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An Experimental Study on the Flexural Rigidity
of Reinforced High Strength Concrete Beams

- Zae ZI8R*
Ko, Man-Young Kim, Sang-Woo Kim, Yong-Boo

ABSTRACT

This paper presents a study on the flexural rigidity of reinforced high strength concrete beams. Thirty
six beams with different compressive strength of concrete, tensile reinforcement ratio, compressive
reinforcement ratio, and pattern of loadings(1l point loading and 2 points loading) were tested to evaluate
the effective moment of inertia. According to the experimental results, the equation(1) proposed by ACI
code for the effective moment of inertia overestimated that of simply supported reinforced high strength
concrete beams. Thus, in this paper, an empirical equation{3) is proposed as a lower bound of 90%
confidence limit to estimate the effective moment of inertia of simply supported reinforced high strength
concrete beams.

Keywords : reinforced high strength concrete, flexural rigidity, effective moment of
inertia
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Table 1 Mix proportion of concrete

Mix W/ Unit welsght Admixm}res
strength | (C+8.1)| /A (ke/m”) (kg/m")

taterd) | 5 | T T T Tar Tor
600 30 38 1167.0] 530 | 629 ] 1026|265} 21.2
700 29 38 1169.3] 530 | 629 | 1026 |53.0 | 21.2
800 27 39 1169.3} 570 | 629 | 1026 57.0 | 22.8
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Table 2 Material properties of concrete

Items | Compressive|  Split Elastic
strength strength | modulus &,
Beams (kef/em®) | (kgf/cm? (kgf/cm?)
6 Series 679 52 318000 | 0.0024
8 Series 837 55 371000 | 0.0026
7 Series 722 52 353000 | 0.0025
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Table 3 Material properties of steet

Area | Yield | Tensile Elongation Elastic
Class ,. | strensth | strength modulus
™) | kgt | (kgtfem®| P |Getfom®)
D10} 0.71 | 4,141 6,197 18.6 1630000
D13 | 1.27 | 4,016 5,906 21.0 2040000
D16 | 1.99 | 4,523 6,533 16.8 1750000
D19 | 2.87 | 4.277 6,272 17.8 1770000

D22 | 3.87 | 3.928 5.995 16.0 1750000
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(o) 7 Series beams
Fig. 1 Defails of test beams
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Fig. 2 Test set up of beams
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Table 4 Properties of test beams

Cf’mpfes Tensile rebar Pattern Clear
Beams s:;ve . o of span
s(}{;‘/ﬁ}) Arrangement "peb' f loadings l??rit)h

6-30-1 2-D13, 1-D10 |0.33]0.44

8-30-1 3-D13  10.34[0.37

6-50-1 2-D16, 1-D13 |0.54]0.33

8-50-1 3-D16  {0.54{0.24 | 1 point
6-65-1 679. 837 2-D19, 1-D10 |0.66}0.22 | loading 140
8-65-1 2-D19, 1-D16 {0.70{0.18

6-75-1 2-D19, 1-D16 |0.7910.18

8-75-1 2-D22, 1-D13 {0.81/0.16

6-30-2 2-D13, 1-D10 {0.33[0.44

8-30-2 3-D13 ]0.34]0.37

6-50-2 2-D16, 1-D13 [0.54{0.33

8-50-2 3-D16  10.54[0.24 | 2 points
6-65-2 679, 837 2-D19, 1-D10 10.66{0.22 | loading 140
8-65-2 2-D19, 1-D16 {0.70{0.18

6-75-2 2-D19. 1-D16 |0.80)0.18

8-75-2 2-D22, 1-D13 {0.81(0.16

7-32:<2 2DI6 0oy 0.00 Zpoints| o0
7-32%-9 i-D10 0.30 | loading
7-62%-2 0.00

7-62%-2 0.15 9 ol

7-627-2 0.50

7-62"-2 0.75

7-92"-2 0.00 .
9272 3-D22 S
— "~ N
7-92%-2 722 2-D13 0.8710.30 [ 1.4 e | 180
7-92-2 0.50

7-92°-2 0.75
132" 2] 0.00

7-132"-2 0.15 '

713272 5022 {1.19] 0.30 ?o‘;‘;:: 180
7-1327-2 0.50

7-132"-2 0.75

762" | 1-D22 900 |1 ot
6271 | 2p19  (OFNLOIB L g | O
7-62-1 0.30

Stirrup : 6 and 8 series beams @ D10@60
T series beams : D10@70
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Fig. 3 Load-Deflection curve of 6 series beams
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Fig. 4 Load~Deflection curve of 8 series beams
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Fig. 5 Load-Deflection curve of 7-62-2 beams
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Table 5 Comparison between measured and predicted flexural rigidity of tested beams

M (t-cm) 4, (mm)

Beams Exp
Exp Exp Cal Cal fem™ (em® (em®) (em®) I Lr Ten Eenlen

lexs L Ler Ien Lexo Less oo | Eenlew

6-30-1 35 5.9 | 1746 0.79 1414 1670 1118 1172 | 0.85 1.26 1.21 [1.83

6-50-1 22 7.2 ] 9.15 0.79 1948 2386 1532 1603 | 0.82 1.27 122 | 1.4
8-65-1 31 8.1 9.87 0.82 2009 2601 1648 1763 | 0.77 1.22 114 | 1.73
6-75-1 29 8.5 | 10.95 0.78 2240 2710 1736 1899 | 0.81 1..29 1.18 | 1.79

6-30-2 28 6.8 7.93 0.86 1557 1750 1334 1226 0.89 1.17 1.27 | 1.92
6-50-2 37 9.0 | 11.19 0.80 1985 2179 1596 1464 | 0.91 1.24 1.36 | 2.05

6-65-2 32 9.2 | 11.49 0.80 2219 2457 1776 1671 0.90 1.25 1.33 | 2.01
6-75-2 28 10.6 | 12.50 0.85 2247 2663 1904 1827 0.84 1.18 1.23 | 1.86
Lk 30 0.81 0.85 1.23 1.88
EEAZ} 44 0.028 0.046 0.040 0.102
90% ANs=| 23~37 0.76~0.86 1.17~1.30
8-30-1 46 8.08 | 8.67 0.93 1084 1686 1019 1145 | 0.64 1.06 0.95 | 1.68
8-50-1 35 8,92 | 11.59 0.77 | 1639 2140 1262 1466 | 0.77 1.30 1.12 | 1.98
8-65-1 42 8.18 | 11.06 0.74 1867 2376 1378 1650 | 0.79 1.35 1.13 | 2.00
8-75-1 28 9.57 ] 11.61 0.82 1808 2584 1491 1807 0.70 1.21 1.00 | 1.77
8-30-2 34 847] 9.13 0.93 1219 1626 1128 1168 | 0.75 1.08 1.04 | 1.84
8-50-2 34 9.36 | 11.16 0.84 1716 2141 1440 1466 | 0.80 1.19 1.17 | 2.07
8-65-2 32 12.49 ] 12.86 0.97 1633 2395 1585 1657 0.68 1.03 099 | 1.74
8752 | 31 10.37 1 11.64 0.89 1907 2584 1701 1807 0.74 112 1.06 | 1.86
kK 35 0.86 0.73 1.17 1.86
EFAA 5.5 0.077 0.053 0.104 0.133
90% A= | 26~44 0.73~0.99 1.00~1.35

7-32"-2 64 8.90 | 15.07 0.59 3196 3310 1895 2490 | 0.97 1.69 128 | 2.15
7-32-2 70 8.30 | 13.78 0.60 3582 3468 2165 2545 1.03 1.66 141 | 2.37
7-62"-2 43 11.69] 15.01 0.78 4042 5522 3157 3922 | 0.73 1.28 1.03 | 1.73
7-62'°-2 42 12.27 | 12.81 0.96 3487 5598 3351 3945 | 0.62 1.04 0.88 | 1.48
7-62%-2 60 11.01} 1341 0.82 4295 5673 3537 3968 | 0.76 1.21 1.08 | 1.82
7-62°-2 98 9.10 | 13.82 0.66 5445 5515 3603 3709 | 0.99 1.51 1.47 | 2.50
7-62"°-2 34 9.70 | 12.18 0.80 5089 5933 4079 4086 | 0.86 1.25 1.25 | 2.09
7-92"-2 40 1521 17.32 0.88 4656 7171 4099 5217 | 0.65 1.14 0.89 | 1.50
7-92°-2 39 14.07) 15.39 0.91 4810 7364 4407 5285 | 0.65 1.09 0.91 | 1.53
7-92%-2 63 13.68 1 15.63 0.88 5299 7511 4681 5338 0.71 1.13 0.99 | 1.67
7-92%-2 39 10.80 ] 14.59 0.74 6630 7540 4927 5272 0.88 1.35 1.26 | 2.11
7-92"°-2 64 10.70 | 13.10 0.82 6713 7994 5496 5527 0.84 1.22 1.21 | 2.04

7-132%-2 | - - - -
7-132°-2 | 33 [1531]17.90 | 0.86 | 4833 | 6928 | 4120 | 5544 | 070 | 1.17 | 0.87 | 1.47

7-132"-2 39 1429} 17.03 0.84 5291 7140 4450 5170 0.74 1.19 1.02 | 1.72

7-132"-2 59 12.40} 15.29 0.81 6049 7532 4921 5348 | 0.80 1.23 1.13 | 1.90

7-132"°-2 47 11.10 1 13.49 0.82 6825 8202 5639 5675 0.83 1.21 1.20 | 2.02
7-62"-1 77 10.42 | 14.59 0.71 4013 5530 2869 3922 0.73 1.40 1.02 | 1.71
7-62°-1 49 10.24 | 13.37 0.77 3966 5598 3040 3945 0.71 1.30 1.01 { 1.69

7-62*-1 75 8.50 | 12.92 0.66 4875 5677 3210 3968 0.86 1.52 1.23 | 2.06

bk 54 0.80 0.79 1.29 1.88
EEHA 17 0.10 0.115 0.178 0.286
90% N3 | 26~ 83 0.64~0.96 1.00~1.59
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