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SECTION A: ANSWER ALL QUESTIONS

Q1

(a) Discuss THREE (3) circumstances prestressed concrete will have priority

over reinforced concrete.
(6 marks)

(b) A post-tensioned bridge girder has encountered severe cracks due to localised

corrosion problems caused by poor grouting of the tendons. Discuss the effect

ol this durability problem on the structural capacity of the girder. Propose a
solution using prestressing method to strengthen the existing girder.

(8 marks)

(c) Figure Q1(c) shows a centroidal axial prestress beam of a rectangular cross
section subjected to a uniformly distributed load of w. The initial prestressing

force is P. Prove that w = z—zg— when no tensile stress is allowed.
(11 marks)

SECTION B: ANSWER TWO QUESTIONS ONLY

Q2

Figure Q2 shows the cross section of a 20 m span simply supported post-tensioned
concrete beam. The prestressed beam contains 18 nos of 7-wire standard strand of
15.2 mm diameter each. The prestressing wires are fully bonded and stressed up to
72.5%. The beam carries a dead load and live load of 13 kN/m and 12 kN/m
respectively, in addition to the self-weight. The total prestress loss is 25%. Given the
following data:

Strength of concrete at 28 days = 40 MPa
Young s Modulus of concrete = 28 GPa
Young's Modulus of prestressing wire = 205 GPa
Strength of wire, Jon = 1670 N/mm?
Cross sectional area of prestressing wire = 139 mm?®
Cross sectional area of concrete = 490 x 10°> mm?

Moment of inertia 70.1 x 10° mm*
Unit weight of concrete = 24 kN/m®

Determine ultimate moment resistance of the section. Use strain compatibility

analysis.
(25 marks)
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Q3 §ure Q3 shows a prestressed inverted T-beam has the cross sectional area of 310 x

mm? and second moment of area of 36 x 10° mm". The area of the prestressing

tendon is 1800 mm? which has strength of 1750 N/mm? The tendon is located at a

distance of 290 mm below the neutral axis and stressed up to 60% of its strength in

service. The concrete is grade 50. Design the section for a shear of 400 kN and
associated moment of 800 kNm.

(25 marks)

Q4  Figure Q4 shows the solid end-block of a post-tensioned prestressed beam of 25 m
span containing three cables, each of 7-15 mm strands and tensioned up to 1200 kN.
The anchorage plates are square with a side length of 180 mm. Design the end block
for resisting the bursting forces. Use steel reinforcement of 10 mm diameter and steel
stress is limited to 200 MPa.
(25 marks)

- END OF QUESTIONS-
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APPFNDIX

(A)

Stress-Strain Curve of Prestressing Tendons
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/205 kN/mm?2 for wire to section 2

of BS 5896 : 1980
195 kN/mm? for strand to section 3

of BS 5896 : 1980

/ 206 kN/mm?2 for rolled or rolled, stretched

/ and tempered bars to BS 4486

165 kN/mm? for rolled and stretched bars
to BS 4486
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(B)  Strain Compatibility Analysis

Epp =Ep T8,

£, = PP
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Where;

1 and B, = bond coefficients
B1 and B, = 1.0 for fully bonded tendon
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where ¢, = 0.0035
d—x
pr = gpe +ﬂlge + ﬂzgcu (Tj

ﬂ 2 gcu :I d

X =
|jﬂ28w + gpb - gpe - ﬂlge
My = 0.4f.ybyx(d — 0.45x) + 0.45f,,(b — by, ) he(d — 0.5h¢)
(C)  Design Shear Resistance of Beams

M, = 0.8c,Iy)

Vi = 0.87b, A (2 + 0.8F_f)
7 = 0.24(f.)"
Jop = (BPY/A,

Values of V.,/b,h
fcp Concrete grade
30 40 30 60

Nfmm? N/mm? MN/mm? Nimm? N/mm?

2 1.30 143 1.60 1.70
4 165 1.80 1.85 2.05
6 1.90 210 2.20 235
8 2.15 2.30 250 265
10 235 255 2.70 2.85
12 2.85 295 2.95 3.10
14 2.70 295 3.15 3.30

I T
. = (1-0.55-2) v b d+ M, %
Bu -

Ve > 0.1bd(f)"?
ve = (0.79/m)(100A/bd) *(400/d) (7,./25)">
where, 100As/bd <3
400/d > 1
J-/25, where £, > 25 MPa | ——

v

Cl
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Shear reinforcement where V does not exceed V+ 0.4 b,d

A, 04b,
s, 0957,

Shear reinforeement where Vexceeds Vo+ 04 b d

A V-V,

B C

s, 0.95 fp:dt

(D) Bursting Forces in End-Blocks

Ypo/Yo 0.2 0.3 0.4 0.5

0.6

0.7

Fost/Pi 0.23 0.23 0.20 0.17

0.14

0.11

Vo is half the side of the end block
Vpo is half the side of the loaded area
P; is the tendon jacking force
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