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LO CATION OF PROPERTY. 

The pro p erty of Wash i ng ton and Lee University, Lex­

in gton, Virgini a , upon which t h e work herein is con temp l a ted, 

i s sit ~t e d to the North and West of t h e Doremus Memor i al 

Gymna sium, a s ind icated on the accompanying map. 

BEN CH MARK . 

All e l eva t io ns given o n the dr Qwings are actual el e ­

v a t i ons a b o v e sea level. All work her e is refe r red to a 

bench ma.rk on to p of wheel g u a rd on North corner of Doremus 

Memor i .i.l Gymn.?. sium, which has an elevation a bove sea level 

of 1061.29 feet. 

DE]'I NITIO N OF PROBLEM . 

The probl em i n t h is thesis is to pro v ide so me k ind 

of suitable app r oa ch to the s t 3d ium on Wilson Athletic Field 

from the front of Doremu s Memorial Gymnasium, for pedestri2.ns. 

SOLUTION OF PRO BLEM. 

Th e s o lu tion of t h is probl em, as pre s en te d in t h is 

thesis, is to con s truct a steel via duct d th a 10 ft. p l a nk 

wa lkway bet :een the above mentioned p oin t s , det-..ils an d 

d es i gn , of wh ich a.re g iven in t h e acco mpanying thesis. 

NECE SSI TY OF BRIDGE . 

This brid g e i s n ecessary a s an app r oa ch to t h e ath le­

tic fiel d for ped e stri2.ns, a.s it a llevia tes the two main b-.d 

feature s o f t h e present approach . To under s t a nd these 
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improvemen ts, «.n idea of the present app roa ch mu s t be had. 

Leaving the gymrLsi um, t he ped e strian descends approximately 

50 ft. o n n a rrow and uang erous s teps to t he Baltimore and 

Ohio Railroad track, walks appro x imately 300 ft. on railroad 

property, which i s an ex ceed i ngly na rrow f il l , leave s the tr~ck 

to Wfll k acr o s s the Washington <'! nd Lee Tenni s Court s , .1nd t hen 

climbs a st eep and slippery bank approx ima tely 20 ft. high , a nd 

then enter s the stadium. 

In the first place, t h i s via duct will eliminate the 

disco mfort and l o st time incident to de sce nd i ng or climb i ng 

t h e steps, to wa lking eit her o n t he railroad ti e s or on the 

n a rrow cinder p at hs on each side, to cro s sing t he tennis 

courts and climb ing the steep path to the stad ium, espe c i .;;.lly 

in wet weather, and Lbove all , to the congestion ex i s ting at 

va r ious poin ts along this route after a lar g e attended athle­

tic conte st . 

In the second place, t h i s v iad u ct wil l elimina te 

d anger to pede s trinns ex istrmt i r. two p l ace s a long this route. 

F ir st , the dang er of trains pa s sing when the railro ad fill 

is packed from edg e to edge with peo ple , ;.,.n d seco nd, t h e dan­

ger fr om a utomobiles wh ile cro ss i n g the earth roa.d b etween 

the s tadium and t he top o f the b a nk etbove t h e tennis co urts. 

Again, there i s the f a ct th.at there e x ists a law in 

Vir g in ia about trespass in g on ra i lro a d pro perty, which is 

b eing fl agrantly vio lated e very d~y by people goi n g to and 

f rom the a thletic field. The p ropo se d via duct will provide 
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suff ici en t cleara nce to satisfy the requirements of the 

B. & o. R.R. Co. and as the tower abutments rest on 

Washingto n and Lee Universi t y property, the l aw would be 

fulfil J.ed and there could be no po ssible objection to t h is 

viaduct being constructed, although the Chief Eng ineer 

of t he B. & o. R . ~- Co. would have to approve t he de s i gn 

of the span crossing the B . & o . R. R . righ t-of-way . 



PRELIMI NARY INVESTIGATION. 

MODIF YING FACTORS . 

'e v e ral p e cul iar ities of the site make t his design 

somewh~t out of the ordinary. Th e propose d structure will have 

to cross the 100 ft . right-of-way of the Baltimore and Ohio 

Railroad at appr0ximately an ang l e of 58 de grees. This 

neces s itates the use of one span a t least 140 feet . Also, 

to provide prop e r cl •2.r-1.n ce of t he railroad track ctnd to 

continue the bridge floor level with t he top step of the 

propose d a dd it ion to t h e stadium, some of the to wers must 

be of un e con omical he ight . This br·iQ.ge floor level &lso pro ­

v i.d e·s cle.rance for the earth road next to the stad ium. 

Also, the fact t hat the Un iver s ity students may at some time 

cross t h e bridg e in lock-step, necessitate s designing the 

bridg e for a l a r g e live load in ord er to p roperly care for the 

vibration due to this • . 

ECONOMY . 

Leaving out of consider-.tion the 140 foot span, whi ch 

i s necessary , it j_s f oun d tha t a lterna te 50 foot and 20 fo o t 

pl@te girder sp ans r e sting on tower s , provi de the most econom­

ical structure, .s then the cost of the superstructure more 

ne.irly eq u..ls t ha t of the substru cture. I n the design of the 

50 foot girder, the e£onomical depth was foun d to be 42 inches. 

For the s c1ke of uniformity of appear.in ce, t h e 20 foot g irder 

was made t h e same depth. To be in keeping as far ... s possib le 
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with the rest of the structure, t he 140 foot trus s was ~r­

bitra rily given a depth of 7 feet. 

BEAUTY. 

'rhe fin j_shed v h :duc t will pres.ent a very p leasing 

.i.ppea r a nce, the depth being uniform with the exception of 

the t r u ss ( the handrcl.iling on t he g irders practically equ..1.lling 

this, however), and the entire structure being made o f steel 

except the footings an d the floor. 

I 
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GENERAL SPECIF I CAT IO NS :FOH CONCRETE ABUTlvIENT AND "OOTI NGS . 

Insp ection a n d Approval . 

All ma terial s s h a l l be sub j ect to th.e inspect ion a nd 

a p prova l o f the En g ineer s, a n d al l ma ter ials rejected mus t 

be removed immed i a tely f rom the pro p erty. 

Cemen t. 

All cement must be a reco gnized bran d of American Port­

land Cemen t which has been in gene r al fo r a p e r iod of at 

J.ea st two y ears i mmedi a te ly p rior hereto, o f uniform quality, 

color an d wieght, and sha ll comply with t h e Stan dard Speci­

fi cat ions for Portland Cement, C 9-21, ado p ted b y the Ameri­

can Society for Testing a terials . 

Fine Aggrega te . 

Fine a ggre ga te shall con s i s t of a washed n a tur a l 

s and h a ving cl e a n grains of s tr o ng d urable ma te r i als . Sand 

contai nin g shal e or soft or fl aky particles totaling more 

t han 2 % by wieght, or sand co n t a i n i ng more than 5 % by weight 

of silt, or sand containing s tr ong alkali, shall not be u sed. 

The sand shall b e o f such s i z e an d gr ading tha t 95 % or more 

shal l pass a # 4 sieve and that ~.t lea s t 30 % , but not more 

t }Qn 65 %, s hall pass t h e No. 20 sieve. 

Co arse Aggrega te. 

Coarse a ggregate shall cons i st o f crushed rock or wa sh­

ed grnvel, co ntain ing on ly clean uncoa ted p ieces of s t rong 

and durable min eral s. Aggregates centaining soft, friabl e, 
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thin, el onga ted or lamina ted piece s , tota ling more than 3 % 

by we:i:gh t, o r co n t a in i ng s hale or so a pstone in ex ces s of l % 

by we~ght, or containing organic matter or stron g alkali , 

sh~11 no t b e u sed . The coarse a ggre ga t e shall have ~t max i mum 

s i z e of 1J 11 , a t least 40 % , but not more than 75 % will pass 

a scr e en having ¾ 11 opening s, a nd not mo re tha n 5 % will pa ss 

a No. 4 sieve. 

Water. 

All wa.ter used in mix ing materi &t l shall be free from 

oil , aci d , alkal i, or or g anic, m8 t t er. 

Mixing . 

The concr ete shall b e mixed i n a b Rtch mixer of a type 

to be approved by t h e En g ine ers, except where s p ecia l permis­

sion is g i v en by the Eng ineers. The mixing o f each batch shall 

be continued not less t han one and one- hal f minute s a fter all 

the ma t er i als, i nclud i n g the water, are i n the mixer. The 

mixer sba.11 rota.te a t a periphera l speed of ab out 20 0 1 per 

minute. Whe n hand -mix ing i s a uthorized by t he En g ineers, 

it shall be done o n a wa ter- ti ght p l a t fo r m. The cement a n d 

fine aggregate sh all fir s t b e mi xe d dry until t he whole is 

of a unif orm color. The wa t er and coarse aggregate shall 

then be a dded and the entire mass turned at least thre e times 

or until a homog enous mi x ture is obta ined. 

:M i x ture. 

The plain co n cr ete footin g s a nd abutment sh._:i,11 b e 

composed of one (1) part of cemen t, two a n d one- ha lf (2½) 

8 



p a rts of s a nd and five (5) p a rts of co a rse a ggregate. Th i s 

propor t ion s hall be s ub je c t t o s u ch chang e s a s t h e En g ineers 

may determin e a fte r t es ting t h e a ggregates to be used t h er e in. 

Th e concrete sha ll b e of s u ch co n s i s t ency when p laced t ha t a 

I.. ) l i ght r a mmin g wil l b e n ece s sary to fu lly f l u sh th e mor t ~r to 

t he surfa ce. Such concr e t e sha ll b e p l a ced in l a yers not over 

t welve i n ch es t h ick . The co n cr e te f oot ing s sha.11 finish per­

fe ct ly smo o t h a n d level at the to p and to the el ev a tions sh own 

on the d r awines , properly prepa red to receive t h e s uper­

structur e. 

9 



C: 

GENERAL SPECIFICATIONS FOR STEEL WORK. 

(•raken l a r gely from specJ.fications by Milo S. Ketchum.) 

DE SIGN. 

Ma.teriRl. 

All parts of the stru cture s r12.ll be of rolled steel, 

except the floorin g and nailing s trips. Cast iron or cast 

steel may be used for bed p lates. 

Type of Truss. 

Warren trus s with sub-verticals. 

Length of Span. 

In ca.1 cula ting the stresses the leng th of span sball 

be taken as t h e di s tance between centers of en d bearing p lates 

for the riveted truss and the girders, and center to center 

of trusses for floorbeams. 

Lateral Bracing. 

All lateral bracing shall h a ve riveted connections. 

The trus s sr.iall be brace d by a bracket a t ea ch floorbeam a nd 

the plate girders shall be stayed by gusset p lates at ea ch 

floorbeam. 

Ha.ndrailing. 

A strong and suitable handrailing s hal l be placed at 

each side of the bri dge and be rig idly attached to the super­

structure. 

Trestl e Towers. 

1~re st le b ents shall prefera bly be composed of two sup-
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por t ing columns , two bents formin g a tower; each tower t hus 

formed sh:nll be thoroughly braced in both dire cUons and have 

struts between the fe et o f the column s . The fecet of t h e 

columns must be secured to an anchorage capab le of resisting 

one and one- half t i mes t he s pecified wind forces . 

FLOOR SYSTE:M . 

Floorbeams. 

All floorbeams shall be r olled steel I-be:.::,ms, r igidly 

conn e cted to th~ trusses a t the pa nel points. Floorbeams 

shall be square to the trusses and girders. 

Stringers. 

All stringers shall be rolled steel channels placed on 

e dge. Steel s tringer s s ha ll be riveted to the webs of floor­

b e ams by me a ns of standard angle connections. Outside s tring­

er s shB.11 be d es igne d for the s ame 1 i ve loads a. s the inter­

mediate str ingers . 

Floor Plank. 

For single thickness the footwa lk p l a nks shall not be 

less tr.Jan 2 in. thick nor more than 6 in. wide, spa.eed v1ith 

½ in. openings. All pl anks shall be la.id with heart side 

d own. Na ilin g s trips shall be provided bolted to t h e string­

ers to insure that the planks will have full and even bearin g 

on .and be firmly a ttached to the s tringers. 
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LOADS. 

Dead Lo a d. 

The dead load will consist of ( 1) t he weight of t he 

metal, «lnd ( 2) the wei ght of the timber in the floor, or of 

the material oth er than steel. ln determinin g the dead load 

the we ight of the wood sball be taken a.s 4- lbs. per foot 

board mea.sure. 

Live Load. 

The entire bridge shall be designed to carry, in ad­

dition to its own weight and th a t of the floor, a movin g load 

of 140. lbs. per sq. ft. , either uniform or conce ntrated, 

placed so as to give th e greatest s tress in each member. 

Wind Loads. 

The lateral bracing in the unlo ad ed chor.ds of the 

trus s sh@ll ·be d es igned for a lateral wind loa.d of 150 lbs. 

per lineal foot of bridge, considered as a moving load . The 

la.t eral bracing in the loaded chords o f the truss shal l be 

designed for a lateral wind load of 300 lbs. per lineal foot 

Gf bridge, considered as a movin g la ad . 

In trestle to wers the bracing and columns sb.11 be 

designed to resist t h e following l Gteral forces, in addition 

to t he stre s s e s due to -d e ad and live loads: The truss or 

girders loaded or unlo aded , t he later.a 1 pressures specified 

above; and a lateral pressure of 100 lbs. f or each vertica l 

lineal foot of tr estle bent. 
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UNIT STRESSES AND PROPORTION OF PARTS. 

Unit Stresses. 

All p art s of the structure shall be proportioned so 

the1.t the sum of the maximum s tresses sha.11 not exceed the 

J follo wing amounts in lb. per sq. i n . 

) 

Tension. Axial tensi0n on net section 16000 . 

The len g ths o f rivete d tension memb ers in hor izontal 

or inclined p ositions shall not exce ed 200 times t h eir radius 

of gyration about the horizontal ax is. The horizo n tal pro­

jection of the unsu pported portion of the memb e r i s to be 

considered as the effective length . 

Compression. Axial compression on gross section 16000-701/r 

wit h a max i mum of 14000. lb.; where 11 1 11 is the leng th of the 

member in in ei.11.es and "r" is t he least radius o f gyr a tion in 

in ches. 

No comp re ss ion member shall have a leng th not exceed­

ing 125 time s its least r a dius 0f gyr(d,tion for main memb ers 

or 150 times for laterals. 

Bending . 

Bending : on extreme fibers of rolle d shap es, built 

sections an d girders; 

Net sect:Lon 

on extreme fib ers of p ins 

16000 

24000 
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Shearing . 

Shear i n g : s hop drd.ven r ivets a.n d pins 

fi e ld driven rive ts a nd t u r n e d b o l ts 

p l a te g irder we b s; g ross s ectio n 

Bearing . 

Bearing : s hop driven rivets a n d p ins 

1 2000. 

10000. 

10000 . 

2 400 0 . 

fie ld d r iven rivets a n d t urned bolts 20000 . · 

g r anit e ma sonry a n d P ortland cemen t con crete 600. 

expans ion r oller s; p e r l inea r inch 600.d 

where "d " i s the d i .;1.meter o f t h e roller in in che s . 

R ivets s ~ l l not be u sed i n d irect tensio n ; e x cep t 

f o r l atera l bra cing wh ere unavoi dable; in wh ich ca se t h e va lue 

for di r ect ten sio n on the rivet shall be t aken t h e same as 

fo r sing l e shea r. 

Alter na te Stre sse s . 

:M emb e rs s ubject to a lterna te s t resses s hal l be p ro por­

tione d fo r t h e s tr esses g ivin g t h e lar ges t s e ction. 

An gle s in Ten s ion. 

When single-angle members subj e ct to direct ten sion 

are f a stened by o ne leg , only seventy-five p e r cent of t h e 

n et a rea s hall b e C'Ons i d e r e d ef f e ct ive . 

Net Section. 

In member s sub je ct t o t ensile stre s ses ful l allowa nce 

s hall be made fo r redu ctio n of s ecti0n b y rivet-hol e s . I n 

c~lcula ting net area t he rivet- hol es shall be t a ken a s having 
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a di ameter 1/8 in. gr eater t han the normal size of the rivet. 

\V ind Stresses. 

The stress e s in truss members or tr estle p o s ts from 

a s sumed 'H ind f orce ~ need not be considered except a s follows: 

J 1. When t he d ire ct wind stresses i n any member per s q . 

i n . exce ed 25% of the stress e s due t o dead and l i ve loads 

in the s ame member. 

2. When the wind stre ss al o n e or in combina tion with a 

p ossible temp era ture s tress can neutr a lize or reverse t h e 

stresses in the member. 

When both direct and fl e xura l s tre s ses due to wind ar e 

considered 50 percen t . ay be a dd ed to allowable s tr ess es for 

dead an d live lo a ds, p rovide d t h e area t hus obt a i n ed j_s not 

les s t ban re qu ired for dead and live lo ad s a lone. 

Co mb i n ed Stresses. 

Members; subjected to direct and bending s tr esses shal l 

be de s igne d so t bat the greatest fiber str e ss s hall not ex ­

ceed the allowable unit s tress on th e member. 

Desig n 0f Plate Girders. 

Plate g irders s hall be :pro portioned by assumin g tha t 

the flanies are concentr a ted a t t h eir cen t er s of gravity, in 

wh ich case one-eighth of the gross sectio n of the web may be 

used as flange section. The thi clrn es s of web plates sball not 

be less than 5/ 16 in., no r le s s t han 1/160 of the unsupported 

dis t ance between f l a n ge angles. 
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Compressi o n F l an g es. 

In bea ms a nd p l a te g irder s t h e compression f l a n g es 

shall ilave t h e s ame gross s ectio n as t h e tension fla n g e s . 

Throug h pla te g irders sha,l l .have t heir to p fl anges sta yed at 

e a ch end of every floorbeam by gusset p l a tes. The stres s 

per sq. in. in compres s ion f l a n g e of a ny beam or g irder shall 

not exce ed 16000 .- 200 1/b. when fl an e e consists o f an gles 

wi th a flat cover plate, where 11 1 11 is t h e unsupported distance 

and "b" i s the wi d th of flan g e. 

Web Stiff eners. 

There shall b e web stiffener s , in pairs, over bea ring s, 

at p oint s of concen tra ted lo ad ing , a n d a t 0U1er points where 

the t hickn es s of t h e web is less than 1/60 of t h e unsupported 

dista n ce between fl ange angles. Th e d istance b etween stiffen-

e rs shal l not e xce ed t he clear d e p th of web. 

Flan ge Rivets . 

The flan g es of p l a te g ir ders shall be conne cted t o t he 

web with a suffi cient numb e r of rivets to transfer t h e total 

shear a t any po i n t i n a d i s t ance equa l to the eff ective dep th 

of the g irder a t t ha t point combined wit h any l oa d t b.:a t is 

applied directly on the flange. 

Low Truss. 

The rivete d low trus s shall have top chord s compose~ 

of a double web member with a co v er p l a te. The to p &ords 

sha..1 1 be sta yed a gainst l a tera l b en d ing by mean s o f brack ets 
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ri g i dly conn ecte d to e a ch flo orbearn . The f loorbeams sh all 

be riveted above t he lower chord. 

Rolled Beams. 

Rol l ed beams shall be de s i gned by u s i ng t heir moment 

of i nertia . The web s ha ll b e asswne d to t ake care of all the 

shear . 

DETAILS OF DES IGN. 

Open Section s . 

Th e stru c ture sha ll be s o de s i gned t h a t all parts will 

be accessible for inspection, clean ing a nd p a inting . 

Water Pockets. 

Po ckets or dep ressions which wo uld hold water shall 

have dra i n holes, or be filled wi th wa t er proof ma terial. 

Symmetrica l Section s . 

Main members shall be so des i gned tha t t h e neutral 

axi s will be as ne arly as pra cticab le in t h e cent er of section, 

and t h e n eutra l axes o f inters e cting ma.in members of trusses 

shall meet at a common p oint. 

Streng t h o f Connections . 

The s t r eng t h of co nne ctio n s shal l be suffi c ient to 

de velo p the ful l strength of t h e memb er, ev en t h oug h the 

compu te d s t ress is less, the kind of stress to which t he mem­

b er is subject ed being considered. 
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Pitch of Rivet s . 

The mi n i mum d is t ance between centers o f rivet holes 

sr.1.all be t hre e d i amete r s o f t h e rivet; but the dis t ance s h a ll 

pref erabl y b e not less t han 3 in. f or 7/8 i n . rivets and 2½ i n . 

for { in.rivets. The max imum p it ch in t h e line o f stres s f or 

memb er s compose d of p l a te s an d s h ap es shall b e 6 i n . For a ngles 

wi t h t wo· gag e 1 ines a nd rivets s t aggered, the max imum sh all 

be t wice t h e ab ove in ea ch 1 i n e. In tens ion memb e r s comp:o sed 

of t wo a n gles in contact, a p itch of 12 in. 'Nill be a llowed 

f or riveting the angles t ogether. 

Ed g e Distance. 

The mi nimum dista nce from cen ter of any ri vet h ol e 

to a s heared e dg e s hall be l½ i n ., and to a rolled edge 1¾ in. 

for all rivets. 

Mliilximum Di ameter. 

The d iameter o:f the rivets in any a ngle carry in g cal-

culated s tres s e s s h e J l ~ot ex ceed one- quar ter of t h e width of 

the le g in which t h ey a re dri ven . 

Pit ch at Ends . 

The pitch of rjvets a t t h e ends o f built compre ss ion 

member s shall no t exceed four d i ameters of t h e rivets, for a 

leng t h equal to on e and one-half time s the maximum Yvi d th of 

member. 

Compres sion Member s . 

In compressi.on member s the metal s hall be con centr e ted 
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as much as po ssible i n web s and flan ges. Th e thi ckn ess of 

e a ch web s hal l be not less t han one-t h irtie t h of the distance 

between its conn ections t o the f lan ges. Cover plates shall 

have a thi ckness not l es s t han o n e- for ti e t n of the d ist ance 

b etwe en rivet l in es. 

Minimum Angle s . 

Flanges of g ir d er s an d b uil t memb er: s without cover 

p l a tes shall ha ve a minimum t h ickne s s of one-twelfth of the 

wi dth o f t h e out s tanding leg. 

Batt en Plates. 

The o pe_ sides of a ll compn·ession memb e r s shall be s t ~y­

ed b y ba tten pla te s at the en d s and diagonal l a ttice- work 

at intermediate p oin t s. The batten p la t es must be p l aced as 

ne a r t h e e n ds as pr a cticabl e. 

Lattice Bars. 

The lattici ng of comp re ss ion member s s hall be p ro por­

tio ned t o resi s t the s h ea rin g s t res s e s c~rr e s pond ing to the 

a llowance fo r flexure for uniform load prov i d e d i n the column 

f ormula by t he term 70 1/r. They must not be les s in wi d th 

l 6 , t ha n 1·2 in. f or in. memb ers, 1'4" in. for 9 in. member s, 2 in. 

for 12 in. memb ers, 2¾ i n . for 15 in. members, n o r 2½ i n . f or 

membe r s 1 8 i n . and over in wi d th . Double l a ttice b ar s connect­

e d by a rivet a t the i n t ersection s h a ll ha.ve a thi dme ss not 

less t han o n e-sixtie th of t h e d istance between the rivets con­

nectin g them to t he member s. Th ey s hall be inclined a t a n 
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an gle not ·1ess t han 45° for double l a tt icing with riveted con­

nections. The p it ~ o f t n e latti ce b a rs must no t ex ceed t he 

width of t h e chann e l p lus ni n e inche s . ¾i n . rive ts ar e t o be 

used in la ttici ng fl a nge s fr om 2½ to 3½ i n . wi de. 

Spli ces . 

I n co mp ress ion members joints wit h abuttin g f a ces p laned 

shall b e pl a ce d a s n ear t h e panel p oints as p os s i ble , and 

mus t be spl ice d on a l l si des with at l east two r o ws o f rivet s 

on ea ch side o f the j0int. Joints w i t h a.but ti ng faces not 

p l a ned shoul d be fully s p liced. Joints in tension members 

should be fu l ly spliced. 

Bolt s . 

Wher e members a re conn ect ed by b olts, the turn e d b ody 

o f thes e bo lts shal l be l o n g eno u g h to extend through t he me t­

al. A wa s her a t lea st¾ in. t h ick shal l be used under t h e nut. 

Bolts sha l l n o t be us ed in pla ce of riv e ts exc~pt b y special 

permission . Hea d s an d nuts sha ll b e hexagonal. 

Expa n si on. 

P ro v isi on for expansio n to the ext ent o f 1/8 of a n inch 

fo r e a ch 10 ft. s ha ll be mad e for the bridg e. 

Ex pansion Be a r i n gs . 

S· a ns of 60 f t. an d over shall h a v e turned rollers or 

rock er s a t o n e end ; an d t hose o f less leng t h sh.a l J. be arran g e d 

to slide on smooth surfaces. 
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Fixed Bearings . 

fovable bearings s hall be designed t o permit motion 

in one direction only. Fixed be :a rings shall be firml y anchor­

ed. 

Ped e s tals and Be d Plates. 

Built pedes t als shall be made of pla te s an d angles . 

All bear in g surfaces must be p laned. The vertical webs must 

b e secured t o t h e base by a n g l e s h aving two rows of rivets 

in the vertical legs. No base p l a te or web conn ecting angle 

sha ll be l ess i n t h icknes s t han ½ in. The vertica l webs 

shall be of sufficient hei ght and must contain material and 

rivet s eno ugh t o practica lly d istribute the l oa d s ov er t h e 

bea rin g s or rollers. Al l the bed p l a tes and bearing s un der 

fixed and movable ends must be f ox- bolted; for trusses, these 

bolts must not be less t han 1¾ i n . diameter; for plate a nd 

oth er g irders not l ess t han 7/8 in. diameter. 

Wall Plate s . 

Wall ::;i l a tes may be cas t o r built up ; and shall be so 

de s i gned a s to d istribute the lo a d unifo r mly over the entire 

bearing . 

Anchorage. 

Anchor bolts for vi a duct towers s hall be long enough 

to engag e a ma ss of ma sonry t he weight o f 1'1h ich is at least 

one and o n e- half times the upl ift. 



Camber. 

Trus s spa n s s hall be g i ven a camb e r b y mak ing t he panel 

leng t h of the to p chor ds , or t h eir ho rizontal p rojections, 

l ong er t h .-n t h e corre spend i ng panels of the bot tom cbo rd in 

t h e p r o p or tio n o f 3/16 in. in 10 ft. 

MATERIALS AND WORKruLANSHIP. 

MATERIAL. 

Process of M.rnuf._ ctu e . 

Ste e l shall co r-1p 1y with t h e stan dar d s p ecificat i ons of 

the Am. Ry. Eng. Assoc. 

Timber. 

The timber s hall be strictly first- class cyprus, Sou­

thern yellow p in e , or wh ite o ak br idg e timber; sawed true, 

full si ze , free from wind · sha ke s, large or lo ose knots, de­

cayed or sapwood, wo rmholes or ot her defects i mpa iring its 

streng th or durability. 

WO RK!\KAN SH I P • 

General. 

All parts formin g the struct ure s hal l b e built in ac­

c0rda n ce wi th approved drawin g s. The workma n s h ip and fin ish 

shall be equal t o t h e best p ractice in modern bridge works. 

Stra i gh t ening Ma teria l . 

Ma teria l s~ll be thoroug hly str,.,ightened i n the s hop, 

b y meth ods t ha t will no t injure it, b efore be i ng l a i d off or 

worked i n any way. 
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Finish. 

Shearin g s hall b e neatly a n d a c curately done and all 

portions of the' work exposed t o view neatly finished. 

Size of R ivets. 

The size o f rivets, called for on the plans, shall be 

understood to mean the actua.l size of t h e col d rivet before 

h e ~ ti ng . 

Rivet Ho 1 e s. 

When g e n er a l reaming is no t required the d i ameter o f 

t h e pun ch s hall not be more t han 1/16 in. grea ter t han t he 

d iameter of the r i vet; nor t h e diameter of the die mo re than 

1/8 i n . grea ter than the d iamet e r o f the pun ch. Ma terial mo re 

t han ¾· in. t h ick sha l l be sub-pun ched and reamed or drilled 

from t he s o l id. 

Punching . 

All punching s h all be a c,:eura tely d one . Drifting to 

e n large unfa ir hol es will not b e a llowe d . If t h e h oles must 

be enl a r ged to admit t he rivet, t h ey shall be reame d . Poor 

mat chin g of holes wi ll b e cause f or rejection. 

Sub- p u n chin g an d Re:.,ming. 

Where rea min g is required, the punch used shall have a 

d i ameter not l e s s t h an 3/1 6 i n . sma ller tha n the nominal dia­

meter of t h e rivet,. Holes sh all t hen be reamed to a diamet e r 

not mo re t han 1/16 in. l a r g er t han t h e n omi na l diameter of t he 
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rivet. All ream ing shall be do ne 'v ith t wist dr ills. 

Reami ng af t er As sembling . 

When g eneral reami n g is required it s hal l be done 

a fter t he p ieces f orming one built memb er are assembled and 

) firmly bolted to g et her. If necessary to tak e the p ie ces apart 

f or ship p i ng and han dl ing , t he resp ective pieces reamed togeth­

er shall b e so mark e d t ha t t h ey ma y be r ea ssembled in the 

same pos itio n in the ·fina l s etting up. No in t erchange of 

re·med parts will be all owed. 

Edge Planin g . 

Sheared e d g e s or e nds sh.al l, when re qu ired, 'b e planed 

a t lea.st 1/8 in. 

Burr s . 

The outside burrs on re nmed holes shall be removed. 

As s emb ling . 

R i v eted member s shall have a ll parts well p i nned up 

an d fi r mly dr awn to ge t her with b olts, b e f ore riveting is 

commenced. Conta ct surfa ce s to b e painted . 

Lat t i ce Bar s • 

La tti ce b ars shal l have n ea tly rounded ends. 

Web Stiffen ers. 

Stiffeners sh..,ill f it neatly b etween f l an ge s of g ir ders. 

The ends of s tiffeners s hall b e fa ced a n d sh.all be brought 

to a true contact be arin g with t he fla n g e a n gles. 
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Splice Plates a n d Fillers. 

We b splice plat es an d fillers under s tiff e n ers shall 

b e cut to fi t wit h in 1/8 in.qf fl ange angles. 

Web Pl a tes. 

Web p l a tes of g irders shall have¾ in. clearance f r om 

the ba cks o f flange angle s . 

Connection Angle s. 

Connection an g l e s for floorb eams an d s tri ngers s ha ll be 

flu sh 1N i th ea ch otheT a n d corre at as to posit ion .an d length of 

g ir de r . In case milling is needed or required after rivetin g , 

the removal of mor e than 1/1 6 i n . from their t h icknes s will 

be cause for rejection 

Rivets. 

R i vets sha.1 1 b e d r i ven b y p ressure t oo ls wherever possi­

ble. P neuma ti c hcimmers shall be used in p reference to hcind 

drivin g . 

Riveting. 

Rivets sha ll look neat an d finished, with heads of 

approved shape, ful] and of equa l size. They shall be central 

on shank and gr i p the assembled p i e ce s firmly. Re cupping 

a n d caulking will not b e a llowe d . Lo o se, burned 0r otherwise 

defective rivets shall b e cut out and replaced. In cutting 

out ri ve ts, grea t c:.~re s halJ. be taken not to injure the ad­

jacent me t al . I f necessa ry, t h ey s hall be drill ed out. 
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Members to b e Straight. 

The several pieces forming on e built member s hall be 

strai ght a n d f it closely to g ether, and finished members shall 

b e fre e fr om t wists, bends or o p e n joints. 

Finish of Jo ints . 

2 6 

Abutting j o i n ts sh al :1. be cut or dress ed true and stra i ght 

an d f itted close tGgeth er, especially where o p en t o v iew. In 

co mpression j o ints, dep ending on con t act bea ring , t h e s urface s 

shall be truly faced, so as to have even be a rings after they 

a re riveted up oo mp lete and when p erfectly a l i gned. 

F ield Connections. 

Holes for floorbeams and s tr i n ger conn ectio ns s hall 

be sub-p un ched and reamed to a steel temple t one i n ch thick. 

Pin-Holes. 

Pin-hol e s shal l be bored t rue to ga g e s , smoo t h and 

straigh t; a t right angl es to the axi s o f the member an d 

parallel to e ach other. 

Pins an d Rollers. 

P in s a n d rollers shall be accurately turn ed to gages 

an d s hal l be strai.i gh t a nd srnoo t h and f ree from flaws. 

S cr ew Threa d s. 

Screw thr eads shall mak e tight fits in the nuts and 

shall be U. S. stand a rd, except above t h e d iamet er of 1 3/8 

i n ., ,.111 hen they shall be made with six threads p e r i n ch. 



Annealing . 

Steel, exc ept in mino r de tails, which ha s been part-

ia l ly hea ted, shall be prop erly a n n ealed. 

Steel Castings . 

All steel ca stin g s sh;,i J l be annealed. 

~le lds. 

Welds in steel will not be allowed. 

Bed Plates. 

l!ixpan sio n bed plates s hall be planed true a n d smo o th,. 

Cast wall p L =ites shall be planed top a n d botto m. The cut of 

the pl 8 n i n g tool s h all. oorrespo n d with t he d i rection o f 

expansion. 

Pilot Nuts. 

Pilot nuts and driving nuts s hal l be furnished for 

each size of pin, i n s u ch n umbers as may b e ordered. 

F ield Rivet s . 

F i eld rivets s h a ll be fur n ished t o t he amount of 15 % 

p1us ten riv ets in ex cess of the no mina l number requi r ed for 

ea ch siz e . 

Shipping Details. 

Pins~ nut s, bolts , rivets and o ther small de t ai1 s 

shall be bo x ed and crated. 
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Weight. 

The we ~ght of every piece and box shall be marked on 

it in p l a in figures . 

'F i ni s hed We i ght . 

P ayment f or p ound p rice co n tracts shall be by weight 

sca le. No allowance over 2 p er cen t of the tot a l weight of 

t he structure as co mp ut ed fr om t h e pl ans will be a llowed 

for excess weight. 

SHOP P AI NTING . 

Cleaning . 

Steel worlc, before leaving the shop, shall be thorough­

ly clea ned a n d g iven o n e go od coating of pure linseed oil, 

or such paint a s may be ca lled f or, well worked i n to all 

joints and op en s pa ces . 

Contact Surfaces. 

In riveted work , the surface s coming in oonta c t shall 

each b e painted b efore being riveted to ge t he r. 

Inac ces sibl e Surfa ces. 

P ieces and pa rts which are not acces s ible for pa i n ting 

after erection, shal l have a go od coa.t of pa.int before leav­

ing the shop. 

Condition of Surfaces. 

Pa inting shall be done o n ly rhe n the surfa ce of the 

me t a l is p erfectly dry. It shall not be don e in wet or freez­

ing we a t her, unles s p rotected under cover. 
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Machin~-finished Surfa ces. 

Ma chin e - f inished surfa ce s s hall be zce:rated with whi te 

lead and t a llow before shipment or before b e ing put out into 

t h e o p en air . 

I NSPECTING .AND 'fE ST I 3 G ..AT T HE S HOP AND MILL . 

Faci l iti e s fo r Shop Inspe ctio n . 

Th e manuf acturer sh~1 1 furnish all facilitie s for in­

specting and te s t ing the weight a nd quality of wo r kmanship 

a t t he s ho p , here material is manufa ctured. He s hall furnish 

a suitable testing machine for te sting full-sized members, 

if required. 

Starting Work in Sho p . 

The purchaser shall be notified well in a dvance of the 

st art of the work in the s hop , in ofder t ha t he may have an 

inspector on hand to inspe ct material and workrnan ship. 

Co pies of Mill Orders. 

The purchaser s hall be furnished complete co p i e s of 

mil l order s , an d no material sha ll be rol led, nor work done, 

b e f o re t h e -our cha ser has been notified wher e t he o rders have 

been :;:il ac ed , so t ha t he ma y a rra n g e for the insp ection. 

Facilities for Mill Insp ection. 

The manufacturer s hall furn ish all fac il i ties for in­

s pe cting and t e s ting t h e we i ght a nd quality of all ma terial 

at the mill wh ere it is ma nufa ctured. He shall furnish 
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a suitable testing machine for testing the sp e cimens, as 

well as prepare the p iece s for t he ma chine , free of cost. 

Access to Mi ll s. 

When an insp e ctor i s fur n ished b y the pu r chaser to 

in s p e ct ma terial a t t h e mil l s, he shall have full access, 

a t a l l times, to a ll part s o f mil l s wh ere ma teria l to be 

in s p ect e d b y h im i s being manufactured. 

Acce p ting Material or Work. 

'r h e i n sp ector shall stamp each p i e ce a ccept ed wi t h a 

priva te mark. Any piece not so marked may b e rej ected a t any 

t ime, a n d a t a ny s t ag e of t he work . 

Sho p Plans. 

Complete sh o p plans s ha l l be f urn i she d. 

Shipp ing Invoices. 

Co mplete co p ie s of s h ipping invoices shall be furnishe d 

with e a.ch s h ipment. 

ERECTION. 

If t h e contracto r erects t h e br idge, he sh a l l f urnish 

a l l s t ~g i ng an d f a ls ew ork , erect and a d just al l me t a l work, 

and shall fr ame an d put in :Jlace all floor timbers, etc., 

compl e te rea dy for use. 

The contract or shal l drill a l l holes in footing s and 

in the a o utme n t Rn d shall put in p lace all a n chor bolts a n d 

s et t h em i n n ea t Port l and cemen t. 
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Th e erection wil l also i n clude a l l n e ce ssary ha uling, 

unload ing of materials a.n d their pro p e r care until erection 

is complet ed . 

The c ontrfl.Gtor shall s o conduc t h i s wor k so a s not to 

interf ere v1ith a ny kin d of traff ic. 

The contractor s hall a s sume all risks of accidents and 

clamag es to pe rson s an d prop erti e s p rior to the ... ccep tanc e of 

the work . 

The contractor mu s t remove a ll f alsework and other 

Qbstructions or unisghtly ma ter i a l p roduced by hi s op erat i ons. 

PA IlTT ING AFTER ERE CT I ON • 

After the brid ce j_s t're cte d the meta l , ,ork sha l 1 be 

thoroug hly cleaned of mu d , grea se or ot h er mat er ial, t hen 

t h oro ughly an d e:v enly p ainted w i th t wo coats of pa.int of t h e 

kind specified by the eng ineer, mi xed with linseed oil . All 

recesses whj.ch 1nay ret-1. in water, or through wa t e r can ent er, 

must be filled with thick paint or s ome wa te r proof cement 

b efore the final painting . The first coat mu s t b e a llowed to 

dry thoro ughly before the s e cond co a t is appl i ed. All 

painting shall be done with bes t qua. l i ty round brushe s. 

The pain t shall b e delivered on the work in the orig inal 

p a ck age :s a.nd i s s ub ject to inspe ction. The pa int shall not be 

thinned with anything wha tsoe ver; in col d wt,a. t,1.er the p ;:i_int 

may be thinned by heating under t h e direction of the inspe ct­

or. No turpentin e or benz ine s h a l l be a llowed on the work, 

except b y per mission o f the in s _ e ctor, a nd in su ch quan tity 
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as h e shall al low. The insp e ctor sba ll be notified vrhen 

a ny p a i n ting i s t o be d one b y the contra ctor , an d no pa i nting 

shall be don e until t h e inspe ctor has a pproved the surface to 

which the paint i s to be a p plied . Pa i nt s hal l not be applied 

out o f door s i n freezing, rainy, or m i s ty weather, a nd all 

surfaces to wh i ch paint is to be applied sh all b e dry, clean, 

a !'l d warm. 



THE DE SIGN OF THE 140 FOOT PO NY RI VETED WARREN TRUSS BRI DGE. 

GENERAL DE SCRIPTIO N. 

This is to be a pony truss brid g e with rivete d Warren 

tru sses, It is the lo ng s pa n bridg e in t h e viaduct crossing 

( the hollow between Doremus Memorial Gymnasium and Wilson ath­

letic field. The span is mad e t h is leng th so tha t t he towers 

at both ends will clear the 100 foot ri g h t of way of t he 

B. and o. R.R. Th e floor is to be compose d of 3 i n . plank s 

re s ting on channel stringers, which in turn rest on I-beam 

floorbeams . The floorbeams will be riveted to t he post s above 

the lo ,er chor ds. 

LOADS. 

Dead Load.- The dead load con s ists of the weight of the floor, 

the stringers, the flo orbea ms , the trus se s and the lateral 

bracing . 

Live Load. The live load is t ak en as 140 lbs. per sq. ft. of 

floor surface. 

Wind J,oad . Th e lateral bracing is desig ned for a moving load 

of 300 lbs. per lineal foot of bridge. 

Impact. No allowa nce was made sepa r a tely for impact, as t h e 

live load wa s t a ken large enoug h to include it. 

DIMENSIONS. 

Span 140 ft. c. to c. of bearing s; panel leng th 7 ft.; 

width of walk 10 ft.; spacing of trusses 11 ft. 1 in. c. to c. 

about; depth of tru s s 7 ft. c. of g . to c. of g. chords. 
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DESIGN OF FLOOR SYSTE1'I . 

The loads carried b y the stringers a re (1) t he dead 

load which is made up of t he weight of t h e stringers and the 

fleer plank ing ; (2) a uniform live load. 

Considering that t h e outside stringers carry one-.half 

the load on the inside str i ngers, the tot a l maximum unjform 

load per linear foot per insid e stringer is, 

507 lbs. per linea r foot. 

Re f erring to the tables, it is seen that a 5 in. chan­

nel @ 6.7 lbs. per ft. will be s~ti sfactory and will be used. 

The inside 8nd. outside s tringers will be the s ame . 

The loads carried by the floorb earns m ns i s t of 

( 1) The dea d lo ad. which is the v1e ight of t h e floor system; 

(2) A unifnrm live load. 

Ea ch stringer reaction is 3594 lbs. and the se stringer 

reactions act as con centrated l oa ds on the f loorbeams at 4 

points. Fr om the symmetry of these concen tra ted lo a ds, it is 

s ee n t hat the da ngerou s se ction is at the mi ddle of the b eam. 

The max imum bend j_ng momen t a t t h is dangerous s e ction is found 

to b e 172512 in. l bs. Taking t he uni t s tres s as 13000 lbs. 

per sq. in. t he section modulus re quired is 13.27 in. 

For an 8 i n ch I-beam, c = 4 in. and t he moment of inertia re­

quired f or an 8 inch I-beam is 53.0 8 i n . Referring to t he 

l I tab l es it is se en that an 8 in. I-beam@ 20.5# is satisfactory 

~n d will be used. End floorbeams a re mad e t h e same as inter­

med iate floorbeams . 

The followi ng floor system will be used: 

Surfa ce. 3 in. plank 
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Stringers. 

3' - 0" c. t o c . 

5 in. channels @ 6.7 lbs. spaced about 

Floorbeams . 8 in. I -beams@ 20.5 lbs. spaced 

7 t - 0 II c. to c. 

Weight o f fl oor sy s tem per panel: 

Surface. 10 )( 3 l( 7 ]/. 4 :::s: 840 lbs. 

Str i ngers . 4x7 x 6 .7 = 188 lbs. 

Floorbeam . 10 l( 20 . 5 = 20 5 lbs . 

Weight of floo r per panel = 1233. lbs. 

Total weight of fl o or sys tem = 20 >< 1 233 = 2 4-660. l bs . 

for t h e e n tire bridge. 

STR];SSE S I N TRUSSES .AND LATF.R.AL SYSTE'M . 

Dead Load . The dead l oad is assumed to be 700. lbs . per linear 

foot including floor sustem a nd a ll steel. 

Total dead load =140_.x' 7 00 = 98000. lbs . 

Dead joint load = 98000 . / 20 . = 4900. lbs . 

Dead joint load p er truss 2450 . lbs. 

One-th ird of t he dea d joint loa d was co n sidered as 

applied at the u pper chord join ts and the t wo- thirds at the 

low er cho r d joints. The d ead· load web s tres s e s ,,ere ca lculat­

e d. b y multiplyin g t he vertica l s hea r a t t he s e ct ion b y the 

se Cii!.nt of the angl e between t he vertical a.nd t he diagonals. 

The d ead lo ad chor d s tr esses were cal cula ted by t h e metho d 

of cho rd i n crements . 

Li v e Load . The live loa d was as s ume d to be 140 lbs. per sq. ft. 

Total live load= 140 x 10 x 146 

Live joint loa d 196000 . / 20 

Live joint load p e r t russ 

196000. lbs . 

9800. lbs. 

4900 . lbs. 
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The li:ve load chord stresse s are determined by use of a 

multipli cation factor (a ratio betwe en live an d dead loads), 

and occur when the bridge is fully l oaded . The live loa d web 

stresses are calculated b y t h e s ame method a s t he de a d lo a d 

web stress e s, t he bridge being loaded at all times so a.s t o 

g ive t h e greatest vertical shear at the section. 

Wind Load. The wind load was co nsidered as a moving load and 

was t aken as 300 lbs. per linea l f t. The v1ind load wa s cons i d­

ered as moving so t he maximum stresses in t h e laterals will oc­

cur with t h e longer segment l oa ded and in t h e chord s wit h al l 

joints loade d . The total wind load was considered as concentraa.t­

ed a t the joints of the windward truss. Th e total shear in any 

panel was assumed as taken by the member which woul d. carry it 

in t en sion. The effect o f t he f loor was not considered. 

Stress Sheet. Before proceeding with t h e desi gn of members 

the stre sses due to the va r i ous loadings were collected on 

the stress sheet. As soon as t he s ize of a member was deter­

mined, it was recorded on the s tress sheet. 

DE SIGN OF MEM.BlffiS . 

The u pper chord and end-post sections v; ill be mad e of 

t wo channels, flan ges turned out, with a cover plate on top 

and batten plates on the unde r side. The sect ion will b e ma de 

wi de to p rovi.d.e later2.l ri gidity . The vr i dth of cover pla t e s 

g iven by t h e follo wi ng f ormula repr e sen ts conserva ti v e prac­

tice, /J = L/10 +- 6 in.; where h= minimum ·w idth in inches, and 

l.,,. span in feet. The width of t he cover plate should and will 
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be in integral inches. 

The l ower chor d sections will be ma de of f our a ngles, 

battened, two with leg s turne d out p laced outsid e of gusset 

p late , end t wo with legs turned in p l aced inside of g us s et 

plate. 

The inclined web members and vertical members will be 

made of two an g l e s battened with l egs turne d in and p lace d 

in side of gusset plat e s . Where t h ere are no gusset p lates at 

one end of a vertical, a fill wi ll b e pro v ided. 

The web members of t h e later c?- J. system will consist of 

single angles for the diagonals and two angles for t he verticals , 

being fastened to the lower c hord ·by plates . 

Comp lete calculations for one of each ty,p e of member will 

be g iven. The size of most of t h e tru ss members will depend 

upon the width of the top chord sect ions so the top chor d carry­

ing t he l ar g e s t s tress will be designe d first . The top chord 

will be sup p orted horizontally by brackets at each floorbeam. 

DE SIGN Oii' THE TOP CHORD "JL II • 

Dead load s tre s s 122200 . lbs . ( compression) 

Live lo.ad stress 245300 . lbs . ( compression) 
,;, 

Wind load stress 0 

To t-1.l 367500 . lbs . ( compression) 

Len g th for ben d ing in a ho rizontal p l a ne 168. in. 

Le ngth for bending in a vertical p lane 84. in. 

The wi d th of the cover p late s hould be at lea s t: 

b= l/10 + 6in, =1 40/l0 -+- 6 = 20. in. 

3 7 
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Since the member is supported at the center against 

bending in a vertical plane, bending in a horizontal plane 

will probably control. The approxima te r a dius of gyration 

for an axis p erp endicul a r to t he cover p late i s o. 32 b 

for t h is t ype of section or r8 = 0. 3 2 x 20 = 6. 4 in. 

Using this r a dius of gyr a tio n and the corresp onding 

length , the appro x ima te a llowable unit stress is ;-

S = 16000. -70 1/r == 16000-70 x 168/6 . 4 = 14260. lbs. 

per sq. in. But 1400'0. is maximum s tress fr om this f o rmul a 

a n d will be used. 

The approximat e area required is:-

.A= P/S = 367 50 0/140 00. = 26. 25 sq. in. 

The ga g e lines of the cover p late will be 17 i n che s 

apart, allowing l½ in. e dge distan ce on ee1.ch side. The thick­

ness cf the cover p late must be at leas t l/4ox17 = .425 in. 

so a 7/16 in. plate will be used. Deducting t h e are a of the 

20 in. x 7 /16 in. cover plate from the total area. required, the 

.i..rea to be provided by t h e t wo channels is 17. 50 sq. in. 

or 8.75 sq. i n . for each channel. Ref erring to a table of 

th e propertie s of channels it wa s seen t hat a 12 i n . channel 

@ 30 lb. w ill provi de sufficient a rea for t h is ca se and als0 

allo w con s iderable reduct ion in are.-.. The 12 in. cbannel 

@ 30 lb. will therefore be used. 

The width of fla ng e of a 12 in. channel @ 30 lbs. is 

3 1 • 
4 111., an d the gage is 2 i n ., leaving l¾ in. of flan g e pro-

jecting bey ond the gage. The rivet line of the cover plate 

38 
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shoul d t h erefore not be less t han l¾ in. from t h e e dge of t he 

plate. The maximum rivet allowed in the flang e of this chan­

ne l is 7/8 in. and the m:inim~m edge distance for a 7/8 in. 

rivet is 1 5/16 i n . An edge distance of l½ i n . wil l be used 

making the rivet lines o f the p l a te 17 i n . a.part, ,:imd the 

distan ce back t o back o f the channels 13 in. 

DETAILS OF DE SI GE OT<' "JL". 

The properties of the section composed of 2 channels 

12 in. @ 30 lbs . p l a ced 13 in. ba.ck to b a ck and a co v er pl a te 

20 in x 7 /16 in. 11rill now be calcul a ted. 

Are a of c han n e 1 s c 2 " 8 • 7 9 = 17 • 5 8 sq . in • 

Area of plate -=- 20 x 7 /16 = 8.75 sq. in. 

Total ~rea = 26.33 sq. in. 

The distance f rom the horizonta l axis to the cen troid 

o f the section is found by t akin g moments about the hor i zontal 

axis and dividing by the area: -

Moments of che.nnel 0 

Moment of plate 8.75x6.22=ii:.2_ 

Total 54 .5 

eccentricity= e = 54 .5/26.3 3 "" 2.06 in. 

The moment of inertia about t he horizontal axis is 

f i rst de termined ;-

Cha.nnels, 21' I= 2 )(1 61.2 = 

Plate, 8.7 5 :i< (6.22{ _, 

Total~ a bout horizontal axis = 

322.4 

339 .0 

661.4 . + 1n. 
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The moment of i nertia about the centroid of the sect-

ion is next determined:-

L =I,,-Ae2 -= 661. 4-(26.33 x 2. 06.z) = 549 . 8 in.4 

The moment of inertia a bout th e v er tica l ax i s of t h e 

section i s nex t d e termihed:-

Channels, 2(5.2+8.79( .68 +6.50)2) == 919.1 

Plate, 1/12/J/!1;12 x 7/16-x"20X20)(20 = 292.0 

= 1211. l in.4 

The radii of gyration are next d etermined:-

Centroid a x i s , rA ~-{-t/A~/5g2•8 = 4.5 6 in. 
' 2 .33 

For ben d ing i n a h orizonta l p lane, 1/r_,.168 .,. 24. 8 
6.78 

For bending in a vertical pl ane, 1/r = 84 = 18.5 
4.56 

The maximum 1/r a.llowe d f or main compression memb e r s 

is 125 so this s e ct i o n i s well below t h e limit. The maximum 

1/r occurs for bending in .a, horiz0ntal plane a nd is 24. 8 

The allowabl e unit stress t hen is :-

8 = 16000-70 1/r = 16000-70 x 24. 8 = 14264. 1 b. per sq. in. 

A=P/S= 367500./ 14264 -25.8 sq. in. 

The actual a rea is 26.33 sq. in., so the section 

assumed i s s a t isfactory as sufficient area is p rovi ded and 

no reduction is pos sible. 

DESIGN OF LOWE R CHORD 11 ik 11 • 

The lower chord carrying t he maximum stress i s ik 
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s o t h is member s h0 ul d be desi gn ed first. 

Dead lo ad str e s s 121 100. l b. (tension) 

Live lo ad s tr e ss 243500. lb. (te nsion) 

Total 364600. lb. (tension) 

Wind 70600 lb. tension or 73 600. l b . compressio n . 

The win d l oa d tension i s less t han t h e d ead lo ad tens ion, 

t h e wi nd lo a d ten sion i s less t h an 25% ef t he sum of dea d 

load and 1 i ve lo a d tension, an d t h e wind load co mpre ss ion i s 

less t han the d ea d lo a d ten s i on, so t he wind s tre ss may b e 

n eg lect ed. 

Th e net ar e a require d fo r t h is member i s :­

A =P/S = 364600 ./16000 . = 22.79 sq. in. 

Deducting on e l e s s holes t han t h ere are ga g e l i n es on 

t he angle s a nd co n s i d eri ng a 1 11 ho l e f or a 7/8 11 rivet, the 

fol l owing s ection ca n be us ed:-

4 angl es 7 11 x. 3{-"x ¾", net a rea ... 4(7.31-2x-¾x1)=23.24 sq. in. 

No materic,l thicker than ¾" should be u s ed on a c count 

o f t h e dif ficult y of pun ch in g . Th e t h ickness o f t he gus set 

p l a tes will not exce ed ½11 • The d ist an ce b a ck to ba ck of ti1e 

chann els of tr1e to p chord is 13 i n . s o t h e cl ear di s tan ce 

between gu s set pla tes is at le a st 12 i n . With the 3½" leg s 

of t h e a n g le s turned in, suff icien t a ll owan ce is prov ide d for 

clea r an ce , overrun of an gles, a nd dra i nage. 

The re quir ed net ar e a is 22. 7 9 sq. in. a n d t he n et 

a rea provided b y 4 ang l es 7" x 3½" ~ ¾" is 23. 24 sq. in., so 

thi s s e ction will be ado p ted i f t h e ra tio of 1/r do e s not 
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exceed 200. The 7 in. leg will be placed vertical. The r a d­

ius of gyration about the horizontal axis is 2.22 in. and the 

leng th is 168 in., making 1/r =1 68/2 . 22 =7 6. which is sa.tis­

fa ctory. 

All compression members ar e desi gned on the s a,.vn e prin­

c iples as the top chord, and the design will not be repeated 

here. 

All tension members are d e signed. on t h e same principl es 

as t h e lower chord a.n d the design will not be repeated here. 

DESIGN OF JOINTS. 

All joints will be des igned to develop t he full strength 

of t he memb ers a n d not simply the calculated stress. 

The gusset pl ates will be made at least thick enough to 

develop in bearing the strength o f t he r i vets in single shear. 

This t hickness ·wi11 "be mad e ½ in. The plates must be made o f 

sufficient size to co n tain the n eces sary rivets and t o carry 

the stre s s e s transmitted from t h e memb ers. 

The arr ang ement of the members a t t h e join ts is shown 

o n the g e n eral pl a n drawings. Th e centers of gr a.vity of all 

members a.r e pl a ce-ct o n the cen ter line of the truss. The siz e 

of gusset plate s is determined by the space required f or the 

rivets necessary to con n ect t h e members to the plate. To 

secure un iformity of s tress t he rivets 1:rill b e symme trically 

spaced . 

JOINT " B". 

Th is j oint s hould be designed first. The gusset pl a tes 
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will be shop riveted to BC and field rivete d to all other 

members. 

Be arin g cont r o 1 s the numb er of r iv e t s in a B • The 

number o f field rivets required wi ll be: 

29~000 . __,..---. = 61 or 31 on each side. 
( .7 5 " . 2S-x 20000) 

The numbe r o f s hop r ivets in BC is de termined by bear-

ing, and is 2~7~00. = 51 0r 26 on each si de. 
.7 )( • 28 X 24000 

The number of fi eld r ivets re quired f or Be is det e rmin­

ed by shea r, and is 2 x 4 290Q. "'"' 21 or 11 on ea ch side. 
4420 

The number of field rivets required for Bb i s de termin-

ed by bearing , an d is 

JO int II g II • 

2 x 10400 - 8 or 4 on each si de. 
2810 

The i'' gus s et p l a tes will b e s hop riveted to gh and f.iield 

rivet ed to all other members . 

The numb er of 7/8 i n . shop rivets required by gh is 

determined by bearing , a n d is 22. 2 ,< 16000-=34 or 1'7 on a si de. 
10500 

The number of fiel d rivets required b y f g is determin­

ed by bear ing , and is 294000/8750 = 34 or 17 on each sid e. 

The nu:rnber of fiel d rivet s required by Fg is determin­

ed by shear, and is 16000 x 2 >< 1. 82,.::14 or 7 on a side. 
4420 

The number of field rivets required by gH is det ermin­

e d by shea r, and is 2 . 48 x 9220,c 2 :11 or 6 on each side. 
4420 
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The number of f ield rivets re quired by Gg is determin­

ed by bearing , a nd is .61}('2x83z.g_=6 or 3 on each side. 
1875 

The bottom latera l plate is field connected to fg and 

shop connected to gh. 'Th is bo ttom l a ter a l _p late is 3/8 11 thick. 

It assists in tra n smitting st r es s from fg to gh. The maximum 

stress which can be carried in thi s way is equal to the stress 

value of t h e legs rivet~d to the plate. This stress value 

will be d etermined for f g an d gh an d the lesser v a lue used. 

It is evident tha t fg controls. The portion of the net area 

furnished by the attached legs is:-

4(3.5 • 9/16 - .27) = 6.80 sq. in. 

wh ich carries a stress of 6. 80 "- 1 6000 lbs. 

The number of shop r i11ets required to develo p this 

stress in single shear is 6 . 80 ,,_ 16000 .=- 20. 
5300 

So the number of rivets between the lateral plate and 

each angle is 5. This enables t h e rivets in the gus se t p late 

to be reduced by 5 on each si de. This reduction ca n also be 

applied to t h e gus se t p l a te on the other side of t h e joint. 

The differen ce between shop rivets an d t '1e field rivets is 

not considered in desi gning the bottom l a teral plates and in 

reducing the numb er of rivets in the gusset pl a tes. 

JOINT "A". 

Cast iron shoes will be u sed at t h e fixe d en d and cast 

iron rockers at the expa nsio n end. The pin should be made as 

large as the channels of the end post will p ermit. A pin 

3½ in. in diameter will be used if the following investiga tion 



shows it to have sufficient streng th. 'rhe forces acting on 

the pin are all verticnl and are equal to one-half of the 

maximum pedestal reaction, 

pe dest a l react i on 73500. lbs. 

The thickness of the gusset p l a te is determined by the 

bearing a rea r equired, an d is 

t-=Z35oo. =•3 85 in. 
4 "24000. 

The t h i cknes s of t h e cha nnel web is • 28 in. , making the 

thj_ ckness of t h e gusset l)late ( .385 - .28)= .10 in. A½ in. 

pl a te will be used to insure un if ormity in the truss. 

ed. 

The maximum ben d ing moment on the pin is: 

'13500/2 x 1.97 =72398 in lbs. 

The maximum shear on the pin is 36750. lbs. 

The diamet er required by t h e ben d in g momen t is 

d=(3;/Jf./ = 3. 25 in. 

The diameter required by t h e shear is 

d,,14 V = 1. 9 8 in. 
17" fs 

A 3½ in. pin is t h erefore sa tisfa cto ry and will be us-

The en dpost wil l b e s h op riveted to the gusset plate 

and the low er chord an d f loorbea.m will b e f iel d riv e ted . 

The numb er of shop ri v ets in the endpost is determined 

by bea ring , a nd is 297000. - 61 or 31 on each sid e • 
• 875 x .28X' 20000. 

The :rnumber of fiel d rivets i n t h e lower chord at a is 

determin ed by bea r tng , and is 00400 = 10 or 5 on ea ch s i de. 
8750 



The n umber of field rivets re qu ired f or t he bottom l a teral 

p l a te is 6 or 3 o n each side . 

JO I NT "J". 

The gus s et p l at es wi ll be shop riveted to JK a nd field 

riveted to a.11 other members. 

The number of field rivets requir ed in IJ i s d etermin­

ed by shear, and is 26.39 "'14264.-63 or 32 on each side 
6010 

The number of shop r ivets required in JK i s determined 

by bearing an d is 26 . ~9 .x 14264 -. 52 or 27 on each side. 
7 220 

The numb er of field rivets required in iJ i s de t ermined 

by bear ing , and is l.26 X 2260 "- 2 = 8 or 4 on ea ch s ide. 
3750 

The numb e r of field rivet s re quired i n JK i s de termin-

ed by bearing, an d is 17400 X 2 - 9 or 5 on a sid e 
3750 

The number o f fiel d rivets r equ ired in Jj is determin-

ed by bea ring and is 2 "10400 - 8 or 4 on each side. 
2810 

- The cover p l a te o n top chord wil l b e spliced for its 

fu l l stress va lue of ( 8.75 :i<. 14264 ) lbs. The n umber of field 

rivets re qui red at one side of the splice is 

8.75 >< 1 4264 = 21 rivet s . 
6010 

So the number of rivets requ ired in t he gus s et p l a tes 

can be reduced by 10 o n each side. 

The numb er of shop rivets re quired to develop the 
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cover p late is 8 .7 5 x1 426 4 sl 8 rivets, so t h e n umber of rivets 
7220 

in gusset ) l ates can be reduced by 9 on ea ch side . 

END :BEARI NGS . 

Rocker or r oll e r beari ngs a re re quired on sp a ns o f 70 

ft. or more, so must be us ed f or t h is bridg e. 

DES IGN OF CAST IRON ROCKJi-:RS . 

Th e maximum p edestal react ion wil l o c cur wi t h the bridge 

full y l oade d and wiJ.l equa l one- hal f o f t h e s um of the dead 

and live load joint loa d s multiplied by t he number o f p a nels, 

a nd is , R=½(2450+-4900)20 = 73 500. lbs . 

The area. of ea ch s teel plate mu s t be:-

7350 0 ./20000. = 3. 6 8 sq. in •• where 200 00 . is the al-

lowabl e bearin g s tres s on steel. 

The leng t h of t h e r ocker will be t a ken a s 30. i n . so 

t h e bearing s tr e ss betwe en t he rock er and t he p l a te is:-

p =73 500 ./30. = 2450 . lb. per lineal i n ch . 

The al l ovraole bearing. s tres s is 300 .,c d p ound s _p er lin­

eal inch where dis diameter of rock er, and is .-

3 00. x. 1 8 .= 5400. lb . p er l i nea l i n ch. 

R 
,2 

FOR CES 011 ROCKER AND P EDESTAL. 
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The forces acting o n the rocker are shown above. 

The sect ion will be inv es tigated as a cantilever bea m wi th 

an effe ct i ve leng th of 15-(7½+2) = 5½ inch e s . 

1(,"' 2450°-" (5.5f /2= -37056, i n . lb. 

M3 = 2450. :,< (15t /2-t--3 6750 -" 8 . 5-=3 6750. in. lb. 

The moment of inertia of this section is 28 .88 in~, 

c =- 2 in., so the large s t bending stress is : -

S.:Mc=3705 6 x 2 = 2567. lb s . per sq . in . 
I 28 . 88 

which is safe, s o a depth of 4 in. j_s sufficient for bend ing . 

The shear to the left of the upri gh t is:-

5 .5 ~ 2450-= 13 LJ75 - lb. 

&n d the shear to t h e ri ght is:-

( 15-7 -5) 24-50 .-3 6750 :c: 18375. lb. 

The section ar ea i s 31.0 4 sq . in. so the largest averag e 

unit shear is :- 18375/ 31,0 4-= 592 l bs per sq_ . jn . 

The dep t h of 4 in. i s suf f icient for bending 2nd s h ear 

so will be used. 

The t hi ckne s 13 of t he up ri ght wil] be determined by 

the be&ring are a on t he pin . Using an allowable bearing 

stress of 9000. lb. per sq . in. for cast iron, for a 3½ in. 

pin, we have, 2 X 3½ )( t )( 9000 •-. 7 3500 • 

or t= 1 .17 in. thicknes of 2 i n . will b e used. 

The u nsupported len g t h of t he u pri ght is 5 in. and with 

a t h ick nes s of 2 in . there vill be no column action. 

T:tie t ype of p e de st a l sho -rri on t he g ener a l c.raw ing will 
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be used at t h e fix ed end. The same be a rin g s tre ss on the 

s teel ex i s t s here as a t t he expansion end . The fo rces ac ting 

will be t he same as for the r o d::er and are shown a bove. The 

maximum bending mome n t i s - 37056 . in . l bs . Th e moment of 

i nertia. of t h e se ct i on is 1/12 1■ l2 x ( 2 . 5)3 == 15. 6 i n"t and 

C = 1.25 in. 

S.= -370 56 ,c 1.25 = 2969. lb. per sq. in. 
15.6 

'rhe m..iximum shear i s 18375 . lb., and the maximum 

avera g e unit s Lear is: -

18375 = 612. 5 lb. per s q . in. 
2½ X 12 

Th e u pr i ghts will b e t h e s ~mie as a t t he expans io n end . 

The unsup ported leng t h is 7¾ i n . wh i ch is not su f ficient to 

re qu ir e a n invest i ga tion as a short column . 



DESIGN OF 50 FOOT PLATE GIRDER SPAN. 

GENERAL DESCRI:?TICN . 

This is to be a 50 ft. through p l a te g irder bridge 

( 1 with a 10 ft . waJ kway . The f loor is to consist of 3 i n . :p l ank s 

laid upon stringers, the stringers in t urn r es ting upon 

floorbeams. 

LOADS . 

Dead Load. 

The dead load consi sts of t he weight of t he g ird-ers, 

floorbeams, strin gers, and planking . 

Live Load. 

The live load is assumed to be 140. lbs. p er sq. ft. 

of wa l kivay . The live l oa d is take n l a r ge en ough to i nclude 

i mpa ct. 

Wind Load. 

The lat eraJ b r a cin g i s des i gned for a movi ng wind lo a d 

of 300 . lbs . per linea l fo o t of bridge. 

GENERAL DIME SIONS . 

Span 50 ft . ou t to out or about 49 ft. cen t er t o cen -

( \ ter of b earing s. Width of wa l kway 10 ft. Spacing of g irder s 

10 1 0 5/16tt about, ce n te r t o ce n ter. De p t h o f girder 42½ i n . 

back t o b ack of flange a ngle s . Rivets ¾ in. in diameter 

will be use d t hrough out. 

50 
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Gusset p l a tes for la t era l bracing will come at the 

floorbeams a n d will be conn e cte d to the stiffeners . The min­

imum web thickness is 5/16 i n . and ill be used, so stiffeners 

wi ll be r equired. The s pacing o f the st iffeners will be 40 in. 

Flo orb earns are S !J@ ce d 10 ft . a part a.n d a gusset plate is 

used a t every floorbeam . 

DESIGN OF FLOOR SYSTEM. 

The surfa ce of t he wal kway will be 3 i n . p lanks . 

The outside stringers will be spaced 6 i n . from the 

web of the girder and the insid e stringers 3 ft . fr om them 

an d fro m each other, t hus givin g a t o t al of four s tringers . 

These stringers h ave a s p , n of 10 f t. and the outside string­

e rs are designed t o carry o n e - h a lf as much as t h e inside 

s tringers . The tota l un i form load per stringer p e r ft. i s 

found t o be 507 . l b s. Re ferri ng to t ables , it is seen that 

a 7 i n . channe l a t 9. 8 lbs. p er ft . is satisf a ctory . Both 

i nside an d o u t s ide string ers wilJ b e 7 i n . channels @ 9 . 8 lbs. 

The flo or ~eams will b e spaced 1 0 '-0" center to center, 

t he end flo orbearns being o f the s ame sect io n as the intermed­

iate ones . 'fhe stringer react i ons of 5170 . lbs. each act as 

con ce n tra t ed loads on the fl o orbeams. From t he symxnetry 0f 

thes e l oa ds, it is seen t hat t h e dange r o us section j s at 

t he mid dle and t h a t t h e maximum b e nd in g moment o ccurs there 

a n d is 20680. ft. lbs. 

Assuming the weight of th e flo or beam. to be 22. lbs. 

per foot, t h e bending moment due to t h is l o a d is 275 . ft. l bs. 

51 
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The total ben d ing moment i n the f lo orb eam is t h en the 

sum of these t wo , and i s 20955. f t. lb s . 

Referring to t ab1 e s , i t is seen t ha t a 9 i n . I-beam 

@ 21. 8 lbs . is sa ti sfact o r y and will be used. 

Standard connectio n s of t wo an gle s wil l be u sed t o con­

nect the flo orbe ams with the g i rd er s . 

1 ailing s trips 3 11 x 4 11 wil l be p l aced on to p of ea ch 

s tr ing e r and bolted to t hem. 

STRESSES I N GI RDERS . 

The g irder s ect ion wil l be ma d e u n i form thro ughout the 

e nt i r e l en g t h f or t h ere is no economy in va rying t he light 

section required for t h i s l eng t h and s p a n. A co v e r p l ate will 

be used on the to p fl ange for t h e full leng t h of span to keep 

out water and to i mprove the appe a rance o f t h e g irder. No 

co ve r p l a te wil l be us e d on the b ott om fl ange. The floor loa d s 

will b e cons idered as concentr a ted a t t h e fl o orbeam po i n ts. 

Ea ch fl oorbe am react i on 10340 . lb. 

Ma ximum ver t ical s hear due t o f loor load s 20 680. lb . 

Weight of g irders .as sumed 200. lb. per sq . f t. p er 

g irder. The n t he maximum vertica l shear du e to the weight of 

t he g irder is 5000 . lb. Then t he tota l e nd s hear f or ea ch 

g irder is 25680 . lb. 

Due to t he s ymmetry of t h e concen trated l oa d ing on th e 

g irder t he d angerou s sect i on is at the mi d dle a.n d the maximum 

bending moment du e to th e f lo or loads is 310200. ft. lb. The 
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maximum ben d in g moment due to ~eight of girder is :-

1/8 X 200 X (50)2 = 6250 0 . ft. lb. 

bend i n g moment then is 372700. f t. lb. 

The total max imum 

Total bend ing moment f o r o ne g irder i s 

Tot£1 end she~r fo r one girder is 

DESIGN OF GIRDERS. 

3 7 27 0 0 • ft . lb • 

25680. J.b. 

The dep th of the web plat e will b e taken as 42 in. The 

th ickness of the web plate must be large enough to take care 

of the shearing stresses and to insure a pract icable riv et 

spa cing in the fla nges, at the end of t he girder. Neither of 

these factors are li kely to exert much i nfluence on a g irder 

a s small as the one under co nsideration, but mus t nevert heless 

be considered . 

Using a web p late 42 i n . X 5/16 i n . th e actual unit 

shear on the gross se cti.on o f the web is:-

25680/( 42 x 5/16) = 1960 . lb. p er s q. in. 

The allowab le un it stres s is 10000 l b . p er s q . in. 

It is a s sume d for the pres ent t h a t t he d i s t a n ce between 

gage l in e s of to p an d bottom fl@pg es i s 3 i n . less than t he 

distance b ack to back of flan g e angle s and th<>l t there will be 

b u t on e row o f rivets connecting the flang e to t he web p l a te, 

t he r ivet s pacing in t he f langes a t the end of t he girder 

will be:-
= 5630 ~ 32. = 8 .2 

25680 
i n . 

where p = p itch of rivet i n inches , r-all0wabl e s tress on rivet, 

and V =shear a t section. From this cal culation it is s e en that 
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a 5/16 in. vreb p lat e is satisfactory a s f et r as the flange rivet 

spac i n g is concerned. A web p late 42 in. x 5/1 6 in. will b e 

ado p ted . 

Th e ~ro ss a eu o f th e compression flange should not be 

less than the gross area o f the t ension fl ange. The al lowable 

fiber stress in the :bottom flang e is 16coo .- 150 l/b , whe r e 

1 .,,.. distance between l a tera l suppor ts of the to p fl a n g e and-= 

1 0 ,c 12 = 1 20 in., @.n d b = the wi d th of t h e cover p late. Assumin g 

t he e : feative depth to be l ½ in. less t ha n the d istance b ack 

to back of flan g e an g les the n e t a.re@ require d for the ten sion 

flan g e is:-
A= 37270 0 .X 12 . = 6 . 84 sq. i n . 

16000 'If 4 1 

Allowing one-eighth o f the a,r e a of t h e web as flan g e ar e a , 

the required net area o f the ten sion fl a n g e is:-

6 . 84- 1/8 x 13 .13 - 5 :' 20 

Two angl es 4½ in. ]( 3 i n .x½ in . provide a net area of 5 . 24 

sq. in., deducting o ne 7/8 in. hole fro rr. e ach a ngle . This 

section wi11 be used with t h e 4½ in. legs out s t anding . 

The width of the co v er p l a te must be l/12 x l20 = 10 i n . 

for the co m~res sio n flange. The wi d th o f t h e twsion f lange 

is abo u t 9 5/16 in., so t he cover p late rill be mad e 10 in. 

wide. 

The a ll owable uni t stress in the compression f lang e is:-

16000.-150 1/b = l6000. -1 50t 1 20 -- 14200. lb . per sq. in. 
10 

The gross area requ i red for t h e compression fl ang e is: ­

A ,, 12 >< 372700 = 7 . 78 sq. i n . 
1 4200 . ,< 41 . 
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Allo ing one-eighth of the flange ar ea a.s web a rea, the r e quired 

gross area f or t he compres sion fl a n ge is: -

7 • 7 8- J/8 X 13 • 13 ::: 6 .14 Sq . in. 

The a rea p rovi d e d by a JO i n .x 5/1 6 i n . cov er p l at e ~nd two 

angl es 4 11 ,< 3 11 )( 5/16 11 is 7 .31 sq. i n ., a n d this se cti on will be 

used. The e dg e d i s t ance on the cover p la te is ;abou t 2 11 :Ln . 
12 

The dis tan ce ba ck to back of f lang e angl es will be 

42 in.+½ in.• 42½ in. The distance between gage lin es o f t he 

fJanee ang le s wil 7 b e ~-2i-( 2 ;,. l ·i ·) = 39 in. 

The portion o f the momen t curried by the to p f l anges is:-

6 . 51/8.15 = 0. 80 

55 

The required spaci ng 9 f t he rivets betwe en the web ~nd flanges is: 

p =: -1:lL 
0.80 V 

,=, 5610 X 39 
o .80 J<.25680 

10.70 i n , 

The ma xfrn.um s p a ci ne allowed ia 6 in . but th i s is lo nger th;;m 

sh0 uld be used. A spacing o f abou t 5 i n . 1.~ill be used through­

out the entire leng th of t he to p and bottom f l anges . This spacini 

will also be used f o r the rivets bet we e n t he cover p la.te a nd 

flan g e -..ngJ.e s . 

The end stiffeners should have a.n a rea sufficient to 

carry t he tot al end s h ear by column action. There will be two · 

pairs of e n d stiffeners at each e nd o f each ~irde r . Sliding 

bearing s are to be used so the p a i r or st iffeners towards the 

cen ter of the girder shoul d be designed for ¾ of t h e shear or 

¾ x 25 680 . = 19 260 . 1 b . Only the are~ of the ou tst,,md i ng leg s 

shou l d b e considered as effective at the ends o:f t h e s tiffeners .. 
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beca use of the pear bearing o f t h e other leg on the fillet 

of the fl ange angle . The area required is:-

19260./16000. = 1.20 sq. in. 

The val ue 16000 . i s used without reduction bec-..use there is 

no column action at the ends of stiffeners . At other points 

along the stiffeners the f ull s ect ion ca n be us ed, but the 

allowable stress must be reduce d by t h e column f or mul a . The 

case just figured will e v i dently con t r ol, however. 

Two angles 3½" ~ ;2½" x 5/16 11 provide an area of 7 x 5/16 .. 2. 18 

sq. in. so will be used for t he end stiffeners nearer t h e cen­

ter of the girder. The other pair o f end stiffeners will 

be ma de t h e same. A lO";e i" plate will be riveted to these 

to improve the appeara.n ce of the end of t h e girder . 

The outstanding leg of t h e intermed iate stiffeners 

must not be less than 1/30 x 42 >< 2 = 3.4 in. All intermediate 

s tiffeners will be mad e o f ~.n gle s 3½";< 2½ 11 J< 5/16 11 p l a ced 

in pairs, with the 3½ 11 leg ou tsta nding . Intermediate s tiffen­

ers will be spaced 40 in. apart. 

The stres s ca rried b y the end stiffeners nearest t h e 

center of the g irder is 19260. lb. as determi ned abo v e. 

Eno ugh r i vets mus t ·e u s ed b etween t h e an gle s and th e web 

to transmit this s tr e ss to t h e web in double shear or bearing. 

The number required is 19260. -= 4. 
5630. 

The rivets will be space d about 5 in. Th is wi l l provide 

about 8 rivets for t h is ca s e. The rivets in all stiffeners 

will have t h e same spa cing. 
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The web :plate, flan g e angles, and cover plate can be 

obt.i.ined long enough for t he entire span, so t h ey will not 

have to be spliced • . 

DES IGN OF END BEARINGS. 

70 ft• I 

Roller bea rin gs are not required f or s pa ns less t han 

so sliding b Ea rings will be used f or this g irder. 

Slotted holes will be used i n the sole p l a te s to allow for 

a movement of at least 5/8 in. at one end. The area of the 

wa ll p l a te must be at least, 

and, 

A = y = 2~680 _ 
f 00 

A= y = 25680 
f 9000 

42.5 sq. in. for concrete 

2. 85 sq in. for cast iron 

whe re v ==-maximum end reaction an d f= allowab le be aring. The 

sizes of the sole p l a t e s and masonry p l a tes will probably 

be determined by the detai l ado p ted. The t h icknes s of the 

sol e plat e will b e taken as 5/8 in. and t h e ma sonry plate 

as 1- in. 

The anchor bolts will be ha eked bo 1 ts, li· in. in 

diameter a nd 1 ft . 3 in. long. 
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DESIGN O i 20 FOOT P LA'rE GIRDER SPAN. 

GENERAL DESCRIPTION. 

Thi s is to be a 20 ft. p l at e girder bridge with a 10 ft. 

walkway . Th e floor is to co n sist of 3 in. p l anks laid upon 

stringers, the stringers in t urn resting upon floorbe ams. 

This girder bridge is to s pan the distan ce between the bents 

of each tower. 

LOADS. 

The loads ~.r e taken the s ame a.s for the 50 ft. girder. 

GENERAL DITuillNSIONS. 

Span 20 ft. out to out or about 19 ft. center to cen­

ter of beari ngs. Width of walkway 10 ft. Spacing of g irders 

10 '-0 5/16" about, center to center. Depth of girder 42½" 

back to back of flange angles. Rivets¾" in diameter wi l 

be used t hroughout. 

Gusset p l a tes for lateral bracing will come at the 

floorbe ams and will be conne cte d to the stiffeners. The 

minimum web thicknes s is 5/16 11 an d will be used, so stiffen­

ers will be required. The s p a cing o f t h e s tiffeners will be 

40 i n . F loorb eams a re spaced 10 ft. apart and a gusset p l ate 

is used at ev ery floorbeam. 

DES IGN OF F LOOR SYSTEM. 

The load i n g o f the floor system being the s ame as for 

the 50 ft. girder, the design of the floor system is the 

s ame and the fl oor system will b E t he same. 
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Surface of walkway 3 II plank 

String ers 7 II channels @ 9 .8 lbs. 

Floorb eams 9 II I-beams @ 21. 8 lbs. 

Nailing s trip s en stringers 3 II X 411 timbers. 

STRESSES I N GIR D:h:R S . 

For the sak e of u nifor mity of appear an ce, t h e g irders 

will be made the same d epth a s t he 50 ft . g ir der s. The top 

chord will be covered with a p l a te to keep out wa ter e1.nd to 

impro v e t h e a pp earance of t h e g irder. 

DE SIGN OF GIRDER S . 

As t h e depth of the 20 ft. g irder is made t h e s ame as 

that of the 50 ft . g iro.e r for t he sake of uniformity of app ear­

ance, t h e web thickness must be the s ame , as 5/16 11 is t h e 

minimum thickness for t h is depth. Also, good eng ineering 

p ractice require s t h a t the -re s t of t h e members of the 20 ft. 

g irder se ct i on b e ma d e the same as the d ep t h an d thicknes s of 

web a re t h e s ame , s o t h e same se ction will be u sed . 

Compression f lan ge ( 2 a ngles 4 11 X 311 ~ 5/16 11 

( cov er p l a te 10 11 t 5/16u 

•r e n sion flange 2 angles 4½" -1. 3" :it. ½" 

All stiff ener s in pa ir s of ang .es 3½" ;< 2½" x 5/16 11 • 

DESIGN OF END BEARI NGS . 

Slidin g bearing will be use d for this g irder. Slotted 

holes wil l be used in t h e sole p l a tes to allow for a movemen t 

of at leas t 5/8 11 at on e end. Th e ar eet of t he wall plate 

mu s t be a t l eas t 
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A"" v _12340 = 1.37 sq. in. 
r - 9000 

where v = max i mum end rea ct ion, a nd f = allowable bea rin g . The 

s izes of t h e sole p l a tes wi l l probably be det e r mined by t h e 

detail adopted. The thickness o f the sol e p l a te will be t a k ­

en as 5/8 inch . 
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TKID DESIGN OF BENT NO. 3. 

General Des cr i pt ion . 

Thi s is e a i mpl e ben t p l a ced in a vertical plane at 

right angles to the line of the bridge 2nd braced as sho wn 

on stress sheet. This bent supports one end of the Warren 

truss and one end of a 20 ft. girder . 

LOADS. 

Dead Lo;;d. 

'rhe dead load consists of one- h.lf of the weight of 

the entire truss span 2nd one-half of the weight of the 20 ft. 

girder. Also, the dead loa d includes the weight due to the 

entire bridge being fully loa ded. The vertical de .. d lo ad per 

joint at the top o f the b ent is found to be 83000 . lbs. 

Wind Load . 

The wind lo a d i s tdrn n a s 300 l b s . per line~-1 foot of 

bridge, treated as a moving load. It is taken as ~pplied 

4½ ft. above the to p of the bent . In addition, ~ lateral 

pressur e of 100 l bs . for euch ver t i c.a.l lineal foot of tre s tle 

bent is considered. The wind load acting 4½ ft. -..bove the top 

of this bent is found to be 22750. lbs. 

DIME NSIO NS . 

Height, 5 stori e s a 15 1 -0 11 = 75'-0 11 ; width of to p 

11 1 -0 11 ; wi dth of base, 48 1 -6 11 • 
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STRE SSES I N BENT . 

Dead Load Stres se s . 

The diagonals ca nnot .act under a symmet r ical vertical 

load, therefore the we ights at the a p exes a r e d ecomposed direct­

ly into the d irection of t h e columns a.n d the horizontal brac­

es. These stresses ar e calculated b y use of the f ormula e:-

stress in column .. P sec 0 

str e ss i n brace = P t an 0 

where 6 is angle b e t we en column and ve r tical , gn d P is total 

load co min g on apex immediately above member considered . 

Wind Load Stresses . 

To fin d the wind stress in the columns, the section 

was cut by a horizontal p l a ne .-,n o. t h e center of mom en ts taken 

a t t h e o pposite ver tex . F or the hori z ontal strut s , the princip le 

was u sed t :Cia t the sum of t h e h orizontal comp onen ts of the 

stresses i n a section and of the fo rces a bov e it mus t vanish . 

These wer e ch ek ed b y :.aornents . lj'or th e diagonal s , the method 

of r eso lution of forces was used . 

Stres s 

o n the 

there . 

DESIGN 

Sheet . 

The stre s s e s 

stress shee t, 

OF MEMBER S. 

du e 

and 

to t he var i o u s l oad ing s were collected 

the sizes o f members were also r e corded 

The column s will be mad e of t wo channels, flan ges turned 

out, with a co ver p late on top an d lacing o n the und er si de . 

Ea se in f a b r i cat ion a n d simpli city in connection s a re 
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of greater we i gh t than t o have: ,,.s l.rge a r-.d ius of gyrat i on 

as possible, although this is very import.nt. The horizo.ntal 

struts anu dia gonals will be composed @f t wo ~ngle sections, 

legs turned in. All horizontal s truts will be laced to pro­

vide rigidity. The d iagonals will be be1.ttened . Vertical ties 

will be provided at the intersections of each pair of diagonals 

to supp0rt the horizontal strut beneath an d thus reduce the 

ratio of 1/r in it , o cl, Slil".ll er merr.ber may be used. 

DE SIGN OF OOLUMN . 

There is no economy in varying the section because 

of the slight s tres s variation, so the same s ect ion will be 

used for the entire length of column. 

Dead load stress due to truss .i.nd g irder 86000. 

\"!ind load stres s ( total} 5 4200. 

Dead lo ad stress due to assumed tower weight 3800. 

Tota.l compression s tress 144000. 

lbs. 

II 

II 

lbs. 

The max :imum v ,,,.lue of 1/r i s 125, so the minimum value 

of the radius of gyration is r _ 1.03 x 15.x 1 2 
125 

1.48 

Using this radius of gyration and the corresponding 

length, the approxima te allowable unit stress is 

S =- 16000-70 1/r = 16000-(7ox 125) = 7250 lbs./sq. in. 

The approximate area required is 144000 = 19.8 sq. in. 
7250 

This area is much too large, so a section with a l arger 

r«.dius ef gyra tion will be used, thus reduci.ng value of 
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1/r (which i s desirable) a nd at t h e s a me time reducin g requir­

ed area . A s e ctio n comp o s ed of 2 chann els 9"@ 13 . 25 lb ., . 

a n d a cover p late 14" " 5/16 11 wil l be i nvestig ·· ted. This 

section g i ves an a r ea of 12.16 sq. in. and ti r ad iu s of gyra t i on 

of 3.57 . Using t h i s r a dius o f gyration an the corresponding 

length, the allowa ble u nit s tres s is 

8 "' 16000- 70 1/ r = lb000 - 70( 1. 0 3 X 15 I( 1 ?_) 
3.57 

12 40 0 • lb . sq • in • 

The required are« t hen is 144000. = 11. 6 sq. in . 
1240 0. 

This se ction there fo re p roves satisfa ctory an d will be 

used. 

The horizont.a l s truts we r e d es ;i. g ne d i n the same manner 

as the colunm , vertica l ties bein g in ser ted at t he cent e r of 

each to reduce t he effective b e tiding leng th . 

The diagonals were d e s i gn ed in the same manner a s the 

lo ·"ler cho rd of the truss, iitn d t he design wi l l not b e repeat d h e r e. 

DESIGN OF JOINTS. 

All joints will be d e s i gned to deve l op the f u ll s t r e ng th 

o f t he members a nd not simply the ca lculated stress. 

The gus set plat e s wi l] be m8 d e ~t l east t hick eno ugh to 

d evelop in b eari ng the s treng th of t he rivets in s i ngle s h ear. 

This thickness is 5/1 6 i n • 

.Al l rivets wi 11 b e ma d e ¾ i n a.h. 

The ar rangement of the memb e rs a t t h e join ts is s hown 

on t he g ener cJ. l drawing s . The gag e 1 ine s of an g les a re pla ced 

on the cent e r line 0f the bent . Vvher e an angle has two gage 



1 ines, the center ef gr avity is used. The center s of gravity 

of t he col~mns are pl.i ced on center 1 ine of bent. The size 

of gus set p l at e s a re determined by sp a ce r equ i r ed f or the 

rivets neces sar y to connect t he member s to t h e plate. To secure 

( ' uniformity of stress, t he rivet s ar e s pa ced symmetrica lly 

whenever possible. 

l JI 

The design o f joint s wa s done exa ct l y in s am e manner 

a s for t he truss and the design will not b e repe~ted here. 

BE.ARI NG PLATES. 

The b earin g plates a t t he bottom of t he tower are large 

enough to transmit the wei ght comi ng upon t hem to the f ootings 

without ex ceeding the allowable bec1.r ing un it-stress. 

The bearing plates a t t h e to p of t he tower a r e large 

eno ugh t o pr ovide suf fic i en t area for t he end bearing plates 

of t he g irder and truss to re s t upon. 

GENERAL DRAWI NGS. 

All deta ils are g iven upon t he general drawing . 

0 TEER BE.LJTS . 

The de sign of the ot her be nt s will not be g iven here , 

a s t he s ame gene r a l principle s were us ed in t heir design. The 

stresses and size of member s a re s hown on t he stre s s sheet. 
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MAT ,RIAL . 

Weight of steel in truss '76800 . lb. 

( Weight of steel in each 50' girder 1 5 '750 . lb . 
' 

We i ght of steel in each 20 1 girder 6300 . lb . 

Weight of steel in all towers 112950 . l b . 

Oak lumber (board measure) 22000 . ft . 

eight of rivets 3600 . lb . 

Weight of nails for floor 500 . lb . 

Weight of bolts for nailint strips 300 . lb . 

Weieht of anch or bolts 2200 . lb . 

Volurne of concr ., t e or ooti g s , steps 

and abutment 8 .-! . cu . yd . 



( 
} 

ESTIMATE OF COST . 

These estimates ar e based on current pric e s of steel 

as given in tl e ::;;n ineerin5 News Recordo The shop cost of 

s t ee l i s based on l abor a t ~O cents pe r h our and include s de ­

t a iling , sho ) l Rb or , R~d one coa t of shop pai nt . The estima ted 

cost of r s ction of s t el per ton i s t aken from actual costs 

of similar structures and i nclude s a l l f a lsework , rive t driving , 

l abor , etc . T e cost of laying t he floor is de termined in 

the same manner and includes nailing and a ll other i ncident a ls 

to a fin i s_ d floor . The estimnted cost of pa i nting include s 

t he cost o the pa i n t and t he l abor of painting . The cos t of 

concrete in p l ace i s taken from actµa l tot a l cost of l ay i ng 

similar amount s of concr·ete . 

Shop Cost of St ee l in Tr uss. 

Average cost of steel at mil l 

Av er age shop cost 

Freight - Pittsburg to Lexington 

Total cost f . o . b . Lexington 

Shop Cost of t ee l in 50 Ft . Girders . 

Av erage cost of ste el a t mill 

Av erage shop cost 

Fr e i ght - ittsburg to Lexington 

Tota l cost r . o . b . Lex in ton 

1 . 92 cts . per lb • 

.,70 tt n 11 

. ~05 II 

3.,025 II 

II 

II 

It 

tt 

1 . 92 cts . per l b . 

• 8 5 l l It II 

. ~05 II 

3.,175 II 

tt 

II 

II 

II 
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Shop Cos t of Ste e l in 20 Ft. Girders. 

Av erage cost of steel at mill 

v er ae;e shop cost 

1.92 cts . per lb. 

Fr e i ght - Pittsburg to Lexington 

Tota l cost r . o. b. Lexinr. ton 

Shop Cost e,f Tow rs . 

. 90 

- ~05 

3 .225 

fl ft !I 

" It " 
II It It 

Average cost of steel at mill 

Average shop cost 

1.92 cts. per lb. 

Fre i ght- Pittsburg to Lexington 

Tota l cost f. o. b. Lexington 

Tota l chop Cost of Steel. 

1.15 

.~05 

II 

" 
II 

II It 

II II 

II 

Trus s (76800 X . 03025) 

50' Girders (7 x 15750 x .03175) 

20' Girder s (8 x 6300 x . 03225) 

$2323 . 20 

3500 . 44 

Towers (112950 X .03475) 

Tota l cost of all stee l fo Oo b . Lexington 

3925 .01 

$1137~.05 

Erection. 

Hauling steel from station to site at 50 cts. per 

ton and 50 cts per ton for loading and unloading 

Hauling and handling lumber at 1.50 per M ft. 

Cos t of erecting steel at $20.oo per ton 

Cost of laying floor at , 10 . 00 per M ft . B. M. 

Cost of paint i ng a t $ 3 .50 per ton 

Total cos t of erection 

w 1_75000 

33.00 

3500 .00 

220.00 

612 .50 
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Summary of Cost or Entire Structure. 

St eel f . o. b. Lexington 

Oak lumber- 22000 ft. at $50.00 per MB. M. 

Rivets - 3600 lbs. at 2.25 ets. 

Nails- 500 lbs . at 2 .65 ets. 

Bolts- 300 lbs . at ~ .oo cts . 

Anch or ol t s - 2200 l b s . at ~. oo cts. 

1137~.oo 

1100.00 

97 .80 

1 3 . 25 

12.00 

88~00 

Cost of concrete i n place - 8~ cuo yd. at 10.00 840 .00 

Erection 45~0.50 

Total cost of structure ,t18065 .60 
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