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of com9051te brldges by the more reliable orthotroplc plate-

S .
theory- The deflectlon of the compos;te brldge is assumed

lng dlfferentlal equation of equlllbrlum, The arbitrary

v

‘e nétants in the deflection gunction'a:e Chosenrtp'satiefy:

the\apprbpriate_bouhdaty céhditions. An available ‘computer
prOgram for eolving otthotropic platee or bridges,sﬁbjected

to lateral loads is modified to compute the straln and

'deflection*of contlnuouS'comPOSLte brldges. An experlmental

 study is' carried.-out on tWO contlnuous two span comp051te

brldge models to obtaln a better understandlng of the
behaviour of laterally loaded composite brldges. In thlS
investigation, a solution for the elimination of indesirable

transverse cracks in the negative moment region (over the

intermediate sﬁpport) is obtained. Theoretical expressions

for determining the flexural and torsional rigidities of

uneracked-sections are establiehed. .The effect of the

-presence of diaphragms on thHe transverse distribution of the

load is examined. .The deflectio&s, longitudinal and trans-

L

-fn-the form of a Fourler series S0 as. to satlsfy the govern~

~ -

verse moments at the middle of the span and the longitudinal

moment at the intermediate support obtained from tests, are

found to be in satisfactory agreement with the theoretical
results. Furthermore, theoretical comparative studies are
carried out on four different aspect ratips ef'prototype‘
contihuous composite bridges according to the proposed

”

iv -
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' CHAPTER I

INTRODUCTION ~ ~ . -

1.1 General : :

'- A typlcal compos1te slab—glrder hlghway brldge
structure consists of three major structural elements,
- namely, a relnforced concrete slab constructed over steel
‘glrd%rs whlch are 1nterconnected w1th lateral dlaphragms
spaced at 1ntervals along ‘the . span. The transverse steel

dlaphragms are usually rlgldly connected between all

mx-""

girders at a given locatlon, so that the diag ragms and

~

;girdersform”a grid work. The concrete deck is attached to

-

the top flange of the steel girders w1th meéhanlcal shear
connectors, which are assumed to ellmlnate relative move—
ment between the glrders and- slab Due to varlatlons 1n

the longltudlnal and transverse rlgldltles, the nrldge
behaves like an- orthotroplc plate. Thus, it is essential to

Use an exact analytical solution in order to predict

accurately the behaviogf of such copstruction.

-

1.2 Objective

The overall objectives of this investigation are as
follows: ’ |

1) Elimiﬁate the undesirable transverse cracking
of the deck 1n the ‘negative moment region (slab in tension)
in the v1c1n1ty of the lntermedlate support of a contlnuous
brldge,

2) Develop theoretical expressions for determining

flexural and torsional rigidities for the uncracked section



ot
U

of: the compos;te brldge, and verlfy the theoretlcal analysrs

by meens of experlmental results,lﬁ o " - *'r_ -

"3) To determlne the dlstrlbutlons for q;flectlon,
longltudlnal and transverse moment for each longltudlnal ’
glrder at . the mid span sectlon as well as at the lntermedlate
support sectlon of a composrte brldge subjected to a concen- !
trated lateral load. - L T
1537 §éé2§

| Mathematrcal formulatron of the problem usrng a -

Fourler series for lateral forces is derlved. The test of

a structural composrte bridge, one—elghth scale rn the

Y. horlzontal dlrectlon and one-fourth scale rn'the verticai

~

dlrectlon, "dlrect" model can . srmulate the behavrour of the :
prﬁ%otype both before and after transverse cracklng at the
1ntermed1ate support. “Analysis and dlscuss;on,of the .
theoretical and experimental results from the two bridges
are presented in this work.

-The experimental work comprised of the construction
and.testing of two bridge models: ‘ ' . .

(I) The first bridge was two-span continuous

. ! . '
structure, each span consistinig of five steel I-beams

connected. to ffre diaphragms. This-bridge model was de-

signed accordlng to the Ontario Hrghway Bridge Design Code,

(18), and was sub]ected to a concentrated lateral load;
(II) The second bridge, with the same dimensions

as the flrst bridge but with a portlon of the concrete deck

at the 1ntermed1ate support prestressed.

e

b
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' HISTORICAILS REVIEW.

,"ﬁﬁ_z.l Review of Literature -_‘- .

Comp051te steel and concrete beams for brldges have
- 4

f‘been used exten51vely in Canada and the Unlted States for a
enumber of years. The popularlty of composite brldge con-
.structlon led'%o the adoptlon in 1944 of general spec1f1ca—A’

.tions governlng thls type of construction. Exten51ve s

research leadlng to practlcal desmgn rules for shear
connectors lntroductlon of stud shear connectors resulted'
1n the w1despread use of compos1te de51gn in bridges by the
Comp051te de51gn for brldges in Canada and - the Unlted
States has been limited prlmarlly to 51mple spans or the

p051t1ve moment (slab ln compre351on) reglons of contlnuous

.spans. In 1953, Sies and Viest, {22), discussed the_negative'

moment regions of continuous composite beam bridges in some
detail. This discussion was based on the static behaviou;
of two composite bridge models (22). These models differed
in that one had shear connecfors throughout the beam while
the second had shear connectors in the positive moment
regions only. From these studies it was concluded that:

1) 1In the negative moment regiocns, only the slab
reinforcement can act compositely with the steel beams;

2) inigridges with shear connectors throughout the
beam, the slab reinforcement was fully effective; with

connectors omitted from the negative moment region, the slab



A was only.pértiy effective;;,w'””wrr ’

3) the actlon of both of these contlnuous composite
brr#ées was about the same 51nce the dlstrlbutlon of stralns
- and of moments 1n.both posrtlve_and negatlve moment reg;ons‘
were ‘nearly the same. R T N ‘7 -

In 1958, Vlest, Fount’in, and Sless, (27, were’able
to conclude, based on th above studles, that the use of an
elastlc analy51s in comblnatlon wlth the usual load dlstrlbu—
tion factors is justlfled, w1th‘no spec1al prov1srons needed
for the de51gn of c0nt1nuous composmte brldges. In 1965 N
(23), Slutter and Drlscoll found that in the p051t1vexmoment

a

reglon, the concrete contrlbuted to the ultimate’ moment of
the cross section;. in the negatlve moment reglon:‘only the
steel beam plus the relnforcement was effectlve.l In 1962,
Iwamoto, (13), suggested that only the steel beam be con-
sidered effective .over the negative moment regions, and
'suggested.ekpansion joints in the elab to controi cracking.
In Japan, at that time (1962), eleven continuons composite-
girder bridges nad been constructed since 1958. In each 1
bridge, the concrete slab in the negative moment region had
been pre-compressed by prestressing w1th steel wires. In
1964 Tachlbana, Kondo, and Ito, (25}, dlscussed the behav10ur
oﬁ contlnuous composate beams prestressed with wire cables.

5 =

The studies reported by Barnard, and Johnson, (3), investi-
gated the behaviour of longitudinal reinforcements over the
supports. Continuous comp051te d lgn with discontinuous

shear connection in the negative moment region was permitted

Y
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by the 1969 AASHovbridge:épecificatione proVided that a&didr
’;tlonal connectoi; are" placed in the v1c1n1ty of the dead -
-load inflection polnts to prevent overstreSSLng of the shear
connectors in the p051t1ve moment reglons. In 1967,

->report (6) proposed that connectors should be prov1ded (/
throughout the length of the contlnuous Beam, this ‘was con-
sidered necessary.ﬁgcause in the negatlve momeht-reglons of_,
pompositejbeaﬁs with continoous longitudinal reinforcementr
the ekisting_tensile forces mustvbeﬂcar:ied by connectots'
.aiong'the beam length. It was suggested that_connecto;;\
7infthetﬁegative.moment region were also required in order -to:
maintain flexural cohfofmancelano'to prevenf the sudden
“ttansition f;om compoeite to a hon-composite section. In’
_adaition, these Connectors wou}ditend”to‘mihimize the large
’dif%erentials'in slip deformatioh;h ‘ '

» ‘ in 1972, Fisher,,Dan;els, and Slutter,-(7), confirmed
thé/oesirabilit; of increasing the amoqnt of iongitqoinai
reinforcing steel in the slab over the negative moment region
to at least 1% of the cross- sectlon atea of the concrete. It

was desirable for most of this reinforcement to be placed
near, the tob surface of the slab. It was suggested that this
assisted with oontrolling cracking at the negative moment

. N . : - ,

region.

- The study of theory of plates goes back to the French

mathematician, Sophie G&rmain (iBLS), who obtained a differ- .

ential equation for the vibration of plates; but she

neglected the work done by warping of the middle surface.
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The first corrected_differential‘equation for ‘the free ;

e

o v1bratlon of plates was uSed by Lagrange by . addlng the
' mlss1ng term in Soohle 's eguéélon. ThlS work Whlch was
.Vlmproved by researchers such as NaV1er Porsson, and Kirchoff,
. is con51dered to be the basis for the clas31cal thln plate
theory in 1956, Hufflngton (11) 1nvest1gated theoretlcally .'-
- and experlmentally the method for the-determlnatlon of -
rlgldltles for metalllc rlb—relnforced deck structures.
Methods of analys1ng rectangular and skew deck plates with
V-srmple boundary condltlons have been recently 1nvest1gated
by Kennedy (15 16). In 1968 Jackson, (14) proposed a method;
to estimate the‘tor51onal rigidities of concrete brldge '
deoks,’uslng the membrane analogy and the estlmatlon of the
~ junctlon effect Mathematlcal analysis of grid systems w1th
partlcular regard to brldge type was glven by Bares and

Massonnet (2) and Rowe (21) together with practical applica-~

tions. ‘ oo ' ' [
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3.1 General Concept"

’

In a compos1te bridge, the grid elements may be either‘
reinforcef;or prestressed concrete beams or steel girders.

" The design of a ComPOSlte bridge conSisting of a reinforced

~ -

concrete slab acting as a part of~ the upper’ flange of" the
longitudinal steel beams usually assumes that the entire

system acts as a monolithic unit_because\the reSistance to\

shear_between»theislab.and the beams‘is"protided'by shear X'

. connectors. The effect of the compOSite action may be b

. }
adequately included in the computation of the beam moment lé

|
\

the - bridge deck is treated as an orthotropic plate with-
eccentric stiffeners, that is, a plate is stiffened cnly at-
the bottom by‘longitudinal and transveISe members‘that-are

mutually perpendicular and may have different properties in .
each direction. In dealing herein with orthotropic concrete
deck, it is assumed that orthotropy.is a result of geometry

and not of material, see Figure 3.l'and Figure 3.2.

3.2 Theoretical Background

Several methods have been developed to analyse such
systems‘consideringlthe deck either as a gridworhfor_as an
orthotropic plate, both approaches being permissible ideali-
sationsrof the actual system. However, an analysis based'on
either assumption is only an approximation and not an exact

solution. Both are based generally on Huber's theory of

anisotropic plates with certain meodifications.



- tIOplC plate theory depends completely on defining the o

Doww ° s

Of the-two possrble approaches, the orthotroplc plate

o~

concept is essentlally srmpler and possesses 1mportant

practlcal advantages. The 1mportant feature in treatlngrthe

r_deck system as an orthotroplc plate is that the torsronal

rlgldlty of the system can be readlly 1ncluded.~ In thlS, 1tﬂ

"is assumed that "the rlgldltles of both the longltudlonal

glrders and“dlaphragms are unlformly dlstrlbuted throughout

the deck in the dlrectlons perpendlcular to the respectlve

b

-

members. Thus the actual dlscontlnuous structure of the
bridge is represented by an ldealrzed substitute orthotroplc

plate of uniform thickness reflectlng the characterlstlc :
. . \

properties of the actual system.' The success of the ortho—

\ -

!

\

equlvalent orthotroplc plate. Slnce the orthotroplc platﬁ
assumes a. contlnuous medium, the load can be applled at any

pornt to yleld a true contlnuous influence’ surface over the

‘ entire deckbarea. The soluﬂ;on therefore is valld for any

locad position:

3.3 Assumptions ‘
The analytlcal approach +o the problem of the or%ho-ﬁ
tropic plate has to be based on some simplifying assumpt&onst
related tc the forh and material of the plate and to the
state of strain induced by the external loading. The
assumptions for orthotropic plates are based on the same .
assumptions used in the analysis of isotropic plates, and

they are as follows:

a) The materials of the. plate are elastic, i.e.,



 the stress straln relatlonshlprls given by Hooke' s law,
'~»b). The materlal of the plate lS con51dered to be
homogeneous, by transformlng the steel glrder (area) 1nto
‘an. equrvalent area of: concrete, S o
) fc): The plate thlckness is uniform and small com-
‘pared Wlth lateral dimensions of the. plate. Thus»the
shearlng and normal stresses on the plane\of symmetry are
small enough to be neglected- 7
d) The deflectrons of the-plate are small Ain com-
'parlson‘wrth 1ts thlckness, and ‘are such that there lS no
.normal straln on planes tangent to the mlddle ‘plane; \é{
e), Stralght llnes noimal £o the mlddle plane of the
. plate remain -straight and normal to- the mrddle plane of the
plate after bendlng o L R )
However,.theoretlcal.1nvest1gatlons.and experlmental
data indicate that the orthctroplc plate theory is appllcable
'to structurally orthotropec plates under ‘“the, followrng

& EOVlSlonS :

a) Flexural_and tmisting_rigidities do not depend on.
the boundary conditions of the plate or on the dlstribution
of the lateral load--

. .bj. A perfect lnteractlon exlsts between plate and
Kstiffeners.

3.4 Goverming Differential Equation For Lateral Load
It is aSSumed\that‘the material'of the plate has three
planes of symmetry w1th respect*to its elastlc propertles.

Taking these planes as the coordlnate planes, the relatlons

CE

a
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M# -=;;(Dx_ﬁ'#x + D; W;éy)‘ . .
M = ffny iy * Dy W) (3.i)
Mxy =DXY W'xy .

wheré,  D ,ED ;’ fiexural'rigidities of the p;ate.per

' uniﬁ.width-in,g éhd Y di;ectiché,
respéctively;
L'Dl’ Dé "é coﬁpling rigiditiés,-measuring-t#e

| contxibuﬁiﬁﬁ of bénaing to to;sionéi_'

;igidities of the piéte;

:ny, Dyx .% Ffbrs%ohal ;igi@i;ies pf tﬁg slgb only,
neglectimg=the éﬁﬁect of the steel
‘girdé#s. | |

" According tb Timoshenko'(ZG), the general diffgrential

equation‘of»equilibrium is:

~

+ M = —q(x,V) - (3.2)

2 :
Mx’xx YYY MerxY
Substituting expressions.(3.l)iinto équation (3.2}, the

follbwing fourth order differential equation governing the

) deflection of the orthotropic plate is obtained in rectangular

where, H= (D

coordinates:

YyYYy

Déw + 2% W, + D W, = q(x,y) | (3.3)

" xxxx XYY Y.

f

Dy + Dy, + Dyxj/z

1
and known as the efifective torsional rigidity of the plate

andfcharacterizeslt e resistance of the plate element to

.



twisting.: The'rigidities'b -;nd.Dy expresééd iﬁ terms.éf :
1b.in /1n. characterlze the resistance to flexure of a plate
-strlp hav1ng unlt w1dths in the b4 and Y. dlrectlons. The . -
‘_to:51onal rlg;dltg ny of the plate ig deflned as the reci-
prqcal.vaihe of 'the angle of twist of-a plate element thh\;‘ 7
the side lengths dy =4, = ;’unde§ thelacﬁion of a twisﬁingi*F f?

-mdment M =. =M = 1.

3.5 . Relation of Stress and Strain For Bending Action -

‘According to Timoshénko.lzs), solving 3.1 and 3.3 to
" find W,XX and W,yf_ahd“substituting thesé two terms in the
following formulae relating strain to curvature,

g T Wy

N

= -z W, 3.4
€y Z Wigy ( .)
s ¥';2z W,
Txy ' xy
Or, in terms of the rigidities and moments:
€x . = Z(Mny - M.yDl)/(DXDy - DlDz)
e, = z(MD - M.D,)/(DD = DD,) . (3.5)
. = 2Z M D
Yy xy’ Dxy

where, z is the depth of the neutral axis from the top

fibre.

3.6 Elastic Properties of the Continuous Cémposite Bridge
Medel
Since the thickness of the slab is constant and the

slab material is continuous, as éssumed before, the different
‘- ‘ ' {
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elastic propertieS*in two p:incipal_directions must be due to

"different moments of inertia per unit width of theieiab. The

'noduli of elasticity in twe:pefpendioular-directions are

| = .= l . ) ; i 1 ‘o (u = =
equal (Ex _Ey . E)‘as ye;l as Po;sson s ratio (uxA uy u) .
AS mentioned eailier, ‘the condition of orthotropy for the

brldges treated hereln, is mainly due to geometry.' The pro- :

'blem.ls idealized by assumlng that the. brldge is model of aS:T

homogeneous materlal w1th dlfferent elastic propertles in two

‘mutually perpendlcular dlrectlons.

~In addition to the baSlC assumptlons in der1v1ng the
governing dlfferentlal equatlon for an orthotroplc plate, the

followmng assumptions are made with respect to com9051te

brldge constructlon.

l)‘ The area of the flange plate is magnlfled by the

factor l/(l—u ) due to the effect of Poisson' s ratio u;

2) The number of shear connectors is sufficient to
ensure that the slab is connected rigidly-to the main girder,
i.e., 100% interaction is assumed;

3) The diaphregms are connected to the main girders
rigidly; ‘

4) The number of girders and diaphragms is enough
for the real structure to be replaced by idealized one with
continuous properties;

5} . The neutral plane in each of the two ortnogonal
directions coincides with the centre of gravity of the total
section in'the corresponding difection:

6) As a result of assumptions (2,3}, it is assumed

N
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‘kthat the ‘slab and the dlaphragms in the transverse dlrectlon
are worklng together as one sectlon ‘although there 1s a'
clearance ‘of one lnch 1n—between, thlS assumptlon rs checked
'by experimental results. |
- Whlle there is no dlfflculty in determlnlng the' 7 .
‘flexﬁral rlgldltleerx and DY of the composrte brldge models,
there is one in finding an accurate estimate for the torsional
P
rigidities. A method for the determlnatlon of Ilgldltles was
‘suggested ‘by Hufflngton and others (ll 14) for the restrlcted
case of equally. spaced stlffeners of rectangular cross-section
disposed symmetrically w1th respect to its middle plane.

. Various methods of estimating the ‘load dlstrlbutlon in con=-

crete briﬁge deck (19,21) have been proposed to date.

L4

3.7 “Rigidities of Uncracked Sections

3.7.1 Flexural Rigidities

The neutral planes for bending in each of the two co-
ordinaterdirections are assumed at the center of gravity of
the total section. This is an approximation cnly, since it
can be shown that the location of the neutral surface is a
function of the deflection as well as geometry of the section;
however, for most practical problems of this kind, the
approkimation.is very close. Io_the determination of Dyeand
Dx' one may assume.tAat the neutral planes for the bending
stresses are parallel to the middle  plane of the plate and
located at distances ey and e, respectively,lfrom the top

fibre. These distances are determined from the condition

that the resultant force on a repeating cross-section must



-

zero. Baséd on the assumptlons made before, the orthotroplc -
.flexurai rlgldltles DY and D s 28 well as the coupllng
rlgldltles D2 and Dl .due to the P01sson s effect (16) can be

put ln the follow1ng forms (see Flgure 3 2).

~

A{4bD + 4bh E (e —h/2)2/(l-u )] + [nm)E_ I']}/4b .

D. =

X

ny = {[2aD + 2ah E, (e -h/2) /(1~u )1+ [nm E, I 1Y/2a ..
iy : B . . ‘ - (3.6)

b, = n%{ | _ _ : .

D3 = uRr.

where, D ‘= the flexural rigidity of the flange plate with

respect to its middle -plane; Edha/lztlfuZ);

‘Ec = modulus of elasticity of the concrete
g;_= 28 day concrete cyllnder strength ln psi;

‘h = thickness of the flange plate;

*

U = Poisson's ratlo-of concrete; VE é/350 (9,15);
n = modular ratio = E_/E.;
my, = number of diaphragms- )

My = number of the longltudlaal girders;

Sy = spacing of longitudinal girders;
Sx = spacing of diaphragms;
e, = depth of neutral plane from top fibre for bend-

ing about an axis perpendicular to the b9
directioﬁ;

e, = depth of neutral plane-from top fibre for bend-
ing about an axis perpendicular to the v

direction;
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e = {mm AD{ +e+h) + 4bh /2(1 u )}/{nml%+4bh/(l W )} ,
o _ i IR

e = {nm-A‘(—Lrh-)' + zahz/_2(i~n2)}'/{nmzAGazah/(l-u%)}

I; = moment of rnertla of transverse dlaphragm w1th res=-
pect: to the assumed neutral piane of the gross
'cross-sectlon, ‘

I§ = moment of inertia of longitudinal - glrder w1th
respect to the assumed neutral plane of the gross

-

‘cross—sectlon, : . : *

I}; : IX + AD(-Z—"' e_+.h-ex)
I =lI -+ A (§1+i1-eh ‘)2
b'e Y G 2 Y

_in which, N N

I, = moment of inertia of transverse diaphragm. with
'respect'to its middle plane; . =
Iy‘= moment of inertia of loﬁgitudinel girder with

‘respect to its middle plane;

= cross-section area of tranSverse diaphragm;

ol
In]
H

cross-section area of longitudinal girder;
e = clearance distance between the slab and diaphragm;

b = half-span of the composite bridge:

a = half-width of the composite bridge;
dy = depth of the longitudinal girder;
dx = depth of the transverse diaphragm;

Q£ = flexural rigidities of the flange plate with respect
‘to the neutral plane of gross section associated
with bending about an axis perpendicular to the x

direction;

-



-%; = flexural Ilgldltles of the flange plate w1th respect
'to the neutral plane of the’ gross sectlon assoc1ated

- with bendlng,aboutran'ax1$fperpend1cular-to the y
'direction.i |

-

3.7.2 Torsiohal Rigidities

a;;'7The”effeqtive'tor5ional rigidity H, in equation (3.3}’
R : S

.is given by:

H.= (ny +'Dyx;+ Dl

+ D /2

.-An approximaﬁe'value recommended by Huber for the analysis
bf‘reinfcrced-concrete slabs with different'reinforeement in
' the\two perpendlcular directions ls, E =_75;ﬁ&:‘stch an

ression glves a too high an estlmate for a T-beam sectlon.

in finding the values D and Dfx’ which are giwven by:

Xy
p, =G, - I &
Xy XY Xy :
) (3.9)
Dyx = ny © Iyx
in which;
Shear modulus = G__ = G__ = E/2(1 + )
Xy ¥x
E and p refexr to the equivalent transformed material. IXY

and Iyx are the torsional constants.

A number of investigarors have obtained the torsional
constants for structural steel and aluminum-alloy sections,
using membrane analcgy and/or numerical metheds. Rowe (21}
has determined the torsional constants by dividing open

section into a number of rectangular areas. Thus the

;o

In determ;nlng the torsional parameter, the main problem lies



torsional constant is given by:
IS, or I_ S
YR Y

= (%klaibl) +_I§1_(k-‘ia3$_bi) ‘:('3.10)
S i=2 . y
. where, Sx’ s = spacing>of trans§erse (longitudinéi) girders;
7 a;, by = the‘smaliér aﬁd the larger_d;mens;on'of tﬁe:
o slab portion; | '
k = factor’depéndfng on the‘ratid~5i/ai, as
givehlin‘any stanaard textbook on tbisign
(26) .. o
It éhoul@ be'ﬁentioﬁed hefe thét in‘the analyéis of
'Eomposite bxidQES consisting of sfeei I-section girders and
a cbncreﬁé slab it is customary to neélect thErébrsional
étiffness of the girdérs, since ﬁhis'usually-is véry small com- .
pared to their flexural stiffness aﬁd therefore ﬁas'littlel

effect on the lateral distribution of the loads.

3.8 Boundary Conditioné

Figure 3.3 shows the co-o;dingte system for a two
span continuous composite bridge; the two s;;ns are of
identical dimensions.and elastic properties.-

Observing the %olar symmetry of the slab and its
boundaries about the center of éhe intermediate support, the
loading con the slab is inided into symmetric and anti-
symmetric components. For the symmetric loading system, the
deflection surfaées of both spans-arg identical. That is,
the deflecticn or the moment at any point x = Xir ¥ = ¥y in
span I (Figﬁre 3.3) is equal to that in span II at the

‘poipt x' = x4 and y' = Yqr both in magnitude'and,sense. For
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the anti-symmetric loading system, the deflection_or ‘moment —

at any,point‘x =% "and y =Y, Ain span I.is equal to that in

span II at the 901nt x' =x and y' = y in magnltude but - '
\

o opp051te in sense. Hence lt is- necessary to analyse only

)
span T (or span II) for each loading system..

A solutlon for the deflectlon functlon W{x,y) 1n7
cartesian coordinates to the plate problem must be consrstent'
with’ the-condltlons at the edges of the plate. The boundary
condltlons have to be re—formulated flrst in terms of the
deflectlon, if the solutlon is to be based cn the deflectlon.
Thus a rectangular comp051te_br1dge has S boundary condltlons
~which arelto be satisfied by the sclution of the governing

partial differential equation, eguation (3.3).

3.8.1 Bridge Slabs

]

The continuous brldge-type shown in Figure 3.3 is’
simply supported along edge, y = +b, contlnuously supported
_at y = -b and free or elastlcally_suppor:ed at the remaining
+two edges (x =lta)} .

1) Along the elastically supported edge x - +a,
following ?imoshenko and Woinwsky~-Krieger (26) in making
RKirchoff modification, i;e., combining the forces replaced
by the tuisting'couples with the shear force along the edge

and equating the same to the pressure transmitted from the

plate to the supporting edge bheam,

Ve = -Q M y) =.FI Tryyyy (3.11)



which beccmes,

D-W

. where, Qx

.M
XYY

. EI

Also, along the

"equality'of_the

xt U Txxx ™ Wooy =
SRR - Yy, ¥X XYy |

-

e Diep 4 : _
(Dl+Dx iD ) ET nyyyy :
at x = +a for -bgy<+b

the lateral shéar forcef

additional shearing forces at the edges,

"produced by the torsiocnal moment_Mxyf_

flexural 'rigidity of the edge beam.
T S _ ‘
elastically supported edge x = -a, the

reactive ' forces gives:

+_o= +(Q -M__ ) = -EIL W,
: X o X XY;Y YYYY
which'becoﬁes;
Dx‘W’xkx + (Dl+ny+Dyx)W,x-yY é,_gl W'ﬁy‘y

at x ¥‘—a(for -bgy<th o

Similarly, at x = +a, the equality of the moment

normal to the edge in the plate with th§$?wisting moment in

the beam gives,

'which beccmes,
®

N

-M_ = -M_ = -GJ(W,

n X xy)'

Dy Wrgw ¥ Dy Woryy = ~GT Wopou

at x = +a for -bgyg+b

Similarly, at x = -a, . : %

(3.13)

(3.14)

St o i b st o ]
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"which becomes,

@

.

‘VDX W}xx + Dl W'YY =\GJ W, 71

.. for rbgy¢+b

ﬁhera, GJ = Tdrsional rigidify of the edgeﬁbeam.:

The boundary condltlons for the brldge slab where the
two edges are free are obtalned by putting the rlgldltles for
theuedge beam EI and GJ equal to zero. o S

2) Alqng.tha,s;mple”support y = +b, the déﬁiectidns

and moments normal to the edge must be zero; at the same - time

this edgercan:rotate freely,with respect to the edge line,

W %0 aty=+4b for ~agx¢+a  (3.15a)

My =0 aty=+b for -agxg+a (3.15b)

which Becpmes, '
D_ W, = 0 at y = +b . for -agfx{+a

Yy Yy

after observing that W, __ = 0 because W = W, = 0 on the
- XX x _

siméle‘support. .

. Q !
3) At the intermediate support, the deflections must

be zero, which gives:
W =0 aty=-b for -agxg+a _ (3.16)

at the intermediate supbort, the compatibility of slope and
moments between the two slabs leads to the following two
equations.

a) Symmetric Load System

~

Reférring‘to‘Figure 3.3, consider the compatibility
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-bh of gpan . LT E

iof'slope at_any point x ='xi, v

=-W&1at x! = ST Al -E in span II : ' 5

=-W,atx =-x,y =-binspanT

SN

. Here the negative sign is~necessar§ because, the co-oOT
of the two slabs are opposite in direction. Since the. o
part of W, in‘spah'I is. already Satiéfied,_

Even part cfiW,n =0aty=-b

' which becomes, o ‘ :

' Even part of W,Y_% 0 at y = -b © for -ax<+a (3.17)

- similarly, considering the coﬁpatibility of moments, g}'

Moat x = Xy, ¥ = -b in span I

Mi\at x! ~%qr ¥’ -b in span II

b in span I

Mn at x = Xy ¥

Since’the-eﬁen part df‘Mn is‘already satisfied:
0dd part of Moo= 0 atry = =b.
-whicg.becomes, i .

odd part_of:D W, =0 at vy = -b for -agzxg+a (3.18)

¥y ¥y

b) Anti-Symmetric Load_System

Considering the,compatibilitf of slopes and observing
that the deflections in the two spans are identical in magni-

tudg but opposite in direction at the corresponding points,

e
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‘-Sincé the

-

-

-

»

0ad part of W, =0 at y =

”Similariy;i

Even terms of D

. W,. at x
. n ;

W, at x
. n L

W, at x
n .

‘M at xX--
n -

- u'at x'
’Mn a#.x

==M at x
n

-which becomes,

Ed

even part of

[

"

2

2

xll.

= -x}_, yl

v

-.;.x;L’ y

-b . in span I

_?b in SPan}II;

= ~h in span I

W is dl:eédy>sa£isfied,

Ry

Q—K'l, .

_.= ..-xll

W, =0
Yy 'vy -

at

-b for ~ag x +2

-b-in

=b in

-=b 'in

spaﬁ~I

span I

'séan I1

(3.19)
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CHAPTER IV-

| ANALYTICAL SOLUTION .

- -Q-l ce L .
A complete mathematlcal solutlon for the composmte

'brldge is obtalned by comblnlng the partlcular and comple—u

' mentary.solutlons whlch satlsfy the:boundery‘condltlons_andj'

'.the“goéerhing equation,;(3}3); as follows:,_. ‘&}?
W‘='W‘ + W a (4 1)
LY P. . '_
’ where, W- = the total deflectlon at a po;nt On the plate,
.= deflectlon found from the complementary
B solutlon of the homogeneous equatlon,
Wp~= def&%ctlon from the partlcular solutlon of
the non-homogeneous equatlon.' --‘_
. b _ : L ¥
4.2 Complementary Solution - : 7/

Following the approach similar to Levy, the deflection

surface of the plate is assumed to be represented-in a ..
Fourier series as:

o -

. @ Anx . . ‘
_Wc:=‘ Z. e (Pﬁ sin ﬁny +{anos Bny)
n=1 - ~ . ’ -
where; n = some integer chosen to enable the series to
represent as closely as desired a convergent
soluticn;
B, = mm/b , - R

Ayr P, and Q, are basic fhnctions of the elastic

~

properties and geometry of the plate.-

—

Substituting equation 4.1 in equation 3.3 and putting

*

23 .

v



'q(x,y) equal to zero, separatlng and equatlng the coeff1c1ents
lof sln B y and cos B y, yleld two equatlons in P and Q .

' Accordlng to Cupta (9), the flnal expre531on for A is:

?\n,= i[(Hr/EDxT)/D ]1/28 VRN C IS )
J It can be observed from equatlon 4 3, that there are
four p0551ble values for A whlch glve rlse to four poss;ble

-

_‘solutlons.'

For the brldge model con31dered hereln, it 1s assumed

that the slab is flexurally stiff and tor51onally weak, i.e.,
(HZ<D D ). Thls case 1ncludes the more - common type of open
»decks and T-beam. brldges. The case of grldwork where the J*

‘,torslonal rigidity is negllglble also falls into this case.

-~

I

4 2 1 Com9051te Bridge Whlch is Flexurally Strong

. and Tor51onally Weak . '
The value’ of A in equatlon 4 3 is wrltteh in a
51mpllf1ed form as shown below, (9): . \
. | ‘Jn = (+KlilK2)sn_ . \ (4.4)
A
" where; k=] 5+ ) /20 ‘
) i 1 3 Xy’ x

_=j (/5ny.- H)'/ZDx ‘
from equation'4.3, and considering the llnear combination of
all the roots and transformlng the exponentlal function into

hyperbollc and trlgonometric function,; a possible solution

of W for the orthotropic plate can be taken éff



Cl

where,

e

‘L

‘n=1

(c,

. - ln .
and adjusted o

(Cln:coehrKlsnx_+—C2n

3n,c°Sh 518n¥ +‘C4

(Csn costhlﬁnx + C6n

(C7n coeh.Kanx f C8n

einh:Klﬁnx)cosIK2x+?)sh" ,H

n’siph Klsnxxsin(Kéxfy?ﬁn

'f

:sxnh.Kanx)ccs(szfy)Bn

-Sinh‘Klsng)sin(kzgfy)sﬁ»'(4;5)‘

to Csn‘are arbltrary constants dependent on n -

satlsfy the boundar%,;ondltlons. For a more

general representatlon of the deflectlon, a Fourler series 1nA :

sin a X and cos_anx ‘is also con51deredfwhere,

Proceeding as

where,

Hence ancther

. - .. -_nrm
. e, = -
S e - a

[+
n
t

X = TEETe—

fo ot

(%?l

1

X) = (RZ+KD)

be taken as:

Wea

-]

I
n=1

(C

1

before, the wvalues of,kh would be

27

tiKz)xlan . _ ' (4.6)

possible complementary solution of W can

9n cosh x l la y + C10 sinh x.K.q y)cos(x1K2y+x)un

1l

(Cllncosh X, Kja v + ClZne;nh lelung)sin(XlK2y+x)un

(Cl3ncosh

(c15nCOSh lelany + C

16n

lelany‘f C14 sinh lela y)cos(lezy—x)a

sinh lelany)sin(lezy—x)an

;> . (4.7)
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r

_It.wilL be'observed iater-that the boundary conditions

used in the solution of this problem are elght in number, twol

for each edge of the plate, and when the deflectlon functlon‘
W is mede to_satlsfy the bogndary condltlons,'lt hecomes
oeoessary to‘exPand'the'function of x eﬁd'y in Foorier
serles,yyleldlng three;equatlons for each boundary condltlon
Lor 24 equatlons for the eight bound@ry condltlons. In order
to have: the same num§:r of arbltrary donstants 1n the
deflection’ functlon as there.are equatlons, a polynomlal

function of the. form:. ~

. ' 2
= . X Y . x> Y
Me3 T €7t Cigat C9p T Car F Gt
23 . Xi'. _' Psg myp
T Coam ¥ Ca3 7 Y Oy T (4.8)

‘which satisfies the homogeneous equation is added to the

deflection function, where,

i \\ T = Dy/Dx

and, Cl7’ Cls,....'.......,c24 are arbitrary constants. Thus

the total complementary solution becomes:

W. = W_. + W +W ) "(4.9)

4&3 Particular Solution |

The particular solution, involving the load function,
has to be determined and added to .the complementary solution o
homogeneous equation, and then must satisfy the boundary
conditions. The concentrated-load ecting on a iimiﬁed area

of (rxs) whose center is at (x,y) is expanded into double

N
.

)

M
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Fourier series over the entire area of the bridge. Following

_Gﬁpta (é)'the particular sclutioh can be taken as:

=
i

-

l;):“.j'-

1

<

Z[T

o+ E[T

+

o

©

_— L

<

“(ad/4by)(y“/24 - y?b%/4 + 5p4/24)

cos o_X + T sin ¢ _x1
m" jul

7 .

cos B T TS sin B Y]

L Z[X

= Lt .- ‘_
+ P sin ¢ _X cos
cos amx cos B g - .Bny

‘;bQ cos”amx_sin Bny + L sin o X sin B v¥]-

(4.10)

‘4.4 §ymmetric and'Anti—Symmetiic Lcading'

The loadlng on the structure is d1v1ded into symmetrlc

. and'antl—symmctrlc components., ThlS d1v1510n ls clear in

Figure 4.1.
C2n =

= Cl8 .=.‘

.

c

3n

19

C

c

6n

22

For symmetric loading odd terms vanish, i.e.,

= Cn = C10n T C11n T C14n T Cisn.

=C33 = Q%m = % = Qmn T Qpn <0

(4.11)

- For anti-symmetric loading, all even terms vanish, i.e.,

‘ Clni

c

C

4in

20

C

Cc

Sn

21

C c

= Cgn = C9n = C12n = ©13n = C1en

24 = ao = QSm = QGn = len'=‘Q2mn

(4.12)

When either even or odd terms of the deflection func-

tion are considered at a time, the bcundary,condlfions at

—

the opposite edges would bécome identical and the number of

boundary conditions would reduce to four in number for each
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rloading system.f:

4. 5 Satlsfactlon of Boundary Condltlons

The arbltrary constants of the deflectlon functlon are
determlned £rom the matrlx equation derlved by maklng the AN
deflectlon satlsfy the. appropriate boundary condltlons. ' Here
one of ‘the boundary c0nd1tlons for the brldge under symmetrlc
oomponent of the loading is con51dered.

. From the" boundary condltlon that the deflectlon must
be zero at the edge y = =b, the follow1ng'equatlon is
‘ obtained, ' oo

£, (x) + i[ £ (x) + Anoos e X + B sin uhn] =

@

. : m . ) N
- T. cosag_X - L (-l)nT L - Z Z (= l)nK cos o X
: m - 6n o S Tm

B 1 11
(4.13)
_ ) ®

in which, .

Vo= - 2 422 el sl by B
fo(x) = Cl? + C20 x*/a* + C21 + C24[(Tx/b y=1]
‘ _ . om o . _
ﬁn(x) = {-1) (Clncosh Uy, COS My, + C4n51nh Mg, SIn u,.

+C5ncosh M3 ©OS Myn + C8n51nh M,y Sin u4n)

A, = C9pn T Cian¥on t C1an®in * Cren®on
Bn =_C9nK4n+ Cl2nK3n + cl3nK4n - chnKBn

- In which, Mans Wan and Kln to Kan are defined in Appendix

- (A) .

The function fo(x) and fn(x) must be expanded in

“
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Fourier series to satisfy the boundary condition, Ehus:

- . o |

fc(xy~= éoo + i (adm.§o§ a X f~bom sin umx). |
. - ' o L L 4.1y
‘ fn(x)_=‘¢no ﬁ»i‘(cnmicos apX + dm Sin o x) :

Where, aoo’ aom,'qu, c__, C_ .and dnm'arg Fourier coefficients
and defined in Appendix (B). Substituting equation 4.14 in -
:equaﬁioh”4;13and equatiﬁg the coefficients of sin a X and

fcos amxaand the,constant‘term‘to geio} the fdliowing three.

equatlions are cbtained:

o . : ’ oo N ) .
40 ¥ i “no =T i (—l)ntsn S B ' '

s ' L o : | (4.15)
a .t i Cim f A= =T —.§ (1) Kin  for each m
and, B =0, for each' m

From equatlon 4. %;; it should be noted that if n
harmonlcs of the series are considered, the second and thlrd
equatlons yleld (2n) eqguations and together with the first
.one yields (2n+l) equations for one boundary condition.
‘Thus for eight, boundary condltlons altogether (16n+8) equa-~-
tlons are obtained and a matrlx equation of (16n+8) dimension
must be solved for each loading component whether symmetric
or anti—symmgﬁric. Once the matrix equation is formulated

and solved fér the unknown &onstants, the deflection function

is known over the entire area of the slab. The moment and

the strains can be éomputed readily as follows:

M, = -(DW,  + DlW,yy)



My = oD Dy

‘= 2D W,
Txy TRy 'xy

=
I

The strain's can be obtaine_d from equation .3.5 by su:bstituting_

" for M_ and M . R
. X, v/ . .

i

f



CHAPTER V

EXPERIMENTAL PROGRAM

5.1 Scope of the Experlmental Program

.To verlfy and substantlate the analytlcal approach
proposed in Chapters IIT and IV, tests were carrled out on
two models of comp051te brldge. The two models were ldentlcal

"y

ahd;consistiﬁg of reihforced‘cpncrete slab and,steel girders

‘except- that the pprtion of the SIab.qf'the second model was

prestressed. in the vicinity of the intermediate support,

(negative moment region). The tests were aimed at: pbtaining

i .
the deflections, stresses and bending moments at various

points- determining the cracking -load: studying the feasibi-
llty of prestre551ng éhe slab in the negatlve moment reglon
of a contlnuous comp051te brldge. The comp051te brldges |
tested were scaled one—to-elght in the horlzontal dlrectlcn,'

and one-to-four in the.vertlcal dlrectlon, the two different

scales were to ensure successful prestressing of the slab to

. tailor the experiment to the available space in the 1eboratory.

The two .bridge models I and IT were two—-span continuous
structures, each span belng 5 ft. (1520 mm) , . cons1st1ng of
five stee} I-beams spaced at 1.0 ft. (304.8‘mm) lntervalsr and

. -
supporting a reinforced concrete slab 2% in. (63.5 mm) .thick.

_ These ditensions were dictated by several requirements, the

most important of which was the necessity for making the two
bridges identical except that the slab of bridge model II was
prestressed in the negative moment region. Certain details

in the models were omitted in order to facilitate the
~ o " )
. N 31 - .
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- lnterpretatlon of the test results, e: .g:, the usual srdewalks;
h curbs, and handralls ‘were not 1ncorporated, and the roadway
‘was_bullt w1thout,a,crown, or wearing surface and"the-out51de
beans were placed at the edges.of'the'slab' The five dia=
phragms between the marn glrders were located over each |
support and at the mlddle of each span; the dlaphragms were - i
‘welded to the maln glrder webs and were set at a constant
depth equal to 3/4 the depth of ‘the main grrders,,the dia--
lphragms dld not -bear agalnst the unders1de of the-slab. Shear‘
‘connectdrs were prov1ded throughout the entlre length of the
main glrders. The layout of shear connectors is shown in

Figure 5.1.

5.2 Materials. S ‘
'5.2 1 Concrete |

) ngh Early Strength Portland cement (CSA)} manufactured.
by Canada Cement Company was used in both brldge models. Thls
type of cement provides hlgh strength within a week. The COm-~
bined aggregate was prepared according to the ACIT Code (1) by
mixing 40 to 60% fine aggregates of the total aégregates.:
This combination gave a well—graded aggregate mix with a
fineness modulus equal to 2.50. The.coarse aggregates used

v . R
were crushed stones with hard, clean and durable properties.

The maximum size of aggregate was restricted to 0.25 in.

(6 mm) ‘since the narrowest dimension between the sides of the

formwork was equal to 1.0 ln; (25.4 ‘mm) and the concrete‘cover
- to reinforcing‘wlres was 0.25 inch (6.5 mm). Clean sand free

of .impurities was used. Natural water having no impurities

e riapandy oy




.each'bridge modell' The compressrve strengths aof all speclmens

'grade of'steel. A test . program was conductéd to determlne the-

33

was‘used.to obtain different concrete paStes of'varyino

maxlmum strength for concrete specrmens . Two trlal mixes of

'alr—entralned éoncrete offmedlum consrstency and dlfferent

/

water-cement'ratlo varylng,between 40% to70%‘were*exam1ned.

Vo M1x1ng was done in a manuallj operated Elrlch Counter
Current Mlxer, Model EAZ (2W) Wlth flve cu. ft; charging.

capac1ty. Three batches-of concrete le were required for

were measured after seven, fourteen and twenty—elght days as’

shown in Appendlx (C).‘ . o
A '

5.2.2 Steel Girders

' The main girders were W 8 x 13 steel of G 40,21-M 300 W

grade; the diaphragms had a'section of W6 x 15. 5'of-the’same

mechanical propertles of both the steel and concrete used in
the two bridge models. Properties of the structural steel

were determined from tensile coupons cut from the steel sup-

" plied. The mechanical properties of the steel girders are

: . od
shown in Table D.l. The coupcns were tested in a 120 kip

Tinus Olsen Universal machine atla speed of 0.025 inch per
minute up to first yielding and then at 0.3 inch per minute
until fracture occurred. For,all coupon tests the yield
stress,ltensile strength, modulus of elasticity and the per-
centage of elongation referred to gauge length of 2 inch

(50.8 mm) were determined. In addition a olot of applied

stress versus elongation was obtained, Figure D.l.
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5.3 Reinforcinq Steel

5 3.1 Steel Mesh for Reinforced Concrete Slab

A mesh of smooth welded wire fabric was chosen to be
used as a reinforc1ng steel in the reinforced concrete slab
“of bridge I and in. the reinforced concrete slab portions of ?.
bridge‘II. The seotional_properties of the mesk wete_aij"
follows: the spaéingiwa572 inch de;é ™m) cente;";;,center;.
the cross—sectional a;ea was 0;36 sq. in/ft‘of Width, the
o diameter‘was 0. 276 inch (7. 0L mm) and the nominal weight was
0 204 lb/lin. ft. The yield strength was found to be 65, 000
psi (448.00 MPa) and the tenSile strength was 75,0600 p51
(517.00 Mpa). f

"

5.3;2 ‘High Tensile Steel-for the-Post*Tensioned

Concrete Part in‘BridgejModel IT -

High tension steel wire of 0.27 inch in diameterlwas
used for prestreSSing the concrete deck in bridge medel IT,
Figure 5.7. Tensile tests on the wire 1ndicated an ultimate
strength.of_262,500 psi (1810 MPa), and a yield stress of
240,000 psi (l655 MPa).  This wire exhibited good resistance

against slippage from the grips.

‘5,4 Formwork

The formwork consisted of 3/4 inch (19.1 mm) thick ply--

.wood supported on the grillage system by brackets as shown in
Fignre 5.2. The brackets were spaced about Z% feet (762.0 mm)
apart and consisted of 2 x. 2 X 3/8 inch eqnal angle bent at
90° The arrangement proved very satisfactory and the result-
ing form was rigid . Figure 5.3 shows the slab formwork with the

longitudinal and transverse reinforcement mesh. ™

enrcimivsored s



5.5 Experimental Eduipment - VR o ":.' _ o

5.5. l Support System _-7 '-',i S

h' The steel sectlgn;sg\each longltudlnal glrder was

_supported on rollers at the extremltles and hlnged at the

A

h
,1ntermedlate support. Each one of the glrders was . instru-

mented'ﬁlth a>load-cell' The results. oBtained from.these
© . load cells were dlsregarded beoause 1ts contact area was.

_ too small to be stable at the supports. . The detalls of
support bearlngs are shown in Flgures 5. 4, 5 5. The—roller
support consrsted of a steel shaft, of 2. lnch (50 8 mm),
dlameter restlng on a steel plate as shown ig Figure 3. 4
The hinged support consisted of’ two plates and .the shaft

in between, with the two’ plates grooved to accdmmodate the '

~shaft as shown in Figure 5. 5 the main purpose of- the hlnged
support was to. allow. the glrders to rotate freely as well as

‘ prevent lateral movement.

5.5.2 Prestressing Equipment

’The'prestressing equipment used in prestressing the\i
wires in bridge model II, Was.manufactured Ey Cable Covers
Ltd., England. A'nydranliq-jack of twenty kips (89 kN)
capacity was used for post-tensioning. fThe mechanical grip-
ping oeviges'Were of the dpen grip type and washers were very
simple~and qnick tc use. Black wax lubricant ﬁas applied to
the wedges to make it easier to release the grips atter com-

‘pleting‘the.prestressing operation.

"5.5.3 End Bearing Plate .

Eighteen end bearing plates 2 x4 x 0.5 inch (51 x 101



'\' - . .
*\\\;jams for each brldge together wrth the end intermediate»and

<

force as shown ln Flgures S 6 and 5 . :

[y

. 36
x 12.7 mm) thick, with hcles'cﬁ 0.25 inch (6.4 mm) Eiaxuet'er :

!
were used in: brldge model II to dlstrlbute the pres

5.6 The Constructlon of Brldge Model I

-

Flgures 3.1 and 3 2 show the dlmen51on of the Cross—

. section and-the layout of therbrldge model I. Ehe.flve‘Ie.

d—span dlaphragms were assembled lnto a s1ng1e frame- by

N

flllet weldlng to ensure- proper interaction between the

1ong1tud1nal glrders and dlaphragms, the shear connectors‘

were welded next. ‘The shear connectors were 2 x 2 X 3/8 1nch

equal angles welded to the top flange of each of the: longl-!
tudlnal glrders through thelr heels i.e., each leg.was maklng
an angle 45° w1th'the-top flange. as shown 1n‘F1gure 5.7. The
shear connectors were dlstrlbuted unlformly throughout the |
length of the brldge and the dlstance between each connector
was 2 lnch‘(5048 mm) as shown 1n\F1gure 5.1.° The flllet

welding was continuous aleng both sides of the heel of the

. angle. The number of shear connectors was enough.to ensure

100% interaction between the slab and the longitudinal girders.

. The model was placed on the supports next as shown in Figure

5.1. | S T
) The required form was prepared as shown. in Figures
5. 2 and S 3 and then palnted with grease materlal Vitrea
0il 150, for easy form release aftexr the concrete has set.
211 of the relnforcement for the slab was assembled into a

single mesh; this Tesh was supported on steel wire chairs

w

ressing =

N = sina et i ot
. . .
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'whlch provmded a. clear cover of 0 4 lnch (lO 2 mm) from the

bottom.' Another plece of the relnforcement mesh 4 0 feet
(1219.2 mm) long, was placed at the rntermedlate support

area near theftop of the slab to cater for the negatlve-

ﬁesnpbort ﬁoment.as shown in Flgure S 3 ‘ Alr-entralned con—.__f:

crete of 5000 psr compressrve strength was placed, progr&ss-

ing from one end of the brldge model The concrete was

v1brated u51ng a- hlgh frequency nGEdle'VLbrator, in addltlon,

e~
the 51des were tamped with a tamplng rod. The srdes of the

forms were also llghtly hammered to avold honevcomblng.

The top of the concrete slab was worked w1th a wooden

‘screed to obtaln a-level surface and the locatlon areas for

’the concrete straln gauges were worked wrth a steel trowel

for extra smooth surface. To determlne the compresszve

§;ength of the concrete, six 3 x 6 1nches (76 X 152 mm)

_cyllnders were cast, at the time of plac1ng the concrete slab

»

The forms were ‘removed 48 hours after,castlng. The concrete
slab was then covered with fonr,layers of moist hurlap, with
a-polyethylene sheet on top. The polyethylene sheet effect-

ively prevented the escape of moisture from the concrete
) Ja .

. i - : .
slab and'burlapl_7Consequently, water was sprinkled on the

i+ »

burlap only atvzﬁcay‘lntervals to keep the concrete continu-

ders was done by immersing them in a wate

" was discontinued for the test,cgllnders

[ VU .

£

l4 days. ?he Slah wasfthen air-cured until test day (33th

day after casting)- TheAcuring.of the ¢ ncrete test cylin-

RN .
':-L

LB
r

co ket it et L

ously momst Water curing of the concref¥e slab continued for \



‘the prestre551ng wires during castlng of the’ concrete as

BN

"brrdge model on the same day.

A view of the composrte brldge model ‘after curlng can .

be seen in Frgure 5 8.% To avord any uplrft of the structure

Aat the supports due to loadlng, the two ends of the composlte

' bridge model were held down byﬁsteel cables as-shown 1n,-"

I

Flggges 5 B and 5 9 .

Flgure 5.10 shows the, dlmenslon and the 1ayout of

.bridge model IT. The same procedures were followed to connect

s

the main glrders w1th the dlaphragms, and the shear connectors
to the top flange of the maln grrders as brldge model I. ?he-
marn'dlfference between model I and model II was prestressing

the slab in the negatrve moment regmon.

The requlred forms, for prestressrng the slab ln the

,negatlve ‘moment reglon, were prepared as shown in Flgure 5. ll. .

Rubber hoses - hav1ng an 1nner dlameter of 0 25 inch (6.4 mm) T

and 0.62 inch (15 7 mm) outside dlameter were used to cover

‘'shown in Figure 5.12. ‘Nine prestressing w1res ‘were used for

prestressing the slab in the negatrve moment region. Two
strain gauges ‘were mounted on each prestressrng wire to mea-
sure the prestress1ng force and to record the reading durlng'

the tegting of the bridge model. The prestressrng wires

‘were placed at the mld-tthkDESS of the slab, transverse

relnforcement were used at the bottom of this slab as shown

in Flgure 5.13._-
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Alr-entralned concrete of 8000 psi (55 0o MPa) com—
pressrve strength was placed._ Thls hlgh strength low slump—A
mlx-;as used to obtaln a’ mrﬁlmal amount of shrlnkage. Com-'
pactlon of the concrete was accompllshed by 1nternal v1bratlon
'and the flnal flnlsh was obtalned by hand—trowelllng. lhe A
concrete in the slab was momst—cured for seven days by. cover-v
1ng the exposed surface w1th wet burlap and a polyethylene 7
sheet ﬁAfter seven days, the slab was allowed to cure under-
dry condltlons for flve days.. After the concrete had
reached the de51red strength the slab was prestressed The
'prestreSS force was applled 1n two stages,.to each wire to
‘lmlnlmlze the prestress losses due to the jacklng sequence and
‘ to minimize ‘the 1n-plane bendrng of the slab. A view of the :
7prestressrng slab portlon after prestre551ng can be seen in
Flgure 5,14, ' ‘

A formwork nas prepared to cast the rlght and left ~
parts of the reinforced concrete slab as shown in .Figure
5. 15. The pPrestressing w1res.were extended to the rlght and
the Iéﬁt of prestreSS1ng slab and embedded 1n the relnforced
concrete - slab.'.The arrangement of the relnforcement for the
reinforced'concrete slab is shown in Figure 5.16.. The

procedures for casting and curing the reinforced concrete

slab were the same as described earlier,

5.8 Instrumentation

5.8.1 Strain Gauges on the Prestressing Wires

The longltudlnal prestressing w1res were lnstrumented

.
»

w1th strarn gauges, type EA-Q6~ 125AC -350. The surface of

<



the prestressrng wire qas prepared by cleanlng it usrng flne

Y

:n51llcon carblde paper and acetone. The gauge was mounted
usrng Eastman M—Bond 200 adhesrve with 200 catalyst as bond— i

ing agent accordlng to ‘the manufacturer s recommendatlons.

-The straln'gauges, consrstlng of a stablllzed constant etched
S

forb»grld mounted - ‘on a flexrble polymlde backlng, had a gauge

-
-

" factor of 2 07, a. gauge resxsfance of=350 ohms, and a gauge
“length of 6. 1251nch These .gauges are. capable of measurlng
;:stralns up to- U 3% elongatlon. ‘The temperature coeff1c1ent-
dof the gauges when bonded to steel is zero,at 75°F Fy, The
‘gauges had lntegral termlnals of one—plece hlgh—endurance;

berylllum copper. The.lead wrres-were then soldered to the

‘'gauges and water-proofed-by coating them wrth the-protective 7

coating Gagekote Five- "After curing for 24 hours at room ;-
‘At%mperature, a 1ayer of wax was applled on the gauge as well

as plastic. tape for further protection,

5.8.2. Strain Gauges.on the Steel Girders

To measure the strain on the top and the bottom
flanges of’ the main girders, Strain'gauges of type EA-06=500
BH—lQO were used. All gauges had a nomlnal gauge length of
0.50 inch (12.7 mm) The locations ‘of the’strain gauges
are shown in Figure'S 17. The steel surface at the locations
of “the gauges were smoothed usrng sandpaper, all dust was
removed and then the surfaces were cleaned with acetone. The
'strainugauges were mounted,_soldered with lead wires, covered

by M-coating and water-proofed by coating them with the

protective ccating Gagekote Five. The gauges were then



" ‘connected ‘to the electronic strain indicator, shown in Figure
-~ 5.18. | '

5. 8 3 Strain’ Gauges ‘on the Concrete :

To measure the straln on the top and bottom surface of
.the slab "electric. straln gauges of type EA—OG 500 BH—lZO
were used. All gauges had a nomrnal gauge’ length of 0. 50

1nch (12 7 mm} The locatlons of the straln gauges are shown
in Flgure 5. l7. The concrete surface at the 1ocatlons of the-
gauges were smoothed using sandpaper, all dust was removed
and then the surfaces were cleaned w1th acetone. SurfaceH
vcavrtles were then fllled by applylng an epoxy of high
.strength (RTC). ThlS epoxy was ‘mixed by ‘one volume activator
B, and the same volume of resin A. After the surface was .
dry, it was agarn smoothed and the gauge was mounted soldered
:w1th lead wires and covered by coatlng it with epoxy M coat
Flgures 5.19 and 5.20 show the straln gauges on the top and

the bottom of the slah.

5.8;4 Mechanical Dial ‘Gauges

The deflectlons were measured usrng mechanrcal dial
gauges having 0.001 1nch (0. 025 mm)- travel sensitivity; they
were also used to measure sllp at the ends of the bridge-
models as‘shown in Plgure 5.9. The locations of the dial
gauges are shown in Figure 5.21. In both bridge models, the

dial gauges were placed at the top surface of the slab_and

suﬁported by a light steel beam.



S 5.8.5','Lcsad'Cells- o - f- '-

5.8.5 a) Unlversal Flat Load Cell

: Two unlversal flat load cells, hav1ng capac1-1es of 50
; klps (222 40 kN), and 150 klpS (667.00- kN;, were used to
.measure the load for worklng and cracklng loads ‘conditions,
respect;vely, (the worklng'load refers_to the loed at which
the first crack appears)} the concentrated 1oad“being'applied
through the hydraulic jack as shown in Flgure 5 22 The -

callbratlons of these load cells are glven An Appendlx (E)

' 5.8.5 b) Ayllndrlcal Load Cell

Thirtyéfour cylihdrical load cells were used_to
measure the reactlons. - Figure 5.4 shows the cylindrical load’

'cells in p051tlon..

5.9. Experlmental Set—Up and Test Procedure,

Flgure 5. 21 shows the experlment set—up for both
.brldge models I and II

5.9.1 Brldge Model I

%

Shims were provided under each support so that uniform .

contact was maintained between the.supports and the girders.

Seventy-three strain gauges, were mounted on the-steel girders

and on the concrete at mid-spah and intermediate sudert
sectlons, the arrangement of the strain gauges is shown in
Figure 5 17. Five dlal gauges were used to measure the
deflectlons at the mlddle of each span, as shown in Figure
. 5.21,

The brldge model was tested under transverse concen-—

trated 1oads, applled through a rlgld portal frame supportlng



 ing ‘plate ;b avBrd contact w1th the ‘strain gauges located at

‘a‘cross I-beam and a hydraulic'jack of 50, 000 1bs (222.%N) .

. s
capacity:t The arrangement was such that ‘the concentrated_

- . load- could be applled anywhere w1thout moving the brldge,_

ety <

x‘see Flgure 5. 21 The transfer of the load from the hydraullc p

jackr,d th‘ slab was made through a small rectangular steel

a--:

plate, l 1nﬁh (25.4: mm) thlck and 5 X 6 lnches (127 x 152 mm)

Jin plan. Grooves were made on_the bottom of the steel load-

‘loading pcsr 1ons.' Loadrng and unloadlng were applled three

'_times before‘startlng the test, to mlnlmlze the reSLdual

stralns and‘for pr0per seatlng of the brldge model on the

supports. The readlngs from_loadlng andlunloadlng were

recorded and averaged. ' ' e

The brldge was tested under one concentrated load at

 four locations and under two-point load at one locatlon, as,

shown in Figures 5.22 and 5.2:3.

5. 9 2 Brldge Model II

Bridge model II was identical to brldge model I in 1ts
dlmen51on, number of strain gauges; dial gauges and locatlons
of the applied load. The only difference in bridge model II:
was the prestressing of the concrete slab in the region of
the intermediate support as‘shown in Figure 5.16. 'AIl care
and adequate precautions uere taken during the prestressing
process. ; ‘ ,

‘To avoid‘any distortion in the exteriox edge and/or
lecal failure, the wires were tensioned in a sequence start-

~

ing with the odd-numbered wires and followed by tensioning



_applied throughout each test until a lodd of 50 kips (222 ki)

' was reached causing the first crack in bridge model I; in

the even—numbered wires. . The model was‘tested"under'cohcene-

1trated 1oad through a unlversal load cell of 50 klps (222 kN)

.capacrty. Flgure 5 22 shows the load locatlon for the exterlor

-glrder, Flgure 5.23. shows the two—p01nts load and the one- -

p01nt load on an rntermedlate grrder.L Each test was performed

N

approx1mately one month after the slab was cast. Approx1-

‘mately 60 hours were requlred for testrng whlch was carrled

out on 7 consecutrve days.' Load 1ncrements of frve klps were

-

this case subsequently, load increments were ten kips until

the conclusion of testing. -

n

A
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-~~~/ CHAPTER VI

- DISCUSSION OF RESULTS:

6.1 General .'-
Accordlng to the Ontarlo nghway Brldge De51gn Code
‘(OHBDC) (18), there are two methods_to calculate the-rlgld;-
: tles ln the transverse dlrectlon. the‘first‘one is to ‘( |
‘neglect the effect of the dlaphragms and thls one- w1ll be
'referred to hereln as GHBDé-l the second method is to take
' the effect of the dlaphragm by addlng its rlgldlty to the -
slab rlgldlty and thls cne will be denoted as OEBDC-2.. The

.theoretlcal results pased on the rlgldltles assumed hereln

and on OHBDC-1 and OHBDC-2 rlgldltles as well as the experlé

‘mental'results, for theudist:ibntion of deflectfcns,
lcngitudinel;bending moment (My),fend.transverse;begding_
momentj(MX) at the mid;séan section of composite ccncrete
bridces are compared in Figures 6.2 to 6.17 fofleach'load
lccetion. -Figure'ﬁ.l shows the strain distribution of the
compositeJSection‘under'prestressing-force‘and under the
working load. Table D. 3 shows the comparison between the

rigidities according to the various methods.

6.2 Results for Bridge Models I and IX

6.2.1 One Concentrated Load on Beam C

The lateral distribution of deflections at the middle

of the span was studied bf expressing the deflection of the
B N . Ir 1

individual girders as a percentage of the total deflecticn

of all five girders at the cross-section under consideration.



‘{ In this.way; it was édssiblelto makera;airect-éomnarisdn;ef
-hthe erperimental'&eflection behaviour.of'the bridge-nbdel AF
,;with-that_nredicte& hy the theery herein'aSJWellras by
 0HBDC. Figure 6;2 shows the comparisén between the experi—,
. mental deflections of bridge models I and IT and the theoryﬁ;
‘ 'herein, OHBDC-l and OHBDC-2 proposal under working load Gf ~
‘ 50 kips (222 kN).‘ Close agreement-is observed»between thev
theory herein and‘the experimental results, and 51gn1ficant
Vdifferences are observed between the results based -on _
‘OHBDC—l, OHBDC—2 and the experimental results. These dis;
crepanc1es ‘are mainly due to improper accounting of the
‘effect of the dianhragms. | .
| The distribution of bending moments Was taken ‘to be
- the same as the distribution of strains measured at +the
'center of the bottom face of the steel girders at the. section
under consideration. _lhe distribution of bending moments,
’measured_inﬁthis manner, is compareaawith the theoretical
distribution of moment at the mid-span and.the intermediate
sections as shown, respectively, in FigureS'G 3 and 6.4. The
close agreement between theory and experiment and the dis-
crepancies between OHEDC and experiment also apply to the
results in Figure 6.3. | R )
In ﬁigure 6.4, the theoretical‘longitudinal bending
moment at the intermediate support due to the applied pre-
stressing force, the increase of prestressinq force caused

hy>the negative bending moment, secondary moment (due to

cOntinuity), and applied loads is denoted as theory II. " The



' secondary bendlng moment due to contlnulty caused by the

_prestresslng force ‘is taken to be equal to zero.“ The dls- o ":e‘

-
et e bt

4

crepanc;es between brldge model II and theory IT results,
Figure 6.4,_are malnly due,to increasing of the prestre551ng,-

force which is caused by the loading system. -The'distributiOn

of transverse bendlng moment (M ) at the mlddle of the span

]

'has been studled by expressrng the transverse bendlng moment

of lndlvldual glrders, at the cross-sectlon.under consrdera—

"tlon, as a percentage of the total absolute transverse

bendlng moment oF all flve glrders. The distribution of .

(Mx)‘ls taken' to_bejthe_same,as the distribution of strdins -

measured at the bottom face of the concrete slab at each -

‘girder at the section under‘considerationa, Figure 6.5 shows

the comparison between the experimental'distribution of bend-

ing moment and those according to the various theories.
. L LT

6.2.2 One Concentrated Load on Beam B l ‘ T

S

igures 6.6, 6.7 and 6.8 show comparlsons betmeen'tﬂe
exgerimental distribution of deflections, longitudinal |
bending moment (hy) and transverse bending moment (nx) at
the middle of the loaded span and those due to the various
theories; close agreement is observed.between the theoxry
herein and the experimental‘results, mith large discrepancies
between the results based on QHBDC-1l proposals and the other
results. The same obsernation is noted .in Figure 6.9 which
shows the comparisons for the distribution of iongitudinal
bending nement (My) at the intermediate support. It is

interesting to observe that the bending moment (My) shifts



‘

from negatlve to. pcsrtrve due to the prestressrng force 1n

brldge model II .and theory iT under the worklng load

6 2 3 One Concentrated Load on Beam A

: The thlrd case of’ loadlng was one concentrated load
applled to the exterlor glrder A- however,vbecause this part
‘of the brldge model is susceptlble to cracklng, the load was

?llmlted to a maximum. of 25 ‘kips (111.0 kN), i. e., half of
:the worklng load to avold any cracks at’ the middle of the
span. Flgures 6 10, 6.11, 6. 12 and 6.13 show comparlsons L.
between the experamentalland theoretlcal results for the

"7distribution of deflection, 10ngitudinal bending moﬁent‘(M );
transverse bendlng moment (M ) at midspan and longltudlnal .

' ”bendlng moment (M ) at the lntermedlate support T Close
agreement 1s observed between theory and experlmental results.

‘OHBDC results are in poor dgreement ulth the experlmental

results

- 6.2.4 Two Concentrated Loads, Beam C

The 1ast‘loading chse was two ‘concentrated loads, each
load‘being placed at the middle of each spany Fiéures 6.;4;
6.15 and 6.1? show the comparison1of the results for the -
distribution of deflections, longitudinal moment (M )+ trans-
verse moment (M ) at the midspan and longrtudlnal moment (My)
at the lntermedlate support for a total applied load of 50
kips (222 kN). -At the lntermedlate ‘support of bridge model I,
+transverse cracks appeared at a load of 50 kips (222 kN): it
was observed that the majority of the cracks occurred in the‘

transverse dlrectlon due to the negatlve longltudlnal bendlng



moment, while only. hairline cracks appeared inrthe'longitu—.

dihal'airectioh. Figures 6.18, 6,19 and 6.20 show the crack”

’patterns at the lntermedlate support of brldge model I under

B

a load of 50 klps (222 kN) T
At the 1ntermed1ate support of brldge model II/no

cracks were cbserved at’a load of 50 kips (”22 kN) En fact,

the first craok was detecteq at-a load of 180 kips (7997kN).

Figure 6. 21-shows thé crack pattern at the intermediate

support of brldge model IT under an applred load of 200 klpS

(888 kN).. The maximum load that was applled was 240 kips j )

'(lOGG_kN) because‘of llmltatlons in the loadlng_fac1lltles

iavailable-in the-laboratory.‘ However, the»predicted failure'

'1oad by using a plastlc analys;s of continuocus brldge, may .

be in the range of 320 kips (1420 KN) . - ' .

K

‘6,3 Comparison Between.the Behaviour of'Bridge‘Mo&els

‘Landar- o L AN o

It was found that transverse cracks at’ the 1nter—

mediate support reduce the-rlgldltles cf the slab by

VapproXimately 70%; thus, after cracks appeared in bridge

model I, the model possessed two sets of rigidities, one’
based on apcracked'section'at the intermediate support and.

the other one based on an uncracked.section at the middle of

the span. "By comparing the deflection distribution at the

mld—span sectlon of btidge model I and bridge model i1,
Figure 6 22 it can be observed that the values of the  °
deflection of brldge model II are less than those 'in ‘bridge

model I, under the worhingrloaq condition, 50 kips (222 kN),

(.



‘dlstrlbutlon of the longltudlnal straln at the‘top of the A

g concrete deck at the 1ntermedlate support for each glrder due .'ﬂ

"belng shlfted to the left by the amount of straln caused by o

-Jthe prestresslng. Whereas the stralns of brldge model I go.

'both brldge models was found almost equal to zero. S L

. . A . R B -

‘50

M

thlS dlffErence belng due to the two sets of rlgldltles.

‘Also, lt is clear that the cracks at the 1ntermed1ate support '

‘-do not lnfluence‘the dlstrlbutlon of deflectlons, longltudlnal

-

-moment and transverse moment at mld-span. o o ,-'<. B

'

Flgure 6. 23 shows the dlstrlbutlon of the longltudlnal

. ,straln at the bottom face of the steel glrders under worklng

load for both brldge models I and II Flgure 6 24 shows the

to. two concentrated loads. It is observed that the experlmen—

~

tal load straln relatlonshlp of brrdge model II is approx1—

e

'mately parallel to that calculated Erom the theory, the former

i

‘from ten51on to compressron due to. the formatlon of transverse A

'

cracks at the lntermedlate support. The magnltude of sllp in |

- \“ oA

6.4 -Sources of.Error-” i

The dlscrepanc1es between the experlmental and

-~

theoretlcal results can be attrlbuted to several sources of

- arror such as:

1} The assumptlons made- Ln the theory; M
2} Estlmates of Poisson's ratlo and. modulus of -
elastlc1ty of concrete by meaﬁf of emplrlcal formulas,

3) Estlmatlng-the_strengthnofrthe concrete from tests

on 3, X 6 lnches cyliner;

4) Distortion in.the formwork due to. effect of water,




,.‘

'-fand lack of complete contact between the support and the -

PP

test model-' '“j* o o ,-,_-'_fE”;,

5) Res1dual stresses 1n the maln glrders due to hlgh

temperatu:e of. arc—weldlng,

,_6{ P031tlonlng of relnforced and prestress wires;

~'7). The callbratlon of load cells, sensmt1v1ty and

drag in mechanlcal dlal gauges,lthe stablllty of straln o S
:gauges_and the strain gauge measuring devices. '
r .
7 .
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v *-CHAP'TE'R VII 7

PARAMETRIC’STUDY

7.1 General

| Four aspect ratios of two equal span cdntinuous
composrte brldge prototypes were studled, to. examlne the:
pveffect of the presence of transverse dlaphragms on, the dis—
trlbutlon of deflectlons, longltudlnal moments : (M ) and
'transverse moments (M ) at mld—span and the dlstrlbuta?n of ;
llongltudlnal moments (M ) at the 1ntermed1ate supporti. All T
the brldges had the same length but w1th a varylnq w1dth as
shown in Table F.l, the aspect]ratlos, (b/a), were 0.5, 1. 0,
1.5 and 2. O, where (2a) lS the width ot/the brldge, and {2b)
is. the span. T 7

Three cases of loadlng ‘were conSLdered the first case

of loadlng was a concentrated load actlng on the exterlor ;
glrder, the second case was a concentrated load actlng on the
flISt lnterlor glrder and the last one was -a concentrated
load actlng on the centre girder. The locatlon of the ' _ =
dlaphragms were, one at each shpportand one at the mlddle of g
‘each span as shown in in Figure 7.1. The slab thlckness was
kept'constant at 1l inch (279 4'mm);-the nain'girders were
of W 36 x 160 s;ze and the dlaphragms were of W 30 xllG srze,
cFlgure 7.1.
‘ Accordlng to Artlcle -AS S5 of the OHBD Code (18), "For
shallow superstructure type - brldge, the effect of dlaphragms
" and Cross frames between supports on the structural response
‘may be 1gnored"- thus, in this parametrlc ‘'study, two sets of

[

-
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[

results were“obtained*'one was based on OHBDC recommending‘
V_neglectlng dlaphragms 1n the calculatlons of the Ilgldltles
and the other set of results 1n whlch the dlaphragms and the

'pslab are- assumed actlng together as one sectlon,_see Appendlx -

~

'.F for detalls -regarding the two methods of calculatlng the.

‘-orthotroplc rlgldltles for dlfferent aspect ratxos.s

z7.2,'»Comparison'B’etween the Results

B Y

The resulmsforthe three cases of loadlng were obtalned._
For brevrty, however, results for only one case of loadlng,

a concentrated load actlng on the central glrder, are pre—

: sented hereln. Flgures 7 2 to 7. 5 show the deflectlons dis-

AN
trlbutlon at the mld-span sectlon for dlfferent aspect ratlos.‘

In-Flgure 7 2 the dlfference between the two deflectlon

curves is qulte large, however,-lt becomes smaller w1th ln—'

e

crease'in the aspect ratro, b/a, Flgures 7 3 to 7.5. -Thus

" for wider brldges, the presence of transverse dlaphragms
does srgnlflcantly affect the load distribution characterls—_

" tics; whereas for longer brldges, the effect of diaphragms

between supports may ‘be 1gndred. Y :

-

Figures 7.6. to 7.17,sh9w the’distributions of the

longitudinal‘bendfng moments (M ) at the intermediate support

'and the longitudinal bending moments (M ) and transverse

'bendlng moments at mld-span. These flgures indicate that in

wider bridges (say for b/a = 0.3}, more than one diaphragm
is required in order to increase the distribution of the:

longltudlnal moment - transwersely, Figure 7.6 shows that the

‘loaded glrder carrled about 60% of total moment (My) accordlnq)

4
-



54-

to the theory whlle accordlng to the OHBDC,:lt carrles about

_ 78% of the moments.ﬁ For a longer brldge (say for b/a - 2 0),'
:Flgure 7 9, the loaded glrder carrles 28% and 40% of total

vt
,moment accordlng to the theory hereln and to the OHBDC,

I.respectlvely, thlS lndlcates the lmportance of dlaphragms 1n

w1der brldges and to lesser extent in longer bridges.

Flnally, the presence of” dlaphragms in the super-

' structure of slab-on—glrder brldges does srgn;flcantly

affect the deflectlons,_the longltudlnal moment and the

+tran5verse.moment drstrlbutlon charaoterlstlcsr

e “ o8

. L . —_—
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8.1 'Summagz

. CHAPTER VIII ~ o,

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

o L e LA
L. . "
4 ]

S e

The overall objective of this study was to eliminate . ..

1the unavoidable'transverse cracks at the_intermediate‘support"

_'of coutinuouS'twoéspan'composite'bridges, and'to obtainVa'f

_rlgldltles proposed by OHBDC and those-proposed here1n~were

3

better understandlng of the load distribution characterlstlcsgA
due to the presence of the transverse dlaphragms. A Fourler.
serles method of analy51ng two-span contlnuous comp051te
brldges by orthotroplc plate theory was- presented- concen—'
trated load was conSLdered. Proposed theoretlcal formuiae'g‘

for calculatlon of the various orthotroplc rlgldltles were -

! ‘

bused. The theoretlcal results were‘verlfled and substantlated

by tests on_ two bridge models. An analYtical studyfand com-

parlson between the behav;our of such brldges us;ng the

undertaken.

“8.2 Conclusions

The following conclusions are based on the results

‘obtained from.the theoretical and experimental studies:

1) Composmte actlon of the full transformed section
can be reallzed in the negatlve moment region of a continuous-

compOSlte brldge by placing shear connectors throughout the

-negative moment region and applying a suitable prestressing

- force to the slab; . ‘

e,
i

2) Prestre551ng can be used to effectlvely control

slab cracking in the negatlve moment region. Cracks can be

55
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bellmlnated up to certaln 1oad levels dependlng upon the

/ .

‘_amount of. prestress force applled-’
‘Bf The good agreement between the experlmental and

_theoretlcal results supports the rellablllty of the proposed'f‘

'formulae for estlmatlng the . orthotroplc rlgldrtles,.

g) The torsronal rlgldlty of the slab plays an

1mportant part on the behav1our of a contlnuous comp051te

brldge when a concentrated load is close to the unsupported

e
S

~

,5)' Transverse cracks produced,at the lntermedlate
support in relnforced concrete slab can reduce- the stlffness
of the brldge by as much as 25 to 30%;. s

65 In the superstructure of slab—on—glrder brldges,
the presence of transverse dlaphragms can - srgnlflcantly
affecttheload dlstrlbutlon characterlstlcs £

-7) If the transverse dlaphragms are connected
rigidly to the maln girders and w1th 1008 interaction between
the slab and the longitudinal glrders, then the - transverse

i
dlaphragms and the slab act as one section;

e

8) Orthotropic plate theory as presented prOV1des an
effective method of predlctlngwthe distribution of locad to

the different members of the multibeam-girder bridge. -

8.3 Suggestions for Future Research

. The following suggestions are recommended for future

research as an extension of this investigation:
1) Consideration should be given to the placement of

shear connectors beford. or after the prestressing operationf

-



57

2) A further lnvestlgatlon is requlred to answer the

~follow1ng questlon. what 1s the effect of 1ncrea51ng ‘the

.~

~number of transverse dlaphragms beyond a certain llmlt on _

' further 1mprov1ng the load dlstrlbutlon charaoterlstlcs.,

e

g., optlmlzatron on the number of transverse dlaphragms,

f_f 3) Cons1deratlon should Be glven to the contlnulty of

connectlon between the prestgessmng concrete slab in the

negatlve moment reglon and" the ordlnary relnforced concrete

1 A

slab port;ons. N
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/

FIGURE 5.1 THE LAYOUT OF SHEAR CONNECTORS,
MAIN GIRDERS AND DIAPHRACGMS.
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: v .
\ . . _FLGURE 5.5 THE HINGED SUPPQRT INSTRUMENTED WITH
- ' . | 'THE LOAD CELLS.
. _ J -
4 f



FIGURE 5a§ END BEARING SYSTEM, BRIDGE MODEL
'“‘II.

MODEL IT.

FIGURE 5.7 DISTRIBUTION OF" END BEARING PLATES
THROUGH THE CROSS- SECTION BRIDGE
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FIGURE 5.8
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RUBBER HOSES VTO‘ COVER THE PRESTRESSING
WIRES DURING CASTING.
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FIGURE 5:.13 TRANSVERSE REINFORCEMENT :.IIN PRE-.
. . STRESSING SLAB. .
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FIGURE 5
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FIGURE 5.15 FORMWORK FOR THE REMAINING RIGHT
AND: LEFT PORTIONS OF THE SLAB.
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FIGURE 5.16 REINFORCEMENT STEEL FOR THE NON-
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FIGURE 5.22 CONCENTRATED LOADING SYSTEM.
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FIGURE 5.23° TWO POINTS LOAD ON INTERMEDIATE GIRDER
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FIGURE 6.19
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. APPENDIX (A) .-

“r

Expressions For Matrix Elements . L

@ [

Ay T Ky

AL = 2-'.-
2, = Ki-K3

__,; o I
A3 = Ky (K)-3K5)

- = % (eFw2y
a; = K,(3R°K))

T m mTraZon2y o
A ?_.V-EI£A2 Al)xl

'A_ = 2EIx'A.A

6 1*1%2
‘,A7.ﬁé D&' ' <
.35 = -DyxiAz'
“Bq =j'byki31
A, = D#Aé -‘(Dl+pxy+byerl. o
Ay, = 0.3, + (D1+ny;Dyx)K2

512, = _Xl(Dl+Dx +D___}A

vy yx’TL
B4 = DxQXi(pl+ny+Dyx)A2:
Ajy = DA, et
B1s = “Dyhy
Al = Gaﬁz o
By7 = Dy + blfiAz
Ryg = ~X]DyA;
A= -xiem;

A.. = =-x2GJa

1 2
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2K1K2

R2-g2

1 2

- 2 w2
Ky (R-K3)

r 2
32(3Kl,32)

- b rp2_n2y

EIXI(BZ,Blz
o

2EIx1BlB2

D

Y

w2
XlDyBZ

2 .
xlDyBl ¢

DxB3 - Kl(Dl+ny+DYx)
_DxB + K2(D1+ny+D )

4 ¥X

2
'xl(Dl+ny+Dyx)Bl

- 2
Dx * Xl(Dl+ny+Dyx)B2
DyBa ~ Dy



cosh
sinh
sinh
cosh
cosh
sinh
sinh

cosh

1n

1n

In

In

2n

Z2n

2n

lezanb

2n’

cos

sin’

cos

sin

cos

sin

rl
rl
rl
r2
r2
r2

r2

rl
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s ‘
e

®in T xlki“ﬁb
ézn = glsng R
Saa = /(8002 K+ 2t )
s = Saa™ “17 |
Sy = Subatu™
o 2 5 g
8yp = Sy (-1

 Sp2 = Spafpat-1

\‘/;-n

T3 = Kl(ﬁéaz/xl + m2m?)
Tb4 = K2(B§a2/xl _ mz.nz)
- 2, 22

5F

1

Sxa L= _2/(}:‘;[".0;;13‘2&1&;132 + 2A2m2“z)‘ + m“'rr'*)
Sx1 T SR "D -
'Syé =_2/(xia§b%a§b2 + 232m2ﬁ;) + mhﬂhi'
. N
‘ >y
'\Syl —‘syamﬂ( 1) .
' = o p_qa -
Sy2 = Syad%P (-1 .
T 22
Tal - Al.Bna ,
—— . 2 .7'2 2.2
T o = AZSna -+wm T
= 2_ 2 L 22
T§3 = Kl(ﬁna (xl + m2m?)
— 2_ 2. '_ )
T‘a4 = KZ(Bna /}cl m-mTe)
- 22
Ty =B 82a%/x, + m*n°
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A u"bzx2 + m2w?

2 1l

x Ky (x 2b2 + m2T )

1

x‘K (x azbz - mzﬁzf_‘_-

B aZbZ 2

1"n" 1

Bzxi b2 + mr2 . 3
l(x aZbZ + mZ.}TZ)\— .
1 2(x 2b2 - m27?2)

KZan
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,'APPENDIX-(B)f':(-’

Fourler Coeff1c1ents For Lateral Load

The . Fourlen\coefflc1ents of Equatlon44 14 are evaluated' '

A:;:" . \I- - . /., - ,- . . ) . . . . i . _:.7 _. l \

below: - - L _ R
agg = (l/2a) f £, (x}dx S L ~
_ T -a : L : L
__(l/2a)F£[Cl7_+ gzo(x /a ) + 021 + C24(?x\/b l)}dx
_ A — C ot SRR )
= Cypt L/3 Cyp. * Ca1 * Coy(Tat/sp*=1) .
a . . - .‘-M\V—-
CH ;l/a);; £, (x)cosa x dx AR
' 2 . 2.‘2. u"“u ‘v
= (;/a):;[ c17 + czo(; /a.)'+ C21 +:C24(?x (? —ln gosamx dx_
— . ' l.; " ) £y
= Cyolp * C24T T a'/pt

Im’ I3m’

" this appendix with change of index from m to n wherever

&he.integrals I etc. are defined at the end of.

necessary.

Bom = (l/a);g £, (x) sin a_x dx = 0
a ' T

S0 = (1/23) 1€, ax |

: _ ’ . - a1
'.(clnwln + C4nw2n * C5nw3n-+ can4n)( l)_

A

a
¢ = {(1/a) | £ (x) cos a x dx
-a

) ‘oon
= (clnAjl + C4nAj2 + CSnAj4)( }}

. a ’
d = (l{a)-g fn(x) sin o _x dx =0
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.:Eoufier EXpahéions and Eefinite'lhtégraIS'?
‘;ln:=;(l/a);£-§x‘/a )?os th dx
= (1/b) [ (y*/b*)cos By dy
o o=b ST
_% 4(-1)%/n%7r* , and so on. 1-"_-3f . R
;3n —'(1/a);a($‘/a )gos'anx dx §

[

= (1/b) J(y*/b*)cos By dy Lo .

pe

- g(-1)*(1-6/n%71?) /nin>
T =7f2(;1f“/nﬁ

I = -2(-1)®(i-6/n2m%)/nm - |
Tn L . o ;
S T a L e |
Wy, = (1/2;)‘ f cosh u3hcos_u4ﬁ dx _ ;

—a B

_ = xiile?—n +“K.2K8'n) /é g . a
W2n7= x, (K Kg = K2K7n{?ém5 "f_““_id |
W36‘= xi(KlK7n + KKg ) /a 8
Wan = *1 %1% - KK, )/a 8

We, = (KyKq, 52K4n)/bu“n

Wen = (K Kyn ~ K2K3n)/b %n

Won 7 (KlKBn * K2K4n/b'0'n_'
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S (T

'8

>

(K.K,:

_l.4ni- KoK

(L/a) [ cosh p3 cos u,,

a_.

cma

2

a2’ "

‘SaZ{—T

a3

ad’

K

Klﬁ f Ta3K

+ T K

(Tb3 7 T Tba¥a

sz( T

S (“Tgi 3n x3°

x2

y2(Ty3 3n * Tyafan’

(1/a)

s . (-T,

al

&=

?al(T

y2 Tyafan ~

alK

M

+ T K

'szc“Tb4Lvﬁ b3

X, -+ T_,K

x3_3n_ x4

K. + T _.K

a ‘ -
S sinh ¥3n
a -

T

a2K7n - alK

Sp1 {=Tp K9n = Tpi¥

(

Sp1tTpi¥on ~

le(_T

K - T .K

X2 3n xl

Ty3K4n

7 * Tasfen)

5

8n

)

n

Bn)

4n)

4n)x

)

)

cos W,

)

8n

n Ta2K8n?

Bn)

Tb2K8n)‘

4n)

cos o X
cos o X dx.

» +;

sin o X
m

dx



Sy10-Ty2%3n = Tya¥an

| Syl'(Tlef;’;n.' _ "Ty?Klln

= Sx1Tx1¥3n = Tx2Fsn)
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AP?ENDIX (c)

3 Deéign of Concrete Mix

Two trlal mlxes were made to meet the foleWLng )
condltlons. concrete lS requlred for relnforced and pre—

stressed concrete slab for u51ng in- the composite brldges,

. R N
: , "
Concrete mix must have. B to 4 in. range in slump sultably

]

vibrited and adequately cured

hfStrength: Two dlfferent concrete mlxes for strength equal

o .to 5000 and 8000 psi were requlred for reinforced and

'prestressedfConcrete'slab of composite bridges.
\ : :

| . Cement content: High early strength portland, cement manu-

'factured by Canada Cement Company was used‘nn all the brldges.‘
leferent cement contents range from 500 to 700 1bs. per ‘

- cul yd and Aair. contentof 3 5% were used in the concrete

‘-mixes.

Aggregates: Maximum size of the aggregate was restricted
to 0.25 inch (6.4 mm) since the concrete '‘cover to the
center of steel reinforcement was 0.5 inch (12.7 mm) with

a specific gravity equal to 2.65.

Assumption: Accordlng to reference (22), the amount of
water required per cublc yard 400 1b. The percentage. of
fine aggregate to the total aggregate was assumed between

40 to 70% for the different trial mixes.

~

Quantities per cubic vard: From the information given,

the absolute volume occupied by the paste was calculated as:

130



'ceﬁéht,_abs.-éol;_
'Watef,labs. voi.,:

_ Air,'aﬁs. vol.

iﬁaste} total~vdl. /:"
- Aggregate, absr ﬁdl.
‘Coéréé—aggfggaﬁé; wt.

wt.

Fipe aggregate,
TR AN

o \\ .

The above quantities per cubic

131

560/(3.15%62.4)
392/(1.0%62.4)

3.5x0.27

2.85+6.28+0.94

27-10.07

16.93x%0.40%2.65x62.4

'16.93x0.60x2.65%62.4

‘mate, and useq_as‘a.preliminary trial batch.
” for-lo lbs. of cement, a tfiéi batch
éeﬁent . _ = ld;bo
Water = 392 x 10/(560) =  7.00
" Coarse agéregate =_1L20 X ld[(5605f= ©20.00
Fine aggregate . = 1680 x iQ/(SGOi = 30;00.

.0.94

10.07

N

116.93
1120

1680

cu. .

Cu. -

cu.

ft;_°
£t
cu. ft.

ft. |
cu. ft.
lhs;3 i

lbs.

yard.wére épproxi—

consistedﬁof:;

lbs.
lbs.
1bs.

1bs.

Based on the'workability and maximum strength’ of

this trial m%x,'two'trial mixes with different water/

cement ratio and fine aggregate content were made using

reference (22).

The following table shows the properties of the two .

mixes and their streﬁgth-aftér 7, 14 and 28 days.

Table (C.l)
Mix Ratio by Weight in lbs.. Strength in psi
No. . Cement Water Sand Gravel |7 days 14 days 28 days
1 1.0 0.70 3.00 2.00 4000 4680 - 5500
2 1.0 0.40 2.25 1.50 6600 7500 8000
The total volume of the slab and cylinders = 11 ftd |
A '



‘and the total welght of the concrete mix requlred-
' 11 x 146 = 1606 1bs:.

wﬁlch was divided lnto three batches. Mlx No. l was chosen

for- the reinforced comp051te brldge and Mlx No. 2-for the

'prestressed portion of. the com9051te brldge model (II)

o
! .
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APPENDIX (D) i
. Rigidities and Properties of Slab Models
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APPENDIX (D)

By

R  Rigidities-of-Uncracked Section: (Theory)  ‘;

D b= E -i . ’ ) ) . _ e

. Longitudinal Direction: ©

N A
. v
- N T e
] 1 . ] 4 A ]
4 L ’

_ (52%2.5)%1.25 + 7x5(3.83x6.5)
Yy (52x2.5) + 7x5(3.83)

'=.3.92 in,

L 52%2.5% . 52X2.5, . 14 aoiq amiz

+ 7x5[39.6 + 3.83 x . (6.53.92)2]

= 10L7.4  + 2278.3
'= 3295 in.*

i = I /52
i .Y/

63.4 in*/in.

y e
280 "x 10° 1b.in2/in.

h3 ..
T

” 2.53

3

Y

= 2.6 in*/in." s
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L33

Dyx = G__-lO B o

-~

=71:92 x 10°%% 2.6

5.00 x 10° 1lb.4n2/in.

DR Gy
D‘l = Ec X\) XT3 {1017.4 ]

= 13,00 x 10 1b.in2/in. - °
Tranéverse'Diréction:: '.j : «f

 (132%2.5)1.25 + 7x5(4.56%6.5)  *

®x T T 132x2.5 ¥ 7x5x4.56
= 2.96 in, | |
. _ . 132%2.53-, (132%2.5, ... ac_1 oey2
Iy Tl G x (296 1257 1
T+ 7x5[30.1 + 4.56(6.5-2.96)2]
= {1160 1+[ 3653.5]
= 4214 in? .
j = I_/132 | ' T
I y 132 el
= 31.92 in*/in.
Dx = Ec-:l
) %
= 141.00 x 10% 1b.in?/in.
o 3
Pxy = Pyx-
‘D, =1160x v x E x ==
2 Tk 132
= 5.83 x 10° 1b.in%/in. -
-

e
U
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agms):

Longitudinal Directioﬁ:

%y

. D

Y

—

¥x

1

3.92 in. . - /-

280 x 10° 1b:in?/in.

5.0 x-10% 1y.in2/in.

‘v(Lesser 6£ D or D )

-

Transverse Direction:

o

1.25 in.

T

T T2(1-vEY

1.33 in%/in.

B, X 1,33 -

5.87 x10° 1b.in?/in.

Dy

£m0,15 X 5.87 -

e —
X
T
X
D =
<
D2 =
ny_=

0.88 x10° 1lb.in%*/in.

DYX
5 x10° 1b.in?%/in.

© 'Rigidities ‘According to OHBDC-1 (neglecting the diaphr

.



137,

ngldltles Accordlng to OHBDC- 2 (by just addlng the rlgldlty

1fof the dlaphragms to the rlgldlty of the slab in the transverse

’ dlrectlon)

Longitudinal Directidn;i. L S .
- As above “f~,; o s A- - o N H
Transverse Direction: .
=" l- 25 in‘:o N §‘ . _‘L
D, = 41.00 x I0° b.in%/in.
<Dy =Dy T s
“-. = vx 41.00°
= 6.15 x10° lb.in?/in..
ny - Dyx. _
= 5 x10° 1b.in2%/in.
- r‘)‘
-
f
s
iy .Q



. MECHANTCAL PROPERTIES OF STEEL GIRDER -

-l

i

TABLE D.1

Type Yield Tensile %
_ - of Stress Strength |Elongation
|specimen _(ksi) - (ksi) in 2"
Web ‘& 45 70 23
| Flange
: " TABLE D.2
ROLLED STEEL BEAM PROPERTIES
Flange P
Beam Area Depth ' ; Web - M02§nt
(in2) {in) width Thickness | Thickness .
- | (in4)
| W Bx13 3.83 8 4,00 " 0.254 0.230 39.6
W 6x15.5 1.41 6 6 0.269 0.235 -~ 30.1

.
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kCalculationrof*Rigidity‘ﬁcbordiﬁg=to OHBDC: {by ighoring¥the

. effect of the transverse diaphragms) , b/aj = 0.5 -

- Span = 2b = GOI;Width = -2a7= 1i0' f---‘.,/

Longitudinallnireétion§;

”i.l"gggg;gy:: ihruhi£5'oflDeck ccndreté;.nlé-lO _ :
. o , . . o . "' . !_L. 21' | ' _

. o (24x12x11)5.5 + 10(47.1) 328 -t —t

Sy * (24x12x1l) + 10(47.0). BN _ .E;F}-s

5_8,54 in.

:_Iy =24 x'12 X 55 +A(24x12xll? X"(2754 5.5)7 1
+ 10(9760 + 47.1 x (29-8.54)%]
= 61414.32 +. 294766

‘= 356180 in.".

1.3 Find i, ig: :
N
i = I /P
=LAy |

. = 1236 in%/in.

3
i = L

o 6 -
| = 221.8.in“/in., i.e., the torsional inertia of thé étael"
. girder is.neglected.
_ : A

D, =E-i
= 3,12 x 105 x1236

= 3856.00 x10° 1b.in2/in.
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D ;='v(Lesser of D: and,D“)"
- . T x Ty
=53 % 10% 1btin®/in.

Dy = G

1.36 x 105 % 221.8

1301.00 % 108 1b.in2/in..

Transverse Direction: '

g3

B IR vy s NI

: =1113.5-in?/inQ' )
Dx =.E'] E ) = |
'=354,00 x 105 1b.in®/in. - .
. - . ., .. . -.‘.!f.
: D¥x = ny |
'£'301.00 x 10° 1b.in?7in. )
. L) r -

D2 =D:L

= 53,00 x 10° 1b.ir? fin.

-

L1

I’y

Al i St

balculation'of Rigidity According to Theory: (by-taking :into

account the transverse diaphragms),’és connected ‘rigidly to.

\ the main girder. .

Longitudinal Direction: \

M
I

8.54 in.

H
Il

356180 in.

3856.00 x 16f 1blir? /ia.

o
#



o las

= 61414 32 _
é 0.5(61414. 32)°

9212 % E/24x12

I

B : 99. 8 x ]_0 5lb ln 2/111. :
D s D‘ ’. - .7_.-.‘. _'-, ‘ | - . 3 |
= 301.00 x10° 1b.in®/in.

-

_Trathersé:Diréctidh:h"
e, =7.79 din: . - L
. I, = 1.26 x 10% in%

-

3 = S??_in?/in.-' LT
D = E 3
= 2736 x 106 lbwlnz/ln.

D '"=‘79.oe\g 105.1b;in2/in;

' p__ =.301.00 x 106 1b.in2/in."
yx DTS TR R ST SR R

'Case'(z),'Aspect.Ratioi 1.0 = b/a

: Span ' -ﬂﬁf#WLdth - 2a = 60"

1

2b=60'  2b=60"

-~

Elan'-’

g

W -
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«Célculationfof‘Rigidity'Accordihg toVOHBncﬁﬁt

Bonéitudinal Diréétion: 

e = (l2x12x11) X 5.5 + 10(47 1 x 29 ’
=" 10 - 89 . l:n‘.- :

wr

1, =rilzxi2 x %%7.+ (12x12xll) x (10 89-5. 5)21

+ 10[9760+47 1(29-10. 89)2]

= 61990”5c"+ 252074 ‘ .-
= 314065 in.zfi_ L s

1.2 Find 1; 10

i = I./P_
* Iy/®y

2181.01 in.¥in. . g

l.l-
"

= 221.8 in.¥in.

'D.. = 3.12 x 106 x 2181.01

I

6805.00 x 106 1b.in2/in.
Dy =y{Lesser of D_ and D) -
X Y
= 53.00 x 10% 1b.in?%/in.,
D= G-i
@]

201.00 x 108 1b.in2/in.

I

Transverse Direction:

D, = 354.12 x 108 1lb.in2fin.

Y



=.D

¥YX XY . T : -
o= 301.00 x 105'1b;in2/ing
P D2 =.,Dl S ) ) L
% 53.00-x-lt_)6 1b.in%/in. _"f. S f//é

" calculation of Rigidity According To Théoryg

. Longitudinal Directicn:

=
I

. 201.00 x 108 1b.in2/in.

Transverse Direction:

7

e, = 7.79 in.

Y

Calculation of Rigidity

D,, = 301.00 x 105 1b.in2/in.

te, = 10.89 in..
s S | .
D, = 6805.00 x 108 1b.in%/in.
D = 301.00 x 106 1b.in?/in.
xy TS S

=y 61990.5] ¥ E/12x12

x =}
D, = 2736 x 105'1b.in2/in.
Dy " = 79.00 x 108 lb.in?/in.

1

Y-S ]
According to' OHBDC: (b/a =

‘Span = 2b = 60'; Width = 2a.= 40" . .

v .
. Calculation of Standard

.ﬂongitudinal.Direction:

ﬁaraméters (Table A5.3(b}).

of Deck concrete and assuming n=10)

_ (8x12x11) x 5.5 + 10(47.1)-x 29
Sy (8x12x11) + (10x47.1)

e ' = 12.75 in.

£

1.5)

- 8 —

% s
36
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Y -
K A

'-.;z'--[ 96 x Ey +-(96xll) x (12 75 5. ) ]
: o+ 1009760 + 47.1 x (29-12. 75)2]
= 10648 + 55506 + 221973 ”_ f,;V
= 2.9 x 105 in.»
 1‘._= (z /p ) *
. .f.f._ 1
= (2. 9 xlo® ) X 5577
= 3020.in“/in."~ ,
N
S VIS SN
_c113 . : S o |
T I2(1-0.I3D s

]

113.5 in.%in.

Il

: 'Theﬁtorsional_ineitia of the steel.girder is .neglected, so.

. \
‘that:
1 T o
oz t3[6 B
= 11°% /6

221.8 ln“/ln.

Calculatlon of propertles of the idealized crthotroplc plate

u51ng table AS, 3(a)

D, = E.i . x ” -
y N . . ) : - .

{3.12 x 10%) =x 3020

]

9422.0 x 10° 1b.in?/in.

Dy T G-1,

(1.36 x 105)-x 221.8

301.00 x 10° 1lb.in?/in.

B
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1D1£j=-v(Les$e;_9§ D, agd_Dy)
" =53,00-x 10% 1b.in%/in.

-

T ) ~
'Transverse Direction:

~3. = 113.5 in.%in.

= 312 x 10° 'x 113.5 o e
= 354.00 x 10° 1b.in?/in.  ° . . -
Prx €I

=301.00 x 10° 1b.in%/in.  °
Dy = Dy

.= 53.00 x 10° lb.in%/in.. L N

Calculation 0flRigidity.According‘to Theory

Loﬁgifﬁdinal.Difecﬁidn;>.

';e = 12;75'in.  . ) ' '__ B ,...'1  o
I = 2;9 x 105 in." -

}p. = 9422.0 x1081b.in?/in.

D_. = 301.00 x 10°% 1b.in2/i£

. _- ’ ’ l )
D2'_" v[10648 + 55506) x E x Eravi
= 322.50 X 10° 1b.in2/in.

e



Liﬁij”l_ﬁ
’fTransverse Df ectiéﬁ; :
— 7
o (120x12xll) X 5.5 + leox(34 2)% 29
x T 7 (120%12%11) + 5x10x34.2

= 7.79*15.

1%

"-.IX ‘=[ 120 ‘X 12 x 12 + (l20x12xll) x (7 79 5 5)2 1.
- ‘f” + leSx[4930 + 34 2x(29 -7. 79)21
= [159720 + 83066 51 + 50[20315]
= 242786 + 1. 02 X 105
= 1ﬁ26 3 105 in.* ©
. _1.26x10% . 4
I -T2oxiz e L
=877 ind/in. . S R
= 2736 x 10° 1b.in?/in.
D ¥=v{242736] :{Ele;wi-——
1 120x12
= 79.00 x 10° 1b. 1n2/ln.
Case (4}, Asggct ratio = Z.b ='b/a ' :, .
Span = 2b = 60'; Width = 2a = 30°
= - 60, i 60’ +
. 30
‘Plane

' calculation of Rigidity According to OHBDC:

3
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'_Longltudlnal Dlrectlon. o

. r

_ (6x12%11) x 5.5 + 10(47.1) x 29
®y T (6x12x11) + 10(47.1)

Pt

= 14:26'in;'

T & .

+10[9760 + 47 1(&4 26 29)2]
" =:'68762 + 199933 0
= 268695 in.*
i .='373l.S_in}7in¢.
: i.*‘= 221.8 1n“/1n.:.
D '=,11643 00 x 106 lb 1n2/1n.
Bl = 53.00 3,106 |
D ='301.00l$105 ib.iné/in..
_'D "#354‘60-£ 10?_1b.in5/in
yx ny_ o h
= 301.00 x_lbé 1b.in?/in.

Calculation of Rigidity According to Theory:
\\_ ) T

[0
It

D, = 11693.46 x10° 1b.in?/in.

D2' = 0.15 X 68762 ¥ 3, 12 x 108 X 1/72

'= 447 00 x 106 1b.1n2/1n.
e .= 7.79 in.

D = 2736 x 10°% 1b.in?/in.

- (lelel) x~(14;126—5.5)i]

14.26 in. . o




79.00 .x/10° 1b.in?/in. .

D .

301 X 10° 1p.in?/

L'

i
b
l
-
1
.-
- +
3
e
-~ .
.
&
’

v

in_. "
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