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A Study on Strengthening of Reinforced Concrete Pier Caps Using
Prestressed Near Surface Mounted CFRP

Sung-Nam Hong", Tae-Wan Kim"*, Sun-Kyu Park”, Jong-Sup Park”, and Young-Hwan Park”

"Dept. of Construction and Environmental System Engineering, Sungkyunkwan University, Suwon 440-746, Korea
“Korea Institute of Construction Technology, Goyang 411-712, Korea

ABSTRACT Recently, concrete structures with carbon fiber reinforced polymer (CFRP) reinforcements have been commonly used for
the bridge and building construction. In this paper, pier caps were strengthened by prestressed near surface mounted CFRP. To verify
the effectiveness of the strengthening method, 7 pier cap specimens were fabricated. One specimen was designed for control, two
for external presressing steel strands, two for CFRP plates, and two for CFRP bars. Experimental variables consist of type of rein-
forcement materials and prestressing levels. The results of laboratory have shown that the ultimate load capacities of prestressed near
surface mounted CFRP specimens were about 20~33% greater than that of a control specimen. Also, ultimate load capacities of pre-
stressed near surface mounted CFRP specimens were similar to those of external presressing specimens with steel strands.
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2zt FHE Table 12 o183t IAT 7318y At
H] (S=3/11.5)% ‘ﬂé—s S5 F4 Aste dFEinh
A AEHsE Table 29} 2ol 274419l 57 (CFRP

plate, CFRP bar, steel strand), T2 AEH S E=YUFOZ F
7Rl AEAE AFsiATH
22A 8 M=
APA Az AHE FAYEES

= AAZEYE 24 MPa

o) PulE AFS Ao, Yol Al 100 %
200mm YEAE AlEE FAA BE=E S8 KS F

2405 (AP E AT AE o
Gol 247} 3HY GHBEA

el ofsted A% 28
18-S A8t FH43S 7

gt AlE A} Table 334 2t

A< w2l

BEZIT 48] MPa2l D22 ¢
FAAGEZ, FEAE 426 MPadl D10

o

1 D13

AeE BEe
214323t

AT S ARSI
283 Bt AHEE CFRP RAAZF plates Hol7t

25 mm, F7A7F 1.2 mme]a A%

F=7}

Table 49 YEPH =]

3LETIE 463 MPa
ﬁ:l bl

2,942 MPa, B} (bar)

= H7Ao]l 9mmolT AFFE7E 1,838 MPadl = SAL

DAt AES 7H7h AgataT AEAE

& AET}

354 MPagl A B E AgsgT 283 AN RTGTH

o w7l ASE RAAE

SWPC 7B 12.7 mm$l 74

o Agstgnh 2 B A5 A8F HZL2 Tables 5,

6 = 73 7t

2.3 AEA M=}

Table 3 Concrete

de #FHEWH CFRP
3

g ppangEEel 23

= Fig. 2 (% Zol AA Zo] 3,000mm, F 520 mm
HEEAE 50 mmE A &S =8 Fig. 19 Y

Specified concrete |Compression strength| Modulus of elasticity
strength (MPa) (MPa) (MPa)
e 24 30.5 2.3x10°
1@ 1 @00=1500 350, 100
) b e DIs Table 4 Reinforcing steel
- T , .
“"?ﬁi Strand Area Yield | Tensile | Young's
T Type | diameter (mm?) strength | strength | modulus
jp=c (mm) (MPa) | (MPa) | (MPa)
It D10 9.53 713 426 562 | 200,000
- ‘ DI13 12.7 126.7 463 581 200,000
DIy . |
™ D22 | 222 | 3871 | 481 | 608 | 200,000
Fig. 1 Full scale pier cap Table 5 CFRP reinforcement
Tensile strength | Young's modulus Dimension
T
Table 1 Scale factors ype (MPa) (MPa) (mm)
Quality Dimension Scale factor Width | Thick
P 147,1
Length L S late 2,942 7,100 Y e
Mass M S3 Diameter
Force MLT2 2 Bar 1,838 112,159 9
Stress ML-1T-2 1
Table 6 Epoxy
Table 2 Testing variables T Compression Bending Bond
Parameter YP® | strength (MPa) | strength (MPa) | strength (MPa)
Pier caj
P Reinforcing material | Prestressing force (kIN) Epoxy 110 62 3.5
Control - 0 Table 7 Steel strand
P2-10715 CFRP plate 1007150 T Diameter | Yield strength | Tensile strength
B2-10/15 CFRP bar 100/150 ype (mm) (MPa) (MPa)
EX2-10/15 Steel strand 100/150 SWPC 7B 12.7 1,580 1,853
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(a) Control

(b) CFRP plate

s P

(c) CFRP rod

Fig. 7 Failure modes of specimens

Table 8 Significant values for load and midpoint displacement

(d) Steel strand

Specimen Cracking Yielding Ultimate
Load (kN) Displacement (mm) Load (kN) Displacement (mm) Load (kN) Displacement (mm)
Control 128 0.49 1,222 512 1,296 6.40
P2-10 491 1.44 1412 533 1,527 6.60
P2-15 520 1.82 1,512 631 1,592 7.90
B2-10 474 1.44 1,451 5.87 1,576 7.5
B2-15 530 1.28 1,504 5.60 1,704 7.60
EX2-10 202 0.47 1,419 5.00 1,560 6.40
EX2-15 294 0.71 1,385 6.31 1,733 9.15
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Fig. 8 Comparisons of the load-displacement relationships
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Fig. 9 Comparisons of the load-strain relationships of strength-
ening reinforcements
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Fig. 11 Comparisons of the load-strain relationships of vertical shear steel
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