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Abang Ali.

Faculty : Engineering

ABSTRACT

This thesis has been concerned with the primary objective of
studying the serviceability behavior of partially prestressed concrete
beams. Seven simply supported rectangular beams were tested on an
effective span of 2.745 m subjected to two third point loadings. The
variables were the amount of prestressing wires and ordinary reinfor-

cement steel. The effect of bond was also investigated. Four beams

were fully bonded by using pressurised grouting while three other beams

were tested unbonded.

Crack widths and deflections were recorded at various loadings
AN

and crack propagations observed. The results obtained were compared
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with theoretical values proposed by various authors. Results were
also compared with the service limit criteria for cracking and

deflection according to the British Standards code of practice, CP

110 : 1972,

It was observed that the service limit criteria for cracking and
deflection as set out by the code are too conservative for rectangular
beams tested. It was found that the existing theory greatly under-—
estimates the ultimate as well as service load carrying capacity and
overestimates crack widths of partially prestressed concrete beams.

It was also found that the nature of bonding has a great influence on
crack widtﬁs and deflections. Bonded beams greatly improve on service-
ability by having increased load carrying capacity and reduced crack

width.
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KRITERIA HAD KHIDMAD BAGI PESONGAN
DAN KERETAKAN RASUK-RASUK PRATEGASAN
SEPARA

oleh

Khondaker Shamsul Alam

November, 1985

Penyelia : Profesor Madya Abang Abdullah Abang Ali

Fakulti : Kejuruteraan

ABSTRAK

Tesis ini bertujuan menjalankan kajian mengenai kelakuan
kebolehkhidmatan rasuk-rasuk konkrit prategasan separa. Tujuh
buah rasuk berkeratan segi empat tepat tersokong secara mudah
diuji di atas jarak berkesan 2.745m dengan dua bebanan titik
ketiga. Pembolehubah terdiri dari jumlah dawai prategasan
dan keluli tetulang biasa. Kesan ikatan telah juga dikajikan.
Empat buah rasuk yang digunakan terikat penuh melalui turapan

tekanan dan tiga buah rasuk yang lain telah diuji tanpa ikatan.

Kelebaran retak dan pesongan telah direkodkan pada beberapa
bebanan dan perombatan retak telah diperhatikan. Hasil kajian

yang diperolehi dibandingkan:dengan nilai-nilai teori
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yang telah dicadangkan oleh beberapa penyelidik. Hasil kajian
tersebut telah juga dibandingkan dengan kriteria had keboleh-
khidmatan untuk keretakan dan pesongan mengikut Kanun Amalan

Piawaian British CP110:1972.

Adalah diperhatikan bahawa kriteria had kebolehkhidmatan
untuk keretakan dan pesongan sebagaimana yang ditetapkan oleh
kanun tersebut, rasuk keratan segi empat tepat yang diujikan
terlalu konservatif. Telah didapati bahawa teori yang sedia
ada memberi anggaran rendah terhadap keupayaan membawa beban
muktamad dan khidmat dan memberi anggaran tinggi terhadap
kelebaraﬁ retak bagi rasuk konkrit prategasan separa. Telah
juga didapati keadaan ikatan mempunyai pengaruh yang mendalam
ke atas kelebaran retak dan pesongan. Raduk terikat mempunyai
kebolehkhidmatan yang lebih baik dengan keupayaan membawa

beban yang lebih dan lebar tetak yang berkurangan.
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CHAPTER 1

INTRODUCTION

1.1 General

In the limit state design of concrete structures, the limit

state criteria of deflection and cracking are the two service limit

criteria which need to be satisfied. This is required for reinforced

concrete structures as well as for prestressed concrete structures.
In partially prestressed concrete beams, this is important

since limited cracking is allowed in this type of structure.
Compliance with the limit state requirements for deflection and
cracking requires a reasonably good estimate of maximum deflection
and the width of cracks. As more and more prestressed concrete
beams incorporating bonded reinforcing bars (partially prestressed)

are built today, crack control is becoming more significant.

1.2 Partially prestressed concrete beams

Consider a simply supported prestressed concrete beam with
eccentric tendons and subjected to external loads as shown in Fig.
1.1(a). In the midspan of the beam the concrete section will have a

stress distribution as follows:

Fig 1.1 (b) Uniform compression due to the prestress only. This

component of stress is considered axial for uniformity.



External Loading

iyl d 4]

. — —Eccentric Tendon _ _ _ _ _
\
(a) Loaded prestressed concrete beam
e M/
I .
- +
+
+ -—
J
{' Peyb Myb/I
I
(b) Stress due (c) Stress due (d) Stress due
to axial to prestress to external
Prestress eccentricity loading
+ + +

4 VA

(f) Resultant stress
Tension but no
visible cracking

(e) Resultant stress

(8) Resultant stress
No tension

Tension with
limited cracking
Note: + Compression

= Tension

FIG. 1.1 STRESS DISTRIBUTION IN PRESSTRESSED
CONCRETE SECTION



Fig,1.1 (c) Stress due to the eccentricity, e of prestressing
force. This component stress will cause tension
at the top fibre and compression at the bottom

fibre.

Fig,1.1 (d) Stress due to the external applied load. This
stress will cause compression at the top fibre

and tension at the bottom fibre.

When the prestressing force and the external load act together, the
net resultant stress will be the algebraic sum of the stresses
described in (b), (c¢) and (d). The resultant stress distribution

can be any of the following types:

Fig. 1.1 (e) No tensile stress at the bottom fibre i.e the
whole section is under compression. The stress
diagram can be trapezoidal or triangular depending
on whether there will be a compressive stress at

the bottem fibre or the stress will be zero.

Fig. 1.1  (f) Tensile stress at the bottom fibre but with no

visible crack.

Fig. 1.1  (g) Tensile stress at the bottom fibre but with

visible cracks.

Based on these three resultant stress conditions, CP 110 (clause
2.2.3.2) classifies prestressed concrete structures into three

categories, namely:



Class 1 : No tensile stress.

Class 2 : Tensile stress but no visible cracking.

Class 3

as

Tensile stress but surface width of

cracks not exceeding 0.2 mm.

According to the classification by CP 110, partially prestressed
concrete structures fall under class 3 category. It is also
noteworthy that CP 110 restricts the width of cracks to 0.2 mm in
prestressed concrete structures and not 0.3 mm as in reinforced
concrete. This is due to the fact that the percentage of steel in
prestressed concrete is less than that of reinforced concrete and a
wider crack will have severe effect on the prestressing tendons

which are susceptible to corrosion and environmental changes.

A partially prestressed concrete beam is prepared by introducing
a limited number of reinforcing bars in addition to the prestressing
tendons. The addition of a few reinforcing bars significantly
improve load carrying capacity and flexural behavior of the beam.
This also makes it economical as the cost of reinforcing steel is

only a small fraction of the expensive prestressing tendons and the

cost associated with prestressing.

Partially prestressed concrete may be defined as concrete rein-
forced with a combinatioq of prestressed and non prestressed rein-
forcements in which prestress is induced of such magnitude and
distribution that the stresses resulting from the dead weight of the
structure and from externally applied load are counteracted so as to

minimize tensile stresses and cracking in the tension zone of a member.



