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SUMMARY

[ . Introduction
Purpose of this study is development of high quality undisturbed specimen sampling
technique and test method wusing by artificial freezing system in sandy soil
Furthemore, propose utilizing techniques of test result to complete the system design,
production, transportation, storage and experiment which is whole process of the

practical mechanism.

IT. Technical developments at home and abroad
Frozen sampling means a technique of sampling soil using by artifical freezing, and
the targets of the skill are sand and sandy soil which can not stand on those own
competence. Disturbance of the sample during excavation, sampling, transport process
is minimized when worker uses frozen sampling system so that it is possible to
evaluate high quality specimen(Perfect Sampling). In this chapter, introduce the case
study in Canada, Japan, Germany and applicable domestic area to recognize the

technique development in nowadays.

IMl. Building simultaneous freezing sampling system and evalution
Evaluate a competence of system to field saturated sand soil and weathered granite
soil targets. And then, derive improvement and estimate various frozen sampling core
unit which is described in chapter 2. Furthemore, evaluate the other core techniques
during ground freezing, sampling, transportation, storage process. Hereby, verify a
whole process of frozen sampling system by conducting field evaluation of developed

tecnique.

IV. Development of frozen sample evaluation
To observe strength evaluation of artificial frozen soil and change of seismic
characteristics, comprehend freezing—melting property by making various condition of
specimen. Moreover, introduce trimming frozen soil technique by artificial freezing

system and arrange application and procedure of triaxial compression test.

V. Analysis of frozen sampling system operation
Ground freezing, transportation, storage, extraction, forming, and simulation are used
to build a criteria of field frozen sampling system. Such as this new system,
checking method of construction and use through application of system and

examination of related cost is necessary.

VI. Conclusion
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1.5 23.045 20.617 5.00 217 243 26
2.5 18.783 18.552 4.47 238 241 3
3.5 16.509 16.101 4.12 250 256 6
GL—-4.5m 4.5 13.603 13.326 4.00 294 300 6 =7}
5.5 10.721 10.135 4.12 385 407 22
6.5 7777 7.160 4.47 575 625 50
7.5 7.376 6.405 5.00 678 781 103
1.5 19.353 18.474 5.66 292 306 14
2.5 17.388 16.316 5.00 288 306 19
3.5 14.690 13.395 4.47 304 334 29
GL-5.5m 4.5 12.293 10.929 4.12 335 377 42 =7t
5.5 8.093 8.023 4.00 494 499 4
6.5 5.619 4.879 4.12 734 845 111
7.5 5.264 4.208 4.47 850 1063 213
1.5 13.781 14.027 6.40 465 456 -8
2.5 12.324 12.131 5.66 459 466 7
3.5 8.887 9.272 5.00 563 539 -23
GL—-6.5m 4.5 6.335 6.875 4.47 706 650 =55 A
5.5 6.382 7.083 4.12 646 582 —64
6.5 3.777 4.016 4.00 1059 996 -63
7.5 3.445 3.445 4.12 1197 1197 0
1.5 12.810 12.941 7.21 563 557 -6
2.5 11.191 11.137 6.40 572 575 3
3.5 8.416 8.270 5.66 672 684 12
GL-7.5m 4.5 6.220 5.865 5.00 804 853 49 FAa A
5.5 4.894 5.834 4.47 914 767 —147
6.5 2.489 2.721 4.12 1657 1515 —-141
7.5 1.919 1.919 4.00 2084 2084 0
1.5 12.971 13.280 8.06 622 607 -14
2.5 11.137 11.106 7.21 647 649 2
3.5 8.416 8.332 6.40 761 768 8
GL-8.5m 4.5 6.235 6.027 5.66 907 939 31 S7F A
5.5 4.694 3.622 5.00 1065 1380 315
6.5 2.343 2.605 4.47 1909 1717 -192
7.5 2.844 2.543 4.12 1450 1621 172
1.5 13.146 13.511 8.94 680 662 —-18
2.5 11.368 11.530 8.06 709 699 -10
3.5 8.771 8.771 7.21 822 822 0
GL-9.5m 4.5 6.451 6.351 6.40 993 1008 16 57k A4
5.5 4.705 4.046 5.66 1202 1398 196
6.5 2.717 2.983 5.00 1840 1676 —164
7.5 2.913 2.809 4.47 1535 1592 57
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(Om) Sur face—wave method
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NEHAY eI L, 955 L AdnkE 24a] 98 AR Huage
b2 AAz A9 A B seme] A% AFsGon Lrol ByTE 54
&4 ot ERARAZ ARSI S ATt SRS 24T & g 94
e AAsTh A S AdARE 47 4558 3T 5 AE IR Uaa
BAMES AAE ZHT Y A BYVES AL Aust EWXFA

<o BATE SAsk] el wlvlate] AAE EWRA AL SHAAES O
Hyp g} oy A" FaE ddd= dole|EA (Data Logger, Agilent
34970A) e Adsto] 1% HAoR 25 SANH dEvel Adate S48 9
ko] A1 HH7] (Function Generator, Agilent 33220A) o4 WAE A3 7F WAl E
HATAE A ASE T8 A57F A ERdARAR Bty BE A5
WL AHrelA sHEE A¥ees AAsielth FAe Ase F
(Filter—Amplifier, Krohn—Hie 33615 8 ®&5& A7lstl A3E A F
A ZAFI (Oscilloscope, Agilent 54624A) 5 £ Al5E5 geldte] AFEE AH
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R 7]el= AREe FEAS W geldste Qlete] R, AR, AT wAd, APE
A5 ZIHEAel ai7h sy S A 58] A ASE oA Al
L7F %95 % (Heo, 2006), o]¥sh Agke] w4 —gaf2hg-of gt A7 a9k
SA—F o] Akl mA= @GS FA ] flete] vekdt A4 TR
%9 TA-FAEEL F9 dATRE &M ek, AgEe gAATIE 7Y
AskE 4271tk (Graham & Au, 1985; Qi et al., 2008). Yoon et al.(2003) 3}7
TR FA-gd A9 AlFe] thsto] WHEASAIHS TN oH, AT A
28t A9E Baskelth Kim et al. (2004) 2 3P438tEe] tiste] 2003]
o de] FA-gAEES NSt Il wiskel wFwHst & F3kwmel dulste]
Aetalon, F3E dAke] AlH3te} vlFe] A dAs Tt B skl
A= Ho mAMM e Ass g or ddd ¢ gle WHoEA, W
= ATAREe gsto] Auke] 54 gt flsto] AFEEIT (Lee & Lee, 2006;
Yoon et al., 2009). &¢ FA5A A SHUE o]&sto] FHstA}l Sk Eo]
AEE] ghrh e o83 AR w3 S g At FaEHAoH
(Wang et al., 2006; Christ & Park, 2009), ¢l:= 54 A2 B3 54
EUEH & 5 gloks dAFo] T Park et al.(2012) 2 HHIHES o] &
o] &9 FARY e Ay S ATty AN FA -5 A '
Bk SA tigh Ao FRHA skt A8 el i v Be A7
H] A S o] &3k A (Kang et al., 2013; Seo et al., 2013)7} HZ 23] 213y

Olr
-

_4

2 ATE 2e-4E ERE $A-AHYL ANE AN Aust D vy
A9 A% SHS et sl 5
29 SHORNY AFsel B US4
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AE FA A BEE T3 BRARE ARSEolTh i 3719 e Haglet
71 $18ke] 30WAlgl 50 A Atolo] 1S 7HAE RHlE AMEstGion, Raol Het
97 D502 0.45mm= YERETh ASTM D854 (2006)°l wel 7343 Rejrjge

HZ& 2,622 =499tk ASTM D4254 (2006) 3 ASTM D4253 (2006)l 2]a}
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of S4% RHARS Hu 2 HAE1= 1.028 0572 SAHUT AR 24
AbEE A EE 2009415 B33 Crushed limestone2 AFEEFIow A EQ] 9]
7 D502 0.019 mmz YeEFHTh ASTM D854 (2006) ] 2&] =4¥ AEAR
H|SE 2,72, HUFSH](ASTM D4254) ¥ HASH](ASTM D4253)+ 1.99%
0.78% SA =3Itk
A8 3 9Eke], BEFAle] thist AEFA S 8] (Silt fraction = Wsilt/Wsand
X 100%) 7} 40%, 60%, 183l 80%<! & 37HA1¢] Re-HE EES A
E-AE EFE] E3}e= 40%00H Ades 70%E AT ASTM D854
(2006) o w2t 43 72+ A5 HF(Gs)S AE FANZE 40%, 60%, 80%<2 Al
SollM 77t 2.66, 2.66, 2.67= ST 7 A5 HuzbEh]e} HagEH]E
ASTM D4254 (2006) ¥ ASTM D4253 (2006)°l w2t St on, AE FAH]
7F 40%, 60%, 1813 80%<] AlZelA HuizSRl= 0.83, 0.99, 1.03%, HAZH=
Hli= 0.43, 0.44, 0.462 Yebgth BE AlEs 593 3719 To= U] o
(Tamping method) 0% Al oM, 7} 5 FAstA 1.5kge] tHHFE o] &t
3;;]»}1 1:}%1 }o:h;}
7b 54 9 FElEe we eSE S48 flste] a9 4-313F 2o
A-gaf Ao A 2ro] mg Wdgo] A& MC
U zoz A zkslo] X1—°—4 AEEA e FHAgsoity. FA-g3 Ao VIR W A=
Zol= 100mm, 0] 70mm, 2t WHo] FAE= 256mmzE AZste] A87) $AH =
ot Tt 9 S0 WS Haskepglh Alsrt ofd Al BHs Fato] '
W7 AR GTE I8 4-319 FA 902 FAF nlel o] Wy i)
FYHES At @R FAS fste] o] beme] Al ARAE
Z Oad AYUES Aot

1o

l
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®) 1 00rmm

(© 100mm

Aol Me  REHstE S fetel ¥ 4-313 o] dAdY
(thermocouple) & X8}tk Park et al. (2013)2 W45 37| =¥ HEwd
7V e A RS ARRIRE] ste] mE AR L5 Wil UEhdS Bglow

2, BT ERATAZE AAHY Qs AlRS ARERE 50mmAe] S (HHE
of 1709 JAYES X5ttt AR =4H 5= HoleE 7 (Agilent 34970A)
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ol gato] el Astaltt. B = flste] ddyt EdAwAE A
HEE, 453 EJARAR vz tiz JeuES o] &siqlrh #y A4

Z¥ ERMATAZRE] Aol Holu HWekd AdE #Ed ¢ glo] Ay
ol o]&¥ 1 o (Lee & Lee, 2006), FoZU = AHELE 5119

m e
rr M

>
jaiv}
2

i}
oX,
o

Al w2 Ay g AR A8 Itk (Lee et al, 2010; Yoon et al., 2010). &
vk 54 AAEE OF 4-328 o] YERigIth AR 3XFIEE 2] Slste]
frequency sweeping¥g+ &t YHFFE SO, A E JHFITE
Zte O AEaE ASHAT)A Bl ERNATA R AGSES skqlk ddE g
Ak AEs Sl A EdAwA R dddy, FAE e FE-5%7] (Filter
— Amplifier) 2 AgHo] 259 F5E AAGL s FIANT BH-FFH7 &
AR AF+= @227 (Ocilloscope) & 3l S9to =z #ast 4= glor o5 A+
k)

HZ At 52 AlAs] sk 1024719

Batsto] Astelon,
T A4

Oscilloscope
Data Logger —
! |
|

< v
AN == —
/

s a8 a8

o P .
- Data acquisition devic

ata acquisition device

a7 4 SHAIRY

AEFF 40%, 60%, 80%9] 7 NEE BA-gH A 2 T, APE WEX

ol w3ttt Ws e A4 ex= —20CE AAsgon, o ¢

i El o}
SAANZESE FASILE 10T/ BAH Al5E oF 184St 22 =528 74
st om o]F AFA AL (20T) A 20T/ galHdtt. T2 S s
&, FA-F3 Ao AAE dAtE Folo] REE A5HoE SHson B
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o EAAFAE Folo] At 9 4Esh B ASHoR SYeT AREiE o

P2 Bo) AWHE AA BA- AN WA 5ol BA-§ A9 F
sholrh. BA-gaTgel who] F vt JFE A

l

o AHRE vhAR wd

Ato)Fo] 7pg A1 o]F o] ogkS uu|d=Z(Yong et al, 1985; Othman &

Benson, 1993) Al&lS (¥ 9] Alo|Zvl 2l & x| Qi)

ANa7t sA-galEHs 5o e EdATA Y 2 Zolo AXH dHYE o]
A Ao
o]

f3lo] AESEF 40%, 60%, 80% 1520 sty Lxwsts =435k}

9]
w2 AESEE 409 A8 Zold &xHIE 13 4-33¢] JeR)ch A ES

60%2F 80%7) Rl-HE EFES] £EM= 17 4-333 FARISIHE AT

A7 8 gejgeld 0T mgeigls o, oF 2A17keqt 57k ek @ T
g Btk B9 §i g Aglefi= 80cal/g? HeJuAZF 422%™ (Zumdahl &
Zumdahl, 2008), o2 {18} A5 =] st fass a1l 9 Asde]
Jato] ol g U Lryte] vehdth Park & Lee (2014) X% frAkeh Aart

|

W .

Temperature [*C]
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e e e Skt AaE e, AR
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S-weav e welocity [mds]

T el 257 Aagel wet Aap Sk Ras Hol, gaiAlel
7b kel whel Hap dashs e BRIt AR 2% 0T off xddt
= 2 Fksel AR Suel FABh 59 o)F) vkt L RS
A o] dAdat Lo nlsto] 7Had AdE Holw, o= 13 4-36¢] W
2500

--80% freezing  -=-80% thawing
2000 » --B0% freezing  -&-B0% thawing
= A0% freezing -8 40% thawing
1500 ¢
- Y DN |
1000 | : it
= Fe e = B = B A iy B
L R e = 00~ =
s00
a
-10
350
300 <o freezing
250 | * thawing

E 200

S 150 |

2 o > 2

2 100 2 %

F

[£a] 50

D I i l I
0 20 40 60 80 100
Silt fraction [%a]
O 4-36. S2-8dff Mt 3o Mttup £z #s}
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ERSIEE §FEIRe] Sl o dduiel de] 25 wsle] wel Ao wakE
wolA eketh ey AlRe 2E7F 0T olakE W u ddnt Astsl fAkeH

ke Sui A Sk AR S FEATh w19 4-399) o] &
& o] UFI Hhe e 259 w4 oW GEI S| nlste] g Ax
£ Holt}
3500
-=-80% freezing  -e B0% thawing
68 ~60% freezing -+ 60% thawing
2500 | e-40% freezing -2 40% thawing
E oo }
E 1800 ¢ “""0‘0"?"9"@"0~1>--o--¢--e--9--&--&---:»--3--9--1-
z
o 1000 b
s00 b
0
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&
300 G ¢
B <
- 250 A >
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z 100 Ofreez.lng
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ARt FAUR gag] whek 00 AAZ Ao gtz Alng L5
@ o Aws 9 QEse] SRl B4 Frhe. ok AR el
3}(Phase change)oll whet Al 27F AN AHA R Rstgte] w4
B L AR Abel ] 1 AgoR Adstel AR YAk AP
AR o)z sl wAste &mi I Fktn Fum a4 Ebac
(Deschartres et al., 1988; Park et al.,, 2013; Park & Lee, 2014).

% 4193 29 4-220] YeRd el o), sd= (e 10°c)<>11*1 &4 o]del
Hjgte] 3 olie] AwTg Ee] FEi Fels] Pad vHS HAlY Ho| §
Ar Alg YR 57 AAeA AR st S AT daol F9 =
el A ebds] 2HEA B 4 glomR ghgo] s, o= AlRS mAlE §]
ATz0) WelE Qo) oldd Ho T2 Wsh §uRel e s HBHx
%=tk (Yoon et al., 2003). o]t mlAl7-2 Wdh= & A w|AwSe] AsS Wb
Fshe st Gl Clstel vk AlRe SRR SUAY B9, W
Aap £ v Ao Yepd 5 gtk (Roesler, 1979).
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1o
o2
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g
o
er
offt
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o
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n\l

ozi
o

1

o,
ol

|

714, o' 0% A BE FESY, Pat FEIATN 2L W99 Ik o
a9 gE VAL Faol AYHE YA, o AFE YATE Y, 2

=8 Tol #HHH g Age dAE 9 AR AHSHe 54 ol #Hedd
(Santamarina et al., 2001). #Z2—-g374 o]F<] Ay} £ FHae 4 9
ato] =X AT Rl o] F ehdE] I|EEA| Rebe A 7w AdE
A, JARE HEHEL 7 FEastel7] Wit ® ddhEth(Santamarina et al., 2001;
Lee et al., 2005; Lee et al., 2006).

L ERA00) M, 54 A @dur Sz g o]Fo] By} S

AWE 79 4-400] JERISIE 19 4-232 FEA-gE QA3 Ay £
anlel] Hlate] 450} 9] ZHAHTE Agg RojEth Adyl 9 h5uke £

Ao 7 A 4 Qlth(Santamarina et al., 2001).
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B+ G
Vp= ,}

A7IM, M= A58 751, G AR APedAlT, Be AR A4
A, 283 p= AR UEE vshh 1Ak AA] E@AelA, A (3)e vEhdt
TEEAAS M 849 3571 100%YD w AA12] AX A Bfell 2
S5, ol e A 23l fhdE F TS =Tt (Santamarina et al.,
200D). =9k %= ¥3we7F 100%Y w 1500~2000m/s®] $5E5 Holy, X

5 99% olste] MHollM= Al Aske] oF 300~400m/se] &ol FHsH
43S Holu o]= Eom et al.(2009) 9] A ollA] Hars v} Qlt}y, HESE Ishihara et
al. (1998)> 4539 £+ fFasyive 23w o s etk Bt
vh Qv 5, FEuke] SR AR X3} ofFe] o8 FE F#He-HY, 453 SRt
FHshs Rl S ETethelx] FE i AdeA F WEE Holx gottial
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% 15 L ¢ th awing
E
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Silt fraction [%]
(b}
20
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E R P wthawing
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E
@
: ™ S
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& 08
0.0 : . : :
0 20 40 G0 80 100
Silt fraction [%]

Adhae] o= AlRe xslief upet 37k49) 77 Helth X3kE 100%~90%
of ol2x AMA It E EsFEO] Fhiel wel dAdnke] £5rb IA SR
AT 90%~20%°] FHA FIlA Adde] SEE kel Skeh, EIME
20%~0%2] AHA FIrlAE AlmERAFS] el wet Adolst e Holu F=

5 5% oA HudS HASF TAsteE A Bl (Eom et al., 2009; Park
et al, 2011). &, & =weA AHHE 23k% 40%

= Ao $r7b 9 wzdeA W e = Sle 23k Welel lsivta dddn
=3

e
>
i
e
of!
i 5
P

4

54 od3} §3) oF9 FUALE 10CAN AT S22 ekl 19 4-199)
3% 4-229} Pol, AU ST U GES} St HE Fo] F/H] Wk F715
L RGS BAITh 4 (DOR EASE F QA vianges ey Sut dd

ol AAZ] 9 A HEH 54, YA packing T sl #-F-EoH(Santamarina
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et al., 2001). EH-AHE ZggEA HAES] Fharo] Z7ighe] wh} BEqias AE
PRl w=H o] FEehA Hw EedAte] HE5He ske A/l (force chain) 9] 9
S 9=t} (Thevanayagam, 1998). Tran et al.(2011)2 Ao H&H 471
Lobd Pl Begad AR HARE FANAE B wud o 9ok
& Ao AMgE Byol AES] Hwdd vlE 0.04% EAHYAE AEYAS] oF
25ue] AR 7RIk 2§39 Rejasel vlete] AEAR AL 7= HlE
AAo] AR A7) wliel, AR AEF] AAFE Al AR HlsEH A o] AR
upe} QJAF b HFHol kgt &, AETRY] Tkl wE vAu £129 Sk
YA A5 F7kE JArxAo]l dausidl o ek

3. BAAIAE ARAL T)E

AFEATYOR AN MuF FANRE WA Aol FAZ A WRS B
she Zlo] Solnz ABE ALs] A FAL AT WS WASH 7)o
A Aoleh. webd] AR} AAFAT BET) 0] Y BEAe] npstel YA
suka] B APAAE Ao BALERT e LEE 442 5 Y5
2 olg3lol 3N BAYUE RAT F AES sk Ak

AAE FANEE olgstel AZUNN ABL AT APE MY $HE ¥
Astelol gk AHAHARY B9 BHshe An9 ol 9 A7 Wi Aag =
2 ao} vl AA MFA wad Arsks Bes FANRS A5 e &

B QApelA] ARgE i
Aot A kol A7l e Eelyntt e Aol ARE WEY] A% A
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ASTM D4254-06 (2006), “Standard test methods for minimum index density and

unit weight for soils calculation of relative density”, Annual Book of ASTM

Standard

ASTM D4254-06 (2006), “Standard test methods for minimum index density and

unit weight for soils calculation of relative density”, Annual Book of ASTM

Standard

ASTM D4253-06 (2006), “Standard test methods for maximum index density and

unit weight for soils using a vibratory table”, Annual Book of ASTM Standard

ASTM D854-10 (2010), “Standard test methods for specific gravity of soil solids

by water pycnometer”, Annual Book of ASTM Standard
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9 7] (Function Generator, Agilent 33220A)o14 #AE A5 7F 92l EHAFAE H
WAL A S B33 A7) A ESATARZ U7t e Alg o] uheke Abhloj
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