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CHAPTER 1

INTRODUCTION

1.1 Research Background

In structural engineerino, composite construction refers to a system

which incorporates two or mor: ant materials in such a way as to take

advantage of their particg ! é ;af'os. For example, a composite

concrete and steel beam = wsustain tension stresses and on

-

the concrete to sustain waore effective than concrete or

steel acting alone in f' w i the concrete material has a

very high resistance i =
, D
mechanical property of t' ##s ,,
§
tension. It is efficient in"Co’ :"_.-"

adequate lateral supporto M -

composite construction, both

oer resistance in tension. The

’Iﬁ"a

DN c\ kiing both locally and globally. In

\and is very efficient in resisting

Weitier not a problem or if there is

as the structural efficiency may be

optimized. The ovgrall g cegstruction is to improve the

mechanical perform] v = .‘:i' st of construction.

Compo®™e construction also enables stru®Ural designers to significantly
reduce the de - ‘ﬁ ' %‘ iti %T ic and design benefits.
In the case ﬁ‘vﬁ:aar ﬂﬂﬂe irﬁ Elel tﬁﬁas topped off with a
reinforced ete_slap tg fo \ﬁif'c'e i ﬁgﬁr h ﬁr transfer between
the coaeﬁ:‘:]tﬁstiﬁlﬁ utjﬁt:ju ais ﬂ:] &Ed to the upper

chord of the truss. For this type of composite structure, the concrete deck slab provides

sufficient lateral stability to the top flange of the steel girder which lies near the
compressive zone in the immediate vicinity of the neutral axis. This type of structural
system is referred to as a steel truss with composite concrete deck or simply as a

composite truss. When the concrete deck is cast from a high strength or high



performance concrete, it is referred to as a composite girder with a high performance

concrete slab.

One possible problem of existing older flexural composite trusses under
long periods of service loads is that of large span deformations. The concept of external
post-tensioning is introduced in this research to alleviate this problem. Moreover, such a

prestressing concept can improve gt flexural behavior in both strength and

serviceability. The type of pgs /JSS studied herein utilizes slab post-
tensioning and steel stud \eciors

é full integration of the steel truss

acting compositely with o e omposite trusses are one-way

N
simply supported systg ~ ibuted along the top chord to

enable a uniform shea nd the steel top chord. The
high-strength tendons e axial compression which

counteracts the tensile st

1.2 Literature Review

Viest et al. (195 oncrete slab is perfectly connected

to the steel sectionie—————— <42/h act together in carrying

the service load. Sli |i SO L= IS greatly reduced and the

compressive and tenshc stresses are effectively balanced through the use of shear

conneciors beﬁﬁgﬁaﬂm NEIND

F r a non-compositegsection with pg shear connegfgrs the steel girder
alone Qs{ﬁ'r;/] a B%jﬂiﬁuhu Hrﬁ]s@ wfﬁjér]\ia Elslab and truss.
Experlm&\tal studies also show that the friction between the concrete deck and the steel
section without shear connectors is very low compared to the shear resistance
developed when shear stud connectors are used. The friction may be increased by
encasing the upper chord in the concrete slab. This method was studied by Watson et

al. (1974). The method is applicable when at least 2.0 inches of concrete is provided



over the side and the bottom of the chord and at least 1.5 inches of cover is provided for

composite action.

The concrete which experiences higher local stresses near the interface
may crush at the shear connector base while some deformations of the shear
connectors occur. Lam and El-Lobody (2005) found that the head zone of the shear

connector where the confining concre! g ki ess is lower than in the base zone remains in

its original orientation; i.e. theg /rs while rotation is suppressed. The
result is bending deforma connecéponding to its bending stiffness.
Long connectors are M - e curvature characteristic while

maintaining ductility \ig e brittle and are therefore

undesirable.

Most #€0e S oMectors to be at least 3 or
frequently 4 times long _ and BSI 1994). If the overall
length of a stud is shorte # i W2 Tely ® duction factor of ultimate shear
capacity of the stud of less -.@

—'":! l-l‘:-_ v I-"-;,
It hages i be S according to Viest (1960),

Slutter (1965) and tig 4 A |t while the slip of a shear
connector does not s, ,! ificantly " anCOWERERETate ca , ity of the composite beam,
there is some reduction #neggliffness of beagubeing approximately 15% in the elastic

R 1L it I DA T Tl b R ——

the ultimate capaC|ty of a shear studgonnector be sed on an mt@oe slip limit of 0.8

oﬂﬁﬂﬁﬂﬂimuﬁﬂﬂmﬁﬂ

As reported by Slutter (1965), flexibility of shear connectors allows more
ductility and a variation in the distribution of the longitudinal shear between the slab and
steel section Due to the flexibility of the connectors, it is not essential to distribute the
shear connector according to the shear diagram. Experimental work in this area has
shown that when a higher load is applied to the composite beam, redistribution will

occur Thus leading to a more uniform shear distribution.



Currently, there is no design specification for the post-tensioned
composite truss concept. However, some research papers such as Hoadley (1963) and
Saadatmanesh et al. (1989) mention external prestressing in the composite beam. They
found that the use of the prestressing principle in the composite steel-concrete structure
is not to overcome the tensile deficiencies of the material, as in the case of prestressed

concrete, but to build opposite stresses into the composite beam in order to counteract

the stresses caused by the extenw

high-strength tendons, Hoad ; éa tendon can upgrade the flexural

strength and ductility of - — concluded that the effect of

ure by increasing the ratio of

w20 dimension to the ductility of

rthermore, for the sufficient provision of

prestressing is significal
ultimate to yield moment

the structure is not signific iation in the span length did not

change the ductility p:

Post-tensic ‘\"-., d by Ayyub et al. (1990). They

studied non composite stes 'us N ONé y the tendons anchored at truss

joints and treated as a separate s

S S——— *Derformed the superposition of the two

stages of analysis; fwgt, ssign force without considering

the stiffness of the t y: ."-*i' 2ring the stiffness matrices
of the tendons to be in j fect. Thoy—. s iendor _ dincides with a truss member
then only that member isgffgcted by the pogfiensioning force, but if a tendon does not

tensioning. Accyding to this study, fer the case gpost—tensionech%teel trusses with a

o ARARIATUNRIINYARH - o0

externallaunbonded tendon should be taken into consideration.

The use of a HPC composite deck is also adopted in this research to
provide higher strength to resist the additional pre-compressed stress. Due to the higher
elastic modulus in HPC, the transformed effective width of the slab is wider than the

normal concrete strength deck slab. Crack problems due to the tensile stress from



prestressing will be reduced due to the higher modulus of rupture associated with HPC

as reported in the research of Seri (1994)

The research reported herein is focused on two major aspects which are:
(1) composite action between the concrete slab and steel truss, and; (2) the flexural

behavior of the post-tensioned composite truss as related to strength and serviceability.

1.3 Research Objectives

The objecus
tensioned steel trusses wi O 2 Comp08|te decks. Experimental
study of the full-scale -
composite decks is cone; : 48 el analysis to study the actual
behavior of the real «#c! - % that may occur in the real
application. Moreover, ®M model of the post-tensioned

composite truss conside ¥ ct of unbonded tendons. This

model is intended to analy # ti _ﬁ

stability and the ductility of thesd=a

id the shear behavior in strength,

ish the service life under the strength

limit state and the s&&iS
W
0

i

1.4 Research Scope

ALY FDBNT WEANT, oo s o

bond between ?onorete deck and gsteel truss igyperfectly bondgg so that the fully
componﬁﬂ adaeﬁjﬁrguead wr*Qr%ﬂ qi ah&naly&s are not
con3|dergd part of the lateral load-resisting system. All the truss members are
connected to the truss joints without any eccentricity. The high strength prestressing
tendons are draped down at the applied load points and there is no friction at those
points as the unbonded prestressing tendon behavior is applied. Relaxation of the

prestressing tendons is not considered as the time of the prestressing occurs



immediately before conducting the experiment. The material characteristics used in the

analysis were determined for use in the theoretical analysis.

1.5 Research Significance

Currently there is no design specification for post-tensioned composite

trusses. However, there are a few rese g g goapers that mention external prestressing for

composite beams. This stud: / the innovation of the use of the
prestressing concept as & - ,omoos-‘éJss and concrete slab structures
to upgrade the flexural stog 7 - iceability and ductility of both

new and existing struct,

1.6 Research Program

A theor "-L‘ Mough a consideration of the

various parameters affec ##c ) u 'y between steel and concrete,
this includes assessment (#th .@ eC®r strength as influenced by stud
diameter, concrete strength, stk ._-*-’-, of the flange of the shear-connected
chord member ancies 2 : The range of composite

action considered inCe =) partially composite action,

and; (3) non- composru, aotlon The second phase of the
consideration t-tensioned composite
trusses. In thﬂpy ﬂs m:ﬂ EJ tﬁe Eu'l E!dl‘anﬁwor of post-tensioned
comp f ﬁ V‘Tﬂ i lated by load -
deﬂeca ﬁj aeﬁnﬁj nuss ﬁgjj 2] the composite

truss, the maximum amount of tendon used, stiffness of the unbonded tendon, buckling

theoretical study includes a

behavior of both the element buckling (chord elements and web element) and overall
buckling. Also included are losses due to tendon relaxation, creep, shrinkage, and
anchorage seating. The possibility of the semi-rigid behavior of truss joints is also
included. The study also considers the serviceability deformation of the post-tensioned

composite truss.



An experimental study is conducted to evaluate the actual behavior of
the real structure and to observe the problems that may occur in actual applications.
Load-deformation response, tendon strains, element stresses and failure loads are also
recorded. A model of the post-tensioned composite truss considering the stiffness and
the effect of unbonded tendons is developed for analyzing the structural behavior as

related to the flexural and shear behavior in strength, stability and the ductility of the

structure to accomplish the service ' > strength and serviceability limit states.

1.7 Research Overview

In Chag a post-tensioned composite

truss is presented. I Wosite action behavior, shear
stud connector behea flexural behavior of post-
tensioned composite be: Wsite trusses, member stresses,
buckling behavior, Ioss_ W axation, creep, shrinkage, and

anchorage seating and as v. the truss joints.

In Chapter 3 thae b/ s 24 onsidering the actual behavior of a

real structure is preffime——————— <4=/ns that may occur in real
1 0 LY
1

applications. Load-ac - = stresses, and actual failure

¥

loads are recorded.

ﬂCuDEI ﬁnn&MIéiwdg g]tﬂofﬁw Chapter 2 and results

are plotted agai#!t experimental resygts to iIIumina@nd verify theo@cal approaches.

QRIANDIYHALANELIRLL. ........

the stiffness and effect of the unbonded tendon is developed for the flexural and shear

behavior as related to strength, stability and the ductility of the structure.

In chapter 6 the conclusions of the research are stated and a summary

of the dissertation is presented.



CHAPTER 2

THEORETICAL APPROACH

2.1 Composite Structure
rinciples as used in the analysis and

/Jrrently available in the literature are
/ trusses with high performance

The general theories

evaluation of composite struct
applied in the study of .z

concrete composite decke

ncrete slab and steel truss
connected together wi L. ors. If the concrete slab is
perfectly connected to th > Aty s ""HII\ Wucture is called fully composite
= \ loads. Relative slip between the
interconnected surfaces is prex nection fully resists longitudinal shear

forces as transferregeAdm e -

A

@ SERVICE LO/M
[ ]
111 1 1 1 1 11 I 1 11 I I 1 1 1 1 71 0 7§ 0¥ 1 0171

REACTION

\
[T '
= |
| |
‘| ‘ ’| I i
-

~ CONCRETE DECK SLAB

~—SHEAR STUD GONNECTORS

<%
NEUTRAL AXIS OF ﬁ

et

COMPOSITE TRUSS a

SECTION®) STRESS DIAGRAM

o Y2 |

Y1

Figure 2.1 Composite truss stress diagrams



From Figure 2.1, the flexural stresses for the service load condition may be obtained

from:
M, -
o, = LII_ yl
M - (2.1)
o, = LL y2
n-I,
Where G, is the tensile stress in r of the composite truss and O is the

composite truss, |, is the r__;,_ | : inertia of the composite section
to all steel material, arz A "soa. steel elastic modulus to the

concrete elastic modul: e T the neutral axis to the tensile

e 2.2, consider the following
part of the composite tru -y AN fiexural stress O, at section 1
\ flexural stress O, at section 2 as
caused by moment M,. The Z0kyL 2/ etween O,dA and O,dA is the net

Aolamber.

Figure 2.2 Interface shearing stress of the composite truss section of length dx.
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Equilibrium of the longitudinal force acting on concrete slab from y, to c (see Fig. 2.2)

daF = jasz— j.o-ldA

vl vl
=&IydA—&jydA
| v | v

(2.2)

Substitute dF by V-b whas o b is the width of the interface.

(2.3)

From mechanics of mater Wvith respect to longitudinal axis

equals the shear force #Fat

Thus the shearing shew e —————————— ::,‘[ ‘mputed by,

Vv = - (2.5)

where A-Y |Sﬁeu &Lg ﬂ %Jamﬁ w rﬂ—ﬂeﬂojt the composite neutral

axis. Comp05|te construction commaily uses shegagconnectors to ggevent slip between

e N QYN BRI b PRI e ccis o

elastic w!y then the shear flow (shear force per unit length) between the concrete slab

and the steel section may be calculated as:

shear flow = \AAI—Y) (2.6)

The spacing, s, of the shear connectors required for resisting the

horizontal shear flow as calculated from equation (2.6) is:



1"

Q,

= 8 (2.7)
shear flow

Where Q, is the allowable service load capacity of a shear connector which is
calculated from Q, ,the ultimate load capacity of the shear connector, divided by an
appropriate safety factor. For research purposes, the ultimate capacity of a connector is

determined by direct testing. Since full beam tests are prohibitively expensive, a model

test, known as the push-out test | P} Jis often used ultimate strength and the

load-slip behavior.

1 USROS
QRININTANNTINGNA

Most specifications suggest steel properties for stud shear connectors.
In addition to a high yield value the studs must be ductile and a minimum elongation is
often specified. From the push-out experiments of shear stud connectors, Ollgaard et al.

(1971) proposed a load-slip model as:
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2
Q =@Q,)(1-e™)s 2.8)
Q, =1.106-A f " E " (2.9)

where Q is the shear load required of a connector at a given slip, Q, is the shear
capacity of the shear connector, A, is the cross-sectional area of the shear stud

connector, f_is the concrete cylinder strength, and E_ is the elastic modulus of concrete

while A is the shear stud connag 21} ), inches, and e is the natural logarithm

~2.718281829. A typical loag-® \[// Eigure 2.4

1.20

1.00

0.80

0.60

Q/7Q,

0.40

0.20

0.00

00 = : 05

ﬂUB?ﬂﬂ%%ﬂﬁﬁﬂﬁ

Figure 2.4 Typical load, Ilp curve

0 W'L@\JILQGU AMANEIFE......

(in metrlc unit)

Qu :OSAS\] fc'Ec (2.10)

where A, is the cross sectional area of a shear stud connectors, f and E_ are the

concrete cylinder compressive strength and the modulus of elasticity of the concrete,
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respectively. The stud strength also must not be higher than its tensile strength, i.e. Q, is

not more than the tensile strength times A

EC4 (1994) recommends the shear connector strength to be the

minimum of:
P. =029-a-d*f,E, (2.11)
(2.12)
|1 <1.0 (2.13)
where Py is the shear st: ‘ LM the diameter of the shear stud

connector, f, is the cor,

' ek

Wenath, f, is the ultimate tensile

strength of the shear stud ' T\ g ngun of the stud.

The ratio ¢ 0 = N N % material thickness, 7, shall not
exceed 4.0. If T exceeds | Wall be multiplied by a reduction

factor, R, given by

v, 7 ] (2.14)

Y
1

Studs $®4ll not be placed closer than theé®eight of the stud to the edge

of the concret [ ‘i iSA i § it ﬁ & strength. Moreover, a
uniform distribmj;tgs ;?slzgjﬂg hﬂﬂj is aﬁlicable for shear studs
of len ter than 4 time 'rf' . hﬁd ing rpnation leads to
equalaiﬁﬁaﬁﬂimﬂﬁgs ﬁfjﬁﬁf f the maximum
moment to the zero moment of the composite structure, regardless of the shear force

diagram along the span length.
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2.1.2 Degree of Composite Action

In case of an insufficient number of shear stud connectors which leads to
reduced shear connection between the two materials, there will be some differential

deformation at the interface resulting in partially composite action.

SLIR,.« SLIP
— ._I |=—

S

']
i

NON
COMPOSITE

action

wditi i | shear stud connectors provide

sufficient strength so that tH# f 4@

of the composite structure capad e/t 24 ad stage.

th& material used on the tension side

Non-w. 4 B Jhere is no shear transfer
between the two mate- contacl suniaecoouc as the ¢ , >rete deck slab and the steel
member. The slab and stﬁ@eotion deflect @i#h respect to their own neutral axis and at

ihe same |eve|ﬂdu<ﬂ " P H F RIS cnct the maximum i

occurs at the support for a simple spgh structure.

ARINIUINIINGINY........

and complete non-composite action. It is obtained when the shear transfer strength
between the interfaces governs the flexural strength of the composite beam or truss.
This implies that the tensile zone of the structure is not able to develop the full yield
strength of the material and the failure mode of the overall structure occurs in an abrupt

mode which is not preferred in the normal situation.
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However, for full composite action, even the slip between the surfaces is
assumed to be zero. In reality however, all the tests, both from other researchers and
in this research, there is always some measureable slip that occurs in proportion to

applied loads.

2.1.3 Composite Trusses

A composite try 2| tfruss connected to a concrete deck
slab via the shear stud ¢ 7 ‘4.183 and embedded in the slab.
Normally composite trus tructures used widely both in
building structures ang, W omposite action is preferred
to provide a ductile fai ' ' W ion chord of the truss rather
than the brittle failure r - \ w%of the concrete deck slab. In

this respect, AISC (1993 # * lactor of at least 3.

De; W iteria for Composite Structures

in Steel and Concrete (1#56)jEae= <2

composite truss are: (1) yieldizaizibe region of the truss; (2) crushing of

pC¥sible failure mechanisms of the

Y N

instabilities occurring '_'I i L) =ickling of the web elements;

the concrete slab; N ;\.‘[ elding of the web; or (5)

and (7) buckling of the p chord during construction.

Y
CONCRETE DECK ﬁ.ma |

AR AN NREALBAANIBANE

. R R - (
‘. S a S 4 > s ‘ NA T
d
As A f ] l

COMPOSITE TRUSS E
SECTION STRESS DIAGRAM

Figure 2.6 Flexural capacity of a composite truss
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Referring to Figure 2.6, the flexural capacity of a conventional composite

truss can be computed as:

M, =gAf.d (2.15)
A f, <0.85f bt (2.16)
A f, <0.80A,f, (2.17)

where ¢ is a resistance factor f 2 in tension and equals 0.9; A_ is the

ée specified minimum yield stress of
-d_-

f the steel bottom chord to the

cross-sectional area of the s
steel bottom chord; d i -
center of resistance of the \ N “sis, the effective width of the slab;
t, is the minimum thickr. : e effective net are of the steel
bottom chord; and f, is th #fc : \ {0 chord. The distance between
the centroid of the teriSior AN EF) & \ -u.npression block, d, shall be
computed using a cond \ R : _ "!..H« alent slab width on either side
of the truss taken as the : S oht \ > member span; (2) one-half of

the distance to the adjacer o} -&

thedistance from the member center

line to the edge of the slab; as= —-"'-u A 72 25 2,18 and 2.19, and in figure 2.6
where ‘a’ is the de — ::,‘[ is the distance from the
centroid of the bottom ._.: Ore POn==3te slab:

Ly I¥

AULINENINYINT “
qmaﬁniniﬂmfmmaﬂ

For the overall vertical shear capacity of a composite truss, the small
contribution to shear capacity of the concrete slab and steel top and bottom chords as

compared to the much higher shear capacity from the web elements is ignored.

When considering composite action, the top chord is not assumed to
contribute to the flexural capacity of the structure due to its nearness to the neutral axis

of the composite member. Experiments conducted by Alsamsam (1988) and Curry
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(1988) confirmed that relatively small  axial forces exist in the top chord when the

maximum flexural capacity is reached.

2.2 Post-tensioned Composite Trusses

General post-tensioned composite trusses consist of composite trusses

with the application of high strength ssing tendons to provide opposite stresses

/ressing concept presented herein is
4 oy providing uplift displacement

fresses in the tensile zone of

to counter balance external logs
aimed at the repair of ex'r
and additional flexural Co
composite beams or 4 ™saf the overall structure more
efficiently than can be pams welded to the existing

structure.

For the b il AR\ e trusses, the high-strength
tendon will be used exter ( ' L i H.,I W -ssion and the uplift moment as

shown in Figure 2.7.

PRESTRESSING v j ] PRESTRESSING

FORCE L FORCE
'--Uu.__ 1
l-

ol I I | -

REACTION

ammmzuﬂﬁ"“f'mmaﬂ

SHEAR STUD CONNECTORS

4m P = PRESTRESSING FORCE

M=Pe + )
PRESTRESS TENDON M

POSTTENSIONED COMPOSITE TRUSS
SECTIONA

Figure 2.7 Typical posttensioned composite trusses
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From Figure 2.7, the elastic flexural stresses can be computed by the

following equations where O, , and O are the horizontal stresses in the

bottom chord top chord)

bottom chord and in the top chord respectively. P(x) and e(x) are the prestressing force
and the eccentricity or at the section x. y,(x) and y,(x) are the vertical distance from the
neutral axis to the center of the bottom chord and the top chord at the section x. M, (x)

is the service moment at the section x. A(x) and |, are the transformed cross sectional

area and the transformed mome X% Jat the section x. The effect of tendon

stiffness and slip of the extel és neglected in this step.

)+ MLL(XI)'yl(X)
M (X)-Y,(X)
It

(2.20)

—+

! n
! .tc
] =

(A,) (2.21)

1

- \ the stiffness and the slip of the

externally unbonded tendon shp 7 onsideration.

Ach - =~ Darticles and rigid bodies
| v: g I"' d
(J.T. Oden, 1967), Th <o nich are (1) the virtual work,

.-I a
oy i¥

SW, or the work done py.the system of equilibrium true torce P in moving through the

virtual displacﬁﬁéﬁ%ﬁﬂﬁgmlﬂﬁsw*’ or the work done

by the system didequilibrium virtual force, SP, in moving through the true displacement,

u. Undat qnlnagﬂwenﬁﬂrﬂ Hqtﬁ‘fﬂt both OW and

ow* are§lso equal to 0.

In this study, the case of the principle of complementary virtual work,
SW*, is utilized for determining the displacement of the structure under the system of the
true equilibrium force, i.e. the true displacements of a system of particles and rigid
bodies in reaching an equilibrium configuration are such that the virtual work is zero for

every system of virtual forces satisfying the equilibrium conditions.
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For deformable bodies, the continuous functions of all the internal

stresses, SGX, SGV, dG,, the body forces, 5Xb, 5Yb, and the surface tractions SXS and

xy’?
SYS, are regarded as a system of self-equilibrating virtual forces and stresses which are

independent of the true forces and stresses existing in the structures.

o ”Ha&;

W™ = H dA (2.22)
+[[(&X, -u+ oY o, -m+5z, -1 \]ds
A
Where the oW "is the*Co gl f /- '_ \ :quals to the negative virtual
strain energy —oU “plu . a4 L% hal force, &Ne*;
-oU dA (2.23)
W, =+[[(sX, (65, -m+57,, -1)]ds

¥

These virtual stresses tlsfy the equilibrium equatlons

HUB?M?@%KWH?
QﬁﬁﬁﬂﬂiMﬂlemmﬁﬂ 220

oo, 1 +or,, -m=06X,

oo, -m+or, I =0oY

S

Thus SW ™ is automatically equal to zero, regardless of the interpretation for any given u

and v;



20
W =-8U"+W, =
U =W, (2.25)

Therefore the virtual strain energy, U, equals the virtual work done by
the external forces, éWe*. For the truss members, the virtual strain energy, U ", can be

determined by:

(2.26)

where i is the number ¢ = is the length of the member i.

e

F.(x) and dF(x) denote®ie 3G Tine virtual internal force. E/(x)

and A(x) are the moc N ) .. area of member i. While the

virtual work done by t;
(2.27)

Thus the de # of OP_, can be computed by the

ext

following equation;

gl
S EB0A (1

A AN WAoo

the problem of tA§ increase in tendon force due to the external Ioad

ﬂmmmmummmaﬂ

dx (2.28)
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Given the member names for a typical posttensioned composite truss
are shown in figure 2.8. Please be noted that “TL” refers to “top member on the left half
of the composite truss”, “VL” refers to “vertical member on the left half of the composite
truss”, “DL" refers to “diagonal member on the left half of the composite truss” and “BL”

refers to “bottom chord member on the left half of the composite truss”.

!i".,

The first s PRIZIGE (o 1 \ & stress in each member due to

w, comprised of uniformly #istéises M), and superimposed dead load

(SDL) of both the steel trusgdabiZis 24 deck slab. These loads act on the

posttensioned co -— <424 gth prestressing tendon

according to the actua I L U= 2.9. Please be noted that a,

b, &L and B are the mér ber lengths and the internal angls as variables in the analysis.
‘a o
verz  FIUYIVIENT WELLE)D wb
4 R4 2 4 a ¥ o/ 4

=Nl ﬂﬁ%f AL el

Figure 2.9 Uniform distributed load on a posttensioned composite truss
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The member stresses from the uniformed distributed dead load w are as

follows;

~wa+wb
- o = tana
TL, ATL4 | » Ot Ar,_3
1
/ pva +3wb 5 wb
1  tan Yij

~wa+3wb
tan o
og. =0; 0. =
BL ABLl
- (3 wa + wbj
2 .
1
—wa+wb —wb
+ + 2
sina sin f#
O-DLZ - AD ; O-DLI = AD_ ; (229)
L, L
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The second step of the analysis is to find the stresses due to the tendon
load, P, acting on the posttensioned composite truss. It should be noted that the tendon
internal force is detected by a hydraulic pressure gauge reading which is independent

of the dead load of the structure, as shown in figure 2.10

P = Prestressing force

|
Figure 21071 &,
The me are as follows ;
— P(cos
O-TL4 =~ | O- 0, O-TLI 0,

-P

og, =0; 0g, = » TeL, T ;
i BL1

O-VL4:0;O-' =0'O-VC:0;

Op, = ; =0: (2.30)

¢ ADL

W']ﬁ JMQJMQ’JMQ é’LEJ -

element can be imposed directly at this step before the external load is applied.

When an external load, P_,, acts on the posttensioned composite truss

ext?
considering the stiffness and the slip of the unbonded tendon, the resulting stresses
occur in the truss members and also inside the posttensioned tendon itself. This leads to

an increase in the tendon force, AP, as indicated in Figure 2.11.
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Figure 2.11 Incrg ! arto the external load P_,

Strain CO aorestressing system cannot be

applied in this step beg not the same as the change
in steel structure strai F J= Wan the elastic range can be
wole of virtual work, and the
principle of superpositior #H > % "\ don strain. Since the structure

is statically indeterminate il nY Massumed to be the increase in

To solve this e it 3 -fensioned composite truss is made

determinate by cuttiiism— S2dnent at the cut O, , or the

Y L
total elongation of the i > = nment of the tendon due to

the external load P_, b applying a unit virtual force in tfe direction and location of the

tendon, is calﬂ NTfTﬂEcement at the cut 611 ,
or the shortenin He composite E’s’ﬂong Iq Hle alignment of the tendon due to
the un ﬁ ﬁ’ direction and
Iooatloﬂﬁk{ﬁ mjmﬂw:L m %Irement, AP, is

applied to close the gap by the compatibility condition that the gap must be zero.



LI T I I e P e rrr i I rrr eI rrrgd

2
Zo
-
al)

‘_ ] Il 'I'_} ’_i_‘

.“-lr_ -

25

8,

=

ﬁ
Figure 2.12 Compatibility condition for an increase in tendon force due to external load P_,,
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The compatibility condition requires that the relative displacement at the

cut ends of the tendon must be zero:
511AP - 51P =0 (2.31)

where 811 denotes the shortening due to unit virtual tendon force and 51p represents the
elongation due to the applied external load. The elongation and the shortening can be

calculated by the principle of com tgal work;

'ETj

]

nd in tendon j, respectively.
F, and F represent they h.od Wad in member i and in tendon

J, respectively. E;and E;; f Tl W teel truss member i and tendon

j, respectively. L, and L, #° jE ; s®Bl truss member i and tendon j,

respectively. A and A are t& = A2/ grea of the steel truss member i and

tendon |, respeCtive s — -
- v: |~' d

Thus the increase in tef{fon fOFCSS

fuiIngr |
am sl

The strain compatibility equation is used to find the increase in tendon

el loagiflan be computed by:

2.33)

force due to the applied external load. The total force in the tendon is then equal to the
initial prestressing force plus the increments in tendon force due to dead-load and live-
load. When all of the internal forces are known, the load-deformation curves can be

determined.
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At the first step, the member stresses due to the external load P_, are

computed individually regardless of the posttensioned tendon as shown in figure 2.13;

_ 3 Pext

tanf )
A,

3P€Xt

tana )

ABLI ’

0y =0;

( PEXY‘H Pe F Pext j
. AUEAY gfﬁﬁ}ﬂ 44 V3 L TP
U \DL, ADL3

AR T UAI NI oo

deformeg; i.e. the tendon stress is increasing due to the external load P_,. Thus, the
composite truss members are affected by the increase in tendon force, AP. These

stresses can be computed as follows:

—AP(COSQ— s1n6?) —AP(COS@— 2s1n6?)
tana ) _ tana ) 0

» O » O, =
Ar, 3 Ar, 2

Oq, =

» O7, =0;
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_ APsind _2APsin9
S tan o = tan 5 - AP
B, V%98, =7  ,~ %, =7~ 0Op, — )
ABL3 ABL2 ABLI
(+ APsin 6) (+ APsin 6)
oy, =0; 0y, = » Oy, = oy, =050, =0;
A, A,
(_ AP sin 6’) (_ ﬁsiniéq [_ AP sin 9)
sina 11l sina
Op =——-, 0 o —— = 0, =0; (2.35)
DL, ADL4 DL, ADL2 DL,
Finally, th B0 on each of the posttensioned
composite truss members 2
"W + O, (2.36)
where O, and Og, aie 2 \ W and the superimposed dead

load; Orgypon IS the stref \ Wnbad; Oy onp is the stress due

4
it "‘-.‘ Vstress due to the external load

to the external load; and thiles
| i -
considering the stiffness and th e‘-ﬂ Jdea prestressing tendon.

For \n4f ALo)ed composite truss, the
method of static eq vl MAnt in the cross section that

has reached the ultime J limit state is considered in the aidlysis.

 AUSANENINYNS

CﬂICRETE DECK SLAB

s
T
§— L = TR 0.85f bt |
[
V. %,ifl +Apsfpf.% l
coupon' TRUSS £ ¢
SECTION STRESS DIAGRAM

Figure 2.14 Ultimate stage of the posttensioned composite truss
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From Figure 2.14, the maximum tensile force results from the
combination of the tensile stress in the bottom chord member and the tensile stress in
the tendon but not more than the cases of the summation of the shear stud connectors
strength from the maximum point of moment to the zero point of moment or the
maximum compressive force in the top concrete slab. The maximum flexural strength

comes from this maximum tensile force times the moment arm length.

F,, =min| (A ‘ , 0.85f,'bt, |

max

(2.37)

The mir: , " city can be computed if the
value of the prestressir Mobtained at the beginning of

yielding in the bottom che

(2.38)

The maximum b : " nloment capacity in the inelastic range

would be that mo wesing force was set to the

fps max f (2.39)

fl U INUATNYINS rorrs e

each bound for the prestressing ford@® is on the ogaler of 5% in whig is not significant.

ror e Pe KON 150 BB I P FVIEI ) &) « e section

analysis !hows that the tensile strain is equal to or exceeds 0.005 when the maximum

compressive strain in concrete reaches 0.003 (ACI 318-10.3.3).
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2.3 Behavior of Posttensioned Composite Trusses

The behavior of a posttensioned composite truss is influenced by flexural

behavior, semi-rigid joint behavior, the lateral stability and losses related to prestressing.

2.3.1 Flexural Behavior

The transformed s¢ 4s, the principle of complementary virtual

work method, and the pring; 1 be applied to the posttensioned

composite truss to invest: o in. The general flexural behavior

exhibits an elastic momeiic \« B c peginning of the yielding of the

bottom chord followea D ulimate load carrying capacity

as shown in figure 2.13.

MOMENT

H.-I - TE TRUSS

My2 —/ =
—, L
My1 = v/

CURVATURE

| |
“RUYINENINYINT -

Figure 2.15 Ty cal moment and cugvature relatioahip for a postt@;ioned composite
ARIRRHRAIIRBARE

According to the previous part of the research concerning the stiffness
and the slip of the unbonded tendon, the unknown increase in the tendon force due to
the external load is solved and all of the stresses in every truss element can be
computed step by step. The procedural flow chart for determining the load-deflection

curve of the posttensioned composite truss is shown in the figure 2.16.
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no

no

[

’ >

J ye

“RHE A
QRN TREININENAL

Figure 2.16 Flow chart for analyzing of a posttensioned composite truss.

The procedure starts with the material mechanical properties such as are
determined from stress-strain curves of concrete, steel, shear stud connectors and the
tendons. The truss configuration and cross-sectional dimensions must also be

accurately determined.
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Then a percentage of the steel truss bottom chord cross-sectional area
plus the total cross-sectional area of the tendons in equilibrium with the area of the
effective width of the concrete slab are considered. The distance from the top surface of
the concrete slab to the centroid of the effective area of the steel truss bottom chord is
computed. The results are compared with the balanced condition percentage, P, .

which is determined using a balanced failure theory. In a balanced failure analysis, the

compressive strain in the top surf Jncrete reaches an ultimate compressive

strain of 0.003 at the same % 11/ ’/)> in the bottom chord reaches the

yield strength.

E.=
1C C
d

d-c

83 = . | £,

STRAIN DIAGRA' 3S DIAGRAM
Figure L~ 2 qed condition

v_- |~' d
From tr‘ L stralii™e = in glbiure 2.17 and the constitutive

¥

law, using similar triangleingthe distance cagd (d-c);

AUYINYNINYINT
ANYIAY

C=_——w= (2.40)
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From cross-section equilibrium;

0.85f,'Bc-b=AF,

0.85f,' 3,

(2.41)
For the section that has bot

(2.42)
where 77 is the yi°¥ 3 fof the tendon to the vyield

strength of the bottoks &

oy
] |
i ¢ dF

The limit gf the percentage of Py lESs than the balanced condition

makes the strﬂﬁﬁj Qﬂﬂmw Wﬁthe bottom chord prior

to the crushing gjthe concrete at a duct|l|ty ratio of 4 or greater.

AWAR fmu UBIINY VA Y o o

composﬁe truss without considering the stiffness and slip of the unbonded tendon. The
pre-camber from the prestressing tendon load and the deflection from superimposed
dead loads are also determined by the energy theorem using the actual stresses in all
members. When the external loads are applied to the post-tensioned composite truss,
the corresponding increase in tendon force is calculated using the strain compatibility

condition and energy technique as described before. Deflections due to external loads
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are calculated along with the camber from the increase in tendon load which acts in the
opposite direction. The downward external loads tend to make the posttensioned
composite truss move downward while the increasing tendon force tends to make the

truss move upward.

The combinations of stresses due to all steps are calculated up to the

beginning of the vyielding in the bottcggaherd of the truss. The external loads which

cause the first yielding of th; recorded as the yield load with a

corresponding yielding defum

The ultimaig O M. [hat produce ultimate internal

stresses in the bottom chk Noaximum flexural capacity of the

posttensioned composite is calculated base on the

u

All the dat - Wy can be computed as described

above. For the moment - cu t_l e ;0 be computed from the data that
45 ’
produce the load deflection cuny 7 moment can be found by the internal

stresses and the c ™ g t iy divided by the distance

between the neutral &4

i

i-{ij;id foisk Behavior @/

BINENINENT

hough trusses are usually analyzed as assemblages of pin-ended

2.3.2 Sﬁn
Al
v/

¢ o
elemerra Wqﬂlg@aﬁ ﬁjlng 4!19? V]El ei(at g ilies caused by
eccentriq'ties du welding procedures. Member Tlexural stiffness, EI, also comes into

play once joint eccentricity effects are activated by imposed loads. Even in the case of
true pinned joints truss members may experience flexural action due to secondary
effects. The local and global stability of the truss and its elements are also considered in

the analysis.
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The analysis considering effects of the semi-rigid joint behavior can be
done by analyzing trusses as rigid joint frames considering both the axial forces and the
bending moments inside each member. The results can then be plotted and then

compared with similar load - deflection curves a simple truss analysis.

From the principle of virtual work the internal virtual strain energy within

the structure is equated to the work do gk external virtual loads;

(2.25)
The virtug - ’ ~ sulated based on both axial as
well as flexural action 4
* AX
M = ) dx (2.43)
Where i is the number of ¢ o : - \ N s the length of member i. F(x)
and 8Fi(x) denote the real | g :,—;- = vl internal force of member i. M,(x)

and SMi(x) denote the real intq,r T e virtual internal moment of member i.
- -_‘J_l-._ . Pl

E-(X), Ai(X) and |i(X) :.‘.

-, cross sectional area, and
‘ e
moment of inertia of v A

Ly I¥

A membeﬁ,extendmg from node 1 to node 2 as shown in the figure 2.21

below is consﬁ %H %rﬁﬁrﬁﬁ w Ejﬂ ﬂaﬁjants are positive in the

ARIA zuum’j bl ]
@ @ @ @

+M1 c +8M1

Figure 2.18 Sign convention for the internal moments.
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U g — Z”: IL( M; (_X)' 5M | (X))dx 0.4

i=1 0 EI (X)I i (X)
. N1 L ({M2-M1 M2-M1
oJ bending=z J‘ X+M1||| ———— X+ M1 |dx
—E.| b L L
-3 L, (M2—M1)(&\/I2—&\/Il)+ [(M2-MI1)M1)+(M2-M 1M 1]+Mlél\/l 1}
SE | 3 2
(2.45)
The angjwes ' —— rigid joint compared to the
experimental results alonc. o Ssaeoresented in Chapter 4.
2.3.3 Lateral Stat
The brar o, ras simplified models each

ing at the top that is capable of
\
T \
developing a horizontal rea: #hn = . i" ffness, B times the deflection, A.
For an ideal column, the mem| 7 graight and the loaded configuration is

considered as sho s

Figure 2.19 Loaded configuration of ideal column with elastic bracing
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The equilibrium condition for the moment about the lower pinned end

gives;
P A ﬂldeal
P (2.46)
ﬂideal _t

The B is the required snring stiffness for the ideal straight column of

ideal

n with initial horizontal imperfection of

,/J' aded configuration shown below

length L to resist the axial loa
AO, the moment about the g

gives;

o ﬁ“lffl”ﬂ Wﬂﬂ?ﬁﬂwﬂ P

P- AT fﬂreqd (A A

’Qﬁﬁﬁ\iﬂiﬁu A ’J’fﬁﬂ Y L.,

ﬂreqd :_ l_i ﬂldeal 1_70
A A

Winter (1958, 1960} found that the best suitable value for AO is L/500 and

that AT equals to ZAO , thus, Breq’d equals ZBideal.
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Consider the bottom chord of the posttensioned composite truss under
the prestressing force from tendon F . The loaded configuration is shown in the

following figure;

of bottom chord under

8 laferal bracing

A

1 (2.48)

Lrps

quiInEnINEINg. ... ..
RTINS A Ing 8y

=T (2.49)

Substitute the lateral translation stiffness in the required spring stiffness

for F_, and also considering the initial imperfection effect (B equals to ZBideal) gives;

req’d

= - M[i) (2.50)
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This is the equation to determine the maximum prestressing force

considering lateral buckling of the bottom chord.

2.3.4 Losses of Prestress

2.3.4.1 Shrinkage

gain developed inside the concrete slab. If

’/jee shrinkage strain, & is the result

Referring to the study by - !‘l— For the type of composite truss

Shrinkage causes 1'%

the shrinkage can occur free

s icstrained by the steel truss to

-._._‘_

which the slab is attache %5, | herefore, the tensile strain in

the concrete slab is ies; 7 aln resulting in the restrained
shrinkage strain, €. T: _ : 3 | oM siab is, €, which is equal to

the difference between, sstrained shrinkage strain, €.

These strains are illustra f W stral WG gram of the composite truss in

\
Figure 2.22.

-rTS| i -
A I P 43@
MINYIRY

—
I'BC 8,

Figure 2.22 Shrinkage strain diagram

The shrinkage strain decreases rapidly from the free shrinkage strain at
the ends and remains constant for most of the length of the concrete slab

(approximately 90%) along the longitudinal. Thus, the distribution of longitudinal
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shrinkage strains in the concrete slab is uniform. As a result the tensile force in the
concrete is constant over most of the length. By equilibrium in the longitudinal direction,
the compression in the top chord is equal to the combination of the tensile forces in the

concrete slab and the bottom chord.

Referring the force, strain diagrams and the distance variables, a and b from Figure

2.22,

(2.51)

Summing moments abq; gord in the Figure 2.22 gives;

(2.52)
From the above two equa’

(2.53)
Substituting the term of the ints *:"; L 2 8, internal strains and taking moments

about the mid dept 7, E
v_- |~' d
el EA

AuE TN *ﬁ _fl)ﬁﬁ‘i
’QW']ENﬂ 1M 7818Y

Solving the above three equations gives the strain, €, the strain in the

oy
1
B

bottom chord, Sbc and the strain in the top chord member, 610.

The deflection due to shrinkage, Ash, is calculated by applying the
constant moments acting on the composite cross section in magnitude to a compressive
force at the centroid of the concrete slab multiplied by the distance from its line of action

to the centroid of the transformed section, e.
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required to shorten the c OVEj sla._d_mount equal to the restrained

shrinkage strain:
(2.55)

The sk b i AN restressing tendons to be

. 1 J
shorthened leading to a ¢Cc JFse Lar=s e "'1'& \ .. This decrease in tendon force

i T ,
makes the truss deflect dow ‘-ﬁ ction as the creep deflection. In order

,* y
ﬂ"”ﬁ‘f g ,"- A

to find the decrease.in teng , due to the shrinkage moment,

the total elongation v

.‘;JI [he total elongation at the

ong Tl 9,811 is determined resulting

¥

same level as the tend|jh duc™

in: ATsh = 8 /611

%u&gﬂﬂﬂ§WHﬂﬂi
AR TR I NG =

sustained compressive stress. The strain at time t in a concrete member, €.(t), uniaxially

loaded with a constant stress € (t,) at time t_ is;
£o(t) = £4(t, )+ 2o bt,) (2.56)

where €_(t,) is the initial elastic creep as determined from the stress O (t,) and the creep

strain €_.(t,t,) from time t, to t, , can be calculated from;



42

£e(tit,)= %ré(t,to) (2.57)

E.(28) is the concrete modulus of elasticity at 28days and @(t,t,) is the creep coefficient.
Introducing @, as the basic creep, O_(tt,) is a coefficient to account for the
development of creep with time, h, is the effective thickness in inches to account for the
volume to surface ratio equal to 2 times cross sectional area over perimeter of the cross

section exposed to the atmosphar is the original thickness in inches, RH is

éroent, RH, is 100%;f, is the mean
d

the relative humidity of the &

¢ —00si, t, equals 1 day; and (g,

is the coefficient that accz \ wme2uMmidity on shrinkage. Thus, the

"
—

Pic‘ﬁ‘ BniNYIN3
adsina Ry

Since shear stud connectors are provided uniformly over the truss
length, the creep strain from the prestressing force is also restrained by the steel top
chord member as in the case of shrinkage. The method of calculation follows that as in
the shrinkage calculation. However, when the creep deflection is determined, the
deflection equation changes to the following equation based on the different moment

diagrams from the creep moments. M, and M, are the moments from the forces equal to
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restrained strains times the elastic modulus and cross sectional areas of the concrete

about the centroid of the transformed section for panel 1 and panel 2, respectively.

MU oML
® T 162El,  54El,
M, =[(z, E.A Ke)] (2.59)
M, =[(e,, EA Je)l,

The only unkng ove equations is the concrete strain

é creep strain is a function of the

n, 52“0(1

Anchorz e wedges move in to the
anchorage seating pock Lo \ % as the pressure is transferred

from the prestressing jack & & 1 k. -. seating depends on the type of
k . [ g ,

L1
the wedge and the stress ir ag alue of the anchorage movement

is 2 to 3 mm. For this type of | ye seating loss is distributed uniformly

over the entire Ien o) tegelon anchorage points. The

stress loss can be cL

(2.60)

anch

ALY N3NNI

anohorage movement, L, is the total Iength of the tendon

betwewmmﬂﬁrﬁmmwmaeam

2.3.4.4 Relaxation

The relaxation in a prestressing tendon refers to the gradual loss of
prestress over a period of time. An important factor that governs the relaxation behavior

is the stress ratio of the jacking stress to the yield strength of the tendon, f/f

f — f.
o _q_[logt=logh | T s (2.61)
f 0 )\,




CHAPTER 3

EXPERIMENTAL APPROACH

3.1 Test Program

To study the flexural behavior of the steel trusses with high performance

concrete composite decks, an expe jg i gtal approach is essential for the research
, /lcted to observe several aspects of
pct—teéndons on flexural behavior; load

(oilure modes; actual truss joint

procedure. The full scale spegs
behavior including: the inf
and deflection relations’:
behavior; possible prg trusses, and; verification of
the theoretical approe notonic loading conditions.
Table 3.1 below is a s! s0th-to-span ratio of 1/16 was
selected as representat’ 1nrratios found in practice for

such composite trusses. '

Table 3.1 Test Program

Tendon Stress
Series

P ¢ (MPa)

¥

Specimen A1 ‘ 2-@12.7mm. 460

3 UEJ’JVLEME‘V\I Bofkd | o«

920

’QW AN IBIURINENNT

Specimen A4 - -

Specimen B1 - -

Specimen B2 12.7 460
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Two test series as summarized in Table 3.1 were tested under point
loads applied at the third points along the length. Truss series A included a concrete
composite deck and was subjected to prestress by two grade 250 DYWIDAG”
monostrand tendons of 12.7 mm (1/2 in.) diameter at three different prestressing levels
of: 460MPa (Specimen A1); 690MPa (Specimen A2), and; 920MPa (Specimen A3).
Specimen A4 was performed on the remnant of the Specimen A3 after the cables were
cut to eliminate the prestress .For the case of prestressing level at 920MPa (Specimen

ailure. Truss series B had the same

éﬂs A except that it had no concrete
A

A3) the specimen was loaded. .

nominal member sizes and ¢

composite slab. Truss specimens, Specimen B1 and

no prestressing was tested. For

Ws2nd loads were applied up to

as =Sec

Specimen B2. For Specimg
Specimen B2, the tende:

ultimate.

3.2 Test Specimens

The span ler el vere 8534mm (28 ft.) long with a

Tz
top chord center to the bottom -*I"

of 500mm. Specimen A, as shown in

Figure 3.1, had an Q4

54T thick high performance

-
!

reinforced concrete 5"; AX J crete compressive 28-day
strength of 50MPa. Th j oNncrete Siau wao curiniected to , - top chord of the truss which
consisted of a W100x19fshpe ASTM A99fLbteel. The shear connection was formed

using 57 Weld%suc&lfgeﬁél BLVLQ WL TE I n shan ciameter

and 115mm long with a center spacimy of 150mm. &ge bottom chorﬁ_pf the truss had the
aro RWARIAT N BAIN B HE B 0505 s
had a flaﬂge thickness of 8.8mm and a web thickness of 7.1 mm. The overall depth was
106mm and the overall width was 103mm with a cross sectional area of 2480mm’
resulting in a self weight of 0.191kN/m. The sectional moments of inertia about the major

and minor axes were 4.77x10°mm" and 1.61x10°mm’, respectively.
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LOAD
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The vertical and diagonal web members consisted of S75x8 sections
made of ASTM A992 steel with a flange thickness of 6.6 mm and a web thickness of 4.3
mm. The overall depth was 76mm. and the overall width was 59mm and a cross
sectional area of 1070mm” resulting in a self weight of 0.083kN/m. This section has a
moment of inertia about its major axis of 1.04x10°mm" and about its minor axis of

0.187x10°mm".

Since all experimentog nducted in the structural laboratory at the

Department of Civil Engineerir Brunswick, Fredericton, Canada, all

..-d ear studs are under Canadian

\\ Sl America which are under

wnada are produced either to

of the materials such as ¢
specifications along wiim
American specificatios
CSA Standard G40.24 to ASTM A992. All of these
grades have similar s rength at 350MPa (min.) to

450MPa (max.) and the ' %0 650MPa (max.)

Test spect. S Wilas L/ d “elf-equilibrating test frame for

loading in the structural labfas "’:ﬂ id eevation views in Figure 3.2 with a

typical section view shown_ings N ilibrating load — reaction frame was

constructed using T, : :5‘[ with a flange thickness of

15mm used as Colum‘ ace OVI8mm diameter high strength

dF

bolts. Two W610x217 W|d.§ flange steel glrders served as the main reaction load girders

supported by ﬁ%ﬂﬂoﬂﬂﬂﬁrﬂwﬂﬁsﬂﬁmm Four 22mm ASTM

A325 high tensi@l bolts per support were used to connect the main g|rders to the cross

beamsqrw'm'lwﬁ ﬂ mﬂﬂﬂfj? Wg a Ernected to the
strong flq)r using 38mm diamet It round steel bars of diameter 1 inch were

used as roller supports located directly under the center of the end span vertical
member. A translation slot and pivot plate permitted horizontal translation and rotation at
the support. Concrete forms were designed especially for the research purpose to
simulate the actual construction. The dead loads of the concrete and forms were
applied to the steel truss directly with no dead load force being transferred to the

laboratory floor.
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WF 630 x 320 x 18 x 25 mm.
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Figure 3.3 Section view of a test specimen in the loading frame
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The temperature and shrinkage reinforcement used were 10mm (3/8 in.)
diameter deformed bars with seven spaced longitudinally at 250 mm (10 in.) on centers
and 35 placed transversely at 250mm (10 in.) on centers. The 100mm. (4 in.) rebar
chairs were used to set the lowest level of the rebars at 100mm above the top surface of
the concrete form. Thus, the highest level of the rebars was at 120mm above the top
surface of the concrete forms resulting in a top cover of 30mm. Hooked bars were
placed in the concrete slab for lifting and removal purposes after all the tests were

done.

T o0 rebars

The concegigybucket and thg gravelling crane inside the structural lab

were wsed or ] S S IIALIIS IV Fos v o e

surface and aIs%lthe side forms of ghe plywood gprevent the Ie&@ng of the cement

e QRARIRT UURAINYAR B o

the concﬂete. After the concrete was cast, curing was done in a moist atmosphere at

room temperature by using wet burlap and plastic sheet covering to prevent water
evaporation for a 7-day period. This ensured that the compressive strength would

develop up to 80% of the 28-day design strength before removal of the concrete forms.



After the

—

50MPa, the composite triieg

(2 in.) unbonded monos*
with welded end anchor=

wedge-anchor systemn#

Figure 3.5 Curing,

Figure 3.6 Posttensioning of Truss A

51



52

The tendons were draped at the one-third points of the truss at 2845mm
from the center of the end vertical member. The overall length of each tendon between
two wedge anchor systems was 8620mm. Curved steel plates were used to locate the
tendons to the level of the center of the bottom chord member with nearly frictionless
surfaces. Referring to Figures 3.7 and 3.8, two hydraulic twin-ram jacks and the control
system from DSI America along with the pressure gauge reading, the calibration chart,

and wedge installation hammers were used to anchor and produce the tensile stresses

in the tendons.

Figure 3.8 Twin-ram jack with pump and pressure gauge.
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Referring to Figures 3.9 and 3.10, specimens were loaded at the third
points by two load rams of 1000kN capacity with a stroke of 300mm. The hydraulic
hoses were connected to the rams and hydraulic pumps. Carefully controlled apparatus
ensured that tendon loads applied by the two rams remained equal as indicated by the
reading values from the calibrated load cells. The two load cells were calibrated and
installed between the rams and the concrete slab for measuring actual loads acting on
the test specimens. Pivot plates were used to adjust the angle of the load to be

1 I .
perpendicular to the concrete sla uring a test.

f—.’—.‘.hi

%

—
(

- '1 . - P,
i - I-b.

I
ah = Pd —

Figure 3.10 Elevation view of the Truss series A.
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3.3 Test Materials

Concrete

High performance concrete was used in the experiment to provide
sufficiently high shear transfer strength via the shear stud connectors. The 28-day
design compressive strength of the HPC mix was 50MPa with a slump of 150mm. The
and a temperature of 60°F at the time of

sampling. - é

Figures 3 iIU ategmmm—"s o5 summarized in Table 3.2.

actual concrete had 2.6% air entrajn

Nine of the concrete c N sgcre incurred under the same
conditions as the concre! S wader moulds were tested for the
compressive strength o4 L ¥ ) - had been cast before the
concrete forms were &0ipr ssive strength of these three
cylinders was 47.8MF# ° ssive strength of the three
cylinders after 28 days wi#% ¥l - y | an compressive strength of the
three cylinders after 75 d#s el e Mean tensile strength test for the
modulus of rupture was 5.6\ .-—-""::,_.___ : 0 point loads on small rectangular

beams of 150mm Willere————————— =5 1ol

_ i
-

Table 3.2 Concrete codif ressive Stciigur wow 0l ( day diicrete

7 day to 28 day
Av
Cylinder il design
diam@je Compresswe
m) Lo&d (kg) @/ compressive
S .
| | | \j = rength ratio
1 15.10 30.10 85 299.46 476.32 0.953
2 15.00 30.20 85 072.60 481.41 0.963
3 14.90 30.00 83030.85 476.19 0.952
Average 477.97 0.96




COMPRESSIVE STRESS (KG/SQ.CM)

700

600

500

400

300

200

100

700

600

—e—CYLINDERA4

=—0—CYLINDER S

—o—CYLINDER 6

0.0075

Figure #% £V~ & day concrete

—e—CYLINDER7

B APEINING Ao
—O—CYLIWRQ

0 0.0015 0.003 0.0045 0.006 0.0075
COMPRESSTVE STRAIN

Figure 3.12 Compressive strength tests of 75- day concrete
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TR

42
- -

Vi
|

Steel Truss Me=foers

ﬁeuegcﬁr%ﬂ% éfw%}qﬂ@m coctons whils the

vertical and d|%onal web memberé were made of S75x8 sect|ons all conforming to

e QRAREN T HAN N TNE s

stress b@§tween 350MPa and 450MPa (50ksi to 65ksi). The gage length used was

50mm. (49.97mm.) with an applied strain rate of 11.5MPa/sec (690MPa/min.)
conforming to the standard ASTM A370-03a for rectangular tension test specimens. The
mean tensile strength of the W100x19 flange members from coupons1, 3 and 4 tension
tests was 587.3MPa and the mean yield stress level was 483.6MPa. The mean tensile
strength of the W100x19 web members from coupons 2, 5 and 6 was 586.9MPa and the

mean yield strength was 439.7MPa. The mean tensile strength of S75x8 web members
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from coupons 7, 8 and 9 was 503.0MPa and the mean yield strength was 399.0MPa.

The web member flange could not be cut and trim for the tension test specimen

because the thickness of the flange was not constant.

The overall mean yield strength was 440.7MPa and the overall mean

tensile strength was 559.1MPa regardless of the location the coupon was taken from. All

the tensile strength test data are summarized in Tables 3.3 and 3.4 below and Figure

3.15 shows test coupon details..

Width Elongation
Coupon Location
(mm) (%)
Flange
1 12.51 20.97
W100x19
Web
2 12.48 37.48
W100x19
Flange
3 12.55 37.62
W100x19
Flange
4 12.40 25.48
W100x19
I Web
5 12.25 oY 3764 4453 35.72
P 'y W100x19
AU IRYNININDT
6 12.45 ] 3 6 817 24.97
U W100x19
, | ~ L of Web
7o WO 7] FEW BNV YI B A e
il LN 1T e S75x8
Web
8 12.31 4.50 2219 4006 2792 5040 24.99
S75x9
Web
9 12.50 4.50 2232 3968 2847 5061 24.99
S75x10
Average 4407 5591 28.63




Table 3.4 Coupon tensile strength test results.

Average
Average Yield
Tensile
Location Strength

) Strength

(kg/cm”) )

(kg/cm”)

Flange W100x19 4836 5873
Web W100x19 4397

Web S75x8

Figure 3.15 Steel coupon tests
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Prestressing Tendons

As shown in Figure 3.16 five samples of the 12.7 mm diameter
prestressing tendons were subjected to tension tests to determine the ultimate tensile
strength as well as the capacity of the anchorage wedge system. Tendons typically
failed by rupture of the small wires one by one for the total number of 7 wires. The

anchorage wedges showed a capacit. g § ') higher than the tendon itself. The average

measured tensile strength wass !'. / time curves for four specimens are

plotted in Figure 3.17. -

sion tests

45000
40000 | cable No 1
—e—Cable No 2
35000 ¢ Q/
7~ 300 No 4
o]
=, 2500 o Py
AN9 IMNP1a e
9915000
10000
5000
0
0 500 1000 1500 2000 2500 3000
time (sec)

Figure 3.17 Tendon tension load and time relation curves.
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Rebars

Referring to Figures 3.18 and 3.19, five samples of the 10mm slab
reinforcement rebars were subjected standard tension test procedures. The mean

tensile strength was 860MPa and the mean yield strength was 510MPa with a mean

elongation of 8.4%

18000
16000
14000 = Y]
12000 'i = ; = Ret:'No.
’g 10000 —l—éebar No.
ININGARS
6000 Y == Rebar No.

ARANFAUNNINGINY

2000

0 AL >

0 5 10 15 20 25 30 35
Elongation (mm)

Figure 3.19 Load and elongation curves of the slab rebar.
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3.4 Test Instrumentations

1472 : 948 1185 711

| |

A

| |

]
1800

CONCRETE SLAB (PLAN)

[IITTIITT111114 ) ’/jnl_nlnnl__ll__n_rn_ln_l__n_nr_ni_n_l_ul__ll_

o =

STEEL TRUSS (ELEVATION)

STEEL TOP CHORD ( PLAN)

As shown ir

Qe

B

Ohm) were used on the steel m

L b £

*Oecimens. Strain gages (Omega KFG-

30-120-C1-11L1M2R%20 & t#® composite concrete deck.

Deflections at mid-<§ 7 Y | ng linear strain converters

(LSC). For the lateral r : vemeri S, LSCs , are also used to observe the

buckling behavior of the t@geghord.

AUEINLNINGINT

attachment powﬂhe base materials were prepared
careful {N@=to e ) ﬁ ' I né’ rpasing, surface
abradiﬂﬁlﬁta ﬂgjﬁmm&e (ﬂgjga ergftralizing before
each strain gage was placed. Electrical wires were soldered permanently and well
controlled to plug in to the Data Acquisition System (DAQ) working with the computer

program LABVIEW® to display and record the data. Instrumentation is illustrated in

Figures 3.21 to 3.23.



Figure 3.23 Steel and concrete strain gages.
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3.5 Test Procedures

For truss series A, after the concrete had been cast and the concrete
compressive strength had reached the expected design strength, the twin-ram jacks
were used to prestress the tendons on the steel truss at the level of 20 kips (460 MPa)
on the two high strength 12.7mm diameter (V2 in.) Grade 250 DYWIDAG" unbonded

monostrand post-tensioning tendongy the first 20kips (460MPa) was applied, the

equal vertical load rams pusis he concrete slab a total of 50 tons

(Specimen A1). In Specim ‘..-é:ess was done again to increase
the prestressing force fum = ical load rams pushed down
the concrete slab aga ! time. For Specimen A3 the
prestressing force was the tendons and the vertical
load rams pushed dc i A3, the vertical load rams
continually pushed dow: e to the yielding of the bottom

chord of the truss and al: \\ the mid span. In Specimen A4,

after the tendons were cut ¢ th Ml Iso started pushing the slab down

from the beginning up to the fa1| - e up to complete tensile rupture failure

in the bottom chord

F

Truss < "|i es™ e edmind dimensions as the Truss

dF

series A except that it hag no concrete Composrte slab. Truss series B was used as two

test spemmenﬁﬂ Ej#?ﬂﬁﬂ@ﬁ E(jﬁTﬂﬁn B1 the truss with no

prestressing wejtested from the vertlcal load rams at zero loaded up to the buckling

loads wege applie 'u to ultimate in the same mode as for pecimen B1 causing

buckling in the top chord of the truss. All the data such as loads, vertical displacements,
horizontal displacements, strains and the slips of the shear stud connectors were

recorded and stored from the DAQ with the computer program LABVIEW.
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3.6 Test Results

3.6.1 Overview

Specimen A1: The steel and concrete composite truss series A was post-
tensioned by two12.7mm diameter (V% in.) tendons at the prestressing force of 9,074kg

(20Kips, stressed at 460MPa). This racli B §i3 moving the truss upward for the maximum

amount at mid span of 1.8mmig rt was presented in Figure 3.32. The
steel and concrete dead |™= ‘es i ex_.-é er changed by the prestressing
force and the tensile s | duced accordingly. Then the
truss was pushed dov ns. The stress in the bottom
chord member of the | due to the ram loads and
reached the yield stre ed 44 tons while all other
member stresses were ¢ M crete stress at the top surface
was also in the elastic ' ere were some cracks in the

concrete, but the sizes of th. nd barely detectable to the eye.

Specimen A2ie loads from Specimen A1, the

post-tensioned for ; - :L‘[ or the second time. The

hydraulic pumps incr I' 7ijacks to pull up the tendons

from 1600psi for Specwen A1l to 2400pSI for Spemmen A2. This resulted in the

prestressing f(ﬁﬁ Bamaﬂﬁ ﬁww meﬂaﬁ%MPa ). The mid span

upward deform@fjon increased to 3. 3mm The dead load tensile stress in the bottom

YR TANT mﬁﬁ“ﬁﬁﬂ“’lﬁﬂd
50 tons In Specimen AT, but this time the combined stress in t tom chord from

the stresses from dead loads, the stress from ram loads and the stress from the
posttensioned force reached the yield stress at ram loads of 49.5 tons. As in the
Specimen A1, there were some cracks in the concrete, but the sizes of the cracks were

very small.
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Specimen A3: After unloading the ram loads from Specimen A2, a post-
tensioned force was applied to the Truss series A for the third time. The hydraulic
pumps increased the pressure for the twin ram jacks from 2400psi for Specimen A2 to
3200psi for Specimen A3. This resulted in an increase of the prestressing force to
18149kg (40kips, stressed at 920MPa). The mid span precamber had increased to
4.4mm. The ram loads were applied again up to failure of the truss. The combined

stress in the bottom chord member of the truss at mid span increased due to the ram

2! ram loads were to 55.7 tons. The ram

éjre load of 68.4 tons was reached.
d

loads and reached the yield stres
continued to deflect the tru
Beyond this point deflec in the ram loads. At this point
cracks in the bottom of t2 d were generally in a direction
perpendicular to the lor Lhe cracks penetrated upward
into the slab for an aver i thence changed in direction
towards the mid-spar? L;.I was 151.15mm which was
5.38 times the deflecti - ‘ing of the bottom chord. Two

loud noises were heard \ de ? ®ns and the mid span deflection

was 63.16mm. The loads re ch

d!r' ..‘

at 105.17mm. The snappingg --”-u oo

ict¥point the mid span deflection was

2 of being related to slippage of the

tendon wedge anct§ = connector which was later

.ra
discovered. The load | : e = pecimen A1, A2, A3, A4, B1

and B2 are discussed elow in connection W|th Figure 3. 6

ﬂ’lJEJ’JVIEWl?WEJ’]ﬂ‘i
amaﬁnimummmaa
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s A3 at ultimate.

| ]
Figu™ 3.25 Cracks in concrete slab - S#cimen A3.

Figure 3.26 Shear stud connectors - inelastic deformed shape.
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Specimen A4: Once both tendons were cut, the load rams were actuated
and continued to deflect the specimen downwards. The bottom chord of the truss
experienced tensile stress from the combined dead loads and the ram loads. For
Specimens A1, A2, A3 and A4, the top chord of the truss had a relatively low stress as
compared to the bottom chord. The ratio between the top chord stress and the bottom
chord stress was approximately less than 0.10. After the bottom chord stress reached

the yield point, the top chord stressyi ~pd dramatically due to the high intensity of

curvature. The relationship be top chord force is shown in Figure

3.46 to 3.49. The bottom ¢ ' ie|a-—ﬂ'4o.8 Tons which was less than in

Specimen A1 at 3.2Tcs |r~ . = ) at 14.9Tons. The specimen

\\ \. ®.s with a corresponding mid-
\ \‘

ks extended in size and

deflected downwards =
span deflection of &
distribution as load ! . Diagonal member stress
reached the yield point pecimen A4 the bottom chord
member suddenly and c¢ ST W entire cross-section with a very

loud snapping noise. This fa. S= in Figure 3.27 below.

Figure 3.27 Complete fracture of the bottom chord of Specimen A4
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Specimen B1: Truss series B without prestressing was loaded until the
top chord buckling was initiated. As expected, the stiffness of the structure was greatly
reduced in comparison with Truss series A due to the absence of an attached concrete
slab. This was reflected by a decreased slope of the load-deflection curves for
Specimens B1 and B2 as compared to those involving Truss series A. For Specimen B1

failure occurred due to buckling of the compression chord at ram loads of 19.5 tons.

Specimen B2: T gssed up to 460 MPa and loads were

applied up to ultimate in the ‘'men B1 as seen by buckling of the

compression chord. The™ e hs. The post-tensioned system
cannot show any advers \ - of the critical failure in the
buckling mode as show , N\ LM aent curves in Figure 3.64 and

Figure 3.65.

Figure 3.28: Specimen B1 - Steel truss only without tendon.



1]
|
]

Figure 3.30| ,ecime oSS with :nsioned tendons.

Figure 3.31 Specimen B2 — Lateral buckling at the ultimate stage.
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3.6.2 Pre-camber measurement

Specimen A1, A2, and A3 were performed on Truss series A at
prestressing levels of 460MPa, 690MPa and 920MPa, respectively. This resulted in pre-
cambers of 1.8 mm for Specimen A1, 3.3 mm for Specimen A2, and 4.4mm for

Specimen A3 as shown in Figure 3.32.

B
1. Test A3
= 4
£ B
% 3.
i 2
(=T
g 2.
2 1.
(2]
=z 1.
0.
0.
Figure 3.32 Measurctay. ’ pecimens A1, A2, and A3
s FIHHA uﬂnmmﬂ‘;s
it ﬁ;l'.] ' :
q 460 1.8 4
690 3.3 49.5
920 4.4 55.7
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3.6.3 Measured Load and Mid Span Deflection Curves

For Specimens A3 and A4 failure was in a ductile flexural mode. The
stress in the bottom chord of the steel truss reached yield strength while the top surface
stress of the slab was less than the crushing strength. The structure continually
deflected above the yield load in a very large deformed shape. Yielding started at a

approximate load of 550kN which cogi g § fojled to a yield deflection of 30mm. After the

yield load had been reache o 1', e continually operated to push the
structure downwards until {— Of (e C C—— ®Heck slab reached a deflection of
150mm. This deflectiomm B previous yield deflection at

30mm as shown in Fic==*3.

Figure $}3 PhOCS EIc A3 @ ltimate stage.

"

jf ‘% t X [ ral A4 was due to the
prestressing tﬂjg. E‘Lwﬂﬁiﬁ[ﬂﬂ du(ﬂyijnd was stronger than
Speci I&Ie j s , ﬁ ' ﬁé f Specimen A4
failed ripra;ﬁre ﬁmmﬁﬁﬁe maﬁt eﬂe strain at the
maximum load of 568kN. Adding the extra cross sectional area of 196mm° which was

7.9% of the sectional area of the bottom chord area of 2480mm’ resulted in an increase

in the total load capacity of 20.4%.
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3.6.4 Measured Load and Member Stress Curves
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Figure 3.38 Loaj ,,- M curves (Specimen A1)
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Figure 3.39 Load and bottom chord stress curves (Specimen A2)
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Figure 3.43 Load and 2" panel bottom chord B2N & B2S stress curves (Specimen A2)
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Figure 3.44 Load and 2 y prey: : stress curves (Specimen A3)
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Figure 3.45 Load and 2" panel bottom chord B2N & B2S stress curves (Specimen A4)
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Figure 3.55 Load and top surface concrete strain at mid span curve (Specimen A2)



0.000000

-0.000050

-0.000100

-0.000150

-0.000200

-0.000250

-0.000300

-0.000350

Strain (mm/mm)

-0.000400

-0.000450

-0.000500 - :
-5, i ﬁ- e 45.0 55,0 5.0 75.0

span curve (Specimen A3)

0.000000 |

-0.000100

-0.000200

-0.0003
V.

-0.000400
|

Strain (mm/mm)

-0. 000500
—Oﬁ‘bsl VIEWITN
oo 700 o ]J
lil.i.li R R
9 .0 15.0 25.0 35.0 45.0 55.0 65.0

Load (Tons)

Figure 3.57 Load and top surface concrete strain at mid span curve (Specimen A4)
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3.6.5 Measured Load Slip Curves
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Figure 3.59 Shear force and slip curves on the North side of the specimen

(Specimen A2) including the unloading branch.
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Figure 3.61 Shear force in a shear stud connector and slip curve

on the South side of the specimen (Specimen A3)
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3.6.6 Measured Load Horizontal Movement Curves
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3.6.7 Test Summary

Test results are summarized in Table 3.6. Test specimen No. 1 (Truss
series A), with a simple span of 8,534 mm, consisted of a 150mm thick, high
performance concrete deck in composition with a 600 mm deep steel truss. The
composite system also included two 12.7 mm diameter tendons extending from end to
end of the structure and draped at the third points above which equal test loads were

applied. Prestressing levels of 460M AOMPa and 920MPa resulted in mid-span pre-

cambers of 1.8mm, 3.3mm arg /Iy. For the extra 7.9% of the tendon
) the b

éﬁ cross sectional area, the post-

cross sectional area as ccw

tensioned composite tri f 68.4 Tons which was 20.4%

i -

higher than the total a composite truss without

prestressing. Howeve; Wlseries B) with no composite
slab, the use of post-t~ % on the steel non-composite
truss because the sper Wal buckling mode of the top

chord.

Table 3.6 Summary of Test #esi

Pre WA 24 Mid Span Slope of Load
L}

camber |
I

o )a)

Specimens eflection at | and Deflection

(Ton)&& Ultimate(mm) | Curve (kg/cm)

(m

(mm) mq)g ‘
. EUEAIMANINENT. | ..

A3 i 4.4 920 55.7 28.1 68.4 151.2 17,144
A4 - - 40.8 33.7 56.8 55.6 12,107
B1 - - - - 19.5 19.6 9,949
B2 6.4 460 - - 18.0 13.4 9,090
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The pre-camber can be controlled by adjusting the prestressing level.
The local buckling of the truss members should be prevented when the prestressing
level is increased. Sufficient lateral bracings for the truss members are required to apply

the posttensioning technique.

For this experiment, the posttensioning tendons must not be stressed

more than 920MPa because whai applied the force to the structure, the

tendons tended to have m eflected shape of the truss. The
maximum internal force ,972kg (33kips) or 85% of the

ultimate tensile capacity. 2%

Shear F W N \ ®ient shear transfer strength
especially for the post Wi hear force is higher than the
ordinary composite trus %-"Would be used to increase the

shear stud strength also.

AULINENINYINS
ARIAIN TN TN



CHAPTER 4

ANALYTICAL APPROACH

4.1 Comparison of Theoretical and Experimental Results

4.1.1 Pre Camber

In chapter 2, : roach for calculating the relation
between the applied ram le e ﬂeé, posttensioned steel trusses with
high performance CONC s . ted. The transformed section,
the principle of complg iple of superposition can be
applied to the postten: the change in tendon strain.

For a composite truss - ion A in the direction of the

virtual load, SPext, can b
(2.25)
(2.26)
(2.27)
Thus;

f-:l..uﬁﬂg s
QRINNTUUAIMRNRY

Where i is the number of the element from 1 up to n and L is the length of
member i. F(x) and 8Fi(x) denote the internal force in member i and the virtual internal

force. E(x) and A(x) are the modulus of elasticity and cross sectional area of member i.
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The pre-cambers for the different prestressing forces are shown in table

4.1 below with the experimental data;

Table 4.1 Theoretical and experimental precamber at various levels of prestress

Prestressing Level Theoretical Values Experimental Results
(MPa) (mm.) (mm.) rror
460 2.4 1.8 23.4%
690 6.4%
920 6.4%
5.8
4.5
4.0

PRE-CAMBER (mm.)
bo [R®]
o

920

PRESTRESSEG LEVEL (MPa)

qummmmmmm
ARARINTRUURAINYANY v e

values ba 23.4%, 6.4% and 6.4% at the prestressing levels of 460 MPa, 690 MPa, and
920 MPa, respectively. The varying margins of error were attributed to varying levels of

cracking of the concrete slab caused by prestressing.
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4.1.2 Load vs. Mid Span Deflection Curves

To construct the load vs. mid span deflection curve, the internal stresses
in the posttensioned composite truss must be investigated. The first coordinates of the
load and mid span deflection curves is the precamber deflection which corresponds to

the zero external load.

For the next coordinates, the stress such as the bottom chord tensile

are observed and used to calculate the

U ﬁ external load. These stresses are
d

tre = | ltimate compressive strength.

stress and the top surface comnc
mid span deflection which ¢
limited to its tensile or comm
From the equation 2.36 in g stresses acting on each of the

posttensioned composite
+OAp (2.36)

where O and the O ¢ o ; : y , load and the superimposed
dead load; Oy IS the l- tendon load. This stress is both
from the axial stress and the fI ¥ Loap IS the stress due to the external
load; and Oy, is the,stress SOV 420 force due to the external load
considering the sti ;— .‘:I[ essing tendon. AP results

from the axial and the {juurai™ss miputeiiias follows;

oy i¥

n

ﬂuEJ’J‘VIEl MNELTNT

AP = -

AN aﬂr{ﬁmmﬁ?ﬂm&aﬂ

where BFi and BFJ. represent the virtual load in real member i up to n

members and in tendon member j up to m, respectively. F; and F represent the internal
axial force from external load in real member i and in tendon j respectively. E, E;, are the

modulus of elasticity of steel truss member i and tendon j, respectively. L, and L, are the
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length of steel truss member i and tendon j, respectively. A, A; are the cross sectional

area of the steel truss member i and tendon |, respectively.

After all the internal stresses are known for the iteration of the applied
external loads, the principle of virtual work is used to solve for the mid span deflection.
As long as the stresses in the composite truss members and the tendon are within the

limitation yield strength or the ultimate compressive strength for the concrete slab, the

procedure for the load and deflectior

For the Spec /Aforming to grade 250 steel has an

ntinues to the higher load level.

ultimate tensile strength of° - =or ~ — nd also has the yield strength at
15,822kg/cm2 or 1582MP. oS 18,149 kg or 920MPa which

causes the calculated r % % upward direction.

At the al load at 58 tons, the total

calculated elongation a’, W at the total external load of 58
tons, which was the loa: . A t\ Mord stress yield, Sm equals to
1.505145 while the total elo gt :"’ T : iSSW8 the same level as the tendon due

to the unit load, 611, was 0.000255 T the increase in tendon load from the

external load can b <4

ﬂﬁumwﬂmwmm
qwmaﬁﬁfmﬁmmmaﬂ

ot Z(éF)(A ')+Z( )(AT,ET,)
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Thus, the calculated increase in tendon load is;

n F.-L
D (F)(
AP — [51P] _ =) AE, — 6,350kg

[511] S T
é]: 1 é]: ) J
;< )(AE> ;< )(ATJE )

From theoretical analygig gfter the external ram load of 58 tons was

applied to the posttensioned ¢ 2 increase in tendon force is 6,350kg.

5>sing tt/é pmes 24,449kg. The actual stress

The total internal force for 2

in the tendon is 12,347kl tely 80% of the yield strength of

the tendon. This extern-, S amss starting to yield.

The firial crlection curve is the ultimate

strength point. The d composite truss can be

computed by the follow,

F_.. =min| , 0.85f,'bt |

(2.37)

The me -_-; nu n tI minimum of the three tensile

¥

forces: (1) the Comblnat‘gn of the yield tensne strength of the bottom chord and the

tendon force; ﬂ %Elnq dwrﬁleﬂe% w E;Jﬁdﬂ ﬁength from the point of

the maximum nf@lnent to the zero moment and: the maximum compresswe force in

AR IR

ultimate gnoment computed from: (1) the tendon stress at the bottom chord yielding

point, f . (2) the yield strength of the tendon itself, f

py?’ !

and: (3) the ultimate strength of

the tendon, f,,, The difference between the values of the ultimate moment computed at

each bound for the prestressing force is on the order of 5% in which is not significant.
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For the minimum bound, f ; equals the tendon force at the yield load, for

the case that the tendon has not yielded;

F = AfHALS = 123,697 kg

max, 1 ps' ps,yield

For the middle and the upper bound, F equals the yield strength and

the ultimate strength of tendon, respectively;

I:max2

I:ma><,3

The diffe™&8 ! 2 0 — es; Fraxi@nd F . is 6,064kg
(4.9%) and F__ , and ™" X sciice between the values of the
ultimate moment comglie; o 51rC8sing force is on the order of

5%. Normally, the te - F is appropriate  for

max,2

calculation of the upp i \ s%llss than the ultimate tendon
strength.

Moreover, for f ton, the shear connector strength is
adequate for the bgaio LA ieldestrength. Also the ultimate
compression force | .;, l:_:"l in the bottom chord plus

the tendon force. ":

ﬁﬂmﬂwé’w ET“IfT‘i‘“M :
amaﬂmm BNy

(129,761)(0.675) = 87,588 kg-m

(2.45)

P..= (2) 87,588 (0.351) = 61,573 kg/ram = 61.6 ton

For the ultimate deflection, for the under reinforce section or the P, less

than p,. For the section that has both A, for the bottom chord and A  for the tendon;
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A ' £
——=p, =0.85— i (2.49)
b-d /" F, A F,
e
ptotal = ps + pps
A A pr
= + : =—r (2.50)
Protal (b d n b-d n F,
where 1 is the vie/ I} tio calculated from the ratio between the
yield strength of the tendorg . @ the bottom chord. The limit of the
percentage of P, being ssoNdition makes the structure fail

in a ductile mode from w12 2nord prior to the crushing of the

concrete at the ductility - Mwvield deflection equals 4 times

L

29.91 which is 119.64i1m 4 a are shown in Table 4.2.

Table 4.2 Plot data for th

Deflection from Ext ‘ Total Deflection External Load

Load(mm) (mm) (tons)
0 -4.73 0
3.12 -1.74 5
6.24 L— < 124 10
9.37 4.23 15
12.49 7.21 20
15.61 - 10.20 25
18.73 ﬁ _ﬂ:g - F_‘E.w 30
21.86 'q'l 2 . 16.17 35
24.98 , 473 ¢ 1,004 19,168 40
10 ) -4.7 -.1.23Ilr ) 2P. 45
32 4.73 13 | 25.13 50
34.35 -4.73 -1.50 28.12 55
36.22 -4.73 -1.58 29.91 58

119.64 61.6
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The plot of the load and deflection curve from the theoretical calculation

and the experimental data is shown in figure 4.2 below;

Py

"
o
ae®o s ©otgoge”
naoa"'o" o,enonﬁﬂ a ° [

MM o © e

o o

K] 4—{’
60.0 o ﬁ :o
| Calculated I i

50.0 o

o
400 o - o

LOAD (TON)

300 o — -
- ; uf

20.0 o \ °

100 \ /u

-20.00 120.00 140.00 160.00

Figure 4.2 Load - defle. P = N8 etical and experimental data

From_figure and_ deflection shows a good

prediction for the ﬂé .:"[ nposite truss. This verifies

that the energy theor '_'I . (e teqql virtual work theory and the

principle of superposmon are applicable for the theoretical approach. For the elastic

range the prmﬁeﬂﬂﬁoﬂﬂ ﬂdjhﬂﬁ ﬂtﬂﬁerlmental data and the

theoretical calc@htion are almost the same. For the inelastic range the ultimate flexural

capaci ﬁ w m ?Tﬂﬁoaw aly3|s is on the
conservagive side but the trend of the slope Is similar. The different points between the

calculated value and the experiment data is due to slip of the anchorage wedges of the

prestress tendons.
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4.1.3 Load and Element Stress Analysis

The calculated load and member stress curves are plotted against the
experimental load and stress curves from chapter 3. For the mid span bottom chord
stress, the second panel bottom chord stress, the diagonal member and the top fibre

concrete stress curves are shown below.

5500

4500

3500

2500

1500

Stress (ksc)

500

Figure 4.3 ﬁﬂﬂqm Hﬂ ?w ﬂoﬁfﬂ ?d and bottom chord

stress at mid span curves

Qﬁﬁﬁﬂﬂiﬁuuﬁﬂﬂﬂ’laﬂ
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Figure 4.4 Compari y y W=d load and bottom chord

jress (kse)

wm ﬂ ﬂJlJWTJTIEﬂﬁIﬂ

-10.0 . l10.0 20.0 30.0 40.0 50.0 ©0.0 70.0

Load (Tons)

Figure 4.5 Comparison of experimental results & calculated load and diagonal member

stress curves
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Figure 4.6 Comparison of 2 ted load and top fibre concrete
4.1.4 Moment =
From th# . : % "m the strain gages in the

experimental specimens \ icurvature curves are shown in

comparison with the theore #al % caulated moment is computed from

L/6. The corresponding

ext

the ram loads and the span LfebZ/s =4 2t equals P

curvature is calculess =~-4ded by the distance from

-
L}
1

the neutral axis to the < 1 4 | he experimental moment is

¥
1

calculated the same ; : as the theoretical one while th curvature is then calculated

- AUEINENINGINS
ammnm{ amAinendy

where € is the strain of steel bottom chord at mid span, € is the top
surface concrete strain at mid span, t, is the concrete thickness, t, is the top chord
thickness and d is the distance between the center of gravity of the top chord to the

center of gravity of the bottom chord.



120.0

100.0

80.0

60.0

40.0

20.0

102

Experiment

OO0

(1)
.....0. O

(=l )
_n((.‘.. O~

"

CURVAJURE (1/CM)

%
Z
O
3!
E|
g
(@)
5
2 9

5 o
00030 ou
00035 wm

A AIATN I NS Y

Fiaure 4.7 Moment and curvature curves from exoerimental results and theoretical calculation

00040

col


mook
Typewritten Text
102


103

4.1.5 Load and Slip Curves

Shear stud connectors are an important part of the composite truss. The
load and slip relation is an important part to study the behavior of the interface action.
From the theoretical approach in chapter 2, the plot of the theoretical shear stud

connector load slip curve with the experimental curve is shown below.

Table 4.3 Shear stud strength

Failure Modes Q,(kg)
Concrete Crushing Mc 14,951
Tension Failure I\/.u'; 8,000
Direct Shear at Base * A__. Base 4,655
4,655

6000 -

. ¥ e00® B el

Y

OO0

5000 ~

-+

4000 4§

00
922000 00 000000 o

3000
. SI|p{South :>|de)

UEJ’JVIElﬂ‘%%ﬂﬂﬂ‘i :

.O

oY waﬂnimumfmmw
i

O L] ] ] L] ]
0.0 2.0 4.0 6.0 8.0 10.0 12.0

o

Shear force in a shear stud connector (kg)

Slip {mm)

2
-18A <
Figure 4.8 Theoretical and experimental load slip curves. Q = (Qu) : ( —€ )5
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The theoretical load and slip relation for the shear stud connectors is on
the conservative side. The slip of the experiment behaved more rigid with the higher
ultimate strength. The shear capacity was controlled by the direct shear mode of the
shear stud itself which equals the shear stud cross sectional area times 0.67 and the

tensile strength of the material.

4.1.6 Load and Lateral Movement Curves

An important r | /sonventional steel truss as seen for
"2 showed that the posttensioned

technique has no adva ance because the controlling

factor is the buckling « critical buckling load of the

truss, the governing pf a simply supported beam

subjected to pure benc pport is;

(4.1)

The above equa Jsing boundary condition at z = 0, B =

Oandz=1L, P = o isf(ip mid span rotation of the

\ v_- |~' . \
beam about longituC*= . ito the governing equation
1

"

yields:

ﬂU@QﬂﬂﬂMﬂ]ﬂﬁ w2
oo B VN 30UM2INYIAY

4 2 M 2
Z_EC,+= =0
L L El,

4 2
2 T T
M, :(FElyEcw +FEIVGJJ (4.3)
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For the case that other moment diagrams acting on the beam, the critical

moment is:

2

(KL)

4
Mx,cf:Czb[(KL) El,EC, +—El GJ]

= 2' y,chord
Cproe = ﬁ(

w,truss

y,truss

y truss )

For a simui : : ird point loads the value for C,
and K are 1.04 and 124 :
between the top chore' Ocm. Substituting values to
calculate the critical me 4 load is six times critical

moment over L due to'the g ) A “%oaii for Truss B.

Y, truss

Cw,truss_
"Jtruss
V_
M, = P72

X,Cr

ﬁﬁﬁﬁwﬂﬂswswnﬁ

e calculated cnUca&load of the tr ss without any Iaﬁral bracing is very
low. In&wwaﬁﬂ\%w N%qs‘;] %pﬂ E‘Ijrc] 'ﬁsg at the distance
from supﬂ)ort of L/3 and 2L/3. For the unbraced length of 2.845m (L/3), the calculated
top chord elastic buckling load equals 34,904kg. The bending moment from this
compression force is 17,452kg-m from the total vertical load equal to 12,270kg. All the
critical loads are plotted against the critical load from Test B1 and Test B2 as shown

below.
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@\ “ens B1 and B2

4.2 Analysis of Semi Rigid #in ,

N,
As tha, steg Aot & arge=connected together at the

joints from the weldil ' |he welding joints transfers
V. .

the flexural bending m ! 1ent e moer. Wil a composite truss, the steel

members are Connected‘nge same way ai‘pe rigid frame. Hence, the posttensioned

composic BT LI BHD PP TH IR T o o, cates somi

rigid joint behavﬂr The analysis of seml rigid joint behaV|or is presented in this section.

ammnmummamdﬂn

behawor. To study semi rigid joint behavior, the posttensioned composite truss is re-
analyzed by assuming that all the joints are connected perfectly rigidly. The structural
analysis is based on the fixed joint behavior as in the case of a rigid frame. The analysis
considers both the axial forces and the bending moments acting on each member. The

results are then compared to determine the different behaviors.
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From the principle of the complementary virtual work;
U™ =W, (2.25)

The virtual strain energy,éU*, considering the flexural stiffness of the

member, can be determined by

(2.43)

ot Fi(X)'éFi(X)+Mi(X)'5]\/Ii(X) X
w3 e

Where i is tha ' ’/1 f m 1 up to n and L is the length of

and the virtual internal force of
member i. M ) and 8"’ d the virtual internal moment

of member i. E(x), A(x

L Wity, cross sectional area and

the moment of inertia of

The stn Wss only are done for (1) a

=1.0kg at mid span.

ext

uniformly distributed loag, v el nit \t 8 load OP

The uncracked concrete s ic

the unit tendon load OP=1kg iz __..;3,", and configuration as the prestressing

" composite truss is analyzed for

tendon. The prestrojamm =/ the concrete modulus of
Y ~
rupture and no crack"=4.¢ = ual load BPext:LOkg at mid

1
span. The cracked seC%

e ’ﬁmmﬁmﬁﬁ;ﬁi 2::::
Y. iU ik

n of the posttensioned composit€ truss is analyzed for (1) with
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Figure 4.10 Prefar Vil i ait Woifned joint assumptions

'ntal results

pd2) calculated from both the
" e {J
pinned joint and the? Vi M. experimental results. The
.' 'riu
precamber amounts ¢ * .ulated from the Tixed joint assu U tion are 2.19mm for 460MPa

prestressing Lﬁj g‘rﬁﬂ ﬁ%ﬁﬁ}lh and 6.56mm for the
prestressing | u Ei ss than the precamber
calculated from the pinned joint afsumptlon buathey are almod@the same as the

L AUARIINYTAY

Calculations from the pinned joint assumption are slightly higher than the
experimental precamber. The differences between the pinned joint assumption and the
experiment are approximately 6.8% for the case that the concrete slab has cracked
(Specimens A2 and A3). On the other hand, the differences from the fixed joint
assumption and the experimental results are approximately 0.5% (Specimens A2 and

A3) which is very low.
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Figure 4.11 Load.gnd s sl from fixed and pinned joints

([ ————————=;

From Fure 4.11, the load and deflect=* curve calculated from the

pinned joint a ti ‘ﬁ ¢ %4 ef | results compared to
the load and Eﬁﬁ ﬁjﬂﬁo ﬂ:fe[?j)lfis mption. For ram loads
at 25 Taons, the bottom flange_of é’s eel t h ber_be to yield from the
internaﬁﬁgﬁgﬂﬁ(ggﬁuﬂﬁgﬁﬁﬂnﬁulds, the elastic
modulusqof the steel section is reduced and the overall structure tends to behave as in
truss mode. The bottom chord stress calculated from the fixed joint assumption has less
stress than the pin joint assumption at the same ram loads. Thus, the extra load can be

applied to the truss before the bottom chord starts to yield. The yield load of the fixed

joint assumption is higher than the pinned joint assumption because the truss can be
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deflected more and hence the tendon stress is also higher than the pinned joint

assumption and that at the ultimate load capacity.

120.0
100.0 + Fixed Joint
Experiment
Pinned Joint
80.0

60.0

(TQN-M)

40.0 | o
E
O
20.0 St .
L/CM)
0.0 | i
o Lo o Ko o
o N (92] (92] <t
o o o o o
o o o o o
S S S &
Cl) o o o o

Figure 4.12 Mon; 0 fixaed and pinned joints and

Y |

From F#&Ure 4.12, the moment - curvatur®curves, the three curves are
almost the samaginat Fi ak % ' t yT ds to behave between
the moment Tﬂtﬁﬁu j]i!lﬂj (ﬁ}jed nied joint assumptions.
Howeveg, for, inglast n :ﬁi lation frofemt inned joj umption shows
better grjﬂlﬁﬁ tﬁ&ﬁ Tﬁeﬁﬂﬁ WE] ﬁ ﬁg

q

For the higher load level, the actual welding joint flexural stiffness of the
posttensioned composite truss is not rigid enough to resist the high flexural moment so
the joint can be rotated and then the moment is reduced. Thus, for overall behavior, the
member internal stresses and the tendon force tend to behave in the truss mode. It is

reasonable to conclude that the pinned joint assumption can be used to calculate the

stress, deflection, the increase in tendon force and also the ultimate capacity.
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4.3 Analysis of Concrete Strength Effects

The effect of concrete strength for the flexural behavior is presented in
this section. The higher concrete strength causes the neutral axis to be closer to the top
surface of the concrete slab. This increases the transformed moment of inertia. The
effect is significant for a compressive strength lower than 300kg/sg.cm as shown in the

following figures.

9.6

Neutral Axis from Top Surface
(cm)

600 700 800

& Strength (kg/sq.cm)

FigureNs w ———9>/ axis location
L% x

7

" |

120000.0 +

d Moment of
103,649
104,546
105,305

nE'

[

Transf

100 200 300 400 500 600 700 800

Concrete Compressive Strength (kg/sq.cm)

Figure 4.14 Effect of concrete strength on transformed moment of inertia
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Figure 4.16 Effect of concrete strength to the ultimate load
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Figure 4 . L 1 /ield deflection
ifeC. on the failure mode of the
posttensioned composite e s ‘e strenght concrete as shown in
| A .
Figure 4.18. A 100kg/sqg.cmi cor? : - uses the structure to fail by shear stud
connector failure dug to copaee ==& = tuds,

l
For of Vi ‘ truss and configuration of
' Il

the truss members, s * bort conditions and the prestre: U ng tendons, the neutral axis
moves closert m %/ rength of 100kg/sg.cm the
neutral axis is ﬁ mﬁﬁ ﬂﬂij i] % the top surface of the
concrete slab undergoes tensile G’racklng failuew and the mo@dlus of rupture is

B W TANTIUARTINETR Y

For yielding of the bottom chord and the tendons the concrete strength

has less effect on this behavior. This leads to a more ductile failure mode.
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Figure 4.18 Effe oMl he shear stud strength
o tha shear stud connector as
shown in Figure 4.1 " Jnector the failure mode of
the shear stud is in the at the stud base. Increasing

concrete strength shew&less effect fO‘}thIS case such as in the experiments

Specimens A1ﬂ2u3H7Q%hE}W§ WE ’]aﬁ‘is 15.9mm. The shear

stud strength is¥ontrolled by the d‘pot shear at base For Iarger stud diameters, the

QRN AR TUNRYIN TR b

base andthe tensile rupture are higher than the concrete crushing failure.
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4.4 Analysis of Percentage of Tendon Reinforcement Effects

4.4.1 Effect of Percentage of Tendon Reinforcement to theUltimate Moment

Capacity

The effect of the prestressing tendon on the strength and behavior of a
posttensioned composite truss is the major concern of this research. In order to study

egtress is introduced.

’/)3 truss section that has a cross

5s sectional area of A for the

this effect, variation of the level tendon

Consider a
sectional area of A, for s

tendon. The total reinforce A0 sehnation of the reinforcement ratio

for the steel bottom chor ## i asior the tendon, P

(2.42)

where 717 is the yiel§ & B Joetween the yield strength

of the tendon to the yie ,: strengtr SFRSREEE monord. ,

ﬂ)ﬁ\ﬁwﬂ W%J Wnﬂqfﬁ from the prestressing

force at the timeggf the posttensioning. The failure modes that govern the behavior of the

¢
struct mq ﬁcﬂnﬁm ﬁyjajiﬂ) compressive
yieldirﬁf bottdm chord of th ullz]ojidi]g ;at ral Stpp adequate. If the

structure is strong enough for the buckling and the compressive yielding of the bottom
chord, then the next mode of failure is the tensile yielding of the bottom chord. Figure
4.19 shows the effect of the percentage of tendon reinforcement on the ultimate load for

various modes of failure.
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~
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A\
Figure 4 \'*-. non ultimate load
From the ak, s88 g force shows a significant effect
on the ultimate load of the strucsZ=75a L < /] ess level of the tendon reinforcement
improves the ultimgted! : ko) the higher levels of the

tendon reinforcemer® bottom chord. The lateral

sr. i
bracing is an importas * concern when the percentage & the tendon reinforcement is
increased. As ﬂ am vided at four locations,
namely: at eacﬁvﬁ eﬁijﬂﬂ agjgljj ﬁer support of the truss.
The maximum percen age of tendon feinforcemen@as approximat@yf 9%. If the number
oo AN SRR o .
supports and at L/3, L/2, and 2L/3 where L is the length of the truss between end
supports, the maximum percentage of the tendon reinforcement increases to 14%. If the
bottom chord is continuously braced against buckling, the percentage of the tendon

reinforcement can be increased to 15% approximately. Similar observations are also

valid when the buckling of other truss elements is concerned.
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4.4 .2 Effect of Percentage of Tendon Reinforcement to the Rotation Capacity

The effect of the prestressing tendon on the rotation capacity behavior of
a posttensioned composite truss is also studied in this research. In order to study this
effect, variations of the amount of the P, are plotted against the rotation capacity as

shown in Figure 4.20;

Rotation Capacity
(2./9,)

-----
.o
...................
cee

0.0000 G. : 01. 0.0200 0.0250 0.0300

Figure 420885 - ). rotation capacity

From F lj Ire 4. 20 URONIEERENNTC \ween I} total percentage of tendon

-1.001

Py to the rotation capditysis (@ /Q = 0.842(P) for the concrete strength of

oo e AL ATIINS WIS o e ssommer

composite trussﬂor the design purpgge. Please be oted that mord&,to find the rotation
capacﬂowr}ﬁe\a ﬂcﬁcﬁup%é ’% W@hﬂrﬂ r]}(asrﬂn attached, the
strain C&‘ﬂpatlblllty are not applicable since the tendon strain are not follow the
assumption of plane section remains plain for the loaded configuration. The method of
trial and error is the only approach for the solution. By given the top surface concrete
strain equals to the crushing strain and the tensile stress in the bottom chord and the
tendon reach yield points, the trial and error of the neutral axis that produce the

summation of the concrete compressive force equals to the total tensile force in the
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bottom chord and tendon. The curvature at the ultimate stage then can be calculated
from the top concrete strain devided by the distance from the top surface to the neutral

axis.

The two dotted line shown in Figure 4.20 are the limitation from ACI318-
05 code of practice for the minimum reinforcement. The less limitation comes from the

minimum reinforcement ratio of 0.0017 for the reinforce concrete slab while the higher

limitation comes from the minimum rogr pent ratio of 14/fy for the flexural member.

The another

éﬂressing ratio, P.P.R. or the ratio of

Pendon /ptotal are also plot® T O T ity ash shown in Figure 4.21.

60.0
. non/ptota|)+72 447

—~ B50.0 %+

>
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& 2.0 1 ™
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‘v.

=

O 10.0 ¢ 1l
o - 1C—cz=ivii a
g ¢
$ opterotSeoron ,
a 9 0 -0 25.0

‘)tendon/ pt (A’

Qﬁﬁﬁﬂﬂimuﬁﬂﬂmﬁﬂ

Figure1.21 Effect of partial prestress ratio percentage of tendon on rotation capacity

From Figure 4.22, the relation between the total percentage of tendon
P to the rotation capcity is (8,/@,) = -266.9(0qnu0n/Piow) + 72.447 for the concrete
strength of 60MPa. This relation can be utilized to find the maximum percentage of
tendon that can be applied to the post-tensioned composite truss when the required

rotation capacity is known.
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4.4.3 Effect of Percentage of Tendon Reinforcement to Cracking of Concrete

Top Surface

The prestressing force applied to the composite truss section produces
direct compression and flexural tension stress in the concrete composite slab at the top

surface. . The combined stress may be computed as;

\](_34- M ps I yN.A.j (4.5)

’/Jrvalue of P which produces a

o-conc,top = ( .

If the prest:

combined stress at the tor . equal to the modulus of rupture,

f, the concrete surfacq AL S SSeah tensile stress. Substituting
Cconcaop = fr inthe abe S5lts in;

(4.6)

P T — — :L‘[ 1at causes the top surface

of the concrete slab to _. g Gvemied. Substituting the values of

" i¥

f.n, e yya Aandl to nng the maximum prestressmg force yields a specific value of;

ALY ANLNIN )3,

975 10.25)

ARIAN iﬁ'ﬁm‘lﬂ"lﬂf 918

This corresponds to a maximum permissible jacking stress of
(O.8)(O.9)(fpu) = 12,659 ksc. This is the maximum prestressing tendon stress that results
in F . At this maximum jacking stress, the tendon area is (80,759)/(12,659) = 6.38cm”

ps,max

which corresponds to approximately 6 of 12.7mm diameter Grade250 strands.
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4.4 4 Effect of Percentage of Tendon Reinforcement to the Effective Moment of

Inertia of the Composite Truss

For a simply supported beam subjected to point loads P at L/3 and 2L/3,

where L is the total span length of the beam the vertical mid-span deflection is:

Figure 4.22 "2 wmaihird point loads, P

¥

Substltutln.g the composite truss total span length, L, equal to 853.4cm, E

of transformedﬂﬂﬂw%juﬁg &ﬂﬁﬂ%%ﬁé}ﬂdﬁm and rearranging the

variables gives: 4

A9 ﬁlﬂﬂiﬁuﬂzﬁ ANPAY .,

mldspan

The ratio of P/A is the slope of the load vs. mid-span deflection

midspan
curve. Let |, be the effective moment of inertia of the post-tensioned composite section
including the effect of the truss as determined from the slope of the experimental curve.
The calculation below results in a value, C which is the ratio of | to the moment of

inertia of the transformed section, |, Thus:
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P

=0.185-1 4
midspan
o P _ Slopeof Load — Deflection Curve
0,185 (A pigepan ) 0.185
Ieff
¢ = (4.10)
It
Experimental values fo slopes of the load vs. deflection curves for

/"ng stresses of 460MPa, 690MPa and
Lerm'nevé of the relative prestressing ratio
(ApSFpS I AF ) vS. the rati.

¢c=1.0.

1 nfay. extrapolated up to a value of

3 wlated |
.60 J{ T .
7 |

0.0 :
3. 10.0 15.0 20.0 25.0 30.0 52.0 40.0 45.0

ﬂumwﬂﬁi’Wﬁ’m

Figure 4.23 1 /é vs. relative prestressmg ratlo

q mmmzudumg DRy e

(A_f /Af) up to 40%, and a ratio of ¢ =1.0 may be obtained. That means that the

ps' ps

(Ieff) / ( Itransf)

=

calculated transformed moment of inertia of the composite truss section can be
represented as a constant moment of inertia of the overall structure and can be used in
the deflection calculation without any reduction factor. The relationship between the
percentage of the relative prestressing ratio (Apsfps /A f) and the reduction factor for the

calculated transformed moment of inertia is;
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A fos
Ry = 0.0044(A5—f) +0.826 (4.11)

y

Thus, the effective moment of inertia is the transformed moment of inertia

times reduction factor R . as in the equation below,

1,eff

Ly =Ry - 1y (4.12)

eff

In conclusion, the aporgrjigte prestressing force improves the linearity of

I
' ioned composite truss. The effective
L,/’ ption calculations.

the load and deflection relatia;

moment of inertia can be us

4.5 Effects of Shrinkag, I' eliclaxation

W\, inside the concrete slab. If the
shrinkage is permitted to 4 6d ; Araint a free shrinkage strain, €
develops. For the Compdsit Tuscat '7 ' ' N -oncrete slab is restrained by the
steel truss and the tensile strai - is less than the shrinkage strain. This
results in the restrainsg shal . k== strain in the concrete slab
is the slab strain, 8 .;, ,:-:'J n free shrinkage strain, &
and the restrained shr : age st mEiains ca _ e illustrated as shown in the

strain diagram of the comggsjte truss in Figugg/

ﬂumwﬂmw El’lﬂ‘a'
ﬂm\mmwﬁﬁf Ny
b

]

€Cc

-
'ec E.

Figure 4.24 Shrinkage strain diagram
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Eie EA[c — &y EAbc = (‘C"f —& )Ec Ac
£, EA = (%](gf — &, )AE, (2.54)

(a+bj (aj
T & t E Epe = &

The above three equations may be solved for the restrained strain, €,

the strain in the bottom chord, €, and the strain in the top chord member, €.

The deflection , is calculated from;

=

(2.55)

Shrink rav s 7 A N WS y 5, tendons to be shorttened

which leads to a dey ) ? \ \ pcrease causes the truss to
deflect downward. In ¢ y % n force from shrinkage,APsh,
the total elongation at the > e\, 2048 ARG to the shrinkage moment, 51p,

and the total elongation atj ~,.- 1 don due to the unit prestressing

force,811 are determined and 427 The relevant results for a number of

values are shown ingeesmm )
v_: 5." d

Ll !

AULINENINYINS
ARIAIN TN TN



Table 4.4 the free and restrain shrinkage calculation
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ARAEATH SN

Table 4.5 Frile JHaGE <2

AL

": ).UCe

s

a b Ac Abc Atc
€ € €, €.

cm | em) | (em) | (m) | (em) f ° ‘
12.5 50 2700 24.8 24.8 0.000100 | 0.000097 | 0.000015 | 0.000075
12.5 50 2700 24.8 24.8 0.000200 | 0.000194 | 0.000030 | 0.000149
12.5 50 2700 24.8 24.8 0.000300 | 0.000291 0.000045 | 0.000224
12.5 50 2700 24.8 24.8 0.000400 | 0.000388 | 0.000060 | 0.000298
12.5 50 2700 24.8 .000500 | 0.000485 | 0.000075 | 0.000373
12.5 50 2700 0.000582 | 0.000090 | 0.000448
12.5 50 2700

.000104 .000522
25 0 .000119 .000597
25 0 .000134 .000672

0.000149 | 0.000746
25 0

O‘OOO2OO
.00

0.000400 | . 4.62 0.03 | 465
4 o
TN HT
] | | —J
0.000600 | 6.93 0.04 | 6.98
0.000700 | 8.09 005 | 814
0.000800 | 9.24 0.06 | 9.30
0.000900 | 10.40 | 0.07 | 10.46
0.001000 | 1155 | 0.07 | 11.63

sirinkage deflection
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Figure 4.26 The free shrinkage strains and strains in members

Shrinkage strain

From the shrinkage deflection and the free shrinkage strain relationship,
if the free shrinkage strain is known, the deflection of the posttensioned composite truss
can be determined. Fee shrinkage behaves time dependently. Normally the free

shrinkage is approximately 80% of the total shrinkage strain in the first year. The
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modifying factors for volume-to-surface ration (V/S) and relative humidity (RH) are

related as follows:
Py Y
g, =8.2x10 (1 —0.06(§D(IOO— RH) (4.13)

In the case where the slab volume is 2.304m’ and the surface area is

33.823m’ the volume to surface ratio equals 0.0681. For a relative humidity of 70%, the

free shrinkage strain is approxi J025. The shrinkage deflection is 2.9mm
downward. For more accura / | shrinkage model or the actual
measurement from the tg J i/ iNkage strain are preferred to

For the < P ‘ . N : concrete slab was cast on
W uss and the dead load of the
concrete slab are carriecgh e it %' is no creep behavior from the

dead load of the steel truss __ ' : ol oncrete.

The TR insida. the concrete slab comes
from the prestressin’ .;, l:_:"l crete slab starts at the end

anchorage points up t( e se ppofl

coefficient, O ﬂﬁ EIC iﬂﬁﬂﬁmﬂw 4r225’ the plot of creep
A9 AINIURIINAE
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0.090
0.080 +

—=460MPa
0.070 ¥ —O=690MPa

0.060 + ——920MPa

0.050 4

040 &

0.030 4

0.020 &

0.010 +

Creep Deflection (mm)
(]

0.000

3.5 4.0 4.5 5.0

d(t,t,)

\=en the creep coefficient and
the creep deflection for 2 " - MPa, 690MPa and 920MPa. The
higher prestressing force ¢ - el tion due to the higher net stress

s

inside the concrete slab. Norma ; L of accuracy, for an effective thickness
‘Jl s -._

of 6 in in dry atmos ».- A pading is 2.1 which results
in a creep deflecti Y S for prestressing levels of

460MPa, 690MPa and. J OMPa, respectively.

ﬁﬁ%; @ﬂﬁﬂ%’ﬂﬂqﬁﬁm the yield deflecton

and the ultimat@l deflection due to the low IeveI of the remalnlng stress inside the

AR TN TN TINE TN =

the creef coefficient is more accurately detrermined the more accurate will be the creep

deflection.
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4.5.3 Anchorage Seating Effect

For the post-tensioned composite truss, the anchorage seating loss is
distributed uniformly over the entire length of the tendon between the two anchorage

points because of the unbonded posttensioning property.

(2.60)

Downward Deflection
(mm)
o o o o o o o o

5.0 7Io
mm)

F|gure‘ ’ 8 Downward Deﬂeotlon VS. Anc.urage Seating

ﬂDuFEj ’J4Yf] E’l w 5 weﬂ’] ﬂ ireduces the level of

prestressing force resulting in incgtased defle n. Normally ‘Qp the wedge type

- AMARARIUNAVING TN Y o

seatmg 2.5mm the downward deflection at mid span is 0.3mm which is very low

compared to the yield deflection and the ultimate deflection.
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4.5.4 Analysis of Relaxation Effect

For the posttensioned composite truss, the prestress tendon is
unbonded. Thus, the relaxation of the prestressing tendon occurs uniformly over the

entire length of the tendon.

0.140

Downward Deflection
(mm)

) 2500 3000

don (kg/sq.cm)

Figure 4.29 Doy E}-*'::‘___..,_ Bxation in tendon curve.

Figuisd A laxation in the tendon and

il
1
i

the downward deflectfif. The relaxauun causcs the trutl to deflect downward due to

the decrease in tendon f@raand as a resulldhe precamber amount is decreased acc.

couses tne o b dibd ELYLRD B T Qcompressect whie ne

tension stress inq!he bottom chord anél diagonal mggbers experienggra reduced tension

e} WIANNIUNATING1AE



CHAPTER 5
STRUCTURAL MODEL
5.1 Strength and Stability
5.1.1 Flexural Strength

5.1.1.1 Ultimate Moment Capacity

The ultimate g ' )ttensioned composite truss can

be computed as:

(2.37)
— 1 '
F .. = mm[ , 0.85f, btc]

where F’ma_' ensile force in the bottom chord

and the tendon with the fol! f the yielding force in the bottom
chord and the tensile force in th - forces in the shear stud connectors at
maximum strength ment to the point of zero
moment along the | Y ) gth that can be developed

the top surface of the cowcggie slab to the ggptroid of the resultant of the bottom chord

o o S8 QIR TIHRINR T s

follows; ¢ o o/
| NBINYAY
' 0.85f.'b
The tendon stress, f_ .., can have one of the following three possible

values: (1) the tendon stress at the time the bottom chord starting to yield from the

external applied load, f_ .

(2) the yield strength of the tendon itself, f , or: (3) the

v Tpy?

tensile strength of the tendon, £, .
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Based on analytical and experimental considerations for the current
research as presented herein, these three values are different by an amount of less than
5% because of the relatively low percentage of reinforcement. For the conservative
case, the appropriate value for f . . corresponds to the tendon stress at yield, £ ., as

can be computed from:

f _ B AP
ps,max ~  ps,yield T ik
(5.1)
AP =
28 LTJ')
ATj ETj
where y increase in tendon force at
the beginning of yield ¢ al force in member i resulting
from a unit virtual force #C . Si \ s at the same location as the

tendon; F. _ is the actual f(#ediss to™he external load that causes the

1,si

bottom chord to begin yieldiFe 824 =4 he length, cross sectional area, and

modulus of elastici e =4 virtual force in member i
!

| 1
1

resulting from a unit Vi Cilmt 1USS at the same location as

the tendon; F, is the¥actual force in member i due % a unit force acting on the

composite tru h ‘ﬁ i & % hﬁ\/irtual force in tendon |
resulting fromﬂﬁm;ﬂmm& nss at the same location as
the te : i e‘i ﬁ t iégr acting on the
composi mﬁmjﬂamn , L?l\;a:‘n:tn rﬂe length, cross
sectional area, and the modulus of elasticity of tendon |, respectively; n is the number of

members and m is the number of the tendons; A is the cross sectional area of the

tendon and f; is the initial prestressing stress in the tendon.
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5.1.1.2 Ultimate Shear Capacity

The ultimate shear capacity of the post-tensioned composite truss
depends on the tensile strength of critical web members in tension and the buckling

strength of critical web members in compression. The following expression applies:

P.. j (_ AP sin@j
i N sin o <

-y
ADiagonal
O-Vertlcal (52)
where ¢ & a critical diagonal member
and a critical vertical \ A .o Are the cross sectional
area of the diagonal me Lo \ 4 respectively; w is the uniform
dead load resulting from ¢ e ; AN elghts: a and b depend on the
k . [ L

panel lengths of the truss; e & the horizontal and the diagonal

member; P is the tendon foroe vetween a horizontal member and the

tendon; AP is the inoya ad wngoad, P, and f, is the yield

ext?

strength of the diag v

5.1.1.3%€ltimate Shear Stud Connector Cacity

ﬂ uéﬁ%ﬂﬂﬁfﬂﬂcﬁﬂyﬂ@m on consideration of

three possible fgnure modes, concrege crushing, t sile rupture, aag shear failure. The

o QR RN HURANYAR B o 0

connect& capacity;

For the concrete crushing mode;

Qu =05- As Y fc"Ec (2.10)
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where A is the cross sectional area of a shear stud connector, £, is the
cylindrical concrete compressive strength, and E_ is the modulus of elasticity of the

concrete material.

For the tensile rupture mode;

Q, =Af, (5.3)

For direct shear at thoy 8 § B the stud;

(5.4)

the yield strength of the shear
stud connector, respeliiv i \ wea stud and the base material

thickness affect the & 7\,9" : ' \ u stud diameter to the base
|1

material thickness, 7, #® 7 \ , the stud strength shall be

(2.14)

Studs shall not.: the height of the stud to the edge

of the concrete slatyge e Z=4ngth. Moreover, a uniform
| vl Ih_

distribution of shear S=yi =i for shear studs of length

1
greater than 4 times it®he stud diameter. Such slender®uds tend to deform and yield

in an s- shape r I‘ | @ i mi e e shear stress in all of
the studs distr@yaaﬂeﬁﬂo tHe Taxi ﬂ:‘jm the zero moment and
tends t ' epde h ¢ h ﬁ Flels ﬁ e span length.
The spﬁrﬁﬂlﬁﬂieimmﬁje Lﬂﬁ:j \Erand should not
be more than eight times the slab thickness. The stud head size should be at least 1.5
times the stud shank diameter. The stud head thickness should be at least half of the

stud shank diameter. Concrete covering of at least 25mm should be provided all around

the shear stud connector.
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5.1.2 Maximum Tendon Capacity

5.1.2.1 Yielding of Bottom Chord

The tendon prestressing force causes a compressive stress in the
bottom chord or at least a tendency to reduce any tension in that chord. If lateral
bracing is adequate, the bottom chord stress may reach the yield level. The criteria of

yielding of the bottom chord can be written as;

F(x)

Gx(bottomchord) == | y (5.5)
t
where th the composite section can be
computed from I, med cross sectional area is
calculated from A, =
5122
L "y - "l. L} ) )
The tend e indifes¥ension in some web members

IF
and compression in other m&m *-ﬂ

ilF'

7
stress can reach the comprg -"”’*‘f 2 d the criteria of yielding of the web

bracing is sufficient, the web member

member can be WIilE = e ——

¥

—wa+wb

Elﬂ'a’ éﬁfﬁf

Dlagonal Dlagonal

A ANTUUBIANLIAY

onal

ﬂ’lJﬁJ’J

Diagonal —

is the cross
seo‘uonal area of the member, w is the uniform dead weight from the truss and concrete
slab; a and b depend on the panel dimensions at the member in question; A is the
angle between the horizontal member and the diagonal member; P is the tendon force;
0 is the angle between the horizontal member and the tendon and; f, is the yield

strength of the member.
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5.1.2.3 Cracking at Concrete Tension Surface

The stress in the tension zone at the concrete surface due to the

M .
O-conc,top = (lj(_ 3 + PS—yNAJ (45)
nA A I

is the moment from the prestress : , /3 eccentricity of the tendon force with

/iection, andy, is the distance from

prestressing force is;

the top surface concrete 2 g id § thes 2 section.

she maximum tensile stress must

be less than the condi which equals to 2,/ f.'. The

o, W

maximum prestressin surface from cracking is

computed from;

5.1.2 ".

In the & ence of intermediate lateral bre ®1g it is possible for a bottom

L ﬁﬁﬁﬂﬂ”ﬁ?ﬂﬁ‘lﬁiﬁiﬁ:ﬁ!ﬁ“
’QW'] aﬁﬂimgwnﬂmaa -

where E,, |, and d, are the elastic modulus, the moment of inertia and
the member length respectively, of the compression member in question and L, is the

unbraced length of the compression chord between two adjacent vertical members.
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5.1.2.5 Buckling of Web Members

Tendon prestressing forces may result in compression of certain web
members. If the lateral bracing is inadequate, the web member may fail in a buckling
mode and the stress criteria of buckling for either a diagonal web member or a vertical

web member can be written as;

GDiagonaI — "buckling

buckling

W= dead load of the steel truss
and the dead load of the o o \ ive stress in the steel truss top

chord and its possibility to f #iny 'r-r' ; ? local buckling criterion for the top

chord member is; LAY

X

Lail tan ﬂ i

ﬂuﬂﬁwﬂmwmn‘i

In case there is inadqgjuate lateral fracing for the sigg! truss, the overall

BRI NTINER Y

2

(KL)’

M,, =C% ((KL) El,EC, +—— El GJJ

I =21

y,truss y,chord

CW,tI’USS = % (I y.,truss ) (44)

truss - zbt3
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For a simply supported span with two point loads, the value for C_ and K

are 1.04 and 1.00, respectively. For C the value of ‘d’ is the distance between the

w,truss’

top chord and the bottom chord.
5.1.2.7 Tendon Strength

The total tendon internal force from the summation of the initial

prestressing force, P, and the increase in tendon force, AP, must remain less than or

equal to the yield strength of the

(5.10)

eflection, or precamber, A,

which is limited to the p- g a7 A % structure and which depends

ALIMIT (5.11)

= F.(x) is the virtual internal

force due to a virtual & t load at mid span; F ) are the actual force in the

B .| Hﬂiﬁ:ﬁﬂ i “mﬂ TfJ“in S
ﬁ i aﬂnimumfmmaa

5.1.2.9 Prestress Losses

Shrinkage and creep may cause the prestressing tendons to shorthen

which leads to a decreases, APsh and AP_, in tendon force. This results in downward

cr’

deflection of the truss. To find APsh and AP_, the total elongation at the elevation of the

cr’

tendon due shrinkage or creep, 0, , and the total elongation at the same elevation of the

1p?
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tendon due to a unit prestressing force, 811 are determined and,APSh or APCr equals

9, /0, Thus,
5R )( = )

OF)( L s U
é( : /\ — =)+ Z( i)( AT,-ET,-)

(5.12)

where APsh is Hn force due to shrinkage, 8Ri is the

virtual force in member i fr'™® .-én on the composite truss at the

same location as the tamm amber i due to the shrinkage

moment, L, A,and E & ®d the modulus of elasticity of

member |, respectives ! 2 AN 2O resulting from a unit virtual

force acting on the co " the tendon, F, is the actual

force in member i due Lscomposite truss at the same

location as the tendon. ? N j resulting from a unit virtual

—

force acting on the compos . tr ﬁ

force in member j due to a unit.f T

oG on as the tendon, F is the actual

o composite truss at the same location

as the tendon, L "\| area, and the modulus of

T

elasticity of tendon j v £ ;rs and m is the number of

tendons. iy ]

ﬂumn mp'ﬁ
RTA QM'@JQ a9

i=l1 |

(5.13)

where APCr is the decrease in tendon force due to creep, 5Ri is the
virtual force in member i resulting from a unit virtual force acting on the composite truss
at the same location as the tendon, R, is the actual force in member i due to the creep

moment,
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For the posttensioned composite truss, the anchorage seating loss and
the relaxation are distributed uniformly over the entire length of the tendon between the

two anchorage points because of the unbonded posttensioning property.

The loss of stress from the anchorage seating can be calculated from the

following equations;

(2.60)

The loss g Qe Lalculated from the following

equations;
(2.61)

where fis tt o =~ _ o) . is the initial tendon stress at time

t,, and 7, is the yield strength .:*'::-____..;_ 7
5.2 Ductilit T
y Vi

The duddfity of the pOsticiisioned compcids truss can be controlled by

the percentage relnforfeﬁn , and i Iculat d from;
AUEAENIWENS

aI: +pps

awwaﬂ %+%§maﬁaa

(2.42)

total -

where 77 is the yield strength ratio calculated from the ratio between the

yield strength of the tendon, F_ corresponding to the yield strength of the bottom chord,
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The limit percentage of P, is to be not more than the P, to ensure that
the structure will fail in ductile behavior from vyielding of the bottom chord prior to the
crushing of the concrete at the ductility ratio equals to 4 or greater. The ductility criterion

can be stated as;

(A Toy | A 085 5.14
pmtal_(b-dj_'_ f bd < Py ﬂ1ﬁ (5.14)

—-&
E

where €,

’/)strain of the concrete material.

The minirm: reinforcement should not less

than the minimum reinfc = ® ; : We2=mber which is;

A J (5.15)

The maxiy oSSl L area - prestressing tendon that can
T \
be applied to the post-tens e ,fé{ﬂ "n the required rotation capacity is
known can be find from the egudabZ/s 24 below;

, ;— 5

— || =447 5.16
(p tendo 10 total) ( 2 6 6 9 ” ( )

ﬂ‘LJEJ’JVIEW] WEN

p tendon / p total )

amaﬂﬂimm@mmaﬂ

Where CI)u is the ultimate curvature of the structure, d)y is the yield curvature of the
structure. Please be noted that the equation 5.16 are applicable for the concrete

strength of 60MPa only.
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5.3 Serviceability

The deflection of the posttensioned composite truss can be computed

from;
1\ F (X)éF i (X)
i1 (XA (X

where OP is the vir at mid span, 5Fi(x) is the virtual internal
force due to the virtual unit Iz x), A(x) are the actual force in the
real structure due to the =ss>teel and concrete, the external
load and the increase e Vi LN carioad, the modulus of elasticity
and the cross sectiora! siely, and n is the number of

3 \
transformed moment of In¢ j el 2N Y o ertia of the transformed section

considering the prestressing for

The vo——m—————— 24> prestressing ratio (A (F

V.
/' AF,) and the reductiigy Ol u moment of inertia is;
1

eI

ler = Ryenr - 1 (4.12)

The simply supported posttensioned composite truss is subjected to two
point loads of P at L/3 and P at 2L/3 where L is the total span length of the beam. The

mid-span deflection can be computed from;
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_23PL° 5
midspan 648El P, '

For time dependent serviceability deflections related to shrinkage and
creep, the effective transformed moment of inertia can be used to calculate the

deflection. The deflection due to shrinkage, A_, is calculated from;

sh?

ML’
(2.55)
The followi . : wee ved fOr the restrained strain, €,
the strain in the bottom CF _' chord member, €.
Tt
(2.54)
where a is t#8 clias - eroid of concrete to the centroid of

the transformed section, b is entroid of the transformed section to

the centroid of the Me———————————— <4an be calculated from the
Y. N

shrinkage equation W= S-=-surface ratio, (V/S) and the
Ll !

relative humidity (RH);

uidngninons .
ARIBAAIANIIINGIN

M2 M,
CR — +
162El,  54El,
M, =z, E.A Je)] (2.59)

M, = [(gcr,r E A Xe)]z
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where M, and M, are the moments from the forces equal to restrained
creep strains times the elastic modulus and cross sectional areas of the concrete about

the centroid of the transformed section for panel 1 and panel 2, respectively.

The restrained creep strain, €_  is calculated the same way as in the
case of shrinkage restrained strain by substituting the free creep strain, € (t,t.), which

is a function of the creep coefficient @(t,t,):

(2.57)

where O 8) is the concrete modulus of

elasticity at 28 days, 2z sing @, as the basic creep;
Bc(t,to) is a coefficien’ sl creep with time; h, is the
effective thickness in ir surface ratio and equals two
times the cross sectiona! s of the cross section exposed
to the atmosphere; h_ is th: < vl ; S\ RH is the relative humidity of the

28 days in psi; f__equals 1450

’ ‘cmo

ambient atmosphere in p re Whe mean compressive strength at

e day, and,; BRH is the coefficient that

accounts for the efff o) ; e o T=us, the creep coefficient is

- <

computed from the i Y

]
Vv A¥

AULINENINYINS
ARIAIN TN TN
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#(t.t,) =5 (tt,)
8, = b B0 )AL, )

. 1-RH/RH,
b =1 0.46(h, /h, )"
5.3
ﬂ(fcm)=—05
(fcm/fcmo).
1

w200 <1500 (2.58)

The otk i = WO, is the deflection from the

relaxation of the prestres #fic “N.in a manner similar to the way

precamber is calculated b

(5.19)

Wher

force due to a virtual =4t load at mid span, F.(x), ; ) are the actual force in the

real structure ufj ﬁ%ﬁﬁm ﬁ)ﬁw elaxation behavior, the
modulus of ela Hllt EJe speotlvely and n is the
number of ember s compr |S|%the &eel truss.

RTadAIEInea

9

F.(

x) is the virtual internal



CHAPTER 6
CONCLUSIONS
6.1 General Observations

Based on experimental results, posttensioned steel trusses with high

performance concrete composite decks are believed to perform better than

conventional composite trusses. Vi ) this noticeably better performance, the

following observations are p

reinforcement ratio of the

prestressing tendon (e o (PPR) of 6.1%, the ultimate

load capacity of the pi W tons which is 20.4% higher

"W Snilar conventional composite

!
|

(2) A olo) \ )ned composite truss occurs by

yielding of the bottom chor® stii¥in the elastic zone. This behavior

results in a ductile failure 2ctable warning deformation and for

that reason is prefs e ::,‘[ t any noticeable ductile
deformations. This favesit =i ne presence of prestressing
1

Ly I¥

ﬂ U &L’Mﬂfﬁj NS NIV T e runt o v

posttensioned composﬂe truss. Cehtrolling theglevel of prestiggsing results in a

R WADINT U HAITINBAGE) s

load deflgcnons.

tendons.

(4) The level of prestressing improves the linearity of, and
contributes to, a smoother more graphically stable load - deflection response. In
contrast, the deflection determination of conventional composite trusses using
transformed section analysis is increased by 20 per cent to account for incidentally

increased deflection due to slippage, concrete cracking, and similar occurrences. By
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applying prestressing forces, on the other hand, the effective transformed moment of

A f
inertia is improved by the function; |4 :(0.0044(%)4_0.826}“. Thus the
y

effective transformed moment of inertia varies from a maximum of 17 per cent reduction

f
® " )equals 39.55.
y

to zero reduction when the ratio of (

For a structural steel truss without a composite deck slab, the

posttensioning technique has NG 4fo the likelihood of premature failure of

the top chord prior to yielo hich usually governs maximum

capacity of the truss.

6.2 Research Conclusior,

Based o esearch as described herein,

the following conclusions

(1) The | e ased on an energy method, more

d!r'

-"’:-"'J' e "-.

specifically the princinle o &iole of superposition, were used in

the analysis. Analyti T

|

resulted in better corrfintion s Jhin was obtained using fixed

.:‘[ ideal pin joint connections

Ly I¥

joint assumptions. Pm.;omt analysis Corresponded well with observed values of

precamber, Ioﬂ um ﬂﬁ mowE}CTﬂﬁalculanns
Considering tfe force, A Fémrequired to yidafthe bottom chord,
and th&mqaﬁ ﬂ ihfuw lj ina l'l a I&Iels of prestress,

PS'

i. [ _is equal to the tendon stress at the vyield load, f The

ps ps,yield*

tendon force increases as external load is applied and the
tendon force at the time the bottom chord begins to yield is
called f,

ps,yield

ii.  f,equals the yield strength of the tendon, £ ,and;
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i fs equals the tensile strength of the tendon, £, , which differs by
only 5% because of the relatively low percentage of the tendon

area reinforcement.

The appropriate value of f _is f

oyl @S Dased on the tendon stress at the yield load.

(3) Posttensioning improves the ultimate shear capacity of the truss

with respect to web member yielding and buckling failures, but has no advantage for

vertical web members located oy

“asijle force from the summation of

the vyielding of the b ' . W rce in the tendon requires

to the level of permissible
posttensioning, yielding . ord as well as web member
strength should be cofsic Ay ¥ Wt of concrete cracking at its
tension surface. The prefire Ve : H'. -' limited in consideration of the
total prestressing force coi b| : Pcts of superimposed external loads.

Forces should not_exceagt ould not result in excessive

precamber after cof=s
Y,
criterion for determiniifif ma<s e glial reinforcement ratio, P

i 4 dF

:_:"[ force. Ductility is also a

must not be greater than P

ﬂ‘lJEJ’JVIEW]?WEI"Iﬂ‘i
amaﬂﬂimummmaﬂ
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Table A.1 Precamber from the prestressing force at 460MPa on composite truss

APPENDIX
CALCULATION EXSAMPLES

153

Member Member force
Cross Real Elongation ou
Elastic force (SF) Length
Member Sectional Area
Modulus (ksc) in Real ) ) (cm)
in Virt. Struct. (cm’) (FL/EA), Al OF*A)
Str. (F)
TL4 2040000 -5874 -0.677 450.1 94.8 -0.00060644 0.000411
TL3 2040000 -2937 - R I 450.1 94.8 -0.00030322 0.000411
TL2 2040000 0 94.8 0 0
TL1 2040000 [F5a - 142.2 0 0
TR1 2040000 éVQ.Z 0 0
TR2 2040000 — 94.8 0 0
TR3 2040000 -0.00030322 0.000411
TR4 2040000 -0.00060644 0.000411
BL4 2040000 94.8 0 0
BL3 2040000 N -0.00550366 -0.003727
BL2 2040000 4.8 -0.01100732 -0.014907
BL1 2040000 '1 -0.02476648 -0.050311
BR1 2040000 L 2 -0.02476648 -0.050311
BR2 2040000 L -0.01100732 -0.014907
BR3 2040000 94.8 -0.00550366 -0.003727
BR4 2040000 4.8 0 0
VL4 2040000 50.0 0 0
VL3 2040000 2169 50.0 0.00496788 -0.002484
VL2 2040000 2169 5{ ] 50.0 0.00496788 -0.002484
VL1 204000]_ 0.0 0 0
ve 204000 7 0 0
VR1 204000 0 0
VR2 2040000 2109 5 0.00496788 -0.002484
VR3 2040000 2169 -0.500 10.7 5 0.00496788 -0.002484
VR4 2040000 ‘ -0.500 24.8 50.0 0 0
DL4 (0] 3% u I F o 2.F q -0.01792717 -0.01509
DL3 20400 365 0.3§12 10742 d -0.01792717 -0.01509
DL2 m)OOO -3651 0.842 10.7 107.2 -0.01792717 -0.01509
DL1 2040000 0 1432 10.7 “ 150.7 u 0 0
- rF N 'r‘ rF + = r

DR1 20 Wéw V .7 1 g 0 0
DR2 =820 10% ®10 .ZL! =0 1# 7 -0.01509
DR3 1 2040000 -3651 0.842 10.7 107.2 -0.01792717 -0.01509
DR4 2040000 -3651 0.842 10.7 107.2 -0.01792717 -0.01509

2ou -0.236723

the virtual load, OP, and therefore; o —[_L iJ‘L
P )i

The precamber is the total strain energy, ZSU, from table 4.1 divided by

F.(x)- oF (x)

i(X)'
E; (x)A (x)

dx =-0.237




Table A.2 Precamber from the prestressing force at 690MPa on composite truss

154

Elastic Member Memoer Cross Real Elongation ou
force force (5F) Length
Member Modulus Sectional
(ksc) in Real St i Area (cm’) fom (FL/EA), Ai OFA)
(F) Struct.

TL4 2040000 -8811 -0.677 450.1 94.8 -0.00090966 0.000616
TL3 2040000 -4406 -1.354 450.1 94.8 -0.00045483 0.000616
TL2 2040000 0 -2.031 450.1 94.8 0 0
TL1 2040000 0 -3.047 450.1 142.2 0 0
TR1 2040000 -3.047 450.1 142.2 0 0
TR2 2040000 94.8 0 0
TR3 2040000 94.8 -0.00045483 0.000616
TR4 2040000 94.8 -0.00090966 0.000616
BL4 2040000 94.8 0 0
BL3 2040000 4.8 -0.00825549 -0.00559
BL2 2040000 3 -0.01651098 -0.022361
BL1 2040000 k.2 -0.03714971 -0.075467
BR1 2040000 42.2 -0.03714971 -0.075467
BR2 2040000 -0.01651098 -0.022361
BR3 2040000 EB -0.00825549 -0.00559
BR4 2040000 1.8 0 0
VL4 2040000 50.0 0 0
VL3 2040000 50.0 0.00745182 -0.003726
VL2 2040000 50.0 0.00745182 -0.003726
VL1 2040000 50.0 0 0
VC 204000| ¥l 0 0
VR1 20400008 0 0
VR2 2040000 o 0 0.00745182 -0.003726
VR3 2040000 3253 -0.500 10.7 .0 0.00745182 -0.003726
VR4 2040000 | o o 0500 | g 24.8 50.0 0 0
DL4 g 547 i ﬁ -0.02689076 -0.022635
DL3 !@O H—54 .84 v -0.02689076 -0.022635
DL2 2040000 -5477 @h42 -0pdB89076 -0.022635
DL ﬁimﬂ 211 y ; 0 0
DR1 ,q © 20400007 0 v A h e 0 0
DR2 ) 2040000 -5477 0.842 10.7 107.2 -0.02689076 -0.022635
DR3 2040000 -5477 0.842 10.7 107.2 -0.02689076 -0.022635
DR4 2040000 -5477 0.842 10.7 107.2 -0.02689076 -0.022635

ou -0.355085

The precamber is the total strain energy, ZSU, from Table 4.2 divided

1
P

& (x)

by the virtual load, OP. Therefore; A =( jZ":LL[F—}dx =-0.355
i=1

i (X)
E; () (x)




Table A.3 Precamber from the prestressing force at 920MPa on composite truss
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Elastic Member Member Cross Real Elongation ou
force force (SF) Length
Member Modulus Sectional Area
(ksc) " R:I s in Virt. Struct. (cm?) fem (FL/EA), Al OFA)
TL4 2040000 -11749 -0.677 450.1 94.8 -0.00121287 0.000821
TL3 2040000 -5874 -1.354 450.1 94.8 -0.00060644 0.000821
TL2 2040000 0 -2.031 450.1 94.8 0 0
TL1 2040000 0 -3.047 450.1 142.2 0 0
TR1 2040000 0 450.1 142.2 0 0
TR2 2040000 0 94.8 0 0
TR3 2040000 94.8 -0.00060644 0.000821
TR4 2040000 94.8 -0.00121287 0.000821
BL4 2040000 94.8 0 0
BL3 2040000 94.8 -0.01100732 -0.007454
BL2 2040000 94.8 -0.02201465 -0.029814
BL1 2040000 -0.04953295 -0.100623
BR1 2040000 -0.04953295 -0.100623
BR2 2040000 -0.02201465 -0.029814
BR3 2040000 y 94.8 -0.01100732 -0.007454
BR4 2040000 94.8 0 0
VL4 2040000 50.0 0 0
VL3 2040000 50.0 0.00993576 -0.004968
VL2 2040000 50.0 0.00993576 -0.004968
VL1 2040000 0 0
VC 204000} 0 0
b

VR1 204000 y' 0 0
VR2 2040000 _i 0.00993576 -0.004968
VR3 2040000 | = 4338 0.00993576 -0.004968
VR4 2%0000 f =0 -0.500 | g 248 50.0 0 0
DL4 g -73D I m1 g -0.03585435 -0.03018
DL3 !%O = 302 0.842 10. !0' 2 -0.03585435 -0.03018
DL2 2040000 -7302 ‘0.842 -4 107.2 Q903585435 -0.03018
DL1 1& 04E@ ﬂ 711'% ) 'gs . ; 0 0
DR1 ,q ~ 2040000 - 5" e 1.13 . 1007 | %3.7 v 0 0
DR2 2040000 -7302 0.842 10.7 107.2 -0.03585435 -0.03018
DR3 2040000 -7302 0.842 10.7 107.2 -0.03585435 -0.03018
DR4 2040000 -7302 0.842 10.7 107.2 -0.03585435 -0.03018

Ydu -0.473447

The precamber is the total strain energy, ZSU, from Table 4.3 divided

y the virtual load, Sp, which is; A—( j En IL
b 0
i=l

1
P

Fi(x)-
E(x)A

(%)

(x)

dx =-0.473
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Table A.4 Vertical deformation from the steel dead load

Elastic Member Memoer Cross Real Elongation ou
force force (8F) Length
Member Modulus Sectional
(ksc) n Real St i Area (cm’) fom (FL/EA), Ai OFA)
(F) Struct.

TL4 2040000 -359 -0.948 24.8 94.8 -0.0006736 0.000639
TL3 2040000 -629 -1.896 24.8 94.8 -0.0011788 0.002235
TL2 2040000 -809 -2.844 24.8 94.8 -0.0015156 0.00431
TL1 2040000 -910 -4.266 24.8 142.2 -0.00255758 0.010911
TR1 2040000 . 24.8 142.2 -0.00255758 0.010911
TR2 2040000 94.8 -0.0015156 0.00431
TR3 2040000 94.8 -0.0011788 0.002235
TR4 2040000 94.8 -0.0006736 0.000639
BL4 2040000 94.8 0 0
BL3 2040000 94.8 0.0006736 0.000639
BL2 2040000 . 0.0011788 0.002235
BL1 2040000 N 0.00227341 0.006466
BR1 2040000 2 0.00227341 0.006466
BR2 2040000 0.0011788 0.002235
BR3 2040000 _8 0.0006736 0.000639
BR4 2040000 J 0 0
VL4 2040000 0.0 -0.0002108 0.000105
VL3 2040000 = 50.0 -0.0004343 0.000217
VL2 2040000 -142 | 7 == - 50.0 -0.00032573 0.000163
VL1 2040000 -95 'l ¥, 50.0 -0.00021715 0.000109
VC 2040004, ! A -0.00016286 0.000163
VR1 20400008 -0.00021715 0.000109
VR2 2040000 - [ -0.00032573 0.000163
VR3 2040000 -190 -0.500 10.7 L -0.0004343 0.000217
VR4 2040000 f—ﬁ -0.500 Qrs8 50.0 -0.0002108 0.000105
DL4 0 g 06 ) g of. 30.00199555 0.002139
DL3 50“00 e 30 .07 10.7 10 2I “0.00149666 0.001604
DL2 2040000 203 1‘72 10.7 h 107.2 0.0gQpo777 0.001069
DL1 4 Oﬁ Ea "F 1 0. s wg %7¥C3 0.001116
DR1 ,q - 20400 - 1(;7 v 507 | . 10. “’IS!).PIi (% 72&8 0.001116
DR2 ) 2040000 203 1.072 10.7 107.2 0.00099777 0.001069
DR3 2040000 305 1.072 10.7 107.2 0.00149666 0.001604
DR4 2040000 406 1.072 10.7 107.2 0.00199555 0.002139

du 0.068074

The vertical downward deformation from the steel dead load is given by;

L B R 0
=) [, E 00A (1) dx =+0.068

n

A=



Table A.5 Vertical deformation from the concrete dead load
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Member Member Cross
Elastic Real Elongation ou
force force (SF) Sectional Length
Member Modulus
in Real Str. in Virt. Area (cm)
(ksc) X (FL/EA), Ai OFA)
(F) Struct. (cm”)
TL4 2040000 -4659 -0.948 24.8 94.8 -0.00872988 0.008276
TL3 2040000 -8153 -1.896 24.8 94.8 -0.01527729 0.028966
TL2 2040000 -10482 -2.844 24.8 94.8 -0.01964222 0.055862
TL1 2040000 -11793 -4.266 24.8 142.2 -0.03314625 0.141402
TR1 2040000 24.8 -0.03314625 0.141402
TR2 2040000 -0.01964222 0.055862
TR3 2040000 -0.01527729 0.028966
TR4 2040000 -0.00872988 0.008276
BL4 2040000 0 0
BL3 2040000 0.00872988 0.008276
BL2 2040000 0.01527729 0.028966
BL1 2040000 0.02946334 0.083794
BR1 2040000 0.02946334 0.083794
BR2 2040000 0.01527729 0.028966
BR3 2040000 0.00872988 0.008276
BR4 2040000 0 0
VL4 2040000 -0.00273202 0.001366
VL3 2040000 -0.00562859 0.002814
VL2 2040000 -0.00422144 0.002111
VL1 2040000 -0.00281429 0.001407
VC 2040000 -0.00211072 0.002111
VR1 2040000 -0.00281429 0.001407
VR2 2040000 -0.00422144 0.002111
VR3 2040000 -0.00562859 0.002814
VR4 204%{2} wﬁo& F’SO?‘ §0.00273202 0.001366
DL4 204 5264 47 1 147 ] 0.02586232 0.027719
DL3 2040(” - 3950 i 1.072 10.7 107.2 0.01939674 0.020789
4 1,07, }g? 0.013859
10. 0.014458
DR1 2040000 1389 1.607 10.7 150.7 0.00959147 0.014458
DR2 2040000 2634 1.072 10.7 107.2 0.01293116 0.013859
DR3 2040000 3950 1.072 10.7 107.2 0.01939674 0.020789
DR4 2040000 5267 1.072 10.7 107.2 0.02586232 0.027719
PN 0.882239

The vertical downward deformation
L Fi(X)'a:i(X)
E, (x)A(x)

dx=+0.882

from the concrete dead load is;
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Table A.6 Total elongation of the steel truss at the same level of the tendon due to the

external load from the external ram loads of 58tons (yield load), Sm-

Member

Elastic Member force force (5F) Cross Real Elongation ou
Member Modulus Sectional Area Length (cm)
(ksc) " RT;I s in Virt. Struct. (cm?) (FL/EA), Al (OF*A)
TL4 2040000 -39288 0.647 249.9 94.8 -0.00730671 -0.00473
TL3 2040000 -78576 0.324 249.9 94.8 -0.01461342 -0.00473
TL2 2040000 -117863 0.000 249.9 94.8 -0.02192013 0
TL1 2040000 -117863 249.9 142.2 -0.0328802 0
TR1 2040000 -11786: 142.2 -0.0328802 0
TR2 2040000 94.8 -0.02192013 0
TR3 2040000 94.8 -0.01461342 -0.00473
TR4 2040000 94.8 -0.00730671 -0.00473
BL4 2040000 94.8 0 0
BL3 2040000 94.8 0.07361808 0.023828
BL2 2040000 94.8 0.14723617 0.095313
BL1 2040000 142.2 0.33128138 0.321681
BR1 2040000 142.2 0.33128138 0.321681
BR2 2040000 94.8 0.14723617 0.095313
BR3 2040000 94.8 0.07361808 0.023828
BR4 2040000 94.8 0 0
VL4 2040000 50.0 -0.02867054 0
VL3 2040000 -0.06645135 0.015882
VL2 -0.06645135 0.015882
VL1 -0.06645135 0
VC 0 0
VR1 2040000 -0.06645135 0
VR2 2040000 -29010 -0.239 10.7 50.0 -0.06645135 0.015882
VR3 -0.06645135 0.015882
VR4 % % -0.02867054 0
DL4 ZmOOO _ 0.2397975 0.096482
DL3 00, b .2397975 0.096482
DL2 20: 8 %.2397975 0.096482
DL1 q 2040000 0 0.000 10.7 150.7 0 0
DR1 2040000 0 0.000 10.7 150.7 0 0
DR2 2040000 48838 0.402 10.7 107.2 0.2397975 0.096482
DR3 2040000 48838 0.402 10.7 107.2 0.2397975 0.096482
DR4 2040000 48838 0.402 10.7 107.2 0.2397975 0.096482
20U

1.505145
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Table A.7: Total elongation of the steel truss at the same level of the tendon due to the

unit load in tendon, 811

Member Member
Elastic force force (5F) Cross Length Real Elongation du
Member Modulus Sectional Area
(ksc) " RT;I St in Virt. Struct. (cm?) fom (FL/EA), Ai (OFA)
TL4 2040000 -0.647 -0.647 249.9 94.8 -1.2039E-07 7.79E-08
TL3 2040000 -0.324 -0.324 249.9 94.8 -6.0196E-08 1.95E-08
TL2 2040000 0.000 0.000 249.9 94.8 0 0
TLA 2040000 0.000 249.9 142.2 0 0
TR1 2040000 2490.9 142.2 0 0
TR2 2040000 94.8 0 0
TR3 2040000 94.8 -6.0196E-08 1.95E-08
TR4 2040000 94.8 -1.2039E-07 7.79E-08
BL4 2040000 94.8 0 0
BL3 2040000 94.8 -6.065E-07 1.96E-07
BL2 2040000 -1.213E-06 7.85E-07
BL1 2040000 -2.7293E-06 2.65E-06
BR1 2040000 -2.7293E-06 2.65E-06
BR2 2040000 94.8 -1.213E-06 7.85E-07
BR3 2040000 94.8 -6.065E-07 1.96E-07
BR4 2040000 94.8 0 0
VL4 2040000 50.0 0 0
VL3 2040000 50.0 5.4746E-07 1.31E-07
VL2 204000 5.4746E-07 1.31E-07
VL1 204000NGTa: 0 0
VC 204000 s"Il 0 0
VR1 2040000 0 0
VR2 2040000 0.239 0.239 10.7 50.0 5.4746E-07 1.31E-07
VR3 5.4746E-07 1.31E-07
DL4 ZmOOO -0.402 -0.402 10.7 107.2 -1.9756E-06 7.95E-07
DL3 00, 4 040 7.95E-07
DL2 20: -0§40 0 7.95E-07
DL1 q 2040000 0.000 0.000 10.7 150.7 0 0
DR1 2040000 0.000 0.000 10.7 160.7 0 0
DR2 2040000 -0.402 -0.402 10.7 107.2 -1.9756E-06 7.95E-07
DR3 2040000 -0.402 -0.402 10.7 107.2 -1.9756E-06 7.95E-07
DR4 2040000 -0.402 -0.402 10.7 107.2 -1.9756E-06 7.95E-07
Tendon 1960000 1 1 1.96 862 0.00022437 0.000224

>0U

0.000237




Table A.8 Vertical deformation due to increase of tendon load, AP.
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Elastic Member Member Cross Real Elongation ou
force force (SF) Length
Member Modulus Sectional Area
in Real Str. , (cm)
(ksc) . in Virt. Struct. (cm’) (FL/EA), Ai (OFA)
TL4 2040000 -3945 -0.677 249.9 94.8 -0.00073366 0.000497
TL3 2040000 -1972 -1.354 249.9 94.8 -0.00036683 0.000497
TL2 2040000 0 -2.031 249.9 94.8 0 0
TL1 2040000 0 -3.047 249.9 142.2 0 0
TR1 2040000 0 249.9 142.2 0 0
TR2 2040000 94.8 0 0
TR3 2040000 94.8 -0.00036683 0.000497
TR4 2040000 94.8 -0.00073366 0.000497
BL4 2040000 94.8 0 0
BL3 2040000 94.8 -0.00369596 -0.002503
BL2 2040000 94.8 -0.00739192 -0.010011
BL1 2040000 -0.01663182 -0.033786
BR1 2040000 -0.01663182 -0.033786
BR2 2040000 -0.00739192 -0.010011
BR3 2040000 94.8 -0.00369596 -0.002503
BR4 2040000 94.8 0 0
VL4 2040000 50.0 0 0
VL3 2040000 50.0 0.00333616 -0.001668
VL2 2040000 50.0 0.00333616 -0.001668
VL1 2040000 0 0
VC 204000 .r 0 0
VR1 2040001 v 0 0
VR2 2040000 _E 0.00333616 -0.001668
VR3 2040000 | = 50.0 0.00333616 -0.001668
VR4 2040000 50.0 0 0
)

DL4 fob 1 -0.01203891 -0.010134
DL3 !@O qO' 2 -0.01203891 -0.010134
DL2 2040000 ‘107.2 y(l;01203891 -0.010134
DL1 0 g‘i . ; 0 0
DR1 - 2040000 - .7_55.7 il 0 0
DR2 2040000 -2452 0.842 10.7 107.2 -0.01203891 -0.010134
DR3 2040000 -2452 0.842 10.7 107.2 -0.01203891 -0.010134
DR4 2040000 -2452 0.842 10.7 107.2 -0.01203891 -0.010134

ZSU -0.158086

(

The vertical upward deformation from the increase

F(x)- R (x)
E; (x)A (x)

de =-0.158

in tendon load is;




Table A.9 Vertical deformation due to the external ram loads
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A

Member force
Elastic Cross Real Elongation ou
Member force (SF) Length
Member Modulus Sectional Area
(ksc) " R:I s in Virt. Struct. (cm?) em (FL/EA), A OFA)
TL4 2040000 -39288 -0.677 249.9 94.8 -0.00730671 0.004948
TL3 2040000 78576 -1.354 249.9 94.8 -0.01461342 0.019791
TL2 2040000 -117863 -2.031 249.9 94.8 -0.02192013 0.044529
T 2040000 -117863 -3.047 249.9 142.2 -0.0328802 0.100191
TR1 2040000 -117863 249.9 142.2 -0.0328802 0.100191
TR2 2040000 -117863 249.9 94.8 -0.02192013 0.044529
TR3 2040000 94.8 -0.01461342 0.019791
TR4 2040000 94.8 -0.00730671 0.004948
BL4 2040000 94.8 0 0
BL3 2040000 94.8 0.07361808 0.04985
BL2 2040000 94.8 0.14723617 0.1994
BL1 2040000 142.2 0.33128138 0.672974
BR1 2040000 142.2 0.33128138 0.672974
BR2 2040000 94.8 0.14723617 0.1994
BR3 2040000 | 94.8 0.07361808 0.04985
BR4 2040000 94.8 0 0
VL4 2040000 50.0 -0.02867054 0.014335
VL3 2040000 50.0 -0.06645135 0.033226
VL2 2040000 50.0 -0.06645135 0.033226
VLA 2040000 50.0 -0.06645135 0.033226
Ve 204000 _2) 0 0
VR1 204000 7§ -0.06645135 0.033226
VR2 2040000 E = 50.0 -0.06645135 0.033226
VR3 2040000 |==f -29010 50.0 -0.06645135 0.033226
VR4 2040000 g #3010 -0.500 24.8 50.0 -0.02867054 0.014335
DL4 g 'Ls];sv gi ) ; 2 Ve 0.2397975 0.201847
DL3 !@o = Mg . 3.2 b ¥ 0.2397975 0.201847
DL2 2040000 48838 ¢ o842 =507 107.2 | @ 0.2397975 0.201847
DL1 ﬁimﬂ '3‘! A 'g 50.71 ; 0 0
DR1 g | 20400007 ~ bl A327 7 0.7 ¥ 5o A WY = 0 0
DR2 2040000 48838 0.842 10.7 107.2 0.2397975 0.201847
DR3 2040000 48838 0.842 10.7 107.2 0.2397975 0.201847
DR4 2040000 48838 0.842 10.7 107.2 0.2397975 0.201847
2du 3.622469
The vertical downward deformation from the external load is;

s

dx =

+3.622
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Table A.10 Precamber from the prestressing force at 920MPa by fixed joint assumption.

Vet | M L vepertseen e | "G | e
Mem E (8F) A L Ix Struct. Kg-cm
ber (kgfem) in Real in Virt. ’E?'?) em (FL/EA) (em) (/' M3Mdx)
str. (F) Struct. A @F) M1 M2 M1 M2 )
/EI
TL4 | 2040000 | -14338 -0.006 518 87 -0.001184 | 0.000007 | 13479 23593 -112523 -3.60 18.00 | -0.002572
TL3 | 2040000 | -11252 -0.011 518 87 -0.000929 | 0.000010 | 13479 | -105263 -255898 16.70 38.40 | -0.012666
TL2 | 2040000 -8167 -0.017 518 87 -0.000674 | 0.000011 | 13479 | -250454 -399274 37.20 58.40 | -0.041347
TL1 | 2040000 6171 -0.021 518 | 135 | -0.000786 | 0.000017 | 13479 | -395644 -304900 57.40 | 105.70 | -0.150898
TR1 | 2040000 6171 -0.021 518 | 135 | -0.000786 | 0.000017 | 13479 | -395644 -304900 57.40 | 105.70 | -0.150898
TR2 | 2040000 -8167 -0.017 518 87 13479 | -250454 -399274 37.20 58.40 | -0.041347
TR3 | 2040000 | -11252 -0.011 518 -105263 -255898 16.70 38.40 | -0.012666
TR4 | 2040000 | -14338 -0.006 23593 -112523 -3.60 18.00 | -0.002572
BL4 | 2040000 -544 0.000 L 9074 -5445 -1.70 1.00 -0.001457
BL3 | 2040000 -3811 0.006 0 -3630 -0.10 0.90 -0.000109
BL2 | 2040000 -6897 0.012 K 0 7260 0.00 1.20 -0.000261
BL1 | 2040000 -9982 »7_ 1 - -1815 0.50 1.40 -0.000729
BR1 | 2040000 -9982 _0_ -1815 0.50 1.40 -0.000729
BR2 | 2040000 -6897 ! (7 0 -7260 0.00 1.20 -0.000261
BR3 | 2040000 -3811 ; ’ -3630 -0.10 0.90 -0.000109
BR4 | 2040000 -544 - L 074 -5445 -1.70 1.00 -0.001457
VL4 | 2040000 -181 2 00! 74 23593 1.70 -3.40 -0.002457
# L

VL3 | 2040000 1633 f i | 1 -5445 5445 2.00 -2.00 -0.003422
VL2 | 2040000 1633 50 - -3630 3630 1.00 -1.00 -0.001141
VL1 | 2040000 -1452 -0.003 11 ST "ri 10498 -1815 1815 0.70 -0.70 -0.000399
Ve 2040000 1270 -0.003 11 50 . £ 104 0 ] 0.00 0.00 0.000000
VR1 | 2040000 -1452 ' 3 -181 5 1815 0.70 -0.70 -0.000399
VR2 | 2040000 1633 - Y 3630 1.00 -1.00 -0.001141
VR3 | 2040000 1633 - 5445 2.00 -2.00 -0.003422
VR4 | 2040000 -181 -0.00¢ _25 - ] ] 4 23593 1.70 -3.40 -0.002457
DL4 | 2040000 -3448 0.005 11 107 | -0.016931 | o qo0000 104 b 0 0.00 0.00 0.000000
DL3 | 2040000 -3267 q 107 | -0.016040 N 12 0 0 0.00 0.00 0.000000
DL2 | 2040000 -3& 11 1 - 0 15‘0 0.00 0.00 0.000000
DL1 | 2040000 -19!; 0.005 11 h 151 104 oI “0 0.00 0.00 0.000000
DR1 | 2040000 -1996 0.005 11 151 "y 0 o gy ooo 0.00 0.000000
DR2 | 2| F @i 1 g a o Ec 0.00 0.000000
DR3 | 20400 6 h !1 H/ 0.000091 1 r b‘ 0 I—ﬁ) 0.00 0.000000
DR4 | 2040000 -3448 0.005 11 107 | -0.016931 | o o0000 104 0 0 0.00 0.00 0.000000

UL -0.00187 £5U2 0.4349160

1
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