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Variations of Engineering Geological Characteristics of the
Cretaceous Shale from the Pungam Sedimentary Basin in
Kangwon-do due to Freezing-"Thawing.
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Y Dept. of Geophysics, Kangwon National University
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We have collected shale specimens from the Pungam Basin in Kangwon province and investigated change of
physical properties by freezing and thawing in water as well as in acidic fluid. The temperature range was -20 2°C
~ 15 +2°C. Specimens were frozen for 12 hours and thawed in water for 8 hours. Then, they were saturated in the
vacuum chamber for 4 hours to make specimens fully saturated. This procedure was 1 cycle. We have measured ab-
sorption, ultrasonic velocity, shore hardness, slake durability and uniaxial compressive strength at every 5th cycles.

The physical properties increased or decreased as freezing and thawing cycles increased. Uniaxial compressive
strength decreased by 0.40MPa per cycle in water and by 0.48MPa in acidic fluid. Elastic constant also decreased by
0.21GPa per cycle in water and by 0.30GPa in acidic fluid. Absorption increased by 0.29% and 0.37% per cycle in wa-
ter and acidic fluid, respectively. These results indicate that decrease in uniaxial compressive strength, elastic con-
stant and absorption by freezing and thawing in acidic fluid is more rapid than in water. Ultrasonic velocities, shore
hardness and slake durability show no differences in water and acidic fluid. When we compared our results with
the temperatures in the Hongchon during the winter season, 6 ~ 12 cycles may be equivalent to 1 year.
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Table 3. Various weathering agents of stone.

Classification Weathering Agents Effects
carbon dioxide
carbon monoxide
atmosphere ozone, sulfates chemical weathering by acid rain
SO, SO5
chloride, nitrate
ultraviolet radiation greenhouse effect
solar radiation visible spectrum disintegration of organic consolidants and
infrared sealers
repeated fluctuation .
temperature ) cracking
fire
relative humidity
water groundwater cracking
rainwater, sea water
CaSOs2HL,0 (gypsum) efflorescence
salt NaySOy, MgSO4 cracking
NaCl, K50, et al.
biological plén‘c rnech'fanical E'ICﬁOI’I
animal chemical action
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Fig. 1. Geologic and index maps of the study area
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Fig. 2. Procedure of freezing and thawing test.

Table 4. Variation of rock strength and physical properties due to Freezing-Thawing test

Test type variation per cycle R (%)

Uniaxial compressive strength water -0.40 MPa 56.1
) acidic fluid -0.43 MPa 4.8

water -0.21 GPa 53.5

Young's Modulus (E)

acidic fluid -0.22 GPa 48.1

water +0.29 % 75.6

Absorption (Abs.)

acidic fluid +037 % 87.2
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velocity measured from the same specimen.
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Table 3. P-wave velocities per freezing-thawing cycles in water. (unit : m/s)
SampleID|  water-1 water-2 water-3 water4 water-5 water-6
Cycle dry | sat. | dry | sat. | dry | sat. | dry | sat. | dry | sat. | dry | sat

0 4169 | 4762 | 4378 | 4587 | 4318 | 4934 | 4352 | 4854 | 4395 | 4759 | 4532 | 4619

5 4169 | 4748 | 4378 | - | 4318 | 4899 | 4352 | 4820 | 4395 | 4754 | 4532 | 4559

10 4136 - 4312 - - 4845 | 4187 | 4805 { 4325 | 4716 | 4464 | 4554

15 4073 | 4619 | 4304 - 4007 | 4830 | 3978 | 4747 | 4188 | 4678 | 4432 | 4527

20 4015 | 4619 | 4203 - 4003 | 4771 | 3838 | 4738 | 4166 | 4626 | 4392 | 4499

25 3965 | 4619 | 4181 - 3964 | 4737 | 3760 | 4738 | 4087 | 4616 | 4342 | 4499

30 3915 | 4586 | 4181 - 3921 | 4697 | 3751 | 4699 | 4087 | 4611 | 4305 | 4494

35 3898 | 4576 | 4063 | 4326 | 3895 | 4687 | 3743 | 4645 | 3982 | 4578 | 4269 | 4490

40 3835 | 4548 | 4023 | 4307 | 3878 | 4613 | 3403 | 4597 | 3960 | 4564 | 4237 | 4462

45 3823 | 4510 | 3923 | 4289 | 3847 | 4584 - - 3819 | 4507 | 4210 | 4457

50 3790 | 4505 | 3883 | 4284 | 3744 | 4554 | - - | 3767 | - | 4138 | 4448

60 3773 | 4367 | 3840 | 4211 | 3705 | 4446 - - - - 4006 | 4448

70 3677 | 4338 | 3765 | 4206 | 3571 | 4431 - - - - 4006 | 4443

80 3656 | 4319 | 3739 | 4110 | 3398 | 4327 | - - - - | 3884 | 4356

Table 4. P-wave velocities per freezing-thawing cycles in acid. (unit : m/s)
Sample ID acid-1 acid-2 acid-3 acid-4 acid-5 acid-6
Cycle dry | sat. | dry | sat. | dry | sat. | dry | sat. | dry | sat. | dry | sat.

0 4766 | 5067 | 4758 | 5047 | 4026 | 4908 | 4664 | 4906 | 4637 | 4835 | 4609 | 4981

5 4766 | 5067 | 4758 | 5047 | 4026 | 4893 | 4664 | 4881 | 4637 | 4733 | 4609 | 4886

10 4637 | 5037 | 4734 | 4997 | 4006 | 4825 | 4594 | 4867 - 4719 | 4563 | 4832

15 4509 | 4991 | 4696 | 4971 | 3720 | 4780 | 4482 | 4862 - 4675 | 4365 | 4792

20 4485 | 5011 | 4658 | 4961 | 369 | 4746 | 4482 | 4847 | 4234 | 4671 | 4286 | 4772

25 4466 | 4925 | 4639 | 4891 | 3595 | 4648 | 4440 | 4808 | 4108 | 4671 | 4282 | 4752

30 4337 | 4905 | 4563 | 4885 | 3587 | 4628 | 4421 | 4798 | 4090 | 4632 | 4249 | 4752

35 4294 | 4859 | 4530 | 4855 | 3482 | 4579 | 4393 | 4798 | 4057 | 4603 | 4217 | 4747

40 4237 | 4834 | 4468 | 4810 | 3446 | 4535 | 4379 | 4739 | 4057 | 4593 | 4107 | 4657

45 4208 | 4814 | 4453 | 4790 | 3382 | 4520 | 4333 | 4739 | 4006 | 4550 | 4093 | 4637

50 4080 | 4646 | 4382 | 4674 | 3362 | 4437 | 4333 | 4715 | 3937 | 4530 | 3982 | 4632

60 3779 | 4570 | 4368 | 4653 | 3265 | 4422 | 4333 | 4690 | 3714 | 4521 | 3876 | 4622

70 3737 | 4479 | 4339 | 4547 | 3241 | 4398 | 4268 | 4661 | 3714 | 4506 | 3862 | 4612

80 3508 | 4195 | 4059 | 4189 | 3144 | 4329 | 4230 | 4587 | 3700 | 4482 | 3830 | 4573
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Table 5. Variation of P-wave velocities due to freezing-thawing

Test type variation per cycle R (%)
-0.26 % 73.5
Water dry
saturated -012% 86.6
-028% 813
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saturated -012% 833
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Fig. 8. Shore hardness with freezing-thawing cycles in
fresh water (a) dry samples. (b) saturated
samples. The same symbols represent shore
hardness measured from the same specimen.

(A A
4y to o

&sjlo|3 WTA(Slake durability)

TEHES Uehli= o2 =4 SN F4AE7
AFd oaf f4o] FaE e HEE T3 W4

PETTEEE

Shore = 58.8 - 0.26 * Cycle
70+ i R=613%

el --- 95% upper limit

=== 95% lower limit

Shore Hardness (Dry)

Number of Freezing & Thawing Cycles

C

Shore = 47.1 - 0.22 * Cycle
60+ R=572%

--- 85% upper limit

--- 95% lower limit

Shore Hardness {Saturation)

Number of Freezing & Thawing Cycles

(®)

Fig. 9. Shore Hardness with freezing-thawing cycles in
acid (a) dry samples. (b} saturated samples. The
same symbols represent shore hardness meas-
ured from the same specimen.

ZQ%= Edola YT AP RYo 2R ¢4&
7} B35 FA ol JAA F3le] w9} & REH
th. &dola WA Ad2 Zol 5em, A€ 2.5cm2
o)A & 4570 F 90 ¥ Group-13-€] Group-5 714] 5
el AFFOE Yolx AAIHAT 2+ ATl
gl A5 9] 7] AZRFTHE 4 3 55 cyclert
2 A58 AES AAEA o, Al A=} 5 cy-
cle o}t} Group-15-8] W zo} 7} Al g o] AZFHS



7}2]

FAE BT SEEA Y] Ade F2-g30 w AdFez 54 st

413

Table 6. Variation of Shore hardness by Freezing-Thawing .

Test type variation per cycle R (%)
-024 744
Water dry
saturated -0.19 64.7
-0.26 61.3
Acidic fluid dry
saturated -0.22 57.2
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Fig. 10. Slake durability with freezing-thawing cycles.
Table 7. Variation of Slake durability due to Freezing-Thawing
Test type variation per cycle R (%)
Water -0.025 % 96.7
Acidic fluid -0.03 % 90.5
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Table 8. The half-life after each test.
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Uniaxial Compression Strength v::it:lr 66.8 MPa :822 ﬁ: ggi
YougsModutus |G MR |

Absorption ‘Z:itcelr 100 % i 8;3 Z: 2?3?
Ultrasonic Wave Velocity v;r:itgr 100 % : g;g :/f 13;2

t -024 1254

Shore v;:icelr 60.2 _0.26 115.8

Slake durability V;:fzr 100 % %%.35; igggg

* double life



ZeE AT YRR Y

el Axng F5si¥ 52837 Al uje}
dEU&HE9} E5 s °
B4 A%, Bda4E, Shore AT, Edo]3 UTA
2 2ke) JgE AA WA Y= Ao Alg ok
FHzo Aol 48 U EY IEUSHE,
SGAF, F58, BT &5, shore A, E¥0]2
TS 7] gholg} 8t o] Eo] Ado g Fof
717Hceycle)E ¥Hg7EtR Bt B AqtollA g
F7+7)= Table 83} Zo] Ul 4= Qlt). & &9,
o] &3 FAG A4 TN dEUASAEE
3] 1cycle vlt} 0.40MPa 2053 AL 9] 27]
FE7 e o] Bito] 66.8MPac] ™ 2F 835 cycle
o] Y=REAT} 334MPas B2, 9E4ERT
¥kzh7] % 83.5 cycleo] ® . o] wHz7) 2] gho| Al
AL Be|- A8ty EAJo] Falol| FHekghs VA
o] Athe R 23S Yepdth A5 5283
7} A&l whel dEAEA T G AFE 3t
FoFsla g 9H& 9} Shore Fxe FUHEEY 3
e F5EL Hela SEola 7S ¥ 9%
S Wz e Aoz A Ak o g dizly) o
o] BEHU= 4k o] 83 5283 AdolA A

o
rlo
[
1o
oft
o
o
)
R
39,
f
&

in

n offt o
@t o oY

O

l-n‘.

do

L

=
Wol 98g we Aot 184 ¥e A9ucHE

2SS RIHZIIA0|2] HEEA

AR A A Flol 7HE & 43S viA= € 71
9 8218 A8, Aojete FHE AYA7|= AFF
A A A A ol FEhoke] BAE F
= 42 vl Fa3 FAolth AAB A HA7)
20] 5T o]3l]l g FollA 29l H17]20]5T 9]
1 AT 327 dold 4 vk 71438
1, B A7 9 77k ERTY 10870 537)
(12¢~29) 7|2 SAZ 58 B 19 5 24U o] &=
F31A FA-g37t dA e dolgtn 28 5 ok
a2y b A AN XEPJE E #2317 of
H1 1= Q8| Bo] 72E o I AP
A Bo) 28 Aoluz zpadeo e ool 21F
ARG FIE A TS oz oAtE.
wpEhal B 9] 1 cycled 2447 o| 2 g2 2L A ) 9
192 #H3} 4 cycle B} 2oy gk 28y <)
FEeYge AA AR 6 I3 §4S
ZAT AolB2 B4AQ BHAAM B o QI FS

ox [

-

ob7] Adel FA-gol whe AdFez 54 W} 415

AF 24 cycled] 50% ©]5}21 6~12 cycleo] #}<1<] 1
o AHFE Ao g Btk

Z2E
AUE HAAY ) FGEA o) REHE o) A
Qoll tistel 4 TeAHE fA3 B A0S
Ao 93 5R43 AYL £HF 2%, vhe T 2L
Aeg Ae 4 AN

L2

M =
>}£A<_>,Nkilih,
ne

2.2 YEhg o, B4 54, shore 3=} £
ol W42 Aol A gl AL E et

3. d=gEA =9 A FE 2587 A8
ol whe}l vud & Z02 ZhAste] Falof Hopst
Ao 2 Yepgton, gAs &z 9 shore A& 57t
AEE FoFsal F489 Be sA-Fl o
R AR SRR L

4. B9 &5 Waleko] FA¢ Wskel ALY, 20%
& goi7kd 779 9¥o] long Add #Fo
g3, v37t o A5 £& HElge V¢
217} & 9 2 A yebd)

5. AF-ZF A G N9 6~12 cycle> AFAAE] & 1
ol i 3d 7o Aohe)

AF Ab

o] 97 FAYSEL 24 AATATL
L

T A2 A FHR e ofd ZAt=E Y.

5 A4

o

o

oF

o
)ad

7

d

15,1999, AF3T8 AF L o] 83 A &
W3} A2, 322} F-813) ], 36, 141-149.

, 2000, Z3}ol] o3k Hulete] AW sle] th3t
Lo HAR=E, 91 p.

, Mgz, 2000, ¥ 3tol} 9]k ] Aok ] %)
FH B4 Wi, d=AdFT A, 37,

1
Lo

Wy oY e L ok ox

7

o 4 e

Bl



416 2y -

262-271.

M3, AFF, AR,

2 Q89 FeATS
E49,3,127-138.

YEEAFTLS], 1989, &4 dube] Akl A1, 671
p.

HAEE, A F, BETE , 2000, HAE#&E K&
f) DTEKSERIC & 5 hBEEAOEEY IEERIC
DWW, BRERBERE, 652, 103-114.

Bortz, S., Stecih, J., Wonneberger, B. and Chin I,
1993, Accelerated weathering in building stone,
International Journal of Rock Mechanics and
Mining Sciences, 30, 1559-1562.

Bortz, S. and Wonneberger, B., 1995, Durability test-
ing of thin stone, Proc. of 35th U.S. Symposium,
373-378.

Hale, P., and Shakoor, A., 1998, A laboratory in ves-
tigation of the effects of climatic changes on uncon-

Ak, 2000, A E 228
AaAAS Bl A, A

fined compressive strength of selected sandstones,
Proc. of 8th Congress of the International
Association for Engineering geology and the
Environment, 4, 2859-2867

ISRM, 1981, Rock characterization testing & monitor-
ing (ISRM suggested method), E. T. Brown ed,,
Pergamon Press, 211 p.

Jefferson, D. P., 1993, Building stone : the geological
dimension, Quarterly Journal of Engineering
Geology, 26, 305-319.

Kolsky H., 1953, Stress waves in solids, Clarendon
Press, Oxford, 211 p.

Lee, SG. and de Freitas, M.H., 1989, A revision of the
description and classification of weathered granite
and its application to granites in Korea, Quarterly
Journal of Engineering Geology, 22, 3148

Nicholson, D. T. and Nicholson, F. H., 2000, Physical
deterioration of sedimentary rocks subjected to ex-
perimental freeze-thaw weathering, Earth Surface
Processes and Landforms, 25, 1295-1308.

Park, H. D., 1996, Assessment of the geotechnical
properties of the weathered rocks at historical
monuments in Korea, Proc. of EUROCK'9%,
Torino, Italy, 1413-1416.

Shoichi, K., Takabumi, S. and Satoru, K., 1994, Effects
of acid rain on granitic building stone, Proc. of 7th

Ansk - o)y

Congress of the International Association for
Engineering geology and the Environment,
3651-3658.

B o109 20049 109 14%
A A9 20049 109 159
AAgted 20043 12¢ 149

%

Avhshn Ad s s A 72 e g
200-701 F L% 34 BA12% 19294
Tel : 033-244-9275

e-mail : whitenull@kangwon.ac kr

A)
A

¢

AR
Ayt AA e s A 78 g
200-701 25 F3-A] EA2E 192/ A]
Tel : 033-250-8583

e-mail : bajang@kangwon.ac.kr

e
Zarista AQn st s A 78 g
200-701 AL E FHA) AARE 1929 R
Tel : 033-244-9275



