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and the EIlgineers' dwelling house and office were left for use by the
watchmen and pumpmen located there. With these exceptiona, the buildings
were wreoked.

II.

T E M P 0 R A R Y B RID G E •

A temporary bridge was necessary for use in the· bridge con-,
atruotion, and forgetting construction supplies and contractors' grading
out fi:t s to the front. It was also used by the Operat ing Department for .
freight traffio, and at times when out of oommission, due to damase from
ioe or high water, the material for the front was transferred by ferry
boats to t~e west bank.

Work started in July was oompleted in August,1906, and the track
laid to Pontis.September 2lst,1907. 1823 lineal feet of bridge w~s

built, consisting of 117 bents, ,4 pilesp-ir. bent, having l2 ttx12 lf aaps,
three 8"x16" stringers under each rail, and 6ux8"xlO' ties. When first
bUilt, in 1906, two spans which oould be readily removed were put in
between Piers I and II, to be used in oase any boats required passage.
No bo ats pasSed until the following year (1907), and upon the renewal
in 1907 no provision W8S made for the passage of boats, but, instead,
a pile bent and two spans of flooring were ~emoved when a passage was
required.

Beginning at the east end, 642 feet was built on. a 11 degree;'
30 minute curTe to the 1 eft, and the remaining 1181 feet on tangent, ,,'
parallel to and 90 feet north of the center line of track of permanent
struoture. A boom of heavy timbers, for protecting the oofferdam at
Pier I and the east part of the temporary bridge from floating ice ~d

drift,-was built at a slight angle with the ourrent, at a point 368 feet
from the east end, extending to the shore 600 feet north o.f the oenter
line of permanent traok, and 60 feet south ot the temporary bridge. '

The bridge built in 1906 remained in service until Maroh'9th,
1907. At ,this time, on acoount of the raise of water in theMissouri
River, which was the forerunner of the breakup, the bridge was partly
torn out and' the material saved.

The' river 9pened on March 20th,1907, and on March 31st, as there'
was no running ice,the work of renewal was begun, but was stopped, Olt
April 1st on aocount of running ioe. On April llth,190~ when the
renewal was completed with the exoeption of 15 bents, the ice starte~

runmingagain, and With a heavy wind blowing from the west ran along
the east bank and booDl, taking out 34 bentswhioh had been driven from
the boom west. No material damage was ,done to that portiondriTenfrom '
the west side, as the wind kept the ice along the east shore and boom.
49 four, five .and a few six-pi'le bents were driTen and the bridge com- ,
plated April 2lst,1907. This remained in'servioe about five weeks. During
this time the falseworkpiles, on which the oaisson for Pier III was to
be built~ were driven ahd the caisson partially completed~ ,The water_
raised five feet from May 19th to May 30th, 'and the drift so incre.e.sed
in amount and Size, lodging sO thiokly along the bridge, that a,large crew
of men working continuously caul d. not keep lit olear... On May 30thl45
bezit~ were washed out; the oaisson fal sework at Pier III undermined, ,and.
the partially oompleted oaisson sliding into the water was washed down
stream at 6:30 P.M. May 30th. '

Work of renewing the 45 bentswasb~ June 8th end theb~idge

oompleted June l6th,1907./ This was in servioetendays when the high
water and colleoted drift· washed out 72 bents next to the west shore. The
drift ~d high water continued for about ten days, and on July 5~h the
work of renewal was begun and finished JUly 18th,1907. ,This ,bridge re­
mained, in service lmtil the permanent structure was completed,-Maroh 18th,
1908, sfte-i,which it was torn up, and thepilea between the boom and Pier
III.broken off 9r pulled, so as to have as great an:; unobstructed opening
as 'possible when the river broke up and the icestart<ed·running.'The
riTer opened April 5th,1908.

Ill.
SUB S T R D C T D,H E •

The substructure
eight viaduet piers.

The east aoutment
i~ is on hard shale.

consists of east abutment , four river piers end

is of _oonorete and of gr?,vity des:ign. The. foo~~
. ~-

.', ::, <.':d~:~
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Pier I has a concrete footing,bearing on hard shaleo

Sandstone masonrywf.th granite nosing was used from a point 2 feet below
low water surface to a point ~ feet above high water •. Th~ neat work is
of concr.ete, reinforced with' corrugated steel bars. ..'. '.'

Piers I,It and III are of the same gener~l design as Pier '1.
The footings of Pi_ers 1. and 11 were carrie.d downtQ' s,olid bearings by
the :u-se of pneumatic caissons. Owing to the'great'depthto Shale, Pier
IV was founaed on piles.

There' are eight concrete vi ac1.uct pi ers 'on pile foundationl!l'.
The concrete in the footings was placed under water.

A list of plans and drawings on file is given in Appendix I.

East Abutment.

The east 'abutment is located on the east-bank of the ri~er.

At this location the ground s,urfaoe is at El'evation 1304.0. ..

Work was started in the Fall of 1906, but wa~ abandoned and
preferenoe 8ivento-the caisson work at Pier II. The bottom o£ the
footing was plann.'ed at Elevation l293.S, but at this depth rott,en shale
was enoountered and the excavation was carried down to, Ele"Yation 1285.8,
which was well into hard shale. At this. ele"Yation a small tr.iangular
pocket of soft shale was encountered, located north of the. center line
of track, extending across the footing, and bearing slightly nprth of
west. This material was remq"Yed leaVing a V shaped trenoh 3-1/4 feet
deep. Three teat pits were put down: one 4'x~~'mt about the' oenter of
the excavation north of center line of trac~, to Elevation l28~.8; Gne
4'xat' at the weat edge of excavation, on the oenter line of track,.to

. ~"1eTation 1282.8; and one 31'x21' five feet east of west edge of exCaTa-··
tiOll, and l3!- :feet north o:f the oenter line of track, to Ele~ation 1282.7.

No work was done onthe east ablrtment from October 12th,1906
to Maroh 6th,1907. At this time the high water and breakup of the
Mi.ssouri River made impossible any work on. Piers I and II, ll.nd the east
abutment was pushed to completion.

On March 22nd the first concrete was deposited in the footing
and the abutment compieted April '22nd ,190'7-.

Tnere,was.a bUlge of 2" at center line.of track,S feet above the
bridge seat, caused by insuffioient form bracing. The steep bank just
west o:fwestedge o:f excavation made proper backwall bracing impossible.
Accurate mea~uremehts were taken to ascertain if any shortening would have
to be made in deck span. No change was required.

Plate II shows plan, ele"Yation and section of the. ea_st abutment.

Pier I.
. ~.

Eier I is lo~ated at the east edge of the river~t low water ,
stage. Borings made at this location showed hard shale at El~~ation 1251.6
which is but 7 feet below low water, making it feasible to use a coffer­
dam. Work was started driving the United States steel sheet piling August'
~lth,1905. The size of the cofferdam was l7t'x50', and was driTen so that
the excavation was begun August 23rd,but on account of favorable conditior
for working at Pier II, the excavation at Pier I was not rushed. .

The bottom of the footing, as designed, was at Elevation 1250.5,
but when the excavation reached this point, eight cracks were'found in
the shale, bearing slightly north of west, and one bearing llor~heast a.nd
south1;'l6st, crossing the others and extending from a point ,6 feet west e-t ' .
the southeast corner to a point 6 feet south of the north6a~t'co'rner. A,
·test pit was put down, and a 2" layer of soapstone being fOutld, at Elev •
1245.0, the footing was carried to Elev •. 1242.0, and, in addit:ion, a te;Bt·~

pit,8'x4' on top reduced to4'x4', and finally to 4'xl', was excavated oil'
center line of track tQ Elev. 122500. This test pit 'was filled"with con­
crete, ana. fifteen 60-pound rails, 28 feet long " spaced 8 'i:r;lchoB, in the
clear, were imbedded 'Yertically, and ten 50-pound rails, 12 feet long,
imbedded horizontally. , " .

I
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The excavation was completed November 2Sth,1906, and the'work

on Pier I abandoned until February 2lst,190?~ at which time work was
begun placing concreteo The fpoting was completed February 27th 1907
and ~he work again abandoned until April 6th,1907, Where bBung u~able'to
contlnue work at Pier II, on account of ~igh water, work at Pier I was
renewed. On May 2nd the stone masonry was started,and finished June 4th,
1907. Forms for neat work were then bUilt, the concreting started on
June 16th was finished June 22nd, and the forms removed July 7th 1907.
The sheet piling was not remoTed until July, 1905. '

Plate III shows two elevations and plan of Pier I.

Pier II.

Pier II, located 423 feet west of Pier I, is founded on a
pnsll1Ilatic caisson. The caisson was built of 12"x12" western fir timber,
sheathed on the outside with 3 Tl x12" pine planks, caUlked on the out aide
15 feet high and sheathed on the inside with two rows of 3"x12" pine
planks; one row horizontal and one row diagonal. The ceiling of the
caisson consists of 3"x12" plank. Oak timber was used on the cutting
edge. The outside dimensions of the caisson was 65'6"x26'6"e and from ,.
cutting edge to ceiling 7'. The deck was constructed of two rows of
12"x12 11 and one of 12"xlS" timbers, making a depth of 3'6". 12 11 x12"
st:-uts spaced l2-ft. ~enters were placed against 8"x12" horizontal timbers,
whlch were spaced 2'8:11 above cutting edge. 1211x12 11 knee braces, bear-
ing against the side 0 f caisson and top of S"x12" horizontal pieces, and
against the ceiling and 8"x12" pieces bolted through the deck, were put
in and tied with l-}" diameter ro dB.

Two' 24" diamlit~n material shafts, each section 12'3-~" long,
were put in on center line of caisson; one lSI from each end. The air
lock for the supply shaft was 42" in diamil1~'r and 11'5" long; the 42"
section was 9' 811 long, and tapered to fit the supply sha:ft. On a line
with the two material shafts and 31 feat from the south end of the
caisson was located the 42" diameter entrance shaft, each section of which ~

was 10 feet long. These sections were so designed that any of them could
be used as a lock by changing the doors.

Owing to the low stage of water in the Missouri River at certain
eeasona of the year, which made it impossible to build the caisson ashore
and tow it into position, it was necessary to drive falsework piles on
which to construct it. The pile driving, started September 2nd, was
completed September 25th, and the work of building the caisson begun
September 30th,1906. Two months were required to construct it, and on
December 4th,1906 the work of lowering began. Forty-eight 12-ton screw
jacks were used to lower it. and the first concrete was put in· on January
5th.1907, the caisson still resting on jacks and lowered fast enough so
that the top of the concrete remained above the surface of the water.
Air was turned on and pressure men entered the caisson on January loth.
On January 12th the excavation was in sand and gravel, so compact that a
water jet having a nozzle pressure of 50 pounds was put into use, and the
coarser material, which would not pass through the 4" diameter blow pipes,
was put into cement sacks and ta].~en out through the entrance shaft. At­
Elevation 1232.0 sand and clay were encountered to Elevation 1212.5, the
cutting edge reaching Elevation 1232.0 Febrnary 5th,1907. The caisson
was lowered through this 19.5 feet of sand and clay at an average rate of
1.95 feet per day, the only delay occnrring on February 16th, which was
due to a drop in the caisson of 2.91 feet during the nie;ht of the 15th and
16th, which brought the snrface of the concrete so near the water surface
that another drop was not advisable until more concrete was added. On
February l5th,1907 the change in working time of the pressure men was
made from eight to six-hour shifts. At this time, the cutting edge was
in hard clay and shale. This material was easily worked from Elevation
1232.0 to 1210.5, and at this elevation, the clay and shale became extreme­
ly ~ough. So much so in fact, that mattooks were used to cut the material,
and the jet wi th a nozzle pressure o:f 120 pounds was used in excavati~.

The cold water jet caused considerable trouble. for soon after it was
brought into use the pressure men complained of aches which they thought
were bends. The water pipe was then tapped and steam fed into it~ so that
the water forced into the caisson was at a temp erature 0 f about 50 degrees.
The progress of sinking the caisson was very slow from February 16th to
March 3d, 1907, it bein~ lowered only at feet in seventeen days. On March
3d the pressure men were taken from the Ca::Bson on account of the raise in
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the river. A timber protection was built March 5th to keep the floating ice
from the material f~d entrance shafts at Pier II. On March 6th, the machinery
barge, derrick barge and scow pil~ driver were moved to the east shore behind
the boom, which had been construc~ed to protect Pier I and the east end of
temporary bridge from floating ice and drift. The machinery barge was moved
back into place behind Pier II and air turned on April 2Gth,190'7.

On or abou.t April 28th, C.F.Loweth, Engineer and Superintendent of
Bridges and Buildings, and J.J.Harding, Engineer of Masonry.Construction,
entered the caisson, cutting edge at El evation 12 01, to examine the material
being taken from the test pits, and decided to land it at Elevation 1189.15,
in the ma.terial then betng excavatedo In order to land the caisson as soon
as possible, the upper footing course of sandstone was omitted, and concrete
put in with granite nosing. The lower footing course was, as per plan, of
concrete with granite nosing. .

From April 26th to May 7th,1907 test pits were dug and borings
made in the caisson to determine the cheracter of material. These borings,
made with the cutting edge at Elevation 1200.2 sho~ed clay to Elevation
1186.7, and harder clay from Elevation 1186.7 to 118207. The stone masonry
was started May 4th,1907 and on May 24th the caisson was landed at Elevation
1189.11. Five test pits were put down which showed hard shale at Elevation
1184.0.

The northeast and southwest corners of the caisson rest on solid
banks of shale. Work of sealing was finished June Ist,1907. The stone
masonry was finished Juno 17th,1907, and work begun on the 18th building
forms for neat work, but all work on Pier II was abandoned June 27th, on
account of h~gh water, accompanied by heavy flow of drift, whioh washed out
the temporary pile bridge. Work on the forms was renewed July 16th,1907 and
completed August 8th,1907. The concreting of the neat work, which was started
August 12th,1907, was completed August 19th,1907.

A water gauge is anohored ~o the south end of the pier.
~

The caisson at Pier II contains 148,133 feet,board measure, of lumber.

The maximum skin friction, which is the average weight in pounds
per square foot of friction surface, was 2200 pounds, and the minimum 683
pounds. The indicated air pressure varied from 6.5 to 31 pounds, while the
calculated air pressl~e varied from 6.65 to 32.6 pounds.

Plate IV shows two elevations and plan of Pier II.

·Pier III.

Pier III, located 425 feet west of Pier II, and 848 feet from
Pier I, is founded on a pneumatic caisson, of the same size and design as
the caisson at Pier II, except that one 36" material shaft was used in place
of one of the 24". The .36" material shaft was used here on account of the
large stones encountered at Pier II, which had to be bro]{en up to get into
the 20" Qucket. With the 36" shaft a 30" bucket was used.

As at Pier II, ·the caisson was built on falsework at its eaact
location and lowered with jacks. Work, which was begun on the falsework
May Ilth,1907, was finished May 20th, and the construction of thencaisson
started and rlllihed so as to have it well ground~d before the June raise in
the river.

When the caisson was partially completed, the river rose rapidly,
and the drift, coming lightly at first, increased in quantity and size and
lodged against the temporary bridge from Pier II to the west shore. On May
30th, after all efforts to keep the drift cleared away from in front of the
temporary bridge at Pier III had failed, the falsework upon which the caisBon
was built was undermined to such an extent that it gave away\> and the caisson,
sliding into the river, was washed downstream and grounded on a sand bar about
one mile below the bridge. An attempt was made to anchor it, which was futil~9

but it was held long enough so that the material and entrance shafts were
removed. No effort was made to recover the caisson, as it was not only oon­
sidered very questionable ·whether the ferry boats in use in that vicinity
would be able to tow it back to the bridge, but also.the length of time and
necessary equipment needed was such that the plan of recovering was abandoned.

Work on Pier III was not renewed until July 25th,1907. on account
of the high water, which made it impossible to rebuild the temporary bridge.
On July 30th the falsework on which to build the caisson. which was begun
July 25th, was compl~ted, and the new caisson, finished August 22nd, was ready
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to lower the same day 0 . Concrete. was fir st put on the deck August 24th and
the air turned on August 28~h,1907.

/

The average drop of the caisson from August 28th to October 16th
was 1.07 feet per day, going through 17t feet of sand from Elevation 1249.5

. to 1232.0; 231 feet of gravel, sand and loose shale from Elevation 1232.0
to 1208.5; ~d lIt feet of qUicksand and gravel from Elevation 1208.5 to
1197.0. At·'this elevation, stone, coarse gravel and shale were found; and
the average drop from October 16th to December 2nd was reduced to 0.6 feet
per day. During this- time there were several delays, due to leaky flues
1n:bbilers, disorder or compressor and pump; and these, in addition to the
·material encounteredbeing more difficult to work, caused less daily settle­
ment in the caisBono The material encountered at Elevation 1197.0 was stone,)
aoarse gravel and shal., which extended 13 feet p or to Elevation 1184.0;·
then gravel, Band and shale for 9 feet to Elevation 1175.0. At Elevation
1175.0, gravel, sand, boulders and shale were found, the .largest of which
Was th!rBn out by buckets.

The stone masonry, started November 16th, was finished December
17th,1907.
- The oaisson was landed on shale at Elevation 1168.040 . December
2nd the test pits were put down to guard against any layer of soapstone.The
work of sealing was finished December 7th,1907.

Work on the forms was begun December 18th,1907, and the concret­
ing finished January 1st ,1908~'

167,452 feet, board measure, of lumber is contained in the caisson
of Pi er III.

The maximum ~kin friction was 3060 pounds, and the minimum 486
pounds.

The indicated air pressure varied from 5 to 40 pounds, while the
calculated pressure was from 5.6 to 39.25 pounds.

Plate V shows two elevations and plan of Pier III.

Pier IV.

Pier IV, located 422.5 feet west of Pier III, is of the s~e

general design as Pier I. The depth of the shale at this point was found
to be 125 feet below low water, and a pile foundation was decided upon. An
attempt was made t6 use a cofferdam and excavate with an orange peel bucket,
and la.ter with an 8" .sand :pump, but the character of the material was such
that it flowed or boiled up under the sheet piling and no progress was made.
It was then decided to use a light caisson, and the falsework piles on whioh
to build it were dr1Ten. The outside dimensions of the caisson were 60'0"x
32' 2" t with an 8' 0" ceiling, the size being governed by the dimensions of
the cofferdam. 8"x16" timbers were used horizontally and vertically on the
sides, sheathed on the inside with vertical 2"xlO" planks, and thoroughly
caulked. The deck consisted of two rows of 12"x12" timbers, and the out­
side sheathing above the deck was of 2"xlO" plank. Tbiu caisson was con~

struoted on rollers, with the east edge over the west edge of the cofferdam,
and when completed was skidded into position and lowered over the foundation
piles, which were aut off as the aaisson was lowered. Eight cuts were made
on the 267 piles. The cutting edge was la?ded at Elevation 1232.79.

The foundation piles were driven from November 6th to December lOth,
1907, and the caisson was ready to lower January 8th,1908. Concrete was
first put on the deck on January lOth, and the stone ~asonry work done be~

tween January 22nd and February 8th. Sealing the caisson took from February
1st to February 4th, and the entire pier was completed February 18th,1908.

The calcnl ated air pressure varied from 2. 'l pounds to 12.15
pounds, but the indicated air pressure was very variable. When the caisson
was being sealed, the indicated air pressure at the compressors was 25
pounds, while at Pier IV the test showed but 16 pounds.

The pier is surrounded by a willow mattress, 110'xlOO', extending
60 feet on the channel side and weighted down with riprBp. A permeable pile
dike for the advancement of the right shore bank upstream approach to the
bridge was put in.

v The caisson as constructed cont~dns 100,831 feet ,board measure,of
lumber.

Plate III shows two elevations and plan of Pier IV.
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Viaduct Piers.
I

There are eight reinforced concrete viaduct piers, supporting
the steel columns for the viaduot west of Pier IV, which are founded on
piles.

Work was begun driVing the foundation piles December 12th,190'7.
Cofferdams 10' 6"xll' 3" were put in at each pier. The co.ncreting, started
February 9th,1908, was finished February 24th. At all of these piers, the
piles (16 at each pier) were sawed off under wa.ter, and the concrete for
footings was deposited under water by means of a 1011 diameter pipe. A
willow mattress. '70 feet w~de, extending 35 feet each side of the center
line of traok and from Pier IV to 35 feet west of west viaduct piers" was
woven and weighted down with riprap.

Plate VI shows plan and elevation of pedesta.l· pie:rs.

Ca.isson Levels and Alignment •

In order to keep a daily reoord of the alignment of piers during,
the sinking of the 'caissons, the following methods were used:

i

I

For Pier II, two points, one on each bank, were put in on the _
north side, so that the line connecting them was parallel to the center line
of track of permanent structure, and a point set in the ice about 18" east
of the east side of eaisson. The. point in the ioe was continually checked
to'ascertain if there had been any movement of the ice.Each morning the
transit was set over the point on the )arallel line in the ice, and a baek­
sight taken to the point on the west shore about 1100 feet distant. A right
angle was turned a.nd measurements f.rom this line to the northeast and south­
east corners of the caisson reoo rded. Measurements to determine the exact
stationing of the w'est base 1 ine were mB.de~ using a SOO-foot tape, standard­
ized at 60 degrees Fahrenheit, with a 12-pound pull. The expansion or
contraction was computed at .0000065 per foot for each degree, a.nd the amoun1
recorded. After repeatadlj checking the stationing of the west shore base
line, all measurements were made to piersfrom this point along the temporary
bridge. This was advisable. not only on account of the Tery steep'.'slope
of the east bank making the checking of measurements from the east'baae line
very difficult, but also on account of the east end of the temporary bridge
being on a curve, which made it very difficult to get any direct measure­
ment:to thej east shore. The caisBon for Pier II was located by measure­
ment from the east shore, and this point checked by using three transits
set up on east base line,- one on center line of bridge, one 750.46 feet
north and one 655.8 feet south of center line of track. Foresights were
taken to points on west base line, the distancesof which from the center
line of track on bridge were computed and measnrements checked. The inter­
section of these three lines wa.s a point 3/8 o£ an inch east of the center
line of Pier II, as measured from east shore. During this triangulation
work, it was found that the base lines on the east _and west shores were not
at exact right angles to the center li.ne of track. This fact, on account
of which the computations for triangulation would become complicated, and
the fact that the temporary bridge which was in servioe dnring the con­
struction could be used for direct mSElsurernents. were the reasons for abando
ing triangulation methods. Occasion~.ly, the center line of the working
chamber in the caisson was carried up through the entrance shaft with a 6­
pound plumb bob, so as to determine the amount the vertioal center line of
the structure, as lowered, varied from the true vertioal line.

The oenter line of caisson, Pier II, was landed with the north end
It" too far east,and south end 5/8" too far west. The center line of the
pier for stonework was sett 1/2" east of the correct line to allow for
the pier shifting west when lowered '7 feet. This was due to the oenter
line of the aaisson making a slight angle with the vertical, which was
impossible to correct, although continual attempts were made. The center
of the caisson as landed is about 4-3/8" too far west.

Points were set at each corner of the caisson, the distance abOTe
the cutting edge being recorded, and,as the caisson was lowered,the points
were raised. Levels were taken each day on these points from which the
eleTation of the cutting edge was determined. Any v6.riations in elevation
of cutting edge at corners would be taken into consideration during the
exc~vation for its lowering, in order to correct any inequality as much as
possible. ...

The center line ot Pier I was determined by measurement from the
east base line. This measurement was checked by the closing of a paral~~lO-
Q'"rJlm A
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At Piers III and IV the same method was used, except that the
point which was put in the ice at Pier II was established on the temporary
bridge at Piers III and IV.Th~se points required repeated checking for
line and distance. as the temporary bridge Vias found to move to some extent.

The center line of caisson of Pier III was not lowered in a true
vertical plane. Ata depth of 77 feet below low water surface, it was
Ii" too far east, which. error still remained when la.nded.

At Pier IV the center line of caisson was landed 3" east at the
north end, and 1" east at the south end. )

IV.
RIVER PROTECTION.

To prot~ct Pier IV from the ravages of the Missouri River, a
pile dike was put in, extending from the north end of Pier IV along the
produced oenter line of the pier for 495 feet; thence. 610.5 feet on a
five-degree 44' curve left; thence, tangent 149.5 feet to the shore. The
dike was more feasible here. inasmuch as the channel of the Missouri River
is straight for a distance of about one mile north. at which point there is
an angle of about 45 degrees towards the west.

A woven willow mattress, extending 55 feet toward the channel
from the outer row of piles of dike, and 30 feet towards the shore,
weighted with riprap, protects the piles from being undermined. The mattreBs
extends the fl11l length of the dike. and well up onto the shore bank, where
it is heaVily riprapped.

The piles driven have a mimimum penetration of 16 feet in the
river bed, with the elegation of top of piles 4.5 feet above ordinary high
water. There are four intermediate cross dikes extending from the main
dike to the shore. To secure again~t undermining, a willow mattress was
woven, having five 3/8" diameter wire cables woven into~- it, extending 55.
feet from the outer row of piles toward the river and 30 feet on the shore
side. The weaVing of the mattress was done on barges and sufficient one­
man rirrap, which was approximately 0.71 tons ,per lineal foot, put on to
sink it. The riprap was 1lDloaded on the west side of the river and a
narrow gauge traok put in on the west bank to the upstream shore and of the
dike and to the shore arms. Peteler cars drawn by one horse were used for
conveying the atone. The track was laid on the main dike and on shore arms,
over which the loaded cars were pushed by hand. The piles were driven by a
steam hammer fed by a hoisting engine fitted. up on two 10'x40' barges. The
barges were connected to pile clusters with a line by which they could be
pulled into position.

Upri~nt or screening poles, forced well into mattress and fastened
with 40 and 60cr;1M1 So were placed 4" to 16" centers along the main dike
and shore arms p to catch the small drift and retard the current, so thet-
a deposit would be made between the dike and shore. Willows for the mattress.
were obtained partly from points east of -the Mi ssouri River and shipped in-.
Owing to the diffiCUlty in obtaining willows from points east, a crew was
sent up the river by boat and a camp established near Fort Yates, where the
willow brush was cut. loaded on barges andtowed down to the bridge by the
ferry boat in use at the bridge site.

The result obtained to date by the constrnction of the dike has
been satisfactory" the deposit back of the dike reaching an elevatioD,at
some points, of 1269.2, which is 1.7 feet above ordinary high water. For a
distance of several hundred feet south of the center line of track, a deposit
has been made, although it may not be as permanent as that north of the
bridge, inasmuch as the dike ends at the pier. From all indications, it
might be said that, by the const'.cuetion of the dike, the west shore line has
been advanced from its old position to a point about 300 feet into the
river.

In the construction of this work, there was used 32,437 lineal
feet of piling; 122,040 feet board measure of lumber; 47, 136 lineal feet
of screening poles, 23,000 pounds of hardware; 203 cords of riprap, and
1460 cords of willows.

Mr.S.Waters Fox, Consulting Engineer, Kw sas City, Mo., made a ­
personal examination of the vicinity of the proposed dike, and prepared the
design and specifi~ations.
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I v.
SUrERSTRUC1\URl~.

The' permanent superstrncture comprises the followin[" in the orde:
named, beginning at the ef-.st end:

One 125' riveted deck trnss span, 125' center to eenter of bear­
ings, with trusses 12' center to center. The fixed end is at the east abut­
ment.

Three 420' pin connected through truss spans, 4l9'lot" center to
center of end pins, with trusses 23' center to center, anit the. depth from
center of lower chord to center of upper chord 65'. The fixed end of each
span is at the east end. Through an error in the shop, the top chords
for the 420' spans were made too short to allow milling. This was remedied,
as shown in File F-31 of the B&B DepRrtment recmrds; at splice at U-5 a
5/8 11 plug was made fo r the ent j,re era ss sect ion of the chord. Chord sect ion
U-5, U-6, U-7 were milled 118" short; adjoining chord seotions were
lengthened 1/16", and pin at U-5 moved 1716". The total length of the top
chord was pot changed, and the camber of the bridge only slightly affected.

283.5 lineal feet of ste'el viaduct, consisting of five deck ,girder
spans, supported by latticed steel columns 43'1" long, which are supported
by viad.uct piers on pile foundation. The east end has a bearing on Pier IV,
while the west end is sUPT,orted by a temporary pile pier. The distp...nce
from the center line of beaTing at Pier IV to the center line of benring at
the pile pier is 201'6". The girders are spaced 7'6" center to center, and.
the depth, bot tom to bot tom of angles, is 8' 0" •

These structures were designed in the Chicago office of the
Chicago, Milwaukee 8: st. Paul nailw:ay Company, Cooper's Class E-55 loading
being 'used in the design.

The following table ,shows the weight t paint ing t contracto rs, date
contracts were awarded, and shop and mill inspectors. All material and
worJananship conforming to the "Specifications for Steel Bridge Work, Bridge
& Building Dept., C.:.1.&STP.RY.CO.,l1 dated October 15th,1906.

Span
'Height

(pounds)
Paint:

Shop Field
Contract
Awarded to:

Steel
from

Inspectors:
Shop Mill

125'
deck
truss 271,860

1 coat
#25
paint.

1 Coat
Carboni z­
ing
Co ating.

r.qinneapolis Inl~nd
Steel & ~achi-Steel

nery ~o.~pls. Co.,
July 2,1907. Chicago

R.M. J.N.
Doyle, Ostro
Cflicago- Pitts

burgh.

3-420' 1 coat
through Carboniz-
spans 7,990,114 ing

Coating " Fa.Steel Pa.Steel J ...... Colby,
Co. ,Steelton, Co. ,8teel- Philadel- -
l'a. 8e1)·4,1906. ton,I'u.. phia,Pa.

203.5' 444,98'7 " " .Amer.Br.Co. Ambridge J.:N.Oxtrom
vi aduct New York, Shops,Pa. Pittsburgh

H.Y. May 29-07. Pa.

Guard 97.206 1 coat Kenwood Kenwood R.M. Doyle,
rails: • oil. Br.Co. Shop. Chicago,

Chioago May 2, Ill.
1908

}i'or the deck on the permanent bridge 8"x12"xlO' ties were us ed,
spaced l' 0" oent er to center. The 6 11 x4 "xl/2" guard rail angl es are backed
up with 4 f'x8 11 pine guard rails. The outer guard rail isn 6"x8 11 pine.

With the exce])tion of the east or shere span, the erection false­
work was built on pile foundation. The piles were all driven with a scow
driver, except those in Span 1, in which the piles adjacent to the track of
the temporary bridge and between this track and pier I were driven with a
track driver. The foundation piles were capped with 12"x12" caps, on which
rested frame bents built of 12"x12" timber, whioh supported the a"x16"
stringers carrying the ties and track for the traveller. The falsework of
the east or shore span II with the exception of three bents, was built on
mud sills; one of these three bents was put on the piles used in placing the
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cofferdam around Pier I, ana the other two bents of falsework"were put on
piles which were driven to s11al,e b~l" hand.

T~e traveller designed for use in steel erection was 57'4"x66'6",
au tside measurements on top, and 86' 4~-" from top a f traveller rall to the
extreme topo The inside frames of traveller were plumb, and the outside
frames of the leg ...vese .battered I" per foot. The vert ioal clearance from
top of traveller rail was 72'11t", and the distance from" oenter line of
track to the center of inside leg", frame was 16'4", which was 4'10" from!
the center line of truss. The traveller ran on four rails, two under each
1 eg, spaced 4' lot" center to center. Each 1 eg was supported by five pairs
of rollers. The traveller track ran from Pier I to Pier IVan ereotion
falsewor~, though not at one time, as the erection f~~~~~r~ of Spans 1 and
2 was b e:lng removed and used in erecting Span 3. Ere:(fil'on of the traveller
was begun October 21at,1907, and work of tearing it down finished March 6,
1908. The spans were erected in the following order:. Span 1, Span.'2,
Span 3, east shore span, Viadnct.

VI.
TUlliER THESTLE.

(West Approach.)

'1
" /

The west aprroach extends from the temporary pile pier, at t~e
west end of the permaneiIt structure, 1289', and :is built on a 1 0 -58'
spiral curve. It is of timber construction on piles, with l2"x14"
caps, on which are pI aced the [i ve-post frame bents t which carry 8"x18"
stringers, with 8 IT x8 Tl -IO' ties, spaced l' centers. The 6"x4"xl12" inner
guard rail angles are backed up with 4"x6 1T guard rails. The entire ."
timber approaoh between the rails is covered with galvanized sheet iron!
for protection against fire.

A sidewalk 2' 6" wide is buil t on the north side and extends too '
entire length of the permanent find timber bridge. Retreats were built
on the north side of west approach, spaced 94' centers.

VII.

GEHERAL.

The ~ork of constructing th~ bridge~ from the time actual work
began on the first temporary bridge until the permanent structure was
opened for traffic, was 1 year and 8! months.

A workine foroo, however, was in the field on preliminary work,
construction and cleaning up for three years and one month.

The elevations of the out ting edge at the several corners 0 f the
caissons are given on Plates III, IV and V, which show the elevations and
plans of the piers.

Piers I, II, III and IV, from top of stone masonry to bridge
seat p were reinfo reed transversely and longitUdd.nally with 3/4" corrugated
bars. The transverse bars were spaced about 6" centers under each bearing;
2' centers at the center and ends of piers, and r~sted directly on the
longitudinal bars, which were uniformly spaced '2' centers. The vertical
spacine of the bars was 2 feet.

Four 20-pound rails were placed vertically under each bridge
aeat, extendine"from the top of the stone masonry to within a foot of the
bridge seat. The top end of these rails were placed 6" in from the edges
of the castings, anCl. battered two ways, 1/2" per foot.

The air pipe, water pipe and discharge pipes for all caissons
were 4 fT in diameter. The electric light wires were carried down into the
caisson through two inch iron pipes.

Permanent combination bench marks and t~ansit points were put
in on the east and west side of the river, Dnd lines and levels, taken on &1]
permanent structures, referred to these monuments, so that tests for move~

ment or settlement of the struct1.lres could be made. There are four monu­
ments in a11,- two on each side of the river, ~ui1t of concrete, reinforc~d!
and the details of construction and location are shown on Drawing No.C-:r32~6--"

. f:' "-

Case No ·4-1.
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For lowering the cai~sons, two side stringers, each 8"x16",
were bolted horizontally, 'one directly over the other, at a point a few
feet above the deck, to the upright posts along each side. 8"x16" trans­
verse, horizont&l stringers, projecting 3 feet on each side of the caisson,
were bolted to the upright sid.e posts. One 8"x16" stringer, was bolted.
on each side, flatwise and parallel, to the side stringers. to the project­
ing transverse stri~gers. These rested. on the 48 twelve~ton screw jacJs,
which rested on oribbing built up from the fals.ework. As the caisson was
lowered, the cribbing was removed from under ~lternate jacks.

During the sinking of the. cai ssons and while the workJng fom-ce
was large, a Doctor, carried on the Bridge & Buildin[ Department payroll,
was stationed at the camp, with an office in. the hospital building, dn
which there was also a room containing two hospital beds to be used in
eroorgencyoases. Medicines and medial supplies were kept on hand. With
the exoeption of two or three emergency oalls from the front. the doctor's
presence at the camp was demanded continually, to be in readiness to
administer to the needs of the laborers and chisson men attacked with the
bends. Before entering the caisson. the men were given a physical examina­
tion, which, if satisfactory. was so stated in writing and signed by,the
doctor. This paper was reqUired before the caisson men were put to wo~k.

, The freight on material used at the Missouri River Bridge over
the C.M.&ST.P.RY Co's lines was $83,394.86.

--0--



Details of east abutment.

Details of Pier I.
Gran i t e c our 8 es Piers I
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A-9147 )
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C-3644 Case 4"':"1 \

A-7804
0-3276 Case ,4-1

A-7866 Album 104B
Page 45

0-2364 Album 152B
Page 16

0-3266 ~ase 4-1

0-3523 Album l30B
Page 48.

0-4709)
C-471l) Cal3e 4-1

A-7415 Album 150
Page ()

1-.-.

A-7416 150- 21
A-74l7 150-22
A-9780 152-30

A-8356 152-14
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A-7419 150-24
A-9781 152-31
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A- '7423 123B-174
A-9963 157A-31
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List ~f Drawings.

Profiles on proposed lines over the Missouri River.

Engineering Dept's profile from Mobridge to theriv€

Profiles of West Approach.

Plan of briige submitted to and approved by the
Secretary of War •

.Property between 110bridge and River owned by the
TIa ilway Company.

Location and elovations of monuments; points on
piers, abutment and viacluct pj ers.

Plat of Pontis, S.D., showing c~mp buildings~

temporary tracks and storage yards.

..
Soundings at Pier I.

Substructure.

and IV (ClVl&ST.P)
" (Kettle River

(Q.uarries Co.)
Loc2tion of line of pressure, Stability Pier I.

" 11 11 "" II",
Details of Piers II and III.
Granite Oourses Piers II and III. (CM&STP)

" " " "(Kettle TIi ver Quarrj
(Compa.ny.

General plan (expl~atory oheet) Piers II and III.
. Details of Pier IV.
Pile plan, Pier IV.
Pile pla.n ( and caisson) Pier IV.
Cofferdam, Pier IV.
Bill of material, cofferdam Pier IV.
Details of viaduct piers.

CAISSONS.

It Pier IV, details.
Ladders for caissons.
Goose neck and lock for caissons.

" II flange and unions for caissons.
Air lock for supply shaft.
Leather gasket for 3-foot supply shaft.
Air lock for supply shaft.
Details bottom sections of su~ply shaft.
Det ails top 11 2 " II

Steel bucket.
Pier II, graphical record of sinking caisson.
Pier II, Reoord of sinking caissono
Pier II, Progress of work and material passed thro.
Pier III, Graphical record of ~inking cnisson.
Pier III, Record of sinking caissono

(Pier I,pratted core borings, cracks in shale.
(
Pier IV, record. of sinking caissono

Caisson Pier II,
rr Piers II
" II

A-8298
A-8296
A-8297
A-8299
0-784
A-8299A
A-8299B
A-9l22
A-8891
A-7435
0-501
A-7424
A-7425
A-7426
0-2078
0-3287
0-32~8

0-2079
0-3289
0-3285)
0- 3286)
0-3290

152-1
152-2
152-3
i52-4
l52B-25
123A-180
123B-20
123B-'l4
152-5
l23B-178
l23B-186
152-23
152-34
l23B-176
152-B-6
166-2
166-2
152B;..7
166-3

166-1
166-4

11 "

general plan.
and III, details.

" fals ework.
" metalwork.



Volumes o~ piers.
Rollers for concrete dump cars.
Location of bearings on piers.
Flood levels.
Deflection polygon p Spans 1 and 2.

:?UBSTRUCTURE, Misce11aneous.

12' x48' barges designed for bridg'e construction.
Machinery barges.
Details of tank for air receiver.
Machinery house.
Details of forms. (All piers.)
Steel frames for bracing forms an~ reinforced

c.oncrete piers.

104£- 24
152~6
152-7
152-8
150-26
128B-40

104B-23
123A-172
152-B-17
152B-18
Case 4-1

A-6919
A-832'7
A-7427
C-::'121
C-1437

A-rl077
A-8384
A-8385
A-8386
A-9145
Temporary

Masonry reports, showing masonry
. as bui,lt.

A-8298
C-674
C-784
A-7415
A-9663

167-5
167-6
167-7
167-8
167-9
167-10

Pier II and III.
Camber and deflection polygon.
Details of Caisson, Pier IV.
East abutment.
Masonry for steel viaduct.
FalseTIork for 125-foot deck truss span.

SUPERST::1UCTURE.
Bast Span- 125-foot Riveted deck truss approach •

A-9788
A-97B9
A-9793
A-9794
A-9795
A-9796
A-9797
A-979B
A-9799
A-9800
C-758
C-1488

151A-44
151A-45
151A-46
151a-46
151A-47
l51A-47
151A-48
151A-48
151A-49
151A-50
151A-45
131B-38

•Erection diagram and bill of matertal.
General plan.
Top chord, UO, UI) U2.

" U2, U3, U2.
Bottom chord.
Diagonals UO? 11 and L1 U2.
Bottom laterals and Int. diagonals.
Floor beams and stringers.
Sway braces and top laterals.
Shoes~ rocker nests, cRstipgs, etc.
Bill of field rivets.
Match marking diagram.

Main Spans@ Three 420-foot Rmveted Through Trusses.

A-B150
A-B151
A-8152
A-B153
A-8154
A-8156
A-B155
A-B157
A-B158
A-8159
A-8160
A-8ib61
A-8162
A-8163
A-8164
A-8165
A-8l66
A-8167
A-8168
A-8169
A-8170
A-8171
A-8172
A-8173
A-8174
A-8175
A-8176
A-8177
A-8178
A-8179
A-8220
A-9243
A-9235
A-9236

151-1
151-2
i51-3
151-4
151-5
151-7
151-6
151-8
151-9
151-10
151-11
151-12
151-13
151-14
151-15
151-16
1S1-17
151-18
151-19
151- 20
151-21
151-22
151-23
151-24
151- 25
151- 26
151-27
151-28
151,...29
151-30
151-31
151-32
151-34
151-35

Strain sheet.
Erection diagram.
General plan.
Bottom chord LO)L1 L3.
Bottom Chord L2 Lf.
Top chord UIU2 U3.
.b~nd po st LO, U1
Top chord U3 U4 U5.
" "US D6 U7.
" "U5 U6 U7.
Po st L3 U3.
Post U5 L5 Rand U5 L5R.
Diaeonal L7 U5 and Post L6 U6.
" L1 M2 Ls M4 and L5M6.
Intermediate floor beams.
End floor beams fE.F.B.)
Stringers.
Laterals BL1 B12 B13 BL4 BL5 E16.
Bottom laterals B1 7-8-9-10-11-12.
II " ]1 13-14-15-16-17-18.
II " BL 19-20-21 Stnlts M3-4-5-6-7.
Hangers L4 M4 R&L U2 M2 Struts M4 U4 M2 U2R&1.
Top laterals TL 1 and TL 2.
Portal.
"
Top laterals U2 U3.
Posts L7 U7 and L1 Ul.
Struts and bracing.
Eyebars, pins, nnts, etc.
Bill of material
Profile of spans.
Alternate sections of top chord.
Portal general drawing.
X Section L5 U5 -



;'-9237
A-8918

C-141
C-143
0-144
0-145
0-14-6
0-147
0-148
0-149
A-9200

A-9297
0-1867
0-1621

151-36
151-37

157-;'-32
157A-33
157A-34

\157A-35
157A-36
157A-37
1571l.-38
15'7A-39
98-28

151-33
153-36
152B-4

I J.q • I

List of field rivets.
Shoes, rollers, etc.

Steel Via<'tuct.

Erecti.on diagram and bill of material.
70-ft. deck girder.
70'9" deck girder.
35' deck plate girder.
Ccblumns OR and 01.
Braces LB 1-2-3.
Transverse bracing.
Bill of rigets and bolts.
Castings.

Floor plans.

Floor plan.
Approach guards.
Sidewalk.

Falsework.

Bill of ~aterial.

125' span, details.
General pI an.
DetDils.
n

A-7440
A-9777
A-9'721
A-9722
;'-9723
A-7428
A-7429
A-7430
;'-7431
;'-7432

158-10
158-1
158-2
158-3
158-4
158-5
158-6
158-7
158-8
158-9

Bents
"
"
II

"

A,o ,p,F&H.
D E K.
d e f 1 m n.
L & G.
o and location
with temporary

of bents at intersection.
bri dge..

A-7434
0-944

A-9566
0-936

A-7442
A-7443
A-7444
0-2483

A-7971
1,.-7971
0-2486

l52A-15
152.B- 26

152A-38
l52B-9

152-16
152-16
152-17
131£-18

150-1
150-1
l52B-23

Traveller.
Details.
Addttions to Traveller.

Timber-~est Approach.

Bill and elevation.
Deblils of bents.

River Protection.

Cross dike.
rile dike.
West shore line showinv; long dike
Soundings along nike, etc.

Temporart Bridze, etc.
Pro i1e of temporary bridge drawspan.
Details" II drawupan.
Telphone wlre fastening.

--0--
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A P PEN ])1 X 2.

INDEX TO ALI. PAPER:) .AND COHRESPOHDENCE ON FILE
IN TH}~ BE IDGE & BUILDIHG DEPARrr~"n;HT.

Act\ of Congress,dated April 2nd,1906,
authorizing construction of the bridge.

B&B 301, B&B 312, B&B 313;

Samples of core borings taken from vicinity
of Piers I, II and III.

D-357 :

Core drilling outfit rented from the C&W~~Y.

F-31[;

War Department, approval.
Original estimate.
Right of Way Purchase.
Camp and Organization.
Test Pit and Soundings.
Caissons and Pneumatic foundations.
Cofferdams and Sheet Piling.
Concrete Mixer.
Stone
Boat Service.
Sidewalk, Railing and Hand Car
retreats.

F-49:
Progress Reports.

D-242 :

Miscellaneous.
Breaking up of River.
Telegraph and telephone service.
Falsework and temporary~ridge.

Loading and speed of trains
across bridge,.

Grand River channel fill.
Bench marks.
Watohman.
Handling material.

Orders 9 vou.chers and correspondence for steel
sheet piling used for Pier I.

F-39:
Correspondence and orders for steelwork
for l25·foot span.

F-31:
Three 420' throU~h spans:
Miscellaneous in ormation in regard to manufacture,
tests 9 shipment, etc. and erection of steel.
Correspondence reo iron and bridEe men.
Vouohers in payment of steel~

F-40:
Correspondence and orders for steelwork for viaduct.

J!'- 62:
Correspondenc e and 0 rders for guard angles.

D-591:
Brackets and telegrap~ wire supports and
correspondence with Mr.U.J.FrYt Supt. of Telegraph.

n-64l:
Voucher for one disc, marked P.D., Drawing A-8l78,
and two laterals marked S12R, "A-8l66.

D-690:

Miscellaneous information given out for pUblication.
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A P PEN D I X 3.

ENGINEERS, ASSISTM~T IDIGINEERS p FOR~~A

and SUB-FOR~~EN, and their LENGTH OF SERVICE.

C. F. LOWETH,
Engineer and Superintendent of Bridges and Buildings.

J. J. HARDING,
Engineer of Masonry Constr.uction.

J. H. PRIOR,
Assistant Engineer,

in charge of design and assisted
by

W.E.Pruett,
R. J .Middleton,
R. J .Hansen.

--0--

F. E. RICE,
Resident Engineer,

MaY,1906 to OctOber, 1908.

J.F.Pinson,
Assistant Engineer,
Preliminary Surveys
and Soundings,
Jan.1906 to June,1906.

ii. E. Duckett.
Instrument Man

and
Assistant Engineer,
June,1906 to Uar.1908.

H.R.Armeling,
Instrument Man,
Jan.1907-June,1907.
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J.R.Neef,
Instrument Man

and
Assist~nt Eneineer,
Jan.1907 to Oct.1908.

Robt. Irwin,
Master Mechanic,
Jan.1907-MaY,1908.

EDWARD HOWELL,
General Foreman,

MaY,1906- March,1908.

Herbert Long, '
Assistant General Foreman,
Nov.1907- January ,1908.

E.T.AU11,
_ Mattress Inspeotor,

MaY,1907-Sept.1907.

--0--

Dr. W. E. Stewart,
Camp Phys i.c ian,
Feb.1907-MaY,1908.

--0--

R.S.Veach,
Quarry Masonrylnspecto
August,1906-June,1907.

E• GREENWALD,
General Iron Bridge Foreman,

H.Du Shane,
Steel Erection Foreman,
Octobe~,1907-March,1908.

C.A.Nordeen,
Steel Erection ~ub-foreman.

and
Steel Erection Foreman,
Novembar,1907-March,1908.
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Wm.Cullen,
Steel Erac.Sub-foreIDE

and
Steel Erect.Foreman,
Nov.1907 to Mar.1908.
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'M.B.Cahil1,
Eressure Foreman,
Nov.1906-Nov.1907.

J.Raw11ngson, Jess~Mullins, G.Johnson,
Oct.1907-March.1908 Feb.1907-June-07 Oct.1907-Feb.1908

J .1'lloGonsolus,

oct.06-1nne,1907.

Maurice Welch,
Ass't Pressure Foreman,
:Uo vember, 190-7--Dec .1908.

B.Williams, Wlj.Hunt, .
May,1907-Dec.08May,1907~Nov.07

Mille Hnrl ey, ,
Sub-foreman

and'
Foreman.
MaY,06-Jan.08

Jesse Gaither.
Jan.07-March,1907.

Ed. Donahue, John Ossowski,
April 07-March 08 Subforeman,

May, 1906'- JUly, 1906.

r 1. 'f .,J

Carpenter Foremen.

Pile 'Driver Foremen.

Pneumatic Caisson Foremen. '

J;:'ressui-e Gang .Goreme.n.

James Rya.n,
Ass 'tPressure Foreman.,
Jan.1907-Novemher,1907;
. Foreman .', :'.,
Nov •1907-:-Febru ary, 190-8 •

\

/.

Rallie Collins,
May,1907~Dec.1907

. C.yrus' Towne r,
·Oct. 06-Jan.08.

O.riarson, .
March,07-Jan.08

·T .Sullivan
Feb.07-April,1907

..
John And~rs.on,

JUly,1906-July~07

Frank McCarty,
Oct.1907-Jan.1908

W.Fitzgerald,
June,1906-Apr.07

Dan Ashley,
May,l~07-Jan.1908

~t··
~.-:-l·~. ";',,-

t. : ~'I

";or:
". :

.....;

..:.

~~':" ~
"l'~:

," ...~~. ~;

/',:"

" ", ..~.'

i·.'

Herbert Jones,
April'1907~Jan.1908

W.J.Ripley.
Aug.07-March,1908

Rabt. McLain,
Nov.190~~March,1908

Wrn. Embody,
Sub-foreman .and foreman,
April,1907-Feb.1908

Bridge Ce-lrpenter Foremen.
, John Schrader,
Sept.1907-March,1908

Geo.B.Getty,

Jan.190B-March,190B.

Gust.Peterson,
D&c.1907-0~t.1908

AI.Holmes,
Dec.1907-June,1908.

4 .,~•• ' Concrete Foremen.

~ {;~ ..
,,:..

Gp.arl es Luther,
Preliminary Soundings

and
Concrete Foreman,
MaY,1906-Dec.1907

R.T .English,

January,1908~March,1901

•. I;~ .

River Protection
Fo remen •

, ,.
~ ....

. .' ~

VI. W.Russell

October,1907-Dec.1907.

AndrewWarrBB,
Weaver Fo reman,
Nov.1907-Sep~.1908.

Labor Foremen::

John Rice',
. J1ine,06-Dec.06

, I

Ole Iverson,
JulY,06-Feb.08

Xnut Simmons,
Sept .0'7-Jan.OB .'

Geo. 'Null-
, ,

, March-07.... 0ct .08

. C .A.Ri ce.
Painter Foreman.,
May,1908~Sept.1908.

--0--



IChroilologiC3al Summary•.
I .

5/2l}06
7/1/0_6'
9/21/06
1907
3/9
3/.31
4/.1
4/11

4/21
5/29
5/.30
6/.8
6!i6
6/26
7/5
7/18
7/28

Boat, t~J .H.Keene l1 began towing material frem Evarts. S.D.
Started driving piles for bridge.
Track laid to Pontie and bridge ready one month previous.

Began to take out bridge on account of approaching break-up.
,Began to drive piles for renewal. '
Stopped driving piles e on account of running ice.
Fifteen bents remaining to be driTen to close temporary bridge.

Running ioe took out 34 bents driven.
Bridge completed.
Bridge washed out.
Caisson Pier IIItpartially completed, washed away.
Started driving piles to renew bridge.
Bridge finished.
Bridge went out.
Started to redrive bridge.
Bridge completed.
This bridge remained in servioe nntil after the completion

of permanent bridget 3/l8/08 p after which it was tor.n
out between Piers I and II and II & III, giving an unobstructe
flow to ice.

EAST ABUTMENT:
1°/12/06 Quit excavating after going 3' below proposed bottom of

footing and finding only loose shale.
1907:
"'blb
3/20
3/22
4/17
4/22

PIER I:

Began excavating again.
Excavation completed.
Started concreting.
Finished concreting.
Finished cleaning up around abutment.

,.., .."

,-

for cofferdam.
"

up to level of stonework.

Began driving sheet piling
Finished" "
Started exoavatien.
Excavation completed.
Began conoreting footing.

Sheet piling removed.

Finsihed n If

Cleaned out cofferdam.
Started stone masonry.
Finished stone masonry.
Began concreting above stonework.
Finished "" "
Forms removed.

B~gan driving piles for caisson fal sework.
Falsework completed.
'Started building oaisson.
CalsBoncompleted 8ild' began l.owering.

1906.
WIT
8/19
8/23
11/28
2/21/07
1907.
2T!l7
4/6
5/2
6/4
6/16
6/22
7/7
1908.
Aug.l

PIER II:
1906.
SeJlt.2
9/.25
9/30
12/4
190'1.r:rrr ". Beganooneret1ng.CaiBSon' still ~n j.~}rs and Towered .

. . .,~S ooncrete ,:1E1 ptit'-·iii., '. ,',
,i/-12Rad'·to use watert~~:~",saCkout coarser 'material., , '. '
4/28 ,An"eJt:emin~ti'q1;l-917 , . '~l--b'eingtlxcava.t ed: ~a~~"byC'';F.Loweth

i"and: J. ~.Hal"dil1g,>, wll,O ,ent ereAt,he oaie~onat '57.5' ,depth.' '
5/4 "S1;~rt'eCl,~;st0ne'rnaSonrt.. : ' .. " -'. ' -, . " ' ' .. ', . ,," " " '
S/;2YfCa1ssoD l'and.ed.·. ',- . . '.
6f8'"F,:Lhisheds'ealing caie.apn.,
6/17 stone masonry eompl eted. ~
6{18 . :aegan building forina£-orneat work. -' .; ,

. 6/21 -AhandQ·ned-woxk on:P.:l~,!:_ I~ •.OIl aQ~~;t:Jllt i~f temporarlbtrag'e':":',:-::~:"":'
, 'washing Gut. ',,' . - , ' ,,:,'-,'

. ''-~_ .•.. 7/16.. "Resumed-,work on forma ~
"",' '-"~8Z,ee~:,.", ' Forms: 09mpleted. '~"'''---'~,;". .,,--,'

fl~ . star\'e4 "eonere71ng;'

-\



1907.
8719

(19. )

Finished ooncreting

PIER -III.

190'7.
"57.IT
5/20
5/30
'7/25
'7/30'
8/22
8/24
9/4
11/16
12/1
12/.3
12/'7
12/1'7
1/6/08

PIER IV.
1907.
~
8/28
10/15
10/22
10/31
11/6
12/l0
1908.
1/8
1/10
1/22
2/1
2/.4
2/8
2/14
2/18
5/15
5/30·

Started driving falsework piles.
Falsework completed.
Caisson (partially completed) ubdermined and washed away.
Started driving falsework.
Finished "
-Cai BBon completed ann began to lower.
Started concreting.
Fire in caisson - let air off to flood caisson and put f ire out.
Started on stone masonry •.
Caisson landed.
Work sealing caisson. .
Finished sealing caisson.
Finished stone masonry.
Flfii'~edd concreting pier.

Started drivingfElsework.
St arted driving sheet piling.
Using clam shell bucket for excavating.
Sand ran under sheet piling, filling up 8 feet.
Decided to use light caisson.
Day and night crew driving foundrrtioh piles.
Finished n "

Caisson completed and started to lower.
Began conoreting.
stone masonry started.
Started to seal caisson,
Finished sealing caisson.
Finished stone masonry.
Began concreting neat work.
Finished . tI "

Started weaving mattress around Pier 4.
Finsihed tI " " "

driving foundation piles.

Finished tI

Began concreting.
Finished tI

VIAnue T p rIms.
12/12/07 started
1908
!7ff
2/9

- 2/24

" " •

WEST AJ?PROACH.
8/2/07 Began driving piles.
2/21/0a Finished I' except pile pier.
3/11/08 Pile pier completed.

Began driving piles with steam hammer.
Abandoned driving on account of hi~h water.
Began again to drive piles.
Boat Keene took crew up to Ft.Yates to cut willows.
Began wea.ving mattress.
Began laying riprap.
Finished all mattress work.

DIKE ~in PROTECTION WORK.
190'7.
6fZ2
6/26
'7/19
?/.30
8/19
10/20
7/28/08

FALSEWORI- STEEL ERECTION AND RIVETING.

East Shore-Deck s¥an.
6/27/07 Startedalsework.
a/18/0? , Finished "

4/5/08 Started steel erection.
S/23/08 falsework removed.

SPAN 1, PIER I to II:

sta.rted drivi~g pi·lEl1J: "fQ1"u falsework.
11 erecting frame bents.



, I

lQO'7.
'W1J­
10/20 '
10/.21­

-12/11
12/12

Ij{~/09
SPAN 2, PIER

_'Finished drivingfals~~rkpiles.
Falsework almost completed.
Began:building traveller.
Completed steel ereotion.
Began riveting.
Began to remove falsework.
Pintahed removing piles from boom to Pier II.

II to III.

Began driving piles for ;falsework.
Finished falsework.

Started steel er~etion.

Finished" " and began to remove falsework.·
'Finished remOVing falsework.
Riveting completed.

for falsework.

Started steel erection.
~inished erecting falsework.
Finished iron erection and began
Travener taken down.

,-

SPAN 3 PIER III to IV. ,
16/20/0' Started driving piles
1908.
1726
2/.9
21.26
3/6

to remove falsework.

V1ADUCT.
i908.
m-r
3/.18
3/19

4/28

PAINTING.
4/17/08
8/18/08

started steel erection.
Finished steel erection_
A 0-1 engine, hauling 16 cers loaded with steel rails.

was run across the bridge e and passenger Train No.3
of March/19th.1908 passed over the bridge.

All riveting on bridge completed.

Painting begun.
Painting finished.

--0--



APE END I X 5.

BORINGS Awn SOUNDINGS.

. 1906 .
Boring No.1, made Aprll 15th, at Statlon 620 plus 93, on center

line of track:
Elevation Q~ shale 1257.0; drilled 28' to Elev. 1229.0.

Boring No.2,made April 16th, nt Station 620 plus 93, 50 feet south
of center line of track:

Elevation of shale 1257.0; drilled 9' to ~leY. 1248.0.

Boring NO.3, made April 16th, at Station 621 plus 04, 50' north of
center line of track:

Elevation of shale 1257.0; drilled 11' to Elev. l2~6.0•

Boring No. 4, made A-pril 16th, at Station 621 pluB.48, 50 , north of
center line of track:

Elevation of sand 1252.5 to 1254.5; harel shale 1254.5; drilled 22' to
Elev. 1232.5.

Boring No.5, ma~e Apri~ 17th, at Station 621 plus 40, 50' south of center
line of track:

Elevation of shale 1254.5; drilled 9' to Elev. 1245.5.

Sounding No.6, made April 1 '7th, at stat ion 620 plus 50, on ce.ater line
of track: .

Elevation of shale 1266.0, test pit 4'x6'.

Boring No.'7, made April 18th, at Station 621 plus~, 50' south of center
line of track:

Elevation of shale 1254.0; drilled 10' to Elev. 1244.0.

Boring No.8, made April 18th, at Station 621 plus 90, on center line
of track:

Ele!ation of shale 1254.0; drilled 31' to Elev. 1223.0.

Boring NOo9, made April 18th, at Station 621 plUS 90, 50' north of
center line of track:

Elevation of shale 1254.0; drilled 10' to Elev. 1244.0.

Boring No.lO, made April 24th, at Station 625 plus 02, 48' south- of
center line of track: I

Gravel from Elev.1243.0 to 1232.0; blue clay 1232.0 to 1206.0;
hard shale at Elev. 1206; drilled 11' to Elev. 1195.0.

Boring NO.ll, made April 24th, at Sta.626 plus 30, 50' south of center
line of track:

Gravel from Elev. 1235.0 to 1230.0; sand and mud Elev. 1230.0 to 1208.0;
gravel Elev. 1308.0 to 1205.0; quicksand, gravel and loose shale Elev. 1205.0
to 1198.0; soft shale 1198.0 to 1191.0; hard shale at EleY. 1191.0; drilled
5' to Elev. 1186.0.

Boring No.12, made May 2nd. Station 526. plus 15, on center line of
track:

Gravel from Elev. 1245.0 to 1231.0; sand and mud Elev. l231~to 1201;
soft shale 1201.0 to 1195.0; hard shale at Elev. 1195.0; drilled 30' to
El ev. 1165.0.

Boring No.13, Made May 3d, at Station 623 plUS 02, on center line of
trac1~:

Elevation of shale 1251.0; drilled 8' to Elev. 1243.0; very hard shale
1243.0.

Sounding No.14, made Ma.y 3d, at Station 619, plus 14, on center line of
track:

Elevation of shale 1289.0; test pit 4'x4' showed clay from Elev.1307.0
to 129'7.0.

Sounding NO.15, made May 5th, at Sta. 618 plus '72, on center line of
track:

Elevation of shale 1291.5; test pit 4'x4'.

Boring No.16, made May 5th, at sta. 623 plU8 90, on center line of track:
Elevation of shale 123'7.0; drilled l' into hard shale and lost 8' of

casing. on account of high wind. Mixture of loose gravel and loose shale over
hard shale, Elev. 1261.0 to 1248.0.



of track:

( 22)

Boring No.19, made May loth, at Sta. 1011 plus 08.3, 50' north of
center line of track:

Grave~~nd,1006e shale ,ann lignite from E1ev •. 1239.0 to 1166.0;
hard shale at E1ev. ~166.0; drilled 17'to E1ev. 1149.0.

Boring No. 20, made May 19th, at Sta. 1010, p1u6 26.3, 60' south
of center line of track:

Gravel, sand, loose shale and lignite from E1ev. 1238.0 to 1168.0;
hard shale 1168.0; drilled 7' to E1ev.1161.0.

Boring No. 21, made June 23d, at Sta. 625 plus 50, on centerline
of track:

Gravel from Elev.1243.6 to 1234.0; sand, lignite and blue c~'ay

1234.0 to 1183.0; soft shale 1183.0 to 1176.0; hard shale at 1176.0; dri~led
l' to El ev ~ 1175.0.

Boring No. 22, made June 24th, at Sta. 625 plus 50, 25' north of
center line of track.

Gravel from E1ev. 1243.4 to 1234.0; sanJ ,lignite and blue clay 1234.0
to 1186.0; soft shale 1186.0 to 1178.0; hard shale 1178.0; drilled l' to
Elevation 1177.0.

Borinp No. 23, ~ade June 25th, at Sta. 625 'p1ua 25, on center line
of track:

Gravel from Elev. 1243.4 to 1234.; sand and lignite, 1234.0 to 1230.0,
gravel 1230.0 to 1226.0; sand and blue clay 1226.0 to 1186.e; soft shale
1186.0 to 1183.0; hard shale at Elev. 1183.0; drilled l' to 1182.0.'

Borine No. 24, made June 28th, at Sta. 625 plus 30, on center line
,

Gravel from Elev. 1243.8 to 1234; sand, lignite and blue clay 1234.0
to 1185.0; soft shale 1185.0 to 1183.0; hard shale at Elev. 1183.0; drilled

'I' to E1ev. 1282.0.

Borine No. 25, made July 18th, at Stat. 625 pluB 12, 35' north of
center line of track: .

Gravel from Elev. 1242.6 to 1236.6; clay and sand 1236.6 to 1201.6;
soft shale 1201.6 to 1191.6; harQ shale at Elev. 1191.6; drilled 2' to
E1ev •. 1189.6.

Boring No. 26, made July 19th, at stat. 625 plus 20, 40' ~~uth of
center line o~ track:

Gravel from E1ev. 1242.6 to 1236.6; clay and sand 1236.6 to 1193.6;
loose shale 1193.6 to 1181.6; harn shale at Elev. 1181.6; drilleo l' to
1180.6.

Boring No. 27, made July 00th, at Stat. 625 plus 10, 40' south of
center line of track: .

Gravel from Elev. 1242.6 to 1236.6; clay Rnd sand 1236.6"1,'0 1193.6;
loose shale 1193.6 to 1185.6; hard shale at Elev. 1185.6; drilled l' to Elev.
1184.6.

Boring No. 28, made July 23rd, at Stf.J.e 625 plus 10, on center line
of track:

Gravel from Elev. 1242.6 to 1236.6; clay Mel sana 1236.6 to 12GO.6;
loose shale 1200.6 to 1184.6; hard shale at E1ev. 1184.6.

Boring No. 29, made July 23rd, at stat. 625 plus 20, on center line
of track:

Gravel from E1ev. 1242.6 to 1236.6; clay and. sand 1236.6 to 1200.6;
loose shale Rnd sand 1200i6 to 1183.6; ha.rd shale at Elev. 118,).6; drilled
l' to Elev. 1182.6.

Boring No. 30. made July ?6th, at Sta. 101~ plus 02.3, on center
line of track; Sand from E1ev. 1261.3 to 1228.0; gravel 1228.0 to 1212.0; lig­
ni t e and sand 1~12.0 to i156.0; soft shale 1156.0 to 1148.0; 'harder shale 1148.0
to 1133.0; hard shale at Elev. 1133.0.
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Boring No. 31. made July 31st.1906, at Station 1013 plus 02.3, on
center line of track:

Same results as Sounding No.30.

Boring No. 32, made in J111y, date unknown, at Sta't ion 625 plus 25, 25'
north of center line of track;

Gravel from Blev. 1244.1 to 1234.0; sand, blue clay and loose shale
1234.0 to 1187.0; soft shale 1187.0 to 1185.0; hRrd shale at Elev. 1185.0;
drilled l' to Elev. 1184.0.

Boring No.33, made iugust 3d, at Station 1014 plua 02.3, on center
line of. track:

Same a.s .boring No.30. except soft shale from Elev •. 1159.0 to 1152.0.

Boring J:lo.34, made Aug.llth, at Sta.tion 1014 plus 77.3, 25' north of
center line of track:

Srmd with a small mixture of clay from Elev. 1258.8 to 1217.0; gravel
1217.0 to 1215.0; sand and lignite from 1215.0 tp 1188.0; gravel 1188.0 to
1186.0; lignite and sand 1186.0 to 1162.0; gravel 1162.0 to 1155.0; soft
shale 1155.0 to 1147.0; hard shale at 1147.0; drilled 3' to 1144.0.

Boring No.35, made in August, date unknown. at Station 1014 plUS 77.3,
25' south of .center line of track: '

Sand and lignite 12.58.7 to'1222.0; gravel 1222.0 to 1219.6; sand, gravel,
lignite and loose shale 1219.6 to 1166.0; gravel 1166.0 to 1157.0; soft shale
1157.0 to 1147.0; hard shale at 1147.0; drilled l' to E1ev. 1146.0.

Bo ring No. 36, made ill A1Jgust, date unlalOwn, at Stati on 1015 plUS 02.3"
25' south of center line of track:

Sand ancl lignite 1258.5 to 1421.0; blue clay 1241.0 to 1229.0; loose
shale and lignite 1229.0 to 1169.0; gravel 1169.0 to 1156.0; soft shale
1156.0 to 1146.0; hard shv.le 1146.0; drilled l' to Elevation 1145.0.

CORE DRILL BORINGS.
Boring TIo. 37, made Aug. 27th at Station 621 plus 05, 10' south of

center line of track:
Casing lowered to hnrd sha.le, a.nd boring made as follows:
Rard shale 1252.0 to 1200.0; hard lime stone, layer 1200.0 to 1199.92;

hard shale 1199.92 to 1185.16; softer shale 1185.16 to 1182.16; hard shale
1182.16 to 1145.66; hard lime stone 1145.66 to 1145.58; soft soapstone 1145.58
to 1145.56; hard shale 1145.56 to 1145.0.

Boring l~o. 38, made Sept. 6th. a.t Sta.tion 621 plus 17.8, 14'5" south
of c~nter line of track:

Casing lowered to hard shale, and borings made as follows:
Hard shale 1251.5 to 1248.5; 1i~eBtone 1248.5 to 1248.3; harn shale 1248.~

to 1225.0; harder shale 1225.0 to 1215.0; soapstone 1215.0 to lZ41.88; hard
shale 1214.88 to 1214.5; soapstone 1214.5 to 1214.44; hard shale 1214.44 to
1184.0; soapstone 1184.0 to 1183.92; hard shale 1183.92 to 1181.0; limestone
1181.0 to 1180.78; hard shale 1180.78 to 1179.6; lilfJestone 11'79.6 to 1179.1;
hard shale 1179.1 to 1172.6; soapstone 1172.6 to 1172.58; hard shale 1172.58
to 1172.5; lID.rd limestone 1172.5 to 11'72.42; mrd shale 1172.42 to 1170.3;
hard limestone 1170.3 to 1170.22; hard shale 1170.22 to 1169.4; hard rock
1169.4 to 1169.2; hard shale 1169.2 to 1160.0.

Boring No.39, made Sept. 18th, at Stat. 621 plus 17.8, 20' north of
cent er line of track:

Casing lowered to hard shale and borings made as follows:
Hard shale 1251.5 to 1248.2;lirnestone 1248.2 to 1248.14; hard shale

1248.14 to 1245.0; soapstone 1245.0 to 1?44.94; hard shB.le 1244.94 to 1207.0;
soapstone 1207.0 to 1206.96; haj'd whittsh rock 1206.96 to 1206.88; hard shale
1206.88 to 1191.0; soapstone 1191.0 to 1190.92; hard shale 1190.92 to 1190.6l
Soarstone 1190.6 to 1190.52; hard shale 1190.52 to 1189.0; hard soapstone
1189.0 to 1188.84; hard shale 1188.84 to 1186.6; soapstone 1186.6 to 1186.52;
hard shale 1186.52 to 1183.0; hRrd limestone 1183.0 to 1182.75; hard shale
1182.75 to 1182.7; soapstone 1182.7 to 118?68; hard shale 1182.68 to 1181.0;
hard ~hitish rock 1181.0 to 1180.84; hard shale 1180.84 to 1175;50; soap­
stone 1175.50 to 1175.42; hard shale 1175.42 to 1169.0; hard whitish rock
1169.0 to 1168.92: hard shale 1168.92 to 1163.0; hard limestone 1163.0 to
1162.75; hRrd shale 1162.75 to 1159.20.
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Boring No.40, made Sppt. 25th,· a.t Sta. 6~1 plus 05, 25' north of center line
of track: .

Casing lowered to hard shale and borings made as follows:
Hard shale 1251.5. to 1214.6; soapstone 1214.6 to 1214.58; hard shale

1214.58 to 1195.'; hard limestone 1195.7 to 1195.54; herd shale 1195.54 to
1193.3; soapstone 1193.3 to 1193.28; hard shale 1193.28 to 1190.5; soapstone
1190.5 to 1190.46; hard shale 1190.46 to 1178.0; limestone 1178.0 to 1177.92;
hard shale 1177~92 to 1177.3; soapstone 1177.3 to 1177.18; hard shale 1177.18
to 1170.7; hard limestpne 1170.'7 to 1170.62; hf'..rd shale 1170.62 to 1166.7;
soapstone 1166.7 to 1166.68; hard shale 1166.68 to 1166.40; limestone 1166.4
to 1166.32~ hard shale 1166.32 to 1165.0; 1imestore 1165.0 to 1164.98; hard
shale 1164.98 to 1164.5; hard limestone 1164.5 to 1164.42.

Boring No. 41, made Oct. 1st, at Sta. 625 plus 54, 46' north of
center' line of track:

Casing l~~ered to hard shale and borings made as follows:
Hard. shale 1185.25 to 1182.7; extra hard shale 1182.7 to 1182.54;

hard shale 1182.54 to 1176.0; softer shale 1176.0 to 1174.5; hard shale
1174.5 to' 1171.0; softer shale 1171.0 to 1170.75; hard shale 1170.'75 to
1169.67; softer shale 1169.67 to 1165.59; hard shale 1165.59 to 1162.4;.
hard limestone 1162.4 to 1162.32; hard shale 1162.32 to 1159.0; hard shale
1159.0 to 1158.0; hArd rock 1158.0 to 115'7.92; hard shale 1157.92:to 1155.63:
hard shale 1155.63 to 1141.0. At 1141.0 a diagonal crack in the core w~s

found. Hard shale 1141.0 to 1128.7; softer shale 1128.7 to 1121.47; hard
broken shale 1121.47 to 1104.77; hard shale streaked with whitish hard rock
1104.77 to 1100.77.· ,Core lost from 1100.77 to 1093.1; soepstone 1093.1 to
1092.9~; hard broken shale 1092.94 to 1084.67; soapstone 1084.61 to 1084.59.

Boring No.42: made Oct. 14th, at Station 625 plus 54, 30' south
of center line of track.

Gravel from 1244.3 to 1234.0; traces of lignite and s8nd1234.0 to
1226.0; sand and blue clay 1226.0 to 1190.0; soft shale 1190.0 to 1183.0;
hard shale 1183.0 to 1180.0; soft shale 1180.0 to 1177.0; hard shale at
Elevation 1177.0; drilled l' to E1evatiQn 1170.0.

Boring No.43. made Oct. 15th. at Station 625 plUS 54, 30' south
of cent er line of trae:];:::

Casing lowered to hard shale and borings made as follows:
Hard shale 1200.8 to 1196.8; hard loose shale 1196.0 to 1191.8;

broken hard shale 1191.8 to 1188.1; sand and clay 1188.1 to 1178.0; hard
shale 1178.0 to 1171.0; hard limestone 1177.0 to 1176.92; hard shale 1176.92
to 1174.0; soapstone 1174.0 to 1173.98; hard shale 1173.98 to 1150.0; soft
soapstone 1150.0 to 1149.98; hard shale 1149.98 to 1145.67; soft shale
1145.67 to 1144.07; hard shale 1144.07 to 1143.6; limestone 1143.6 to 1143.48;
hard shale 1143.48 to 1138.67; medi1m soft 1138.67 to 1138.6; soapstone
li38.6 to 1138.56; hard shale 1138.56 to 1138.5; soapstone 1138.5 to 1138.48;
hard shale 1138.48 to 1137.3, soapstone 1137.3 to 1137.22.

Boring No.44. made Oct. 24th, at southeast corner of Pier II:
GBS1iJi&C lowered to he.rd shale and borings made as follows:
Broken hard shale from Elev. 1180.0 to 1178.51; hard limestone

1118.51 to 1178.43; hard shale 1178.43 to 1175.0; softer shale 1175.0 to
1174.98; a diaeona1 craek in shale found at 1177.0; hard shale 1;174.98 to 1168
soft shale 1168.8 to 1168.76; hard shale 1168.76 to 1164.7; hard limestone
1164.7 to 1164.64; hard shale 1164.64 to 1164.6; hard limestone 1164.6 to
1164.56; hard shale 1164.56 to 1160.0; extra hard shale 1160.0 to 1159.75;
hard shale 1159.75 to 1151.~;hard limestone 1151.1 to 1151.04; hard shale
1151.04 to 1148.6.

Boring No.45, made Oct. 29th, at Station 1010 pl~8 50, 41' north
of center line oftrack:

Casing lowered t~ hard shale and borings made as follows:
Hard shale 116'7.1b to 1152.5; li:nestone 1152.5 to 1152.46; hard

shale 1152.46 to 1147.0; harder shale '1147.0 to 1145.5; soa~stone 1145.5 to
114;;.46; hard shale 1145.46 to 1103.3; soft shale 1103.3 to 1103.14; hard
shale 1103.14 to 1099.6, streaked with whitish limestone; hard shale 1099.6
to 1089.0; limestone 1009.0 to 1088.84; hard shale 1088.84 to 1075.5; soap­
stone 1075.5 to 1075.42; hard shale 1075.42 to 1075.0; soapstone 10'75.0 to
1074.92; hard shale 1074.92 to 1064.0. Fr0~ Elevation 1075.0 to 1074.0 shale
stren::ed wi th whitish hard rock.

Boring No.46. made Nov. 9th, at Station 1010 plu~ 74, 25' south of
center line of track:

Casing lowered to hard shale and borings made as follows:
Rard shale from E1ev. 1166.5 to 1157.6; limestone 1157.6 to 1157.52;

hard shale 1157.52 to 1154.0; limestone 1154.0 to 1153.92; hard shale 1153.92"
.... - ........ - - - - • - - ~,.. ... ,... ....... - .,.., A f'7 ,. t'7. '- _ ... _ .3 __ 't- ..... , _ "11 tz c. 'Z + "" , , ~~ L1.. ~
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Boring No. 47; made Nov. 16th, at stat ion 1010 pl1.1S 50. 25' sOl.lth
of center line of track:

Casing lowered to hard shale and borines made as follows:
Hard shale at 1166.6; drilled~' in hard shale to Elevation 1165.6,

and discbntinued the diamond drill borings.

NOTE: Borings Nos. 1 to"37, except Nos. 6. 14 and 15, were made
by the wash boring method. Nos. 6, 14 and 15 were made by
test pi'ts.

Borings Nos. 37 to 47 were made with a Sullivan Core drill,
which was rented from the ChicIJfO &; Northwestern Ry.Co.

--0:]-"
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TABLE A" APPENDIX -(;

SACKS OF CE/YlENT USED AND CONCRLT£ VOLUMES
STRUCTURE VYhere i.J5ed "tJ/,um'? Unt ver-.su'l A flas Wolvenne Morouetle Medusa Q..b./coaoAA Aloha rer/ess __[..9 10/ .nc;~"i' e

.-
850

• , • If'- •

Foofln9 1053 850
East Abufment Neof 424.4 /880 1880

52q7 .. " I I Z730..

Foofinlj 453·°11 10/ Z / {; 07 50
I

2G0q

Pier I Boc Km'j.5!onel1j 65.Oil /50 q 8 173 Marfor on Iy
NeoT .5 7.71 302 /

!
302 /

/ / 05.7 ..5863

Foof/nc; 3812./ 804/ //06/
/
080

1

2018Z

Pierff BcetlJ,0tone!'!son; I 3/.4 I I 8 / / 8 l1or/or only
N of 77 Z.I 4103

I
4103

"- 4716.~ 24403

Footln~ . 4(; 7 7.0 62// /0502 I 349/ 3(;5(;, ~38b 0

Pier]]I l3octtrl9.5fon ~~ .. / q 1.4 /87 75 ZG2 l1or/or only
Neal / 7(;/.0 4/25 4/25

5{, Zq 4 2824 7

Fooftn[ 10750 4778 720 /05 bOO I 0203

PierJ.Y I&cfi1 slon !1s'nj 98.7 I /33 133 t1ortor only
N of 64/.3 1- 2502 ql5 34 I 1

/7/50 I
i 9753

Fooftn9 /64.4' 450 I 450
Pedesfols Neof 180,0 /326 /325

344.4 10 / 775
MonumenTs 4. , 10;

Tofo/.s /4043.8 37/27 12 GG8 1/356 2796 (,08 1080 3qq/ 365.6 7 Z 781

TA 8Lf- I'B "

STRUCTURE 11'1 ,p I
CU YDS.CRU-5H£D STONE Cu. Yd5. Son rl ( U. Yds. Cut Sf-one

I< ()50fo l'1onKafo. SIOUX Fo//s Orton ville ;vlendoTo TOTOI OIIYIO
Go ronl -t-e :Jon CI Stone

Irn(:;o 0 15 Or onvil e Ketttg<~Lver.,

Losf Abufmen! I
3Z6.37 32537 /50.0

Pier I 100,00- 7 0 .00
1

400.00 .50.00 Z2000 840. 00 Lfl2.3 4QCO / 50,85
Pier ff 431.00 7/.00 I 7 4~·oo / 00.00 / /t03-0 0 345/,0 C I G58.0 7c;.57 /87.74
Pier J]J 300.00 70.00 255G,oO 5000 105000 4020.00 /Q4/. C '/7·27 227.73
Pier lY . 86Z,Z4 67.88 6/.Z0 23 q.O£ 8Z.GG 1303. 0 0 GZBO .5 0..24 154.72-
Pedes fa Is ZG lOO 20) 00 102.0
l'1onurnenfs 2.20 2.20 /.1

I G93Z 4 2e/'08 .5288,31 Z51.z0 !?C/2C2 82.00 J 0208.51 489.24 27 (.08 72/.04
Not-e:-

The use of.5o mo~kinds of5fone wos dU6~0 ..
the Inabillfy of 017'" orl e 5j;0ne ComlAonles to urn/sh ,
the sfone os nf,edet/~/ the;-!::. rouqh /0 /( ofcars fo lood
or the COpOCI y or fell'" p. on fs,
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APPENDIX 7.

BRIEF COST REPORT.

In making up the cost report, a brief of which is given in
Tables I,II,III end IV, Sheets 3.4,5 and p of this Appen~ix, the general
buildings referred to comprise: ,

Camp buildings, boarding camp and equipment, carpent er and black­
smith shop. engineers' office and dwelling, rope, tool, nail. cold storage
and ice hOtlSes, oil platforms, housing engines and sidetracks.

The concrete masonry buildings comprise:
Cement'J.ouses, cement, sand and stone chutes, heating plant a.nd

sand platform.

The struotures not included in the above comprise:
Dynamo house and lighting plant. machinery barge, hospital and

furnishings, scow derrick, push car traok, side tracks at Piers II and III,
soundings, skiq.s and traveller.

The Report incluqes:
Credit for all material shipped away, as shown on bills sent to

the Chicago offioe;
Credit for material left at pontis, as shown on inventory, and
Crec1i t for cash collections and board dedne tiona.

THE TOTAL COST OF GENERAL BUILDINGS. MATERIAL, LABOR .AND FREIGHT
was charged as follows: .~

1!4%. Foundation east abutment.
1/4% " pedestal piers.
1 % " Pier I.
S %. " Pier II.
11 %. " Pier III.
3 % " Pier IV.
2% Concrete masonry Pier I.
7%. " n Pier II.
g%. "":p i e r I I 1.
3% • " " Pier IV.
l~ "" East abutment.
1% " " Pedestal piers.
10/0 stone " Pier 1.
l~ stone " Pier ~I.
I%. stone n PiernIII.
1% Stone II Pier IV.
5% Dike.
1/.2% Falsework east approach.
3% "Span 1.
3% "Span 2.
3% "Span 3.
11.2~ Iron erection east approaoh.
3% " Span 1.
3% " Span 2.
3% " Span 3.
1/2% " Viaduct.
10% West Approach.ig% Temporary Bridge.

0%
THE TOTAL COST OF CONCRETE MASONRY BUILDINGS • .' MATERIAL, LABOR AND

was' charged as follows:
3%. Concrete masonry east abutment.
7% " If Pier I.
34% " "Pier II.
42% " 11 Pier III.
12% " "Pier IV.
~% " "Pedesta.l Piers.

THE COST OF STRUCTURES MATERIAL LABOR ~ FREIGHT, not included in
GENERAL BUILDINGS OR CONCRETE VIASONRY BUILD INGS, was charged as

I

FREIGHT,

follows:
D~amo House and Lighting
3 Foundation Pier II
45~ " "III
20% " If IV
5~ camp

Plant. -

(Sheet I.)
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Machinery, Barge and Hospital:

40% Found.ation Pier II.
50%. " " III.
10% It n IV.

Scow Derrick:

3011& Concrete masonry Pier II.
10% Foundation Pier II.
10%. Foundation " III.
30~ Concrete " " III.
10~ stone It If II.
10% stone " If III.
1"00%
Push Car Track.a.long Temporary Bridge.

20%. Concrete masonry Pier II.
30~ Concrete masonry Pier III.
50% Concrete masonry Pier IV.

Side Track, Pier II (Built twice)

45%. Found.ation Pier II.
5% stone masonry Pier II.

50% Concrete " Pier II.

Side Track, Pier III. (Built tWice.)

45% Foundation Pier III.
5%. stone masonry Pier III.

50% Concrete" Pier III.

Borings and Soundings.
4; %. Foundation east abutment.
24%" Pier r.
24%." Pier II.
24%" Pier IIIia% ." Pier IV.

0%

Skids and Traveller:
33='1/3% steel e-rectlon span 1.
33-1!3%. steel erection span 2.
33-1/3~ steel erection span 3.

( Sheet 2.) 1"1
o
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BQIEF COST r:!EPOQT-'TABLE n ApPENDIX 7
" 5heef4-

CL455JFIC4T ION COST EXCLU51VE OF FQEIGHT COST INCLUDllfG FQEIGHT
L4BOQ LABOQ&M4TQl TOTAL "/oaF iota

co,sf o~5UB5TJ2UCTUQE, Moferia!' Lobor. iCo~f per Unit. Tofo/, roosf per Un;+-. ,Preiqhf- TofoI. ro~t per unif: Br,d9_e .r. ounaO'T"lqn.
$ 7~0 .288 ~. .288 f$ 7 20 .288Monurnen+.

~ 7 20 .zEAbutrnenr; 1$ 26958 &.93 16 2007 o ' 1/52 74 2. 61 6' , f6 2 I I 1 78 95 2. .649 o .
PierI·

I

3298 97 6124~C
fI)' c: 57 515

.C-
8 I 9143 38 22. 245

Q)' ( ..... /3 98 1i 9423 21. 'if.o JI9 lO
PierIL 23159 17 29557 15 8- 21 527/632 14, M ~.;: 3/25 12 5584/ 1/-4 15, 5/f -i:'

j' 0 :) 0 ~. 0
PierlIL 29374 96 3/490~ 6 091 (j.\: 60865b9 II. 77 ~S J983 2/ 64848 60 12. 543 u .l:

0 8PierW 166936': 21458 58 13 712 0 38152l23 24.~
(j

3178 ~4 413.3/ 07 26 41
P€cle~tol Her:::. . 205028 4883 64 46 511 0 6933f)Z 66 037 4; 10077 76.~4 :R.9 66- 74 0

~180555~3 1970;0
Concre+e F6rrns,

Monumenf.s 4 70 11 00 1,294 <.( , /5 7C I. 847 ~~ 58 16 28 I. 915 ~
EAbufrnenf, 2/3~4 438 19/ J. 058

o OJ 652~5 /. 571 '6'~ 3522 687 57 I. 656 0)' ~. u
PierI 482 f12 1024 04 2. 547 -§cf! ISOc 4c ..3 747 ~ <. .3462 154 I 08 .3 ~33 ~~
Pr'erII 707~5 2/61 2B 4. 87S ~$ 286863 6. 475 ~ 67 l33 2935 f96 6- 627 (}..5

~ fIJ[ ('jV)
Pr'erm. 785 6/ 2161 26 4. 879 2946fg7 6. 652 77 69 3024 56 6. 827

fP/erDZ 681 ~5 , 1257 38 .3 128 {. 1938~3 4 822 l.. 6360 ' 2002 43 4. 98/
Rade.:;,f-al Her.:. /39~8 864 10 3. /54 ~ 100.3 58 0 662 l/? 23 ,90 f O?7 l48 4, 10 if

liP / /2J5 l36 /.23/0
Concrere Masonre,

-~
Monurnenrs I I 72 /I ~O ·2 95 <.() 2.3 l52 5.~O <.(" - c.. 6 85 30 37 7 593 ~ .,'
EAbutrnenr. 2013 p5' 23( 1C

olT)
78 5042 f-14 '9. 52() o ~(17/0 1/ 3. o~ 3723 7- 029

~f
1319 cry

, Pier L 4805~C 3063 16 2 77C ff)'! 7869 Oc 7 1/7 2842~2 107 I I~8 9 688 fJ~
~Q) AOJ ~P/erII. 2136C f53 9998 12 2 /20 jl358 \6..: 6. 65 ::y'i;, / 2/8/ 04 43539 Ks9 9 /69 ;jJ!!

Pier m.. 24395~I 11368~7 2 0/5
~.~

357638t O. 353 ~~ 14504~O 50268 /8 8. 929 rvt:()~
P/erN. 9944

~
5186~O 3- 60, u 16/30

~
9 405

()
5129~3 2/259 67 12 396

CJ
( (' C'

Rzde5fol P[er~ /263 2775~8 8 OBC c3 4039 fl, 729 C9 928ks2 49F,R I()~ 14 425 cJ
Ston e M030nr4

~ d <.::)...
~ 135820 91 ~ 14610

P/erI 3284 99 782 f55 3 905 vj . 4067
~1

20. 293 563 OJ ' 4630~5 2J. /OZ II)
CIJ P QJ t:P/erII 6945~j fOOl ~O 3- 748 P Q) l; 7947 29. 732 pQ)§ 837 0/ 8784p-4 32, 862C' (' :) c c

Pier III 728,S13f 150057 4 6/7 :J' -P ~ 8788~c: 27 042
;)' C' (f)

909 90 9698 78 29 &42 ~of 0fJ Cf).f 'fJcif~ (J
PierJJ! 4976 75 1/3664 5. 555 51/3 t39 29 827 56409 R0J7717B 32. 581 ~

'f; 2979/ ~5 3.25%
Dike' 18683~5 1786468 14 64 Lih,Ft 36548 13 29 96 Lin. Ft. 286835 .3 94 / 6 5/ 32, lJ08 Un.Ft-. 430'10
Pile p,'er 594 06 264 76 858 84 1.52 f4J 991 25 CuYds 0.11%oF-
Enqin eQr'tnq. 1 150768 Cu.Yds. / 1507<58 Cu, Yd:;. / 150768 0 823 Masonn

Enqr.~Monument 188 f)()1M of- n! F,c:. of 61 165 1.26°~

o+of. ~ 183429 78 ~ /7/565 93 J I. 46 Mason'" f1h 35499571 23 60 M050nr4' ~ 544/4 84 '.1>409410 155' 27 22 1/ 44.66ic



BQIEF COST QEPOQT-TABLE III APPENDlxl
. 5heQ..f

5.41'10

0.997<

092'10

1~5.II%

0.1143 QlVef­
0.1793 .,
0.203 •
o.I8lf ~

o 9 ~
9065 7

23365
265150
203103
2647 6
/.~ 050

8400104

573 2
2573 f
29 1 7 2

·26000f
40 f f

II-----=.Tl...;:O::...T.:..:.A....:..=L~-----Ir oJ.+010CO.TOI-
Tof-af. Co~f per Un/I-: Bridqe

22/ 6/0 /7 729.~ ~.
16552 /0 39409 ',S:' ('f/J

I 7 2 08 32 40972 £
~'--"---'-'-'f-L->"oo<.l1 33 849 Vj
50/93 I

C05T INCLUDING FQEIGHT.

982879
10008066
9919549
9883420

32/ <52356

"7
6

4672
/55 3
15543
f5543
10443

24m911JP
/93857
206f07
96 37

Freiqhl-

65 5 / 7 5. 059~ a
214574 51/1 <{-'
2 1 3 2 73 5 21 .,C'o l
2 1 65 4 7 .08~ «.......0
{ 4428

8355 7 l II09!%'
7 I /0.77/0

'n.Ff-.or
I ~fo{

~ 184 05179 ~ 4 04 9.3.3 06 242.166 .3pons 1144 17'Yc

,~

/
7445l "!..QyI 99/0 ~Cj

/ 757 0
I 72 0('

I 629

o /{4j~ R,·vef.
0/793 I

0203 •
0/8// "
o 9&A "

[A BOQ&MAT'Q'L
Cost per Unir.

6084 4698 J
/9933 f 4' 742 .«Y.... C
19 7 7 4 655 ....C' >.,0°
20/0 4.490 v ~
II 4853 4 58

2336:
26515C
263 10':
264 C

23 5C

I 96~ 'j /5745 ~"'. (' II-1P
/46/35 34.794 ',(" ~,f
/5/472 36064v ':5,.r:J
/3248/ 31543 0

4.30l Q)3. 9 r/j-Qj
j 353 d­
302 0"
3. 1/2

52 7 O/OjQ,'v12f­
f90285 OJ3 ~ q

224 76 Q 56 .

34Y8 0 . '

.. ~ ~'39 5 /.718 Cl

2 / 2783 I. 9/1 ."i
rlf

'2 I 0737 I. 75~ ("0

2/236 I. 7~o
/640 0 371

9-35~~ 7 48~ "<Y,,.. I~8.37 f /994 \c:' §'
8845852 (06 :v ')Q.

7J4f 3/747 :§.

709S19d±
643/ 2155~j8.06Bd~$t~ j665 2 71]23/17251~~~r.f-

LABOQ.
Lobor. ICo5tpcar Un,fl Tofo/.

COST EXCLUSIVE OF FQEIGHT

94.30
52.367
5236E
523 7

72 0

35597
I 17 3
f / 79 3
f /7 3

79271

103~351'6237 7
6301 7
590 79

905482"
90885 4
90812 1j
90885 7

. 1256324

Morerial.

~ .3 2 2 2 I 417 2~Toro/.

EApproach
5ponI
5p on1I.
.span lIT
Viaducf

Floor,

Enqin ee.rtnq

Fal5ework.
EApproach ~
5p onI
SpanII
.span1lI

5f-eel Erecr/nq
EApprooch
5p onI
5ponII
5panill
Viodud-.

5f-eel Qive.finq
EApproach
5 panI
5ponII
.sponlli
Vioduct-.

5f-eel Poinf-inq.
EApprooch
Span I
5po(")I[
.5ponill
Viaduct-

CLASSIFICATION.

5UPEQ5TQUCTUQE

/

"~



BOIEF C:OST QEPOOT- TABLE JY
CLASSIFICATION. COST, EXCLU51 VE OF FQE/GJ-IT
EMP012AQY BQIOGE. LABOQ.

NEST APPROACH. Maferiol. Labor (0::>1' perUnif: Tal-af.

TEMbOQAQYBQ. 1$ 2994034 j I J 85 2r;q: $ 6/ /25
.?

I1mounf chorqed to
Per,-nonenf

Bridq~.

o{.

ApPENDIX 7
Sheet- 6

R>85°k,

01E:5T-ApPQ04(H -1f$ 2 304 7~al 1203/17811 91334bnFf: ~ 5507 912612712/ ~inH.

COI1DElfls!d C1'osTi QEPOQ1r-

4 j 9 516911 3 9 4 7 4 9 5 V-in.F+.114.3f%

~
~

I~UB5TPU(,TUQE I I I h jJ I lit I
r6EQMANENT BQ.t / 8342 9178r I 7 f 5 65~311/lJ4/ ~~~~354 9957/ 23. 60 r1';:~~';'~Jr 544 J 4 84r09 4- f O~ sk 7122 ~r~;,14467~

'DUPEQSTQU,TUQi.
IPEQMANEflT BQ. 11-"'·..............................--=tL41-~r:..........L..----'--+'!.....LJIJ 2F/8 r~~.l .' Z~721229 T~eeti. J 14 117 5.16~~~~tl~4.17'Z

TOTAL \OST 141027k';?~.J74/ 522 ~fb41 ~~c:er. 728206j~/ 43436II~8412941~~f!;<#,

TEf1POQAQY BJJ. ~Pro27't4~6Ij5~ Pr-028r+8b75~5i 5ks/ ~~~~ . 56 62 5b~ /01295 ff~~~1 6/ 7815411 (52 80 3~311/1.1419~i~~f6.55%

/ WEST APPQOA\H~ 2"~n.d 7k1r: I 203/l~ 3B34IJ..,-n.Ft. j 5 079~27121 ILin.Ft. 4.395lo-9ll :3 9 4 7 41~3o.I62ILin.Ff.l~j/%

-,"

fOTAL ~S5643BI33tZ 767 8912 t!18~2 1;;:~~1aj3 2 2 7b~551J9 ~:~::~.~8 33 94186~ I 6 6 2 2 ~91160j94 ·~~,jjtOQcq'

.LineoA ft or Bridqe Ilbuilf Includte~ 0(1 rejneNo~>due to hIRh~wqfer;~ce,ond\driff:



A P PEN D IX 8.

LIST OF FIELD ANn NOTE BOOKS, AND SUMhlARY OF CONTENTS 0]<' EACH.

-00-00-

BOOK 1.
Borings by J. F.Pinson.
Triangulation sketches and base lines.
Foundation notes for Pier I.
Profile notes for west approach.
Sand an~ stone track notes.

BOOK II.

Borings by J.F.Pinson.

BOOK III.

Temporary bridge notes; drawspan; notes on curve.
Samples of water taken from springs near Mobridee.
Borings and soundings at Pier I.
Soundings~~ at Sta. 625 plus 30 to Sta. 632.
Sand and stone track notes.
Water level records.
Mi sce1laneous volumes.

BOOK IV.
Borings and Piers I,ll and III.
Foundation notes for Pier I find east ab11tment.
Dimensions of icehouse and barge derrick.
Caisson notes and daily record for Pier II.
Miscellaneous volumes and water level notes.
Base line measnrements and triangUlation notes.

BOOK V.
TriangUlation notes.
Side track and f~~sework for Pier III.
stonework, forms and concrete for Pier II~,

Notes on pull necessary to move caisson.
Falsework notes and notes on Pier IV.
West apr-roach and temporary bridge •
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A P P EN D t X" 9.

SPECIFICATIONS FOR GUT GRANITE FOR MISSOURI RIVER BRIDGE~

May.!_a:.?.96~ I

Material to be furnished under these specifications will con­
sist of the cut granite face stones for that portion of the upstream nose

.from a little below low water level to.a little above extreme high water
level for four river piers for proposed bridge over the Missouri Ri-wer
for the Ch~cago. Milwaukee & st. Paul Railway Co., near Evarts, S.D. ~

The material ~s to be furnished F.O.B. oars at the quarry.
The dimensions for each course, the thickness of the several

courses'andthe number of stones in each course shall be as indioated on
detail ed plans to be furnished by the R~ilway Company from time to time
as the work progresses.

, The starlings for two of the piers, Nos. I and Iv. will be
battered about one-half inch per foot, and for the intermediate piers,
Nos. II and III. will hav'e a ba~terof 8" to the foot.

'All stones must be' sound, durable, free from Beams It oracks and
other defec~s Which, in the judgment of the Engineer and Superintendent
of Bridg~s & Buildings, may impair its strength or durability, and shall
be of the' beat quality of Ortonville granite.

Al~ stones shall be well proportioned, and Shall be so arranged
,in each co,npae as to form a proper bond with the stones of the course
next beneai'h it, and in nocaee shall the bond be less than 15". There
shall be no vertioal joint closer to the nose of the pier than 2 feet.

All stones shall have their beds well dressed, so as to lay
easily to a 5/8" thick joint, with their top" and bottom beds parallel.

The vertical joints shall be dressed back at lellfi3t 15" from the
face, and at <right angles to it, and the beds must be dressed to the full
size of the stone. No overhang whatever will be allowed~ '

There shall be no depression in the bed Within 6" o~ the e~ge .
and at no pI ace is the depress ion to exceed 1/2" in bottom bed,
to~ bed, nor can this depression in the bottom bed amount to '
1/4, of the area of the bed, nor more than 1/2 for the top bed.

The exposed face of all curved surfaces of the stone shall be
fine pointed, with no projections exceeding 1/2" • All shoulder and
nose lines shall J>e marked with a It'' chisel draft, and the plaoe sur­
faces bac k of the'shoulder lines shall be rook faced, with no prodections
exoeeding 2t".

All cutting shall be carefully and aoourately done, so that the
courses will build up with the surfaoes true to the lines called for by
the plans.

Each stone, at the point of. the, noae of the piers , shall have
two lin holes drilled entirely through it, located so as to properly
dowel the stone to the underlying stones, and all other stones shall have
one li" hole each.

The stone is to be shipped at the Contractor's risk.
The stone will be inspected at the Contractor's cutting yard,

unless the inspection is otherwise provided for with the consent of the
Engineer. In any case, the Contractor shall furnish the inspector with
full facilities for examination of the stone.

The right is reserved to the F~gineer to rejeot any or all of the
stone for want of conformity with these specificatioDS g at any time pre­
vious to its being paidfor in full by the Hailway Company. notwithstand­
ing that it may have been previouslynpassed upon by the inspeotor, and in
case of such rejection, the title to the stone shall be in the contractorJ
and he shall be charged freight on the same on this Company's lines at '
regular traffic rates.

The stone will be paid for on the basis of its net cubioal con­
tents, exclusive of face projections and by taking the average superfioial
area of the two beds into the actual thickness of the stone.

Pa:Yl1lents will be made monthly, on the basis of 85% for all stone
furnished or cut ready for delivery during the previous calendar month, pr~­

vided that the stone cut add delivered ia in the order necessary to pEtrmit'G
continuous laying in the field. (

t
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SPEC IF ICATIONS FOR CUT SANDSTONE FOR MISSOURI nIVER BRIDGE.
IviaY,1906.

--0--0;..-

Material to be furnished nnder these specifications will consist
?f the c1?-t face stones for the sides and downstream ends, from the top of
lntermedlate belt course to top of footing, for four river piers for p~o~
posed bridge over the Missouri River, for the Chicago, Milwaukee & St.Paul
Ry.Co, near Evarts, S.D.

The upstream nose of these piers below the intermeniate coping will
be of granite.

The material is to be furnished F.O.B. this Company's tracks,
Minne&polis.

All stone must be sound, durable, free from seams, pow4er or other
incipient cracks, and other defects, whioh, in the jUdgment of the Engineer
and Superintendent of Bridges & Buildings, may impair its strength or dura­
bil::itf, and shell be of best quality of Kettle River sandstone.

No course of stone shall be less than 24", nor mo re than 28" in
thickness, excepting the intermediate belting cOUTse.: which will be 30" in
thickness; each course shall be , uniform in thickness and shall decrease in
thickness from tho bottom of the pier upward.

No stone shall be less than 5 feet nor more than 8' long, nor
less than three, nor more than 6' wide, but in no case shall its length be
less than 2t times its thickness, nor its width less than It times its thick­
ness.

Headers at least five feet long shall be put in frequently to bond
the wall, and they shall be so arranged that the headers of any course shall
fall between the headers of the course next below it. There shall be at
least one header to every two stretchers, and they shall at no point be less
than 3/4ths their full width.

The stone in each course shall be so arranged as to fa nn a proper
bond with the stones of the course nE!xt beneath it, and in no case shall
the bond be less lthan 15".

The Contractor shall furnish a sketch to scale of each course
showing the full dimensions of each stone for approval before cutting begins,
and no deviation from the approved plans will be allowed except by consent
of the Engineer~ .

All face stones, except intermedi'ate beltings, shall be rock
faced. The edges shall be brought to lines corresponding with the finished
dimensions of th& masonry, and there shall be no projections beyon~ these
lines exceeding one-eighth of the thickness of the course. No hollow faced
stone will be accepted.

All stones shall have their beds well dressed, so as to lay easily
to a 5/8" thick joint • with their top md bottom beds parallel to the
natural quarry beds. . ..

The ver~ical join.t s shall be dressed back at least 15" from the
face and at right angles to it, and the beds must be dressed to the full
size of the atone •. Ho overhang whatever will be allowed.

There shall be no depression in the bed within 6" of the edge
of the stone, and at no place is the depression to exceed 1/2" in bottom
bed, and 1" in top bed, nor can this depression in the bottom bed amount to
more than 1/4 of the area of the bed, nor more than 1/2 for the top bed.

-' .. .
The intermediate belting is to have its beveled edge bush hammered,

and is to have It" chisel draft around it jnst above the bottom edge and
just below the beveled part.

The stone will be inspected at the Contractor's cutting yard, un­
less the inspection is otherwise provided for with the consent of the Engi­
neer. In any case, the Contractor shall ~furnish the Inspector with full
facilities for examination of the stone.

The stone will be paid for on the basis of its net cubical con­
tents, exclusive of face projections, and by taking the average superficial
area of the two beds into the actuaG thickness of the stone.

Payments will be made monthly on the basis of 85% for all stone
furnished or cut ready for delivery during the previouscalendar month, provide·
that the stone cut and delivered is in the order necessary to permit mfcon-
tinuous laying in the field.



The right is reserved to the Engineer to reject any or all
of the stone for want of conformity with these specifioations at any .time
previous to its being paid for in full by the Railway Company, notwith­
standing that it may have been previously passed upon qy the inspectar. and
in case of such rejection the title to the stone shall.be lin the Contracto'r
and he shall be charged freight on same on this Company's lines at regular
tariff rates. J, .

The Railway Company will furnish from time to time. plans
showing the dimensions of that part of courses which will be of granite,
a.nCl the sandstone must be cut so as to lap the grant te by at least 3 11

•
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Permeabl e Pile Di ~"e Work for Advanoement
of right bank upstre&m approach to bridge
Over Missouri River. on C.M.&St.P.Ry Cola

Coast Line Extension at Mobringe, S.D.

by
S.W.Fox, Consulting Engineer, Kansas City,

Mo.
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The work herein specified contempl~te8 the construction of a
longitndinal dike ann three cross dikes, located as shown on the acoompany­
ing map, marked Pl.l, and aescribed as follows:'

LONGITUDINAL DIK}~: (See Pl.l •• ~ine A-E) (Plates on file in Drawing Room.)

This structure is to,consiat of three rows of piles, driven to a
water grade having elevation l2?4.ft., at point A, Pl. 1. braced for
proper transmission ~f stresses. provided with re\nforcem~nt or ~tard
piles for protection against ice and drift, with a foot-mattress to

~ prevent scour of the bed of the river around or in front of the piles
and with gratings of poles to reduce flow throl~h the dikes to whate~er
extent may b~ found necessary or advisable to cause deposits. all in
accordance vnth the accompanying drawing, Pl.ll, and the following speci­
fications.
PILE ~ORK: The piles are to be long leaf pine, driven with a Nasmyth
steam hammer in ~hree rows, the rows being 10' between centers. and the
piles 10' between centers in the rows, being driven to give a diagonal
system of bracing as shown on the drawing, Pl.ll. .

The piles in the outer row will be driven on the line A.B. All
piles to be driven plumb, accurately to position, and to a minimum pene­
tration of 25'.

ERACING: An upper and lower system of wales and double diagonal braces
with filling blocks, will be attached by screw bolts to the piles. as
shoWn on Pl.ll, the up~er system being put on in advance of the foot­
m~ttre8s, ana the l~er system following closely the weaving of the
mattress ..

All lumber used in this work '!~ill be lone; leaf pine.

~nRE STRAlm TIES: The upper 500' of the dike will be further strengthened
with a tie at each bent made of fOlrr parts of 31S" galvani zed steel wire
strand and extending from the pile in the outer row to the corresponding
pile in the inner row, as shown on Pl.ll. The ties ~ill be fastened with
Crosby Clips and made taut by pin-twisting, the pinbeing left in and
anchoredl .

MATTRESS WEAVn~G: 'The foot-mattress -will be o1,gontinuous woven type,
f2" thick and 85' in width, of which 55' shall lie on the stream side of
the outer row of piles. The mattress will be rainforced longitUdinally
and transversely with3!S" strand, as shown on the drawing. These strands
will be put ~_under tension, so that, when the mattress is subjected to
stress, the strandS will take up and transmit the sarne. At all inter­
sections, the longitudinal and transverse strands will be dravln to-
gether and fastened securely with U bolts, to prevent rendering ~n case of
rupture.. '

The weaving of the mattress will follow closely the attaching,
OT the upper system of bracing.

Temporary pile anchorage will be prOVided, as directed by the
eneineer in charge, to sftfely hold the C1attress on the snrface during the
construction. and to f:uide it to position- on the bottom of the river.

BP~LASTING liUTTRESS~ The foot~m~ttress will be sunk to place on the bottom
of the river after all bracing has been attached, using It tons of one-man
riprap stone on each linear foot of mattress. The greater portion of the
stone will be placed on the stream side of the piles, only enough beffing
used inside to overcome the b~oyancy of the mattress ..
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~OREENING DIKE: The dike will be screened or curtained with a vertical grat­
lng of willow or cottonwood poles, as shown on PI.II. A continuous curtain
will be placed on the mid~le row, the poles beine forced wellthrough th~
foot-mattress ane securely. fas.tened to the stream side of tLe wales of the
upper and lower system of bracing. Cross curtains ...,il1 be also attached in
the same manner to alternate diagonal bents. The spacing of the curtain poles
will be from 4f! _to 16 f1

~ as dir-ecten by the engineer in charge. The engineer
will also direct when ann whore the curtains shall be plRced.

CHQSS DIKES: These structures, three in number, located as shovm by lines
XX, Yy, Zz, on Pl.I, are to cOLsist of two rows of pilesdriven to the same
grade as the longitnddnal dike, braced for proper transmission of stresses
prOVided against scour ~ith a foot-mattress, and screened to induce deposit
of sediment; all in accora~nce with the accompanying drawing Pl.III and the
following specifioations: ' ,

PILE 'SO;{K: !he pil es are to be of tRmarac, driven to~ place with a
Nasmyth steam ha@ffier, in two rOTIs, the rows being 10.4' between center lines,
and the piles l~' between centers in the rows; the position of the piles in
one row being such with reference to those in the other row as to form in p1en
a_system of equilateral triane;les.

, All, piles will be driven pllmb, to a minimum penetration of
16' and accurately as to position And grade at top.

BRACIlrG: These structlJreS \'7ill be braced with wHles and diagonal braces,
as shown on Pl. III.

The brae i.ng ;.'111 be attached in advance of the mattress constr11ctioz:
The foot-mattress will be of the continuous woven type, 12" thick,

35' in vddth, oj' which 20 ' \";111 be [,DOVe the upstream row of piles. The
mattress will be reinforcerl longi tUddnally anrl trE.l1sversely with 3/8" wire
stranfls, as shown on Pl. III.

Temporary pile ancho rage \'1111 be provided. as directed by the engines
in charge, to safely hold the mattress on the water surface during construc­
tiOD, and to snide it to position while beine sunk to the bed of the river.

Bl\LJ..ASTING l,'!ATT::ESS: The foot-mattress vdll be sunk to place on the bottom
of the river after ~ll braci~' has been attached, using 50 tons of native
boulQers on each 100 linenr feet of mattress.

SCREENING DIKES:
The dikes will be screened with poles along the upstream row of

piles t the poles being force(~ well through the mattress an,~ faster..ed to the
upstream side of the wales, Rn additional string of wales bqnng attached· f~r
this purpose, to the upstream row -of pile s as close to the wat er surface
as possiole with 40 or 60a wire nails. The spacin~ of thA polea and the time
when they are to be placed will be directed by the engineer in charge.

M ATE R I A 1 S.

PILIHG: The pilinp: for the longi tud.inal di'ke IDust ha.ve been cut during the
ourrent year itom Jound tirst growth trees of the Yflriety know as 1 on€,' leaf
J7 ellow" or southern rine.~ A P.1ini!"1UID thickness of sapwood is a.esired, ann no
piline: will be' accepted vihich shows at its butt a. rinG of 8p-pwood more than 2t"
thiok.

.All pilin§'" must be sound, free from rot, unnatural. or deformed
growths, ring heart, bad sh.e.kes or other defects t!i.at woulCl lessen their
strength or c1llrability. All piling shnll be peel ed free from bark and the
limb growth sha.11 be trimmed off close to the trunk anCl smooth.

The pilinG must measure not less thun 9" in diGffioter at the top, and
not less the.n 14" nor more than 18" in Gimneter at the bl1tt end, ana all
piling must have a granu?-l t arer from bll.tt to po int. No pil int. v;ill be
accepted the center line of which departs at any point more than the diameter
of the piling at thHt point from a straight line through the centers of the
butt and point.

The piling for tho cross dikes shnll conform to the specifications
for thos e used 'lin thi"j lo:~gi tudinal dike t exe er,t tn.8.t they may be of tamara.c
instead of long leaf pine. .

.. All piling will be inspected at the loadine point, nOO any and all
piling not fUlly up to these sr-ecifications \";111 bo rejected- _

. illl pil ine must be of the 1 engtha' 0 roered, and any piline measuring
three inches or more short of a. specified length 'I':ill be claGsified as of the
next shorter specified length, but no piling three inches or more shorter
than the shortest specified length will be received.



(40)

LUMBER:Th19 lumber must be yellow·p~ne of the variety lmown as long leaf,
southern; ea:ch 'piece shall be 90% heart and no piece will be accepted on
whioh the surface area of the four faces ShOWR more than 10% of sapwood; ·the
lumber must be sound, free.from·rot, bad heart, cracks, wanes or shakes and
bad knots or other defeats tha.t would 1 essen its strength or duralli11 ty; it
mnstbe well manufactured·~ to sizes and lengths as ordered. Ho stick will be
accepted which is two inChes or more· shorter than the lengths a rdered or. .
which measures 1/2" or more scant of the specified cross s.ectional dimonsi"On.

The lumber will be inspected at the loading point, and any lumber
not fully up to these specifications will be rejected.

WILLOW BRUSH: The brush must be sound, growing willows, such as are f

commonlyfolmd.in thickets on Missouri River bottom lands •

. ;: .. The brush ·shall average 1-3/4" in diametet at their butt.
enCls, e..nd shr:..ll not be more than 2t" nor 1 eBS than 3/4" of an inch in d1a­
meter, except that a small percentage (about l~ of the entire quanti ty) of
the brush furniehed may be from 1/2 to 3/4 of an inch in diameter at the'butt
for spec 1al use in weaVing selvage edge. .

No dead, deformed or worm eaten brush wtll be accepted and
pa.rticular care mT/st be taken to cuJ.l ont all brush showing bla.ck knots or
weI ts due to worms. . .

To facilitate hanrrling. the· brush, Shall be made up into
bundles of SllCh sizes and weight as to be readily raised and carrie d by one
man, each bundle being sec~lrely bound near the butts and tops with No.lS
a.nnealed wire.

STorm: The stone shall be clean, sound, hard and durable stone, freshly
qU6xrled. It shall be in pieces that will average about 100 Ibs. each;
no piece of stone shall weigh more than 200 Ibs. and none less than 10
les. All stone must be from strata 3" or more thick.

Tbe stone .will be inspected at the q ua:rry or 10 ad ing point. and '
any and all stone' not fUlly up to these specifioations will be rejeoted.-

Galvanized wire strand: The strand must be 3/8" in diameter and compo.sed of
seven wires properly laid; each' wire to be No. 11 U.S. 'standard gauge of
the best. Bessemer stee.!, well galvan~zed, and to have an ultimate tensile
strength of 800 Ibs. ana·the strand to have a breaking strength of not les6
than 5000 1bli•. .

.To facilitate handling, the strand shall be wound on wooden ~eels,

each reel containing ahout 3000 ft.,of strand. The eaact weight of each reel,
gross and tare ,shall be plainly marKed on the reels. .

The strand will be inspected at the point of delivery, and any
strand not fully up to these specifications. may be rejected.

Bolts (machine): The bolts shall be of the lengths and diameters spec1fied,
the length being measnred under, the head, arid. have sttindard square heade
and nuts, and three inches of thread.

The material used shall b~ a good grade of commoD.iron.

U Bolts: Tftese bolta must be made in accordance with the drawing herewith,
marked Plate A. The materials used shail be a good grade of common iron~
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COi'mITIOlJS OF LABOR ANll STAT:&n~\rT OF WAGES.

All men wererequi red to conform s,trictly to the rnl~s

which this Company mncte to safeguard its interests and those of its em­
ployes.

Board, bedding anet bunks in the Company's camp were furni she d
to the men at the rate of $4.00 per week, ann ,when necessary, rubber
boots were furnished free.

Transports.tion was furni3hed to the job, and, with the exception
of the pres3urernen;> the men were given tr~msportation to the point, on
this COillrany's lines, from which they shipped, provided they had worked
one month.

All pressllremen who ~te.yed at work until the caisson waS sealed,
or who were obliged to quit for some reason satisfactory to the Engineer
in charee, wero fT,mished return transportation to any painton this
Company's lines.

Straight time at the rate of $2.25 per day was allowed the
pressuremen vihile travelling to the bridge site, provided they Harked
on the job not less than three weeks.

Scnle of wages, per day of ten honrs, unless otherwise noteq:

$3.75 per
2.50 n

"
2.75

3.25
2.75
3.25

n

2.50
2.50

3.50

3.50
2 0 75

11

2.25

;3.25
3.50
3.25

"Stationary Engineers
Firemen
Pipe Fitters
Electricians
Machinist
Blacksmith
Bridge Carpenters
Carpenters
Stone Masons
Concrete ]la cers
Concrete Machine Men
Concrete Men
Cement l!\en
Steel Erection Men
::\iggers
Rivet Tenders
Weavers
Caulkers
Painters
Lock Tenders
Vlatchmen
Laborers
Steel Erection Foremen
Bridge Carpenter Foremen
Carpenter Foremen
Concrete "
Rigger "
Caulker "
Weaver IT

Pile driver Foremen
Labo:r Foreille n

et> to·~r 2.50
2.00 "
3.00
2.50 "
4.00
3.00 "
2.50 "
2.25 IT

3.50
2.50
2.50
2.25 II

2. 25 If

4.00
2.75 It

2.50
2.50
2 :'50 "
2.50 11

2.75
2.25
2.00 TT

4.50
3.00 IT

2.75 11

2.75 IT

3.50
3.50
3.00
3.00" 3.25
2.GO" 3.00

day of 12 hrs
11 It

" "

" IT

" "

TiMe and one-half was allowed for overtime and Sundays.

The following rates were paid the pres3uren-en:

First 50' below water surface, 8- hr. dy, $3.00, 4-hr.shifts,
50 1 to 65' " " 6-hr.dy. 3.25, 3-hr. "
65'to 75' " " 4-hr.dy. 3.50, 2-hr. If

75'to 85' " If 3-hr.dy. :5.75, lJ.. . "2 .or
85'to 95 ' If " 2-hr. dye 4.00, 1 hr. "
The Pressure Gang Foremen received $100 per day more than the

pressure men.
For inside concrete work, sealing the caissonB, the men on the

inside received 25 cents per day extra. All Sunday work was fi~lred strai~

time, no extra ti~e being allowed.

--0--
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LI 3T OF BU 1L DINGS ERECT ED'.

Bunk House #1.
-OO-O'J-

24'x48', gable roof, inside walls cei1ed,
quarter.s for men.

"

"

24'x64', ~ith wine 24'x36 1 9 t8ble roof, inside
walls ceiled, quarters for men.

#2,&5, 24'x72' each, gable roof, inside walls ceiled,
quarters for men.

Cook house and.
Dining hall,

lf7ashroom,

"Vater tank and.
house,

Roothouse,

Carpcnt er and
blacksmith shoP9

24'x130'-8", vling 48'x34'.

16'x24', inside walls 8nd ceiling ceiled.

2 tanks 10'x12', house 1f'x24', shed roof,
cronp water supply.

16'x28', for storing vegetables.

l3'x40'6", shed roof.

Engineer's Office,20'x32', gable roof, insidewalls ru1d ceiline ceiled.

Engineer's dwelling,
20' x32', gable roof, inside Walls ceiled.

Rope house
Tool house
Nail house

Cold storaf?e ana.
Ice House,

Dynamo .-rouse,

Hospital

Cement h011se,
" chute,

Sand chute,
Stone chute,

Heating plsnt
bnilding,

12'x12', shed roof.
14'x16', "
fO' x20' , n

40' x52' .

14' 6"x18' 6", shen. roof, el ect ric 1 ifht ing plant
fo r camp and caisson work.

16'x24', gable roof.

20'xl?0', shed roof.
14'x16'3".
14'x24'4".
l4'x30' •

l4'x30'6", gp-ble roof, boiler F'.no tank house for
heating sand and stone.

Standard cement houses - used to store materjal.

The track arrangement is shown on the plan of the Missouri River
Bridge Crossing, Plate r. This plan also shows the tracks toward the
river, which were to the material yard.

The location of the temporary line from the main line across the
temporary bridge ran at the foot of a steep bank, and on this bank were
built the sand, stone and cement bins. The top:; of the sand and stone
bins were about level with the top of a gondola car, and sand and stone
was unloaded from the cars directly into the bins or the storage pile,
as occasion necessitated. Material for timber trestle and protection work
was storen on the west side of the river.

(Sheet 1.)
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L 1ST Oli' MACHInERY .Alm
EQUIE.1f~nT •

--o-~

p.Ylcl :f' or tran sferring
from work on west
bridge was out of

II

Hoisting
11

II

"

II

11

II

"

11

II

H

I'

60

30
30
32
30

35
25
15
10
25

150 H.P. stundard heating boilers, Dsed on machinory barge and
caisson 'i~ork.

locomotive heating boiler, used for heating sand and
stone in bins.

Lidgerwood eneines, ste0l erection.
k~erican hoist cTIr-ine, steel erection.
~;undy engine, steel erection.
LidBer~ood engine, used on traveller for laying floor in

first temporary bridge and also on
the scow driver, for d~iving piles.

It used with stear], harrnIlcr.
" double drum, used on scow derrick.
" used for prunping.

American hoist rev. encine, used for hoisting concrete.
lit!> is t ing engine, fixed on a pus};L car to act as a dinky

engine, bnt not used.
Hayward clam shell bucket, 11 cu.yd. ca~e.city, used on travelling

crane to unlo ad crushed at.one and Band.
II 11 11 1 cu.yd. capacity( Slli!le pu.rpose as above

OrRnge peel b1.w];::et. 1 I' 11, excav['.tion Pier IV.
Cyelopep...D droT) bottom bucket, 1 cu. yd. C&P Gcity~ us ed to handle

concrete from mixer to c~isson.

8 11 Morse horizontc.l belt driven pump, cofferdams at Pier I, and
ppdestal piers.

8" Vert ical belt driven Imyftl), snme as ttbo ve and Pi er Iv.
#3 Edsom diaphravn pumps, Jllunping out barges aDd for smaller

wo rl:.
#22 Chicago Improved cube conctete mixers, with elevating hopper.
Guy derricks, \",i th hand slewinfj devi ce. used for setting stone

masonry on Piers I and IV.
Wells lights, used v:hrnever niCht 'Nork was required.
Ransom concrete hojsting b1.ICkets, 20 and 30 cu.ft. capacity,

used in concrete elevators.
16-12-9 duplex fire pump.
16-18-1Bt Ingersoll-Sarg8nt Cluss "A" straight line steam air

compressor3, used on machinery barge
for cuisson ~ork.

48 11 diameter by 24 ft. air receivor, storage tanl>:: for I1ainters'
sand blast.

Attachment for LidgeTIiood engine for operating pump.
311 J!'isher steamp pump governor, steam 12ressure 10011 to 150,.j.

hydraulic, 50] to 125#.
220 volt,8 R.W. capacity. belt driven, moderate speed, direct

current dynamo. used in electric light­
in[: plant fo r camp end cai ssons.

15 H.P. gasoline engine. to run dynamo.
2t"x24" jack screws, used to lower caisson an cl for mi scellaneous

work.
Bridse traveller, for steel erection.
25' motor boat, used for recovering material

laborine men to and
side ~hen temporary
commi ss ion.

1-16'and 3-20' row boats, used for transferring men and material.
boiler feed pumps.
#9 §ellars injectors.
Sterling Wheelbarrows.
pieces. 35# U.S. Steel shoet pilin£, 18' long. usco for coffer­

dams Pier 1.
Little Giant boring machine, used for drilling holes in false-

work and timber trestle timbers.
BOiler long stroke riveting hrunrners.
831 Prentice vise (combined) used in blacksmith shop.
set of ice cutting tools.
Plain engi~eers' transits.
II II wye 1 eve1 s •
iron oil barrels, storing casoline.
Blacksmith forges aDQ outfits.

1
1
I
1
1

1

6
2

1
1
1

1
3

2

1

2
1
1
1

2
2

1
2

1

1
1

1

4
2
2
24
100

1

1
36

1
1

8
1
1
2
2

5
2
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Float drive drop hammer.
Edson jet pmnp (2-man)
5 H.P. combined gasoline

Air compressor car, used
10-ton locomotive crane,

1

4800 1 sq. ft. of S.H. sail cloth- for covering concrete during freez~
weather.

steam hammer, used to drive piles in pedestal piers and pro­
tection, and Wakefield Steel Sheet'
Piling at Pier Iv.

1
1
1

1
1

engine and pump, used for pumping
water for camp supply, to engine ta-nka:
and to standard 24xl6 water t~~k on
the east side of the 'river.
for riveting and boring tools.
used for all classes of work, part of
which is as follows: dinky engine, load-
ing and unlo ac1 ing all c lasses of
material, tearing up temporary bridge;
lifting 1arge trees over temporary
bridge when trying to keep bridge
clear from drift~ ew±teh engine.

6 18" guage Pettel er dump cars, used to convey riprap to rnattreB~.·
24 Standard gauge push cars.

,

2 Track drivers, X- 221, X-225, used on temporary bridge and false;;';'
work piles.

4 Derrick cars; X-I, 'used for erecting 'steel; also timber bents for
falsework an1 pulling fal sework pil eS.

~-13, used for erecting steel;, Strobel #2, used
for erecting steel; CM&STP 2886? used
for timber trestle erection work,
west appro ach.

The J,?LOATING EQUIP~:IHJ T consi sted of the follovvi,ng:

1
1

Ferry bo at, liJ.H. Keene," 300 tons di spl Rcement.
Ferry boat, "Winnie ll 275 "
These bonts were the property of the Chwnberlain Investment Co.,
of Chamberlain, S.D., E:nd were rented by the <1.Ly for m~e at
the bridge site and Svarts, S.D.

2
16

4

10' x4S'
10'x40'

20'x40 '

barees
"

"

made and shipped from Tomah Shops.

constructed at Evarts, S.D.

These barges i7ere fitted up for use as occasion dernanded;-scow
pile drivers, barge derrick, pile pulling Rnd mattress barge, and
were used as follows:

Scow pile drivers, driving piles for temporary bridge; protection
';;ark [ilong the west sho re; piles for falsework under, the three main'
spans; piles for protected work and rlatform around Piers I~ and Ill.

Barge derrick, used for handlinf, concrete from m~ers to '
caissons; for handling the stone used in masonry; for handlingm- '"
trance and material shafts and all of the heavy \'lark at Piers -II,III&'!1

Pil e puller, was rigged up on one barge and. s1wcessfully used ". "
for pUlling a few pil es in the temporary bridge. "

Mattress barge, was used tow eave mattress for the dike fpunda';"J
tion.

Besides these uses, the barges were used for towing material
from Evarts to the bridge site; for temporary bridge and buildings
erected before the track was laid, and for towing willows from Ft.
Yates to the bridge site.

The machinery barge consisted of four 20'x48" barees, which
were spliced together, naking the combined size, 40'x80'. The
machinery 'barge house, 32'x60', with gable roof, was bl.lilt anthis,
barge

il
RnG contained a compressor room, boiler room and coal l.ocker,

pressure men's room and worJtroom. The pressure ro om contained tbe.
air compressors and Smedley fire pump. The barrIer room cont&in~d.two
150 H.P. boilers and coa.l loclzers. The compressors, pump.' and boile~Et

were used eluring the lowerin8 of the caissons at Piers II t III and IV ..";
The pressure men's room. having lockers, wash troughs, table and
benches, was used by the pressure men as a dressing and llillchroom.
and was kept at a temperature of about 8f) degrees Fahrenheit by
steam pipes from the boilers. The workroom contained a bench for pip~

cutting ond machine work.

-
'-

'.

~I
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The entire barge was moved and anahored behind Piers II and III
during the sinking of the caissons. but at Pier IV, on acoount of.the . ';.:.-.
shallow water in that vicinity. the barge was 1 eft at Pier III, and ··the
air. water and' steam piped to the oaisson at Pier Iv. .

\ .
As far as the machinery and equipment could be e~ared. it was

shipped either to the shops for repairs, or to points where it was
needed on the Extension and old lines, and for all shipments made.
oredit was allowed to the bridge.
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SPEC I FI'CATI 0 NS

STEEL
FOR

BRIDGE \NORK
"" ' ...

BRIDGE AND BUILDING DEPARTMENT

CHICAGO, MILWAUKEE & ST. PAUL RAtLWAY CO.

GENERAL.

TI~e following specint''d'tiollS eonform to the " General Specifioations for Steel Railroad

BriJgp.s," as approved by the American Railway Eugilleer:ng anti Maintenance of Way

Association, Mal'eh 1906, l'xcept for certain modifications to which attention is ealled by

foot notes; the same numbering of paragraphs is followed for convenience of reference, and

S(Ir!lt' marginal references are omi tted.

All bridge work shall be fumished by the IIIan ufactlll"t~r ill. accordance with detail shop

]>1;\11~ to be malIe by the Engineer and Superintendent of Bddges and Buildings of the

Chil::tgo, Milwaukec & St. Paul Railway Company, and a suflicieut nnmber of blue print

eopies of thes,' plan!' will be furnished the manufacturer for his use.

The shop plans !'uall be changed, or corrected' by the manufacturer as the purcl1aser

lIlay direct, as oceasion requires.

The bridge work to lJ~ furnished under these specifications shall be delivered to the

pun'hasel' F. O. B. ears 011 its tracks nearest the works where manufactured.

r>ayment ,,"iii be mnde within thirty (30) days after each bridge shall have been com­

plelrly manufadured and delivered, in all respects to'the satisfaction ofr'the Engineer and

Supl')'intendelJt of Bridges and Buildings of the Chicago, :.\Iilw3ukee & 81. Puul Railway

C011ljHJ.lIY·

The expressions, PUI·(·hasel' and Railway Company, Engineer, InspeclOl', and Manufac­

turer, used in tbese spl'dficatiolls, are held to mean, respectively, the Chicago, :Milwaukee

,\; St. Puul TIailway Company, the Engineer and Superintendent of Bridges and Buildings

tJf said rail way I the 1nsl'p-ctor appointed by said Engineer, and the individual, firm or

t'orporaLioll fumi~hing the finished ruatel'ial.

MATERIAL.

Ste··l. L'"
",).

84.

Steel shall be made by the open.hrarth process.

'1'111' chemical and pllysical propert.ics shall conform to the following limits:

-
IE!enwnLs COIl8id~rc(1. StructUr&1 Steel. Ri ,·~t Sleel. ~1,,~1 CastiDgs.

Pno5pltorll~.
. \ Basic_. 0.04 I~r co:nt. \lu4 per cenl. 0.05 per c~nt.

maxlmum .. ·/ Acid 006 " O.ut .. 0.06 .. (a)

~ulphur, maxirnnm .•.•••........ _ 1l.05 .. I
0.04 .. O.u.'> ...

Uilimttt.e tensi Ie streng i h. Desl red Desired Not less thl!Jl
Pounds, per squarE' inch .... __ ._ .. (j;l.OOO (b) 50,000 65,000

I<;long., mill. %ill 8", Fig, .I 5 1.500,000* 1.500.000 15 per cent._. -- - I UIt... tE'lIsile strength Uli. lensile streDglh.. ., •• •)11 " 2 ... __ . 2~- .
Chllracter of Frllcturc••••• __ .. _... :;ilky Silky Silky or fine granular

C,lll g"Dds withuut Fracture_ .•. .. 1800 Halt 1800 Hot t 90° d =~l,

, "',: 1'",Il;!J'llI,h !I:l. t :;ee pU"lfTt,ph. Ill. 115 nud 00. : !'lee puragraph 97. (0) l b.nfl"d 'rom O.O!l. (lJ) CllIUllrert 'rom 60.000.
~

The yit'ld point, as indicated by the drop of bealll, shall be recorded in the test reports.

1
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d~sired ultimate.

86. Chel,Dical determinations of the pel."cedag~~"of tl8l."pOn, .p}H)SphorilS~" ~\I.lpputand .
" .". l }" , ], ".

manganeseshall be ll;lalleby the man.\lfaOtQrer ~rom'~,test ip~ot bke~·a:t the time 'of tlle

pouring of each melt of 6,teeli an-d no (j,an'eot qopy,ofsucb aU,"YSls sh~ltbefllrnished" to~he
.' . . '.

engineer or his inspector. Cheol~ analyses shall be made !~~)lI1 ·finish!l,qlniate>ri\\l.~.ifcalied fOl'

by the purchasel', iii. which case an '~cess cif 25 'per' ~ent. above tile r~uirE)d limi ts wHl be

allowe-d.

87. PLATES, SHAPES AND BARS: SplWijperis for tensilea,pd bendiug tests·Jor plates,

shapes allel bars sha~l bernade py cutting OOUPOJ3S fl'om the ..finished pt'ou~it;,' ,~hi~h sh~lJ

have both f~cel'\ rolled.,andboth edg.es milled: to the form 'shownby :Fig. 1; or with botll eogtis

parallel; or they maybe tumedt.o a dialUete~ of £-in. f,)!' a length of at least '9: in.! with

enlarged ends.

88. RrVErS: ,Rivet Tods shall be tested as rolled.

89; PINS AND ROLLERS: Specimens ,shall be 'cut from. the finished J'olll!d 01." forge{}

bar; in-such manner that· the center of the speoimen shall be one inch fronl 'the sul'fac,· of

the bar. The specimen.fol· tensile test shall be turucdto the form shown by Fig. 3. The
\ ." .

specimen for bending test shall be one inch b.y t-in. in section.

AJJ"....ah!~ .
Vltl'lati()DS.

Chemical
Au.ly~eo.

P'lJnn or .
Sp,~dm.:!oil.

f10. ST}:EL CA81'INGs:Th'e uumbf'll' of tes~ \ViI! d<'pend 0{1 the cllarart;'r and import,

ance of thp castings. Specimens shall be cut cold from coupons mOlllded alld ca.st on tiome

pOl·tion of one or more castingS from each melt or from the sink hCllds, if the hends are vI'

sufficient size. The co-upon or siuk head, so used. shall be annealed with the east jug bei"))'e,
it is cut off, Test specimens to be of the form pl'escribrd for pins :<nd rollcl's.

·91. Matci"i~l which is t,o be used without :loum'uliug (If furthl'l' hl'atmeul shallbe lestI'd

in' the condition in wbich it comes fromthe rolls, -r;'!leTl materia; is to be annf;ulcd', orath>:>r­

wi,.:c tn:ated before use, the specimens for tensile ksts rt"l'rcsen ting sueh ll1atel'ial shall b0

Clit frolIl properlY annealed 01' similarly treated short lengths of the full section of th·· uar.

NUlllbProf1\,.I_. ~12. At lenst (lne ,tensile and one bending te,;t shall \)(' made from each m,>lt of :·[,.>.:1 :IS

roll,~d. In cas,> steel difrering {-ill. and more in thickness is rolled frolll one melt, a j·e<;t

·AnnC;J.lod
Spucimellll.

(b)

Moditl~tlioUJl la
R!OU~l\tl01l.

shall be made f,-om the ·thickest and tbinneO't malCt'ial rolle().

9:::' For me tC'riul les,:; thiln G-in. and more tha·u a-ill. ill thickncs;; tho fo\Iowhg modi­

{kafloll" will lw allo"'l'll in 1he l't'quirements i,)r elonglttioJI:

(a) For ('a, 1, A;-in. in thieJmes:'J·be\ow f;;-in., a deduction of :l~- will bp allowl'r! from

thE' specilled p('rcen tag-I'.

For Nir:h~-ill, in thidmess above 1-in., a dl'(luctioll of 1 will be allowed from

. '.~, -
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94. Be~4ing tests may be made ,by-,press~re or -by blows.
• ~ - i .-

lessth~nTonc in~h {l}.i~,k shaU?en;d ~ c'al;'e,' ;rin p~-ragraph .8!l~ __ _,
95. f\iU.~ized niateria.l for eye- ~~. a. ,other steel one lnch thick :ai).clover. -te$te(l'.aB

• . . '.". .. " - .•~J~l • '~,.:~;' . ' ..

rolled, shall be~d. ('old l&~q~.grj~.. a.:o~~.!a.;~pin~i'he. di~lXleter of which is 'eq,l);¥ to t~jc~'tby
., ..... _ ..... i -. f (, ,,' " • " ~ ,-I;

thickness of th6 bal', without [ractureon·t e outside of: end. ',- ,'. . .
, • ~ '... ~'.. .::1' • ...' -'p' ~ '. .'. '1,

96;' 'Angles !·in. and less in thickueS~ls~allopep ;flat, and angle!l +-i~\ and less in thick-

u-ess shall bend shut, cold, u'o!i'er blows of>'hammel', without. ,~ig'n offr~cture.Thi~test

will be made only when required by the inspect-or. '

97. -Rivct steel, when nicked-and bent Ground a bar of the same diame'te~~;·tlle; ~i'Vet,
. . .' J' ':)

rod, shall give a grad uaL~reali: and a fine, -sgley uniform fracture. ',I '

98~ . Finis
1
hed 'material ~hall 'be free fro~ ihjuriOlIS sea~s, fillows,orac-ks, defe'cti~~ eages

,-' (- - .. . -; -,
or other defects, 1U1~ :haT~ 's smooth, un ito I'm and wQrk~,a~:likefinish. Plates 136 iu.~n

width ~nd unde~ 'sh~ll7.hs;e rolled edges. ~- ...

-99. Every -finished ,piece of steel shall have the melt num bel' and the na~me of the man­

ufactUl'er 8~mped "01' roiloo upon it. Stefll for pins -and rollers .!lhall be:sto.mped -on the euc:!.

Rivet and lattice- steel aud other small parts may be bundled with the above mal"ks on an

Bending_
TeelS,

FfnlBh.

SUlmping.

'.
'".,

n"(cctive
'Materlnl.

Allowable
VarlalioD hI
Weight.

attac'hed metal tag.

100. Material which, subsequent to the aOove tests at the mills,arid its acceptance

there, develops,;;veak spot.s, brittleness, crack.s or other imperfections~'_or is ,found to have

injw;ous defects, will be reject~d,at the shop and shall be replaced by thc manufacturel'_ lit

his own cost.

101. A variation in cross-section or :weight, of each piece of steel-of more than2t per

<;ent, from that specified will be sufficient cause for I'ejection, except in' Cl\se of sheared

plates, which will be covered by the following pennissible variations, which ~re to apply

to single plates-:

102. Plates- Itt Ibs. per sq; it. or heavier;

(ll) Up to 100 in. ""ide, 2! per <;ent. above or below the prescribed_ weight.

(b) Out> hundred inche's wide' and over, [) ller cent. above or below.

103. Plates under 12+ Ibs. pel' sq. ft. :

(a) Up to 75 in. wide, 2t per cent. above or below.

(b) Seventy-five inches and up tu 100 in. wide, [) 'per cent. above or SpOl'

cen,t. below.

'(c) One.liuiHlred inches 'wideand over, 19 per oent. above or3 per cent. below.

104. Plates will" be accepted if they meaSUl'enot more than. 0.01 in. below th~ ordered

thickness.

105. An excess over thc nominal weight, corresp0J,lding to the dimcnsions 011 the

ordel', will be allowed fOl' each plate, if not more than that shown in the followillg talJlt',

one cubic in. of rollf'd steel being assumed to weigh 0.2833 lb.:

,
Wid'h of PLtLe--

Thiokness ~Qm'o<d

100" '"1"\ Ill' IU 1[,~"IOrdered. Weights. Up to 'iii" 75" and lip to 100" ll,er 115"

X-inch.- 10:20 los. 10 pel' cent. 14 per cen t. 18 pcr c:ent, -- ----.----.--_ .. -

I>. ,. 12.75 .. 8 .. 12 .. lfi .. .--- ---------- ----
7i .. 15.ClO " 7 .. ]() " J3 " 17 per ceUL,

"

" 17.8:') .. G .. H .. 10 .. 13 ..
-{If ... .. !) " 12 ..
~ " 20,40 .. 5 7.. 22.95 .. 4jz .. ()J/, .. :;" " II ..
-b; r-

" .. 8 .. 10 .,
~

.. 2G.50 .1 4 ().. fi ,. f>! ~
.. U "O';'er }~ " 37'.... -
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SPECIAL ,METALS.

106. _.Except where chllled 'iron is specified, castings sballbe mad~ of' tough gNloY
iroll, with sulphur n()t over 0.10 pel' cent.' They shall be tnle to patteI'D, out or. wind

and. free from flaws ~nd. e:Kcessive !<hrink'ag~ ,If tests sre demand~d, they shall be made

011 the "Arbitration Bar" of the Ameriean' Sodety for Testing Mat~rials, which is a round

00.1' It in. diameter anu 15 in. long.. . 'f-he. trans\'erse test shall be lUade on a sU2ported.

length of 12 in. with load at middle. TIl¢~n'ii~imum breaking 'load so app'liedshal~ be

~,!JUO 1bs" with a deflection of at le~, ~-i:n. before rupture.

107, Wrought iron shall be d'Ouble"I'oll&i; ·tough, fibrous andu.ni·(orm in char.aicter...,. ,
It shall be thoroughly wel<1ed in rollingancl'"be free from surface defects. When ·tested

in specimens uf the' form of Fig'. 1, or in full sized pieces ole the same "l~~~hi it shall

show an ultimate strength of a.t lea.st 1'»0,000 Ibs, per sq. in., 'an elouga!lon . of. at least

18 per cent. in 8 in" with fl'ac~ure w.holly.:fibrous; Specimens shall !;lend cold; with the

tiber, through 135 degrees, witllOut sign oC fractul'(!, aroLjDd a pin the diameter of wIIic;:h

is Ilot over twice the thickness of' jihe: piece tested. When niCket;l and bent, the fracture

!ihall show at least 90 per#,cent. fihrou;;.

INSPECTION AND TESTI~G AT THE MILLS.'

108. The purchaser shall be furnished complete copies of mill ol'der~, and no material

sball be rolled, nor work done, before the purchaser has been notified where the orders

have been. place? so that he" inay arrange for the inspection.

109. The man~factu'i~r'sh'allfurnis~all facilities for inspecting 'and tl'stUlg the weight

and quality of all material at the mill where it is man ufactur~d. Hp. shall furnish a suitable

testing l,Ilachine for testing the specimens,3s well as prepare t,he pieces for the machine,

(I'ce ''of cost. ~,

110, .. W'hen an inspectOl: is rurnisllCd by the purchaser to inspect material ,at 't~e mil~~'

he ,shllll have full .acCess, at all times, to all parts of mills -where' material to be, iI\spected­

hy him is being manufactured,.

SHOP MANUFACTURE.

111. The workmanship and finish shall be equal to the ,t P1;ac.tice in modern bridge'

works. All'material arriving from the mills shall be pro'tected·.fl'~m·~:ust by being stored

under cover,' or being oiled, and shall hav'e dean surfaces, free from l:\esiy scale or I'ust,

befure being worked on ill the shops. (a),

Il:!. ~\Iatcrial ~hall be thol'Oughly'straightened in

injure it, before being laid off 01' wOl'keu In ·.au)' way.

llistOl,tion while work is beiug laid out. (6).

lIB, Sh~rillg and chipping shall be neatly and <iCcll,I.!ately done a~d all portions of the

work exposed to view neatly finisbed. (d)

114. The size of l'ivets, called for on the: lans, shall ~bejlnOerstood to mean the actual'
, ,

size of t.he cold rivet before heating.
. ~

AU 'parts of the structure .shall have sub-puJil,C!'ed ~lld reamed rivet boles, ex,c,ept

l;1tcral, pQrtal; swuy aud stringer bracing, batten plates,a"i!a' lacing of members~ha,"ing:th~

lacing connected with one l'h'et. (c).

11;,. Where reaming is not required thediamet(}J' of the punch shl,ld~ not be mO.~I~,..tha.n··

A;-ill. gr~a'tei' thaJ.1 the diameter of therivctj DOl' the diameter of the di~ more Ii~.an'f;l-'in:

greater that! the di1illlete-r of the punch. (d), .,' :'.

(a) Idodulcd ,wd enlnrged, (b) ~10dil\ed hy ~ddltiolialcl~n.u. (0) Ne.. l'arul,,,,uph. (a,! ~lodlfiUll.

~.



"

1W, All punching shall be' ae'clll'ately u()n~, Dl"ifting to enlal'ge unfair ho/(',; will not

bc allowed, If the holes must be enlarged tu admit the rivet, they :;hall be. reil-ml,d,

POOl' matching of holcs will bl:' e<1l1SC for !'ejectioll, Sub-punching for reamed ",ol'k shull bc

so accurately (lone that after reaming' no punched ,;urface shall appeal' in t.he pel'iphery of

.'

F,\c" r:.\t i.IS.

Sn:";>lll,rliill~ "",I 117, 'Vhere rea.ming i;; required, the punch u:wd shall hal'(~ a diameter not. Ip~s than
R~':lIaln~_ .

~-in, smaller than the nomina.! diameter of thr rivet. Holf's suaB then be reamed to a dia-

meter !lot more than ~-in. lal'ger than the nominal diameter of the !'in't. All !'l'alning shall

he doue wilh twist drills, held at l"ight angles to the' sudace, (See IJ~) (d).

118, When general reamingis.requireJ it ,,;h~\ll be tlOIlP after the pieel''; forming OIW

built membl'j' arc assembled and so firmly bolted together that thl'. surface shall LJc in closl'

t'ontact, If necessary to take t.he pieces ap'l\'t for shipping: and h,Lndling', the l·esp!,(·.t.!n·

piece" reamed together sball be "0 markl'll t.hat they may bl~ rVils,;cllIhled iu the SUIl\<' po;n,

tion in th., final setting up, No intl'rchange of rearnc'd parts will bl' allol\','<I, (,.),

1HI, Sheared edg-e;; 01' ellds will generally not be required to bl' planed. (f),

......~.

a ~-in, filll,t, (q),

I~l. Hi'.etc(l lllen,bl'rs sh:~ll have all parts \\",\1 IJiunl'd up i.lnd finn!." dl'awn together

with l,()l~~, hl'fnrc ri\'eting is comlllent..:e<1, Coutad surfaces to bc painted, ,S"!' 14!J),

Sj): " 1'1 " ... ~ ;lllti

FlIl"rl'

'l'u.!t d nil} '.

";\1. 1\: /.-,.. fO b~

:--: :-.~ : h' .

1')." L:lt.tiee' bar;; shall h:1\'o n('atly l'oulHle<1 ends, unless otherwise califf! for,

I :!:~. S\ itfeners sball fit !lently between Hanges of girliers. W1H'I'C light Dts 1I\'e l,alll'd

for, the ('I](l~ of tille st·in'el1el'S shull be faced and ;;ha\! be brought to a trui' coutact be'aring

with 1},~ tl:l1q.':·l' L~n/les,

1:!.1. \\'ell splic(~ platl'" and fillel's under SUITl'lll'l'S shall he cut to fil witbiu ·~-in. of flang"

Qnglt's,

l~~t. "-pb plate,; ot' gil'dcrs, 'l'l'hich have J;O covel' plate:>, ~huJJ IH) flush wiLli th..., backs or

augj,.,::- l'l' project above the same 1I,)t morc than ·k-in., 01' ,I;; ntltel'wisI' l'ullf'd for, \rhell

web plate.; art) spliced, noL more th~~n t-ill. dl'urance betwccl\ ('l1ds l\f plat,c~ will,iJl~ allowed,

l~ti. C0nnection angl(''; fpl' flo'.,r b;'ams and stringers sh;·l.il lll)' flush with en,ch otll('1'

aud <:OJ'i'l'(;t itS to positi')lI and length of ;2:it·d('r. TIH'Y shall he' milled t.o exact lengths aft!'r

b('lng ri\'eterl up cornplet<:, The remo\'al uf mol'l' than :i, inl'lil's fl'OI11 thickll(',';s will be cau,.;r

for rrjlTtion, and the cutting' shail extend 0\"'1' till' cnl,il'p fal'c (,t' the eonneeLion. ("i

U'. Rivets shall be d:'iveu h~' Jlre~,;ul'l' t/\ob when'vel' possilJl(:. Pu('umatie hammer"

"I"I'j LJ(, used ill I'l'efpre'1cl' to hanu ,hiving.

1"-: F:i\'l'ts shall look 11eat and Iiuisbed, \"ith heads of approved shape, full illl(l oi equal

size, and sbl! comph)tely fill the hnles. Tocy shall be central on slrank and grip Lhe

as,;embiL-t.i pi,'r-r,.; firmly. Recupping and calkiug will not be allowed. LIlo::;e, burned 01'

othel'\\'jsl' ddl'etiv,' ri\'!.'("'; shall he cut out aud l'('p\aCl't1. In ('utting ('1I~ ri\'0ts, g/'l'at ('an'

~hall he' 1;\;,<'11 n,'l 10 injun.. thr' adjae~nt ITIptal If n('('(~"sur)\ t1w)' ,;hall I)e dr'illerl "ut.

I~\j, Whe,I:"'\'r h)!L::; :Ire useJ in p!u('c of rivet,; whieh Lrulloimit s!wal', the holl'" ::.hall

UP /,f';\fT;pd p;\I'311,'1 :lIHI tllL'. bolts tU'l'llC'" tv a .1ri\·ill~ lit. A wa.sher not I""s than .~·-in. Lliid,

~b:tll he u;;ed ;111("-'1' 11\01.

l'HJ. TIll' ~l'."",::\ pi\""~s f01'l1ling vne \'uillIlWIl\\JI'r shall be straight and fit dose!y to­

(fl':!.."'\', and fini",!J('ll mdllbel's shall be' irC'l' [n·m t\Vi-;t~, 1H'1l11s or 0lwO joillts.
~ o-

J :~1. :\butl.ill~ j,)ints shall be' '';It or dl'(;s~ed t.rue at(ll st'raight autl iitt.cd close toge'ther,

G
c:
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e~l~,ia.lly when: 9pen I;f/ view. III compr"'~sion loint:o, 'depending on rantaet bearing, tlrr'

sui·fJ,o:.s sh'all be trLlly fucey, so a~.to IHH,e even bearings a, [te)' they ure rivdrd up C'omplett:'

and wbe~ perfe(ltly aljglil~d.

132, .'. Holes for floor ucam and stringer couuedicus .shaH bp. ,;ub-punched <lIHl l'\~all1ec1

accordiUg-:to,pal'agraph 1Li, to a steel templet one iUt:h thick, All other fieJd cUllnectiolJ~o
• "1 • ~

e~cep~:those for lutel;a.ls and sway bracing, shall be assembled in the shop Ilnd I.he un fait·

hor~s r:ealIJed;' ana: i"IJ('n so roamed. the pieces shall be Ulutch-m,tl'!.ed before baiug tAken

apat·t. ~

1:33. Eye-bkt'S shaUbe straight and true to slze, an.d sba·ll be fr'ec' frolll twist", folds in

the neck~r..headJ o.r an'y oth~rderect.. Heads shall be made by upsetting, l'oUlng or fol'l~~­

ing. Weldingw:ili not be allowed. Theforru of heads will be detrrmiupo by the c1i~s in LISP

at the wOl:k~ where thll' eye-bars are made, if satisfactory to the pngincel', <lUll the manufucI­

urQ.f·shal;lguo,t"antee the bins to break in the body when te;;terl to I'Upt,Ul'~. 'I'lle thid{Ul's~

~f head a~d neck shall ll~t vary more than A-in. from th~t speciticci, (Sel' 160.)

13J..Bef{)reb()l·ing, ea~h eye-bal:sball be properly annealed aU<1'~~l'ef~lly ~traigljl'ned.

Pin-holes. sl.l~ri 'b~'iD the center iiue,of bars aud iu th(' ('euter of head;;. Ban; of the sa-mt'. " . .

, .

-.
'.~.,)

. '-(

,~~ ,
,.' ,

t' ....
:',;1. ,-•. . '

......:.. '.

~ .. , "

"
.',':

l~ngth~:n»Jlbe:bored so a1::euratoly that, when placod together, pinsn-iu. smaller in diametel'

....... thati' tb.~:!pill,~hoie~'-(:a.n ~~ p'as~edthroiigp..the ~~e8'atboth euds of the bars at the same time
~e~·.\<··'·:._ wHho.l{:~.~;ef~g. .' '. . . .::~ ~. .. : .
:~~j. ' .. - . ",':". ·::'.. .-~l'~ {l:--:":':. . .~. ,~.". .
~,. ;.~ ~ 'r-'iln..8lJiu'. .'. '. k~~.,:f.\n~l).~les shaH 5e bored tl'Ue to ga.uges, s~ooth and stl'aight:jat .right angles to the

:.....~.'.h.t.,.·~.:~:..:_:.....~,·.•.;'.:.:.i.\.:.-" ·....::~:~ti::::~'i;;~;;:i:;:.~.:az;. oth~', "'u,,, oth"wh. call~ f". ~h. b"·'qg ,1..\1

_ .: _ ~. .136.. 'I'l~~dt~~ap~e ~nter toceI;J,ter of. pip,.Jloles shall be ('(wrect with.in f.,in., and the
fIr';;" ~~.: I~l,..~, ;~~....... :._-. ":._. ." • ':. - •

.~; '. "':'. 'J':'. .' d~m~te~' ,'?(;::t~~?les ii~~ mo~e·.~lm~::r.-in. large~. than that of the pin, tor pins up to 5-ill.

'I' ;;: ;\:~,~~~ .' .' :d~~ter:,;ri4h~~..iD{ .l'~~~:/p~~; / .
/. .,)J" ..__ .J",t.... ,', 1:.#.1 .... " .-~..... .. .Jt"'!,. ~ , •

~. , <PIn"'1~~ .., . :137.. Pi~s ijj.drollers shai '~~be acr.ul'ately turned to gauges and shall be stmight ano
-.. :·':-'.\:\I.~··:·'~I':-· ~. ~ ". '!~.~ ..~; .~.~~.~.\•.'~'

'" :,',:.,r. ·sm:OQih;:~~d,. e'q.t)t'61Y~freefr~~:flaws. . . .
.',,, . 'I.' •• ~. ' .~. . :. '. , .' .. • t ••

.Sere" ~1i~dIr. ;' ·l.~""Scl'.ew ~hread:;;.~~lt make tight fits in the uu~·~d shalibe U..S. standard, except
~ :, ~I'. -: ,- . ,. .';",' ." :'y' .~. .... -." . '. '.' • ,I. .::,' ,~.:",' .

~~ I~~~,,:·Qi~m~~);'~~nd..l~:~ger~~he.n they shall be.e.'"~~r~h",,s~x threads per inch. Upset

;-;.:;:~ ~l~l.havea~~~~Jl;cess n~',~~t,jon at root of tbr . "~':". 0;.']181' cent. over that of .body of

. ;. .'.. ~- ~~if:t)~'~ !,;.:',;'.'<:;~:;" ..).':"\~~:':':' . ... ' .~~1,::'~" 3~':~' ';., . '.' .
<, ·~@in~ '. ··,:.~~j~,\~~~.. ~):celjt ~~~Hltn.Ql:.detai\i;, wmeh'lJ.:\i been 'pad~ny heated, shaH be properly

?:;t::~;'-J,r.~;~': ..~:.;:*..:~Ui~~~'i;;: .~> ...:.,~. ~1t.· .. ).... .': ~. '. f~,7··· "'>'"
"'. ~ "~ _,.~_: ,..--;: \A,w ':<Alt~st~l'~~ngs':~'bAl1 :be an,n:e:ate4' They shall be free f!'Om large oriDjurious blow

~;jl; ~~;~~?j..~~~,~,'};~~~ ~~fes'~;'~~:;:'3.~~:\':-::, :~. ,.. ~. ,..-., ,·:·'~r) ..

~~ .. f~\;~:·w~.b:":: ..: ..".~:;~~~~~C~l~:ri6ttie atlo?1e<[': :...

~~~,~{:Ated Pl~.. ',.'7:.,1~; ",,: . ~~':'. !.9,n:.bed·-1ll,,~essh:~11 ~.p1aned tru.~·and smo'oth. Cast wa.ll plates ilhal1 be

~":)('t~:;:J:' . .9...~::;-pjan~ili. ~~~'~tom~ T~ij.;cu.t of. ~he p'lliiij~'g ~·tl)oi··<Shall make a fine cut corresponding
.;~"_t f'" '. ,I.j;'j'_,,-:.( ," " -,' ",~~.,.,..y..~:t::-'t'''~'.' , .".., .., ,.. ' .:. ',.' • _. ;.' .

t. ::~>~~...:'~ ,<f:-(: ~~;~~~ith t\ie. di~t,lQn:·~f~xpan8ion.· 'All expa~sion bearings 81'1alLb8' a!;lsembled complete in tb~

f':-,·'~.,~, '.' :'.~~~~p.'t~h,{ 'y~1:, ..· .. ' ,. . ..". .. _.'....:..~; ,,'
."," P!lotl"~li" .' '. ~~,:~..~l?t ~~8'u~,:drMn~ nuts shall bc fu~ishe4.(6°r ~.~~si7.e ?fpin, in such numbers as

.} ··:~~:·,.•t~:;'· ~'i..<ire[ -'. :'<L . '~. ~.';',:, .' . ..• '. '. ':~"...' .
. ¥loid;~,':: :'~;t:~;~)\#t\~~l4::rIv4s.j$b~1(b~ ~ut'nish~ to·the amoupt ofl~~er cent- plUB ten r~vets in excess

. :', . .... "ilit~.tti~irirli:numbe~:r~ulredfor'~aCh size.' . "

!. d·;. ShlPlJ{~g~~~;•. ·\:ji'\~~;:·.?~:i~ts,bOl~9i· 'rivets '~u'd:othel' sma:il.~~fi'~;:s~ah beboxe'd or crat~. .
'. ::-t & .r:I-!.,.~~. .. ~:( .. :-:j.- ';.' . - .... - .' ': ~-. ~ - " ... ". , ' .
.'f..~,t6t.·.:Tft';:~~~ :~~r-~~.~eryp~~,ali(\boxs~l:be;narked on IHn pl3.in:·,fi~l'es.

.;' .. ~~~~*}~,.!"t , ~t~~. ;t.~~v .. '.' _ .- . '. "' ... ' " ... ,. t"'" ~ . . ~: '~,~, ~

'('a'F~i.dthd .. '. ·t~rt~~D't.et\'.'60JiillhMk '.
". ..;' , .-. ~ ~~~;"'$: ,'. ..' . ..~'
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T£ STS .·or S·T££L EY£- BARS. A?P£NDIX-15

FULi.. 5JZ£.D E,YC- BAR T£.s T5. SPECIMAN TESTS.

MarK Nominal £ los tic UI fimofe £/onoohon Reduch(Y; Elosflc Ulflmofe £/on9°- Reduchor; Chemlco/Ana/I., SIS
~

of L Imd SfrenQfh I off. I Z In. ofArea Llmd 5 fren Cffh hon of Areo ~o'" ~ ~ ~ C' RemarKs
0< k1'<'o~ f?' .~,rl\? ~\q{

~Bar Size PoundlJcr. 50 inch Per. cent Percenf Per.Sa In Per-SQ. In Perct Percf ~- IV 0 Ib l'::) ->

I U-I- /Y/-Z 16/X~ 27720 546Z0 178 410 5/.2 ,347(;0 643f,0 26.00 5030 .27 .008 .5/ .0qO
--~-

-- _... _~r----- ._--t--.

Z U-I-M- Z IG"XZ 5 " Z~57(L 54800 253 .52.0 4/6 36700 66820 25.50 53.00 .29 .0/1 ,55 .037 4runulor-----1----£..& 1---_. - - .. _.__ ._-- -- _.. _--~t---- Tens; 1<::: teSt moue:

3 L-3-L-4 /4 "x IJ" 29390 58770 14q 370 440 34ZQO G3QOO 26.50 52.10 .27 .008 .37 ,040 .someheofos-# I
----1--._- -_.- "--- --------

4 L:4-L-5 14"x/.j" 52. zero G2840 IG,2 Zq 0 Z70 35580 60220 2750 51./0 .Zq .014 .57 .047 GronulorbreoK
1--. --- -- _. --- _ .•. __ .._--- - ..~ 1'-' - f---- .~-- _.---- --- _._-- ..c:: Seetest-7Z 7-5

/4"xlj"
., i-...

5 L-4-L~5 27510 50020 22.2 3QO 464 " 'I " " "
1/ /I "

s...
-'-,,' "--1--- - -_.- 1----f-- .------- ..- IJ

/4 'I

XI f" ~G L-4-L-5 2QZ'10 (;2/40 15q 400 427 " " • /I " ,I "
..J..:;

" "._'-- ---,,~- . . _.- ---- _.. .-. '--'" -- - _." -.. -_. - -_. - -'-
,

7 L-4-L-S /4"x/j " 28570 57860 17. q 450 47{; 3Gql0 G34Z0 20.00 50.80 .20 .0/5 fiB .038--1----.._ ...... "-'--- -- "--. ---_.. _.- . .... - - - ..-- -- _._---- ..._. -- - . ".'- -_._. --- ~
. _._-_. , ,.~ ... ". ----

8 L:5-L- G /4 'x2/~' 29370 0,2070 IQZ 380 35.5 350QO 6/420 2700 5(;,40 .28 .033 .57 .040
-- ---_._- - --. --- .._----~- ._-_._--_. f--_. - . ~ .- - - - -

q L:S-L-G /4")( z.!.t~. Z6030 54/50 21.2 4G.o 49. 3 33080 G0240 2700 5020 .20 .008 .4Q .03Q t..-------. I- --- ....- - ---"- ._._- . -- ._- _.F _.. _ 1--." f--- . .. - --_._-

10 L-6-L-7 /4"x 2" 31ZQO 5G870 /78 3QO 40.4 35270 ro050D 2750 50.20 .30 ,00q .47 ,045 ~.- _._- -_. -._," ---- . - _. '- _. ~- -.- - --
8ars offhls heuf

1/ L- to-L-7 14"xZ" 3Z140 (;(;430 3,2 4.0 3. I / 34880 (;2300 20_00 60.50 ,3Q .028 ,(;/ ,024 fieldfor €-xomlnof;ol
---------. -_. --.-- - - -- ----t---- 1------ r---.--.... ----- -- - --_._ ... - _. _.. . --_.. _._- I-- -- -

12 L-(;-L-7 14"xZ" 2(;;250 56140 239 48.0 455 I' II II 1/ 1/ fl .1 H Some os heof# 1/---- -- - ..... .. - .. _. - --- _.. - --- - ... - ------ - '- --- .. _-- - -- .-.. - -_.. -_ .. .f---._- - -_.

13 L-0-L-7 /4"x E" ZQ5Z0 52480 35800 (;2620 2G.50 5470 .30 .037 .4(0 040 \,) Flowmheod
"- R~onneoled1--- -~._-~ ~.-

." ----- -- - - >- _. - ~.".- --- --_. --- -- --~-- ------- -_._-. _._ ...._---- .- - _. _.. 1--
lI)

14 1:(, -L- 7 /4"xZ" 32140 G4820 60 (;;,0 5.8 34880 C;Z 300 26,00 (;0.50 .3Q .028 ,0/ .024
()

$omeporsos II/ICQ_.
--_.~--- ~----_. ..- '--"--- --- --_ .._--

--~- -._------- _. -- " ----- f----.• -'-'- above, reonneo/ed

15 L-(; -L-7 /4 'x 2 II ZQ520 5(;850 /9. q. 430 370 35800 bZr;,30 ZG_50 54.70 .30 .037 .46 .040 , Some boks 05 #'13----._-_. -----_._- ---_. - - -_._.- ._.. _.. _- .. --- --- - - - -_ ..--- - ..__ .- .. _. - _. ---- reonf7eoled'

/6 L-G -L-7 14"XZ" 31ZQO (;3000 157 420 44.6 36800 6(;230 Z550 52.00 .38 .OO? .35 .03a~ ~

----- . _- - _.-f-- .. ._. _. - - ..

..:,
J.
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