ _  ~ _ _ _ _  _ _ _ _ _  ~ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ____. 
1 1  ........ . . 1  2 ............... 
7 2 1 _ _ _ _ _  _ _ _ _ _  - _ _ _ _  ____. _ - _ _ -  _ _ _ _ -  
2 ........................................ 
4 
l... ..................................... 
1 ........................................ 

.................... 4 1 ............... 
3.... ........... 2 5 4 .......... 
2 a 2 2 2.. .................. 

_ _ _ _ _  _ * _ - -  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  __..- .___ ~ 

. * _ _ _  _ _ _ _ _  _ - - - -  _ _ _ _ _  _ _ _ _ _  _ - _ _ _  .____ ___.- .____ 

R3 ........................ 35 ..... 15 
81 ........................ 0 
85 ........................ 1 tl 3 

70 ........................ 
71 ........................ 
72. ....................... 
73 ......................... 
74 ........................ 

87 ........................ 
ti.-- ...... * ............... 
2 ......................... 
3..-.... .................. 

7.. ....................... 
?4 ........................ 
1L.. .................... 
15-.. ..................... 
5 ......................... 
4.... ..................... 
40 
16 ....................... 
17 _ _ _ _ _  ................... 
9 ......................... 

1 _....... ................. 

........................ 

86 ........................ 
21 ........................ 
75 _____-. ~ _ - _ -  _ _  - -. - -. . - _ _  
18 __-_ _ -  -. _ - _ _  _-. . -. - -. . -. 
28.. ...................... 
29 ........................ 
lo..-. .................... 
57 ........................ 
sa.... .................... 
59 ........................ 

I%.. ..................... 
61 ...... ..........._.. .... 
62.--- .................... 
63 ........................ 
84. ....................... 

65. ...................... 
66 ........................ 
67 ........................ 
38. ....................... 
09 ........................ 

68 ..... 8 
68 4 Q 
88 8 1 
08 ..... 9 
88 ..... 12 

65 ..... 11 
103 ..... 5 
112 .......... 
112 .......... 

124 ..... 3 
140 1 1 
144 ..... 3 
145 .......... 
150 2 4 

154 2 
157 

- 1 6 3  1 6 
168 4 5 
170 ..... 1 

116 ..... 4 

..... .......... 

1 
8 
10 a 

6 
7 
8 
3 

_ _ _ _ _  

1.3 

- 

3 
2 
4 

9 
15 
9 
6 
7 

fl 
2 

3 
1 

9 
4 
7 
10 

6 
11 
2 
6 
2 

3 
4 
9 
13 
7 
6 
6 
3 
12 
4 

11 
7 

2 

I 
3 
4 
2 
ti 

7 

8 
4 

._- ._- 

.-- 

a 

.......... 2 ..... 2 .  ................... 
........................................ 

8 ..... 2 1 1  ............... 
3 3.. ............................ 
2 _-_--  5 2 2 _ _ _ - - - - - - -  ~ - _ - -  

5 1 l---.- .................... 
1 ................................... 
5 1 .............................. 

_ _ _ _ _  _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ~ _ _ _ _  _ _ _ - -  _ _ _ _ _  

_________-____. -_-_  ~ - - - __  ~ _ _ - -  .-_-_ 

-1-1-1-1-1-1-1-1-I- 

1 

2 
5 
3 
7 
3 

1 
3 
4 
8 
6 

..__ 
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TABLE 35.-Frequencies of periods recorded at Snntu Barbara at distances less than 
100 kilometers during the eurthquakes listed in  table 19 

[The numbers in the flrst column corres nd to those in table 28. The frequencies are tabulated vertically 
in & order of increasing dlSt8~C8] 

_ _ ~ _ _ _ _ _  SANTA BARBARA P-PHASE 

Periods in seconds 

15 ..................... 
14 ..................... 
18 ..................... 
107 .................... 
21 ..................... 

12 ..................... 
10 ..................... 
75 ..................... 
76..-. -. - - - - - - - - -. -. -. - 
77 ..................... 

78 ..................... 
79 _ _ _ _  - - - - - - - - -. -. ~ - -. - 
w) ..................... 
81 ..................... 
32 ..................... 

84.. ................... 
85 ..................... 
28... .................. 
29 ..................... n.... ................. 
13 ..................... 
23 ..................... 
24 ..................... 
25 ..................... 
58 ..................... 

57 ..................... 
58. .................... 
59 ..................... 
80. .................... 
61 ..................... 
62 ..................... 
63 ..................... 
...................... 
65 ..................... 
88. .................... 

67 ..................... ea ..................... 
69 ..................... 
70 ..................... 
71 ..................... 
72 ............... i ..... 
73 ..................... 
74 ..................... 
87 _ _ _ _  - - - - - - - - - - - - - - - _ _  

km 
18 5 
45 3 
100 3 
110 __. 
113 4 

124 - - -  
132 --. 
163 - - -  
163 .-- 
163 _ - _  
163 - - -  
163 - - -  
163 --- 
163 --- 
163 - - -  
163 _ _ _  
163 - - -  
165 _ _ _  
165 2 
lea __. 

175 _ _ _  
179 ... 
179 .-. 
179 .-. 
183 .-- 

183 - _ -  
183 .-- 
183 _ _ _  
183 --. 
183 .-. 

183 __. 
183 -.. 
183 ._. 

183 --. 

183 __. 
183 
183 
183 _ _  
183 .-. 

183 _ _  
183 
183 
183 --. 

la3 ... 

- 

1.4 

- 

-.. 
3 
8 

2 

6 
2 

_.. 

__. 
-_. 
3 

1 
3 
3 
6 
5 

10 
5 
3 
6 
3 

3 

3 
5 
7 

1 
9 
4 

1 

6 
5 
7 
6 

8 
8 
4 
7 
10 

8 
6 
2 
8 

-. 

_ _  

- 

- 

.5 

- 

6 
3 
5 
2 

7 
7 
6 
4 
1 

4 
9 
7 
6 
10 

9 
12 
11 
6 
6 

7 
9 
6 
6 
6 

io 
io 
9 
8 
11 

io 
11 
11 
10 
9 

14 
1C 
11 
1C 

E 

€ 
E 
11 
12 
- 

1 1 1 1 1 1.1 1 1.3 1 1.5 I 1.7 ! 1.9 1 2.1 
1.6 0.7 0.8 0.9 1.0 to to to to to to 

1.2 1.4 1.6 1.8 2.0 2.4 

1 ........................................ 
2 ................................ 

6 2 ........ 2 ........................ 

: i l l  ;) ;I 31 1 ........................ 41 __._I .... 1 .... i....l..-- 
2 I ........ I ........ I ........ ..--I .... .-..I .... 
2 2 . .  .......___---.........'........I__.- 
5 ............................ ' - - ~ .  ........ 
........................................... 
4 ........................................ 

2 ........................................ 
3 ........................................ 
2 __._ __.. _ _ _ _  .-.- 
4 4 1 ................................ 

........................................... 

.--_ . -~-  .-.- .-.- - - - -  _ _ - -  

4 
12 
6 
8 

4 
4 
7 
7 
5 

4 
2 
5 
11 

1 
3 
5 

_- -  

_ _ _  

2 __._ .___ .--- ._._ 
11 5 1 1 ........................ 
6 4 2 3  ........................ 
5 3 .... 2 1 .................... 

.-.- .-.. - - - -  _-.- 

........................................ 
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2 
1 

.... 
6 
6 

6 

3 
4 
2 
6 

- - - - 

TABLE 35.-Frequencies o j  periods recorded at Santa Barbara at distances less than 
200 kilometers during the earthquakes listed i n  table 29-Continued 

[The numben in the flrst column corres ond to those in table 28. The frequencies are tabulated vertically 
in tl?e order of increasing distance] 

SANTA BARBARA 9-PHASE 

I I 

3 .... 2 ........................ 

2 ................................ 

.................................... 

.................................... 

.................................... 
........................................ 

.................................... 
........................................ 
........................................ 
4 1  ................................ 

........................................ 

........................................ 

.................................... 
__._ _ _ _ _  ___. -..- --.. _ _ _ _  .-._ .-.- .~.. 
.................................... 

6 I ............................ 
. . -. - -. . - - - - - - - - - -. . - - - - -. . - 

........................................ 

........................................ 

........................................ 
. .- ~~ ~ ~ ~ .~~~~~ 

15 ..................... 
14 _.__. .-. - _ _ _  ..- ..____ 
18 ..................... 
107 .................... 
21 ..................... 
12 ..................... 
lo ..................... 
75 ..................... 
76 ..................... 
77 ..................... 
79..---- ............... 
80. - - - - - - - - - - - - -. - -. -. - 
81.. ................... 
82 .___ -. -. - - - - - - - - - - -. . 
84 ..................... 
85 .__. - - - - - - - - .- - - .. - .- 
28. - - -. - -. -. - -. -. - - - - - - 
29. .................... 
22.. ................... 
13 ..................... 
23 ..................... 
24 ..................... 
26- .................... 
58 ..................... 
67 ..................... 

5l.- ................... 
69 ..................... 
60 ..................... 
61 ..................... 
62 ..................... 
83 ..................... 
04. .................... 
65 ..................... 
68. .................... 
67 ..................... 

08 ..................... 
69.. ................... 
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TABLE 36.-Frequenca.es of period8 recorded at Santa Barbara at di8t&%t?S less than 
800 kilometers during the earthquake8 listed in table 99-Continued 

[The numbers in the flrst column correspond to those in table 20. The frequencies are tsbulsted vertically 
in the order of increasing distance] 
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TABLE tS.-Frequencies of pedoda recorded at Haiwee at diatancea less than 800 
kilometers during the earthquakes listed in table 99 

[The numbers in the flrst column c o r n  nd to those In table 23. The fmquenclas are tabulated vertidly 
In tR", order of inmessing dlstancel 
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0.1 

TABLE 37.-Frequencies of periods recorded at Tinrmaha at distances less than 800 
kilometers during the earthquakes listed in table 29 

[The numbers in the flrst column correspond to those in table 29. The frequencies are tabulated vertically 
in the order of increasing distance] 
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No. 

TABLE 37.-Frequencies of periods recorded at Tinemaho at distances less than $00 

[The numbers In the flrst column correspond to those in table 28. The frequencles are tabulated vertically 

kilometera during the earthquakes listed i n  table 29-Continued 

in the order of increasing distance] 
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TABLE 38.--Frequencies of periods recorded at La Jolla at distances lcss ihan 100 

[The numbers in the first column correspond to those In table 29. The frequencias are tabulated vertically 

kilometers during the earthquakes listed in table 29 , 

in the order of increming distance] 

LA JOLLA P-PHASE 

-1-1- 

- 
0.3 

- 

8 
6 
8 
6 

2 
8 
9 
8 
0 

7 
9 

10 
6 
6 

6 
8 
4 
9 
6 

Periods in seconds 
- 

0.4 

- 

8 
6 
6 
7 
7 

2 
4 
M 
2 
9 

10 
7 

6 
6 

2 
5 
1 

10 
9 

.--. 



192 COAST AND GEODETIC SURVEY 

TABLE 38.-Frequencies of periods recorded at La Jolla at distances le83 than 900 
kilometers during the earthquakes listed in table dGCbntinued 

[The numbers in the Brst oolumn mred ond to those in table 28. The frequenoies are tabulated vertically 
in t ie  order of inoreasing dtstanoe] 
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TABLE 38.-Frequencies of periods recorded at La Jolla at disiances less than BOO 
kilometers during the earthquakes listed in table 29-Continued 

[The numbers in the flrst column corres ond to those in table 20. The frequenciea are tabulated verticaly 
in tge order of increasing distance] 
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DIFFERENCES IN DIFFERENT COMPONENTS 

0. Geussenhainer (see footnote on p. 163) found in his investigations 
on microseisms in Gottingen that the horizontal components showed 
the free periods of the ground more clearly than the vertical compon- 
ent. To investigate if the same is true concerning the periods in 
earthquakes, a part of the material has been treated separately for 
the three components, especially seismograms obtained at  short 
epicentral distances. Unfortunately, it is only recently that vertical 
components have become available at our stations, so that the num- 
ber of records of the vertical component is very much smaller than 
that of the horizontal components. Only intervals of distance have 
been used in this section for which a sufficient number of seismo- 
grams with vertical components-always more than 50 and if possible 
more than 100-were available. In considering the results we must 
always keep in mind that the constants of the vertical instruments 
differ from those of the horizontal. The special differences were 
mentioned in the section on “Data.” 

The two horizontal components in general agree very well, as may 
be seen from some of the following tabulations. Some other examples 
which make this fact clear are the following: At Riverside, out of 
over 300 seismograms for distances between 50 and 100 kilometers, 
42 percent of the P-phases showed periods of 0.2 seconds in the north- 
south component, while the correspondin figure in the east-west 

meters 27 ercent out of about 200 seismograms had a period of 0.5 

the east-west component. In  the S-phase the dominant period for 
50 to 100 kilometers (about 300 seismograms) was 0.2 second with 
45 percent in the north-south component and 48 percent in the east- 
west component. In the range from 100 to 200 kilometers, 47 percent 
out of about 200 seismograms showed periods between 0.5 and 0.6 
second in the north-south component and 51 percent in the east- 
west component. In the M-phase a t  distances between 50 and 100 
kilometers the period of 0.2 second has been measured in 24 percent 
of the cases in the north-south component and 27 percent in the east- 
west component, while at  distances between 100 and 200 kilometers 
35 percent of the measurements in the north-south component and 
the same percentage in the east-west component showed periods of 
0.5 and 0.6 second. 

A t  Mount Wilson periods of 0.2 and 0.3 second prevail in all phases 
for distances between 0 and 50 kilometers as well as 50 to 100 kilo- 
meters, as shown in comparison 1, table 39. The corresponding 
frequencies for these periods and others a t  La Jolla and Santa Barbara 
are shown in comparisons 2 and 3, table 39. The most frequent 
periods are always shown in bold-face type. 

component was 47 percent. For distances % etween 100 and 200 kilo- 

second in t E e P-phase in the north-south component and 26 percent in 
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TABLE 39.-Relatiue frequency, in percent of occurrence, of various periods on different components 
[Bold-face numbers indicate the most frequent periods] 
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TABLE 39.-Relative frequency, i n  percent of occurreme, of various periods on different components-Continued 
[Bold-face numbers indicate the most frequent periods] 

Component 1: Periods in seconds 
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At Haiwee the dominant periods a t  distances between 50 and 200 
kilometers are 0.5 to 0.6 second in the S- and M-phases. These 
periods have been measured in 62 percent of all cases of S in the 
east-west component and in 51 percent in the north-south component, 
while the corresponding figures for the M-phase are 50 percent in the 
east-west component and 45 percent in the north-south component. 

Data sufficient to compare the frequencies in the vertical compo- 
nent with those in the horizontal components are available a t  Pasa- 
dena for distances between 100 and 200 kilometers. The results are 
shown in comparison 4, table 39. 

The differences between the vertical components and the horizontal 
components may be due partly to the different sensitivity of the 
instruments. This is especially true for the P-phase, where the 
vertical component shows a prevailing period of 0.3 second while 
the horizontal components show a considerably larger percentage 
€or a period of 0.5 second. At distances from 200 to 300 kilometers 
and from 400 to 600 kilometers in the P- and S-phases, the values in 
comparison 5 seem to indicate that in the vertical component the 
dominant periods of 0.5 to 0.6 second occur slightly more frequently 
than in the average of all components. 

In the M-phase, on the other hand, the period of 1 second has been 
observed more frequently a t  these distances in the horizontal com- 
ponents than in the vertical component. The latter shows quite a 
scattering, the frequency for distances from 200 to 600 kilometers 
being higher than 10 percent for each of the periods from 0.7 to 1 . 1  
seconds. 

The records of the long-period vertical instruments a t  Pasadena 
again show the periods of 0.5 and 0.6 second more frequently than 
the corresponding horizontal components as may be seen from com- 
parison 6, table 39. 

At Mount Wilson the number of seismograms available in the 
vertical component is large enough only for earthquakes at distances 
between 400 and 600 kilometers. In the P-phase the vertical com- 
ponent shows periods of 0.5 and 0.6 second in 58 percent of the cases, 
while the corresponding value for all measurements is 48 percent. 

In  the S-phase the corresponding figures are 55 percent in the 
vertical component and 38 percent for all measurements. In  the 
M-phase the periods do not show clearly dominant values either in 
the vertical component or in the average for all instruments. There 
is no noticeable difference between the different components. 

The same interval of distance (400 to 600 kilometers) can be used 
for Riverside. The periods of 0.5 and 0.6 second have been measured 
in 44 percent of all P-waves in the vertical component while the 
corresponding value is 28 percent for all components. In  the S-phase 
periods of 0.6 and 0.7 second have been found in 35 percent of all 
cases in the vortical component and in 23 percent of all measurements. 
In the M-phase neither the vertical component measurements nor 
any other measurements show clearly the dominant periods in that 
distance interval, but periods of 1 second are somewhat more frequent 
in the horizontal components, where they form more than 15 percent 
of the measurements, while in the vertical component periods of 
0.6, 0.7, 0.8, 0.9, and 1.0 second are about equally frequent. 

A t  La Jolla there are fewer data for the vertical component than 
for the other stations. For distances between 100 and 200 kilometers, 
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the period of 0.5 second has been measured in 28 percent of the cases 
concerning the vertical component of the M-phase, while the corres- 
ponding values are 24 percent for the east-west component, and 29 
percent for the north-south component. 

At Santa Barbara about 50 measurements are available for the 
vertical component a t  distances between 100 and 200 kilometers. 
The scanty data show periods of 1.0 and 1.1 seconds wit,h noticeably 
greater frequency in the vertical component of the M-phase than in 
the horizontal components. I n  the first this frequency is 44 percent 
while the corresponding values for the east-west and north-south 
components are 4 percent and 5 percent respectively. At distances 
between 400 and 600 kilometers, on the other hand, the differences 
between the components are small. 

At Haiwee measurements made especially on records of nearby 
shocks contain a relatively large amount of data for the vertical 
component which are tabulated in cornparison 7, table 39. 

At distances between 200 and 300 kilometers and 600 and 800 
kilometers, periods of 0.5 and 0.6 second prevail very clearly in the 
vertical component with frequencies of 42 and 50 percent respectively. 
The corresponding values for all measurements are 41 percent and 21 
percent so that here again the periods of 0.5 and 0.6 second are more 
frequently recorded in the vertical component than in the horizontal 
components. On the other hand, the average frequency of periods of 
1.0 to 1.2 seconds in the P-phase is 36 percent for all mcnsurements 
for distances between 600 and 800 kilometers, but only 7 percent for 
the vertical component. Similar results are to be found for the S- 
phase, where again the periods of 0.5 and 0.6 second have been ob- 
served with a higher frequency in the vertical component than in 
the horizontal, while the latter shows very much more frequently 
periods between 1.0 and 1.2 seconds. In  the M-phase, again, the 
observed number of periods in the neighborhood of 0.6 second is 
somewhat larger in the vertical component, but in this case periods 
of 1.0 and 1.2 seconds are shown quite frequently too-the frequency 
being 28 percent for distances between 600 and 800 kilometers in 
the vertical component and 32 percent for all measurements. 

For Tinemaha we have again the special measurements for locitl 
shocks at' distances less than 50 kilometers. They do not show large 
differences between the horizontal and the vertical components, as 
may be seen from comparison 8, table 39. 

For dist'ances between 100 and 200 kilometers, between 60 and 70 
observations are available for the vertical component. The results 
derived from the measurements are shown in comparison 9, table 39. 
Here short periods again prevail more clearly in the vertical than 
in the horizontal components. 

At large distances the frequency of periods of 0.5 and 0.6 second 
is about the same in the vertical and horizontal component in till 
phases, except that a t  distances between 600 and 800 kilometers 
these periods have been observed somewhat more frequently in the 
veztical component than in the horizontal, as shown in conipiirison 
10, table 39. Again, periods in the ncigliborhood of 1 to 1.2 seconds 
are more frequently recorded in the horizontal component tlian in 
the vertical. At distances between 600 and 800 kilometcrs, the 
P-phase shows these periods in only 7 percent of the observritions 
for the vertical component, while the corresponding figure for a11 

33601-38-14 
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measurements together is over 25 percent. In the S-phase a t  the 
same distance the vertical component has these periods in 8 percent of 
the observations while all measurements give 25 percent, but in the 
M-phase they hnve been observed in 25 percent of the cases in the 
vertical component which equals within the limits of error the 25 
percent of observations of these periods in all measurements. 

If we finally summarize the result<s of this section, we see that the 
vertical components show more clearly the dominant short periods 
than do the horizontal components, but the latter indicate a larger 
number of waves with periods of 1.0 to 1.2 seconds. It is not, possible 
to determine how much this result is influenced by the constants of 
the instruments, but it is not impossible that the vertical component 
of the ground movement really contains the dominant, periods, es- 
pecially those which are below 1 second, somewhat more frequently 
than the horizontal components. 

THE EFFECT OF DISTANCE ON THE RECORDED PERIODS 

I n  order to get the mean chnnge of period with distnnce, all readings 
have been separat)ed into groups with distances of 0 to 50, 51 to 100, 
101 to 200, etc., kilometers for each station and for each phase. The 
results are given in tables 40 to 47 wit,h the prevailing periods printed 
in heavy figures. In table 48 the prevailing periods are listed for 
each station and ench distance. These tables show very clearly two 
facts: The first is that the range of periods prevailing in records 
belonging to n certain distance is very narrow, and differs from station 
to station only a t  the shorter distances. The second is that certain 
periods, especially those in the neighborhood of 0.5 to 0.6 second and 
from 1.0 to 1.2 seconds, prevail a t  certain distnnces a t  all st>ations. 
These facts are of high importnnco to structural engineers, as the 
data show the range of periods which prevail a t  a certain locality 
and for this reason are most dangerous to buildings t,here. Therefore, 
buildings should not have free periods in that range. The second 
result makes it very clear that a t  all seven stations the ground showed 
much more frequent,ly waves with periods of 0.5 and 1.0 to 1.1 sec- 
onds than it should in case of forced vibrations. These periods 
correspond very probably to free vibrntions of the ground a t  all 
stations. 



TABLE 40.-Ftequeneies of different periods recorded at Pasadena during earthquakes originating at different ranges of distance 
PASADENA P-PHASE. LONG PERIOD INSTRUMENTS 
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TABLE 40.-Frequencies of different periods recorded at Pasadena during earthquakes originating at different ranges of distance-Continued 
PASADENA M-PHASE. LONG PERIOD INSTRUMENTS 
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6 3 1 
4 2  ........... 

21 11 7 
1 .................. 
43 38 49 
2 3 7 2  
8 10 16 
2 7 

....................... _ _ _ _ _ _ _  
1M 90 89 

Distance (km) 
3.3 
to 
3.6 

__._. 
..... 

3 

22 

4 
6 ‘ 1  

32 

0 t o 5 0  ........................................ 
51 to 100 ...................................... 
101to200 ..................................... 
201 t o m  ........................................... 
301 to  400 ............................................ 
401 t o m  ........................................... 
801 to 800. ................................................ 
801 to 1,Ooo ................................................ 
1,001 to1,500.--. .......................................... 
2,001 to2.500 .............................................. 

Total ................................... 

0.5 0.7 c 1 & 
P 40 
9 14 

32 60 
3 
2 
5 

____ 
63 124 

-I-- 
67 
37 
% 

6 

50 
51 
44 

a 4 8  
1 4  

13 

- 
0 9  
to 
1.0 
- 

M 
87 
44 
54 
17 
67 
2 
4 

.___ 

.__. - 
285 
- 

Distance (km) 

O t o 5 0  ................. 
61to100 ............... 
101to200 .............. 

- 
1.1 
to 
1.2 
- 

21 
36 
19 
47 
1 

28 
1 
3 
1 

151 

_.__. - 

- 

Periods in seconds 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 to to to to to  to to to to to to  to to  to 

11 S1 Bs 38 52 18 4 3 1 2 .................. 1 ........................................................................ 
!27 62 75 115 127 37 5 3 2 ..... 1 ..................................................................................... 

............................ ....................................................................... 40 70 86 106 148 56 12 2 ;~ 

- 
1.3 
to 
1.4 
- 

5 
17 
16 
33 
3 
30 
1 
1 
5 

111 

.... - 

- 

- 
1.5 
to 
1.6 
- 

3 
13 
18 
31 
1 

41 
2 
5 
2 

116 

..--. - 

- 

- 
1.7 
to  
1.8 
- 

12 

8 
16 
5 

21 

5 
6 

.__. 

.... 

.... - 
77 
- 

- 
1.9 
to  
2.0 
- 

8 
8 
7 

24 
8 

5.7 
2 

11 
1 

___.. - 
12e 
- 

.......... 

.......... 
20 : 

-I-- 
........... 
........... 
........... 
........... 

10.5 15.5 

15.4 20.4 
to 1 to  

...... ...... 

87 
6 



otom ................ 
51 to 100 .............. 
101 to 200 ............. 
201 to m.. ............ 
301 to  400 ............ 
401to600.. .......... 
601 to 800 ............. 
801 to 1,ooo ........... 
1,001 to l+YIO..- _.___- 

to 2,500 .......... 

Total ___.___.___ 

PASADENA S-PHASE, SHORT PERIOD INSTRUMENTS 

Periods in seconds 

76 1 170 

- 

0.3 

- 

76 
31 
57 
8 

11 
14 

10 
... 

.-. 

.... - 
207 
- 

0.4 

- 
49 
67 
82 
29 
12 
26 

6 
.... 

.__. 

. - .~ - 
271 
- 

0.6 

- 
43 
91 
72 
n 
12 

10 1 
1 
5 
1 

_._. 
- 
418 
- 

.................. 21 8 2 1 
45 20 8 8 .................. 
20 13 9 6 2 ........... 
69 58 35 5 1  32 25 19 
8 5 6 ....................... 

69 68 , 83 108 85 35 30 
1 ..-.. 5 9 11 4 8 
9 37 n 10 17 43 

......... 3 7 
.................. 2 ...... 2 

!42 182 168 ~ Z25 I 213 1 109 I 133 
__ __ ~ -- 

.................. ~ .... 

...... 1 ...... ~ .... ~ ,..... 

....................... 
12 12 1 1 

14 

2s 101 71 
...... 4 

611 671 411 34 

PASADENA M-PHASE, SHORT PERIOD INSTRUMENTS 

/ l l l l l l i l  
0 t o 5 0  ................. 

101 t o m - . . -  .......... 
201 to300- ............. 

51 to 100 

301to400 .............. 

601to8Q)- ............. ~ ....-, ............... 

2.001 to 2.500 ................ '-. . -.'. ........ 

............... 

401 to 600... ........... I 3 ;  2 :  1 /  2 

mi to 1,000.. ..........I..... i ..... 1 -  .... ' -  .... 
1,001 to 1.5 00...~. ...... '. - 1 . .  ~. '. ... ... .... ... 

.......... ....;..... 
3 

..... I - - - -  i..-~. .......... l 1 

...--I I::::, ............... 

Total .-.. -. 46 I 101 87 139 308 312 I 247 ~ 257 

2.9 j 3.3 
to I to 
3.2 1 3.6 

...... I..... 

...... I ..... .'....I..... 

...... I::::: 

...... 

...... 

8 1  1 
7 1  1 

10 I 8 

25 ~ 10 

I 3.7 i 4.5 6.5 , i 10.5 i 15.5 4tp4 i ~ t p 4  1 to I z4 I l y 4  I z4 
...... 

...... 
...... 
...... 
...... 

...... 

21 15 
2 5 9  
15 9 
72 48 
7 2  

11@ 105 
1 ~ ~ ~ . .  

14 17 
4 3  

.... 1 -  .... 

5 ..... 

...... 1 
45 30 

........... 

...... l 7 

269 I 208 115 , 150 

...... 

.... ...... ...... 
...... ...... 

...... 

4 



TABLE 42.-Frequencies of different periods recorded at Riverside during earthquakes originating at different ranges of distance 
RIVERSIDE P-PHASE 

1 3  1.5 

I 1.2 1.4 1.6 
1 0  1 :d to t o  

Distance (km) I 0.1 
1.7 1 9  
t o  to 
1.8 2.0 

c 

2.1 2.5 2.9 3.3 
to 1 t o  

t o  1 to 2.4 2.8 3.2 3.6 
0.3 

I 
3.7 4.5 6 5 8.5 
t o  t o  to and 
4.4 6.4 8.4 more 

2 
118 
89 
16 
25 
19 

..___. 

..___. 
4 

...-.. 

.____. 

. . . - - 
9 

13 
47 

7 

93 273 

-. . . 

8 2  
3 2  

8 
41 

3 7  
12 

1 7  
1 1  
1 4  

84 
-- 

I 

-1- 
261 1 146 

0.5 0.7 

.___.. 
1 

13 
6 

30 
56 
4 

13 
8 

1 

132 
- 

0.8 1 C.9 

-1- 

Periods in seconds 

RIVERSIDE S-PHASE 



RIVERSIDE M-PHASE 

0.1 

15 
96 

8 
___. 

1 
-. - _ _ _ _  
. -. 

160 

0 to50 .___._..__.__._...._ 10 14 
51 to100. ..___.__.__._____ 98 m 
101 to200 .__..______._.___ 16 52 
201to300 ..____...______._.__... 1 
301 tom ._._..___...._._. 3 3 
401 to600 ___.__.....__._.. .-.... 2 
601 t o m  ________.._...._. _..___ _..__ 
801 to 1,Ooo ._.._..._._..... .-..-. .____ 
1,001 to 1,500 __.____...___.I ..____ _..._ 
1,501 to2,W .._........_.. 
2,001 to 2,500 __.__.._._.._. 1:::::: 1:::: 

0.2 0.3 0.4 

__-- 
114 57 19 
237 130 44 

3 0 6 5 8 3 5 1  
54 70 11 
2 6 9 
29 39 71 

.__._ _._.. 12 

__...____._... 1 

5.1 393 284 

. -. . - . - . - - . . . . 
- -. -. . -. . . . . . 

___-- 

4 6 1 3  7 
112 70 64 49 
45 44 70 U 
5 11 25 11 
3 5 13 18 
5 13 16 26 

____________._..__ 3 

174 1 149 1 l¶¶ 1 184 

...__ 6 5 7 .____. 1 ____. 

47 31 16 15 i 6 
1 0 5 3 4 2 1  
18 19 24 37 22 20 
20 28 43 58 34 32 
3 1 3 3 5 9  _ _ _ _ _  __.--. ___.._ 2 1 -- - - -  

_.___ 1 1  .___._ 1 2  
_______.--____--___---_ 1 1  

29 18 29 n I 18 19 

TABLE 43.-Frequencia of different periods recorded at Mount Wilson during earthquake.$ originating at diferent ranges of distance 

Distance (km) 

0 to 50 
51 to 100 ...._._____... 
101 t o  200 _...__-...___ 
201 to 300 
301 to 400 _._._..._.__. 
401 to 600 ._._..._._... 
601 t o m  __.._..._..__ 
801 to 1,m .______.... 
1,001 to 1,500 .....-. . . ~  
2.001 to 2,m __---__... 

Total .___.._. . .. 

MOUNT WILSON P-PHASE 

Periods in seconds 
- 

0.5 

- 
6 

22 
43 
It 
16 

148 

15 
3 
1 

so7 

.__. 

- 

- 



TABLE 43.-Frequencies of diferent periods recorded at Mount Wilson during earthquakes originating at diferent ranges of distance-Cont. 
MOUNT WILSON 8-PHASE 

Periods in seconds 
- 

Distance Oim) 1 

, O l  

O t O 5 0  ................. 17 
51 to 100 ............... 25 

201 to300 .............. 
301 to 400 ................... 
401to m... ........... 3 
601 to  800 ................... 
801 to  1,O0O ............ 1;; ... 
1,001 to 1,500 .............. 
2,001 to 2,500 ........... 1 ..... 

Total ____.___..__ 1 79 
I _  

- 

0.2 

- 

75 
178 
45 
17 
4 
3 

.--. 

.... 
_._. 
.-.. - 
315 
- 

.................. -.-.I 5 j 17 j 10 

.................. 

MOUNT WILSON M-PHASE 

O t O 5 0  ................. ' 8 1  73 
51 to 100 ............... t 19 I 106 

.............. 
201 101 to to 200 300 1 8 1  3; 
301 to 400 .............. 1 .._.. ;.--i. 

................... 

401 to  600 .................. 

651 
1% 

6 
16 
12 
29 
8 

54 
601 to  800 .............. ..... ..... .... 
801 t o  1,000 .... .... 

2,001 to 2,500 ........... 

..... .... 

........... .... 

Tot81 ............ -I 

- 1  

10 4 
25 24 
4 6  

1 7  61 

i 2 3  

98 1 122 

7 
14 
3 

52 
6 

57 

11 
2 

..-. 

.-.- - 
152 
- 

...... ...... ...... ...... ...... ...... ...... ...... 
...... 1 ......I I - - - - - -  ...... .... .... - 1  , ...... 1 ...... ...... 

17 4 j ...... ...... ...... 
...... I.... 

...... 



TABLE 44.-Frequencies of different periods recorded at Santa Barbara dun'ng earthquakes originating at different ranges of distance 

SANTA BARBARA P-PHASE 

Periods in seconds 

Distance (km) 

20.4 

................. 
............... l ......,...... ...... 

0 to 54 
51t0100 
101 to 200 
201 t o m  
301 to400 
401 t o m  
601 t o m  
8 0 1 t o 1 , w  ............ ..... .... ............ 

2,001 t o 2 , m  ........... ..... 

............ ...... .... ...... .............. 
.............. ...... ..... 
.......... ..... ...... ...... ..... ...... ..... 
.............. ..... ..... .... ..... ............ 
.............. ............ ...... ...... ... ............ 

..... ..... 
.... ........... ..... ..... 

...... .... Total ............ I 
SANTA BARBARA S-PHASE 

o t o s  ................. 
51 t O  100 ............... 
101 to 200 .............. 
2 0 1 t o m  
m 1 t o m  .............. .l.m........ ...... 

.............. .... , - - - - -  j 6 0 1 t o m  ' - 1  ..... ~ ..... i 2 
801 t o 1 , m  ............ ~ ..... : - - - - -  1 .--..I 1 
1,001to1,m ........... I ..... I .....' 1 1  ..... 1 5 
1,501 t o 2 , m  ........... ' -  .... -.-..I ..... ~ .....,.... . 1 ..... 
2,001 to 2,500- ..........I.....'..... ,. .... 1 ..... i. ....,.... ~, 

1 

17 
8 
8 
9? 
2 
1 
9 
1 
1 

..... 

_____ 43 lol l~ 

Total - 16 14i 411 432 273 I95 140 
____ 

1 / 1 1  ...... .....,...... 1 ............ 
, , ! I  ..... 

1 
8 
6 

65 
3 
3 

18 
4 
2 

...... ...... ...... ...... 
..... ...... ...... 
...... ...... ...... ...... 
..... ..... ...... 

...... ...... ...... 
..... ...... 
...... 

...... ...... 
...... ... .. 

...... 

~- __ 



T A B L E  44.-Frequencies of different periods recorded at Santa Barbara during earthquakes originating at different ranges of distance-Contd. 
SANTA BARBARA M-PHASE 

2.5 
to 
2.8 

3 
7 

..... 

4 

45 

Periods in seconds 

2.9 3.3 3.7 4.5 6.5 8.5 10.5 i 15.5 
to to 1 to to to to to I to 
3.2 3.6 4.4 6.4 8.4 10.4 15.4 20.4 

_ _ _ ~ _ _ _ _ _ _ _ _ _ _ ~  
............................................... 
................. ......,...... .................. 1:::::: 

............................................... 1:::::: 
I ...... 

.......................................... I -  ..... 
7 .................................... ' ...... 
1 1 1 l o  8 12 ...... I ...... 

2 3 1 4  4 2 2 2 1 ............ 
8 4 2  .................................... 

8 1 1  6 2 8 2 6 3 7  2 

34 8 4 18 38 39 37 2 

............................................... 

............................................... 

__--____- ____- 

Distance (km) 1 0.1 1 0.2 

O t 0 5 0  .......................... 
51 to 100 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 ti 
101 to 200 ................... 8 
201 to 300 ................... 2 
301 to 400 ................... 1 
401 to 600.... ............... 1 
601 to 800 ....................... 
801 to 1,ooo ..................... 
1,001 t o  1,500 .................... 
1,501 t o  2,000 .................... 
2,001 to 2,500 .................... 

Total ............ 

- 

0.7 

- 
5 
6 

172 
21 
19 
61 

.... 
__.. 

1 
.-.. 
..-. 
- 
285 

- 

0.9 

- 

11 
4 

75 

ZQ 
79 

4 

m 

.__. 

.... 
-__. - 
219 

1.1 2.1 
t o  
2.4 

-I-/-/-/-I 
6 ........................ 

31 8 6 1 

11 9 3 3 ............ 2 1  
105 59 46 17 21 1 

............................. 

........................ 

....................... 
1 .___._ 

. - - 9 1  - - - -. - 5 1  -. , ................... 1 q  ,I1 ............................. 

1.1 1.3 1.5 1.7 1.9 2.1 
to to to to to t o  
1.2 1.4 1.6 1.8 2.0 2.4 
----_____ 

6 .............................. 

3 1 8 6 1 2 1  
9 .............................. 

11 3 3 .................. 
105 59 46 17 21 7 
....................... 3 5 

1 .___._ 1 6 3 4 
9 5 12 8 10 18 

............................. 2 

178 75 1 68 32 39 37 

.................................. 

................................... _____-____ 

...... 

1 
...... 
..... 

I 

5 
4 

18 
2 

37 
~ 

T A B L E  45.-Frequencies of differed periods recorded at Haiwee during earthquakes originating ai different ranges of distance 

Distance (km) 

HAIWEE P-PHASE 

Periods in seconds 

0.3 

- 
26 
6 

36 
81 
1 
9 
1 

- - _ _ _  

0.4 

- 

6 
7 
n 
107 

4 
25 
6 _ _ _ _  

0.5 

- 
4 
7 

42 
8% 
15 
78 
n _ _ _ _  

1.1 1.3 1.5 1.7 1.9 2.1 2.5 2.9 3.3 3.7 4.5 6.5 8.5 10.5 
to to to  to to to to to to to to to to to 
1.2 1.4 1.6 1.8 2.0 2.4 2.8 3.2 3.6 4.4 6.4 8.4 10.4 15.4 
~ ~ ~ ~ - - - _ _ _ _ _ _ ~ ~ - -  
.................................................................................... 
~ ~ ~ ~ - - - _ _ _ _ _ _ ~ ~ - -  
.................................................................................... l l l l l l i i l l l i l  
.............................................................................. 
............................................................................. I...... 

104 ...... ................................................ 64 21 1 2 
10 1 1 __.___ .-..-. .----- .-____ .----- --- - - -  - ----- -----. - - - -_ -  ----._ _ _ _ _ _ -  
18 6 3 .................................................................. 
I t 1 2  7 5 3 1 ................................................ 
8 4 7 2 2 1 1 1  .................................... 



Oto501---. ____.______________ 12 S.5 I 14 21 1 1 ___. ~ ._________.______________.________..___.._.___.___._..____._..__.. 
5 1 t o l M  _______________.______ I 5 3 6 1) 4 __....____._______._____ ~ _..___._____.._._______._..___.._.__.._.._..___...__.____..__...___...._.. 
101to2W _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  12 28 23 47 41 20 15 2 1 ._._____..__....__..__..____..__._________.____._..__._____..___._______......_._.__ 
201 to300 _______..____________ _ _ _ _ _  11 47 ;0 271 t(8 199 I59 118 101 124 63 36 8 2 .__._. ..._._ _ _ _ _ _ _  ~ __.__ 
31Jlts~400 .________________________. 3 3 1 4 3 4 6 6 7 1 2  9 2 5 ______..____.._.__.__.._____.__________..___._____..____.___ 
401 tom-.. ________..___ ~ _ _ _ _  _ _ _ _ _  _ _ _ _ _  .___. 11 53 34 18 17 23 15 37 12 12 ____.. -___.. __..__ .___.- ..____ _ _  .--. 

I I I I I I I I I I  

~ ___.___...____ ~~ -.........- 
~ .___ 

._____ -..-.. ._____ .-..-. ...-.- 

--.-.. ..__._ . _ - _ . . ! - - - - - -  
---... .___.. .i__-_ ...... 

Oto .W'_________________ ._____  2 11 13 16 24 2 3 1 --... __._ 
51tOlM _____._..._...._______.____ 2 3 6 9 4 3 1 2 . - - .  
101to200 _________.___________ _.___ 2 28 14 42 $6 24 7 7 10 
201 to300 _.____.___...__._____ 2 10 28 31 131) 176 193 156 132 226 
3OltouKI ________..___.____.__.________..___. 1 4 6 1% 8 3 2 
401to600 ___._.___._____.___.._._......_._.._ 5 25 16 17 16 20 48 
801 t o m  ____.___.__...______. _ _  _ _  _ _  -. .- -. _ _  -. 6 6 12 15 9 3J 
801 to 1 , m  .._.________.______ ..___ ._.__ ___._ .--.. .-... .__.. .-... .._._ .___. 2 

I I I I I  
. -. -. . . -. - 

5 3  
189 94 

4 1  

U 16 
.....- 3 

4a 14 

1 From records of shocks not listed in tahle 29. These figures are not included in the total 



TABLE 46.-Frequencies of diferent periods recorded at Tinemaha during earthquzkes originating at (liferent ranges of distance 
TINEMAHA P-PHASE 

Periods in seconds 

Oto501 ....................... 
51 to  100 ........................... 
101 t o m  ..................... 
201 t o m  ..................... 
301to m.... ................. 
401 to  600 .......................... 
801 to 800 .............................. 
801 to 1,Ooo ............................ 
1,001 to  1,500 .......................... 
1,501to2.000 .......................... 
2,50ltO3,000 .......................... 

Total-.-. .............. 

Distance (km) 

23 41 
16 

5 48 
2 1 10 
4 1  38 

2 

_ _  
11 114 

10 

10 

- 

0.3 

- 
32 
18 
58 
49 
81 
5 
3 

.-. 

... 

... 

... - 
214 
- 

................ ............ .................I :..... ............ 

.................................. 

................................... 

................................... 

................................... 

................................... 

................................... 

................................... 

................................... 
1 ........................ 

1 ........................ 
____--____ 

oto501 ....................... 5 21 
51to100 ...................... 2 6 
1 0 1 t o m  .......................... 25 
201to300.. ................... 9 17 
301to400 .......................... 2 
401to 600.... .......................... 
601to800 .............................. 
801to1,ODD.- .......................... 
1,001to1,500 .......................... 
1,501 to  2,000 .......................... 
2,501 to 3,000. ......................... 

/ I !  

Total .................. 

I 

- 
76 

.___.- 

........... 
4 

- 

0.4 

- 

li 
14 
68 
42 

101 
15 
6 
3 

.... - 
249 
- 

.___. 

___.. 

- 

0.5 

- 

12 
15 

123 
113 
381 
64 
22 

4 
1 

.... 

.-.. _ _  
615 
- 

........... 

........... 

........... 

- 

0.6 

- 

.~ 
84 
56 

165 
52 
34 
2 
4 

.... 
~ . ~ .  - 
397 
- 

........... 

...... 

...... 
9 

...... ~- 

- 
7 

15 
79 
5i 

20? 
28 u 
2 

.. 

.. - 
424 
- 

2 
1 3  
5 4  

6 
13 

4 3  
4 

- 

0.7 

- 

~.~ 
.-. 
4s 
25 
89 
37 
35 
1 
3 
4 
1 

243 
- 

- 

........... 

...... 

11 

1 

I 

1 2  
1 

1 3  
5 4  

10 
3 8  

16 

- 
1.1 
to 
1.2 
__ 
... 
... 

3 
24 
3 

11 
22 

18 
6 
2 

89 

.... 

- 

- 

3 
2 
5 
6 

17 

33 

1.3 1 1.5 1 1.7 1 1.9 

.......................................... 

.......................................... 

.......................................... 
2 -  ............................. 

3 3 1 .................. 
3 ¶ 2 ...... 2 ...... 

15 9 17 .................. 

23 21 20 ~ ~ . ~ . .  2 ~ ~ ~ ~ . .  

.................................... 

______________ 

___- I 1  ______ 

to to I to ~ to 
1.4 1 1.6 1 1.8 i 2.0 

2.1 
to 
2.4 

2.5 
to 
2.8 

..... 

...... 
..... 

........... 
7 6 ...... 

..... I ...... l......l......l......l..... 

TINEMAHA 5-PHASE 

23 1 35 23 1 44 

___ 
2.9 
to 
3.2 

__ 
..... 
.... 
..... 
..~.. 
-..~. 

...... 

...... 

...... 
5 
1 

13 

19 
__ 

.......................................... 
......................................... 
.......................................... I I I I I I  



"INEMAHA M-PHASE 

1 2 .............................. 
10 16 4 2 -  
40 43 4) 22 I 26 
24 31 20 21 17 
59 39 18 11 6 
21 36 17 12 17 
7 27 19 21 24 

................ 1 2  

...................... 

............................ 

........................................ _-________- 
161 192 127 90 93 

................. 
11 10 
7 7 
1 7 

11 8 
13 9 

l . - - . . .  5 
3 1 4  
1 1  

47 61 

oto501 ............................ 
51to100--.. ....................... 
1 0 1 t 0 2 0 0 ~ ~ . ~ ~  ..................... 
mi t o m - - . -  ...................... 
m i t o m  ..................... 2 
4olto600 ............................... 
601 to 800 ........................................ 
801 to l,rn-.. ................................... 
1,001to1,m. ................................... 
1,601 to 2,000 .................................... 
SE.01 to 3,000- ................................... 

Totd .................. 2 

2 7 19 
5 5 2 
8 23 24 

2 2 

4 11 30 
8 m 20 

25 61 78 

1 From records of shocks not listed in table 29. These figures are not included in the total. 

TABLE 47.-Frequencies of different periods recorded at La Jolla during earthquakes originating at different ranges of distance 
LA JOLLA P-PHASE 

Periods in m u d s  

4 
2 

10 
3 

13 

Distanee (km) iL 

...... 4 1 2  ............ 
................. 3 1 2 .I...... 1::::: 

10 10 4 4 ........................ 
8 . . . -  ........ 1 ........................ 

10 10 3 3 8 9 8 ..~.~. 

I 

O t O r n ' _ . _ _ _ _ _ - - - - -  .... I 8  

101 to 200 .............. 1 
m i t o m . .  ............ 1 .... 
S l C l 0 0  ............... ' 4 

40 

301to400.. ............ I 3  
401 to 600.--. .......... I. ... ~~ 

601 to 800 .............. I. ... 
801 to 1,Ooo ............ ! - - - -  
1,001 to 1,500 ................ 
2.001 to 2.500 ............... 

l- 
Total ............ 47 

- 

0.3 

- 
15 

m 
9 

16 
39 
13 

..__ 

.--. 

.... 

.-.. - 

ii! j 
34 33 57 

.... , - - - - -  - - - -  

298 1 121 , 111 
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TABLE 47.-Frequencies of diferent periods recorded at La Jolla during earthquakes originating at Jiferenl ranges of distance---Corititlued 
LA JOLLA S-PHASE 

Periods in seconds 

O t o 5 0 ' - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 11 
61 to 100 ........................ 
101 t o m  __-__________. 24 81 
201to300-. ................. 3 
3 0 1 t o 4 0  ................... 1 
401to600 ................... 1 
601 to 800 ____._______._ .-.-. 
801 to l,m ...................... 
1,001 to 1.500.--. _ _ _ _ _ _ _  .___. _ _ _  .. 
so01 to 2,500 .................... 

Total __________._ 24 86 

Oto50' ................ I .... -I 8 
61 to 100 .................... 3 
101 to200 .............. 9 14 
PI to 300 ________._.___ .-.-. 4 
301 to 400 _____________. ._._. 1 
401 to 600 ....................... 
601 to 800 .............. 1 6 
801 to l,m _________._. .__._ 
1,001 to 1,500 ..................... 
2woto2.500 ........... .___.I ..... 

............ 
._ 

Total 10 

1 From records i d  shocks not listed in table 29. 

- 

0.6 

- 
.___ 

1 
87 
12 
26 
29 
27 

3 

182 

.... 

.-_. __ 

- 

1.1 1.3 I 1.5 
0.7 0.8 1 0.9 1.0 to to  to 

1.2 1.4 1.6 
- ~ _ _ _ _ ~ -  
.................................... 
......... -_.-.I ...................... 
34 13 10 1 3 1 ..... 
3 -  ............................... 
8 4 1  ...................... 

27 23 11 21 7 3 1 
42 50 55 94 124 82 103 
................... 3 ...... E 
13 13 7 35 58 13 15 
......... 1 1  1 ...... 3 

127 103 85 152 188 99 128 
- ~ _ _ _ _ - -  

1.7 1.9 2.1 2.5 
to to to to 
1.8 2.0 2.4 2.8 
~ - _ _ -  
...................... 
...................... 
...................... 
...................... 
...................... 

1 1  ........... 
31 26 19 1: 
8 3 3 1  
9 16 13 2( 
6 1 1 2 4  E 

57 55 41 
______- 

55 1 

....................... 

....................... 

....................... 
1 ............ : 
5 3 1 ..... 

11 12 15 22 

17 15 16 2: 

....................... 

____-- 

6.5 8.5 10.5 15.5 
to t o  to t o  
8.4 10.4 15.4 20.4 

-- __ ~ __ 
.................. > - - - - - -  .................. I...-.. 
............ I ..... - ;  ...... 
............ !......I...... 
............ ...... 

I - - - - - -  
............ 
............ 

2 ...... 

5 3  

7 3  

............ 

LA JOLLA M-PHASE 

.......... ............ ............ I 
- 

3 

............ 1 .......................................... 155 118 85 35 22 7 
12 3 2 2 .......................................................................................... 
6 5 10 10 11 5 7 .............................................................................. 

..................... - - - 3  2 6 1 4  3 4 2 ............ 
-__. 3 

2 

15 19 I8 14 38 13 6 4 4 10 5 5 I .......................................... 
16 24 34 29 62 127 65 95 53 53 59 41 16 9 4 4 ........................ 

......... 

These dgures are not included in the total. 



TABLE 48.-Prevailing periods 
P-PHASE 

I 

Second3 
0.6 

0.5-0.6 
0.3-0.5 
0 4 4 . 5  
0.4-0.5 

0.5 
0.5 

0.54 .6  

Oto 50 1 51 to 100 1 101 to200 
i 

Station 

Seconds 1 &con& Seconds 
0. 6 a si. o 1. 0 

O.Fro.6 0 . 5 4 6  1.0-1.2 
0. 5 0.5 ..._._____..... 
0. 5 0. 5 1. 1 
0. 5 0.5 1.0-1.2 
0. 5 0.6 0.5 
0. 5 0. 5 O.W.7; 1.0 

0. 5-0.6 0.7; 1.0-1.2 0.Fro.6 

Seconds Seconds Seconds 
Pasadena, long _______.._.. 0. 2-0.4 0.6 
Pasadena.short _.___...__ 1 0.2-0.31 0.d:Zl W . 5  

2.0 1.5 Pasadena, long _..___..._.. 1 
0.6  ..~ __..__.._._._ 

0.2 0.5 0.54.6 0.5-0.6 0.61.2 1. 2 
Mount Wilson --.. ._._ ~.. . 0.2-0.3 

10.3 0.4-0.5 0.4-0.5 0.5 0. 5 0. 5-0. 7 1. 1 
Riverside _____._._____.._. I 0.1-0.3 

Esnta Barbara ______...... 0. 5 0. 2-0.3 0.5-0.6 0. B 0. 5-0. 6 0.7; I. 0 2.8 
La Jolla .____.______._..__. 

10.5 0. 5 
Haiwee __.______.__. .-.-. . 

0.4 0.6 0.6 0.6 1.0 

0. 5 
Pasadena, short ._.._._._.. 1 0.3 0. 5 0.5 0.5-0.6 0.5 0 6; 1. 0-1. 1 1. 1 

0.2-0.3 0.3-0.5 0.5 

0.5 0.E4.6 (0.6-0.7); 1. 0 0. 5 0 . 6 ;  1.0 
0.4-0.5 0.5-0.6 0.5-0.6 1. 1 0.5; 1.Ckl. 2 0.6-0.7; 1.1:l. 2 

0.50 .6  Tinemaha- - -. - - - - -. - ..- -. 1 

Mount Wilson _..__._.___. 0.3 
Riverside--- - -. -. -. -. -. -. . 0.3-0. 5 
LaJoI la .~~  ._._._.______ -..I 1 0 . 4 i i  ::$:I 0.3-0.4 0. 5 
Santa Barbara ..___.__._._ 
Tinemaha .._...._._.___.. 10.2-0.3 0.2-0.5 1 0.5 

2.0 4.0 ..__.....--- 4.0 
3 1.5 __.___.. - - - -  1.1; 1.5 
5 2 ._._____..- - 1 . 1  
S 

1.7 1.1 ._______.-.- 2.2; 5 
3 1-2 2.5 

1.8 1.5-2 1.0 (2% (1. 4) 1) 3; 5 2 
1.5; (10) 6 4- 6 1.6 

Haiwee _ _ _ _ _  ___. . _____. ~ - .  1 10.2 1 0.2-0.5 1 0.3-0.5 

5 .0  
5 

1-2; j-8 
2 

1 . 5 2  
4 .510  

Distance in kilometers 

201 to 300 301 to 400 !- 

7; 12 
(12) 
12 

2; 8 
2-3 

2 
,510 

(2.5) 

12 .___..____._ 

.____.__..._ 7-10 
8 :  8 

9-15 
10 5-8 

I lo 
. -~  _____.--- 

_ _ _ _ _ _ _ _  2:R-l 12 

10-12 1 10-12 

801 to 1 , m  

Seconds 
1.0 

1. el. 2 
1.0-1. 1 
1.0-1. 1 
1.0-1.2 

1.0 
(0.5); 2-2.5 

1.0-1.2 

1,001 to 
1,500 

Seconds 
2.0 
1.1 
1.5 
1.0 

1. 0-1. 1 
1.0 

1-1.5 
1.1 

_ _ _ ~  
a c o n d s  Seronds 
_.____.--.- 2 . 5 5 0  
____.._..__ 2.2 
___.__..... 3 

2 2 
...__._.._. 2.2 

1.0 0.9; 2.8 
2 3 

(2) 1-2.8 

Pssadena, long ....--.. ~. .. 
Pasadena. short--. - -. . . -. . 
Mount Wilson .---........ 
Riverside.-- -. - - - - - _ _ _  .. .. 1 
La Jolla .________._____.__. 1 
Santa Barbara--. _._...... I 

Tinemaba. -. . _ _ _ _ _ _  .-. . . . I 
Haiwee. ._.____. .___ _ _  .- .. ! 

0.6 
0.54.6 
0.2-0.3 
0.1-0.2 

1 0.3 
0. 2; 0.6; 0.9 

I 0. 5 
1 0.3; 0. 5 

1.0 
0. 6 
0.3 
0.2 
0.4 

0. 

0. 6 
0.5-0. B 

0. 5 

0.5 
0.6-0.7 

0. 6; 1. i 
0.5-0.6 

2; 0.5-n. 6 

0.6; 1.0 
0.8; 1.0 
0.5-0.6 
0.5-0.6 
0. M . 6  
0.5-0.6 

0. 5 
0. Go. 7; 1.0 

I 

1 From records of shocks not listed in table 29. 

1.0 
0. 4-0. 5 

0.6 
1.0 

0.5; 1.0 
0. 9 

0. 6 0 .  7 
0. I 

1.0; 2.0; 4.0 
1.0 

0.6-1.2 
1.0 
1.0 

0.8; 1.0-1.2 
(0.7-0.9): 1.0 

1.0-1. 2 

__._..__.. 
1.0-1.5 

1.0 
2 . 5 3  

1.0; (1.5) 
1. l31. 2 



214 COAST AND GEODETIC SURVEY 

We may therefore conclude either that these free eriods are the 

of free vibrations of a layer which extends throughout the whole region 
under consideration, or that we have everywhere two single layers of 
different thickness, the period of 0.5 second indicating free vibrations 
of the thinner layer and the period of 1.1 seconds the free vibrations of 

fundamental period and its first harmonic (or two hig R er harmonics) 

the thicker layer. 
It may be noticed, finally, that for periods less than 1.5 seconds 

there is no great difference between the tabulation for the short Deriod 
instrument: and the long period instruments a t  Pasadena. 

THE EFFECT OF THE STATION 

There is a distinct difference between the short periods prevailing 
a t  distances less than 50 kilometers a t  different stations. This 
should be attributed, therefore, to free vibrations of thinner layers 
which differ from station to station. 

THE EFFECT OF THE EPICENTER ON THE RECORDED PERIODS 

As may be seen from tables 32 to 38 there can be no large differences 
due to effects a t  the epicenter or the wave paths, as the periods 
measured from different shocks do not differ very widely if the dis- 
tances are about the same. There are several possibilities for investi- 
gating the effect of the epicenter or wave path on the recorded periods. 
One would be to compare the numbers of periods measured in shocks 
from about the same distance but from epicenters in different direc- 
tions. Another would be to compare the periods measured from a 
group of shocks originating in the same region with the average of all 
shocks originating a t  about that distance. The latter procedure must 
be used very carefully as the average of all shocks for a distance 
contains, of course, the shocks under consideration, and if they form 
a large percentage of these shocks the average will be affected con- 
siderably by the shocks under consideration. 

Both methods were used in the following investigation. Ten 
regional groups of earthquakes were selectcd from those listed in table 
30, as follows: 

O r o u p  nod. Ocnernl region Earthquake nos. 

1. ._._. - .. . . ~. -. Mojavc Desert..- . . . . . . . - 4 to  8,  incliisivc. 
2 ___.. _ _ _  -. . ._ Parkfield _ _ _ _ _  . ~ .  . . -. _ _  - . ~ ~ . . . 13, 22 to  26. 
3 ____.__..._. .._ Santa Monica . .~_ .... ~ ~ ~~. 10, 21, 28, 29. 
4 _____._..._..._ Brawley __.___...__.._.. ~ ~~ . ~ ~ 30 to 38. 
5 ____. - -. Long Beach _ _ _ _ _  - - - -. - ~ ~. . . . . . . - - ~ ~ ~ 56 to 75, 89. 
6 _ _ _ _ _ _  _. _ _ _ _ _ _ _  Whittier _____. _ _ _  - ._. _. -~ -. . . . . ___. - 76 to  86. 
7 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Nevada, nearby-.. .___.-._ .. .... .. ._ 88 to  96, 108. 
8 _______._.._.__ Nevada, distant _._._.___ ~ __......._. 07 to  102. 
9 San Bernardino Mountairis-- ..._.__._ 1 to  3. 

10 ____.___....___ Santa Barbara .__.._ . .._. 14, 15, 107. 

Comparisons of periods (1) between individunl groups, and ( 2 )  
between single groups and average values are shown in tchlc 40. The 
more frequent periods are shown in bold face typo. The following 
comments are made on the various tabulated comparisons, of which 
table 49 gives wme examples: 

. .  
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TABLE 49.-Frequencies observed at various stations for selected regional groupings of earthquakes-Continued 
[The tsbulated frequencies are expressed in percentage of the total n u m e  of periods me+ured in each horizontal group. Read text for comment on comparisons. The most frequent 

periods are shown m boldface type] 

Phase 

____ 

- - 

Comparison no. 
__ 

0.1 

10 ................. 

11 ................ 

12 ................. 

13 ................. 

14 ................. 

1.5 ................. 

16 ................. 

__ - 

fWU1 
no. 

- 

3 
5 

2 
5 

3 
5 
3 
5 

3 
6 
3 
6 

2 
3 
5 
7 

10 

2 
3 
5 
7 

10 

Observing stations and epicentral 
regions 

YOUNT WILqON 

Santa Monica ......................... 
Long Beach ......................... 

SANTA BARBARA 

Parkfield .............................. 
Long Beach ......................... 

TINEMAEA 

Santa Monica ......................... 

Ssnta Monica-. ....................... 
Long Beach .......................... 

Long Beach ........................ 

LA IOLLA 

Santa Monica ......................... 
Whittier .............................. 
Sants Monica.-. .................... 
Whittier ...................... 

Parkfield ............................ 
a n t a  Monica ................ 
Long Beach ...................... 
Nevada, nearby-. ................. 
Santa Barbara...~ . . . . . . . . . . .  

Parkfield. ............................ 
Santa Mania.-. . . . . . . . . . . . .  
Lona Beach . . . . . . . . . . .  
Nevada, nearby ..................... 
SantaBarbara . ~ . . 

H A I W E E  

- - 
kverage 
I1 range 
of epi- 
central 
istanm 

km 
55 
i U  

l i 6  
182 

369 
379 
369 
379 

144 
137 
144 
137 

231 
‘266 
275 
250 
255 

23 1 
‘236 
‘27 5 
25u 
255 

M 
M 

hf 
M 

P 
P 
M 
M 

P 
P 
hI 
M 

S 
J 
S 
9 
S 

hI 
hl 
M 
Ivf 
h.1 

4 
4 

0 
0 

0 
0 
0 
0 

3 
0 
8 
0 

U 
U 
U 
U 
0 

U 
0 
U 
U 
U 

- 

0.2 

- 

9 
24 

0 
1 

1 
5 
0 
2 

19 
19 
4 
3 

1 
2 
1 
I 

U 
0 
0 
U 
U 

- 

0.3 

- 

14 
88 

2 
0 

4 
11 
9 
1 

24 
a4 
10 
17 

5 
6 
3 
2 
7 

2 
2 
1 
I 
0 

- 

0.4 

- 

21 
13 

3 
(I 

13 
12 
4 
3 

az 
20 
18 
15 

4 
11 
ti 
4 
u 
2 
8 
2 
1 
u 

- 

0.5 

- 

m 
10 

15 
13 

44 
31 
21 
13 

54 
22 

22 

XL 
19 
26 
12 

Y 

8 
23 
13 
7 

10 

m 

Periods in seconds 
- 

0.6 

- 

F 
5 

12 
23 

24 
21 
21 
22 

3 
9 
1R 
15 

22 
4s 
l¶ 
16 
‘j 

7 
15 
17 
10 
13 

- 

0.7 

- 

i 

12 
26 

8 
11 
17 
28 

0 
5 

13 
15 

10 
12 
14 
1s 
25 

I1  
4 

11 
13 
IS 

- 

0.8 

- 

4 
1 

12 
20 

4 
4 
8 

13 

0 
0 
2 
5 

11 
U 
9 

12 
18 

I 1  
9 

I 1  
12 
01 

- 

0.9 

- 

1 
2 

10 
11 

3 
0 
I 
9 

0 
U 
1 
5 

3 
2 
8 
Y 
IS 

x 
15 
Y 
Y 
IS 

- 

1 .u 

- 

1 
3 

15 
5 

0 
2 
1 
5 

0 
0 
2 
4 

5 
0 
7 
X 
7 

23 
t i  
14 
I4 
21 

- 
I .I 
to 
1.2 
- 

0 
2 

9 
3 

0 
1 
4 
2 

U 
0 
0 
U 

8 
U 
6 

I 1  
2 

14 
9 

10 
16 
3 

- 
I .3 
to 
1.4 
- 

U 
0 

3 
0 

0 
I 
6 
0 

0 
U 
0 
U 

4 
0 
2 
8 
U 

6 
U 
5 
(I 
U 

- 
1.5 
to 
1.6 
- 

U 
U 

4 
U 

U 
1 
0 
1 

0 
U 
0 
U 

2 
0 
1 
4 
U 

(i 
u 
2 
5 
a 

.- 

11.7 

- 

0 
0 

3 
U 

0 
0 
1 
1 

U 
0 
U 
U 

0 
0 
U 
I 
0 

3 
0 
1 
3 
U 
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Group I-(Comparisons 1 to 4).-Mojave Desert region. At most 
stations the periods measured are below average for all phases. Long 
periods are often missing. 

Group 2-(Comparisons 5 to 7).-Parkfield region. The observed 
periods are in general slightly larger than the average corresponding 
to this distance. .4t Santa Barbara noticeably more periods of about 
1.0 second are observed than in the average case, but fewer periods 
of 0.5 second. This illustrates well the fact, which we had found in 
investigating the effect of distance on the recorded periods, that 
usually the dominant periods change with the distance not gradually 
but in jumps, and that periods of about 0.5 and 1.0 second prevail. 
Results at  Tinemaha show a similar effect. 

Groups 3 und 4.-Santa Monica and Brawley. Earthquakes in the 
Santa Monica and Brawley areas have periods which everywhere 
correspond to about the average for the corresponding distances. 

Group 5-(Comparisons 8 to 12).-The aftershocks of the Long 
Beach earthquake were so numerous that the average periods of all 
shocks, including those at  other corresponding distances, are largely 
controlled by the periods of the aftershocks. No large differences 
can therefore be expected. In order to avoid spurious conclusions 
we compare in this case the shocks of one group with the shocks of 
another group originatin at  about the same distance from the station 
under consideration. #he comparisons do not show any large 
differences. 

Group &-(Comparisons 13 and 14).-Whittier region. The 
observed periods correspond fairly closely to the average. 

Group 7- (Comparisons 15 and 16) .-Nearby shocks in Nevada. 
In general the periods agree about with the averages although the 
tabulations indicate slight differences. 

Group 8-(Comparisons 17 and 18).-Distant shocks in Nevada. 
The Tinemaha records show about the same distribution of periods 
as the Parkfield shocks. Periods of about 1.1 seconds have been 
found very much more frequently at  Haiwee than is usual a t  distances 
of 308 kilometers where periods of about 0.7 second prevail. This 
indicates again a jump in period as previously mentioned. 

Group 9-(Comparisons 19 and 20) .-San Bernardino Mountains. 
The periods are in general slightly longer than the average. 

Group lO.-Santa Barbara region. The observed periods corres- 
pond to about the average. 

Bs a whole we see that in most cases the effect of epicenter or wave 
path, which usually can hardly be separated, is relatively small. 
The differences may be explainable partly by differences in intensity 
in some cases. The periods from epicenters of a specific group may 
really differ somewhat from the average. The most interesting fact 
which we found is a confirmation of our previous result, that the 
periods prefer certain values and that the dominant periods jump if 
rhe distance passes a certain critical value. The periods observed 
less frequently correspond to the forced vibrations of the ground. 

THE EFFECT OF MAGNITUDE OF THE SHOCK 

In  addition to the normal periods longer periods are observed 
usually in shocks where the original movement extends over a large 
area. Unfortunately, very little data are available in our material 
with which to investigate the effect of magnitude. The only region 
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from which we have data concerning close-by shocks with different 
magnitudes is the Long Beach area. The main Long Beach shock 
was recorded clearly in detail in all phases at  Pasadena only by the 
strong-motion instrument. The record shows, principally, waves 
with periods between 0.2 and 0.4 second riding on waves with longer 
periods-4 to 6 seconds and 8 to 10 seconds. There is no doubt that 
the short-period waves carried very much greater energy than the 
long-period waves so that they were really responsible for the damage. 
No waves with periods between 1.1 and a feu- seconds stand out iu 
this record. Generally in the strong-motion records of the aftershocks 
only periods of a few seconds are recorded clearly, but on the records 
of the other instruments waves with periods of about 0.5 second are 
recorded frequently in the P- and S-phases while in the M-phase 
waves of about 1 second prevail. A coniparison of the main shock 
with the aftershocks indicates, therefore, that both groups had about 
the same short periods, but that in the main shock there was, besides, 
a larger number of waves with periods of a few seconds which were 
very much less clear or missin in the aftershocks. 

shock do not show any details. At  Haiwee (distance 27G kilometers) 
the periods observed during the main shock correspond appros4rnately 
to those measured in the aftershocks except bhttt the number of periods 
over 0.5 second which have been measured is relatively larger. The 
same is true concerning Tinemaha (distance 380 kilometers) where 
in the M-phase of the main shock, particularly, only periods of 1 
second or more have been measured. 

Similar phenomena, but less clear, have been found in other cases, 
so that it seems that longer periods beside the normal short periods 
are produced in strong shocks. 

At La Jolla, Riverside, and 5 anta Barbara the records of the main 

THE PERIODS OBSERVED IN BLASTS 
The investigation of periods observed in blasts is of interest as i t  is 

possible to investigate the free periods in a certain region by blasting 
provided the periods so found correspond to those measured in 
earthquakes. 

A list of blasts has been given in table 30. The distances in most 
cases have been taken from studies on the records of blasts in southern 
California by H. 0. Wood and C. F. Richter.' The periods which 
have been measured in the records of the blasts are to be found in 
table 50. No blasts have been recorded at Tinemaha and Haiwee. 
Table 50 gives results similar to those found in the stud of eurth- 
quakes except that the longer periods are less frequent. '!his agrees 
with our previous result that usually the longer periods are the more 
outstanding the larger the energy involved in the source. To pro- 
duce waves with periods over 0.1 second, which are of interest to the 
engineer, a certain minimum of energy is needed, and, therefore,. in 
most cases an explosion of e. g. 100 pounds of dynamite will not give 
an energy strong enough to investigate the frequencies of periods in 
the desired range. The short periods of 0.2 and 0.3 second are clearly 
prevailing a t  all stations, and the periods of 0.5 second and sometimes 
also 0.6 second show a clear maximum, especially in the S- and hl- 

1 H. 0. Wood and C. F. Richter, A Study of Blasting Recorded in Southern California (Bulletin of the 

A Second Study of Blasting Hecorcied in Southern Callfornia (Bulletin of the Seismologicul Society of 
Seismological Society of Americu. vol. 21,,1831, p. 28). 

America, vol. 23. 1933, p 95) 
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phases at large distances. A larger number of periods of about 1 
second is indicated in the M- hase a t  Pasadena and Riverside. The 

than 70 percent of all cases, periods between 0.4 and 0.6 second. Only 
in the M-phase there is, besides, a slight maximum for periods around 
1.0 second. 

TABLE 50.-Periods observed in blast records 

long-period instruments a t  8 asadena show in each phase, in more 

station 

Pasadena, short period .... 

Mount Wilson _ _ _ _ _ _ _ _ _ _ _ _  

Santa Barbard _________.__ 

La JoIIs _ _ _ _ _  ___. _ _  _ _  __. . . . 

- - 

'has 

- 
P 
P 
P 
S 
8 
8 

M 
M 
M 
P 
P s 
S 

M 
M 
P 
P 
P 
S 
8 
8 
M 
M 
M 
P 
P 
S 
S 
M 
M 
P 
8 

All 
M 
- 

- 

Xstance 

km 
17-49 
67-98 

112 
17-49 
67-98 

112 
17-48 
67-98 

112 
20-47 

85 
20-47 

85 
20-47 

85 
1-9 

44-85 
158 
1-9 

44-85 
158 
1-9 

44-85 
158 
56 

145-176 
56 

145-176 
56 

145-176 
162-195 
162-195 

1 
162-195 

- 
n.a 

- 
63 
31 
2 

46 
34 
4 
32 
16 

26 
12 
17 
20 
9 

14 
4 

45 
2 
8 

88 

4 

8 
20 
17 
7 
8 
3 

17 
6 

11 
2 

_ _  

_-  
a: _ _  

- 

- 
0.4 

- 
16 
15 
2 

30 
15 
1 

17 
14 

4 
1 
8 
5 
8 
6 

17 

3 
28 
1 

16 

5 
16 
6 
6 
6 
6 
5 
7 
6 
6 

.__. 

.__. 

.__. 

.__. 

._-. 

- 

Periods in sewnds 
- 
D.5 

- 
37 
15 
4 

48 
16 
2 

32 
18 
4 
3 

14 
6 

18 
7 

16 
8 
7 
36 

0 
4 

37 
3 
7 

18 
9 

22 
12 
14 

Q 
13 
4 

11 

-- 

._ 

- 

- 
0.6 

- 
15 
5 
1 

34 
4 
1 

48 
Q 
4 
3 

16 

15 
2 

7 
4 
3 
19 
4 
4 

25 
1 

8 
2 

20 
3 

17 
5 
8 

12 

._-. 

- 

THE PERIODS RECORDED DURING MICROSEISMS 

The measurements of the microseisms during the days which are 
listed in table 31 showed results which are listed in table 51. Again 
the same periods prevail as in earthquakes and blasts except that in 
this case the number of the longer periods is still more reduced than 
in the records of the blasts. 

The records of the long-period instruments as Pasadena showed the 
following frequencies: 

Periods in aeconds Number 
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This tabulation shows again that periods of 0.4 t'o 0.6 second pre- 
vail by far. A second strong maximum occurs for periods between 
6.5 and 8.5 seconds. The most remarkable result is that there are so 
few periods around 1 second recorded, although waves with this 
period ,are somewhat more frequently recorded by the short-period 
instruments at Pasadena (see table 51). It seems as if there are no 
vibrations with periods in the neighborhood of 1 second arriving in 
microseismic movements a t  the region near Pasadena. 

TABLE 51 .-Microseisms 
NUMBERS OF OBSERVED PERIODS 

Pasadena, short period- 
Mount Wilson .... _ _ _ _ _  
Riverside _ _ _ _ _ _ _ _ _ _ _ _  _ _  
Santfl Barbara ... _ _ _ _ _ _  
La Jolla _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
Tinemaha _ _ _ _ _  _ _ _ _ _ _ _ _ _  
Haiwee.. - ~ ~ -. . . . __. .- 

I Periods in seronds 

0.3 R 29 
25 49 18.5 
2 13 4 1  
4 13 4 1  
16 40 28 
1 27 87 
3 8 19 

Pasadena, short period- 1 32 114 
Mount Wilson. ____._. ~ 67 181 M) 
Riverside ... _._______. _ _  8 45 162 
Santa Barbara ......... 11 40 86 
La Jolla .... _______..___ 43 108 179 
Tinemaha _..____._._.__ 3 97 186 
Haiwee .._____________._ 9 22 61 

12 
6 m 
12 

15 

48 80 
17 4 
97 28 
87 38 
32 9 
59 39 
40 06 

20 12 7.5 2 1.5 3.5 2.5 1 
1.6 _ _ _ _ _ _ _ _ _ _  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8.5 0.5 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  ~ .-.- 

m i 2  2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ ___________________.__ 

!24 16 8 3 2 . 5 1  0.5 0.5 

3 0.5 0.5 _ _ _ _ _ _  _ _ _ _ _ _  ...--- _ _ _ _ _ _  .__.____ 
1 6 1 1  4 2.5 1......1 _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 
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PERCENTAGE OF OBSERVED PERIODS 

THEORY 

When an earthquake occurs, waves approaching moTe or less sinu- 
soidal type with periods of between a very small fraction of 1 second 
and 34 minute or even more are produced. The very long waves, 
according to B. Gutenberg and C. F. Richter, a parently are connected 

depend to a noticeable extent on the depth of the focus, as eart quakes 
originating a t  the same place in regard to location as well as to depth 
in some cases show very long periods in all phases together with short 
periods and in other cases only short- eriod waves. In  the first case 
there is usually some indication of b P ock movement extending over 
a very much larger area than in the second case. The waves on 
their path very probably change their periods due to the viscosity of 
the material in which they are propagated and to scattering. Another 
factor which may be involved is the different absor tion of the energy 

waves undergo considerably stronger absorption than long waves, 
but i t  seems that this difference has been deduced merely from the 
observed fact that, a t  large distances shorter earthquake waves dis- 
appear faster than long-period waves. Therefore, if one tries to 
explain the later fact by presuming larger absorption for the short- 

t with the movements of large blocks in the eart R 's crust. The do not 

for waves with different periods. It is a genera f belief that short 

? The word '' eriod '' in this section IS dP51ied iis twice the time between 2 surcerdine passings of therest 
line regardless ofthe form of tbe W R \ C  
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period waves, a vicious circle may result. On the other hand, i t  
seems very likely that the periods of all types of waves increase with 
distance due to the viscosity of the material in which the are prop- 
agated. The first theoretical investigations were publis Tl ed by I(. 
S e ~ a w a . ~  Sezawa developed his theory for certain cases of surface 
waves. In  order to apply his formulas, the wave form must be known. 
Using some cases where single waves or half waves form the original 
disturbance, B. Gutenberg* found that in the case of the surface 
waves investigated by Sezawa a wave at  the distance D from the 
source to a first approsimation should have the period 

where T is the period a t  the distance D ,  To the period a t  the origin, 
V the velocity of the wave and a a constant depending on the vis- 
cosity of the material. This formula supposes a single wave and 
plane surface waves. The investigation of this problem has not 
been extended to body waves. On the other hand, it is not correct 
to use it in the case of a wave train. If, therefore, the given formula 
for Tis applied to such cases, it is more or less an empirical formula. 
In  the case of microseisms and surface waves, and in seismic field 
work where the periods are very much smaller thanein earthquakes 
the change of periods with distance agrees very well with the foriiiula. 
Besides, the coefficient of viscosity for the crustal part of the earth, 
which has been derived by using observed periods in earthquake sur- 
face waves, agrees well with values found in other ~ t i y s . ~  The 
factor a in the latter investigation has been found to be about 1 for 
surface waves in earthquakes if all quantities are measured in seconds 
and kilometers. 

Supposing that the formula is an approsirnation for hodv waves 
too, we find that it agrees fairly well with our observations of periods 
in the local shocks. There is some uncertainty as to what values 
shouId be used for the velocity, for the longitudinal as well as the 
transverse waves pass through layers where the velocity changes 
quite rapidly with depth. Assuming a velocity of longitudinal waves 
of 6 kilometers per second for short distances and of 8 kilometers 
per second for distances of 500 kilometers or more, we find that the 
periods of longitudinal waves should increase about in the following 
way if they are very short a t  the epicenter: 
Distance in kilometers _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  50 100 500 1.000 2,000 
Period in seconds- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  96 !I 1 1% 2 

In  a similar way we find, theoretically, for transverse waves the 
following increase in period: 
Distance in kilometers _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  50 100 500 1,000 2,000 
Period in seconds . . . . . . . . . . . . . . . . . . . . .  1 2 23; 3 5 
The increase in period of the surface waves should be still faster. 

The calculated results correspond well to the general trend of the 
observed periods in all three cases. The caculations indicate that a 
faster increase in period should be expected in the surface waves than 

a K. Sezawa, On the decay of the waves in visco-elastic solid bodies (Bulletiu of the Earthquake Research 

4 13. Gutenberg Handbuch der CfeophyJik vol. IV, p. 22. 
6 B.  (futenheri and H. Schlechtweg, VisiositBt und iunere Reihuug fester Kijrper (Physiknlische Zeit- 

Institute, Tokyo, vol. 111, 43, 1927). 

schrift, vol. 31, 1930, g .  745) 
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0.1 0.2 0.3 

P - - - . . - . - - - . . - - - - . - . . . .  1; 16 !4 
y..-.....----------..-.- 4 
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The long-period strain seismograph records show less clearly the 
periods prevailing than do the records of other long-period instru- 
ments. In the P-phase about 20 percent of the recorded periods 
have values of about 1.5 seconds, while periods of 0.5 second are 
almost missing. In the S-phase more than one-third of all waves 
measured on the long-period strain records have periods between 4 
and 8 seconds, and in the M-phase the proportion is still higher. 

CONCLUSIONS 

If an earthquake occurs, waves are produced at  the epicenter 
showing certain “periods.” These periods are mostly rather short, 
only a very small fraction of a second, but long periods occur too, 
especially in strong shocks. The larger the parts of the earth’s crust 
are, which are affected by the earthquake, the longer the periods which 
occur together with short-period vibrations. Usually the largest 
acceleration occurs in waves having periods less than 0.5 second, while 
the largest displacement is very often observed in waves with periods 
over I second. In rare cases periods as long as 0.5 minute may occur 
in the epicentral region. 

The effect of the structure a t  the epicenter on the periods seems, 
in eneral, to be small. 

&wing their propagation the waves get longer and longer. Appar- - 
ently to a first approximation the period is proportional to dg, 
where D is the distance in kilometers from the epicenter and V is 
the velocity in kilometers per second of the wave under considera- 
tion. The periods therefore increase with distance faster in waves 
with small velocities than in those with high velocities, faster for the 
maxima than for the S-phase and faster for the S-phase than for 
the P-phase. These results are not valid for the body waves a t  
distances greater than 2,000 kilometers. 

The theory of wave propagation in a homogeneous layer indicates 
a gradual change in period with distance. The studies show clear1 
that all observations in southern California are in agreement wit 
observations in the other regions which have been discussed in the 
first section of this paper: Certain periods prevail and these dominant 
periods do not increase gradually with increasing distance but in 
jumps. The most probable explanation for this result is the assump- 
tion that the crust is layered and that we observe in most cases free 
oscillations of the ground. The periods in the observed movements 
in earthquakes as well as in blasts and microseisms show clearly a 
predominance of certain values. In  southern California at each 
station there is an individual period between 0.1 and 0.4 second 
which occurs ver much more frequently than others in this range of 

i 

periods, as may i“ )e seen from the following tnbulation: 
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P S 
0.2-0.3 0.3 

0.2 
0.2 0.2-0.3 _- -_______  0.2 
0.2 0.3 

TABLE 53.-Domanant periods observed at the various Rtations l o r  local earthquakes, 
blasts, and microseisms 

M 
0.3 

0.247.30.2-0.3.0.5 
0.2-0.3 

(0.2-0.3) 
-_- - - - - - - - - -  

Station 1 Earthquakes less than 100 km away I Blasts less than 100 km away 1 
Pasadena, short.. . . . ~. . - 
Mount Wilson.. . . ~ - -. --  
Riverside ____. _ _ _  .. __--. . 
La Jolla _ _ _ _ _  __. ~. -. . .-. . 
Banta Barbara -...-. . .-_- 
Tinemaha-. . . -. ~ -. . . . ~ -- 
Haiwee ____. . . . . . .- ___. - _  

P 
0.2-0.3 

0.2 
0.1 

0.2-0.3 
0.2 

0.2-0.3 
0.2 

S 
0.3 

0.2-0.3 
0.14.3 

0.3 
0.2,O. 3,O. 6 

0.6 
0.2-0.3 

M 
0.2,O. 5-0.6 

0.2-0.3 
0.1-0.2 
0.247.4 

0.2,0.6,0.9-1.0 
0.5-0.6 
0.3,O. 6 

0.3 
0.2 
0.3 
0.2 
0.3 
0.3 
0.3 

NOTE.-P-lonRitUdinal wave, S-transverse wave, M-surface wave. In the neighborhood of the epi. 
center it is very difflcult to discriminate between 8 and M, which usually together are responsible for 
most of the damage. Both phases consist mainly of vibrations perpendicular to the wave path. 

At all our stations periods of 0.5 to 0.6 and of 1.0 to 1.1 seconds are 
observed very much more frequently than other periods near those 
values. The periods around 1 second occur infrequently tls a rule at 
distances close to the epicenter, but it is not impossible that in very 
strong shocks these penods, too, may play an important role a t  short 
distances. 

The dominant periods of less than 1 second are more outstanding 
in the vertical than i D  the horizontal components. 



Chapter 10.-PRELIMINARY REPORT ON 4-UNIT PORTABLE 
SEISMOGRAPH 

H. RENIOFP 

The design and construction of n new form of electromagnetic 
seismograph is being cnrried on at the Seismological Lahorntory of the 
Carnegio Institution of Wiishington in cooperation w-itli the California. 
Seismological Program of the United St:i tes Coast iind Geodetic 
Survey. 

The nssemblp consists of four portable electroningnetic sesinio- 
meters arrnngetl with gnlvanometers to rrcorrl siniulttmeously on a 

l L l l  1 ~ 1 l l l < ~ i \ , I  ( / I  ~ l , l ! i l l ~ l I  

single moving film. I t  is hoped that with such an instrument obscr- 
VI) tions can bc mntle on the siniiiltnnroirs niovenients of tho vnrious 
floors and parts of buildings clirriny nftcrshorltr. .I fiirthcr use, not 
contemplated originnlly, is the simiiltnncour rcconlin: of ground 
movements a t  four points scpnrntetl hy tlistnnc.es up to sevcrnl kil- 
ometers. Siirfi tin army woulcl he1i:svr lilic n gcopllyslcnl scismogrnph 
ant1 coultl he iisetl for the dcterminntion of the tlirwtion of propng>~- 
tion of seismic w a v ~ s  in c:wtlrqutil<cs 21s wrl1 :IS in niicroseisms. 

r nnd 3 seismomctcrs hnve h e n  
completttl to (late. 7 ' 1 1 ~  seismometers arc of tlw g(~ncra1 type designed 
by t h e  writer for roiltine opcrntion, hut are c.linnpytL conritlrrnhly in 
detail. Tliey :iw twmpletely ericlosctl in 21 wcn tlwr-proof nluminurn 
housing an(? wriqfi !ipprouimntelp SO pounds cnch (WC fiy. 120). 

l'lic 4-coni jioricn t gnlvnnorn 

226 
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The inertia reactor is mnde up of the moving element8s of t8he trnns- 
ducer only. I t  is suspended by four heavy pliosplior-bronze ribbons. 
The period is normally adjustred to 1.5 seconds but can be varied 01-er 
n range of npprosimntely 0.5 second by means of nn nusiliary tension 
member. The tlnmping force is derived from tlie renction of the out- 
put current,s and is ndjusted to a value A=0.70'7. The gnlnmometer 
nssembly is shown in figure 121. Tt, is made iip of four independent 

I I I I - 1  I oi1r i i i i i t  ~ I ~ \ ~ I I I , ~ I I I I  l o  I,-( 1 1 1 1 ~ 1 \  

nnitq. The period of ench element is 1.5 seconds nntl the damping 
constJnnt, is It = 2 0 .  The gnlvnnometers thus belinvc ns fluxmeters so 
that over tlie period rnngc $io to 4 seconds the response of the seis- 
mograph is siibstnntinlly that of t'hc pendulum units. For the pro- 
jected problem, therefore, the nssembly provides the chnmckristics 
of simple pendulum seismogrnphs wit'li the flesibilit,? nntl advantnges 
of elect,romngnct3ic instJrument,s. The mngnificntion is ndjusta ble 
over n range from 30,000 to 100 npprosimntelp. 



Chapter 11.-GEODETIC WORK IN EARTHQUAKE REGIONS 
IN CALIFORNIA 

W. F. REYNOLDS AND H.  9. RAPPLEYE 

TRIANGULATION 

Three reports have been issued by the Coast and Geodetic Survey 
on the testing by triangulation of earth movements in California. 
The first one was entitled “The Earth Movements in the California 
Earthquake of 1906”, and a peared as Appendix 3 of 1907 just after 
the earthquake of 1906. his ublication considered in detail the 

crust due to this earthquake and also to earlier movement’s. 
The old trian ulation fixing the positions of the points before the 

from 1851 to 1899, as a part of the regular work of the Coast and Geo- 
detic Survey. The triangulation done during the interval July 12, 
1906, to July 2, 1907, extends continuously from Mount Toro in 
Monterey County and Santa Ana Mountain in San Befiito County 
to Ross Mountain and the vicinity of Fort Ross in Sonoma County. 
It extends over an area 270 kilometers (168 miles) long and 80 kilo- 
meters (50 miles) wide, at  its widest part. 

The second report entitled “Earth Movements in California”, 
Special Publication No. 106, was printed in 1924. Since the conclu- 
sions arrived at  in this publication were based on insufficient evidence 
it was superseded by the third report. 

The thwd report entitled “Comparison of Old and New Triangu- 
lation in California”, Special Publication No. 151, was printed in 
1928, In  this publication a comparison was made of the positions 
of triangulation stations determined from the observations made 
previous to 1900 with the positions determined from the observa- 
tions resulting from the reoccupation of the stations during the 
interval 1922 to 1925. 

In  1925, 1926, 1927, and 1928 no trian ulation was executed in 

to the thirty-fifth parallel and consisting of 20 first-or er and 86 
second-order stations was executed. In  1930 two arcs were executed, 
the Point Reyes-Napa arc consisting of 9 first- and 36 second-order 
stations and the Monterey Bay-Mariposa Peak arc consisting of 10 
first- and 24 second-order stations. In  1931 no triangulation was 
executed in earthquake regions. In  1932 three arcs were executed: 
1, San Luis Obispo northeastward arc consisting of 18 first- and 57 
second-order stations ; 2, San Fernando-Bakersfield arc consisting 
of 16 first- and 76 second-order stations (see fig. 123); 3, vicinity of 
Taft arc consisting of 7 first- and 20 second-order stations. 

amount and nature of the $ P  disp acement of portions of the earth’s 

earthquake of 1 pril 18, 1906, was done in many years, extending 

The work discussed involves 64 stations. 

c! 
earthquake regions. In  1929 an arc exten d ing from New ort Beach 

228 
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During the year 1933 one arc of triangulation WRS completed for 
the investigation of earth movement in California and involved 8 
first- and 57 second-order stations. This work was a reoccupation 
of the stattiom of an arc originally executed in 1928-29 from Newport 

I ~ h r r n ~  I??.--l’ irhhur~t (>-inch theoiloiiti~. 1 i w 1  111 fir\t-orcler t r ~  ineiilqtion. 

Bcach to Riverside, Calif. The differences lwtwcon the ori,oinnl 
olmrved angles rind thoso observed in 1933 w r e  ton small to  mdi- 
c:tte that nnp movement of the stntionr h i d  occiirrrd. S o  trinngu- 
ltttion was esecutd  in earthqunke reziow 111 10%. 
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FIQURE l!B.-Triangulation, San Fernando to Bakersfleld, 1932. The large flrst-order scheme is used to 
control the detailed second-order work, which in turn serves 8s a basis lor detecting earth movements. 



EARTHQUAKE INVESTIGATIONS I N  CALIFORNIA 231 

LEVELING 
The following lines of levels were run during the calendar year 1933 

for the purpose of investigating cnrtliqunkes or detecting enrth 
movements : 

1. Dumlmrton Rridgr, via Palo Alto, to  Skyline Ronlcvnrd, Calif. 
2. Snntn Ana t o  Snn Ilirgo and Fall Rrook, Calif. 
3. Snn .Josr l o  Smita Mnrqnrita, Calif. 
4. S3n I h n r i s c o  to  Nilrs to  Onklnnd, Calif. 
5. hlinn l o  Ih t t l r  Aloiintain, Nrv .  
6. Cairo-Tto\ic nren ( I rk . ,  I\\-., and Tcnn.). 
7 .  Hnrlior City t o  Redondo Ilrnch, Calif. 
8. Long l i c n c h  nrP2, Calif. 

(Rrlcvelrd.) 
(Ilrlcvrled.) 

(Itclcvelcd.) 

(In progrrss at thc md of the year.) 
(Relevcled.) (In progrew nt the cnd of the year.) 

J 1 8 . 1  I I 1?1.--1 ,Ir. it tvpe 01 level 1 1 w l  III Iir\t-orilt I I t  r ~ l i n g  

The lines froni Snn Jose to Snntn Mnrcpritn, Cnlif., and from Snn 
Francisco to Xilcs to Onklnnd, Cnlif., mere rerun becnusc of nbnormnl 
settlement n t  Snn Jose, mhich may not he nt,trihutnble to cnrtllqnnkcs. 

nuriny the gcnr 1934, the  following lines of levels were Tiin for the 
purposr of cnrthqunkc in\-cstigntion or tletrction of cnrtli movcmonts: 

1. Rc~lrwling, Tlong Hrnch nrcn, Calif. (In proyrcs? at, t he  brginning of tlic 
year.) 

2. Tlarbor City to  Itedondo Brnch, Calif. (In nrogrrss nt thr twginning of the 
yr:u .) 

3. Plavn del Rcy t o  Los Angel-, Calif. 
4. A z u s n  to  CnI(tl)rooI< Camp, Calif. 
5 .  Onklnnd t o  lInrtinc7, Cnlif. 
t i .  Vicinitv of Golrln,  Cnlif. 
i .  Settlcmcnt inwstignlion, yiriniiy of Sari Josr, C':2lif., spring, 1934. 
8. Scttlcmcnt invrstiqntion. viriiiity of Snn J o s r ,  C:ilif., fnll,  I!,?, 2 .  
!). l ~ r d l n n t l ~  t o  Vic*lorvillr, Calif. 
10. I<clrvrliny, viciirit? of Kosino, 1Jtnh. 
In  addittion to t,lw nrcs of trinngiilntion and lines of leveling consid- 

ered above, otlicr trinngiilntion nnd levcline hnvc been eqtjnblishcd in 
tlic State of California w-liich will he of vnliir in fiitmre invcstigntions 
of earth movements. 

:33504-36---16 



PUBLICATION NOTICES 

TO make immediately available the results of its various activities 
to those interested, the Coast and Geodetic Survey maintains mailing 
lists of persons and firms desiring to receive notice of the issuance of 
charts, Coast Pilots, maps, and other publications. 

Should you desire to receive such notices, ou may use the form 

in teres ted. 
given below, checking the hsts covering the su i! jects in which you are 

. ~ _ _ _ _ _ _ _  ___ ___ ---- ~- - 

( D a t e ) - - - - - - - - - - - _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ - _  

Washington, D. C. 
DIRECTOR, u. s. COAST AND GEODETIC SURVEY, 

DEAR SIR: I desire that my name be.placed in the mailing lists 
indicated by check below, to receive notlfication of the issuance of 
publications refernng to the sublects indicated: 

0 109 Astronomical work. 
0 109-A. Base lines. 
IJ 109-B. Coast Pilots. 
IJ 109-C. Currents. 
0 109-D. Geodesy. 
0 109-E. Gravity. 
0 109-I?. Hydrography. 
0 109-G. Leveling. 
0 109-H. Nautical charts. 
IJ 109-1. Oceanography. 

109-J. Traverse. 
0 109-K. Seismology. 
0 109-L. Terrestrial magnetism. 
0 109-M. Tides. 
CI 109-N. Topography. 

109-0. Triangulation. 
109-P. Cartography. 
109-R. Aeronautical charts. 

(Name) - - - - _ - - - - - - - - - - - - - - - - - - - - - - 

 address)__---------____________________^ 
A catalog of the publications issued by all bureaus of the Depart- 

ment of Commerce may be had upon application to the Chief, Division 
of Publications, Department of Commerce, Washington, D. C. I t  
also contains a list of libraries located in various cities throughout the 
United States, designated by Congress as public depositories, where all 

ublications printed by the Government for public distribution may 
ge consulted. 


