
/ AO_ AO IMi nt c04.D RESZONS RESLARCH
L TENSILE SIRENS?

77 * KOVACS. a nLAFUT

r°H
LASS IF Ito UU L—M—77’44

I I 
___

I END

I —77
I nbc

p



II I . 2 8

II _______

L I  ~ 2 O

I 25 lIll~ ~th~6



SR 77-24

\ C R R E L 1 S pedal Repoi 77-24

BRA Z IL TENSI L E STRENGTH TESTS ON SEA ICE

A Data Report

Austin Kovacs
and

Jo hn Kalafut

D O G
Augus t  1977

>..

Prep.red for
U.S. COAST GUARD

By

CORPS OF ENGINEERS, US. ARMY
COLD REGIONS RESEARCH AND ENGINEERING LABORATORY

HANOVER~NEW HAMPSHIRE

Apgrov.d for public rslea,s~ distribution unlimited

-~~ --—-~ ,- ~r~’ - -~~



t Tnr ~~ n~~~ 1 f’i~~d
SECURITY CLASSIfl CATION OP THIS PAGE (IIfI~~ 0. &,f.r..~

o onor Wilu IJI ATIflIl D1~~~ REA D LNSTRUCT~ONSrs ,—‘.,r~ , ~~~~~~~~ n I ~~ I I~~~,’ BEFORE cOMPL.ETUqO FO~~*. ~EPORY NUM SER 2. GOVT ACCESSION NO 2. NECIPIENT S CATALOG NUMSER

CRREL Report 17—24 
______________________________

& TITL E ( .d  SubUSI.) ~ ~YPE OP ~~ PONl ~ ~ E~~OO VENED

(3~ 
BRAZIL TENSII ~~~ ENGTH TESTS ON SEA CE- ‘~S~€~1 ~i c~p~~~7~

°

A PATA REPORT. 
_____ -- 

~~~~ i. WUPURT

7. Au5NOR(~) S. CONTRACT OR GRAN T NUNSIR(.)

(
~3~ Austin/l(oVacs~~~~ ~T# hn/Kalatut_J

L PENFORNINO ORGANIZATION NAME AND ADDRESS *0. PROGRAM ELEMENT. PROJECT . T ASK
AREA S WORK UNIT NUMSENS

~~~~r~~~~y
C0ld Regions Research and Engineering 

~~~~~~~~~ Coast Gii MIR P No.
Hanover . New Hampshire 03755 ~ ~~

II. CONTROLL INS OPPICE NAME AND ADDRESS IS. R~~ QftLAAX L—~1

U.S. Coast Guard (2a ~~
1*. MONITORINO AGENCY NAM( & AOOREU(qtftII.e.u. - - ~~~iPtrns~Qm..) IS. SECURITY CLASS. (.1 ffii . ,~~oM)

(/Y C~ R — S ~~ / ~--4( ~~~~~~~ Unclassified

- - - h a  DEck ASSIPICATIOWDOWNORAOING

~S. DISTRISUTIOW STATEMENT ~~ U.S. R.p.v~)

Approved for public release; distribution unlimited. ~~~~~

- S

I?. O*$TAISUTION STATEMENT (.1 Sb. abeS~.cS ..f ~~.d Sn Clock 20, II dIfferent hen. Report)

IS. SIIPPI..(MENTAWY NOTES

IS. KEY WOROS (CenSMu. en ersue iI ~s SI 11 ce•wp’ d S~~ntSIy by block ni ber)

Alaska
Sea ice
Tensile strength

t $5. A5$1~~ACT (C~~~~.. en ,eren .S~~ II nms y end by Slick 5er)

— 
~ In March 1970 drop penetroaeter tests in sea ice were made by Sandia Labora—
tories for the U.S. Coast Guard. In support of this study-, properties of the
sea ice penetrated were measured . The data collected included ice temperature,
salinity, brine volume, density and Brazil tensile strength versur depth. The
data are presented in this report in both tables and graphs as a permanent
data source .

DO ~~~ 1473 EO~t%ON OP I NOV 551$ OISOLETE

3 7j c W ‘ 1T’ T’EE~~ —



PREFACE

This report presents the results of a joint study by Austin Kovacs,
Research Civil Engineer , of the Foundations and Mater ial Research Branch,
Experimental Engineering Division , and John Kalafut, Electrical Engineer,
Engineering Services Branch , of the Technical Services Division , U.S.
Army Cold Regions Research and Engineering Laboratory . -

This studj was performed for the U.S. Coast Guard, under MIPR No.
Z—70099—02553, Military Geographic Analysis Project.
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Itrazil Strength Tests on Sea Ice — A Data Report

by

Austin Kovaca and John Kalafut

Introduct ion

From 18 February to 18 ?larch 1970, the U.S. Coast Guard Icebreaker
Northwind (WAGB 282) was assigned for operations in the Bering and
Chukehi Seas. The mission of the Northwind was to support research
programs by USACRREL (pressure ridge morphology investigations) and
Sandia Laboratories (sea ice penetrometer study) and to undertake a
transportation feasibility analysis, i.e., a northward penetration into
the Chukchi Sea.

The Sandia study consisted of determining the feasibility of
meaawiug the thickness and. strength of sea ice using instrumented ,
telemetric , air—dropped penetrometers. In support of this study , CEREL
obtained data characteristic s of the ice penetrated by the instrumented
projectile. These data include the measured temperature, salinity and
strength of the ice with depth and the brine volume computed from
temperature and salinity determinations . In addition , ice density vs.
depth was obtained at several sites .

Test Site

In selecting a field site for the penetronieter study , it was
desirable to choose a location free fr om the chaotic structures (raft ing ,
ridging and husmiocking ) that accompany drifting sea ice. Such terrain
would ma ke location of the impact site difficult if not impossible and
likewise hamper or prevent the determination of sea ice thickness properties .
The location selected for the study was Port Clarence and Brevig Lagoon
(Fig. 1). The drop zone~ were selected for the general smoothness of the
ice cover .

Test Procedures

Using a motorized CRR EL auger (Fig. 2) cylindrical cores , 7.6 cm in
diameter , were taken from the ice cover at each penetrometer impact site .
The length of the cor e was measured to determine ice thickness . The core
was then prepared for the appropr iate temperatur e, salinity , density , or
strength determination . To measure temperatur e , i/8 in. diameter holes
were drilled to the center of the core at preselected locations along
its length . Into each hole in succession a thermistor (accurate to
+o.ic ) was inserted and the temperature recorded . Salinity was determined
by first melting •ectioni of the cor e in individual sealed containers and



then measuring the salinity of the water with the aid of a conductivity
i’~struxnent . Brine volumes were calculated from the related temperature
and salinity determinations . Vernier gages were used to measure section
dimensjon~ to one—tenth of a centimeter . A triple beam balance was used
to measure specimen weight to one gram. From these measurements the
density or the section was determined.

‘~‘te tensile strength of the ice was determined by the Brazilian
(Braz i l )  test which is also known as the diametral compression test. In
prepar in € ~ the test specimen , the initial cores were cut into lengths of
5 to 8 cm. A Vernier gage was used to measur e the length L and the dia~r~et~ r
D of the resulting cylinder . Each specimen was subjected to a diametral

~Dmpressive force P by placing the specimen between the convergingplatens of a hydraulic loading machine (Fig. 2). The upper platen was
:~~gii ly  attached to a load cell while the lower platen upon which the
test specimen rested , was attached to the hydraulic ram . When actuated ,
Lhe rani lifted the test specimen upward against the platen of the load
cell from which the applied force was measured . Three linear variable
differential transformers (LVDTS) spaced equally around the lower platen
were used to measure the deflection sustained by the specimens under load
and the ram speed. An osdillograph was used to provide a graphic record
of the applied load and deflection vs. time during each test. A typical
test record is presented in Figure 3.

The equation for computing the Brazil tensile strength is

2P
-

It should be noted that the Brazil test is only useful for determining a
“tensile” strength index for sea ice. Test results are not a measure of
the uniaxial tensile strength of ice. A more detailed discussion of the
test can be found in Shook (1963), Maihotra (1967), Brown and Trollope
(1967), Nevel (1969) and Mellor and Hawkes (1971).

Test Results

The first six penetrometers were dropped over Port Clarence, and
the seventh was dropped over Brevig Lagoon (Fig. 1).

Impact Site No. 1

An air photograph of the ice cover at impact site No. 1 is shown in
Figure 4. The ice in which the penetrometer came to rest was at the
intersection of an area which had undergone both rafting and shear defor—
Inat~on. The blocks in the ratted lobes were less than 15 cm thick ,
indicating that the ice had undergone deformation at an early age.



On 214 February the ice thickness 1 m west of the impact hole was
found to be 1.94 m thick. The ice was “firm” when cored. No voids were
encountered . Temperatur e, density and salinity determination are listed
in Table I along with the calculated brine volume. A graphical presenta-
tion of the above is shown in Figure 5.

As expected the temperature of the ice was coldest near the surface ,
decreasing with depth until it reached the sea ice—water equilibrium
temperatur e at the bottom . The density varied throughout the thickness
from 0.88 to 0.93 g/cm3. This fluctuation is not unusual as the density
of sea ice is most often found to range between 0.87 and 0.91~ g/czn 3
within an ice sheet. The salinity decreased with depth down to approxi-
mately 0.6 m. Below this depth the salinity averaged just over 5%.
Fluctuation of the salinity profile is common and is related to the
growth rate, thickness and age of the ice. Brine volume was as shown
in Figure 5.

On 28 February the penetrometer was recovered. The thickness of
the ice was then measured and found to be 3.32 m through the penetrometer
hole. Because of the depth difference, the profiles in Figure 5 do not
adequately represent the ice in which the projectile impacted. Additional
core analysis was not undertaken because of the structure and dept h
variability of the deformed ice in the area and because the near surface
properties of the ice had undergone change as a result of 10° warmer air
temperatures during the days following impact .

Impact Site No. 2

Aerial and ground views of impact site No. 2 are shown in Figures 6
and 7 respectively . The ice cover was undeform~~ plat e ice varying in
thickness from 1.2]. to 1.23 m. Three centimeters of snow covered the
surface.

Core information gathered on 214 February is presented in Table II
and graphically in Figure 8. Ai’i shown in Figure 8, ice strength decreases
with depth from about Is.5 kg/ca2 near the surface to about 3.5 kg/cm2
1 m below. As expected , the ice near the bottom becomes noticeably
weaker . This is due to an abrupt increase in porosity which can be
determined indirectly for any plane by taking the square root of the
brine volume within the plane (Weeks and Asaur , 1966).

Data collected on 25 February are listed in Tables III through V
and on 27 February in Table VI. Graphically the tabulated results are
shown in Figure 9.

I~p~ct Site No. 3

Impact site No. 3 is shown in Figure 10. The ice at this site was
undeformed plate ice 1.25 a thick. Four centimeters of snow covered
the area.

3

~~~~~~~~ ~~~ - --~~~~~~~ -~~~~. ~~~ — —  - . - .  , ~~~~~~
— -



Inipact Sit e No. 14

The undeforined ice at impact site No. 14 (Fig. 10) was 1.26 m
thick; ten centimeters of drifted snow covered the area.

Core data were obtained on 1 March. This information is listed in
Tables III through IX and is shown graphically in Figure 11. The data
it this site follow trends previously discussed .

A sample from the snow cover was found to have a density of 0.514 g/cm3

md a failure strength of 0.3 kg/cm2 (Table VII).

Impact Site No. 5

The ice at impact site Nc. 5 (Fig. 12) was undeformed plate ice
1.29 m thick. Drifted snow, 13 cm deep, covered the site. Core data
were taken on 27 February 1 m from the point of impact. These data
are presented in Table X and Figure 13.

Impact Site No. 6

Measured ice thickness of impact site No. 6 varied from 1.29 to
1.33 in. The ice was undeformed plate ice with a 14—cm snow cover .

Core data obtained on 27 February are listed in Table XI and shown
in Figure 114. Similarly, data taken on 28 February are listed in Tables
XII through XIV and graphically presented in Figure 15.

Impact Site No. T~
Impact site No. T was located in Brevig Lagoon (Fig. 1). The

ice was undeformed and had a thickness of 1.14 m. Core data were taken
on 2 March under weather conditions which adversely affected core
analysis. The low air temperature (-13°C) and high winds (20+ knots)
caused the temperature of the core to change. In addition, blowing
snow quickly covered the core and instrumentation, making analysis im-
practical. Two cores were analyzed. The data from the second core are
not presented because they were obtained under rapidly worsening weather,
the effect of which made the data totally unrepresentative of the in—situ
ice. The data obtained from the first core are presented in Table XV
and. Figure 16.

Note that the temperature profile in Figure 16 shows a sudden
decrease in temperature at the 0.5 to 0.75—rn depth. This is believed
due to core cooling discussed above. The dashed line is considered more
representative of the in—situ temperature at this depth.

.
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Note also the very low s ‘.inity measured between the 0.2 and 0.3-rn
depth. The core at this depth was found to have large brine drainage
cavitie s up to 0.5 cm in diameter. No drainage from these cavities was
observed when the core was removed from the ice sheet.

General Consuents on Data

A few aspects of the data herein deserve general comment. As
expected the Brazil test results show the strength of sea ice decreases
with depth as a result of increasing temperature and porosity; the
porosity of bubble free sea ice is for all intent and purposes directly
related to the square root of the brine volume. For a more detailed
discussion of this relationship as well as an overall synopsis on sea
ice, see Weeks and Assur (1966). The fluctuation in tensile strength
with depth is not uncommon and like the salinity profile is related to
the growth history of the ice.

The time to failure for the Brazil test samples is listed in the
data tables. Although values varied between the extremes of 0. 14 and 0.1 sec.,
the time to failure in general remained very close to the overall average
of 0.48 or 0.5 sec.

Because of valving difficulty and our inability to remove all the air
in the hydraulic lines , it was not possible to maintain the same ram speed
from test to test . However , the ran speed did remain constant during
the load phase of individual tests . Rem speed v~aried from a low of 3.5
to a high of 8.0 cm per sec (see data tables). For the most part , rem
speed remained close to the overall average of 5 cm per sec . Findings by
Mel].or ( unpublished data) indicate that the rate sensitivity of the
Brazil test performed on ice at the above speed. range is approximately
5%. This is considered within the bounds of experimental error .

The deflection at failure for the Brazil tests is also listed in
the data tables. These values varied from 0.033 to 0.07 cm but for the
most part were very close to the overall average of 0.0414 or 0.014 cm.

Discussion

Further analysis of the information presented herein is beyond the
scope of this data report . Although time did not permit a more thorough
investigation of ice properties at al]. impact sites , the data do in
general describe the ice into which the penetrometers were dropped.

5
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Figure 9. Temperature, salinity, brine volume and Brazil tensile
Strength profiles of sea ice at Impact Site No. 2 on 27 February

1970.
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strength profiles of’ sea ice at Impact Site Nc. 1* on 1 March 1970.
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Figure 13. Temperature, salinity and brine volume profiles
of sea ice at Impact Site No. 5 on 27 February 1970.

20

— —••—•-— — -•——-- •—~— —I-- _____.. — • .~
__ ~~~~~~~~ 1_ _._ •~•_~ —— ___. — —• -— ‘r . .  • ,~ -__. ,_ __ -



T.mpe rot u re , C Salinity. S. Brine Volume. S.

o 2 -4 -6 -e 4 5 6 7 8 40 80 120 160

_ ~~~~~~~~~~~~~~ I • I L I .

Figure 11~. Temperature, salinity and brine volume profiles
of sea ice at Impact Site No. 6 on 27 Feburary 1970 (core A)..
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profiles of sea ice at Impact Site No. 7 on 2 March 1970.
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Figure 15. Temperature, salinity, brine vOl~mie and Brazil tensile strengthprofiles of sea ice at Impact Site No. 6 on 28 February 1970.



TABLE I .  PORT CLARENC E SEA ICE DATA FROM
PENRTROMETER IMPACT SITE NO. 1

SAMPLE LENGTI1 TEMP. SALINITY BRINE VOL . WEIGHT DENS ITY
_______ _______ — 

(0/Oil) (g) (gfcm.~
1 5.0 cm -9.3C - - - -
2 14 . 9 -9.3 8.]. 0/00 148 200 0.893

3 9.5 -9.1 7.6 146 388 0.902

14 14.]. -8.7 7.6 147 168 0.904

6.o -8.7 - - - -
6 9.9 -8.14 7.0 145 1404 0.900

7 9.14 -8.0 6.9 145 388 0.906

8 9.9 -v.8 5. 11 37 1402 0.896

9 1.0.0 -7.6 14.5 3]. 1415 0.910

10 5 -7.5 - - - -
ii 6.~ -7.14 5.11 38 261 0.8814

12 9.3 -7.2 5.6 141 3~ 0,905

13 9.5 -7.0 5.3 140 387 0.899
114 10.3 -6.7 14.7 36 1425 0.909

15 1O.0 -6.4 4.7 38 - -
1.6 9.6 -6.0 5.14 46 397 o.911
1.7 6.i -5.2 5.6 514 2149 0.894

18 9.8 _ 11.5 5.5 61 1412 0.927

19 9.5 -3.8 5.5 71 398 0.925

20 9.9 -3.14 5.5 80 1412 0.918

21 9.2 -2.9 14.8 78 380 0.910

22 9.9 -2.2 6.2 132 1405 0.902

Core length 190 cm .4 cm of “SIC” (SK Skeleton Layer)
2 mm loss between sample. due to cutting
A].]. samples 7.6 cm in diameter
Snow cover at penetroatter hole . 19 c-rn
Core taken on 24 Feb 70 1 m west of impact hole
Air temperature -BC, Wind approximately 8 knots
Ice thickness center of penetrometer hole 3.32 m
Ice thickness 1 m east of penetrometer hole 3.3 an
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TABLE VI. PORT CLARENCE SEA ICE DATA (CORE s)
FROM PENETROMETER IMPACT SITE NO • 2.

SAMPLE LENGTH TEMP. SALINITY BRINE VOL.
(0/00) (Ofoo)

1 7.6cm _li.9 7.0 72

2 7.6 -5.6 5.1 46

3 7.6 -5.9 5.5

11 7.6 -5.8 5.4 48

5 7.6 -5.8 4.6 4].

6 7.6 -5.5 5.0 116

7 7.6 -5.11 5.3 50

8 7.6 .5.1 5. 3 53

9 7.6 ~11.9 4.5 46

1.0 7.6 -4.3 4.0 46

11 7.6 _Zi.0 3.8 47

12 7.6 -3.3 4. li 65

13 7.6 -3.1 11.2 66

14 7.6 -2.8 3.8 66

15 7.6 -2.3 5.0 104

16 3.8 -2.1 5.9 134

Ice thickness 119 cm iii cm “SIC’
2 acm loss between samples due to cutting
AU. samples 7.6 cm in diameter
Core taken on 27 February 70 1 in from impact hole
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TABLE IX. PORT CLARENCE SEA ICE DATA (cORE 3)
FROM PENETROMETER IMPACT SITE NO. 4 .

SAMPLE LENGTH WEIGHT DENSITY
(èni) (g) (g/crn~)

1* 7.6 193 0.545

2 9.0 361e 0.892

3 9.0 371 0.909

4 9 .)  372 0.911

5 9.? 395 0.898

6 9.0 374 0.916

7 9.1 377 0.913

8 9.Ô 371 0.909

9 12.4 517 0.919

10 1.0 - -
11 9.1 381 0.923

12 9.1 379 0.918

13 9.0 377 0.92 3

111 9.0 384 0.940

15 3.11 142 0.920

16 7.5 - -

*S l e  1 ie~ from snow cover
2 me space between samples due to cutting
AU. samples 7.6 cm in diamter
Core taken on 1. March 70 1 an from impact hole
Air temperature -b C , Wind 5-10 knots
10 cm snow cover at impact site
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TABLE X. PORT CLARENCE SRI’. ICE DATA FROM
PENE TROMETER IMPACT SITE NO. 5.

SAMPLE LENGTH TEMP. SALINITY BRINE VOL .
( cm ) Tar’ (0/00) ~p/ ou)

1 7.6 -5.2 5. 8 56

2 7.6 - 5 3  5 8  56

3 7.6 -5.4 5.5 52

4 7.6 -5.5 5. 14 50

5 7.6 —5.5 5.5 51

6 7.6 -5.3 5.4 52

7 7.6 -5.1 4 .5 46

8 7.6 -5.0 5.1 52

9 7.6 -4.9 5.2 54

10 7.6 -4.4 4.7 53

11 7.6 -4.2 5.5 65

12 7.6 -3.7 5.9 79

13 7.6 -3.6 6.7 92

lIe 7.6 -3.3 6.5 96

15 7.6 -3.0 7.0 114

16 7.6 -2.1 6.5 148

Ice thickness 125 cm +5 cm “SIC”
2 mm space between sample s due to cutti ng
All samples 7.6 cm in diameter
Core taken 27 February 70 1 m from impact hole
13 cm of snow cover at impact site

4’
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TABLE XI. PORT CLARENCE SEA ICE DATA (coRE A)
FROM PENETR OMETER IMPACT SITE NO. 6.

SAMPLE LENGTH TEMP. SALINITY BRINE VOL .
(cm) 1~Y (u/up) (0/00 )

1 7.6 -4.4 7.]. 81

2 7.6 -4.8 7.2 76

3 7.6 -5.3 6.6 63

4 7.6 -5.5 6.3 58

5 7.6 -5.6 7.2 56

6 7.6 -5.6 6.i 56

7 7.6 -5.6 5.1 46

8 7.6 -5.4 11.6 43

9 7.6 -5.1 4.9 49

10 7.6 -4.9 5.1 52

1]. 7.6 -11.5 4.9 54
12 7.6 -4.2 5.7 68

13 7.6 -3.8 6.3 82

lIe 7.6 -3.11 6.i 88

15 7.6 -3.]. 5.9 93

7.6 -2.8 5.7 99

17 7.6 -2.0 5.9 111.2

Ice thickness 126 cm ~5 cm “SIC’
2mm Space between samples due to cutti ng
AU samples 7.6 in diameter
Core taken 27 February 70 1 an from impact hole
4 cm of snow cover at impact site
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