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An Experimental Study on the Flexural Stiffness and Plastic Hinge Rotation

Capacity of Reinforced High Performance Concrete Beams

ok Z AR HBHE™
Ko, Man-Young Kim, Sang-Woo Kim, Yong-Boo

ABSTRACT

This paper presents a study on the flexural stiffness, plastic hinge length and plastic
hinge rotation capacity of reinforced high performance concrete beams. 15 beams with
different strength of concrete, reinforcement ratio and the pattern of loadings were tested.
From the test results of reinforced normal strength concrete beams and reinforced high
performance concrete beams with the concrete which has cylinder compressive strength of
700kg/cm®, slump value of 20~25c¢m and slump-flow value of 60~70cm, it is found that
an extreme fiber concrete compressive strain of &,=0.0047 may be used in ultimate
curvature computations of reinforced high performance concrete beams. An empirical
equation is proposed to estimate the effective moment of inertia, length and rotation
capacity of plastic hinge of simply supported reinforced high performance concrete beams.
The estimated deflections using this equation agree well with the experimental values.

Keywords : reinforced high performance concrete, ultimate curvature, effective moment of inertia,

plastic hinge length, plastic hinge rotation capacity
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Table 1 Material properties of concrete

Stump | Compre~ | | praic |
Conc- Flow ssive Ultimate
strength | modulus .
rete | (Slump) | strength Chgfom®| ( kel em?) strain
(cm)  {( kg/om®) o o
HPC 625 710 38 327%10° | 0.0032
(24.2) ) ) o
NSC 187 370 218 | 21x10° | 0003

HPC : High Performance Concrete
NSC : Normal Strength Concrete
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Fig. 1 Stress-strain curve of rebar
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Fig. 3 Test set up of beams

Table 2 Properties of test beams

. Compressive Clear
Comperssive Tensile rebar rebar span
A strength 17 length
Beams 5 | Arran- | Ratio | Arran- | Ratio eie eng}
Ckglem® ) , (L 2a)
gement| (p) [gement| (o) .
{cm)
HO-00 0 0 0
CHO-I5 | gig |5 |oomy| D18 | 0006 | 015 (120)
4-DI3 ’
0-30 .019¢ 0,3
HO 1010 0.0193 | 0.30
HB-00 0 0 0
= 3-D22 : 180
HB-15 7 . 3-DI0 [000715] 0.15
. 10 2-D13 00472 (45}
HB-30 1-D22 4 00129 | 0.27
HU -00 0 0 0
o 1D 120
HU-15 0.0320 | 2-D10 | 0.0048 | 0.15
' 0y g |09 (45)
HU-30 1-D19 | 0.0096 | 0.30
NU-00 [y} 0 0
~ 180
NU-15 370 3-DI3 100127 1-D10 | 0.0024 | 0.19 45
NU-30 1-DE3 | 00042 | 0.33
HU" -0 0 0 0
- 1-D22 - - 180
- 710 0.0320| 2 D10 | 00048 | 015
Bl 2-pg | ¥ ©
HU" - 30 1119 | 0.0086 | 0.30
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Table 3 Moment deformation characteristic of tested beams

4y (mm) oy (x107)
Beams }:Z?izr P:Z];Zr Mo | My Exp ¢ \:4 M, s €cu % ﬁ i
(o) | (o-p" (tm) | (tm) | gxp | Cal a (x107)| (tm) | (mm) Exp | Cal M, | 441 o
HO-00 13901 | 052 - - - - - - - - - - - - -

HO-15 139 118pp | 043 | 794 | 1631 | 1794 | 085 | 444 | 923 } 2953 | 1667 | 658 | 00053 | 1.16 | 1.93 | 3.75
HO-30 o 097pp | 081 | 811 | 1429|1832 | 078 | 459 | 8% | 1818} 1049 | 633 [ 00042 | 1.10 | 1.27 { 2.29
HB-00 092pp | 058 | 700 | 1521 | 1571 | 097 | 334 | 793 {2124 | 392 | 534 | 00037 | 1.04 | 140 | 1.17
HB-15 02 0.78pu | 073 | 719 | 1407 | 1487 | 095 | 359 | 743 | 20.11 | 1048 | 866 | 0.0051 | 1.03 | 128 | 292
HB-30 o 0B4py | 162 | 778 | 1368 | 1605] 085 | 381 | 797 | 1930 | 1418 | 864 | 0.0044 | 1.02 | 141 | 372
HU-00 0620y | 124 | 507 | 1169 | 1317 | 083 | 364 | 557 | 2460 | 1678 | 977 | 0.0046 | 110 | 2.10 | 460
HU-15 Off 0330y | 120 | 459 | 1227 | 1190 | 1.02 | 339 | 538 | 2997 | 1558 | 1093 | 0.0046 | 117 | 244 | 459
HU-30 0430y | 103 | 507 | 1101 | 1324 | 083 | 293 | 620 | 3218 | 20.05 | 16.10 | 0.0062 | 1.22 | 292 | 6.4
NU-00 0330y, | 086 | 247 | 870 | 850 | 1.02 | 298 | 28 | 2618 | 1508 | 479 | 0.0037 | 1.15 | 301 | 5.06
NU-15 038 032pp | 059 | 234 | 810 | 832 | 097 | 273 | 244 | 2547 | 1166 | 578 | 00042 | 1.04 | 314 | 4.27
NU-30 or 027py | 136 | 253 | 924 | 771 | 120 | 275 | 295 | 3940 | 1835 | 6.17 | 00050 | 1.17 | 426 | 667
—00 062py | 140 | 547 | 1042 | 1164 | 090 | 318 | 58 | 2008 | 1396 | 977 | 0.0046 | 1.07 | 193 | 4.39
HU’-15 062 0530, | 090 | 531 | 1024 | 1139 | 090 | 322 | 58 | 1811 | 1331 | 950 | 0.0040 | 1.10 | 1.77 | 4.13
U’-30 oe 043p, | 138 | 540 | 914 | 1154 | 079 | 317 | 6.12 | 1827 | 1473 | 1247 | 0.0048 | 1.13 | 298 | 465
dyca & EEIA ANT REFD 24 BUEES cl85d AW 78 GHA W9 @ 0¥ 4% ACEAAERS ARE 7]

49 GEDW 23 ZAES

Load (ton)
30 .o .- oo

25 - =

compressive steel
15%

7{14}7' HO-15
- HB-15
~ HU-15
o~ NU-15
p -
20 30 a0 so

Defiection (mm)

(@) Beams of o'/p =0.15

Load (tan)
30

J ) compraessive steel

HO-30
HB-30
HU-30

NU-30

a0 50
Deflection (mm)

(b) Beams of /e = 030
Fig. 4 Load-Deflection curve of tested beams
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Table 4 Comparison between measured and predicted flexural rigidity of tested beams (HU-30)

Load 4 Lo L L
(ton) My/Mer (mm) {(cm") {cm’) (em®) Lew/L, Lo Remarks
399 131 2,62 517221 765057 491321 068 1.05
49 164 336 5043.89 683140 1387.14 074 115
6.49 213 45 488437 6364.03 408699 0.76 1.19
753 247 5.34 478015 622392 399702 077 120
902 2.96 6.38 480165 611964 303005 078 122
1052 345 745 N5 6066.02 38961 0.79 123
1148 376 811 480757 6044.94 388207 0.80 124
1264 414 901 4764.60 6027.29 387074 0.79 123
1400 459 10.01 70773 601337 3861.80 0.78 122
1503 493 11.01 463635 600593 385702 0.77 1.20 Yield Load
?3‘;’1' r’:’? ]E} ':_{-{\5} '}11?,04 /%“é“jél-% 0]-1‘3:41'5‘_‘:} O—F 1690 Moment of inertin
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Table 5 Comparison between experimental results and existing and proposed equation for the length of equivalent plastic hinge

Beams Iy cur 1, Baker 1, Mattock 1y sawyer Dy, cur %’ﬂ Uy pro Vi e _Zfl_um_
w LVDT « LVDT
HO-00 - - - - - - - - -
HO-15 15.85 18.01 10.50 9.75 2.56 0.87 9.93 1.23 042
HO-30 8.98 1484 10.50 9.75 1.76 097 13.51 1.66 0.91
HB-00 32.78 1394 12.00 10.50 1.24 058 16.27 157 0.74
HB-15 1513 11,32 12.00 10.50 1.90 0.5 18.37 1.73 0.86
HB-30 24.54 10.24 12.00 10.50 2.84 1.47 19.98 1.75 0.91
HU-00 17.29 950 12.00 10.50 2381 1.14 20,74 2.13 0.87
HU-15 22.85 8.49 12.00 10.50 3.11 1.04 2175 2.40 0.80
HU-30 2781 7.76 12.00 10.50 4.13 1.28 22,48 2.57 030
NU-00 19.02 15.55 12.00 10.50 2.41 0.92 - - -
NU-15 13.21 1462 12.00 10.50 176 0.69 - - -
NU-30 27132 13.70 12.00 10.50 406 0.9 - - -
HU'-00 1116 950 12.00 10.50 1.86 0.93 105 1.48 0.74
U'—15 1028 849 12.00 1050 174 0% 105 162 090
HU-30 10.26 776 12.00 10.50 1.80 0.93 105 1.69 0.92
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(a) Beam. (b) Bending moment diagram. (c) Curvature
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