K £ GALLAGE SUDHIRA YASAPRIYA DE SILVA

LD ER B OB Tt (3l

AL AR Hw T HL TS 670 75

i GHEHH Pk 20 4 3 H 24 H

SRS HOF S8 ARG 4 558 1 BN

A Am X H Shear Cracking Behavior and Design Methodology for Prestressed
Reinforced Concrete Beams
(FVA ML ZMETT Y2 ) — b (PRC) D AWTOCHEITER & & AW
O UEIRUIE D RZETHE)

i X WA ERB RER B ¥ WE R

MBIz BUE &

dEBdz He s

ES O - SN || I SO

R R
M I o

WX DOABTDEE

Prestressed concrete (PC) structures can generally be categorized into the three classes according to cracking
criteria defined by ACI-ACSE Committee 423 (1999). The first class is defined as fully prestressed concrete members
since no tensile stresses are permitted in the concrete under full service loading. Fully prestressed concrete girders
have widely been used in bridge spans exceeding about 60 m. However, one of the drawbacks of using fully
prestressed concrete beams is that the high-strength materials required for prestressing are relatively expensive. In the
second class of PC members, an allowable level of tensile stress is permitted in the concrete under full service loading,
while cracks are not permitted. The third class is partially prestressed concrete (PPC). PPC is made by introducing a
low amount of non-prestressed steel into a fully prestressed concrete member. On the other hand, if a certain amount
of prestressing force is introduced into reinforced concrete (RC), it results in an alternative member called prestressed
reinforced concrete (PRC). In Japan, PRC beams have widely been used in bridge spans with lengths ranging from

around 40 m to 60 m for the reason of economical point of view.

In PRC, cracks are permitted within allowable limits of crack width under full service loading. PRC members
incorporate non-prestressed reinforcements as well as prestressed steels, and both contribute to member resistance.
PRC members demonstrate that there are solutions intermediate between fully prestressed concrete and ordinary
reinforced concrete and it offers numerous advantages. The small amount of prestressing steel used to provide this
crack control is insufficient to ensure the required strength, so additional non-prestressed reinforcement is used. PRC
members results in more economical design with smaller cross sections and a reduced amount of prestressing steel.
The non-prestressed reinforcement used in PRC members enhances strength and also controls the formation of cracks

and reduce crack width.



The cracking behavior of RC beams and PRC beams has been investigated in many studies over the last five
decades. Most of these studies have focused on flexural cracking behavior, while very few have been concerned
with shear cracking. Most existing design methodologies evaluate the flexural crack width in RC and PRC members,
whereas there is a little mention of shear crack width in RC members. Indeed, there is no existing design methodology
for evaluating shear crack width in PRC members. The equations stipulated in the ACI (2002), CEB-FIP Model Code
(1978) and Japan Society of Civil Engineers (JSCE, 2002) codes provide very accurate determinations of flexural crack
width in RC and PRC members. However, there are no specific prescribed design guidelines for evaluating shear crack
width in PRC members. Further, there has yet been no clarification of the parameters that influence shear crack width
in PRC members. As such, there is a need of an extensive experimental and analytical investigation on shear cracking

behavior of prestressed reinforced concrete members.

In this research an attempt is made to investigate the shear cracking behavior of RC and PRC beams. The objectives
of this research are; (a) to investigate the parameters affecting shear crack width of reinforced concrete and prestressed
reinforced concrete beams subjected to four point symmetric-monotonic loading condition, (b) to develop an analytical
methodology based on three dimensional finite element method and numerical programming that can accurately
simulate the shear cracking behavior of reinforced concrete and prestressed reinforced concrete members and so
that the more detailed behaviors hardly observable in the experiment can be inspected, (c) to propose a shear crack
spacing model for reinforced concrete and prestressed reinforced concrete beams based on the Modified Compression
Field Theory (MCFT) and crack spacing expression defined in CEB-FIP Model Code, and (d) to propose a rational
and simplified design methodology to calculate shear crack width in reinforced concrete and prestressed reinforced

concrete beams.

An experimental investigation was carried out on five I-shaped reinforced concrete beams and six I-shaped
prestressed beams. This experimental study was focused on influence of prestressing force, stirrup ratio, side
concrete cover, bond characteristics of stirrup, amount of longitudinal reinforcement and compressive strength of
concrete on shear cracking behavior of RC and PRC beams. Experimental results showed that the prestressing force
decreased shear crack width in PRC beams. Moreover, stirrup ratio and amount of longitudinal reinforcement showed

insignificant effect on shear crack width in PRC specimens with higher prestressing force.

The high strength concrete specimens showed higher shear cracking load in RC and PRC specimens compared to
normal strength concrete specimens. In addition, higher bond stiffness between steel and concrete was found in high
strength concrete specimens compared to normal strength specimens. Due to the improved bonding, there was smaller
shear crack width in high strength concrete PRC specimen compared to that in normal strength PRC specimen. A
nonlinear numerical modeling was performed to simulate the shear cracking behavior of RC and PRC beams based
on Modified Compression Field Theory (MCFT) and based on three dimensional finite element modeling. Using
this analytical methodology, an extensive parametric evaluation was carried out to study the influence of various
parameters on the shear crack width of RC and PRC beams. The comparison of the results obtained by the rigorous
analytical methodology with the experimental observations showed that there is very good agreement of the load-
displacement characteristics and the variation of steel strains. As such, it is concluded that by using this analytical
methodology, the shear cracking behavior of reinforced concrete and prestressed reinforced concrete beams can be

simulated with reasonable accuracy.



A rational model was proposed to calculate diagonal crack spacing in RC and PRC beams. In this model, crack
control characteristics of both the longitudinal reinforcements and transverse reinforcements were incorporated by
introducing two orthogonal (horizontal and vertical) crack spacing expressions. In addition, presence of prestressing
tendon in PRC specimens was incorporated into the vertical crack spacing expression. These two crack spacing
expressions were used to calculate diagonal crack spacing. The calculated crack spacing values showed good

correlation with experimentally measured crack spacing values in RC and PRC specimens.

A rational simplified design methodology to calculate shear crack width in RC and PRC beams was proposed. From
the experiment results it was revealed that the relationship between the shear crack width and the stirrup strain was
linear relationship. As such, it was assumed that the shear crack width is equal to a product of shear crack spacing
and the stirrup strain. The proposed shear crack spacing model was included into the proposed design equation which
predicts shear crack width. A comparison of calculated values with experimental data shows that the proposed design
methodology predicts shear crack width in RC and PRC beams with better accuracy, than the accuracy of the existing

equations.
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