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An Experimental Study on the Ductility Capacity
of Reinforced High Performance Concrete Beams

e gk A
Kim. Yong-Boo Ko, Man~Young Oh, Myung-Seog

ABSTRACT

This paper presents a study on the ductility capacity of reinforced high performance
concrete beams considering the tension reinforcement ratio(p) and the pattern of
loadings(1 point loading and 2 point leading). From the test results of reinforced high
performance concrete beams, with the concrete which has cylinder compressive strength of
800~900kg/cm”, slump value of 20~25cm and slump-flow value of 60~70cm. it is proved
that high performance concrete has more brittle behavior than moderate strength concrete.
The ductility capacity of high performance concrete is found to be smaller in comparison
with that of moderate strength concrete. For reinforced high performance concrete, the
equivalent stress block parameters proposed by MacGregor et al. or by New Zealand code
are recommended to use. Also, it is found that an extreme fiber concrete compressive

strain of €,=0.0042 may be used in ultimate curvature computations. Reinforced high

performance concrete beams should satisfy the following reinforcement ratio to insure a
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ductile mode of failure when g’/ pis less then 0.3. :
(1) & should be less than 0.60@, in order to insure curvature ductility index ¢./ ¢, >
2 proposed by ACI code under the static load. (2) " should be less than 0.33@, in order to
insure curvature ductility index ¢./ ¢. =4 in the case of moment redistribution.
Keywords : high performance concrete(HPC). equivalent stress block parameter,
curvature ductility index, ductile mode
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Table 1 Properties of test beam
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Beams of tensile reinforcement of
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Concrete compressive strength @ 837kg/cm’
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Fig. 1 Details of test beam
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Fig. 2 Test set up of beam
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Table 2 Mix proportion of high performance concrete (unit : kg/m®)

W/AC+S) S/A Water Cement Sand Coarse Silica fume Super
aggregate plasticizer
21% 39% 169.3 | 570 629 1026 57 228
Table 3 Material properties of high performance concrete
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Fig. 3 Stress-Strain curve of reinforcement
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Fig. 4(a) Load-deflection curve of 1 point loading
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Table 4 Test results of moment & curvature
(moment : t - m, curvature : rad/cm)

) at yielding at ultimate Ductility
Specimen P) P index
Beams M, y M. u ¢,/ ¢
(x 101 (10" ¢
30-1 1.89 2.89 2.38 1492 6.58
501 3.32 4.37 3.51 1.69 3.87
651 3.85 5.00 4,03 1.56 322
751 3.90 4.52 4.38 165 3.65
30-2 1.84 292 2.05 1.82 6.23
-2 3.03 387 3.08 A 3.28
65H-2 3.63 457 3.80 153 335
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Table 5 Comparison of max. moment between
experimental results and code equation for the
equivalent stress block

Bxp./ Codes

Specimen | Exp. | Mac- | CEB- | BT Ny
Beas | (m) | Gregor | FIP lar f caland

blnck CODE stress code

block

30-1 2,38 1.27 1.30 1.27 1.28

S 3.51 1.21 1.25 121 1.21

651 4.03 1.14 1.20 114 1.14

751 4.38 117 1.22 117 117

30-2 2.05 1.08 1.11 1.O8 1.08

52 3.08 1.07 1.09 1.07 1.07

652 3.80 1.08 1.12 1.08 1.08

Th-2 3.73 (.99 1.04 (.99 0.99

AVE. 113 1.17 113 1.13
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r=0.85-0.008( f'.-300) / 10=0.65
o71M, f'c& kg/em?
e gHBEe 1 /2 ([ cb)E Pt o7]
A, o FAglEe] FE MY 0.003800M FHE
Zo|il hi= F-aj el He|u},

Table 5ol & 4= 5ol #eke 47F7] B8

=G AMgSto] e RHIE H|(HE /138 v

gk dub A7ty S BES ARl 7 2l
Hl&= MacGregor % % New Zealand rjr%%
ol &&te] -3t Bl E w|e} $-9l3x AR e}
Wtk ey, MacGregor 858 885 434
deduec ok WA 10.8%(AHE /AL
=1.108) & @& Fgta 21", New Zealand
T E SHBEES AR o drilx] A g
AgEe] A ot Aol el HARE F

ojo

—_—

'm

319168 oF <= Qluv. Wbl Abzbd g HE.g ol
B&le] THES ALste A5E OH‘* 2E m#st
2] ke Aot} wpebd . Xy 2AYEE AMEY
e fHE &gy AAE OI@" HEEES
W= MacGregor 553 New Zealand &<

Abg-ahE o] fheshvia AlsEth
4.2 HRHE-=E A

yorEane weh Lol Yol Agshs Lael A
Be QAwel RHE-RE A o) 47 %Y

]

121



Table 6 Comparison of exp. and cal. M-¢(moment : t - m, curvature :

rad/cm)

M. #.(x10") M. 2.(x10"
~ [ .
Exp | .. . Exp | o 1 | Bxp | . | Exp g Remarks
Exp Cal Cal Exp Cal Cal Exp Cal Cal Exp Cal Cal
30-1 189 | 172 | 110 | 289 | 299 | 097 | 238 | 1.88 | 127 | 1.92 | 185 | 1.04 | 0.005 # g4

50-1 332§ 278 | 119 | 437 | 359 | 1.22 | 351

291 | 121 | 169 | 1.18 | 1.43 | 0.0041 2 g7

65-1 3.85 | 344 112§ 500 | 402 | 124 | 4.03

352 1 114 | 166 | 091 171 | 0.0041 & #3

751 390 | 343 1.14 | 452 | 3.68 123 | 438 | 375 1.17 1.65 1.09 1.51 0.005 3
30-2 1.84 1.73 1.06 | 292 | 297 | 098 | 2.05 1.90 1.08 1.82 1.50 1.21 0.0041 # 3+
50-2 | 3.03 2.78 1.09 | 3.87 | 3.59 1.08 | 310 | 291 1.07 1.27 1.10 115 | 0.0038 | -7xt %3
652 | 364 | 3.46 1.05 | 457 | 402 1.13 | 3.80 | 3.52 1.08 1.53 | 091 1.68 | 0.0039 # 93
752 | 360 | 343 1.05 | 409 | 368 1.11 3.73 | 375 | 099 1.10 | 083 1.33 | 0.0038 | -t 53
Ave. 1.10 1.12 1.13 1.38 | 0.0042
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