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Shear Behavior of Slender HSC Beams Reinforced with Stirrups using
Headed Bars, High Strength Steels, and CFRP Bars

Jun-Mo Yangl), Ki-Yeon Kwon", Hong-Shik Choi”, and Young-Soo Yoon"*
l)Dept. of Civil, Environmental and Architectural Engineering, Korea University, Seoul 136-701, Korea
“Dept. of Civil & Transportation Engineering, Chung Cheong University, Cheongwon 363-792, Korea

ABSTRACT If conventional reinforcements are used for high-strength concrete (HSC) structures, a large amount of the
reinforcement must be required to compensate for the brittleness of HSC and make the best use of HSC. This raises
some structural problems such as steel congestion and an increase in self-weight. Therefore, alternative reinforcing materials
and methods for HSC structures are needed. In this study, four full-scale beam specimens constructed with HSC
(100 MPa) were tested to investigate the effect of the different shear reinforcements on the shear behavior. These four
specimens were reinforced for shear stirups with normal and high strength steels, headed bars, and carbon fiber-reinforced
polymer (CFRP) bars, respectively. In addition, steel fibers were added to the HSC in the two of the specimens to observe
their beneficial effects. The use of high strength steels resulted in the improvement of the shear capacity since the shear
resistance provided by the shear reinforcements and. the bond strength were increased. The specimen reinforced with
headed bars also showed a superior performance to the conventional steel reinforced specimen due to the considerably high
anchorage strength of headed bar. CFRP bars used in this research, however, seemed to be inadequate for shear reinforcement
because of the inferior bond capacity. The presence of the steel fibers in concrete led to remarkable improvement in the
ductility of the specimens as well as in the overall cracks control capability.
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9l EA4L I} CFRP W HAHIZoR AEE
AFdA e Ao Ayl A3 CFRP HIE WOlE vj2
stk 47 AEA 8 A B 54& Table 19 W
ERA AT

RE AFAA NN AvggE GR35 S8 ¥ Z2H
(p)7F 0.03029) I B 22 AASAT AFAY F
2ol 4,550 mm, =& AGAZHE 1,725 mmelH, ¢ &
g9 wAUZo| FE BAL] A ALEHE Urt

= mAel) 98 AGR-fade| H(ady= 28755
gatqe). Ee AGAET 24(5)p2 d29] 300 mmE 35}
Aok FX AgHAE BAs7] 93 35 A Fo A
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Fig. 1(b)e} Zo] vl AY Ao $UYF F&EA 2
2 ZEHUAACAE RFsHey FHEIY Heole
oldliet " wiE 7hed 27 Aol 42 578 2E
HRUA )R & F-2atich.

HY = 11709 linear variable differential transducer (LVDT)
o} Aolx] 2=, 2aE 2EHAA|AE o] &3l
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ZA3ste] AA 1ol AP FINeH, F U W¥E

Table 1 Test specimens

Specimen Shear reinforcement

SN Normal strength open stirrup

SNH {Normal strength headed bar

High strength open stirrup with SFRC in the left half
of the member

Alternating normal strength steel stirrups and CFRP
bars with SFRC in the left half of the member

SH

CFRP
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Fig. 2 Test setup



Table 2 Mix proportion

Unit weight (kg/m’)
w C | FA | SF S SP | AE
0.22 | 0.40 | 160.0{5,45.0109.1 | 72.7 | 574.0| 14.6 [ 0.436

Note) W : water content, C : cement content, FA : fly ash content,
SF :silica fume content, S : sand content, SP : superplasticizer con-
tent, AE : air-entraining agent content

w/b | s/a

Table 3 Mechanical properties of concrete
(age of 28 days)

fa (MPa) f, (MPa) f. (MPa)
HSC 97.00 3.81 5.67
SFRC 96.25 6.84 8.27
Note) f, : average compressive strength of concrete, f, : average A AR Y nFH

splitting tensile stress, f;: average modulus of rupture

FEstant. 2AHUES SR O 2AJNTLE

T 100x200 mme] FAAZ FASIKL, 150x150x550 mm 7 NEA e Ad 4F A3 48 ZAYEY A
ANAE AFEe 43 A9S B A= S 2AF 4G HA AGE (V,), ATEZ FEA] ADE (V,),
staact. 2AGE (Vo)S Table 60 JERAATH T3 +3¢

AG 17} AJEEE SD350, SD500, CFRP RIS ARg 2702 (modified compression field theory, MCFT'%)e] 7]

it

Ol

YA, FHTL SD400S AHesiith 7 vt AR B =23 A 2 3ol ik v 84 231 RESPONSE

A e] HF7hS Table 401 vFeRAITh £ AFel AR 2000'Y5} ACI 318-05 code'"S AMg-3te] 7zt AJFAe] =
H Y= vle] A= Table 59 22, A7 8- = 3 dADES 2% FHA (Vuern Vac) G4 Table 601
o} AZE JEst AR o ALd vz 6 UER)ith CFRP ¥l AR 5470 & 700
Q5L Fig 33 2o ouE ACI 440.1R-06'VN A FA 3= vty o) 34
A% ¢ 3olA CFRP Hiel HFE 0.0048 5 3
Table 4 Reinforcement properties 2 75ES Vs T3tk B3 Fig 42 AF $8
Bar | f | _ | & | . | w [ Si = 7 gAY AR 8 79 e BRI Utk
designation| (MPa) |~ | (MPa) | ™ | (MPa) | (mm) Ayt A2e AAIOR AT AFA SN A% F
SD350 | 375 [00019] 525 [0.0402| 2552 | 037 2 ATFAe AW 250 KNOIA s on 301 kN
SD400 | 428 [00022| 735 |00413| - - ol Hzel AuEZ ol YERT) 384 kNOlA ¢
SD500 | 569 |0.0029| 754 |0.0425| 27.74 | 0.18 = Foo) A A, FALE B g d4, AchE
CFRP bar| N/A | N/A | 2041 |0.0174| 11.97 | 1.87 29 Fg #4, sk5 Ak 2o TAYE GEFT
Note) f; : yield stress, g, : yield strain, £, : ultimate tensile stress, g RoldA F5 A7 dolntth Al At
g, rupture strain, To: bond strength, slip : corresponding slip at Fo) EAAAHZE 7tEAZE AFPAA AG-TEFE
peak load from the pullout tests o] EbyEg |, olE AFEZAYENA FA| 3T
o 22 Aoz <3 FHY AFA2 Bt 2 o
Table 5 Detail of Headed bar o do| F=H7] YR wASE Ao FHHA
Bar diameter | Head diameter |Head thickness| Head area AT E 5T 5 A= shie 2o’ ¢
(mm) (mm) (mm) () 29 #2 A4e UAR 2 AEA2Y Fo| A
> ) I 73439 g olFolAA Yol WA ReZ AAE L, o] BE
Table 6 Test results and predictions
Specimen Vi (kN) V, (KN) ViV Vieg (KN) Vucrr KN) | View/Vvicrr Vact KN) Vies/ Vact
SN 250 301 1.20 384 437.1 0.88 451.7 0.85
SNH 265 296 1.12 630 495.7 127 451.7 1.39
SH 288 378 1.31 603 504.1 1.20 507.0 1.19
CFRP 237 342 1.44 467 520.5 0.90 465.1 1.00

Note) V,; : shear force at cracking, V, : shear force at the first yielding of stirrup, V. : measured shear capacity, Vycrr: shear capacity predicted
by MCFT, V¢ : shear capacity predicted by ACI
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Specimen Veervice (KN) Weervice (m)
SN 271 0.40
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