AN ANALYSIS OF THE PROPOSED
PEDESTRIAN AND UTILITY BRIDGE
ACROSS THE RED CEDAR RIVER

Thesis for the Degree of B. S
MICHIGAN STATE COLLEGE
Lester B. Shelden

1947







I

PLACE IN RETURN BOX to remove this checkout from your record.
TO AVOID FINES return on or before date due.
MAY BE RECALLED with earlier due date if requested.

DATE DUE DATE DUE DATE DUE

031409

6/07 p/CIRC/DateDue indd-p 1



An Ancl,;sis ol tre Proposca
Peacstrien wna Utilit, lIriuge

-cross tne lLieu Ceuar Liver

4 Tuesis Submittea to
Tiie Feculty of

- e s
Al uVinlul

LACHIGN S
OF

5]

AGUICULT G b nPPLarh 01 LCH

EY
Lester o Sucluen
- o

Canaiaute for tie Deprce of

Bzcrielor of Science

June 13947



THESIS

&/



Introauction
Investigation of Locas
Live Load
Decd Loea
Determinction of Stresses
Floor Sycstem
Floor beum
Floor Beam (Comn..ections
sadin Glraer ideb
Jain Giraer Fl.nge
Judn Giracr Epliice
Stifieners
Lateral Bracing
bna Bcarings
Summary of Slresses
Conclusion
rxcerpts froa "Stuncurd spzcificateons for Fi_iwy Briuges"

Bibliogreply

f Ly R
J’—-\’\j J l.} 5.



4N Analysis oi Tuc Proposeu Pewctirlin iliw ULaliy, zradge
across Tre kked euvar [dver

TOTEG: Lo a0nh

This bridge is wciuully unacr cousiucrction by .licui_un Steve Col:ege, to
be built across the Feu Ceaur Xiver peicina tie Grouna bulluing. ine pur,.ose
of tue bricge is primerily 1o curry steum plpes ana eleciric cibles uscross the
river from tie new stesn generavion pluut to the mein pirt ol e caiapus. A
seconcaary purpose i1s to act as & foutbriuge. It is 1o be purticulurly useiul
to tnosce stuuents going to ana from e tewporary stecl classroous.

Ti,e original pluns were to wvulla é suspensdion briuge for U . utalitics
onlye. wren it was ceciueu to also use Tie structure &s a ioctbriage, tre
plate giiruer bricge was degignoa, rltoouzn evoryone concernea fuvoreu tuic

plate giraer briage, tne State Boura of Agriculture deciuea a liss enpinsive

- o
N\,

one should te bullt. Tuous wie preccut piwns cual: for a half-tirouy: Q%?ffﬁ
costing Cl<,UL0 to ./lu,0LU comparca to an estimteu .0,Uuu Lor tuc Hidie
giraer DriGgc.

Tine dia nod pernaic tue sutnor to wart for the tinsl wec~.lon ws to wuicl.
troe of wes.un wWos to be ugeu, luer-fore, tals enoayo1s . ot vee plale girc-
er Utype vwiiuch was fnavored so muche The preseut lacicstionu cre trat tuaxe 1, 0€e
will not be uscd, muckr Lo W CLugrin of Tre. wulhOr, wro huu nopce to gec e
rezlizstion of the plens ic be@ Worded on,

The autror acknovloages bLls inu.btoun .85 1O ali 0.0, € w0 nClpe¢ bim in
tne anulyslse, .re i e 10WCli, The ciljiDecr, vi.o originalily uesignea e
bricge, was very cooperebive, ¢s were ale tuose in the Civil inginecrin,
Lepartacnt, Pooiessors Ce Le i2licn end Le o e iQ0ETLSE WoTe purllculiiriy sieln—
tule Trnenxs snoulu alio be gaven to tue Jilicnijen Ltate lijnwsy Deparuuicnt tor

toc loan ol a sel oi sp cifications,

June, 1947 Le. ter Lo ci::loen



Irvesiigetion ol Louus, Live Touu

Tiie amount oi Ure live louu proveu 1o Lo guitc - proolea. e plans
celovu for aunerunce to tre fourit ecivion of "SJuunawra peciidicationsg Lor
Fighway Iriages" us a ocopteu py tac & merican issocliation of ttate Iisnvay
Ofiiciulse. These specificetions culli 1or @ live lotu oi 8o pounuvs per
square fout on tue sivewelk while acsijuin, tee iloorin, eno rloer Loz,
lilen cesigning tine ZIrUCrs snw OTLED alumuers, Loe live lowu snouluw be uster-
mined by tr:e fosmulos

P = (00 2 :ﬁ%. ) ( Bos )
Trhis gives a live lota oi ondy % pounliv. por SLU.TC i0ul 10r uesl.nin, w.e
[alll gdTUCISe  1OWeVEr, lieSe lonuil. 8 Wel'¢ Nol specuiacudil, Lu. itouibriuges,
virdces gecm 10 bu a vpecial cades Tie tulru eustion ol e sz speciitcaltions
cili for g¢ligntly higrer lowuin_ s in tadh case —— 10w pourcs per sgu.re fout
tor floorin; wnu iils imuculate supporte enu o loraule swmil.r Lo Li:e above tor
the girvderse. But tue uilra eaitlion adlso stipud teu st aii poris ol fout-
vriuges siioula pe aesagn.a for o live losuang of 10w pounug per g uule i6ulj
no reuucuiion being miGe {or Wil maln Jlrd=rSe In ui- abgones 0 a spucliic
ztatement concoining 1ovieriages in Lie iourti ealtion, TLE &ULHOLT wWas IOrcea
10 uU.e his own uascrciion, Fecling weat curing sose colloge aciivitiss, the
live lowulng ou 1i:15 oriuge woulu be mure twat e usu.d tootbriuge lowaini,
tre tanira earcvion's losaing ol 100 pounus per syuare oot wos ucclu-a upon.

£ large anount o: LnoOUsLT Wes &l.0 $pent in comsid .ration oL 1apact on
footbriages. &pece & culis 1o no iwpact waln sidewala louwGs buit tids Qsain
Was 10T niphweoy anc railway orlajges wiill SiuewWuleS. Tre pos. ibiliti s or
naving extreme loaus on nls foouweriuge & cuch tlimes as Ww.c Jrber Cu ruivel,
Frecnman - Bop. onore tug-o-vwier, or wi.n lootbull femes iet ouit, wWere Cone.Ge -

ed, It wug ucvciued teet vlile some iup.ct woula very likely be prescnt, tie



100 pounus per squarc Ioul Wus LENErOUL CLoOU. i 1o alisow for eny localn, ..rlch
nizhit «xXist, plus en cllowance of 50 to 10U per cent for impicie fThic aliow-
znce for impuct offsels a poscinle recuct.on in loacins wue to tie lerge widti.
It wos not urought posiible tuet 1L 9 feet of tie siwewolx voulu ever be loca-
ea to a p..cwed concition, wnich woula be necoscory To proauc. 1UU pounus per
squere foot on ihc¢ siluevwalk, snu stuill nave tie loca moving so ot lapuct
srioula be consivereu. Tirus tie live locw, wiuu pos.ible dmpuct incluwcic, wes
set et 1lUu pounus per syuire foot. lFor tue 9 foot w l.wiy, ULlc Lives YOU
oouncus per lincal foct ol bricge.

Trie poscibility of & v hicle croscing lie bracge presenteu lucelt, since

6}

toe woliovay his suflicient cleurwnce, ueh eXeminod witi: wele In nind, &
stovm belov, it was alscoverea tawt wn B-lo hicrway lo-aing, .oulu proauce
less bending moment wnu gneer on the wean gircer thun the speciticd slaevalx
losdinz of 100 pounds pcr syucre toot. Cimilarly, o single Trucs 01 grecier
weliglt could cross sufely.
Cicewslk-loncing, of 90U -/it,

Ve Wl = Y0Ua 104 = 26,000 5

Do 1/8 Wl o= i/ ULl n (LUa)R = Lyel8,luu fv. Q.
pishwey leccing 1-18 (-e0 S/it plus o coucentrateu lovu of 19,000 Tor sucar
wnd 19,5005 for moinent.,)

V=s3wlxP = «Ux 10 x 18,000 = 24,460,

W= i3 wi e x 4 Pl = 1/3 450 (L04)2 x ;. lo,50U = 104 =

1,000,000 £t 1b



Invesii; ion of Lo i, Lia Lowu

The weua loau wig Givicea into W0 puriss: that cue 1o Lo utiliti.s wna
Tt wue to Tine briuge coitgonents, £S5 S0V LCelow, tre ucou lotu wes louna to
be 8404 per foot wue to t.c utilitics wna CuV# per toot ror thc rem iruer of tie
bridi;e, a totsl of 1867# per lineul foot. sctucl sive wuu wei;xts or couponcite
were optaineu from reprecentutives oif tit collese Fulloing ana (tiliti s Lept.
eud Lenascape wnd Plinning Depte. s followe:
Ficetric Giijes.
(Meta obtuireu frow Ie poonon, collicov eicciric. 1 en. incer)
5 conauclor pu.er cable of v, pe to bc usce B.€08, /1t
4" conuult for sreiluirg; cl-clric ciblel .. olUed, /It

Corcuiivg [ur fteum Plocs

(Duta obtuincd ficm AL lowell, collicrc vesifiin,, cngince.r)

Conauit 0., tCnuuit 0.0 .onicctor weiint
o Lo Low SUij it

n i6 ;J//‘:.‘ " lk. n | J /ft o

}....
er

25 bfanm 24n 115+ /1.

hals
N

eignt of molu.a fiber inculetron (from sl Jowell) 604/1t 3
Floor {ystew — T “ri-lLox
(Data from Curnepi. Pocket Comwwnlon)
Yelgiit o svancera " USe T Tri-Iok € 4" c—-C.

wit“ COMCFCtC.-...-.-..ozdﬁ/sq. It.



Investigution ol Iowa:, pezd Locd

Utilivy ‘leibts

Tlectric cables

3 conuuctor power ciubie 6.60 #/f1

4" concuit 16.8
5 cables @ 17.5 #/1t oo i/t

Telcpliorie cubles
3 cubles & 15 #/ft (estimuteu) 45 :/ft
g" heturn pipe

8" stendara pipe (£10C Hunubouk) £9 #/{t

1. Conauit 50
insulct-on 19
water 2 &G F /1Y

8" lI.P. Steam pipe

g" stencard pipe (4100 hindbook) 29 #/1t

15" conauit 75
insulztion 33
steam 11 153 #/1t

12" HoP. Cteum pipe

1:m stencerd pipe (AL0C hancbook) 50 #/Tt

&M concuit 115
insulation 78
stecm 4

¢ pipes @ 267 n/ft 554 #/it



Invesivigntion of Joucs, leus Toua

jiei bt of One Punel

(Panel 6)

wein Girder Flange Loed &
iiein Giraer Yeb 1140
Reiling B
Floor System 250

Floor Fean 190

[dal
o

Flanye Siue Plates
Leteral Lraces 108
Stifieners 150
Fillers 106
Fucia 40
Total 7650 ¥
Fouivelent uniform loud per lincel tfoot of briwges

Weizkt per punel = 7650: = 9xT i/tt.
Lengt ol punel Beco FU



Investiiation of Ioige, Leuwu fosa

The welints of tic Inuiviuwuel mumbers

Girder Veb

Girdaer Ilange

Flonge Swae Plote

Stifieners, Insice

Stifieners, OQutsiae

Stiffeners, Ind

Filiers

l'ecia

Wleb Cplice

arem x 5/en
AVTN X ofun
X &/3
ArLigye /B
3/3n

17 0% . fn

S13M x
STle r lel
1ue

SELEE

. L
o x &/len

J

lete

Plute

Plete

Plute

Pl.te

Plute

1t ¢ 400 /euldt,
£t o 4208 /cudft.
£1 @ 490 Jeu.it.
ft o 430/ u.tt.
it ¢ 420 Jcu.ft,
't @ 480 J/culit,
fU ¢ 1l /T,
It e 106 /it

it @ ~BU#/cu.dt.

§ &/16" x /8" Flote 4 ft.7 in. ¢ 4uus/cu.fu,.

o QL :’_}/"“O"
bt x /an

YL |

Bn x u/18n

5" X - n

14" x 5/g"

Plate

Flute

Plute

Plate

Plate

Plete

Pl.te

Picte

Plote

> . DR .
.M x oM x &/8" 4

Plute
Plute
Plate

Plu=te

5

4

(@3]

15N

2

&

4

fu,

It.

{t.

5" x 5" x 7/d" ingle

5,’)" x Z."

b;‘)" X . "

Plute

Pliute

7 .Ln. ‘:\‘ /.:UU buoft.
7 in. © 4907 /cu. LU,

f1 ¢ 400 /cul.tt,
£t © 4907 /cultt.
7 in, @ 430 /ouldt,
7 in. ¢ 420/ /cu.it,
£t @ 4904/cu.tt.
7 in, © 4807/cu.ft.
ft @ 490-/culrt.
1044 /it.
11y in. & 4905 /culft,
1i3 ine @ 490 Jfcu.ft.
Ll ¢ 4904 /cu. ft.
5 {te @ 4vui/culft.
ine ¢ «Tez: /it

¢ 4807 /cu Lt

@ 49U /cu.tt.,

NETC computea @8 follovws:

5704 1b,

o2
cn
.

o

cri
[
)

C

o

5047
Y345
18.7

9.4



e e R,



Curb anglic 6" x 6" x 5/ct pugle 3.5 Tt @ il /L. l..c.0

Loteral bruces 3," x &M X o/8" anple Lo.7 £t & 2.5 /it. 5549

“

o

ieterninavion of tregrco, Floor U, oten anc cloor Tewn

Stress in T Tri-Lok due to 100 #/si.ft. loceiny on oe.0 ite spon.
(Lzte from Carnegie [ocxket Cowpiniion)
concrcte fo = 449 psl. (700 psl. cliowupic)

stecl fs = 4cU€ psle  (1u,u0u pcle wi_oveble)

/ L

7T

Siuewals live loua 100 :/sq.ft.
Cidewalk aeza load _ o8
Siuewnelk louwcing, 1o3 /s eit.
Length of penel Beld fi.
Uniform sivewals lowd per lincel fout of floor bewum 1i59 7 /1t

Pead loau of tlo r beum
Utilivy lowc per lineud foot of briage 2.0 #/it.
Lingt ol punel Beb Tt
Utility lowu per penel 7055 #

Iguivilent uniform utility lowd per lineul 00T of i1lour beaa  8ed #/iT.

NU.‘.; B ’/ it’-

Sheur in Floor rfewm: V = 3 Wl = 0.2 X 9 = 3,00y #

= 9,088 = 1,500 psi, (cliowable 1l,uuU pci.)

S =

x|
|
<«
[o%

Moment in Floor Beum: [l = 1/8 Wl & = L1/8.0.0 % 81 = 20,47c £t - 1b

S5 e il o= 1: = ~U,473 = _l.w,bdo }JSi. (C.l_:_o""'f& bic lu,‘UO



Determanction ot {ircgs .., Floour [zam (onueCiions

\ )
g b A NN N -" vat R e A
o'.\ \ e~ 9."‘.h K ‘.."‘.‘"-.I..' .
F/oor Beam
)
l \)

F loor becam to suifiener corn.ecuiong

End reuctiion of floour beum (siewr Iounu on previous puge) 9,089 #

10

Weignt of curb angle L2

V = Yyzee
Lengtn of Welus =2 x 4 15/16 = @ 5/8" = 9,600

Soress of welds = S = ¥V = 9,524 X8 a 5,610 psi.
(J707=5/8)L o707 x 9.65 x 5

sllowuable (41SC hunavook) 13,600 psi,
ctifrener to filler and filler to girder web con.ections:
Length of welds = ¥ X 4 X & = k4"

Strese in welas = S = $,did x 4 = 2,170 poi.

U7 X w4

illowuble (4Ll8C henabook) 16,600 pei.



Leterminsilon ol pircs-es, iuin Gircer 7eb

Tune web of tie main girder wes deslgncd ifor adniercerce to Specs 1l aud
27, Tue sl:ear vus not a ceciuin; fuctor, as siown below, Tic uniform lowd,
cead ena live, is 9ou (live lowd) x 1867 (aezd lowc) or 767 lb per ft.

wl = 3 €787 x 104 = 145,08

1i
el

[N

Chesr et end of bridge = V

|
—\"‘
=
-
©
[
T
RS

Shear for eccn giruver = 4V =

Stress aue to siiear = S =

Tre minimua web luicincs. 1s oo incly accoraing to Cpece lle £ S CpucCe
<l svates, lue web must be more tnun 1/<0, in vuich D is tuc aistsnce betireen
flanges. Since tie wiatn of trc veb varies, D will very from 41 iicnes at ihe
center to 59 inciies #t the ena. AS checkcu below, The web tlilckness cocs not
follow tl.e specifications at tne ena. ‘his discrepsney exzi:cts only in the
first one-half punel wnu i< minor.

<y

at end D220 = 59 £20 = L8 in,

at center D + 20 = 41 €0 = W22 in,

actucl web thickness = &/8 ine = L075 in,
The width of the web, cccoraing to Spec. 10, siioula be not less tnan
1/25 tre length of the spsn., This is setisfectory, es showm,
deptin rutio 1/25 x 104 = 4.16 ft. = 49.9 inches
Yinimum depth at conter 4 ft. 6 in., = 54 incues

Deterninution of Ciresses, il-in Girucr Flenge

(&
w

Tie flanges were anclyzed accorulng to ti.e moment of inertia metnod,
gpecified in Spec. Wo anu w6,

Renuing Stress = Moment und center (1/8 wli) = <767 (104) 8 12 = 17,790 ps i.
Lepth 0r seculon nrew. 0l Section CxdLNLDeovxE

ficcording to Spuce 8, the ullowable compres.ive siress is 18,000 - & 1L

b 2, with an L $ b ratio lecs tucn 40, Uitk L = 1:0 incies end b = 12 incnes,

L « b = 10 and tue aliowsble stress is 17,50u psie #s founu above, u.is siress
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is excecdeu, Tre pos.icilily of wrds girucy foalin, pocaucie 0 uwows 1g soint.
Only all tie flinye cnc 1/3 web wug conciucreu in U:e moment of inertis LETiou.
By conSiuering tre entire vieb es texing benuian., trie stresc vwoula be celow e
alloweble, This 1s notu accoruing to tie speciiicutions, however, sne tuze zuthor
viould not advise ueing sucn @ nerrow acpil: ol section & t tie cunter. in extira
2 inchies in the aepth of the web woule not uptet the rect of thre ceciyn zna
vould brin;: e stress below tue muximun =llowcble,

Deterainction of Stresses, -in Gircer Tela
v 2

The horizontel increment 0i chesar wus compuicu oliw Tie CUn..€eCTion 18 Ci.€CK—

ed sguinst tnet., 4 sample comgutition 1olilowss

Fele = V. AfF = 10UC #/in.

Stress in welus = € x 1C00 = 5,0.0 psi.
07 (0/6 04b X 6 % )

allovavlie ([eieleCe hinuooux) 1Z2,60U pci.

4,

LCNCY'S

Determinaiion of {trevgce , Jli

Accoruing to Ipece 91, Trie outsuwunuin:, lege ol guliicner sioulu be more
tuen 2 incres plus 1/50 wie cepue of tue giruer snu sioula nou excecew sinmuiecn
times tuneir thicknesc, ‘inus, the lengtin of outstunuing logs muet felil betveen
3.8 dnchics ena 6 incncs, &s computcu below, [f1L stiffcuers { «il in Tids
brecket, tieir sizes rau.ang from 5 /16 to 5, incies.

- 2 X é"li - 508"
0 &0

2 X

(il

16t - 16 x 5/8 - 6"
Stiffeners are placea every 4 fi. & in., well b:low tie acptl: or web limit
of 4 ft. 6 in,
The ¢na stiifeners ware decignea for becrin, on weldr ouver ilum, oo Onily,
as stated in Upece 35U,

2 = 5," x " plates S.5 S, 1n.



£ = Bu" o " Plutles SJ7E 8,6 in,

2 = bm =" Plutes _ 245 sy, in,
laeld St e in,

The total loua on v enu siuifieners will oo one fourti,
The total weighit of tue briage or 71, 94n 0€,

Eeerin;; Stress - 71, Ol # = 5,uld pul,
lo.7c S e in.

(zliow.blec 18,000 psi,.)

DeterminciZon of Sirescses, ILuterel Rracing

le——— 8257~

Tue soecitfications stute that luter 1 brucin,, crould de uega; e 10T &
wina lqud of 50U pounce per lineszl foot. (lefer to Spece 7o) izch luterzl
woula holu ti:ic wind lowa oi one punel in eiwier tonolon ol compression.

| 50U 7 /Tt 8ekd It = 2475 # per punel

There would be rno dunger of ovuckling under tiils loca. e stresc wws coml —

puted for e&n eccentric louuing &s srovin bolow,

P

S=V=x _c
/ U
- PN P

= £,5/0 pci,
The aliowauble sirecs wus coiputeu from

| SpeCe Gy une foimulu tor rivetcw col-

uans being usec. L/ = 100

.L;.),\.‘UU - 1.2

il

il
g

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\"'

v b

S = 15,000 — - (L1.65)%
LelY

S - l.l., 7:10 pSl.



—
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Letermind tion of Streecses, Ruilings

is per Spec. 1, tiie wop of tre ruilings is o feel o tove Tne gitewslice

Also, ti:e r:ilin, is 1o be cecignia Lo wiitstuna ¢ v.rtic:=l force ol iluw pounce

per foot ana & Lorizontul force of 1loU pounus per fout, as scovn below,

700 %;
a4t
S
Py, 778

-

/80 %
[: E. 25 H. —

Thne unit sirce. es in e re.ling werc coawputeca as folloviss

Siiear in realing: v 5 160 x Bexd = T4l.S #

Stress cdue 10 Creur:S = V o= T42.9 = 58% psi,.
I\: ek

Moment in railings M = 1/8 180 (8.85)< = 1ouU ft. lb.

He = 12 X 1ot0 % 1.5 = 9,150 pele
0eul?

w
(]

(allowcble 14,500 psia)
Tre strengtl, of tre ra.wdingc eppearca cuite suificient tut tic welus were
chiecked as folliows, consivering only w.e norizonial iorce:

S = 150 x 8.5 = wodU psi.

fUI X O X

(uliowurle 1,000 psi.)

Deterninuciion of Strecve:r, lua Beurin, s

Refir to Spece 1o to LU 1nclusive, for ime ces.:n oL e €nu Leurin s. Toe
specifications are folilowca very welle lIopuenicion must be wllowed for a t tue
rate of 1, incues for every 1lUo fect oo 1l.d incices for utnis goan of 1lué fect,

3 incues ere ziloved, Bronze sliaing expens-on berin s sre proviuic, Tre
anchor bolts prevent eny laterdl movement, “The bolts extenu intlo tiie masonry

the recuircd 12 incres suu a 4" X 6" x 3/3" angle wuus to lheir sta bilivy. The



giroer is csup.ortea on mctul plotes g0 lhal tie bollom crora ii o inGC: €8 &bOVE

tie bricge seave Tie bise plute 1s 10"

of

1, 94u 4
f1=a Yo T

15 x 1ay sge in.

= 50U psi,

x 1", giving & pres.ure on tre musonly

(allovacle 1000 psi,)

Summary of Stresces

The unit stresses for each member,
live louxa of 10U pounus per squure foot
ailowable unii stress, accoraing to e
& 11 stresses

opposite for comparison,.

icmber under corsiuerction

T Tri-Jox Flooring (concrete)
(steel)

I'lour beza (uwue to s.ear)
(due to venuing

Floor Beam Conunections

Jedn Girder Web (siiewr)
izin Girder Flange (benuin.)
Jluin Giraer Welus

Ena Stiffeners (bearing)
Izteral Bracin:

Ena Bearings (mwsonry)

louna by essuming tre aplication of a

ot siuewelsk ureus, are listed below, Tic

fefieCeHeOu c_ecifications, are lisied

sre in pounus per sguure inch,

Stress as founu Liilowe Ule sirens
439 7C0
4,599 18,000
1,50U 1i,0uv
13,650 14,000
5,610 1 3,600
4170 15,600
< y004h 11,000
17,730 17,500
Lo 14,600
5,215 13,000
4,370 1i,750
500 1,000



COLCLUSICH

In ancwer to s question, "L0-§ ThlE Dracgc iuilill:i ti.e reulred soec-—
ificetions?"  tue aucwer 1is yese. 1€ Iouru ecetion oi tne gpeciiicitlions col.s
for a live lowca of So pounug per sguire foot on civewilad &Sllu Miwed NO OULLY
statement concerning foouttrioges, From twiZ, one mi.ut concluce tnot 85 pouncs
per sguare foot snoula be usea for Thus briugc. Tnce cliowat.ic stressces are
not exceeded wiilh such as wppliea lowu. lovever, as expliined in tl.e in-
vestigantion of live lowur, ihe autior Ielt lhet lie slutewent concerming fout-
briages in the trira edstion oi w:e same speciticutions cioula pply 10 Tiidls
cuses LS 1T turnea ouv, «li unit swrecses were very saticlactory, sa ve tor ue
flexure stress in tue muin giracr flenge,,

A compuricon ot Tne wllowable stressec, accoraing wo tee i1ourth euwition of
"Stancard Specificotione for i iwey bric.ed,” chnu tie Uuniu £1rcs-eo 1ouila by
suplying a live loxd of LOU pounus per syuire foul is sinown on the prececuin(
puges It will oe noted trwt tre univ gires: in the mein giraer flunge is a bove
ti:e allowibles o live loca ol ¥o pouncs per syuars 10vlt could be ep lica with-
out exceecun;, tie wlliowebdle streecs for the flinges It 1o pos. ible tict we live
lo~d ucea by e wuuwor wos oo Li.hie A more intensive anoviloage otf thie ae-
velopment or ihig cesign will precent lece pos.ivility toet the bricvge wos
sligktly unuer-desipgned., The desigjning enginecr usca « utility lowd oi' 700
pounus per lineusl foot ol briuge. The utility losuing «s founa in W.i: wnalycois
wes 940 pound:s per foot., fThere is quite « difference trere cuu coula bring e
unit sir ss in uwe flonge weldl bolow we elliovuvle,

Tne reccon 10r Wwe L.rge aoificrence in e two vviliv, louds in eviceunt
wnin uhe ¢esigning; conuiiions “re £novm,  Ihe coolonin. crnolneer ala nou nuve
a definsite xknowl.gze 0 Lo U,/pe &t «loun®t ol uiilitics tral were o bu put
CCrosse. fThe pipe slies «lid yypes wele Comiy’ed seversl times “lter The Gesign
vius startea., The utilitics srovn on the plune incluwed witn Unls ciielySss &re
not ex.ctly tue utilities whichi thie briuge wus cesigiea for, Tre engine.r con-

siuerec lre Ciin et MAINor €nourl: NG Uie Dricle over—=uctligned cnouil to carry



Cols L L1vh

the extre utiiity low. Ctrictly s ewuxin, this wus rot soj; but the recsulting
over-loiu 1is g0 sli.ht, wna tne poscivility of lhie siruceure ever reC.ivil: g.ch
extremne live lousds 1s £0 ruri, Tt Lie enj-helr wue gu‘é@ jucuifie. in not

crnang -ng his cesagn, 1has .11 be furtrer bo:ne out by tie fict wet tie prosent
plens re.recent o furtuer chun:e in tne «rrongoment oi uitalivics, The eutlor
offers no explmnation {or tile N.METOUS CLID, ES.

Except tor e gird.r flinge, s wesw on toliovwe U gpecilicatl.ons guilte
satisiactorﬁi“%The welced construction ellovws wiuiple sirengih for «ll con-ccueions,
The seconaary members are over—-aesigneu in orcer to iulfiil we rejuirenents of
tne specaficutions conc 1ming minimum si.eg,

Conesagerin, that @ primery purvose oi U.is enelysls was Ior tre benefit of
tie author, in obtla.nin, exycricnce in structurcl cccipn szua formul reports, tie
time wes well spent anu w:.e rew rus, werc morc iien cxpccleus  The & uhor wis
quite cril.htcnes concerning tre sp cisl protlems present ¢ oy footbridgcsc.
fhis prool.m brougi:t ouv yui.e clcarly, ti- importuxce snu axfiiculi, wi.ch
erises in we chovein, or sy c.ficitions cna - pplicu lowtse Iv 4 reprettec
tinat wll tre "litile tuiugs" leurncc by we:e auteor in writin. tils coula not be

nresentea on papver for tue binelit of otiers.



Excerpts from "Stunuara cpecitications for idigrwey Bric.es!

1. Rgilings., Substeniiul reilings wlong eacu eive of U.e briugc siall be pro-
vicea for tne prouiecilon of tratiic. Tone top or une reiling sio 1l be not less
tiian 8 feet above itne rinisiica suriacc 01 LS roauWwsy aQjaCeinv Lo e culrb, or
if on a si.ewalk, not less tnun 3 fect avbove the sivewals floor.

Railings siwll pe uesignea Lo resist a horizonial force or now less thu n
150 pounus per linear foot of bricygu, applic. &t tue op of ine reilin , ana a
vertical force of nouv 1l:s¢ tiizn 10u pounus per lincar 1oot,

2+ Dead loid, Tue cewa looa st ll consist of wic wel it ol w

®

giructure con-
plete, incluaing thie rouwaviy, ciuewulxs, cur tr.cac, pipes, conuulis, cubles,
snu outer puovlic utility servi:es,

Tr.e snow cnd ice loza is conriucered o be oitcet by wn cocomponying Ge-
crease oi live louu sna ilupact zne sacll not e included exceplt undsr specisl
conaitions.

The following vieignts are to bc used in cumpuling wne wcaa loids

C1EEL seveacesanssossassssassssssasassanannsses U0 LD/Cultt,
Concrete, pluin OF relNiOrCElessesssssesssssses LLU 1b/culit,
LOOSE SiNU, EuTll &NU ZTEVEL sesesesasssssesssse 100 Lb/culit,
Conpucted senuycorth,gravel O b .Li St sesesess L1i0 1D/culit,
¢ Live [o0ed, The live lowa sill conelsT or uwe wel,nt ol w.e wp, liea moving
loud or veniclcg, curs or peucstriuns,
4, Sidewszlk Tozaing, OSivewulk floors, stringers ¢nc teeir liecciule gup.orus,
snall be desizn<d for a live loud of Bo pounas per syuwre fout o0i SleewiulL &red.
Gircers, trusses, ar-hes &nu OWner Weaners snwll te aesin.d ior t:c {ollowiig

sicew.lk live lowG per syuere foot of ciuewils arces (for gpunc over 10 rect)

P = 00 x sUL0 oE-""’
( _E__) ( DU)

P = live loau per syuare fect (woaimun 60 psis)
L = lowaea lengti: of siuewulg in fect,
o= width oi sgildewalxs in fect.



Excerpte froa "Stunusra Specificuvions Ior 1 bawyy brid e

S. Impuct., Live lowcu sircsces, except those wue to ci.cwela loswus ena ceniri-
fugul, tractive, anu wina rorces, encll ve dlncerewsca by on wi.owance oo dynaalc,
vibratory, anu lavact eflectus,

6. Lon.itucinsl Force, Provigion siwil be mauc 10 toe elicet of o longitucinol

force of 10 per cent of the live loau on une strucwurc, acuvinz 4 felt o« vove e
floor.

7. Vina Louds, Tne inc rorce on Leo siruciure Sic.li DE 2S.UMEQ US & .OVALLS
rorizontal lo.d ejual To ou pounus per swuure fouu on 1y lises tie erea of tue
structure as seen in elcvation, inclucing ilre iloor uystem «nd reilin.s, and on
one-half the srea of all trusses or giraers in excevs oi two in e gzne. The
total essumea wina losdu siw:ll De rot leces Lisn ZUU poulius per linewr 100v in lhe
plune of tne lowceu cunora =nu 150 pounus per lincar fout in tre pl.ne ol e
unlocuea cnora on truss gpons, ana Lot lecs tien oUu pounas per lincel {00T on
plrucr spans.

8. Allowable Stresces in Structur:l Stecl ence ivels,

ixicl tension, Netl SE€CLiON eeescessssscsoscsssnccsscsscneseas L0,J00 psi,
Tension in extreac fibers oi rolieu unupcs, giraers
and built secuwons sunjecl 1O DENUINE eeccseccassasssene Ly psSi,
Tencion in bolts ab roul 0L UIreud eeeseceseccccccssesscevess Loyolu 051,
Axdisl compression, gras:s sectlion, stilieners
Of plule {IrUECLS sececesecccescacescccsccsssscsnssssssses 13,00U psi,
Coluamriss Tne permasSsible unitv stress in concentric.lly loca.d
coluans uaving velues ot L/T nol grester tuon 140 aa y be
coaputeu from toe folrowinz approxlnutle foraul.s,
hivebleU €lUS eeesecsccsssacacss Lo,0U0 = - LZ/rz.
PiNl €NUS esesesssscsssssssssses 15,000 = 1/5 L./r2
L = lengtn oi mcuwier, in incies; r = leact rucius ol gyratlon,
Comprescion in exireae ilbers ol roiieu sanpes, jiracrs, wana

built scetions subject to benuin:; (for vilues of L/b not



greater Tuidl 40) eeesess 13,000 = 5 L2/b

de £ llowuble Stresses in Strucuvural cotecl ana Zivelcs.

illowable coaprescion in splice metericl, £rocs ScCliiN seesees 13,00l psis
Stress in extreine fibers 1N PINS secsecceccscocccccsssanssnnnsas il psi,
Shear iIl éird(_»r “i"(:b;.‘;, {;I‘OS. SECTJ-LOH @8 S0 e et e0es st OROIOIOISTTOTE l.l.,‘.)'\_"r" p&lo

Sneer in porer-ariven rivels #LQ DINS eeecesccssccsccesccaansss Lo,olu pei,

[€2]

liear In tUrned bOLTS ceesesscescesssscscscocscccasascennsasass Li,0UU
DE&riNg IN PINS eeeescsacscccssscsssscsssscsnsnsssscsssssnssssnsse L, LU pii.
Bearing ou power-uriven rivets, milied stiifeners, uwua otiier

steel purts In CONLECL seesssscescesascccccassancsasans 7y ULl psi,
Beuring oz pins subjcctea to rotvation (not cue wo uellcciion) o Li,0wu psi.
Berring on TUrNed DOLTS eeessescecccssassessessssssassccancesee <UyJUu psie

9, fllovavlc Pressure on i conry,

Bridge seats - unaer hingea rockers and bolsters (not
subjectea to hijn edye louuing by a acilecuing bewm,
E£ITdEr Or trUSS) sesecscsssscsssccssssssssscsssscssnsss 1,000 pei,
Ti.e @bove briuje seeabt unit stress will =p ly oniy wrere lue cu_ e ol ine
briage seat projects out =t lcust 5 incuneg beyond edge ol tie shoc or plute,

Otnerwise, the uni. stresces permituied will be 7b% of tne a bove wiount,

10, Lepth lztio. The ratio of the depth to the length of gnhan, tor pl.te

gircers, cnholl te not lesu teen 1/:5,

11, Thiciknmess oi ietoal, Tiie minimua tiickness of siructursl steel sill be

5/16 inch, except for filiers, raislings cuo uninportunt devuilc. Guescets snill
be not lecs than 3/8 inch thick., ifetul cubjectid o miraecu corrosive influence
s

rell be of grectsr tnickness,

1l2. Strength ol Counections. lio comieciion, except ror leotiice bers sna nind-

rzils, si:ll contudn lews tuun tihree rivets. ALl coniections unu splices,

witetirer in tension or compres.ion, c<uuzll be proporiioica Lo uevelop tue full

strengt: ol tie membeurs, and no allowunce in excess of 504 si:ll be mzae for

/

milled ends of compres-ion mcnbers, “plices sunwll be a5 rewr e peiel poinis

[
S
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vcerpls from"ost.rndera Sou.cificutions for ricowey .riu;us,!

on ...l 8iGe Ol l.e pen.l POiLtT wrlen 1S

o
o

as precticable enw, in genorad, chell
subjecilea L0 ine smoller strege,

15+ Conpres:ion flznpers. Coaprescion meabers St Ll be asgi neuw 80 Ti:tbt Lhe

metzl sh:ll ve concenira tca as fur as reasiuvlc in ihe webs enw flingen, ana so
et tie cenver of graviivy ol tue secllon iy De «s nhesr lue cenver line ol tue
menover as practicuzble,

The tnicknegs oi web plites or compres.ive mewoers secll be not less Tron
one-tinirtietn ol tie trunsverse ulsiunce oeilvesn vie linces o4 riveils con..ccuing
trnem to trhe il.nges. 1he tnicames.c of cover pl.tes of coaprescion wmcnbers -na
cover pl.tes on Tie compruiecion il-nges of plale gircers prefercviy siall not be
less than one-fortictu oi lie TTEZLSVErSe GLoT-0CeC peuw.cell U.e lincs ¢l rivels
connccuing thém 10 tue rlenic:, LUT L€ BINWUUR asy de one-riitictic ol w.ig cis -
tance, proviued utLe wiuti of the plute betwecn w:e coniectillyy lines or rivets in
excecs or forty tiaes tne tuickne:ss siicll not be conciuwcrea zs etrective in re-
sisting stress,

le. Qutstinuin; Legs of ingles, Tre wiatug or the outsilonuing legs oi angles

in compression (except wunere reinforced by plutes) snwll not cnceca t:ie followin. s
In giraer flun:es «na nuln WemDeErs curring exiul stires., iwelve tines tre tnicaness,
In vracing @id OULEr SECOLQETy MOULers, siXicen bines ue Ti:ZtLess,

15e Ixpunsions  Provision gill bt mice ror expinsion siha coniraciion at ue

rete oi 1i inches for every 10u reet. Gne exyinsion enus sicll be securca

arainst lcoteral movement,

16. Ina hewrinis. Dxpeniion encs sczll be firmly secureu wgedinet litting or

l=terel movemciit, lized bearinge si. 1L be fiimly cucuauiea, Sp.ns 01 less taon
70 1eet mey be arringea to sliue upon metul plates wien smooun surfaces, Spuns
of 70 fect or more su-ll be proviced witn rollers or rocsers, oy else wiuin

bronze sliuing e:np.ngion bearin s,



pxeerpts {roa "Stonulrd pociiications ior tdscoiy Driugcs !

17, Folilers, Expunsion ro.iers s:..1l notl be Llics trun iour incies Lin cicucler
10or £2:n5 ol 10w feet or lese, ant trds minimuan vredl ve increccscu noo less tawn
one inch ior each aualiional 10U feet unu proporilon.liy for int.rimedicte lengtas
Trey ei:ull be connectiw py supsiunitial cice=birs sna ciodi te elfceiively guiced

5 to prevent lateral movaalnl, skewing, o1 creipin,. Lue rollers unu besring

S0

¢

plotes clall ve prouvectea from dirt anu weter es fur as pos.icle, :Iu w.e con-
stiruction shull be esucn tuol weier g1 11 nou be reluaunea wnu t:at w.e rol.er
nesis may be ingp=cted ana clcanea wicn itune lenct cifiiculuy,

18, Peuestzls encd Choes,  Peuestels wnd cices slcli be uccu @i be wesi _ned to

secure rigicity enu stublliloy enu Lo ulstrioute u.e rescuvion uniiornly ovir tre
entire boorin; zrea., Grey snall be weue profercioly oi cest sweel or structural
stecl, 1he botiom bearing wiou.s sn.ll not ercceu .o lop wce.rin: :iutns vy aore
tizn Twlce the aeplnr of wre psuestel wne, wien involving pin bourin g, Thlis u-pih

snull be neasured from uw:e ceuter ol tne pin, here btullt peueitsls aila bi0es o re

usew, th.o weo pl tes wnu v wnlos comecian, Lo L0 ws base plutes siiil not

be lece thun 5/8 incn iidck. If e gize of Tuw preestil permive, we vebs sia 1l
k 2 ’

be rigicly conucctea irmaversely,

19, :inc:or Foltus. ineror polis for trus:es sanw gird.rg s...1ll not be less en

1} incies in aiemcter wnu sili cxiend into tue mesonry not leso vunn 1k oincrec,

lasrners oolli pE ULEW UNUEr Uit NUl,  J2ICLOL DOLULS SUDjectia To uinsion, =S in
visauct iLo.ers, sih.all engape dU per cenil DOLe MLsonry han i reulred by we
uylift .

20e Solc Pliutes, Sole plates of glruers wuw Lrus.ses &cail nol be less wien

.“

incn vdick,
<le iesonry bourin. Se Cirders &na LIUsSses on mM.£0NiYy sui-ll £e S0 sup .orted on

metal pl:tes or peacstals tnet tie bovtom choras will be wbove Uie bricge scedt,

preferably not lecs liall © 1ncncs.
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incerpts ivom M"suinu ra cpecdiiveiions ior napbivay Dri

2o. Floor Eystcom,  Flovv—pcams profcrabdly Sicid Do ol raorl exr led VO Lic Truoses
or m.in . lrucrs waw Snoll be rijilcly comneCuli GreIel0,  LpaDb Dol 1loeTr g, suens
prefirabry siall nave ona flour-bewiut. o eua 1ioor-=bosils wrl NOU Uucu, ULe <ha

] -~ S . s a - - -~ - B 3 . - - .- =
p-nel stringers si: 11 boc securcd in correct posituon Ly cuo siruls sccurcly con-
nceted TO0 w.e STrin,ers oLt Lo TC mndd L1iUcrs 07 TIUSHChL,e  Lhe oiu peni-i loterzl
bracing, shncll be rigiuly atteacocd Vo tie moin [ .rasrg, Or Wwrus:cs, anc siocll e

(33 ) ’

attaciica to tuce enu siruts.

28, Minioum Size o1 Anles. Tie smesiest eqiiv Us<Q an brecing s .Lll be & x

2, dncnes,

24, Lateral Lracing. Botiom latercl bracing si:ll be proviced in olli sp s ex-—

ceptl l-besm spuns ana decs plete giruer coong oi &0 iecet or lens,

28e lnrougsi: Plate Giruer . JiSe Throu;: plute (iruer sp.ns snull be griftiernea

anst letersl ceformction ty mexns of gussev piutes, or ance vraces wwius golia

webs, a ttacned to tne sitiilener an.leus sna 1loor bewus. These braces generoi.y
gnull extena to ti:. clesrauce line, If the unsupgortea lengin oo toe inclined
edge oI wa¢ ;ucsel plate siceeus 60 Ulaes 1us wticANeso, uwle guscet plute soudl
nave one or two stiffcning wngles rivetca aiong 1vs eage.

284 Lesign of Plute Girders, Plate gircers shi<ll e proportioncd by a s.uaning

thet tre fliw jec are conciniratea at .peir cirters of [rievivye. OQOne—ei;niiz oi tre

grocs section oi e web, if tie vweb is eiicctively g;licea, mey be consl ered as

(ehium

L
flente section, For gircvers taving unusunl seciiong, we moaent of inertic -é,
&

; . 3

metiod sni.ll be used, E:
33

27, Flunre lections, The tlinge gnsles siwll Torm as lor;e a purt of tue crea ;

of une fl=n.e &3 practicuiiv, sice pletes snidl nol excecu except wicre flunge

wngles engles excceain,, 7/3 inch in tuickness othervice woulc be recuired.

w

The gross wurea of tne cumpression flune siill nol be less tuwn tre gros
area of the tencion flixge,
Flenge plites siadl be of eguul tuicsknes., or siwll decreuse in thicimess

from tue ilinse angles ouivultwe [0 ploie snall beve o hickness .realer w.a n

.t~
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L

“7e Flan. ¢ Tociione,

thet of ue flenye enyiles.

the flinge plates ere useu, ot leunt one plete on the top fleae sholl

[N

I

overed

[
}-
o
ct
(@]
o
o

extinGg tie 1Vll lon; th of tle girc.r, encipl wacre tlie Il nge
wiln concretes fny cacaitiontdl flompie pletes sroll enienc ¢t seuct one ioot
veyona e trcoreticul enu, cna lnere chell be u suliiclient numper of rivets
at each cnd of euch plute 1o develop its iull glrcss volue cifore tie cra of
the next outsice plate 1s reacieas.

«8, Thicknese of Veb Pl-tes. Tre tiiicknes.. ol webp plites, ercept tirose To be

encuged in concrete, si.ii be nov legs tiin D/ud, in wiickh D is tic ciclence in
incl.es beivecn {1 €5,

Yo Flene (plices. Splices in flem. e p.ric o.. 1l NOU DE USCG €XCCDL b,
goecx 1 permiigsion ol whie en.ilicir, Lot moure tiin onc prrt c..li be ¢oilced
wt tic scme crosg-sceivion, If practicepnle, splices &irll be locut.d ot poinis
nLRere Tnere 15 on excess ol seciions The nel cection of it splice srolil ex—
ceea by 10 per cent the nel sccilon or tie port cpiicea, [Flange ol gplices
cpell concict of tuwo any,les, one on euch sice oi Li:e giracr,

0o .eb iplicess Veb plites siall bl gpliccu grumetriculiy by pl.tee on cach
sicie The splice snull be egusl to the wep in strehgth in poul &1 car ena
momint, Thu splice plotes Lor greur eheldl be tne tull acoih or tie giicer
betwecen flun,ese In the splice, th.re on .1l bLe not lesg then two rows of riv-
ets on eecn sice of the point,

6ls Ina ftiffencrs, Over thie nu oewrings of plote jirucrc, tere saculi e

<

stiffener ciles, U:¢ ouustinuil;, loess ol wiaoh s. 1l ectina ws ueirly ¢s pra c-
ticulbe To the outer euie ol tnc tiwne snplcse Fna stiiicriers &:.1l. be pro-
portioncca for beurin;; on tne outstunuin. legs of tue flingce zniples, no «llowa uce
being mice for tie portions of the lcgs rittea Lo tiie filiete of tue § longc
engiese rnu gstiffencrs siell be arrungeu, aunw Luere s: .1l pe surilcoent nuuber

of rivevs in their con:.cctions to thec web, To tbengmil we cuitire end res clicn



Ixcerpie vpccldracitions for agnwey Triuiiel!

ole ‘nu Stifieners,

to thic blaringc.

ey sunell not be criupcd,

52 Intermccicte tuilfenirss ¥Yebs snell ve stificnce by enpics rivetid ve-re-

to in p.irs on op.oLiie sides, wWiln outelinuin. le.s nol excccaln;: sixtoen

tianes lbelr thicimess, nor lees tihen o inchce plus one-tidritlctr of it dupib

oY tne LLiCET .

Interacciate ctafiencrs ciell be pliceu wt poirve o concin-

truteca lowuing anc at invervels notl cxcectin, uiC cseple ol ti.e web, no. 6 iect.

Sore s o
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