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Evaluation of Impact Resistance for Reinforced Concrete Slab Structures

EALRET LHEBAY ZPHICT
By Ayaho MIYAMOTO*, Teruhisa ISHIBASHI** and Masafumi MITO***

Evaluation of the degree of contribution of each type of reinforced concrete slab structures
to impact resistance is necessary in the course of drafting design concepts for reinforced concrete
slab structures that are subjectable to accidental impacts. Once each different type of reinforced
concrete slab structures is quantitatively or qualitatively evaluated, an effective countermeasure
for impact failure during accidental collisions is possible.

In this paper, some design concepts for reinforced concrete slab structures subjected to
impact loads based on energy criterion and load criterion are firstly discussed. And then, a
method of evaluating the degree of impact resistance for reinforced concrete handrails which
were modeled using the layered finite element method, is proposed based on the following
indexes:(1)Impact load at failure, (2)Deflection at failure, (3)Cracking load, (4)Total energy,
(5)Impulse, (6)Index of local deformation, (7)Volume displaced, (8)Impact failure mode. The
effects of impact loading on reinforced concrete handrails based on these indexes are discussed.
The types of concrete considered are normal strength concrete, high strength concrete, and steel
fiber reinforced concrete.
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Table 1 Main results of dynamic analysis on RC handrails

Loading | Load at | Deflection [ Cracking | Concrete | Reinforcement | Index of local | Impulse Total | Deformation | Volume Failure
rate failure | at failure load plasticity | yielding load |deformation** energy energy displaced
(f/msecy| (th) (mm) ) | load (tH* (th (x10%em?) | (kgf+sec) | (kgfrem) |  (kgf-cm) (cm3) | mode***
4.14 43.1 1.41 25.7 40.2 40.4 1.26 224.0 5540 1073 1461 PS
8 44.4 1.32 23.6 41.6 42.0 1.27 1232 4436 1037 1440 B
12 522 1.39 282 46.8 49.2 2.76 1135 5519 1299 1472 B
16 60.0 1.55 32.0 52.8 56.0 3.12 112.5 7150 1522 1481 B
20 70.0 2.19 35.0 61.0 63.0 342 1225 12380 1971 1632 PS
25 813 2.16 40.0 67.5 71.3 3.24 132.0 13770 2502 1782 PS
30 82.5 1.42 43.5 75.0 78.0 3.89 1134 8678 2044 1413 PS
35 94.5 1.96 47.3 80.5 823 4.0t 127.6 14280 2736 1649 PS
40 104.0 222 50.0 86.0 92.0 4.22 1352 18010 3324 1797 PS
50 115.0 1.78 57.5 97.5 105.0 4.29 1322 15260 3176 1559 PS
60 135.0 2.44 63.0 108.0 117.0 4.08 151.9 25250 4220 1772 PS
70 136.5 1.98 66.5 108.5 126.0 7.10 133.1 20390 3049 1281 PS
80 148.0 1.94 72.0 108.0 140.0 6.12 136.9 21490 3325 1285 PS
90 157.5 1.89 76.5 108.0 144.0 6.37 137.8 22080 3386 1232 PS
100 160.0 1.74 80.0 115.0 145.0 7.03 128.0 20730 2992 1070 PS

* Plasticity in compression
** Longitudinal direction at reinforcement yielding
*** B: Bending, PS: Punching shear

Table 2 Main results of dynamic analysis on HRC handrails

Loading | Load at |Deflection | Cracking | Concrete | Reinforcement | Index of local | Impulse Total | Deformation | Volume Failure
rate failure | at failure load plasticity | yielding load | deformation** energy energy displaced
(Hfmsec) | (i) (mm) (th) load (t)* H x 10%4em?) | (egfsec) | (kgfrem) | (kgfrem) (em?) | moderr*
4.14 75.4 2.93 60.1 73.1 73.3 1.50 686.0 18750 3395 2580 B
8 88.8 242 63.6 84.8 85.2 1.69 4928 16810 4118 2742 B
12 94.2 2.65 55.8 87.6 88.2 191 369.7 19270 3823 2594 B
16 98.4 2.68 552 92.0 92.0 1.87 302.6 20230 4322 2769 B
20 110.0 2.85 58.0 98.0 99.0 152 302.5 23700 5625 3163 PS
25 120.0 297 62.5 106.3 107.5 1.65 288.0 27130 6343 3224 B
30 130.5 391 67.5 114.0 1155 1.59 283.8 40820 7470 3408 PS
35 133.0 2.88 73.5 119.0 120.8 2.73 2529 29180 6762 2996 B
40 144.0 3.66 78.0 124.0 126.0 3.49 259.2 41630 7628 3112 PS
50 162.5 3.41 85.0 142.5 145.0 4.01 264.1 42520 8507 3073 PS
60 195.0 4.97 93.0 159.0 155.0 3.82 316.9 76060 15070 4386 PS
70 185.0 3.59 101.5 161.0 164.5 3.88 255.1 52750 10210 3080 PS
80 224.0 4.70 108.0 184.0 184.0 4.17 313.6 81990 15620 3980 PS
S50 225.0 4.06 117.0 180.0 193.5 4.25 281.2 71040 13280 3346 Ps
100 235.0 3.38 120.0 205.0 215.0 4.42 276.1 59470 12580 3051 PS

* Plasticity in compression .
** T ongitudinal direction at reinforcement yielding
*** B: Bending, PS: Punching shear
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Table 3 Main results of dynamic analysis on SFRC handrails

Loading | Load at |Deflection | Cracking | Concrete | Reinforcement | Index of local | Impulse Total | Deformation | Volume Failure
rate failure | at failure load plasticity | yielding load [deformation** energy energy displaced
(fmsed)| @ | @m) | @ |lsd (@D G x10%em?) | (kgfrsec) | Ghgfoem) | (kgfrom) | (em¥) | moder*
4.14 56.5 3.89 26.9 53.4 54.1 5.70 385.9 18330 3400 3531 B
8 70.4 3.62 272 64.4 68.4 2.79 309.8 19720 4628 4026 B
12 75.6 273 31.8 70.2 75.0 3.69 238.1 15170 4185 3366 B
16 83.2 3.10 36.0 67.2 72.8 2.48 216.3 19730 5116 3568 B
20 98.0 4.55 40.0 79.0 84.0 2.07 240.1 35250 7344 4273 B
25 102.5 3.79 43.8 87.5 93.8 3.50 210.1 30570 5151 2969 B
30 124.5 4.42 48.0 94.5 109.5 3.01 2583 41850 8281 3883 B
35 127.8 3.65 52.5 105.0 119.0 3.00 233.1 35110 7171 3274 B
40 148.0 4.90 56.0 110.0 136.0 4.03 273.8 55850 9676 3837 B
50 160.0 4.67 62.5 117.5 150.0 3.78 256.0 57450 9462 3427 PS
60 165.0 3.78 69.0 120.0 150.0 5.04 226.9 47330 7437 2641 PS
70 192.5 4.10 73.5 126.0 182.0 3.78 264.7 58100 10980 3290 PS
80 188.0 3.42 80.0 136.0 172.0 5.66 220.9 47930 7369 2299 PS
S0 202.5 3.42 85.5 139.5 184.5 578 2278 51240 8000 2313 PS
100 230.0 3.74 85.0 145.0 205.0 4.24 264.5 62620 11300 2847 PS
* Plasticity in compression
** | ongitudinal direction at reinforcement yielding
*** B: Bending, PS: Punching shear
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Fig.4 Impact load-displacement relations

Displacement (mm)

of RC handrails

CR=RSRCRSEGRENC)

— 1612 —

Displacement (mm)

1 V.o=4.14tf/msec
: V.=12.0tf/msec
: V1. =20.0tf/msec
1 V., =30.0tf/msec
: V1.=40.0tf/msec
: V5.=60.0tf/msec
: V.=80.0tf/msec
1 V.1.=100.0tf/msec

Fig.5 Impact load-displacement relations

of HRC handrails
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Fig.6 Impact load-displacement relations

of SFRC handrails
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Pig. 7 Effects of loading rate on material states
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Fig. 8 Effects of loading rate on material states
(HRC handrail)
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