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ABSTRACT .
. ' """‘u _ "
Strengthening of Simple Span and Contmuous Span Plate Gmdcr Bridges

by Post-tcnsnomng

Parmjit S. Parmar T
.

' The strengthening of existing bridges by post-tensioning is one of the good metl;ods' from
structural cfﬁciency and-economy. Bot;1 simple span and continuous span plate girders can be
strengthened by post-tensioning . | T

yw analysis has béen done, by the influence coefficient method. The theoretical results have
been satisfactorily confirmed by experimental observations. Simple span and'_cggt_ipgggs_ span
bridges can be strengthenca up to 10 to. 14 percent of their allowable capacity. The perc‘cntagc
increase in strer{gth can be more if the cccenuisity of the cables is more with respect to the kern of

™

thc section.

-

LN

Straxght cable configuration has bccn rccommcnded for use on existing bridges.The drappcd
cable configuration has also been used for testing, but relatively small local stresses were observed
near the pulley axle. Thc value of local stresses for bottom flange (nearthe pulley axle) is 15°

percent of mduccd stress The local stresses can be controlled to a minimum by providing guides of

" bigger radius, so that the stressés are dlstnbuted on a large area a.h\d thus will not glvc concentration

of stresses at one point.” T .E

For the continuous beam drapped cables were used, bNu"t they caused loss of pre-stressing due
to friction. However, a wax and steel stirrup arrangement was used to overcome friction, For this
reason, for a continuous beam, straight cable configuration is reccommended when used on existing

bridges.

iii-
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- NOTATIONS
. . - * . . s
Notation 'a . ‘ Dcscnptmn ‘
AA = Area of cross-section pf glrdcr and 1dea1 modcl beam, respecnvcly ;
7 -
Ay s = Actual area of cross-section of the model beam ;
Et »Ch -~ . = Distance of center of gravity from top and bottom for model béam,
respectively; )
d,d ="Depth of prototype girder and model beam': respectively;
d, = Actual depth of imodel beam; 5
ey =%cccntricity of cables from bottom and top, respectively; -
- . X . ) .
»Ee = Modfulus of c'lasticity, for structural steel ‘and h'ﬁh strength
steel, respectively;
f '~ . "= Stress at top or bottom in prototype girder; ,
f11-f1n = Flexibility coefficients for the girder or.the beam; ;
LT . . = Idéal moment of inertia for prototype and model beam , respectively;
Ta N = Actual moment of inertia 6f model bcam,
K = Reduction factor; ’ I
= Span of thc'gird'er"or beam; »
L = Dlstan@fgrom support to thc bent of cablc, ;o
] 7
m, = Moment dxagram for released beam due to dcad load or live load
ot
/ o S x ) i .
. . .
" \ ﬁ\ - 3 *
+ o ': .v i: L]
-xii o ° z
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4 :

my.my, . = Moment diag@. for 1,2, .., n unit loads respectively;
“N\IB = Axial force diagram due to pre-stress force in beam;
nc = Axial force diagram due to pre-stress in cable;
’ .
ng,..Np. = Axial force diagram for 1,2, .., nunit loads l:csbcctiycly; .
_ . , A ' .
PP = Pre-stress force in prototype girder and model beam, respectively;
AP . = Total increment pre-stressing forcgr

A

APpL, APLL = Inc;efngnt of pre-stressing force due to dead load apd live load

’

" respectively;

q  =Dead [p’ad per unit length; A
QQ *  =Concentrated load in prototype girder and model beam, respectively;
S.S .= Sectional modulus of prototype gircicr ;md model beam ,.i-cs'pcctivc]y;
s“a\ = Shearing force; o
t - = Thickness of web blatc;

4 : -
u _ = Strain epergy;
U ., .- = Flcxi?iiity coefﬁc.:’icnts for dead load‘; ) 1
UL = ﬂc&q{?iﬁty coefficients for live load; '
w,w = Dcﬂec%ototypc girder land model beam, respectively;
X7,Xp = Redundants in the beam or girder; ¢ >
X,y,Z = Coordinate system; .. - |

L~ , . L ; //
o = Angle of bent of cable; ‘ ) '

B ‘ . = Numerical factor for local stresses;

) y "= Distance from the center of gravity to top or bottom fibre; .

; xiii AR
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¢
= Reduction factor for load; .
. , .

- =Direction coordinates; -
. ! F'4
. = Stress in x - and y - directions, respectively;

= Shear stress; ,

A : "

¢ , .
= Ideal strain at top and bottom for model beam, respectively;

, <
. = Actual strain at top and bottom for model beam, respectively; -
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c
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= Tdeal strain at top and bottom for prototype gi;der, respectively ; ‘.

~ =Poisson’s ratio.
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' , . CHAPTER 1
“}.0 INTRODUCTION

. Strengthening of plate girdcr bridges by post-tensioning, is not new, but due to laék of
lcno{wlcd'ge their applications are overlooked in this area. In ﬁuropc, considerable rcscarch and.
pracncal application has been done in this area [12]. In North America, howcvct, some bridges
have been strcngthcncd by post- tcnslomng [4]. Recently, some research has bccn done at Io;;
State Umvcmty related to strengthening of smg]c span composm: plate Mgcs by
. post-tensioning and its applications to cx;stmg bnslgg:s have been shown feasible and economical
(). R

In Canada, three bridges ha‘w.c bcén strengthened by post-tensioning, Lewes, Yukon river

bridge on Alaska highway [1], Welland ‘Cana] bridge in Ontario [9] and Champlain bridge in

Montreal-(under repair). Post-tensioning method for strengthening bridges r'cquirc more research to
: . o/

N

be done in order to make it more understandable and economical.

The scope of this thcsxs is study of strengthening of plate gu'dcr bridges (simple span and
contmuous span) by posucnsxomng f

3 lq 1 T \

a) A bridge that is to be strengthened to carry heavier vehxclcs than it was ongmally dcsxgncd to.
carry. Sometimes aftcr the construction of the bndgc due to changc in load ¢ specifications, the
heavier vehicles have to pass on the bridge and its members need strengthening.
_ b) A bridge that is to be widened to carry addmonal lanés of trafﬁc ’
c) A bridge having deteriorated concrete dcck which is to be replaced by new concrete dcck whxch

may overstress the structural members.

~

-,



d) In case of accidents which affect the bridge superstructure, bridge ‘members may require

<strengthening. ' .

8

¢) Strengthening of bridges which are preserved as part of historic and cultural heritage of a

L4

country.
m_IXBES_QEE[RENGmENINQIECHMQlEES 7
‘Basically there are two mcthods of stn:ngthcnmg bndgcs and cach method is dlscussed

o

scpcratc]y as follows :

N

The conventional methods of strcngthcning include;

\ a) Cutting out the cracked material.and addmg cover plates to the top and bottom ﬂangcs of

members carrying dcck slab to increase the load carrymg capacity of existing bndgc

,—n—-

¢+ b) Strengthening of connection by introducing stiffeners,

c) By increasing the cross-section of the structural members for new requirements by connecting an
appropriate structural member to bottom flange of cxxstmg member [8] .
d) Incvcasmg the load canymg capacity by addmg shear connectors on top flange of glrder to make

P s
)

the section composm:

1311 _ Advantages

a) Conventional methods of strengthening bridges are well understood.
'b) These methods require less supervision in the field. ' ;! -
a) Expensive and involves difficulties to carry out strengthening opefat'ions. For example, to weld

plates to the flanges of girder, heavy framing is required.

e



b) Reduce the number of lanes temporarily and ihtcrmpt the traffic, which is a very serious problem
in areas where there is a heavy traffic. \

c) Excessive field welyclling makes the'sections too heavy and in cases where the specified ;lwrﬁnu
underneath the bridge is rqquiréd, these r;lcthods ;:ahnot be applied. .

d) Demolishing a part of deck slab while maintaining the pirtial traffic flow on the other lmcg,
rqquircf" adequate traftixc facilities such as heavy fixed barricades bolted to the structure to seperate
traffic from ‘the work area. These facﬁitics can exceed the total cost of alteration of structural
members to be.strengthened. ‘

t;) When welding the plates to the {ippcr or lower ffangc o{ girder in case of plate étdcr bridges, tﬁc .
" girder must be jacked at appropriate points to relieve the stresses of dead load of structure, If the
girder is not stress relieved, the added plates will be stressed under live loads only, while existing .
structure will be stressed under live loads and dead loads. This will result in flanges which are

heavy, uneconomical and impossible to provide, from practical point of view. Jacking plate girder

o

- ﬁo -
conditions.

f) The demolished portion of the deck slab, when altering the flanges, has to be restored.

post-tensioning high strength steel cables,ie rods, offer a wide range of solution for strengthening
‘ - j

)

L
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%ﬁ§"
iv¥ -
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N

of plate girder bridges. The fact thabpost-tcnéioning can offer new and mo;'é ”ecohomié:a] way of
minfmcing existing bridges, usuiily, is ovcrlookéd_mainly due to lack of knowledge and
experience with sucil methods. '

Various methods of pbst-téhsioning are successfully appli'ed for stxtt;gtl\cnilng of ciis\»ting
short and medium span bridges. ngc bridges succ;§squy strengthened by post-tensiohing are
' discussed later ip this chaﬁwr; . \ '

Compartively less research has been done toward acvcloping economical methods for.
in?rcésing load carrying capacity of plate girder bridges by ’post-tcnsioning. ‘

" The purpose of post-tensioning steel structures is different than that of concrete. Concrete is

a structural nia‘tf':rial that has a high compressive strength but relatively low value in tcnsi‘or:
| Post-tensioning concrete is therefore done to induce compressive stresses to the member either by -
axially or combined axial and bending compbnénts in such a way that when design load is applied,
the entire element remains in compression or sometimes in tension up to allowable value, which is
small as compared compression. " !
But this is not the case in steel because n has equal value in tension and compression. The purpose
of post-tensioning steel is to. try to reduce the tensile stress caused by design loads. In other

words, it ig to induce a stré{s distribution in steel members similar but opposite in nature to those

of design loads. The theorefical background of post-tensioning techmques apphed to plate girder is

. s

cxplamcd in Chapteg, 3.

I“! 2 I - A!I!. alllaggs .
a) The strengthening operation generally does not affect the flow of traffic aﬁd thus it is of great

e . ‘a)

advantage oyer the conventional methods. : S

e



/

b) 1{ post-tcnslomng cablcs can be placcd and anchored in any configuration makmg the ..
/post-tcns:onm g particularly suitable for stmngthcnmg existing bridges.

c) It does not require heavy formwork and jacking to lift the girders to relieve the stresses, as 11

.

required in the case of conventional methods. ' ¢

d) It eliminates the excessive field weldin g~a;1d' splices ‘which is very expensive and complicated to

perform m the field.

¢) It is structurally more efficient as compared to other methods.

13.2.2 Disadvantages
| a) It can affect the latera{ instability of the post-tensioned members.

b) It requires additional computa?ions as compared with the conventional methods, however, it is

always the case of advanced structural design. . o | . P
- ¢) It requires special angcments for anchorin.g of tendons.
Three bridges strengthened by. post-tensioning are discussed in brief as follows: l
144 Lewis. Yukon River Bridge [1] "/\

The Lewis, Yukon river bn'dgc' is located dt 897.5m of Al;ska hiéhway approximately 20 miles

south of the city-of Whitehorse. The bridge is composed of two <250 ft 'skcwcd‘ﬂvt.:)ugh Warren

truss spans, was fabricated in USA in 1920 and was erected in 1955. The bridge was damégcd Hy

vchic]c.The; damage locations are shown in Fig. 1.1. ‘ '

The fibricated bottomn chord of truss was strengthened by providing four 1.25 inch diameter

_ high strength bars of strength 150 ksi. Fig. 1.2 shows the exact location of tcnsioning.bafs.

.o = -
R .
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The jacking of fracturcd chord is an mnovauve application of post-tcnsnomng method. The o

rchabilxtat:on done in thxs prOJcct has been proven to 'be fcasxblc, economical and expedient.

" * The bndge undcr cons1deratxon is a concrete bridge over the Wclland canal in Ontano Thc
| _bridge was bmlt in 1920 and followmg an mspccnon in 1965, some cracks and spallmg of concrete
from beams require immediate sm:ngthcnmg. Converting the existing simple spans to continuous
‘ st;'uctmc by means of external ppst«tensionin_g was considered best for nchabilitatiog of this bridge. '
" The bridge after rchabilitation is shown in Fig. 1.3. The external post-tensioning was done usi
Freyssinet cables of 0.915 mchcs diameter. The saddles ﬁ/cre designed to hold the cables at
appropriate locations t$kransmit load to main carrying beams.
v The results obtamcd by strengthening Wclland canal bridge by post-tcnsmmng W\t

excellent. The nmq consumcd and cost was less than the other proposed strengthening techniques.

“ . Champlain bridge is locate&at Montreal, Quebec. The main spans are .of tmsses and thc -
approachmg spans are of prc-strcssed concrete suppornng the deck. The cxtcmal concrcte beams
duc to atmospheric action are so much deteriorated that the pre-strcssmg wires can be seen clearly.

" So the repair ( now underway ) is bemg done by external post-tcnsmnmg to rcstorc the same pre-
stress to the ex:stmg beams. Figs. 1.5to 1.10 cqxbxt the rchablhtanon phase which are now in

progrcss




Fig. 1.5 Anchor Block Unit,

-

. Fig. 1.6 Details of Anchor Block Reinforcement.
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CHAPTER 2
\) INSPECTION AND ASSESSMENT OF BRIDGES BEFORE STRENGTHENING

*

ad [
he c

o« s o !

lThc inspection and assessment of b\i'idge structurg ‘before applying.z;ny strengthening /
-+, technique is. necessary. All members should bc mspectsd carefully by detzulcd visual studies. An
accurate assessment of safe load carrying capacity of any exlstmg slructurc isa’ complex and
difficult task. It is even more complex in the case of_bridge structure that gcnerally suffcr adverse
cnviror;mcnts of dynaﬁﬁc loading and climatic condjﬁons Prob\em is even worse if information

"

such as design details, &ontract documents, construgtion. retords, past pcrformance, ?f the structure

and maintenance history }fs not available or lacking. ' v

4 The evaluation of the strength of existing bridgc member has to be c.alculated prio's tb
rehabilitation of the structure. Existing standards and guidelines do not provxdc satxsfactory
results [lO]to undcrtake realistic assessment and evaluation of some common type of bridges
-exxstmg throughout Canada. Different cvaluatlon techniques give different results. The mtcntmn of

this thesis is not to deal with rating of bndge, but iomc 1mportant steps, should be followed before

1

) - strengthening. ‘ . .
\ 22 INSPECTION ' ’ ‘ x
“u . Various publicatidps\atrcady exist regarding the strategy, technique, procedure and

documentation of inspection for various types of bridges. Howevgr, from structural considerations,
i - . =,
. the inspection procedure should be specifically directed as follows [10] :

a) Stability :- Unde'{mining of foundation alignmént and distortion of compression members,

!
-,
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bearing characteristics of main load carrying members, main bra'c‘ing clements transferring

longitudinal and —latcral forces to foundations etc. This type of inspection requires visual

inspection, except, when detailed investigation are desired. '

b) Deterioration :- Loss of strength of bridge components due to deterioration requires a detailéd .
visual study and assessment of loss of material at criﬁcaj locations of the structure such as flange at
midspan of flexural steel.members, ends of cc;vcrplatcs, stiffeners, web at support, concrete at both

top and bottom of dcck‘slab“;pier caps, abutcmé;l\t seats, bearing, loss of materials at bent bases and
loosening of connections etc. | . . _ \{_
¢) Durability :- Nonfduml?ﬂity may affect long tt;.rm.pex.'fek{ancc of the structure if left .

unchecked. The cracks which can occur due to these causes can geﬁcratc deflections and vibrations

which will-affect the behaviour of the structure.

23 _CAUSES OF DETERIORATIONS -

A qualitative diagnosis of possible causes may be helpful in planmng an effective program
'for strength evaluatlon and repair. Failure to understand the cause of any defects may lead to -
inaccurate assessment. Spalling of concrete sections subjected to de-icing chemxgals, due to
inadequate cover to rebars, vibrations due to loss of bond between deck slab and supporting units,
'damage to protruding steel sections due to impact-of movi'r;g vehicles grc readily identifiable causes ’

which can affect the behaviour of the members. Fatigue crack, tearing in steel membersetc., can be

rélated to poor detailing and construction practices as well as overloading of bridges: ' -

s

ZA_EXAL!AILQIS_QE.SIBEMIH
'Evaluating the true load carrying capac:ty of an existing structure, wha{.&cr deteriorated or

not, is a major engineeing problem mvolvmg materral technology in addition to structural design.
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+« Cases where some members have deteriorated and distortion to a degree ‘that strength is obviously
ipadcquatc, offers no problém. Problem arises only at instances where there ‘is some questio;l as to
*the adequacy of strength. It is an important step, before the implementation of any rehabilitation
method, to evaluate each member correctly. 5 ’
The evaluation can be carried out in three di'ﬂ'crcnt ways as follows:
a) Ahélytical study :- The existing bridge s-tructure should bc‘analysed according to the co'glcs of
practice cxisti“ng in each country for maintenance and inspection of bridges. If the bridge c'apacity is -
adequate to carry maximum load requirements, no further consideration need to be given other\‘ihan
.norrﬂal inspection and regulat‘ion of loadimits. But if the bridge capacity is inadequat‘e then '
detailed analysis by refined aﬁalysig» techniques should be done. The refined analysis may not be
justified in design of a new bridéc (as sma]l‘savirllg of material as compared to epgineering labor
put for analysis), but for repair purposes, some reserve of strength can mean the difference |
between ré;?air ;1nd no repair. ‘ ‘ § \
b) Laboratory testing of materials :- To obtajﬁ' realistic assessment of properties of existing"
materials, as affected by decaying problems of comosigim, salt penetration etc., test coupon; and
cores would have to be taken from various parts of 'the structure fox_;_laboratofy tests. Laboratory
tests form an‘im'gortant' part of assessrﬁcnt and evaluation progra;n. They not only do evaluation 6f
propcrtic; of r;latcrials, but als;) assist in implementation of proper strengthening procedures. For
cxamplé, if ordinary welding techniq'ues are attem;ﬂted as means of repafr of non-weldable type of
steel members, the rehabilitated units may reveal in short time signs of damage due to fracture.
Moreover, the theoretical computations are made on the basis of an idealized beh‘aviour of _thc
‘material and it is essential to verify that such behaviour exists in materialy subjected to long teim

2
conditions of weather and loadmg cycles. Test samples should be repres tive of structure and be

e

$0 chosen from consideration of safety of mdmdual member or structure as a whole due &l) removal
7
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of the material. CSA and ASTM provide some guidcﬁnes_wim rcéard to sampling procedure.

The labdratory tésts should reveal the im;;ortanl properties of steel sp,ch/as chemical ad
mechanical properties, vyclding propertics, behaviour of cxis.ting matqrial against brittle fracture and
fatigue. Similarly, t::sts for the deck slab should reveal the c;ompressivc strength, chemical contents
and properties.of r;:inforcing bars. ' )
c) F:eld tests:- The analytical approach may not proynde all answer, in such cases, thc field tcstmg

may prov:dercasonablc results. Jorgenson and Larson[lO] indicated that a reinforced bridge
designed for HS 20 based on workmg strength design ( WSD), requires eight HS 20 trucks to
\ provxdc any permanent dcﬂectlon and twenty H&lo\n:}mks to cause collapse, howcvcr, Kinner and
Barton [10] show comparablc rcsults betwccn tests and analyncal work carried out usmg the finite
element method. 5
So the conclusion is that the more refined the analysis technique is, the ‘bcttcr is the

cqrrelaﬁqn'bbtween test results and analytical value. Unless the analytical work can accurately
reflect the’prototype unit, load test )ﬁill tend to show much greater streng&nd?n comphtcd.

44
25 REMARKS
) The inspection of bridge superstructure is done by detailed visual studies. The corroded

“

members should be checked in detail. '

b) T'hc' adequacy of strength near anchorage points should be checked in detail, bcgausc‘thérc is
'high cqncen&aﬁon of stresses due to post-tensjoning force. / )

c) The 's’amples taken for }abqratory testing should be taken fr;m‘thc mcn;bcrs which are corroded

-and from\thc least stregses zone.
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d) 'l‘he analysns of structure should be done using refmcd techniques because inherent
non-homogenuity of miterials acccntuatcd by vaxymg degree of dctenorauon, in dnfferent parts of

member, can be considered. o - S . | .

¢) The non-linear analysis should be done where dastomons and dcformanons of the cxxstmg
'mcmbers are permanent and requu'c prcscrvanon of c:ustmg structures. Thc final evaluation qf the
member strength should bc based on both analytxcal and field tests.
- ) While calculating the adequacyrof strength for cxxstmg mcmbcrs of thc structure, allowancc

’ should be madc for dctcnora:t;on by mtroducmg dctenoranon factor, as described in detaﬂs in

rcfcrencc[m] Q L L o

-~
-

%o, . ‘ .

B *

‘: . N hd

3 L. . , ' N P
Byt 0 o , , (I
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. &_\ . CHAPTER3
~ 3.0 METHOD OF STRUCTURAL ANALYSIS
J1LINTRODUCTION

( The ana]ysxs of simple span and continuous span platc girder is cxplamcd in this chaptcr The
" influence cocfﬁc1cnt method has been consndcred as most efficient method to solve such types of
prablems, chause the results can be easily programmed for pcrsonal computer.

* o, \
32 LITERATUREREVIEW"

After extensive literature review, it

n observed that the analysis of s'gﬁplc span a;nd

_continuous span platc[girdcr bridges, by iixﬂugnce cocfﬁciénts , has not been done in details.
However, for simple span.composite l;ridgcs, ﬁni'tc clement ana]ysis has been recently done[4].
The influence coefficient method has been applied to simple span as well as continuots span beam

bridges in this chapter.

. ,’
23 INH.!EECE_CQEEHQFNT_MEJ]ED
' The influence coefficient method[7] has been derived from strain energy approach, which,

in turn, is defined as the work done per unit volume. So strain cncrgy of'the-body will be the

" volume integral of strain energy density; ‘ ‘ ‘

u= | wdv, o, . . (3.0
CIEE
here, .
l B
=-§'JLP(/‘].§)‘E(TI,§) dy | .
," . - s . ¢ )
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Here, (n,§) = direction coordinates ( x,,2)

Putting ez;uaﬁons (3.2)into (3:1),.

. ?
U= I,P(n E)e(n, E,) dv . T 3.3)
T - N
The different cases of loads applied are interpreted in terms of strain energy ast{ollows:
' . / -
2) Direct energy :- In case of normal cross-sectional area A under the action of direct axial force N '
( both may vary along its length, the stress is given by
‘ .
N . . . B
P =% . ’ (3.4) '
] . __. N .~
Strain produced- €= AE : (3.5)
Since volume V = J Adx : ‘ ‘ (3.6)

1

Putting the values of equations ( 3.4), (3.5) and (3.6) in (3.3) yiel&g,

N

| Udirect = | dx Co 3.7).

‘o ¢ Y

' ’ C % .
.b) Flexural energy:- In case of member of moment of inertia I under moment M, both of which

_ may vary along its length.

My .

e _ My ‘ ' |
w = Co . G2

!% I - N AT
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-

. Puttmg equanons (3:8), (33) and (3.10)in (3 3) yields

u(bcndmg)I & . - ' ST aan
g

c) Shear energy :- Assume a member of cross-section A i 1s acted upon.by a shear force S pamllcl to

the direction of the coordmatc Y and assume also that the shear stress distribution is uniform

r

across the section, ‘
?(x,y)— e S , (3.12)
E(xy) == | o 3:13)
v 'y CA ’ ' ( . "
. ‘Thus as in the case of direct thrust, we may write, L Y
.[ch | AP (3.14)
- ‘ Y » ’
But the shear stress is not uniform along the length of the beam, so it can be written;
. 4 o » - -
" u(shear) = KJ‘:TC_K dx . : _ | (3.15)
! . b 4 - -

-

In the prcscnt discussion, torsion is not taken mto consxdcranon In summary, the direct, bending

and shear strcsscs are put in terms of strain energy as follows : Lo
u(direct) —J——-sdx "7 - - ’ (3.16a)
N :

M .o o B

. 4 ’ ® - ' '

u(s:hear) =KJ.—S—-dx ’ / . " - (3.16.c)

. ~J2CA o ,

. “



a) Structure is made determinate by pyfting required releases.

il
& -
N
J

- L

The above basic theory has been applied for the analysis of sﬁnpic span a‘mq continuous span
post-tensioned plate gmdcr bridges. The following steps are followed for the analysis of

| pre-stressed beam:'

-

b) The moment diagram due fo applied load for released structure is drawn.

c) Applying unit load or unit moment at each release, the corresponding diagrams are drawn. All

. other applied loads are removed while drawing unit moment or load diagrams. The inderterminate

-

moment is given by .
Mo=m, +m X +MmX) + ek My X, - P SN CAY R
According to the theory of least work
S R ‘ - G.18)
bx, - . .

Putting the value of indeterminate moment in equation (3.11) and differentiating with respect to X1

4

%210 xy, the following results are obtained

2 .
Su (my+m; X, + ...t m x ) - T . .
_s_x_ = 55 dx : (3.19)
1 X '
Simplifying, . . '
[ g o mm, - ~
3 +xj-ﬁ-dx S S +xnI 51 d . . (3.20)
X \_ . X X ,

For convenience, the terms in equation (3,20) are denoted as follows:

y
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m, m N : ' " o .
> e - L
8 1 . ‘ . -
<
2 . ' .
. m, . L
1 j & L , - (3.21b)
3 * :
4 ¢ \ ’ ‘
m, m
e , 3210)
x ' . o
-‘\ -
> ' 4 - , .
Putting the values of these notatiornis in equation (3.20),gives ‘ \
Xt N 4, +x f,o=u . 3.22)
. So number of equations as per redundants can be formed. In general, the coefficient fy 1, f}9,...
g” . .
¥ - ,“} ‘.
f1n » considering bending energy only;
» / PR AN
m m. . ‘ '
= j —Ldx (3.23a)
H o, ' : '
r . rmm ’ ' . -~ '
i y= [ £ ax | _ o (323b)

— . X i R

«Butin post-tensioned beam, the direct énergy is equally important. Working on the same lines as
& -
for bendlng energy, the total influence cocfficnent are given by

: Lidx + 'jdx +Jn”dx 3 2 ) (3ﬂa)
= JEI I EA L | '
. ¢ o ' ‘
. ui- ——° Ldx +I Adx + J—E"A’dx ' ) ' N (324b)
: t'c o .
. ) <
~ ‘ -



where, ‘ -

7

l
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-EL'?

_,.._.
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dx = Influence due to energy under ,bcnding )

= Influence due to axial thrust

- (3.25)

‘ (3.26)

Y (3.27)

(3.28)

(3.29)

nn
J- <=L dx = Influence due to cable xtself
EA,
X
3 :
- The terms dx and ——-dx arencghgble
- ‘ EA E
| X x.Ac
So, . -
m_m
o i
we[gfe
v L ’ ! .
" mm n oo
f = _i_ldx + .Lnldx + ._'_de
i H J—FA E
K_ x o X [ 4
34 APPLICATION OF INFLUENCE COEFFICIENT METHOD
] a) Simple Span Straight Cables :- The-general arrangement of the beams is shown in Fig. 3.1.-
As there.is only one redundant x;, |
o fux=v, L
~ © mz nnz anz B
e of -=J'—l—dx I ...I_"...'dx".
1
o B IR T IER
m m, A
; =21
§ ?Ul ; El‘dx - .
) oo 4 —
%:’ \'/ R \\ -

in
Kh

. -
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Prestressed Beam Under Dead Load

. .;., -- ' > -
- Released Beam

\ . +

\.‘\

; ! \\;_______/

~

Benhing_Momcnt Diagram For Released Beam Due to Applied Load

Bending Moment Diagram Due to Unit Pre-stress

Lo}

-

v
b

Axial Force Diagram For Beam Due to Unit Pre-stress

+

-

'

S

-

- Fig. 3.1 Simple Span With Straight Cables Under Dead Load.

" Axia] Force Diagram For Cable Due ‘to Unit Pre-stress



By putting the values of f1 and u in equation (3.27), x; can be determined. The redundant is the

24

-1

When the values of these coefficients have been found; they have the following values

fg[ezL L L

ﬁ + EA- + -EcT ( 3.30a)
- . c
3
Le .
. uy = (3.30b)

increment of post-tensioned force in tife cable. a
b) Simple Span Drapped Cables ; - The léadpd and prc;su'ésscd beam is shown in Fig. 3.2 .

For drapped cables, the values of influence coefficients are :

-2
f"=2‘.‘°l(cl'-63)5«;e(3L-4a‘) EI; EL [i, wsa(lmsa)] oo
u -—{ [ira(ZL a)} -ae, (L- a)} : | | © (331b)
The 1'ncrcmcm_of pre-stressing force is, - - . ‘ .o |
net L K S e

H

¢ *
-

Finally, thie stresses in beam due to applied load and pds‘t-icnsioning are calculated using the

’

following basic eﬁuaﬁon,
. M(DL+LL)y _(P+AP) (P+APey (333)

] I A I

’
A

<) Continuous Beam : - Assume the two span continuous beam 18hded and post-l‘cnsioncd as \
- shown in Fig. 3.3. The beam is madc dctenmnatc by putting the requited number of relcascs The

values of the cocfﬁcxcnts are obtained in sirilar manner as for simple span analysxs

¥
4

<«
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Wntmg the inflyence coefficient equauons, - :
X, + X f = - ) L - (3.34)
" "lfzr‘*"zzz:'“z o ST A (3.35).

LY

The coéfficients_ 11, f12 21 'f2i ,uj and u, are cailculaté;i using equations (3.25) a.nd (3.26).

The values of these coefﬁc1cnts for the case shown in Flg 33 are:

iy ‘\3% s 336
f;2=3—2EI;— ‘,e(l )[2e+cl(1-— )) +[e+cl(l )]}+
EA [2L+ (1-&6s3a)] E : o | (5;37).'
cos O . . ‘ . |
® E3EI { et 2L)4(2 ;‘L)[ e+ e L‘)] } - (;5.38)
ﬁll--l-gl;‘[- \\'\\ . o e (3:39)

]

{

Similarly, the influence coefficients are derived for any cable conﬁguratxon and any type of loadmg.

Once the influence coefficients are known, the values of the redundarits are ca]culatcd using -

'equauons (3.34)and (3.39).

: L L
“z*gﬁ%l{ i eL\:&-\cl(L--i'-‘)] -(E+el)(L7.§J§(L+;-‘)} S 4y
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4.0 EXPERIMENTAL PROGRAM
" 41 EXPERIMENTAL PLANNING ‘

. To check the theoretical results, the experimental observations are necessary. As indicated
eax:li'cr, ﬁ1c théory has bccn appliedlto simple span and continuous span QridgeS' so it became.
necessary to test two models and to observe the behaviour of models under post-tcnsxomng

Different typcs%tcnals for models were studied and finally the steel was considered the -
. best for models, because it is the'same material as the prototypc. The sizes of models were so

. - [
rd N *
o, . ] / L -
‘o\‘ ’

sclect*o that it is convenient to test in the laboratory.

- The similitude conditions were apphcd in order to-have relationship bctwcen model and
_ prototype so that the behaviour and responsc of the prototypc could bc predlcted from tests on
modclbcams e o o
In static loading conditions, the following sumhtude condmons should be satlsﬁcd
v a) All corresponding linear dimensions and linear deflections must be in constant ratio.
b) Corrésponding external load's, internal elasti;:-fomes must bc in constant ratio.
These ratios are called lsc;llc factors. By applyi;ig thcsc} scale factors to dimcnsions,;
A propcm'cs and loads of the prototype, the corresponding dimcnéions, properties and loads for the
model are dctcmuncd By the application of the principles of structural mechanics, the conditions of

similitude amdcnvedand they are expressed mathcmatmally in terms of paramcters and scale

| g



factors involved, as given below. The model dimensions are separated from the prototype by

putting-dash on thc letter.
Similitude conditions for :

i) Length ;

wherc, Ki is the scale reduction factor for length.

u) Momcnt of i mcrtJa, ‘ . | }' ‘

1=-K4TZ IR " @ 2)
whcrc, Z is the dimensional shcmg factor mtroduced in order to meet the rcquu'cmcnt of moment of
i) Crosssectional arca._ o o e S .

A= AKZZ ° S ST - . S 4.3)"
1v) Sccnonal modulus, ' 4 o B

L S SK3Z" .‘: ' o T T (4.4)
l v) Depth; ' i '

\ . -

~ 4k | e 4
vi) Deflection ; . | . |
A-Zk | o T C(46)
’ \vﬁ)Sﬁ'ain;'-~ ‘ o T , |
N I _ ‘
e
viii) Concentrated load; . _
L=z | .
P '

¥.

./LKL | o N (20



Wf&iimﬂuwd load ; )
" wewKZ ‘ . @Y
x) Bending moment; - ' . \
M = MK3Z T @io
. . » | - |
4.3 SECTIONAL PROPERTIES

Y

As explained earlier, the similitude conditions were applied to the prototype plate girder. The

\

model beam and the prototype plate girder are shown in Figs. 4.1 and 4.3 respectively. The
" calculations for simple span and continuous span bridge ;icsign is given in Appendix l'.

By applying similitude coﬁdition;. the beam model cross-section is obtaincd as shown in Fig, 4.3

for continuous girder. Similarly, the calculations for application of similitude condmons to

A\

prototype to obtain the model beam is shown in Appcndxx 2,

- ”

Y
. 15.85" .
AN :
-y
, H—6. 992 —F
i L o ).

¢

Fig. 4.1 Simple and Continuous Span Modc.l’Bcam Section.
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Fig. 4.2 Simple Span Prototype Girder Section,

E\‘ AVTRLRARAVARLAAY ALTARRRBRRR RN

-

‘ \ 3/16" . : ' : ‘e
N.A ’ ‘

1/2 " Dia tendon

Y2

, . O - - . - o
A ss—f L
Fig. 43 Continuous Span Prototype Girder Section
W&N.QEW-
_ 'The strains measured in the model beam are related to the actual bridge girder. First of all

Al
-}
-
TAETHTTTILALATLATLRL LR SR LRWRRRARUR RN RN RANR Y

Z)

_bending strains should be separated from the axial strains because of different correction factors to
be applied to individual strain (axial and bending strain) . Fig. 4.4 shows the procedure of |

splitting the axial strain form bending strain.
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=N
-

L
Ebc. ’
. Fig, 44Sphttmg of Bending and Axial Sn'ams | . y '
Fron )hé ﬁgure shown above, o L “ |
c‘_ _ . ' R S o
Ex’ﬂ'ebe +E, ) o - - (4.11)
' o *;Egab- +E,x : | , - : - (4.12)
2 T.% 2 R . . ’ | ‘ .
3 ' -
Solvmg (4.11) and (4.12) yxclds, . S .
| 6= +& B S (R )
S &g o
T N CST)

where, El and 'éz are taken as absolute values mgardless,'of those which are due to cor_rjnpms_s‘iop

' or tension.
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-

)
SomE corrections are to be made because the exact size of the beam, as required by the similitude
conditions is not available. So some distortion of the model exists and corrections are necessary to
be applied. '
B \ ° . ‘ . AW
+ : . [ l l. ' . . :
a) Correction for depth :- The correction for depth is determined by.establishing the relation .

between strain in ideal homologus cross-section and strain‘in actual cross-section of the model as

sl;own in Fig. 4.5.

. .
. '
- gy
-

K

A
1

.4 Fig. 4.5 Cormrection For Depth.

<

k]

Vo -
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34 3
K
L 3
The depth comrection is, ' h .
- - d . *_ . ' ) ,
& +& 'T“" +8,] : T . (4.15)
[} K . , . . .
The cross-section factor is thus the ratio of depth of ideal cross-section depth to actual cross-section
depth.. : ' ‘ o, ~
b) Correction for shift of neutral axis:- The ideal location of neutral axis and actual location of the
neutral is diffc(cm as shown in Fig. 4.6 . . ' . ‘ -
. “ ‘ :

’

Fat

| Cta-
NA T |
?ba - :
L L

I

7 . '

L o} | €ba | -
—— ¥ 1
Ideal Location of N.A. Actual Location of N. A,
Fig. 4.6 Cormrection For Shift of Neutral Axis. -
So correction for actual model-due to the shift of nuetral ixis (n.é.) is, . C
§+6,25,45, N e
T | a | f -
=78, (4.16b) |



& . .
and o , - ‘ ‘
A ~ (416
t'En T ) N e | ) . /
a . . s .

\ ;
c) Coﬁecnon due to moment of i mema The moment of inertia of actual model may not be as the

ideal model SO correction should be apphed and correcuan in this case is I
I , - » .

T | ' - (4.16d)

1

: ‘whcrc, 1, = actual moment of inertia; and I = Calculaicd ideal moment of inertia.

All the corretion factors are evaluated in Appendix 2. '
Combmmg all thc corrections and strain in the model and prototypc should be equal

In the present Model beam , [,= T (Appendix 2), Hence . . - ,

I X - o
Ep—o[Tz:.—]Sl .

(4.17b)
3 ) ' . ‘ : Lo, : .v

The term { Elcia Elé'a] is denoted by Cy.. In equation( 4.17) , ep= strain in proto‘typé plate girder.
. - 2 -

Therefore, bcndin£ stress in prototype plate girder is

S

S f=eE=GE . - - . .. @18)
- : R . " . |
The axial strain correction for protofypc should be made as follows: ‘o
l-\. . '- ‘ o , ‘ o K
R - S (4.19)
‘ D , U



&
iy
RN

// >

where, Aa = actual area of cross-section of model beam; and A= homologous ideal cross-secnonal

area. Therefore, axial stress js predncted with the expmsslon

f='E£pa C B '

) \
o @ .
L .

e

or,
Kl
f=E-x-EY s

(4.20a)

LY

(4.20b)

#

LD
C T ¥ /P X L=15.5'

o

Legend ---~- — Strain Gauge Location
- 18

o . . : N

. T : P

 Fig. 4.7 Straight-Tendon (Gable) Configuration.
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A /(/f

= - - - &=
L = 15.5° —7 - . :
A ) ‘ 1.
" 3 ) n[
Legend — Strain Gauge Location - |
. . ’ ,

t - ~
.

. ' " ' )
Fig. 4.8 Instrumentation for Drapped Cable Configuration. -

s

b)_For continuous span beam:- The instrumentation for continuous beam is shown as follows:
. o o )
e ® 22 D ° FTeo=s
ll ! ‘ ' ’ lf
A —11.75 e 1175 1
. "
o

|
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, -Figs. 4.10to 7‘.17 exhibits the different Qgicws of tested beam in the Structures Laboratory.

A S ‘

X
4
14
4
,
- 1)
4
L]
“
4

. . . ) ' ““ “ - ‘ ’
Fig. 4.11 Pre-suessing Jack in Position.” Co
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The analyﬁcal work has. been checked by experimental observations as described in this

E_——"

chaptcr Thc two tests wcrc pcrformcd one for sunplc span model beam and the othcr for

!
i

t

‘continuous model bcam The details of the tests and tcst results are as follows:

n

-

5.1 SIMPLE SPAN MODEL BEAM : 4
. For simple span model beam two 'tyiics of cable configuration were tested as follows:
-+
mmm_gamg_c_qnﬁgnmm,_ The strmght cablc conﬁguratmn for sunplc Span béam under .

* dead load and live load is shown in Fig. 3.1 and an 5.1, rcspccnvclyg

4

From the .thcory,' the cocfﬁcipnts fi 1D and ujp , for uniformly distributed dead load is as follows:

2 ' . L{ ,‘ ’ ,.\. ~

fuup= lﬁl B En ',<5.1) |
—_ 13. ‘ M . 5.2)
“ip = 178} R -2)

1

"The live load also 4cts on the bridge, so these coefficients simnilarly &re calculated by exact

" integration of the moment diagrams as given below;

+



~ l Q

Wi S
<> Pre-stressed Beam Under Live Load ﬁ

| \

'.522' : — -]

. m,
-
. - .
n
+ C

A

Fig. 5.4 Simple Span Beam with Straight Cables Under Live Load.

4
'

-~
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2 ¥ '

P ‘[c L+ L L ]
w= Ugr TER 'EA,
PlLe .

g

(5.3)

(5:4)

where, P is the resultant of truck load which is positioned on the beam so that the bending moment

R
is maximum. The increment in post-tcnsioninj force due to uniform superimposed load and due to

truck load is cglculated scparatcly and a'wd follows;

For dead load, -
u .
1D
A pDL -
11D
For live loaﬂ,
u
1L
AP = - cosssme
e fiy

The theoretical stresses in the girder are calculated by using the gcnéral formula:

MDL+LL)y .P+AP) (P+AP)ey
e -

-

t

The net values of the stresses are tabulated. comparison of the theoretical results and experimental

'S

(5.5),
( 5_.6 )

5.7

observations for straight tendons and drapped tendons under dead load and live load ( truck load)

are made. The strains recorded on distorted models are changeﬁ to true model strains by applying

. \ g .
corrections. The correction factor for bendirig strain is Y[ d/dja c/c,]Aand correction factor for axial

strain is Y[ A,/A] . These corrections are cip]ained in the previous chapters. The values of the

correction factors are given in Appendix 2.

" The location of various cross-sections under experimental observations are shown in Fig.

. 5.3'and the stresses at respective sections are tabulated following Fig. 5.3.

G

i

N

L
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A - L=15.5j 7‘/ ‘
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1.75'
475'— }
7.75' _y

Fig. 5.2 Locations of Cross sections Under ExpcnmcntaJ<Study

" Table 5.1 Stresses at Cross-section A-A

Stress-at Top (ksi) % Dev- | Stress at Bottom (ksi) % Dev-
Pre-stressing F. . 1ations ) iations
e-stressing Force (kips) Theoretical | Experimental “Theoretical] Experimental

8.362 -3.983 .-4.054 1.78 | +1.460 +1.437 1.58
23.746 -3.613° -3.170 435 | -3.353 -3.450 2.89
39.130 -3.243 -3.156 2.68 | -8.160 -8.270 1.35
54.515 -2.873 -2.780 3.23 | -12.980 | -12.970 0.07
" 69.900 -2.510 - -2.514 0.16 | -12.796 | -16.710 6.10
85.285 -2.133 -2.183 2.54 | -22.593 | -21.763 3.67
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e ‘ .
»
_Table 5.2 Stresses at Cross-section B-B
A
Stress at Top' (ksi) % Dev- | Stress at Boitom (ksi) % Dev-
\ , iations - iations
Pre-siressing Force (IPS) |y eovetical | Experimenta! Theoretical] Experimental

8.362 -8.621 -8.822 2.33 | +6.101 - | +6.070 0.49

23.746 -8.251 -8.142 1.32 ] +1.291 | +1.270 '1.63

39.130 -7.881 -7.868 0.16 | -3.159 -3.500 0.54

, 54.515 -1.513 3,770 3.42 | -8.333 -8.532 239

69.900 7.148 K068 102 | 13052 | -13200 | 036

85.285 -6.771 6567 0.06 | -17.949 | -18.450 2.79

Table 5.3 Stresses at Cross-section C-C
Stress at Top (ksi) %Dev- | Stress at Bottom (ksi) % Dev-
. Pre-stressing F . iations : iations
N s ssmg orce (kips) | Theoretical Experimental Theoretic ] Experimental

8.362 -11.181 -11.710 4.79 | +8.655 | +8.905 2.89

23.746 -10.800 -11.210 3.80 | +3.835 |. +3.915 2.09

. 39.130 -10.431 -10.910 459 | -0.975 0915 6.1

. 54.515 | -10.060 10360 | 298 | -5.785 5375 7.08

\ 69.900 .1 -9.700 -10.01¢¥ 3.21 | -10.605 | -10.095 4.81

~ 85.285 . -9.320 _-9.356 039 | -15405 | -15.565. | 1.04
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The cables are drapped as shown in i’ig. 3.2 and Fig. 5.3 . The pulleys werle pmvided‘ to
eliminate the friction at the point of drap. The incrcxﬁcnt of pre-stressing force for drapped cable
configuratic;n under dead load and live load is calculated as follows:

Y ) ' . | M
fu, ‘ ‘ . -

'where for dead load and live load, — _

Zae, (¢ -¢)+¢(3L-4a) L

3
fup= i = 3E 7Y E A [L+ s—{1-cosa} ](5.9])
cos O \
- For dead load,
up = 12El {c[L -2 (2L a)l)- ae (2L-a)} (5.10)
R )
For live load, . ) L
u, = 6El [= 12.c a(c+e )] . (5.11).
(— > ' . .
For dead load, the increment of pre-stressing force is;
- " N ' : .
=10 —
APu_.- - y - (5.12)
i ¢
Similarly, for live load, the increment of pre-stressing force is;
Uy | Ty -
X e———— — .1
i fiw : Yo 19

The exp"en'memal @bscwaﬁons were taken at different sections of the model beam and the results
were combared with the theoretical stresses on the prototype plate girder. The cross-section under

study are shown in Fig. 5.4:

;«
s
wrt. -
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2

nB

P % .
. + '
. /
Fig. 5.3 Simple Span beam with Drapped Cables under Live Load. '
' ‘.

et .
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Table 5.4 Stresses at Section B-B .

% Dcv;

o -Stress at Top (ksi) % Dev- | Stress at Bottom (ksi)
‘ ine F . : iations iations
Pre-stressing (kips) Theoretical | Experimental Theoretical] Experimental

8.223 862 -9.06 5.10] +6.16 | +5.70 7.46

23.607 -8.25 -8.85 127 +134 | +0.94 29.90

38.992 -7.88 271 216] -347 | 435 | 2530

v 54377 152 707 so8 -828 | -9m 17.99

69.762 715 -7.02 181] -13.10 | -15.60 19.08

85.146 1 .68 -6.52 383] 1791 | -21.20 18.37

‘ i
~- o
. - /
Table 5.5 Strcsse§ at Section .C-C .
. Stress at Tob (ksi) % Dev- Strc:ss at Bottom (ksi) % Dev-
Pre-stressing Force (ki 1ations . iations
e-siressing Force () | ryeorctical | Experimenal] - | Theoretica Experimenta

8223 KTRY] 10.84 308 | 4872 | 4894 © | 252

23.607 -10.82 -10.92 092 | +391 +3.95 0.90

© 38.992 -10.45 -10.97 497 | 09 -0.89 .1.10

! §4.377 -10.08 -10.09 0.10 | -571 -5.39 5.50
69.762 9.71 -9.89 1.65 | -1054 | -9.75 7.49 -
85.146 4 9.34 977 | 460 [ -1534 | -16.18 548 .

el ‘
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Referring to Table 5.4, it can be understood that the experimental stresses at bottom for
section-B-B are 15 pérccnt more than expected. This is due to local action of concentrated force

acting at pt_)it{t of drap as shown in i:ig. 5.5 . The area of distribution of concentrated stress at

" pulley point was small and this resulted in local stresges. However, the local effect has been noted

at the top flange but it is negligible, because the stress produced by the vertical component of
pre-stressing force was distributc"d to the web by the welds of the stiffner. =

"The problem of stress distribution in beam at the pulley is of great practical interest. It was

* shown theoretically before that the local stresses exist near the point of application of concentrated

load. In this very case, the application of various forces are.shown in Fig. 5.5 . v

The theoretical formula for stresses in the x,y directions are given below [5] as,

- ) R '2
- y- Loy X \
0,5 —[ (1-p75 - (1+p) —1= o (5.14)
4mt X +y ’2"‘+.y2. . ,
2
] Q ‘ ‘y . D 2x,y - . . ":
O, === [ (3+4p) 5= - (14+p)———1 S (519)
Yoam o xz«+y2 ()%+y? )‘2 ‘ : B
and,
Q N ' 2xy2 'z
Ty = | R g g (5.16)
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The coordinates x and y give the position of concentrated load. As discussed earlier, the

. deviations of su-gsécs at pulley points dre 15 percent more than expected. If the theoretical valies®

are increased by the local stress valucs—as given by the sets ot: equations (5.14 to 5.16), it.can be ~
- seen that the stresses are close to'the experimental stresses. The stresses after applying correction
. . e -

~ are tabulated in Table 5.6 as follows : ' o ..

\ ¢ [4

“Table 5.6 Stresses at Section B-B after taking the-Local affect

. Stress at Top (ksi) % Dev- | Stress at Bottom (ksi) | %Dev- | -
Pre-stressing F ips 1ations iations
suessing FOrce (P9 | Thecretical | Experimenta Theoretical| Experimental
' ) , L .
- 8223 8.62 -9.06 5.10°| +5967 | +5.70 | 447
23.607 -8.25 885 |- 727|.+0900 | +094 | 430
.. 38.992 7.8 271 216 | 4437 | 435 | 1.9 !
7 54.377 .52 -7.07 598 | -9.634 9.77 141
69.762 7,15 .02 1.81 | -14840' | -1560 | 512 |
85.146 ° 6.78 -6.52 383 | 20037 | 2120 | 580
é ¢ /

-

The post-tensioned continuous beam under various loading is shown as in Figs. 3.3, 5.6
T

and 5.7 . The analysis is similar as for the simple span beam, with“ the diffcrcnycef m?t the
‘redundants in the contin\u'ous t:xam are more, which are found by the following simultaneous K
| equations . " ) : : o ) :
x! fll, + X, 1"12 = -y, ;' ) . ’ . T (5‘}.7)

s

xfy, + x, 1, = ‘ . - (518) )

o
witagd
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? ’
The values of {11, f12» f21, and f22 are calculiicd according to the scheme of prc-stressiné
For dead load, as shown in Flg 3.3, the values of the coefficients are T .
21

A . a 7(5.1@
L L,
2L Lz, 2,

f [e(l---l){2c+el(l-—)}¥{e+e(1

‘2 “3Er N2
L] “3 N Py
Y [2L+ 3 (l-cosx)] . s ‘ ‘ ‘ . (5.20)
cc . €0S O ' _ ' :
- L Ll' L L .
fo=fy =g {e(1-5 )+(2 j“.’f‘t‘!"z‘x.]} ) (5.21)
- qiz | ) ‘, g . Yy - ,
Up= lZEl - | ) | ‘ N (5.22)
o UL o= - —6HL{i[eL+c(L -—)] (¢, +c)(l-—- )(l+- )} T (5.23)

[ + ®

»

For the truck load for continuous beam, the values for f; 1, £33, |2 and f5 ) are same as for -

uniform]y distribyted load, the values for vy and upp are changed and are given as, ,

-

mg-% #_n-' | SR (5.24)
u, = 24131[3(2”«:)1.(e+<:)1.] - ©t(5.25)

The total increment of pre-stressing force should be taken by adding the cffcct of Supcrimp?sed

dead load and live load. The beam is tcstcd for maximum ncgauvc momcnt at the central support. ‘

The different moment diagrams are shown in Fig. 5.6 and Fig. 5.7 for truck load posmomng for

maximum positive and negative moment mspecuvcly

b © bl

14
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Prr-s&css;d Beam Under Live Load
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Fig.5.7. Continuous Pre-stressed Beam under Live Load for Maximum Negative Moment. .
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. The theoretical values for all the coefficients are calculated . The values of x; and x; are then
calcualted by solving simultancous equations (5.22) and (5.23). The redundant dc’nbu:s the

. N \ .
intermediate moment at support and x3 denotes the increment of pre-stressing force in the tendon.

. ~ ‘
The stresses are similarly calculated using the following basic eguation, .
f,=iM(DL;~LL)Y ) (P+AAP) i(P+AlP)ey | . (5.26)

The theoretical and experimental values at different sections as shown in an 5.11 have been

corhpared.
o

R
SR — ® Ttititm
~— - & - 5
/ll' 1175’ /l" 11.75'———ﬁ{/

. Agq B g c/ |
|
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¢ 483 *

8.83" )l,

1.75'———f—7(

Fig. 5.8 [Location of Cross-sections On The Model Under Study -
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The stresses at section AA ,BB and CC are shown in the Tables 5.7, 5.8 arid 5.9 as féllows:

Table 5.7 Stresses at Section A - A

-

~

Stress at Top (ksi) %Dev- | Stress at Boitom (ksi) | % Dev-
stressing F. : iations iations
Pre-siressing, Force (dps) | oy oretical - ;ijggimcntal | Theoretical Experimenta
18.597 710236 | -10.025 | 108 | +6.362 | +6250 | 1.76
35.263 9696 | -9.120 {594 | +2350 | +2380 | 1.28
51.930 9151 - | 8880 | 296 | -1.661 | -1.800 | 8.36
68.596 8617 | 8850 |270 | -56713 | 5550 | 217
. A "
I \
Table 5.8 Stresses at SectionB-B. .
.| Stress'at Top (ksi) % Dev- | Stress at Bottom (ksi) | % Dev-
Pre- u_c : F : 1ations lal.lons
stressing Force (69S) | rheoretical | Experimenta Theoretical| Experimenta
18.597 +0.602 . |-+0.625 797 | 4476 | 5640 | 2601
35.263 +1142° | +1250 | 946 | -8489 | -10286 | 21.18
51.930 +1681 | +1799  |7.02 | -12499 | -1505 | 2085
68.596 +2221 | +2354 | 599 | -16511 | -20550- | 18.99
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LY

Table 5.9, Stresses at Section B - B Taking The Effect of Local Su;csscé.

% Dev-

. Stress at Top (ksi) 2! Stress at Bottom (ksi) % Dev-
Pre-stressing F . — iations , iations
swessing Force (ips) | 1 - ceat | Experimental] - | Theoretica Experimenl
18.599 +0.602 +0.625 197 -6.001 -5.640 6.02
35.263 +1.142 +1.250 946 | -11.380 | -10.286 9.61
51.930 +1.681 +1.799 702 | -16.759 | -15.105 9.87
68.596 +2.221 +2.354 599 | -22.138 | -20.550 172
Table 5.10 Stresses at SectionC-C. -
_ Stress at Bottom (ksi) | % Dev- | Stress at Top (ksi) % Dev-
. ine F . = iations iations
Pre-suressing Force (klpsgr -Theoretical | Experimental Theon:ticall Experimental ~
18.597 -12.940 -13.000 046 | +8.952 +8.950 0.02
35.263 -12.401 .=11.990 331 | +4.941 +4.925 0.32
51.930 -11.860 -11.550 2.61 | +0.930 +0.935 0.54
68.596 - -11.320 -10.750 5.04 -3.080 -3.180 3.25




' 60

The percentage gain in strength for simple-span and continuous span beam,

is Shbwn as follows;
5.3.1 Simple Span with Straight Cables
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(DL + LL + PR) Stess Diagram
Fig.5.9 Percntage Gain In Strength For Simple Span With Straight Cables
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Fig.5.10 Percentage Gain In Strength For Simple Span With Drapped Cables
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‘ CHAPTER6
CONCLUSIONS AND RECOMMENDATIONS
After analytical and experimental invcstigatidns of the problem it is concluded that plate
_ girder bridges can be strengthened up to 10 to 14 percent of the allowble capacity. The gain i
strength depends upon the position of the cables with respect t(; kem of the section. The plétc
girder bridges can strengthened more by increasing the eccentricity. The other conclusions for each O -
test beam are as follows;
6.1 SIMPLE SPAN BEAM
s 1.1 Straight Cable Confi . | -
a) The cable need not be taken to the end of the b'cz{m ( fig. 6.1 ). The cable length dcpcndé upon

¢

the type of loading.

.

b) If the cables are to be taken to the end, the following configurations as Shown in Fi‘g. 6.2 s;hould

be used.

L
A — L.

_ t - —+
JAN ~ o
. 1~

‘ Lc 1
- L - i

A=
. . 7l .

Fig. 6.2 Provision of Two Cables-for Simple Span Beams.
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¢) Straight cables give maximum pre-stressing ificremient force under applied load.

d) The straight cables are recommended for use in the strengthening of existing bridges.

. L] >
,

D{appcd cable conﬁgu{athibn_ as shown, follows the bending moment diagram for dead load

percent meaning that'the pre-stressing force requirement is more in drapped cable conﬁguranon

b) The bendmg moment due to the pre-stressing force does not follow the s samc cor_lﬁguraﬁon as

required. It follows somewhat the shape shoiim in Fig. 6.3.
1

o f

'
; .
- ' ! : ‘_/-;. .
pr—
. e ’ l,l

- ‘ .. cLower Flange Strcss Diagram

Fig. 6.3 Lower Flange Stress Diagnim for Drapped Cable Configuration.
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- The stresses at point o‘f pulley axle are about 15 percent more than expected. This is’,duc to
Tocal apﬁon as explained below. It is recommended that if .dra‘ppcd cable shape is to be used, then
the pu'llcy or saddle should have enough surface area so that it can distribute the fqrccé cvcniy.

In addition, so that it does not produce great local forces as in case of'ﬁullcys, However, the local
effect has been noted to be less at the top than at the bottom because the stiffeners were welded to

the web apd the stresses are transferred to the beam.

6.2 CONTINUOUS BEAM

a) The increment of pre-stressing force is more than that for the simple span beam meaning that
. ' : 6

the less.pre-stressing force is required.

b) The losses due to friction are more at angles of bent. More pre-stressing force is r,équircd to

overcome the frictional losses. However, wax and steel strips were provided to minimize the

friction loss as shown in Fig. 6.4

S
P



R 4

c) The cable arrangement shown in‘l‘-‘ig. 6.5 has been recommemded for cdntinuoqs beam. =

d) The releive of compressive stresses at central support are less as comparéd to the relieve of

tensile stresses. High pre-stress forces are required to strengthen the section at the central support.

.

—h

Fig. 6.5 Rcéommcndcd Cable Configurfition fior Continuous Beam.

63 RECOMMENDED STRENGTHENING PROCEDURE

a) Calculate dead load and live load stresses.

|
o
+

“«,

;-

b) Find the equivalent approxlmate pre-strcssmg required to rchcvc thc rcquxred stress by the

- followmg formular.

B,=

c) Calculate the increment of AP for the applied loads.

d) Check the stresses in the strengthened girder by the following equation:

MDL + LL)y (P+AP)

f= + -

[y

OTaB

\
{

) (P+AP)§y |

1

|

(6.1)

6.2)
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pe L APPEND]X 1 :
DESIG\I OF PROTOTYPE GIRBER (SIMPLE AND CON'I'INUOUS SPANS)

SUnple span bridge 60 ft span, with two lanes was desxgned accordmg to American Standard.
Specxﬁcauons for Bridges. The design cntena followed was that of. supenmposmg all the stregses
due to different loads actmg on the bridge and then ,chcckmg the total strcsscs according to
specifications. A concrete deck in conjunctxon thh a platc gxrdxr was dcsxgned.

-The prototypc gxrdcr in elevation and cross-sccnon is shown in ngs Al and A2 -

(' respectively.
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Fig. A2 Sectional View of Prototype Girder ('Simple Span) !
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The two span continuous bridéé 60 ft each, was designed for maximum negative moment at
the central support. The s:‘&csscs were checked according to specifications. The prototype girder in
. elevation and cross-sectio is shown in‘Figs.A3 and A4.
o | q K/ft \ 4 :
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. Fig. A3 Elevation of Prototype Girder ( Continuous Span)
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Fig. A4 Sectional View of Prototype. Girder ( Continuous Span) )
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” . APPENDIX 2 '
CORRECTIONS FOR BENDING AND STRAINS

— The similitude conditions were ?pplicd to prototype girder in order to get the model beam.
The sfaiucs of diffcrcntféduéﬁon factors are as follows:

K=3.75;Z2=0.287. - *
By applying these reduction factors, the dimensions of the model beams were determined. The
different corrections were applied io the measured strain on,the model beam since it was difficult to
obtain the exact section in the market. The followin g‘cqn'ections should be applied in order to meet
the requirexﬁcnts of model beam used for the tests;
a) Correction for Bending Strain:

i) Correction for depth =drd, - e

where, d = ideal depth of the beam ; and d,= actual depth of the beam. -

Putting the values gives the correction for depth =0.91. o

ii) Correction for Shift of Neutral Axis = C/C,

‘ where, Ca = actual position of the neutral axis; and € = ideal position of the neutral axis.

L4

Putting the values gives the correction for the shift in neutral axis =0.91.
'« The correction, factor C = 0.826 and the loading slicing factor Y is 161 -
b) Qonwﬁon for Axial Strain: S J

Ly

\
i) Correction for axial strain = A,/A | \ _ ) |
'

thrc, Aa = actual cross-sectional area of beam ; and A = ideal cross-sectional area of béaimn.

\ ‘ ' ‘
Putting the values gives the correction for axial strain of 10.6/11.15 =0.95.

L]
-

-



452 A

<
’t’”*

72

h \ For contmuous beam the values for dxﬂ‘crcnt reduction factors are: |
K= SOandZ 0.091. ’ ~
" By applying the reduction factors, the model beam dimensions were dctcrmmed. Correctxons
should be apphed to thc measured strain as explained earlier. In this case, the various corrections
are; . ’
#) Correction for Bending Suﬁn:
i) Correction for depth =d/d,
Putting the values gives the correction for‘dcpth of 0.91.,
ii) Correction for shift in neutral axis = C/C,

Thismalue is obtamcd as O 91.

) Correction for Axial Stram .

{) Correction for axial strain =K;IK o ‘ -
Putting the values gives the correction for axial strain of 10.6/ 12.66 =0.837
. , )
Correction factor for continuous beam = 0.837.

/&. - The load slicing factor is Y=1319

s e ma




