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INTRODUCTION

This progress report presents the results of the constant strain-rate
triaxial tests which were performed during the months of January and

February, 1983,

TRIAXIAL TESTS

Conventional triaxial tests were performed on the closed-loop testing
machine using sample preparation and testing techniques similar to those
employed in Phase I. As a result of our experience in Phase I, the
triaxial cell was modified to increase its load bearing capacity to 350 kN
(80,000 1bs) and confining pressure capacity to 24 MPa (3500 1bf/in.?2).
Heavier latex membranes were also placed around the sample to prevent pene-
tration of hydraulic fluid into the sample. A 22 kN (100,000 1b) load cell
was provided by Shell to measure axial forces in excess of 11 kN (50,000
1b). The upper cylinder was also modified such that tests could be
performed at confining pressure/axial stress ratios of 0.25 and 0.50.

A total of 55 triaxial tests were performed on multi-year pressure
ridge samples at different test temperatures, strain-rates, and confining
pressures. The number of tests at each test condition is summarized in
Table 1. In Phase I, triaxial tests were performed on multi-year floe
samples at axial stress/confining pressure ratios of 0.46 and 0.64 at the
same temperatures and strain-rates.

Triaxial Strength

A detailed tabulation of the results from the triaxial tests is given

in Appendix A. The average confined compresive strength of the ice, O1,

for each test condition is plotted against the confining pressure (o,=03)

at faialure in Figure 1. Average uniaxial compressive strength data from



Table l: Number of triaxial tests at different temperatures,
strain-rates and axial stress/confining pressure
ratios (o,/0,).

. o /o = 0.25 ¢ /o = 0,05
€ r a r a
T 10~5/s 10~3/s 10~3/s 10-3/s
-5°C (23°F) 10V 9V v 28V
-20°C (=4°F) 9V 9V 9V 27V
10V 9V 18V 18V 55V

V = Vertical
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Figure 1: Compressive strength versus confining pressure for multi-

’ year pressure ridge samples at different temperatures and
strain-rates. The bars denote one standard deviation from
the mean. -
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Phase I is included for comparison. In making comparisons between the
unconfined and confined compressive strength data, it should be noted that
the Phase I ridge samples had a much lower porosity. Table 2 summarizes
the Phase II triaxial strength data.

As observed in Phase I, the confined compressive strength increases
with decreasing temperature, Increasing strain-rate, and increasing con-
fining pressure. Due to variability of the ice structure between samples,
the data show considerable scatter. The data at 10™°/s suggests that
failure 6f the ridge ice samples at low strain-rates may be described by a
Tresca or Von‘Mises yield criteria. The yield surface paralles the hydro-
stat (or/oa = 1,0). This supports the observations made by Jones who
investigated the confined compressive strength of fresh water polycrystal-
line ice at low strain-rates,

The Phase II final report will’also include a discussion on the initial
tangent modulus data from the triaxial tests and examine the variation of

the triaxial strength and modulus data with sample porosity.



Table 2, Summary of triaxial strength data.

Triaxial Strength

Maximum Minimum Mean Mean Porosity "
(MPa) (Ibf/in.?) (MPa) (1bf/in.?) (MPa) <(Ibf/in.?) (ppt) Samples

~5°C (23°F) ‘

10-°/s Vv, 0.25 3.95 573 1.14 166  2.86%0.98  415%142 79 10
10-5/s Vv, 0.50  6.61 959 2.28 330 3.81%1.59  552%231 86 9
10-3/s v, 0.50 17.94 2602 5.43 788  11.70%3.41 1697495 78 9
~20°C (=4°F) |

10-3/s v, 0.25 17.07 2475 11.58 1679  14,77t1.90 2141275 77 9
10-5/s v, 0.50 11.03 1600 3.95 573 6.59%1.97 956286 82 9
10-3/s Vv, 0.50 38.63 5602 8.34 1210 23.50%8,73 3408t1266 57 9



APPENDIX A

Triaxial Test Data

This appendix contains the results from the constant strain-rate
triaxial tests (TRI). The parameters listed for each test are defined in
the Index. As no displacement transducers were placed directly on the
sample, the initial tangent modulus data given in Column 8 is based on the
full sample strain. TRI-3-5/.5 denotes those tests conducted at a strain-—
rate of 10‘3/5, a temperature of -5°C, and a confining pressure/axial

stress ratio of 0.5,
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INDEX

Column No.

Symbol

Description

O psi
em(GL),%

Peak Stress

Strain at op determined by the DCDT’§ over a guage length
of 5.5 inches

Strain at oy determined by the extensometer over the

em(FS),Z

full sample length of 10 inches

4 t » sec Time to peak stress

5 O psi Stress at end of test

6 ee(FS),Z Full sample strain at end of test

7 te’ sec Time to end of test

8 E,(GL),xlOGpsi Initial tangent modulus determined using strains

* found over the gauge length v

9 EO(GL),Xloepsi Secant modulus determined using gauge length strains

10 EO(FS),xlOspsi Secant modulus determined using full sample strains

11 Si,o/oo Sample salinity at test temperature

12 0, 1b/ft3 Sample density at test temperature

13 Vb,°/Oo Brine volume at test temperature

14 Va,o/oo Air volume at test temperature

15 n,%°/ 00 Porosity at test temperature

16 o, /Gm Ratio of end to peak stress

.17 Ice squareness, in Sample squareness after ends are milled

18 End cap squareness, in Sample squareness after endcaps are mounted

19 Shim, in Amount of shim stock inserted between low end of sample
and actuator before testing

20 Yo Tnitial Poisson's Ratio; circumferential and gauge length
strain measurements used

21 v Poisson's ratio at peak stress; en(C) and em(GL) used

22 gm(C)’% Strain at oy determined by the circumferential
extensometer

Also Note: FILE B-3-5 indicates Below Level Ice

10”3 /sec Strain Rate

-5°C Test Temperature
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