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Extracts of the oxrtiocles from the spocifications of the

Michigan State Hishway Department used in the checks

3,9 ourbs, The width of the curb measured from face of the curd to
olosest verticzal projection or the railing pilaster, of of the supere
strusture, shall pseferably be not less than 1'=6" as a safety sone
for oscasional pedestrians. In no 6ase shall this width be less than
1'«0", The curb height shall preforablp be rot less than 10 inches and
in no ease less than 9 inches, Curbs shall be of substantial construoe
$ion oapable of resisting a transverse force of not loss than 500 1lbs,
per lineal foot, &pplied at top of ocurbe
3,10 Railings
3.10.1 Bailing heisht. Substantial railings shall be provided along each
sido of ths bridge for the protection of traffises The top of the raile
ing shall be not less than 3'-0" above top of curb, same height above
sidowalks,
$.10,3 Design forces, Railings shall be dosigned to resist a horizontal
foroe of not less than 150 1lbs, per lineal foot, applied at $op of the
rail, and a vertiocal force of not leas than 100 pounds per lineal foote
S.14 Crowne Height of orown shall be not less than given by the formula
Og-g- whore 0= orown in inches and R = Roadway width in feet. Minimum
orown shall be one inch.

locds

Woie,ht/ cu. fte in 1bs.

Steel 490
Conorete, reinforced 150
Earth 100



System of loading specified on plans.
Pressure from retained mnteriale
Equivalent liquid theory (HooC)

P =% w ny)
iy

3
P « resultant earth pressure per foot longth of woll
h = vertioal heizht of wall in feet.
0 = A eoefficient, talen as «25
h3 = height of surcharge in feot

Section 7 unit Stresses

Ye2el Structural grods and rivet stecl
7+2¢1lel Tonsion, lbae per square inch,
axial tonsion, structural members, not section, 16000

7.211.2 Axial oompression, gross section 15000 « 50 L but not to exceed

13,500 1bs. ¥
L = length of member in inches
® = least radius of gyr=tion in inches
Te2ele3 Bending em extreme fiber
Rolled shapes, built sections and girders

nret section 16,000
pins 24,000
Ye2ele8 Shoar
Girder web, gross section 10,000
Pins and shop driven rivets 12,000
Power driven rivets and bolts 10,000
Ye2.1.8 Bearing

Pins, steel parts in contact and shop driven rivets 24,000



Dowor drivca fleld rivets and bolts 20,000

Yedel Assumed Corpressive Strenzths for structural Grades Portland Gement

eonorete

Grade 28 day strencth
A 2500
B 2000
c 1500

Grade Ae All sunorstructure coxncrcto

Grads Bs Relrforced concrote structuros ezcept superstructures calsculated
as strusturzl booms and slab unite, and all exposed concrete of 168" thicke
ness or lesse

Vedebe Colums with axial loading

Yehedel Short colums, B = 12 or loss where h = unsupported lensthy D =
least outside dlonweter without s»nircl reinforcement,

Colums with lon itudinal reinforccment and tiese

Allowable unit stress of totol conorcte arca = «20 tlo

9.1.2 Desi;n loadss Preforably, structures shall be proportionod to limit
the mexirmm dosign load on timber piles to 15 tons per plle.

911.3 Spacinge Footins arsas shall be so proportioncd that pile spacing
shall not be loss thun 2'=6" center to center, Thie distance from the cen=
ter of any pile to tiie noarest odge of ti:e footing shall be not less than
12 inchese In the design of pile foundations, tie cffeet 0f eoccentrie
loadinzs dus to oarth thrust sholl be considored and the pi‘.l.é spacings shall
gonserally be desigmed so 28 to roquire a minirmnm number of pilese The dise
$ribution of the foundation loadin; shall be corputed os followss

P = Lo2d in tons por lineal foot of footing

B=pacing, in foet, for any row of piles



B= 1/58 = Bumber of piles per foot #n any rowe
e=focentriclty of loading

I=Width of footinz in féet

A-Dlstance 1n foet fram heel of footing to any row of piles.
d‘g Settlemont in inches of hoel of footing

k= Chonge in z.ount of settlomont per foot widti of foctirg

d=Scttlement in inches of any pile under lozd

Mfoad in tons por pile, to ccuse a sotileent of ome inch

p=Joed in tons, on oy singla plle

R=Pistance, in fcet, from hoel of footing to locus of the coenter of gravity

of the piles,

Thon &edoficn
ea(ahaln s (of)

From Walch %__P§w¥3 ?‘(gﬁm)’P

k= -} S 5
Sn Sne* « (Sna)

p = Bdg f aBk and 2=gid

963¢9 Countorfort abutients

Countersforts shcll proferably be loccted under or neor points of concontrae
tod loade The faco wz2lls and the back of the base shall be desiznod as cone
timous slabse For equally spaced sountorforts, positive and negative moe
ments of 1/]2 v 13 ghall be assurmed, provéded that tie end supports for the
sorios of contimious slabs offer suitable restrainty othervise 1/10 w 1?
¢hall ve assumed for positive nnd nojativ: momentse

The rear of the base slab sholl bo invostiscted for dirgonzl temsion and
bord stresses -t tho odge 0f tha sountorforts.

Te too projoction sii.1l bo coasiderad as cantilevor beams fized at t..2



el of tho surort, and srall Lu dosimed for thie founGotion reaction
1gs8s tho welsht of the too.

1046¢ Pl=to Gircers

10,642 Flonge sectionse “he (Toss sectlon of tire conpreseion flango sh:ll
no: vo loss thnn the oross scetion ol tic tousion flanres T.o conpression
filonce sinail be stoyod cial:st latoral deflection at iutervals not cxccode
ing 12 tires 1to widtihe Fluwo cover plates shcll be ecual ia tihicimess,
ror hove a tilleimess greztor tiina thot of bt Ilarnge angleSe

10663, Wub plotos cihinil be projortioned for voth horizoatal and vertical
gnsares8plices in web plutes shall be desiued to Gevelop tiie full value of
the wed plate for both bending cad shoecri g ftressese Tie tiilclkmess of
veb pluted ©li°11 not bo loss tian 1/20 Y/-E:\vhom D=distrnse betioen flunges
in inviiese

1048e7¢ End Stiffnnes. Pl te gird rs shall have stiffener angles ovor eud
bearinmgs tie outstonding legs of wiiicn shall bo as wilun as ¢he flare ane
gles will allow znd sholl fit tishatly aalast thome These end stiffencrs
8.1l be pronortioned for boariig on tlie outstmdi.; lags of tie i'lune
anles, no allovance belnz mado for e lsos fitted to tiie £illots of the
flange anckese

106648 Intermediato ctilfs:crs 2:1;les shall be rivetod in pairs to tie
web of the sirdere Intermediate stiifeners shcoll be spaced ot iatervels
not exceedings

(2) 6 foot

(b) the deptii of thoe web

(o) Tho distance jiven vy tie foriuila d=f (12000-S)

Desi;m of 70 unencascd Girders 40

Dinensions

Veb Plate 46x3/6"



Flanges, 2 onclos 6"x6mx11/16"

Depth of Girder 46"

Chaclit wed plate ti:lclzucsa

t siould not be less ti:n 1/20 D

£ =1/20 (46 = #3473 t = 3/6" 18 O, Xe
Desisn of Flance

Area reculred; A =1 = 1/8 th)
S

hy = dopth of woo 1in inciws

h = distonce betweon ceutors ol pr vity of top end botton flanges

by = 46} « 35 = 45"

A = 933000K12 « 1/8 X 46 Z 3/8 = 16425 =215 = 14410 84e in.
16000243

net area = grosc crea minus rivet Lioles

Groso arca of cn;led = 15656

Gross 4Lroz = 15,56 «2x1x3/8 = 14461 83e 1ine

aroa pequired 1s 14,10 8. in.

Soction od:lus, 70" wnencused glrdors

Rogulred, & = 235000202 = 700 10
8 16000

$rovided

122 (1/5 x3/8 x (25)%) £ 4(26.2) f4(7.78:21.5°)
I = 3042 10448 F1A350 = 17497 in,%

1= 17497 = 7556 1n° 0. K.

0 23.28

BEnd Stiffeners
4 anlcs §'x50mx5 /o735 1/0
Aroa of ontstandiany 1egs = 7.00 s8ie Ine
S = 15000 «50 L

.

r
l'_—_"‘ = 1,15
A



S = 15000 - $&x45 1/8 = 13,000
1.15

Use 12,500 (specifications)

Lfrea requdrod § B4,075 8 4433 sge in.
12,500 0e Ko

Spacing of intermodicto stiffeners s
Specifications

(a) 6 8ot

(b) Te dept.. o0 tie wob

(3) a =% (12000 « S) whore 8 = vob shoor in 1use DOT 53e 17

40
S = = 3140
46x3 /8

{v) = 46"
Jb) 24 =23/8 x 1/40 (12000=3110) = 88"
The stiffeners cre sizced at 36" which 15 0e Ke
Spacing of rivots in {1:nje an:les, swe as in 70! encased girderse
Desizm of 7T0' Encasnd Girders
Mnonsions
Tob Plate 46"x)"
2 Flanze =nglos 6"x6"xé/8n
1 cover plato l4nxie
Total doptn of girior = 46"
Gross area Flange 14422 80, in,

" " Plote _JO.50% "

25¢72 " "

Fot crea Flunge 14422«4x1x8/8 = 11,72 52, ine

" ® Plate 10.50=231x; = _9,00%

2072 % 0 ®

Distonce betwesn gontors of gravity of flones

10:8 (1e73 f o375) = o53
24,72



B = 462 (1473=e53) = 4545

Area roquired = 1,344,000-12 «1/8 x 46 X 3 = 17,05 xqe ine
16,000x4546

Area roquired is loss thaa not arsa provided.
Dosi;a of stilfeanors

2 angles 5x3;x3/0z45 1/8

2 axsles 4x6:3/8x45 1/8

area of outstanding los & Be75 8ce 16

arce rocuircd = 27950 = 6424 8qe i:le
12600

aroa required for ctiffencors is loss than amma provided.
Spacing of stiffeners

S~eciflcations same cs in 70 girder

Sproing is 36"

d=% (12000=5)
40

§ = 7950 = 3200

46x;
4 =B (6600) = 107" =9f00t
40

36" spaoing Oe Ke
Section modulus 70® encase girder

L2i = 2.354.000202 & 1005 1n,% roruircd
0 8 16,000

Saction Modulus providod
I=2(1/3 x%x 12167) £ 4(24e2) £ 4(7.11221.52) £1/12 x U (2)F f2(10,6x23,48%)
I = 4050 ¢ 9648 £ 13,146 £o5£11550 = 26845

1= 2805 = 1210 12° 0. Ko
¢~ 2440

Pitch of rivots in flanre axnles

70? encased girder



Tcmhrr

P = sllowadble pitch in inchos at section under considerztion
R = allowzble stress on rivet in pounds

h = distance botwoen conters of sravity of floanzes in inches
V = maximn external shear on i iven scotion in lbs,

m = lo2d per lineal inoh supported directly by flange.

1 rivet in double shoar s ¢6x12000xR = 14,400

1 rivet in bearing = %4 x 7/8 x 24,000 = 10,500

V = maximum live and dead shecr = 77,950

h = 45.,6"

ey M=1/8 w12 w2 070000 x 8. 1440 = 300 = 1244
» (70)« 300 = Wte of firdor

P = 20,500
I ; o 2, zg EQQ "2
/‘::4'5.27’ L‘, 121 7 36 1,

12,5001 = largest vhoel load distributed over 3 fte

Tnia s largost choar, so &ll spacing is Qs Ke

A1l spacinz is 6" or less

Design of 66" glrders

Dirensions

Web 46 x 3/07

Flanges 2 /s 6 2 6 x 5/8

Gross area of flouge /B = 14422

net area of {lonze = 14.22-31135/8 = 12,97 Sq. in.

h = diste Dotweon 0ege 0f Flansus § 86e5 = 2 (1473) = 43,04

Aroa reqde = 815000X)2 = 1 % 46 x J = 1442 = 2,15 = 12,05 sqe in,
1600022404 8 ° 8 *

Area of flansos Qe Ke

Stiffeners same as T0' girdors



Pitoh of rivets 6"

Design of 50? Gigders

Dimansions

Tob 46" x 3/6"

Flances 2 /8 6 x 4 x 3/8"

Gross area of flonge /8 = 7.22 8q. ine

Hot area 0f £1an30 = 722 @« 2 x 1 x 3/8 = 6447 8ge 1ine

h = distonce Loteon Ge ge 0f 7121108 = 4605 = 2(e94) = 44.62

Aroca 10qe = 500,000 X 12 « ] x 46 X J = 625 8qe 1n,
16,000 x 44,62 8 8

Area 18 0, Ke
Stiffoners ere of same dinensions and spacing 2s on 70! cirders
Pitor of flon e rivots 6"
Section modulua of 85' girdors
Requireds B = 15000 = 610 in,”

S 16000
Provided

4

I 45042 £ 9648 f 13,146 = 16285 in,

= 16205 = 705 in.° 0. Ko
23,25

Seotion modulus of 50! girders

Roquired 500,000 sm 375 1neS
14,000

Provided

1= 3042 f 4(449) £ 4(3.61 x 22,31%) = 3062 £ 1946 # 7200 = 10242 in

1=10263 =440 1ne 3 0, Ko
0 23425

Design of box girier Q7
Dimonsions
2 wob plates ¥2" x 3/8

2 flange angles 8" x 68" x 5/8"

4



11

2 plates 8" x "

Gross area Flanze Not area

19,22 «2x1x5/8 17.97

8,00 =2x1x% 7220
24,97 1x®

Area required

2,653,000 x 12 @ 1/3 x 72 x 6/8 = 29,30 = 6475 = 23,05 in.?
16,000 x 7.2

Arsa provided is suffici:zat
Section llodulus

Reguirod } = 2,653,000 x 12 = 1995 in.S
3 16,000

Provided

Dimensions of G7 saum as those of GO, 80 scction modulus reguired is 2340 in.§
Design o bo: glrder CG9

Diransio ne ond oo of £loause

2 web plotes 72" x 3/on

8 flanges angles 8" x 8" x o

2 platos 8 x &

Gross area flane net arsa
22,68 -a2xlx2 21,38 in®
8400 -28xlx% 872200

28,38 1n?

Thickness of wob plate mot loms thon 1/20 /D ¢ $=1/20/ 72 = 425" 6/6" 0s K.

or § 2 557000, = A9 0. K
10000x72

Leciyn of flun e

Area required m ¥ =~ 1/8 thy
S

ha 33,9 2 25) = 672"
2146 £ 7748



h = 7Rn
Area of fiarswe roquired

A=3,042,000x12 «1/8x72x6/8=2712 " wiich is sufficiont
16000 x €742

Section modulus box irder @Y

Roquired Y = 3042000 x 12 = 2260 in®
3 16000

Provided

I24(1/5 x3/8 x565) f4169.7) £ 4(11e44 x 33.97)(1/12 x 3 x 654
£ 4 x 32.26%)

I = 23328 £ 270.8 £ 52600 f 16640 #65 = 92932 in.*

1222032 _=2570 1.3  oO.E.
36425

Stiffenersa

2 oncles 6 x 33 x % ewares of outstanaing logs = 6 fuohes®
7"* long

¥ = 16000 = 120 4/%

s = 16000 = 130 4/t
7128/8

13200 = 16000 x 5/8 =2 2300 x 3/8 = o"
120 120

Spaced 9 inches or 16" on each of the two web plates,

Tids ohecks wlily thoe casim

Nunber of rivets ia hitch [p for Box Girdors

Th se are spaced tic s~omo in all of tie Box Girderss Therotore, if tho
pitch 18 0s K. for tho ono Loaring the lorgest load, the rest wiiich carry
loss st bo O, Ke as boearing controls in eaclh case aud ti:e web Ple ti:icke
mass 18 the same r'or cach «3/6",

1 7/8" rivet in @mbls swar = o6 X 2 X 12000 = 14,400

1 7/8" rivot in sioar = 7/8 x 24000 x 3/3 = 7,876 "



P = 1.8 = 1'.825 =
(1784750 4% #(12500 1 2600
6708 6

P = ¥ this chocks oloscly withh tho design

Design of web splice box girder Ge 9 11

4 platos, 1C" x 3/0" x B6"

rivete spaced 12 ot 4" 1 2 V' = 14 rivetss

net area of splice plae

4(3/8 x 56 = 14 x 3/3 x 1] = 63400 8qe ine

net arca of wob plite = 72" x 2 x 3/8" = 54 5qe ine

The area of spiice plates 1s greater thon web, thercfore tho splicc ploce
ara sul.icient Sor sheore

Boudlng woment snlice plates cail carrye

b = bate = 16000 x 4(5/8) =(56)23 = 9,260,000 in lbvs,
6 6
Bondirg nmoument wed plates oan carry
A= =th
sh 8
Em6/8 X T2 % 86000 X 672 = 74250,000 in 1tse
8

Splice plates can carry more bending moment than web plctes, so are sufficient
for bending moonte

Check of rivcis in wob splice {1

1 rivet donble slicar = 14,400 # 8ge ine

1 rivet bearing = 373 x 1 x 24000 = 90004 8q. ine

Bearing geverns

Choar web can tole

72 x 2 x 3/6 x 10000 = 540,000

6 rows rivets @ 14 = 82 rivets

vertical stress = 540000 = 6,680 1lbs.
a2



Eorisoital sticss = /90002--6,58()z = 6050 1bs,

£O50. (1e5°46.5742005%414 . 52418 5P fom 5467 )8 = 3,350,000

Resistauce of ono row of rivots

5 2 ‘ 3 row riveta is sufriisiont
343304000

Desizn of wob splice G9, #2 snlice

4 »lotes 18" x 3/o x s

21ivota enaced, 8 ot BT 2 at 4% 11 rivote

ast arca of s.-lleo platos

4 (3/0:2w11%5 /3 #1) = 6362 87, ire

net arva of wob plcte = 2(69) x 3/3 = 524 8qe ine
net arca 0f 8 lice plate is sw'iicicat

Bonulng moment splico pl tes can carry

Lgnm,: 4f3/8) x (52)% x & = §,200000 in 1is,

3cndiang memont wab plates can oorvy

M2 6/8 K69 X 16000 x 6462 = 64650000 in 1bse
8

Spllce plotez sufficlent to oorry bendin: noment
Chook of rivets in web eplice #2

6 rows B 11 = 66

shazr b pl:utes can carry

69 x 2 x 3/8 x 10000 = 520000 1bse

86200004 s 7850 1bs,

Eorizontal strosa as / 900078604 = 4,400 1lbe,

%9% (1324621124167 12 251256 4124a62f61.5%)8 = 1750000

Rosistance one row of rivets

4 Sows sufficiont
1750,000



web splices in 21l box girders cre the some,
Dirvnaionse of box girder G8

2 web platos W2 x 5/3%

2 flange ancles 9" x 9 x 5/

2 plates 8" x 3

area of f£laycse

£xro33 nsi

19,22 17.97

8400 Ja00

27.22 8q. ine 24497 5le ine

aroa raquired

A = Z.BZI,OOQ w 6475 _0_311-'68 B83e 1ine
16000 = G7.2

Asvca of Tlonge i3 O Xe
Section modulra box gimdor GO
Requirods

%:W: 12 = 2120 in®
16,000

Provided
I24(1/3 x3/8 x33) £ 4(5064) £ 4(9.61 x 34,03% ) (500 bk (4x32 .25%)

I = 23328 £237.6 £44500485£16640 = 84780 4n.*

1= GA780 = 2340 in® 0, K,
(4] 6eR5

Stiffonars and pitch of rivets same ow GO
Desicn of bvox plirdsr R

Diransions

2 web plates 72" x 3/u"

Flange angles 6" x 8" x 5,8

Gress area flange angles net area
19,22 83, in 17,97 sye ine

Area requircd



e

4

<

i 4



16

A=2027,000 x 12 = 6.75 = 16470 sg, in
16000x635 404

Ar32 0e ke

Sproing of sti’tfaaers for G7
6 x 3 x " anglos

v = 15000 = 120 4/t

220000 m 15000 = 120 Dft
7L x 3/8

D = 16000 = 8,800 x 3/8 = 22,5"
120

Stisfonors epacnd 45" on occh plate wiich chocl: with design
Givat snocliyy raw o3 GB

Domisn o2 Girder Gl

Diens’ona

2 wob plates 72 x O

4 flaan sancles 07 x 8" x i

oha of f1lmze

Grors orea 2 13 not orec
22,88 8Qe 1ine 21'38 8%e in.

Zrca recquired

4 o SaAN3C00 X )2 & 64756475 = 20400 BQe ine
16000 x 67.54

Santion nad.ing Gl

Poruired

b = 2a823,000 % 12 = 1520 4n®
16000

DPyworided
T = 4(1/257%55% )44 (6947} (1Le14253 4 975 ) 233204278, 8462500276207 fu.b

1276207 =2110 in® 0. K,
0 36e25 ’

Section Loddus G 2

Roqaired }j = 2,127,000 X 12 = 1595 in®
8~ 16000



17
Provided X = 4(1/3 x 3/8 x 36%) f4(5.98) #419.61) (34.03%)

I = 23325 fR5746 $44500 = 60065 in.4

L 268065 m 18475 s 0. K,
56e23

Eo rivets to conavet hitoh /s to webs of giriers

70 encaued, m..:Lun shroax 774,950

unit siressy field driven rivets

Siirox = 10gN00 # sae i,

dexring = 204000 # 8ie ive

1 7/6" #ivet, coubloshear = o6 x 10000 X 2 = 12,000%
1/7/0" rivet bouring = ¥/6 x % x 20000 = 87508 par sge in,
beurl:y; doolder

77.930 = 9 =12 provided Oe Ko
8750
To fasten hiteh _[s t3 bor girdor

Single ghonr = 5000 3 por 30, ine

Z"g Qﬁg - 12 rrovided O¢ Ke

T.l3 girder hus lorguot slicare All others have same mumber of rivots in
Litch fo, thorefore, they ruet be O Ke alsS0e
Flanges st-yed by dlazhrams ot distonces not to excoced 12 tines tho width

of £lon e

x 3.6/12 = 16 £%. ¥ 1ca 1a greater than desin, thercfore is safe.

J:it atreas irn plers

Plars leb«Twl-13

Spoeillictiong

Colums vhoero h/D ,[ 129, with longitudinal reinforcemont and tiesse AlRoWe
able unit strcas on total €oncrete arca is 20 fa.

Class B eonorate £o = 2000 1bs. per sqe ine



18

Dimensio:s of pler 4 x 6' x 31.6"

/D oPleb/A = 749

fel = ¢20 % 2000 = 400 1Ls, por 8qe ine
totZl lond =94£0950 £ 54076) = 945225 Lbse

Togh pler tuirs YAH225 = 477,6C0 1hs,
2

Telisht of pler = 5 x &4 x 3145 T 150 = 96,0007
veignt of box girier = 22,800
U8t 0f Low girder tidxn b one pler o 11,400%

“otal lood = 566,000 1bo.

sele P/0d = FO0,000 = £00 1bse POT £7. ine
S0x L

Tn38 is low, bnt tho bridoe wis desijued for a 40 £te roadvay, so .hicse
~Iorg ara sufficliently lorse to taze car: of future wideninge

miig 1n for mior To. 7 vhora 70! « 65 girders mpete FPlors l=6=8«l3 are
saan sizmo e " less nnlinit, caryying sacller locdsy so tiey are Oe Ke
Tor il Straa3es

Duaf o of hoso

Dipasions 1P¢HY 2 12,6 x 2,56¢

nch base has total bocoring of BEC,0003 /(12.5)2 (2e5)(150) = 590,500 £
™ie load s onreizd vy 25 pitow

53C4600/25 = 23632 1uoe = 1143 Tons per nile

Bounding momont of base

M =¥/ (afle20)c®

v g,ﬁ%{._&m?g 3500 1h3se nOr 8ae fle
i)

M = 3500 (2425 # 162(4425) 4e25°%=_ 320000 £t 1lbs,
2

320000 x 12 m 5,040,000 ins 1bse
or U = 5800/8 (54£1,2(3.75) 84755 = 254,000
264,000 x 12 = = ,048,000 inch 1bs,



Sheor
T = (i =(afc)?)= 3600 (1246%=(4425 £ 5)%)= V = 258,000 1bs.
v ;":C C - 23 1bFe per sge in.
4{4e25 7 b} («875)12 (30)
407 por z3e in. I8 pomiiceidle so this will care for future wideninge

A8e i = 3,840,000 = 913 sie Lre
28 jd 16000x,875330

16=1? squuro bois provicoed or 2,858,000  __ =0.8 8ge ine
160002487030

1L=1" 8qe Lo nrewlded this waye
U1t bond stress on biru

= look?) - 2100(4.250A8,257) = 75350 ine
Sodd 1% (4) (#875) (90)

150 (375 x 6] £3,75°) = 3160 x 33 = 62% 8qe 1n.
164 )C75(30) 64 x ,875 30

Cizek of )iie lcals of cluuments loads 70 unonoased gircers, maximum

<

sueor m 64,075 1bse

oroeing of glirders 4%-5"

Teleht per linecr f£te = BA075/A4 12300
wai:t of verticcl wall = 150x1e5x1446 3280
wilZht of bose = 2 x 10 x 150 3000
welFit of carth = 5.5 x 100 x 2045 11278
purchorse = 25000/10 - 2500
32,3656 1bse

I = 102d per 2lncal £te in tons = 1642 tons
Caiul curchinrge = € .5 = 10,5¢

§9%21 h 0F 92ith = 1445 1048 = 250

fios 206077858 o 13750t
fogm 2210%1E0 = 3000
32330 1bse

X = MBYS0xT425 £ 45580 X 3,75 £ 3000 X § = 5435

32330

19
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= 16,654 3 = 6469 fto
3(16.6 $21)
P = *{5B) (57.6) {16.)=7C02 1lus,
&.241—-?- :1—%-. = 1.60
6089

Xy = 160 = (5435 = 5400] m= 1425 Ivts toce directly mnder vertical wall

Mle louki, woudi abutrnent

Acw Hoe S n a na na®

1 ] «2C0 100 o200 2,000
2 34756 67 Lofi0 1,068 4,072
3 2eb  &£00 650 24600 166900
4 240 o0 9.00 34500 32 4400
Swamaious 1257 Y.468 634372

L =103 e = L1e25/70 = o125; 2 = 1642 tonsy * = 24468 = 5e9!
1.2

32, ..‘M.&A?.i_d%@.ﬁ;-&é&) P = o564P
- LT} = (T

Bl = {_4.9_ IRRIE WLy § I
Le207 X 534372} =~ (74438)

#1 = (o534 #(1x4033) 16.3 = 9075 tona

Pp m (o534 gfm{d%4038)) 1342 = 11,6 tous

Py = [e568 £(6.5x4038)) 1648 = 13614 to2s

Py = (D62 # (924030))1642 g 14467 toms

Vertical wall of abulment

Total surshorge g 10,5

he 10e5 fl4e6 = 25,1

Base = 2°

hoisht of curtain w:ull = 1446

P mwh &t say poiat wae S0 h g b

2225 x2ba &t v of footing

P 220 x 1060 &= 262 2t top of wall

n;ﬁ/ 1 = 645
10



K = £25(345) 2 = 4500 1bce por ft. of width
10

Y g
L‘kb.g
A & LW & o007 X 12 x 6 = AYT 8Ge In par fi, of width

:_f" bars plzced 6" oa centers is surficient
Lewgtin of steel for neputive moaent

X = &g léoﬁg- o ql - b N

Lu 4x60 S8" is rrovided
Lond and sheoy
Vv ome 640 x 44,20 = 2720 Llue,

u =270 = 38 lhae 107 8e ine

(%J .Q-Jb‘ glullo )

v =£.5 =10 1luse pe™ Bue i
Zt‘ﬂ.es?)
6

Check vortic: i will 2or lond fron girvers

Loaa 1o~ fool Lo Sirdors 12,3004
wte 0 e Joul o0 mll 22280
Vohal wlha por 1lacel fte 154bE0 1bs,e

Goiprovsion i1 well por soucls ing

MR8 = 72 1ls. por sGe ine
leb 2 12 x 12

This is vory 8.8,
Quier Lanviloavoy
Pl c‘.n;\.gQ (1 ‘ Q.-io’ﬂ‘” = Baack

P @ S50 (152D = ook
O

ret outer edge ot \mrtica.l wall

&' = 7/104 ' = 30903 P = 3335 f 505 = 42003
4340

Dowrward pressure
3 x2 x 150 m 9300 lbc,

21



Loumut m 800 x 12 x 15 m 16200" ine 1bse
Presoure wp = (4700 x 3 x 3/2 £ 1450 x 3 x 3 x 3 x 2/5[12 = 279000 in 1bs,
Resulting mmont = 279000 = 16200 g 262,800

a = /I@.am -~ 12,2 in,
11649 x 12

7 _-_-_i‘gjsg £ 200 2 3 e 900 = 15,775 1bse total shoar

SETXAENT = 420 for the depth to satisfy shoaring strass

-y

12 x 40 x 4,90

Por 41113 doprh bomd will guvoern stensl 5 inch spacing of *’ baras

P e ‘L".-?- - .0".‘“:‘:1' . = .903
5% 21.3

= 8% lbse Bde 1Ine

P i W
'(j'jE,J 7 e55) (-903) (32 )%
5

Lo 53_5_345&‘_0_ & 6'000 lose 8Ge ine
(e29a1) {4403} (17) (37)°

£ = 5000 » 2 - 1 iucics
41 4 x2 80

Y9 floor sla

P2 ultart domrenrd pressure on outor one foot strip.

The npwnrd wrossure = 800 £ 1284 ; 1042
4

wolshit of enmih = QU700
welght of footing = 300
Thiiform lozd on ond strip = 2600 « 1042 = 1500#

it :'leQQ_‘X‘ “gﬂa:_ 1180C ft. lbs,
10

y ~ 9 ine
Doplh of 9lcb 4s enntrolled Wy shaors
T tetal shaor st tie edre of the countorfort 18 (16400)4425 = 6800 1bse

por linour fie



d = £200 = 21% tai2l (hwiclmoes: o 24 which ehecks with desisn
i) (80} 00)

vl aul wanelng of Lottom rods

L9 = (e0014) (12)424) = 403 8q. 1n.

=Y

- squaire spacéd at 3" is susfieien¢ wiich is used in desisn
Azd3 o2 somy 8igd uesd ovor sup orta
Bcad will vnatzrol

3508140 = (sgnu%)m(,go“% ] = 6B
0C

Si8 caasclie wibll dusi
Spaclryy ol rods iuoreasss for ench ono {te strin ths doorease in lodd =

wA N

1

44

ts

133

.i%‘

as 23 feod "roa oud 09 unit load 1s 15C0~700=900

spating e [3)1{159C) e 17 wiinnh cler
900
ani epasing 68 Lott,a vode m (8111600 ) = 10% 0, 1§
190

Countorfors

Tovel fores iranuaitted to counterfost 1 P = L (1446) (25) (3541) = 6400 lbs,

Tutal 2 = G400 x 10 = 6400C
U = 64500 % ol x 12 = 4,300,000 1: 1us,
mc oot ama 582103 4.85¢
=L 0 = 81

= m%.%w
P = o0056 (tcble 6)
(el square bors used

As = 40056 x 9.65 x 12 x 18 = 5.9 8qe ine



22 % x (748) (28] (2341) = 11702
7 2 {2:8)% 4 5(7,5) (30,5) = 3455
3{2541)

d w1170 x Tel3 x 12 = 455,000 in lbs,
Moraet ara glrelex & £

Xaluio i

X - e andgl = .0’}3}. r‘.’q_ﬁdl’ﬁ&
18x9x 144

S rads carvied tronn

P = 4135212 = L08R rovidad

Tdorizcoted yols $o tie coantorfort to vertical wall
at ¢t of footing shaer = (25) (25 (615)=p320 1bs.
21 in ryiad bac aoand

re1:ir>d zzzber in a foob of hal Lt = £220 = 1,7 2 per foot useds
(.196)(1oooo)

at 4} fe2t cbere footing

TCa bare por oot = 340 = 1.1
0 136x1 50D

S at 11T 2prolay wsed

T.oasa 7ocs are in polrs esdh Loured wrownd o-ter khorizontzl reinforeing
var3 to ovtula sotlaiootory vond

VYortlonl bors $o0 tid cumterforts to bas

Shoeer 02 outor foot = 1600 X 8¢5 = 12,000 on succeeding 1 £1. strips tene
8im ia loroawd by £57C=800 (840) m 3900 lbs.

A varmg used of 1% ftle 12,800=1%(5900) = 6950%

~

Tue Tilo po ffe o i‘;O 2 Pe 2 rods uscd
99)1500
At 2% £t. ¥V = 12,800 = 2%(3900) = 3050

noe rods wer fhe = S0ON0 - 1,3
296 x 15000



« . - .
2 .8 157 ased

footor 2 s2faly for verturniag
5e35/1e30 = 3ai
roator of safely for eliding

Lol SR, 2.1

R V1Y) "‘3 :. 10’:‘5
70

Snelr of wiys wally
Ji.oenslons

T2l 02 A1) 8 £,
Tolciicad WY

doglo of sarth, G609

-090 = 2% fhiclk

0183 oanvilevel = 23"

o Tard anweeld 5

2

Pr=t x 100{0)  (,255) 030 = o201 m 2200 1bse
833 «281

38 2200 & eau 50° = 1300 lbn.

.. . D~
aOud s bl.di"

~e
"~
i

= 150 ¥ 2407 = GOGO 35, 100

Q= /00, = 5.9

1669
2 = #0107
B 240007 2 LT x 5.9 g #7537 sge in recuired
i ers circed ab " crovidss o858 8qe ine por fte
Desisy of floor clina
M 8ge Leos 4o ond bottom spnaad B
Di-teroe Loon oorpression swrface Lo coanter b

Lottom stael = 75 irciee
Y o 273 W = 815000 § 10 = 19507 rar £6.
168)

wie ¢f lrdor = 00 1Lse per £,
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¥ = 1930200 &= 1730 per linsar fte
olour Gistance between pirders_ei'-5" = 16" = 3%«1"

w for 1ft strip of pavemcnt = W = 173Q = 562 1bvs,
308

Consideriny each strip as a 1 ft. beom partly corntimious
a2 m 2 562 x (GWE = 7700 1b, 1z,
10 10

PaKm_ 92,8 000573
£8J 16000x.9

K a2 9208 ‘T&bh 6)

As = 00073 x 12 x 7e8 = 52 8qe ine. mor 8qe ft,

4" gauare bars spaced B' o 6 8qe in. DAr 8ge £t

Some size and spacing of bars take oxrn of negotive moment
Shoar taost

V= _l,gm = 34 lbs, safe
bla 12 2 o837 x 7B

Crova

c= B g_@j_ = 1442 inchos
533 633

T™is 1s 2bove minlmm
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Disocussion of Cheok Dosisn of Steel Doock Girder Bridge

Te followin: desoription, analyses and computations for the
chock design pertains to a bridje which 1s located on South iain Strees,
Rochoster, Michiane It i1s in reality a grade orossing, as it ocarries
the roadway over First Street,y the Grand Trunk Rallway, Clinton River,
and South Street. It 1s steel dock girder type, with spans as followss
4707, 2-65%, 8-50%, 28! rocdway cnd 1-8? sidewalk, with provision- for
futurs widening to a 40! roadwoy and 2«5t sidowalks, One T0? span is
over the 3. Te Re R. a2nd thoso girders ors encaseds The Datroit United
Railway yans oloss beside tle bridse, and the dridze sbutmonts are wide
enouch to tale care of thise Thoy are of counterfort construction, anl
rost on 15 ton piles, as do the piors.

Tost holes show that tiie soil is sand ranging in grading from
f£ine to medium coarse, and contain a }Jarze peroentage of elay, Bencath
this layor of sand :x:d ot an areraje elovation of 155' is a layer of vory
hard sandy elay in whilon tihe olay :redoninatese

The plans worce dravAndn the latter part of 1326, and the bridge
built in 1927 The plans used in this thesis wore oovtained froa the
Michizan State Highway Departmont at Lansing, as were the speoifiocations
used in tia computatioms mnde in checking tio stresses. Oe A. Mellck
wos the Bricdge Erngineer

The loading used in the dosign of this bridgo is ahown in the
loading diagram, also the mo.onta and shears whish are usad with this
loadinze Thess values wora figured by the State Highway Departmonte
The oorplete plans do not accompany this thesise The loading diagram,
tcbulated shears and mo:ents, and dr:wings showing details of the steel

girders ars inocluded. Also drawings showing dirensiomw of abutment,
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ené general pian of bridgee All steel girders, piers, pile loads, abute
meuts, wing wells, and floor of bridge have boem caloulated and checkede
Baoh of these mombers and the stresses in the composing materials will
be thorouwchly discussed in tiwe following reportes Tie discussion will
follow the chaeck caloulations as well as possible,

The floor design wcs €hecked first, cnd the streeses checked
very olocely with the spcoificationss T reinforcemont was considered
es rumning only one way, and tho {loor wrs figured ce a por$ly contimmous
beane The reinforoement which ran parallel with the girders wus for the
nurpose 02 holdin: tiie bars in place. ZIijansion Joints wore provideds
The 70 foot encased girders wers checked nexte It is a built up girder,
anrd 1% ochackod clossly, &n avery waye

The pltch of tie flarngo z:gle rivets was found to be eatisfactory,
and as this ie thw ezl wa spacing of "4 it governs the piteh of the
flange angle rivets off all the girders, 2s this one earries tio lurgest
load.

T:e 70! unencoscd ;irders were neut chected, ud were found
to b satisfadtorye The stlffenor spacing 1s tie sa.o oc oll the girders,
@80 a check on the first is in rcallty a checik on tham all as far as the
stiffeners ars concernode

The 65! and B0' girdere vicro 2ll so fo.md to e corrcot as to
designe

Tho deck girders were con:ected to box girders which rested em
the plers. The hitch angle rivets were chacked and were found to be sate
isfactory.

Te box girders are built u> of tvwo webs anc filled with conoretee

These ipders are heavier tion noodsd for tie lood ther now earry, but were



made so in antloipation of future wideningy They are desizned for a
&0' rondwaye Tro check was made for o load of this size, and the check
proved that they wero correctly desiyode Box girier G9 was cuecked firste
This girder carricd tho heaviest louad, and it chucird elosely with tie
requirementss Tie flunje angle rivet pitch was unsven, but thés was
neceseary in ordor to place the stifiopmorse MLy check £8r pitoh of the
rivets -7as z2bout ti2 actual cveras pliciie

Box gsirdor (b 8 was chookod, ad the provided Section modulus wos
found armles The piftch of the rivots s d tie stirffensr area and spasing
wos tha sene as 3 Qe Box girder C 7 is identical with @ 8 with a smaller
loade. Lilewlise Girmicrs @ 1 acd G & woro ohecked sr.d found to be satise
factorye

The desiyn of the plorc wverc chodked nerte The unlt stress in
the reinforcod concire’a was fomld to be only 205 luce por square inch,
while 400 1lbs. 1s alloweble. The eitra strongth is no do bt provided to
take oare of future widening, as these plers are prooally designed for a
forty foot roadwoye

The dosiygm 0" the base was chesled and was found to be undore
stressed, but will not be when the rocdway 1s wildenads Tne pile locds
were ehecked, and thav are sufficlent for future widsnings

Tho check of the south sbutment followeds Only one abuimout was
checked as they are both ti:e samee Thés checked g:iite olosely in most
ways, except for & fow things, There scendd to be a slight excess ef
steel in the vartlcal wally, and t:ie vrse 4id not scem to be guite thiok
enough for vertlcal sheare However, these variations were slighte The
strosses in the innsr floor and in the counterforts checked very eloselye
Thore was an ample factor of safety hoth for overturning aud for slidinge.

The short retalning wall at the ends of the abutment wns checked nexte






This arforded an opportunity to use Ramntin's formla for inelined earth
back o the velle (M3 stress were foawd to be well within tne allowable
1imits,

T:0 pile lo~ds wero chiceized for thie plles bonsati tiie base of the
abubirnt and were fo.md to chocit ver, closclye ¥he allowable load wns

toi8 por piloe T..0 chicekr siowed bial thio hoaviaest load taliza by oy
pile w.3 token by tho oues 1la tie 0ulalds rowy and wus 14 3/3 tons, This
wo.s a2 very good resulie

Treo ac9isa of tio reilings a. sl curbs are according to tis 2)00-
ifications of tl.e Il L y Lopaytreni wiil the excoption thnt tie curb on ‘
the side of thio yond ourosite tie sidowelk 1s only nine inches fro. tie
vailing, vhereas the cpeolificutiomne ouy it rmust no® Lo closer than 12 inoches.

The c¢rowa of the roaudwe &m co.rzcte

fho railings are standord, e Gesija beli:l according to specifi-
oztione for Ybridges VLiiilt by tie lidclhigun Siate Ei_hway Dopartront

General Discussion of Thosis

In chegkiy tle design of this structure, tiie werk afforded an
exacellont study of sical girder desigr, isinforced ocncrete plers, so:ntere
forted rotaining walls, and pile loads. The desi m of a bridgs regaires
maay phosas of civil eninecringe 4Alos tils thesis gave mo valuable prace
t180 in the reading a.d intornreting Wluenrints.

I chose tihils subjoct bocause of L1.: 7ast thot it involved a mune
ber of provlems which are irmportant to a2 Eugincere s4lso I wanted t0 dise
gover for myself how tha theories 2.4 forwmlas we have been using in our
dtudies wnuld work out wian anplisd to an zctual structires It has boen
very pleasing to me to see how oiosecly m: caloulations h:.ve checked with
tho actual design of tie bridces It 3ives one more confidonce in the Xmow=

ledge he has gained ia the olassronme
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