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DYNAMICAL COMPRESSIVE DEFORMATION AND FAILURE
OF CONCRETE UNDER EARTHQUAKE LOAD

By Dr. Eng., Tadashi Hatano, C.E. Member and Hajime Tsutsumi, C E. Member

Synopsis : One stroke of compressive load, at the same load-speed as that caused by earthqu-
ake was given onto the concrete and mortar specimen. The relationship between stress and
strain, and failure conditions were looked into, and the findings were compared with ordinary
statical compressive tests.

As a result, it was found that almost linear relations existed between the dynamical strength
of failure and the logarithmic value of failure time (0.03sec.-100sec.); that the shorter the
failure time, the larger the strength of failure; and that compressibility in the strength of failure
was almost unchanged regardless of failure time. It was also noticed that the smaller the failure
time was, the steeper the stress-strain curve became, a relationship which substantiates a high
degree of viscosity.

The authors have attempted to explain the dynamical behaviors of concrete and mortar appro-
ximatively by obtaining the coefficient of elasticity and coefficient of viscosity of the simple 3-

element model which is composed of the Kelvin body and a spring connected directly to it.
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3%—3 Table of Tested Concrete and Mortar.

[ Mix proportion Slump and air
Age 1n
Text No. Weeks ‘ Cement Water Sand Gravel wic Slump Aar Ce‘;nent
' (kgim®) | (kg/m®) | (kgim®) | (kg/m®) (%) (em) ) | VOgEe
1 4 380 140 698 1 296 37 0.6 1.69 0.757
2 4 380 160 658 1 222 42 10.0 0.98 0.700
3 4 [ 300 150 710 1 264 50 10 3 118 0.580
4 4 1 220 125 800 1 300 57 05 2.20 0 467
5 4 1 220 143 781 1276 65 3.5 1 64 0 431
6 | 13 380 160 658 1222 42 10.0 1.25 0.685
7 ' 13 | 300 135 724 1 288 45 15 1.68 0.618
8 13 300 150 710 1 264 50 4.3 134 0.574
9 | 13 ‘ 220 130 800 1 300 ! 57 0.5 2.80 0.435
10 i 13 1 220 143 781 1276 65 3.4 2.03 0.421
11 ‘ 4 511 256 1 533 — 50 ﬁ"l";'.o 4.41 0 528
12 4 l 410 246 1 640 —_ 60 16 2 581 0.421
13 ‘ 13 | 511 256 1533 —_ 50 17.1 411 0.538
14 i 13 } 410 246 1 640 — 60 15 3 5.79 0.422
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Test | Age in| Mix !Cvzsltee;t Relation between Standard Strength (kgfem?) Strength ratio [Compre- Standard
propo- |~ o Strength(kg/cm?) & failure| deviation o B ssibility|deviation
No. [Weetks| rtion (%) time (sec.) Sy (lg/cm?) IOOgec oqy 1 sec:“ologusec Oau100 Oqu1 - Oy 0,03 X104 | .Sy x 104
1 4 1:2:4 37 0y=-—22.111n¢+707.8 22.7 ' 605.8 707.8 | 785.3 1:1.17:1.30 28.1 1.12
2 4 1:2:4 42 6,=—25.231n¢+621.8 29.0 | 505.5 | 621.8 | 710.3 | 1:1.23:1.41 23.8 127
3 4 1:3:5 50 0y =—20.751n#+-539.6 21.3 444.1 [ 539.8 | 612.2 | 1:1.21:1.38 24.3 1.09
4 4 1:4:7 57 0y=—17.981n¢+405.8 14.4 325.8 ( 405.8 | 468.8 1:125:1.44 21 2 0.99
5 4 1:4:7 65 0y=—13.881n#+339.5 11.2 275.5 339.5 388.1 1:1.23:1.41 19.1 120
6 13 1:2:4 42 0y =—29.631In7-+728.3 27.4 591.7 728.3 832.8 1:123-1.40 26.7 1.74
7 13 1:3:5 45 y=—231.061n#+638.8 24.1 495.7 638.8 747 8 ] 1:1.29:1.51 26.4 1.11
8 13 1:3:5 50 0y=—28.621n#+604 1 271 472.1 604.1 704.5 | 1:1.28:1 49 26.9 1.13
9 13 1:4:7 57 0y=—20.961n#4420.3 16.3 323.8 420.3 503.7 ; 1:130:156 21.7 120
10 13 1:4:7 65 oy=—15.3110#+353.1 11.6 282.5 353.1 ' 406 8 . 1:1.25:1.44 19.8 | 1.34
11 4 1:3 50 \ Oy =—22.07In#+559 1 10.7 457.3 | 559.1 | 636.5 | 1:1.22:1.39 | 34.5 1.34
12 4 1:4 60 I 0y=—13.431n£+309.4 7.6 247.5 309.4 356.5 1:1.25:1.44 26.2 0.89
13 13 1:3 50 | oy=—30.54Inf+744.9 13 4 604.2 | 744.9 | 851.9 | 1:1.23:1.41 38.2 1.01
14 13 1:4 | 60 | oy=-—21.781n7+498.1 10.2 | 397.9 | 498.1| 574.4 | 1:1.25:1.44| 825 1.08
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#—5(1) Secant Modulus (1)

Tert g o] x| R e o o G Relation beween Secant S e
No. | Weeks | proportion ratio |é,and failure timer (sec)4 x 10* | e, and f:ilurge time (sec.) X 10* s
(% x 10" (kg/cm?) (kg/cm?)
1 4 1:2:4 37 Es,0.25¢,=28.9 ¢-0.092ln¢ | 1,25 Eso05e,=28.4¢ 003 | 0.85
2 4 1:2:4 42 Es,0.25¢,=35.0 ¢ -0 027in? 2.01 Es,0 5¢,=31.4 ¢ -0 030t 1.28
3 4 1:3:5 50 Es,0 258 ,=27.2 ¢ ~0.018In¢ 1.04 Es,0 5¢,=26.3 ¢ 002400 0.82
4 4 1:4:7 57 Es,0.258 ,=26.2 ¢ -0 025int 1.71 Es,05¢,=24.7 ¢ -0 030t 1.40
5 4 1:4:7 65 Es,0.95¢ . =26.1 ¢ ~0.018nt 1.34 Es,0.5¢,=23.3 ¢ -0 03tint 1.08
6 13 |1:2:4| 42 | Es005:,=30.5¢-008mt | 227 | Eyo5¢,=30.1¢-00%m¢ | 1,08
7 13 1:3:5 45 Es,0.258 ;=29 .7 ¢ ~0.038Int 1.26 Eg,0 5¢,=27.9 ¢ -0.039Int 0.90
8 13 1:3:5 50 Es,0 258 ,=26.6 ¢ -0 046Int 1.40 Es,0 5¢,=25.5¢ 0 0450t 1.20
9 13 1:4:7 57 Es,0.25¢ ;=29.4 ¢ -0 030Int 1.17 Es,0 5¢,=25.4 ¢ -0 034Int 0.89
10 13 1:4:7 65 Es,0.25¢ ,=26.8 ¢ ~0.035Int 1.39 Es,05¢,=23.1¢ -0 044 1.03
11 4 1:3 50 Es,0.25e,=25.3 ¢ -0 023Im? 0.95 Es,0.5e,=21.9 -0 033Int 0.67
12 4 1:4 60 Es0.25¢ ,=22.5 ¢ ~0.027Int 1.11 FEs,05¢,=17.9 ¢ -0.031In? 0.59
13 13 1:3 50 Es,0.250,=28.4 ¢ ~0.039Int 1.27 Es,05e,=25.4 ¢ ~0.039I0¢ 0.88
14 13 1:4 60 Es,0 25e,=25.7 ¢ -0 023In¢ 0.62 Es,0 5¢,=21.3 ¢ -0 029In¢ 0.50
#%—5(2) Secant Modulus (2)
Tt | s oo | gl | Relton bemeel Sttt | Standang
No. (()5’22 5); and failur(:< 11:(i)£ne (kg/c)r:llz())4 and failure time (XS?_(C)? Xlg}’(ﬁglﬁ;z)
1 Es,0 756 ,=27.2 ¢ -0.033In¢ 0.62 Es,e,=24.9 ¢-0 035t 0.65
2 Es,0.758,=29.1 ¢ -0.037Int 1.25 Es, ¢ ,=25.9 ¢-0.039Int 1.13
3 Es0 156 ,=24.8 ¢ -0.030Int 0.77 Es, e ,=22.1 ¢-0 03310t \ 0.67
4 Eg 0 75¢,=22.3 ¢ -0 039Int 1.06 Es, ¢,=18.7 ¢~0 054Int 1.04
5 Es,0 158 ,=20.9 ¢ -0 03710t 0.88 Es, ¢,=17.5¢~0 039Int 0.99
6 Es,0 758 ,=29.7 ¢ ~0.001Int 1.89 Es, g,=27.1¢-004nt 1.79
7 Es,075¢,=26.7 ¢ -0 039Int 0.86 Es e,=24.1¢-0 040 1.01
8 Es,0.756,=24.8 ¢ -0 0450t 1.06 Es, ¢,=22.3 ¢-0 046Int ‘ 1.00
9 Es,0 158 ,=22.5¢ -0 0431nt 1.04 Es,¢,=19.0¢-0 052In¢ [ 1.03
10 Es,0 715 ,=20.7 ¢ -0 040Int 0.72 Es, ¢,=17.7 ¢-0 044lnt 0.85
11 Es,0 758 ,=19.1 ¢ -0 036In¢ 0.55 Es,¢,=16.0¢-0 038 0.46
12 Es,0 150 5=14.7 ¢ -0 03510t 0.44 Es,¢,=11.7 ¢-0 038t ‘ 0.35
13 Es,0 158 ,=22.4 ¢ -0 040In? 0.81 Es, ¢,=19.4 ¢-0.040Int 0.63
14 Es,0750,=18.2¢ -0 034Int 0.44 Es, ¢,=15.1¢-004nt ‘ 0.48
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