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| INSTRUCTIONS TO CANDIDATES
Answer ALL questidns in the Answer Booklet.
Begin EACH answer on a new page in the Answer Booklet.
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3. Indicate clearly answers that are cancelled, if any.
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Where applicable, show clearly steps taken in arriving at the solutions and
indicate ALL assumptions, if any.
5. DO NOT open this Question Booklet until instructed.
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i. There are THIRTEEN (13) pages in this Question Booklet including the

cover page and appendices. |
i. DOUBLE-SIDED Question Booklet,

Universiti Teknologi PETRONAS




VEB4523

FIGURE Q1a shows a schematic representatlon of alm deep post-
tensroned beam of a hlghway brldge that encountered a crack at the mid="
span By performrng field tests the forensrc department suggested a
detailed study of the crack geometry and configuration (crack width and
depth).: o

i. Select an appropriate field method to measure the crack width andv
justify.
 [5marks]

ii.  AnEchoimpact (El) test was performed for crack depth measurement.

FIGURE Q1a describes the test setup, such as the location of sensors
and impact po:int; The data obta}ineddurtng field me"asUrement;:L ] is '
0.07 m, Ly is 0.12 m, ¥, is 1500 m/s, and /¢ is 0.000025 seconds,
Estimate the crack depth, D.

— I3 —-—Psd—- Ly —-hd—— L2 —-'-"—"Pt

[ )

Sensor-_l : Impact V ?) ‘Sensor-2
e e

Schematic Representation of a Crack Formed in PT Beam .-

FIGURE Q1a

FIGURE | Q1b shows a 20- year—old RC brldge recently inspected by the
quahfled brrdge inspection team. ‘Based on preliminary investigation, the ‘
main girder is suggested to be rehabilitated after performing a redesign

using field measurement data. TABLE Q1 shows the pulse velocity data of
concrete V. measured on the mam grrder Three concrete cores were
extracted from the same glrder and sent for laboratory testmg under the

fully saturated condition. The average pulse velocity of the fully saturated
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core samples, V; was obtained as 4.65 Km/s, and the average
compressive strength, f; of 'thg fully saturated  samples  were
48 Mpa. Estimate the concrete compressive strength, /> for each value of

V., and the characteristic strength of concrete, f;.
| | [12 marks}

TABLE Q1

V. (Km/s)
3.92
3.3
3.97
4.03
4.09
4.10
412
413
4.16
419
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O
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FIGURE Q1b
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FIGURE Q2 shows the floor plan and section-X passing through beam B1b of
the existing :'adminf,floorf“qf' Lotus Mall. The management has decided that the f

admin will shift to a new building, and this floor to be used for a storage area. For
converting the floor to the storage area, the minimum live load requirement is
6 kN/m?. To verify floor slab capacity to support the required live load, a non-

destructive examination is ‘conducted to-:"e’s;ﬁmate’ the design capacity. The ;
condition“assessmeh‘t and the NDE for beam B1b showed that the beam is 256
mm wide and 800 mm deep, the reinforcement location scan confirmed the
effective depth, d is 740 mm, the slab thickness is 200 mm, and the finishing loaj'd:‘ i
to be 2 ka/rh? The ‘statis'tl;éai analyéisz of the UPV. d”éta of beam B1b showed that
characteristic compressive strength, 7. is 40 N/mm?2. Assume the beam is singly

reinforced, and /1 is 500 N/mm?.

a. Estimate the moment capacity, Mx of the beam B1b.
[10 marks]

b. Analyze whether the beam safely transfers 6 kN/m? live load from the
adjoining slabs.
 [15 marks]




Floor Plan

§
d =740 mm

2-H32 bars
Section X Passing through Beam B1b

FIGURE Q2
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FIGURE Q3a shows a picture of the recent earthquake |n Turkey in
February 2023 It rs seen that some burldlngs are strll mtact and other
burldlngs have become rubble. Compare the structural mechamsm of two |
types of buildings; the first type remained intact during the earthquake, and
the other: type-abecamezrubble. o
v [ 1 0 marks] :

FIGURE Q3a

FIGURE Q3b shows a 5-year-old concrete roof slab of a warehouse
burldmg in the middle east, where the drymg shrlnkage cracks are clearly
v'srble The warehouse owner is wrllmg to construct three other burldmgs |
‘bot requrres that the drying shrlnkage should be prevented in the new“
design. Develop a strategy to prevent drying shrinkage cracking in the new
design.
[10 marks]

FIGURE Q3b

5. 6 :‘
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FIGURE Q3c shows ayi‘concret‘e core extraciéd from an 6l,d bridge. The core:
is 10 cm long, and its diameter is 5 cm. The core is used for the water
permeability test using Darcy’s method. The inlet pressure P; is measured
as 1 atm, and the outlet pressure P; is 4 atm. The water flow rate in the

sample is measured as 1.2 cm®/s, and the water viscosity. is given as 1 CP.

Estimate the coefficient of water permeability, k.

[5 marks]

Cross-Section

Elevation

FIGURE Q3¢
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FIGURE Q4a  shows the ground floor main Iobby of a 20-year-o|d
mternatlonal conventlon center Due to lncreased demand and new
requ:rements in the deS|gn code, the bundmg is undergo:ng renovation and
upgrading. The reanalysis of columns confirmed that all columns should be
strengthened and retrofitted for an additional 50% structural capacity
compared to the present capac:ty of columns Develop an approprtate -
jacketing scheme for column strengthlng to meet the new requirements.

lllustrate your proposal using appropriate sketches.
: : | {10 marks]

FIGURE Q4a
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FIGURE Q4b shows the cross-section of a 200 mm x 800 mm concrete

beam strengﬂthened with 200 mm wide and 1.5 mm thick CFRP wrap to

increase the moment capacity of the beam. The following data is given:

Concrete strength, f°. = 35 N/mm?
Steel strength Jfy = 500 Nfmm?

" Modulus of elasticity of CFRP, Epgp = 250,000 N/mm?

Modulus of elasticity of steel, Es = 200,000 N/mm?
The ultimate strain of CERP, &crrp = 1.26%

Assiume féilure happens at ;'the condition; compression in
concrete is equal to Tension in (steel +CFRP), and steel will fail
at CFRP strain at 0.006.

Consider that the beam is designed as a singly-reinforced beam. Estimate

the moment capacity, My after strengthing with CFRP laminate.

[15 marks]

i
—

740 mm

d

2—H25 dia bars

CFRP 200 mm x 1.5

mm

FIGURE Q4b

-END OF PAPER-
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APPENDIX-1

| )2

kfl“”i - ]2)
 § where j; is t}:e smngm gf 2 stanéard‘ iamram specimen

's ikﬁ p"‘"t “ﬂm}‘ of the siandard* saturated Swmen:
Vz is the pulse velocity of the in-situ concrete

k isa zaﬁstam mﬂmﬁﬁg amm
= 0.015 for normal ¢ e
=0 {%25 for mﬁy ﬁﬁmpaetaé mnﬁmﬁe

fk =fn —1641»

where f; = characteristic strength, f,, = mean strength and s = standard

__deviation, The standard deviation is given by the standard formula:

10



VEB4523

{10 caleulate the moment of resistance of @ given .
sinforcement,

crete and the tensile force i the

présaive force in the co

For equitibnum ¢
steet m Hgure 4 4

wns and i‘ﬁmze::f: iressed

PERMEABILITY

Echo Impact assessment

,‘(Vp X Ai)g *{* ﬂ;z“‘“ ‘ng ’ wLig
ZxVp x At |

v 2
D =
sciiniad
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APPENDIX-2 ,
CFRP Strengthemng of Concrete Beam

ors (CHBBC)
Cﬁi’iﬁrﬁiﬁ @g =075 -
- Steei rem&z e

ment:

- Remfemmg bars Q}% =0.90

Base @ng for mﬂtmdeﬁ F RP
- &FRP sia:@ = G 55 {fﬁf extamaﬂy baﬁdeﬁ appltcatsms}
: AFRP’ D = 0 ﬁS ffor NSMR) |
- CFRP ¢ = 0. 8& (for externally bmded applications aﬁd NSMR)
| GFRP e{aggg =0.70 (for aﬂemaﬂy bonded awlmt s and NSMR)
. Manﬂp&iimded ERP made by wet lay-up: 0 75 times base dppo

e {gﬁ’x‘ f,

= g’ﬁi

f

5

> foe

Strain Distribution  Stress Distribution

Cross Section
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B, =0.97 —0.0025 f, > 0.67

Compression forces =Tension forces
| Co=To+ Tere
2) Moment equilibrium in the section:

Extemal applied moment= Intemal me,_f‘eat

COfﬁpT%ﬁSlﬁﬁ in cancrate Tansm in { Steeé + FRP)
adp FbBC = ¢f A+ éFRF*EFF%F‘ﬁFRPAFﬁF

M, =Ts '}id&’ %ﬁ} +Temp [ h- WB_.EE}

B.c 1 | r 5;‘3 -
Ty * @FH?E{:EP gFRFAF§?§ h- 9 1

ko,

- é}sf? Asm d’*{
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