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tion, and from this secondary base, the distance from 
T to W was had. The fact that W was not accessible 
from X will perhaps explain the discrepancy of .079 feet 
between the actual and triangulated distance between T 
and W, as a very slight error in the alignment of T which 
was accessible, would account for the difference.

Actual measurements were relied upon for the laying 
out of the work, and the triangulation was simply used 
as a means of detecting any large and appreciable errors 
that might possibly have come into the actual measure- 
mentsL so small a measuring standard being used. 
Actual distance measured with the rod was 5516.908 
feet, which compared favorably with the triangulated dis
tance, which was 5516.860 feet, the difference being .048 
foot, or about yi an inch. The measuring of the centre 
line was considered the most difficult part of the work, 
and the actual measuring of the length of the bridge, 
slightly over a mile in length, took about six weeks cf 
very trying time, especially on account of high winds.

it was only necessary to turn off an angle of 90° 00" from 
the centre line, and to measure out the given distance to 
the centre of the particular foundation. This was done 
by the tape on fairly level ground, but the measuring rod) 
and plumbing arrangement was used on irregular ground. 
This was generally done before the ground had been dis
turbed, and by setting up the transit over the centre of 
the foundations and turning off other angles of 90° 00 > 
four hubs were set that were sufficient for the contractors 
to carry out the work. When the ice was out of the 
river, the river piers were located by triangulation, which 
scarcely need be described. When it was possible to lay 
out piers from the ice, this was done in a similar way t0 
that in which the land piers were laid out.

The initial bench mark was established from prelimi
nary location bench marks, and inside the enclosure at 
hub X a hole similar to one which would have been dug 
for a telephone post, was made. Into this, a $/% inch steel 
rod was driven so that the top of it would be slightly 

below the original ground. Then cofl'

__________x Crete was dumped into the hole around
The hole was then fill®®the steel rod.

in with earth, and the bar carefully re” 
ferenced, so that no unnecessary diggh’j’ 
would have to be done in finding the rod' 
After the concrete hud firmly set, the rod 
was examined to see that it had a well' 
defined top, on which a bench mark was 
established. Other bench marks wer® 
established at convenient points, from 
which, with one “turn,” elevations com 
be given for the finishing of a pedesta 
near same. It was so arranged that 1
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thanwas never necessary to make more 
one turn from any bench mark in setting 
elevations for the finishing of the 'opc 0 
any of the pedestals.

In levelling to establish a system 
benches, difficulty was had in the gettm» 
of fine calm days, and it was rare) 
possible to get two good days in succe 
sion. A Gurley level and sliding targ 

The levelman, aft®^ 

reading the rod, directed the rodmafi 
set the target. This was then read aga 
by the leveller, and if correct, both ro 
men were instructed to read the target^ 
a check on the leveller himself.
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Fig. 13.—Sample Page from Field Book.

th®As it was necessary to proceed at once with the ex
cavations, a great many of these were laid out im
mediately. The “bent” hubs were established by laying 
off the proper distances from the “change” stakes, the 
chaînages of which had already been established as per 
notes in Fig. 13. Owing to the number of haulage roads 
that were to have been opened, and the number of sight
seers constantly walking about, it was decided to have 
all bent hubs protected by a railing on four good posts 
set firmly into the ground, and enclosing a space suf
ficiently large to allow the setting up of a transit inside, 
and all intermediate stakes pulled out so as to avoid con
fusion, and to give the workmen, teams, etc., an ap- 
portunity of working without disturbing stakes. The 
preservation of permanent stakes and hubs was an im
portant question on this work, and a great deal of pains 
was taken to protect them. The “bent” hubs were also 
referenced by means of other hubs set out at considerable 
distances, and approximately at right angles to the centre 
line. It will not be necessary to describe fully the actual 
laying out of the foundations, but it might be said that

another precaution, after taking the final reading on ^ 
rod, the leveller was instructed to see that the bubble ^ 
the level was in the centre, and that in focusing) 3 
jarring was done to the level. The level was always tes 
for adjustment every time before using, twice a d ' 

The levels were checked from one side of the 
to the other several times, and although the writer is 
in possession of the original notes at the present time- 
far as he can remember, a check was had as close as • 
of one foot, which, considering the nature of the gr°( 
and the weather that was contended with, seems ra 
to have justified the care taken. The writer cons*® f 
for similar work, that a one-piece target rod is sup®f ^ 
to the two-piece one that was used. With one of ' 
there would be no danger of the slipping that has to 
guarded against with the two-piece rod. Constant ^ 
also has a tendency to wear the mechanism of the ,fl| 
piece rod, thereby makimr it less accurate for ca 
work. The sun being fairly dull at this time of the 
son, no sun shade was used. One precaution that 
taken was that the leveling rod was, as far as poss
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