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An Experimental Study on the Fracture Safety of Reinforced
Concrete Structures

A QP
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ABSTRACT

In this thesis, the fracture tests were performed on a series of reinforced concrete to investigate the
variation of strength and the fracture safety of reinforced concrete structures.

The specimens were of the same rectangular cross-section, of effective height 24cm and width 30cm
and their span was 330cm. The three point loading system is used in the fracture tests. In these tests,
the yield load, the ultimate load, the flexural strain and the mid-span displacement were detected.

According to the results of these tests, the fracture behavior of reinforced concrete structures can be
summarized as the follows : There is no difference between the singly and doubly reinforced rectangular
beams before the yield load. But from the y:zld load up to the ultimate load, the mid-span displacement
of the singly reinforced rectangular beams are about two times larger than those of the doubly reinforced
rectangular beams. The fracture energy of the doubly reinforced rectangular beams are one and half
times compared to that of the singly reinforced rectangular beams.

Based on the above investigation, it could be concluded that the doubly reinforced rectangular beam is
more efficient to resist the brittle fracture than the singly reinforced rectangular beam.
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Table 1 Properties of bar

Bar type d As gy Cu Es
B (cm) | (em?) | (MPa) | (MPa) | (GPa)

D10 ]0.953]0.713| 272.3 398.8 200.1
D19 | 1.270] 2.865 | 39.1 492.3 200.1

d = diameter; As = cross-sectional area; ¢, = yield str-
ength; ¢, = ultimate strength; Es = modulus of elastic-
ity.
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Table 2 Mix proportion of concrete

§ s | a u u | whe| a a
(mm)| (em) {(%)] (N) 1 (N) | (%)] (N) | (N)
25 7 1 | 1670.0 | 3484.3 | 48 | 7387.7 | 112.8

sf = maximum size of coarse aggregate ; s = slump value; a
= air value; u = water per cubic centimetre; u; = cement
per cubic centimetre; w/c = water-cement ratio; a; = fine
aggregate per cubic centimetre; a. = coarse aggregate per
cubic centimetre.
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Table 3 Average compressive strength and average

tensile strength of concrete

t Oc Os
(day) (MPa) (MPa)
28 25, 654 1.971
365 32. 695 2.305

t = age of concrete; g. = average compressive strength of
concrete; ¢ = average tensile strength of concrete.
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Table 4 Classfication of specimens

Classification Used reinforcement Name of
of specimens (steel ratio) specimens
Singly reinforced )\ - an10(0.015) S
rectangular beam
Doubly reinforced upper . 2D19(0. 010) D
rectangular beam lower : 3D19(0.015)

[Unit : CM]
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Fig. 1 Typical test specimens. (a) specimen S,
(b) specimen D
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Fig. 2 The general view of the fracture test
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Table 5 Fracture test results

Name of P, P, Sy Su

specimen (Kgf) {kgf) {mm) (mm)
S 9640 10620 8.34 31.87
D 9780 11230 8.20 16.54

P, = yield load; P, = ultimate load; g, = mid-span d-
isplacement at the yield load; §, = mid-span displacem-
ent at the ultimate load.
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Fig. 3 The relationships between the load and the
mid-span displacement of the singly reinforced
rectangular beam
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Fig. 4 The relationships between the load and the
mid-span displacement of the doubly
reinforced rectangular beam
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Table 6 The slope of the load-displacement curve
and the fracture energy of the singly reinforc-
ed rectangular beam

P(i) Py s(i) Gyli) Gy
(kef) (mm) | (mm/kef) | (kgf/cm) | (kgi/cm)
0 0. 000 0. 000 0. 000 0.000
500 0.050 0.001 0.002 0.002
1000 0,220 0.001 0.018 0.019
1500 0.390 0.001 0.030 0.049
2000 0.5% 0.001 0.049 0.098
2500 0.850 0.002 0.081 0.179
3000 1.200 0.002 0.134 0.313
3500 1.560 0.003 0.162 0.475
4000 2,050 0.004 0.255 0.730
4500 2.560 0. 005 0.301 1.031
5000 3.070 0. 006 0.336 1.368
5500 3.590 0.007 0.379 1.747
6000 4,150 0.008 0.447 2.1
6500 4.660 0.009 0.443 2.637
7000 5.170 0.010 0.478 3.115
7500 5.710 0.011 0.544 3.659
8000 6.220 0.012 0. 549 4.208
8500 6. 780 0.014 0. 642 4.849
9000 7.320 0.015 0. 656 5.506
9500 7.930 0.016 0.784 6. 289
*9640 8.340 0. 060 0.545 6.834
9380 9.150 -0. 035 1.099 7.933
9500 10. 220 0. 085 1.403 9.336
10000 12.710 0.025 3.372 12,708
10500 16.570 0.033 5.495 18. 203
%*10620 31.870 0. 266 22.440 40. 643
10600 32.840 -1.642 1.432 42.075
10480 36.720 -0. 306 5. 745 47,820
10350 39.630 -0.305 4.262 52.082
10400 41.550 0.831 2.767 54. 848
10370 44,700 -1.4%0 4,557 59. 405
10260 47, 260 -0.430 3.707 63.112
10100 48.2% -0. 302 1.479 64, 591
9700 49, 260 -0.123 1.388 65.979
9600 50. 090 -0. 501 1.124 67.102
9670 51. 680 0.738 2.128 69, 230

P(i) = load in stage; § = mid-span displacement; s(i) =
slope of load-displacement curve in stage: G¢(1) = fracture

energy in stage; Gy = fracture energy.
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Table 7 The slope o the load-displacement curve and
the fracture energy of the doubly reinforced rec-

tangular beam
{kef) (mm) (mm/kgf) | (kgf/em) | (kgl/cm)
0 0.000 0.000 0.000 0.000
1000 0.340 0,001 0.024 0.04
2000 0.780 0.001 0.092 0.115
3000 1340 0.001 0.194 0.310
4000 2.200 0.002 0.418 0.728
5000 3.220 0.003 0.637 1. 365
6000 4.200 0.004 0.749 2.114
7000 5.200 0.005 0,903 3.017
8000 6.170 0.006 1.010 4,027
9000 7.2710 0.007 1.299 5. 326
*9780 8.200 0.011 1.213 6.539
9540 8.520 -0.036 0.440 6.979
10000 10.200 0.022 2.280 9.258
10500 11.930 0.024 2.463 11.721
11000 15.620 0.031 5.509 17.230
%*11230 16.540 0.072 1.420 18.651
11200 17.400 -0.580 1.343 19.9%
11000 18.710 -0.094 2.056 22.050
10900 23,940 -0.239 8.027 30.076
10800 25. 840 -0.258 2.8% 32. 966
10600 28.180 -0.141 3.543 36.509
10500 29,600 -0.29% 2.100 38.609
10300 33.3%0 -0.167 5. 565 4.174
10100 36. 060 -0.180 3.871 48,045
10000 40.060 -0.401 5.639 53. 684
9900 45,310 ~0.453 7.328 61.012
9300 50. 680 -0.084 7.607 68. 620
9200 60. 710 -0, 607 13.025 81. 645
8000 65. 250 -0.04 6.179 87.84
6000 70.540 -0.035 6.613 94,437
4600 75.540 -0.054 4,653 99. 089
4200 80. 930 -0.202 3.627 102.716
3900 86.280 ~0.288 3202 105.918
3700 91. 280 ). 456 2.778 108. 696
3400 96. 450 -0.322 2.765 111.460
3200 98. 890 0. 494 1.186 112, 647
P(i) = load in stage; § = mid-span displacement; s(i) = sl-
ope of load-displacement curve in stage; Gii) = fracture ener-

gy in stage; G; = fracture energy.
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Fig. 5 The relationships between the load and the
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Fig. 6 The relationships between the load and the
strain at the tension bar of the doubly
reinforced rectangular beam
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reinforced rectangular beam
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