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ABSTRACT

Freeze-thaw tests were performed on gneiss samples collected from Terra Nova Bay, Antarctica in order to examine the engineering
properties of rocks with slightly weathered (SW) and moderately weathered (MW). The tests were conducted under temperature
ranging from —20 + 2°C t0 20 + 2°C. A cycle of test consisted of 5 hours of freezing followed by another 5 hours of thawing under full
saturation. In this paper, total 200 cycles of freeze-thaw test were performed with measurements of porosity, absorption, ultrasonic
velocity, and shore hardness per each 20 cycle and that of uniaxial compressive strength (UCS) per each 50 cycle. The UCS of the SW
rocks approximately decreased 0.07 MPa per a single cycle, while that of MW rocks decreased around 0.2 MPa per a single cycle.
During the 200 cycles of SW rocks, the absorption increased from 0.23% to 0.39%, the P-wave velocity decreased from 4,054 m/s to
3,227 m/s and S-wave velocity decreased from 2,519 m/s to 2,079 m/s. Similarly, those of MW rocks changed from 0.65% to 1.6%,
3,207 m/s to 2,133 m/s and 2,028 m/s to 1,357 m/s. In conclusion, it was inferred that the properties of SW rocks experienced
approximately 200-300 cycles of freeze-thaw process become close to those of MW rocks.
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Fig. 1. Location of the study area in Antarctica
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Fig. 2. Thin-section photomicrographs of gneiss under crossed
polars(left) and opened(right)
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Fig. 3. Daily averaged air(a) and subsurface temperature(b)
distribution in the study area
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Table 1. Representative mineral compositions of the gneiss in the study area

Mineral quartz plagioclase microcline biotite muscovite sericite cholrite opaque mineral
Site () (%) () (%) () (%) () (%)
A 43.1 233 - 11.7 6.5 9.8 24 32
B 38.3 17.5 13.4 129 9.6 6.2 - 2.1
Average 423 194 11.8 11.5 7.3 8.3 24 2.6
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Tabel 2. Range of rock properties of the pre-test sample specimens
SW rock MW rock
Test type — - — -
Minimum Maximum Average Minimum Maximum Average
Porosity (%) 0.4 0.82 0.61 1.31 1.92 1.58
Absorption (%) 0.15 0.31 0.23 0.49 0.73 0.6
P-wave velocity (m/s) 3,830 4,228 4,054 3,120 3,429 3,207
S-wave velocity (m/s) 2,298 2,663 2,519 1,956 2,163 2,028
Shore hardness 88 91 90 76 78 77
Uniaxial compressive strength (MPa) 165 187 178 90 127 110
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MW Sh9] 204w Wkt ghke 5307 Z7)ke] oF 34%9]
7He8-8 Btk Fig. 62 200 cycled] S2-§3lo] oJak ¢+4e]
F3leaE feold= WSt mARE AvkeA e e wisks
Aselr] Slste] 271kl thsle] EEstate] UeRAIT: =4
) wEe FAT AN 20 cycle vt dofxl sl ol

L= whagholtt. 1 cycled] S2-goljol] mhe SW B MW ¢F4e]
Ze wWshs 2124 0.11% 2 0.15%4) wharee] Zhashs slog
Uebdeh B8k SW ool vlte] MW gHolA) gH 7 wish
7RZP7F B FA vehal e A 21 & < 9le ojRle
F3PE R PHLS 2§l T FRY Sk o
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Table 3& o] 52-§3) ool oJah A=U=AE Wsh 323 Salx SN w3}

9 15 B aolAE vk Wk Fos ] 13 Foh879) SA-gaAIe] SJete] Rt Fg
Stk Q141 1 eyles] 52450 9 AR 2L SW Re] WIS Qh4je] FakSetol mek sWelnh 27] ] 023%
ZA=E 0.07 MPas] 2= 77 MW 294+ 0.2 MPag] ] 200 cycle?] F2-831E A3 3 0.39%% S73FItE MW

A= AT} Ao, £oldeE 1 cycle Btk SW A k] 7] FFEL 0.65%914 200 cyclee] S4-g3] &
M= 2718kl 0.11%4, MW F4oA= 0.15%4 i 1.6%% 57kttt Fig. 72 S3bsw<l wet oH4e] &
stk W3S 27|gke 2 A1z Aot} gMe] F4a-g3 Iy
o] Rl ol| whe} e A AN Fgo] SRk e

1 AL & Ik SWEF H49] A A-5 AHE 80 cycle

ofFe] FA-g3l e F5-go] A wisfslaL gom, of

3 9208 Fa-g8 o] 2ol wheh Aol st
= grelo] A e WASIE S 54 cycledd 9k

20 4

’ TrE Hsh Ave B uf SW el vlsle] MW 949l F&
R’ =97% (SW)

Upe] felo] =) Wkl Ae= S| En) Sa-ga] <3t
SH = SH (1-0.0011 * cycle) I
0] / W3}l 7197)F 2 3 Hola glor FahsHo] B8 QHUsE

-40

Normalized increment of Shore Hardness (%)

200

SW rocks|
-50 T T T T T T T T E ; ii;
0 40 80 120 160 200 . A A3
Freeze-Thaw Cycles § Y A4
5 150 + O A5
(@) 2
10 2
MW rocks| § <&
m B S 100 |
2o - | ;
2 < v B4 g Abs = Abs (1 + 0.003 * cycle) <
2 S e 2 _ <&
° 2 é " — = R" =825 (SW) o 1
T -10 B 504 N %
- ) A % \ v — 8
g \ Ty £ P
& 20 ° - g = M &
o 1 I X LS A l,//'ﬂ/ - 5 ¥ v v
; | S ST o> B o v
2 30 SH = SH (1 - 0.0015* cycle) > T T T T T
2 2 0 40 80 120 160 200
= R’ =98% (MW)
E 4 Freeze-Thaw Cycles
E ] @
(=}
z 200
-50 r r v -
0 40 80 120 160 200
Freeze-Thaw Cycles 9 n 1
< 150 o
(b) 5 X
) ) 5 Abs = Abs, (1+ 0.0078"cycle) u 2 °
Fig. 6. Shore hardness changes with freeze-thaw cycles (a) SW and 2 R’ =97.8 (MW) . s
(b) MW rocks. The same symbols represent shore hardness S 100 | N MW rocks
measured from the same specimens 5 a T 2 - e
o e | A B3
g e <§ y B4
. . b= - Jé) /> —
Table 3. Variation of rock strength and shore hardness due to 8 s0- )R
freeze-thaw test g ¥
Weatherin, Variation per 5
Test type ¢ P R-square (%) 0"
grade cycle : : : :
0 40 80 120 160 200
Uniaxial compressive SW -0.07 MPa 63.6 Freeze-Thaw Gycles
strength (UCS) MW -0.20 MPa 95.2 (b)
SW -0.11 % 97.1 . . .
Shore hardness Fig. 7. Absorption changes with freeze-thaw cycles of (a) SW and
MW -0.15 % 97.9 (b) MW rocks (Abs denotes absorption)
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0

20 4 Vp = VpO(I -0.00094 * cycle)

R =93% (SW) u

230 4

Normalized P-wave velocity (%)

40

-50 . ; . . . . : ;
0 40 80 120 160 200
Freeze - Thaw Cycles

@)

MW rocks
m B
© B2
A B3
v B4
| Vp=Vp(1-0.0019 * cycle) O B-S

R’ =98 % (MW)

-20 4

-30 4

Normalized P-wave velocity (%)

40 4

-50 . . . ; . . : : .
0 40 80 120 160 200
Freeze - Thaw Cycles

(o)

Fig. 8. Normalized P-wave velocities with freeze-thaw cycles (a)
SW and (b) MW

FA-galol oSt FTE TP Bl wEA HeEE B
LR

orale] FA-g3l7} 200 cycle A= S SW gHo] ot
Po} &2 4,054 m/sollA] 3,227 ms2 7HAslom] MW QFA
o] HH PI} &= 3,207 m/sollA] 2,134 m/sE Aok
Fig. 82 20 cycle Wit} 784 Pu} &=3ks 27 Rk 2 Aisksl
o] ZAJek Aot} FA-g3l7F R Hel| wt Po} &v) 7k
shar gtk T2-83l7) 1 cycle WHE-E wjujc} SW gFaof|x <]
P} &%= 2717k thele] 0.09%(@.1 ms)e] &% 74} kA
3 MW 9HoA= 0.19%(5.4 m/s)e] &% 7ha7) dAlsh=
Ao =2 vERdt): Fig. 9% $2-831 ol W Sufe] gafshd
25 AFolth SW M) S3t £EE 2,519 m/sol|A] 2,079
m/s2 ZHAE|Qlo ™, MW ¢HA2 2,028 m/sellA] 1,357 m/s=
b ZAaE Ak o] F8-8517F 200 cycle Z1E $of

I
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SW rocks
| A1
o A2
A A3
v A4

S
3 -
B
°
[
> A
2 0 Vs = Vs (1 - 0.0008 * cycle) L )
g n
= R =93% (SW) '
1]
kel
[}
N 304
[}
£
o
=z

40 4

-50 . ; . . . : i : i

0 40 80 120 160 200

Freeze - Thaw Cycles

@)

Normalized S-wave velocity (%)

-50 . T . . . T . T T
0 40 80 120 160 200
Freeze - Thaw Cycles

(b)

Fig. 9. Normalized S-wave velocities with freeze-thaw cycles (a)
SWand (b) MW

SW s} MW 9] 83 Semishe 27jke 7Ieo s &
o] Z¥2F 17% 2 33% 7AEdc) Syt o] waleks 2717kl
thate] AFst A1 A3 BA4-g87F 1 cycle vHEE wulc}
SW eMorfi= ST} =7} 0.08%(2.2 m/s) ZHA%|9lom], MW
WA= 0.19%((3.4 mis)e] &= 7HArt WElE Ao 2 vl
itk

Table 4= 5-2-§3fll] gk ¢he] Eejx 54 wisle Hofr
Ik T2l v SW o] F& Hsh= 1 cycle
g 2715kl tiste] 03%<] F80] Sk MW e =7)ghk
o thste] 1 cycle B 0.78%4 &) S/ S2-8-H
1 cycle F Pule] &% wsh= SW ¢Ho= %73kl 0.09%2
45 Suh= 0.08%% adhe Ao 2 UeRith MW ¢4
3= 1 cycle vt} P} 2 Sufe] £ei= 0.19% 4 7HAEE Aoz
LFERsLT



Table 4. Variation of rock physical properties due to freeze-thaw test

Test type Weathering grade Variation per cycle R-square (%)
. SW 0.30 82.5
Absorption

MW 0.78 97.8
. SW -0.09 92.9

P-wave velocity
MW -0.19 982
) SW -0.08 92.6

S-wave velocity
MW -0.19 97.9

3.3 QIZZ3|IQ} XIHES|o| Alnt B

Q] F5} Bo] SWolk] MW wishe ARES 52-g91]
Y AT T A DEUEEINE 900 cycle o1

o)== 130 cycle, S8 450 cycle, 223} £+ 200
cycle oVl Zslsge] Wl waieic). AEE o] A
Azo] APt 2 e AR of, oA U] ¢ WJHM
L FHIAIE 7T 250 S5 S8 BAIRNE
Z3157 W3l 7I7ES 658 B = gtk SWE EH9 o]
200 cycle®] S2-g3l IS AA= S MW o] 271kl
3 Bk 7 AR B u, U Hjekan) vholx AiEet
Angte] F2-§30 5] SW o] MW 9oz Fsjul=
717¥e <k 200~300 cycleo] AL HE Ao E siEh

ATA ) 7l B ATt B4 At A dee]
oM BA-FlE 1-33]2 Tekect QFEs) AFe A
*H P TE-gEt 5T S 29 ZojnR Ao

Solo] £4-83) cycle?] 84 013-£3} Hhgo] zpedde)
PJ;P HE 0 R Brk ApVHle] e Qegst A3 x:d)
Hj3le] F3le] Lz 9 sjele] JRke® <l
_0,]{5]— Ol—M_o,] ﬁﬂg 7¥ot &

w5 HERerl R A o] AR FAel diste] 5E-8
ol 23t o] ZslRege] tisle] AESIT) AukEEa EA
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