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R"ﬂ‘}l&%@omﬂlf‘” fikéEe &'St%Paul Railway Co.

. Office of Engr. and Supt. Bridges and Buildings.

Room 1359 Railway Exchange.

C. F. LOWETH,
EBEngineer and Supt. B. & B.

. Chicago, May 27,1910
Mr.E.W.Adams,
Secretary,
Milwaukee ,Wis

Desr Sir:-

I am sending you by separate meil a bound copy of
Record of Construetion of the bridge over the Missouri River Bridge
gt Mobridge on the line of the CM&PSRY. It appears to me it
would be desirgble to have this in your records.
Yours truly,
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and the Engineers' dwelling house and office were left for use by the
watchmen and pumpmen located there. With these exceptionsa, the buildings
were wrecked. » ' :

II. |
TEMPOIRARY BRIDGE.

A temporary bridge was necessary for use in the. bridge con~,
struction, and for getting construction supplies and contractors' grading
outfits to the front. It was also used by the Operating Department for
freight traffic, and at times when out of commission, due to demage from  _
ice or high water the material for the front was. transferred by ferry
boats to the west bank.

Work started in July was completed in August,1906, and the track
laid to Pontis September 21s8t,1907. 1823 lineal feet of bridge was
built, consisting of 117 bents, 4 piles "pér Dbent, having 12"x12" caps,
three 8"x16" stringers under each rail, and 6"x 8"x10' ties. When first
built, in 1906, two spans which could be readily removed were put in
between Piers I and II, to be used in case any boats required psssage.

No boats passed until the following year (1907), and upon the renewal

in 1907 no provision was made for the passage of hoats, but, instead, »
a pile bent and two spans of floorlng were removed when & passage was S
required.

Beginning at the east end, 642 feet was built on a 11 degree/
30 minute curve to the left, and the remaining 1181 feet on tangent, .
parallel to and 90 feet north of the center line of track of permanent
strueture. A boom of heavy timbers, for protecting the cofferdam at
Pier I and the east part of the temporary bridge from floating iece and-
drift, was built at a slight engle with the current, at a point 368 feet
from the east end, extending to the shore 600 feet morth of the center
line of permanent track, and 60 feet south of the temporary bridge.

The bridge built in 1906 remained in service until Mareh 9th,
1907. At this time, on account 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 opened on March 20th,1907, and on Mareh 31st, as there-
was no running ice, the work of renewal was begun but was stopped on
April 1st on account of running ice. On April 11th,1907 when the
renewal was completed with the exception of 15 bents the ice started
runding again, end with a heevy wind blowing from the west ram along
the east bank and boom, taking out 34 bents which had been driven from -
the boom west. No material desmage was done to that portion driven from -
the weat side, as the wind kept the ice along the east shore and boom.
49 four, five and a few six-pile bents were drivem and the bridge com-
pleted April 21st ,1907. This remained in' service about five weeks. During
this time the falsework ‘piles, on which the caisson for Rier III was to
be built, were driven ahd the caisson partislly completed. The water _
raiged five feet from May 19th to May 30th, and the drift so increased
in smount and size, lodging so thickly along the bridge, that & large crew
of men working continuously conld not keep &t clear. On May 30th 45 -
bents were washed out; the caisson falsework at Pier III undermined, and
the partially completed caigaon sliding into the water was washed down
stream at 6: 50 P.M. May 30th.

Work of . renewing the 45 bents was begun June Bth and the bridge
completed June 1l6th 1907./ This was in service ten days when:the high
water snd collected drift washed out 72 bents next to the west shore. The
drift and high water continued for about ten days, and on July 5th the
work of renewal was hegun and finished July 18th, 1907. .This bridge re-
mained. in gerviece untid the permanent structure was completed -March 18th,
1908, after which it was torn up, and the piles between the boom and Pier
III broken off or pulled, s0 as to have as great an! unobstrueted opening
as possible when fthe river broke up and the ice started running. The
‘river Opened April 5th,1908. . _

o III.
SUBSTRUCTUR E‘..

The substructure con51ets of east abutment four river piers end
eight viaduet piers.

The east sbutment is of concrete and of graV1ty d931gn. The foot-
ing is on hard $hale, :
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Pier I has a concrete footing, bearing on hard shale. -
Sandstone masonry with granite nosing was used from a point 2 feet below
low water surface to a point 5 feet above high water. The neat work is
of concrete, reinforced w1th corrugated . steel bars. - T '

Piers I,II and III are of the“same general design as Pier T.
The footings of Piers I and I1 were carried down to solid bearings by
the use of pneumatic caissons. Owing to the*great>&epth_to ehale, Pier
IV was founéed on piles. ' : . : <

There are elght concrete v1aduct plers on pile foundatlons.
The conerete in the footings was placed under water. _

A list of plans and draw1ngs on file is glven in Appendlx I.

East Abutment.

The east abutment is located on the east bank of the rlver.
At this location the ground surfaoe is at Elevation 1304.0. »

Work was started in the Fall of 1906 but was abandoned and
preference given to the caisson work st Pier 11. The bottem of the
footing was planned at Elevation 1293.5, but at this depth rotten shale
was encountered and the excavation was carried down to Elevation 1285.8,
which was well into hard shale. At this elevation a small triangular
pocket of soft shale was encountered, located north of the center line:
of track, extending acrosa the footing, and bearing sllghtly north of
west. This materisl was remqved leaving a V ghaped trench 3-1/4 feet
deep. Three test pits were put down: one 4'x3%'at about the center of
the excavation north of center line of track, td Elevstion 1283.8; one
4'x3%' at the west edge of excavation, on the genter lime of" track . to
-Blevation 1282.8; and one 33'x23' five feet east of west edge of excava-

tion, and 13% feet north of the center line of track, to Elevation 1282.7

No work was done onthe east abutment from Cctober. 12th 1906
to March 6th,1907. At this time the high water and breskup of the
Migsouri River made impossible any work on Piers I and II, and the east
abutment was pushed to completion. , _

~ On March 22nd the first concrete was dep031ted in the footing
and the ‘abutment completed April 22nd 1907.

There was .a bulge of 2" at center line of traeck 8 feet above the
bridge seat, caused by insufficient form bracing. The steep bank just
west of west edge of excavation made propér backwall bracing impossible.
Accurate. measurements were taken to ascertain if any shortenlng would have.
to be made in deck span. No change was required. :

Plate II shows plan, elevation and section of the. east abutment.
_pier I. |

Pier I is located at the east edge of the river at low water
stage. Borings made at this location showed hard shale at Elevation 1851.5
which is but 7 feet below low water, making it feasible to use & coffer- =
dem. Work was started driving the United States steel sheet piling August
11th,1906. The size of the cofferdam was 173'x50', and was driven. so that
the excavation was begun August 23rd, but on account of favorable conditior
for working at Pier II, the excavatlon at Pier I was not rushed.

The bottom of the footing, as designed, was at Elevatlon 1250.5,
but when the excavation reached this point, eight cracks were found in
the shale, bearing 8lightly north of west, and one bearing northeast and
southwest, crossing the others and extendlng from g point 6 feet west of -
the southeast corner to a point 6 feet south of the northeast corner. A
‘test pit was put down,and a 2" 1layer of soapstone being found at Elev. - .
1245.0, the footing was carried to Elev. 1242.0, and, in addition, a test
pit,8'x4' on top reduced to 4'x4', and flnally to 4’ xl', was excavated on
center line of track to Elev. 1225 O. This test pit was filled.with com-
crete, and fifteen 60-pound rails, 28 feet long, spsced 8 inches in the
¢lear, were imbedded vertloally, and ten 60-pound rails 12 feet long,
imbedded horizontally. - ,

]
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The excavation was completed November 28%h,1906, and the work
on Pier I abandoned until February 21st,1907, at which time work was
begun placing concrete. The footing was completed February 27th,1907,
and the work agein abandoned until April 6th,1907, where befng unable to
continue work at Pier II, en account of high water, work at Pier I was
renewed. On May 2nd the stone masonry was started,anl finished June 4th,
1907, Formg 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 removed until July, 1908.

Plate III shows two elevafions and plan of Pier I.
Pisr I1I.

Pier II, located 423 feet west of Pier I, is founded on a
roneumatic caisson. The caisson was built of 12"x12" western fir timber,
sheathed on the outside with 3"x12" pine planks, caulked on the outside
15 feet high and sheathed on the inside with two rows of 3"x12" pine
plenks; 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", and from
cutting edge to ceiling 7'. The deck was constructed of two rows of
12"x12" and one of 12"x18" timbers, making a depth of 3'6". 12"x12"
struts spaced 12-ft. centers were placed against 8"x12" horizontal timbers,
which were gpaced 2'83" above cutting edge. 12"x12" knee braces, bear-
ing against the side of caisson and top of 8"x12" horizontsl pieces, and
against the ceiling and 8"x12" pieces bolted through the deck, were put
in and tied with 1" diameter rods.

Two 24" diaméter material shafts, each section 12'3%" long,
were put in on center line of caisson; one 18' from each send. The air
lock for the supply shaft was 42" in diaméber and 11'5" long; the 42"
section was 9'8" long, and tapered to fit the supply shaft. On a line
with the two material shafts and 31 feet from the south end of the
caisson was located the 42" diameter entrance shaft, each section of which ~
was 10 feet long. These gections were so designed that any of them could
be used as & lock by changing the doors.

: Owing to the low stage of water in the Missouri River at certain
geasons of the year, which made it impossible to build the caisson ashore
end tow it into position, it was necessary to drive falsework piles on
which to construet it. The pile driving, started September 2nd, weas
completed Séptember 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 s8till 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 10th.

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 materisl, which would not pass through the 4" diameter blow pipes,
was put into cement sacks and taken 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 February 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 occurring on February 16th, which was
due to a drop in the caisson of 2.91 feet during the night of the 15th and
16th, which brought the surface of the concrete so near the water surface
that snother drop was not advisable until more concrete was added. On
February 15th,1907 the change in working time of the pregsure men was

made from eight to six-hour shifts. At this time, the cutting edge was

in hard ¢lay and shale. This material was easily worked from Elevation
1232.0 to 1210.5, and at this elevation, the clay and shale became extreme-
1y dough. So much so in fact, that mattocks were used to cut the materisl,
and the jet with & nozzle pressure of 120 pounds was used in excavatigm,
The cold water jet caused considersble 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 itk so that
the water forced into the caisson was at a temperature of sbout 50 degrees.
The progress of sinking the caisson was very slow from February 16th to
Merch 34, 1907, it being lowered only 8% feet in seventeen days. On March
2d the pressure men were taken from the caBson 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 materisl snd entrsnce shafts at Pier II. On March 6th, the machinery
barge, derrick barge and scow pile driver were moved to the east shore behind
the boom, which had been construcged to protect Pler I snd 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 26th,1907.

On or about April 28th, C.F.Loweth, Engineer and Superintendent of
Bridges and Buildings, end J.J.Harding, Engineer of Masonry Construction,
entered the caisson, cutting edge &t Elevation 1201, to examine the material
being taken from the test pits, and decided to land it at Elevation 1189.15,
in the matetrial then being excavated. In order to land the caisson a&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. '

Prom April 26th to May 7th,1907 test pits were dug and borings
made in the caisson t¢ determine the cheracter of meterial. These horings,
made with the cutting edge at Elevation 1200.2 shoved clay to Elevation
1186.7, and harder clay from Elevation 1186.7 to 1182.7. The stone masonry
was started May 4th,1907 and on May 24th the caisson was lasnded at Elevation
1189.11. PFive 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 seallng was finished June 1lst,1907. The stone
masonry was finished June 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 high weter, accompanied by heavy flow of drift, which 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 anchored to the south end of the pier.

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

The maximum skin friction, which is the average weight in pounds
per sguare foot of frietion surface, was 2200 pounds, and the minimum 683
pounds. The indicated air pressure varied from 6.5 to 31 pounds while the
calculated air pressure 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 game size and design ss _
the caisson at Pier II, except that one 36" materisl shaft wes used in place
of one of the 24", The 36" material shaft was used here on sccount of the
lerge stones encountered at Pier II, which had to be broken up to get into
the 20" bucket. With the 36" shaft a 30" bucket was used.

As at Pier II, the csisson was built on falsework at its emact
location and lowered with jacks. Work, which was begun on the falsework
May 11th,1907, was finished May 20th, and the construction of thencaisson
started and rushed so as to have it well grounded before the June raise in
the river.

When the caisson wag partislly completed, the river rose rapidly,
end the drift, coming lightly at first, increassed 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 4drift cleared away from in front of the
temporary bridge at Pier III had failed, the falsework upon which the caisson
was built wds undermined to such an extent that it gave away, and the caisson,
sliding into the river, was washed downstream and grounded on & sand bar sbout
one mile below the bridge. An attempt was made to anchor it, which was futilae,
but it was held long enough so that the materiasl and entrance shafts were
removed. No effort was made to recover the caisson, as it was not only con-
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 1ength 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 completed, and the new caisson, finished August 22nd, was ready
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to lower the same day. Concrete was first put on the deck August 24th and ’
the air turned on August 28th,1907. _

The average drop of the caisson from August 28th to October 16th
was 1,07 feet per day, going through 173 feet of sand from Elevation 1249.5
to 1232.0; 23% feet of gravel, ssnd and loose shale from Elevation 1232.0
to 1208.5; and 11k 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 dey. During this time there were several delays, due to leaky flues
in -boilers, disorder or compressor and pump; and these, in addition to the
material encounteredbeing more difficult to work, eaused less daily settle-
ment in the csisson. The material encountered at Elevation 1197.0 was stone,’
coarse gravel and shale, which extended 13 feet, or to Elevation 1184.0;
then gravel, sand 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¥en out: by buckets.

: : The stone masonry, started November 16th, was finished December
"17th,1907. '
o The caisson was landed on shale at Elevetion 1168.04. December
2nd the test pits were put down to guard againat 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 18t,1908.

167,452 feet, board measure, of lumber is contained in the caisson

of Pier III.
The maximum skin frietion was 3060 pounds, and the minimum 486
pounds.

The indicated air pressure varied from 5 to 40 poﬁnds, while the
calculated pressure was from 5.6 to 3%2.25 pounds.
Plate V shows two elevations and plan of Pier III.

Pier IV.

Pier IV, located 422.5 feet west of Pier III, ig of the sapge
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 té use s cofferdam and excavate with an orange pe el bucket,
and lster with an 8" sand pump, but the character of the material was such
thaet it flowed or boiled up under the sheet piling and no progress was madse.
It was then decided to use a light caisson, and the falsework piles on which
to build it were driven. The outside dimensions of the caisson were 60'0"x
32'2", with an 8'0" ceiling, the size being goverzmed by the dimensions of
the cofferdam. 8"x16" timbers were used horizontelly and vertically on the
sides, sheathed on the inside with verticel 2"x10" planks, and thoroughly
eaulked. The deck consisted of two rows of 12"x12" timbers, and the out-
gide sheathing sbove the deck was of 2"x10" plank. This caisson was con—
structed 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 cut off as the caisson was lowered. Eight cuts were made
on the 267 piles. The cutting edge was landed at Elevation 1232.79.

The foundation piles were driven from November 6th to December 10th,
1907, and the caisson was ready to lower January 8th,1908. Concrete was
first put on the deck on January 10th, and the stone pasonry work done be-
tween Janunary 22nd and February 8th. Sealing the c¢aisson took from February
1st to February 4th, and the entire pier was completed February 18th,1908.

The celeulated air pressure varied from 2.7 pounds to 12.15
pounds, but the indicated air préssure 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 & willow mattress, 110'x100', extending
60 feet on the channel side and weighted down with riprep. A permesable pile
dike for the sdvancement of the right shore bank upstream approach to the
bridge was put in.
" The caisson as constructed contsins 100,831 feet,board measure,of
lumber.
Plate I1II shows two elevations and plan of Pier IV,
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Vladuct Piers.

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

Work was begun driving the foundatior piles December 12th,1907.
Cofferdams 10'6"x11"'3" were put in at each pier. The concreting, started
February 9th,1908, was finished February 24th. At all of these piers, the
piles (16 at each pier) were sawed off under water, and the concrete for
footings was deposited under water by means of a 10" diameter pipe. A
willow mattress, 70 feet wide, extending 35 feet each side of the center
line of dPrack and from Pier IV to 35 feet west of west v1aduct piers, was -
woven and weighted down with riprap.

Plate VI shows plan and elevation of pedestel piers.

Caigson Levels and Alignment.

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

For Pier II two points, one on each bsnk, were put in on the
north side, so that the line connectlng them was parallel to the center line
of track of permanent structure, and a point get in the ice about 18" east
of the east side of caisson. The point in the ice was continually checked
to escertain if there had been any movement of the ice.Each morning the
transit was set over the point on the parsllel 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 and measurements from this line to the northeast and south-
east corners of the caisson recorded. HMeasurements to determine the exact
gstationing of the west base line were madek using a 500-foot tape, standard-
ized at 60 degrees Fahrenheit, with & 12-pound pull. The expansion or
contraction was computed at .0000065 per foot for each degree, and the amouni
recorded. After repeatedly 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 very steep:-slope
of the east bank making the checking of measurements from the east base 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-
nent: to thexeast shore. The caisson 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 gouth 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 measurements checked. The inter-
gseetion of these three lines was a point 3/8 of 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 line 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 serviee during the con-
struction could be used for direct mesasurements, were the reasons for sbando
ing triangvlation methods. Occasionaslly, 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 vertical center line of
the structure, as lowered, varied from the true vertical line.

The eenter line of caisson, Piler II, was landed with the north end
%“ too far east,and south end 5/8" too far west. The center line of the
pier for stonework was sets 1/2" east of the correct line to allow for
the pier shifting west when lowered 7 feet. This was due to the center
line of the eaisson making s slight angle with the vertical, which was
impossible to correet, 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 above
the cutting edge being recorded, and,as the caisson was lowered,the points
were ralsed. levels were taken each day on these points from which the
elevation of the cutting edge was determined. Any veriations in elevation
of cutting edge at corners would be taken into consideration during the
excavation for its lowering, in order to correct any inequality as much as
possible.

The center line of Pier 1 was determined by measurement from the
east base line. This mesasurement was checked by the closing of a parellelO-
ram.
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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. These points required repeated checking for
line and distance, as the temporary bridge was found to move to some extent.

The center line of caisson of Pier III was not lowered in a true
vertlcal rlane. At a depth of 77 feet below low water surface, it was
13" too far east, which error still remained when landed.

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 PROTECTIOK.

To protect Pier IV from the raveges of the lMissouri River, a
pile dike was put in, extending from the north end of Pier IV along the
produced center line of the pier for 495 feet; thence, 610.5 feet on e
five-degree 44' curve left; thence, tangent 149.5 feet to the shore. The
dike was more feasible here, lnasmuch 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 mattress
extends the full length of the dike, and well up onto the shore bank, where
it is heavily riprapped.

The piles driven have & 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 against undermining, a willow mattress was
woven, having five 3/8" diameter wil'e 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-
men riprap, which was approximately O.71 tons per lineal foot, put on to
sink it. The riprap was unloasded on the west side of the river and a
narrow gauge track put in on the west bank to the upstream shore snd of the
dike snd to the shore arms. Peteler cars drawn by one horse were used for
conveying the stone. The track was laid on the main dike and on shore arms,
over which the losaded 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 w1th g line by which they could be
pulled into position.

Upright or screening poles, forced well into mattress and fastened
with 40 and GO%VHEElso were placed 4" to 16" centers along the main dike

and shore armg, to catch the small drift and retard the current, so thet.

8 deposit would be msde between the dike and shore. VWillows for the mattress,
were obtained partly from points east of -the Missouri River and shipped in.
Owing to the difficulty in obtaining willows from points esst, & crew was

sent up the river by boat and a camp established near Fort Yates, where the
willow brush was cut, loasded on barges andtowed down to the bridge by the
ferry bost in use at the bridge site.

The result obtained to date by the construction of the dike has
been satisfactory, the deposit back of the dike reaching an elevation,at
some points, of 1262.2, 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 construetion of the dike, the wesat shore line has
been advanced from its o0ld position to a point about 300 feet 1into the
river.

In the construction of this work, there wes 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 hsrdware; 203 cords of riprap, and
1460 cords of willows.

Mr.S.Waters Fox, Consulting Engineer, Kansas City, Mo., made a -
personal exsmination of the vicinity of the proposed dike, and ﬁbepared the
design and specifieations. .
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, V.
SUPERSTRUCT URE.

The ' permanent superstructure comprises the following in the orde:
named, beginning at the esst end:

One 125' Triveted deck truss span, 125' center to eenter of bear-
ings, with trusses 12' center to center. The fixed end is at the east ebut-
ment .

Three 420' pin connected through truss spans, 419'10%" center to
center of end pins, with trusses 23' center to center, and the depth from.
center of lower chord to center of upper chord 65'. The fixed end of each
span 1s 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,
28 shown in File F-31 of the B&B Department records; at splice at U-5 g
5/8" plug was made for the entire cross section of the chord. Chord section
U-5, U-6, U-7 were milled 148" short; adjoining chord sections were
lengthened 1/16", and pin at U-5 moved 1/16". The totel length of the top
chord was not changed, and the camber of the bridge only slightly affected.

283.5 lineal feet of steel viaduct, consisting of five deck girder
apans, supported by latticed steel colummns 43'l"™ long, which are supported
by viaduct piers on pile foundation. The east end has a bearing on Pier I¥,
while the west end is suprorted by a temporary pile pier., The distance
from the center line of bearing at Pier IV to the center line of bearing at
the pile pier is 281'6". The girders are spaced 7'6" center to center, and
the depth, bottom to bottom of angles, is 8'0".

These gstructures were designed in the Chicago office of the
Chicago, Milwaukee & S5t. Paul Reilway Company, Cooper's Class E-55 loading
being used in the design.

»

The following table shows the weight, painting, contractors, date
contracts were awarded, and shop and mill inspectors. All materisl and
workmanship conforming to the "Svecifications for Steel Bridge Work, Bridge
& Building Dept., C..&STP.RY.CO.," dated October 15th,1906.

Yeight Paint: Contract Steel Inspectors:
Span (pounds) Shop Field Awarded to: from Shop MIill
125" 1 coat 1 Coat Minneapolis  Inland  R.M. J.N.
deck #o5 Carboniz~ Steel & iachi-Steel Doyle, Ostro
truss 271,860 paint. ing nery Co.i.npls. Co., Chicago- Pitts
Coating. July 2,1907. Chicago burgh.
3-420" 1 coat
through Carboniz-
gpans 7,990,114 ing
Coating " Pa.Steel Pa.3teel J.A.Colby,
Co.,3teelton, Co.,5teel- Philadel- -
Pa.Sep.4,1906. ton,Pa. phia,Pa.
283.5" 444,987 " " Amer.Br.Co. Ambridge J.N.Ostrom
viaduct New York, Shops,Pa. Pittsburgh
I‘IQYQ May 29‘07- Pao
Guard 97,206 1 coat Kenwood ¥enwood R.M.Doyle,
rails. oil. Br.Co. Shop. Chieago,
Chicago NMay 2, I11.
1908 ,

For the deck on the permanent bridge 8"x12"x10' ties were used,
spaced 1'0" center to center. The 6"x4"x1l/2" guard rail angles are backed
up with 4"x8" pine guard rails. The outer guard rail isy; 6"x8" pine.

With the excention of the east or shcre 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, which supported the 3"x16"
stringers carrying the tiés and track for the traveller. The falsework of
the east or shore spen, with the exception of three bents, was built on
mud sills; one of these three bents was put on the piles used in plsacing the



cofferdem around Pier I, and the other two bents of falsework were put on
piles which were driven to shale by hand.

The traveller designed for use in steel erection was 57'4"x66’ 6",
outside measurements on top, and 86'43" from top of traveller rail to the
extreme top. The inside frames of traveller were plumb, and the outside
frames of the leg were battered 1" per foot. The.vertioal clearance from
top of traveller rail was 72'11z", and the distance from center line of
track to the center of inside leg.: frame was 16'4", which was 410" from .
the center line of truss. The traveller ran on four rails, two under each
leg, spaced 4'10%4" center to center. Bach leg was supported by five pairs
of rollers. The traveller track ran from Pier I to Pier IV on erection
falsework, though not at one time, as the ereetion f;,mqwark of Spans 1 and
2 was being removed and used in erecting Span 3. Erection 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, Viaduets.

vI.
TIMBER TRESTLE. TR

Lol e

r (West Approach.)

The west approach extends from the temporary pile pier, at the
west end of the permaneht structure, 1289', and is built on a 19-58"' -
spiral curve. It is of timber construction on piles, with 12"x14"
caps, on which are placed the [ive-post frame bents, which carry 8"x18"
stringers, with 8"x8"-10' ties, spaced 1' centers. The 6"x4"x1/2" inner
guard rall angles are backed up with 4"x6" guard rails. The entire
timber approach between the rails is covered with galvaenized sheet 1r0n
for protection against fire.

A sidewalk 2'6" wide 1s built on the north side and extends the -
entire length of the permanent snd timber bridge. Retreats were built
on the north side of west apprcach, spaced 94' centers.

VII.
GREERAL.

The work of constructing the 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 working foree, however, was in the field on preliminary work,
construction and cleaning up for three years end one month.

The elevations of the cutting edge at the several corners of 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, were reinforced transversely and longituddnally with 5/4" corrugated
bars. The transverse bars were spaced about 6" centers under each bearing;
2' centers at the center and ends of piers, and rested directly on the
longitudinal bars, which were uniformly spaced 2' centers. The vertical
spacing of the bars was 2 feet.

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

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

Permanent combination bench marks and transit points were put
in on the east and west side of the river, and lines and levels,taken on al]
permsnent structures, referred to these monuments, so that tests for move-
ment or settlement of the structures could be made. There are four monu-
ments in all,- two on each side of the river, built of concrete, reinforced,
and the details of construction and location are shown on Drawing No.C- 5286
Case No.4-1,

-~
<
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For lowering the caigsons, two side stringers, each 8"x1l6",
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, horizontsl stringers, projecting 3 feet on each side of the caisson,
were bolted to the upright side posts. One 8"x16" stringer, was bolted.
on each side, flatwise and parallel, to the side stringers, to the project-~
ing transverse stringers. These rested on the 48 twelve-ton screw jacks,
which rested on eribbing built up from the falsework. As the caigson was
lowered, the cribbing was removed from under alternate jacks.

During the sinking of the caissons and while the working foece
was large, & Roctor, carried on the Bridge & Building Department payroll,
was stationed at the camp, with an office in the hospitel building, dn
which there was also & room containing two hospital beds to be used in
ere rgency cases. Medicines and medial supplies were kept on hand. With
the exception of two or three emergency caslls 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 caisson men attacked with the
bends. Before entering the caisson, the men were given a physiecal examinsa-
tion, which, if satisfactory, was so stated in writing snd signed by the
doctor. This paper was required before the caisson men were put to work.

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

S
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Page 16

Base 4~1
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Page 43.

Cage 4-1
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150-22
152-30

152-14
152-156
150-23
150-24
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150-25
150B-7
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152-2
152-3
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List of Drawings.
Profiles on proposed lines over the Missouri River.
Engineering Dept's profile from Mobridge to therive

Profiles of West Approsach.

Plan of bridge submitted to and approved by the
Secretary of War. :

Property tetween Mobridge and River owned by the
Railway Company.

Location and elevations of monuments; points on
piers, sbutment and viaduct piers.

Plat of Pontis, S.D., showing cemp buildings,
temporary tracks and storage yards.
Soundings at Pier I.

Substructure.

Details of east abutment.

Detnils of Pler I.
Gronlte courses Piers I and IV (CM&STP)
" " (Rettle River
(Quarries Co.)
Location of line of pressure, Stablllty Pier I.
" " 111 II
Detalils of Piers II and III.
Granite Courses Piers I1I and III. (CM&STP)
" w " " (Kettle River Quarri
(Company.
General plan (explanatory sheet) Piers II and III.
Details of Pier IV,
Pile plan, Pier IV.
Pile plan ( and caisson) Pier IV.
Cofferdam, Pier IV.
Bill of material, cofferdam Pier IV.
Details of viaducet piers.

CAISSONS.
Caisson Pier II, general plan.
" Plerb II and III, deteils.
" " " falsework.
" " n metalwork.

" Pier IV, details.
Ladders for caissons.
Goose neck and lock for caissons.
" " 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 surply shaft
Details top e
Steel bucket.
Pier 11, graphical record of sinking caisson.
Pier II, Record of sinking caisson.
Pier II, Progress of work and material passed thro.
Pier III, Graphicsl record of sinking caisson.
Pier III, Record of sinking caisson.
(Pier I,ptatted core borings, cracks in shale.

Pier IV, record of sinking caisson.
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A-8150
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A-8154
A-8156
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A-8158
A-8159
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A-Bh61
A-81l62
A-8163
A-8164
A-8165
A~-8166
A-8167
A-8168
A-8169
A-8170
 A-8171
A-8172
A-8173
A-8174
A-8175
A-8176
4=8177
A-8178
A-8179
A-8220

A-9843
A-9235
A-9236

SUBSTRUCTURE, Miscellaneous.

104B-24 12'x48' barges designed for bridge construction.

152-6 ‘Machinery barges.

1582-7 Details of tank for air reoelver.

152-8 Machinery house.

150~26 Details of forms. (All piers.)

128B-40 _ Steel fremes for bracing forms and reinforced
concrete piers.

104B-23 -~ Volumes 0¥ piers.

123A-172 Rollers for concrete dump cars.

152~B~1"7 Location of bearings on piers.

152B~18 Flood levels.

Case 4-1 Deflection polygon, Spans 1 and 2.

llasonry reports, showing masonry
as built.

167-5 - Pier II and III.
167-6 Camber and deflection polygon.
167-7 Details of Caisson, Pier IV,
167-8 East abutment.
167-9 Masonry for steel viaduct.
167-10 Falsework for 125-foot deck truss span.
SUPERSTRUCTURE.
Bast Span- 12b-foot Riveted deck truss approach.
12
151A-44 Erection diagram and bill of material.
151A~-45 General plan.
151A~-46 Top chord, UO, U1, UZ.
151a~46 " Uz, U3, U2,
151A-47 Bottom chord.
151A-47 Diagonals UO, L1 and L1 UZ.
151A-48 Bottom laterals and Int. diagonals.
151A-48 Floor beams and stringers.
151A-49 Sway braces and top latsrals.
151A-50 Shoes, rocker nests, castings, etc.
151A-45 Bill of field rivets.
131B-38 Mateh marking diagram.

Main Spang, Three 420-foot Riveted Through Trusses.

151-1 Strain sheet.

151-2 Erection diagram.

151-3 General plan.

151-4 Bottom chord LO,L1 L3.

151-56 Bottom Chord L2 L¥.

151-7 Top chord UlUZ U3.

151-6 End post LO Ul

151-8 Top chord U3 U4 Ub.

151-9 " Ub U6 U7.

151-10 " " Us Us U7.

151-11 Post L3S U3.

151-12 Post Ub L5 R end Ub L5R.

151-13 Dlagonal L7 U5 and Post L6 U6.

151~-14 L1 M2 Ls M4 and LbHM6.

151-15 Intermediate floor beans.

151-16 End floor beams {E.F.B.)

151-17 Stringers.

151-18 Laterals BL1 BLZ2 BL3 BL4 BL5 BL6.
151-19 Bottom laterals BL 7-8-9-10-11-12.
15120 " B, 13~14-15-16-17-18.
151-21 " " BL 19-20~21 Struts il3-4-5~6-7.
151-22 Hangers L4 4 R&L U2 M2 Struts M4 U4 M2 U2 RiL.
151-23 Top laterals TL 1 and TL 2.

151-24 Portal.

151-256 "

151-26 Top laterals UZ U3.

151-27 Posts L7 U7 and L1 Ul.

151-28 Struts and bracing.

151-29 Eyebars, pins, nuts, etc.

151~-30 Bill of material

151-31 Profile of spans.

1b51-32 Alternate sections of top chord.
151~34 Portal general draving. .
151-35 X Section L5 Ub

n/
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A-9237 151-36 List of field rivets.
A-8918 151-3"7 Shoes, rollersg, etc.

Steel Viaduct.

C=141 157=-A-32 drection diagram and bill of material.
C=143 157A-33 70-£%. deck girder.

C-144 1674A-34 70'9"™ deck girder.

C-145 1157A-35 35" deck plate girder.

C-146 157A- 36 Columns CR and CL.

C-147 157A-37 Braces LB 1-2~3.

C-148 157A-38 Transverse bracing.

C-149 1574A~39 Bill of rigets and bolts. A
A-9200 98-8 Castings.

Floor plans.

A-0297 151-33 Floor plan.
C=186"7 153-36 Approach guards.
C-16721 158B-4 Sidewalk.
Falsework,
A-7440 158-10 Bill of material.
A-9777 158-1 125 span, details.
A-9721 158-2 General plan.
A-97822 158-3 Detsils.
A-97TR3 158-4 " N
A-17428 158~5 Bents A,o0,p, F&H.
A-"7429 158~6 " D E XK.
A-7430 158-"7 " deflmn.
A-T7431 158-8 " L& G.
A-7432 158-9 " C and location of bents at intersection.

with temporary bridge.

Traveller.

A-74324 152A4~156 Deteils.
C-944 152B~26 Addttions to Traveller.

Timber-"Yest Approach.

A-9566 1524~38 Bill and elevation.
C-936 152B~9 Details of bents.

River DProtection.

A~-7442 152-16 Cross dike.
A-T7443 152-16 Pile dike.
A-7444 152-17 West chore line showing long dike
C-2483 131B-18 Soundings along dike, etc.

: Temporary Bridge, ete.
A-7971 150-1 Profile of temporary bridge drawspan.
A~7971 150-1 Details " " drawspan.
C-2486 .~ 152B-23 Telphone wire fastening.
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APPENDIX 2.

INDEX TO ALL PAPERS AND CORRESPONDENCE ON FILE
_ IN THY. BRIDGE & BUILDIEG DEPARTWENT.
Fils No.
D-716:

Act, of Congress,dated April 2nd,1906,
asuthorizing 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&NWRY.

F-Zl%:

War Department, approval.. Miscellaneous.

Original estimate. Breaking up of River.

Right of Viay Purchase. Telegraph and telephone service.
Camp and Orgenization. Falsework and temporary -bridge.
Test Pit &nd Soundings. Loading and speed of trains
Caissons and Pneumatic ¥Foundations. across bridge.
Cofferdams and Sheet Piling‘ Grand River channel fill.
Concrete Mixer. Bench marks.

Stone Watchman.

Boat Service. Handling materisal.

Sidewalk, Railing and Hend Car
retreats.

F-49:
Progress Reports.

D-24%2:

Orders, vouchers and correspondence for steel
gsheet piling used for Pier I.

F-39:
Corrcspondence and orders for steelwork
for 125~foot span.

F-31:
Three 420' through spans:
Miscellaneous information in regard to manufacture,
tests, shipment, etc. and erection of steel.
Correspondence re. iron &nd bridge men.
Vouchers in payment of steel.

F-40:

Correspondence and orders for steelwork for viaduct.
=62

Correspondence and orders for guard angles.
D-591:

Brackets snd telegraph wire supports and

correspondence with Mr.U.J.Fry, Supt. of Telegraph.
D-641:

oucher for one disc, marked P.D., Draw1ng A-8178,

and two laterals marked S12R, A—8166.

D-680:

Miscellaneous information given out for publication.

G/,
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APPENDIX 3.

ENGINEERS, ASSISTANT ENGINEERS, FOREMENA
and SUB-FOREMEN, and their LENGTH OF SERVICKE.

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

J. J. HARDING ,
Engineer of Masonry Constrmction.

J. H. PRICR,
Assistant Engineer, ’
in charge of design and assisted

by

WeE.Pruett,
R.J.Middleton,
B.J.Hansen.

..._O.._
F. E. RICE, )

Regsident Engineer,
May,1906 to Oetober, 1908.

J.F.Pinson, W.E.Duckett, J.H.Neef,
Aggistant Engineer, Instrument Man Instrument Man
Preliminary Surveys _ and ' and
and Soundings, Asgistant Engineer, Assistent Engineer,
Jan.1906 to June,1906. June,1906 to lar.1908. Jan.1907 to 0ct.1908.

H.R.Armeling,

Instrument Man,

Jan.1907-June,1907.

-=0--

EDWARD HOWELL,
General Foremen,
May,1906- March,1908.

Robt. Irwin, Herbert Long, - R.S.Veach,
Master Mechanic, Assistent Genersl Foreman, Quarry MasonrylInspecto
Jan.1907-May,1908. Nov.1907- January,1908. August ,1906-June ,1907.

E.T.Auld,
Mattress Inspector,
May,1907-Sept.1907.

Q-
Dr. W. E. Stewart,
Camp Physician,
Feb.1907-May,1908.
__.O......

E. GREENWALD,
General Iron Bridge Foreman,

H.Du Shane, C.A.Nordeen, Wm.Cullen,
Steel Erection Foreman, Steel Erection Sub-foreman, Steel Erec.Sub-foreme
October,1907-larch,1908., and and
‘ Steel Erection Foreman, Steel Erect.Foremen,

November,1907-March,1908. Nov.1907 to Mar.1908.

-=Q=~=
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Carpenter Foremen.

. " John Anderson, Cyrust Towner, Mike Hurley, , J.ilsGonsolus,
July,1906-July=07 7Oct 06-Jan.08. Sub-foreman _
L : : .- and’ Oct.06-§une,1907.
Foreman, ’ ' o .

May, OG—Jan.OB

Pneumatic Calsson Foremen.»

'M.B.Cahili, '  James Ryan, . : ' Maurlce Welch

Pressure Foreman,  Ass't Preqsure Foreman "~ Ass't Pressure Foreman

Nov.1906-Nov.1907. Jan.1907-November,1907; November,1907-Dec. 1908.
o ~ Foreman . ' _

Nov. lQO?—Febrﬁary 1908.

.Pressure Gang Goremen.

Den Ashley, Rollie Gollins, . B.Williams, W Hunt ,
May,1907-Jen.1908 - Mey,1907-Dec.1907 . May,1907-Dec.08 MNay, 1907=Nov .07

Frank McCarty, ' J.Rawlingson, o JeSSeaMullins, G.Johnson,
0¢t.1907-Jan.1908 Oct.lQOV—March,lQOS Feb,lQO?-June—OV Oct.1907—Feb.1908

-T?.Sullivan . Jesse Gaither,
Feb.07-April,1907 Jan.07-March,1907.

I Plle ‘Driver Foremen.

W.Fitzgerald, 0.Larson, | Ed. Donahue, John Ossow5ki,

June,1906-Apr.07 March,07- Jan 08 April O7-March 08 Subforeman,
- | o May,1906-July,1906.

~.."  Herbert Jones, Wm. Embody, - : Geo.B.Getty,
‘ - April 1907-Jan.l1908 Sub-foreman and foreman, ‘
' April,1907-Feb.1908 Jan.1908-March,1908.
, » : Bridge Garppnter Foremens. _ _ ‘_.
W.J.Ripley, " John Schrader, Gust.Peterson,
Aug.07-March,1908 Sept.1907-March,1908 ‘ Dec.1907-0ct.1908
Robt. MeLain, ' " Al.Holmes,

‘Nov.1907-March,1908 o Dec.1907-June,1908.

. Concrete Foremen.

Charles Luther, | R.T.English,
Preliminery Soundings _ _ '
and . - Janua;y,1908~Ma:ch,l9O

- . Concrete Foreman,
- May,1906-Dec.1907

River Protectlon

- Foremen.
W.W.Russell | - : Andrew Warran,
' ' A T Weaver Foreman,
October,1907-Dec.1907. S Nov.1907-Sept.1908.
Labor Foremen: | |
John Rice, ' OlerIvérsQﬁ, _. ¥nut Simmons,. Geo. Null, o
- June ,06- Dec 06 - July,06~Feb.08 Sept.07-Jan.08 . March—07~00t 08

T ClJA. Rlce
Painter Foreman _
_May,lQOB-Sept 1908.
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'Chtoﬂologieal Summégy;A

EEMPORARY BRIDGE.

EAST

5/21 06
7/1/06
9/21/06
1907

ABUTMENT :

Boat "J.H.Keene" begen tow1ng material from Fvarts, S D.
Started driving piles for bridge.
Track laid to Pontis and bridge ready one month previous.

Began to take out bridge on account of appreaching break-up.

-Began to drive piles for renewal.

Stopped driving piles, en account of running ice.

Fifteen bents remaining to be driven to close temporary bridge.
Running ice took out 34 bents driven.

Bridge completed.

Bridge washed out.

- Caisson Pier III,partlally completed washed away .

Started driving piles to renew bridge.
Bridge finished. )
Bridge went out.
Started to redrive bridge.
Bridge completed. -
This bridge remained in service nntil after the completion
of permanent bridge, 3/18/08, after which it was torn
out between Piers I and II and II & ITI, giving an unobstructe
flow to ice.

10/12/06

1907:

3/20
3/22
4/17
4/22

PIER I:

. y"Ha& +0. use water
' -;;An examination o§§

-Ahandoned work on. Pigr II,

,i"Resumed.work on forms. o
. Forms . eompleted. «'m«~~
' ..Starte& conereying

Quit excavating after going 3' below proposed bottom of
footing and finding only loose shsale.

Began excavating again.

Excavation completed.

Started concreting.

Finished concreting.

Finished cleaning up around abutment.

Began dr1v1ng sheet piling for cofferdam.
Finished :

Started excavatioen.
Excavation completed.
Began conereting footing.
Finsihed " " up to level of stonework.
Cleaned out cofferdam.

Started stone masonry.

Finished stone masonry.

Began concreting above stonework.
Finished "

Forms removed.

\ [

Sheet piling removed.

Begen driving piles for caisson fal sework.

. - Falsework completed.
. Started building caisson. ‘
=£Caisson completed and began lowaring.

Began conereting. Caisson st111 on Jacks and lowared

- as conerete is put in. -

and sack out coarser. materlal. E
‘igl . being excavated: made. by C. F.Loweth

‘and J,J.Harding, who -entered the caisson at 57 5' depth._f -

i .iQSt&rted stone masonry.,a,ﬂ'_. S
" “'Caisson lended. R ',*:
- “Finished seallng caiason. _ . N
" Stone masonry eompleted. - o -w~"74ww~,!*'”

Began building forms for neat work. .
on aecount of tempor&ry brldge
washing out. - :

fpia i

=T R
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1907.
r B/19 Finished concreting
PIER III.
1907.
Started driving falsework piles.

5/20 = TFalsework completed. _ :
5/30 Caigson (partially completed) undermined and washed away.
7/25 Started driving falsework.

7/30 Finished " :

g/e2 Caisson completed and hegan to lower.

8/24 Started concreting.

9/4 Fire in caisson - let air off to flood caisson and put fire out.
11/16 Started on stone masonry. .

12/1 Caisson landed.

12/3 Work sealing caisson.

12/7 Finished sealing caisson.

12/17 Finished stone masonry.

1/6/08 ¥inis¥edd conereting pler.

PIER IV,

907,

8/1 Started driving felsework.

8/28 Started driving sheet piling.

10/15 Using clam shell bucket for excavating.
10/22 Sand ran under sheet piling, filling up 8 feet.
10/31 Decided to use light caisson.

11/6 Day and night erew driving foundstioh piles.
12/10 Finighed . " "
1908.
‘ Caisson completed snd started to lower.
1/10 Began concreting.
1/22 Stone masonry started.
2/1 Started to seal caisson,
2/4 Finished sealing caisson.
2/8 Finished stone masonry. .
2/14 Began conereting neat work.
2/18 Finished * " "
5/15 Started weaving mattress around Pier 4.
/30  Finsihed " " " n 4

VIADUCT PIERS.

07 Started driving foundation piles.

1908
Finished " n "
2/9 Began conereting.
2/24 Finished "
WEST APPROACH.
8/2/07  Began driving piles.
2/21/08 Finished " except pile pier.
3/11/08 Pile piler completed.
DIXE AND PROTECTION WORXK.
1907,
6/82 Began driving piles with steam hammer..
6/26 Ahandoned driving on account of high water.
7/19 Began again to drive piles.
7/30 Boat Keene took crew up to Ft.Yates to cut willows.
8/19 Began weaving mattress.

FALSEWORK- STHEL ERECTION AND RIVETING.

10/20 Begen laying riprap.
7/28/08 PFinished all mattress work.

PR

BEast Shore-Deck Span.
/27707 Started galsework.

8/18/07 . Pinished "

4/5/08 Started steel ersction.

5/23/08 falsework removed.
1, PIER I to II:

SPAN
1907 : .
B/IZ Started driving piles . fof .falsework.

8/13 erecting frame bents.



.

“T0/7°  Finished driving $fslsewerk piles.
10/20 ° =~ Palsework almost completed.
' 10/21  Began .building traveller.
. 12/11  Completed steel ersction.
T 12/12 Began riveting.
18/17 Began to remove falsework.
3/14/09 Fintghed Temoving piles from boom to Pier 1T,

SPAN 2, PIER IJ to III.
‘ 1907. ‘ 5
Began driving plles for falsework.
_ /2/08 Finished falsework.

1908. :
Started steel ersetion. _ -
1/ Finished " " and began to remove falsework. -
3/7 ‘Finished removing falsework.
4/17 Riveting completed. y

SPAN 3, PIER III to IV.
10/?0/07 Started driving piles for falsework.

1908.
Started steel erection.
2/9 © Minished erecting falsework.
2/26 Finished iron erection and began to remove falsework.
3/6 Traveler taken down.
VIADUCT.
8. :
Started steel erection. )
3/18 Finished steel erection.
3/19 A C-1 engine, hauling 16 cars losded with steel rails,
: was run across the bridge, and passenger Train No.3
of March”19th,1908 psssed over the bridge.
4/28 A11 riveting on bridge completed.
PAINTING.

08 Painting begun.
8/18/08 Painting finished.

Qe



APPENDIX 5.

BORINGS AND SOQUNDINGS.
1906 . _
Boring Ko.l, made April 15th| " &t Station 620 plus 93, on center

line of track:
Elevation ¢ shale 1257.0; drilled 28' to Elev. 12£22.0.

Boring No.2,made April 16th at Station 620 plus 93, 50 feet south

of center line of track:
Elevation of shale 1257.0; drilled 9' to Flev. 1248.0.

Boring No.3, made April 16th, at Station 621 plus 04, 50' north of

center line of track
Elevation of shsale 1257.0; drllled 11' to Elev. 1246.0.

Boring No. 4, made April 16th, at Station 621 plus 48, 50 ' north of

center line of track
Blevation of sand 1252.5 to 1254. 5; hard shale 1254.5; drilled 22' to

Elev. 1232.5.

Boring No.5, made April 17th, at Station 621 plus 40, 50' south of center

line of track: _
Elevation of shale 1254.5; drilled 9' to Elev. 12845.5.

Sounding No.6, made April 17th, at Statiom 620 plus 50, on ceiter line
of track:
BElevation 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:
Elexation of shale 1254.0; drilled& 31' to Elev. 1223.0.

Boring No.9, made April 18th, at Station 621 plus 90, 50' north of

center line of track
Elevation of shale 1254.0; drllled 10' to Elev. 1244.0.

Boring No.10, made April 24th, at Station 625 plus 02, 48' %?uth~of
center line of track:

Gravel from Flev.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.1l1l, 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;
graevel Elev. 1208.0 to 1205.0; guicksand, gravel and loose shale Elev. 1205.0
to 1198.0; soft shale 1198.0 to 1191.0; hard shale at Elev. 1191.0; drilled
5' to Elev. 1186.0. ‘

Boring No.l2, made May 2nd, Station 626, plus 15, on center line of

track:
Gravel from Rlev. 1245.0 to 1231.0; sand and mud Elev. 1231.%to 1201;

soft shale 1201.0 to 1195.0; hard shale at Elev. 1195.0; drilled 30' te
Elev. 1165.0.

Boring No.l1l3, Made May 3d, at Station 623 plus 02, on center line of

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

1243.0.

Sounding No.l4, made May 34, at Statiomn 619, plus 14, on center line of

track:
Elevation of ghale 1289.0; test pit 4'x4' showed clay from Elev.1307.0

to 1297.0.

Sounding No.l5, made May 5th, at Sta. 618 plus 72, on c¢enter line of

track: .
Elevetion of shale 1291.5; test pit 4'x4'.

Boring No.l6, made May 5th, at Sta. 623 plus 90, on center line of track:

Elevation of shale 1237.0; drilled 1' 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. A
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‘Boring No. 17, made May 6th 1906 at Sta. 626 plus 15, 50' north of .
center line of track: -

Gravel from Elev. 1243.0 to 1233.0; loose shale, sandand lignite
1233.0 to 1198.00; soft shale Elev. 1198.0 to 1183.0; hard shale at Flev.
1183.0, drilled 12' to Elev. 1171.0.

Boring No. 18, made May 8th, at Sta. 625 plus 80, on center line of
track:

Gravel from Elev. 1240.0 to 1232.0; loose shale, sand and lignite
from 1232.0 to 1188. 0; hard shale 1188.0; drllled 28" to £lev.1160.0.

Boring No.19, made May 10th, at Sta. 1011 plus 08.3, 50' north of
center line of track:

Gravel,sund ,1oose shale and lignite from Elev. 1239.0 to 1166.0;
herd shale at Elev. 1166.0; drilled 17'to Elev. 1149.0.

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

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

Boring No. 21, made June 23d, at 3ta. 625 plus 50, on center line
of track: -
Gravel from Elev.1243.6 to 1234.0; sand, lignite and blue. clay
1234.0 to 1183.0; soft shale 1183.0 to 1176.0; hard shale at 1176.0; drilled
1' to Elev. 1175.0.

: Boring No. 22, mede June 24th, at Sta. 625 plus 50, 25' north of

center line of track:

Gravel from Rlev., 1243.4 to 1234.0; sand,lignite and blue clay 1234.0
to 1186.0; soft shale 1186.0 to 1178.0; hard shale 1178.0; drilled 1' to
Elevation 1177.0. . A

Boring Ho. 23, made June 25th, at Sta. 625 plus 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 1186.0; soft shsale
1186.0 to 1183.0; hard shale at Elev. 1183.0; drilled 1' to 1182.0.

Boring NHc. 24, made June 28th, at Sta. 625 plus 30, on center line
of track: .
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
*1l' to Elev. 1282.0.

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

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

Boring No. 26, made July 1l9th, at Stat. 625 plus 20, 40' gouth of
cernter line of track:

Gravel from Elev. 1242.6 to 1236.6; clay and sand 1236.6 to 1193.6;
loose =hale 1193.6 ta 1181 6; hard shale at Elev. 1181.6; drilled 1' to
1180.6.

Boring No. 27, made July 20th, at Stet. 625 plus 10, 40' south of
center line of track: ' ‘

Gravel from Elev. 1247°.6 to 1236.6; clay and sand 1236.6 1o 1193.6;
loose shale 1193.6 to 1185.6; hard shale at Elev. 1185.6; drilled 1' to Elev.
1184.6. ,
Boring No. 28, made July 23rd, at Sta. 625 plus 10, on center line

of track:
Gravel from Elev. 1242.6 to 1236.6; clay and sand 1236.6 to 12Q0.6;
looge shale 1200.6 to 1184.6; hard shale at Hlev. 1184.6.

Boring No. 29, made July 23rd, at Stat. 625 plus 20, on center line
of track: :
Gravel from Elev. 1242.6 to 1236.6; clay and sand 1236.6 to 1200.6;
loose shale and sand 1280066 to 1183.6; hard shale at Elev. 118..6; drilled
1' to Elev. 1182.6.

Borine fo. 30, made July P6th, at Sta. 1012 plus 02.3, on center
line of track; Sand from Elev. 1261.3 to 1228.0; gravel 1228.0 to 1212.0; lig-
nite and sand 1°12.0 to 1156.0; soft shale 1186 0 to 1148.0; ‘harder shale 1148.0
to 1123.0; 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 July, date unknown, at Station 625 plus 25, 25
north of center line of track:

Gravel from Elev. 1244.1 to 1234.0; sand, blue c¢lay and loose shale
1234.0 to 1187.0; soft shale 1187.0 to 1185.0; hard shele at Elev. 1185.0;
drilled 1" to hlev. 1184.0.

Boring No.33, made August 3d, at Station 1014 plus 02.3, on center
line of trsack:
Same &2 .bporing No.30, except soft shale)from Elev..1159.0 to 1152.0.

. Boring No.34, made Aug.llth, at Station 1014 plus 77.3, 25' north of
center line of track: _ '

Send with s small mixture of clay from Elev. 1258.8 to 1217.0;, gravel
12I7.0 to 1215.0; sand and lignite from 1215.0 te 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 Bo.35, made in August, date unknown, at Station 1014 plus 77.3,
25' south of center line of track:

Send and lignite 1258.7 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 1' to Elev. 1146.0.

Boring No. 36, made in August, date unknown, at Station 1016 plus 02.3,:
25' south of center line of trsck: :

Sand end 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 shele
1156.0 to 1146.0; hard shale 1146.0; drilled 1' to Elevation 1145.0.

CORE DRILL BORINGS.

Boring No. 37, made Aug. 27th at Station 621 plus 05, 10' south of
center line of track

Casing lowered to hard shsle, and boring made as follows:

Hard shale 1252.0 to 1200.0; hard }ime 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 Fo. 38, made Sept. 6th, at Station 621 plus 17.8, 14'5" south.
0f center line of track:
Casing lowered to hard shale, and borings made &3 follows:

Hard shele 1251.5 to 1248.5; limestone 1248.5 to 1248.3; hard shale 1248. 5

to 1225.0; harder shale 1225.0 to 1215.0; soapstone 1215.0 to 3241 .88; hard
shale 1214.88 to 1214.5; soapstone 1214.5 to 1214.44; hard shales 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 shasle 1180.78 to 1179.6; limestone 1179.6 to 1179.1;
haerd shale 1179.1 to 1172.6; soapstone 1172.6 to 1172.58; hard shale 1172.58
to 1172.5; hard limestone 1172.5 to 1172.42; wrd 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 Fo.39, made Sept. 18th, at Stat. 621 plus 17.8, 20' north of
center line of track:

Casing lowered to hard shale and borings made ags follows:

Hard shale 1251.5 to 1248.2;1imestone 1248.2 to 1248.14; hard shsale
1248.14 to 1245.0; soapstone 1245 O to 1744.94; herd shale 1244 94 t0 1207.0;
soapstone 1207.0 to 1206.96; had whitish rock 1206.96 to 1206.88; hard shale
1206.88 to 1191.0; soapstone 1191.0 to 1190.92; hard shale 1190. 92 to 1190.63
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 shele 1186.52 to 1183.0; hard limestone 1183.0 to 1182.75; hard shals
1182.75 to 1188.7; soapstone 1182.7 to 1182.68; hard shale 1182.68 to 1181.0;
hard whitish roek 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 0 1168.92: hard shale 1168.92 to 1163.0; hard limestone 1163.0 to
1162.75; herd shale 1162.75 to 1159.20.

£2
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Boring No.40, made Sept. 25th, &t Sta. 621 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 1195.7; hard limestone 1195 7 to 1195.54; hard 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 1177418; hard shale 1177. 18
to 1170.7; hard limestone 1170 7 to 1170462; hard shale 1170 62 to 1166.7;
goapgtonse 1166.7 to 1166.68; hard shale 1166.68 to 1166.40; limestone 1166 4
to 1166.32; hard shale 1166. .32 to 1165 O; limestore 1165. 0 to 1164. 98; hard
shale 1164. 98 to 1164.5; hard limestone 1164 5 to 1164.42.

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

Casing léwered 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 shsle
1174.5 t0°1171.0; softer shale 1171.0 to 1170.75; herd 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 shsle
1159.0 to 1158.0; hard rock 1158.0 to 1157.92; hard shale 1157.92 -to 1155.63;
hard shale 1155.63 to 1141.0. At 1141.0 a didagonal crack in the core was
found. Hard shale 1141.0 to 1128.7; softer shale 1128.7 to 1121.47; hard
broken shale 1121 .47 to 1104.,77; haerd shsale streaked with whitish hard rock
1104.77 to 1100.77. .Core lost from 1100.77 to 1093.1; soespstone 1093.1 to
1092.94; hard broken shale 1092.94 to 1084.67; soapstone 1084.67 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 sznd 1834.0 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 7' to Elevatien 1170.0.

Boring No.43, made Oct. 15th, at Station 625 plus 54, 30' south
of center line of tracic

Casing lowered to hard shale end 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; hsrd
shale 1178.0 to 1177.0; 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; medium soft 1138.67 to 1138.6; soapstone
1138.6 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:

Gaging. lowered to herd shale and borings mede as follows:

Broken hard shale from Elev. 1180.0 to 1178 51; hard limestone
1178.51 to 1178.43; hard shale 1178.43 to 1175.0; softer shale 1175.0 to
1174.98; s diagonal crack in shale found at 1177.0; hard shale §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 1151.1;hard limestone 1151.1 to 1151.04; hard shale
1151.04 to 1148.6.

Boring Wo.45, mede Oct. 29th, at Station 1010 plys 50, 41' north
of center line oftrack:

Casing lowered te¢ hard shale and borings made as follows:

Hard shale 1167.1b to 1152.5; linestone 1152.5 to 1152.46; hard
shale 1152.46 to 1147.0; harder shale ‘1147.0 to 114£.5; soavnstone 1145.5 to
1145.86; hard shale 1145.46 to 1103.3; soft shale 1103.3 to 1103.14; hard
gshale 1103.14 to 1099.6, streaked with whitish limestone; hard shale 1099.6
to 1089.0; limestone 1089.0 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 1075.0 to
1074.92; hard shale 1074.92 to 1064.0. From Elevation 1075.0 to 1074.0 shale
streated with whitish hard rock.

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

Casing lowered to hard shale and borings made &s follows:

Hard shale from EBlev. 1166.5 to 1157.6; llmestone 1157.6 to 11567.52;
hard shale 11567, 52 to 1154.0; limestone 1154.0 to 1153.92; hard shale 1153. 92

~ e = . == a2 W™ L. AT AT AT . Ui Al A M1 A C’Z 4+~ TYRR 4.
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Boring NWo.47, made Nov. 16th, at Station 1010 plus 5H0, 25"
of center line of track
Casing lowered to hard ohale and borlngs made ag follows:

Hard shele at 1166.6; drilled 1' in hard shale to Elevation 1165, 6
and dlscéontinued the diamond drill borings.

south

NOTE: Borings Nos. 1 t0-37, except Nos. 6, 14 and 15, were made

by the wash boring method. Nos. 6, 14 and 15 were made by
test pits.

‘

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

—— ()=
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TABLE A’

AFPENDIX -4

SACKS OF CEMENT USED AND CONCRETE VOLUMES

hH one as rn
orefshé copac/ f

7he 1nabr/i 7y of

one

Com

Theuse of so many Kipds of Stone was duve Fo
e e S s
CEA R Telk e cars 1o 0%

STRUCT UREWhere Used f%/j:égg‘ Universul/|Atlas Wolverine Margueffe Meduso Ch/cajquA Alphc FPeer/ess Toto/
F 1 053 850 85O0 -
East Abutment || 22T 4277 1880 1880
5297 Z730O
Footin 4530, /?éé /607 52 5 2§3637 /
. Boc king Stone/Y, H.0i Mortor only
Fier 1 R 5375 3021 50z
' /105.7 5863
Foo#in 3812./ Boqg/| /106/ /08O ZO;?%
cckin orre /s / . /78 Mort, /
PiorIl — Beggyerria 1309 4068 4103 Y
. | 47156 | | 29903
Footing . 4?;’/72 6/Zé/7 /05702 349/ 3656 2_-3?22N ) )
' Bocking Stoné /) - . orfor on
Pierdl  fotngSertly 10l 4125 o 9725 4
5629 4 282497
/‘—oof/nZ /Ogg.? 47;8 720 /| 05 cCO 6/2(3)3.
; \Bocting Stoné Msny : /33 B iMortor ont
Pier ¥ Neot N 5473 2502 915 3277 ey
. 17150 97563
' . Footin | 64.4 450 450
Pedestals | Neat 7 | 1866 1325 /325
. 3444 /O /] 775
Monuments 4 | . /O
JToto/s 14043.8| 37127 12668 /1356 27495 cO8 /] O8O 3449/ 3656 TZ78/7
T [ABLE- ”5” ‘ CUYds5. CUF SF
_ , | CUYDS5.CRUSHED STONE CuYds Sendt G T s vere
STRUCTURE Mirnecpolis | Kesota MonKaota |SiouvxFalls|Ortonville |Mendofo 7ota/ Olivia. Okl;%rr’?/vt/e/e éﬁ%‘z/v’én_
fast Abutment 32537 32537 150.0
Prer I /| cocol) 7000 q4o0000 H 000 22000 8qgo000 g1 2 3 4960 /| 5085
Fier I 4317.00 7100 |749¢c00 [0O0O0OQO| //w03.00 345/0d [6580 7457 | ET. T4
Prer 1T 300.00 TOOO| 255¢ 00 5000 ;] O5000 d026.00 /-C/‘4/'C’ 7‘7.27 227.73
Prer ¥ 86z .24 6788 S5/ 20 23402 BZ.6¢C| ] 303.00 G280 5024 /1 549472
Pedestals 26 /.CC 26/ 00 | OZ2.0
Monuments 2 Z O 220 /!
| 69324 ZE/ 08 5ZE8837| 25/ 20 2C/2C2 8zic|lloz20857T| 48924 RT7C.08 72 /.09
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APPENDIZX 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 6 of this Appendix, the general
builﬂlnps referred to comprlse

Camp buildings, boarding camp and equipment, carpenter and black-
smith shop, engineers' office and dwelling, rope, tool, nail, cold storage
and ice houses, oil platforms, hounsing engines and sidetracks.

The concrete masonry buildings comprise:

Cement houses, cement, sand and stone chutes, heating plant and
send platform. _

The gtructures not included in the above comprise:

Dynamo house and lighting plant, machinery barge, hospital and
furnishings, scow derrick, push car track, side tracks at Piers II and III,
soundings, skids and traveller. _

The Report includes:

Credit for all masterial shipped away, as shown on bills sent to
the Chicago office; '

Credit for materiel left at Pontis, as shown on inventory, and

Credit for cash collections and board deductions.

THE TOTAL COST OF GENERAL BUILDINGS, MATERTIAL, LABOR AND FREIGHT

was charged as follows: . s
1/4% Foundation east abutment.
1/4% pedestal piers.
% " Pier I.
" Pier I1I.
11 % " Pier III.
3 % " Pier IV.
2% Concrete masonry Pler I.
"% Pier II.
9% " " Pier III.
3% - " " Pier IV.
1% " " Bast sabubtment.
1% " " Pedestal piers.
1% Stone " Pier 1.
1%  Stone v Pier LIL.
1%  Stone " PiermIII.
1% Stone " Pier IV.
5% Dike.
1/2% Falsework east epproach.
Span 1.
3% " Span 2.
" Span 3.
1/2% Iron erectlon east approach.
Span 1.
3% " ~ Span 2.
3 " : Span 3.
1/2% " Visduct.

10 West Approach.
15% Temporary Bridge.

T00%

THE TOTAL COST OF CONCRETE MASONRY BUILDINGS, ' MATERIAL, LABOR AND

FREIGHT, was charged as follows:
Concrete masonry east abutment.

Pier I.
54% " " Pier II.
42% " " Pter III.
12% n " Pisr IV.

2 " Pedestal Piers.
‘%1 %
THE COST OF STRUCTURES MATERIAL LABOR AND FREIGHT, mot included in
GENERAL BUILDINGS OR CONCRETE MASONRY BUILDINGS, was charged as.
follows:
Dynemo House and Lighting Plant. .
>0% Foun&atlon Pler 11
45 " III
20 s n " IV
5% camp (Sheet 1.)




N .
Machinery, Barge and Hospital:
40% Foundation Pier II.

50 " " ITI.
10% " roIv,

Scow Derrick:

30% Concrete masonry Pier II.

104 Foundation Pier II.

10% Foundation n o TII.
30% Concrete " " III.
10% Stone " v o717,

104 Stone n L O
T00% :

Push Car Track along Temporary Bridge.

20% Concrete masonry Pier II.
30% Concrete masonry Pier III.
B0% Conorete masonry Pier IV,

Side Track, Pier II (Built twice)
45% Foundation 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 11I.

Borings and Soundings.
4 % Foundation east abutment.

24% " Pier I.

24% " Pier II.

24% n Pier III

24'4 T Pier IV.
O/o

Skids and Traveller: -

33-1/35% steel erection span 1.
33-1/3% steel erection span 2.
33-1/3% steel erection span 3.

{ Sheet 2.)
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| - L B 0057 /?E Fuf : ":;7‘ > -+b‘ z: J T ”’”""""”’; 7 1
OLASS/F/OAT/ON - R 0057' EXCLUSIVE OF FREGHT . - 0037 /NOLUD/NG F/?f/eswr 1
MAN | SUB. WATE WAL LABOR TOTAL  os Rr Uni? FREIGHT| TO7as |—Tomre L5
anypo Buidings (& 3 /3 885 F 5686/ F 7oz Aea| | & sozliolg 7s5z6]76 — T
" \Boarding Gampblgl 23 7 5|5 8 237858 | 2 3.75|59
Carp.& Blacksaithls. 82|88 sSloo /137188 o /2|54 / 5042
OFfice Building ! 93lo/ 21894 4/ 1|95 3 4|94] 44650
| Dwe///ng fngﬂveers 4 4 0P &6 S /6|08 .9-5635 72139 !/ O2 8|74
GENERAL|Rope FHovse FSE3| 20|20 Ssel03| ' . - elo2 &G 2lod| -
BU/LLDOINVGToo! House qo\o4 2300 e Blo4 ' gl s VAVAVES,
ACCT |Nai/ House 34|/2 3350 6 7le2| . Sls4 73|le
Lol Storogeslce 4245/ 27768 702|119 B 7 HDS 77 74
Oil Flatform. /319 L B|\75 25|94 - 3l S 283
Hou.svng Engmes /&2l 4 /3:;%4 P2\72 20530
Side Trocks s4leo| 10498 16595 , /6 59|/ 5
TH 702 7108l B o27192] )leXol! ¥ 73303 F7 IZ 12105
CONCRETE|Cement House | & 40560l 8 25248 8 658|114 ¥ s978|8 77 7pe2
MASONR Y |Cerment Chute 46|76 4330 _9¢6loe o 7log / 0306
\X2n/& Stone Chute 24537 47 HO7 72034 7/|70 72104
BUILDINGS |1t atying Plont 13120 I S478 28598 ‘ /7 96 49 704
ACC 7. | Sand Plattorrm 6 4go 6 480 - /8 g3l65| .
. e alg 7737 SO Zo2 ' ¥ /64924? 57 B4E7
_ D_gnamo Howve & Lighting Plont | 8 90308 g A / 93 3 94;r 4 12118l F 957149 1 ~ |
' Mac/;/ner‘y Bar- e o 4|72 W WY 20 00|c o - : 79|72 208 0|38 Y
Hosp//a/af‘t_/rn/sélngs 2/ 405 /2087 L 33492 ' - ' /727 3 4 o|/ 3] , 1 ”
Scow Derrick 3856 75923 7 97|59 él/ 2 go 3|7/ N
FPush Car Trock 2033852 438|127 2477|1739 . S05|70 33834 . -
Side Car Track (FPerll ) 1 2/31/|s2 60slaszl 2738|354 729138 - 345 7|63, 1
Sicle Car Track (Frer IIZ) 2/ 71|92 sre|lr3| 268805 71388 - 343 490 >
Souno//ngs and Borings 585329 792818 (1 3F778|l44 . : §|65 !/ 413 71/0 .
St c21\74 240|oo 8c /|74 1 | 102328
A Traveler | 2zo02|/13 3/ 17|88 s320|0/ | e e ss54/|ar
' . - | CoYAe - ) Cu, Yolof|
Total- G2 276 1|\63|f2288 /248476428 31677 {,gut Slo7|FS 1 78 7|94 34 4 Masory 565%
w
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BRIEF COST PEPORT—TABLE IT APgﬂzﬂx 7
CLASSIFICATION COST EXCLUSIVE OF FREIGHT COST INCLUDING FREIGHT.
LABOR LABOREMATE TOTAL oot fol2
SF%BETQUCTUQE. Material. Labor Cost per Unit. Total. Cost per Unit Freight Total. (st per unit | Bridge,
T Monoment. $ 70| |88 o |B 7leo| |2s8 fﬁ 7l20] less|
EAbutment. |% 26958 &93|16| 2007 O« re2rd alel | Ss b 162 I 1 T895] 21649 O o)
PierI - : 3298/97 6124601398 | .9 9423[5721.(515 | 9.0 31981 97433822245 §0
Pier IL 23159|17)  29557|15) 8|21 | 53 52716321464 | 3§ 312512 5584 144)15|51 |38
Pier IIT 2937496 5/490@ 609/(0 § 60865p9| 11|77 5 3983121 64848|80|12|5430 ;5
PierIT 1669365  21458/5813)712] ¢ 3815223124128 | ¢ 317884 4133107|26)141 | Y |
Peciestal Pied, 2050128 48836446511 | Y 693309 266[037|V 7007 7| 7634169|66|74 |¥
| ‘ F18055535 197%
Concrete Forms. . .
Monuments. 470 1100 12« 15170 1|847| 68 58 J6R8| 1915 3,
EAbutment. 21344 43891| 1058 °¢ 65235 1|57 | 9O 3522 687(57| 1656 @ ¢
PierI 48242 1024/04) 2[547) 8 150648 3|77 | ¥ § 3462) 154108] 21833 Y¢
PrerII 707135 2161 28| 4(879 0P 286863| 61475 |5 6733 293596| 6 627@%9
PierIII. 78561 216126 4_37905’? 294687| 6,652 | 7769 302456| 6/827
Pier IV 68115 - 1257\38] 3)128| ¢ 193883| ¢|822] t 6360 2002/43| 4[98!] ¢
Pedlestal Aed | 3918 86410] 3/154|€ 100358 366z € 2390 (0z27l4&| 4lio €
\ : ' : _ *f [ 255?6 o [23%
Concrete Masonry ' J RS :
Mormurments. 11|72 118o| 295 |  § 23552| 5880 | « & 685 30137| 7593 «
Edbutment. 201305 17101 1] 3]23q © 8 3723|16 7029\ L, | 131978 504294| 9/520| 0%
' Pier L 480590 3083|16| 2|77 P 7869009 7|17 | 284292, 1071198 9|688| p'¥
PrerII 2136053 9998\/2| 2|i20 Xw 3135865 6165 | y¥ 1218104 4353969 9|169|3¥
Pier I 243958 1136807 2/0193 & 3576388 63530 1450430 50268|18] 8l929P ¢
Pier IV 9944\04 &1 8630| 3/607 ¢ 1613034 9l4os| ¢ 512933) 21259|67(12|396 «
Redestal Piers 1 26358 277588| 8l06C 403914 11.1729|8 92862 49 68|08] 14.|425 /S
Stone Masoriry < ‘ « X P13582009 | S | 148%
Pier I 328499 78285| 3[905 9 , d 4@678420.295 5 & 56301 - 463085|23|102| §, s
Pier I 894563 1001g0| 3748 ¥ & ¢ 794753|29\732 3?3)09 83701 878454328625 C ¢
Prer IIT 72883/ 150057| 4(61756 & 878RBBI2T (042,00 90990|  9698(78|29(842Fk $ _
PierIV 4976|75 [136/64] 5558 % 61133929627 0% 558439 6677178(32(581| &

. | | | - $ 297995 325%
Dike - 186835  17864/68|1464 |LinFt|  36548|13129|96 |LinFr 2868138 3941 6|51(321308\LinFt.|430%
Pile Prer 594(08| 26476 85884 | 13214 | 99125 CoXeis | O 1 1%
Enqgineering. 1150768 Covas| 1150768 |  lcuves. | I 1 50768| 0|623p0eonn
Engra.Monument; . 88 8068 of 8165 of _ 665 [ 26%

otal. 183429T8F 171565931146 |Masond® 3549957 23|60 Masonry b 544148484094 1055|2722 | » |44667
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BDIEF COST PEPOPT—T4BL E I

3 ApPeGDIX J
CLASSIFICATION. . COST EXCLUSIVE OF FREIGHT. ﬁCOST INCLUDING FREIGHT.
. - LABOR. | ABOR&MATEL TOTAL %o fotal
SUPEQSTPUCTUQE Maoterial. Labor. Cost per Unit Total. Cost per Unit. Fr‘eith‘ Total. Coot per Unit Cf;::b;,‘e
Falsework, 1 & ,

E_.Appmochf 1032|135 93576 71489 < P 19681115745 « o P 2479918 22/610| I7)729] <

Span 6237137 83761619948 ¢ ¢ 14613/5334)794) . P 1938|57| 1655210 391409 & »

SpanIl 830137 884588210677, & 151 472536|064N 9 2061(07| 17208[32|40972[™

Spandl 5908679 7341133|17479 ¢ 1324812131|543| © 96837 1421 649| 33849 2

, 5019301 547%
Steel Erecting | _ . v

Edpproach| 905482 58544 4301 |  96adzqrzload & 88553 o62879| 72301 3

panl - 9088544 527889 3963 | 9616dg72RI06 |9 391837 10008066| 7553 yﬂj

Span Il 9081 2|13 446500 31353 & 9527713715460 © 391836 99 19549| 7aused &

Span I 9088517 403036 3(026, & 949 158371 [2747)48" 391837| 98834(20| %271\ £

Viaduet 1256324 69246 3|112° |3255[7 59f60é 628721388442 621041
Steo] Riveting N | | | 521823[56 | 3501%

E/qppr-oach 4412 5 52877 QiO3Rvet 573073 ofid3|Rivet. 57302 0-”43 Rivet.

Spanl - 8708 190295 0323 , 2573811 0793, 257381 0)793 .

Spandl 57086 224476) O/569 . 291762 0033 291762 opoil .

Spanll E7T087 192914y O)351| 28000/} O|I&!] " 26000/ o8| |

Viaduct 54143 34658 08 40101} dobgsd 40 0L 0094 , |

906547 099
Steel poinf‘in'q. 4 S B : ' “ N ﬁ . %

Edpproach 94|30 13dzs| ey 2 23368 1faas| & 23365 1445

Span 52367) . 212783 1pal &) 265150 g0 I 265150 1/5910] o

Sponll 52366 210737 o151 2 2631/03 1p757| O 2631103 19757 &

Spanll 52367 212369 158799 264736 1987240 264 7;6 19872], &

Vieduct 725 1 6400, Ofi37I 23650 10629 23650 1oed”

- 840004 092%
oor. .
E Approach 35597 25248 149 s0845 43| O 46l72 6551 7| 505
- SpanI ' 117933 81398 1954 199331\ 4[142 | < . 15503 214874 511 | &

Spanll 117983 79797 18764. & S 1977330 4l655 | <. & 15543 2132)773] sp2r |.& 4

SponIl (17933 83071) 1195300 ¢S 201004 4kgo|Y < 155143 216547, 5088M°

Viaduct. 792(7 35582 (2573 114853 4/058 10443 [252196] 4428

835507 091%
Engineering 709591 T e op 709591 A F+/—O'77%
| ool Foral forol

Total. 32221472 6431 2553856867 3865 2727231]725 |Spare. 18405/79 P4 04 93 3l06|242]166 %o |ag 174
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BRIEF COST REPORT—TABLE IT APPE/;EQI&'G? |
‘CLAS5IFIC4T/OH. COST, EXCLUSIVE OF FREIGHT. COST INCLUDING FREIGHT.
TEMPORARY BRIDGE| LABOR. | ABOR&MATIY TOTAL i
WEST APPROACH. | Material. Labor Cost per Unit: Total. Cost perUnit. Freight Total. Cost per Unit. | Bridgq
- . o . D in.Ft.o in.Ff. o in.Ffo
TEMPORARY BR. [# 2994 0[34f* 51 1 8509 sl57 [sw1® &/ 1 2539|113 (% s/ 78ls4Ps 7 503l93| 1257 {EHE
Armount charged fo
Perrmanent
Bridqge. 4 5 00|00
6280393 B85%
WEST APPROACH. % 2304748 1203178 9334LinFt| 35079026272/ lLinFt | 4395693947495 {ir Ft|43M%
Corperiskn) (osTi RPEPORT.
DUBSTRUCTURE X - .
PEOMANENT BR. [ 1834297801 7156593|11|a1 22354 995(71|23l60 Rt P 54414984009 41 0552722 fMectacn
UPERSTRUCTURR, ) | . |
ERMANENT Br. 132221472 643] 2551208338 38652 7127|72229 "%, | 1 34057 9/404 93 306/75/668 B 44177
|ToTAaL CosT 150564450 2358 1818 14027HREH 74 1 52 29804041 [Hostok,| 728206381 4 34 3|6 | 484294 Hakte
K : Proportioned | Proportioned in.Ft ) [. F.of in.Fo ,
TEMPORARY BR. P 2774635 2887 95 525! ) 5662539 10295 é”ﬂ 61 78|54 62803931149 {?;:f’. 685%
NEST‘A'PPPOACH‘P 2304748 1203108 9B3ahnr | 3507926272/ Linrr | 439569 39 4 7495130(62 |ink [#31%
ToTAL  T556438B3[27678921|1812 [reead 833 22 7635539 Marml 833 94 86l 66 2 21a960loa Foeeio00g
*Linea| Ft of Bridge built 1ncludteq ofl rdnewals,due to highlwgterice, and drift




~ APPENDIX 8.

LIST OF FIELD AND NOTE BOOKS, AND SUMMARY OF CONTENTS OF 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 and stone track notes.
BOOK II.
' Borings by J.F.Pinson.
BOOK III.
Temporary bridge notes; drewspan; notes on curve.
Samples of water taken from springs near Mobridge.
Borings and soundings at Pier I.
Soundiags=< at Sta. 625 plus 30 to Sta. 632.
Sand and stone track notes.
Water level records.
Miscellaneous volumes.
BOOK 1IV.
Borings and Piers I,II and III.
Foundation notes for Pier I and east abutment.
Dimensions of icehouse and barge derrick.
Caisson notes and dsily record for Pier 1I.
Miscellaneous volumes and water level notes.
Base line measurements end triangulation notes.
BOOK V.
Triangulation notes.
Sdde track and falsework for Pier IIT.
Stonework, forms and concrete for Pier II--
Notes on pull necessary to move caisson.
Fglsework notes and notes on Pier IV,
West aprroach and temporary bridge.
BOOK VI.

Notes on barge levels and water line; water level notes.
Base line measurements and angles, and triangulation "
Stetioning of abutments and piers.
Form lumber for Piers II and III.
Miscellaneous volumes. )

Rails in foundation Pier T.
West approach.

BOOK VII: _ '
Daily: - notes on ceisson for Pier Il.

BOOK VIII.
otes for stsel track.

Fal sework. o
Caisson notes for Pier III.
Wegt approeach.

Alignment of Pier II.

Bearings.

Backwall for east abutment.
Span 3.

Estimate for Piers III and IV.
Camher.

BOOK IX. Daily notes on caisson for Pier III.

BOOK X. Daily notes on Caisson for Pier III.
Setting stone for Pier III.

BOOK XI. Steel viaduet notes; traveller for steel erection.
Notegs on Piers III and IV.
Fal sework.
Bench mark notes.
West approach,




= (84.) ¢
Pedestals fer Steel Viaduct.
- 'Willows for river proteetion.
Camber for Span 2. 3
Floor beamsfor Spans 2 and B
Elle Driver %-221.

BOOK XII.

iWest approaehr pile pier.
‘Pedestals for steel V1aduct.
Floor beams. - .
Falsework. :
Spiral- for surve.
. Notes on Pier IV. }
" Base line measurements.
Camber. -
. Water level notes.
Bench mark:notes.

BOGK \III. ‘ ¢
' o Daily hotes for caisson for Pier IV, and record of plac1ng
.conerete and setting stone.
: Miscellaneous volumes.
-BOOK<XIV. o _
Bor1ngs.;
Length of piles and materlal used in temporary bridge.

| -;Booxsxv on3 XX,

River proteetlen work.; -

- BOOK.XVI.

Measurements of orushed stone.-and granite.
Form - 1umber and miscellaneous volumes.

BOOK XVII-

Measurements of crushed and cutstone.

BOOK XVIII.
| i Alignment . notes for sidings.

Dimensions of bunk houses.
Wamer level notea.

" BOOK XIX.©
Record of cement used .’

.__O...;-.

7O



A P P E E D I X 9.

SPECIFICATIONS FOR cur GRAHITE FOR MISSOURI RIVER BRIDGE.

Ma, ’ 19060 : I
7. §206:

Material to be furnlshed under. these gspecifications will con--
sist of the cut granite face stones for that portion of the upstresm nose
.from & 1little below low water level to a little above extreme high water
level for four river piers for proposed bridge over the Missouri River
for the Chicago, Milwankee & St. Paul Railway Co., near Evarts, S.D..

The material #s to be furnished F.0.B. cars at the qQuarry.

The dimensions for each course, the thickness of the 3everal
courses and the number of stones in each course shall be as indicated om
detailed plans to be furnished by the Rdilway Compeny from time to time
a8 the work progresses. :

_ The starlings for two of the plers Nos. I and Iv, will be
battered about one-half ineh per foot, and for the intermediate priers,
Fos. II and III, will have a batter of 8" to the foot.
' CA1l1 stones must be sowund, dursble, free from seams, ceracks and
other defects which, in the Judgment of the Englneer and Superintendent
of Bridges & Bulldings may impair its stremgth or durasbility, and shall
be of the best quality of Ortonville granite.

All stones shall be well proportioned, and shall be so arranged
in each course as to form a proper bond with the stones of the course
““next beneath it, and in no case shall the bond be less than 15". There
shall be no vertlcal 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" thiek joint, with their top and bottom beds parallel.

The vertical joints shall be dressed back at legst 15" from the f
face, and st -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" of the edge
of 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 exposed face of gll curved surfaces of the stone shall be
fine pointed, with no projections exceeding 1/2™ . All shoulder and
nose lines shall be marked with a 13" chigel draft, and the place sur-
faces back of the shoulder lines shall be roeck faced with no proeectlons
exceeding 23".

All cuttlng shall be carefully and sccurately done, so that the
courses will build up with the surfaces true to the lines called for by
the plansge.

Each stone, at the point of the mnose of the piers, shall have
two 13" holes drilled entirely through it, loceated so as to properly
dowel the stone to the underlying stones, "and &1l other stones shall have
one 13" hole esach. B

- The gstone 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 examinatlon of the stone. ,

The right is reserved to the Engineer to rejsct any or =2ll of the
stone for want of conformity with these specifications, 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 1nsPector and in
case of such rejection, the title to the stone shall be in the contractork -
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 cubical con-
tents, exclusive of face projections and by taking the average superficial
area of the two beds into the actual thickness of the stone.

Payments will be mede monthly, on the basis of 85% for a1l stone
furnished or cut ready for delivery during the previous calendar month, pra-
vided that the stone cut afd delivered is in the order necessary to permiﬁ
continunous laying in the field.

~rr



APPENDIX 10.

SPECIFICATIONS FOR CUT SANDSTONE FOR MISSOURI RIVER BRIDGE.
May,1906.

--0-=-0=-

Meterial to be furnished under these specifications will consist
of the cut face stones for the sides and downstream ends, from the top of
intermediate belt course to top of footing, for four river piers for pro-
posed bridge over the Missouri River, for the Chieasgo, Milwaukee & St.Paunl
Ry.Co, near Evarts, S.D.

The upstream nose of these piers below the intermediate coping will
be of granite. ' : :

The material is to be furnished F.0.B. thig Company's tracks,
Minnespolis. '

' ‘All stone must be sound, durasble, free from seams, powder or other
incipient cracks, and other defects, which, in the judgment of the Engineer
and Superintendent of Bridges & Buildings, may impair its strength or dura-
bility, and shall be of best quality of Xettle River ssndstone. '

_ No course of stone shall be less thsn 24", nor more than 28" in
thickness, excepting the intermediate belting course; which will be 30™ in
thickness; each course shall be  uniform in thickness and shsll decrease in
thickness from the bottom of the pier upward. ,

No stone shaell 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 2% times its thickness, nor its width less than 1} 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 form & proper
bond with the stones of the course nekxt beneath it, and in no case shall
the bond be less ithan 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 intermediate beltings, shall be rock
faced. The edges shall be brought to lines corresponding with the finished
dimengslions of the masonry, and there shall be no projections beyond these
lines exceeding one-eighth of the thickness of the course. No hollow faced
stone will be accepted. .

A1l stones shall have their beds well dressed, so as to lay easily
to a 5/8" thick joint, with their top smd bottom beds parallel to the

natural quarry beds. S

The vergiecal Jjoints shall be dressed back at least 15" from the
face and at right angles to it, and thé beds must be dressed to the full
gize of the stone.. No overhang whatever will be allowed.

There shsll 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, mor more then 1/2 for the top bed.

The intermediate belting is to have its beveled edge bumnsh hemmered,
and is to have 1%" chisel draft around it just 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 comsent of the Engi-
neer. In any case, the Contractor skall furnish the Inspector with full
facilities for examination of the stone.

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

Payments will be made monthly on the basis of 85% for all gtone

furnished or cut ready for delivery during the previouscalendar mogth, provide
that the stone cut and delivered is in the order necessary to permit ®f con-

tinuous laying in the field.



‘The right is reserved to the Engineer to reject any or all-
of the stone for want of conformlty with these specifications 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 by the inspector, and
. in case of such rejection the title to the stone shall be dn the Contractor
and he shall be charged freight on same on this Company 8 lines at regular

tariff rates.» .

The Rallway Company will furnish from time to time, plans
showing the dimensions of that part of courses which will be of granite,
and the sandstone must be cut so as to lap the granite by at least 3".




APPENDIX 11.

SPECIFICGC A.T I 0N S
of |

Permeable Pile Dive Work for Advancement
of right bank upstresm aprroach to bridge
Over Missouri River, on Ceile&St.P.Ry Co's
Coast Line Extension at Mobridge, S.D.

by
S.W.Fox, Consulting Engineer, Kansas City,
Mo,
— = Q== Qe

_The work herein specified contemplates the construction of o
longitudinal dike and three cross dikes, located as shown on the acoompany-
ing map, marked Pl.l, and described as follows:"

LOHGITUDINAL DIEKE: (See Pl.1., Line A-B)(Plates on file in Drawing Room.)

This structure is to. consist of three rows of piles, driven to a
water graede having elevation 1274.ft., at point A, Pl. 1., braced for
proper trensmission of stresses, provided with reinforcement or gunard
plles for protection against ice and drift, with & foot-mettress to
nrevent gcour of the bed of the river around or in front of the piles, _
and with gratings of poles to reduce flow through the dikes to whatever:
extent may be found necessary or advisable to cause deposits; 21l in
accordance with the accompanying drawing, Pl.11, and the following Speci-
fications. :
PILE WORX: The 'piles are to be long leaf pine, driven with g Nasmyth
steam hammer in three 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.1l. '

The piles in the outer row will be driven on the line A.B. A1l
piles to be driven plumb, accurately to position, and to s minimum pene-
tration of 25'.

BRACING: An upper and lower system of wales and double diagonal braces
with TIlling blocks, will be attached by screw bolts to the piles, as
shown on Pl.1l1l, the upper system being put on in advance of the foot-
mattress, and the lower system following closely the weaving of the
mattress.

A1l lumber used in this work »ill be long leaf pine.

YIRE STRAND TIES: The upper 500' of the dike will be further strengthened
wWith a tie at each bent made of four parts of 3/8" galvanized steel wire
strend and extending from the pile in the outer row to the corresponding
pile in the inner row, as shown on Pl.1ll. The ties will be fastened with
Crosby Clips and made taut by pin-twisting, the pinbeing left in and
anchoredl '

MATTRESS WEAVING: The foot-mattress will be o}?gontinuous woven tyre,
To" thick end 35' in width, of which 55" shall lie on the stream side of
the outer row of piles. The mattress will be rdinforced longitudinally
and transversely with‘5/8" strand, as shown on the drawing. Thege gtrands
will be put imunder tension, so that, when the maettress is subjected to
stress, the strends will teke up and transmit the same. At all inter-
sections, the longitudinal and transverse strands will be drawn to-~
gether and fastened securely with U bolts, to prevent rendering in case of
rupture. o .
P The weaving of the mattress will follow closely the attaching
of the upper system of bracing. '
Temporary pile anchorage will be provided, as directed by the
engineer in charge, to safely hold the mattress on the surface during the
congtruetion, and to guide it to position on the bottom of the river.

BALLASTING MATTRESS: The foot<pgttress will be sunk to place on the bottom
of the river after all bracing has been attached, using 14 tons of one-man
riprap stone on each linear foot of mattress. The greater portien of the
stone will be placed on the stream side of the piles, only enough be&ng
used inside to overcome the bgpoyancy of the mattress. .
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SCREENING DIKE: The dike will be screened or curtsined with & vertical grat-.
ing of willow or cottonwood poles, as shown on Pl.1l. A continuous curtein
will be placed on the middle row, the poles being forced wallthrough the
foot-mattress and securely fastened to the stream side of the wales of the
ugper end lower system of bracing. Cross curtains will be elso attached in
the same manner to alternate diagzonal bents. The spacing of the curtain poles
will be from 4" to 16"; as directed by the engineer in charge. The engineer
will also direct when and where the curtains shall be placed.

CRASS DIKXES: These structures, three in number, located as shown by lines
Xx, Yy, 4z, on P1.I, are to consist of two rows of pilesdriven to the same
grade &s the longituddnal dike, braced for proper transmission of stresses
provided against scour with a foot-mattress, snd screened to induce deposié
of sediment; &8ll in accordance with the accompanying drawing, P1.III, and the
following specifications: ) _ ’

PILE WORK: Yhe piles are to be of tamarac, driven tom place with =&
Nasmyth steanm hagmer, in two rows, the rows being 10.4' between center lines
and the piles 12' 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 plan
a_system of equilatersl triangles.

' All, piles will be driven plumb, to a minimum penetration of

16' and accurately as to position and grade at top.

BRAC ING: These structures will be braced with wsles and diagonal braces,
a3 shown on Pl. III, _
: The brecing #ill be attached in advance of the mattress construvetior
The foot-mattress will be of the continuous woven type, 12" thick,
35" in width, of which 20' will be above the upstream row of piles. The
mattress will be reinforced longituddnally and transversely with 3/8" wire
strands, as shown on Pl. III.
Temporary plile snchorage will be provided, as directed by the engines
in charge, to safely hold the mattress on the water surface during construe-
tion, and to guide it to position while being sunk to the bed of the river.

BALLASTING :MATTRESS: The foot-mattress will be sunk to place on the bottom
of the river after all bracins has been attached, using 50 tons of native
boulders on each 100 linemr feet of mattress.

SCREENING DIKES:

‘The dikes will be screened with poles along the upstream row of
riles, the poles being foreced well through the mattress an? fastened to the
upstream side of the wales, an additional string of wales beidng attached for
this purpose, to the upstream row of piles as close to the water surface
as poSsible with 40 or 60d wire nails. The spacing of the poles snd the time
when they are to be placed will be directed by the engineer in charge.

MATERITIALAL S.

PILIBG: The piling for the longitudinal dive must heve been cut during the
current year from sound first growth trees of the variety know as long leaf
yellow: or southern pined A minimum thickness of sapwood is desired, and no
piling will be 'accepted which shows at its butt a ring of sepwood more than 25"
thick. _

A1l piling must be sound, free from rot, unnatural or deformed
grewths, ring heart, bad shakes or other defects that would lessen their
strength or durability. 11 piling shell be peeled free from bark and the
limb growth shall be trimmed off close to the trunk and smooth.

The piling must measure not less than 9" in dismeter at the top, and
not less then 14" nor more than 18" in diameter at the butt end, and all
piling must have a gradual taprer from butt to point. Wo piling will be
accepted the center line of which deperts at any point more than the diameter
of the piling at thet point from & straight line through the centers of the

butt and point.

The piling for the cross dikes shall conform to the specifications
for those used 1in the lorgitudinal dike, excert that they may be of tsmarac
instead of long lesaf pine. )

: All piling will be insrected at the loading point, «nd any and all
piling not fully up to these srecifications will be rejected.
"411 piling must be of the lengths ordered, and any piling measuring
three inches or more short of a specified length will be classified as of the
next shorter specified length, but no piling three inches or more shorter

than the shortest specified length will be received.

A
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LUMBER: The lumber must be- yellow ‘pine of the varlety known as long leaf
southern; each piece shall be 90% heart and no piece will be accepted on
vhieh the surface area of the four faces shows more than 10% of sapwood; the
lumber must be sound, free from rot, bad heart, cracks, wanes or shakes and
bad knots or other defeots that would lessen its strength or durebility,; it
must be well manufactured: to sizes and lengths as ordered. Ho stick will be
accepted which i3 two inches or more shorter than the lengths ordered or.
whiech measures 1/2" or more scant of the specified cross sectional dimensrbn.

.~ The lumber will be inspeoted at the loading p01nt, and any lumber
not fully up to these specifications will be rejected.

WILTOW BRUSH: The brush must be sound, growing willows, such as are
‘commonly‘fbund in thickets on Missouri River bottom lands.

5 The brush shall average 1-3/4" in dlameter at their butt
ends, and shell not be more than 23" nor less than 3/4" of .an inch in dia-
meter except that a small percentage (sbout 14% of the entire quantity) of
the brush furnished may be from 1/2 to 3/4 of an inch in diameter at the butt
for svecial use in weaving selvage edge.

Bo dead, deformed .or worm eaten brush will be accepted and
particular care must be taken to cull ouwt all brush showing black knots or
welts due to worms.

To facilitate handllng, the brush shall be made up into
bundles of such sizes and weight as to be readily raised and carried by one
man, each bundle being securely bound neer the butts and tops with Fo.l1l8
annealed wirse. .

STONE: =~ The stone shall be clean, sound, hard and durable stone, freshly
quarried, It shall be in pieces that will average sbout 100 lbs. emuch;
no piece of stone shall weigh more than 200 1lbs. and none less than 10
1BbB. All stone must be from strate 3" or more thick.

The stone will be inspected at the quarry or loading point, and -
any and &8ll1 stone not fully up %o these specificetions will be rejected.-

Galvanized wire strand: The strand mast be 3/8" in dismeter and composed of
Seven wires properly laid; each wire to be No. 11 U.S. standard gauge of
the best. Bessemer steel, well galvanized, and to have an ultimate tensile
strength of 800 1lbs. and - the strand to have & breaking strength of not less
than 5000 lbs.

To facilitate handling, the strand shall be wound on wooden reels,
sach resel containing ahout 3000 ft. of strand. The emact weight of each reel,

gross and tare, shall be plainly makxed on the reels.

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

Bolts (machine): The bolts shell be of the lengths and diameters specified,
the Tength being measured under the head, and have standerd squaere heads
and nuts, and three inches of thread. '

The material used shsell be a good grade of common. iron.

U Bolts: These bolts must be made in accordance with the drawing herewith,
marred Plate A. The materials used shall be & good grade of common iren.



ARPENDIX 12,

CONDITIOﬁS OF LABOR AND STATEIENT OF WAGES.

A1l men were required to conform strictly to the rules
which this Company made to sefegunard its interests and those of its em
ployes.

Board, bedding and bunks in the Company's cemp were furnished
to the men at the rate of $4.00 per week, and,when necessary, rubber
boots were furnished free.

Transportation was furnished fo the job, and, with the exception
of the pressuremen, the men were given transportation to the voint, on
this Comrany's lines, from which they shipped, provided they had worked
one month.

All pressuremen who 8tayed at work until the caisson was sealed,
or who were obliged to quit for some reason satisfactory tc the Engineer
in cherge, were furnished return transportation to any point on this
Company's lines.

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

Scale of wages, per day of ten hours, unless otherwise notegd:

Stationary Rngineers £2.50 to $3.75 per day of 12 hrs
Firemen .00 " 2.50 " " "
Pipe Pitters 5,00 " " n
Electricians 2.50 " 2.75

Machinist 4,00

Blacksmith ' 3.00 " 3.25

Bridge Carpenters A 2.50 " 2.75

Carpenters 2.26 " 3.25

Stone Masons 3450

Concrete Facers 2.50

Concrete Machine Men 2.50 n " n
Concrete Nen 2.85 " 2.50

Cement Men 2.26 " 2.50

Steel Erection ¥en : 4.00

Riggers ' 2.75 " 3450

Rivet Tenders 2.50

Weavers 2. 50

Caulkers . R TO 3.50

Pginters 2.50 " 2,75

Lock Tenders 2.75

Vatehmen 2.25 " n "
Laborers _ 2.00 "7 2.25

Steel Erection Foremen 4.50

Bridge Carpenter Foremen 3,00 " 3.25

Carpenter Foremen 2.75 " 3.50

Concrete " 2.756 " 3.5

Rigger " 3450

Caulker " 36 50

Weaver " 3.00

Pile driver Foremen 3,00 " 3.25

Labor Foremen 2.50 " 300

Time and one-half was allowed for overtime and Sundays.
The following rates were'paid the pressuremen:

First 50°' below water surface, 8-hr.dy, $2.00, 4-hr.shifts,

50'to 65" " " 6-hr.dy. 3.25, Z-hr.
65'to0 75’ " " 4-nr.dy. 35.50, 2-hr. "
75'%0 85! , " 3-hr.dy. 3.75, 1% ar "
85'to 95! " " 2-hr.dy. 4.00, 1 hr. "

The Pressure Gang Foremen received $100 per day more than the
pressure men, _

For inside concrete work, sealing the caissons, the men on the
ingside received 25 cents per day extra. All Sundsay work was figured straigl
time, no extra tire being allowed.

—_—
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LIST OF BUILDIKGS ERECTED.

-00-00- .
- Bunk House #1, 24'x48', gable roof, inside walls ceiled,
quarters for men.

" #a 24'x64', with wing 24'x36', geble roof, inside
walls ceiled, quarters for men.

" #2,&5, 24'x72' each, gable roof, inside walls ceiled,
guarters for men.
Cook house and -
Dining hall, 24'x130'-8", wing 48'x34"'.

Washroom, 16'x24', inside walls and ceiling ceiled.

~

Water tank and ,

house, 2 tanks 10'x12', house 17'x24', shed roof,
canp water supply.

Roothouse, 16'x28"', for storing vegetables.

Carpenter and
blacksmith ghop, 13'x40'6", shed roof.

Engineer's Office,20'x32', gable roof, insidewalls and ceiling ceiled.

Engineoer's dwelling,
20'x32', gable roof, inside walls ceiled.

Rore house 12'x12', shed roof.
Tool house 14'x16"', "
Nail house £0'x20°Y, "
Cold storsge and

Jce House, 40'xbart.
Dynamo Kouse, 14'6"x18'6", shed roof, electric lighting plsant

for camp and caisson work.

Hospital 16'x24"', gable roof.

Cement house, 20'x120', shed roof.

" chute, 14'x16'3".
Sand chute, 14'x24%4",
tone chute, 14'x30".

Heating plant
building, 14'x30'6", gable roof, boiler and tank house for

heating sand and stone.
Standard cement houses - used to store materisl.

The track arrangement 1s shown on the plan of the Missouri River
Bridge Crossing, Plate I. This plan also shows the tracks toward the
river, which were to the material yerd.

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 topsof the sand and stone
bins were about level with the top of a gondola car, and sand and stone
was unloaded drom the cars directly into the bins or the storage pile,
as occasion necessitated. Material for timber trestle and protection work
was stored on the west side of the river.

{Sheet 1.)
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LIST OI" MACHINERY AND
EQUIPIENT.

N

150 H.P. standard heating boilers, used on machinery barge and
ceisson work.

60 " locomotive heating boiler, used for heating sasnd and
stone in bins.

30 " Lidgerwood engines, steel erection.

30 " American hoist engine, stecl erection.

32 " mundy engine, steel erectiomn.

30 " Lidgerwood engine, used on traveller for laying floor in

first temporary bridge snd also on
the scow driver, for driving piles.

35 " " " vsed with stesm hammer.

25 " Hoisting n double drum, used on scow derrick.

i5 " " " used for puwmping.

10 " American hoist rev. engine, used for hoisting concrete.
25 " Hois ting engine, fixed on a push car to act as a dinky

engine, but not used.
Hayward clam shell bucket, 1% cu.yd. caracity, used on travelling
crane to unload crushed gtone and sand.
" " " 1 cu.yd. capacity( same purpose as gbove

Orange peel bucket, 1 ", excavetion Pier IV.

Cyclopean drop bottom bucket, 1 cu.yd. cepsecity. wused to handle

concrete from mixer to cazisson.

8" lorse horizontal belt driven pump, cofferdams at Pier I, and
ppdestal piers.

8" Vertical belt driven pwnp, sasme as above and Pier Iv.

#3 Rdsom diaphragm pumps, punping out barges ard for smsaller

worl.

#22 Chicago Imnroved cube conctete mixers, with elevating hopper.

Guy derricks, with hand slewing device, used for setting stone

masonry on Piers I and IV.

Wells lights, used whenever night work was required.

Ransom concrete hoisting buckets, 20 and 30 cu.ft. capacity,
used in concrete elevators.

16-12-9 duplex fire pump.

16-18-18% Ingersoll-Sargent Class "A" straight line steam air
comnressors, used on machinery barge
for caisson work.

48" diameter by 24 ft. air receiver, storage tank for painters'
sand blast.

Attachment for Lidgerwood engine for operating puamp.

3" ¥isher steamp pump governor, steam pressure 100# to 150#,
nydrsulic, B50F to 125#.

220 volt,8 X.W. capacity, belt driven, moderate speed, direct
current dynamo, used in electric light-
ing plent for camp &nd caissonsg.

15 H.P. gasoline engine, to run dynamo.

23"x24" jack screws, used to lower caisson and for miscellaneous
works.

Bridge traveller, for steel erection.

25" motor boat, used for recovering materiel and for transferring
laboring men to end from work on west
gide when temporary bridge was out of
commission.

1=16"and 3-20' row boats, used for transferring men and material.

boiler feed puups.

#9 8ellers injectors.

Sterling wheelbarrows.

pieces, 35# U.S. Steel sheet piling, 18' long, used for coffer-
dams Piler I.

thtle Giant boring mechine, used for drilling holes in false-
hork and timber trestLe timbers.

Boyer long stroke riveting hammers.

8%f Prentice vise (combined) used in blacksmith shop.

gset of ice cutting tools.

Plain engineers' transits.

" " ° wye levels.

iron oil barrels, storing gasoline.

Blacksmith forges and outfits.

0t
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4800" sq.ft. of S.H. sail cloth- for covering concrete during freez-
weather.

1 steam hammer, used to drive piles in pedestal piers end pro-

tection, and Wakefield Steel Sheet

Piling at Pier Iv. !

1 Float drive drop hammer.

1 Edson jet pump (2-man)

1 . ©5 H.P. combined gasoline engine and pump, used for pumping
water for camp supply,to engine tanks:
and to standard 24x16 water tenk on
the east side of the river.

1 Alr compressor car, used for riveting and boring tools.

1 10-ton locomotive crane, used for all classes of work, part of .
which is as follows: ainky engine, lead-
ing and unloading all classes of
material, tearing up temporary bridge,
lifting lerge trees over temporary
bridge when trying to keep brldge
clesr from drift, switeh engine.

6 18" guage Petteler dump cars, used to convey riprap to mattress.-

24 Standard gauge push cars.

2 Track drivers, X-221, X-225, used on temporary bridee and false="
work pilas.

4 Derrick cars; X-1, used for erecting steel; also timber bents for
falsework and pulling falsework piles. ‘

X-13, used for erecting steel;. Strobel #2, used

for erecting steel; CM&STP 28867 ussd
for timber trestle erection work
west approach.

The FLOATIKG EQUIPMEIT consisted of the following:

1 Ferry boat, "J.H.Keene," 300 tons dlsplacement

1 Ferry boat "Winnie" 275
These boats were the property of tne Chamber]aln Investment Coe.,
of Chamberlain, S.D., &nd were rented by the dsy for uwse at
the bridge site arnd SZvarts, S.D.

2 10" x48' barges ) '
16 10'x40" ) made and shipped from Tomah Shops.

4 20'x40" " constructed at Evarts, S.D.

These barges were Titted up for use as occasion demanded;-scow
pile drivers, barge derrick, pile pulling and mettress barge, and
were nsed as follows:

Scow pile drivers, driving piles for temporsry bridge; protection
work along the west shore; piles for falsework under- -the three main
spans; piles for protected work and platform around Piers II and IIlI,

Berge derrick, used for handling concrete from mixers to .
caissonsg; for handllno the stone used in mauonry. for handling ea-—
trance and neterial shafts and all of the heavy work at Piers II III&II

Pile puller, was rigged up on one barge and s1ccessfully used :
for pulling s few piles in the temporary bridge. :

Mattress barge, was used toweave mattress for the dlke found&—-
tion. '

Besides these uses, the barges were used for towing mater1&l
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 maechinery barge consisted of four 20'x48" barges, which
were spliced together, making the combined size, 40'x80'.. The
machinery ‘barge house, 52'x60' with gable roof was built on this L
barge, and contalned a compreasor roor, hoiler room and coal locker,
pressure men's room and workroom. Tne pressure room contained the
air compressors and Smedley fire pump. The boiler room contained two

150 H.P. boilers and coal lockers. The comnressors, pump. and boilers

were used during the lowering of the caissons at Piers I1,I1I and IV.
The pressure men's room, having lockers, wash troughs, table and
benches, was used by the pressure men as a dressing and lunchroom,
and was kept at a temperature of abont 85 degrees Fahrenheit by

steam pipes from the boilers. The workroom conteined & bench for pipe
cutting end machine work.

oz
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The entire barge was moved and snehored behind Piers II amd III
during the sinking of the caissons, but at Pier IV, on account of the
shallow water in that vicinity, the barge was left "at Pier III .and - the
air, water and steam piped to the caisson at Pier Iv. .

As fer as the machinery snd equipment could be snared, it'was
shipped either to the shops for repairs, or to points where it wag -

needed on the Extension and old lines, and for gll shipments meds, prope?~',

credit was sllowed to the bridge.

--0--
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SPECI F'I.CAT.IiO NS

FOR ‘ o

STEEL BRIDGE WORK |

BRIDGE AND BUILDING DEPARTMENT
CHICAGO, MILWAUKEE & ST. PAuL RAILWAY Co.

GENERAL.
The following specihtftion_s conform to the ¢ General Specifications for Steel Railroad
Bridges,” as approved by the American Railway Engineering and Maintenance of Way

Association, March 1908, except for certain medifications to which attention is called by

__4% o

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

some maromnl references arc omisted.

All bridge work shall be furnished by the manufacturer in accordance with detail shop
plans to be mmade by the Engineer and Superintendent of Bridges and Buildings of the
Chicago, Milwaukee & St. Paul Railway Company, and a suflicient number of blue print
copies of these plans will be furnished the manufacturer for his use.

The shop plans shall be changed, or corrected by the manufacturer as the purchaser
may direet, as occasion recuires.

The bridge work to be furnished under these specifications shall be delivered to the
purchaser F. O. B. cars on its tracks neavest the works where manufactured,

Payment wiil be made within thirty (30) days after each bridge shall have been com-
pletely manufuctured and delivered, in all respeects to: the satisfaction of<the Engineer and
Superintendent of Bridges and Buildings of the Chicago, Milwaukee & St. Paul Railway
Cowpany.

The expressions, Purchaser and Railway Company, Engineer, Inspector, and Manufac-
turer, used in these spccifications, ure held to mean, respectively, the Chicago, Milwaukee
& St. Paul Railway Companv the Engincer and Supermtendent of Bridges and Bulldmﬂs

of said railway, the lospector appointed by said Engineer, and the individual, firm or

corporation furnishing the Gnished matenal.

$3. Steel shall be made by the o

MATERIAL.

open-hearth process.

84.  The chemical and plysical properties shall conform to the following llU‘lltﬁ

Flements Considered.

Structural Steel.

Rivet Steel,

Stee) Castings.

Pnosphiorus, maximum..

1 Acid .
Sulphur, maximum. .. .. ... ...

{ Basic.. '

0.04 per Can
0.06

0.03 t

.u4 per cent.
0.0 '

004

0.05 per cent.
0.08 o (a)

0.05 ¢

Ultimate tensile strengih.
Pounds, per sguare inch....__....
Llong., min. % in 8", Fig, 1 ..._. -}

Y3 X} 2”’ “ 2 .

Character of Fracture.....___._...
Cold Brods without Fracture ... ..

Desired
63,000 (b)
1.500,000 *

Desired
50,000
1,500.000

Not less than
65,000

15 per cent.

Ult. tensile strength
22
Silky
180° Hatt

Utv. tensile strength

Sitky
180° fiat &

Silky or fine granuiar
80° d = 3¢. e

* ~i¢ paragraph U3, t See paragruphs 84, 43 aud 06. 3 Sce puragraph 7.

(8) Changed from (.U8,

(b) Changed from 60,000.

.
The yield point, as indicated by the drop of beam, shall be recovded in the test reports.

1
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Allowabla
Variations.

Chemical
Apalyses.

Farm of
Specimeas.

"Annealed
Sposimens.

Number of Teatx,

Moditications (@
Elougation.

s, If the ultimate - rength varies more than 4,000 lbs. from:that deésired, a re- teaL -
shall be made on the same O';xuge which, to be acceptable, shall be W\thm 5,000 1bs; of, the

-

desired ultimate.

86. Chemncal detennmatxons of the percez:tages of carbon, phosphorus sulphur and
manganese shall be made by the m&nufacturer from & test ingot taken at the time ‘of ﬂle' '

pouring of each melt of steely and a corr ect copy-of su ", adalysis shall be firnished to the

engineer or his mspect.or Cheok analyecs shall be made .rom finished, mat.ena.l Aif called for- -

by the purchaser, in. which case an excoss of 25 per cent. above the xequu ed limits will be
allowed. o ' ' '
87. Prares, Suares AnND Bams: Specimens for tensile and bending tests for plates

shapes and bars shall be: madc by cutting coupons from the. ﬁmshbd product which shall

have both faces rolled:and both edges milled ta the form’ shown by Pig. 1; or with both edges

parallel; or they may ‘be turned to a dimmeter of 4-n. for a length of at -léast 9 in,, with
enlarged ends, _ '
88. Rrvers: Rivet rods shall be tested as rolled.

-89, Prxs AND ROLLERS: Specimené shall be ‘cut from the finished ro]vlera or forged

bar, in-such manner that the center of the specimen shall be one inch from the surface of

" the bar. The specnnen for tensile test shall be turncd to the form shown by Fig. 2. The

specimern for bcndmg test shall ‘be one inch by } -in. in section.

] a8
: s e e T
, { S, Z. N S !
Ahou3"3 _ Parajlel secron. | I A
U Nottess tharm ' "8 !
- ‘ SUPO. _—
o o o wliec e o o | 3 f"."!ﬂx \‘ e
! e : _(‘ g ) T -
H gela & < - dupe=
1 R - A CLPEY - S -4 H
o Aoout i’ e Y NN S
[y

Fic, 1. ~ Fro. 2.

v

90. SvrerL Casrings: The number of tests will depend oa the character and import-
ance of the castings. Specimens shall be eut cold from coupons monlded and cast on some
portion of one or more castings froml each melt or from the sink heads, if the heads ave of
sufficient size. The coupon or sink head, so used. shall be annealed with the casting before
it is cut oft. Test specinens to be of the form prescribed for pins and rollers,

91. Material which is to be used without anncaling or further trcatment shall be tested
in the condition in which it comes from the rolls, When waterial is to be annealed, or other-
wise tre:ated before use, the specimens for tensile tests representing such material shall be
cut from properly annesled or similarly treated short lengths of the full section of th~ var

92 At least one ,tensile. and one bending test shall be made from each melt of “tei us
rolled. 1o case steel differing #-in. and more in thickness is rolled from one melt, a test
shail be made from the thickest and thinnest material rolied.

43, For material less than &-in. and more than $-in. in thickness tho following modi.
fications will be allowed in the requirements for elongation;

() For cach L-in. in thickness-below g-in., u deduction of 2% will be aliowed [rom
the specified percentage.
(b) For each -in. in thickness above 4.in., a deduction of 1 wiil be allowed from

the specified percentage.

w
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Bending
Tests.

Fintah,

Stamping,

,Drtective
Material.

Allowable
Variation in
Weight.

>,

4. Bending tests may be made by pressure or by blows. Plates, shapes and bars

less than on¢ inch thick shall bend : - calle for i paragraph 84,

95. Full- sxzed material for eye-ars a. i other steel one inch thick and ‘aver, tested as

1olled shall bend cold 180 degrees.araund 4’ pm ‘the diameter of which is equpl to twice’ the

* thickness of the bar, without fracture on the cutside of bend.

96. Angles 3-in. aud less in thickness shall open flit, and angles 4-in. and less in thick-
ness. shall bend shut, .cold, .under bloiws of a’hammer, without. sign of fracture. . ’Th:is_'te'st

wﬂl be made only when required by the inspector.

97, cht steel, when nicked -and bent around a bar of the same dlametel as the rwet_.

rod, shall give a gradual brenk and a fine, silky uniform fracture

98. Fuushed ‘material shall be {ree from i m]urmus seams flaws, olacks defectxve elges
or other defects, and ‘have a smooth, uniform and workman—hke finish. Plates 36 in. in
WJdth and under sha.l aave rolled edges. -

99. Every finished- piece of steel shall have the melt number and the name of the man-
ufacturel stamped or rolled upon it. Steel for pins.and rollers shall be stamped on the end.
Rivet and izﬂ;ticé- steel aud other small parts imay be bundled with the above marks on an
attached metal tag. ’ ‘ ‘

100. Material- which, subsequent to the above tests at the mills, and it-.s acceptance
there, developswweak spots, britplenéss, cracks or other imperfections,. or is found to have
injurious defects, will be pejectéd‘ut the shop'and shall be replaced by the rx;anufacturelﬁ ot
his own cost. ‘ |

101, A variation in cross-section or weight of each piece of steel.of more than 2§ per
ceht. from that specified will be sufficient cause for rejection, except in- case of sheared
plates, which will be covered by the following permissible variations, which ai:e to apply
to single plates:

102,  Plates- 124 lbs. per sq. ft. or heuner

(@) Up to 100.in. wide, 2% per-cent. above or below the prescribed weight.
(b) Omne hundred inches wide and over, d per cent. above or below.
103. Plates under 124 lbs. per sq. ft. :

(a) Up to 75 in. wide, 24 per cent. a.bove or below,

(b) Seventy-five inches and up to 100 in. wide, b per cent. above or 3 per

cent. below . -
{¢) One hundred inches wide and over, 10 per cent. :i‘bove or 3 per cent. below.,
104. Plates will be accepted if they measure not more than 0.01 in. below the ordered
thickness. ’
105, An ‘excess over the nominal weight, corresp‘on‘d'mg to -the dimensions on the
order, will be allowed for each plate, il not more than that slden in the following table,

one cubic in. of rolled steel being assumed to weigh 0.2833 lb.:

T e o Width of Plate
Thickness Nominal :
Ordered. Weights. - Up to 75" 75" and up to 100" |100" and ap 1o 115" Uver 115"
- mch 10.20 1bs. 10 percent. |- 14 per cent. 18 pereent.  |oo ooceiaaceoo.o-
5 1275 g w 12 - 6 |l
3% ¢ 15.30 * 7 “ 10 o 13 . 17 per cem
v5 17.85 ‘6 ‘ 3 “ 10 " 13 o
L7 20.40 ¢ ] “ 7 v 9 v 12 i
‘_p“_ Y a9 g5 ¢ 4v; . G,"i o «‘5}‘3/ s 11 ‘6
. % b 25_50 s 4 i€ G (3 S e 1() L
Ox"er}é m e e 3% m 5 i G’:; m -» - q s

Qv



Caxl lran,

Wrought iron.

Copivy of
Mill Orders.

Facilities for’
Tnspection.

Straighteuing
Materinl,

Finish.

Nize of Rivers,

ML Holes,

Punching.

SPLCIAL ‘METALS.

106. E\cept, where chilled iron is speuﬁed castings shall’ be madt, of tough gray
iron, with sulphur not over 0.10 per cent.’ They shall be-true to pattern out of wind
and free from flaws and excessive shrinkage. If tests are demanded they shall be made
on the “Arbitration Bar” of the American Society for Testing Matenals, which is a round

r 1} in. diameter and 15 in. lang»..» - The. t-ransx erse test shall be’ nmde on a supported
length of 12 in. with load at middle. Thé miinimum breaking load 50. a,pphed shall be

2,900 lbs., with a deflection of at lemt n-in. before rupture. _

107. Wrouglt iron shall be double-lolled, ‘tough, fibrous and -uniform in chanwter
It shall be thoroughly welded in rolling and .pe free from surface défects. When 't‘ested
in specimens of the form of PFig. 1, or in full sized pieces of: tﬁe sume '2ngth, it shall
show an ultimate strength of at least 50,000 lbs. per sq. in., 4n elougation«.(.)f: at —leést
18 per cept. in 8 in., with fl'@ture who}}._yﬂﬁbrbu’s; Specimens shall bgpd col?i,’ with the
fiber, through 135 degrees, without sigﬁ'of fracture, aroynd a pia the diameter of which
is not over twice the thickness of the piece tested. When nicked and bent, the fracture

shall show at least 90 per_cent. fibrous.

INSPECTION AND TESTING AT THE MILLS.

108. The purchuéer shall be ful'nisiled complete copies of mill orders, and no material
shall Be rolled, nor work done, before the purchaser has been notified where the orders
have been. placed so that he may arrange for the inspection.

109. The manufacturer shall-furnish all facilities for inspecting -and testing the weight
and quality of all material at the mill where it is manufactured. He shall furaish & suitable

testing machine for testing the specimens, as well as prepare the pieces for the machine,

- Irec of cost. . s

110. -When an inspector is furnished by the purchaser to inspect material at the mills,
he shall have full .ac'cess,Aat all times, to all parts of mills -where’ material to be in’f:'pected

v

by him is being manufactured,

SHOP MANUFACTURE.

111. The workmanship and finish shall be equal to the best -pl;éf'c,tice in modern bridger

works. All ‘material arriving from the mills shall be protected from rust by being stored

" under cover,-or being oiled, and shall have clean surfaces, free from heavy scale or rust,

before being worked on in the shops. (cc\ L i .

112, Material shall be thor ourrhly‘strawhtened in the %hop by methods that will not
injure it, before being laid off or worked in -any way. ' emglets shall be laid flat without
distortion while work is being laid out. (b). o ‘ ‘

113. Shearing and chipping shall be neatly and acurately doné (\ud all portions of the
work exposed to view neatly finished. (d)

114. The size of rivets, called for on the nlans, shall -bé& understood to mean the actual’
size of the cold rivet before heating. . '

All -parts of fhe structure shall have sub-punched and reamed rivet holes, ex_c_gpt
lateral, portal; sway and stringer bracing, batten plates.and lacing of members having the
lacing: connected with one rivet.. (e). o o . ‘

115. Where reaming is not required the dmmeter of the punch shall not be more than'
&-ln. greater than the diameter of the rivet; nor the diameter of the d_xe more than é-m.
greater than the diameter of the punch. (d). '
mumgw. ®) Modified by additionsl clunse. () New purugruph. (@) Modified.
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116, All punching shall be accurately done.  Drifting to enjarge unfair holes will not
be allowed. If the holes must be enlarged to admit the rivet, they shall be rewmned.
Poor matching of holes will be cause for rejection, Sub-punching for reamed work shall be
s0 accurately done that after reaming no punched surface shall appesar in the periphery of
the ho]e_. (e)

117, Where reaming is required, the punch used shall have a diumeter not less than
wm-in. smaller than the nominal diameter of the rivet. Holes sball then be reamed to a dia-
meter not more than {-in. larger thaun the nominal diameter of the vivet. Al reaming shalt
be done with twist drills, held at right angles to the surface. (Sce 132) (d).

118, When general reain.ingisrequired it shall be done after the pieces fontm'mg ong
built member are assembled and so firmly bolted together that the surface shall be in close
contact. If necessary to take the picces apart for shipping and handling, the respective
pieces reamed together shall be so marked that they may be reassembled in the same posi-

tion in the final setting up.  No interchange of reamed parts will be allowed. fo),

119, Sheared edges or ends will generally not be required to be planed. (/).

- 1200 The outside buers on veamad™Foles shall bé rémoved to the extent of making

a gin, fillet. (g).

121, Riveted members shall have all parts well piuned up and firm!ly drawn together
with bolis, befove viveting is commenced.  Contact surfaces to be painted.  (See 149

122 Lattice bars shall havo neatly rounded ends, unless otherwise called for.

123 Stiffeners shall fit neatly between Hanges of girders,  Where tight fits are called
for, the ends of the stilleners shall be faced and shall be brought to a true contact bearing
with 1the flunge anyles, ’

124, Web splice plates and fillers under stiffencrs shall be cut to fit within ¢-in. of flange
angléa

125, Web plates of girders, which have no cover plates, shall be flush with the backs of
ancics vr project above the same not move than d-in., or as otherwise called for, When
web plates are spliced, not more than 4iu. clearance between cnds of plates will.he allowed,

126.  Connection angles for floor boamns and stringers shall be. flush with cach other
and correct us to position and length of girder.  They shall be milled to exact lengths after
being riveted up complete.  The removal of more than £ inches from thickness will be cause
for rejection, and the cutting shull extend over the entire face of the eonnection. (y)

127, Rivets shall be driven by pressure tools wherever possible.  Paucumatic hammers
shatl be used in preference to hand driving.

128, Rivets shall look neat and finished, with heads of approved shape, full und of equal
size, and shall completely fill the holes. They shall be central on shank and grip the
assembled pieces firmly,  Reeupping and calliing will not be allowed.  I.oose, burned or
otherwise defective vivets shall be eut out and veplaced.  In cutting out rivets, great care
shall be taken not 1o injure the adjacent metal.  If necessary, they shall be drilled out.

124, VWherever holts ave used in pluce of rivets which transmit shear, the holes shall

be reamed parallel and the bolts turned to a driving lit. A washer not less than J-in. thick

shall be used under
’ e

134, The _sm-m'ﬁl picees forming one built member shull be straight and fit closely to-

gether, and finishied members shall be free from twists, bends or open joints.
gether, a !

121, Abutling joints shall be cut or dressed true and straight and fitted close together,

o) Lot sentasee sidded. 7y iewt elaase added T G Modided, 0 Modified (/1 Mohiiioed,

R

ne



*-¥rield Connections.

-Bye-Burs.

<

. C‘epe(‘ially where open to view, © In comprission loints, depending on contact bearing, the

suxfu.ee< ghall be truly iaceq, so as {o huve even be"n‘m zs after they are riveted up complete

and Wheﬂ pu‘fectly aligued.

. 132, Holes for floor beam and stringer conneghuus shall be sub- pun(’hed and reamed ,

© accordipg to pamfrlaph 113, to a steel templet one inch thick. Al other field conneetions,

except hhose for laterals and sway bracing, shall be assembled in the shop and the unfaiv
holes re.nned “and when so reamed the pietes shall be wmatch-marked before being taken
apart. .

133. Eyeybars shall be straight and true to size, and shaull be frec from twists, folds . in
the neck ‘or head, or any other defect. . Heads shall be made by upsetting, 10Umo— or forg-
ing, Weldmg will not be allowed. The form of heads will be determined by the dies in use

at the: woxl\‘-) whele the eye- bars are made, if satisfactory to the engineer, and the manulact-

‘urer- shall cruzu‘antee the bars to break .in Lho body when tmted to 1uptu1e The thickness

of head and neck shall not vary more than rein. from that speu‘led (See 160.)

13+ Before: boung, each eye—bax shall be properly anneuled and: carefully straighened,
Pin-holes sux\Il be in the center line-of bars and in the center of heada Bars of the same
1eno th shall be: bored 30 a.ccuratoly that, when placod together, pins g-in. smaller in diameter

thau’ the: p‘m holes ‘can be passed throucrh the h,oles a.t both ends of the bars at the same time

. § . wxbhout iorcmg
) Hin Hptes. . .

1 o Pmabqles shall be bored true to ga.uges smoot.h and sfr a\o‘ht. at Tight angles to the

. ~axis of the member and para]lel to each other, uniess otherwx:e ca]led for* Tht? bori m.g shall

be done ntter the member is rlveted p.

136 Th e disi:a Jce center to- ceqter of pm~holes shall be correct within -,-m and the

dmmetel ot -he holes not more: thun ;—,,-m la.rcrer than that of the pm [or pins up to 5-in.

gduimeter am,. ﬁ-m for larger pms

Screw Thresds

L AE cting

137 Pins. afid mllers bhall bé -accurately turned to gauges and shall be straight and

,smoo&h and entn*a}y iree {romﬂaw:.

136, Scn oW t‘.hreads aha.ll make tight fifs in the nuts Z nd shall be U. S. standard, except
foe 1&-&1 ax&meter nnd lm'ger when they shall be miﬁe with . six threads per inch. Upset

o &1 . ﬁaﬂ have an ue);,cess ne}‘s:ecuon at root of t;hr__,t o f ]r par cenit. over that of body of

- bﬁé‘.’b:" ;'Stﬂexl , :Q'xcefit:‘ipé mi}_lz,gx;;&eisailg, wh.icl;.eg,risi been ~pax§§i§ny he»ated,l shali be properly

N agllelﬂed\

140, Allvsmel castmus shhll be annealed. They shall be free from large or IDJuerus blow

B holes Qi)

©oWeds

*Bed Platen. <

Pilot Nuts.’

: Floldnfﬂiﬂ )

Shipplag. Details.

ﬁ elds au iﬁéel ml[ not be allowed
152 o ]‘v{ A o bed ‘plates sha]i be planéd true ahd smooth. Cast wall plates shall be
pian i D bid™ L-htom Thacu& of the plamng t:ool«shall make a fine cut correspondmg

) 'wl'h ‘the ditv. klon of expansmn. AJl expanmon beamngss shall: ;;e assembled complete in tho
~.=ah0p (a) . i' 4 '

143. x ﬂot tmd drmng uuts sha,ll be furmshed Ior emh size of pm, in such numbers as

Ty ~b!‘” den o

4. Field rive 8 sha.ll be fm*mshed to tbe amou,nt of 15'pe1 cent plus ten rivets in excess
ot 18, rommai number required for’ ea(.h size. ) e o
1:4;15,. Pu. nuts, Tolts, Tivets and ohher sma,ll detaﬁs sTmll be boxed or crated

e H& The aca}t»waighf of. every pxe(,e and box shnll be mrked on is in pmm ﬁgures

B (us Hndim!d‘ (h) Lm-sen&. uoﬁuaea‘

1S



TESTS OF STEEL EYE- BARS.

AFPPENDIX~15

FULL SIZED EYE-BAR TESTS. SPEC/MAN TESTS.
Mark Nominal | Elastrc |Ultimate ;@g’gj/_on,/?ea’ucf/m Elostic  |Ultimeote E/ongo—/?ea’uc;‘/o Chem/ca//!na/\xqs/s S
oFf Limit Sfrenszf‘b JOFt | 1210 |of Area | LimiF Strength| tion of Areo (00 r,%,, (\o% Qﬂ\ < Remarks
’_Bor Size POUﬂdlﬂgﬂ‘SQ//?C/) Per. cent \percent PerSq.in \PerSq.in |Perct | Per cf. ° Q‘\o 3|k
INU-1-M-2 | 16%25" 127720 lb%éZO 178 | 410 | 512 |34760| 64360| 26 00| 5030 |.27 | 0os ,‘?/7;040T
Z\U-1-M-2_|I16%273" |28570 |54800 (253|520 | 4/6 | 35700| 66820| 2550| 53.00(.29|011(.55.037| | Groawsor
‘ — B I D - ] ) b Tensile fest moude
| L3-L-4 | /413" |29390|58770 149|370 | 446 | 34290 63900| 26.50| 52.10 |.27|.008] 37|040| |(Somenecctas#/
4 L4-L:5 |/14'%x17" | BR.290|62840|16.2| 29 0| 276 | 35580| 60220 2750| 5110 |.29|.014]|.57|047| |Gronulorbreat
| —= Z . i el . T . T | e — 11 rr\E Seeles?-727-5
(Ol g5 |147x2" | 27510 | 56620 222|390 | 464 | .« | PR T N AR <
’ N
6|L4-1-5 |14'xi7" |29290|62/40 159 40-0T 427 | S g S A
T\ L4585 |14°x14" | 28570\ 57860 (17.9 450 | 476 | 36910 | 63420|26.00| 50.80|26|0/5|48 | 038
8|56 /42 | 29370|62070|192| 380 | 355 | 55090|6/420 |27 00| 56.40 | 28|033|.57|.040
9| L5106 |/4'x2%" | 26030|54/50 (212 |46.0 | 49.3 133080|60240|2700| 5020 |.Z6 TOOBT'M 039 ¢
10|L-6-L-7 |/4"x2" |3/1290|56870(178|390| 40.4 | 35270 60500| 27.50| 50.20 | 30|008|.47|045|5
o270 409 & 10 00000 £ 100 | TIT20 s of s rou
N LEe-L:7 |14"x2" |32/40 |66430| 32| 4.0 3./1 | 34880/ 62300| 26.00| 60 50|.39|028| 6/ |024| |fe/dforexamincta
2|L6-L27 | 14°x2" |26250|56/490|239|480|455 | » | o o | | | [Someas reatpn
B\ L6-L=7 | /4°x2" | Z9520| 52480 35800%62620 2650\ 54.70 LBO .037|.46 1040|9| Lowin head
4| [6-L7 | /4'x2" |32/40|64820| 60| 6.0 | 58 |34880{62300|26.00 60.50 |.39|.028|.6/ (024 £.Someborsos////
° —t A~ LS hndlll Il IR B poEEY A s T , i L B =2 Hlabove, reanneal
5| 6-L7 | /4% 2" | £9520|56850(/199 |43 0 | 375 |35800| 62630 2650| 54.70 | 30|.037|.46 |.040}" Some bors as ¥/3
27 |40 | 5ft0 | . 01 €620} 2410 1. 201,031).4906 1,090 19eme bors o
6\ L6-L-7 |/4'x2" _L;/gqo__‘g3ooq%57'F;z_ao 446 | 3¢6800| 66230|2550| 52.00 |.38|007|.35 036
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