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The antlicotlon of reinforced conc
structures £nc¢ btulldincs begen towsrds the end of the nire-
teenth century. YeU up to the vrecsent, eteel construction
rather than reinforced concrete hrs succeeced in holding
the filelé of lon: span englineerins structures. Some of the
reccons for this may be accounted sg followe:

(2). For lon. snens, tze desd load of the structure
becomes so great th=t the structure becomes uneconomicsl.

(b). :isterisle cennot be used efficlently in rein-
forced concrete menters subjecte¢ to kencdina.

(¢). Te btond tetveen steel £nd concrete under
vorxing stresses in steel recuires ccecucte provicion for
sufficilent surfesce of tars covered by & csufficient smount
of concrete. Cteerveotions 1In oprectice incdicete that the
tond tetween concrete &n? csteel iec generslly insufficlent®*
vhen bars are more then one inch in ¢éirmeter or vhen high
vorking strecececs are uced.

The cdreswbecks to ucing the reinforcecd concrete in

long spen structures csn be overcome Ly precstrecced con=-

crete. The princinlec encé tuneir eonlicstions are not new.

*au ust E. Komendant, "Prestresced Concrete Structures.™®
DPa5e S



As far as is knorn, firet attempte ovroketly took nlece
in Germeny in sbout 1282.% These early efforts feilled
meinly tecsuse cemente used et thet time ¢il¢ not »rocuce
concrete of the cuallty necessery to withstend the high
strecces ceveloned.

In the present cdeye, the concrete can be mace in
practice to sucnh & hich strerngth so z¢ to glve the crush-
ing strength 8000 p.s.i. or more, by choocin: the vroper
kincs of materiels =nd bty nroner curing. Also the high
strength steel eaveileble hice mecCe the prectrecsed concrete
of extenclve use 1in cctucl nrectice for meny engineering
structures.

The moin purvose of this thesis is to study the
poeclbility of spanning 2 snsce by providing the trusced
concrete sircer., Simply sucported structures heave been
found economical for svans rsniing from 100'-0" to Z00'-ON, ##
The wel it of the etructure 1s one of the immortent fac-
tors which lezds to economy. By usin; a trussed girder,
the cead welght of the structure is reduced. A snen of
120 feet 1s chosen for study and the desiin is cerried
out so thot permenent stresces ere created prior to the
apnlicetion of loads on the structure. These stresses

ceveloped 1n the structure, when lozds are arplied, are

vithnin the limits.

®John G. Eendrichson, "Prestresced concrete Pipe," Procee-
Gings of the First United Stectes Confercence on Prestressed
Concrete. August 14 to 13, 1251.

**August E. Komendant,"Prestressed@ Concrete Structures,
page 24.



ITI. [NOTATICIS

L = Length of member

A = Ares of entire concrete cection (Steel zrea not deducted)
d = Depth of section

b = Width of rectangulor section

C.G.C. = Center of grevity of entire cross-section

C.G.S. = Center of grevity of cteel ares

Yb, Y£ = Pistance of btottom end ton fibre to C.G.C.

recpectively
Fy, Fy = Stresces 1in bottom end ton fibre recpectively

I = lloment of inertia of the concrete section etout C.G.C.

o]
]

Reéius of gyrastion of a ebout C.G.C.

Totel rice of curved cectle from the center of epan to

()
]

the interior sunport

¢ = Totzl rise of curved cctle from the center of spen to
the exterlor sunport

€ulss €ungs —-— etc. = Eccentricity of the cakle with re-
spect to C.G.C. 2t sunports

€uoc? ©ule’ Cuser ~°T etc. = Eccentricity of the cectle with
recspect to C.G.C. £t the center of cven

a1 = Length from center of svzn to poilnt of contreflexure

or curvec cacle.
oo = Length from sunnort to vnoint of contrsflexure of

curved cable



s

Initial Prestress

Final Precstrecss

Eculvaelent loed@ procuced by thre contlnuous curved
cable with curvaiture conccve unvsrdés,

Ecuivelent losd procuced by the continuous curved
ceble with curvature concave dovnvarcs.

Ecuivalent load pnrocuced by tne cable with curveture
concave covnwerces but the csble is discontinuous at

that point.

CUo» Uy> U2 -=-- = Top chorc Joints of the truss

Lo> 1y, Ly === = Lower chord joints of the truss

Iloment cue to eccentricity of vrestressing force
Iloment due to ceed lozéd of structure
loment cue to live load on structure

Festreoeined moment
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The élstinguiching nrincinle in the

strecsced concrete trucss gir
tencelon rmemkters end comnre

ccliel

der
ce

scion memrers

PO A

c¢ecign of »re-

cepcretion of meoln

A conventional

reinforced concrete Les=n 1ls converted into & truvsed glir-

der with pret=neioned tenslon merkercs. TLenendling uson

the moc:nituce of nrestressing of tension meunbers, the con-
(- o

crete menbers can te subJected to comnrecsive

sucn &n extent thet tencile

treesces normelly cdeveloned Ly

loadin:s cen be eliminsted entirely 17 this 1s desired.
By ucing the floor clezb es the ton chord rsnc¢ fecsizn-

ing the web memleres eccoriing
tem, viich 1s sener-1ly uced
eliminatec. The ctresces in
In erese of nocitive monents

tre floor eleb.

In some ceses
tiiat of the truss mzy not ke
tive vicdth.

the members there ty

in

ruciure,

1y, the

In theee sltustlions onerninge

gnace for cone

elstoretec floor sys-

In eteel structuree, czn te

ti.e upner chord¢ ccn be used

£e the prectreccing. loeds for

of the veb meinkers ecual. to
reculireé to meint=in the effec-

e left in

me 7
e

reducing the welpiit of the structure.

rensrations vihich

future or for carrisie of some utilitles



Secondary strecsces whica ere culte »i.h in reinforced

concrete trusses cen te reduced to & cmeller extent by pre-
gtreecin_ the nemters. The prectressed truss members are

relatively small. lloreover sll the meubers teing concrete
slabs of 2 width ecual to or less then the trucs width,
uniform c¢istritution of the prestressed can be achleved.
Creen &nd shrinizere in such trucses will te of intense
value. They occur gracduslly end mey incduce tremencdous
strecces in the members denendin: upon the retio of stiff-
ness of the memberes. It ic nececscery in such ceses to get
more or less uniform shrinlinze =11 over the truss, co as
to reduce stresses cue to shrinksge. Eeccuse the ¢ifferent
nenbers wlll te uncer different prestrece, thnere vill be
¢ifferent amounts of creen. Tuls mey incduce ctrecses in
the structure. Thece stresses duc to creen =nd shrinkege
can be minimized bty sdjusting tiie nrestress in s11 members
ag 1¢ necessery from tlme to time. This is cccoimmliched
Ly pocgt tensionin: the menbers. The nost terncioning of the
merters 1o incduce sirecsces in the ciructure crn Le sclleved
Ly mercne of hydrsulic jeclc summorted & sinct hercened con-
crete menpere, taus the tensionin:: is rschieve?

eoucly vith tl'e removel of Lie geeffoléin
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A. Prirnsry Strecs Ancl:
v

(2). Selection of truccs tvne. The vel nerters of a

truss ere generslly cecsi necd to telic exnrescion or tencsion.
The most sultrkle crr=n_ement for 2 nrectressed concrete
truss gircer 1s to cecizn the cic-onels to teke tension
and the verticles to teoke commression. By cCesizninz the
mexters in this way, the tending moments due to the weight
of the members eare recuced to s grest extent and slso secon-
dary sirecces asre lece than 1in those truscses hevins diagonel
members in comprecssion ané verticle memkters in tenclon.

In a simnle spen of prestrecced concrete trusces the
economicel retio of Centh to epen®* veries from 1:10 to
1:15 and in continuous trusses from 1:15 to 1:20.

To reduce the strecses cue to tihe deflection of a
centrally loccded member, the length of the nznel should
not be more then twice the centh of the truss. To reduce
secondary strecces, the cenths of truss members should te

cmrller then their vidths.

(b). Prelinincry stress snslysis. In & preliminary

streess cnalysis the members are concicered to be pinconnec-
ted et panél nointe by frictionless nins, encé¢ the losce are

Ao uetl K 3 . -G - ot
August E. Komencdeant, "Prestressed Concrete Structuregh

—e

page 124.



sunnnsed Lo ect et the nenel noints. Tae dead weli ht of

the truss 1s assumed to te e cerisin sxount for the ensly-

gls but chould te reviced accorcin: to the csections ces-

=

¢ned from the norm~l forces &néd other informetions avell-

. Tue normecl stresses for desé lonés cen te obtsined

A ]

tl

w

by the method of sections. In the anslysis of 2 trussed
glrcer wnich 1s acted unon k moving loads, influence lines

c=n te used to determine meximum forces in every member.

(c). ™ruces zec & ricid freme. In the prestressed

trussed clrderg, where the floor clab 1s used eseg the too
chord of the structure, the restrsined moments cue to thelr
ovn welgzht as well ze live loads occur &t the Joints., 1In

3

such casces, the truss should be treated cs o rijic¢ freme,

n
6]

and the restrsinec¢ rmoments chould be cetermined et 2ll
Joints. The stiffneccec for e2l1ll nembers can te taxen from
the cssumed sections of the mermlbers aend center to center
length of the members znd should te revised each time the
sections are revised. Three general conditions of loadings
should be concldered for such trusses.

(1), The trucs 1is loaded with its own weight.

(2). The truss is lozded with live loacs to vprocuce

meximum positive moment in the floor slecb.
(3). Tae truss ic lo=ded with live loads to produce

meximum necative moments in the floor elab.

-~

The primary strescsee in 2ll the menters of the vre-

stressed concrete trugses c=n te otteined from the normsl

m



forces znd the commuted moments &nd thece snould ke ucsed
for choosin: the finsl sectiones of £11 mexzbters. Trhe
stresses ceveloned gt 211 sectlons of & member bty the nor-

mel forces #nd thorce ty orecstreccineg must be within limits.

(d). Decicn of mexbers.

(1). Ton chord. In many ccees, the floor elab

trucesed gir-

(o)

()
-
]
0]
o)
)
m
ct
oy
[

can t ton choré of & prestresee
der. It moy e decigned ps ¢ prectrecced continuous slab
supnorted on the verticles., Tie approximate sections end
the »nrimary strecses teing ¥novn, the nrofile of the cable,

and 1ts eccentricities £t ¢ifferent sectlons for reculred

prestressing force, can te comsuted., The sections are then

)]

checked to keen strecces vitnin gllovetle limits., As a

¥)

stressed concrete, the stress con-

()

generel princinle of pr
dition essumed et the comnrecssion fibre is zero etress un-
der the action of dead loads of tne estructure and the pre-
stressing force on the structure. Eut it may, in some

ceece, limit the teneile fitre strecs condition uncer the

dead loac¢ and tlie prestresesins force. Tie prestrecssing

Qo

force ic limited by the sllowvekle commrecssive strezzes in
the concrete.
If the prnels ere very long, not more thon three con-

tinuous spens choulé be prestressec together. Profescor

<

IZzgynel® hes cerried out some tests for frictlon losses 1in

b ] 3
¥Zustove lornel, M"Prestressed concrete," Chenter IV,
pege 80.



prestressing ¢nd hss found thet 1t cdoes not exceed five
percent proviced thet there are & méximum of three snens
and thast prestrescing ic ennlied simultsneously. Eut 1if
the panels are not very lsrce, the to»n chord cen bte ore-
strecsed by a curvsd continuous cerle vithout exceeding
the friction limits.

Anotner errancement to recuce friction losses 1in pre-

gtre

m
m

ing of cables, ceveloned vith curvec »nrestrecscsing
cables, coneglcts of the use of overlsnoning intermeciste
anchorages by which the length of the prestressing unit
1s recuced. In this cece tzhe prestressing units are to
Le brousht out from the slab end lon stressing cavities
larce enough to provice space for building in the Jacks
are to be mece in tihic structure. These cevities ere then
filled with uncsirecced concrete wilch 1s sutjected to ten-
sile streescs., Tae cavity shrinks avwey from tlie olé con-
crete, thus mexing it nonronolithic with the structure,
end demeging strese conrcentration may occur. It 1g there-
fore acdvsnte cous 1o use a contiruous curved cable to pre-
stress & continuous spzn cunnortesd on colunmns.

The profile orf the catle can te tasken as & second de-

gree paretole. Il has been found tihat the momente vary

only elightly vien the curvature of the cable¥* is changed

*A.L.Porne end G.H.Peris, "Anelyecis of Continuous Pre-
streceed Concrete S+ructures," Proceecings of the Firet
Unitecd Ststes Conference on Precstresced¢ Concrete, August
14 to 15, 19%1.

1C.



11.

from psrsrolic to sinucoicdel, thus a sligcht dieplecement
of the ccble from its exact profile will not msterially
alter the end izoments.

The elsstic teheviour of a curved ceble which follows

-

some sinusoidel psth cen te Cetermined ©y the annlication
of eculvalent uniform losdes of nroper megnitude end distri-
tution on tie member. By cdistribution and tzlencing of
restrainecd rmoments consisting of the primary momente cdue

to loade andé ceconcery momente ¢ue to the contlnuity of

the cables over the sunports, the sctusl moments existing
at the sumworts are xnovn anc by tihe use of these moments
et sunports, the moments exlesting: ¢t eny section of the
structure cen te comnuted. Thece moments cen be ucsed to
check the strecce8 within the z2llowslble limits.

(2). Wek members. The web members are either in

tension or comnression, bui to reduce the tending moments
due to their ovn wel ht, it 1c¢ & sulteble srrengement to
melke the cdiagonels teke tencion enc the verticles take com-
pression.

(1) Dirgonzls. The bencing momenis on these
members Tteing smell in commsrison with the normel forces,
the diegoncle can be precstrecced by vretencioning tie ca-
tles exlally. Prior to the loacs on the structure, comn-
prescive stresses are induceé 1n concrete so thet the

strecses remain within limite vhen trhe losacls act on the

structure.



1C.

(11) Verticles. These teing the comnression

5

memkers, they are decgigned ecs common reinforced concrete

t

|

colunns loeaded axiclly.

(3). Eottom chioré. The tottom choré of the prestresced

concrete truss should te cCeslgned to takxe tension. It can
be designed as a slab, the wicth of vwhich 1c¢ ecuel to the
trues width anc¢ thre length ecual to the length of the truss.
The slebt 1is prestrecssed exislly by pretensioning the cerles
so thet the ctrecces are within limits Tefore ené after the

lozds sre epplied to the structure.
B. Secondery Strece Analyels

mn

(2) Secondcry streccec due to the prectreccinc. Vhen

the concrete memters ere prestrecssed, the lengths otf the
members ere chenged. The Jolnts Pbeing ricid, the recis-
tsnce of Jolinte to free rotztion nrocduces secondary moments
on the menkers. For computing the change in lengths of the
members end the dleplscements of the jointe, non-rigid con-
nection of the members et the Jjolnts chould te sscumed.

The|cienlecements of the Joints can ke found by dreving

Williot Diegrem.

(b). Secondary streccec Cue to normsl forces. Due to

nornsl forces on £11 tnhe members, the mewnkers vill chenge
in length and ¢isnlocement of Jolints occur. The moments

fue to this cen te foundé in the scme wey ¢ in B (&).



Conventlonel reinforcement can te nroviced to telke
cere of eny tensile stresses which mizht occur in the con-

crete memberes.

l ;‘. L3



V. TDESICGI TXAPLE

The vitrated concrete to e uced 1In this exemnle 1s
to heve a minimum comvressive s*trengin (fé) of 7000 p.s.i.
and mocfulus of elasticity of 6 « 3 X 106 p.s.1. DBefore
&llowsnce for creen &nd chrinkece is mece, the elloveable
compreecsion in extreme fibtre 1s to te 2800 v.s.il. andé the
ellovztle tenclon in extreme fitre, Z20 pn.s.l. After &l-

lowence for creep sné shrinkese le muce, the allovetle

compreccion 1in extrere fitre 1lc to te ZCO00 p.s.l. and the
elloverle teneslon in extreme fikre, Z10 pn.s.l. The allow-
atle princinle tensile cstrese, after szllovence for creep

end shrinlrece 1e mece, is to ke 230 p.s.li.

The csbles uced for post-tencioning are Roeblirg gal-

venized prestreccec-concrete ctr-nés. As tlhese strenés
are fezbriceted from hot-din gelvrnized wvire, comnlete pro-

tection agsinst corrosion vithout further trestment 1is

essured., The allowetile Cecion los¢ ner strond ic to ke

eccordins to the menufrcturer's ellovable cCesipn loed.
The loes in initial vrestrecs ellovec for creen &end

ghrinksare is to te 15%.

A. Primrry Strece Anclycis

() Selection 2¢ truse t-me. A snen of 120'-0" is

covered Ly a prestrecced concrete trucsed Jircer as sihovn

in fiure 1. The gircer ieg en "N' type truse hoving six

14,



1.

vznele of 20'-C" each. Uncer tre loacds the c¢ileponsle and

the bottom cliord memterc are in tension while the too

chord snd the verticles ere in comnr

1s 20'=-C" wigde sccomodating tvo tre

ed¢itionsl E'-0" eide vslX on eech
to cerry A.A.S.H.O. H-44 loeding.

der 1e trken s= 10'=Q",

ecelon. The gircer
ffic lsres, with an
cice. It 1s cesigned

The height of the gir-

Roadway
U4 Us U_}«

Uo Ul U2 U5
L2 L3, W o la L Le
Lo L 6 Panels @ 20-0"=120-0" > .
4
Figure-1

The ton chord of the trues is

1
€lab. Tue floor e¢rystem, vhich 1s ¢

concrete znd steel cstructures of th

z continuous concrete

2b 20'0" wicde &ndé 1ZO'-C" lonz oné 1s useé as the floor

omron to most of the

i1s tyve, 1s therefore

eliminated. The tottom choré is slso 2 continuous con-

crete glsb 20'-0" wide =nd 120'-0O"

long. Tie dilegonzls

and verticles ere £lso clabs, but openin;c are left pri-

Fad

merily to recuce the weilsht of tie

structure ané to fac-

1litete any tyne of rencirs vhica moy be nececssry in the

future.

(b). Preliminery strec

147]

- eneslysis. For & »nreliminery

analysls Joints Uy, Uy, Ug --- Ug,

are cssumed to be nin connected.

and I.JO’ I.Il, Lz —— L6
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tlie structure, including rfec

f—

’T)

Thie ceza load oFf
Tinish, is rscumed £s 220 n.s.f.* Tie live loszé on the
gtructure is tezen cs €40 1lbs. pner linecor Toot of losod
lane end = concentrated locd of 18,000 1lie.** Tre sice-

wellh 1ive lord 1s egscumed ec 22 m.s.f. for & vwicth of six

feet =#nd 1is trected as distributed lo~3d zer foot run of

I = imnret foetor (mexizum 3090)
L = len;th in feet of tre nortion of the cnen wihich

1e lordedé to procduce tlie nrximum strecs in the

The desd loed is cecumed to ect U nrnel »oints.

Witn thie cfecé lord of 220 »n.s.f., 75,000 nounds of con-

Lo rct =t the »nrgnel »noint. The

4 - DL e e - Y A + .2
gtrecces 1In ¢11 of tlie members rre computed,

strecces gre gleo chernosd in every coce. After csufficient

*Au ust Z. Tomencant, "Prectrcsced Concrete Structuresz,®
Fiiure 12, ncoe 23.

¥# The Americon Accocirtion of Strote Iihvey Cfficiels
"Stencéerd Specificotions for Hichvey Zridoec, 18Z0,M
Section &.%Z.8., po_e 1C3.

4% The American Assocletion of Steote Hiphver Officircles
"Standard Snhecificationg for Hishvey EBricres, 1200,
Section ZoZ.2.1Z., proe lé4,



lo~l of tihe structure, found Trom thcese cections, is
22,700 1b., sry CLE p.s.f.  Tre menel lord is 20,000 1b.
Gletrituted ecuslly tetween tze unner ond lover joints

A

the penel., Thus & concentrotec lorc of 42,000 1lb. acts

o
5

ct

esch Joint. Th2 norirl forces on 211 menbers esre cc

(O]

stown in Trtle I,
To comvute the moximua normcl strscses on the members

£ thae truss, influcnce lianes for checr 1in the vonel end

uniforz live lo~¢ of 123D 1, per linecr Toot soné & con-
centrestec lo-@ of &&,000 1lk., 1ia such & vey ¢¢ Lo nroduce
mevinam normsl strese in the menlers. The ctirecces, Cue

to live los7¢ incresced ty tie reculred velue of impact

La

fzctor, are ghown in Tealle I, Tie mrxioun normsl stresses
due to tie cicevelir live locce ¢re £1co comnavsd 1n tlle
grae wey, tut no Lmorcet is tolen in
sre suovwn in Tokls I

(c). Truce re r rii” freme, T.e losCs on the floor

sla procuce restrsined poiente #L the ri id jointe., Tuece
monentc cre comnruted for Ltirec conditinne of lorcin, on the
gtructure, as chown in Fi.ure .

The momentes, thus comnutsd, cre cictriiuted ot ell

Joints of tie trucs. Tie finsl moaents on the members
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(550 Ib. per linear fo/of\ ( 3000 Ib. per linear foot 550 Ib.per linear foot

U R T SO S T T T | V
° U, v, v, Uq / Us U¢

AR X 2 %

fo L L2 L1400 Ibs, p2r linear foof Ls te
rDead load acting
on structure.
1280 /b. per/inear foofL 36,0001b. . 1280 Ib. per linear foot
g <N .
Yo U4, T S [ Us - >V«
L“’ Ly Lo Ly La Lg *"G
di)Live load acting on structure to produce
maximum{moment at the centre of
Span U,-U,
12801b. per linear foot
1280 lb.perlinearfoot ’36.ooolb> ‘36,ooolb {
T3y 13 --—--~ > T T R R T T K TPttt
i) SRR v, Ua | S0 T2 Ua b
{L. L Lz Ls Lq Ls 1].‘

dibLive load acting on structure fo produce
maximum -ve moment at U,

Fiqure - 2.
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18.10"¢c Live

21.00%¢ Live

Figure- 6

22.50C DeadVi  36.00% Dead V2 40.50% Dead Y3

23.60"Live




after Cletritution for £11 the three loscding conditions,

are chovn in Floure . The mooent Gircrems sre Crava og

1. Top chord. Tre floor sleb is used s the
ton chordé of the precstrecced concrete trusced ircer. It
ls & continuous nrestreesec slsb cunnorted on verticles
es echovn in figure 6. The prestressin~ of the slab is
ecileved Tty post-tencsioning the continuous curved crkle
which nrsces thiroush the croce-cection of the cleb. In
any croes—-cection, the vprestrecein. onerastion induces not
only the moment P « e, tut at the came time 2 ceconceary

bendin moment. This is cue to the fzct thet the deforma-
tione, crested ty the nrectrecsing, create externzl reac-
tionse,* and hence external moments, which heve nothing to
do wilth the momente cesused Ly the external lo=d thet mey
exlst at the moment of »nrestreseing. Thece cecondary tend-
Ing moments cen e tsken into eccount if the sleb is loaced
wltn eculvelent uniforn loading: of nroper me-nitucde end
direction, hence the ceelgn of ton chorcé is senarcted into
two nerts:

(1) EZccentricities of the cable are first found

without taking into conciderstion the cecondary moments

due to prectrecsing.

“

*G. lia.ncl, "Siznificsnt featurec of Precstrecced
Csznzdian Conference on Prectressed Concrete. 195

™



(11) Streccec st all sections :re checied to ke
witihin tihe 1lirlts vhen the primary estressee, cdus to nor-
mel forcecs ond externsl momente; ond seconcery cirecces,
due to vrestreccin;, ere tsizen into consicer=ation.

(1) Eccentricity of ceble over sunmort £né et cen-

g meM. = -171,0°0 x 12 1in. 1lkb.
Averaze mc.ient ver foot vidth of
slsb = -6,EE1 x 12 in. 1L.

Fron ficure 7.

12" I~1 x12x 7% = 244 in.%
12
T" —
72 . i . 2;7 C.G.C. A = 84 in.%
JL— T .t. r? = F24 = 4,10 in®
4

Sectionat Support
Figure-7

-0.E0 cover

-0.20 1/2 dirmeter of cable

‘4070 ino
wexdnunm Cecd lood comnrecsivs strece due to éirect com-

pression = 42,700 = 4723 p.s.li.

€4

IidAnimum Ce~d losd comprescive ctress due to éirect com-

n

pression = 22,500 = 253 p.s.1.
£4

e« o when cecd loed 1c ecting on truss

[

W



iLC e

P - PreVy F gV F 4822 =0
A I I
. P[l - e~§\] £ Eﬁézh £ 4R2 x 84 = O
. P[l - 27 x 5:5] £ 8,EF1 x 12 x 55 # 40,500 = O
4+10 4+10
. . P = 82,700 1bs.
Allowinz 15 locces, Py = 97,800 1lbs. Under this pre-
stress, stresses are
F, = 87,500 - 97,500 x 2+7 x 35 /4 £,BF1 x 12 x 2-E 7/ 492
84 cak cdd
= 242 p.s.l. tencion
Ft = 3832 »n.s.1. comnrecsion, which ie not »llowekle.
... The decgign 1s governed by a2llowakle comnressive
stresses of 2000 pn.s.li.
P [1 Fleys] - g - ¥t f 482 = 2000
r~ re
. . P = 592,000 lbe.
Allov:iing 12% losces, Py = 672,ECO lbs.
.. Ft = CO,E00 /£ €2,500 x 2°7 x 55 = £0C1 x 12 x 35 £ 422
E4 o4&4 ced
= 2872 »n.s.1l. comnrecsion.
Thoura this 1s initial strecss, cnd it mey come to
alloweble 1limit zfter time, 1t is hizher,
.". Use Py = €3,000 lbe.
Fy = 62,000 # 82,000 x 2.7 x 3°5 - £E51 x 12 x I+5 # 4¢2
g4 344 44
= 2,120 n.cs.1l. comnression
Fy, = %20 n.s.1. compregelon



After some time Py may recuce by

to P = 52,600 1lbs.

ctout 127 znd thus conm

Under tnis condition,

Fy = 1728 pv.s.1. counression
Fyy = 488 ».s.i. comnression.

“hen live load 1s acting

on

the trucs:

Vlray et suomort 1s-374,220 x 13 1n. 1lb. and hence

max

averese monment per foot width is-11,72C x 12 in. 1b.

. Fp
e o« Or = 11,720 x 12 X E+E0 =
Ft 344
e« o whien deed

the fincl

lozd ond live losad ere escting on

undéer Pi cre:

1,420 p.s.1l. commnrescsion

1,430 vn.s.1. conmsression

Pp = 20 # 1450 = 1,780 o.s.i. commreseion
Fy = 2120 - 1420 = €90 »n.s.1l. comnression

and under Py are:

Fp = 458 # 1470 = 1,320 o.
Ft = 1758 - 1470 = 322 p.s
« « Eccentricity of the

kept 2.7 in.

_____f%ng=h4"

Section at Center
Figure-8

2
I
]
cGC 7" i R
!

commrescsion

comnrescion,

perskolic cable at the supnort 1is

and Py = ©£2,000 1b.

When ceed losd is acting
on trues:

g mex. = £ 72,020 x 12 1in.
... Averzge moment per foot

width = &,204 x 12 in. 1b.

IL?‘



Py £ Peegly - 12-Yp # 422 = 2000
A I

e
[§e]
&Y)

£2,000 £ F2,000 X e,X F:5 £ 3F04 x 12 £
24 &4 4

e « € = 202 = 147 1b. in.
[V -7}

Use €oeS 14 1lb. in.

e o Py = €2,000 - €2,000 x 1-4 x &5 £ ZE04 x 13 £ 432
84 c44 344

420 p.s.l. commreceslion

p = 1980 p.s.1. commression.
When P = £2,600 lbs.

Fy = 52,800 ~ 2,000 x 1°4 x 3.5 # 2004 x 12 # 482
84 544 c4a

421 p.c.1l. comnression

Fy = 1,737 p.s.1l. com»orescion.
Winen live losd 1s acting @
UL max.= 210,280 x 12 in. 1b.

Averc.e moment per foot wildth = 10,842 x 12 in. 1b.

Fg 1220 p.s.i. comnression
or = 10,849 x 12 x -5 =
Fb cad 1290 p.e.i. tension.

. o Vnen cesd lozd znéd live lo=d ere ecting on the
truse, the finrsl strecsces under Py, &re:

F

4 = 4€0 £ 1290 = 1,750 v.s.1. comwreesion

Fy

1220 - 1220 = €30 »n.s.il. commression.
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ané uncder P are:

F

t:
Fy = 1737 - 1290 =
« « Eccentiricity at tlhe sunn

center of esch ensn 1.4 1in.

421 £ 1220 = 1,771 p.s.i.

447 p.s.1.

coanrecsion

The recults of the strecses ere t-rulcted kelow in
Tatle II.
(11)
’ =27" =(4" - 2=4."
Cuocsl-4' / Cuas=2T /zuzc -4 (
c:z—‘" [ ..l
;é: - g - 1 - =z .
110 ‘ ) U ! |U3
a;L»| QaL=) Qal=| Qi
o25L] a.25Ll 0251 0250
N 2 ' 1Z]
L 20.0" | 200 ! 20-0O 4_!
™~ |
Figure - 9
The profile of the coble is n secord Céé?ee nercrbole. The

noint of contraflexture <or the ceble is tzren as 1/4th

snan length of esch puonel,

Seconcdery moments cue to prestressin

thie sunports.

con bte cetermined by

per mcgnitude 28 cnown in figures 10, 11.

W4=305 Ib.per oot

{foot

These momente,

foot.

wW,=848lb.per §03=848 Ib.per

(1711

V

10-0" | 5 0"

’ "
-Q

B

5'_0" Aléul
|

——y

Equivalent Loading on  Uo-Ui.
Figure-10

1

are 1ncduced at

ni;

tosetler vwith prim:ry moments,

7 ennlicetion of uniform lozde of nro-

For end svan:
Po = 62,000 1b.

e = 4.1 in.
Cc = 2.40 1in.

~
[N Ry






C e

ver linesr footl.

2443
W= 8P x C* = ¢ x 2,000 x 15 = cCB 1b.
Lo 208
4-10
W = 4Py x e =4 x 832,000 x 13 = 8<% lc. ner lireer foot.
e1L> 0.25 x 40~
Vo = 4PEX € = 2228 1, per linecr foot
ao o LA
.. xg - = 12,055 x 17 in. 1t.
1-0
Similerly rnelysin: the interamecdicte cnoni
Wy * 848[bpcf
V2 g foot.
w, =848 lb.per
RN foof i
: il T Pt 11 v
U, 50"y o-0” | s5-0” 2 r F
( i 200" | ] v, = oy, 10,620 in. 1k.
1 172 1
Equivalent Loading on U-Ug
Figqure-!l
Mece moments cre cietrituted szt 211 the ton chord
Jointe., The monent gt tre Jjoint U5 ie 10,680 x 12 in. 1lb.
end &t Uy 1s 10,808 x 12 1in. 1t.
£ U3'0-6?3,-93{,2 Fron ficure 12 the mo-
. — §3,000N 10,1 .
4y . - - _1n ment at the center of
A 8 - - (77
-y
629061f— the intermediste enen
F]gure.lz UZ-UE is riven Ty
-82,000 x 14 x 12 £ (10,680 # 10,802 - 62,000 x 2:7) x 12
1z 2 12
in. 1lr.

= -10,831 x 13



Finel strecces at cection 2t sur»ort U.:
o
"nen Py = 62,000 1b.
Fy = Py # Comsression — TTAeVe = 1.V,
— - ~- v d (9]
A cdue to moment T T
due to Pi

# Comnresgsion cue to
nori..el Torce in the
mencer,

= €2,000 £ 10,820 x 17 x J.E - @&,B81 x 12 x Z-E
g4 Jd4 A
- 11,770 x 12 x E*50 £ 472 £ 200
244
= 420 p.s.1. Comnression.

Tris 1s due to inlti=1l orectrecs, =2nc¢ therefore

[y
ct
s
6]
)

ellovekle.
Firel Strecscec at micdle section of espon Ug-Ug

Fy, = Py - Tenslon due to # Il..¥y /£ .Yy

A morient due to I I

# Commression cCue to
normel force in the

member.

= 62,000 - 8922 x 12 x 3.5 £ 3,504 x 12 £ 10,849 x 12 x &%
g4 34 cad 344

L]
’-.J
[b}}
[
1N
'3
rn
l—k
1 ]
o
@]
=
J
H
@)
rn
mn
’._l
o
|

Fb = 1100 p.s.i. comvreccion.

Finsl etrecces 2t sunnort enc centre of enen sre tob-
uleted in Table III.

Then P = £B2,800, Vz = 252 1lb. ner linecr foot; 1 = 740

1b. ner lineesr foot; W, = 74C 1lt. per linesr foot, znd



10,200 % 12 In. 1bs

1~y
10

4 - = M - --=- = 9,000 x 12 in. 1b.

Thece moments are distrituted at all the ton chord Jjoints.
The moments at the joint U, = 9,050 x 12 in. 1lb. and
at U2 apre 8;900 x 12.ins 1b,

lloment at center of intermediate span

-52,600 x 1-4 x 12 £ (92,050 £ 8,900 - 52,800 x 2:7) x 12
12 2 12

= =8,965 x 12 in. Ib.
Final etresces &t support zné center of the span sre teak-
ulateé in tatle Wo. III.
2. Design of web membters:
(1) Disconels:

Up-Lg

I ———

The slek of the dlagonsl

\ 2" | : 1s precstressed by cekles
) Tais | |
‘ 'C-G.c. . xc‘ﬁ's : peseing tarough C.G.C. of
- r——--— ‘ " |

1 the section of the menber.
Opening provicded in this

Figure 13

| cdlagonzl is eight feet.
* Ba gy, = 18,430 %18 in. Yb;
-1, pax. = -6,080 x 12 in. 1lb.

A1, max. = Negligible.

Q)
av
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1}
[
L
~J

~
P 1’. YoLesl =
=
<

(¢
F o1 222 n.e.l. Comzrecsesion

Uncer llormel force,

Decd lond ¢ ECH,000 = 778 n.s.l. Tension
4 x 12

Live locca: 204,000 = 424 p.es.il. Tencion
S+ x 13

Ileximum Stresses cdue to desd loscé, live loac, 2nd normel
forces cre;

Fp = # E10 # 292 - 770 - 454 = 422 tension.

'3
.
m
.
(=3
.

Fy = =510 - 3802 - 778 - 4C4 = 2035 p.s.l. tencion.

. « P = 2083 x 54 = 110,000 1b.

. . Py = 122,000 1t.

Th.e recultent strecces in the member sre tnkbulested in
Teble IV.

5 los. 0.E00 in. clameter Foeklinrg ceble initislly

strecced to 28,000 1lb. each sre used per foot widtk of

€leb. Finel strecs in each cotle is 22,007 1b.

Up=L3
Section of trhe cicponel is the seme ge thot of dlagonel

Up-Ly &s shovn in Flrure 13. Tre onening nrovicded 1s 10 feet,



At Joint,

Unde

Unce

pev, = -12,490 x 12 in. 1lt.

10,160 x 12 in. 1lt.

ney., = — £,120 x 12 in. 1t.

- [ IR
nex., = e licitle.

r ce: . los¢@,

Ft €232 p.s.1. Tension.
or = 1,949 x 12 x 2°25 =
13 ) 520 »n.s.i. Comnression.

log

r live loed,

Fy

or = 212 x 12 x 2-2°F =
Fy Sl 242 n.e.i. Corprecssion.
Uncer 'ormcl Force,
Pesc losd = 202,000 = £C0 n.s.il. Teneion.
54 x 10
Live load = 203,000 = 375 p.c.1l. Tentlon.

ET x 10

wexdimum Strecses éue to desd losd, live loré end nor-

m

o
o3
|

mel forces cre:

£ 820 £ 245 - BRO - 378 = 144 p.s.i. tencion.
1

» 72 p.s.1. tencsion.

P=1,753 x £4 = 22,000 1b.
Pi = 112,200 1b.
recultrnt stresces in the memker szre tebuleted

Iv.
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Jd
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w

Section of the dleroncl 1ig the ¢ thet of cdlego-

o

nels UO-Ll £né U,-L. e8 shown in firure 1&. The ozening
L&

2
provided is 10 feet.

.- -1

- 5
258 max. = 12 in. 1b.

@e]
O
B

, 40

(@)
>

o)
[AG]

in. 1t.

-
P

]|
©
m

7 g rax.

=, mex. = 8,190 x 12 in. 1b.

%KL mey. = Necligikble.
baaC .uv @

At Joint,

Unfer cerd lord,
Fy 545 p.s.il. Tenslon
or = 12340 x 12 x 225 =
Fy Cc1 542 n.s.l. Cormnrecssion

Unéer live load,

Ft 243 p.s.i. Tencion
or = 819 x 12 x 225 =
F g1 24% p.s.1. Compression

o
Under noricl force,

Dezd locc = 107,200

54 x 10

Tencion.

]
'—l
(D
™
3
(0]
l_.h

Live load

172,000 = 240 p.s.1l. Tencion
4 x 10

e o leoximum stresces cue to derd lond, live loeod end

normnal forces are:
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AT # 545 £ 243 - 186 - 24
Fy = - 545 - 243 - 186 - 2
v oo P 1218 X Bh = 65,400
. . Pi : 77,400 lbo

The recultent stresses are

[}
A

=1

€0 pv.s.i. Compression

AN}

16 p«8.1. Tension

tulated in tekle No. V.

3 Nos. 0600 in. diemeter Roebling cable initielly

stressed to 22,800 1lb. each ere used for a foot width of

slab.

Final stress in the ceble = 21,800 1lb.

(11) Verticles:

L 12"

C.G.C .

——t 1+

Figure- 14

Normal forces,

Desd load

D000 thlys e

i

Live load = 15,780 1lb. per
A = 60 in.?

I=1zx12x 55 =125 1in.
12

These are the vertical slabs
with 10 feet ovenings.

The combined moﬁent due
to dead load, and live load

1s at tke Join UO,

-

A--d meX. — 5,657 X 12

in: 1b. per foot width.
-l’ -
L TI Bydif o X L8
in. 1b. per foot width.

foot wiéth.

foot width.



m. s 1 ~ o~ T N R T B ERPA
T.ic 1e Lhe gireces Cue to riidity of tle Jjoint. It
can ke ceceounted for Ly iancrescin: tle cection st tie end

T providins acunchiee,  Thece Ligunches 2lco mole the joints
ri ic. Turtlileriore, tiile 1s Lhe gctress cue to moment et
thie center line o tie unper clcb. IF the Centk 1s trlten
Into consicderction, tic eilrece recuces. Eoxe reinforeing
steel ney e nroviced et every Jjoint to trize corce of tris
tencile force.
F, = 675 # 1470 = 2095 v.s.i. compression.
5. EBottonm crnorc:
T:e tottom chord ic & contin-

Ly ca-

o
(o)
e
n
om
—d
o’
fe]
™
;
)
ct
]
D
O]
n
o)
o)

12 o

. PR \ Fal .- . I~
ti.e secuinn of the Lemter.

Tre nortinn of the member

C.GS

TF

Lyj-Lo=Le-Ls~-Lg prectiressed by
Figure- I3 - one uniform »rectrecsing force,
ville the reusinin wmoption by

! *
‘ » & Cifferent precstressin_ force.

Ly-Lo-L

¢l in.%

.
1]
m
>
}_h
3
L]

[AV]



=D e, = —45,1070 x 12 in. 1k,
= - Z2,228 x 17 in. 1lb. »mer foou victih of
7D mex. = 17,800 x 1% in. 1.
= A 273 x 12 ir. 1lb.
] = lleglected
At Jolnt,

Un’er cecd loeg,

Fy C8 pe.s.l. Tenslor

or = 2,°F5 ¥ 12 X 2425 =

Fy S 73T pD.c.i. i
Uncer lormsl force,

Tead losd = 720,000 = 6E7 p.s.l. Tencion.

4 x 20
Live locd = 412,020 = C&32 p.s.il. Tencion.
£4 x <0

Py = 129,000 1lt. per foot-wicth of slch.

i ’ R

P = 110,00C 1lt. ver foot width of eleb.

I =

The finrl etressec in tlie menber ere tabtulsted in

ckle V.

Lo-L1; Le-Les

“d mMaXe
Fl

“*d moX.

Pj_:

P =

-34,800 x
1,740 x
22,290 x
1,114 x

54,500 lb. per

E5,000 1b. per

12 in.
12 in.,

z in.
12 in.

foot widtn

foot wicdth

1lb.
1b.

per foot width of

per foot wildth of

of eleb.

of sleb.

4.

slab.
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Arrangement  of cables.
[Do“ed lines Cab‘es]

Figure - 16
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E l'oc. 0.800 ia. Gilsmeter Foetlins citlos ner foot
width vroviced 1a disjonels Uy-Iq and Us-Lg are cerried
over tlrouch the nenters Ly-Lo; Lo-L-; L=
Initielly streceec to 23,000 lr. eschi. For t
widih of el;ht feet, 5 nos. 0.603 in. diemeter Foelbling
cetles ar< nroviled in tiie 211 bottom chord menbters.

The lazout of the cabl=ss 1e ghovn 1In fisure wvs. 16.

N ’ + A + R $ -~ m.
Co S‘."CO.’Z’.,?."}, CLYyeZCegs UL LD yvreeclirceCin +..© pre-

treecsed mewbkers of tiie truse are post-tencioned meuvers,

9]

Ven tle srecstreccin. force 1s eapolied on tie member, tie
length of the menmber clicnges. Eecouce the Jolnts ere rigcid,
seconCery circssees are ceveloned in The trucs. T.e cheange
In lencti's of tle menters is trbulctod in totle "o, VI
Willlot dlegriw 13 Crawn to coasute relastive cdeflections

of 211 nexbters. Te nomente on ti menbcrs, cus to tuese
deflections, ere comnutcel. Ther/dlesirituted &t ¢ll Joints.
The meximun moment, pnrocuced by the rigidity of Jointe, 1is
4.4§ of tlie reximun monent for viich the ton chord is de-

slined. Aleo tlie geconcsry monent nrocuces commrecsion at

the top fibtre, viille the declineé moment nroduces tenelon
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ncnt.  In tilc creez ¢lso, the moment 1s of the

(o))
8]
G}
'Hh
01
[at}
1
%)

PEE)

onpnosite gin., Cn tic Clegon'le, tie vorisction of the

secondary momente 1s from &0 to 27 of tle decirned mouent.

A

Cn tlhe verticles, tre noxinum vearistion 1s 200 of the ce-

€l nel momzni. Seconlory cirsccec, Cue to nrestrecscing,

b. Sacondory stresczoc due to Inrinel forces, Due to

Joints ere ri_ic, secondary znuaents cre latrocduced on tlie
mesvere.,  The clense In lengtlic of the membere 1s commuted

gg stovn in tekle no. VII. Villilot édleirem is érevn from
theee chirnzes in longths of memters., From thils dlagrenm,
relctive ceflectionne of the memters sre meccurec., Conslder—
in. thaece cGeflectione, restroined molents cre comouted and
dietrituted et £11 Joints. In the ton chord, tlic maximum

~~A
I,

3

secconcary moment is 3.7 of the cecifn moment. In the bot-
f

tom chorc, the noximum secondery

o)

tne nax-

i

o)

fay]

noent isg

-

lrun desipgn monent. Thie meximun cecondzry wmonent in the

A - . . 3 B o _ S
@ic_onals 1s 15% of the moximun desipn monmeat.  Tae nmcximun
seconcrry moment in tne verticlee ig 1275 of the arximun

decigoned noument. Seconcery sireccses, cue to norm-l forces,

are tierefore not tekien into conciderstion.

w
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VI CCIUCLUSICH

Ey inducin: prectress in the meubers of the

prectressed

concrete trusced gircder, the cectinns of the memkers cre

\ A

N

ip]
g}
o

emall. Thice uces

the wei it of the structure,

vhicn is

one of the imsortent factors lendins to more econowmiccl con-

struction cost. The recuction 1in the cepth of the mcxzbers

-

recuces their stiffnecssec and the reduction in estiffnecsses

)

of the members reduces ceconcery streccee in the
Ey using the floor clsd ¢g the top chori of
clrier, tie normal stresces in the to»n chord cr-n

ag the prestressin; force. Uniform clcstribution

%
[
=
'.-k
3
o
r
[Ab]
[
D
"N
3
(N
Q

nroduce the uncertointy of the stress coacitlon

structure.
the trussed
e uced

of the pre-

stress 15 clco scileved eg 211 tl:e memcers of tre pre-

reep ere tvo importaent factors viich

in the

structure. Thece cen te minimized by noct tencioning of

the neumters.

Tiils tyne of prestrecced concrete trussel glircéers can

(e}
m
L[ ]

be more economical for hesvy lo-n

.
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As uct E. Komeniant, "Prectreczeced Concrete S+ructures
vpece 1-21, lLieGrew=-Hill Zookx Compeny, Inc., 1222,
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Itid, pepe 1l4-100°

ey e 2 T - o - vy~
A. L. Prire ¢nd 5. H. P rie, "Analycsis of Continuous
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