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ICE FORCE MEASUREMENTS ON THE PEMBINA RIVER, ALBERTA, CANADA 

by 

F.D. Haynes, D.E. Nevel and D.R. Farrell 

INTRODUCTION 

Laboratory work and field work have been conducted at the U.S. Army Cold Regions Research 

and Engineering Laboratory (USA CRREL) to determine the force that a floating ice sheet exerts 

on a structure. An active testing system has been developed whereby a vertical pile section is pushed 

against a stationary ice sheet. This simulation of the impingement of an ice sheet on a structure 

yields force measurements applicable to determination of structural design criteria. 

Peyton (I 968) and Blenkarn (1970) measured ice forces on drilling platforms in the Cook Inlet 

during four winters, between 1963 and 1969. Since 1967, Neill and Schultz (1973) have measured 

ice forces on bridge piers located on the Pembina and Athabasca Rivers in Alberta , Canada. The 

forces were measured during spring ice breakup by recording the reaction of a simple ice beam shield 

on the upstream side of the piers. A laboratory investigation of ice forces made by pushing a vertical 

pile section against a sea ice sheet was conducted by Nevel et al. (1972). Schwarz (1970) measured 

_,ice forces in 1968-1969 by instrumenting a pile located in the Eider River, Germany. In 1970, 

Croasdale (I 970) used a nutcracker device to measure ice forces near the Mackenzie Delta in Canada. 

Comprehensive reviews of ice force work were prepared by Michel (1970) and Korzhavin (1968). 

The purpose of this study was to compare the force measurements of Neill and Schultz (I 973) 

at the bridge pier with those of CRREL in situ results using the active test system. Just before spring 
ice breakup on the Pembina River, 23 tests were conducted from 29 March to 12 April 1972. The 
test site was about 400 yards (366m) upstream from the bridge where Neill and Schultz (I 973) 
measured ice forces and was approximately 60 miles (96 km) northwest of Edmonton, Alberta, 
Canada. 

TEST APPARATUS AND PROCEDURE 

The apparatus used for the Pembina River tests was the same as that used by Nevel et al. (1972) 

for laboratory tests, as shown in Figure I. A 30-ton (2.7 x 105 N) hydraulic cylinder was used to 

push the pile against the ice. Both round and flat piles were used for the tests and they were mounted 

on the rod end of the cylinder. All piles were 5 ~ in. (14 em) wide except the round pile used in one 

test which was 3 in. (7.62 em) wide. The base of the cylinder reacted against the ice sheet via a 

14 x 16-in. (35.6 x 40.6-cm) aluminum plate. A hole was cut through the ice sheet, and the appar

atus was lowered into the hole and centered on the ice sheet. In some tests the pile was seated by 

applying oil pressure to the cylinder. 
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A 2*-gal {9470-cm3
) accumulator was filled with oil and pressurized up to 6000 psi {4.1 x 107 

N/m2
) by using an electric pump. A manual shutoff valve permitted a rapid release of this stored 

energy. Two adjustable flow control valves, mounted in parallel, provided for flow rates from* to 
70 gal/min (63 to 4433 cm3 /sec). A piston area of 11.05 in.2 (71.3 cm2

) and a stroke of 13 in. 
(33 em) enabled tests to be conducted with pile velocities from 0.07 to 21.2 in./sec {0.178 to 53.3 
em/sec). Figures 2 and 3 show tests being conducted. 

A linear motion potentiometer was used to measure the displacement of the pile. A special load 
cell, made at USA CRREL, was designed so that the direct thrust, horizontal moment, and vertical 
moment could be measured. Both the displacement and the load cell output signals were recorded 
on an oscillograph. The recorder had a timing mark signal and was equipped with an event marker 

which an observer could operate. 

TEST RESULTS 

The results will be discussed by considering the effects of several variables: pile shape, pile/ice 
contact area, pile velocity and the weather. The nominal ice pressure is defmed as the measured 
force divided by the product of the ice thickness and pile width. 

The results ·or the 23 tests are shown in Table I. Nominal ice pressure peaks were taken from the 
oscillograph record . The sequential peaks were chronological for each test run. The initial peak was 
highest for 12 out of 19 tests with multiple peaks. The vertical and horizontal moments were meas
ured by the load cell during a test. Dividing the measured vertical moment by the force at any 
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Figure 2. Pile being pushed through the ice as pressure is released to the hy
draulic cylinder. (Photograph by C. Neill.) 

Figure 3. Failure and spa/ling of the ice during ·; test 14. (Photo graph by 
C. Neill.) 
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instant gives an eccentricity from the midpoint of the pile if the vertical force on the pile is assumed 
to be zero. Chronological vertical peak eccentricities e1 , e2 and e3 , are given in Table II. Positive 
and negative eccentricities represent distances above and below the pile midpoint, respectively. The 
eccentricities were less than ±5.74 in. {±14.56 em) and well within one-half the ice thickness except 
for test 13. For test 13, the ice faces were not parallel, resulting in the test apparatus being forced 
out of the hole in the ice. Horizontal eccentricities were found to be negligible for all tests. 



Table I. Ice pressure data from the Pembina River, 29 March 1972 - 12 April 1972. 

Local PUe Distance Shape Pile Ice Nominal ice pressure (Nfm i X 106
) 

Date time width pile. to ice of cut velocity thicknes8 Sequential peaks 
Test (1972) (hr) (em) (em) in ice (cmfsecl (em) 1 2 3 4 5 6 Remarks ?3 

tl1 
29 Mar 1:05 p.m. 14 0 Round 1.27 (est.) 49.5 2.48 Ice did not break. ~ 2 30 Mar 3 :00p.m. 7 .6 0 Round 2.54 48.3 3.52 3.58 3.53 3.56 ~ 

3 30 Mar 4:00p.m. 14. 0 Round 10.2 33.0 3.96 0.29 0 .24 0 .87 1.1 0.97 ~ 4 4Apr 12:15 p.m. 14 0 Round 0.97 45 .7 4.45 Ice did not break. 
5 4Apr 14 0 Round 45.7 4.6 In same hold used for test 4. Ice ~ 

did not break. ~ 
6 4Apr 14 0 Flat 33.0 29.2 0.5 0.43 0.45 0.94 1.03 0.9 Question values. Scale on record t:') 

in question. sa 
7 5 Apr 10:00 a.m. 14 0 Round 53.6 30.5 4.7 1.7 2.5 1.77 Two radial cracks at 7 5° . ~ 8 5 Apr 12:00 p .m. 14 0 Round 51.6 38. 1 3.03 1.84 1.3 1.05 Possible horizontal crack. 
9 5 Apr 2 :00p.m. 14 4.5 Flat 48.8 35.6 2.24 1.67 2.13 Radial crack at 0°. ~ 

Possible horizontal crack. ~ 10 5 Apr 3: 30p.m. 14 8.9 Flat 49.3 35.6 1.2 1.13 0.75 0.72 0.88 Possible horizontal crack. 
11 6Apr 11:45 a .m. 14 5.7 Flat 53.1 35.6 3.24 2.64 2.21 2.64 2.36 2.66 Noisy record. ~ 12 6Apr 2:00p.m. 14 5.08 Flat 46.9 36.8 2.82 0.51 0.81 1.43 1.30 1.01 

~ 13 6Apr 3:30p.m. 14 0 Flat 53.3 40.6 3.01 1.53 1.36 1.06 Apparatus lifted out of hole. 
14 7 Apr 11:30 a.m. 14 0 Round 51.3 39.4 3.08 1.22 0 .63 1.26 tl1 
15 7 Apr 1:00 p.m. 14 0 Round 48.5 40.6 2.82 1.33 1.03 1.29 1.25 1.06 It snowed. ~ 
16 7 Apr 1:45 p.m. 14 7.62 Flat 45 .5 40.6 1.5 1.57 1.03 ~ 17 11 Apr 11:30 a.m. 14 0 Round 50.3 45.7 1.77 2.47 2.38 2.03 1.82 1.68 Horizontal crack, spalled 1 m . 
18 11 Apr 1:15 p.m. 14 0 Round 3.3 38.1 2 .76 0.45 0.63 0.73 Radial crack at 0° . ~ 

Horizontal crack. :t:.: 
19 11 Apr 2:45p.m. 14 0 Round 15.5 40.6 2.35 1.83 0.92 1.01 Radial cracks at 0° and 80°. ~ 
20 11 Apr 3:30p.m. 14 0 Round 0.18 48.3 2.97 1 peak ; ice did not break. ~ 21 12 Apr 12:00 p.m. 14 12.1 Flat 3.05 39.4 2.24 2.79 2.5 !:ti 
22 12 Apr 1:45 p.m. 14 5.08 Flat 16.5 39.4 O.S8 1.28 1.22 0.53 Apparatus shifted sideways. 
23 12 Apr 2:45p.m. 14 7.62 Flat 31.3 45.7 0.57 0.69 1.18 1.4 1.77 Melt holes in plane of ice sheet. 

NOTE: Pile shape for tests 12 and 13 was flat; for all others, round. 
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Figure 4. Oear bottom ice used for unconfined compression tests 10 and 11 
of 12 April. · Bottom roughness due to differential melting. (Photograph by 

C Neill.) 

Figure 5. Ice block cut out qfter in situ test 10. (Photograph by C Neill.) 
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Figure 4 shows the bottom roughness of the ice sheet due to differential melting. An ice block 
out out after in situ test 10 is shown in Figure 5. The ice tested was typically 34 in. (7 .6-10.2 em) 
of clear ice on the bottom, with 12-13 in. (30.5-33 em) of snow-ice on the top. For all the tests, the 
principal failure mode was crushing. Radial cracks were observed for tests 7, 9, 18, and 19. Possible 
horizontal cracks were observed for tests 8, 9, 10, 17, and 18. A horizontal crack is a tensile crack 
generally near the middle plane of the ice sheet. Horizontal cracks were also observed by Zabilansky 
et al. (1975). 
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Table II. Vertical p~ eccentricities, Pembina River, Spring 1972. 
e1, e2, and e3 were chronological eccentricities. 

Plus means ab"ove center of pile; negative means below center of pile. 

Ice 
thickness ej e2 e3 

Test (em) (em) (em) (em) 

1 49.5 +1.88 +1.68 +1.37 
2 48.3 +1.88 +1.68 +1.37 
3 33.0 +1.88 -1.78 -4.78 
4 45.7 -2.77 3.35 2.46 
5*t 45.7 
6 29.2 +8.05 7 . 1 5.92 
7 30.5 +7.3 -4.52 -5.89 
8 38.1 -5.3 -3.38 -3.45 
9 35.6 11.0 3.56 -0.74 

10 35.6 9.8 -7.34 -?.49 
11 35.6 -4.4 -0.6 -4.6 
12 36.8 3.58 4 .5 
13 40.6 -4.7 -15.6 -22.3 
14 39.4 7.34 -2.6 -3.35 
15 40.6 6.27 -2 .24 -6.25 
16 40.6 6.78 4.52 6.7 
17 45.7 9.58 6.5 7.82 
18 38.1 7.19 10.3 11.2 
19 40.6 ±2.0 -5.72 -4.04 
20 48.3 -1.45 1.8 
21 39.4 1.45 4.47 6.27 
22 39.4 11.7 2.67 7.47 
23 45.7 -3.43 -4.24 -4.83 

• Same pile used for test 4. 
t No data collected. 

The pile shape used for all tests was round, except for 12 and 13, in which the pile shape was 
flat. The peak ice pressures found for tests 12 and 13 were about average, indicating that the test 
pile shapes had little influence on the ice pressure results. However, the five highest ice peak pres
sures found, those for tests 2, 3, 4, and 11, were all obtained with round piles. Similar results were 
found by Nevel et al. (1972). 

The effect of the initial pile/ice contact area on the nominal ice pressure appears to be significant. 
The four highest pressures found, those for tests 3, 4, 5, and 7, were made with round piles fitting 
into a round cut in the ice to allow maximum initial contact area. The five lowest pressures found, 
those for tests 6, 10, 16, 22, and 23, were made with round piles impinging upon a flat cut in the 
ice which allowed minimum initial contact area. Also, for tests 10, 16, 22, and 23, the round pile 
was 2-3 in. (5.08-7 .6 em) from the flat edge of the ice sheet when the tests began. The probable 
explanation for the low pressures found is that failure occurred before the pile was fully embedded. 
The test results show that, for tests 6, 16, 22 and 23, the highest ice pressure was not the first peak 
found, indicating that as the pile penetrated the ice sheet, it established a larger pile/ice contact area. 
However, the peak ice pressure found for these tests was still low, probably because spalling of the 
ice occurred in front of the pile, reducing the thickness. This reduced thickness area was not deter
mined or used for the ice pressure calculations. 

Figure 6 gives a plot of the peak nominal ice pressure versus pile velocity. The velocity was taken 
from the displacement time signal recorded on the oscillograph. The heavy line for each test repre
sents the initial peak. Velocities measured ranged from 0.07 to 21.1 in./sec (0.178 to 53.3 em/sec). 
As Figure 6 shows, there is no defmite effect of pile velocity on the peak pressure. Similar results 
were found by Nevel et al. (1972). 

A plot of the ice pressure, air temperature and total incoming solar radiation as a function of time 
is given in Figure 7. The meteorological information was obtained from Meteorological Observations 
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in Canada (Department of Transport 1972a and b). The daily minimum and maximum temperatures 

were arbitrarily plotted at 4 :00a.m. and 2:00p .m. , respectively , since exact times were not available. 

The hourly radiation values were plotted for each test day in April. Insolation data for March were 

not available. It snowed on 7 April , and this was reflected in the low radiation values for that day. 

Tests 1, 3, and 4 were run with 3 in. (7 .6 em) of water on the surface of the ice. The air tempera

ture dropped below freezing for three days prior to running test 5, during which time the water on 

the ice was frozen to form a single ice sheet. Tests 5 and 7 produced the highest air pressures. Tllis 

was probably due to the subfreezing air temperatures just prior to these tests and to the formation 

of 3 in. (7 .6 em) of new ice on top of the ice sheet. This new ice, together with the original clear 

ice on the bottom of the ice sheet , sandwiched the old snow ice. The result was -that the new ice had 

a high resistance to crushing for the initial peak. Test 5 had only one peak pressure and test 7 had a 

second peak which was about one-half of the initial peak pressure. 

Frankenstein (1961) found that the flexural strength for lake ice decreased as the air temperature 

increased during the day. The present data indicate a similar effect for tests 7, 8, 9, and 10, on 5 April. 

However, round cuts in the ice were. used for tests 7 and 8 and flat cuts for tests 9 and 10. In addition, 

the distances between the pile and the ice sheet were 1.75 and 3 .5 in. (4.45 and 8.9 em) for tests 9 
and I 0 , respectively. This further complicates the analysis because of the effect of impact loading. 

Therefore , the effect that Frankenstein found cannot be verified from the present data. 

COMPARISON WITH BRIDGE DATA AND COMPRESSION TESTS 

Data collected by Neill and Schultz (I 973), using a simple beam mounted on a bridge near the 

CRREL in situ test site , are given in Table III. The average ice pressure measured by Neill on 7 events 

was 189 psi (1.3 x 106 N/m 2
) with a high of 304 psi (2.1 x 106 N/m 2

) and a low of71 psi (4.9 x 105 

N/ m2 
). This is considerably lower than the average of 424 psi (2.9 x I 06 N/m 2

) for the 22 in situ tests. 

It is more reasonable to compare the results of the in situ tests for the last day , 12 April, with Neill's 

results of 15 April, the ice breakup date . Using this comparison, the in situ average of 283 psi (I .95 x 

106 N/m 2
) is 50% higher than Neill's average value of 189 psi (1.3 x 106 N/m 2 

). 

The higher values found for the in situ tests are probably due to three factors. The first factor is 

D/ T , the ratio of the diameter or width of the pile to the ice tllickness. The average D/T ratio for the 

in situ tests was 0.34 , while for the brid ge pile the average ratio was 1.94. Based on the results of 

Nevel et al. (1972) and Zabilansky et al. ( 197 5), a 50% higher strength can be expected with the lower 

ratio. 

The second factor is the meth od of ice thickness measurement. The ice thickness was obtained by 

direct measurement for the in situ tests , while it was estimated from 38.1 to 45.7 em for the bridge 

pile data. For example, a differen ce of 1 in. (2.54 em) in the estimated ice thickness at the bridge 

gives a 6% change in the calculated ice pressure. It was observed that the downstream edge of the ice 

sheet used for the in situ tests was about one-third as thick as the center of the sheet. Based on this 

concept, the initial crushing strength from tl)e bridge pile may be too low. In some cases , the ice 

sheet split after some crushing and eac h half passed around the bridge pier. This failure of the ice 

sheet by splitting , which was not observed in the in situ tests , could have produced lower pressures 

than the crushing-type failures observed in the in situ tests. Zabilansky et al. (1975) found in lab-

ora tory tests that splitting of the ice occurred at lower pressures than crushing of the ice. 

The third factor is the deterioration of the-ice during the three -day interval between tests. Figure 

7 shows that there was a definite warming trend during the three days between the last in situ test and 
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Table III. Ice forces and pressures from the bridge pier at Pembridge, Alberta, Canada, 
IS April 1972 (from Neill and Schultz 1973). 

Water surface elevation about 650 m. 

Peak Estimated Corresponding Maximum of 
instantaneous ice unit 9Ustained 

Time force thickness pressure force Event 
Event (p.m.) (N X 105

) (em) (Njm 2 X 106
) (N X 10 5

) description 

1:29:02 3.73 38.1 1.15 1.01 1 5-sec sequence of crushing and 
splitting ; ice sheet used for 
CRR-EL tests and strength samples. 

2 4:59:30 8.23 45.7 2.1 Single instantaneous load "spike" 
on chart during soft crushing 
episode ; may represent isolated 
piece of hard thicker ice. 

3 5:00:03 6.I3 45.7 1.57 3.0 Instantaneous "spike" followed 
by I-sec sustained force. 

4 5:00:58 3.4 45.7 0.87 Y2-sec duration for significant 
force; continuous crushing ob-
served. 

5 5:04:45 7.34 45.7 1.87 2.03 Continued passage of same 
sheet as in event 4; 8-sec sus-
tained force. 

6 6:55: II 1.93 45.7 0.49 1.37 1 5-sec sustained force; slow 
crushing. 

7 7:00:48 4.25 45.7 1.08 Same sheet as event 6; single 
high "spike" on chart. 

Avg = 1.3. 

the breakup on 15 April. The above freezing temperatures should have weakened the ice to partially 

account for the lower ice pressures found at the bridge pier. 

Table IV shows the results of uniaxial unconfined compression tests conducted by Neill and 

Schultz (1973). The specimens were cut out of the same ice sheet used with the CRREL in situ 

test apparatus. A comparison of these tests with the in situ tests is given in Table V. The two types 

of tests , unconfined compression and in situ, are basically different, and the results are expected to 

be different. Nevertheless, it is useful to observe that the tests with the greatest similarity, a flat 

pile on a flat cut, had the lowest ratio. 

CONCLUSIONS AND RECOMMENDATIONS 

An examination of the several variables identified and their effects upon the ice pressure for 

the CRREL in situ tests produced the following conclusions : 

1) The pile shape and pile velocity had little effect upon the ice pressure. 

2) The weather had an expected effect ; e.g. cold air temperatures before testing produced higher 

pressures and vice versa. 

3) The initial pile/ice contact area had a definite effect. The iCe pressure was greatly increased 

(up to three times), when the initial pile/ice contact area was maximized, for a round pile in a 

round cut. When the area was minimized, for a round pile in a flat cut, stress concentrations pro

duced lower ice pressures. Further work which addresses the pile/ice contact area effect is recom

mended, particularly as it applies to bridge abutment design criteria. 
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Table IV. Uniaxial unconfined compression strengths, Pembina River ice 
(from Neill and Schultz 1973). 

Average rate of strain about l.S X l 0- 3 /sec, ice temperature close to 0°C. 

Dimensions 
(compressed 
alonK long Original Maximum 

axis) orientation Description Location Description stress ....... 
Uute Time Specimen (em) of long axis of ice in sheet of failure (N/m 2 X 106

) hS 

S April 3:00p.m. 10.2 X 10.2 X 20.3 Horizontal Mainly clear Not recorded Cracking/shear 1.18 ~ 
:::6 

(Sunny 3:20p.m . 2 10.2 X I 0.2 X 20.3 Horizontal Snow-ice Not recorded Creep, flat peak 1.73 ~ all Jay) 4:30p.m. 3 10.2 X 10.2 X 20.3 Horizontal Snow-ice Not recorded No peak 1.38 
4: 3S p.m. 4 10.2 X 10.2 X 20.3 Horizontal 2/~ clear Bottom Diagonal shear 0.69 ~ 

7 April 1 0:4S a.m. 7.3 diam X 14.6 Vertical Clear Bottom Conical shattering 4.28 J:..: 
(Cloudy 10:4S a.m. 2 7.3 diam X 14.6 Vertical Top 30% snow-ice Middle Not recorded 2.89 V:l 

all day) 11:4S a.m . 3 7.3diamX 14.6 Horizontal Snow-ice Middle No peak (> J .38) Si3 
11 :SO a.m. 4 7.3 diam X 14.6 Horizontal Snow-ice Middle Flat peak 3.17 ~ II :SO a.m. s 7.3 diam X 14.6 Vertical Snow-ice Middle Plateau maximum 1.93 
11:S0a.m. 6 7.3 diam X 14.6 Vertical Snow-ice Middle Flat peak 2.21 ~ 

1:00 p.m. 7 8 .9 X 8.9 X 17.8 Horizontal Mainly clear Bottom Diagonal shear 1.11 ~ 1:30 p.m. 8 10.2 X 10.2 X 20.3 Horizontal Clear Bottom Multiple cracking 1.11 

~ 1:40 p.m. 9 10.2 X 10.2 X 20.3 Horizontal Clear ·Bottom Multiple cracking 1.11 
I :4S p.m. 10 I 0.2 X 10.2 X 20.3 Horizontal Opaque Bottom Creep, ultimate failure 2.SS 

~ 2:10p.m. 1 I 10.2 X 10.2 X 20.3 Horizontal Mainly clear Bottom Multiple cracking 0.9 
2: 1S p.m. 12 10.2 X 10.2 X 20.3 Horizontal Mainly clear Bottom Multiple cracking 0.28 h:i 
2:2S p.m. I 3 10.2 X 10.2 X 17.8 Vertical Clear Bottom Vertical splitting 2.0 ~ 
2:3S p.m. 14 10.2 X 10.2 X 16.S Vertical Clear Bottom Vertical splitting 1.66 ~ 2:4S p.m. IS 8.3 X 8.3 X 16.S Vertical Clear Bottom Vertical splitting 1.66 

12 April 1:20 p.m. 1 10.2 X 10.2 X 20.3 Horizontal 2S% snow-ice Top Flat peak 0.97 ~ 
1:30 p.m. 2 10.2 X 10.2 X 20.3 Horizontal 20% snow-ice Top Double peak 1.2S ~ 

1:4S p.m. 3 7.6 X 7.6 X 1S.2 Horizontal Mainly snow-ice Bottom Gradual 0.48 ;;:r;, 
....... 

1 :4S p.m. 4 7.6 X 7.6 X IS.2 Horizontal Mainly snow-ice Bottom Gradual 0.62 ~ 2:20p.m. s 10.2 X 10.2 X 20.3 Horizontal Snow-ice Middle Flat peak 1.79 ~ 
2 :2S p.m. 6 10.2 X 10.2 X 20.3 Horizontal Snow-ice Middle No peak (>2.SS) 
2:30p.m. 7 10.2 X 10.2 X 20.3 Horizontal Snow-ice Middle Flat peak 1.73 
3:20p.m. 8 10.2X 10.2X20.3 Horizontal Clear Bottom Diagonal shear 0.76 
3:2S p.m. 9 10.2 X 10.2 X 20.3 Horizontal Clear Bottom Diagonal shear 0.76 



Date 

5 April 
p.m. 

7 April 
all day 

12 April 
p.m. 
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Table V. Comparison of Neill and Schultz (1973) unconfined compression strengths 
and CRREL in situ test strengths. 

Unconfined compression 
tests in horizontal direction 
{Neill and Schultz 1973l CRR EL in situ stren th tests Ratio 

No. of A ~·erage strength No. of Average strength CRRELJUCC 
tests (N jm 2 X 106

) tests Shape of cut (Njm 2 X 106
) strengths 

4 1.24 2 Flat pile, flat cut 1.72 1.4 

7 1.46 2 Round pile, round cut 2.49 1.7 
Round pile, flat cut 

9 1.2 I 3 Round pile, flat cut 1.95 1.6 

The in situ tests produced ice pressures about 50% higher than the Neill a~d Schultz (1973) bridge 

pier results. One explanation for this difference is the smaller pile diameter or width-to-ice thickness 

ratio obtained with the in situ tests. It has been found from other tests that the ice pressure varies 

inversely with this ratio. It is recommended that additional work be done to clearly identify this 
effect, especially considering the instantaneous pile/ice contact area at peak pressure. Anot:1er 

explanation for the difference in the test results is the deterioration of the ice caused by the above 

freezing air temperatures during the three-day lapse between the in situ tests and the ice breakup. 

The ratio of 1.4 found by comparing the in situ results with the Neill and Schultz (1973) uncon

fined compression strengths is not conclusive. Many variables germane to the compression tests, 

such as test temperatures, platen temperatures, strain rate, and specimen geometry, demand that 

comparisons of compression strengths with in situ results be scrutinized. 
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