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This study is concerned with creep characteristics of red shale in the Haman Formation by the single stage and
multi stage loading tests. Creep constants in the Griggs's experiential equation, g=a+brlogt +ct, are determined by
regression analysis on the total data obtained. The transition time between the primary and second creep means the
time when the differential value of brlog t is equal to the differential value of ct. The correlation equation between
loads (o,) and creep constants is deduced from the three times multi stage loading tests. Also a failure time under
each loads is anticipated from creep constants and maximum strain at the failure.
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Table 1. Physical properties of the sample.
Pd n Wa
Sample No. Gy (g/em?) %) (%)
1 2707 2578 005 4762 1.849
2 2712 2601 0.043 4.086 1.575
3 2711 2592 0.046 4379 1.687
Average 2.7 259  0.046 4409 1.704

Fig. 1. Schematic diagram of creep test equipment ( © Rock

sample,@ Spherical seat, @ Hinge,® Beam,® Protected
bar, ® Weight).
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Table 2. Mechanical properties of the red shale by uniaxial compression test.

Length Diameter c 8(x 10%) E
Sample No (mm) (mm) Kefle®)  axial  Lateral | (10° Kegflem?) v
1 583 300 1056 2001 163 2.59 0.081
2 623 300 760 650 68 581 0.104
3 59.7 300 883 2204 49 1.95 0.022
4 59.8 300 892 1640 124 268 0.076
5 59.8 30.0 892 2512 738 1.85 0.295
Average - : 897 : : 2.16 0.131




oAl Astagel o3k FkE [ Alde] ZR)Es 167

AEdst N g A-HEE 2L o] ¢7PHEEH(Table 3)°)
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AodozRe this AHe] WSS S7MFEE 778% 29 35 A8le ddud gz APE &
etaon sl zMi et AwE MHEES WSl AP E 2 ZE Y53THFig. 3). £

AABIIA} e Foo] XNEdhe dole £ AY 31 33)e] A tAI33.6%, 42.9%, 52.5%, 65.2%, 77.8%
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Fig. 3. Strain-time curves of single stage loading test.
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Fig. 4. Strain-time curves of multi stage loading test.
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Fig. 5. Determinating method of transition time.
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Table 4. Creep constants by the single stage loading tests.

Sample Load a P b P c P
(%) (x10°)  (x107)  (x107)
A 33.6% 3051 11.88 -
B 42.9% 1939 83 -
C 52.5% 2580 59.54 0.49
D 65.2% 3550 83.14 0.96
E 77.8% 3510 75.04 3475

g=a+blog t+ct (Griggs, 1936)
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Fig. 6. Strain-time curves under multi stage loading test of sample F.
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Fig. 7. Strain-time curves under multi stage loading test of sample G.
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Fig. 8. Strain-time curves under multi stage loading test of sample H.
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Table 5. Creep constants by multi stage loading test.
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33.6 3344 269 -
429 4157 37 -
G 52.5 5012 32.03 -
65.2 6079 40.48 6.43
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429 2781 27.48 2.47
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90.4 6973 119.17 342.32
g =a+blog t+ct(Griggs, 1936)
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Fig. 9. Relationship between loads and {A) creep constant a, (B) creep constant b and (C) creep constant c.
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Ft=157112¢7019%% (R2=0.81)

Failure

Table 6. Transition time between primary creep and secondary
creep.

Sample Load a b Tt
(%) (x10%  (x10°% (h)

F 429 10.81 3.57 1.32
52.5 27.66 6.38 1.89

G 65.2 40.48 6.43 2.74
71.8 41.43 305.23 0.06

33.6 18.56 1.54 5.24

429 27.48 2.47 4.84

52.5 12.74 12.29 0.45

H 65.2 74.72 13.62 2.39
71.8 63.74 6.62 4.19

90.4 119.17 34232 0.15

Tt : d/dt(blog t) = d/dt(ct)

2

Table 7. Failure time under each loads of multi stage loading
test.

Sample Max;% Load a4 b_6 c_6 Ft
(*107°) (%) (x10°%) (x107°) (x107) (b
F 6253 429 3420 1081 357 7849
52.5 4667 2766 638 2383
652 6079 4048 643 4943
G 9,366 77.8 7246 4143 30523 6.9
336 2098 18.56 1.54 40014
429 2781 2748 247 22082
525 3346 12774 1229  402.6
H 8327 652 4755 7472 13.62 249.1
77.8 5994 6374 6.62 3282
904 6973 119.17 34232 38

g =a+blog t+ct

Ft = 157112¢70-10250%
w00 ¢ ¢ R*=0.8133

»

20 30 40 50 & 76 80 90 100
Load level, Gy,

Fig. 10. Relationship between percent load and failure time
of sample H.
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