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THE SINKING OF PIERS OF RED RIVER BRIDGE
on
Kansas City Southarn Ry.>
Y S

In Septembar,1899 bagan the work on the construction
of the substructure for the Red River Bridge for ithe Kansas
City Southern Railway at Indax,Texas,ten miles north of
Texarkana ,Texas.

The new substructure was located about ong hundred
feet up stream from the old one,consequantly it was not
necegsary to maintain praffic dur ing cons wrac tion. The
object of the new bridge was to raplace a much lightar one,
which was too light for the incrgaszsd weight of rolling
stock of the railroad company.

The subs truc ture consists of sevan pisrs,including

a pivot pisr,and two abutments. The seven piers are
conerzte piars,which ars supported by cribs amd caissons of
timber and Portland cement concrete,sunk by the pneumatie
procsss to and into the soft bed-rock,namely blue shale of
impenetrable thickness. At each end forty feet from the
end pisrs there is an abutment of concrete. The following
blue print shows a corrsct profile of the st??gnyégd depths
to whieh foundations were stopped ars aisé SEQ?n.gé?hese
piers are carrizd down as far as wsre diﬁéctéﬁ;beﬁéé the
intention to obtain a foundation safe beﬁbnd;iﬁe féfadven—

'ture of a doubt.
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General view looking north of bridge site with tram-way te th

the left and old Lridgo to tha right.



in order to cut and pass through logs that were
ancountarad, the caissons were fitted with an effaec tive
apparatus,viz: a stegl cutting edge as per drawings. Suita-
ble air locks and c¢lay hoists ware usa2d for the purpose of
entrance into caissons and the hoisting of the simle from
be low,resnec tively as the sinking in shale was in progress.
Removable cofferdams were usad above the cribs in order that
the lower pcvtions of ths gisrs could be built in the dry,

which wz2re removad when tha pisrs ware conpletad.

Cribs and Caissons:

The caissons were cons truce tad of the best quality
of American long-leaf southern yellow pine cut from untap-
ped trees and sized to exact diménsions,free from defacts
| whieh would have impaired its s trength eor durability for
such purposes. Under no circumstanc:s was any timber cut
from dead logs allowed to bs placed in any portion of the
s tructurss,but all timber was live timber.

Deck and side timbers were of 12" x 12" section and
all full length and width of the caisson wherever it was
practicable so to do. The c utling edges as before stated
waere shod with steel. |

‘The drift bolts wers of soft 7/8" steel and were
spaced on the avarage of about four feet along each stick.

The deck of the caisson consisted of six hourses,
that is,ie. betwzen ths bottom of ¢ merete in crib and the

aexeavating or working chamber. Al1d framing of the timber

was mde in so substantial a manner that ths eribs and
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caissons held th2ir shape when logs were encountered.

The piers of this bridge were saven in numbey ,in-
cluding one pivot pier,numbared 1,2,3,4,5,6 and 7, Number
4 being tha pivot pisr,numbers 3 and 5 the rest-piers and

numbers 1,2,6 and 7 tha balance.

Sizes of Caissons:

Caissons for pisrs 3 and 5 were built xhx 18'-0" x &
34'-0 and cribs for same bsing 16'-4" by 34'-0". Caissons
for piers 2 and 6 were built 15'-0" x 34'-0" and eribs of
same wgr2 the same size. Caissons and cribs of pisrs 1 and
7 were built 14'-0" kx x 31'-0". The total height of all
caissons was 14'-0",allowing 8'-0O" for height of working
chamber. Width of Caisson walls were 3'-0" with six deek
courses of 12" x 12" timber laid alternately length and
cross wise. The outzar course of the caisson walls con-
sisted of 12" x 12" x 14'-0" vertical nisc2s. The two inner
courses w2re laid horizontally as shown by ths following
plates. Thess courses were all well drift-bolted with bolts
of various langths as shown on accompanying blates. The
¢eilings and walls of working chambers were planked with
3% x 12" sheathing well spiked and calked with oakum. Rach
spike was driven almost home ,then wrapped with oakum, then
completely drivem home ,the oakum preventing the air from
escap ing around spike hsad. Whan ths varticals wsre put in
place and fitted into shoe,two 4" X 5/8" x Qyis” long,
wrought steel straps were strapped around the cornsars of

the caissons anmd held by 3/4" x 1'-6" countersunk drift

bolts. 3
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This view shows a caisson being caulked.

The building and backgreund is the compressor plant, namsaly:"
two oompound Clayton Alr Compressors and throe boilers, alse a dyame,

which furnished ths light for the caissons.



To prevant the coiapsing of the walls of the cais-
song two cross frames used as buek braces ware made of 12"
x 12" timber. Two rows of 7/8" x 3'-5" bolts ware run
through walls alternately and fastened with bolts and wash-
ers to insure rigidi ty. Two 2" adjusting rods were placed
directly under each cross-frams serving as tie-rods to pre-
vent the bulging out of caissons. In the top course of the
deck a 12" x 12" was left out on each side of the canter,
the space resulting therefrom was filled with conerete in
order to formm a bettar footing' for mess of cancrete in crib
and also to form an arch for same.

Corners of cribs were connected by halved joints,
details of which are shown in plate 2. The ¢rib was tiasd
by a 12" x 12'%,besing dappad in every a lternate course and
their intersections drift-bolted.

In order to reduce the friction of caissons and
cribs during sinking the sides and ends of cribs were sheath
-agd with 2" x 12" yellow pine pnlanks lapping over top of
verticals of caissons and ext‘ending upwards breaking jdints
al terma tely. The top of c¢rib was built to an elevation
corrasponding to extreme low water slevation,being 246:8
above sea level. When the caisson wasg finally landed to
raquirad depth in shale and the mein body of pier was ready
to be emeretad it was necessary to provide the top of ecrib
with a movable cofferdam which was kept pumped dry with a

pulsome t=r, When the form of the pier was ¢ meretad

gufficiently above water the cofferdam wa;‘:_;ij-:}* emoved.
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Praming caisson 5 and placing shafting. Laying crib cour-
“ses and placihg airlock in position on caisson 5 9/22/'99,
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Doors and Shafts.

The caisson was provided with two ¢astiron shafts,
a main and a suvply shaft,raspectively 36" and 20" in diam-
etar,extending fran roof of woarking chamber to the top of
crib. The different sections of the shaft weré bolted to-
ge ther,a rubber gasket separating the same. The bottoms of
the two shafts ware providad with doors.provided also with
rubber gaskets on top of same,hinged by 1 1/8" x 1'-4" pirms
and locked with a key moving in and f’asltened by two vokes
in addition to a key—nut,securing the door and re king the
same air-tight. The min shaft was »nrovidad with an iro
ladder in each section of shafting. The sections of shaft
were «aight to ten feet in length.. The space around the
shaft where the same passes tiarough the timers was filled
with Portland cement grout with proportions of 1 to 2,also
the space around the frames of the‘ bottom doors which were
countersunk in the roof of caisson,was calked, The greatest
care possible was exercised to obtain "a practically perfect

air-tight" caisson.

Entrance to Working Chamber.

The entranece to the working chamber was grined by
means of an air lock as par plate l,provided with two doors,
upper and lower. This lock was fitted with an equalizer,
consisting of a pipe and valve attached to end of sam. The
pipe was so arranged as to extend benesath the partition P,

which is of solid metal 4" thick,upon which is hinged the

1dwer cast-iron door L.D.,provided with a key-nut to bring

5



it up hard against partition P befors gscape valve in upper
door U.D. is opened to allow the comnressed air in air-lock
to escape. The upper door is also a hinged castiron door.
The weight of each upper amd lower door is about three hun-

dred pounds.

Air-Loek. (Sse Plate 1.)

The air-lock consists of a wrought steel ¢ylinder
of 1/2" metal,four fset in diameter and ten feet in length
with the last two feet tapering down to fit the 3'-0" shaft.
The lock is provided with an iron ladder,two cast-iron
doors {upper and lower),one escape valve in upper door,and
one equalizer consisting of a 3/4" nipe run through lowsr
rartition P from upper part of air-lock,connected up inside
of the lock. The toi) of lock consists of a solid ne tal
collar-like partition P,lower side countersunk so as to

allow rubber gasket of upper door to fit tight aga inst sama.

Method of Operating Air-lock.

After lock is placed in position on main shaft air
is suvplisd to caisson by mzans of a four inech air pipe run
to caisson as shown in plata 1. This necessitates the
closing of the lower door of the air-lock,also the bottom
door B of the supply shaft. The caisson is now ready for
operation. In arder to opsrate the air-lock during sinking
it is necessary to have two lock men or tenders,viziinner
and outer loek tender. It is the duty of the imer lock
tender to be evar at his post to anaswer all calls and sig-

nals from outside,open ad close the inner door,and operate



qhese views show clayhoist and airlock opperated on the arihs
The elay-hoist, in lowsr pictura, is shown in action, the buckst:

having just been emptied. In the above picture, the one on the laft
is the clay~hoist, and next to it the airloask- The conditions ars

Just the reverse in lowar pilatura.



This pietura showa the® GlBy—hOiSt in Dp"?atian-

The door has just besn opened and bucket amptied.



This pileture shows *Sandhogs* Taentering air-lock.

In the background is shown the north trostls approach of tha |
— 0ld bridgn.



the equalizers fron within. The dutiss of the outer lock

tender are such as the closing of the outer door by means
of a pulleﬁ,it being a very heavy door ,answering all calls
and signals fromwithin,attend ing to the discharge pipes,
viz! cleaning them out in case they get clogged up and

changing the position of the "goose-neck" outlets of same.

The signals usad are a sort of mechanical telegraph,
certain numbers of rans signifying certain things,suwh as
five raps meaning the admission to or demission from air-
lock &8 desired,two raps to take up the bucket in clay
hoist,thrse raps to equalize it back again,six raps meaning
less air and seven raps meaning more air,eight raps meaning
danger,to leave a abandon chambsr at oncs. When sand
pumps are used one and four raps signify starting énd shut-
ting off of pumps. These signals are nearly the same as
used by all "sand~hogs" this ¢ aantry over.

The caisson supplied with air and bottom door of
supply shaft B (see Plate 1) being shut and ﬁept shut (until
caisson has been sunk fo the required depth in bed-rock,it
is nacessary now to use clay hoist or "go-devil" as it is
moré familiarly called by the sand-hqg‘fraternity,to hoi st
the broked bed rock out of caisson) the upper door of air-
lock being pulled up tight and held in place by compressad
air,sverything is ready for work.

To gpin admission to working chambar as herestofore
ﬁentioned,five raps are given,the imner lock tender responig
ing by a like number. The la tter then pulls ﬁp the lower
door of air-lock L D (see plate 1) by means of a pulley,and

holds it seeurely in place ,by means af a .key—-nut attached
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to the door. After lower doa is up he opens squalize®t in
upper door allowing compressed air to esgéape. When the
pressur: in the lock has finally become normal the. upper
door drops open. After decending in the air lock the upper
door is again pullasd up and secured by key-nut. The escaps
valve in upper door is closed and valve of lowsr equalizer
is opened allowing compressed air to enter int lock through
the pipe ruming thr cugh lowsr partition P. When the air
from caisson has fimally equélized that of the lock the
lower door L D falls open allowing entrance to the caisson

by decending the ladder provided in main shaft.

Method of Operation of Clay Hoist.

When bed-r@ck is rsached,or when a s tratum of mater-
jal is reached the material of which will not pass through
the di scharge pipes readily,the clay hoist is bolted on the
top section of the supply shaft. The means of operating the
clay hoist ars ths same as those of ths air lock,viz:equal-
izars and doors as p‘er' plate 1.

The bucket is filled with material of bed rock and
is ready to be hoisted. The buckets used are eylinders of
medium steel of 3/8" metal 18"lin diametsr and 36" high.
There are usually two required,mamely,one being filled while
th: other is being hoisted and emptied.

When bucket is filled the men strike two heavy raps

with a maul on the suspermded lower door P of the supply
shafty This is the sigml to "hoist tender" to raise bucket

by mans of a single-drum hoisting engine. When the bucke t

8



has reached the top of the clay hoist the uppar door is
closed by means of a lever with a counter-balance wei ght W
to oren and close it with ease. The comress=d air is cut
and
off bya wlve D after the uppar door is closed the air is
allowed to mass out of the axtrust cock C,the air when es-
caped allowing thz outer door of the hoist to swing op2n
when ths pressure in the hoist is equalized back to the
normal pressure. The contents of the bucket are then wasted
out upon a chute.

The intervals of time between the dumping of two
consecutive buckets avaraged about 3 1/2 minutes for the
average depth of 54 feet from clay hoist to bed rock. The
vardage in each bucket was 0.196 cubic yards ar about 3.36
cubie yards psr hour.

The bucket is then replaced in clay-hocist,the outer
door clossd,also the exhaust cock C,the compressed air is
allowaed to pass into the clay-hoist through the lower cock

D. When the prassure of the air in the clay-~hoist les
equalized that of the caisson the door can then bs opened
by means of a lever with a counter-weight W attached. Upon
thhe ovening of the door the bucket is lowered down the

.shaft to the caisson to be agin refilled.



Platforms to Lower Caissons into the River.

At the time of the c ommencement of the buildi ng of
the caissons the river was low enough to allow ths caissons
of pisrs 2,5 and 6 to be built on the sand bars then formed.
Caissons of piers 1 and 7 were built on the shore. Piers
3 ard 4,being river piers,it was necessarvy to-build the
caissorns of same on platforms,then to be lowered into the
river af terwards by means of screws;

Platforms: Eight 12" diameter piles ware driven on
eacﬁftof and 18" from caisson line and cappsd with 12" x 12"
timbers 38 feet long,fastensd to piles by 3/4-" drift bolts.
Upon thase caps 12" x 12" timbers 26 feet long ware placed
loose,crosswise ,and spaced about 13" centers. The cutting
edge was then bolted toge ther in proper position upon the
platform and the building of caissons was then commenced on
this pla tform as per plans and 2s previously s2xplaired.

The sc¢rews used to lower the caisson at the com-
pleti on;fx'an the platform to the river bed,were of machine
e de threadé, 3/32" in thicknsss,the diameter of the threads
being four inches.

A three inch rod wa‘s then run up bz tween the second
and third course of wall with a 14" diametsr cast washer and
nu t threé inches thick,bearing up aga inst bottom of thsse
courses as shown in plate 3. This rod was run up thr ough
these courses and ¢ oupled to the 4" screws by means of a
clevis or sleeve nut. The following plate 3 shows the

menner in which the foregoing was executed.

10
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View showa men driving piles for the lowsring platform fTor

calsson 3 and 4 -

Those fTor calsson 4 arse driven in the distance-
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Caisson 4 lowered on river bhad.



Concreting the Piers.

The cement used was Hemmoor Portlang ¢cemant ,which
was indeed a most satigfs ctory brand. It easily satisfiad
the foll owing speci fiecations,viz:"it shall be ground so fine
that at least 97% in weight will rass a standard sieve of
5000 meshes per square Inch,and at least 90 7 will pass a
10000 mesh par Square inch. When moulded neat into Brick-
etts and exposed three hours or until set in air and the
reminder of 24 hows in water,it shall develope a tensile
Strength of from 100 to 250 pounds psr square inch. When
moulded neat into bricketts after exposure of one day in
air amd six days in water it shall develope a tensile
strength of from 280 to 500 pounds psr square ine h,and after
gxposure of one day in air and 27 days in water it shall
develope a telsile strength of 400 to 600 pounds vner square
inch. It shall be an eminently %low-sc tting cement. Whep
rmouldsd neat into pats with thin edges and either left on
glass o not,to set in water said edges must show no signs ¢
of cheeking.

Brisketts mixed in the proportion by weight,one
part cement to three parts sand,kept one day in air an//‘
remeining time in water shall show a tensile s trength{ cf

100 to 150 pounds per square inch after seven d.ays,and
from 150 to 250 pounds per square inch aft;;;}'r 28 days. The
contractor shall provide & suitable bui]',@éing for storing

13

.1' . "
¢ement in which the sams must be placed,j bafore baing testedt

!
f

interior concrete for

Preparation of concrete: The}
propor tions,

all piers was mixed in the following

11



"1l part Portland cement,

3 parts clean c carse sharp sand,

5 parts broken stone to pass a 2 1/2 " iron ring."

The exterior six inches of 2all faces of piers which
are exposed to the atmosphere or water are to be buiit of
small broken stona concrete,carried up simultaneously with
the tacking,the propartion by volume being,

"1 part of Portland cement,

2 1/2 parts of clean coarse sharp sand and

3 parts of lard broken stonse small enough to pass

through a 3/4" iron ring."

This concrete is to be tamped solidly aga inst the
timber forms so that there will be no voids an the exterior
surface,which is to be left permanently as it comes from
the moulds.

The stone was c¢lean and free fromall dirt and duset,
and sound f)ard rock wxs approvesd by the engineer. The sand
and cement was mixed dry,then sufficient clean water was
added, then the mortar thoroughly mixed,af tor which the
broken stone was added. The stone was thoroughly drenched
with clean water before it was mixed with the mortar.' All
ingredients were deternined by volume. The comcrete was
then mixed with shovels instead of with machinery. The
amountv o:ﬁ’ water added was just enough that when the concrete
was tamped the water oozed thr ough the surface. All con-
créte was thoroughly rammed in layers not gxceeding nine

inches in thickness.

12
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Timber Forms for Piers. (see piate 4.)

Suitable foms of timbars were provided to give the
construc tions the dimensions and finish shown on the draw-
ings. Carg was taken to meke all forms strong enough to
r2sist the ramming of the conerste without bulging out or
in any way changing their positions. No forms were removed
until after concrete deposited therein had stood 36 hours,
or as much as the engineer dsemed necesgary. In case of
any of the surfacss of concrete drying or hardening during
construc tion, they ware all swept thoroughly c¢lsan with
brooms ,then wetted thoroughly with ¢laean water soa perfeet
compact between the o0ld and new work was made ,and thus
insuwring that ths ¢ oncrete was truely monolithic. .The
farming of suceh dry surfeces was,however ,always pre'vented‘

when practicable.

Sealing or Concreting the Working Chamber
of Caisson. (plate 1).

When ready for the sealing to begin clay hoist was
left on the supply shaft as it was used for hauling ait the
shale while penetrating the same. A platform was built on
the level of the bottom of the outer door of clay-hoist,to
dump the sonerete for the working chamber. The c¢oncrete
was deposited there by msans of a box attached to a derrick
line or by means of wheel barrows. As soen as all was
ready for the shoveling concrete down the supply sktaft the
signal was given to close the bottom door B of supply shaft

in work ing chamber. Then the lower door in clay hoist with

18



counter weight W was taken out entirely and replaced by a
wooden fumel about 14 inches square and four feet long.
The middle door now being out altoge ther and outer door of
clay hoist bzing open the key in bottom door B was tzken
out (for the ppessure of air in caisson kept the door in
place even when concrate was dropped upon it) and all was
ready to receive concrete on the bottom door B thrown in
fran above. When the whole batch of conerete was thrown in
funnel down the shaft on bottom door B,outer door of clay
hoist was closed and air valve D was turnsd on to allow
compressed 2ir entrance into c¢lay hoist. When compressed
air had equalized the prassure in supply s'2ft the bottom
door B with mass of conecrete on top of it (usually a bateh
contain=d a cubic yard of caerete) suddenly swung open and
conerete was thus deposited on the floor of the working
chember. The door was thoroughly cleanzd with a ¢ loth,care
being taken that the rubber gasket on door was free from any
material to prevent it from being perfectly air-tight when
closed, two raps were given and bottom door B swung shut,
and secured by key until signal was answered from abowe:,wh it
was to open the exhaust cock C,thus allowing the pressure in
shaft to a2gain basc ane normel ,allowing the outer door to
swing open and sgeuring bottom door B and allowing same per-
formance to be repeated. The concrete in working cha mber
was shoveled in place by the gsand-hogs and tamped amd all
was made ready to receive the next batch. The averags
length of time for sea ling the working chanmbers was 26
hours. As moras concrete was throWpl: in the chanber the

14



Concrating the form of pier 2.

Conerete is raissd by means of a holsting engine, oparating

a wooden box containing about one cubie vard of gonereta.
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This viaw shows the first high water we had to contond with

10/30/'99. The total raise was twelve feet. The gaps shown in

iram-way was caused by 4drift tearing out the same.

Caisson 3 can b sren in the distance. This caisaon was

lowersd in the river by screws Just a Tew days previous. .

ghe crushed form of pier 5§ can be seen in the fora-ground,

also the clay-hoist just out of the water at pisr 4.




Men conersting north abetment's form.

Foundation for sams was carried down t© & hard stratum of

clay sight feet below the surface of the ground.



This view shows river just bhefore tha second rise 11/16/'99.

The forms for piers § and 5 reppoctively are shown in the distanc®

This shows river ten faet high, also a mass of drift held

in front of form of pier 5,
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Rivers final raise, showing it at its highest, being a twenty

~one foot railss.
Forms wore all swept away,

The old bridge in the distance.



Divar and eutfit on derrick-boat.

Diver poing under water to unholt clay~hoist off of shaft,
which is in danger of heinpg swept away by high water.

'



smaller the space would bascomg and the longer it would take

to disnpense with a ba teh.

Rate of Sinking.
The following plate 5 shows the rate of sinking the
di fferent piers. All elsgvations referrdd to are those of
the eutting edge. The genzral average depth of all piers
sunk to shale or bed roeck in one day was three feet, The
average depth for single piers was as follows;

For pierg 1 = 2.68 ft.excluding penetration in shale

moor 2 ¥ 1,94 " " .o
woow =z =4.08" mow ww
"oow 4= 2.85 " " " noow
Woowe 5 = 5.49 " " moow
m owe g = 3.88" " noow o w
woo 7 =3.08" " " "o

The greatest depth for any one pier for any one day
was six feet. The penetration of shale is not figur ed for
it varied in diffsrent caissons,owing to the varying hrd-
ne ss of the skele. Whenever suitable lmrdngss was fard
sinking was stopped and the floor prepared for sealing up

of the cais son',by ¢l saning off of mud and foreign substance

so as to prepare it for the concrete to sseal up the wor king

chambar.
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Method of Locating the Position of a
Caisson During Sinking.

It has besn my expsrience that so many pgraduates of
civil engineering that enter i1 field of bridge engineering
have not the slightest idea how to get at ths method of
locating the position of a pneumatic caisson or cofferdam
during sinking. This most important feature of substructure
work in bridge engineering should have the attention of
those graduates a2bout to ambark upon this work.as many a
gradua te that enters the service of a resident bridge engin-
gar is somatimes called upon to perform this work during
the latter's temporary absence. For this reason I have

worked out the following scheme of the m=athod abova describ-

ed.




N.B. The subseripts indicate 2 direction perpendicular
to the plane corresponding to the lettsr of Lie subsecript.

In the accompanying diagram lat X X and Y Y be two
co-ordinate vertical planes,the former on the bridge tangeﬁt
and the latter at right angles thereto,and containing the
up and down stream axis B A C of ths caisson; if.the verti-
cal axis of symmetry of thzs lattsr pass3s through the point
A,

D, E, Fand G are the corrsct positions of the fawrr
cornars of the crib or caisson. Let the position of the
tcp rectangle of the cerip at any time during sinking be
indicated by the primed lettzrs,and that of th2 bottom at
the same time by the lsttars markad secords.

The field work consists of the running in of the
lines X X and Y Y,finding their intersections with the
edges of the erib,thus locating B' and C' and determining
their distances from the co-ordinate axes,and taking levels
of the top of the crib at the f aar corners.

It is understood that thz vartical distances from
bottom to top at the four comners have been msasuwred,marked
on the timbar,and recorded in the note book,so that if the
top surface of the crib is not truly parallel to the bottom
surface of the caisson,the elevations of the f our cornsers

can ﬁe corrected accordingly.

Let bgoequal perpendicular distance off B' from X X

L e [ ] " ﬁ " c' " x X
-

" a, n " " n A' U] XX

" bg’ L] " " ;9 B' w o Y'Y
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Let cﬁequal perpendicular distance of C' fromY Y
n a“f ” " L ] " A' ” Y Y
Let h " Theight from bottom of caisson to top of

erib.
Let 1 equal length of crib ( F G or D §)
Let w " width o erib ( D For EG .)

Let e equal corrected elevation of corner D'

-
(%

Let ggequal carrected elsvation of corner
Let ¢ equal corrected e2levation of corner F'
Let eqequal correctad elevation of corner G'

Let e,equal the msan of ¢ e, e;

; and. es

Then b, - apé c.+ a){.aybfi 1/2 ( b,- ¢, ) ( eq. 1)
byt 8,= ey - ay..t ayt 1/2 (e~ by) ( Eq.2)
Equasions 1 and 2 locate the position of the noint

A' in respasct to ths co-~ordinate planes.

The amount that any pronerly vertical line in
either of the faces D' F' or B' G' or in any naral lel plane
of the erib and caisson is out of vposition in said plane
between top and bottom r>:sured horizoenta lly is

( e - ed)'bvv“ “or ( e - e ) h/w but as the lines
D' T ard R' G' arz very slightly divergent fran the plane
X X ,no error of consequence v.r‘i]l be involved by assuming
that this variation is parallel to X X,thsrefore the dis-
tance parallel to X X between the projections of A' and A"
on any horizontal plane is ;

x = ( g-~- e, ) h/w equal ( e - §g) h/w ( Eq.3).

Similarly the distance paralel to Y Y between the
projsctions of A' énd A* on any horizontal plane is,

18



y : (e~ e.) h/l/: (e - e, ) n/f (Bq.4).

The coordinat:eé'of A* in relation to X Xand Y Y
will therefore be,

x" = ay<+ x (Eq.5)
and A a,+y (Eq.6)

The corrected heights of the four corrers above and

below a horizontal méan plane are respsctively,

Vo = ed; e... (Bq.7)
Ve = 0_.- €. (BEq.8)
\Z) = €4~ € (Eq.9)
Vq = 8y~ 8w (Eq.10)

The amount that thex c:rib has bwen rotatsd about a -
vertical axis is measured by the sine of the angle of incli-
nation of the line D' E' to the line D B aor

sin @ = ( Cy- ay) + E/z (BEq.11)

The data to be given dailvy to ths contrac tor are
as follors,

lst¢ How much too far north or south the point A'is.

2nd How much too far east or west the point A' is.

3d How much too far north or south the point A“is.

'4th How much too far east or west the point A" is.

5th How much each of the foxr cornsrs is high o

low above the msan plane.

6th How much the crib is rotated about its vertical

axis,and in which di rection is the rotation.

This infarmation is given respzetively by equasioné

1,2,5,6 ( 7,8}9,and 10) ard 11.

In case that the points B' and C' both lie on the

gsame side of the Y Y the sign of b
19

%in equasion 2 would of



Pier 6 squals 496.967 Cubic yards.
Tt 431.991 7 "
Total, 2768.626.
The total cost of the seven pizrs was $110.000,00
Respaectfully submitted,

,’/ L ,;f;?
% il i Jof Ml

Rasident Bngirdeer off Red River
Bridgs on Kansas City South-
arn Railway.
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the several pisras-

In the foreground thers can be Seen & pile of drift ._: 1sft by

the last high water. 11/16/'99.

"




Goneral view looking north. I0/19/'99.



11 /21 /499.

General view looking south three dayas b=fore high watar.

New bridge site i3 to the right and old bridge to the lafy.

e —



Gomaral viaw looking north. 2/13/1900.

The form of south abutmant is shown in ths fore-ground,
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