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An Experimental Study on the Flexural Behavior of RC Beams
Strengthened with High-Strength Bars(1)
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advantages of proposed method lie in speed and simplicity of construction compared to the alternative strengthening method. Externally
unbonded reinforcement retains many of the advantages over external unbonded prestressed tendons. It eliminates time consuming stress-
ing operations. Clearance requirements around anchorages are reduced as access is not required for prestressing jacks. Test results of eight
specimens on reinforced concrete beams using different reinforcement materials such as carbon fiber sheet, steel plate and high-tension
bar are reported. The beam strengthened by carbon fiber sheet showed a brittle failure mode due to the separation of fiber. As a result
of draped profile of external bar, the maximum strength of the beam were increased by up to 212 percent and the deflections were reduced
by up to 65 percent. Test results show that the beams reinforced with high-tension bar are superior to reference specimens, especially for

the strength and deformation capacity.
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Table 1 Mechanical properties of steel materials

Type Section |Yield stress{Tensile stress| Elo. [Yield ratio
TPe | (mm) (MPa) (MPa) (%) (%)
D19 405.5 6194 21 65
Re-bar
D22 443.1 605.2 20 73
018 588.4 739.8 15 79
Hi-bar | ¢22 623.4 746.6 17 83
$28 541.2 686.8 14 78
3 3523 4779 38 60
Plate
6 3414 460.6 33 80

Table 2 Test result of CFRP sheet

Tensile strength Elastic modulus Ultimate gtrain
(MPa) (GPa) (x107)
4741.6 238.1 18,450

Table 3 Test result of concrete

Table 4 Details of specimens

Design strength ~ Compressive  [Elastic modulug Slump
(MPa) Strength (MPa) (GPa) (cm)

23.5 31.2 17.7 12
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: i t| Strengthened
Specimens Relglf;recr?;xllen er;gpeene Depth (dp)| Stud type
RCO1 - - - -
CF0l1 CFS Soffit - -
SPO1 | PL300x3 Soffit ; ’gﬁ){)o
SP02 | PL300x6 | Soffit - H@S?Oloo
SPO2R | PL300x6 |  Soffit - Hs@gzgfém
TISU-H-P|  $18 -
High ——
T22U-H-P 922 U-shape (88 om) -
T28U-H-P $28 -
T18U-H-P
U—anchor type(P : Pin, R : bar)
depth(H : high, L : low)
arranged type(U : U-shape, V : V-shape)
diameter(18 : ©18, 22 : ©22, 28 : P28)
6,800
400 6,000 400,
L 3-HD19 T
N AT
'4/>ﬂ A7
5-HD22 HD10@100
¥ | A's: 3-HD19
-+ stirrup * HO10@100
g |~ As : 5-HD22
.__ Concrete cover:
- - 4"' 50mm

Fig. 1 Dimension of specimen (RCO01)

BLUFAECES) 27 ARAE Fig. 29 Zo] o

= = 300 mm, 4°] 5,400 mmo|™, &
AR+E zuH;_ ARg3he] Bk

ey AgAY 73, AR A= 3mm, 6mm %
6 mmE 22 AMEStRor BANFHE B AEA
TS A= zﬂ&’é};’it} %3}, Fig. 3(a), (b)ollA1 SPO1
4 Sp02 A 9] ZFAF Fe) AHE-E B S4400EE=
HSAIO% 7+ 300mm§ vl 2} 8}91 2, Fig. 3(c)) SPO2R
7%, HST M16 B2EE 7+4 2002 vjx]&le] 1

l



A's ! 3-HD19
stirrup : HD10@100
As 1 5-HD22

F

600

2EACFS 1 Concrete cover:
— oo S0mm

8000 o 300
400

As:3-HDIS
stirup * HD10@100
As 1 5-HD22

Stee! Piale(3t)

PL3t

ad|, Concrete cover
* 50mm

HSA10@300 . HSA10@300 . 400

A's:3-HO19
{ stirrup : HD10@100

- As i 5-HD22

Stee! Plate(6t

, Concrete cover!

- Ag:5-HD2Z

- G e e { i j N5 2-HD19
; . ! Hl . ! . ! | | — stimup : HD10@100
|- D /

,  Corcrete cover:
L 000 *

50mm

—
0
* a0 "

- R - - -

(c) SPO2R

Fig. 3 Dimension of specimen
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Fig. 5 specimen(U-H-P) (a~c)
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Fig. 6 Loading and measurement methods
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(a) Installations of W.S.G. and crack gage
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(b} Installations of W.S.G.

Fig. 7 Installations

Fig- 8 Test setup

Table 5 Test results

Stiffness (kN/mm) Strength (kN)

Specimens | Before | After

crack crack Crack Yield | Ultimate

RCO01 38.7 14.1 55.9 443.2 479.5
CFo1 37.7 16.5 88.3 500.1 5472
SPO1 47.1 215 88.2 515.8 540.3

SP02 48.8 26.9 106.8 410.6 561.5

SPO2R 332 22.8 245 649.2 698.2

T18U-H-P | 41.7 215 116.7 665.7 767.9

T22U-H-P | 36.2 217 160.8 722.8 887.5

T28U-H-P | 44.0 21.7 152.0 805.1 | 1018.9

530 | st=2E32|E93| =22 M18H 45 (2008)
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Fig. 9 Definition of yield load
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(b) CFO1

(e) SPO2R

Fig. 11 Crack after failure (RC, CF, SP)
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Fig. 18 Strain distributions of U-H-P series
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