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Table 1 Mix proportion

Mix M.S. | Slump | Air | W/C s/a Unit weight (kg/m‘) Size of f. VIf.]

(mm) | (em) | (B) [(® [ B ¥ c 5 G specimen (kgf/cn®) (%) n
Mix 1 20 §+1 S§x1 66 43 165 250 186 1074 ¢ 10 X 20 cm 246 (24.1) 5.0 15
Mix I 15 §+1 5+1 61 46 170 280 828 1004 $T1.5x 15 ca 417 (40.9) 3.5 15
Mix I 15 s+1 S5+ 1 65 43 162 250 848 1034 ¢7.5x 15 ca 247 (24.2) 6.4 12
Mix IV 20 5+1 §5+1 §8 43 163 280 780 1070 ¢ 10 X 20 cm 424 (41.8) 6.1 8
( ): Compressive strength in Mpa VIfc]: Coefficient of variance n : Number of specimen for static test

Table 2 Results of fatigue test

(a) R=5Hz (b)  Mix O, ¢7.5x15cm., S=909% (c) ¢7.5x 15 cm,
R=5Hz §=177%
Mix I:¢10x 20 cm Mix I:¢7.5x15cem | R R R R
r r N r N r N r N Mix W Mix T
S=85% 1 S=80%} S=75%] S=70%| S=82%| S=77%| S=72%| (Hz) (Hz) (Hz) (Hz) ~fc=250 fc=400
N(x10) | N(x10) | N(x10} [ N{x10) | N(x10) | N{x10} | N(x10) 11 50 6 670 12 | 1360 11} 510 r N r N
21 907 1 711240] 0.5113/1780f 0.1[12| 600
1 7 223 3215| 8785 87 932 | 16834 3| 140 82330 14 2510 13| 760 1 3890 | 1] 9320
2 12 260 3267 | 9640 98 | 1296 | 20987 4| 190 15| 3730 4] %40 2| 18880 2} 12960
3 14 290 4270 | 12332 | 139 | 1521 | 289749 5 § 5| 320 1] 24 3 | 24155| 3} 15218
4 16 | 318 4780 [ 20400 187 | 1900 | 40230 6 460 2| 45 1] 18 1|10( 8) 4 | 33420 4| 19100
5 22 390 5190 | 24669 | 222 |- 2318 | 43581 7| 960 31 80 2] 38 2| 16(16) 5 | 43451 5| 23180
6 27 391 7096 | 25950 | 294 | 2818 |- 51825 8| 1880 4] .90 31 50 3]26(27) 6 | 49659 | 6| 28184
7 29 420 7226 | 26000 | 325 | 3579 | 75943 9| 4230 51 130 4} 85 4 32(35) 7 | 62087 7| 35790
8 33 485 7928 | 286001 386 { 4317 | 91325 0.5( 6] 150 0.1{ 65 126(0.00| 5(38(35) ) 8 | 93325 8| 43170
g 34 500 | 10050 | 33628 | 463 | 4500 | 104765 1 28 7] 230 6] 170 6143(40) 1 9 115611 | 9| 46000
10 11 617 | 10480 | 34350 | 582 | 4653 | 156882 21 50 81 330 7| 190 7151(54) | 10 | 206538 10| 46530
1] 3] 80 9| 440 8| 310 8]67(72) 11| 60650
11 43 600 | 10780 | 37320 | 805 | 6065 | 200000 4] 180 10| 630 9| 360 9 98{88) 12| 89950
12 43 614 | 12140 [ 38280 | 1084 | 8995 51 340 11| 940 10| 400 13 | 106840
13 47 652 | 13000 | 39644 | 1294 | 10684 14 | 128850
14 49 796 13930 | 41740 | 1441 | 12885 15 | 231640
15 53 852 | 156401 43257 | 1854 | 23164 () :Fatigue life obtained by Mix IV
16 56 | 900 | 167001 45150
17 58 | 1074 | 17275 45870
18 59 | 1120 | 18300} 48290
19 64 | 1275 | 19050 57384
20 76 | 1420 { 22640 76106
a1 76 | 1668 | 28320 85860
22 84 | 1680 7| 29835 92821
23 105 | 1728 | 33780 | 96070
24 105 | 1980 | 38000 | 96070
25 125 2230 41985 | 152779
26 128 | 2400 | 43820 | 166689
27 180 | 2554 | 49820 | 185280
28 153 | 2781 | 58950 | 202630
29 178 | 3180 | 66155 | 205921
30 217 | 3882 | 100000 | 225000
31 243
32 27
33 275
34 540
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Table 3 Regression analysis and results of Kolmogrov-Smirnov test

bS] N
%) Distribution Regression equation P(N)=0.5 | P(N)=0. 977 Dmax D‘E D'"”/Di £
Exponential InP(N)=-T7.7x10"% N—0.174 674 ¥ 0.176 0. 97
McCall In{-1nP (N))=17.228 1n(InN) —13. 942 693 60 0.090 0.49
85 2-Weibull In(-1nP (N))=1.141 InN — 7.914 746 64 0.118 |0.182 0. 65 34
3-Weibull 1In(-1nP (N))=1.005 In(N —47.04)—6. 893 708 70 0.096 0.53
Log. normal t = 2.154 logN — 6.046 641 76 0.060 0.53
Exponential InP(N)=-8.7x10"5 N + 0.131 9470 1770 0.081 0.43
McCall In(—1nP (N))=12.265 in(InN)—27.596 9940 1080 0.112 0.59
30 2-Weibull In(—1aP (N))=1.341 InN— 12.764 10850 824 0.122 |0.190 0.64 30
3-Weibull In{(—1InP (¥))=0.902 In(N —2007)—8. 362 9080 2170 0.063 0.33
Log. normal t= 2.560 logN — 10.137 9120 1510 0.082 0.43
Exponential InP(N)=-3.8x10"% N + 0.047 170000 ¥ 0.122 0. 64
McCall In(—1nP (N))=14.418 In(lnN)~— 36.307 178900 21550 0.108 0.57
78 2-Weibull In(—1nP (N))= 1.200 InN — 14.921 185100 10940 0.122 0.190 0. 64 30
3-¥eibull In(—1nP (N))=0.883 In(N —26168) —10.822 ] 165000 29140 0.081 0.43
Log. normal t = 2.288 logN — 11.911 160600 21460 0.067 0.35
Exponential InP(N)=—1.8x10"% N + 0.002 531700 16360 0.137 0.72
McCall In{(—1nP (N))=16.184 1n(1nN) — 42.188 568800 46380 0.167 0.88 '
70 2-Weibull In(-InP (N))= 1.230 1laN — 16.702 585900 37100 0.179 |0.190 0.94 30
3-Weibull In(-1nP (N))=1.007 1n(N —63597) —13.536 | 541900 76710 0.145 0.76
Log. "normal t= 2.332 logN — 13.308 509000 70640 0.122 0.61
2- and 3- : 2 and 3 parameter Weibull, Log. : Logarithmic #* : show negative value a : significant level
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Table 4 Analysis of variance ((a) : $7.5X 15cm. R=5Hz, S
=77% (b) : £,=400 kgt/cm?, R=0.01 Hz, S=90%)

Sum of Degrees. of Mean Ratio .-t Num. of
Variance squares freedom square F (& =5%) specimen
T f S=T/1 0=54/S¢ b k
2 Between - 0.017 yv—1= 1 Sa=0.017
(a) f.=250, 400 kgf/cm Within 3. 644 K—y=23 Se=0.158 0.11 4.28 25
$ 10 x#20 cm Between 0.001 yv—1= 1 Sa=0.001
) 475 % 15 ca Within 1.579 k—w=16 | Se=0.099 0.01 449 18
Table 5 Analysis of variance
Frequency Sum of Degrees of Mean. Ratio w1 Number of
of loading Variance squares freedoa square F (a=5%) specimen
R (HZ) T f S=T/f F0=SA/S' bl k
Between 3.068 v—1= 1 Aa=13.068
001, 0.1 1 yithin 4. 285 k—v=121 c=0.204 | 1503 4-32 2
0.1, 0.5 Between 0.593 v—1= 3 Sa=0.198
s | Within | 16.167 k—w=42 | sS¢=o0.285 | O3 2.83 46
=~ 5=90%, R=001Hz ' $=77%, R=5Hz |12 [0~ —@®— 5Hz: 1=1288109N-3310
E 095 =400 kgt/emZ  — \g ' $75xI5cm | S99 m, "G Thz: t=1172logN—2803
oot <A ~.0% . 0.9 [O\ "~ &3P ~H---05Hz: t=1307l0gN-3297 111
5 IR T SN A =1 ~
S8 v | LA .g 0.8 000 4 \A\ii)\ 0.1I-||z||t 1.625logN-3720
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Fig.6 P(N)—N curves
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STUDY ON THE COMPRESSIVE FATIGUE CHARACTERISTICS OF CONCRETE

AND THE CHARACTERISTIC VALUE OF FATIGUE STRENGTH
Shoichi INOUE, Shinzo NISHIBAYASHI and Akira YOSHINO

The compressive fatigue tests for about 240 concrete cylinders were carried out and the
following items were investigated. That is, i ) the form of probability distribution in
fatigue life, ii ) the effects of specimen size, concrete properties including static
strength, and frequency of loading on the fatigue strength.

Test results indicate (Dthe distributions of fatigue life conform to the logarithmic nor-
mal distribution and 3-parameter Weibull distribution. @if fatigue tests on specimen
with the ratio of specimen diameter to maximum size of aggregate being 5 or more are
conducted under the frequency of loading ranging from 0.1 to 15 Hz, the factors such
as concrete strength, specimen size, and frequency of loading hardly affect on fatigue

life.

strength but the scatter in static strength significantly affects on the scatter in fatigue
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