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ABSTRACT
Analytical and Experimental Study on the Behaviour of

) Prcstrcssed‘ and Poststressed Composite Girders.

Abdolrahim Nouraeyan *
; .

Tests and theoretical investigation on the behaviour of Prestressed and‘
Poststressed Composite dirders are presented in this thesis. The type of beam used
in this study was of \?/-rollcci steel beam with concrete slab of 2 inch thick on its top
flange. I%rcstrcssing and Poststressing was applied by means of high strength steel -

tendons with different configuration along the span. ' -

Two quarter-scale models were tested as a simply supported beams. A total
of four séts of tests were conducted on'these two models. Additional tests were also
carried out on steel, cable and concrete specimens to verify the mechanical properties
of the materials used in this study. !

An analytical methode was selected and improved for prcdi‘cting the stresses
developed along the span, mcrcmcnts in initial tendon force and deflection of thcsc
girders. The analysis was bascd on an assumed perfect shear connection bctwccn
concretc slab and stccl gxrder In addmon ;the effects of losses caused by creep,
shrmkage and tcndon relaxation togcthcr with rcsxdual stresses in steel beam were

neglected. Calculated rcsults were then compared, an attempt was also made to find

dlffcrcnccs in bchavxour bctwccn pncstmssmg and poststressing composite gudcrs
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Ahkough, the concept of prestressing and poststrcssmg of composntc glrdcr by |
means of high strength tendon is not new, common practice shows that this parucular
method of construcnon is not w1dely used as compared to the convcnuonal composite
gmder Thc reasofr—hy this particular construction technique has not been wndcly uscd
is due to the lack of engineering information on the ovcrz;l; behayiour of prcstrcsccd and
poststressed composite girders. A study is required to ¢laborate the overall behaviour of
prcstrcssed and pos;strcsscd composite girders with dxffg};nt tendon configurations in
terms of stresses a}ong the span, increment of prestressing and poststrcssmg forces,and | {
lupward deflections.As s}zown in Fig, 1.1, prcs-trc\ssmg and poststrcssmg‘of a sxmply‘_ | -

supported béam can be achieved by means of high strength tendons with different °

: . ¢ _ :
tonfigurations. - /

The objective of this research study is to find the most suitablé, desirable and
cconomicai tendon configuration.. Furthermore, an additional investigation is needed to
find the differences in behaviours bctwccnkprcstrcssed and post.v;trg:sscd composite

girders. Thc outi.ine of rcscarch works established for this study includes:

>

'

.~ 1! Toreview.the avallablc literature -for mformaﬁon rcgardmg prestressed and

' ,post;,tmsscd composntc glrdcrs

L]
@

2. To select and 1mprovc an analyncal method for the -elastic behaviour of

—

prestressed dnd poststressed cor‘pposxtc girders.’

— "/’.//‘ ’ &,.
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. .3 Verify the analytical method by corﬁparing it with a quarter-scale model girders
constructed in the Concordia University Structure Laboratory. ‘ ' =

3 R Y
1.2 L[IERAIIIBE.REMIE‘_M

The lxtcrature review which follows has been orgamzcd into two main topics,
prestresscd composite girders and postst:cssed composxtc girders. J

In 1959 R. Szilard [8] pubhshcd a papcr dealing with the deSIgn of postressed
\composuc structures using a parabolic tendon configuration along the span. The
analysis was based on the assumpuon of a pcrfect shear connection bctwccn the concrete
" uslab and the steel bcam. In his analysis, the "incréased mWUO mcthod" was used

: to determine thcgﬁnal stresses under permanent loads.

. Tachibana et al [9] s;tudied ex‘périr‘nc,ntally the behaviour of two composite beams
with bent-up tendons. 'i’hey concentrated n‘xainly‘ on the strain variation in concrete slab
in transverse direction at mid span of the beam under poststrcs;iqg forcé. In their |
conclusion, it was nt'oc‘;d that a prg:gtrcsscd cémpbs’itc beam ha-s a nearly equal bearing
capacity as the poststressed composibtc“bcém even though they showed &iffE{cnt crack

loads. )
In 1967 an incremental strain method of analysxs was proposcd by R.S. Rcagan
[6] In his analysxs he assumed that the stram distribution across the cross section of thc

— m—

. concrete slab and steel beam to be linear, except fora dxscontmnous jump at the junction
of thc@nérctc slab and sgccl"b{am as sl-m}vn in Fig. (1:2). The analysis was based on a
straight tendon configuration.” After analysing a series of bridge and building beams
Reagan concluded that failure generally occured by Gcrushing the concrete mti\cr than by
fracture of the tendon. Reagan also noted that unbonded tcndon do not significantly
affect the resistance of the bc___m_the deflection since thc poststrcssmg tendon does not

' effect the moment of inertia of the beam.
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Stras [7] tcstcd three pOStsmcsscd composite beams, beams A, B, and C all of

4

which had the conﬁguranon shown in Fig. 1.3. He used the "transformed section' _

theory to pr‘ec.iict the behaviour of the test beams in the clasﬁc range of stresses for the
steel beam and cable.

In 1963 Hoadly {3] publnshcd a paper in Wthh he discussed the bchavxour of
simply supportcd composite beams prestressed by means of high strength straxght cablcs
along the span. In his analysis the prestrcss‘ed sgcel beam carries the dead weight of the
structure (prestressed). He also compared the behaviour oi’ prestressed composite beams
wit}; that of the same beam which ha:l not been prestressed and shows a significant
increase in load carrying ability Pbtained by présmssing.

Abbott [1] studied the effects of prcstrcssing steel beamns with horizontal restrained

tendons both theoretically and cxpcnmentally In hxs study he used thc elastic beam

| 'thcory to calculate the rcsultmg strcsscs along thc span, thc upward deflections and

buckling of the bottom flange under the effect of prestressing.force. He concluded that
the theoretiéal stress and deflection equations Bas‘e‘d on beam theory gavb results
comparable to thé experimental values and that the bottom flange fieed to be stiffened
w‘ith rcstrgining diaphragm to insure that the tendon assumed the same deflected shape as
the beam. . | ’ |

i
e
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CHAPTER 2

o THEORETICAL ANALYSIS

A sxmply supported prcstrcssed and poststressed composne steel and concrctc beam is -
analysed. The concrete slab was cast on the top ﬂangc of the stecl beam, meaning that the
steel section alone carrying the total dcad weight. The prestressing and poststressing tendons /
were unattached along the 3pan, anchored at their cnds and suﬁportcd at saddles in case of
bcnt up tendon conﬁguraum root ' : -
The analysxs performcd below is based on the followmg assumptions.

1- A perfect sheaﬁconnccnon exist between the concmtc slab and the stecl glrdcr,(i c

no shp or uplift).

4 - e

2- Losscs caused by creep, shnnkagc and tendon rclaxanon were neglected.

3 - Residual stresses in the steel beam were neglected.

- The composite section have been transformed into an equivalent steel section using

the ratio of modulus of élasticity of the two materials.

n=E/E . @1
Where: ‘ . ' 1,
' . - ’ . S« g
'I-:s=Modullis of elasticity of steel . . _ -, ’ \
Eé:Modulus of elasticity of concrete . — :
The analysis is done for the c;sc of simply supported bridge girder. in, the é2sign and

analysis of prestressed and poststressed composite girder of simple span bridges, two type . '
of loading are considered. S S . T

4
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B A) - The uniformly distributed loading along span such as a dead load of steel, concrete

and supcnmposed load which produces a bending moment as shown in the Figz 1.

Rcacuons under umform loadmg is given by: , Com
Rip=Ryp=q L2 T . ey
"I‘he bending moment due to umfo.imly dxstnbuted loadjng a; mid spanis: - | .
‘anmm-qws . ?\ ' 23)
The magnitude of bending moment due to &ifomﬂy distributed in point "B" is:

‘Mp=Mp=q0.125L2-00137k%)- . * Y

* B)-In case of simple span bridge of up to 150 ft the governing loading in design (bésed
‘on G(Enadian Code for Highway Bridge Design CANB:S&MYS) is a truck loading as shown

s in Fig 2. ‘ g ‘ N
} ! ' ’ -, <
* T ‘
.. | /4
-~ Y- n C T
L LK
) 1 ) ﬁT 1 .
' FIG 2:. MS«TRUCK LOADING
AB ='Varisble spacmg of 14 feet 1028 feet ‘ SR
) BC= Consta‘m spacing of 14 feet o |
PR . : -y _
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. T T o
i l ‘ T/4
y . _ TRUCK LOADING (MS-77)
D ﬂi‘ al’ : ,
a " UNIFORMLY DISTRIBUTED
) mnummnummummnumuuummmu - LOADING
\\l\m .
RN ‘ L R 2 \
Y o ¥
3
BENDING MOMENT
DIAGRAM DUE%O
, UNIFORMLY
- ‘ . DISTRIBUTED LOAD
.. : o S \
r ' - - BENDING MOMENT
‘ DIAGRAM DUE.TO
TRUCK LOADING
\ ,
Mmax ' o

FIG 2.1:- BENDING MOMENT DIAGRAM FOR TRUCK LOADING
| _ AND UNIFORMLY DISTRIBUTED LOADING.
Table 2.1 shows type of truck loadmg used in the dcsngn of the highway bndgcs in
Canada. In this loading system the ratio of 1:1:1/4 exist bctwecn the wheels A,BandC. .

¢
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A, r}\ ! .
. . ﬂ
) «~ - LOADING # A=T . _B=T C=T/4
) . . MS250-77. " 200kN * 200kN ' SOKN
-< N ( ’*

[ g ﬁ):.v_inflﬁcn'ce line diagram as well as code recommendation the maximum bcndi'ng‘

moment will be obtained when distance AB=BC=K=4.25 m (iit-ft), and occurs under the

~*  : wheelload "B" when the resultant (R) of the truck loading( A, B &C ) and wheel load "B"
' '+ arein c'qual distance (0.166K) from the mid span of the girders as shown in Fig 2.1.

Reactions under truck loading, are given by Equations (2.5&2.6).
K3

. v e -
. Ry =T(1.125 + 0.37¢ K/L) ) 2.5)

Ry, = T(1.00 + 0.376 K/L) g . | ©(2.6)

Maximum bending momenit due to truck loading under point load B can be evaluated by
Equation(2.7). ‘ p
Mpy = Mpmax = T(0.5625L - 0.625K + 0.062K%L) @

o

A

Maximum bending moment due to truck loading at mid sf)an can be evaluated by equation

S

@8). .
L) .
M,md =T(O. 5625 L-0.8334 K- 0.062K2L) X
Total -bending moment at mxd span du¢to uniform dead and truck load
‘ MM.S = Equations (2.3 + 2.8) . . o
- Total bending moment undér point load B due to dead and live load:
Mp = Equations (2.4 +2.7)

== The maximum of the above equations give the critical moment.
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The bent up tendon pmducréi";’g moment along span as shown in Fig 2.2. The magnitude
of this moment along the span";;f‘é}vcn by equations ( 2.9) and( 2.10). . ’
Between saddles and supports M=Pex/a ' y X2.9)
L - ] Between the two saddles M:=P(e) , SR (2. 10).

‘ N-A
¢ e
L .
L-2a
Ma=Pex/a

FIG 2.2 :-BENDING MOMENT DIAGRAM DUE TO TENDON FORCE

~Under the application of the external load, there will be a certain increment in the ipitial

~

‘ tendon force.

This increment can be found using virtual work method [2]. Assuming that’t}}c cable and

(/ beam are cut in the middle, and displacements of the cable and beam under external load and
M cable actions are compared. & N
'



Lo~ -
i 12
*I §p+APS, =0 | (2.11) .
X ¥ -
S o Where
' | 8;, = Displacement due to tendon force
AP = Increment due to applications of extemal load
8, = Displacementdietounitioad "
then, increment is:
? . . K
, N’=":-1£ ' o S @2.12) .

. v ‘ 1

From Equation (2.12) the fol'lz;\ying expression have been developed.

a) Increment duc‘;o truck loading is given by Equation (2.11),(Ref. to Fig 2.1):

«

. . 2t 2 2
Te] 0.2812L°- 0.5314 K“ - 0.5
AP = “l

2 3L - 43) 2 3
L L{ cq,(SL 4a)+LIq,+ E,Iq,[L+-—-5—(l-cos a)]

3 A, EyA,| cosa

@)

{

)

b) Incrc:nent due to uniformly distributed loading is given by Equation 2.12 ‘ (Ref. to
Fig 2.1) L

--odL*-s'eL-4)] | | BN 4

. AP =

2’ ! p
12L { SgBlrAa) Ll + El 1L +-l;—-(l - cos a}|’
' 3 Ay EgAgl cos a ‘

219




——
-

FA T

-~ ‘- -
| 13 .
In this case cables are placed at a constant eccentricity from the neutral axis along the -
span, as shown in Fig 2.3.
5 - A
. _ ¢
. P -
- <P '
R ‘ R’
S L L + J . 3
1
\
FIG 2.3:- BENDING MOMENT/DIAGRAM DUE TO TENDON FORCE
The magnitude \ 2nomcnt is given by:
'y M=Pe | (2.15)
The increment in initial prestressing force can be find in similar way as in the case of
= - bent up tendon (section 2.3) which resulted in the following equations.(2.16 & 2.17)
. . @) Increiment due to truck loading is: (Ref. to Fig 2.1).
. ‘
. Te (02812 L%- 0.5314 K> .
AP=— : : = (2.16)
e I
. Aq, Ao To
. ) S .b) Increment due to uniformly distributed load.is: (Ref. to Fig 2.1).



: qL"’ . S e

In this case, a straight tendon of constant eccentricity is pf'ovided shorter than the span as

shown in the Fig 24. AN N . )
o i The magnitude of the moment produced will be :
o M=Pe | N ¢ 3 1)

4 . ‘. .
The increment can be found by the similar method (section 2:3,2.4).

.
° f
. »
- IS -
<y Y \ »
»
L4

Q' . * / -
v s L. L NA
‘ t ¢ ‘ ’ ’;/ e | [}
B . . / ~
v R T P: ‘ J‘ | R
. LtL-2a | )
— + L ﬂ'( )
“d "Il = 7" ] “*
¢ 4 - ’
! | ( Ou ,
£ -
) £
FIG 2.4:- BENDING MOMENT DIAGRAM DUE TO TENDON FORCE
Xy [ .
" : ) L] .
~ /
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. . &) Increment due to truck loading is given by Equation { 2.19)(Ref. to Fig 2.1).

‘ Te [02812L 053141( lSa]
AP P

. = £ ‘ - (219
, . \ (L 2;{ +_$+.J.] o ., )
. AQ :

S b) Increment due to ‘unifc;rmly distributed oading is given by’Bq-uaﬁ(;n'( 2.20.). (Ref. to

-

_Fig 2.1). o o
. . i, ) ? \ ! )
\ 2 .
A ot v T
o : TR N Q20
M 2a) c +-—-+Z—é$- “ ' o .
(.l ) @ . . 0 ¢
19 ‘ ? ) . T °

The stresses imgoscd on thé member due to prestressing/poststressinig are of opposite '

. direction to those imposed by the service load that is the cable force normally causes small -
tcnsxlc stresses in the  top ﬁbcr and large compressive stresses in thc bottom fibers of sunply
supported bcams While the supcnmposed dead load gnd live load whxch are to be carncd by

| the beam cause tensile stress in the bottom ﬁbcrs and compressive stresses in thc top ﬁbcr
Bascd on' the assumpnon made at secuon (2.1). The following equations were dcnved to
obtain the stresses at specific (critical) section of the girder . They.are the modified formof ..

* the b{sm cquatxons of strcsscs ’ ; | '

NO’I‘E In the following stress equations the (-) sign stay for the compression componmt

and (+) sign for tension component.

- ” ’ v _

%, . . - . .

s . B -7, ;

) . .. U . -
i LS M .

EN*“H il [ TR N o e X . N . St Nl - - , Y a Y
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A) PRESTRESSED COMPOSITE GIRDER
ln this type of structure the loadmg sequence is as follows - '

1) Steel weight.

2) Prestressing.

3) Concrete weight. " On'steel section only. . -
4) Increment due to concrete weight. ‘ ' T

5) Superimposed dead load.
6) Increment due to superimposed dead load. i On composite section.
.7) Live load influances by impact. )
*8) Increment due to live load & impact....

_ _ , =

1

" Under thé'abovc loading sequence thé stresses developed at different fibers considcriﬂg »
" different sections can bc evaluated by the following equations.Equation (2.21) gwcs the

final stresses at top ﬁbcr concrete.

F: g (2.5) shows the stress diagram under each gtage of loading.

”Lw
2" __[ MSD a2
oo Equation (2.22) givés the final stresses at top fiber steel.
‘ ‘ /'é" .
D ”Lm ' e
P M[:L M+ + &P 4 AP )(—‘Ll:--ﬁ%-“
> s; So LS e
e e ‘ "
s Ly A (L) = (2.22)
Sl s Ss s i
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Equation (2.23) gives the final utresses at bottom fiber steel.

18

v

- Z°:= MD'-+ M5°+W_.(APSD+APM)(_°%+_1_)_

b b . X A
S S s e
4 e l . e ) s .
P,y il , (2:23)
st A s A | S

Sy
B)— POSTSI'RESSED COMPOSITE GIRDER . 0 - .

2. Inthis typc of structure the loading sequence is as follows

7

1') Steel weight. * . .
2) concrete weight. - . On steel section only.
3) Poststressing. e ' e "1

4) Superimposed dead load. 3 .
5) Increment d8® to supcnmposeddead load. _ On composite section. .
6) live load+1mpact ' - B

7 Increment due to live load &unpact. L L

b

—

_Under the above loading sequence the stresses developed at different fibers considering
\ , ‘ .
different sections can be evaluated by the following equations. .

" Equation (2.24)' gives the final stresses at top fiber concrete.

\

l " .
- 20“.‘_ -'—MS—B;‘E—‘M— +(P+APSD+‘AP"L'I)(-C-?4--L ~ (2.24) .
. ¢ n S , S Aq’ ’

P G

™~
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o

Equation ( 2.25) gives the final stresses at top fiber steel. -

Z\MDL MO M (APS" AP“"')(-?-: - . /
S: 4 cp,q’r

. .
cie) A @)
A, \ \

+P(

%l

Equation (2.23) gives the final stresses af' bottom fiber steel. | ‘

Z b'MDL MSD+Mu"l_(APSD

b b A
. ) S.' _ Sq)\ . S‘=p e
. e [N . , ’ . -
-'P(-Eb: + Kl-) , : (2:26)
‘ By S

A

‘Under the a'bovc'lgf ing sequence Fig (2.6) shows the stresses diagrams'under each

.. stage'of loadlng . //

N .
) . .
a
N
-
- - .

[ . -

In most of the existing composite girder-the c:oncre"tc' slab have been design to carry

Y4

certain amount of compression, so it is not desirable to produce any tension in the concrete

slab due to poststressing force. Equatioxi (2.27) gives the stresses developed at top tjbcr‘ of

the conc;:&tc sfab due to poststressing. , o
: p.c : t - '
ofer ll-f;- +—2] ‘ S , 2.27)
J . Scp S K - ' '
(‘ - .
e
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By cquatmg Equation ( 2.27 ) to zero ( assummg no tension at top fiber of conctete ) a .

-new Equation (2.28) will be devcloped which is independent of the emount of poststressing -

force and gives the maximum possible Q:ccntricity for poststressing tendon from the neutral

axis of thé composite section. ' Lv

. S, I : oo T
| = A ] o %13
P , . ' :
." By providing post‘strcssing tendon within this distance (e,,,) there will be no tensile
(S y ———

.stresses i the concrcte slab. and the stress diagram due to poststrcssmg force will be as

shown in Big (2.7)

. *

FIG.2.7 - STRESS DIAGRAM: DUE TO POSTSTRFSSING FORCE WHEN THE
TENDONS ARE PLACED WITHIN THE ep,,, DISTANCE

+ @

In this case the following points are of interést.

(.4

1- At bottom fiber of steel, the full advantagc of getting compncssxon stmss due o
poststressing is reduced. It means that more poststressing forcc is requu'ed to obtam the
desired stress. ‘ ' ' |

2- If the tendons are far from the bottom flange, the postsucséing éom:, will be transferred to

~ . | N
|



"3-The : compression stress at top fiber of steel will mcreasc .

“a) Deflection under uniformly dnstributed load. .

- N ’ . “ [
. ) . .
3 ? . &
. ) .
e . . . b
. . - * - e
. . . . , ,
! ! - . 4
P
- i . ; L.,
' o i o -
) i ’

/

the beam through the web meaning that a special end block has to be desxghed./

-

The following equations were used to cajcufate the déﬂecnon - .

Maxxmum déﬂecnon at mid span of the beam under umform load is:

o - SqL’ o N
© 8 ke 7y , ' : | . 229
b) Deflection due._to truck-loading at point load "B".

With rcfcrence to section 2.2 and Fig 2 and 2. 1, the max deflgction under, truck loadmg

can be calculated usmg Equauon (2 30)

8 == (A+B+0) | | @30
where . * :
=%- (0.25L* + 0.6327 K*- 3.4205 K*L*-0.1666 KL® - 0.7051 KLy

B = (0.25L2- 0.0275 K?)?
) 2.2 2
Ceve ©025L* +0.2798 K*- 1.555 K*L? +0.336 K°L)

¢) Upward deflection due to prestressing/poststerssing force at mid span.

\ -Following are the equations used to find the deflection (or each of the tendon

configurations.

/

J
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Bent-up tendon ’ . L k) '
ST
Refemng to Fig(2 2), deflecnon can be calculated using Bquation (2.31)

. 5mwo _(P+AP)e
‘ 24El

> ‘4

2

ol-ah @

'Straight tendon: A
"+ Referring to Fig(2.3), deflection can be calculated using Equation (2.32). v

- ’

PRPO__ (P+AP) el
3 = -_—EE.I—'-’— . | o (2.32)

Short-stralght tendon:
Rcfemng to Fig2.4), dcﬂccuon can be ca]culated using Equanon (. 33)

. \.

RJPO(PAP)c : o

§PRA ety C @3

The change in deflection due to applied loads and prestressing/poststressing force for each
s of the cable configuration are shown in Chapter 4 .
The experimental dt;.ﬂcction were measured by mc';ans of mechanical dial gaugés as

. disctissed at section (3.6.B). The accuracy of the mieasurment was 0,001 IN.

A 4 ‘ R
v f‘\ © .
2 o .
- 14
. ~
, , , | !
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v
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EXPERIMENTAL PROGRAM

. The experiment program consist of testing two presti'essed and poststressed composite
girders thh different tendon configuranons and loaded with similitude of real loading. From

these tests, which represents some parncular combinations of parameters, the followmg ,

~

questions could then be answered.
1 - Can the stresses at top fiber of concrete; top and bottom fibers of steel caused by the
cable force be predicted by the common equation (-P/A % Pe/S equations 2.21 - 2.26) ?

2 -Do the deflections of the girder during construction and under servige load agree with

équatons 2.9 trough 233 " ' F

-Can qxe increase in the initial tensnon of the tendon (AP ) be predlcted by equatwns 2.13,
2.14,2.16, 2.17, 2.19 & 2.20 ? : i

3.2: DIMENSIONS OF THE MODELS:
Two rolled (W310X24) steel sections each ot" 19' 7" long were used The concrete slab
is 18 inch wide and 2 mch tl'nck for both prestressed and ,postsdu'essed composite section.

A3-SIMILITUDE CONDITION :

In this study the materials used for the mooel construction were the same as those of .

the prototype design. With respect to geometry, Table(3 1) shows the similitude ratio -
between the prototype and model.



25 <
Comparing rows 3 &4 of Table 3.1, itcan bc seen that the diffcrcnces in thqu' values
are less then 8%, therefore these models can be considered s a sansfactory models and no
eorrection factor is required for the results obtamed during the tests.
“The superimposed uniform load was applied through lowcring of sﬁspcnded balast

A

(connected to the crane in the structures labofatory) as shown in Fig. 3.1. The magnitude of

r
this loading-was 121 b per ft of span. .
. \ '- . . . *
, TABLE 3.1 :-Geometrical comparison ratio between the prototype and the
| model .
o Depth Flange @~ Web  C/SArea Wt  Moment  Span
Co In. . ThicknessWidth In. Sq-Ins.  Ib/fe ofineia I,
. In. In ) In4 -
- SR {
PROTOTYPE 48 1 16 1 78 265.2~ 25786 912:
_MODEL = - 12 026 4_ 023 471 16 103 228
MODEL 4 384 4 434 1656 1657  250.34 4
SIMILARITY. , - '
RATIO .
SIMILARITY 4 4 4 4 16 16 256 4 °
RATIO FOR :
T ) TRUE MODEL
_ Similutiade truck loading were applied through the hydrauﬁg jacks mounted on the
" testing frame as shown in Fig. 3.2: ] ) )
The supports used in these models were made.in such a way as to simulate the effects of a
[4 ' , . R . ’
real bridge. These supports were knife edge at one end and a‘folling system at the other, as
shown.in Fig 3.3. " ‘
’ R

.
H -
.
-
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‘ . FIG. 3.1 :- View of the ai'rangcmcn; for the superimposed dead load application.
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' 3.4.1 - STEEL BEAMS: . N
“The steel rolled beams were W310X24 were used. Both beams were cut from the
same piece to ensure lmxformnzg’Tablc . 2) shows the propcmes and dimensions of the

rolled bpam used. The properties are shown in Tablc 3.2 whlch were vcnficd through °

measurements and tests.
Table 3.2: Properties and dimensioh of the steel beam. . . o
' DESIGNATION:- o wsibkz'ét
NOMINALMASS: .+ . .Y 16LB/FT
" TOTALCROSSSECTIONAREA:-- .~ " T anme
MOMENT OF INERTIA.- - 3N
SECTIONMODULUS- * .. .  172IN?
- DEPTH- . 1IN
FLANGEWDTH:- - % 399N
FLANGE THICKNESS:-~ - " 026IN° ’
WEBT}HCKNEOSS:- o Y 773 .
YIELD STRESS- = . . MKSI__
MODULUS OF ELASTICITY: - SN 29000KST
- | A ~ ‘
. . -/ . ’ ¢
* 342 - STEEL CABLES: S

The prestressing/poststressing cables used were 7-wire strands of nominal-diameters,

3/8" and 5/8". Table 3.3 shows the propcrtiés of these strands. __

N o x - ’
- « B

o o e
L Ty det AR e, e oL

-
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TABLE 3.3: -Important properties of the strands uvsed.
", NOMINALDIAMETER - = AREA, - WEIGHT fu 011, Aps
- I . SQ.In.. /e KsI ' KP
. 3/ "0080 Yy 250 - 140
250 < 376

B in. T 0215 074

¢

3.4.3 - CONCRETE: .

¢

MODEL "A" - The concrete used was mixed manualy i the structures laboratory in

one batch and for half cubic meter of concrete the following proportion was used R ;o )
‘CEMENT- 2.5 sacks type I portland cement.

" 'SAND- .. 500 pound.’ | )
GRAVEL- " 750pound¢l2Inch.
WATER- " 3.5 gallons.

* " Table 3.4-shows the comprcssion strength tests for the concrete cylinders ar different ages.
A\ ) . ‘

a ' '
\

\\\. ' ‘ . ‘ . R
. T%LE 34 \ Compression test results on the concrete specimens.(Model A); .

- . | i » o
' AGE INDAYS fc-pst REMARKS
7 2495 W, = 140 Ib/A3 (normal weight) i
14 , 2980 - - fc=3979PSI _ ’
o ‘ } (Empirical formula given by ACI - 8.5.1)
a1 3592 E =51000vf¢ . -
28 . o 3979 E_ = 3.564 x 10° PSI
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~ " MODEL "B"

For this model ready mixed fast cured concrete was used Table 3.5 shows th

} ' compressxon strength test for the concrete cylinder at dxffemnt ages. Shown strength are -~
S0 average values for three to five sample tests. ' L , . ' . ' o

AGEINDAYS - ,f'(’:-.PSl o REMARKS

R R . 2366 W = 140 Ibvfi3 (normal weight) .'
14 , 2801 f'c = 3870 PSI ' ‘
A 21 ' 3522 .
. 28 . 3870 : E=3.564% 106PSI ‘
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344 SHEAR CONNECTORS - - | C '
. Steel bolts of 0.5 In. diaméter and 15, long were used as shear connectors. Two
_steel bolts were welded on the top flange at 8 In. spacing longitudinally as shown in Fig.
| 3.4. S ' ' : ' ‘
’ o o . 225" e e, .
. O 1*— . - . 18° *." - . “
/

i
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3.4.5-ANCHOR BLOCKS AND CHOCKS ‘

Two sizes of' fncnon anchior chocks were used for two , different?able sizes as shown
in Fxx.’3.5._ To distribute the concentrated tendon force, steel angles were welded to the
flange, web,or both at the tcndén ends as shown in Fig. 3.7 to 3.9. The tendon force was

transfered to these angles through a linch thick steel plate. ‘

oy & ..

- . . ‘ i
. Vg

FIG. 3.5 :-Anchor chock arrangements used in these experiments.
’ . Y
A v



. l L 18°

= ' ' 3 .. ¥

A) BENT UP TENDON:-, o o
To hold the cables at the desired ecctntricity along the span , a pulley system was used

— .

'asshqvninFig.B.G. . I . ' —

~

FIG. 3.6 :-Pulley system used in pentup' tendon configurdtions.

) : , .

~

2

FIG.3.7:- Cable configuration and end block arrangement for bentup tcnc‘lqn.‘\
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B) STRAIGHT TENDON:-
h . . )
‘ ) ' - L 18° N
' T Ny |
\l -
S . " . ., \, ) 2 Lo '4:\ PO L. P
T e —_fte TS '
’ N
P*{ B 4 (_
T
o } 5 4

72> _;ﬂ : l. T e ﬁ_
“"J' 0" * 108" X 80° 3
SP
Y AN 228" ’ 1

'

FIG 3.9 :- Cable configuration and end block arrangemént for short straight tendon.
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35 : TESTING FRAME: _ ’

The rgirder specimen was placed under a testing frame for loading i)urposes. Fig.
3.10 shows the testing frame with a éir‘der prcpared for loading: Each gu'd::r was éimply
Supported with a span of 19-ft . The three concentrated loads which represent ﬂ3c similitude
truck loiding, adjusted for impac; effect, were applied by means of jacks mounted to the

tésting frame( see Fig 3.2).

FIG. 3.10 :- View of the testing frame with a girder prepared for test under it.
? B o
3.6 - INSTRUMENTATIONS
A) STRAIN MEASUREMENTS : o
This was done by means of - elegtric strain gaugesof 8 mm long. The strain gauges

were placed in position before casting the concrete for poststressed composite model. In

- case of prestressed composite model the strain gauges were connected before applying



AR Tl
- i

Lok

*

force Fig. 3.11 shows an example of electric strain gauges connected to the bcam.
Cable déformation was measured by a mechamcal dial gauge mounted ona specmlly

designed instrument as shown in Fig (3.12 ). ’ ' .

ﬂG 3.1 .-Secuon whm three elecmc strain gauges are connected to the steel beam.
. N  J
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. n) Dmxcnonmwimm o
R ‘ \ "~ This was done by means of mechanical dial gauges mounted to a fixed stand The
. / accuracy of the measurment was 0.001 Ins.Two views of such amngcment are shown in
C Fg3ad. . o : |
. " s
/
LA .
’ ' - ] , s ‘




tcstinz procedure was as follows.

.
371MODEL"A": '

Theatrel beam was placed on the supports under the testing frame with 36 electric
strain gau‘gcs connectt;d at 9 different sections along the span, fresh concrete was then
pourcd on the top flange and cured for 28 days to obtain the required stmngth At the end of
28 Qays 9 additional clectnc strain gauges were connected to the concrcte slab at the top and

11 mechanical dial gauges were fixed undcr the beam to measure deflection. The following

TEST # 1:- Poststpessed composite girder with bent-up tendon.
THe poststressing force was applied by mcans of two hxgh strcngth seven wire strand

-3/8in dia bent-up tcndons passing over two pulleys saddles These tcndons were anchored

‘at one end and pulled from another end. Both tendons were stressed simultaneously with

tow jacks on different ends. ' : ' .Y .

The poststressing forces were applied at mcrcmcntal stagcs of 40,75, 10.5, 14. O
17 5 and 21.0 Kﬂ’S ;this test was repeated three times and mcasuremcnts were taken at cach
time. At the end of the 3rd test, while the 21 KIP force (poststressing dcsxgn forcc) was
applied, a unifox:mly &istributed superimposed cicagl load of magnitixdc 0.121 KIP./FT was
applied to thc girder. The same procedure was mpeawdmmc times, -

-

While the superimposed dead load was applied on the glrdcr The similitude lwc load

. (truck load) was applied by means of two hydraulic Jacks connectcd to the tcstmg frame.

This part of the test was rcpcatcd two morc times.
Finally, all loads were removed from the girder in the opposite order of loading and

the initial reading was checked.
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- TEST # 2:- Poststressed composite girder with straight tendon.

The beént-up tendons of the first test were replaced by straight tcndons"(se_vcu‘m wire

strand -3/8ins dia) with constant eccentricity fr

the neutral axis of the composite girder.

. The procedure of the tests conducted are in identic manner to test # 1.

- after corinections of—49 elcctnc strain gauges, 9 mech

@ .

In modcl "B" the stccl beam ‘was placcd on the/ supports under the testing framc

3.7.2MODEL" B "

ical dial gauges were fixed under the

" beam. Prestressing force was then applied through two straight tendons placed near the

bottom flange. Following are details of tes{s conducted on this model.
Teit #1:- Predtressed composite girder with straight tendon. (Lt = L)

The ’prestrcssmg force was appllcd by means of two high stmngth tendons (seven
wire strand - §/8 ins dia) anchored at one end and pulled from the other end
sxmultancously 'lhe prestressing forces were applied at incremental stages of 4.0, 7.5, 10.5 )
14.0,-17.5, and 21.0 KIPs, the same test was repcatcd two times and measurements were
taken at cach stagc :

At thc end of the 2nd test while the 21.0 KIP force (prcstrcssmg design forcc) was K

applied to the steel beam, the fresh concrete was then pourcd on the top ﬂangc and cured for

.28 days At the end of the curing period, tha sxmlhtudc truck loading was applied to the

. composite beam. This part of the tcst was rcpcatcd three times and thc mcasuremcms were

taken at gach stage. . .
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Test #2:- Poststressed composite girder with short straight ten
For this tc&t the two straight tendons of the first test w

each time.

<5
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" TESTS RESULT AND COMPARISON I

- - ~ - *

During the placmg of concrctc for the pOststresscd composxtc glrder thc stccl

h bcam was not supported at any poinfs other than that of the two supports at thc ends
The¢ déad load was carried by the steel beant only and there were no stresses in thc

»

were neglectcd in this study

Accoulmg to the dcs1gn of the prototype and the model, the ccccnmcxty of the ~

tcnd°on frox% the ncutrar’a)us of the composxtc section was over the e, llmit value
N

(See section 2. 6), andas a msult some tensile stress was]produccd in the concrete slab .

-

poststressing force and by the live Joad. |
‘, ‘ For companng experimental rcsults wwith those prcdlctcd by theory, graphs

N

were produccd as explained in the followmg sections. . . '

s

&
[

. - 3
| d.i.l Test Results and Analysis for Poststressed Composite Girder with BENT-UP
. Tendon Configurations. _~~ } C
| - Two tgndqns were placed on two sides of the steel section and pésseq over two
pulleys as shown in Fig. 4.1. Distribution of sfxcss;cs at the top fiber of concrete is
+  “shown-in Fig. 4.2. The poststressing foréc introduced small tensile stress at-the wp
| fiber of concrete at a distance from the bedm pnds. In the area between the pu!lcys,

there is a small drop in stress level which is probably due to the following reasons :

&

*, concrete\slab.The shrinkage stresses which occured during the hasdcning of coqorctc“

during poststressing. Aftcr concrctc was cured for 28 days, electric strain gauges were

- connected to the concgete slab at the top to measure the strains developed by the’



)
5) There'is a stress concentration m?ar tﬁc p;ll!cy§; whiqh causes higher stress;es
thanothcrsecnons . L : ) -
" b) Between the two pulleys, the gu'dcr acts locally as a two points supportcd
l beam (supported at pulley conncctxon).’Ihcreforc the beam self wc1gh\tr in the
middle produced oppoﬁsitc sﬁ'qs,scs to those produ‘c::ed‘-liy ’pdststressing and
stresses of the same sign over pulleys. _ S, ‘ |

The poststressing force is subjected to a losses due to some friction at dircétion

" change of tendon'over pulley points, therefore the stresses between pulleys are smaller

 than the theoretical value. : _ : .
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whcrc ecpxs thc only vanablc in calculaung the stresses ﬁong the span.
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FIG 4.1

The thcoreucal valucs in Fig (4.2) were calculated using basic Equanon 41.
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FIG 4.2: BENTUP TENDON. Stress variation at the top of concrete slab.

4

. St’rcss.es ‘dc'vclop'cd ‘along the span at the toi: fiber of steel under the
poststressing }xppljgaﬁon for the bcnf-up tendon are shown in Fig 4.3 . The stress
variation ‘follows the,tendon configuration along the hspan. in the reverse manner.

Fig 4§ also shows the corﬁparison of stresses developed at the top fiber of

", steel along the span under poststressing application. Theoretical values were

caléulated using Equation 4.2,

Si'nc‘c/:tlic tendons were placéd near the top flange at the beam ends, the
éip;rimentaf value; at'that location are higher than the calculatéd value, and that is
- "bccausc the effect of poststressing force reaches the top flange immediately after the

anchorage at the end( see section 4,4).

.e , ' ‘ T
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’ R - FIG 4.3: BENTUP TENDON. Stress variation at top of the steel beam,

e . Stncssc's developed aiong the span at the bottom fiber of concrete urider
' postsmcssmg applxcatmn arc shown in Fxg 4. 4) The stress vériation along the span
followcd the tendon conﬁguratlon almg the span. Thc same rcasons a&bare
| applicable for the n;ductlon of stresses between thc pullcys. . e '
Fig (4 4) also shows the companson of strcsws developed at the' bottom fiber of
, ‘ stccl under poststressing apphcatxor) and the thcoretlcal values were calcu]ated usmg
RN : the basxc Equanon43 '
Lo e
: - S : L :
o ~ The .upl\a.r;rd deflection. at mid span measured unde_r poststressing application are.
v * shéwn in Fig 4.5. The 'thepretical values was calculated using Equation 4.4. The
| , ;xperimental value are smaller than the theoritical value , for this reason the actual

h
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FiG 4.4: BENTUP TENDON. Stress variation at bottom of the steel beam. .

-

computed deflection should be modified to accomodate the losses, or in equation

4.4, instead of poststressing force (P), the value (P - losses) should be used to obtagn
actual deflection. -

e
& =- P (L2-4a?) (4.4)
cp‘ .
*
0.20
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FIG 4.5: BENTUP TENDON. Deflection at mid span, o
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© 4, 1.2 Test Result and Analysis for Poststressed Compos:te Girder with STRAIGHT
Tendon anﬁgurahm
A tendon was placed on each side of the steel section at a constant eccentricity

from the neutral axis of the composite section as shown in Fig (4.6).
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'STRAIGHT TENDON ARRANGEMENT
] . FIGA4.6

Fig (4.7) shows the stresses dcvcloped at the top fiber of concrete aloﬁg the
span under the poststressing force. The theoretical values in the Fig (4..7) are
caﬂlzulz;wd using basic Equation (4.1).

The tensile stress produced by the poststressing force at the top fiber of concrete

' dosg not follow a séraigﬁt line pattem as given ’by thation 4.1. This effect reaches to
| tht;. top fiber of concrete at\a distance of approximately 3 to 4 times the section depth
" from the beam ends( End block effects, section 4.4). For this reason, Equation 4.1 can
not be used to calculate the stresses developed in top fiber of concrete at a distance less . |

. than 4 times depth ( section ) from the beamﬁcnds. '
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FIG 4.7: STRAIGHT TENDON. Stress variation at top of the concrete slab.
\ ' Close observations showed no cracks on the top of concrete under the design
. v »
poststressing force ( 21 KIPS).
Fig (4.8) shows the stresses measured at the top fiber of the steel under the
_ poststressing application along the span. The theoretical values were calculated using
Equation (4.2). This equation also can not be used to calculate the stresses under
—— poststressing application near the beam ends-at the top fiber of steel.
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FIG 4.8 STRAIGHT TENDON Stress variation at top of the :tnl beam.
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Fig(4.9) shows the stresses developed along the span at tﬁc bottom fiber of the

steel sectioy, under the poststreésing application. In this case the tendons are very -

" close to the bottom ﬂa_ﬁ—g‘;,'ébﬁthat the effect of the poststressing force reaches to the
bottom fibér immcdiatcly_ after the supports. The theoretical values were calculated
using eq;ation 4.3. The experimental values and 1tl.u:ox"itical values are very close to
each other (End block effect, section 4.4). }

Fig (4.10 ) shows the upward deflection at mid span measured by the straight
'tcndon under poststn-.s.sinE al—pplic—étion . The theoretical values at the mid span were '
calculated using Equation (4.5). In this case also the experimental values are smaller
thap theoritical values, and hence the deflection calculated by Equation 4.5 has to bd\

modified to obtain actual deflection.

2
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FIG 4.9: STRAIGHT TENDON. Stress variation at the bottom of steel beam.
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4.1.3 Test Result and Analysis for Poststressed Composite Girder with SH({RT )

STRAIGHT Tendon Configuration. °
In this case, as it is shown in the Fig 4.11, a straight tendon was placed‘at mid
span of the girder ;50 Inches frgm‘ cach end, and the poststressing force was applied
by means of a hydraulic jack from one end, while tﬁc other end was fixed by a friction
anchor chock. )
Fig 4.12 shows the stress variation at top fiber of steel under the poststressing
Wation. The sudden increment of stresses observed at the anchor points are due to
concentration of stresses. Observation from previous tests (bent-up and straight
" tendon ‘conﬁguration ) stgows';hat the stresses normally followed the dotted line
in,di ted in‘Fig 4.12. However, due to the location of anchor block (being at a
- dis ‘/Mce away from the beam supports), a certain amount of su'es; concentration was
'a to the overall stress level in the vicinity of anchor connection to the beam as

—

. shown in Fig 4.12.
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FIG 4.12: SHORT STRAIGHT TENDON. Stress variation  top of the steel.
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Strcss variation along the span at bottom fiber is shown m Fig 4. 13.
maximum stress values were reached at a. very short distance from the arichor po%
Thxs is mainly due to the rclatwely close locanon of the cable from the bottom ﬂange
(End block effects,section 4.4).
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FIG413; SHORT STRAIGHT TENDON. Stress variation at bottom of the steel beam. )

¥

The steel section (W 310 X 24) was placed in i)osition over the supports and

after the connection of electric strain gauges and mechanical dial gauges to the steel

A\

' beam, the prestressing force was applied to the steel beam through two s&aight '

. tendons placed near the bottom flange as shown in Fig 4.14.
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4.2]1 - Test Results and Analysis for Prestressed Compos:te Gnrder with STRAGHT ’

¢

Tendon Confguratnon. |
Fig 4 IQ shows thc‘strcsscs developed at the top fiber of steel under !
. prcstrcssmg application (only stccl section). The rccorded stresses at mid span are

| very close to thc cﬂeulatcd values by Equation (4.2) However, near the beam cnd, the

‘ .conccntratmn of stresscs rcsulted in an increase of stress level as shown in Fig 4.16. ‘ Y
r' - : "+ °Fig (4.17) shows the stresses developed at the bottom fiber of the section. and
‘ since the cable was placed very close to the bottom flange, the prcstrésing forc;c effect
: rcaches this fiber 1mrmdnatcly after the end block. The shown results are very close to -
the theoritical value pmdlcted by Equanon ( 2)
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* amodification in agtual dé_ﬂection‘cdmputation should be &pplied.
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The experimental values for the deflections were measured by means of
mechanieal dial gauges, and shown in Fig 4.18. The experimerital values are not very -
close with the, theoritical values calculated by Equation (4.5). As in previous sections,
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FIG 4.18: STRAIGHT TENDON. DEFLECTION AT MID SPAN. - .
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cThe cable elonganon under the’ apphcatlon df external load wés measured
expcnmentally by means of mechanical dnal gauges moumed on a specral clamp
desxgned for this purpose(Scc scctxon 3,6-A). ‘
The magmtude of super nnposcd dead load(uniformly dxsubuted) way very

small, hence.the increment m‘mmal tendon force was also small. The experimental
/midings of such small ,elt;péation were not possible, where as in the case of live load

‘(tmék loading ) it was found that this-incrgment in tendon force had a considerable
. L1 !
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|Tabl¢s( 4.1,4.2,& 4.3 ) show the comf)arison of thc‘increment in inidal
poststressing force under apphcanon of live load ( truck loading )for bentup tendon,

“

stra:ght tcndon and short stralght tendon respectively. oy

o

INCREMENT DUE TO_.TRUCK {LOADING

CROSS ECCENTRI | INCREMENT | INCREMENT
POSTSTRE | SECTION CITY | CALCULATED| MEASURED
SSING | AREA OF | FORTHE USING BY THE
FORCE TENDONS TENDON EQUA. 213 | EXPRIMENT
| : ' ‘
. L2
21 KIP 2X .gm 8.26 IN_ 1429 KIP 1.389 KIP
' '/ ] s .
TABLE 4.1:- BENTUP 'TENDON. POSTSTRESSING FORCE
- INCREMENT DUE TO TRUCK—WOADING
.Y ' .
INITIAL CROSS * ECCENTRI °, | INCREMENT | INCREMENT
POSTSTRE | SECTION - " CITY * | CALCULATED| MEASURED
SSING AREA OF FOR THE USING .| BY THE
FORCE -~ | TENDONS TENDON EQUA. 216 ' | EXPRIMENT
2 | e
21 KIP 2X215IN | 826 IN 3.209 'KIP - | 3.187 KIP
‘ TABLE 4.2 :- STRAIGHT TENDON. POSTSTRESSING FORCE
INCREMENT DUE TO TRUCK LOADING
INITIAL CROSS ECCENTRI INCREMENT | INCREMENT
POSTSTRE | SECTION CITY | | CALCULATED| MEASURED
. "SSING | AREA OF | FORTHE USING BY THE
FORCE TENDONS TENDON EQUA. 213 * | EXPRIMENT
21 KIP, 2X 21SIN' | 12.889.IN 5497 KIP 5.444 KIP
0 ; * . -
3 TABLE 4.3 :- SHORT STRAIGHT TENDON.POSTSTRESSING FORCE
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: ) The portion of a pmsmssed/posfsu'cssed member surrounding the anchorages

of the u;ndo? is often termed the end block. Throughout the length of the end bloc‘k. ,
the tendon foroe is transferred from almost a coficentrated area and distributed through
the entire beam secuon The theoretical length of the end,block (transmlssmn length) is
the dxstance through which this changc takcs place[ 5} —— >

A largc force applied to the end of a prism, such as show in Fig 4&9, results in
pn’nclzipal comprc'ssive stresses that féllow a pattern similar to the solid lines and' ‘
principal tensile stresses that follow along line similar to the dashed lmc In a simple
Y | prismatic beams at adistance of abont one times the depth of the block from the end,

the stresses are approx:matcly equa] the value that would be computcd from the usual

combmcd stress relanonshxp [4].
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Recorded data obtained from the cxperimcr):t showed that in composite beams

. the distribution of principal stresses did not follow the normal stress flow pattern of a

simple prismatic beam shown in Fig 4.1§.JIt was also observed that the transmissign

'lcn.ght for stresses measured along the span at the top fiber could reach the values of

M

three to five times the section depth depending on tendon configuration and

ecccntricit)". ‘In addition, for stresses along the bottom fiber of the beam, the

+

transmission length was less than one time the section depth.
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| girders.

CHAPTER §

SUMMARY AND CONCLUSION

The present study deals with the behavior of prestressed and poststressed

composit igirders and include model test and. analysis. The research work

. .emphasized on the stress distribution along the span across the section, upward

deflections| under prestressing and poststressing effects and the increment in initial

tendon forck under external loads. The loads which are considered in this study

includes dead loads, superimposed loads, prestressing or poststressing forces and

§
live loads with impact effect. ‘

Since most of the literature dealt with prestressed or poststressed composite
girders, this research study dealt with both prestressed and poststressed composite
1] ) * .

The experimental work was conducted on two quarter-scale models. A total

number of fourty eight tests were conducted. Mechanical properties of steel girders

" were verified based on tests on cut-out pieces from the web and flange. The

compression strengths of concrete was checked at different curing ages. The
mechanical properties of stressing cables used in this experimental work were
specified by supplier -Supreme Inc.

Formulas used for analysis were developed o'r,impro yed to predict the stresses

developed along the span, upward deflections and incmmcrt in initial tendon force.
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The effects of losses caused by crecp, shpnkagc and tendon relaxaudn together with l
* residual stresses in the steel bcam were not consndcred : \ : -
o U 5.2 CONCLUSIONS | , |
- . The follogying conclusions can be drawn based on the rescarch work performed:
. ) - ! ’ e 3
1. The pres(rcséihg a'nd poststressing of a composite section using high strength
tendon si'gnii"icantly~ improves the stress (65% to 8,'5% of ‘the all'owablc

compression stress at bojtom fiber) along the span and across the sections. Coe

(%3

2. The method of analysis presented for prestressed and poststressed composite
beam gives a rcasonablcaapproximation for the stresses near the midspan (a
<« B

critical section).

3. If an exact analysis is required for the stresses near the beam ends, significant

effect of end block hz;s to be considered.

I4
/

4. Consideration should be given in design of brackct‘(bearing"arrangcment for—

tendon) at the attachment points of tendon to the steel beam.

5. The stresses at the top fibre of steel aré not significantly affected by- the
poststressing force. This is due to the location of the neutral axis of composite
section, which is near the stecl top-flange. For economy reasons, it might be

advisable to provide prestressing before casting of concr‘ctc.(prcst:tésing).

6. There is no significant difference in the final tensile stresses developed along the

bottom fibre, by prestreésing or poststressing of a composite section.
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© APPENDIX "A"

* K-42* k=42 , -

MODEL ANALYSIS/
- Span 191,
- Super imposed Dead Load 121 Kt
- Live Load .
" Similitude Truck Loading According to MS-250-77
, 1 ’ L 4
. B -
+— )
IS N ’
- o 1 =3.853 kip :
&1/4 =0b63 kip
. . R ' 8 C “ ‘

1

FIG. A-1:- SIMILITUDE MS-250-77 TRUCK LOADING

- Poststressing and Prestressing Force
(Assume straight tendon along the span)

- Section Properties: - - B
- Steel-Section
L fy Q =
- Ay ’
5
- Concrete slab thickness

21 KIPS

W310x24
. 44KSI
4.71in;

29 x'103 KSI

. 2in.

[ ¥

s M . *
M

PR



| SPAN 228"
¥ — - —

FIG. A-2:- CABLE CONFIGURATION ALONG THE SPAN

- Effective width of slab : 18 in.
- Model A | f/=3.9KsI

DU . o E. =3.564x 103KSI |,
‘ Y 4 ' n=8.137

. ModelB = . A £/=387KSL

o . E,=3.545x103KSI
- n=8285

*,
1
A -
K 18" jt
- ) = -+
N . 1 L I S ek e D R

NAcp

b

NAs

SO ‘ " FIG.A3:CROSS SECTION OF COMPOSITE GIRDER

?

)
S



) f
( : 6 .
Assumed n ratio to be constant for both model .© n -8 137
Area of the transformed composite section Acp =9.13 m2

Ecccnmcxty of the tendon from ncutral '
axis of the composite sechoq : . -°cp = 8.26 in.

Eccentricity of thie tendon from neutral axis of

the steel secuononly - . — . eg=4.871in.
- Cross section areaof the tendon - | Agp = 2x0.215in?,
- 07fpy A , " 376kmS.
o T 103
S ' : o 216.2 in’
W S 161b/ft
Tawe o 3stug
/ S S L 6
- Yyt \ | 4.611 in.
- Ycz{-s a ‘ 2:611 in.
. chg,,» | o .. 93
Astesb © - 17.166 in3
— - Sept | - 46.88 in®
- St o 62.80 in3
- Sep . - © 23.026n3
2

P
- ~L5}&
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' - MOMENTS AT MID SPAN
h ) .
| M, . ’ 8.664 K-in
M, _ , \ 18.95 K-in
‘ 'IJsing eqﬁaﬁo}l (2.8) _ ,
Mppig =T (0.5625 L - 0.8334 K- 0.062K2/L) 238)
ML | K . 357.43 Kein,
. - MOMENTS UNDER POINT LOAD B OF THE TRUCK
' Using eciuation (2.4) ’
Mp = Mp =q(0.125 L% - 0.0137K2) Q4
R ' M ! S 8.6317 K-in.
1 . M, | | ‘ 18.88 K-in.
Using equation (2.7) : ! g
- “Mpy = Mpay = TO.5625L - 0.625K + 0.062K2/L) n
| ML ' o 394.85 K-in.
Therefore the critical section which has to be studied is the section under point load B.
. 1) PRESTRESSED COMPOSITE SECTION
' - Stress due to self weight of steel
o =0 = 10504 KSI | C
: ) | N
"



Stresses due to prestressing force.
{ot = +15KSI

v

A , "65

& = - 10.41 KSI

. Strcsscsduuoconcrctewc;ght

d = :1:11041(51 I

- Increment in prestressing force due to concrete weight. |
usmg cquanon 2.17) X

= (negligible) 0.0009 KIPS

.- ‘Increment in prestressing force due to superimposed dead load.

= (negligible) 0.0311 KIPS

- Stresses due to superimposed dead load. .
-0.1735 KSI

[

lrl ’ l .
o, = -1042 KSI )

b
0p= +2846 KSI,

- Stresses due to truck loading.

t
g, = -1.03 KSI | S

628 KSI | ' .

o
W

b

q) = +l7 152 KSI

o

]

(2'..17)
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. 2) POSTSTRESSED COMPOSITE SECTION»

66

T

- Incremcnt in prestressing force duc to truck loadmg
. using equation (2 16).

 Te (0281212-0.5314 K%

-.4p= T 1 E]I | | : ‘
2, 2,8e] . ‘
L["@*A AL E l . L o

4] = 3211 KIPS s

Stn:sses due to mcrcmcnt which cause by apphcanon of truck loading. .
a,= +0.026 KSI =

o, =+0.070 KSI
’ ' ‘
b : .
, % =150 KSI ‘

.
Y
» @

- Stresses due to self weight. of steel
t

o, =0} = +0.504 KSI

- Stresses due to concrete weight.

- - & =0 =+£1.104 KSI

»

- Stresses due to poststressing.
l .
e = +0.172 KSI - S
ot ’
O —+O 459 KSI . ‘ ¥

P ‘
joq, = -9.835 KSI( l

~ Stresses due to truck loading.

(2.16)



- o ) t ,' ‘ A ‘ . ' ' '
. Oy = <103 KSL. - | - .

t.s
Op = -6.28 KSI

b ) ! o
O'cp= +17.152 KSI

- Strcsses due to méremcnt which is caused by u'uckmg loadmg
= +0.026 KSI s '

=40070 KSI = =~ S . ;

'8.'"

b - - ..
6, = -1.50 KSI ' , :

TabIe A-1 shows the loading sequences for both prcstrcssed and poststrcssed N ‘

composite for this examplc
, ) \
. 9
TABLE A-1:- Loading Stage
LOADING-STAGE ~ PRESTRESSED . POSTSTRESSED
. 1 Steel Weight " Steel Weight
2 Prestressing Concfete Weightﬂ
) 3 Concrete Weight . Poststressing i
4 Super-imposed dead load Super-imposed ‘dead load
5 Live load and impact Liveload and impact
) 6 Increment due to live load Increment due to live load
and impact and impact
‘2
. \

|
W’ B
I

g

2

.

&f“-&«h



- , - ..} 8 PRESTOC
/ 0l - | = poSTSTOC

o SF :

. 2 Y
b4t
g.
Q2 . A

* b, COMPRESSION - B, TENSION
o . - 1 [ | b 1 |

45 - 1.0 . 05 0.0. 0.5 1.0
: o STRESSES - KSI

FIG. A-4:- STRESSES AT TOP FIBER OF CONCRETE AT EACH STAGE OF

LOADING (REF.TO TABLE A-1)
7 - :
\ . oo : - o PRESTOS
@ 6F - -+ POSTSTOS
L] o 4 »
- g al
-l 2k
il TENSION
N \ o 1 b 1 1 : - [ 1 J | -
-10 -8 -6 -4 -2 0 2 4’ . 6
' STRESSES - KSI ~
- FIG. A-5: -STRESSES AT TOP FIBER OF STEEL AT ‘EACH STAGE
OF LOADING (REF. TO TABLE A-1)

.




‘ ) * 69 ‘?‘ -
A ' Yoo
7 ' - -
sl -+ PRESBOS - -
.. <+ POSTSBO.S N
! G5t | "
) < | B . - L
b4l .
O . ( .
= ]
a3f
S .
a2r
L ¥
TENSION
, 2 1 S 1 .
-4 10 - -6 2 "2 6 100 14 8, .
~ . STRESSES - KSI :
s . ’ ‘
' FIG. A-6:- SI'RESSES AT BOTTOM FIBER OF STEEL AT EACH STAGE
—_ OF LOADING (REF.TOTABLEA-1) - ¢ ’
DEFLECTION . : S :
- Under self weight of the stec] section using equation (2.29)
SqL l‘
a”DL 29)
384 El 2.29)
! 8 =0.015 dn.. »
- - under concrete wexght using equation (2.29)
‘ 5° = 0.0343 in o
- undcr super imposed dead load using equation'(2.29)
v &% = 0.0565 in —
. - Under poststressing force usmg equauon . 32)
. . PRPO _ P + AP) cL
) ) = (2.32) )
8_: Y




f)‘ .5- <« t )
A
— s : | L0
T - 8 = 0.179 in
e L =, . Under prestressing force using equation (2.32)_ | ‘
‘ ' 5% = 02225 in
. Under truék loading using equation (2.36)
Jo o & ‘ b . s
) ‘ ‘, . 59 _BEIL (A+B + C): . ' \ . (2.30
:9) . | ’ . .‘ thre " | | ) g h
' { * S 1 4 4 . 2.2 3 tey 13
L N v SRY =74-(O.25}. +0.6327K -3.4205 K'L -0.1‘666KL -0.7051 K" L)
. . « \ ‘; “ N , ..
S - - Bs ‘025” -00275K%)? ‘ ER
. K L / L]
f , = _ . ,
g L ya . C (O 2514 0 2798 K4 - 1.555.K2 L +0336K L) )
' S 8" = 0.2407 in
. vt Under i increment in prestressmg and postsm,ssmg due-
. ' to trpck loading equation (2 36) ‘
S A o 8A~_ -00274 in ,t : ) @
i 0.3 -
_’ & b .
. $ 0.2+ ”
CE ,
|.” z' ,
: S
i w
* 1T *
A Q
' ' .1 .2 -° 3 -4 5 & 7
‘ : . SR LOADING STAGES ,
. F!G A-'l'- DEFLECTION OF THE GIRDER AT CRITICAL SECI'ION UNDER EACH STAGE
VT L ‘ . OF I.DADING (REFTOTABLE A-I)- C <
AR o I & R
. - . ‘ L i . ' r ’ o
: A . AT
t Y as..?.rf;: & 3:. \* ' \f \:‘g




