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S2TCIFICLTIOILS
for
DESIGIH
of a relaforoced concrete bridge over Crand Diver
anld 1, 7.Cellenie 8t Inlananoo Street,
LLANSIVG,ITICIHIIGADN,
JLANUALAZY 1924
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1, The desi™ ghall provide for :
(2), Doy = 25 fect from eurb to curb,
(b)e Tvo oi”0vmlln = 7 foet froa eurb to incide o2 ruil,
(e¢), D211y 0 eacty 8tle = 'l Wi,
e desi~i gh2ll provide for the base for thc
paveeant over thie extire lens~th of the brid e
allovria~ 2 for thwe tod surfube.
¢e Clearance,
At least 12 fret veriienl cleararce rmust be allowed
from top of rail over tie I, Y,C, tracks and six

Pect side ecleararce fron the ril,
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2.(2)e Zeod Tonly
The dead loals sl:1211 coxngist of the conuted
vel-lit of the rmaterial uscd ia thie consiruction,

In detornining vel -lits the follovinz wiites vwill be uscd:

Taveaent ( izelulins base) 122 #/en. Tt
Zeluforced coitercte 37 "/eu, Lt,
Tarth: TM11 1727/ cu, Tt,
Cravel anld Zroloen Stone 1570 #/eu, ft,

(bYe Live T2

“ilcuever of %l

O
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in lilve loads as will

&lve 2nximam stresces,

Tlotor Trucism of the folloviius dimensions ead

velshts,occupyinzg es rmich of the roadvay as is

necescary for maximra strcoses @

Total weisit 47,200 1bs,
wels1t on rear axle ARV
Distance between axvlces 12 £%,
11341 of tread of reoor vaecls ~4 iaches
Distance berrern ceiters of
reoy wiccls o Tt
Toadvay ennce oceun ied, il 10 £t
w " " plcitiy 73 It

De HrlTomaly Piatriiy

Sune 'mmdred forty(147) powils rer so,foot






The sbove uniform live loading may be assumed to ocec-
upy all or such portious of tiue roadwny area not occupled
by the motor truck loading as is nceessary for maxi-rm

stresses,

mr— M'r*'ﬁ L MTTTY
o &= =

Stresces due to an averare tenperature varisition of
(S derrees slall be provided for , Vien tencernturc strcsses
are added to dead aud live load strecses the allovable unit
stress may be iicreased 25 ¢,
4, IT20C07

For coaecvete arciies with enondrel fillinz of oae foot or
more no allowauce for innact,

0a concrete slabs,sirders and open gpandrel arcies
allow 257,
S 2Tl 0P CoeT T IOS DT thronsh BN TITTS .

Councecuntrated loads on earth £illing two feet or more

In depth shall be assuned to be uniforily distribtuted over
al arez {hie side of wiiieir is enual to tiie width of tie

coicentrated load plus tiie depth of the £illing,

Unit svresses 8.1all not excecd tiie values givew 1a the

followiny t.0le Por the elass of concrete indilcated:

Clasg &4 Coitercte 11 :3 mix c5°0:/81,1in,
no3 u 1:2 ¢ n Justrymoom
C " 1:77:5 ¢ 100
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Touwnlg prx grunze dneh

Concrete in eripression 230 659 5173
( fexxural stress)
Bearina on enuerete (wiere
surfice vileh load 1is
applied 13 at least two
tiaes the loaded arca) €75 729

1
AN
.

Axial Corapression
(a) For concexntric ¢o1-
rresslion on a plain eone
crete rier,tie lensth of
viilen does not exceed 4
tines tiie least latero
Simeniglon or ol a coluid
reinforced vita lon -itul-
inal bars only tihe len~tn
of witiell Coes not eveeced
12 tives %ie lecant lot-
ercl Cincasio:r 559 459 5C

(V) Colu g with lon7e

tulinal reinforcerient

to the extent of not leas

tiiam 177,and not more thon

45 and witn lat-ral ties

of not less than i in

dianeter,1’" arart,nor

nore tnn 15 uilﬂﬂ,nr

of the lon-ituci.ol bar, 550 450

‘J\'
\A
[ S

(¢) Colums relaforreced

witl: not lesc tlna 14

and not more than 4%

of lougltudliral bars

aud with clirecu’ar uooms

or spir-1w not less than

1% of the voluwe of the

concrete viose len~th

is lesg twmn 10 $1aes tie

least 1atersl diacnsion 257 592

\
4>
uJ

Siiear, used &y cciisare of
ﬂizroaal tensioir,on
plaia ccicrete scctions 52 &0

4
it

3981

Siear,used a a mcengure of 5%
diagzonel tension,on secte
lous fully rc'u;orced Tor
dlac roal te:nsion in excess
of that allowed ou plain
colcrete

o)
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D
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L2200 gogoran

A o C

ods pex stunrye in,

Punciingy Shear 150 120 95
£onl on plain bars b Kolo) ) 65
Lond on deformed bars 125 179 g2
Fatlo of Tolull of Masticity

of steel to corcretc™an 12 15 15
Concrete in tenscion 0 0 0
Steel in teasion 15,20 #/ sq,.in,

Steel 1n comypression{wiere
inmbedled 1a conecrete) is "n"
times the stress ia surrou:diny
concrete and in no case siiould exceed 16,000 #/gq.in.

7 [aKa TITIWIAN T T
[ ] TPV

Tie following soil pressure suall not be excecled
Clay 4 touns per Bo.ft,
Cravel & Sand 5 n w L

Pilinz mny be renuireld



(a)."ﬁe bottom of the footings for the abutents and
plers in the river 81311 not be Li-fier t'iun elevution 9C°7,

For an arch brilge plers and abtutaents p:8l1l be care
ried to rock; I? in the opinion of tue desimmer 1t is safe
to cut off tlese foundatious at 8 higher elevation,tle
contractor may put in his bid providcd these footiigs are
carried only to & certain elevation,but in nc eveirt hilglier
than elevation 92,007,

(b);For tiat part of tlie Dridze east of tie river tie

footinza 81811 be earriel to the £ollowing elevations:

Tiver to Sta; =59 M. 123,90
Sta, 2=00 to =52 115,30
1-59 2=00 117.90
10" 1=50 183,00
050 1-00 02,00

Tle ceunter line of the plers and abutments £hall follow
approximately the line of the river at tihis point,
10, LI SR VA
26010 sr, £t. of clear vater vy sholl be provided below
elevation 117,00 and at right angles to the flow of the

streanm,
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The last f1lfty years of our industrial axd comaerclal
developaent hag vorked wonderg,s0 to spnealr,in tic prove
len of trailsnort tioA.;l*s develor1eut has go cihunrel the
standard of living ard industrisal netiiods that tiotor cars
a1 truci have cone,perinps,to stay, As tiacse veliicles
have been introduced our hi-iwmys,streets,cnd bridges
have been sulbjected to co.ditious entirely diflcrent Trom
t2ose under wilelr they were dcsigned. WWith thls cituntion
at hand the states tarcuziout the netion iwwe tried,unot
to sotlier the movement for more mo’eor veliicle tiraxnsporte
ation,but,to elcoura~c it by improving the public hijlivays,
The improv..ent of tiie highvays hus lagged beuind the ime
provonent of the motor vehicle because,until rceeitly,the
autorovile lias been looked at as an experiacnt, Siace tle
number of uoter velrfcles have steadlly lucrcacsel 14 the
loads hauled oa truecls ‘erecased 1n velghit 1t becoics nec-
escary to re:lace tie highwrys,strcets,and oriiges ol yele
teriay vith structures that will solely withetoidl the loade
ing of prescut dny trafiic, It is for this reason tiat
the City of Tanging,Ziehirsn has exn extensive iaprowvient
progeran ecch year., In tiuils prozroa there 1s lacluleld uny
niles of pavenciat.leslde tlie paveaent scveral bridges are
beinz bullt, In 1271 a reiurorced concrete brlidigce % ITin
St, a:d Crwl Idver vas bullt end in 1522 a drilge axd
grade crossing at Shievascéd St, exnd the river vas c.uaplete

el, & thrce gpan arch bridze is now belus coastructied at



,
Seymour St, and Crand Niver, The tride end grode crossing
at I L1;aa~oo St and tie river as been designed bot not
built,Flans are under vay for a new gtructure &t the Iiver
€t. river Juuctlion,Other struetures ave belnr consiiered
but plans ore not yct w.ler vay,.

The preseant bridee ot mlamazoo St, 15 & sinsle chan
bowstring truss hovinz a pren of 214 feet and & heigub
at tie ccater of 24 fcet, It s bullt et lichian Ave;
avbout 57 yeurs aro and later movel to its prescut site,
It vas ouce floated away duriziz a £lood and asain moved
to its prescut site. As it now stands 14 1s epprozimately
at ri~it angles to the line of flow of tuc river wiiea
made 1t necessary to clir.ize the cirection of tie sirect,
This vas doae Ly makinz aa anproici froa River St Tuis
arrangsenent 1s very unsatisfctory due to the abrapt tura
on to Tiver St; The brid~ze 1tsgelf due to 1ts ace and tle
trcffic to which 1t 13 subjected has become entirely ine
adequate and uasafe, The above facts are & few tuat assiste
ed in conviueinr the eclty authorities tiat a new brelyg
vas neeledl at Inlomanoo St,

Ia looling alend to the new etructure,tie first ob -
stacle wos the I7,Y,C..Reon tae east slde of the river,
A new bril e &t tils point would atirmict more trulfic
and eince tie tr.f71ic at o bridre is Lizhly concexatrated
a8 rilroad eroos’ng vould cause scrious delay, Tie oaly
feasible vay to avoid suclh & e¢oadition was to male 1t aa
over.eid crosasing, The next cozdition to be enisidered
vug tie dnd of sdil on wi:lch the fourdations were to be

placed,



It vos found by test holes thiat there vere scverel strata
of sund,el y,enl cmayel tie total deptu auncuntiilsy Lo 45
feet o1 both slles of tie river, Thig condition male an
arell bridge impossitle froa the financlal sitandpoint glace
conservative lesirmoss reruwire thzt the arch hove a rock
founliztion o Tiie posslbility o2 a s1lab brigze 1as elinine
. ated beowuse of the lony rnang necessery aiald aiso froa
the avpcarance such a structure prcsents, The type not
yet considered but the one wnich proved to be tle most
econonical from every polnt of view is the ezatilever,
First,it has au appenrance erunl to that of tihe arch,
Second, 1t does not rerulre risid foundations since tae

load is applie! to the fownistion vertieally,
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Detainin - V2l
Dinecusionss
thie v11)

Qi ed of

( £11 Qincasion

g are reierred to tlue

coiieing of steel

zgt enl to 171-57 Zelaloreln rols smaccd o7
117 1257 to 35 L P " ] " 97"
35%1-0" to farasT " ' ' 1°n

Seetio 1152 o2 ovase (D) ceint ()

Srenn To 0 PRt

R Pk ’.’6' :‘:_;1
1010 L0 A
051.0" Ze07 11,527
32167 G.5:7" 11,33
76"""" 6043' 13075'
4?'-:’,)" 6.35' 1«..!4)'
SCrazn €250 JeC 5"
54 1.°n 6.17' 9. -
Garaln 5,077 T eUT

Velrht of rorth retained is 170 4/ cu.zt.

For the atem of a re

ve

the follovinz Forava: I

f 2 factor of 1linitiot
w'e eouivalent liquid

hys hels:t cbove base

e

talniny vill ool .

s D! »-1 cos e

«.,)

-
-

Pe 5 /

0
o1l

welsn

=n+le tie tarust mules with tiie horizontal

1.

» JOlLinail reco 1iead
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e Loans'ar Tiednecrs hrougy comnutation and cipere-

fernce vith locol s0il hove coxncludcd that the above cxrrecse

o - 4 - ;
ion m'y Le represcntel by ¢ T3 1w kY oy Sy 3
P R - -
5 ¢ J L

Ziey assuue thie thirast to aet horizoantal wilcu proluces &
7

svertor o Cince geverl gim’lur volls Live Lol &oe

[
structed in the city of Iausing mnler the cane asoun. tlor
exd have provel satisuetory,it 1s esafe to use tic abvove

caults 1n the aialyclis of the presont structurc,

Ceation 'l ™

- #
- - . 'v,.) - - - ~ e 2]
e iz = D A - Coclu !
L B
LI ‘u
7.1 S

/747 vods saced 6" hoave an ared of ,00 Bill.lile

- hid - AN . » ~ NN ey L
fS ® —— - l_:_._.__x,,?-q?. i :.J *- DRI -Gl -
"-s j‘:— ° K o+ X13 d Decw [7

o] -~ .
Ta'T/ pdc = 1727 -1 = 1.°C

Tatering diaswun 2 p, Z0) with 1210 el £g 8 15000
Teo =1753°0# Iigh for clesy B coulewrbe

Scetloa §'=I7

Po® A1zl e .
o) X o4 x1T = T, LRI

10s LAz = 111
15 o
Teom 4l O r. 30

-

Sectioa 17 ta"" 3747 round rod 3 el D

- ~ - o ’ -
..I : J. —d e > 11 Li . \J.J«I\ ' "
1 -
- [0 TR PPN Qs - L N -1 1. 2 R R AT |
fs - e L v I - e gls a7 11l Tl L0 SUCld
: i -
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The polut ot vilch tie ctecel 13 not over sive reld,

1
TSwin /1T 3rys13 1/ w213 x 8200 /2 1out 2128

a)
1]
~
4
-
]
"
e
PaY
N )

1
23
(&}
e
o
b:l
']
N
&

fo « 429 #

-~ -

Slne2 the hel 1t of the vnll is becolllis less 1% 1o sal

T

for tie rerinder of Ui peocbinm v ie 97 spaeliis,

-y ~

Seetion 3517 Sonelng of bows LT

hid - ~ - Pl n - - ~ s
NS AN M TLAT0 3 or14n v
f. 2 53.°° >~ 37
13} -‘.u-"a-:.--;...p:.-—-.—..- - . ” -
R e B . N~ Il B . Tley 1D
P Stata 4 X ° 1.2 L - 1 Y i R C
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e reminder of thie v211 is gafe siiice Ll saciin

gtcel is conataut ¢d the el 7t 1s Jcece.nnicg,



el Kada B el od ) [eah . BRa AR bl BERLARI b
FUSSUG FUTNY W' [P U TR SR I R SRR |

Section of vall b wesy enl,

~esltant folls witihi'n $ie mid le (iiiyd therefore snile
a:inst overtwnin~, o tie londs & sliovn in tie dicse
ram the total veritiesl precz-ure is 570707/ £, wilel for
a8 7' bise is 2% 7/ sq.f;. L1Yovile 801l presaure on
elay vories iro: 1 to 4 tng mirdiwya and our moaximun
pressure 18 oal;s 070 Flhenoe thie soll vwill stand vaderw
tihe wall,

Assuniaz the unlt preasure at tiie heel ecuil to

zero , thie w.lt prescure at tie toe 3 2N/ A S 11D/
2 1970 ¥/ nq. ft, ot toe

S8 eAatlre

Tiis will Le talkead astlie uait rressure on
toe,

Siaear slons plave IR = 2717 / 143 S 20 v/ sql.la,

Safe £1lo0vmble 5507

Yt; of e.rt: above heel 5375 /f5, & v, of heel (1%Lt
S 5010 /Pte total presgure oa heel,
VA @ vealbl™) /7 1lid 8 43 2 vhiel 18 chove tiie &llov:ild
for vlain eoiicrete TLut vhien thorow:ly reiaforced muy go
ag iy lol®
wénicnt et thiat seetion 2 x (U033 S 12000

ecl syacel 17" for first 13!

H
"

134 « 17 S 10377 4 mafe,

s S av_..-—.-

-~
.L./c.. X -v1‘+ :\ 1:



A\

=124 P 50 " Safe
Tot11l pressire on toe 2I°0°

[a
Z 2 1/03° 3 30

£, 2 oo xan S 2330 # safe,
1./: x'.u;""f X 1

fo [ J ‘-‘-:“ # IOW.

ue (o007 = 1°7J7ish for plain bars,cafe for
T %X .74 X 12 ) deforicd bLrs,.

Secticzn 150" Tose widthyr - 6.7

Slenr alon:: scetin 12 = 805/ 141 2 15,45/ 50014

S ecar aloasg vertiecal plane thira R
Tressare on heel @ 3,7 x 1 x 1 x 130 x 11,5 = 450"
4782 7/ 144 8 20" /caia, S fe

4250 x 2 2 85,7 £ morent o?f lLicel prorgsure,

-

~ ~ - - o~

Pg 8 22X 17 =12 320 # Sofe,
ov - X o-i. ¥ 10

~r - L - mortee

i - . D fo - 50 T

e toce is of econutunt len~btia therefore the sane moncut

&3 in otlwer sectiong = tee
fg = 2 x X = 5700+ Low
o X o-14 x 1u -

N = Py fc - 250 #
Ccetlon 3.'aC"

? = 1580 #
Shear alon - IR 15220 /7 144 S 11,1 # onfe
Tresgure cu licel 17,75 X1 X 3,45 x 120 @ 3770

Tt 144 2 25,8 " cafe Vertieal siear taru R

-

ot at TS 2 x 7Y o® 145G

fq = 7800 x 1A S 15 420 % S.Te
o X qufd X 1D
w = __Z72 - = 175 # 4 Zor plaia

Lel X o.74 x 10 bars.
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Jinee th.e chiort s o is ansured to tuke all the lo &,

T =155 (7.5 & 1555/ 2 x 1525 ) =3 x 155 = 4LI5 '/

Tead Yoad moment 171> w 1°

2 1/10 x 132 x 7T x 1

s 437 12
Totzl o b = 5.5 1
d =
-~ - 8] . - -
- ! D - o .4‘ ‘-Ctn L" - - '
fs = =15 97" & Sfe
LS e 113 £, = 050 lalv
PSSR
Ciace tlie €12b 2.4 beans are Lullt moxolitilelly Toce

.

bewa astt n el be cxpeeted,in whieh b = o suua,

ror coutinuous or vreotreoined beung built mouolititieally

into suprortn,tice lon~th of span moy be tuliea as the clear

dlstance bevwecn faces of surnorts, ool & Jolmisoil p,.318
Sean 3, Ceater 1= =20 d=721.,75" b = 34
5
Tead loald - Slab = 1320 /2%,
Le.m = a5 0
cL9o o

T 2110w 1t S 1/10 x 0075 % 30 x 33 = 205,000 1
Taifox live loud o% 1450 /2%,
M2 1/10 x 1470 x 3 x 33 S 106,700 wE

Tot:1l nomert - 331£¢‘T'@

AU ISR C PNt LI |
() () () { (o

6 - 5%%%

J =

p =Lg/ b



J = 034
c nj_s.s * btj
e = 2,76 Therefore cace II
2 n.'-.s ¢ bt :
k 3,397
£, =21 s 32y ") <10 = 12,470 # Safe
8 Lgil 57 o] X ou34 X 21, 75 ’
Same beun uAder actioa of tihe “ruck load
b = Yo'y a4 B Q1.15u; “S - 1'.7 b = 56 n

Tae tracl load cccurnies & groce 17 x 22' therefore no unia-
form live load c2n Ve aprlied to any beam when the truck
load is actinz, “he total truck load will be assunel to

be acting on the beun,

welshit of slab and beanm &3 belore cos /1 £t

Dend lo2. macut  1/10 w1 = IR TR0 B Es

e load 1s aprlic! as chov:m oa tiie loaldin; dla~-ram in wihieh
18 00

I'roa the ghcar djcoron the danrer scetion oceurs uader the
rc.r viieel of tlie trick heace moients will be token wboat
vhat vnolut,

s el it ., om0, 000

T 815,027 x 18 = 3 o020 x 15,5 = 273,830 '#
For continuois action uce £/412 of momeat

/10 x 92,035 & 030 ,ln0 vA

Total moment 437,000 Yy

Ls elove J = 034 k= o379

L ® 407 A = 15,450 Over the sunport
17.7 x 04 x £1,75 = Ry

SZign,

This value 1s lurcer thal the stregs erused Ly the uniform



live load therefore thie truek load will e used for ¢t .c

follovins anilysis,

15(1 « ,5.9) nl 1-x)

Zive load reaction ct, Tl F
Desd " " i S

Glyciy " = Shear
Unit bond strcss, u S Ay - €lel "

ox Jxad 03 X ouds X 1475
= 53,5 # Safe Allovadble 20 # plain bvars

Unit shearing stress,v 3 _T s £1,070

bx I xd 36 X oUsbé X 21475

8 93,5 ¥ ili-h, wed reinforcexncit
necded,

Spacing of turned up bars, viere /g = area of tumicd 4y Wars

5 o 3X2 XL oxJxd - 3% 3.9 x 16,450 x 254 x 2475

z o™

Jarsg arc spaced 1" thcrefore tiey are able to take tie sl.car,

Lean - B; - Intowediate
Live loed moment 022,70 v
vig B 1373 F/ft,

v, = (0.70# 4,69 x 3% x 150 = 900 /1%,
124

Total w = coUI 2%,

M S 1/12 x 2730 x 33 x 30 =» 100,000 %
Tot2l live and dead load wo et 430,270 W
J .
kX = ,417 " e 30

(0970 Pormla 6 v, 3270



1¢C

fa B _A32,070 x A2 214,900 F Safe
177 x o975 x 19,75 R —
Cvrer saryort L}EQGCQMiMZJ

£, S 1900 = .47 s [ivh Rl fich
15(1 = J417)

vV s 81,000 #

u = (1,650 - 43,5 # Alloviille S
03 X 9.5 x 17.7)

v = 65 R = 05,2 # " 4 4
)‘) x 097) X 19.!5

x, & the Aistinee beryord wilel no web relnforcemcat 1s

needed 11201 & Joluison pe2lh

ey

S 12 (Y avwvy/v) 353/2(0 - 40/004,2) 3 C.u5!

Tirst bLars arc turned up T'<4" Pfrom susnort tierelorve oile

= 18,250

- z '
 ~w
S - iy

Tlree Laors cre turted un 2t tae sopoort viere tiic omiiaa

Eiledr cceura anl alsiou+h 4..1g praeint £9r tvo bars 13 811Nt

1y 4 3 :
=¥ i1 exeess of the cetual, the bea 1g vell rcinforezd

—dae

vicre th = "
e createst ghear acte Jnmely,the saprort, Stirruns

-

are an addel factor of safety 1n this bean,

Deane 35 - Nt er :'_,‘.
Live load moment 032,070

Slab ( % only) 524 /£t

Seun 1227 »

alk 730 n

LIl 375 n
Total EVEEVER

X 8 1/19 x 2735 x 900 = 2T ecn v

TOt »1 11‘!8 D.“.a. de{‘,d 10\1-& mo*lcnt 47-).,\,‘,, 9.2

[SRERY) W






d = .574 X = ,395

fg = A0 X 2 15,500 # Safe
177 x .74 x 3 | L
Cver c .prors 70,900 # Iist

£ = __156.35% 205 = M3 # FHigh
¢ 1)x .Uu;
Tleactionyg T

W.ﬂ
Total 2 "t.'-JJ =V
.
u = L0407 2 - S54eb # snfe

v oS _IRELe - 5 #  Allovnble 4D F
3\) e .J]"i x:j
x, 515 (1= ,4175) =8,75°

Tarned wp bors tale eare of the slhecr for £,5' el the lie

11

clired stirrurs providse the ved reluforcement for thic rodine

-

Rols are speced 17" thercfore safe for tuucd up rois,

Iuellied stir=ups have an area of 6 x L1903 .= 1,10 sq, 1lia,

For stirrup cpeeinzy s S 3_x 1.2°0 IS 74
2 X 0jgd-u
- 1cm
Stirrizs are gnaced 15" This value of s 1s sm131l1 slice

tie v2lue o2 V at the suprort vas used when in the cetual
be 1 the sliear out a distazee of 7,5' would b2 much less

givin~ a rsreater sp&cin;.

enm - 3, - Conkor
& = 4.75%; b o= alan Clec= eoon 2 34!
Live load moment as eoizuted in provious besn a7z ot
g/t
23 #/L%.

Tead londe Sladb

FJ L
\N

Beanm



va

-y



)
-

Total dend lond 2297 F/8%.
¥ =2 1/10 x‘?Ea H 275 ,ucc v
Totel mom-at 543,002 ¥
J s 003 = L4l
243 __SAN Ty Al S 14,200 5 Safe

coedv X ot 2 x L4 15
[ J [ g d PRy
Over supro-t 17,0uy 5 Hiczh
Uy a4] (55 # Sufe
c i [ ]
13 X o5)

‘qe t"O‘AS :.-I.Il. 27 \)J;
Dele t,6‘v

s o - s
° DU

(O 2V] .d s : v
u s SNGI T 41,5 Sife,
ul X ot X 54.75
v = ¢n 20

33 X o0dB X 24415 S 93 ¢ Lllovadle 4.0iF
Xq L 17(1 - 41/95) - 17 X 057 907'
3 «1 1/°" gquare bars ere turneld uoy 1 each oroupc oY Gl

arca of 3,3 sq. in,

s - z}') ] (fx 2x 12 - c4 P

D 4 Nb.cd
Sars ere tumied up &t iaterwvels o2 17" el cxbeud T fron
gupport, 6 = 1M vouwll bars at 1' <67 Pfuriigh tlic reeld of
veb reinforcement,
Stuear at end of tuwmiel up bars, (1,200 « (2370 x ©])

= 47,20

Sprefir of gtirruns 2.3 x 1,39 » 32 ") & 7% &« 04,75
¢ x 47,09
Tel5 ™

~

actunl p acing of stirmuys 1l:m,

DeLN - 32 - Iotovrinlicte



Dead 1cad - S13ad 150080, d =:22,15
Zean foa m
[ | 7U "
- - =" 2 - . ~ - .'.'.,"-2 = AT Oy [ Y
DelLoe 0mzat 2 1/10 x 2172 x 34 S 201,000 i
Iive lo.3 mouecat AR
Total mowment 503,000 V¥
J = ,01 X = .42

£, ® 523 700 » 10 - 14,050 # Bafe

Saice

674 # €afe.

fo = 1.@,9-;-3 rf«: abo

Leactlions IT.,Le < ,--

w = __fagnn . 8 40,5 # Sfe,
ul x .'v~17 I ‘-: .75
y = I - 91 ¢# Allownble 43F

D

35 X Swl X ¢ e15

x, ® 17 (1 =43/91) 217 x .55 = 9.5

o]0 X o-01 X 0075 © Over supporbt 15,200#

Dent up bars +ake ocre of 8¢ , Stirrups furuieh reuninicr

of web reinforcemcnt,

- ’ . .
€nacin~ of bare = 2 x 2,° x 34,000 = WC21 X 2laT05
¢ X Uh el

S 244" Dars ars gpiced 17"e Fole,
Spneing of stirvupr = 3 x 133 x 14,770 x 707 x 2C.T0

P

Z X 4o,1CU

- 13,06 Stirrmupa ore gaaced 10T
IJO‘\‘I.
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Jead lond « €1lad 455 #/°%, d = oin
—enn oot
Vallk 7725

5
cyeh ? /rt.
2

¥ BI/1) x 2575 x 34 33,000 1%

L.L,lonent 27c,21
To%aL mo it ¢11,000 '
8,93 z 3 .291
.= L0t xar S 11,070 7 Over sapport 14,;~d#
‘ coei- X oTC Sare,
£, = 21,020 RW301 . =2 507 # Safe.

VS53,000 4+ 27,600 277,630 #

u s 770 S 35 # £-fe,
v 3, D7, = I3¢# Mlomdle &3¥
PRO N €3

Xy 817(1 = 47/73) 2 17 x 4705 = 3,09

Tared up Lars provide tihe web reinforeenent Tox» 7)Y Iio.

~

e..p,0 t,he:ce tlie stirrups are an added factor of sifety

leam « Dy = {Co U0
b = 1C8 = d = 24,75 " Clerr 5o 0= 36
Jerdlord « S1-) 15 0 &£/9%,

berm oy oW

c500 W
e

DL, omcnt /10 x 2220 x T4 =2 312,300 '

live lond moncut 097,000

*

14
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Total live 813 dend lood mon
J = 203 %
t = IR 3 ke

& Cleid X quill X 4,75
£, s [77a
v S 45,000 & 27,520 &0
\1 :4‘\45' ’T : ‘fr"‘

(1l X .05 X ¢4a1D
vy = R
o0 X JUNE X 54 7)

X, = 17( 1 « 42/55,5) =13
Ia

(3391

500 #

X o5U5

o4l
15

Ty
il le

s"‘fe °

650 Over

15

£02 ,oou

vooa ’
capport 11,7004

Ti~h over sunport,

95,5 Lllavable L

1.5

tais bern the fiiret turneld uy bar occurs et 13,5 irol

gurport ticrefore tie etirrups ere en fllcd sateuvye.

senan -du - Ty
J < .76T M ;4?

Dead 1load « £lrd 1372 #/

4

£t

bermn 1215 B
2315 #/2%,
Do,L. loment 1/10 x 2310 x 35

Live l02d mnomont

tot2r1l moaent

T, = 21 0z )

(i el X evuO] X ¢2475
o ® 10,00 % L0 . S

15 x W52

VvV S 27,557 & 21,027 8 69,170
u 8 £3 17" -

¢l x O’JU’] X Ca /5
v - 59,1510

50 X o0 X ¢ o15

15,

..‘?#

Interyrdinte

- AN M-
- [ ‘)'
SN s ey | 7
< L
("‘/'..n.\./ -
~ [a] eyt
"l/t .,_1_‘....’ 1}

55’1.‘:\"\} i

S':’\ OVLr t"u.;..)O...u 1/ ..-J\)U*

10 over sagrorie

TY

re .
P

. '_;
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xy = 10 (1 =42/57,5) =12 x ,59 S 10,6
Qods are turacd up at 12,5'.

fpacinr of bars =

= Z25.7"
Sars are twrnel up at 247 inzervils., 0.5,
Ten e 3y & Cut-ide
J s 0 X S G371 a =28y
Ze1d 103 « £ladb 252 #£/2%,
benn RS TAN
tallk 7:%

rail 375

Tead lond moment 1/10 x 2785 x 75 = 300Ul

Live load moiont Y HERVIVIVIR

total momen CIE g g

£_= 7L Xl = 12,92 ¢ Over rurport 15,5:0
s - ol pe P ’ » - ’
‘ (a3 X qyv X Safe,

g
(1]

10,007 5 a32 = €30 # 'afe,

Vo= 3I,700 & 027,500 = I2,I170 ¢
u o3 gl = 351 Eafe
vl X oV X &3
- e [
vo® LT 2 01,2 #
SO X o)) X o
X, = 10 x J3° 29,15 ¢

gaprort smaced S 3. x 3.9 x 17

« X Lugnll

- -

\ v Y B B - : Al
TANICA up wars axe ©ooccd T4W,
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CIZD R AT LieIs
€pan 13,5 a' = 39 d s %57
Dead load conceztrited 2t tiie center of tie girder:
Tean 35 g9t/ b, x 15" = 13,500 #
T Iy, 7y 8 x17 = 14,500 #
20V of £lab st 137 /24, S 41,600 #
) L - 'C':’ .9UU 7
Wt 0f sirier _2° = 25 x 150 = 1745 #
1vf
7oent of corcentiated dead 1oad S e _£2,907 19,5
4 - 4
- 541.:\1-.1 "i”
-- . s~ - 2 - - p - - r-l'-‘
Slonacas of wniform dead load 1/10 vwlT & L/10 x A4S X 1.0
= 47,éue W

ol
1

Pound to
= 17.5‘;/-‘1

Total live and dead loald moe

Tle truelz w sive

Live lo~xd moyent x

nee t.e girier has & varyin-

analyzed nanely , wiere 4

2. s 60 m A 8
1349 X gtid x %373

T = /0al 5.5 4600/ 38

g v} ® Lo, du/ 30 x

£, 3 1?)3 # Dlasral & e

vV =« 64,550 #

u L4950 =5
“/0) X o= 1'4- X »

v s (.55 = (3
25 % o 74 X 30

Xy = 17,572 (1 @ 9v/0ded)

Firet Dirs ove turied un at 7

providce eulficient web rotul

the matimam

live load clreor,
6075 =2 113.Lfﬂ
nt

"
#

1A
Vo

, A

= dentll tle vealkes

't »Dlace will

5Cm

15,7090 & Sxfc.
9,0 @ 156
:53".
# R i I
5 ¥ TTeh reinlorcenent nceled
= 4,05
’ "*n < T reyes e LT

01 pk;-u L OL Q\L",“_LAJ.; VRNV SHE S ¥
omeo €,






At tlie fir-t rection two bare ave tirned un ail at otiaer
gectio.is tiarce bawre are tuomed up in 2 ooupe, thie mocriaun
gilear ocoure at tie rur art vicre tlicre are ti.rce bars at
erch gection, The rxacine vwill thwen Le barced o2 the thrce

borr, S ST 3 M SR & i

€ X 04 yHod

]
)
>

s 3¢ Jare are enacel 24

~
N

|~h

rier Co

€ince tiie girder and eolume are buillt rmowolithicea™ly iato
the sup.orts as 1ia the erre of the berme the grans =7 be
tiien 20 t..e elear dirtanee bvetwcen frcecr of sapporis,or

1.5
Zc¢ad loals at cealer = DJewvl sz 14, e

[
LAY | 12,500
£lab Qe
20t11 1023 at cexter BRI A

'l."."t. O? '_‘,'il‘flCI' 124’) f,‘:/ft.

“oaent of forecs at eenter _72,0°0 X 10 5. = 332,000 %

4
Toacad 02 waifora load 1/° x 1240 x 16,53 42,001
Tot2l de? lond ™o ek z7e¢,200

Tive lo2d nmozert 17,00, x 3,75 =

Totwl live aad dead loal oz2ent 4

. A0 x 18 s 14,570 # gafe,

1/‘/ b Qvl4 X /\J

H
]

- - - - Oy - - oy - 4
Loz /uva? s 437,70/ 35 x 90t s 140

o [“5] # Tish.

]
1]



Vv 3 (9,500 ¢

u s 9 57 ™
bd,e9 % o 74 X ID
/- vy

v s _}LJ - e -

>
Xy ® 15,5/0(1 « 4C/73.5)2

53,5 # Eafe

1345 ¢
3.7°

19

e = _ 1z 00,00 x4 mET s 34
¢ x LY 50ul
3ares are smeed 247 Sife,
21000 Gy
Dead loads at center
8' Sl‘lb at /\4 0 /ft 13 ‘rud ?«
151 " " " 3,400
17' 3Jeam at 75 o 14,200
ot n " L] w G.QUU
Tob:1 59000
MOS8 00,500 x15.5 3 009,000 W
4
Cuifora wel 44 of iricr 955 #/%%,
T 8 9i7x17,52 =
d 0,000 W
ive load mouzent §5,5.1C
50T1uu ¢
£, ® 504 P Rl 15,907 ¥ gafe
1L—.ul X o [4 x 01
X & /Db a® 8207372 a 286
Zu X el
£, = AUTU# I1-h
Lenctioue c7,775
17 55
L5C9
————e

-

5') [ 75

8V






Iiret bLeat vp baxe oenur at 5.,5' froa £ice of sunpord

ot

- (&) ot - ~rm
L& - .ix_i.;_d._l-’.d “.."" AP I A A = 3}‘
i~ & ’ 3
<2

X LlewiD

Lars are epaced 04

Overall dimencions 35 x 35 3 nrotection on all ridec
2«1 1/27 Cauaire bars 4 0o erca £ide of coclum

Centcr colum
Surporting Girdor Gy , Deaag by & 33
Tonds  CGirder reactlious 129,172
Lean " 61,073

(] qu"\
T

\'1
-

\.\
|
4o

f = 2, = p =_1.
e A1l epin-1)) G n

X 2011 # ecvlli(l5 = 1))

coo F A1lowble 4507

(1]
r
:

O:tride colum

Supyortin-~ (33 Denns By & Bj

Loals Terectlon Gj 64,550
" 55 7742730
(1} 3‘~ -’3'4- 557
d . ')
" Vil = 4 . 0,55
Zive loa n wvolls ~T 70
ST R ¢ a — il
Total (1) RIS
£ = '..' A - 2o







Center coluam

Sacportins €, e Deams Ty & I

oo

Tecacticn . 97,533
;Z,SUJ
" 2. o 92l0

(=3

b B'

-
<.
L 4
\n
(o
(@]

=T P
174195
£ = SN N = 31 # S

Cutrlls colunmm
Curpnritlor G e Deyvit D

Teretlon G- $9,523

‘.
g ey
" 3" P .~.‘4R.J
-
- TN A
" +q gt e}

- o

e . RIS P L - 77N
Z5.5Y valk £lab a0 22,270

i vall at 375 ¥ 13,700

-~

&)
!

3 Arary 217 F&
o F o tllan 313 ¢
‘/xnj X l.vl/?

Center eolumn

n
=~
P
3
.
A)
N
h )
N
2
1=
D
3

rler Cy e Seaun 3g and

&

-

810:17 leiie

Terctinn T 55,775

i 3' 7.).5-“-)
i €hort Leam 13,670

£ T _IoN000 = ane
PRREE SN

r
‘—l
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CINTILIVR

i Vo &

Suprorting walls al-ng main eaatilevers

Epon TV=(" Depth LA

P11l coscentrte’ at end S x 375 =  R(U#
Ms Yl = 2NCT x T = 21,000 '

€lab uvnlfo=1y dilstrituted 7150 #/£%,

Tive load ™ " 112 0w
1559

Vte Of Dean 22 = x 159 250
o i
P0%2l uniform loag <120 "
N o= g3 = _e2ion .o = 52 g W
e 2
loment of rail 21,000

i'n ] iig”' :;l? 12,530 ¢ ca’e,
Cedl X o 74 X 39

T s 01 f, S 530 # €afe,

Tictanee fron el ghen

11 LW 5,120 #

2" 7,240
3! 99370
40 11,420
5t 13,600
o 15,720

71 17,042

/7
- A

Stirmane are sraced 2™ at talo:

’ 3 4 o
noliit, Cile,







3P PT r=TOvYP 24 adh O
s P HAB S A B 450 0N

T.e pler is 8 vide , lierice tie leasth of crntilever to
Ye eonridere” 1s 440, Thdius of wler surface 1259
Stoel a% g cocttonn

Section Ather L Size of Tole LAreca,

10t 6 «11/:" 813, _ 2.37 rq, in,

e , 15 w 15,00
50 14 " 21.27
4 15 " Cha07
a1 12 " 23;15
£ 13 n A B
T.0°' 1S
PO LIRS - Slad , wriformly cistribuded usinz il & wlez;
x & diglauce from wirnpported e:id,
Cectinn Tloneat
107 £5,070 &
co 260,030
PN 505,C720
31 752,590
49 1,040,000 onents caurcd by £ladb loald
4. 1,250,000
Vellit 02 enntilever - Thalelnicre 2t €l - 4
" ™ Supurt <14
width - 27

W total wetht) S A e 4 x 44 x 2 xTH0 S 119,000 #
Tiwa tlie load on a e:ntilever 1nerearcn toard e cunrort

ure L 8 T x9/312



27

Section Toment due to wi, Total dead load
orf ecxztilever s e (3 N
10 C7,530 Tt, 1br, €5,500 Tt. 1bsg
&2 154 0y 424,;;:
39 552 3000 1,137,500
34 205,000 1,557,000
49 1,232,670 2,350,000
41 1,740,009 3,050,000
€cetiom Live load moment urtiz
wiifora lond 23l I 3 wx‘/:
13 T £E,1be,
29 al0,C00
20 T 650,000

>4 €12,009
49 1,190,000
44 1,350,000

2y trial 1t vas found tiat the maxlimua mouent occurs
wien tiie rear vicel of the triex ic placed at the end of the
caitilever , thie front viecl oun tie mext sec.lon,anld tue

romaining arer covered vit: the wiifor live load,

Scetion Fn*e’t Qe to 1 ecuaenctr.ted o1 of
55,005 £ at the end

15 53,000 £t, lbe,

<3 RN

v 1 cu

S4 1,170,770

43c 1,406,000



Scetion MTonent due to rsrtial Total moncnt
live loal (211 tut 9'at
end)

10 700 £, 1llim, 436,000 £t.1us,

AN TU 4000 1,194,000

5:’ 2. :’030 “ .‘?’7.‘04#

34 434 O00 24,151,000

10 633,000 4,303,000

44 £12,02% 54350 ,000

The cantllever cril be conslderzd a speeial forma 02 reiie

b

forced coiicrete benn and ean be snalyzed by tue metiiod givea

in Tie Concrete Imizineer's 2n:lboolz by 001l & Jounsoldl Pe3l5.

In thig method loas and cxtbergome formilas are avolded by

using the equivalent homorencous

tiie arer of the connreseive
There transforicd areas are
the compresrion face to t.e
t> locate tihe neutril axis,
Qe following
and comprersive arcarcs

L2 e

tranieformed

¢ conrrensive
area
y =
D & Dbreadth

i1s tio etsitlien

ceetion by madtiplying

snd tensile eteel by n.
used to compute the distance from

reutrml axie or in otlher words

1 moaente equati-m 02 tencile

( y = protection) = trurformed (1 = ¥)

teicile
arca

dirstance froa comprenrion face to reutral axis

( 24" inshes for ell seeti ne of thue cautilever)







fection Depta y

12 537 1.8
20 72 13.25
33 131 21,2

34 117 22425
40 147 ©5425
14 175 25.25

cample computation ( ecetia 1C' « OT)

42 8 15 % 9370 = 3) 2 15 x 9.37(55 « ¥)
127 & 120,50y - 3) 14,5 (53 = 1)
12y24281y=7 B

I 31,40l ¢ nIlt

~ . -
nI' Tnt, (v -3)° 315x9.57 10.6)° 226
\Cm
In 30 4g (D=y)” =15 x9.57 ( 42)7= 2500
Ic S b y3/5 s 24 x (13.8)}/5 = 20450
I = TIoa
fc a1 y/I 436,000 x 13,87 ©6,541 = 227 ¢ Fale.
£''s iy - 2) w16 = 43", 2° 212,83 e U054 Safe,
8 I 25 hal
f = pid -y 815 x 275,200 x 793 =  J,-50 %" Eule,
& I co gl
§2CII0N 20! -
£ 0= 1,054,000 % 10,25 =173 # Safe,
O -1-: 14‘!‘1
==~7
£3 5 12 x 1,004,000 X AT.25 2 eYov 7 Eafe,
119,170
£ =10 % 2174000 % 95,92 - 1yt £ fafe,




fection 320
I = J.2,52C o= 2,467,000 y 8 21,2
A’ YRy ney . -
rc : 2A‘T~~l‘::¢;)’? l..": - 157.5 # ss’lfe.
D& g vl
fé s - “"‘G (00 x 1T .0 @ 2037 # fafe,

£ = 15 %2 A57,000 % 179,77 = Ul £ FCave,

5] R
5,-& 'Uv«

Seclicn 34"

I = 456,000 M 8 5,151,000 ¥y =2,
£, 2 2,000,000 X 22,05 8 14T # Safe.,
£1 3 = 1310 ¢ cafe,

9453 ¢ calce
4,550,000 Y = 25.25
Ty ® 20000 X 07005 3 136,50 # cafe,

£13 15 3 4,270,000 2 20,25 % 1900 £ Safe,
' 17,750

fg “,-‘8'«,' J#F Safe,
Section 4470

I = 1, 32,750 M S 5,550,000 ¥ = 25425
fc e _ D700 % 28,2 =171 # Safe.

1.(‘}"... 'tljd




Jie abtove an2lyrls 1c for one cantllever ,vwiidien irf all
t' ot 1= required eince each eantilever is a part of tlic
rrocect. > one,

Ia tle above conrutaticue tlie valucs that are creatcr
thau thore given in thwe rrecifieationis are cnclored iu red,
Sae ,hovevar, are of 1itile 1mporiazce since they are oxnly
eliositly grenter thaa thn rrecified valaes, It eare of «teel
a molerately Lish el ealely exliet becaure 1t is o Copelll-
able r»ci:et, Tiis ie not tie eare with eozcrete anl tue
rtrece £hionl1d not be alloved to beec:e larser tha: thie valce
eveelficld, Ix the ~7iriere e strecs in the concrete is
ereally i cxecre of that ctated 1u the epecifiecatione,

Tor the annlysles cee prcea 17 & 19,
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