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Experimental Evaluation on JGS Frost Susceptibility Testing Method

t = 1) 2)
oy a2z o

—_

Jangguen Lee * Hyunwoo Jin * Zheng Gong

Received: May 21%, 2024; Revised: May 22", 2024; Accepted: June 3", 2024

ABSTRACT : Frost heave, a significant engineering aspect of frozen ground, leads to various damages in Korea during the winter. Both
the United States and Japan, encompassing regions with frozen ground, have actively researched frost heave and possess standardized
experimental methods. Particularly, the Japanese Geotechnical Society (JGS) has introduced a frost heave standard testing method,
offering the advantage of relatively simple specimen preparation and experimental procedures. However, issues persist regarding the
ambiguous engineering interpretation of frost heave test results and the lack of clear criteria for frost heave susceptibility assessment.
This paper presents laboratory testing results following the JGS testing method on sand and silt mixtures using a triaxial temperature-
controllable cell, and thoroughly analyzes the frost heave rate calculation process. Furthermore, it evaluates the applicability of frost
heave susceptibility criteria proposed in the United States to frost heave rates based on the JGS testing method.
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Fig. 1. Schematic diagram of JGS frost heave testing apparatus (JGS 0172, 2009)
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Fig. 3. Schematic diagram and photograph of a temperarute controllable cell (Jin et al., 2022)
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Table 1. Specimen preparation and initial conditions

Weight fraction (%) Initial height Initial porosity Dry Unit \z\]eight Initial Temp.
sand silt (mm) (kN/m’) (°C)
CASE 1 90 10 51.9 0.380 15.88 0.69
CASE 11 80 20 47.5 0.346 17.36 0.59
CASE 111 70 30 44.8 0.310 18.40 0.61
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= ¥l 7Fssith He =29 F BEoP] Hoke 5 JAE o885t 4
A& 28)7F R E IGS| wet AsHE WAHZE o] 6‘}~ Walo] A A5 Folal %” Ase &A1
43t0] 7] LEE 0~1°CE 6A|7F o)A S-A|5HH YR & 335}cHKonrad, 1987; Jin et al., 2019; Lee et al., 2023a).
7t At 27] L= FARSHA éﬁH A =g 4] *e‘ difo] S7NETE SAEY 27 Y e SN
SHAck Wl ook R AR ZRPES: oF 1.62kPal] 4 Ak, Algto] ZAadle] whet FAES Aasitt 4sH
Ao g 2-gsto] JGSo A AAIRE IOkPaEE} 4gs] | skl l= Aol Stk AE FHeFo] 10%1 7--oflvt
nlsiek A E S 4 TS Weli(Konrad, 1994)5t2 2 Azl ZaRgto = Eekal B4 vt FRA R St
T WY B fleliAe 7HA A4S AAdEer A skal glch
A Askth vl 2] JIGSE 9)7] 2k 27| of Fig. 5= A& FolA ISHE ARl oE 2=/3kE
A= W] AlAlEo] QA gtk & AtelAle 9f7] & RHolZa gtk B4 & (freezing rate, U)= AlE WHO] &
w9] e 43} szt élﬂﬂ$ LrL |°CE A5 57} 0°C7} == ZZAH(frozen front)o] o] 5L AR &
AlE W 25 2ds0th WR 2= 2380 dRE, Ao] e = sholA ARE Z7]0f WA o] F8HA|R,
SHE YAHIZE 75 AA @5t 2°CeR g435] WHAIA HA} ARl 7AYol s =7t FolEal Stk AThA
HRAAIE B3l E-g5 AWzt o2 ful PFor W4 O 2 5ol wol WA= 20%2}F 30%2] AE g 7t
(ice nucleus) /3= 2FRIgE & ThA] 0°C QITEC2E 104+ ©] 7 THEE sEAH0| AR Al 7RI 5E &8t
W &SAZIAL SHREE A&A o g Wan 4 AdS 4 S50t A asithFig. 5(b) & 5(c). HE FHF 10%
=359t o] TEE T4 St Aadolls B8N B e 5
7kskal QItkFig. 5(a)). JGSoflA= B4 el ok 21
A& AA7E 520] ShRE= ARem Hojshar glom, Al
4, An M & F40] &REE AHE FUEE =9 dol wn(E
AR} mu))siAL A =71 0°C o]kt H A= Al
41 EA A A AISHL Itk Fig. 4= Hi= HEe} o] /-2 A& or vt
W31 Qlo] A HIlE A8 SZo] 9REE AAHE I

Fig 4% 54 A9 3 W94 Bo) 058 ARl B

Frost Heave Amount, AH (mm)

Aoz srelgQle). Eq. (1) 0|85
L 1.30mm/h(AE 10%), 1.58mm/h(

oAtk Alm YR L% P2 ATFig,

-

Halzlol= oj#ol
SEE) TS ol A ACSIIIE SHEEHY o ez, 1= 1 10% Az oF 40411e] 0] ¢
251, AEFFF 20%}F 30% EFFE= 30A|7to] AHatshd
________ - Casel0-1D AR AR7F A
S o o AL 5 h
ToE E 20%), 1.49mm/h(XE 30%)2 JGSo|A AAe 2 <4
BEae = 1~2mmhE WEskaL glek
SR 2 AT AR YRe] Smvist 7
555l R B e o] Alztel W2 Ame] 54 ol
=g R . 2 AN 02 54 52 Ak
i I Hi ule} go] B4 Ll 270 W=
) * B Tim:t(h) * * * * o= AFgS & o ot o]y g A4
Fig. 4. Measured frost heave based on JGS 0172 Az Ui 2=l 7]Rleb:. 27] sh

24

Experimental Evaluation on JGS Frost Susceptibility Testing Method



I
o/ H,

10h

—20h

=—30h

ANVARN|

12 -10 -8 -6 4 2 0 2
Temperature, T (°C)

(a) Case | (90-10)

o ///}
o Y 94
/)

avs
T |

P A

a4 /i

12 -10 -8 6 4 2 0 2
Temperature, 7 (°C)

(b) Case Il (80-20)

1:4
101 /
—20h .//
—30h /
/ |

12 -10 8 6 4 2 0 2
Temperature, T (°C)

(c) Case Il (70-30)

Fig. 5. Measured temperature profiles during frost heave tests

A& W5 2rAl= 3438] Adsste] 4
ARk, AlZto] ZoRte] wheh Al O] 2l
sto] Autdoz o s5o] Lzt sh Yzk £mvt F
B3| way 524 axw welx]x|uk JGSol| A AASHL 9
=7 &5 (1 ~2mm/h)Ech W27 SZ % o] SAF Ao
A7E ek T4 S== vd 4

550 714

)

S rlr rm

S E{transient heat flow)

O Casel(90-10)
=, L SO SN N S
El o A o CaselI(80-20)
[ ]
g Ao%e” A CasellI(70-30)
D g el del
o A
2 Nuta
z oo
Eﬂ : he
] .
o A
£ ééé eg
ofjo @ 25 a 0 o [
o oi20la s Sececty
[y

0 5 10 15 20 25 30 35 40
Time, 7 (h)

Fig. 6. Calculated freezing rate based on measured temperature
profiles

O Casel(90-10)

® Casell(80-20)

[
)

A CaselII(70-30)

F
El
£
e
=)
-~ 0.6
2 Ap A AAD
& Ny ALLEA al
£ 04 o %0,0%%eq T4,
g ¢ ®ee ATHA A Aoy op
jas] e, s 0 m OO
- ooone%uge ¥ ® o 0ie & &
=0
g 0.2 oo elalaia
= o =
ooog
0
0 5 10 15 20 25 30 35 40

Time, 7 (h)

Fig. 7. Calculated frost heave rate based on measured frost heave
curves

OS2 1~2mmhe] 548 S 54 ARPH AR 24
Sl QIT}. Fig. 60f4] K= vlef o] AE gafof Agaglol
oF 10~15AZke] 1~2mm/he] F2 £=7F s A
2 FolE ik

Fig. 72 AdolM @59 4 FA(Fig. 9)& ol-83to]
B4 52 A7t wet Aulet 2as "ol Fa gk

U= ASTM &7 W2 54 Aol X3 8A7E <l
colA 9] B SR T S WAL gtk JGS=

24 A7 H91E AN ek AR AA7E 5ol ¢
B, A WS 98] B4 BN 27] 7k Aol
718717} Aot me B4 S22 tEghoR HojsiaL 9}
o). AE Bheo] 20%9} 30%¢] ERHE] A o) B &

TX 15A17F ool A] WAsLaL AE SHEFo] 10%¢] E3HE
£ 1547t 0|0l WAYs)L QckFig. 7). A= Fhegol »z—z—g
EFEL 54 £57) | ~2mm/h7t S EE 1701 oF |
~ISAREe R HY S SErh EEEE AR JGSOM
AR B4 Smel W E A-T} GARkch 2 A
E o 10%2] &S] 49, §2 = T ARE 34
JGSo A AARE 2 F/ S WA AR F3ko] A= A
oalt}.

Journal of the Korean Geo-Environmental Society Vol. 25, Issue 7, July 2024 25



Table 2. Frost susceptibility judgement according to ASTM D5918

ASTM D5918 (2013) 1GS 0172 Frost heave rate ‘F)ased on
1~2mm/h freezing rate
Classification Heave rate (mm/day) (frost heave rate, mm/day) (frost heave rate, mm/day)
Negligible <1
Very low 1-2
Low 2-4 Case 1 (3.84)
Medium 4-8 Case 1 (6.24)
High 8 -16 Case II (11.28), Case IIT (12.48) Case II (9.36), Case 1T T (12.48)
Very high > 16
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