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Creep in tension’is of interest in estimating the possibility of cracking due
to shrinkage or thermal stresses, in calculation of tensile stresses in prestress—
ed concrete beams, and in the design of water-retaining structures. The be-
havior in tension is also relevant in evaluating various hypotheses of the
mechanism of creep.

In order to evaluate quantitatively the characteristics of creep, it is necces—
sary to examine experimentally the creep under different stress state, that is,
compresive, tensile, flexural and multiaxial stresses and alternating loading,
moreover to consider theoretically the mechanism of creep.

A series of studies have been planed to clarify the behaviours of concrete
creep. The present paper describes experimental results and investigations on
the creep behavior of concrete subjected to high tensile sustained stress. It
includes a statistic treatment being tried to analyze the tensile creep limit
(critical stress-strength ratio) and the time to tensile creep rupture occuring
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(time failure).
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Table I The mix proportions of concrete
Slump | W/C c w s/a S G Admixture
Kinds of concrete
(em) | (%) | (ke/mi)| (kg/ud)| (%) | (kg/nf)i (kg/mi)| (P, -8)
. , CX
Normal-weight 5.0+1 43 350 150 43 8038 1082 0.259%
. . . Cx
Light-weight 5.0x1 44 350 154 47 572 642 0.25%
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Table Il Strengths and elastic moduli

28 days 3 months 6 months
Kidns of concrete o, yon 7 £ 7 Jop
Ckg/cr) t(><105k9/cﬁ) (kg/cf) |(X108kg/ci)i _ (kg/ed) |(X105kg/cif)
) . 424 3.2 35.0 3.6 453 3.2
Normal-weight (17.3) \ (0.08) (0.67) (0.45) 4.2 (0.06)
. i 237 1.4 29.3 1.4 264 1.3
Light-weight (21.5) ( 0.04) 0.43) 0.07) (7.3) (0.05)

( ) ; Standard deviation
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Table III Test results

, | E s | e | &| T | 5 | .| E { s | g g, T P
(2300 ) | x10-0 |x10- (min) | (%) | | (X0%) (%) | x10-0 |x10-6 (min) | (%)
ke/eit) % % ko /cit ) % okt “

1 2.31 142 4| 0.10] 80.0] 10| 2.87 102 oo | 16.7

2 2.48 | o 132 o | 0.25| 60011 2.71 108 o | 8.3

3 2.52 130 | 10| 0.67| 40.0

o 4 2.82 116 oo 2.33 20.0 || 1 2.61 106 7 2.50 ! 93.3
s 2 2.61 06| 18| 5.67| 86.7
Bl 2.45 127 3| o0.17] 875 3 2.82 98| oo | 20.33| 80.0
g2 2.35 132 | 0.331 75.0 4 2.82 98| 26| 42.33| 73.3
S {3 3.11 100 1| 050, 62.5] 5 2.76 100 | 17 | 50.00{ 66.7
=14 2.96 1 90 1051 o | 1.67| 50.0) 6 2.61 106 | 31! 77.331 60.0
%o | 5 2.96 05| o | 1.83| 37.5| 7 2.68 | o 103 oo | 53.3
3|6 2.61 119 | 23 18.00| 25.0| 8 3.14 88 oo | 46.7
=l 2.93 106 6| 35.67| 12.5| 9 2.76 100 oo | 40.0
S 10| 2.82 98 co | 33.3
Bl1| 2.7 106 5( 033 or7|11. 201 95 oo | 26.7
S| 2 2.62 112 15| 0.67; 83.3)12| 2.63 105 oo | 20.0
4213 2.62 1121 17| 2.33) 75.0 | 13| 2.45 113 oo | 13.3

4 2.76 106 | 17| 10.33| 66.7 | 14| 2.45 113 oo | 6.7

5 2.93 8 100 | 10| 18.17 | 58.3

6 2.55 115 35| 24.00! 5001 1 2.72 95 oo | 80.0

7 2.29 108 oof 43.50 | 41.7 | 2 2.87 | oo 90 oo | 60.0

8 2.62 112 32| 48.00 | 33.3) 3 2.46 105 oo | 40.0

9 2.79 105 23|116.00| 25.0| 4 2.81 86 oo | 20.0

1 1.13 246 | | 0.10] 851 3 1.06 219 | oo | 7.42 82.3

2 1.26 220 oco| 0.33) 7L.4| 4 1.30 180 -1 25.00 76.5

3 1.29 | o 216 | 14 0.92| 57.1) 5 1.37 1701 58 | 67.00| 70.6

4 1.18 235 73! 3.171 4291 & 1.36 1721 oo | 126.00 | 64.7

5 1.46 190 91 5.00| 28.6 7 1.36 172 oo | 164.00 | 58.8

6 1.33 209! o | 5.83| 14.3] 8 1.28 182 ] 59]195.0 | 52.9

9 1.45 | o 161 | 67 ]200.0 | 47.1

1 1.30 202 22| 0.67] 90.9) 10| 1.37 170 oo | 41.2

2 1.31 200 oo 1.33| 81811 1.40 167 oo | 35.3

3 1.47 1781 281 1.50) 72.7112| 1.49 156 oo | 29.4

814 1.20 204 | 281 2.58| 63.6]| 13| 1.42 164 co | 23.5
15 1.46 180 6| 4.67| 545 14| 1.34 174 co | 17.6
Si16| 127 0 206| o | 88| 45515 1.27 183 oo | 11.8
817 1.23 214 oo | 13.08] 36.4| 16] 1.39 168 co | 5.9
- | 8 1.34 196 | 64 23.00! 27.3 -
<19 1.34 196 | oo | 64.00] 18.2 1 1.40 156 | oo | 4.17 | 92.3
s 10! 1.31 200 | 44| 68.00 9.114 2 1.34 163 ] oo | 22.33| 84.6
B 3 1.17 188 | 70 | 145.50 | 76.9
=11 1.32 188 o | 0.41] 90.0| 4 1.47 149 oo | 69.2
B0 2 1.07 232 oo | 2,17 80.0 1} 5 1.58 139 oo | 61.5
- |3 1.30 192 32| 2.8 70.0) 6 1.34 164 oo | 53.8

4 1.27 196 60, 7.67] 60.0 7 1.24 176 oo | 46.2

5 1.10 | 85 2241 92| 14.33, 50.0 8 1.29 | 75 170 oo | 38.5

6 1.24 2001 59| 23.00| 40.0] 9 1.32 166 co | 30.8

7 1.13 220 | 35| 40.00 1 30.0)10; 1.20 182 oo | 23.1

8 1.27 196 | 64| 68.00 1 20.0| 11 1.48 148 oo | 15.4

9 1.33 187 co 10.0 || 12 1.42 154 oo 7.7

1 1.40 166 | oo | 1.67 94.1

2 1.43 68| 13| 4.08| 88.2

Remarks # the order statistic
E modulus of elasticity at sustained loading
&; @ initial strain
g, ¢ ultimate tensile creep strain
T : time to tensile creep rupture
p : the probability of survival of each specimen
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Table IV Constants A and B in experimental formula ¢=A log #+5B,
and average creep rupture time (7)

wg(s)nocfrete Normal-weight concrete Light-weight concrete
Stress A B T A B T
level (%
95 —0.245 0.353 0.251 —0.364 i 0.527 1.186
90 —0.300 0.574 1.265 —0.388 | 0.820 6.680
85 ~0.252 0.828 20.028 —0.326 | 0.845 11.436
80 ~0.205 1.029 381.679 —0.195 ‘ 1.005 389.105
75 —0.100 |  0.984 | 69181.310
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