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SIGNAL BUILDING. 

INTRODUCTION. 

The greater part of the material contained in this publication has 
been taken directly from Special Publication No. 93, “Reconnaissance 
and Signal Building,” without change. A revised manual for recon- 
naissance, entitled “Manual of Reconnaissance for Triangulation”, 
has recently been issued by the Coast and Geodetic Survey as Special 
Publication No. 225 and supersedes part I of Special Publication No. 
93. Par t  I1 of the older manual is covered by the present publication. 

The present manual is intended to  serve as a guide for field personnel 
of the Coast and Geodetic Survey or others who have occasion t o  
construct wooden towers, large or small, which may be required in 
connection with field survey operations. For many years this type 
of tower, frequently referred to  as “signal”, was used on triangulation 
to elevate the instruments and observers above the trees or other 
obstructions and to  overcome the curvature of the earth in order to  
make distant stations visible. Since the development of the portable 
steel tower in 1927 the use of wooden towers has declined so that  today 
they are used principally for instrument stands or low towers, or in 
isolated regions where steel is not suitable or available. However. it 
is certain that this occasional need for wooden towers will be a con- 
tinuing one. 

Low stands are usuallv built of lumber because i t  is more economical 
than steel, and occas iodly  a triangulation party using steel towers 
may find a t  some station a condition requiring a. tower before the 
steel can be brought in or where i t  cannot be transported without 
great difficulty. 

If considerable time has elapsed between the building of a wooden 
tower and the observations, there is certain to be some looseness of the 
structure due to  shrinking or warping of the lumber. Such a tower 
is unstable and subject t o  vibration and twist. Observations made 
from i t  would not be reliable. For this reason it is necessary that all 
wooden towers (including low instrument stands) be thoroughly in- 
spected and tested and that all nails and spikes be well set up  just 
before the observations are made. For a low stand, especially on 
unstable ground, a platform should be built to support the observer 
so that there will be no vibration transmitted to the instrument. I f  
it is not practicable to  build a platform, the earth immediately around 
the foot of the tripod legs should be removed in order that the weight 
of the observer will not be transmitted through the ground as a pres- 
sure against the tripod legs and also to make the observer less likely 
to touch the tripod. All low stands should have a. shelf between the 
tripod legs near the ground and this should be loaded with rock or 
other material to  give a steady stand. 

1 A description of the portable steel triangulation tower and instructions for its use are 
contained in Special Publication No. 158, “Bilby Steel Tower for Trlangulatlon.” 

1 
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On pages 2743  of this publication, information is furnished for the 
construction of various types of hydrographic signals. For further 
information on this subject reference should be made to “Hydro- 
graphic Manual,” Special Publication No. 143, Revised (1942 edition). 

The illustrations herein retain the same numbers assigned to them 
in the former publication. Numbers 1 to 26, which applied to recon- 
naissance, are omitted. 

Plans and specifications for various types of signals and illustrations 
showing the operations of construction are ven in the following 

of the signal, with Jmensions of timbers used It is not always practi- 
cable to get timber of the specified dimensions at the local lumberyards. 
I n  such cases other dimensions must be substituted and the necessary 
sizes built up by spiking together two or more timbers. This will 
prevent loss of time, and the signal mill be sufnciently rigid for all 
purposes. The great majority of tall wooden signals built since 1910 
had the legs built up by spiking together 2 by 6 inch or 2 by 4 inch 
timbers. 

A wooden triangulation signal is a combination of two independent 
structures, one having three legs and called the inner tower or tripod 
and the other four legs and called the outer tower or scaffold. 
These two towers must not touch or be fastened together a t  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, 
a t  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 support the instrument with such stability that, except 
in a strong wind, its motion in azimuth will never be so rapid or so 
irregular as to affect seriously the accuracy of the measurement of 
angles, and that its disturbance in level will never be so rapid or so 
great as to inconvenience the observer by makinf frequent adjust- 
ments necessary. It is not racticnble to build t 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- 

pages. For each t pe of signal the workin fii rawing shows one side 

parties working at di ‘8. erent stations in the same figure is, briefly, 

that observations can be ma 1 e in a high wind, but its vibration 6 e  

stand t a e most violent storms. 

CONSTRUCTION OF 80-FOOT SIGNAL. 

A completed signal‘60 feet hi h to the instrument is shown in 
Fi re 27. The various steps in t 1 e process of framing and erecting 
s u g a  s r a l  are given in the following eneral directions in approxi- 
mate or er of time, it being understoof that two or more processes 
may sometimes be carried on simultaneously. 

FRAMING THE TRIPOD. 

The first step is the framing of the tripod legs and of one side of 
the tripod with all the material lying on the ground. I n  Figure 28 it 
is assumed that timbers of the dimensions specified are to be used and 







4 U. S. COAST AND GEODETIC SURVEY 

that they are not to be built up by splicing. A is a attern used in 

laid before the work of framinggegins, C shows the scarfs cut, D 
shows the parts of one leg nailed to ether, and E shows the leg 

making the scarfs, B shows the ositions m which t 7l e timbers are 

chamfered ready for framing. All sca 3 s are nailed together except 

RQ. %.-Side of tripod for @foot s&- 
nal partly frauled. 

RQ. 3O.-Working drawing of side of Mpod 
for @foot si& 

on unusually tall si nals. (See p. 17-19.) Figure 29 shows tripod 

in such a position that the chamfers which form a bearing su~%ce for 
the ties and diagonals are horizontal. The chamfers as seen ~1 this 
position are 2 feet long, cut 1 inch back from the corner on the top and 

legs Nos. 1 and 2 wit % two of the !or&ontal ties in place, the le being 
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2 inches on a side. They are marked for cuttin with chamfer pat- 

a form which fits over the corner of the leg. It is recommended that, 
in eneral, the legs of the tower be built up of 2.b 6 inch or 2 by 4 

be s iked together more quickly than the sca s can be cut on the large 
tim ers. By pro erly breaking joints,-as indicated on pages 49 and 
50 there is httle o s  in rigidity or stren th. 

!In framing the first side of the tripof cut the bottom horizontal 
tie to the length given in F m e  30 if the height of the tower is to be 
60 feet. For other heights of towers consult the table on 

horizontal tie H is such that for a 60-foot tri od the egs when 

For tripods of other heights the distance apart a t  the top w en t h i  
legs are straight wi l l  vary with the height and is to be fixed by the 
judgment of the builder as to the amount of curvature to be put 
mto the legs. After nailing the first two ties draw the upper ends of 
the two legs toward each other, thus utting a bend into each one 

lengths of all the ties above G are to be such as to fve the legs the 
deslred bend, the to s of the legs being brought a litt e closer together 

from the top is nailed on, the tops of the two legs should meet, as 
s h o h  in Figure 30. The distance along the le s to each horizontal 

the ties should be cut off with the same slant as the leg, leaving 1 
inches overhan 

terns mad'e of two pieces of board 2 feet long na' lf ed together to make 

inc timbers, for such timbers are more easll han J ed, and they can % 
E 

Place the two le to be framed in the osition shown in gage igure 45. 29 

P and nail on the !i? rst and secopd ties, $and H.  The len th of the 

Y 29 
straight will be about 8 feet apart a t  the top, as s !I own in Fi 

of them, and nail on the successive ties, f eginnmg a t  the bottom. T h e  

aa each successive % orizontal tie is nailed on. When the tie 5 feet 

tie is given in Figure 30, reckoned from zero at t B e top. The ends of 

Each panel must then be squared b using a ste el 
tape to make t f e  two dmgonals of the panel e ual in s ength. Time 
should not be s ent in cutting the diagonals of t B e anels to measure. 
Instead, they s 1 ould be laid 111 place and sawed ozeach  end arallel 

then be sawed o B . Use two nails in each end of the horizontal ties 

for all 2 y 4 k c h  pieces. The &ensions for r 

with a penc i7 on the top end of each diagonal. Lay out in order each 

aloft, the nails all being started. When pic- each tim g er up to 

laying it down P ace the triangulation station. This will bring each 

4 
P 

B with the honzontal tie, and nailed fast, the panel having alrea y been 
s rung to its proper position. ortions of the ends of the 
gagonals which roject beyond the en B of the horizontal tie should 

Use sixt 

60-foot tripod are 
Call the side of t e tripod ramed first No. 1. Cut the horizontal 

ties and diagonals for sides Nos. 2 and 3 by laying each piece on the 
corresponding piece of side No. 1 and cut to match, thus avoiding 
any necessit for measurements with a tape or square. Mark a cross 

piece for sides Nos. 2 and 3 in a convenient location read to send 

lay it out in its roper position, face the top of side No. 1, and when 

piece right end to when it is picked up and sent aloft. 

The 

and diagonal and one nail where each pair of di 
enny nails for all 3 b 4 inch pieces 

in F y  30. 



6 U. S. COAST AND GEODETIC SURVEY 

FOUNDATION HOLES. 

A stake with a nail in the to may be used for a tem orary station 
mark. The holes for the foun z ation are laid off and sta % ed according 
to the ground plan shown in Figure 31 all measurements being 
made from the tempora station mark. hor locating the holes it is 

angles shown on Figure 31 are counted from zero a t  the foot of tripod 
convenient t o  use a sma 3 theodolite (fig. 32) and a steel tape. The 

D ?  
I 
I 
I 

I 

e l  
A * &  

ZIG. 31.4round plan for a f o o t  signal. 

leg No. 3. If ossible, the orientation of the si al should be such 

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

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

set take a round of levels, either with a carpenter’s level or with the 
small theodolite (fig. 32) used as a levelin instrument, using foot- 

with the difFerences found, No. 3 having already been cut to the exact 

that no line o P sight from the head of the tripo r will be obstructed 

to t !i e same level, but a P ter they are dug and the tripod footplates 

plate No. 3 as a bench mark. Then cut legs if os. 1 and 2 to correspond 
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FIG. 32.-FOUR-INCH THEODOLITE. 
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FIG. 33.-RAISING THE DERRICK. .- 

FIG. 34.-RAISING ONE SIDE OF TRIPOD FOR 60-FOOT SIGNAL. 
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length shown in F me 30. The holes for the tripod le s should be 

for the scaffold le s, as they can be ug after the tripod is raised. 

them, us* for a 
bench m x ,  i b  being exactly 43 feet above its footpgte. %t ofl 
each scaffold leg as much above or below the 43 footmark alread on 

plate as shown by the levels. to keep the correct 
relation in height between the ties on the sc 3 old and those on the 
tripod in order to make the observing floor come at the right height 
in relation to the top of the tripod. 

The footplates are 2 by 12 inches and 3 feet long. The bottom of 
each hole should be carefully smoothed, so that the footplate will 
have a firm bearing on the ground, and the plate should be placed in 
such a position that the leg will rest on it near the center. 

5 dug first. Do not 2 elay. raising the tri od while waiting or the holes 

After the scdold P ootplates have been set, take a round of levels on 

it as the corresponding footplate is above or below No. 3 tripod 9 oob 

i 
the lower horizontal tie at the No. 3 tri od 1 

It is necessa 

RAISING T&IPOD BIDE. 

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

about two-thirds the height of the tripod. Posts for attaching guys 
should be set as shown in Fi re 31, A and B being the positions of 
the posts for the back guys, r a n d  E for the side guys, and D for the 

osition of the top of the derrick 

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. Before beginning 

for use when the derrick is up. One set of 

should be added for a Eigher derricyto pregent buckling when t e 
side of the tripod is being raised. 

The posts for gu s should be 4 inches square, or an equivalent size 
of round timber. $'or high signals, where there is a heavy strain on 
the back guy and post or in any case in which the holding power of 
a guy post is uncertain on account of soft ground, an auldhary guy 
ost should be used. The second post should be laced beyond the 

to the top of the mt$n y post,,2 feet or more above the ground, to 

gu post as near the surface of the ground as possible. 
&,art the derrick up by using props (fig. 33) and then raise with the 

back guy fall. When raised, the demck should rake back about 
4 feet, so that when the heavy strain comes in raising the side of the 
tri od it will stand about vertical, as shown in Figure 34. 

Eefore raisin the tripod cleat the legs, using strips 1 by 4 b 16 

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

derrick for raising si'de No. 1 o B the tripod. The derrick should be 

when lai fly out ready P or raising an a G the foot of the derrick. Before 

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

z to raise the derrick put on the hoisting tac d e, so that it will be read 

%) ys, p k-' aced about halfway u 

. F re resents the 

ys will do for a derric 
40 feet high, but a second set of 

Lt, and the two posts should be connected by a s 1 ort guy attached 

prevent it from being CY rawn forward, and attached to the auxiliary 

inches spaced a % out 16 inches. Drag side No. 1 of the tripod g ack 
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LEG ANCHOBB. 

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

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

pieces, then nail two more pieces of the same size on opposite 
arallel to each other. Fill in wit % earth to a level with the top 

after & h g  in earth level with the secon f set of anchor pieces lay 

sc & i  01 are to be anchored m this manner. 

guy of the derric P and let it tip in against the tripod. Shift the hoist- 

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 

shorter blocks or boards across them, too. This construction makes 
an anchor platform about 3 feet s uare. Fill the hole to the top 
kee in the earth well tamped. d the legs of both the tripod and 

When the tri od has been anchored, cast loose the backfall and 

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. 

FRAMING THE a c m m .  

Begin the scaffold by scarfing and splicing the legs or buildin 
them up in the same manner as described above for the tri OB 
Mark the lines for the horizontal ties as shown in E’lgure 37. %a7 
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T Nos. 1 and 2 on the rear side. The bottom horizont ap tie and t e to 
out legs Nos. 3 and 4 on the forward side of the t n  od and le 

floor tie are to be cut to the le ths given on the working plan (k. 372; 
and nailed in their places as Yl t ere indicated. As the lntermediate 
horizontal ties are nailed on, force each leg out so as to @ye it the 
desired bend. The foreman, standing at  one end of the side bemg 
framed and directing the men as they nail on the ties, may determine 
the amount of bowing or bending by estimation. After the ties are 
nailed in position they should be sawed 

Next square each pane!, commencipg 
at the bottom, by ma* its two diag- 
onals of e uallength, using a steel tape, 

should be noticed that none of the 
horizontal ties, except the ones at the 
top and bottom, are cut to measure, 
and no measurements are necess 
fk the lengths of the diagonals. 
the framing of the h t  side of the 
scaffold has been completed, cut the 
horizontal ties and diagonals for the 
other three sides b using this h t  side 
as a attern. si& NO. 3, as well as 
side r3 0. 1, may be framed fully before 
raising, except for signals more than 90 
feet in height, which must be raised in 
two or more sections, as explained on 
PWe 17. All four legs of the scaffold 
should be cleated. 

2%4- off even with the outer side of the legs. ' StCmA for U g b  

and nail t B e diagonals in position. It 
* ~ W e r f ~ O P  

(See p. 7.) 
RAISING THE SCAFFOLD. 

First make the bridle rope fast on 
one leg of the side to be raised, hook 
the holsting tackle from the top of the . 
tripod in ii, and tun the side of the $ 
scaffold over so that the ties and :I 

diagonals w d  be on the under side. 3 
ing over. Next make the bridle rope 
fast for raising and raise the side to a 
standing posihon, as shown in Fi 
39. In a similar manner turn s i d e v l  

it to a standing position, as shown in 
Figure 41. Next let two men go aloft and nail the ties and diagonals 
on sides Nos. 2 and 4, while two men below send up the timbers in 
order, as shown in Fi It is best to complete one panel on 

legs may now be anchored down and the necessary floors and ladders 
constructed to complete the scaffold, aa shown in Figure 43. 

Figure 38 shows this operation of turn- 

cut 2 Z N .  
70.30 

3 over, as shown in Figure 40, and h3.37.--Working d r a w  Of side Of mffold 
for Wfoot signal. 

one side and then s P t to 42. the other side, and so on to the top. The 

514081 0 - U - 2 
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The lower floor of the scaffold is at the hei h t  indicated in Figure 
37, and the tripod can be cut off to the exact % eight required by the 
observer. The height of the observer and the height of the instru- 
ment telesco e above the foot of its leveling screws will determine 

be known beforehand. The upper floor is placed 3 feet below the top 
of the scaffold in position to support tho light keeper. A table 3 
by 3 feet is constructed at the center of the top of the scaffold for 
su 

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

of canvas 4.6 feet wide 
reaching around the outside of the scaflolx with the two ends over- 
lappin at one comer. The bottom of the wall is made fast to the 

top of the wall is ma e fast in the same manner to the horizontal tie 
on the scaffold 5.3 feet below its top. The roof of the tent is a tar- 
paulin which fits over the top floor and carries four canvas curtains 
which overlap at  the four corners of the scaffold and also overlap 
the wall of the tent to which they may be tied. The s ace of 7 feet 

making. a room with a floor 9 ,feet s uare for the observer. The 
tent requires no poles or extra timbers ? or its support. 

the height o P the top of the tripod head above the floor. This must 

g o  trapdoors s E ould be made in the lower floor, one where the 
orting the lam s and heliotropes. 

The wall of the observing tent is a stri 

8 lower P oor by hookin the loops over nails driven in the floor. The 

between the top and lower floors of the scaffold is t 1 us inclosed, 

DESIGNS OF SIGNALS OF VARIOUS HEIGEETS. 

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

of a 60-foot 

not discovered until the towers have been built, the difficulty ma 

end of the line, such as was constructed on the to 
be overcome by building up a superstructure on the signal at  eac E 

station Burson, shown in Figure 44. Tfc  lamps and 

E 

with hoisting lines. The horizontal ties an fi diagonals for t f e other 

f 
l e  sufficiently stable, and i t  could safely be g uilt to a height of 150 ' 

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

pods. The superstructure shown in Figure 44 is of the same ty  e 
as the scaffold for the first 24 feet. For the remainin 48 feet t e 
superstructure is 2 feet square, and the legs are parallef The hori- 
zontal ties are 4 feet apart. Two 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 
hoisted aloft with hoisting fines. Two sets of wire guys (No. 12 
smooth wire) were put on the su erstructure-one set at  the to 
and the other set 24 feet lower. &e guys were made fast to speck 

This type of su erstructure proved to 

feet above a scaffold. In posting his light the light keeper went 
up the inside of the superstructure and passed out to a seat con- 
structed 2 feet below the table which was made for the lights and 
beliotropes at the top of the structure. 

osts set for the purpose. 
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FIG. 35.-SHIFTING TACKLE BEFORE RAISING THIRD 
LEG OF TRIPOD. 

FIG. 36.-RAISING THIRD LEG OF TRIPOD FOR 
60-FOOT SIGNAL. 
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FIG. S&-TURNING OVER FIRST SiDE OF SCAFFOLD. 

FIG. 39.-RAISING FIRST SIDE OF SCAFFOLD FOR 
60-FOOT SIGNAL. 
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FIG. 40.--TURN!NG OVER SECOND S IDE O F  SCAFFOLD. 

FIG. 41.-RAISING SECOND S IDE O F  SCAFFOLD FOR 
60-FOOT SIGNAL. 
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FIG. 42.-TWO SIDES OF SCAFFOLD FOR 60-FOOT 
SIGNAL IN STANDING POSITION. 



, 

Special Publication No. 234. 
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FIG. 43.-COMPLETED 60-FOOT SIGNAL W i T H  
20-FOOT SUPERSTRUCTURE. 
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FIG. 44.-SIXTY-FOOT SIGNAL WITH H I G H  SUPERSTRUCTURE. 
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Leuah o! 
lower hon- 
zontal tie 
of tripod. 

For scaffolds of different heights the top portion of the ,sa 
down to a point 10 feet below ,the to 

tripods and scaffolds of different heights. 
distance from the to 

is the same for all. 
following table gives the lengths of t ?l e lower horizontal tie for 

the tripod as measure T; along the tripod leg. 

The h t  column is the 
of the tripod to the lower horizontal tie of 

Length o! 
lower hon- 
mntal tie 

of s d o l d .  
tripod leg. 

Fed. 
10 
15 
25 
4.5 
Bo 
75 

100 

Fed. 
ti 
7.5 

10 
14 
18 
19 
20 

Fed. 
10 
11.5 
13.5 
17 
22 
13 
25 

The dimensions iven in the table are k e d  directly by measure- 
ment. 
the diagonals are fixed as indicated in the recedinu description of 
the process of framing and construction. *he legs for the scaffolds 
are rn each case 6 feet longer than the tripod'legs, exce t for a signal 
for which no 

from the bottom tie to the tie which 
is between the two floors, 5.3 feet below the to of the scaffold. 

correspond in design to those shown in Figures 43 and 44, and an 
of them may be made with or without superstructure or light s t a n l  
The list of material required for any height of si a1 can be deter- 

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

For signals higher than 75 feet the design shown may be extended 
b putting on other sections at  the bottom somewhat heavier than 
t g e lower section of the 75-foot signal. Signals not greater than 
90 feet in hei ht  'ma be framed and raised as just described, and 
no bolts needte  u s e i  If the signal is more than 90 feet, a section 
of a side 75 to 90 feet high may be raised as one piece, and the higher 
sections must than be framed separately, raised to osition, and 

ure 45. 

The lengt !? s of the intermediate horizontal ties and of all 

latform is needed, in which case a i  the legs are 

In  all other respects the scaffolds and tripods o P different heights 

mined quickly by making workin drawings to sca T e similar to those 

a 10-foot tripod is used, the diagonals 

fastened with bolts to the top of the h t  section, as s Yl own in Fig- 

ADVANTAGES OF THE SLENDER TYPE OF SIGNALS. 

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

the slender signals as in the broad. This not only reduces greatly 
the cost of the material required for a signal of iven height and the 

of coastruction . 

There is o 3 y about onphalf as much lumber per vertical foot in 

cost of hauling the material, but also considera % ly reduces the cost 
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D E F  
.. . 
G 
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Axes ............................. 2 
Adz .............................. 1 
Bevel.. ........................... 1 
Bits, assorted... ................... 6 
Brace.. .......................... 1 
Chiael, cold. ..................... 1 
Chisel, wood.. .................... 1 
Digger, posthole. ................. 1 
Hammers, heavy. ................. 3 
Hsmmers, claw .................... 1 
Handsaws.. ...................... 4 
Hatchets.. ....................... 2 
Level, carpenter's. ............... 1 
M$tock. ......................... 1 
olletone.. ....................... 1 

Pick ............................. 1 
Plane.. .......................... 1 
Plummet.. ........................ I 
Rules.. .......................... 3 
Saw, compsss.. .................. 1 
Screw driver. .................... 1 
Set,saw. ........................ 1 
Shovels. ......................... 2 
Spade.. ......................... 1 
Spud.. .......................... 1 
Square, 2-foot. ................... 1 
Tape, steel, 50-foot ................. 1 
Trowel. ........................... 1 
"ry w e . .  ..................... 1 
w m 3 ,  monkey.. ................ 1 
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Blocks: 
Double, 8-inch, with hook, pat- 

ent buahed. . . . - . -. . . . - - - - - ~ 

Single, &inch, with hook, pat- 
ent bushed. - - -. - - - - - ~. ~ - -. . 

f-in.ch for hoisting lines, 200-foot 
pecea - - - . . - - - . . - . . . - . . . - . - 

Q-mch for guys, 110-foot pieces. - 

Snatch, 'I-hch, with hook. . - -. - 
Rope: 

GENERAL 

Tackle. 

4 

4 
2 

' RopeContinued. 
&inch for slings, 2-foot pieces.. . 
2-in.ch for main tackles, 500-foot 

pieces. - - .  . -. . . ______  . .____ 
#-inch, 12-foot ieces 
l*-inch for bridfes, 40&%piec&. 

4 

2 

15 4 l  
OBSERVATIONS. 

BAISINQ 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 
and to show the steps taken in raising each part of the s i g n 2  If 
the hoisting tackle is made f a t  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 willhave 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 witd 

fasten the tackle on the part to 1 e raised so it wi l l  ,be well balanced. 

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

SUPERSTRUCTURE. 

The superstructure is des ed 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 

more ecbnomical to build a 50-foot superstructure on top of the 50- 
foot scaffold at each end of the line and mount the heliotrope or 
lam a t  the top of the superstructure. 

in order to raise the line o '$ sight above an obstruction near the 

nearly double the cost of material an i labor. In  such cases it is 

&e superstructure is constructed by h t  

fig. 44.) It can safely be built to axeight 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 m e  should be 
superstructure about every 24 feet and secured to 
about 175 feet from the signal and on line with the 
ground plan of the signal. The top superstructure 

head. 

the superstructure on the hydrographic signal, of which detailed 
specifications are given on page 30. (See fig. 62.) 
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When it is h o w n  that a superstructure is needed, the part extend- 
ing 20 feet above the top of the scaffold legs should be f r m e d  and 
rmed with the scaffold, as shown in Figures 41, 42, and 43. Two 
men can then extend the superstructure to any required height a t  
any convenient time after the signal has been erected. Figures 62, 
B, and 64 show the splice where the upper sections of the su er- 

signal on page 30 give in detail the method of framing and construce 
ing the superstructure. 

structure are joined to the lower or base section at  a oint 20 P eet 
a b o a  the scaffdd. The instructions for the special E ydrographic 

USE OF YARD STOCK TINBERS FOR 60-FOOT SIGNAL. 

The legs for a 60-foot si a1 should be about 64 feet long and 6 

First lay four 2 by 6 inch pieces 16 
feet long end to end and cut the ends to match. This can be done by 
sawing the end of one timber to match the end of the timber it joins, 
and it is not necessary to use a square. Next lace four more 2 by 4 

startmg 4 feet from one end. This breaks the joints 4 feet an gives 
a 4-fOOt overrun at one end, which is sawed off and used to fill in the 
4-foot space at the opposite end. The upper set of timbers should be 
nailed tem oraril 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 lap on the joints of 
the second set. The &foot overrun can be sawed off and used to 
fill in the 8-foot space a t  the op osite end. The third set of timbers 

inches square. They can r e built up by using twelve 2 by 6 inch 

gieces, inch pieces 16 feet long end to end on top o P the lower four 

center of t g <  e tim er in width and 2 or 3 feet apart. The third set 

should be nailed temporarily mt !l tenpenny nails in the same manner 

ieces 16 feet long for each leg. 

as the second set. - 

should then be sDiked with fortvnennv nails. 
The tripod legs should next be marked for the ties and chamfers and 

The nails should be 
spaced about 20 &ches a art anddshoula be staggered to come about 
1 inch from alternate e B ges, except where chamfers are to be cut. 
Care should be taken to place 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 
joints. This applies to the middle set of timbers as we e 8s to the 
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over each outer joint 

for the ties and 

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

cleat nailed across each end to bmd the two together. Lumber 2 b 6 
inches can also be used in boxing up the head of the tripod where 2 % y 
12 inch pieces are called for. 

made of two 2 by 6 inch pieces placed side f y side with a 1 by 4 inch 

BUILDINQ THE LADDERS. 

The side bars of the ladders are 2 b 4 inch pieces, and the steps 
are 1 by 4 inch pieces 2 feet lon Tze steps are s aced 14 inches 

in position. It will be noteathat the ladders are inside the scaffold 
on the side formed by le s Nos. 1 and 2, and that there is a landing 
at  each tie of the scaffol!. The len th of each ladder section is the 

In making the ladders the 2 by 4 inch side bars are laid side by 
side on the ground and the spaces marked for the steps. The bottom 
ends of the side bars are cut to  a miter of 1 in 6 to give the ladder the 

center to center or top to to . gigures 43 and 44 s E ow the ladders 

space between the ties on the scaffol % for which it is made. 

of the ste to the line and drive one nad Inpah% m eac 
1 inch P rom the lower edge. After the ladders 

then the next lower one, and so on down to t Ph e bottom ladder, which 

it is set in position on the landing. 

lines are rigged inside the scaffold frame on 
legs Nos. 1 and 2. &e top landing and to ladder are set h t  and 

is set last. There should be a clearance of 2 inches or more between 
the ladder timbers and the tripod. After the ladders have been set in 
place a second nail is driven in each end of a l l  the steps. 
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TRIPOD AND SCAFFOLD SIGNUS 100 FEET OR MORE IN HEIOHT. 

lemental to the general directions 
on the preceding ages of this puEication and are intended to suppl 

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

Figure 45 shows the complete w o r m  drawings of a tripod and 
scaffold si nal 100 feet in height. A is one side of the tnpod; B, 

the tripod erected; E, one leg of the signal built u of 2 by 6 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 

the necessary aditional information for framing and 'erecting signa 2 

the groun f plan; C, one side of the scaffold; D,  the lower section of 

timbers; F, one leg of the signal made of solid tim !I ers scarfed and 

HOLES FOR 'LEG ANCHORS. 

The position of the holes for the le anchors of the scaffold and 
tripod is shown in B, Figure 45. The%oles should be about 33 feet 
square and 4 feet deep. In some places it may not be racticable to 

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

signal must be 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 sufticient volume of material should be placed on 
the anchors to accomplish this purpose. 

dig the holes the required depth on account of rock. !i! n such cases 

and a large cairn of rock bui 7 t up over the anchors. Sometimes the 

FRAMING THE TRIPOD. 

The f h t  step in buildin the signal is to frame the tripod legs. 
They may be made of soli d timbers or built up by spiking together 
2 by 6 inch pieces, as shown in E and F, Figure 45. In either case 
the legs must be made in two sections, the lower section about 75 
feet long, and the two sections put together with +-inch carriage 
bolts 64 inches long. 

The rest of the framing is done in accordance with the general 
directions for fra a 60-foot signal, as given on pages 36-50 of this 

the top section should only be nailed in lace tem orarily. Call the 
first side of the tri od framed No. 1 an a cut the ff orizontal ties and 
diagonals for sides &os. 2 and 3 by laying each piece to be cut on the 
correspondq piece on side No. 1 and cut to match. 

Next remove the ties and di onals from the top section of side 
No. 1 and lay them out ready to e sent aloft. 
section of the legs and roceed with raising the lower sections of si e 

foot tri od. After puttlng the ties and diagonals on sides Nos. 2 

tion holes. 

publication, except rmngh t at the horizontal ties and diagonal braces on 

2 "6 
No. 1 and of the third P eg in the same manner as in raising a 60 or 75 

and 3 o P the lower section, attach the anchors and fill in the founda- 

Then unbolt the to 
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RAISING THE TOP SECTION OF THE TXIPOD. 

To raise the to section of the tripod it is necessary to use a derrick, 
as shown in D,.bigure 45. The top section of a tripod le can be 

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 iave been set in place, shift the hoistmg 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 mth  the block 
and ro e a. The rope is made fast  to the lower end of the derrick, 

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

and carried out to the guy posts b,  c, e, as shown in the round p an 23, 

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. %e 

Fi ure 45. 
%he top sections of the two other legs can then be hoisted to place 

and bolted. As each top section is sent aloft two guy ro es are put on, 

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

used for the derrick and may be placed on either leg No. 1 or P eg No. 2 

a and a P whmg is put around near the to of the derrick to fasten it to 

Yt On 
When the top o ! the derrick is a f out at a, three guy ropes are 

around the top of the f errick is then 
removed. The block and 9 oisting rope c are then attached to the 

foot of the derric E is lashed to the top of the leg, as shown in D, 

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

Figure 45, and the las 

FRAMING THE SCAFFOLD. 

The legs of the scaffold may be made of the solid timbers (F,  fig. 45)) 
or the may be built up (E, fig. 45), but in either case they must be 
frame i for raising in two sections and be put together with bolts at a 
s lice about 75 feet from the bottom. Lay out legs Nos. 3 and 4 on 
t fl e forward side of the tripod and Nos. 1 and 2 on the rem 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 be cut and laid out ready for send- 
ing aloft. 

only tem orarily. All other a iagonals and a 1 1 the horizontal ties on 

RAISING THE SCAFFOLD. 

Before starting to raise the scaffoldFemove the diagonals on the 
anel where the top and bottom sectlons are joined and take the 

golts out of the leg splicts. Carry the two top sections to the base 
of the tri od and lean them against the tripod in position to be sent 
aloft. T B e first section of the scaffold may then be raised by fol- 
lowing the directions for raising the scaffold of a 60-foot slgnal. 
After completing the first section overhaul the hoisting tackle and 
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attach the bridle ropes a few feet above the centers of the two framed 
sides of the upper section and hoist them aloft. As each of the two 
framed sides of the upper section is raised transfer the hoisting lines 

The hoistiiig lines should be 

two sides of the upper section have been raised to the required height, 
two men aloft can put the bolts in  at the splices, and the scaffold can 
then be completed in accordance with the general directions for a 
60-f oot signal. 

ys from the lower section to it. 
and attac F ed near the top and the guys near tile bridle rope. When the 

PLUMBING SIGNALS AND MARKING STATIONS. 

VERTICAL COLLIMATOR. 

An instrument called a vertical collimator is used for centering 
the tower over the mark at  a previously established station, for 
ing a mark under a new tower, or for centering a theodolite or amp 
over rz station mark. 

The collimator shown in figure 46 consists primarily of a.telesco e 

objective and the eyepiece to bend the light rays a t  right angles. 
The objective end of the telescope is mounted vertically in a bracket 
collar which is supported by a tribrach with three leveling screws. 
The eyepiece end is horizontal and can be rotated about a vertical 
axis through an angle of about 300". The cross hairs mounted on the 
diaphragm of the eyepiece can be adjusted to the optical axis of the 
telescope by pointing oil some object and swinging the eyepiece end 
of the telescope around the vertical axis. A level bubble is attached 
normal to the vertical element of the telescope and revolves with it. 

The collimator is so constructed that it can be mounted on an 
ordinary theodolite tripod. The tripod should have an adjustable 
head which will permit of some horizontal motion of the instrument 
to facilitate plumbing the collimator over or under a definite point. 

The adjustment of the instrument is simple. The level is first 
adjusted by the ordinary method in order to make the bubble remain 
in the center as the telescope is rotated about the vertical axis after 
the instrument has been leveled. The eyepiece is then adjusted by 
pulling it out or pushin it in until the cross wires are in focus and 

is pointed on some object, as the eye is moved horizontally over t e 
eyepiece. The intersection of the wires is then adjusted to make the 
pointing on the object remain fixed as the telescope is rotated about 
the vertical axis. This adjustment is made by turning the capstan- 
headed screws in the collar of the eyepiece and thus shifting the 
diaphragm which carries the wires. At least three of the screws 
should be loosened \Then making the adjustment and they should not 
be set up too tight when the adjustment is completed. When the 
instrument has been placed i n  perfect adjustment and when it has 
been properly leveled by centering the bubble in two positions of 
the eyepiece end of the telescope at right angles to each other, the 
line of collimation will be a line with R right-angled bend and with 
one leg truly verticaL 

I f  a vertical collimator is not available, the centering can be done 
with a transit or a theodolite. The theodolite should be in good 
adjustment. Make certain that there is no parallax in the eyepiece 

?lac- 

of the "broken" type, that is, one having a 45" mirror between t % e 

R there is no apparent shi B ting of their intersection, when the telesco e 

514081 0 - 43 - 3 
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by adjusting it until there is no apparent movement of the inter- 
section of the wires over an object on which it is pointed when the 
eye moves back and forth in f ront  of the eyepiece. Also see tha t  the 
stride level is in  good adjustment. Set up the theodolite at a distance 
from the tower about equal to the height of the tower and level it 
carefully by using the stride level. Using the slow motion screw 
point on the center of the tripod, or light stand, that is, on one oi! 
the marks which will be used in centering the theodolite and light. 
Plunge the telescope down to the ground under the tripod and mark 
upon a horizontal board a line coincidin with the path of the 
collimation axis as it crosses the board. B ove the theodolite to a 
point about 90" around the signal and repeat the process. The  
intersection of the two lines will be vertically below the center of the 
tripod head or  light stand. I f  the mark is already established, the 
reverse process can be used to plumb up to  the tripod head. 

PLUMBING OVER AN OLD STATION MARK 

When a signal is built over a previously established station mark, 
the opening between the three legs a t  the top of the tripod should be 
approximately centered over the station mark before the tripod legs 
are anchored. I f  the footplates have been carefully leveled and 
measurements for placing them made with reasonable care, the tripod 
head will seldom be more than 1 inch off center when the signal is 
erected. I f  necessary, however, the tripod can be shifted on the foot- 
plates or  one leg wedged up to bring the center of the tripod head 
approximately over the station mark. To center the hole in the cap 
plate directly over the station mark, set u p  the collimator over the 
mark, and adjust and level it. Move the cap plate until the hole 
marking the center is directly in line with the vertical line of sight 
and then secure the plate to the top of the tripod head. 

PLUMBING IN A NEW STATION MARK 

I n  general, the signal is built first a t  a new station and then the 
stadion mark is put in place. A small stake is used for the central 
point in laying out the ground plan of the signal. After the tower 
has been built, a point on the ground directly beneath the hole in the 
cap plate of the light stand is determined as follows: Set  up the 
collimator on its tripod over the approximate location of the station 
and adjust and level the collimator and attach the plumb bob. By 
sighting through the collimator at the cap plate a close estimate 
can be made of the distance the collimator must be moved to place 
i t  directly beneath the hole in the cap plate. A piece of board may be 
placed on the ground beneath the plumb bob and the point marked 
on the board for the new trial centering of the collimator. The col- 
limator is then centered roughly over the new trial point by use of 
the plumb bob, and then is again accurately leveled. Usually the 
collimator is now close enough to the vertical line through the hole 
in the cap plate so that the final adjustment can be made on this 
second trial by shifting the adjustable tripod head. After the col- 
limator has been so placed that i t  is apparently in the vertical line 
through the station, its acljustinent should be tested bv turning the 
eye end of .the telescope around the vertical axis of tfie instrument 
and watching for tiny apparent movement of the cross hairs on the 
object. 
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FIG. 47.-EXAMPLE OF 120-FOOT SIGNAL. 
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FIG. 48.-EXAMPLE OF 120-FOOT SIGNAL WITH SUPER- 
STRUCTURE AND POLE. 
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FIG. 49.-OLD TYPE OF SIGNAL. 
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FIG. 50.-TRIPOD SIGNAL MADE OF THREE TREES. 
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FIG. 51.-SIGNAL CONSISTING OF TREE IN PLACE OF TRIPOD AND OF 
SCAFFOLD MADE OF POLES. 
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LOCATION OF SURFACE A N D  UNDERGROUND MARKS.  

When marking a station with both underground and surface marks 
it is necessary to construct 9 bench over the points to hold a posi- 
tion from which to center both marks. The most practical method is 
to drive 2 by 4 inch stakes approxlmately in line with the station 
on opposite sides and each about 1 foot from the edge of the hole 
which has been dug for  the concrete mark. The stakes should be 
driven firmly into the ground and should project about 1 foot. Place 
a piece of 1 by 4 inch board across the top of the stakes and drive a 
nail through one end of i t  into the top of the corresponding stake. The 
board should then be carefully set until one edge touches lightly the 
plumb line of the collimator. A hail should then be driven part wa 
into the top of the other stake alongside of the board and a fine notc 
cut on the edge of the board where the plumb line from t.he collimator 
touches it. The underground mark and surface mark can then both 
be plumbed in from this mark on the board. When the bench is not i n  
use the board can be swung around out of the way, leaving i t  attached 
by the single nail to  the one stake. The free end should be supported 
in this position to  prevent strain on the stake. The board can be 
swung back into exact position when needed, provided the stakes have 
not been disturbed. 

The marking of a new station normally is done by the building 
party after the signal tower has been erected. Several days may 
elapse before the tower is used by the light,keepers o r  observing unit. 
Regardless of the care that  may have been used by the building party 
in centering the mark under the tower, the observing unit should 
always test the centering with a collimator when i t  reaches the sta- 
tion and should determine accurately any eccentricity of the tower. 
I f  there is any eccentricity, and the lights were shown eccentrically 
for the observations already completed on the station, the records 
should indicate this clearly. I f  the tower is then recentered, the 
records should show clearly what observations were made to  and from 
the true station. Extreme care in centering instruments and lights is 
very important on first- and second-order triangulation. Even on 
third-order triangulation, the centering must be done carefully, espe- 
cia11 on short lines, if satisfactory triangle closures and accurate 

:: 

resu 9 ts are to  be obtained. 

VARIOUS TYPES OF SIGNALS 

TRIPOD A N D  SCAFFOLD SIGNAL 120 FEET IN HEIGHT 

Figure 47 shows a 120-foot signal with a shore brace 6 inches square 
on each scaffold leg set at an angle of about 45'. The top end of each 
brace is notched to fit the corner of the scaffold leg and spiked fast 
just below the second tie, as shown in the figure. The lower end is 
set on a footplate and anchored in the same manner as the legs of the 
scaffold. The  shore braces serve as additional :inchol.ages and relieve 
the strain on the base of the scaffold legs in time of a heavy blow. 
Otherwise the signal is constructed in the same manner as  the 100- 
foot signal. The signal shown in Figur6 47 was raised in one section 
by using the tall tree directly back of the signal as a derrick. 
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TALL BIG'NAL WITH SUPERBTRUCTURE AND POLE. 

Figure 48 shows a 120-foot signal with a &foot superstructure 
and 115-foot pole. The to of the pole is 275 feet above the 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 made in 

board on top of the superstructure, the center of each opening being 
directly over the station mark. The pole was hoisted inside the 
tripod. Sections were added to the bottom of the pole as it was 
hoisted aloft. When the top of the pole passed through the top of 
the superstructure, the targets and to guys were 

the pole just above the top of the superstructure. 8 set of r y s  was 
put on at each splice, or 16 feet apart, as the splice came a ove the 
top of the superstructure in hoisting. When the top of the pole was 
about 35 feet above the top of the superstructure, a turn was taken 
around the y osts with each u leaving about 2 feet of slack in 
each gu . t f e  pole was raise8 t%te uys were slackened as needed. 

was about 6 feet above the tripod head and was held in place by a 
guide made of two 2 b 4 inch pieces placed across the superstructure 

superstructure. Two pieces of 1 by 4 inch boards were nailed at  right 
angles to the guide timbers to hold the foot of the pole. At the top 
of the s'u erstructure two 2 by 4 inch pieces were nailed to opposite 

thus sup ort the weight of the pole. 

taken on each guy. It was then care ully plumbed with a small 
theodolite or transit and all guys made fast securely. The two top 
sets of guys, which held that part of the pole to which the target 
was attached, were made fast to separate sets of posts, and not more 
than three guys altogether were made fast to any one post. The 
target shown on the top of the pole is a 7-inch stovepig;o yahahdted 
black. Other types of targets may be used on a signal o t s . 

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

s E own in Figure 37. The legs of the superstructure are 2 by 4 inch 

the cap block on the tripod head an 5 the same size opening in the 

rut On. The was then hoisted 16 feet higher, and t K e next set o uys were put on 

When t i e  pole had been raised to the % esired height, the bottom end 

on opposite sides of t i e pole, with their ends spiked to ties of the 

sides of t f e pole to rest on crosspieces on top of the superstructure, and 

The PO P e was made about plumb and a proximately the same strain P 

OLD TYPE BIGNAL. 

Figure 49 shows a tripod and scaffold signal 152 feet high. This 
is the old-type signal wlth the large base. There is no bow in the 
legs, and on account of the large base it is necessary to have an addi- 
tional leg extending part way up in the middle of each side of the 
scaffold and tri od. This type of signal re uires about double the 
amount of lum er per vertical foot require2 for the ty  e shown in 
Figure 47, and the cost is about double that of the slen er 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. 

a B 
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TREE SIONALB. 

Figure 50 shows a signal made of three trees. The trees were 
trimmed up and sprung toward each other with rope tackles. Tim- 
bers were then spiked across to form a triangle, as shown in the 
illustration. These timbers supported the floor for the 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 a repeating theodolite and the observer stood in 
one osition while the pointings and readings were made. The height 
of t I? e instrument was 187 feet above the Station mark. 

/ I' 

I l l  \ \ 

hQ. 52A.-DisgnUn of 8 pole signsl. 

Figure 51 shows a scaffold constructed of poles around a large 
tree. The tree was used in place of the tripod to support the instru- 
ment and the scaffold supported 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 lines to make the stations 
intervisible from the ground. This illustrates one solution of one of 
the many problems that may be met in extending triangulation 
over a timbered country. 

POLE SIGNAL. 

Figures 5 2 ~  and 5 2 ~  show two different t es of ole signal each 
held in a vertical osition by wire guys mt T l P  the oot of the pole 

driven in the ground on either side of the station mark, with a piece 
resting on a low g each. The bench may be made of two stakes 
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of scantlin laced across on top and nailed to them. The foot of the 
pole shoulfifave a spike driven at  its center projectin about an inch 
and when the pole is erected this spike should be p 9 aced in a hod 
bored in the cross iece of the bench directly over the station. 

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

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

Each set of guys s g odd consist of four wires of No. 12 smooth 

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

Fro. 5Z~.-Diagram of B pole signal (another type). 

after the pole has thus been replaced, but it will usually be found 
that it has not been disturbed. 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. 

SIGNALS FOR PRECISE TRAVERSE. 

On precise traverse it is seldom necessary or advisable to build 
hgh tri od and scaffold sigpals. The maximum height is about 40 

tripod stand. dl signals of this t pe are made of 2 by 4 inch timbers 
feet, an a the hei ht  most commonly used is from 4 to 16 feet for the 

for the legs and 1 by 4 ihch pieces s 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 the observers 9 

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

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

eye when he 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 necessary 
braces of 1 by 4 inch pieces to make the tripod rigid. A temporary 
observing platform (fig. 54) can $hen be built around the tripod. 

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

T a r g e t s . 4 n  recise traverse many of the lines are short and 

use of targets to avoid phase and to have that part of the tar et on 
which observations are made directly over the station mark. %, has 
been found by experience that the only target that wil l  satisfy these 
conditions and re uirements is a flat surface facing directly on the 
line to be observe], and the flat board target shown in Figure 59 has 
proved to be the most satisfactory. This target 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. It is used on lines 1 mile or more in length. For shorter lines 
a 1 by 4 inch target rojecting 4 feet above the tripod head issufficient. 

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

Portable tripod and scaffold signals.--On precise traverse 
where the character of the country makes it necessary to erect tripod 
and scaffold signals of 16 to 20 feet in height at the majority of the 
stations time and money can be saved by the use of portable signals 
that can be moved from station to station. Any signal up to 20 feet 
in height can be easily transported on a motor truck or on a small 
trailer attached to a motor veloci ede car, if such are used. 

Figure 60 shows several trip01 and scaffold signals nested on a 
trailer. The large tripod shown is 20 feet hi h when erected. Smaller 
tripods are nested inside the larger one. 'fwo or more of the larger 
tri ods may be nested if necessary. 

gigure 61 shows the 20-foot portable si nal,consisting of tripod 
and scaffold erected over the station. It wfi be noted that the si nal 
is complete except for the floor to support the observer. The loor  
used for this purpose is 6 by 7 feet made of $-inch boards in three 
sections. The floor is only needed while the observer is at work on 
the signal 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 a combmed party. 

The tripod o P the signa3 shown in Figure 61 is nailed together and 
transported whole. In  framing the scaffold sides Nos. 1 and 3 are 
framed, and the ties and diagonal braces are nailed in place. The 
ties and diagonals for sides Nos. 2 and 4 are framed and put on with 
bolts. Each iece is numbered on the ends and the same number 
laced on the P eg of the sctiffold a t  the place where the brace bolts on. 

h e n  the signal is taken down to be movcd forward, it is only 
necessary to remow the bolts from the ties and diagonals on sides 

The targets should fl e made of well-seasoned lumber of No. 1 grade 
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, 

a 
I"x 4" 

FIG. 58.--Fvorking drawing of 3O-foot traverse signal. 
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FIG. 53.-INSTRUMENT STAND. 

FIG. 54 ,a INSTRUMENT STAND AND PLATFORM FOR OBSERVER. 
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I FIG. 55.-EXAMPLE OF SIGNAL USED ON TRAVERSE. 

. 

FIG. 56.-TRIPOD O F  TRAVERSE SIGNAL WITH TARGET. 
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FIG. 57.-SIGNAL 30 FEET H IGH USED ON 
TRAVERSE. 

514081 0 - 43 - 4 
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FIG. 59.-lNSTRUMENT STAND W I T H  TARGET. 

FIG. BO.-NEST OF PORTABLE TRIPODS AND MATERIAL FOR SCAFFOLDS LOADED 
ON A TRAILER WHICH IS HAULED BY MOTOR VELOCIPEDE CAR. 
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FIG. 61.-PORTABLE SIGNAL 20 FEET HIGH ERECTED. 
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Nos. 2 and 4. “he le for both tripod and scaffold are made of 2 by 
4 inch timbers and $ties and di onals of 1 by 4, except the ties 

erect a signal of this type in about threequarters of an hour and wi l l  
take i t  down in 20 minutes. 

If the signal is to be erected over a mark at the intersection of two 
rail tangents or on line with one tangent, a temporary point on a 
stake should first be lined in. Set the tripod upright over the stake 
in approximate position by placing each leg the same distance from 
the mark. This will determine where to dig the hole for each tri od 

deep or to the solid subsoil. If the ground is very uneven, the tri od 

legs of the tripod and on the same slant as the leg. The low legs are 
then raised to bring the lower tie horizontal and nailed to the stakes. 
Before nailing the legs to the stakes, however a heav lummet 

headplumbedover the temporary mark. 8ach leg is anchored by 
driving two stakes a t  an angle of about 30’ to each other and a t  a 
slight lnclination to the vertical and naillng them to the leg. The 
scaffold is erected in a similar manner. 

For a 20-foot portable signal the lower tie on the tripod is 7 feet 
long and the board a t  the tripod head is 14 inches long. The lower 
ties of the scaffold are 8 feet long and the floor tie is 6 feet lon The 

end of the legs. 

which support the floor timbers, w 5l ’ch are 2 by 4. Two men will 

leg. The holes should be about 15 inches square and about 1 P oot 

may be leveled by driving a 2 by 4 inch stake at each of the two P ow 

should be swung from the center of the tri od Lead an BR t e tripod 

lower ties on both the scaffold and tripod are 2 feet from the % ottom 

depending upon the general l5-l c aracter of the coast. Along a low, 

Thei are usu a i  y spaced 4 or 5 miles apart. For the a ydrographic wor 

erected midway between the high signals. Another type o B hydro- 

gat coast, is known as the water signal. It is K P  ocate quite a distance 

signals are anchored in the desire CB locations, and their positions are 

the shore signals and the floatin si als are visib k e at the same time. 
In each position the location of t % E  e s p is accurately determined from 

HYDROGRAPHIC SIGNALS.’ 

Several different types of s’ nals are used for hydrographic work, 

flat coast it is often necessary to construct * h signals to‘make os- 
sible the location of sounding lines several 3 e s  from shore. TEese 
high signals are sometimes built to a height of 100 feet or more and 
carry lar e targets to make them visible for lon distances. 

not so far out, smaller signals, usually about 40 feet in hei ht, are 

ation along a 

from shore in a depth of water as great as 13 feet, but it rests on the 
bottom and so is not shifted in position by the waves or the wind. 

For hydrographic work so far offshore that it is impossible to see 
signals along the shore floating si nals are sometimes used. These 

then determined by “cuts” from a ship, as follows: The ship is 
anchored in several successive positions near enou h to the shore that 

the shore stations, and then the “cub” are taken on the floating 
signals. 

raphic signal, which is also used in carryin trian 

* See  Hydrographic Manual, Special Pub. 143, revised (1942) edition. 
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INSTRUOTIONS FOR BUILDING TALL HYDROGRAPHIC SIQNAL. 

In the following instructions, si nal refers to the com leted struc- 

the wide lower converging part, superstructure to the slender up- 
right section which surmounts the scaffold, target to the broad sur- 
face fastened to the superstructure to make it 
and anchors to the wires and their fastenin 
secure the target and superstructure against 

Foundation.-Stakes are 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 feet square and 3 feet deep. In the bottom of each 
hole place a foot late 2 by 8 inches and 23 feet long made of two 2 
b 4 inch piecesleld together with 1 by 4 inch pieces nailed across 
d e  ends. S end no time in bringing the bottom of the four holes 
to the same i) evel, but after the footplates are set take a round of 
levels with a carpenter's level, using any one of the footplates as a zero 
bench, and cut the corresponding legs of the scaffold to agree with 
the differences of elevations. 
Scaffold.-A, Figure 62, shows the working plan for the scaffold. 

Outside measurements are consistently shown except in, the spacing 
of the horizontal ties. Two of the sides of the scaffold are completely 
framed and assembled on the ground and raised t,o place with a 
tackle, as 111 the case of a triangulation signal. (See p. 9.) The 
horlzontal ties and diagonal braces belonging to the other two sides 
are then nailed on. 

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

diagonals are laced on the outside of the scaffold, and so the first 
side of a signa P can be framed on the ground and raised without first 
turning it over: but the other side must be turned over on the ground 
to get the ties ancl diagonals iinderneath. 

Framing.-The first step is to frame the four legs and number 
them 1 ,2 ,3 ,  and 4. The legs are made 4 by 4 inches and 36 feet lon 
by using 2 by 4 inch pieces and breakin joints, so that a distance o 

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

center to center, measuring from the top of the le Put 
legs Nos. 1 and 2 on the round in position to frame anf  naiI on the top 

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

k;l?%agonals measure the same, commencing at the bottom panef 
Then lay the pieces for the diagonal braces in place and cut the ends 
parallel with the horizontal ties; nail in lace and saw off the pro- 

nails or 2 by 4 inch pieces and eight enny nails for 1 by 4 inc 
pieces. hen cut the horizontal ties 
and diagonal braces for sides Nos. 2,3,  and 4 by laying each piece on 
the corresponding piece of side No. 1 and cutting to match. With 
a pencil make a cross mark on the outside of the top end of each 

ture, foundation to that part of t E e signal below groun8, scdold to 

that are built before raising it s a ould be observed that the ties and 

(See p. 9.) 

9 
at least 4 feet will intervene between t a em. Stre theneach joint 

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

and bottom ties which i ave been cut to the length 'ven in the work- 

5 

c r  

as zero. 

Next square each panel by using a steel tape and makin 

E ends flush with the outside of t R e leg. Use twentypenn 

5 IectiY 
Call the finished side No. 1. 
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40 " I "x4>12 ' -  160 " " 

25 " 20 " " 

50 pounds 8 penny nails 

$gal. white paint 
f (* black 
12 ydswhite muslin 4 yu"d 8oz.tacks 
2800smooth galv.wireu8-6gu s 
Note: lumber tobedressedYm,, EK -3 

LJST OF TOOLS 
2 hand saws I rupe, {in. 125' 
I axe 2 ropes.2 in. 60' 
I carpenters level Irope, iin.200' 
I bevel 3 6in shingle block 

.- A I trysquare I s p d e  
z rules I shovel 
I hatchet 2 paint brushes 

A-comp/eted skna/. 2 clawhammers 

Fro. 62.-Worging drawings for tall hydrographic slgnal. 
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diagonal and assemble the arts for sides Nos. 2 and 4 in a manner 
convenient to be sent do&. Before raising the scaffold cleat the 
1 

to raise. Attach two ropes to be used for ys after the si e is up. 

for ra i s i i  the side. One block is made fast to a post about 20 yards 
back from the scaffold and the other is made fast near the top of the 
side to be raised. Start the side up by using props; then raise to a 
standmg position with the tackle and make the two guy ropes fast to  
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 be un erneath. 
In placing the legs on the ound for framing select a position such 

with 1 by 4 inch ieces 1 foot long, s aced about 2 feet apart. 

B %&ing.-Drag sige No. 1 back to ho s es Nos. 1 and 2 in osition 

A tackle made of two single blocks and 200 Fl eet of 3-inch rope isused 

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

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

% 

Anchors for 
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. 

FIG. 65.-SENDING T H E  TARGET OF A HYDROGRAPHIC SIGNAL ALOFT. 

I 
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the ground cuts the pieces and sends them up by means of a hauling 
line. The superstructure may be built 80 or 90 feet above the 
ground before it is necessary Jo  put on any of the wire guys. 

Iyx4-x 3' -. 

FRONT VIEW 
Fro. 84.4dethod of strengthening the juncture of the superstructure and d d d  of a tall hydrographic 

m. 
al from 80 to 90 feet in hei h t  the 

anchors should be about 40 yargf rom the base of the sign5. Six 
anchors should be used for a signal with a target showing in one 

Anchors for guys.-For a si 
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direction and eight anchors for a signal with two targets a t  right 
angles to each other. There should be one anchor opposite each 
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 feet deep. Lay an anchor timber 8 feet long and not less than 4 
by 4 inches in section in the trench and fill the trench with earth to a 
level with the top of the timber. Then nail scraps of lumber across 
each end of the timber and fill in the ends of the trench with earth, 
leavin the middle of the trench open until the guys have been made 
fast. %ore scra lumber is then nailed across the middle part of 

be icked u on the beach. 
&ys.-'fhe guys should be No. 8 smooth galvanized wire in three 

sets, each set consistingof aguy to each anchor. One set is made fast 
at the top of the su erstructure; another set 11 feet below the top, 

or at 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. &en 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 pade fast to the standin part. Tighten the top set of guys 
first and the lower set last, as t k s  brings more nearly an equal strain 
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 it is a target of the 
same size but painted wkite. They are made of dressed boards + by 
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. 

in addition there should be one anchor 5 irectly in front of each target 

. I  

the timber and t f e trench Wed. Timber for the anchors can usually 

or at the middle of t % e target; and the third set 22 feet below the top, 

a tackle made of two sing B e blocks carrying +-inch rope. One block 

Targets.-& Figure 62, shows one side of the signal. 
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Frames covered with muslin are fastened to the superstructure 
below the tarmet. Two of these frames, each 16 feet long by 3 feet 
wide (see E, f?g. 62), are made and covered with white muslm, then 
sent aloft and nailed on the su erstructure below the targets, as 
indicated at A in Figure 62. !he completed signal is shown in 
Pi ure 67. 

kotes.-The signal described above mas designed to be visible for 
IL distance of from 10 to 12 miles for hydrographic work. It is 
constructed at  a very low cost for material and labor and yet is strong 
enough to withstand any ordinary wind and most storms without 
injury. Signals of this t pe of an average height of 80 feet were 
built along the coast of horida in 1915 at a cost of about $1 per 
vertical foot, including all materials, pay and subsistence of party, 
and transportation of party and outfit. Two men built a signal m 
two days on an average after the material was on the ground. 

Should it be necessary to increase.the size of the tar et  after the 
signal has been com leted, the superstructure may be %uilt up the 
required amount a n 8  additional sections of the target placed above 
the part already in lace, but in no case should the size of a target be 
increased without t K e addition of extra guys. 

TOOLS AND MATERIAL NEEDED TO ERECT TALL HYDROGRAPHIC SIGNAL. 

Tools. 

Ax ................................. 1 
Bevel ............................. 1 
Blocks, single, 6-inch. ............... 3 
Brushes, paint ...................... 2 

-Hammers, claw. ................... 2 
Handaawa ........................... 2 
Hatchet ............................ 1 
Level, carpenter's .................. 1 

Rope : 
#-inch, 125-foot piece ............ 1 
+inch, 60-foot pieces ............ 2 
+inch, 200-foot piece. ._. _._ . ~ -. . 1 

Rules .............................. 2 
Shovel ........................... -. 1 
Spade ............................. 1 
Square, try.. ....................... 1 

kfat&lfOT &-foot &pal .  
Lumber, dressed: 

2 by 4 inches by 16 feet.. .................................... .pieces. . 50 
1 by4inchea by 16 feet.. .................................  do. ... 75 
l b  4incheab 12feet ........................................ do .... 40 + t y  6 inches Cy 12 feet. ..................................... .do. ... 40 

12 
Naile: 

Eightpenny. ............................................... .pounds. . 50 

Paint: 
White gallon.. 3 
Black.. ........................................................ .do. ... 3. 

Tacks, 8-ounce. ................................................... pound.. .) 
Wire, smooth galvanized, No. 8. .  .................................... .feet. . 2,800 

M u a h ,  w h  te... .................................................. yards.. 

Twentypenny .................................................. .do. ... 25 

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

TALL HYDROGRAPHIC SIGNAL E. 

In 1917 some tall hydro aphic signals were constructed which 
had large board targets 16 50 feet and on this account required 
additional strength rn the superstructure, guys, and anchors. The 
superstructure was made 3 feet square, and all joints in the legs were 
remforced with 2 by 4 inch pieces, 4 or 5 feet long. Twelve anchors 
were used for the m e  guys, two opposite each corner in line witb the 
diagonal of the ground plan of the signal, two directly in front of the 
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signal tar et, and two directly behind it. For a 100-foot signal one 

the second set 45 to 50 yards. 
Five gu s were attached a t  different heights to each corner of the 

signal an B four guys to the front and four guys to the back of the 

set of anc % ors were placed about 30 to 35 yards from the signal and 

SIDE VIEW 

Fro. 68.-ElevaMon of water signal. 

target. The corner guys were attached at  0, 8,  24, 40, and 52 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 gdvanized 
wire except the corner guys at 0 and 40 feet from the top, which 
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were No. 4 smooth galvanized wire. 
Wire and 350 pounds of No. 6 Wire were required for each signal. 

About 200 pounds of No. 4 

WATER SIGNALS FOR TRIANQULATION AND HYDROGRAPHY. 

Along certain sections of the coast it is sometimes desirable to 
locate a station in the water some distance from the shore. In  some 
cases theposition of this station is determined by observations from 
land stations. In other cases it 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 it is to be occupied with an instrument it must 
be steady enough to permit accurate angle measurements. 

FIQ. B.-Plaa of water signal. 

The t e of water signal described below is one that has been used 

of the tripod instrument support of this signal are shown in Figures 
68 and 69, and the different steps in its construction are shown-in 
Q u r e  70. The tripod has a large spread a t  the base to minimlze 
the amount and effects of any unequal settling in soft bottom and 
has an extensive system of bracing for r' idit . A vertical stake 
attached to the foot of each leg of the tripof miweights in the form 
of bags of sand placed on platforms attached to each foot help to 
prevent any shift of osition of the s nal. The tripod is designed 

where the greatest rigidity is required and to offer the least possible 
resistance to the waves at  the surface of the water. The twisting 

successf 3 y in depths as great as 13 feet. The elevation and plan 

so that the center of g racing is well be '"1 ow the surface of the water 

514881 0 - 43 - 5 - 
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motion caused b the waves acting unequallx on different arts 6f 
the structure is 55 y far the greatest factor to be considerekin ob- 
taining a rigid structure. 

A 

B 
ELEVATION 

e<<& PLAN 

B 

ELEVATION 

PLAN 

C D E 

ELEVATION ELEVATION ELEVATION 

F 
PUN PLAN PLAN 

FIG. 70.-Steps in construction of water signal. 

The tripod is built on shore, carried into the water and launched, 
towed to  the desired location, and h a l l y  placed in position and 
weighted down. 'The scaffold for supporting the observer is then 
built independently of the tripod. The size of the structure de ends, 
of course, upon the depth of water in which it is used. The &men- 
sions given in Figure 68 were found suitable for a depth of 13 feet. 
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CONSTRUCTION. 

For building the tripod a level place on the beach is selected as near 
as ossible to dee water and not too far  from where the station is 

two 2 by 4 inch pieces 8 and 16 feet long, respectively, is placed in a 
vertical position and held by temporary sup orb.  The three bottom 
members B are then placed on the groun! in a level position at 
angles of about 120' with 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 

to f e located. T g e bottom section of the center pole, consisting of 

on another 2 by 4 inch piece 16 feet long. $ he lower diagonal braces 
C (see B, fig. 70) are next nailed in 
has again been extended the upper 

and after the center pole 
or legs D are put on. 

legs D at about the The horizontal braces E are then 
same height as the tops of the C diagonals. The members F (see D, 
fig. 701, 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 69 in order to insure a rigid 
structure. 

The dimensions of the various members are shown in Figure 68. 
The materials needed for the signal are given in the list on page 38. 

Launching and towing.-Twelve men are required to carry the 
tripod into the water. When a de th of about 3 feet has been reached, 
the tripod is put down and turne c f  over on its side. The overturnin 
movement is controlled by attaching a line to the leg being raised an 
keeping this line taut after the balancing point has been passed. The 
water also helps to retard the movement and prevent injury to the 
structure. The tripod is floated in the overturned osition by means 
of lines from the two submerged legs to the bow an B stern of a whale- 
boat and a line froin the end of the center pole to a dinghy. After the 
tripod has been raised just enough to clear the bottom it is towed to 
the ship by a launch. Barrel buoys are then substituted in place of 
the boats to float the signal, and the shi is used to tow it to the 
desired position, using care not to allow t Fl e barrel buoys to become 
submerged. 

Uprighting tripod.-When the tripod is released form the buo s 

ends of two of its le . Temporary weights can be used to hold it in 

on the foot of the leg and attached four wires to different parts of the 
platform for use in guiding the wei hts when the tripod has been 

and a similar platform with wires attached is built at the foot o t b  
leg. After the third leg h,as been completed in the same way the 
tnpod is uprighted by lifting the end of the center pole a few feet 
above the water, usin a line to the ship if necessary. 

tripod down. They may be placed in position by attaching a wire 
loop to the neck of each bag and letting this loo slide down one of 
the wires attached to one of the three platforms w%le the wire is held 
i-ertical. The bags should he lowered carefully with a slip line. 

% 

in 10 or 12 feet of water, it  will tend to rest on the bottom on t I e 

this osition. The Y eg which projects out of the water can then be 
boar f; ed by two men, who built the platform for holding the weights 

uprighted. The tripod is next rolle 2 over to bring another le up, 

About 60 cement % ags filled with sand are needed to weight the 

P 
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After all the bags have been lowered the guide wires should be attached 
securely to the tripod. 

If necessary to add a superstructure to elevate the instrument, it  

of the main tri od and properly braced. (See fig. 71.) It shou Y d 
should be built in the form of a slender tripod attached to the le 

not be extende 2 more than 12 feet above the apex of the main tripod. 
The target is attached to the top of the su erstructure in such a way 

target is removed and the 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 driving pipes into the bottom, to each of which a scantlin 
lashed with m e  seizing. The necessary bracing and floor can t en 
be attached to these legs. (See fig. 72.) 

that it may be detached easily. When t E e station is occupied, the 

% is 
LIBT OF MATERIAL FOR WATER BIONAL. 

%pod instrument support. 

Bsgs cement, containera for sand ballast. .................................... 
Lumber, rough: 

60 

2 by 4 inches by 18 feet. ........................................ .pieces. . 9 
2 by4inchea by 16feet.. .............................  do. ... 15 
2 by4inchea by 12feet ........................................... do.. .. 4 
2 by4incheaby8feet ............................................ do .... 8 
1 by 2) inches. ............................................ .linear feet. . 72 
1by2inches .................................................... do .... 112 

Marline,fortyingbags ................................................ feet.. 140 
Nails: 

Twenty-penny .................................................. .do.... 10 
Ten-penny. ..................................................... .do.. .. 10 

Telephone No. 5, for guide wires. ............................... .feet. ... 240 
Telephone No. 10, for attaching bags to guide wires. .............. .do.. .. 200 

F 0 r t y - p ~ ~ ~ ~ .  ................................................. .p~undEl. . 10 

Wire:. 

Superstructure. 

2 by 4 inches by 16 feet. ........................................ .pieces. . 5 
2 by 3 inches.. ............................................. .board feet. . 48 
lby3inches .................................................... do .... 24 

0 bsmers stand. 

Lumber, rough: 

Lumber: 
1by6inches, forfloor. ..................................... boardfeet.. 14 

2 by 4 inchea by 16 feet. ................................... .pieces. . 6 
2 by 4 inches by 10 feet.. .................................... .do.. .. 3 

%ugh- 

2 b 3inchesby 16feet ....................................... do .... 7 
Pipe, 24 in$@ in diameter, 20 feet long. ............................ .do. . . . .  3 

FLOATING HYDROGRAPHIC SIGNAL, THREE-BARREL BUOY.a 

The following type of floating si a1 has been used with success 
by parties on the Atlantic coast: k e e  barrels, each of 50-gallons 
capacity, are fastened together, bilge to bilge. They float upright 
and support a center pole 4 inches square by 23 feet long. A concrete 
counterweight, wei hing about 700 pounds, is cast on the bottom of 
the center ole to ti old the signal upright. A target of two crossed 
banners of t r o u e  screening, each 6 by 8 feet, is bolted to thecenter 

:I See footnote on page 27. I 
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FIG. 71.-COMPLETED WATER SIGNAL IN PLACE. 

FIG. 72.-WATER SIGNAL WITH SCAFFOLD FOR 
OBSERVER. 
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1 

FIG. 74.-THREE-BARREL BUOY SIGNAL. 
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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 
the barrels. A 1,500-pounEoncrete block is used as an 
The anchor line is +-inch wire rope, except for an 18-foot 

4 

-. . 

T 0 

- l 

ma. 73.-Working drawing of the three-barrel buoy signal. 

chain next to the anchor, and has a thimble spliced in the upper end 
for shackling to the buoy. 

In constructing the buoy two 01 the barrels are laid side by side 
on their bilges and temporarily secured. The center pole is laid on 
to parallel with the barrels and with two of its faces tangent to their 
b&es. The center pole is notched sli htly to receive the to barrel, 
whch is placed on top of and paralle 7 to the other two. $his top 
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barrel will naturally rest on one barrel and the center pole. Wooden 
wedges are used as necessary to fill in any space between the barrels. 
"he three barrels are lashed together, using severd, turns of &-inch 

LOWER JOlNT 

%DE MEW CnOSS-SCCTlow 

.ANCHOR 

COUNTERWEIGHT 

FIG. 75.-WO&ing drawing of one-barrel buoy signal, 6rst type. 

alvanized wire at  each end of the barrels just below the hoops. 
h e s e  two lashings are cross lashed and all are set taut with a Spanlsh 
windlass. Four cross pieces 3 by 4 inches notched to receive the 
chimes of the barrels are nailed to the center pole, two at  each end of 
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the barrels, and lashed together with +-inch galvanized wire. These 
cross braces are to prevent any movement of the barrels alon the 

6 inches be ond the barrels, and the p y  wires from the target 

diagonal braces 2 by 3 inches and 6 feet long are run from the bottom 
cross pieces to the lower extension of the center pole for additional 
stiflerung. (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. The bottom of the counterweight should be 
about 12 feet from the bottom of the barrel. A wire rope loo for 

counterweight as the anchor line pendant mentioned in the next para- 
graph and in line with it. When handl' the buoy, two tackles are 

and the buoy is hoisted or lowered while horizontal. 
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 immediately after hoisting. 
k s  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 

center pole. The cross pieces a t  the top of the barrels extend a B out 

are secure c9 to them and set taut mth  a Spanish windlass. 3;) 

tackle fastening is cast in the counterweight on the same side o s the 

used, one fastened to this loop and the 7 ot er to the anchor pendant, 

the free end is made fast to the 5 uoy at  the water line. The anchor 

target, is shown in 5 igure 74. 

plete buoy, includmg anchor and counterweig P t, can be readily con- 

built by members o f the ship's crew whge on the working grounds. 

and picked up again than the three-bmel buoy B escribed on page 72. 

quickly and at  much less cost than the three- t arrel buoy. 

An anchor pendant 3 feet lo 

FLOATING EYDROGRaPEEIC SIGNAL, ONE-BARREL BUOY. 

The construction of the one-barrel buoy signal is clearly indi- 
cated in Figure 75. simple, and the com- 

structed aboard shi in a limited deck s ace. It can therefore be 

Five or more of these buoys may be conveniently nested in a limited 
space on deck by unshackhg the counterweight and anchor and 
removing the target. 

Experience has shown that this type of s i p a l  buoy, because of 
its much hghter construction, is more easily lanted" in position 

The target remains visible to the observer to practically as reat a dis- 
tance as the target of the three-barrel buo It can be % uilt very 

This type of signal is ve 

Hataials far onebwrel buoy &nul. 
Bar, iron, f by 3 inches.. ............................................. .feet. . 
Bolta, f b 6 inches, with nuts apd waahem.. ................................ 

Lumber: 
2 by 4 inches by 16 feet.. ..................................... .pieces.. 
1 by 4 inches by 16 feet.. ...................................... .do.. .. 

Nails, e htpenny.. .............................................. .pounds. . 

Rod, iron: 
iinchindiameter ............................................... feet.. 
.4 inch in diameter. ............................................ .do.. .. 

B d ,  wooden, oil ......................................................... 

Cloth. .............................................................. .yard. . 
Cement, 8 ortland. .................................................. .bag. . 

Paint, b lf ack. ..................................................... .gallon. . 

21198"-2U 

22 
2 
4 
1 

24 
3 
2 
4 

gi 



B 

Bamboo p k s  24' long 0 
*& 

to5 fathoms of chain 

spi 

a 
FIG. 76.-Wmking drawing of onebarrel buoy signal, seeond type. 
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Rope: 
Manila, 34 inches in circumference. .............................. .feet. . 
f-inch stranded wire. ........................................... .do.. .. 

Screen, wire, black ........................................... quare  feet.. 
Shackles, G.  I.: 

180 
5 

32 

f-inch ................................................................. 5 
f-inch ................................................................. 2 

Tacks, 6-ounce. ................................................. .package. . 1 
Thimble% G .  I.: 

l-inch.. ............................................................... 3 
$-inch ................................................................. 2 

Another type of one-barrel buoy signal is shown in Figure 76. 
It is made of a 50-gallon steel oil drum, carrying a framework to which 
a bamboo superstructure and a suitable counterweight is attached. 
The drum is tested for leaks and painted with red lead. The frame- 
work is made of 2 by 4 inch pieces, notched to  fit the projections on 
the drum, and is bolted and lashed together as shown in A,  Figure 76. 
Four bamboo poles each 24 feet long are lashed securely to this 
framework and the tops of the poles are lashed together. A s reader 

and securely lashed to them with marline. 
White signal cloth is sewed to the poles between the spreader and 

the point where the poles come together and two black flags are 
attached to the to of the poles. 

and is secured to the lower ends of two extended frame members, as 
indicated in A, Fi ure 76. This counterweight should weigh approxi- 

It may be made of 
concrete reinforced with junk iron and should have a chain bridle 
properly secured, as shown in B, F' ure 76. A convenient form for 
the concrete may be made of three3iscarded motor truck rims piled 
on edge. From 3 to 5 fathoms of chain should be attached to the 
bridle in the anchor. The anchor cable should consist of $-inch 
flexible galvanized-steel ro e with a swivel at  each end, one end 
shackled to the chain lea dp ing from the anchor and the other end 
shackled to the chain bridle secured to the extended frame of the 
buo (See A, fia. 76.) 

T t e  anchor anzthe framework around the drum may be constructed 
ashore over week ends while the ship is in port for coal. The rest of 
the signal may be constructed aboard shi . 

When reparin to plant a buoy the ca B le is secured to the anchor 
and is le B E  along t e outside of the rail, around the stern of the vessel, 
and u the port side to the buoy which is launched from the forward 
port B avit. After the buoy is lowered into the water the vessel 
roceeds slow ahead full left until the buoy has cleared the port side. 

&he wheel is then thrown full right to bring the buoy on the star- 
board quarter and ive a clear lead to the anchor. The anchor is 

has been taken out of the cable, is cut away. 
Fourteen buoys of this type were lanted during one season and all 

In  spite of several storms the superstructure on a: 1 buoys remained 
intact throughout the season. 

0 

shown in B, Figure 76, is inserted 8 or 9 feet from the top of t l! e poles 

The counterweig !l t may consist of junk iron, such as old grate bars, 

mately 200 poun 5 s. 
The anchor should weigh about 700 pounds. 

lifted over the side f rom the after starboard davit and, after all slack 

but two remained in place until wor R had been com leted upon them. f 


