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RECONNAISSANCE AND SIGNAL BUILDING. 

PART I. -RECONNAISSANCE. 

INTROIIU~TION. 

This memoir on reconnaissance and si al building is intended to 

manual of the U. S. Coast and Geodetic Surve . It is not rntended 

rather to enlarge and illustrate that portion of the instructions which 
treats of reconnaissance and signal buildin . It is based on experience 

to bring out fully the theoretical and practical principles which should 
govern in carr ing on this diflicult and im ortant class of work- 

and well repays thoroughness in execution. Reconnaissance for 
recise triangulation is a preliminary survey for the work that follows. 

!'he end sou h t  is to select locations for stations that will satisfy all 
conditions ca 5 led for by the general instructions for triatnplation and 
such special instructions as may govern the partlcular project. 

on reconnaissance tp observe horigontal 
and vertical angles anT compute the elevations and geographic 
positions of points. It is only necessary to determine the positions 
of points closely enou h to plot thoin on a sketch or map in order to 

main scheme stations. This can be done b magnetic compass 
bearings, by estimated and known distances to o z jects whose positions 
are known, and by the ma system if suitable maps are available. 

for which the reconnaissance is being made, are usually executed in 
advance of the topographic surveys, and therefore .accurate topo- 
graphic maps of the area through which the reconnaissance extends 
are seldom available. 

Reconnaissance does not re uire a high degree of accuracy, but 
it is none the less ipportant. %he total cost of the reconnaissance, 
building, and observing must be considered in the selection of stations, 
and the reconnoitering officer must therefore be thoroughly ac uainb 
ed with each branch of the work. If tho reconnaissance done is 
considered, the building and observing wil l  often be unnecessarily 
expensive in time, labor, and money. 

supply information on a subject not f u!F y treated in any previous 

to supplement any part of the instructions ip or triangulation, but 

with actual cases arising in the routine o !f field work and is intended 

work which cal 9 s for the exercise of a high or x er of skill and ingenuity 

I t  is seldom necessa 

determine the strengt a of the figures and to investigate lines between 

In this connection i t  should e e remembered that the control surveys, 

1 



2 0. S. COAST AND GEODETIC SURVEY. 

CLASSIFICATION OF TRIANGULATION. 

due regard to the accuracy desired. 
Precise triangulation.-Precise triangulation should be exe- 

cuted in belts about 100 miles apart, except under certain conditions, 
where recise traverse may be used in its place. The most modern 
metho 0 s and instruments should be used. Triangle closing errors 
should never exceed three Oeconds, and the average closing error 
should be generally less than ono second. 

triangulation.-Primary triangulation (or traverse of 
accuracy) should be used to subdivide the areas not 

recise horizontal control in order that eventually 

a t  least rimary accuracy. The triangles of the pri- 
mary triangulation sho s d close mth a maximum error of not over 
six seconds, and an average error seldom greater than throe seconds. 
Closures in length, on lines in the recise net, on rimary lines pre- 

Secondary triangulation.-Secondary triangulation (or second- 
ary traverse) should be extended into the areas not covered b work 
of a lugher grade, in order that no quadrangle, or area ogequal 
size, ma contain less than three stations of secondary or hi her accu- 

minutes of arc square, covered by a single topographic sheet of the 
U. S. Geological Survey. Tho triangles of secondary grade should 
close with a maximum error of 10 seconds and an average error sel- 
dom exceeding 5 seconds. Closures in length on lines in the recise 
or primary net, on lines of secondary triangulation previous P y ad- 
justed, or on base lines should not exceed 1 part in 5,000. 

6nited States will be farther than about 25 miles 

vioulsy adjusted, or on base lines s R ould not exceei 1 part in 10,000. 

racy. $he term “quadrangle,” as herein used, refers to t E e area 15 
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Tertiary triangulation.-Triangulation of 
solely for the control of mapping operations in a r 
but not covered b triangulation of a higher order. 
from control of a gl ‘gher grade and should n8vf.r be carried for more 
than a few figures without being connected agam to a control station 
of a higher order of accuracy. It may be performed m t h  a plnne- 
table, transit, or sextant. There should always be at least three well- 
distributed triangulation or traverse stations of a higher order than 

equivalent area-two to serve as a 
The sole requirement of accuracy 

positions must be located without 
the resulting map.‘ 

SPECIPICATIONS FOR REUONNAISSANOE FOR PREUISE 
TRIANGULATION. 

Below are iven the reconnaissance specifications for precise tri- 

several years and which have appeared in practically the same form 
in previous publications. 

.-The chain of triangulation botwcen baso nota shall be 
made u of c o m p 1 e t e y F  and of central-point figurea, with all etatiope 
occupiefl. It must not Q allowed to degenerate even for a single figuro to single 
triangles. There must be two ways of computing the lengths thmugh each figure. 
On the other hand, there must be no ovorla in of figures and no oxcew of obsorved 
lines beyond thow nccessrrry to secure a dou‘fe fetemination of overy length, except 
118 fOllOW6: In a four-sided central-point fi ure one of the di  onals may be observed. 
a figure used in ex anding from a base oftoiton requirw the %servation of additionai 
1inoe;and a net wori of triangulation over a City or other wide area may VOV properly 
contam a few overlapping figures to meet special conditions. 

2. IJtrength of figures.-In the chain of thugulation botwoen bmo nota tho 
value of the quantity R= (DD?z[6Aa+6A6,+6B2] - for any one figuro must not in the 
selected best chain (call it R,) oxceed 25, nor in the second best cnll it R,) exceed 
80, in units of the aixth place of logarithms. These are extreme limits never to be 
exceeded. Keep the quantities R, and Rz down to tho 1i.mita 15 and 60 for the beat 
and second best chaine rcw ecbvely, whenever the ?stmated total cost does not 
exceed that for a chain barof within the extreme lirnib by more than 25 per cent. 
The values of R ma be re&y obtaincd by the use of the “Table for deteminhg 
relative strength of irgures in triangulation, on page 5. 

D-C In tho above formula the two terms - m d  Z[6A’+6A6n+6nz] depend entirely n 
upon tho figurea chosen and are independent of the accuracy with which the angles 
are measured. The product of them two tcrme is therefor0 a measure of the strength 
of the figurw~ with respect to length, in BO far aa tho stren th depends upon tho eolecbon 
of stations and of lines to be observed over. The metlfiod of computing the strength 
of figure is explained on pago 4. 

3. Length of linee.-It is best that no lino of the prociee triangulation outside 
of the base neb be l ey  than 5 kilometers in length. So far ae accuracy of observatione 
ls concorned, there is little advantage in havmg the lines !anger than this. Above 
t h u  mmhurn length two main considerations affect the mze of the scheme: mt, 
the combined cost per mile of pro QBB of reconnaiwnce, budding, and observing; and, 
second, the number and accew%lity of the pinta detormined. When t h a e  two 
factors are opposed, the compromieo scheme e.elected should have the stations close 
enough togethcr to be used by enpneelw mthout special instrumenta and eignal 
lamps. In general, lines of the mnin scheme in proclae triangulation should not 
exceed 60 milos in length. 

angulation w fl ’ch have been in use, with slight modifications, for 

1. Character of fi 

~~ 

1 Detallod instructions for prcclso triarl latlon aro luon in U. S. Cast  and Goodetic Survey Speclo1 
Publication NO. 10 and for secondary t x n  ulotlon FXI Spclnl Yubllcatlon No. 20. Spwlfications for 
primary trlanguletiou are also glvon 111 ~peolaF ~ u b ~ i c a t ~ o n  0.20. 



4 U. S. COAST AND GEODETIC SURVEY. 

4. Frequency of bases.-If tho character of the country in such that a base Qte 
can be found near any deeired location, ZR, between base lines ahould be made about 
100. Thb  will be found to correspond to a chain of from 10 to 26 triangles, according 
to the s t r e n p  of the figures secured. With strong figures but few base lines will be 
needed, an a corresponding eavingwill be made on thb part of the work. If topo- 
graphic conditions make it dScu l t  to secure a baae eito at the desired location, XR, 
may be allowed to approach but not exceed 130. Thore will be danger when this 
larger limit ia used that an intervenin baae may be neceaaary, for if in any w e  the 
diacrepanc between adjacent bases is found to exceed 1 part in 25,000 an intervening 
baae must %e measured. 

5. Baae site8 and base nete.-In selecting base sites keep in mind that a base 
can be mmured with the required degree of accuracy on any site where the grade on 
any Wmeter tape length does not exceed 10 per cent, and that narrow valleys or 
ravines less than 50 meters wide in the direction of the base are not obstacles to meas- 
urement. The length of each base is to be not lese than 4. kilometers. In each baee 
net great care should be taken to secure aa good geometncal conditions aa Pseible. 
There ahould be no heeitancy in placing the baae on rough ground, provided the 
roughnees is not greater than that indicated above, if by doin BO the eometrical 
conditions in the bam net aro improved. Each baae net shouli not bo fonger than 
two ordinary figurea of the main chain betweon basea. The baao net may also be 
strengthened by observing over aa many lues between stations ot the net &a can be 
made intervisible without exceeaivo cost for building or cutting. Caution is necesssTy 
in thus strengthening a baae net by observing oxtra lines to avoid making the figure 
80 complicated aa to be exceasively difficult and costly to adjust. 

COMPUTATION OF STRENGTH O F  FIGURE. 

In the following table the values tabulated are 2 (6,’+6,6, +&‘]a 

The unit is one in the sixth place of logarithms. The two ar umonts 

angle b e i q  given a t  the top of tho table. The distance angles are 
the angles m each triangle opposite the known side and the side re- 
quired. 6, and 6, are the lo arithmic differences corresponding to 

of the table are the distance angles in degrees, the smaller % istance 

one second for the distance ang 5 es A and B of a triangle. 
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Table for determining rehtivc strength of fisurcs dn trfungulath. 
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- 
HOW TO USE THE TABLE. 

To compare two alternative figures, either. quadrilaterals or central 
point figures for example, with each other m SO far a.9 the strength 
with whch the length is carried is concerned, proceed as follows: 

(a) For each figure take out the distance angles, to the nearest 
degree if r i b l o ,  for the best and second best chains of triangles 
through t e fi uro. These chains are to be selected at b t  by 
estimation, an$ tho ,estimate is to be checked later by the results 
of corn arison. 

tance angles as the two arguments and take out the tabular value. 
(b)  $or each triangle in each chain enter the table with the dis- 
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(c) For each chain, the best and second best, through each figure, 

(d) Multiply each sum by the factor D-c - for that figure. The 
take the sum of the tabular values. 

D 
quantity so obtained,, namely, D-' - z [ i j A 2 + 6 A 6 B + 6 0 a l l  will for con- D 
venience be called R, and R2 for the best and second best chains, 
res ectively. 

&) The strength of the figure is dependent mainly upon the 
strength of the best chain through it, hence the smaller R the greater 
the strength of the figure. The second best chain contributes some- 
what to the total strength, and the other weaker and progressively 
less independent chains contribute still smaller amounts. In de- 
ciding between figures they should be classed accordin to their best 

their second best chains differ greatly. 
chains, unless said best chains are very nearly of equa f strength and 

SOME VALUES OF THE QUANTITY D- c 
The starting line is supposed to be completely fixed. 

0.75. For a single triangle, -- 

For a completed quadrilateral, T~- -0.60. - 

For a quadrilateral with one station on the fixed line unoccupied, 
8-2  

8 
For a quadrilateral with one station not on the fixed line unoccu- 

- e  

I3 

4 - 1 -  
4 

-- - 0.75. 

7 - 2  pied, - -0.71. - 7 
10-4 

10 
1 For a three-sided, central-point figure, - -0.60. 

, For a three-sided, central-point figure with one station on the fixed 

,For a three-sided, central-point figure, with one station not on the 

8 - 2  line unoccupied, -- -0.75. 

/ 7 - 2  fixed line unoccupied, 7 - -0.71. 

8 

14-5 
J For a four-sided, central-point iigure, - -0.64. 

12-3-  

14 
For tl four-sided, central-point figure with one corner station on the 

fixed line unoccupied, 7 -0.75. 
/For a four-sided, central-point figure with one corner station not 
on the fixed line unoccupied, -=0.73. 

For a four-sided, central-point Sgure with t h  ceiitrltl dation not 
4 10-2  on the fixed line unoccupied, 10 =0.80. 

11 - 3  
11 

For a four-sided, central-point figure with one diagonal also ob- 
served, -- "--'-0.56. 16 
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For a foumided, cmtral-point figure with the central station IlOt on 

For 8 five-sided, central-point figure, 18-6-0.67. -- 
For a fivo-sided, central-point figure with a station on a fixed out- 

For a five-sided, central-yoint figure with an outside station not 

For a five-sided, central-point figure with the central station not 

the fixed line unoccupied and one diagonal observed, 
12-4 0.67. 

18 

16-4  
16 side line unoccupied, - - -0.75. 

on the fixed line unoccupied, - 15-4 - - 0.73. 

on the fursd line unoccupied, 7 13-2=o.85. 

15 

2 2 - i  
22 For a six-sided, central-point figure, - -0.68. - 

For a six-sided, central-point figure with one outside station on 

For a six-sided, central-point figure with one outside station not 

For u six-sided, ccntral-point figure with tho central station not 
on the fixed line unoccupied, - - - 0.88. 

To illustrate ths applicatlon of the receding stren th table the 

assumed tkat the %action of rogress is from tho bottom line toward 

f i w e  will be obtaincd by cornputin through the three best shaped 
triangles around the central ornt. %he noxt best R, called R,, will 
be obtained by computin tgough tho two triangles formed by the 

side to tho diagonal tho distance angles are 8 9 O  and 27'. Using 
these angles as arguments in the preceding strength table, tho factor 
17.5 is obtained. Similarly, from the diagonal to  the top line the 
distance an les aro 9 l 0  and 26' and tho correspondin factor is 18.8. 

the k e d  line unoccupied, 'G =0.75. 

on tho fixed line unoccupicd, -- =0.74. 19-5  
19 

''- 
16 

R, and R €or Fi re 14, page 12, wil 7 bo considere f . Let i t  be 

the top line. It will be foun a that tho smallest R, called &,.for this 

diagonal. The Ra is ensiy 7 computed as follows: From the known 

The sum o f the two factors is 36.3. If the centrs point of the 
figure is an occupied statio 
0.56 = 20. If the central 

-0.67 (see above) and R, = 36.3 x 0.67 - 24, ns given opposite D - C  
D 

the figure. 
The R, may bo computed in a similar inanner by using the dis- 

tance angles in the three best-shaped triangles around the central 

(see p. 6) and R2=36.3 X 

9 shown in Figure 14, 
- 

point. 
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EXAMPLES OF VARIOUS TRIANGULATION FIGURES. 

The following 14 figures are given to illustrate some of the prjn- 
ciples involved in the selection of the strong figures and to  illustrate 
the use of the preceding Strength Table. 

pq 45 45 

FIG. 1.-All etatlons occnpied. 

. same. any one station 
not occupied. 

FIO. 2.-All stations -pled. Ek-1 
-1 
&-2 
& 4 2  

Same, any one etntlon not occupied. 

FIG. 3.-AIl ntntlone occupled. a-22 
&-22 

Eam one station on 4 - 2 7  
a e d  $e not occupled -21 
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Fto.?.--All etatione 0 0  

Ono outslde sta- 
tlon, on fixed he, 
not occupied 
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hill@, any OnQ 
outslde station 
not occupied. 

Same, rentral 
stntlon not oc- 
cupled. 

R1-10 
r5-16 

r1-13 
Rs- 10 

Fxo. 10.-All stations RI-S 
occupied. r5-6 

D- C-.2&104. 
u 28 
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A 

.12 ,-Unoccupied etatlon 
at intereectlon of Axed 
line mid llne to bo d e  
termlned. 
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I n  every figure the line which is supposed to be,fixed in len th 

heavy lines. Either of these two heavy lines may be considered 
to be the fixed line and the other the required line. 
figure R, and R,, as given by tho Strength Table, are s own. Tho 
smaller the value of R, the greater the strength of the figure. R, 
need not be considercd in comparing two figures unless the two 
values of R, are equal, or nearly SO. 

Compare Figures 1, 2, und 3. Figure 1 is a square yadrilateral; 
Figure 2 is a rectungular quadrilateral which is one-ha f as long in 
the duoction of progress as it is wide; Figure 3 is n roctanggar 

uaddateral twice as long in the direction of progress as it is wide. 
%e comparison of the values of R, in Figures 1 and 2 shows that 
shortening a rectan ular quadrilateral in the direction of pro r e s  

that extending a rectangular quadrilateral in the direction of progress 
weakens it. 

Such 
eneral VF 

as rogress with 
{igure 5 is badly distorted from a rectangular sha e, but is still a 

Tho best pair of trian es for carrying moderately stron 
tho length throug ti is  figure are D S R and R P. As a rule, 
one &agonal of tho quadrilateral is common to the two triangles 
forming tho best pair, and the other dia onal is common to the 
second best air. In  the unusual case i K ustrated in Figuro 5 a 

triangles. 
Fi ure 6 is an example of a quadrjlaterr$ so much elongated, 

and t a orefore so weak, that it is not allowable in any class of tnmgu- 
lation. 

Figure 7 is the regular three-sided, contral-point figure. It is 
extremely stron . 

and tho line of which tho length is required nro represented B y 

Otposite each 

increases its strengt g;l . A comparison of Figures 1 and 3 s a ows 

strong, even t % ough badly 
ar shapo,%t they are not economical 

in the direction of pro ress. 

aSrTure. d 
side lino of t R e quadrilateral is common to the second best pair of 

Figure 8 is !he regular four-sided, 

xgure 9 is tho regular five-sided, 

a base. The expansion is in tho ratio of 1 o 1 . 
whicg, in secondary and 

figures which it is permissib f e to use. 

ve much weaker than Figure 1, the 

that it is much weaker than any of 
Fi ures 1, 2, or 4. 

5igur.e IO is a good oxample of u stron 

Fi ures 11 and 12 are 

uick oxpansion from 

or impossible to oacupy, may be 
several figures. 

Many of the figures given on the preceding pagos are too weak 
to be used on precise tr!anplatjon, but for convenience of reference 
and to illustrato the princi les involved they are included with the 



14 U. S. COAST AND GEODETIC SURVEY. 

BPEOIFICATIONS FOR RECONNAISSANCE FOR PRMLARY AND 
SECONDARY TRIANGULATION. 

The reconnaissance specifications for precise triangulrttion given 
above ap 19 also in rinciple to primary and secondary triangulation. 

and secondary triangulation R, and i2 in any one ti uro must never 
exceed 40 and 120, res ectively, in units of the sixt place of loga- 

whenever the estimated total cost is not incrcased bp more t an 
25 per cent. One station in each figure may be left unoccupied 
whenever to do so does not increase the values of R beyond the 
specified limits. 

In  any class of trim ulation 11 number of stations of somewhat 

scheme, for local uso in connection with detailed surveys. These 
are called Supplemental stations and may bo either occupied or 
intersection stations, provided there is a clicclc on tho detcrmination. 

The value of R should not be greater thnn 50 for any trinnale used 
in connecting a supplemental station to the main schema unqess the 
triangle is used as an identification check only upon tho position of 
the point. 
Frequency of bases on primary and secondary triangula- 

tion.-If tho character of tho country is such that-a l~ase site can 
be fopnd near any desired locution, ZR, betweenbaselines, or between 
a base line and a line of precise or rimar tridngulution used as a 
base, should be made about 130. &is wi6 bo hund to correspond 
to a chain of from 10 to 35 tr im les, according to the strength of the 

needed, and a correspondin saving will bo made on this part of the 
work. If to ogru. h c  con8tions mnlto it  difficult to secure R base 
sit0 at tho &sireflocation, ZR, may be allowed to alproach but 

that an intervening base will bo necessary, for the reason stated in 
the next sentence. If in nny c u e  tho discrepancy between adjacent 
bases (either measured bases or lines of precise or primar 

or 1 part in 5,000 for secondary an intervening base must be meas- 
ured or the intervening triangulation stren thened. 

Certain general principles can be applief to reconnaissance, but 
skill in selecting a scheme which will giro the reatest strength com- 

permitted by the geometric conditions to be met. 

B 7 The chie P differenceies in the limitin values of B. On both primary 

rithms, and should he R ept down to 25 and 80 for a single G ure 

inferior accuracy are a B ways determined, in addition to the main 

5 

figures secured. With strong a 'gures but few base lincs will be 

not exceed 200. Thero will he danger when this larger 1 imit is used 

tion used as bases) is found to exceed 1 part in 10,000 9 or triangula- primary 

atible with economy and the confi uration o f the country can only 
Eo acquired by experience and a c k ose study of tho various figures 

shown on ages 8-12 and are fully explained in tho text re Y ating to 
strength o r figures. 

These G rcs aro 

INTERVISIBILITY O F  BTATIONS. 
Reconnaissance for triangulation can be executed by either of two 

general methods, or by a combination of them. In the first method, 
which can be used in hilly or mountainous country, the intervisi- 
bilit of the stations is tested by visiting each station. In  tho second 
met z od, reliance is placed upon obtaining the elevations of tho sta- 
tions and of the intervening country from maps or other sources and 
determining the intervisibility of points and the heights of towers from 
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those data. This method is necessar in flat country. In  actual 
practice a combination of the two met 3: ods is generally used. 

Before going to tho field copies of Government, commercial, and 
road maps should bo procured, as well as all available data relating 
to previous surveys in or near the aroa to bo covered by the recon- 
naissance. A careful examination of tho maps and other data wil l  
indicate the most ractical route, and a provisional scheme may be 

serve as a useful guids as the dotailed work is carried forward. 
In testing this tentative schemo too much reliance must not be 

placed upon the the visibility of a line of sight is 
questionable. two statiQns can not be tested 
visually because of country, then maps must be 
resorted to. I n  testing a line tho elevations of the two stations, and 
of any probable intervening obstructions, should be obtained from the 
map, and the intervisibility of the two stations shoiild be testod by 
computing the effect of the curvature of the earth and the refraction 
or bending of a ray of light in passin through the atmosphere. 
TEvo or threo solutions of problems will % e given later. (See p. 20.) 

The difference between the apparent and true difference in eleva- 
tion of two points is affected by two factors-the curvature of the 
earth’s surface and the refraction of light b the earth’s atmosphere. 

relation to each other, so that the combined effect can be applied as 
a single factor. The effect of refraction is about one-seventh as 
much as the curvature. The formulas for the separate effect of 
each can be found in various works on eodetic surveying, but the 

plotted on ono of t P io maps to be usod as the work sheet. This will 

These factors are of opposite sign and o ? &n approximately fixed 

formulas below givo the approximate rosu 5 tant: 

h (in feot) = Kz (in miles) times 0.574, 

R (in miles) - &-(ihi-fe%t) times 1.32. 
or 

-- 
Dls- 

hnco. 

Mlbr. 
, 1  
‘ 2  

3 
4 
5 

0 
7 
8 
9 

10 

11 
12 
13 
14 
16 

- 

- 

Below is a table, condensed from the ono given in Appendix 9, 
Report for 1882, which- ives tho distance R (in statute miles) at 

into account torrestrial refraction with a moan assumed coefficien 
of 0.070. 

Corrielionfor earllr’s curvatzire and refraction. 

””$, Whch a line from the hag  a t ?L (in feet) will$ouch tho horizon, ta 

Corroo- . tlon. 

Ret. 
0.0 
2.8 
R Z  
9.2 

14.4 

20.0 
28.1 
ao.7 
40.4 
51.4 

00.4 
0 . 7  
97.0 

112.6 

-.- 

Diu- 
tnuco. 

Mflu. 
10 
17 
18 
19 
20 

21 
22 
29 
24 
26 

20 n 
28 
20 

- 

128.1 I 30 

Corroo 
tion. 

Ful. 
148.8 

1 8 . 9  
m7.2 
228.6 

253.1 

303.0 
830.6 

%O 
449.9 
482.0 

-- 
m . 8  

n i . 7  

am.0 

4 i a 3  

sie.4 

Dls- 
tanco. 

M f h .  
81 

99 
84 
86 

30 

38 
39 

41 

43 
44 

aa 

31 

u) 

42 

Fed. 
Ml.4 
a 7 . e  
BUQ 
809.3 
703.0’ 

743.7 
785.0 
m.0 

918.1 

884.7 
10122 
100001.0 
1111.0 
l l S l 0  

812.13 

MUU. Feel. 
40 1214.2 
47 1207.7 
48 1322.1 
49 1377.7 
E4 1 a . e  

61 149‘2.6 
62 1661.0 
65 1011.0 

66 1736.8 

68 1799.6 
SI 1 m . 4  
58 1930.4 
69 1997.6 
80 r n 8  

M 1 m . s  
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To determine how much the line of sight between two stations 
will clear or fail to clear an intervening hill, either the table above 
may be used or the following formula employed : 

where 
?L =height of line a t  obstruction, 
h, -- height of lower station, 
h, = height of higher station, 
d, = disfanco from lower station to intervening obstruction, 
d, = distance from intervening obstruction to higher station. 

This formula is also based on a mean assumed coeficient of refrac- 
tion of 0.070. 

DISUWSSION OF BECONNAISSAkCE XETEODS. 

Prior to the years 1898-1900 reconnaissanca for precise triangu- 
lation was a ve expensive operation. The best method was con- 

Horizontal and vertical angles were observed starting from some 
known base and assumed elevation, and either a rough computation 
of triangle sides wm made or the approximate distances were scaled 
from a sketch. This was kept u as the work progressed. From 

decide the height necessary to build a t  the main scheme stations to 
E C ~  over intervening ridges and also to ascertain the location of 
the crest of each ridge. It was therefore necessary to introduce 
many supplemental oints within the area of the main schemo and 
to erect oles with P ags or targets a t  many of the oints. While 

was exceedingly  OW, i t  was b no means accurate. The conditions 

made introduced large errors, which resulted in ninny obstructed 
lines and added much to the cost of the h a 1  field operations. Under 
this method the average cost of reconnaissance for precise triangu- 
lation was about $40 eI'mile of progress. 

The present metho$ of reconnaissance for precise triangulation, 
with some modifications, has been in use since 1898. During that 
period mor0 than 8,000 miles of reconnaissance has been executed 
m all parts of the United States and under all conditions. The 
corresponding triangulation has been practicnlly corn leted, and it 

for which it is intended. The average cost during the Iaat two decades 
has been about $3.90 per mile of progress. 

resent method consists in first obtaining a general 

provisional schemo can then be ma ped out and revised later by an 

observed. Instead, magnetic bearings are taken to prominent 
objects, to locate them approximately, and to assist in distinguishing 
them from similar objects in that vicinity. 

In  the actual examination of the country and selection of the 
points for the scheme the object is to make a mental topographic 

sidered to be '% t at of an approximate secondary triangulation. 

the observations of vertical anges P elevations were computed to 

this met R od involved time, labor, and expense, an$ the progress 

under which the observations -ry or horizontal and vertical angles were 

has been found that the reconnaissnnce has satisfied a1 F requirements 

knowle d R  ge of t e country by a close study of all availabla maps. A 

examination on the ground. No B orizontal or vertical angles are 

Briefl , the 



RECONNAISSANCE. 17 

survey of the regions over which the pro ects extend. A careful 

direction of drainage, the approximate location of the highest oints, 
and the route which apparently offers the least resistance. f n  the 
actual examination of a region it is only necessary to consider the 
topo apliic features that may come wthin rango of the work in 
hanfsuch as the crests of tho highest ridges, hills, and poaks, which 
ma serve as observation points in laying out the scheme. 

&hen visiting one of these commanding points, the first step is to 
locate its approximate position on the map or skptch. This can be 
done by plotting the point with reference to adjacent topographic 
features and can be checked by magnetic compass b e m g s  on any 
objects shown on the map, such as water tanks, church spires, rom- 

with the aid of binoculars the prominent objects that mayecome 
within tho area of the schome far the purposo of fixing them in the 
memory and estimating their appewance from other directions. The 
positions of objects observed may be closely dotermined by m netic 
compass bearings and by estimating the distances. These Xould 
be recordcd for each objoct observed, as should also the designation 
of the objoct, such as “flat top hill,” “sharp oak,” “clump of trees 
on ridge,” etc. Any distinctive features o f  the objects observed 
which wlll assist in identifying them when soen from other points 
should be kept in mind. Po the exporionced eye every hill, ridge, 
peak, and mountain will present some distinctive feature whch 
distin uishes it from all others. Each point observed should be 
plotte% on the work sheet or map in tho position fixed by the bearings 
and estimated distances. This will assist in identifying it when 
seen from other places as the work progresses, and its position can 
then be checked and corrected if necessary. Bearings and distances 
should be observed a t  all selected points of the main schemo nnd a t  
a $scient number of intormediato oints to idontify all promnent 
features and to fix them woll in minx. 

When traveling across the country between objective points, it  is 
important to note the prominent features of the re ion and also the 
apparent differences in elovation of ridges, hills, an % y a k s .  As the 
points are viewed from difl‘eront positions, tho genera locations and 
relative elevcitions of the most rominent points bccomo fixed rn 
mind. It should be remembore: that on1 the higher places are 

.uJilized for triangulation and in any locatty these are cornpara- 
tlvely few in number: $he observer should, therefore, focus  IS 
attention on the promnent objeots wbi+ h u s t  be considered in-the 
selection of tho scheme. This may bo illustrated byecorn anson 
with a large city having thohsands of buildings of val’ious [eights 
and kinds. There are only a few of $hem buildings that tower above 
all others near by. The lower buildings 4re not suitable for stations, 
and so it is only necessary to examino closely tho few most prominent 
buildings and note their distinctive features, general locations and 
relative elevations. When this has been done from several different 
bections,. the characteristics of each become firmly fixed in mind. 

It roqulros experience and careful study of naturnl features to 
estimate distances closcly. Atmos heric conditions must be con- 
sldered as the object observed wiR appear differently in sunlight 
than when shaded by clouds. Usually some distant hills or ridges 

study of the maps will indicate the genora i lay of the country:the 

inent hills, peaks, or mountains. The next step is to study c P osely 
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may be seen to which the distances are known, and these may be 
used for comparison in estimatin tho distances to other points by 
noting the various color effects. h e r e  the air is clear, the difference 
in color is the only guide in estimating tho distance to far mountains. 
With a little experience, distances can be estimated with an error of 
not more than 15 per cent. 

Since precise triangulation is laid out in different forms and under 
different topo ra hic conditions, tho observer should consider care- 

Trained powers of observation and a habit, natural or acquired, of 
self-orientation-b which is meant the facult of knowing a t  any 

re uisite to the work in hand-will best help the obscrver to secure 

laying out the work. 

fully the met 88 Q s to be pursued and the objects to be attnined. 

point visited for t i e  7 fk t  time just where to T ook for other points 

a 9 ull knowledge of the country and will suggest the best mothod of 

SELECTING SITES FOR TRIANGULATION STATIONIS. 

Triangulation stations, as far as practicable, should be placod on 
the crests of ridges and on the highest points of hills and mountains. 
In n mountainous country it is not necessary to placo the stations 
on the hi hest peaks, but each onc should be on the highest point 
of the pe& selected, and this peak should be the h h e s t  ono in the 
immediate 'vicinity in order that there may be an unobstructed 
view in all directions. 

weather conditions are 
of progress bccomes 
Featly retarded 
it would proceed 

Delays to the observin party ia reaching the hi h peaks must also 

salaries which go on whether progress is being mado or not. Trans- 
portation of both reconnnissancc and observing parties is now 
almost exelusively by motor truck. Years ago, when wagon teams 
were used, pack animals were u t  hand to pack the instruments, 
camp equipu e, and food of the observinv party to tho to s of tho 

and t K e growing dearth of them throughout the western part of the 

.be considercd, for two-tfirds of the cost of tho o % serving is due to 

high ealts, &ut with the absence of pa& animals from t P io party 
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FIG. 15.-MOTQR TRUCK USED FOR GEODETIC WORK, 
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country this method of transporting the outfit means expensive 
delays. If trucks can be driven within 2 or 3 miles of a station, the 
observing party can back ack the instruments and observing outfit 

and back pack the outfit down the night t ey finish. This limit of 
2 to 3 miles should be iven due consideration in selecting stations, 

Another disadvanta e attending tho uso of the large triangulation 
fi 
o r server over the light keepers. With inex erienced men, or men of 
poor quality, this makes rapid progress d c u l t .  

The cost factor, however, is not the only one to be considerod. 
The usefulness of precise triangulation, asido from its function of 
extendin geodetic control over the country, depends upon the easy 
accessibi k ity of the stations and their distribution over the area 
covered, and also upon the lines bein sufficiently short for engineers 
and surveyors to extend local triangu f ation from them without using 
special instruments and methods. 

In  a large scheme the principal stations, located on the highest 
poaks, are favorably placed to extend the triangulation in any 
direction. The disadvantage of the large scheme is that the great 
distancos between stations make it almost impossible to locate extns. 
points by i+mection, and light keepers must .be .used at  the supple 
men tal stations. 
. In ti smaller scheme where the distances between stations average 

not more than 25 des, many intersection points can be located 
without posting lights, and the distances between stations will be 
small enough that the distances and azimuths as well as tho positions 
can be used readily by engineers for their detailed surveys. The 
stations are also apt to be on the lower peaks, and, therefore, more 
accessible. Where it is necessary to place a supplemental station 
on a high peak, this can usually be done by observmg on it from three 
stations without the necessit of the oherving party occup in it. 

of certa.int m to  the intervisibility of stations. To specify that t ere 

naissance unduly costly. A better plan is to compare the cost of 
thoroughly testing each line of tho reconnaissance m t h  the additional 
cost of the obsorving and building when an occasional obstructed line 
is found and it becomes necessary for the observing party to increase 
tho heights of the si nals at the ends of the line or else select a new 

e various 
factors governing tho selection of stations. It is not practicable to 
la down rigid rules, but the success of the one doing reconnaissance 
w& be measured by his ability t4 balance these various opposing 
elements and select tho most desirable scheme. 

One othor factor which should be carefully considered in the choioe 
of a site for a triangulation station is the permanence of the mark. 
Precise triangulation stations are seldom established for immediate 
use, but rather to furnish precise control for future surveys. Topo- 
graphic features may chan e with increase of population and with 
industrial dovelopment, an8 new maps wi l l  be wanted and surveys 
for improvements needed. Both may be quickly and readily s u p  

R to the station, return eac E night to a cam a t  the trucks to sleep, 

though it can be exten d ed to 4 or 5 miles in case of necessity. 

es and stations di fki cult of access is the lack of supervision of the 

Another thing to be consi B ered in the reconnaissance is t l e  % e p  

must be a 5: solute certainty in that respoct would mako the recon- 

station, shift the lig % t keeper, and perhaps build a new si nal. & The purpose of the preceding discussion is to summarize 
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plied if the preciso triangulation stations, or a large 
can be recovered. 
where the mark will be least exposed to disturbance is evident. 

The importance of selecting R place 

ClOXPUTATION OF THE INTERVISIBILITY O F  STATIONS. 

Triangulation must bo executed under widely varying conditions 
which involve a large range o€ difficult problems dopcnding largely 
upon the character of tho country it traverses. it will be sufficient 
to discuss briefly the effect upon triangulation reconnaissance of five 
classes of terrain, viz: Water surfaces, such as bays or lakes; open 
country nearly level, as prairie; comparativcly level farming countr , 
partly wooded; Idly wooded country with parallel ridges of near 9 y 

7 195.9 f t  

Rho. 10.--lntorvisibllity of stations acrms water, CowJ. 

the same elev&tiop; and, lastly, hilly or mountainous country with 
elevations of imegular height. Thoso are taken up below in the 
order named. 

Water  surfaces.-The len th of line which may be observed 

each side or the height of signal which it is feasihlo to build in over- 
coming curvature and refraction. Experience has shown that  the 
accuracy of angle measurements is much affected if the line of sight 
RCTOSS water appronches the surface nearor than 10 feet. There is 
apt to bo a disturbed Atratum of air near the surface which will cause 
lateral refraction. Besidos, the air just above tho surface is very diffi- 
cult to see through. 

Where the distance between two stations is approximately known, 
and also their respective elovations above tho  water surface which 

across a body of water depon f s upon tho  elevation of the land on 

56.4 ft. -- -- 56.4ft __----- ----__ 
/- - 

18miles 
Fio. 17.-Intonrislblllt.y of stations across wator, cos0 2. 

lies between them, thc question of their intorvisibility may be quickl? 
solved by referenco to the table on “Correction for earth s 

application of the table: 
Exam le Two stations are at tho water’s level on opposita shores of a hay 18 

miles ~ v i j e .  ‘ r h o  lino of sight in no caw should approach tho wator nearer thap 10 
feet. 

(a )  How high above tho water must tho instrumont bo at station A with the instru- 
ment at station B 10 feet al)ovo the surface? 

( b )  How high must the towcre be, suppoeing them to bo.of equal height at the two 
stations? \ 

SoZution o (a).-From tho tnhle for rofraction and curvature, pa e 15, the imtru- 
ment must d e at an olevation of 185.8 feet for tho lino of sight, to go tangent to the 
earth's eurfaco at a dktanco of $3 miles. Since i t  muat not approach tho water surface 

curvature and refraction.” The example illustrates the 
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nearer than 10 feet at  station B ,  the instrument at A must be 196.9 feet above *e water 
surface. (See fig. 16.) 

Solulbn of (b).-Since the towere are to be of e ual height, the line of Bight will 
gproach the water the nearest at 8 point midway%etween the two stations. From 

Q table the instrument must be elevated 46.4 feot to we the water surface 9 milea 
distant. Since the line of sight must dear tho surface by 10 feet, t he  instrument 
must be elevated 56.4 feet at each station. (Pee fig. 17.) Or, by the formula 

h (in feot)=K2 (in miles) X0.674, 
lr=81X0.574=46.49 feet, 
46.49+10=58.49 feet. 

or 70 feet above the ground because of the wind effect upon its 
supporting tripod, the tall superstructure can be used economically 
where the countr is partly wooded. 

Wooded, ro&g country.-This kind of .terrain presents the 
hardest problems to one doing roconnaissance. Part of northern 
Alabama is a region of this type, yith rough h e a d  wooded ridges 
and poor roads. When such a repon is not map e$ the reconnais- 

slopes of the ridges until some high rid e is reached. Thick under- 

a limited area, but recourse can be had to climbing trees in order to 
Secure the desired lookout. 

The closest attention must be paid to the features under observa- 
tion, for a t  first glance a wooded, rolling country will appear to have 

smce can be executed by following the trend o P the drainage and 

brush will frequently make it difEcult to B 'nd the highest point in even 
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no distinctive features. It is necessary to learn the “lay of the land” 
so thoroughly that routes can be planned to examine the most promi- 
nent points. The area of the country over which the scheme extends 
should be completely covered and examined, so the observer ma have 
all hills, ridges, and other prominent objects well fixed in mind 

High superstructure can bo resorted to for elevating the line of 
si h t  above intervening ridges, as stated in the preceding case. At 

iven to possiblo forward lines; bearings should be observed on all 
fow gaps on intervening ridges a3 well as on the high points. Distant 
points soon through low gaps in intervenin ridges should be careful1 
studied, EO they may be identified later. &wry prominent point wif 
present some special feature by which it may be identified, such as a 
prominent tree. Two trees identical in a pearance are rarely found, 
and usually a tree can be distinguishe from all others b some 
distinctive feature. Therefore, it is not necessary to erect PO es with 
targets for the purpose of identifying points if the roper time’and 
mental effort is spent in mernorizmg the prominent P eatures. 

In any character of country the pole and tar et  method for the 

al P points selected for tho main scheme special attention should be 

r B 

pur ose of identifyi points is harmful to tho o fi server, as it has a 
tan B ency to dostroy 5 t e faculty of identifying such natural features 

13.2 miles 
45ft. 

Fro. IE.-IntervislbilLty of statlous across wooded plaln, cas0 1. 
.b 

as are essential, and without this faculty no person should attempt 
to do reconnaissance. 
So far as applying the table or the formula for curvature and 

refraction is concerned, tho last three preceding ty es of terrain may 
be considered together. The following example wd P serve to illustrate 
the method of application: 

Example.-A level plain is wooded with treoe 35 feet high. It is desirable that 
the h e  of tight clear the trees by 10 feot at  leaat. 

(a)  With tawera 70 feet high, without superstructure-that is t i thlamp and theodo- 
lite mountad at same height-what is the maximum lough of line? 

(b) Under tho aamo conditions of terrain, what k t o maximum length of line 
when the thoodolitc ia at a height of 70 foet and the lamp at a height of 90 foet abovo 
the ground? 

Solution oJ (a).--Since tho line of aight must not approach nearor than 46 feet to 
the surfwe of tho plain or 10 feet above the tree tops, and the towera are 70 feet high, 
the problem is the same aa if tho towers were 70-46 feet high and the line of 8’ ht 
could be ts cut to  tho s&fwe of a level lain. From the table it i8 Boon thatfho 
line of s ighzom a tower 25 feet high woJd bo tangent to tho surfwo of the aphere 
at a distance between 6 and 7 milee. 

Applying the formula 

IC (in feet)= Ka (in milos)X0.574 

26 . K L  - 
0.574 

or K-6.6 milee. 

The stations could, therefore, be 13.2 milos apart. (See fig. 18.) 
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s’Jl$h OJ @).-From the PIWV~OUE example the line of eight from a tower 70 feet hyih 18 tangent to the spherical surface 46 feet above the station at a distsnce of 6.6 rm ea. Tho distance at which tho line of aight from tho 9O-fmt tower will be tangent 
the 46-foot surface i~ found from the formula in a similar manner, aa follows: 

(90 -46) =h = K a  X0.674 

45 
==-0.574 

or K=8.9 miles. 

(See fig. 19.) 

or mountainous country.-Over n hilly or lllountainous 
C O m t r  the reconnaissance is less difficult. It is seldom necessary 
to b d d  high observing towers to elevate the instrument, and It 
19 only necessary to select prominent intervisible points that satisfy 
the requbmont of a strong scheme which will give proper control 
Over the area covered. 
In this form of reconnaissance it is important to keep &.very care- 

ful Watch on the different s ects presented by the PrlnclPfJ elova- 
tlons as seen from different pEces when traveling through the, rcglon 
covered by the t r iqp la t ion  in order that the snme point may be 

Therefore, the maximum distance botwoon stations \Vdd be 6.6+8*9=15*5 mil-. 

FIO. lO.-Intorvlsibillty of filntions acms woodcd pluh, cas0 2. 

identified from different directions. This general examination will 
help in acquiring a habit of self-orientation, by which on reaching a 
mountain or summit the eye will at once recognize and correctly 
locate salient features of the landscapo. 

A Country of this character should be well scrutinized and boar- 
ings taken to allprominent points. It ofton happens that a scheme 
may be Farried orward several figures before it is discomred that 
an alternate line of stations must be selected, beginning a t  some 
critical line to the rear. Therefore, if a thorough reconnaissance 
has been made, the revision may be made without going over the 
ground the second time. It is practicable and sometunes preferable 
in a mountainous count to extend one side of the scheme several 
hundred miles, then o n x e  return fill in stations on the othpr side. 
This method has been adopted where there are roads approxunately 
parde l  to each side of the scheme but very few crossroads, as was 
the ease 0x1 the El Reno, Okla., Needles, Calif., project, between 
Albuquerque, N. Mex., and Needles, Calif., a distance of 400 milos. 
The north side of the scheme was completed from Albuqu-wque to 
Needles, and on the return trip points were selected to the south- 
ward to complete the scheme. 

Another notable case whore this method was used is the Texas- 
California arc from the one hundred and fourth meridian to the 
Pacific coast. This case is more remarkable, duo to the fact that the 
Pewmaissame was made by two observers working independently 
and on opposite sides of tho scheme. The work was done in three 
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sections. The first section extendcd from near the one hundred 
and fourth meridian to El PBSO, Tex., a distance of 170 miles. tho 
second section from El Paso to Tucson, Ariz., 240 miles; and tho 
third section from Tucson to a connection with tho Pacific coast 
triangulation, 360 miles. Before starting each section a general 
ro am was mapped out and the scheme, if practicable, was to 

{e E p t  within a certain limited area. Starting from the one hun- 
dred and fourth meridian, one observer selected points on the north 
side of the scheme and the other observer on the south side. There 

4500 
5+ 

FIG. U).-IIlteNkiblhLy of slallons In mountain country. 

was no communication between the two observers until each had 
completed his work to El Prtso. There they met and compared 
notes and decided on the most practicable points. 

The second and third sections were carried on in like manner. 
There was no communication between the two parties during tho 
progress of the work exccpt at El Paso, Tucson and Yuma, after 
the work on the corresponding section was comptetod in each case. 
On the 770 miles of progress it was not found necessary to go back 
and revise any part of the work, and when observations for hori- 
zontal directions were made there was not an obstructed line found 

b 

I 

36 mi 
Fro. 21.-IntervlslblUty of stotlons In mountaln country, solutlon 1. 

on the scheme due to the reconnaissance. This reconnaissance was 
made by William Bowie and the writer. 

When maps of a hilly or mountainous country are available, 
they are of great assistance in reconnaissance. When laying out a 
scheme from a map the most frequent problem is to determine if 
a certain ridge or mountain between two stations wi l l  cut the line 
of sight, and if so, if it will be practicable to build at either station 
and thus make the stations intervisible. Such a problem may be 
solved either by the formula on page 10 or by the table for curva- 
ture and refraction. A solution of such a problem by each method 
is given below. 
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Example.-Two statione, A and B, are 54 milea a art and a t  an elevation above 
love1 of 1,050 and 4,500 feet, reepochvely. A t  $on the line between A and B 

and at a distance of 18 milos from A is &ridge 1,840 feet hi h. 
How much below the crest of the ridge does tho h e  totween statlone strike? 

b Supposi a towcr is to  be built a t  only ono station, what height would bo 
n e c e w y  a t  e 3  station fo: the line of si h t  to barely clear tho ridge? 

(c) If towers of equal he1 ht are to be %uilt a t  the two stations, what hcight must 
they have for the line of si& to baroly clear the ridge? 
Solution of (a). (See fig. 21).-At 18 miles, curvature and rofraction=186.9 fcot. 

At 36 miles, curvature and refra(~tion=743.7 feet. 
For tho purpose of obtaining tho difference in elevation at X between the crest of 

the ridge and the straight lino from station A to station B, we can coneidor A and B 
88 b o y r o d w e d  in height by 186.9 feet and 743.7 feet, respectively, thoso amounts 
being t e corrcction for curvature and refraction from A and B to X. Tho threo 
Poinb A, B ,  and X can now be considered to be on a plane surfaco but a i th  eleva- 
tiom corrocted for curvature and rofraction. 

hx and hB bo the revised elevations of tho straight line from A to  B R t  A, x, and%, reepoctively. 

(So0 fig.. 20.) 

Let h 
Given h,=1,050-185.9=864.1 feet, hB=4,500-743.7=3,76G.3 feet. To find hx: 
In the triangle a b c, Figure 21, 

e d :  be :: ad :  uc, 
ed=hx-hA, 

or bc=hB - h A ,  

hy-864.1 : 3,760.3-8G4.1 :: 18 : 64, 
hx-hA : hB-hA :: a d :  ac, 

3’hx =5,484.5, 
hx=1,828. 

Therefore, the line from A to R cuts tho ridge 12 feet below ita 

. Another method for obtaining the elovation at X of tho straight 
h e  between the two stations is by the formula given on p w  16, 

In which for the example given above 

h,=1,060, $4,600, d ~ ~ 1 8 ,  dlEQ6* 
Substituting th-0 valum 

~~=1,060~(4,~~-1,050)--0.573GX18X3G=1,828. 18 
18+3G 

Therefore, the line between A nrltl B is 12 feet below tho top of the ridge. 

There may be times in tho,field when the observer will not have a 
book at hand from which to obtain the formula for the second method 
and he may not bo able to recall the formula. He may U s e  the first 
method, however, if he mefely remembers that tho correction in 
feet fer curvature and refraction is the square of the distance in 
mhs t u n a  0.574. The second method may bo a little easier ns regards 
tho numerical operations. 

SoLtion.of (b).-Acce ting 1,828 feet an the elevation a t  X of the line trom A to B ,  

’1 u e  22. the necessary height can be computed by means of a triangle, rn shorn in r’g 
The line from A to E has already been corrected for curvature and refraction. 

the line stnkea 12 feet be P OW the Crest of the ndge. If the station a t  A ia to be elevated 

Let AA’ be the height by which A is to be increased. From aimilar t n a n ~ k  

AA’ : XX’ :: AB : X B ,  
AA’: 12 :: 64 : 36. or 

Therefore, AA’e18 ioet. 



26 U. S. COAST AND GEODETIC SUEVEY. 

If the station at B is to be elevated u. similar method m y  be used ae ahown in 
Figure 23. 

Therefore, BB’=36 feet. 
BB’ : 12’ :: 54 : 18. 

Theso two solutions show that, other things being equal, it  is 
always more economical to build at tho station nearest the obstruc- 
tion, for the height necessary to clear the obstruction increases in 
direct proportion to the distance from it. 

Solution oj(c).-Sinco tho line from A to B haa been correctmi for curvature and 
refraction in obtaining the difference of 12 feet between the line and the meat of the 

I Z f t .  - 
A 

x’ ,I2 ft. A 
B 

18 mi. 36rni. 

FIG. 2~.-IntervisibiUty of stotlons in mounlnln country, solutlon 2 

ridgo at X ,  it is evident that if both A and B are elevatod 12 feet the line betveer1 
them will just graze the crwt of the ridge. 

GRAPIIICAL METHOD. 

The correction for curvaturo and rcfraction can also be ap lied 
graphically and thc intervisibilit of two points determined, wit\ ai1 

be investigatcd, provided tho vortical scdo of tho raph is properly 
pro ortioned to the scdo of the distance between t % e points. On a 

plot a curve whose coorfinates am the distance in miles and the 

accuracy ofton equal to that of t TI e elevations used for the points to 

sc af o suitable for the len th of lines of the reconnaissance schemo 

Fie. ‘W.--lnlorvisibillty of statlons in mountsin cnuntry, solution 3. 

corresponding correction for curvaturo and refraction. Curves of 
this lund aro shown in Figures 24 and 25. 

The application of this graphical mothod is illustrated by the 
following example: Two hills on opposite sides of a ba are 50 miles 
apart. One of them is 350 feet abovo the bay. How Hgh must the 
other be to be barely visible from tho first ? 

Draw a straight 
line through b tangent to tho curve. Plot a point a on this lino 50 
miles from oint b and scale the vertical distance, a A ,  to the curve. 
It is desira B le that the point B should be taken at such a point on 
the curve that the line tangent to the curve will be nearly horizontal. 
If considerable accurac is desired, the formula or table on age 15 

The elevation scaled from the curve agrees closely with this computed 
value. 

Plot a point b 350 feet above the curve at B. 

should bo used. By t K e formula a should be 367.4 feet a I! ove A .  
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SELECTION OF BASE SITES. 

The measurement of a baso is an opcration requlrin much less 

ground. While the slope of tho 50-mcter ta c should not exceed 

special precautions and at  the expense of some extra time. Topo- 
graphic conditions may make it necossary sometimos to go outside 
the main scheme one or two figures to find asuitablesite. This 
should be avoided if ossible, for i t  is the 2R which governs tho 
frequency of bases, an a additional figures in thc base net will increase 
the ZR, and shorten the distance bstween bases. 

Timo and money can often be saved by inerlrsuring a base along a 
railroad tan ent, using tho rail as a su port for the tape as in precise 

be measured artly on tho railroad and partly on stakes on tho pro- 

In  measuring a base alon a railroad three thin 
in mind. First, if a broken % aso is used the strengt of the computed 
line 'oinin the end stations will decrease in proportion to the oxtent 
the b %  ase eparts from a straight line; that is, a base withaslight 
bend a t  the middle station is much stronger than one broken at  an 
angle approaching 90". Second, if both ends of the base aro along 
a tangent of tho railroad extreme cmc must bo taken to project tho 
length measured along the rail onto the line between stations. This 
requires that the stations be as near as possible to tho rail and that 
special precautions be taken in measuring the projection angles if a 
hi h tower is used. 

%he third factor to bo considergd is the effect of the friction be- 
tween the tape and the rail upon tho length indicated by the tape. 
The ta  e is standardized supported throughout, but under vo 
favorab P e conditions. It is known that moisturo on the rail w% 
cause the tape to adhere to the rail to such a de roe that the tension 
is not transmitted through the'tape. It is pro % able that on a dry, 
smooth, highly polished rail a measure can bo made of sufficient 
precision but that if the rail is rough, rusty, or oily the resulting 
measured len th will be affected by an a reciablo amount. Two 

Eurvey part1 on railroad rails. One of theso bases seems. to be 
satisfactory, {ut the measured length of tho other is too long, a 
result to be ex ected if there were an unusual amount of adhesion 

time and money than formerly and can bc made over 7 airly rough 

10 per cent, steeper slopes can bo measured i Y necessary by taking 

5 traverse. #he base ma be measure B on one or more tan ents pro- 
vided the two ends of t x e base are intervisiblo. Also, the we may 

longation of t R e tangent. 

f? be kept 

recise bases % ave been measured by the ff S, Coast and Geodetic 

of the tape to t R e rail. 

RECX)NNAISSANCE DESCRIPTIONS OF STATIONS. 

The reconnaissance descri tions should bo typewritten on paper 

faced to the back of the paper in order that they may be blue-printed 
directly for use by the observing party. 

These descriptions should furnish an information which will bo of 
value to tho building and observing parties. Each station must be 
so clearly described that it can be easily and dofinitely identified, 
and special attention must bo given to finding and dcscribing the 

without watermark and o P medium thickness, with the carbon 

, 
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best approach to the station. The height of tower and kind of sta- 
tion mark neoded must be stated in the descri tion in order that the 

reconnusance descriptions of a station and of a base line follow: 
Alma (J. S. Bilby, 1913 -In Hill County, Mont., about 30 milos north of Joplin, 

milos aouth of the Canadian boundary, in tho northwest corner of section 20, town- 
ahi 37 north, range 8 east. Tho station is on 8 small knoll about 200 metora southeast 
of &e northwest cornor of section 20, and is marked with a barrel partly fillod with rock 
and with rock piled around tho oatside of it, forming a cairn. Tho soction cornor 
referred to above is marked with an iron pipe boaring a cap, on which tho numbor of 
the section,.toivnship, and range is stamped. The station can be reached by wagon 
from any direction over ood roads. To roach tho station from Joplin, go duo north 23 
miles to Sage Crock, thengear northeast about 1 mile and follow tho road leading to the 
coal mino on Canada Coulee. Tho station is I t  milos east of this rond. The station 
t reached from Chmter by way of Alma, then east 2 miles to the Joplin Road. Joplin, 
the nearest railroad town, haa lumber and supplies. Alma is the nearest post office 
and has a small storo. A stand for the imtrument and a station mark are required. 
Station mark aa deecribed In notea 1 and 7.a Counties 
N. Mcx., approxunatoly 4 milos.wost of tho railroad botweon tho townsoLtesiaand 
Lake Arthur. The line extends from triangulation station Artesia to triangulation 
station Arthur, two stations of tho main schomo, a dishnco of 11 miles, 17GOmngnetic 
in direction. The entire dktance is acroas flat or gent1 rollin prairie with a maxi- 
mum grade at either end of not more than 6 por cent. TKo base fine crowes the Eddy- 
Chavea county line mad a ahort distance w& of Dunwaltor’s place. Wagon crossing 
over Walnut Creek, a rocky dry run, is found on tho line, and a t  Cottonwood Crook 
thoro ia a shallow ford 200 motera below the line and near Mat Green’s placo. There 
are no cultivated Golds, and vohiclpe may bo driven along tho lino by lowering 10 three 
or four wire fences. ~8 necessary. Wagon road follows withm one-half 
mile of line. Conve~~n~%%e-of-lino camp at Mat Green’s placo on Cottonwood 
Creek, about 1 mile northwest from tho lowor Cottonwood schoolhouso. Bnse ends 
are intervkible. Mail, expreas, telegraph, lumber, and supplies at Artoeia. 

building party may know what materials will E e necessary. Sample 

a town on the Great Nort h. ern Railroad, 9 miles nortlieast of Alma p a t  offlco, 3 

k t e d a  baee. he.-(E. H. Pagenhart, 19!G).--In Chaven and Edd 

PROGRESS SKETCH AND REPORT. 

The stations are plotted on a progress sketch as the work pro- 
esses.. Usually this sketch is mado on tho bost map available for 

%e area covered. When tho field work is corn letod! a smooth 

and samit tod with the season’s report. 
In tho reconnaissance report. information and suggestions should 

be given to assist the qrrrtios that follow with tho building and ob- 
The descri tions of stations aro intended to coper the 

a descriptive outline of the enfire region over which the sc m e  of 
triangulation extends. Suggestions may also be made as to !he 
orgapzatlon and transportation of the building and observmg 
partleg.. The report should. contain information in regard to the 
poseibility Qf tho roads at different soasons of tho year, prevalence 
of forest firm, and weather conditions. The report should invari- 
ably ive a statement of progross and costs covering the items tabu- 

tracin of this sketch, including only the essontia P details, is made 

;%:&ate locality o P each station, bu t  the report should IVO also B 

lated 5 3  elow. 
~~~ ~ 

9 This means tllore 19 doop SOU at tho station, and mncmte pals, wlth subsurface mark, will bo neodd. 
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Statement of proyreee and costa; 

Longth of main scheme of reconnaiseanco in statuto milee.. .................. 
Area in quare Btatuto milee. .............................................. 
Number of new pointa selected.. ........................................ .: 
Numbor of Btationa prepared and marked.. ................................. 
Number of monthe engaged on work.. ...................................... 
Total cost of worka.. ..................................................... 
Cost per mile of progrese.. ................................................. 
&st per point selected.. ................................................. Coat per quare mile.. .................................................... 

Ilhccl: transportation coals. 
..................................................... $ 

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

............................................................... 
Total ........................................................... -- 

Total mila  run by truck. .............................................. 
Cost per mile. ................................. -: ...................... 

ORGANIZATION AND OUTFIT OF PARTY. 

The progress and cost of reconnaissance depend very largely on the 
means of transportation. In nearly all parts of the U n h d  States 
the motor truck is the mogt rapid, economical, and satisfactory means 
of travel for the reconnalssancg party. The type of half-ton com- 
mercial delivery truck (shown in fig. 15) has boen used extensively 
and is best adapted for reconnaissance. 

In some sections of the country the officer in charge of the work 
should be assisted by one man. The outfit should consist of one 
9 b 9 foot center-polo tent, a cot and bed roll for each person, a 
sma% cookin outfit, and tho following tools: 1 ax, 1 hatchet, 1 

tools for the truck. The instruments needed aro binoculars draw 
telescope, azimuth compasses, half-circle protractor, and set of draw- 
ing instruments. 

handsaw, 1 c a w  5 hammer, 1 pair wire pliers, and the usual kit of 

PREOIBE TRAVERBE. 

Precise traverse is done in those sections, of the country where the 
topographic conditions mako precise triangulation unduly expensive. 
The condition which makes it desirable to carry on precise traverse 
in reference to PI ecise triangulation is flatness of the land combined 
wit !l the presence of timber. Whe4 precise triangulation is carried 
on under this conditionl the lines are necessarily short and h h 
scaffold signals are reqwed to make d e  stations intervisible. % 
some regions of the country the topographic conditions mako it 
dcsirablo to extend precise triangulation over cortain portions and 
precise traverse over others. 

As an illustration, the arc of horizontal control between Huntsville 
Ala. and the ninety-eighth meridian by way of Memphis, Tern., and 
Littie Rock, Ark., ma bo cited. On this arc precise triangulation 
was extended from dntsv i l le  to  Memphis, precise traverse from 

8 Tolncludo trnnsporlrrtlon to and from fleld ealarios for tlmo spont in omen proparlug [or field and xu&- 
Ing out roports and t o  covor accrued Icavo, and'storage on outflt untll next aeQBoq. 
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Memphis to Little Rock, and precise triangulation from Little Rock 
to the ninety-eighth meridian in Olrlahomn. 

Tho region between Memphis and Little Rock is traversed b 
railroad. It is flat swamp land, heavily timborcd, and with very ow 
roads. These oonditions aro very unfavorable for triangulation. 
In a country of this character the cost or mile of progress for precise 

Since tho stations when traverse is used are along a railroad track 
where they are readily available for control of local surveys, the are 
of greater value for future use than triangulation stations whicg are 

located in places very difficult of access. The two 

and traverse are the total cost of oach class of work and the value 
of tho work for control of local surveys. It is not desirable to change 
from recise triangulation to traverse for only short sections, even 
thou& the cost of trian lation for those sections may be consider- 

shdul rater always be chosen, since thero are better checks on the accuracy 
of triangulation than of travorse. 

s n  
traverBe is less than on&half the cost o P triangulation. 

necessardf principal actors to be considored in choosing between triangulation 

. Where t %ll e cost is about the same, triangulation 

LOOATION OF TRAVERSE STATIONS. 

In eneral, traverse will be run along a railroad track. The stations 
shod% preferably be a t  the intersection of 

road makes it diflicdt to get a clear line 55 
location of these intermodiate' stations, but whereit B e ground !s 

and the stations wi l l  have eater value 9 or public and private survoys 
if Placed fair1 close toge ir er. 

A station s Tl ould be placad near each railroad crossing or point 

the railroad. 

gent, one or more intarmediate ratationa. should bo placed at tho side 
of the road. The profile of the road will:be the decidin factor in the 

practically level the stations should bo located netu a crossroad rf 
convenient. The stations along a tangent should .nevoT be more 
than 4 or 5 miles apart, as delays caused by o b s e m g  longer linos 
wlll more than offset the tima gained b having fewer observations, 

If a tangent is particular1 

where a branch line makes off from the line followed by the traverse. 
A~tabion should also be located a t  or very near each town along the 
route of traverse, and when a t  all practicable a second station should 
be located within 2 miles of the town in order to make an azmuth 
available for local engineers and surveyors. 

Where CWBB are numerous and the tangents very short, it  will bo 
Wd to la opt comparatively long lines extending over several curves 

than if it had to be carried t h u  h a number of shortf~nes. The i s -  
tance between the ends of such fong lines can be computed from the 
measured distanoes and mgles observed a t  su plementary stations 

he IS carefully tied into the gcheme running along the railroad be- 
tween its ends, 

Other' specifications governin the selection of traverse stations 
me 'wn m U. S. Coast and Geo%etic Surve Spocial*Publication No. 

rn order t i5: at  the azunuth may be carried forward with reater stren th 

along the track. Care must be taken that eac B. end of such a long 

68, kt ruc t ions  for Precise and Secondary b averse. 
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XARKB FOR HORIZONTAL OONTROL BTATIONS. 

The essential parts of the ecifications for station and reference 

. Metal  tablets.-Each station which has been located with recise, 
marks now in use are given 

r h a r y ,  or secondary accurac , as defined in U. S. Coast and B eodetic 
Eurvey Circular No. 30, shou T d be marked by .a standard tablet of 
copper alloy, so fastened in the rock or concrete as to effective1 
resist extraction, change of elevation, or rotation. (See fig. 2 6 1  
The name of the station and the year established should be stamped 
upon the mark, referabl before it is set in the rock or concrete. 

Settiy of t&ets.--&ations for horizontal control must often 
be locate where the permanent marking of them is difficult, and 
for that reason a great variet of settings for the tablets must be 

of rock ledges, and the availability of materials will usually control 
the choice of the mark to be used. The precautions to be taken in 
establishing each kind of mark are briefly stated below. 

(1) In rock outcrop.-Care should be taken that the rock in which 
a mark is set is hard and is art of the main led e, not a detached 
fra 

In bowlders.-When a tablet is set in a bowlder, the latter 
should be of durable material and of cross section, area, and depth 
below the surface.not less than the standard concrete mark as de- 
scribed below. + 

below the surfaq, a tablet set in  the usual manner in the 9 i f l  ed e wi 
be sufficient, provided two reference marks are established. h e r e  
the ledge is so far below the surface that a surface mark is required, 
a tablet or cop er bolt should 'be set in the ledge, the ledge carefully 
brushed or was g ed off for a space a t  least 18 inches in diameter, and 
a concrete surface mark placed above the subsurface mark. A 
tablet should be set in the surface mark directly over the subsurface 
tablet or bolt. If the rock ledge in which the subsurface mark is set 
is very smooth, it should be furrowed with a chisel to afford better 
anchorage for the concrete. 

(4) In concrete.-(a) Sha e.-The mark should be either a frus- 

larged base. If of pyramidal form, the sides sho d have a batter 
of at least 1 inch to 1 foot. When a post with an enlar ed base is 

than the post proper and have a vertiaal thickness of at  least 6 inches. 
If the concrete is cast in place, the enlarged base can easily be provided 
for by enlargin the bottom of the hole at  the sides with the digger. 
Extreme care s ould be used to avoid makin the mark with a mush- 
room to or with projecti corners near t e surface which would 
provide P everage points for Y rost action and would make easier the 
malicious destruction of the mark. 

( b )  Size and depth:-The concrete post should extend to a depth 
of from 30 to 36 inches, depending upon the kind of soil. It ahould 
be not less than 14 inches in diameter, except t h t  the u per 12:inches 
may be in the shape of a frustum of a cone or pyramifwith the u p  
per surface not less than 12 inches in diameter. Where. the mark 
is not in the path of traffic or in soil subject to cultivation, it should 

permitted. The location of t K e station, depth of soil, or presence 

ent. The tablet shoul cp be countersunk an B well cemented in. 

(3) I n  rbck ledges b e h  surfuce.-.Nhen the ledge is onl  slight1 

up turn of a cone or a pyrami .B or have the form of a oat with an en- 

used, the base should be 4 inches larger in least horizonta k dimension 

% % 
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4 5 
FIG. Zb.-STANDARD M A R K S  OF THE U. S. COAST A N D  GEODETIC S U R V E Y  

1. Reference mark. 
2. Bench mark. 
3. Miipnetic station mark. 
4. Tri:;n@intion station mark. 
5. Hydrographic station mark. 
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extend from 2 to 4 inches above the surface. When located where 
traffic passes over it, the top of the mark should be slightly below 
the surface. 

The procedure in making the standard concrete mark is as follows: 
A hole is du to a depth of 34 feet or more. It should be 16 inches 
in diameter B or the top 23 foot, and 10 inches in diameter at the lower 
end. Concrete made of good cement, sand, and avo1 or broken 

standard tablet station mark (fig. l G )  is then set in the concrete, with 
the to of tho tablet slightly depressed. This completes the under- 
groun a ,mark. A la or of from 4 to 6 inches of sand or dirt ie then 
put into the hole. 'The hole is then enlarged about 2 inches in radius 
near the bottom in order thnt the lower end of the block of concrete 
for the surface mark will be mushroomed, and then the hole is filled 
with concrote to within 9 inches of the surface of tho ground. Next 
a mold or frame 12 inches on a side a t  tho top, 13 inches a t  the bottom 
and 12 inches in depth is set in tho hole on to of the concrete and 
filled in around the outside with dirt tamped Iffrmly. The frame is 
then filled with concrete level with its top nnd a standard tablet 
station mark (fi 16) is set in tho center of tho concrete, with the top 
of the tablet slig % tly depressed. The tablet must be centered exactly 
over the underground mark. The top of the, concrete should be 
smoothed with a trowel and tho frame should be left in place to 
protect the concrete until it  becomes firmly set. 

Care must be taken not to distrub the position of the tablot in 
the underground mark when placing the layer of sand or dirt and 
when pouring the concrete for the surface mark. A piece of thin 
board should be placed over the lowor mark or other suitable means 
used to insure against any horizontal movement of the tablet due 
to the impact or pressure of the material above. 

rock is placed in the lower part of the hole to a dept r of 6 inches. A 

SPECIAL OONDITIONS. 

Under certain conditions special marks will often be required, and 
these should conform in size and durability to tho marks described 
above. 

(1) Sand.-In sand, which if used as a inold would spoil the con- 
crete by absorbing the water from it, sewer tiles 8 inchos in diameter 
and 30 inches long may he used, set with the bell end down, filled with 
concrete and with tho  h s e  end set in concrete. A sheet-iron mold of 
tho same dimensions filled with concrete may also be used. A metal 
tablet should be set in the center of the top. 

(2) Marsh.-Where the surface of the ground is too soft to hold 
a mark of.the usual type a post of durable wood should be forced down 
vertically as far as i t  wid go, its top cut off flush with the surface, and 
a.pewer tile a t  leasf 6 inches in diametpr set into tho marsh around the 
to of the post. The tilo should then be filled with concrete and a 

certain seasons of t e year, successivo tiles can be forced down around 
the post the post then can be withdrawn and tho mud worked out 
from w i t h  the tiles, a id  the tiles then filled with a hydraulic cement 
mixture. 

(3) Land subject to 'cultivation.-The suhsurfaoe or lower mark 
should be a tablet in a block of concrete 12 inchos square or 12 inchee 

R ts E let set in the to . Where tho marsh is very soft but dries out at 
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in diameter and 4 inches thick, set with its top 3 feet below the sur- 
face. The upper mark should be a tablet set in a block of concrete 15 
inches in least horizontal cross-section dimension and 20 inches thick, 
with its top 12 inches below tho surface of tho ground. About 3 
inches of dirt should be placed between the concrete blocks bearing 
the upper and lower marks. 

All stations so marked should be referencod by two standard refer- 
ence marks placed on property boundary lines, preferably along a 
well-established highway or quarter-section line in a location where 
there is little likelihood of their being disturbed. The directions to the 
reference marks should be such as to give a good anglo of intersection 
at the station. The reference marks may be as much as a half mile 
from the station, if necksary, provided they can be seen from the 
station. The distance to each reference mark should be carefully 
measured. Other distances, such as those to the center of a highway, 
the corner of a building, or the center of a well, should be measured 
if feasible. Two or more such measurements will intersect so near the 
station that the concrete block will be easily found with a small prod- 
ding rod. When measurements aro made .to 'buildings or other 
objects, the directions must also be given. If measurements of this 
kind are made, the station may usually be, easily recovered though 
the reference marks may both be destroyed. The measurements to a 
road should always be to the center of the road and not to the fence 
line. All distances must be carofully monsured and not estimated. 
Care should be taken in placin referencc marks along highways, for 
nearly all States aro widening t a o highways. 

REFEREXCE MARKS. 

Each reference mark should consist of a metal tablet similar in 
material and shape to the station mark but hearing an prrow which 
points to tho station. A reference marl; should be stamped with the 
same designation as its station mark, and where there is more than 
one reference mark they should be numbered serially in a clockwise 
direction, the number to be stamped upon each ono. Each should 
be set under tho same conditions as specified for the station mark, 
exce t that the concrete post in which it is set may be 2 inches 
smaier in diameter and 6 inches shorter than for the station mark. 

Each station mark must have at leasb one reference mark and 
should preferably have two. If the station mark, due to surface 

. conditions, is entirely beneath the surface, thore should bo two ref- 
erence marks, unless there aro permanent witness marks, such as 
road crossings, etc., which will serve to locate the station with'out 
an excessive amount of digging. If the station mark is on ground 
liable to be disturbed or washed away, two reference marks should 
invariably be  established. Thew should be so located as to avoid the 
probability of both being disturbed by the same cause. They should 
also preferably be so located as to givo a good anglo of intersection at 
the station, or else be placed in range with the station. 

Material.-The main considerations in making concrete are to 
have clean materials, mix them well before adding water, have the 
mixturo not too wet, and tam well into the form. Each streak of* 

available, the proportions may very well vary from 1-2-4 to 1-3-6, 
dirt in concrete moans a line o P cleavage. Where rough aggregate is 
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but the to 12 inches of the mark should be of considerably richer 
mixturo. %here only cement and sand are mailable, tho lower part 
of tho mark should bo pro ortioned 1 part of coinent to 3 parts of 

sand. With a mark of the proper size i t  will not be necessary to rein- 
force the concrote with metal rods or wire. To avoid cracking of the 
concrete, due to ra id drying, it should be covered with paper or cloth 
and then with ear$ or other material. for a period of a t  least 48 hours. 

sand and the upper part s R ould be 1 part of ceinent to 3 parts of 

TRAVERSE STATIONB. 

The size and character of the mark at  traverse stations.should be 
the same as for triangulation stations, except that certain stations 

be left without pormanent marks when several are close to- 
z g e r .  The following rules will apply to the distribution of perma- 
nent marks on reciso traverse. 

every 3 miles along the traverse, except w en a section of traverse 
alon A traverse station 
shou 7 d always be .permanently marked if either of the lines leading 
from it is a mile or more in len th. a When a station is marked in a 

marked in order that a line of known length and diroction may be 
recoverable. Traverse stations which are not marked permanently 
should be marked b a otako of some durable wood in order that I t  

$ecial care must be used in selccting sites for.reference marks on 
traverse to insure that the will not be sub]& to the same hazard as 

referabl on opposite sides of the railroad track and near the fence Eries at  tze edges of the right of way. Whenever a horizontalscontrol 
mark ie to serve also as a bench mark it should comspond in depth 
below *e s d a o  to the requirements for bench marks. 

$ In general, t R ore should be a pepmanentl marked station at least 

permanent manner, one of the a 3 jacent stations must be permanently 

ma bo recoverable 9 or a t  least a few years. 

the station mark. Two re P eronce marks should always be established, 

a tangent is more than 3 miles in length. 

UODETEBY TO PROPERTY OWNERS &ID OTHER& 

The roconnaissance part is the advance agent for the other parties. 

owned by individuals and corporations, and it will be necessary in 
the process of tho work to  enter on pro erty to investigate lines, 

property owners should bo res ected, and an controversy that may 

that the reconnaisspco is only preliminary: to the work that follows, 
and it may be necessary for successivo parties to enter upon tho stlrpe 
property. ?’herafore, the good will ant$ cooporation of property 
owners or their agents arp v q  essential, and ,d this ia obtained b 

the WRY for the parties that follow. 

Stations must be establis 9, ed on public property and on property 

make observations, and select points for t i e  P scheme. The rights of 

cause future trouble should.’ \ o avoided. IY t must be remembered 

K the reconnaissanco party It w d  9 ham a lusting effect and will smoot 



PART 11-SIGNAL BUILDING. 
GENERAL DBECTIONS. 

I n  many regions i t  is not ossible to select stations for a scheme of 

In such regions signal towers must be built over the station marks 
to elevate the observer, light kee er, and instruments. Plans and 

triangulation and have all t K e stations intervisible from the ground. 

s ecifications for various types o P signals and 
t E e operations of construction are given in the 
each t pe of signal the working drawing shows 
with imensions of timbers used. It is not always racticable to et 
timber of the specified dimensions a t  the local umberyards. f n  
such cases other dimensions must be substituted and the necessar 
sizes built up by spikin together two or more timbers. This wif 
prevent loss of time, an% the signal will be sufficiently rigid for all 

urposes. The great majority of tall signals built in recent years 
Esve had the legs built up by spiking together 2 by 6 inch or 2 by 4 
inch timbers. 

A triangulation signal is a combination of two independent struc- 
tures, one having three legs and called the inner tower or tripod and 
the other having four legs and called the outer tower or scaffold. 
These two towers must not touch or be fastened together at any 
point. The service re uired of a signal when used by two observing 

that the outer tower must support the observer and the tent which 
protects him and his instrument from the sun and wind and must, 
at the same time and without interference with the observer or his 
work, support a light keeper and the lamp or heliotrope. The inner 
tower must sup ort the rnstrunent with such stability thak, except 
in a strong wini, its motion in azimuth will never be so rapid or so 
irre lar as to affect seriously the accurac of the measurement of 
ang !? es, and that its disturbance in level wifi never be so rapid or so 
great aa to  inconvenience the observer by makin frequent adjust- 
ments necossary. It is not racticable to build &e tripod so ri id 

to light or moderate winds must not be so great as to interfere seri- 
ously with accurate pointing. Signals must be strong enough to 
stand without injury in all ordinary winds and in most storms. It 
is not ood economy to build them so heavy and strong as to with- 
stand t a e most violent storms. 

P 2 

parties working at di 4 erent stations in the same figure is, briefly, 

that observations can be ma 5) e in a high wind, but its vibration fue 

CONSTRUCTION OF 00~F0011 SIGNAL. 

A completed signal 60 feet hi h to ' the instrument is shown in 

such'a si nal are given in the following eneral directions in approxi- 

may sometimes be carried on simultaneously. 

Figure 27. "he various steps in t 5 e process of framing and erecting 

mate or f er of tim'e, it beingIpderst6o !i that two.or more processes 

the tripod with all the materia 7 lying on t R o ground. In  Figure 28 i t  

FRAbfINO THE TRIPOD. 

The first step is the framin of the tri od legs and of one side of 

. is assumed that timbers of the dimensions specified are to be used and 
36 
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FIG. 27.-COMPLETED GO-FOOT SIGNAL. 
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that they are not to be built up.by splicing. A is it attern used in 
making the scarfs, B shows the ositions in which t ?l e timbers are 
laid before the work of framing {egins, C shows the scarfs cut, D 
shows the parts of one leg nailed to ether, and E shows the leg 
chamfered ready for framing. All sca 3 s are nailed together except 

RQ. 29.4ide of tripod for BO-foot slg- 
nal partly tamed. 

FIQ. a0.-Worldng drawing of aide of tdpod 
for BO-foot slgnal. 

on unusually tall si nals. (See p. 51-63.) Figure 29 shows tripod 
legs Nos. 1 and 2 wit two of the %orizontal ties in place, the le a being 
in such a position that the chamfers which form a bearing su ace for 
the ties and diagonals are horizontal. The chamfers aa seen in this 
position are 2 feet long, cut 1 inch back from the corner on the top and 

I$ 
% 
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2 inches on a side. They are marked for cuttino with chamfer pat- 
terns made of two pieces of board 2 feet long naired together to make 
a form which fits over the corner of tho leg. I t  is recommended that, 
in eneral, the legs of the tower bo built up of 2 b 6 inch or 2 by 4 

tim ers. By pro erly breaking joints, as indicated on pages 49 and 
60 there is little oss in rigidity or stron th. 

cut the bottom horizontal 
tie to tho length given in Figure 30 if the height of the tower is to be 
60 feet. For other heights of towers consult tho table on 

incf timbers, for such timbers are more ensil hand Y ed, and they can 
be s iked together nurequickly thnn the sca 4 scw be cut on the large 

Placo tho two IC s to bo framed in tho position shown in gage igure 45. 29 
and nail on tho a rst and second ties, G and Ii. Tho len th of the 

straight will bo about 8 feet apart a t  the top, 11s s R own in FI ure 29. 

f f E 
i n  framing the first sido of tho tripo 

f horizontal tie R is such that for a 6O-foot tri od tho egs when 

For tripods of other heights the distance apart a t  the top w en the 
legs are straight will vary with the hoight and is to bo fixed by the 
judgment of tho builder as to  the amount of curvature to bo put 
into the legs. After nailing the first two ties draw the upper ends of 
the two legs toxnrd each other, thus utting a bend into each one 
of them, and nail on tho succcssive ties, geginnlng a t  the bottom. The 
lengths of all the ties above G nro to be such as to fivo the legs the 
desired bond, the tops of the legs being brought a litt e closer together 
as each successive horizontnl tio is nailed on. When the tio 5 feet 
from tho top is miled on, tho tops of tho two legs should meet, as 
shown in Figure 30. The distance along tho le s to each horizontal 

the tios should be cut off with the same slant as tho leg, leaving 1 
inches ovorhan Each panel must then bo squared by using a stoo 
tape to make t f e  two diagonals of the panel e ual in length. Time 

Instead, they &ould bo laid in place and sawed offeach end arallel 
mth the horizontal tie, and nailed fnst ,  the panel having alrea B y boon 
S rung to its proper osition. The ortions of the ends of the 

then be sawed 08. Uso two nails in each end of tho horizontal ties 

5l 

tie is given in Figure 30, reckoned from zoro a+ t 5l o top. The ends of 

2 
should not be s ent in cutting the diagonals of t 1 le anels to measure. 

d!agonals which rojocfboyond tho en B of tho horizontal tie should 

for all 2 i y 4 inch pieces. Tho dimensions for 

Call tho side of 5 t io tripod B ramed first No. 1. Cut the horizontal 

and diagonal and one nail where each pair 
Uso sixt penny nails for all 3 by 4 inch pieces 

6O-foot tripod aro iven in Fi ure 30. 

ties and diagonals for sides Nos. 2 and 3 by laying each piece on the 
corresponding picco of side No. 1 and cut to match, thus avoiding 
any necessit for measurements with a tape or square. Mark a cross 
with a ponci T on the top end of each diagonal. Lay out in order each 
piece for sides Nos. 2 nnd 3 in a convonient location read to send 
aloft, tho nails all boing stnrtcd. When picking each tim t er up to 
lay i t  out in its roper position, face tho top of sido No. 1, and when 
laying i t  down Eco the trinngulation station. This will bring oach 
piece right end to whon it is picked up and'sent aloft. 
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FOUNDATION HOLES. 

A stake with a nail in the to may be used for a tern orary station 

to the ground plan shown in Figure 31 all mcasurernents being 
made from tho temporar station mark, h’or locating the holes i t  is 

angles shown on Figure 31 are counted from zero a t  the foot of tripod 

mark. The holes for tho foun cp ation are laid off and sta R ed,according 

convenient to use a sma lT theodolite (fig. 32) and lt steel tapo. Tho 

leg No. 3: If ossible, the oriontation of tho si nal should be such 

by a scaffold leg. The holes for the tripod legs and the scaffold legs 
are all made 3 feet wide, 33 foot long, and 33 to 4 feet doop. 

end no time in brin ing the bottoms of all tho holes accurately 

set take a round of levels, either with R carpenter’s love1 or with the 
small theodolite (fi . 32) used as a levclin instrument, using foot- 
plate No. 3 as a ben& mark. Thon cut legs i o s .  1 and 2 to correspond 
with the differences found, No. 3 having already beon cut to the exact 

that no line o P sight from the head of the trip08 will bo obstructed 

to st t e same level, but a f ter thoy are dug and the tripod footpllttos 
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FIG. 32.-FOUR-INCH THEODOLITE. 
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FIG. 33.  - ~ R A l S l N C  T H E  D L l i I I I C K .  

'. 

i IG 34-RAISING ONE SIDE o r  T R I P O D  r o R  60-FOOT SIGNAL. 
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length shown in Fi ure 30. The holos for the tripod le 'should be 
dug first. Do not f elay raising the tri bd while waiting Y or tho holes 
for the scaffold le , as they can be {ug after the tripod is raised. 

them, usin the lower horizontal tie &t the No. 3 tri od le for a 
bench marf it being exactly 43 feet above its footpite. 8 u t  off 
each scaffold leg as much abovo or below tho 45 footmark 'dread on 
it as tho corresponding footplate is above or below No. 3 tripod 9 oot- 
plate as shown by tho levels. to keep the correct 

tripod in order to mako the observing floor come a t  the right height 
in relation to the top of the tripod. 

The footplatos aro 2 by 12 inches and 3 feet long. Tho bottom of 
each hole should bo carefully srnoothod, so that the footplato will 
havo a firm bearing on tho ground, and tho plate should be placed in 
such a position that the log will rost on it near the center. 

After the scaffold 7 ootplates have been set, take a round of levels on 

relation in height between tho ties on the sca tp; old and those on the 
It is necessar 

RAISING TRIPOD SmE. 

One or more sections of a le of tho scaffold may be used as a 

about two-thirds the height of the tripod. Posts for attaching guys 
should bo sot as shown in Fi urc 31, A and B being the positions of 
the posts for the back guys, 8 and Efor  tho sido guys, and D for the 

' represents the osition of tho top of the dorrick 

raising the derrick ut on the side guys and make them fast to the 

winch tackle should be used for the back gu to B. Bofore beginning 

for use when tho derrick is up. Ono set of uys will do for a dorric 

ehodd bo added for a higher derric% TO prevent buckling whon the 
side of tho tripod is being misod. 

The posts for gu s should be 4 inches square, or an equivalent size 
of round timber. $or high signnls, where there is a hoavy strain on 
the back guy and post or in any caso in which the holding power of 
a guy post is uncertain on account of soft ground, an auxihary guy 

The second post should be laced beyond the 
L t ,  and tho two posts should bo connected by a s Tl ort guy attached 
to the top of the main uy post! 2 fsot or more above the ground, to 
prevent it from bcing 8 rawn forward, and attached to the auxlliary 
gu post as near the surface of the ground as possible. 

&art the derrick up by using props (fig. 33) and then raiso with the 
back. guy fall. When raised, tho derrick should rake back about 
4 feot, so that when tho hoavy strain comes,in raising the side of the 
tri od i t  will stand about vertical, as shown in Figure 34. 

getore raisin tho tripod cleat tho legs, using strips 1 by 4 b 16 

with the hoisting fall of tho derrick, using handspikes to assist if 
necessary, until the feet como to the edge of tho tripod holcs Nos. 
1 and 2, as shown on tho ground plan (fig. 31). Put  on a bridle ropo 
about one-third tho distance down from tho top of the tripod. Near 
the point where tho bridlo rope is attached attach four guys-two 

derrick for raising side No. 1 o B the tripod. The derrick should be 

when lai rye out ready for raising an t; G the foot of the derrick. Before 

posts at C and E, P oaving about 2 feot of slack. A double-fall or 

c to raise the dorrick put on tho hoisting tack s e, so that it will be read 

40 feet high, but a second set of. u s, p k aced about halfway up, 

ost should be used. 

inchos spaced p B out 16 inchcs. Drag sido No. 1 of the tripod g ack 
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to lead backward and two, fomard. Put a footrope on each leg 
1 foot from the bottom, lead it to guy post D (fig. 31),. and after 

turns. Attach a hoistmg lino on 
commencing to hoist the side. 

single blocks and 
framing up the 

in the bridle mentioned 
snatch block made fast 
rear end of tho motor 

truck or the wqon,  as the case may be. By using a double fall a 

feet in height. Figure 34 shows side No. 1 of a 60- oot tripo B being 
truck or good pair of horses will raise one side of an 

raised to position. 
When side No. 1 of the tripod is in a standing position and the 

backward and forward guys have been made fast to the osts B and 
D ,  the hoisting tackle should be taken off side No. 1, overgauled, and 
used in raisin the third leg of the tripod, as shown in Fi 

C, D, and E, as shown on the groun plan (fig. 31). A hoisting line 
is made fas t  near the to and the le raised to its final osition as 

nailed on sides Nos. 2 and 3 of the tripod, beginnin at  the bottom, 

their proper order, using the hoistin lines. The tie a t  the top of 

pieces fit in place, it will be necessary for a man on the ground to 
s ring the legs into position by means of the uys and hoisting lines. 

solid the top 3 feet of the tripod with 2 by 12 inch p l an t  

7 to 

FY 35. For the third 3 eg three guys are re uired, one to each of t e posts 

shown in Figure 36. &e horizonta 5 ties and diagonag are tken 

two men working aloft while two men below send t a e timbers up in 

each panel should be put on ahead o 9 the diagonals. To make the 

&e tripod head is to be mado very rigid a t  t 7l o top by lanking up 

8 

LEO ANOI1ORS. 

When the tripod is completed, nail the feet to tho footplates and 
put on the anchors. To construct an anchor, take two 2 by 4 inch 

ieces 3 feet long and spike them on o posite sides of tho foot of the 

o t % ese pieces, then nail two moro pieces of the oamo size on opposite 
sides of the leg at right, angles to the first two. Lay boards or any 
other ieces 2 or 3 feet long across the to of the lower pieces, and 
after &ng in earth level with the seconcf set of anchor pieces lay 
shorter blocks or boards &cross thorn, too. This construction makes 
an anchor platform about 3 feet 6 uare. Fill the hole to the top 
kee in the earth well tamped. d the lege of both the tripod and 
sca I f $  01 are to be anchored in this manner. 

When the tri od has been anchored, cast loose the backfd and 
guy of the derric P, and let it  tip in against the tripod. Shift tho hoist- 
mg falls to the tripod head, one on the side toward the derrick and 
the other on the opposite side. The derrick is then lowered with 
the fall on that side. 

arallel to each other. Fill in wit I: earth to a level with the top 

FRAMING TlIE BCAFFOLD. 

Begin the scaffold by scarfing and splicing the legs or buildin 
them up in the same manner as described above for the tri o f  
Mark the lines for the horizontal ties aa shown m Flgure 37. ?Jay 
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out legs Nos. 3 and 4 on tho forward sido of the tri od and 1ec.s Nos. 

floor tie are to be cut to  the len ths givon on tho working plan (fig. 37 

horizontal ties are nailed on, forco each leg out SO as to giye i t  the 
desired bend. The foreman, standing at  ono ond of the side being 
framed and directing tho mon ns they nail on tho t,ics, may dotermine 
tho amount of bowing or bending by estimation. After tho ties nro 
nailed in Dosition they should be sawed 

P 1 and 2 on tho roar side. The bottom horizont 2 tio and he t o  

m d  nailed in their plnces as a t oro indicated. As tho mtermediate 

off oven Gith tho out& sido of the legs. 
Next square each pmo!, cominoncing 
at the bottom by making its two diag- 
onnls of e u d  iength, using a steel tapo, 
and nail t PI o diagonals in position. I t  
should bo noticed that nono of tho 
horizontal ties, except the ones at tho 
top and bottom, are cut to measure, 
and no measuroments are necessar to  
fix tho lengths of the diagonals. &en 
tho framing of the first side of tho 
scaffold has been comploted, cut tho 
horizontal ties and diagonals for tho 
other throo sidcs b using this first side . sic& NO. 3, ns well as 
sido as a+attcrn I 0. 1, may bo frnmctl fully M o r o  
raising, except for signnls moro than 90 
foot in height, which must bo raised in 
two or more sections, as ox lnined on 

shohld bo cloatod. 
pago 51. All four legs of t f io scaffold 

(beo p. 41.) 

RAISING THE BCAFFOLI). 

First mako tho bridle rope fast on 
one leg of tho side to bo raised, hook 
the hoisting tackle from tho top of the 
tripod in it, and t u n  tho side of tho 
scaffold over, so that tho tics m d  
dingonnls will be on tho under side. 
E'iguro 38 shows this operation of tum- 
ing over. Noxt mako the bridlo ropo 
fast for raising and raise tho side to a 
standing position, as shown in Fiauro 
39, In  a similar manner turn side%o. 
3 over. as shown in Fimro 40. and raiso Fia. 37.--\\'orldng dmwing of sidu of scnffold 

for Wfwt signal. 
it  to-d standing posit;bn, as'shown in 
Figure 41. Next let two men go aloft and nail tho ties and &ngon& 
on sides Nos. 2 and 4, whilo two men bolow send up tho tinibom in 
o d d ,  as shown in Fi uro 42. I t  is bast to comploto ono pmol on 

legs may now be anchored down and tho necessary floors and ladders 
constructod to  complete tho scaffold, as shown in Figure 43. 

one side and than shi f t to tho other side, and so on to tho top. Tho 
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Tho lower floor of tho scaffold is at  the hei h t  indicated in Figure 
37, and tho tripod can be cut off to the exact 5 eight required by the 
observer. The height of the observer and tho height of tho instru- 
ment telesco o abovo tho foot of its leveling screws will determine 

bo known beforehand. Tho upper floor is placed 3 feet below tho top 
of tho scaffold in position to support the light lreeper. A tablo 3 
by 3 feet is constructed a t  the center of tho top of the scaffold for 
su 

ladder comes up a t  leg No. 1 or No. 2 of tho scaffold and tho other in 
another corner of the floor, to bo used in hoisting tho instrument. 
The door for hoisting should bo plnced at  leg No. 3 or No. 4 of the 
scaffold in order to obtain tho best clearanco of tho tripod and the 
ladder timbers. The floor timbers must be spaced to give ample 
clearance for tho instrument box. 

Tho wall of the observing tent is a stri,  of canvas 4.6 feet wide 
reaching around tho outsido of tho scaffold, with tho two ends over- 
lappin a t  ono corner. The bottom of the wall is made fast to the 

top of the wall is ma o fast in tho same manner to tho horizontal tie 
on tho scaffold 5.3 feet below its top. Tho roof of the tent is a tar- 
paulin which fits over the top floor and carries four canvas curtains 
which overlap a t  the four corners of the scaffold and also ovorlap 
the wall of tho tent to which they may bo tied. Tho s aco of 7 feet 

malting a room with a floor 9 feet s uaro for the observer. The 

the height o P tho top of tho tripod hend abovo tho floor. This must 

!%o trapdoors s 1 o d d  bo made in tho lower floor, ono where the 
orting tho lam s and lieliotropes. 

f lower B oor by hookin the loops over nails driven in tho floor. The 

between the top and lower fioors of tho scaffold is t F, us inclosed, 

tent requires no poles or extra timbers 9 or its support. 

DE6IGNS O F  BIGNAL6 O F  VARIOUS DIGHTS.  

In tho case of an obstructed line, on which the obstruction is 

of a 60-foot 
i 

station Burson, shown in Figure 44. T i e  lamps and 

K 

with hoisting lmes. The horizontal ties an 2 diagonals for t P 10 other 

hoisted aloft with hoisting F incs. Two sets of wire guys (No. 12 

s 
!e sufiiciently stable, and i t  could safely be f uilt to a height of 150 

not discovered until tho towers have been built, the difficulty ma 
be overcome by building up a superstructure on tho signal a t  oac 
end of tho line, such as was constructed on the to 

can then be posted a t  tho top of tho superstructures 
line obtained without increasing tho height of tho tri- 

pods. The supcrstructuro shown in Figure 44 is of the samo t y  e 
as the scaffold for tho first 24 feet. For tho remainin 48 feet t e 
superstructure is 2 feet square, and the legs aro parallef Tho hori- 
zontal tics are 4 feet ppart. ‘I’wo sides of the superstructure were 
framed on the ground in sections 12 feet lon and hoisted to osition 

two sides were cut by usin the first side as a pattern and were 

smooth wire) were put on the su erstructure-ono set a t  the to 
and tho other set 24 feet lower. &e guys were made fast to spec& 

This type of su erstructuro proved to 

feet above a scaffold. I n  posting his light the light keeper wont 
up the inside of tlie superstructuro and passed out to a seat con- 
structed 2 feet below tho table which was made for the lights and 
heliotropes at the top of tho structure. 

osts set for tho purpose. 
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FIG. 35.--SHIFTING 7 A C K L E  BEFORE RAISING T H I R D  
LEG OF TRIPOD. 

FIG. 36.-RAISING THIRD LEG OF TRIPOD FOR 
60-FOOT SIGNAL. 
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FIG. 38.-TURNING OVER FIRST S I D E  O F  SCAFFOLD. 

FIG. 3’3-RAISING F I R S T  S I D E  O F  S C A r r O L D  FOR 
60-FOOT SIGNAL. 



Special Publication No. 93. 

r ic. 40. -1 UI7NING O V L R  SECOND SIDI- 01- S c A r r o L D  

TIC;. 41.-RAISING SECOND SIDE O F  SCAFFOLD TOR 
60-FOO r SIGNAL. 
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[ IG.  42.-TWO SIDES OF SCAFFOLD f'OR GO-FOOT 
SIGNAL I N  STANDING POSITION. 
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/FIG. 43.-COMPLCTCD GO-FOOT SIGNAL W I T I i  
20-FOOT SUPERSTRUCTURE. 
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FIG. 4 4 . -  S I X  TY-FOOl S I G N A L  WITI-1 HILI1 S U P L R S T R U C T U R L .  
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down to a point 10 feet below the to is the same for all. yk 
tripods and scaffolds of different heights. The first column is the 
distance from the to of the tripod to the lower horizontal tie of 
the tripod as measure$ along tho tripod leg. 

For scaffolds of different heights tho top portion of tho si 

following table gives the lengths of t R e lower horizontal tie for 

1 1 Lcngthof I Longthof 1 
Length of lowor horl- lower hori- 
tripod log. zontnl tie zontnl 110 

of tripod. of smilold. 

Fed. 
10 
15 
25 
45 
Bo 
7G 
100 

The dimensions iven in the table are fixed directly by measure- 
ment. 
tlie diagonals are fixed as indicated in the recedin description of 
the process of framing and construction. {he legs for the scaffolds 
are in each case 6 fect longor than tho tripod lcgs, exce t for a signd 
for which no 

reach from tho bottom tie to the tie which 
is between tho two floors, 5.3 feet below the to of the scdold. 
In  all other respccts tho scafl'olds and tripods o different heights 
correspond in dcsign to thoso shown in Figures 43 and 44, and any 
of them may bo made with or. without superstructure or light stand. 
The list of material required for any height of s1 nal. cnn bo deter- 

shown In Figures 30 and 37 an% scaling off the lengths required 
for each side. 

For signals higher than 75 feet the dcsign shown may be oxtended 
by putting on other sections at  the bottom somewhat heavier than 
the lower section of the 75-foot signal. Signals not greater than 
90 feet in lici ht  mn bo framed and raised as just described, and 
no bolts needto u s e l  If the signal is inoro than 90 feet, a section 
of a side 75 to  90 feet high may be raised LLS one piece, and tlie higher 
sections must than be framed separately, raised to osition, and 

ure 45. 

The longt k 1s of tho intermediate horizontal ties and of all 

latform is needed, in which case a fl the logs are 
When a 10-foot tripod is used, the diagonals 

P 

mmed quiclrly by making worlrin drawings to sc 3 e similar to those 

fastened with bolts to the top of the first section, as s P, own in Fig- 

ADVANTAUEB OF !FEE BLBINDER TYPE OF BIUNALS. 

Some of the points of advanta e claimed for the slender sign& 
over those formerly used by the b. S. Coast and Geodetic Survey, 
and especially over tho broad ones described in Appendix 10, Report 
for 1882, are iven below. 

the slender signals as in tho broad. This not only reduces greatly 
the cost of the matcriul re-quirod for a signal of iven height and tlie 

of construction. 

There is on 9 y about .onehalf as much lumbor per vertical foot in 

cost of hauling the muterial, but also considera % ly reduces the cost 
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D E F  c 
Pro. 45.-Worldng drawlnga for 1oO.foot algnal showing srrangomont of tacklo for raising top scction of 

tripod. 



b e e . .  ........................... 2 
Adz. ............................. 1 
Bevel ............................. 1 
Bite, aaeorted ...................... 0 
Brace.. .......................... 1 
Chisel, cold.. .................... 1 
Chieel, wood.. .................... 1 
Digger, posthole.. ................ 1 
Hammere, heavy ................. 3 
Hammera, claw. ................... 1 
Handfaws. ....................... 4 
Hatchets. ........................ 2 
Level, carpenter’s.. .............. 1 
Mattock.. ........................ 1 
oiletone.. ....................... 1 

Pick.. ........................... 1 
Plane. ........................... 1 
Plummet .......................... 1 
Rules.. .......................... 3 
Saw, compass.. .................. 1 
Screwdriver.. ................... 1 
Set, saw.. ....................... 1 
Shove la... ....................... 2 
Spade ........................... 1 
Spud.. .......................... 1 
Square, 2-foot.. .................. 1 
Tnpe, steel, 60-foot ................. 1 
Trowel ............................ 1 
!hy-a urn.. ..................... 1 
wren&, monkey. ................. 1 
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Tackle. 

BIockB: 
Double, &inch, with hook, pat- 

ent buehed.. . . - .  -. ~. . ~ - ~. . . 4 
Bingle &inch, with hook, pat- 

entbushed.. . -. ......_ ~ _ _ _ _  4 
Snatch, 7-inch, with hook.. . . . . 2 

+inch for hoisting lines, 200-foot 
pieces. -. -. _ _  ._._._.___..._ 4 

Q-inch for guys, 110-foot pieces.. 15 

Rope: 

Rope-Continued. 
%-inch for slings, 2-foot pieces.. . 4 
?-inch for main tackles, 500-foot 

piecee.. . . . . . . _... . ........ 2 
f-inch, 12-foot ioces 4 
I&-inch for bridfas, 40&1tpiedei. 2 

GENERAL OBSERVATIONS. 

EAISMO THE SIQNAL. 

Figures 33 to 45 illustrate the principal steps in raising the sipal.  
These illustrations are intended to assist the inexperienced SI 
builder to make fast each guy and hoisting tackle in its proper g2 
and to show the steps taken in raising each part of the signaf If 
the hoisting tackle is made fast too near the top of the part to  be 
raised, the timbers will buckle and break. On the other hand, if the 
hoisting tackle is made fast too low down, it will have the same effect, 
only the buckling will be in an o posite direction. It is necessary to 

A three-quarter ton motor truck will raise one side of any tri od or 
scaffold, with superstructure attached, up to 90 feet in {eight 
Where a motor truck can not be used, the si a1 can be raised with 

fasten the tackle on the part to g e raised so i t  will be well balanced. 

a team of horses or by hand power with a winc f? or extra tackle. 

SUPERSTRUCTURE. 

The superstructure is desi ned to elevate the heliotrope or lamp 

middle of the line between the two stations, and thus avoid the 
necessity for building higher tripods and scaffolds. 

For example, a line may require a 50-foot signal at  each end to clear 
obstructions near each station, but to overcome curvature and to 
clear an obstruction near the middle of the line would require a 75-foOt 
signal at each end of the line. This would mean the addition of 25 
feet to the bottom of the 50-foot tri od and scaffold and would 
nearly double the cost of material a n i  labor. In such cases it is 
more economical to build a 50-foot superstructurc on top of the 50- 
foot scaffold a t  each end of tho line and mount the heliotrope or 
lam 

in order to raise tho line o P sight above an obstruction near the 

at the top of the superstructure. 
' d e  superstructure is constructed by first 

fig. 44.) It can safely be built to a 1 eight of 150 

legs about 20 feet. (See fig. 43.) At this 
have approached within 2 feet of each other 
structure is then extended 2 feet s uare to any 

A set of four guys of No. 12 wire should bc 
superstructure about every 24 feet and secured to 
about 175 feet, from the signal and on line with tho 
ground plan of the signal. Tho top superstructure 

head. 

the superstructure on the hydrographic signal, of whi,ch detailed 
specifications are given on page 64. (See fig. 62.) 
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When it is known that a superstructure is needed, the part extend- 
ing 20 feet above the top of the scaffold legs should be framed and 
raised with the scaffold, as shown in Figures 41, 42, and 43. Two 
men can then extend the superstructure to any required height at  
any convenient time after the signal has been erected. Eigures 62, 
B, and 64 show the splice where the upper sections of the su er- 
structure are joined to the lower or baso section at  a oint 20 feet 

signal on pago 64 give in detail the method of framing and construct- 
ing the superstructure. 

above the scaffold. The instructions for the special B ydrographic 

USE OF YARD STOOR T M B E R S  FOR GO-FOOT SIGNAL.' 

In  a timbered country where thcro are local sawmills it is often 
convenient to place orders a t  the mill for tho lumber required for a 
signal, and in such cases it may bo advisable to specify the lengths 
and sizes of timbers called for in the receding plans and specifications. 
In many re ions, however, it  may B e difficult to 
the specifie d sizes and len ths, and the local 

gener& the local yards carry a stock of 

for a signal caffor  6 by 6 inch timbers 

B depended upon for tho lum er 
attem ting to find timbers of special 

timbers rangin from 12 feet to 20 feet 

built up from 2 b 6 inch pieces. 
the 16-foot lengt s are the most 
to use, as is indicated below. 

The legs for a GO-foot si nal should be about 64 feet long m d  0 
inches square. They can E e-built up by using twelve 2 by 6 inch 

First lay four 2 by 6 inch pieces 16 
feet long end to end and cut the ends to match. This can bo done by 
sawing the end of one timber to match tho end of tho timbar it joins, 
&nd it is not necessary to use a square. Next lace four more 2 by 4 
mch pieces 16 feet long end to end on top o f the  lower four ieces, 
startmg 4 feet from one end. This breaks the joints 4 foet an i gives 
a 4-foot overrun a t  one end, which is sawed off and used to id in the 
4-foot space a t  the opposite end. The upper set of timbcrs should be 
nailed tern o r a d  to the lower set, using tenpenny nails near the 

of timbers is next placed on in the same manner as the second set, 
but starting 8 feet from one end to give 4-foot la on the joints of 

fill in the 8-foot space a t  the op osite end. The third set of tunbers 

as the second set. 
The tripod legs should next be marlred for tho ties and chamfers and 

should then be spiked with forty enny nails. The nails should be 

Care should be taken to placo the nails so they will not be hit with the 
tool used in cutting the chamfer. One or two spikes should be 
driven about 6 inches from the end of each 2 by 6 inch iece at the 

ieces 16 feet long for each leg. 

center of t i e  f tun 3 er in width and 2 or 3 feet apart. The third set 

the second set. The 8-foot overrun can be saw0 s off and used to 

should be nailed temporarily wit R tenpenny nails in the same manner 

spaced about 20 inches a art and s '1 ould be staggered to come about 
1 inch from alternate e B ges, except where chamfers are to be cut. 

joints. This applies to the middle set of timbers as we fi as to the 
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two outside sets. side as indicated above 
turn the leg top sido down and drivo spites near each joint and at 
any intermediate placo along the leg where necessary to draw it 
to ether. 

After spiking the to 

%o the bottom or signals 60 feet or 
more in height should 16 to 24 feet long, 
making this ortion of tho le There should also be 

over each outer joint 
where the 2 by 6 inch 
a 2 by 4 inc r: piece about 3 

2 b 6 inch timbers toget f er. 

ness, but longer f engths should bo partly doubled. For instanco, if 

feet T on and let them overlap 12 feet in spikin them together. 

mado of two 2 by 6 inch pieces placed side % y side with a 1 by 4 inch 

In  framing the scaffold lay the legs out in position for the ties and 
diagonals with the 2 by 6 inch timbers on edge. This gives tho logs 
a greater strength and stiffness whon raising. The cleats or steps are 
also nailed on with the le s in the samo position and help to bind the 

&es and braces.-It is often necessary to build up or splice the 
ties and diagonal braces. 
to 20 feet in len th will usually givo a sufficient strength and sti& 

a di onal 24 feet long is called for, take two 2 by 4 inch pieces 18 

This d m a k e  the brace 4 inches square on tho over ap and by 2 by 4 
inches for 6 feet at each end and will give the greatest strength and 
stiffness at the middle of the brace whore it is needed. 

It will be noted in the specifications on page 41 that the footplates 
called for are 2 by 12 inches and 3 feet lon . Tho footplates can be 

cleat nailed across eachend to bmd the two together. Lumber 2 b 6 
inches can also he used in boxing up the head of the tripod where 2$ 
12 inch pieces are called for. 

A single piece of 2 by 4 inch tunber u 

5 

UmLDINO TFlE LADDEBS. 

The side bars of tho ladders are 2 b 4 inch pieces, and the steps 

center to conter or top to to . 8igurcs 43 nnd 44 s ow tho laddtm 

on the side formed by le s Nos. 1 and 2, and that there is a landing 

'space between the ties on the scaffol for which it is made. 
In  making the ladders tho 2 by 4 inch side bars are laid sido by 

side on the ground and the spaces marked for the steps. The bottom 
ends of the side bars am cut to a miter of 1 in 6 to give the ladder the 

R T K e stops are s aced 14 inches 

in position. It will be note B that the ladders are inside the scaffold 

% a t  each tie of the scaffol % . The len th of each ladder section is the 

of the ste to  tho line and drive one nad In n a i h t  in eac 
1 inch F rom tho lower edge. After the ladders 

then the next lower one and so on 8 %  own to t e bottom ladder, which 

are 1 by 4 inch pieces 2 feet lon 

it is sot in position on the landing. 

lines are rigged inside the scaffold frame on 
legs Nos. 1 and 2. f i e  top landin and to ladder are set first and 

is set last. There shouid be a clearance of 2 inches or more between 
the ladder timbers and the tripod. After tho ladders h a w  been set in 
place a second nail is driven in each end of all the steps. 
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TRIPOD AND SUAFFOLD SIGNALS 100 FEET OR XORE I N  HEIGHT. 

lemental to the genoral directions 
on the precedin 

100 feet or more in height where i t  is necessary to raise them in two 
or more sections. 

Figure 45 shows the complete working drawings of a tripod and 
scaffold si nal 100 feet in hei ht. A is one side of the tripod; B 

the tripod erected; E, one leg of the signal bullt u of 2 by G inch 

spliced; and G shows one side of the lower section of the tripod and 
one leg of the top section. 

The following directions are su 
ages of this pu#cation and are intended to suppl 

the necessary a%r!itional information for framing and erecting sign a? s 

the groun I! plan; C, one side o % the scaffold; D, tho lower section of 

timbers; F, ono leg of the signal made of solid tim g om scarfed and 

BOLES FOR LEQ ANCHORS. 

The position of the holes for the le anchors of the scaffold and 
tripod is shown in B, Figure 45. Theaoles should be about 3+ feet 
square and 4 feet deep: In  some places it may not bo racticable to 

the holes should be made lar er in cross'section longer anchors used, 

signal must bo built on a solid rock outcrop, where no holes can be 
made. In such cases long anchors are put on in the usual manner, 
and a large cairn of rock is built around each leg on top of the anchor. 
It should be remembered that the object of the anchors is to hold the 
legs down, and a sufficient volume of material should be placed on 
the anchors to accomplish this purpose. 

dig tho holes the roqurrod depth on account of rock. e n such cases 

and a large cairn of rock bui fi t up over the anchors. Sometimes the 

FRAMING THE TRIPOD. 

The b t  step in build' the signal is tqirame tho tripod legs. 
They may be made of soli ?f timbers or built up by spiking, togethor 
2 by 6 inch pieces, as shown in E and F, Fiwre 45. In  citlier case 
the legs must be mado in two sections, theyowcr section about 75 
feet long, and the two sections put together with 4-inch carriage 
bolts 63 inches long. 

Tho rest of the framing is dona in accordance with the general 
directions for framin a 60-foot signal, as @en on ages 36-50 of this 

tho top section should only be nailed in lace tem orarily. Call tho 

diagonals for sides 5 0 s .  2 and 3 by laying each piece to bo cut on the 
correspondmg piece on side No. 1 and cut to match. 

Next remove the ties and di on& from the top section of side 
No. 1 and lay them out ready to "6 e sent aloft. Then unbolt the top 
section of the legs and roceed with raising the lower sections of side 

After puttlng the ties and diagonals on sides Nos. 2 
foot and 3 o tho lower section, attach the anchors and fill in the founda- 
tion hobs. 

publication, except t 5l at the horizontal ties m d  $i agonal braces on 

first side of the tri od framed No. 1 an C r  cut tho E orizontal ties and 

No. 1 and of the third P eg in the same manner as in raising a GO or 75 
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RAISISG THE T01' SECTION OF THE TItTPOD. 

To raise thc to section of the tripod i t  is necessary to use a derrick, 
. The top section of a tripod le can be l ~ 9  shown in D, gigure 45 

used for the derrick and may be placed on either leg No. 1 or eg No. 2 
of the tripod, but the top section of the same leg as that on which 
it ;Is laced should be used. After the top sections of the two other 
legs Rave been set in place, shift the hoisting block and rope to them 
and hoist to place the top section of the leg used as the derrick. 

In  D (fig. 45), a is the block and rope for hoisting the derrick, b is 
the derrick, c is the block and rope for hoisting the top section of the 
le and d and d' are the top and lower sections of the leg splice to be 
b3ted. The derrick is hoisted aloft inside the tripod with the block 
and ro e a. The rope is made fast to the lower end of the derrick, 
and R fashmg is put around near the to of the derrick to fasten it to 

and carried out to the guy posts 6 ,  c, e, as shown in the 
Figure 45, and the lashin errick is then 

top of the derrick, and the derrick is hoisted to the necessary hei ht 
for hoisting the to sections of the two other legs of the tripod. $he 
foot of the denicf is lashed to the top of the leg, as shown in D, 
Fi ure 45. 

%he top sections of the two other legs c&n then be hoisted to place 
and bolted. As each top section is sent aloft two guyro es are put on, 

ties and diagonals for the top section are put on and the tripod 
completed. 

!? 

the standing ro e, and thus ker, the a errick upright while hoisting. 

5 )  When the top o ! the derrick is a E out at  a, three guy ropes are ut  on 

(YOund an 
removed. The block and 5l oisting rope c are then attached to the 

as shown in D, Figure 45, and carried to uy posts. x s soon as the 
top sections of all three legs hare been bo B ted in place, the horizontal 

around the top of the 

I'RAMJNQ THE SCAFFOLD. 

The legs of the scaffokl may be made of the solid timbers (F, fig. 45), 
or the may be built up (E ,  fig. 451, but in either case they must be 
frameifor raising in two sections and be put together with bolts a t  a 
s lice about 75 feet from the bottom. Lay out legs Nos. 3 and 4 on 
t E e forward side of the tripod and Nos. 1 and 2 on the rear side .and 
proceed with the framing in accordance with the general directions 
given for a 60-foot signal, except that the diagonal braces for the 
panel where the lower and to sections are 'oined should be nailed 

the two P ramed sides can be nailed securely. The ties and diagonals 
for the other two sides should next bo cut and laid out ready for send- 
ing aloft. 

only tem orarily: All other ck-~gonals and R \ 1 the horizontal ties on 

RAISING TUE SCAFFOLD. 

Before starting to raise the scaffold remove the diagonals on the 
anel where the top and bottom sections are joined and take the 

Eolts out of the leg splices. Carry the two top sections to the base 
of the tri od and lean them against the tripod in position to be sent 
aloft. then be raised by fol- 
lowing the directions for raising the sca old of a 60-foot signal. 
After completing the first section overhaul the hoisting tackle and 

T e first section of the scaffold m F E 
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attach the bridle ropes a fow feet above tho centers of the two framed 
sides of the up or section nnd hoist them aloft. As oach of the two 
framed sides o P the upper section is raised transfcr the hoisting lines 

The hoisting lines should be 
and attac T ed near the top and. the guys near tlie bridle rope. When the 
two sides of the upper section hape been raised to tho required height, 
two men nloft can ut the bolts in at tho splices, and the scaffold can 
then be coin loto a in accordance with the general directions for a 
60-foo t s i g n 2  

ys from the lower section to it. 

PLUMBING SIGNALS MARKmG STATIONS. 

VERTIOAL COLLIMATOR. 

A vertical collimator (shown in fiw. 46) is used for centering a signal 
over a mark of a reviously estabhied station for placing a inark 
under a new signnf, or for centering the theodohto over the station 
mark. There must be an opening in the center of the cap block o€ 
the tripod head of the si nal about 3 inchos in diameter to permit the 

fits in a vertical socket in the base and has n fixed level and aljustable 
cross wires. The axis of the level is at right angles to the line of sight 
of the telescope. The buso of tho instrument rests on three leveling 
screws. 

Tho adjustment of the instrument is extremely simple. After 
having focused the eyepiece on the cross w&es b ulling out or push- 
ing in the eyepiece until the wires arc plain angt iere  is no ap armt 

is moved horizontally over the oyopiece, tho intersection of tho wires 

about its axis. 

the adjustment, and thoy should not bo set u p  too tight. Finnlly, 
the level is adjusted to mako tho buhhlo reinnin in tho center ns the 
telescope is revolved. 

With the instrument in perfect adjustment llnd tho bubble brou h t  
to the ccntcr in two positions a t  right angles to onch other, the H me 
through thc intcrsection of the wires or the line of collimation will be 
vertical. In  actual use it is not essential that the instrument be in 
perfect adjustment, for if tho bubble is brought to the same reading 
in each of €our positions of the telescope about 00' ap-yt four points 
may bo determined on tho ground, and the moan position will be in 
the vertical line through the tolesco e.  

with a trnnsit or thcodolito. Have tlie theodolite in perfect ad'ustmcnt. 
Make certain thnt thcro is no parallax in tho oyopiece by adjusting it 
until there is no ap arcnt movement in the intersection of the w m s  

forth in front of the eyepiece. Also goo that the stride level is in 
perfect adjustment. Set up tho thoodolito a t  a distance from the 
tower about equal to its helght and level it up by usin the stride 

instrument to be used. % he instrument consists of a telesco e which 

, 

shdting of their lntersection over a point on the ground as t fl e eye 

Collar. At 1e-t three of the screws shou P d be loosened when making 

is adjusted to make it romnin on n point as the telosco 
This adjustment is made by shifting 

carrying the wires by means ot the ca stan-headed 

If a vortical collimator is not avai 'p able, the centering can be done 

over an object on w K ich it is pointed when the oye is movod back and 

level. Point u on the center of the tripod with tho s 9 ow-motion 
screw, plunge t R e telescope down to a point upon the ground under 
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the tri od, and mark upon a horizontal board a line which coincides 

instrument. Move the theoglite to a point about 90" aroimd the 
signal and repeat the process. The intersection of the two lines will 
be the point sought. If the mark is already established, the same 
process can be used to plumb up to the tripod head. 

with t E e path determined b the intersection of the wires of the 

PLUbfBING OVER AN OLD BTATION MARK. 

When a sianal is built over a previously established station mark, 
the opening getween the three legs a t  the top of the tripod should be 
approximately centered over the station mark before the tripod 
legs are anchored. If the foot lates are carefully leveled and measure- 

more than 1 inch off center when erected. If necessary however, 
the tripod can be shifted on the footplates or ono leg wedged up to 
brin the center of the tripod head approximately over the station 

opening should bo centered over the station mark with the vertical 
collimator. Set the collimator over the center of the opening in tho 
cap block, level and adjust the instrument, and then move the ca 
block horizontally until the st'ation mark is in a vertical line throu 

tripod head. 

merits are made with reasona { le care, the tripod head will seldom be 

mar t . Before nailing the cap block on the tripod head the 3-inch 

the center of the telescope. Then nail the cap block securely to 

PLUMBING I N  A NEW STATION MARK. 

In general, the signal is built first and then tho station mark is 
put in place. A small stake is used for the contra1 point in la ing 
out the ound lan of the signal. In  this cas0 no attempt is ma B 0 to 
center tg ca 80ck  over tho stake, but after the cap block has been 
nailed secure y to the tri od head the vertical collimator is used in 
centering the station mar . This is done most ccnveniently by first 

umbing in a point on a bench or tablo a few inches above the ground. 
Fl lace a 2 by 4 inch timber across the lower ties of the tripod, so i t  
will be arallel to the tie connecting legs Nos. 1 and 2,  and a few 

board about 12 inches s uare directly over the center stake. %rive a 

t E e other end drive a nail part way into the tie snug up on each side 
of the timber to prcvcnt any horizontal movement. This end can 
then be lifted slightly and moved to one side when necessary and can 

with the bench in osition, lumb down from the tri od head and 

the board and shift its osition until the "vertical" wire in the 

should then be drawn on the board along this edge of the square. 
Next turn the collimator 180' and repeat the operation. Then turn 
the collimator about 90' and 270' and locate two more lines on the 
board at right angles to the first two lines. This program gives a 
direct and reverse pointing in each of two directions, and the center 
of the small s uare formed by the four lines will be in tho vertical 

R F 

inches a g ove the center stake. Then nail to this timber a iece of 

s ike through one end o P the timber into the tie on the tripod and at  

locate a mark on the g oard, as P ollows: I-Iave a man hol x a square a n  

vertical collimator coinci B es with one edge of the square. A line 

line through t 1 e telescope of the vertical collimator. The point on 

be replaced exactly An its original position at any time. - 
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FIG. 46.-VERTICAL COLLIMATOR. TWO VIEWS. 
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FIG. 47.--EXAMPLE OF 120-FOOT SIGNAL, 
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FIG. 4U.-EXAMPLE O F  120-FOOT SIGNAL W I T H  SUPER- 
STRUCTURE AND POLE. 
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I 

FIG. 49.-OLD TYPE OF SIGNAL. 
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FIG. ~ O . - - - ~ R I P O D  SIGNAL M A D E  O F  THREE TREES. 
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t l G .  5l.-SIGNAL CONSl5TING 01’ 7 R L C  IN  PLACE OF Tf?lI’OD AND 01- 
SCAFFOLD M A D E  OF POLES. 
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the bench can then be used for setting the station mark by drilling 
a small hole through the board and usmg a plummet. 

PLU3iBINQ I N  BOARD ON LIGLiT STAND. 

On some signals the lamp (or hcliotropo) is posted on the tripod 
head, but on others i t  is posted on a superstructure or light stand. 
In  either case a bonrd with a small holo in tho center must be centered 
directly over the station mark by plumbing up. Place the board 
on the tripod head or light stand in its approximate position. Set 
the vertical collimator over tho small hole in the bonrd, and after 
leveling the instrument withdraw the telescope and insert the plunger. 
(See fig. 46.) Move tho instrumont until the point of the plunger is in 
center of the hole in tho board; then withdraw tho lunger and insert 

is in the vertical line through tho center of the tolescope. Then nail 
the board securely to the light stand. Great care must be taken in 
adjusting the instrument and in keopin it leveled as the board is 
moved around. The instrument must % o used in the usual four 
positions of the telescope, and after the board has been tacked 
temporarily in place the.pluinbing must bo checked. 

the telescope and move the board horizontally unti P the station mark 

PLIJMBMQ IN BURFAOE MARK OVER TEE UNDERGROUND MARK. 

When marking a station with both underground nnd surface marks, 
it is necessary to construct a bench over the point to hold a common 
centor from which to plumb in the marks. The most practicable 
method is to drive two 1 by 4 inch stakes approximately on line with 
the station and abont 1 foot from the edge of the hole for the concrete 
mark. The stakes should be firm1 driven in the ground and project 
about 1 foot above tho surfaco. $lace a piece of 1 by 4 inch board 
across on top of tho stakes and drive a nail through one end of the 
crompiece into the to of the stake. At the other end drive a nail 
part way in the top 07 the stake alongside of the crosspiece and cut 
a fine notch on one ed e of the crosspiece over tho station point from 

mark can then be plumbed in from the point on the bench. When 
the bench is not in use, it can be turned around out of the way but c m  
be re laced in exact position at  any time if the stakes are not 

VARIOUS TYPES OF SIGNALS. 

which to suspend a p P ummet. The underground mark and surface 

distur \ ed. 

TRIPOD AND SCAFFOLD 8IQNAL 120 FEET IN HEIQHT. 

Figure 47 shows a 120-foot signal with a shore brace 6 inches square 
on each scaffold leg set a t  an angle of about 45'. The t o  end of each 
brace is notched to fit the corner of the scaffold le a n i  spiked fast 
just below the second tie, ns shown in the figure. % he lowor end is 
set on a foot late and anchored in the samo manner as the lo s of the 
scaffold. T K o shoro braccs serve as additional anchorngcs an % relieve 
the strain on the base of tho scaffold le s in time of a hoav blow. 
Otherwise the signal is constructed in t a e same manner as t i e 100- 
foot signaI. The signal shown in Figure 47 was raised in one section 
by using the tall troo directly back of the signal as a derrick. 
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TALL SIGNAL WITH SUPERSTRUCTURE AND POLE. 

Figuro 48 shows a 120-foot signal with a 40-foot superstructure 
and 115-foot pole. The to of the polo is 275 fcet above tho station 

s liced with a 2-foot scarf. The tripod and scaffold are the same as 

timbers and the bracing 1 by 4. 
Before hoisting the pole an openin 43 inches square was mado in 

the cap block on the tripod head an% the same size opening in the 
board on top of tho superstructure, the center of each opening being 
directly over the station mark. The pole was hoisted inside the 
tripod. Soctions were added to the bottom of the pole as it was 
hosted aloft. When the top of the pole passed through the top of 
the superstructure, the targets and to  guys were p u t  on. The pole 
was then hoisted 18 feet higher, and t R e next sot o uys were put on 
the pole just abovo tho top of the superstructure. 1 sot of uys was 

u t  on a t  each splice, or 16 feet apart, as the splice came a B ovo the 
g p  of the superstructure in hoisting. When the top of tho pole was 
about 35 feet above the top of the su erstructure, a turn was taken 
around the uy osts with each u iaving about 2 feet of slack in 
each gu . 8s t l e  pole was raise!$ tpe uys Gere slackened as needed. 
When t l e  pole had been raised to the !!I esircd height, tho bottom end 
was about 6 feet above the tripod head and WRS hold in place by a 
guide made of two 2 b 4 inch pieces laced across the superstructure 

superstructure. Two pieces of 1 by 4 inch boards were nailed a t  right 
angles to  the guide timbers to hold the foot of the pole. At the top 
of the su  erstructure two 2 by 4 inch pieces wcre nailed to opposite 
sides of t J? e pole to rest on crosspieces on top of the superstructure, and 
thus sup ort tho weight of the polo. 

The PO P e was made about plumb and approximately the same strain 
taken on each guy. It was then carefully plumbed with a small 
theodolite or transit and all guys made Iast securely. The two top 
sets of guys which held that part of the pole to which the target 
waa attached, were made fast to separate sets of posts, and not more 
than three guys altogether wero mado fast to any one post. The 
target shown on the top of tho polo is a 7-inch stovepig Lm.hdted 
black, Other types of targets may be used on a signal o t ' 8  . 

mark. Tho pole is made o F timbers 4 inches square and 18 feet long 

s 1 own in Figure 37. Tho legs of the superstructure are 2 by 4 inch 

on opposite sides of t Tl e pole, with t R eir ends spiked to ties of the 

OLD TYPE SIGNAL. 

Figure 49 shows a tripod and scaffold signal 152 feet high. This 
is the old-type signal m t h  tho large base. There is no bow in the 
legs, and on account of the largo base it is necessary to have an addi- 
tional leg extendmg part way up in the middle of each side of the 
scafTold and tri od. This type of signal re uires about double the 
amount of lum er per vertical foot requirejfor the ty  e shown in 
Figure 47, and the cost is about double that of the slen or type. It 
has a greater exposed surface to the wind and a greater vibration on 
account of the extra legs and the long ties and diagonals. 

c f  t 
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TRKE SIQNALS. 

Figure 50 shows a signal made of three trees. The trees were 
trimmed up and sprung toward each other with ropo tackles. Tim- 
bers were then spiked across to form a triangle, as shown in tho 
illustration. Theso timbers supported the floor for tho observer and 
also a stand on which the instrument was mounted. Since the ob- 
server and instrument were not on independent supports, the station 
was occupied with ti repeating theodolite and the observer stood in 
one position wlde the pointings and readings were made. The height 
of the instrument was 187 feet abore the station mark. 

v 

Fro. SZA.-Diagram of a pole signal. 

Figure 51 shows a scaffold constructed of polos around a large 
tree. The tree was used in placo of the tripod to support the instru- 
ment and the scaffold supportod the observer. Ths type of signal 
was built because it was not practicable to get lumber to this station; 
neither was it practicable to clear the linea to mako the sttLt,ions 
intervisible from the ground. This illustrates one solution of one of 
the many problems that may be met in extending trimgulution 
over a timbered country. 

POLE BIQNAL. 

Figures 5 2 ~  and 5 2 ~  show two different ty  es of ole signal each 
held in a vertical osition by wire guys wit i P  the oot of the pole 
resting on a low gench. The bonch may be made of two stakes 
drivon in tho ground on either side of tho station mark, with a pioce 
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of scantlin The foot of the 
pole shoudfave a spike driven at  its center projectin about an inch 

bored in the cross iece of the bench directly over the station. 

galvanized mre. The number of sets depends upon the height of 
the ole. The pole is easily lowered when tho station is occupied 
by Eosening the guy or guys on only one side, Tho gu s on the 
other three sides are not loosened from their anchors. $0 replace 
the ole it is only necessary to stand i t  u on the bench and fasten 

pole or that part on which observations are made should e tested 

laced across on top and nailed to them. 

and when the pole is erected this spiko should be p 7 aced in a hod 

Each set of guys s % ould consist of four wires of No. 12 smooth 

the P oosened guy or guys on the one s1 B e. The centerin of tho % 

I 

Fro. 52~.-DIagam of a pole sllplal (another typo). 

after the pole has t h y  been replaced, but i t  e l l  usually be found 
that it has not been ddurbed. A pole signal is a very satisfactory 
signal on secondary or primary triangulation when the station is to 
be occupied with a theodolite mounted on its own stand or when the 
station is not to be occupied. 

BIQNALS FOR PRECIBE TRAVERSE. 

On precise traverse i t  is seldom necessary or advisable to build 
high tri od and scaffold signals. Tho maximum height ,IS about 40 

tripod stand. AT1 signals of this t pe are made of 2 by 4 inch tmbers 
feet, an i the hei h t  most commonly used is from 4 to 10. feet for the 

for the legs and 1 by 4 inch piecos P or braces. 
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Figure 53 shows a tripod stand used at all stations where it is onl necessary to elevate the instrument to the height of tho observers 9 

instrument a 9 ew feet higher, it  can be done easily by spiking on 2 by 

targots are used P or day observations. Care must be taken in the 

oye when ho is standing on the ground. This type of tripod can be 
used a t  near1 all stations. If it is found necessary to elevate the 

4 inch pieces to lengthen the tripod legs and adding the ncccssary 
braces of 1 by 4 inch pieces to make the tripod rigid. A temporury 
observing platform (fig. 54) ctm then be built around tho tripod. 

Figures 55, 56, and 57 show other signals used on traverse work. 
Fi ura 58 shows tho working drawing of a 30-foot signal. 

%argets.-On recise traverse many of the lines are short and 

use of targots to avoid phase and to have that part of tho taroat on 
which observations are made directly over the station mark. ?t has 
been found by experionco that the only target that will satisfy these 
conditions and requirements is a flat surface facing directly on the 
line to bo observed, and tho flat board target shown in Figure 59 has 
proved to he the most satisfactory. This targot is a board 4 inch 
thick by 6 inches wide and projects about 6 feet above the 
tripod head. The top half is painted black and the lower half 
white. I t  is used on lines 1 mile or more in leneth. For shorter lines 
a 1 by 4 inch target rojocting 4 feet abovo the tripod head issufficiont. 

and should be given two coats of good paint. A number of targets 
can be mado in camp and painted ready for use. 

Portable tripod and scaffold s i g n a l s . 4 n  precise traverse 
whore tho character of tho country makos it necessary to erect tripod 
and scaffold signals of 16 to 20 feet in height a t  the majority of the 
stations timo and money can be saved by the use of portable signals 
that can be moved from station to station. Any signd up to 20 foot 
in height can be easily transported on a motor truck or on a small 
trailer attached to a motor veloci ode car, if such are used. 

Figure GO shows several trip08 and scaffold signals nosted on a 
trailer. The large tripod shown is 20 feet h’ h when erected. Smaller 
tripods are nested inside the larger one. KO or moro of the larger 
tri ods may bo nested if necessary. 

fiiguro 61 shows the 20-foot portable si na1,consisting of tripod 
and scaffold erected over the station. It wd bo noted that the si nal 
is complete except for the floor to support the observer. Tho %oor 
used for this purpose is 6 by 7 feot made of +inch boards in throe 
sections. Tho floor is only needod while the observer is at  work on 
the fiignal and so is moved with the observer. Six or more of the 
portable signals are necessary to keep the work moving. The building 
and observing arties work as combined party. 

transported whole. In framing the scaffold sides Nos. 1 and 3 are 
framed, and the tios and diagonal braces are nailed in place. The 
ties and diagonals for aides Nos. 2 and 4 are framod and put on with 
bolts. Each iece is numbered on the ends and the same numbor 

etrh en the signal is takon-down to bo moved forward, i t  is only 
necessary to remom the bolts from the tios and diagonals on sides 

The targats should % e made of well-seasoned lumber of No. 1 grade 

Tho tripod o ! the signal shown in Figure 61 is nailed togethor and 

aced on the P eg of the scaffold at  the place where the braca bolts on. 

2 1198”--23----8 
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, , 

Fro. W.--Worklng drawing of &foot trkorse slgnal. 
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FIG. 53.--INSTRUMENT STAND, 
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I IG. 51 IN '>T I?UMCNl  STANO AND I'LATI-OI1M rOI?  O R S C I I V C R  
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FIG. 55. --EXAMPLE OF SIGNAL USED ON TRAVERSE 

- 

FIG. 5G.-TRIPOD OF TRAVERSE SIGNAL WITI-I TA l iGCT.  
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r i c i .  U - ~ I L N A L  I L L T  I-IIGIH u s c u  ON 
TRAVERSE.  
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FIG. si).-- I N S T R U M E N  T S T  AN D W I T H T A R G ET. 

FIG. GO.-NEST OF PORTABLE T R I P O D S  A N D  M A T E R I A L  FOR S C A f ~ F O L D S  lLOAIITI> 
ON A T R A i L E R  W H I C H  I S  H A U L E D  BY M O T O R  VELOCIPEDE CAR. 



Special Publlcntlon No. 93. 

I 

FIG. G1.-PORTABLE S I G N A L  20 FEET HIGH ERECTEL). 



Nos. 2 and 4. The le for both tripod and scuffold nro mntlo of 2 l y  

which support the floor timbers, w ich are 2 by 4. Two mon will 
erect a signal of this type in about throe-quarters of an hour and will 
take i t  down in 20 minutes. 

If the signal is to bo erected over a mark a t  the intorsection of two 
mil tmgents or on line with o m  tangent, a toniporary point on a 
stake should first bo lincd in. Sot tho tripod upright over tho stako 
in approximat? position by placing cach lcg tho samo distance from 
the mark. This will dctcrmino whero to dig tho holo for each tri od 

deep or to tho solid siihsoil. If the ground is wry  iincwn, tho tri od 
may bclcvcled by driving n 2 by 4 inch stalio n t  cach of tho two P ow 
legs of the tripod and on tho same slant ns tho leg. Tho low legs are 
then r a i s d  to  bring the lower tie horizontal and nailod to tho stakes. 
Beforo nailing the legs to the stakes, howovor a honvy lummet 
should he swung from tho center of tho tri od Lend and t f o  tripod 
head plumbed over tho tempornry mnrk. Zach leg is nnchorod by 
driving two stnkcs a t  an angle of nhout 30’ to each other and a t  a 
slight inclination to tho vertical and nailing them to tho leg. Tho 
scaffold is erccted in a similar mannor. 

For a 20-foot portable signal tho lower tio on the tripod is 7 foot 
long and tho b o n d  a t  tho tripod head is 14 inches long. Tho lower 
tias of the scaffold nro 8 foet long and the floor tio is 6 foet Ion The 

end of tho legs. 

a 4 inch timbers and,a a ties and dia onals of 1 by 4, except tho ties 

leg. Tho holes should ho about 15 inches sqiiaro and about 1 P oot 

lower tics on both tho scaffold and tripod are 2 fcct from tho % ottom 

HYDROGRAPHIC SIGNALS. 

Soveral differont typos of si rnds are used for hydrographic work, 
depending upon the general c 5 aracter of the coast. Along a low, 
flat coast i t  is often necessary to  construct h h signals to  mako os- 

h g h  signals are sometimes built to  a hoight of 100 foet or more and 
carry lar o targets to inake,them visible for lon They 

not so far.out, smnllcr signals, usually about 40 fcot in hoi ht ,  nro 
~ r e c t c d  mitlwny bet wecn tho high signds. Another typo o f hydro- 
rraphic sigiisl, which is also used in carryin trianwlntion along a 
hat  coast, is known as the water signal. It isfocatetfquitc a distance 
from shore in a depth of wator as great as 13 foot, but  i t  rests on the 
bottom andso is not shifted in position by the wavos or the wind. 

For hydrographic work so far offshoro that it is impossible to see 
signals along the sliore flouting si nals are sometimes mod. These 
signals are anchored in the desiroflocations, and thoir positions are 
then dotorrninod by “cuts” from a ship, as follows: The ship is 
anchored in several successive positions near enou h to  the shore that 
the shore signals und tho floatin si nals nro visib B e a t  the same time. 

the shore stations, and then the “cuts” uro taken on the floating 
signals. 

sible the location of sounding lines several mi Fi 09 from shore. T l s o  

are usual P y spacod 4 or 5 miles apart. For tho P iydrographic work 
distances. 

I n  each position the location of t P %  le s ip is accuratoly dotermined from 
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INBTRUOTIONS FOR UUlLDINO TALL I.iYl~ROQRAPHIC SIUNAL. 

In  the following instructions, si(wa1 rcfcrs to the coin leted struc- 
ture, foundation to that part of t6o signal below grounl, scaffold to 
the wide lower converging part, superstructure to the slender u p  
right section which surmounts the scaffold, target to the broad sur- 
face fastened to the superstructure to make i t  cons icuous, and uys 

Foundation.-Stakes arc driven to mark the positions for the 
holes, Nos. 1,2,  3, and 4, as shown in C, Figure 62. The holes should 
be made about 3 fcet square and 3 feet dcep. In  tho bottom of each 
hole place a foot lute 2 by 8 inchos and 23 feet long made of two 2 
b 4 inch picces\eld together with 1 by 4 inch piecw nailed across 
t e ends. S end no time in brin ing tho bottom of the four holes 
to the sttino evel, but after the ootplatcs are sct take a round of 
levels with a carpcnter's level, using any ono of tho footplates as a mro 
bench, and cut the corresponding legs of tho scaffold to agree with 
the differences of olcvations. 

Scaffold.-A, Figure 62, shows the working plan for tho scaffold. 
Outsido measurements are consistently shown except in the spacing 
of the horizontal ties. Two of tho sides of tho scaffold are completely 
framed and assembled on tho ground and raised to  place with a 
tackle, as in the case of a triangulation signal. 
horizontal tics and diagonal braces belonging to the ot er two sides 
are then nailed on. 

In  selecting the place on the round for laying out the two sides 

diagonals are >laced on tho outside of tho scaffold, and so the first 
side of a signa f can be framed on the ground and raised without first 
turning it over; but tho other side must be turned over on the ground 
to et  the ties and dingonals underneath. (See p. 43.) 

#raming.-The first step is to framo the four legs and number 
them 1 , 2,3, and 4. The legs aro made 4 by 4 inches and 36 fcot lon 
by using 2 by 4 inch pieces and brcakin joints, so thut a distance o 

by nailin a 1 b 4 inch iece 3 feet long over it. %ace marks on 

center to center, measuring from the top of the lo Put 
legs Nos. 1 and 2 on the round in position to frame an f  nail on tho top 

ing plan. As each of the intermediate ties is naile on, force the le s 
apart from 6 to 10 inches, thereby giving them the desired ben . 
After the ties are in place, saw off tho ends flush with the outside of 

k%?%agonals measure the same, commencing a t  the bottom pan& 
Then lay the piecca for tho diagonal braces in place and cut the ends 
parallel with the horizontal ties; nail in lace and saw off the pro- 

% 8 o r  2 by 4 inch pieces and eightpenny nails for 1 by 4 inc 
pieces. I'hen cut the liorizontal ties 
and diagonnl brnccs for sides Nou. 2 , 3 ,  and 4 by laying each piece 011 
tho corresponding pictco of side No. 1 and cutting to match. With 
a pencil iuttke a C ~ O Y J  murk 011 tho outside of tho lop  erid of ouch 

and anchors to the wires and their fastenin s w P iich are usoc 9 to 
secure the target anti supcrstructuro against t E e wind. 

z P B 

(See %' 43J The 

that are built hcfore raising i t  s k iould be observed that tho tics and 

7 
at least 4 feet will intervene between t a em. Stren thenench joint 

the legs P I  or tho orizonta P ties a t  distances of 2, 9, 19, and 32 feet 

5 
and bottom ties which !? ~ a v c  bccn cut to tho length ven in the work- 

x ends flush with the outside of t i e  P log. Us0 twentypenn 

as zero. 

c? 

Next square each panol by using a steel tape and makin 

Call tlio finished side No. 1. 
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gal. white paint t blach 
I.? ydawhite muslin 4 pound 802. tacks 
~800'srnooth Note: lumber galv.wire'8-6 tobedresse9dYon u s S r d e v  I , 

LIST OF TOOLS 
I rope, in. 125' 

2ropes. t in. 60' 
zhand saws 
I axe 
I carpenters level !rope, j i n . 2 ~ '  

2; 4' I bevel 3 6in shingle block! 
I spade 

2 rules I shovel 
I hatchet 2 paint brushes 

A-Completed Sbna!. 2 clawhammers 

FIG. 02.--Worktog drnwlngs for tall hydrogrsphio 
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diagonal and wsemble the parts for sides Nos. 2 and 4 in a mannor 
convenient to be sent aloft. Before raising the scafTold cleat the 
le s with 1 by 4 inch pieces 1 foot long, spaced about 2 feet apart. 

%aising.-Drag side No. 1 back to holes Nos. 1 and 2 in osition 
to raise. 

for raising the side. One block is mado fast to a post about 20 yards 
back from tho scaffold and the other is inado fast near the top of thc 
side to he raised. Start tho side up by usin props; then raise to a 

stakes. 
The side opposite No. 1 is No. 3 and is made u of legs Nos. 3 and 4. 

be turned over so that the ties and diagonals will bo un erneath. 
In placing the legs on the ound for framing select a position such 

vering will benecessury to bring the foot of each log to its foundation 
hole. When side No. 3 has been raised to a standing position, nail 
the ties and diagonals on sides Nos. 2 and 4 and then toonail the le s 
to the footplates and u t  on the leg anchors. Figure 63 shows t l! e 

Anchors for legs.-F, figure 62, shows an enlarged plan of the 
leg anchors which form an important part of tho foundation of the 
signal. To construct an anchor, spike two 2 by 4 inch pieces 2$ feet 
long on opposite sides of. the foot of the 1 arullel to each other. 

opposite sides of the le at  right angles to the first two. Nail scrap 

the to of the uppor ieces nail scrap lumber across those, too. Fill 
the ho s e with earth, R eeping it well tamped. 

Su erstructure.-A, Figure 62, shows the front side of the 
signa? The dotted lines indicate the outline of the targets. Tho 
superstructure is made 2 feet s uare throughout. The ties and 
braces are 1 by 4 inch pieces. A% the ties are cut 2 feet long and 
spaced 4 feet apart on the legs. The braces are all cut by ono pattern 
b framing on0 panel of tho superstructuro and using a brace from 
t a t  panel in marking and cutting the other haccs. Tho le s are 4 
inches square, built up of 2 by 4 inch piocos 4, 8, 12, or, pre erably, 
16 feet long. 

B, Fi ure 62, shows the method of joinin the superstructure to tho 

long (marked “a”) are used for splices a t  the top of the scaffold, and 
the lower end of these pieces are nailed to 2 by 4 inch pieces 23 feet 
Ion (marked “6”) , which are nailed across the scaffold legs. 

h e n  extra large tar ets aro used, the juncture of the super- 

this point is usually the first to fail in a heav storm. One met od OI 
securing the extra strength at this point is dustrated in Figure 64. 

The le s, ties, and braces for the superstructure are all marked and 

single pieces and the braces in sets of four. One man aloft and inside 
tho structure nails the pieces in place (see fig. 63), while ono man on 

Attach two ropes to be used for ys after tho si B e is up. 
A tackle made of two single blocks and 200 Y oet of $-inch ropo isused 

standing position with the tacklo and make t l! o two guy ropes fast to 

It is framed in the same way as side No. 1, but K efore raisin it must 

that after the side is frame r and turned over no udditionttl maneu- 

scaffold erected and t K e su erstructure started. 

use five twentypenn nai1s.h each piece. %xT 11 in with earth to the 
top of these pieces, t i en spike two mom pieces of the same size on 

lumber across the to6 o 5 the lqwer p~eces and after filling in oartli to 

f 

7 c 
top of t a e scaffold. AS shown in this sketc a , 2 by 4 inch piocos 4 feet 

structure with the scaffo 5 d should be made somewhat stron er, as 

cut by t f e pattern before sending them aloft. Sond the logs up by 

5 
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FIG. GS.--BUILDING THE SUPERSTRUCTURE O r  
A TALL HYDROGRAPHIC SIGNAL. 
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r i G .  06.- P L A C I N G  THE TARGET 
ON A HYDROGRAPHIC SIGNAL. 

c 

FIG. G7.-COMPLETED TALL HYDRO- 
GRAPHIC SIGNAL. 
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the ground cuts the pieces and sends them up by means of a hauling 
line. The superstructure may bo built 80 or 90 feet above the 
ground before it is necessary to put on any of the wire guys. 

I[ I "x 4" 

li I "X  4" 

1 -- 

I "x reax 3' 
I 

i 

SIDE VIEW 
E'Io. M.-Method of strengtheulng the junoture of tho supontruoturo and M o l d  of a tau hpdrogrsphtc 

signel. 

Anchors for guys.-For a si nal from 80 to 90 feet in hoi ht  tho 

anchors should be used for a signal with a target showing in one 
anchors should be about 40 yar 2 s from the base of the sign 3 . Six 
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direction and eight anchors for a si nal with two targets a t  right 

corner in line with the diagonal of the round plan of the signal, and 

and one directly behind. 
For each anchor dig a trench 8 feet long 2 feet wide, and about 

3 fcot deep. Lay an anchor timber 8 feet iong and not less than 4 
by 4 inches in section in the trench and fill the trench with earth to LL 
level with the top of the timber. Then nail scraps of lumber across 
each end of the timber and fill in the en+ of the trench with earth, 
leavin the middle of the trench open.untl1 the guys have been made 
fast. %ore scra lumber is then naded across the middle part of 
the timber and t P le trench filled. Timber for the anchors can usually 
be icked u on the beach. 

8uys.-$he guys should be No. 8 smooth galvanized wire in three 
sets each set consisting of a guy to each anchor. Ono set is made fast 
a t  the top of the su erstructure; another set 11 feet below the top, 

or a t  the bottom of the tar et. The guys are drawn taut by means of 

is made fast to the standing part of the guy, and the end of the guy 
is then passed around the anchor and made fast to the other block. 
With this purchase two men haulin on the rope will put a strain of 
about 900 pounds on the guy. $hen the guy is taut, it is held 
temporarily by a twentypenny nail driven into the anchor close 
up to the wire and bent over the wire. The tackle is then removed 
and the end of the wire wound around the anchor two or three times 
and made fast to the standin part.,  Tighten the top set of guys 

on each set of guys when strong wind pressure comes against the signal. 
The out- 

line of the targets is indicated by broken lines. The top target is 11 
by 12 feet in size and is ainted black. Beneath i t  is a target of the 

6 inches and 12 feet long. Each target is made in five sections of 
four boards each, nailed to 1 by 4 inch pieces 3 feet long, with a space 
of 1 inch left between the boards. 

angles to each other. There shoul B be one anchor opposite each 

in addition there should be one anchor 3 lrectly in front of each target 

or at the middle of t K e target; and tho third set 22 feet below the top, 

a tackle made of two sing B e blocks carrying +inch rope. One block 

first and the lower set last, as t 1 is brings more nearly an equal strain 

same size but painted w %. ite. They are made of drossed boards 3 by 

Targets.-A, Figure 62, shows one side of the signal. 
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Frames covered with muslin are fastened to the superstructure 
below the target. Two of theso frames, each 16 feet long by 3 feet 
‘wide (see E,  fig. 62), arc niado nnd covered with white mualin, then 
sent aloft rtnd nailed on the su erstructure below the targets, as 
indicated a t  A in Figure 62. $he completed signal is shorn in 
Fi uro 67. 

%otes.-Tl~e signal doscribotl ahovo iras designed to be visible for 
II distnnce of from 10 to 12 milos for hydrographic work. It is 
constructed a t  a very low cost for matoriul and labor and yet is strong 
enough to withstand nny ordinary wind and most storms without 
injury. Signals of this tp  e of an avorage height of 80 feet were 
built along the coast of gorida in 1915 at  a cost of about $1 per 
vertical foot, including all matorials, pay and subsistonce of party, 
and transportation of party and outfit. Two rnon built a signal in 
two dnys on an averago aftor the material was on the ground. 

Should it be necessary to increase the size of the tar et aftor the 
signal has been corn leted,.the superstructuro may be % uilt up the 
required amount. a n 1  additional sections of the target placed above 
the part already in lace, but in no caso should the size of a target be 
increased without t K e addition of extra guys. 

TOOLS AND MATERIAL NEE1)ED TO WREOT TALL HYDROQRAPHTO BIQNAL. 

Tools. 

Ax ................................. 1 
Bevel ............................. 1 
Blocks, single, 6-inch.. .............. 3 
Brushes, paint. ..................... 2 
Hnmmere, claw .................... 2 
Handsaws .......................... 2 
Hatchet ............................ 1 
Level, carpenter’s .................. 1 

Ropo : 
-inch, 125-foot piocc ............ 1 

2 
+inch, 200-foot piece ............ 1 

Rulca .............................. 2 
Shovel ............................. 1 
Spade ............................. 1 
square; try ......................... 1 

0 -inch, 60-foot piecos ............ 

MateriaEjor 84$001 &lid. 
Lumber, dressed; 

2by4incheaby18feet ....................................... piem.. M 
75 

1 b 4inchoeb 12feet ........................................ do. ... 40 
& gy 8 inches l y  12 feet.. .................................... .do. ... 40 

Mualin, white ............................................... _ _ _ . . . y  &e.. 12 
Nails: 

Eightpenny.. .............................................. .pounds.. 50 

Paint: 

Tacks, &ounce .................................................... pound.. 
Wire, smooth galvanized, No. 8 ..................................... ..foot.. 

1 by 4 inchea,by 16 feet.. ..................................... .do. ... 

Twentypenny .................................................. .do.. .. 26 

white.. .gallon. ..................................................... . 
.......................................................... .. Black .do.. 

2,800 

TALL FIYDROQRAPHIO SIQNAL, 1917 TYPE. 

In 1917 some tall hydro aphic signals were constructed which 

additional strength in the superstructure, gu s, and anchors. Tho 
superstructure was made 3 feet square, and tll 3 joints in the legs wem 
reinforced with 2 by 4 inch pieces, 4 or 5 feet long. Twelve anchors 
were used for the w e  guys, two opposite each cornor in line with tho 
diagonal of the ground plan of the signal, two directly in front of the 

had large board targets 16 f y 50 feet and on this account required 
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signal ttlr et, and two directly behind it. For a 100-foot signal one 

the second set 45 to 50 yards. 
Five gu s were attached at different heights to each corner of the 

set of anc g om were placed about 30 to 35 yards from the signal and 

signal an (9 four guys to the front and four guys to the back of the 

m 

SIDE VIEW V 

FIO. &?.-Elovation of wntor dgnal. 

target. The corner guys were attached at  0, 8, 24, 40, and 62 feet 
from the top of the superstructure and the target guys at 4 16, 32, 
and 46 feet from the top. All guys were No. 6 smooth gaivanized 
wire except the corner guys at 0 and 40 feet from the top, which 
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About 200 pounds of No. 4 were No. 4 smooth galvanized wire. 
wire nnd 350 pounds of No. 6 wire were required for each signal. 

WATER BIGNALB FOR TRIANGULATION AND EYDROORAPHY. 

Along certain sections of the coast i t  is sometimes desirable to 
locate a station in tho water some distance froin tho shore. In some 
cases the position of this station is cletermined by observations from 
land stations. In  other cuses i t  becomes necessary to occupy the 
water station itself with a theodolite. The signal must be built in 
such a way that i t  will not be shifted in position by wave action or 
wind pressure, and if i t  is to be occupied with an instrument it must 
be steady enough to permit accurate angle measurements. 

FIO. 6.-Plan of water signal. 

The ty e of water signal described below is one that has been used 

of the tripod instrument support of this signul are shown in Figures 
68 and 69, and the different steps in its construction are shown in 
Figure 70. The tripod has a large spread a t  the base to minimize 
the amount and effects of any unequal settling in soft bottom and 
has an extensive system of bracing for ri idit . A vertical stake 
attached to the foot of each leg of the tripo i J  an woights in the form 
of bags of sand placed on platforms attached to each foot help to 
prevent any shlft of osition of the si nal. The tripod is designed 

where tho greatest rigidity is required and to offer tho least possible 
resistance to the waves a t  the surfaco of the water. The twisting 

successfu P ly in depths as great ~ E I  13 feet. The elevation and plan 

so that the center of E racing is well be 4 ow the surface of the water 
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motion caused b 

taining a rigid structure. 

the waves acting unequally on different arts of 
the structure is x y far  the greatest factor to be considerefin oh- 

A 1 
2 

B B 
ELEVATION 

C D 

B 

v 

ELEVATION 

PLAN 

E 

A A A  
ELEVATION ELEVATION ELEVATION 

A A A  E F 

PLAN PLAN PLAN 
Fro. 7O.--Rtepsin construction of wator signal. 

The tripod is built on shore, carried into the water and launched, 
towed to the desired location, and Gnally placed in position and 
wei htod down. The scaffold for supporting the observer is then 

of course, upon the 
sions given in 

P bui k t independently of the tri od. The size of the structure de eiidu, 
th  o water in which it is used. The iimen- 
were found suitable for a depth of 13 feet. 
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CONBTRIJOTION. 

For building the tripod a level place on the beach is selected as near 
rn osvible to doe water and not too far  from where the station is 
to K e located. T i e  bottom section of the center pole, consisting of 
two 2 by 4 inch pioces 8 and 16 feet long, respectively, is placed in a 
vertical position and hold by temporary sup orb. The three bottoin 
members B are then placod on the grounl in a level position at 
anglw of about 120' w t h  each other and nailed to the bottom of the 
center pole. Temporary braces are then nailed from each bottom 
member B to the center pole and the center ole extended by lapping 
on another 2 by 4 inch piece 16 feet long. The lower diagonal braces 

The horizontal braces It are then 
same height The members F (see 11, 
fig. 70), which extend from the bottom of the legs D to the middle of 
the members E, are then attached, and the remainder of the con- 
struction, such as cross and diagonal bracing between the members C 
D,  and F, is done as indicated in Figure 09 in order to insure a rigid 
structure. 

The dimensions of the various members are shown in Figure 68. 
Tho materials needed for the signal are given in the list on page 72. 

Launching and towing.-Twelve inen are roquirod to carry the 
tripod into the wntcr. When a de th of about 3 feet has been roached, 

inovement is controllcd by attaching a line to the leg boing raised an 
keeping this line taut after tho balancing point has been passed. The 
wator also helps to rctnrd the movement and prevent injury to the 
structure. Tho tripod is floated in the overturned osition by means 

boat and a line from the end of the centor pole to a dlnghy. After the 
tripod has boon raised just enough to clear the bottom it is towed to 
tho ship by a launch. Barrol buoys are then substituted in place of 
the boats to float the signal, and the shi is used to tow i t  to the 

submorgod. 
Uprighting tripod.-When the tripod is released form the buoys 

in 10 or 12 foct of water, it will tend to rest on the bottom on the 
ends of two of its lo . Temporary weights can be used to hold it in 
this osition. The Y eg which projects out of the water can then be 

on the foot of the log and attached four wires to different parts of the 
platform for use in guiding the wei hts when the tripod has boon 

and a similar platform with wiros attached is built a t  the foot OF thls 
leg. Aftor the third 1 has been completed in the s m o  way the 

above the water; usin a line to the ship if iiecossary. 
About 60 coment %e filled with sand are needed to weight the 

tripod dowii. They inay bo placod in position by attaching a m e  
loop t o  tho iicck of each bag and lotting this loo slide down one of 
tho wires attilchcd to 0110 of the three platforms w R ile tho wire is held 
vortical. Tho hags sliod(1 I)c loworod carofully with a slip line. 

C (see B, fig. 70) are next nailed in 
has again been extended the uppor 

and after the center pole 
or legs D are put on. 

legs D at about the 
the tops of the C diagonals. 

3 the tripod is put down and turne B over on its side. The overturnin 

of lines from the two submorgod legs to the bow an cl stern of a whale- 

'&sired position, using care not to allow t R o barrol buoys to become 

boar a ed by two men, who built the platform for holdmg the weights 

uprighted. The tripod is next rolle i over to bring anothor 10" up, 

tripod is uprighted by @f ifting the end of the center pole a few feet 
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After all the bags have been lowered the guide wires should be attached 
securely to the tripod. 

If neceseary to add a superstructuro to elevate the instrument, it 

of the main tri od and properly braced. (See fig. 71.) I t  shou Y d 
should be built in tho form of a slender tripod attached to tho le 

The target is attached to tho top of the su erstructure in such a way 

target k removed and tho instrument, mounted on its own tripod, 
is lashed securely to the top of the superstructure. 

The observer's stand is built independent of the instrument support 
by drivin pipes into the bottom, to each of which a scantlin 

be attached to these legs. 

not be extendc 8 more than 12 foet above tho apex of the main tripod. 

that it may be detached easily. When t g e station is occupied, the 

lashed wit 7l wire seizing. The necessary bracing and floor can 
(See fig. 72.) 

LIST OF MATERIAL FOR WATER BIQNAL. 

'I'ripod imlrumetrl aupporl. 

Bags cement, containers for sand ballast. ....................................  umber, rough: 
60 

2 by 4 inches by 18 feet.. ....................................... .pieces.. 9 
2 by 4 inchm by 16 feet.. ........................................ .do.. .. 15 
2 by 4 inches by 12 feot.. ........................................ .do.. .. 4 
2 by 4 inches by 8 feet.. ......................................... .do.. .. 8 
1 by 24 inches. ............................................ .linear feet.. 72 
l b y  2 m  ches .................................................... do .... 112 

h h e ,  for tying bags. .......................................... .....fe et.. 140 

Forty-penny. ................................................. .pounds.. 10 
Twenty-penny .................................................. .do .... 10 
Ten .penny ....................................................... do .... 10 

N&: 

Who : 
Telephone No. 6 ,  for guide wires. ................................ feet.. .. 240 
Telephone No. 70, for attaching bajp to guide wirw. .............. .do.. .. 200 

Superalruclure. 

2 by 4 inches by 16 feet.. ....................................... .pieces.. 5 
2 by 3 inches.. ............................................ -.board feet.. 48 
1 by 3 inches. .................................................. .do.. .. 24 

Observers atand. 

1 by 6 inches, for floor. .................................... .board feet.. 14 
Rou h $ by 4 inches by 16 feet. ................................... .piecorn.. G 

2 by 4 inches by 10 feet.. ................................... .do.. .. 3 
2 b 3 i n c h a  by16feet ....................................... do .... 7 

3 

Lumber, rough: 

Lumber: 

Pipe, 24 incKes in diameter, 20 reet long. ............................ .do. ... 

FLOATING HYDROQRAPHIC SIGNILL, THREE-BARREL BUOY. 

The followin type of floating si a1 has been used with SUCCB~S 

capacity, are fastened together, bilge to bilge. They float upright 
and support a center polo 4 inches square by 23 foet long. A concrete 
counterweight, wei hing about 700 pounds, is cast on tho bottom of 

banners of Y l  ronm screening, each 6 by 8 feet, is bolted to the centor 

by parties on 5l t e Atlantic coast: E r e e  baiTels, oaqh of tiO-g+ons 

the center ole to f old the signal upright. A target of two crossed 
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FIG. 71.-COMPLETED WATER SIGNAL I N  PLACE. 

FIG. ~ Z . - W A T E H  SIGNAL W I  i 1-1 SCAI'I-OLD FOR 
OBSERVER. 
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FIG. 74.-THREE-BARREL BUOY SIGNAL.  



SIGNAL BUILDING. 78 

pole so as to make the top of the target about 16 feet above the top of 
the barrels. This target is yed to the cross braces on the to of 
the barrels. A 1,500-poun r concrete block is used as an anc R or. 
The anchor line is +inch wire rope, except for an 18-foot section of 

-6:O' I 
I -i -. - 

-.-. . 
Fro. 73.-Worklng drnwing of tho thrwbmoi buoy signnl. 

chnin ncxt to the anchor, mid has a thimblo splicod in the upper ond 
for shackling to the buov. 

In  constrkting tho bGoy ~ W O  of the bnrrols nro laid side by side 
on thoir bilges and tcmporarlly socurod. The center polo is laid on 
to pard101 with tho barrpls and with two of its faccs ttingent to thoir 

which i s  placcd on top of and p a d l c  to the othor two. !'his top T bi P ges. The center polo 18 notched SI; htly to rcccivo tho to barrel, 
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barrel will naturally rest on one barrel and the center pole. Woodm 
wedges u o  used as necessary to fill in any space botwoen tho barrols. 
The three barrels arc lashod together, using several turns of &-inch 

LOWER JOINT 

5IOC.WCW CROSS-SCCTIOH 

ANCHOR - 24- -4 

COUNTERWEIGHT F[ 
PLAN 

FIO. 75.--WorMng rlrnwing of ono-lmrrol buoy sIKanl, fist typo. 

alvanizod wire at  each end of the barrels just below the hoops. 
f'hese two lashings nro crow lashed and all am set taut with a Spanish 
windlasu. Four cross picccs 3 by 4 inches notched to rcccivo tho 
chimes of the b ~ m e l ~  are nailed to tho contor polo, two at each end of 
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the barrels, and lashed together with 3-inch galvanized wire. These 
cross brncos are to provent uny movement of the barrels alon 
center pole. 
G inches beyond tho barrels, and the guy wires from tho target ole 
are socured to them and sot'taut w t h  a Spanish windlass. #our 
diagonal braces 2 by 3 inches and G foot long aro run from the bottom 
cross pieccs to the lower extension of the center polo for additional 
stif€ening. (See fig. 73.) 

The concrete counterweight should have suitable reinforcement to 
secure it to the center pole. It can be cast at the same time the other 
work is in progress. Tho bottom of tho counterweight should be 
about 12 feot from the bottom of the barrel. A wire rope loop for 
tackle fastening is cast in the count'erwcight on the Farno side of the 
counterweiglit as tho anchor line pendant mentioned in the next para- 
graph and in line with it. When hundl' the buoy, two tackles are 

and the buoy is hoisted or lowered while horizontal. 
An anchor pendant 3 feet lon of +-inch wire rope with a swivel on 

line is shackled to this swivel. The target can be secured to the buoy 
'ust before lowering and can be removed immedintoly after hoisting. 
bhis permits two or three buoys to be nested on deck when necessary. 
A three-barrel buo similar to the one described above, except for the 

%the Tho cross pieces at  the top of the barrels extend a out ' 

used, one fmtoned.to thls loop and the Y ot or to the anchor pondant, 

tho frco end is made fast to the 5 uoy at the water line. Tho anchor 

target, is shown in 5 igure 74. 

FLOATING HYDROGRAPHIC SIGNAL, ONE-BBRREL BUOY. 

The construction of the one-barrel buoy signal is clearly indi- 
cated in Figure 75. simple and tho com- 
plete buoy, including anchor and counterweigt, can bo readily con- 
structed aboard shi in a limited deck B ace. It can therefore be 

Five or more of these buoys may be convemently nested m a limited 
space on deck by unshackling the counterweight and anchor and 
removing the target. 

Exporience has shown that this type of s i p a l  buoy, because of 
its much lighter construction, is more oasily lantod" in position 
and picked up again than the throe-barrel buoy L€ escribed on page 72. 
The target remains visible to the obsorver to practically as areat a dis- 
tance as tho target of the three-barrel buo I t  can b e h i l t  vary 
quickly and at  inuch less cost than the threo-garre1 buoy. 

This type of signal is ve 

built by members o P the ship's crew wh If e on the working grounds. 

Materials for one-barrel buoy eignal. 
Bar, iron, by 3inches.. ............................................. .feet.. 
Barrel, wooden, oil ......................................................... 
nolb, 4 b G inches, with n u b  and waehem.. ................................ 
Cement, Jobrtland.. ................................................... bqp..  
Cloth .............................................................. ..ymd.. 

2 by 4 inches by 10 feet.. ..................................... .pieces.. 
1 by 4 inches by 1G feet.. ..................................... ..do.. .. 

ITail~, ei htpenuy.. .............................................. .pounds.. 
Paint, &ck. ..................................................... .gallon.. 
Rod, iron: 

4 inch ia diameter.. ........................................... .do.. .. 

Lumber: 

4 inch in diameter.. ............................................ . fed . .  

211Pt) ' - -2M 
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Rope: 

Screen, wire, black .................... .................... .square feet.. . 32 

Manila, 34 inches in circumference.. ............................. .fctot.. 180 
?-inch stranded who..  ............. ........................... do.  ... 5 

Shackles, G .  I.: 
$-inch ................................................................. 5 
+inch ................................................................. 2 

Tacks, (bounce.. ................................................ .package.. I 
Thimblw, G .  I.: 

1-inch ................................................................. 3 
?-inch. ........................................................ 

Another typo  of ono-barrel buoy signal is shown in Figure 76. 
It is made of a 50-gullon steel oil drum, cnrrying a framework to which 

bnniboo supcrstructure and a suitable counterweight is attuched. 
Tho drum is tested for leaks and painted with red Ictid. Tho frnmo- 
work is mado of 2 by 4 inch pieces, notched to  fit the projcctions on 
the drum, and is bolted and lashed togathcr as shown in A,  Figure 76. 
Four bamboo poles each 24 feet long are lashed securoly to this 
framework and tho tops of tho poles aro lashed togother. A sproadcr 
shown in B, Figure 7G, is insertad 8 or 9 feet from tho top of tho poles 
and securely lushed to thcm with marlinc. 

White signnl cloth is sewed to the poles between tlie sproador and 
the point whcro the polcs come together and two Mack flags Are 
ntt,ached to the to of tho pole?. 

and is secured to the lower ends of two extended framo meinbers, as 
indicated in A ,  Figurc 76. This counterweight should weigh approxi- 
mately 200 pounds. 

The anchor should weigh about 700 pounds. It may be made of 
concreto reinforced wj th junk iron and should have a chain bridle 
properly securcd, as shown in D, Fi uro 76. A convenient forni for 
tho concreto may bo mado of three fiscarded motor truck rims piled 
on edge. From 3 to 5 fathoms of chain should bo attached to the 
bridle in the anchor. Tho anchor cable should consist of #-inch 
flexible galvanized-steel ro o with a swivel nt each cnd, one ond 

shackled to the chain bridle secured to the extendcd frame of tho 
buo . (See A,  fiw. 76.) 

Tge anchor anzthe framework around thc drum map I)(: constructed 
ashore over wcek ends while the ship is in port for coal. The rcst of 
tho signnl mriy bo constructcd nbonrd slii . 

and u tho port side to tho buoy which is launcliod from tlic forward 
port Xavit After the buoy is lowered into tho water the vesscl 

rocoeds s1bw ahead full left until tho buoy has cleared the port side. 
h e  wheel is then thrown full right to bring tho I~uoy on the star- 
board quartor cind ivo a clear leud to the anchor. l'he anchor is 
lifted ovor tho sido f rom tho a€ter starboard davit and, after all slack 
has bcen taken out of tho cuble, is cut away. 

Fourtenn buoys of this typo were lnnted during ono semen and all 

In spite of s e v c d  storms tho snpei%tructurc on ti 1 buoys remained 
intact throughout the season. 

The counterweig R t may consist of junk iron, such as old grate Bars, 

shucltlcd to the chain lcn cp ing from the anchor and the other end 

When ieparin to  plunt ti buoy tho ca i le is secured to tho anchor 
and is le 8' along t R c outside, of tho rail, around the stcrn of the vcssol 

P but two remnined in place until wor f litid been oom lotod upon thorn. 
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