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A Study of Different Size for Strength

Properties of Frozen Soil

by
Moon-Seok Choi

Department of Ocean Development Engineering

Graduate School of Korea Maritime University

ABSTRACT

Many countries are interested in polar and cold regions because of exhausted resources
in their domestic regions. However physical and mechanical property of frozen soil have
much difference with normal temperature soil. In this research, basic strength tests of
the frozen soil are performed to evaluate the basic material property and strength

characteristics.

This research performed the strength tests with various of the sample size, water
contents and clay contents by using weathered granite soil and standard sand (Jumunjin
sand) which are mixed with kaolinite. Test samples were firstly made with the standard
proctor test in the normal temperature then freeze in cold room under —-15°C for a week.
Three kinds of strength test are performed in the cold room. Those are UCT
(Unconfined Compression Test), STT (Split Tensile Test) and UPT (Unconfined

Penetration Test).

In weathered granite soil sample case, strength increased as sample size decreased
and water content reached fully saturated state. These results show in common with
rock mechanics’s strength behavior. However, strength increased as clay content and
water content reached fully saturated state in mixed sand and clay sample cases. Water

content and clay content have bigger effects than sample size in frozen soil
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714 o VEAE & FH AR ZEolil a

22t gA) A< WA BT} o] th(Fig. 2-5).

7~
1) Rigid
“lo A (b) Velocity relation
H Rigid L o i - : Tensile crack
Bl
A e
L.
Specimen

p
— b—

(a) Cross section (c) Plan section

Fig 2.5 Cross section and velocity relation of the UP test
Hi, a’t 89 =7, aP,/oa=0% wEg ol st}

bH 1/2
— oS

(2-8)

qu
Oy

1—sing

2

cota =tan¢g +secop |1+
( )—sinqb

9 AERL aztan (OF) o W fEs, 9 ARE olgetel HE-De st 2

o] Aejdth.
P< P, =nlKvH—d¥)o, (2-9)
A(2-9H K= tan(2a+¢) 2 4@2-8)14 2 5 gl A o] Winlaz} wal ofy]
o GE-AAAE v, FAA-Au AH oE G Witk



Chen and Drucker(1969)7] W& AEX = ZF s+l (upper bound solution)= 7l gl 714
o agER BE Fd did dadAAHAAN JQAFEE Aot shue] Ao=R thg 4
o] gdsttta B 4 9l o tgt AT Asxow Fg

= =
sk 7 St

AN
1>
&
—
<
flo
o2
=)
5,
o
>
e

P
o, - Kb H—) (2-10)
A71H, o, : AFZFE (MPa)

P FAAY Agsts (N)

K : $¥A% = tan(2a+¢)

H: $AA¢ =] (mm)

a A =28 9 (mm)

b FAAY ¥ (mm)

Table 2-1 Proposed values of parameter K in Eq.(2-10)
(Fang and Fernandez, 1981)
Size of specimen K wvalue

Harvard miniature compaction mold(3.3x7.2cm) 1.05 ~ 1.10
Proctor mold (10.2x11.3cm) 1.0
CBR mold (15.2x17.8cm) 0.8
Conditions

e Specimen-—disc ratio : 0.2 ~ 0.3
e Height to diameter of specimen ratio : 0.46 ~ 1.0

e Rate of loading : ASTM recommendation for axial strain at

a ration of 0.5 ~ 2 percent of height per minute.
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TENSILE STRENGTH, SPLIT TENSILE TEST, PSI

Fig. 2-6 Comparisons of tensile strength of soil determined by

double punch and split tensile tests.

1003‘__— o Soil : //
- i * 7“‘:—2 (Ret, 8) e &
& Concrete mizec | 7 (.2 bH - 0?) &

wit gom wire 7 e

vs Concrete (Rel S| “a

|o:§— /

, DOUBLE PUNCH TEST ,PSI

/
/;
\
o = Line of Equality
e Vo
H /
w
i /
¢ r -~
w r /J
= . /
¢ L .
e F L L]
L -
)
7
18 /
/
o
/
K 100 1000

TENSILE STRENGTH, SPLIT TENSILE TE

Fig. 2-7 Comparisons of tensile strength of various materials determine by double punch

and split tensile tests.
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3 [Aoll ALg¥ Alse] B4 43
ek QAL meude 70% g =t e B addvigto s FA O flew o
bl Azt AF3ate ddd FaER IFste d=dor gol wxstal 9l
AR mHaAdTA (198009 Al ostd =W BAFEEe] tFEE SM, SCA
AHA BFATIEE dubdgor ot ke AEEZE =Tt skl AR

Itk B9zt 4] o] A9y 45 B2 zaHw AgdEst 348 golA
AFE L 0o AAPAY, GEAL AAESG AR FHAE

2 & AR FEAS 0o A
A3 2003)

B AsE FAAY Amt 2 FRA BEAG 0¥ AR s
EUT NASYES oA £AS THHE 8 THE W06S AARE AQER
AgHRAY. AAEFEE w1z

30% HI&EZ Aol AAHAL, HAEREE P o

AN @) W AEAAN FAAR A o A]g—:;%q P
= e} _]

o & bt M o
=
L

o
e
n
ol
o
o
5
~
H
e
ko)
N
r

(0
e
2
o
-

=)

< Fig 1 3 o] vehvba vk o] 2dE wgon 4
THRHUSCO 3 A zs EFHAEY £2009A ] FHFe] 56%7 SP-SMOE £H
& 4 glon Pl g% 13628 UER} AR E Jte sFIER Vewth Fig 3-1
AL F¥X 443 Fig. 3-29 F5=4, Fig. 3-39 opd 348 el
Table 3-1 37 Z3lEe] Zg 4 AHA

Type of soil Clay soil
Initial water content (%) 28.34
#4 92.3
Particle size #10 72.6
distribution test #40 23.4
#200 5.6
LL (%) 43.4
Liquid, Plastic PL (%) 29.78
test PI 13.62
LI -0.106
Proctor Tamas (/M%) 1.44
compaction test w,, (%) 27
Uniformity coefficient (C,) 10.71
Coefficient of gradation (C,) 1.71
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Table 3-2 APAEFES] =24 42

p ; { soil Clay content (Kaolinite)
roperties of soi 10% 50% 30%
#4 100 100 100
Particle size #10 100 100 100
distribution test #40 12.9 17.3 21.6
#200 0.2 0.3 0.2
Proctor Yiman (E/m*) 1.79 1.93 2.03
compaction test W, (%) 13.2 12.0 10.8
Permeability (k, cm/sec) 41710 2 8.25%10* 1.40%10 ®
Uniformity coefficient (Cu) 1.76 1.88 1.98
Coefficient of gradation (Cg) 1.22 1.24 1.23
100
- .
®
g% ™
o N\
2 60 X
1= \
$ 40
S 20 S
2 *o—]
0
10 1 01 001

Particle Size(mm)

Fig. 3-1 $2¥58e Qeizay
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3.2 Cold Room A& H|

3.2.1 Cold Room A}

- Dimension @ 4M * 6M * 2.6M

- Temperature Control : =30 deg =~ + 15 deg

- Temperature Accuracy : 0.5 deg at -20 deg

- Temp / Humidity Controller : Digital PID Controller Automatic Defrost
- Interior Material : STS-316 Polisher Plate

Exterior Material : Polyurethane Pannell

- Compressor : 10 RT

3.1.3 UTM (Universal Testing Machine) YFsA15 A& 7]

Aol AbgE A= AolA e 7w stiE S AHAoH, A, o=,
=5, ¥4 A 55 & 7 e weARAETIEA S AFA AE7](Analog) B 52

>

g4 e & > dk
o >
2 e

7] (Digit Type)dl A &dd Ao stFgs AAA e A J Load Cell2 7%
=] SHA =, AExE 2 Yt HellA Ex ddd Al g 7)ol
Al Foll= AlE O}T(Load)ﬂr Rk (Elongatlon)«] #A= D1g1tal Display Panel %

ol
-

BA AT TA
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A Aol Wl Qe Aol
AF4E st A% 2

Tow AA 9 AFE

Alste= HAE QT A o] H
ANZF 8758 7MA 3 ok DISP 919 A 9]
Xé sk Q1A 1Eﬁ Exentio Meter?} &34 Ab&o] 7Hestes 299
= st o, % APA 7] sFo] ZteiAE AEHdA AASte] AR
FEE Hoglt}h o= dkF QA AlelH e Al AA ghel A AlzFste] nf

frid
9
Q)
jat}
=X
y2
=l
g
HHN'
o
<
o
=
o
o
o,
1
o2
>
»

Al AS ol

=
=
R 7P<IE
s3]
g
zl /\]ioﬂ}q ;<4 ]

33 FAA AA B FE A

oA A" AlAEE HA 100mm, 2o 210mm=E F& Al#E of=E Fi A
73.8mm, Zo] 180mm= A ZXH A AHA #HS Bz AMgsta, A5E FASA 879
3 2.5kg WM = 3%, 2563 FE WS AAS] Al 2 SAE S E A AP
A gl e AR 5AE YolRV] fsiA dnlE 20%, 25%, 30%, 35%, 40% =
Wt A A FAAE AFedar, APRERES] A9-o= Table 3.3 3 o] HES <]

Mgl 7tz Uiroln BAAE Al
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Table 3-3 Clay content and water content of mixed soil and clay
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Fig. 3-6 Cold Room ¢|A¢ %32

3.4 d=9=A4d (Unconfined Compression Test)9 <&

RS GEEE SRS A /EA FaH YA v o AA

off 1o
ol
rg
ey
)

ul 9lv} (Thytovich, N. A. 1975 K. K. Pekarakaya. 1966). o]& Q7o 9& =4x9 7
Ee 259 A7 gdo] el Ha, &9 AETE AFREy F-dg xY vpEE e
Eottta de A vk RN AERT Y] 30% R A9 sEge] § A8 w)e Axe YA
Fozbe] mpEEd g F9-Ha, FUAERT S 0% 459 gFol ¢ & u)Y
BEE F-d&7x9 AFRgd 93] FgdHu. B TR ¢5AEe) HIEALL FHo
25, A& g MEEd oS A Hed WEEEI SUMEAY 250 A4 H
W AR ZsAA Aok (AR 2003)

d=gdsAdS dEHo] & AREE 458 IAAR AFete] S4E #A4 &5 FH
AN F3t5E 7hste] Adaa A7l = A5 AGAEE dA4ste Aol d5¢
SAlEe KS F 23439 259 AdWHe 483 d45 AqbaL AE-Ds 483t
Atk

0=§ (3-1)

q71M, o ¢HZE (MPa)
P Foss (N)
A FAAS gaF (mm?)

2 Ao E dA Age o AXE FEAEE o83 Cold RoomolA oA g
= <) o

[e] [€)
stoll A dR=e] dnlet genldd wE dFYSsAES T8 vRe ¥4 Ass

U

3 QS A, WE SRE FAA Eol9 2%Umm/min , 100mm#*200mm : 3mm/min |,
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73.8mm*150mm)E LAIH T HE Al Cold Roome <%+ -156CE dAsA FASA
vt g9 FHUstE(peak)o] WELE W o] e dsdsAER AAS AN ve] =91
H s E (w20, w2b, w30, w3b, wd0)et AMAEFE (w7, wib, w20 : Clay &f& 10%,
20%, 30%)¢ FE AlHE UTM7] AA A& AAsisiv. SAA7F 7kkste] 4l ol
AA & F d=EF Jol=E A Al AASH] A Jtel=E AA ST A+
SAAZE A EHEA g Ee] FHoR Wolx L Y zolrt & F doenE AFY
TS LR Yo FAA Al FAS mde] WA SR

=
Lo dMon AAFRE 5, AAERE 919 IHGEADE FAea AW B

]2
AAE 8%, 48 A, o FHuE sy

Fig. 3-8 d=4=A1d 5 38 T4
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35 ZAJNZAH (PHAGAE - Split Tensile Test)2] A

WMow 98] 190mmolAd 200mmAke] 9] ZA(R A 100mme FAA)AA A do] A3
5, 738mmA e FAAE TAA Aol 150mmE 4 &l Ao AP L
o 2739 NAAHAEAFe o]&A A st &N AAAHe KS F 24239 #

S
4
ABPR B2 Aol dng B4 5

o
o (m
oX HS 32 M

= DL (3-2)

O

Aq71AM, o, AFAZ = (MPa)

P HuslE (N)
D : FAA A= (mm)
L FAAE Zde] (mm)

R 7F 20%, 25%, 30%, 35%, 40%9] 571 lset®

oft

Ao FotEdd e A dL 3setE

AAs Ao, AR EFRA i A2 Tt HelE S& 10%, 20%, 30%9t #er] 7%,
16%, 2025 e ske] 971 1sete] EAIAIE A& 3setE A A e

st Ast Al MY Sxe A Fol9 05%2 Imm/mino® 318, AE A

Cold Room& %7} ¢ dAs AHE X3 BE AFL +3359
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36 d=AAUAE (FHAHAAAF : Unconfined Penetration Test)

Al# 2 Fang and Chen (1972)¢] 23t Double-Punch Tensile Strength Test] o] &

B0
gow 3Hom A¥7]E Cold Room WHo| $& UTM(universal testing machine )
&
H

1r1 mlm m

sto] A FPstETh wA A AFL ok Amel a7l A A (split tensile test)oll A ®
e gpn] 20%, 25%, 30%, 35%, 40%9] 57H
AL 3sets: Al st FES AF= 7ty E a4 10%, 20%,
30%<F #rnl 7%, 16%, 20%% ard skl 97 lsetd] FAIAE Al 3sets Al
-4 A8 Fig. 3-99M A" UTMAN 9 714 338 =4 xﬂ*—}o}w— s
AAES 8 ¢ 2~=2(125mm, 25mm, 37.5mm, 50mm)e] A7]% tr=A AL FA

_7c]'

el

X
OFD

_0|L

£

i
TR
i%

. ofy M

2 d

A

rlo

il

AR N7 AAL 9 WAL B2 A Aped AL A2 A $E A, 3
Bio] Mo WA of=Y AFL RopA slolEm At AR FHL RFES 3
A0, wa AN AW it w8 94 AT FAAA Immin 02 Ageel A
k|

(@) 4589 A1 Al (b) &t A1gH(disk 23




(

SES] A3k

h=4

25mm (t] =3 A7) —0.95
100mm (FA 2 2 ) '

100mm (3-A A 2 7))
200mm (F- A1 A = <])

Specimen-—disc ratio

=0.5

Height to diameter of specimen ratio

AstE s A5 2ol 056%= 278A4AE # 22 Imm/minl 2 &3, #9) disk 2
715 26mm= A&t Table 2-1 (Fang and Fernandez, 1981)o] A#A|A18k A& 2 A
Specimen—disc ratio2 0.2 ~ 0.3, Height to diameter of specimen ratio = 046 —~ 1.0 |,
Rate of loading = ASTM recommendation for axial strain at a ration of 0.5 ~ 2 percent
of height per minuteZE 7&E3it), o5 B2 oA 2739 d=AUArT Y o2 AR
A de P35kl
it 5 e e eteY K A @S dolok shed Kake g 2xs o
PAFol Boll A FAIA S =olot Haze WA o
S ol A F e FAAL Av|eh Haadd s
£ Ae& o]&ste] Kgka AAts] 2d

o o
e o e

O
—_

)

=3
N W(KbH— a2)

0y

2a

K =tan(2a+¢) , a=> tanfl(ﬁ) (3-4)

Aq71AM, o, : AFA = (MPa)

P #Z&sts (N)

K = A%

H : &AA Eo] (mm)
a @ 99 ¥4 (mm)
b FAA 8- (mm)
¢ @ HF R (0)

l(2><12.5mm)

A4 A3 o = tan” =a = 7125 o] YFHwrazle 30° 2 7175l

200mm
@2l diiste] Kaks 097¢ks 778 & Atk wepd 2 AIFd A Q44 s AL
WoBed Kghe 0972 Fstarh ot AZdke Tasl B oAb BA A6 BT A8
= AT
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V. N3 A3 2 2
41 54 ABFE SAAY dFA=ZAE 29 4
411 %747 FAA 100mm*200mm)e] dZekEA13 4t

7
6 1 [ i avavi oy
[ pietet i e Vv
- V/VAV'V v
© .
o 5 r v \
=3 =
2 r .,
£ 49 "
»
g
‘® 3
7 ; YV VIV VPV VvV V¥ vy yy.
S
E 21 W I
o ﬁ y O\O‘O 00,4 ————  water content 20%
»‘/ //O’ o e [ R water content 25%
1 -.l 3 oOO o ———-%-——  water content 30%
5 [®) ——v-—--  water content 35%
M — —& —  water content 40%
0 T T T
0.00 0.05 0.10 0.15 0.20 0.25
Strain
Fig. 4-1 537 A1A19 dsd=418 14 23
6
5 4 WWV‘VWWVVVVV
= Vv ““.‘m._._..'
o b | v
2 4 V
A / R Y
o 14 x
G 510y v
e lm/
= /y
7] [e]ez
3 i ©° OOOOQ
® |do o
= 21y
: Q
8 ] i Oy ———— water content 20%
I N Og | o [ R water content 25%
1 'f © ———w-——  water content 30%
—-—-—--  water content 35%
M — —& —  water content 40%
0 T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Strain
Fig. 4-2 537 A48 dsd=419 22 24+
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i\‘ — —® —  water content 40%
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Fig. 4-3 E#47% 349 954549 34 29
Table 4-1 £F274 SAA9 d=dsA19 49
Max Unconfined Compression Strength (MPa)
Water content 12k 2} 34} bz
20% 0.350 0.512 0.481 0.448
25% 1.818 2.543 2.294 2.218
30% 2.198 4.771 4.510 3.826
35% 5.933 5.109 5.028 5.357
40% 6.033 4.821 5.240 5.365
6
5
g
2 4
g,
€
38
1 4
0 . . . . .
15 20 25 30 35 40 45
Water content
Fig. 4-4 5274 FAA9 o d5Uds54=
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38]ell 2

® ] 2
Aol HAdl 54 A= 7} 03 ~ 6.0MPa = SAHAY T, FAA 9
71 we SUMEE & ¢ Aok s EslEe 8 el 30%~35% O]
st AEjel A Srketd AESAE FAIAY T3 el E oA FHE ¢ oo
ZARA BEe MolETh o 5 Bulsl oA HEE %o Husl 30%
PHAEE Adsel 2% el Wat qopde @ & 9
412 =227 FAA (73.8mm#*150mm)e] L =Qt=A5 Azt

6

5_

Compressive Stress (MPa)

Compressive Stress (MPa)

A

water content 20%

water content 25%
water content 30%
water content 35%
water content 40%
0 ]. T T T T
0.00 0.05 0.10 0.15 0.20 0.25
Strain
Fig. 4-56 =424 sAA9 dsd=A19 14 24
8
0000000000000
ﬁvv %gooooooooooooog‘ﬁv,,‘m
Vg O 000, v
Y VVVV [SleYe) A 3
Yoy %o
VV OOO
——@——  water content 20%
»»»»»»»» O+ water content 25%
——-w-——  water content 30%
——-—--  water content 35%
— —& —  water content 40%
T T
0.2 0.3 04
Strain
Fig. 4-6 42374 2149 dsdsA% 22 23
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Compressive Stress (MPa)

00 O.OOAOAQO OOOOOOOO‘O\O‘OOQO

O
O‘O

—@—— water content 20%
«««««««« O+ water content 25%
——-w-——  water content 30%
——v-—-  water content 35%
— —& —  water content 40%
0 i T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Fig. 4-7 4274 FAAe] dSA5Ad 34 23

Table 4-2 4217 a2 A9 d=d5Ad 23

Max Unconfined Compression Strength (MPa)

Water content 12} 22} 3t it
20% 2.907 4.263 3.925 3.698
25% 3.838 6.669 7.121 5.876
30% 4.489 7.058 6.373 5.973
35% 4.984 6.417 6.380 5.927
40% 5.332 6.098 6.554 5.995

6.5
—~ 6.01
g
=3
% 5.5
&
2 5o
S
g 4.0
35 T T T T T
15 20 25 30 35 40 45

Water Content (%)

Fig. 4-8 4217 TAA19 Ao dsd54dx
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Z2AA FAAE Fnld el Compressive Stress?t 29 ~ 79MPa B9¢ H) &
g gheo] SAFN o BExsd A9 nrt Srbgel wet AxE gxE 2ol Frketukrt
X35 doMuA FHE X ghe] &7 TAstHA aEste AS Hosu

=434 T4 s gEe Ao JudsdEsAdE JHE (Fig 48945 9A] 5
A FAA S} vt Al g F2odl A Ho dsds AEZF YErsa, ol A o]
oA HEE A7 AAY BEAAL WA g5 & 7 U
413 FAA AA e dEYgHAdE A9 vl

Table 4-3 &A1 274l w2 Ao JdHd54dE

Max Unconfined Compression Strength (MPa)
Water content 73.8mm=*150mm 100mm*200mm
20% 3.698 0.448
25% 5.876 2.218
30% 5.973 3.826
35% 5.927 5.357
40% 5.995 5.365

—@&—— water content 20%

Max Compressive Stress (MPa)

Qe Water content 25%
N ——-¥-——  water content 30%
——— e water content 35%
— - —  water content 40%
0 T j
73.8* 100 100" 150
Size (mm)

Fig. 4-9 47 W3] 0 Ao 45¢S45 sk 22

Fig. 4-4%} Fig. 4-8% wxsle] Byl azze] meko] thih vy AS & F 9t 5+
EEAY A5 Es T 6% FEAA M 2 s Hola vk AR g
o.
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Tensile Stress (MPa)

25

2.0 4
-t
15 / SRS S A “uy
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1.0 1 W
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Fig. 4-12 55274 FTAA 9 AAAAE 3% 4

Table 4-4 FF27d A A9 28N A 23t

Max Spilt Tensile Strength (MPa)

Water content 12} 22} 3t it
20% 0.084 0.171 0.159 0.138
25% 0.328 0.543 0.712 0.528
30% 1.234 1.326 1.503 1.354
35% 1.804 1.657 1.750 1.737
40% 2.133 1.942 1.861 1.979

25
= 2.0 1
g
=
% 1.5 4
&
g 1.0
-
=
0.5 1
0.0 T T T T T
15 20 25 30 35 40 45

Water Content(%)
Fig. 4-13 &34 sAAe Hdl 234034 5%

_28_




Table 4-3e04 89l & 5 5o, EFE4Y SAAL 2AAIANE 25 AA PG EA
ghpul el skl whel 0.083 ~ 21 MPa o 4% gho2 tehta gith o] Table 4-1 9
QEGH AR W o 1/3 AEe) FE grol AFek, A4 2AYEY] FEHFEs A%
FE N 19 ~ 1/13% Wae 2 oW H 2 QR%E goR uEii 9es ¢ 4 9

422 447 FAA (73.8mm*150mm)&] 22787 A] &

1.8
1.6
w \aAA 4
14 Eakas - A0MAMAAL st
V-
— VVWW
©
o
=3
%)
%)
2
n
Q
‘@
c
@)
|_
water content 20%
water content 25%
water content 30%
water content 35%
water content 40%
T 1
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Strain

Fig. 4-14 22237 FAAY 2AAZANE 12 27}

2.0

= 000000006000

o

=3

%)

%)

2

n

Q

‘@

c

@)

|_
——@—— water content 20%
~~~~~~~~ O--+ water content 25%
——-w-——  water content 30%
—-—y—--  water content 35%
— —& —  water content 40%

T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

strain
Fig. 4-15 427 FAAY 2=7AJANGAH 23 23

1



25

2.0 1

— % A

: e

2 iaOOoooooo

%)

%)

2

n

Q

‘@

c

@)

|_
—@&—— water content 20%
«««««««« O--+ water content 25%
——-w——  water content 30%
———--  water content 35%
— —& —  water content 40%

T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12

strain
Fig. 4-16 =227 FA A 9] 2AAN4A3 321 A7}

Table 4-5 24217 A A9 AN d 23t

Max Spilt Tensile Strength (MPa)

Water content 12k 2} 32t Hat
20% 0.468 0.605 0.455 0.509
25% 1.077 1.445 1.575 1.356
30% 1.470 1.820 1.916 1.735
35% 1.430 1.829 1.881 1.713
40% 1.543 1.881 1.884 1.769
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Double-Punch Tensile stress (MPa)
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Max Spilt Tensile Strength (MPa)

Water content 12F 22} 3z ot
20% 0.091 0.083 0.136 0.103
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Double-Punch Tensile Stress (MPa)
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Double-Punch Tensile Stress (MPa)
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Compressive Stress (MPa)
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Table 4-10 %F2174

FIEE ERSETE NI

kaolinite | water Max Compressive Strength (MPa)
content | content 12} 22} 3z} it
7% 4.214 5.171 5.331 4.905
10% 15% 9.032 10.298 10.268 9.866
20% 12.390 11.960 12.276 12.209
7% 5.482 5.221 6.383 5.695
20% 15% 10.412 9.653 10.430 10.165
20% 11.051 11.102 10.804 10.986
7% 3.430 4.081 4.052 3.854
30% 15% 10.743 9.480 9.843 10.022
20% 10.637 9.809 9.807 10.084
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Table 4-11 S4217 FAA Y] A=A 23

kaolinite | water Max Compressive Strength (MPa)
content | content 12} 22 3=} it
7% 3.302 2.581 1.823 2.574
10% 15% 7.041 5.673 5.681 6.133
20% 7.633 6.942 8.123 7.567
7% 3.501 2.366 1.915 2.598
20% 15% 8.253 7.256 6.962 7.493
20% 7.322 6.947 7.799 7.356
7% 0.501 1.801 1.346 1.216
30% 15% 6.163 7.466 8.059 7.226
20% 5.978 6.410 7.049 6.481
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Table 4-12 FAIA 2 7Add & HAd dHU545%

kaolinite | water Max Compressive Strength (MPa)
content | content 73.8mm#*150mm 100mm#*200mm
7% 2.574 4.905
10% 15% 6.133 9.866
20% 7.567 12.209
7% 2.598 5.695
20% 15% 7.493 10.165
20% 7.356 10.986
7% 1.216 3.854
30% 15% 7.226 10.022
20% 6.481 10.084
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Fig. 4-56 kaolinite 20%2] Z7814A1E 33}
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Table 4-13 &34 SAA 9 AN 2t

kaolinite | water Max Tensile Strength (MPa)
content | content 12} 22} 32} 1t
7% 0.982 0.820 0.533 0.778
10% 15% 2.488 2.014 1.487 1.996
20% 2.878 2.820 2.694 2.795
7% 1.171 0.992 0.899 1.021
20% 15% 2.932 2.401 2.257 2.530
20% 2.960 2.756 2.590 2.769
7% 0.532 0.075 0.747 0.640
30% 15% 2.197 2.363 2.554 2.371
20% 2.282 2.524 2.782 2.529
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kaolinite | water Max Tensile Strength (MPa)
content | content 1=}k 22} 32} 1t
7% 0.752 0.261 0.343 0.452
10% 15% 1.625 0.999 1.303 1.309
20% 2.046 1.485 2.221 1.917
7% 0.706 0.449 0.613 0.589
20% 15% 1.848 1.398 1.581 1.609
20% 2.061 1.523 1.636 1.740
7% 0.452 0.311 0.283 0.355
30% 15% 1.984 1.571 1.317 1.624
20% 2.004 0.808 0.808 1.207
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kaolinite | water Max Tensile Strength (MPa)
content | content 73.8mm*150mm 100mm*200mm
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30% 15% 1.624 2.371
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Double-Punch Tensile stress (MPa)
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Table 4-16 £F274d TAA e dSaAAANE 23

kaolinite | water Max Double-Punch Strength (MPa)
content | content 12} 22} 32} 1t
7% 0.493 0.419 0.478 0.463
10% 15% 0.834 0.795 0.859 0.829
20% 0.584 0.628 0.648 0.620
7% 0.270 0.272 0.310 0.284
20% 15% 0.645 0.709 0.735 0.696
20% 0.441 0.546 0.571 0.519
7% 0.130 0.137 0.178 0.148
30% 15% 0.568 0.612 0.619 0.599
20% 0.484 0.424 0.390 0.433
09
E 08 -
=3
é 07
175}
o 06
2
(0]
05
e
2
5 04
D
S 031
[e)
e 7 —8— kaolinite 10%
g o021 7 0 Kaolinite 20%
v —w— kaolinite 30%
01 T T T T T T T
6 8 10 12 14 16 18 20 2

Fig. 4-79914 tehise] 2449 AAERE 3 2
A% fkol A ZANAG. AW w4 200 ) s AskA LA G 2
el 2WE B 5 itk g FUHoR B FE #e AAE 5%
g W Ho AE @ol deputth BEA4 FAAY Hol AFAAQAAEE kaolinite 10%

o] dH] 16% W Ho) st RSk

_58_



0.8
— M AARAMAAAAL AL N
©
£ V',' ""Vvvvv
=3
1
7] 000000,
8 O (9/0%) -
[2]
<
i)
c
9]
fig
e
3]
c
o
-
<@
e
3
8 —@— water content 7%
O water content 15%
—-w¥— water content 20%
. T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Strain

Fig. 4-80 kaolinite 10%<] d&#qAd 12 23}

> . ',w"%%%
-

0.6

Double-Punch Tensile Stress (MPa)

—@— water content 7%
O--+ water content 15%

—¥— water content 20%

T T T T 1

0.06 0.08 0.10 0.12 0.14

Strain

Fig. 4-81 kaolinite 20%¢] d<3#JAd 12 27}

0.8

P

0.6

Double-Punch Tensile Stress (MPa)

044 g y"
; j',
Y
021Y
i
j| —®— water content 7%
-0~ water content 15%
- —w— water content 20%
0.0 T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

Strain

Fig. 4-82 kaolinite 30%¢] d=#dAd 12 23}

_59_



0.8

Double-Punch Tensile Stress (MPa)

—@— water content 7%
-0~ water content 15%
—-w— water content 20%

T T T

0.00 0.02 0.04 0.06 0.08 0.10

Strain

Fig. 4-83 kaolinite 10%9] =5 AAS

0.12

Double-Punch Tensile Stress (MPa)

—&— water content 7%
O+ water content 15%
—-¥— water content 20%

T T T

Strain

T
0.06 0.08 0.10 0.12

0.14

Fig. 4-84 kaolinite 20%9] d=3#dAd 22 4

0.8

= o000

0.6
044 g v

0.2 4

Double-Punch Tensile Stress (MPa)

—®— water content 7%

4
i
i
i|
O+ water content 15%
§ —-¥— water content 20%

0.0 T T T T T T

0.00 0.02 0.04 0.06 0.08 0.10 0.12

Strain

0.14

1}

Fig. 4-85 kaolinite 30%<] d&#AAd 23 43}

_60_



0.7

vv¥vvy
i st

0.6 a4

Double-Punch Tensile Stress (MPa)

—@— water content 7%
O+ water content 15%
—-¥— water content 20%
T

0.00 0.02 0.04 0.06 0.08 0.10

Strain

Fig. 4-86 kaolinite 10%<] d&#<dAd 33 43}

0.7

o e

—&— water content 7%
O water content 15%
—¥— water content 20%

Double-Punch Tensile Stress (MPa)

T

T T T
0.06 0.08 0.10 0.12 0.14

Strain

Fig. 4-87 kaolinite 30%< d&5#dAd 33 43}

0.6

[elelele®)
0000000000000 000y,

o O
05 o° Cog

yYvYVvy,
] o ¥y,
04 o vvvw ey

o
o}
031 o

0.2

0.1 4

Double-Punch Tensile Stress (MPa)

—&— water content 7%
O water content 15%

o
/
Y
]
1
i
Il
i
EW""Q —¥— water content 20%
T

T T T T

0.00 0.02 0.04 0.06 0.08 0.10 0.12

Strain

Fig. 4-88 kaolinite 30%< d&#dAd 33 43}



Table 4-17 422174 FAA Y dsHAdAH 27
kaolinite | water Max Double-Punch Strength (MPa)
content | content 12} 22} 32} 1t
7% 0.328 0.332 0.208 0.289
10% 15% 0.575 0.557 0.420 0.517
20% 0.709 0.779 0.667 0.718
7% 0.312 0.331 0.241 0.295
20% 15% 0.725 0.772 0.660 0.719
20% 0.786 0.787 0.514 0.696
7% 0.143 0.134 0.049 0.109
30% 15% 0.691 0.701 0.566 0.653
20% 0.494 0.489 0.433 0.472
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Table 4-18 A1 A 27 w
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