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Abstract: Due to the sharp fluctuations of temperature in cold regions, salt may crystallize and water may freeze, resulting in
the deformation of soil. In order to investigate the impact of salt content on soil deformation under freeze-thaw cycles, the
freeze-thaw tests on soil with different salt contents are conducted. The desalinized Qinghai-Tibet silty clay is used, then
different salt contents 0%, 1%, 2%, 3% are added, respectively. By testing the deformation of soil in a close system, the impact
of salt content on deformation characteristics of sodium sulfate soil is studied. The results demonstrate that the frost heave and
thaw settlement occur when the soil is desalinated or the salt content is 1%, and the thaw settlement is larger than the frost
heave. However, when the salt content of soil is higher, though the frost heave still exists, the thaw settlement decreases and
even disappears. Based on the porous media mechanics, the mechanism of soil deformation is discussed under freeze-thaw
cycles. It is obtained that the deformation of soil is the results of combined effect of many factors, such as the phase change
effect, thermal expansion and contraction and so on. In addition, considering the sodium sulfate properties, the crystallization
mechanism of sodium sulfate is investigated. The research will help to provide some theoretical basis for the studies on saline
frozen soil.
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Fig. 1 Particle-size distribution of soil

IRIG R %K F DRP30S A IR R IEHL (3R
N 01T, FEENE03T), W 2 fir. ZREHLE
IRVEFE N-40°C~+60°C, WREHL CHEE N£0.17C)
SHILL 1 em [AIEEATE, HARTRESFM T OB N
+0.001 mm) W& TARSE RGP B2 A A AR 1L
NRUEA R Eh e 1 A RIFE TG 261, /et
TREAE 12.5°CHER 12 h, SRR, 9075 AR R4 B AL
fER12.5°C, Mol P GG e g mn4idh.
ERXMNREZFMT, SHEN 1% 0P ra4
TR, T 2%F0 3% F Eh i 1 AR IR IR A R
WAR 2 TR EBARAAAE o« SR 5K THUAR IR B2 R 9-20°C 5 i
PR 1°C, LA AR B R Gh, B iRgs iy
[AHFLE 24 h, BIANAGEEER G, FERRIEI RIS
M, A EREE R IR N R, RhAGE I HRSE 12 he 50
AR, EEUEPEE, WS L ARERRBEES 4 R
PIASTERAEE, fELARRRRIR S WG, 7 Z 00,
=R S KE S

IS

B2 KR EE

Fig. 2 Picture of testing device



5

MR, SF UREMERME T & EhEXT Na SO, HMASTE R K 0BT 7t 955

2 WIWERSH
2.1 THEEBEEIHTL
RGBT RS R A %
PEAATE, BT A AR IR FE R B AR AR (g, R
Bk rR RSB, (HER X R IR R R R
AKAE, FHERET PG EERMIK, 5%
Eh 0t AR SRR BRI . R
AN AR R A R R R R I AR L I 3 BT
7No

9.5 cm

& 42— 75cm
v 5.5cm
d ¢ 45cm
| <« 35cm
—»—25cm
—e—1.5cm

1 1 1 1 il
80 100 120 140 160
A [E]/h

1 L 1
20 40 60

B3 TR ERMLRETN

Fig. 3 Variation of temperature at different locations
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freeze-thaw cycles

2.3 FRAEIMERE LI RKEN T

FEVRREIAMERT S, AREEREFLT, LR
BRI A 5 R, AT EVE B SRR SRR
AL . R BT IR ORE LA
251 R AR 17K o e i e v w342, (AR AL
AR, FUBRACR ARG, TRES X HIK 23 [ AR R IX T
¥, MM SFE A RKFRUAY & . O R
H, FLEE P K Nap SO, 45 i 04 NaxSO4- 10H,0 #r i
At A B A D T R A K S &, T HL
A A 7 LB AT AR AL /N, AT AE A 7K 73T
Mga8. PIAJTISEEVE R R e E, BiR%
LB AL IR RAA K



956 H O+ T OB % M

2017 4¢

5 MBERELIHEKESH
Fig. 5 Distribution of water content of soil after tests
2.4 NI
ARFERR AR I RE T, LB T AR 20
ARSI AL B R BB, o M AR AR TEATL R,
*ETE%?L JF A3 AR UK R AR B A S R A
MIZEAF TR, AR T BLRIR

2 n
:(K_Enggij +2Ge; + z b,(F, = F))5; +

i=C,L,1
3aK(T-T,))5,; (1)
F.-F P - B P F,
@, =b.e+-5 C+3a.(T -T,)5,
cc NCL CI
2
F.-F P - F P -F,
©, =be+ C+3a,(T-T,)5, »
CL NLL IL
3)

PPPPPP

@, =be+--~ C+3a,(T~T,)5; -

CI NL[ 11
4
X KA G 3 AR R B B BT DI, b,
NG 5339 X Biot R X Biot i, a At
HIAIEZIK R B o, B & 73 ) AR L MIRAE o
o, N i B IIER ’}UJC. A BE B AH ] AH EL S
LA, 2 —AHRHE N, A5l S — AR

ﬁﬁyﬁu%#jﬁ,%coo%ﬂﬁﬁﬁ¢ﬁﬁﬁ
PEAER, R ARTLERAR L
i P, = i pi(@S, +o,) (5)

Xrb, g AEARRIRIER LR, S, NFLERVEM i 41
T AR H, RE ARSI N #- AHAL r ANFT T
%, JF H2uE IR S BRI, FLERVE
Wb A o FE T LA A

Pr = P12 Pc = Pco

pL:pLO(l-FZw;f(cf_cjo)J ’ (6)
A, @, 8 j Ao SRR FUBRE U LA R L. ¢

NFLBRIER j T HIREE,  c, NPT SLBRIE T )
ARz

C P P
Z P = Pro {_IO - lj 9SS, + pLO( - 1J¢0Sc + oSy +
i=C,L,I

LO LO

pLozw/‘ (cj _ch)¢OSL + z PP o (7
J i=C,L,I

FEBAHIRKIZFAE T, FLBRIE B PR AR AR AR
rEpAE,

i pi¢i = pL0¢OSO ° (8)

i=C,L,1

BB (8) AR (7, B3

P P
Pro { = lj S, + PLo ( = IJ%S + Z PP +
Pro Pro i=C.L,I

pgzwj(cj —Cio XS, =0 . )
¥ (2 ~ @) RARIRK (9 o, wTRIE R
pw[p/o _1J¢0S +pLo[pC0 _1J¢0S +pL02w (C )

Pro Lo
$S, +b€+M/(P/—E))+MC(PC—R>)+ML(PL—R>)+
N(T-T)=0 (10)
EVCER b_ z p:0b+pLozw (c ) MI:&’
i=C,L,I i
pLij(cj_cjo)
Mczpco , ML:PL0+ J , N, =
Nee Ny, Ny,

3(0‘0900 T0.Pr0 (1 +zwj(cj _cjo)j"‘ a[pIOJ °
J

BESL AR TTRE (1), SR YMENAZ LS, (P
o=0) MM, BHEIEAFKIIEME TN R
W

s=%{§3a@—%»ﬂaKa—nﬂ, (11)

i=C,L,1

AR (1D AR R AR 4

b 1
& ZE(PL _P())"'E(bc(Pc —P)+b (B -F))+

3a(T—T) , (12)
Hrhp= z b, L (100, wJLIASE]
i=C,L,I
e=A (P, -R)+A4(F-P)+A(F-F)+
AT(T_YZ))_(Sp1+3pC+€pL) ’ (13)
/E\:Eljy AL:b=_M ’ A,:bI=_M[ ’ Aczbi_Mc ’
b+ K b+ K b+ K
ek N, I ACHT V)
T_ = ’ I ’
b+ K : h+K



5

MR, SF UREMERME T & EhEXT Na SO, HMASTE R K 0BT 7t 957

Pro Zw.f (¢; = ¢S,
& — J

_Pu (pCO/pLO —D@Se
Ij+K ’ Ij+K
LB U IR S ARSI, AR A AR
A ARIR A
e=4,(F-P)+A(F- - F)+A4.(T-T)) -
(sp,+spc+spL) o (14)

X ) i, B—TUNHIKE I AT,
B IO LA S R TSR, B =80T
K Ve 4 i 51 RS AR AR TR, B DYITTA DK it AR
AERE, BFLBRVE R R TS AT . BT
X 4 WEksHEZ, HEMEZIRETHIRZ 24
ok I IR ER I e, H 2 RE S e Bt R I L LR
ARSI FE o AR TENLEE,  n] At — 2 5L #himidh
L AEVRR R I A T AL B R 2%

M (14> wTRLE R, FLBRIE R = A UKoR ™= A
AR R, LARFLRSZ 2R RN R, FEAH
BTSN EER T, B ERZIAT, FEX
NTEARAR L R rp R 5 R R UK &5 AR 2 (15 LB AR )
R A, ALK AEAH AR UK 5, RS 0 9%,
PR TR IR0 [F) R £ A5 L ARAE AR AR I R rpr 227 A
BIRA, (Hit, EMBRAERELE, MR A
BIHIERRN, BT EGRS SRS, KaFEhHiT
Ik Es, 20 BT K o A ER i i B v L AR AR T,
MFEAHR SRR JG, TARIIAS Y 32 B2 K VA 4 (1 52
Wi PRI L ARAER G I AR, LRI T 00T
B, MLARERMG S, AR I AR T S8 TR R
ARG K.

2.5 BRIEREPHERTEE

R4 NaySO4 KR IAREM™, AT L1331 NaySO4
EIRAEAS IR 2R R oK &G s AN bl S g, |tk
A DA AR PR B R SR K B9 . AR R A A
PR G ERE N 1%, 2%80 3%, IR 45
BEAWAKR, KEFEN NaySO4 W IFIUK Eh 3 & 5
RIVERAREE N 4.25 g, BEIN UK ER L St KR N -1.25°C,
BN NaxSO, AR S5 I E I ARl . 2 AR IR
KT -1.25CHRE, AR RUK S UG A2 T & SR
AT 00 58 4 52 FLIBA VR HH R VA e P R il . 2 LRI
T IR L IS B AN L B ARSI, AR ER
m AR IT AR A i AR T oK ER 3L AU I,
TOKEREY A, A A 38 AR AL RV R Ak B2 B T v
NS 45 380 4% FLIB VA RO s BT, SR 45 it PR
LY

bk v [R] Dg  BRORE 2 T e AN A L B 25 A 1) AR
H, A5 AR AR AR R R AR AR — AN RS X TR T —
ANERE Ao Zeng! I HE S T IR LA R A I AR POk

€L

pC P

BHIRE., WM LASLRS LR R, BR
FE T2 N, BELRGEOT, g RN,
T ARBIFLBR SR A W A AR AR, (R AR M B 4 S
ERINY SR N A

N RN, W8 EARILBRIER IS A
EH IV A AR — B0, RO VR A AR
B, (520 T ARFRS TR IFMET, TR
W EARSHREXMAETRARME
Na,SO4- 10H,0 ()45 fr B I (a2 4 72, 8 1 it
Bmg—r, AN

S;+S.+85. =1 , (15)

X, S, Ses S RFLBRIE UK A R iR
g A LRI AR A E. =X (15) RoRSLIR
WP UK . Bhah i & 'S KA RSB &
BT 1o WA DAITHR S AR IR & Eh 8N 1%
WA A7 B Ab NapSO4 10H,0 145 it 2 Bl I 1) 22 Akt
B 6 Frs.

TRBRBRALEHE %

—®*—95-1
[—e— 8.5-1
| —a— 7.5-1

—v—5.5-1

—o—4.5-1

NN

o o o w

[—e— 3.5-1

F—»— 2.5-1

| —o— 1.5-1
1

-2

TIKBRERALE K /%

O OO =

o+
o -

2 4
I A/
(b
Bl 6 SEHEBA 1% LERREIALE NaySO, 10H,0 HERE

BEAE] 21
Fig. 6 Varation of mirabilite crystalline amount of soil with salt

content of 1% with time at different locations

K6 st 7 &N 1% L&A F A E
Na,SO4 10H0 45 B A28k 5, WA 2,
W S TR ISR L AR BRAR, AR Tl P2 S A,
2 FLBRIA TR [ BT ADIRES , Na,SO4- 10H0 &5 bt
o ARKRATEIKATE . BEE R 45 IR AN g,
Na,SO4- 10H,0 7E FARANF AL B ALHR A L 45« 1l A%
FERMEII AR, Ehas SIZHTIE AR, g S SR m
KA K .

K7 st 7 &SN 2% kA F A B
Na,SO,- 10H,0 45 S & BEI (A 42 10 5% & - BEE SR A
855 U B R PR, AL BRI O 8 B AR
NaySO4 10H,0 &5 bt o AH AT H IR IR 2 2R



958 s + T

1% FEHT, B IR RS, NaySOs 10H,0 KiE
Mrit, MiRERT NaySO, 3ok 235 & r iR R,
UKARHT H S TR RV AR P K, NapSO4-10H,0
fm R H B R AR 5828 B 7o) 28 Y T R FEIVEFE NaySO4
(PIBT H 5 BN (A1 R R O B el TR e A
ity [l B it A 38, T LA B 5 8 3 V4 o B B I 38K, R T
A7 B AT H B SRR TRASTR], A e A I B RSk AT
BIREAET NapSO, R VKRS & s AL iR
AR B RS B AL B AL HR 2 I NapSOy drfd RAZ 1)
TEOL. [FIB B TRIZ R ZE R T EAR A4 EA,
SEAMIE RN FERAR G , AR E A BN
eI, AR KOR AR, FLIRVA IR FE PR,
IR IR ETA R, TARTE R ZU R R Rk AR
B, TEMIEES Eh 8N 2% Na,SO, thisi b, 2hAK
FR K e R R A O, (H2 R ARTE IR A
R HHBKER, A48 Ak i Al T 5 A8 15 A48 B

MV o

TR RE /%

TS B /%

7 BB 2% AR EMLE Na,SO, 10H,0 RS
BBAE] 21
Fig. 7 Varation of mirabilite crystalline amount of soil with salt
content of 2% with time at different locations
8 SR T EEEN 3% EARAFELLE NaSOy
10H,0 FI45 St Rt AR (i . ATRAE S, AL
fHIRIN B, C4H NaSOs 10H0 fiAfTil, Wz
I, AT H BRI N . 4 AR B IR B AR E I
TG ERE Y, HERER S LR
34.01%, TMAEFHRISFES, UK iAEET R, T
Ehm AR IR AR, R AR T R #h A T A
7). FELARRIBIKIE AN ER G R E RS, Ak
AIRRTT RS HURES /N, T AR SR SR I RERT
AR R R A TEAE Rt R B BN, AL S
AICIZHAZ K

N 2017 4
§ -
Jl:lg 30+
g 20H
8
4 10+
BN
+ 0l I I I I I I |
0 40 60 80 100 120 140
\2\ Bt [R)/h
R84 9515

I 24|—0—85-15
D5 _A—75.15
%gzo v—5.5-15
® ——4.5-15

16 - «—35-15
%, [ >2515
+ 4 e—15-15

8 1 1 1 1 ]
-2 0 2 N 4 6 8
R E)/h

8 BHEN 3% LR FEMLE Na,SO, 10H,0 R E
BEAE] 1L
Fig. 8 Varation of mirabilite crystalline amount of soil with salt
content of 3% with time at different locations
TARrhoKER G BB E fS, T RAE— AR B
Vi 2 3o R R UK KRR 8 T 7 A 1R 1 POV ek 4 Y
T, WOR AR RS AR R T, T DA 2
W0 (14) 45 H A AE PR I i Tk Eh &5 &
) AR AT .

3 W

SR P LE R R VR PR A AN 2
(K H R AR AR, SRR 1 h 40 RIS [ 6
[ AAE VR B PR R 2 T R 25 T
TER S B G 2 LAk eh, E AR B R
VURIARE, 7248k 40 fr BB, AR RIS
ANk, FELE A NaaSOs VERIIE F R 2 FLA
IR b, ARSI T NapSO, BhiH7Ev il
FEP TR . (ELR A ST OISR L R PR

B, BRE LA —MIRIO R, A S
B B, A AT AR ORI T, BRRLIEYE
FRIBIE R T RAETGRI: Hk, RtiEh—
FREEBAYERL,  E A IR AR ST T Rl £ - A
G R ISR . TR, YRGS X K SM T RS T
R LR A AN, R LR RS,
EL2 - AT K A HAR S BB B ) A 3T B, R 27
KRR/, BB £ 0 7 [ 48, A -E A 125 T B -

e Ehas RN, 550208 T IR LKA
VRIS HOREI, D CAFL BRI AT AE [ [ e vV A
Ak, HRIESEBRE ST, BT AR AT
G, KRALBR O TRIOR 5 R AEAE, ANLBR T
WRZE 5 R MRS, ORFLBIER OIS I R A 1
— AR TR MR K P, fER A, +



5

MR, SF UREMERME T & EhEXT Na SO, HMASTE R K 0BT 7t 959

PR FURSA B UK R iy 2 85 A, i LA
NSRS ATE R AL R h R sh AL, FTEMR
MM TE 25 o E AR SR SRR vk, R gl ks
BRI K BUEAT HE »

4 &% B

ARSCi I PR RS NaySO, #hi L U MG 1
R, BRI T LT 3 M4,

(1) Ry h EAAERA R IRE L T, AR R AR
BRI TAS T, (LR A R T K T R AR
AT 2 ORIE R G, RIS, X3
T 2 DR A 1 A A VR P A £ 4 0 % 2 T AL
5.

(47 B B9 NapSO, Hhiffi V5 B R oL R e,
AR IR I R IR AL, (7 2 2 B 1 A
ERERIRE R, BRI 22 AT . TTERR
fiddErh, LA RRIE IR, A EHE N
AT AT BRI,

(3) NapSO4 B35 7 ML 7 o (O AE T 2 2 Fo
DAL IO, S S AR, ST )
Nay SO, #hiii -1 (1A 2 B o = 040 AL il: Dk 3R 45 % I
FIFBIRRIOAETY, UKEhgE R T B R SR
AT I T AR RIK A G TSR . BkAh,
PRI A AR T B LTI P 43 51 RER955 F BT S50
FO K25 Tt T 2~ 7 2 A T S

SE -

(1] LY, BroRi. & BB IR E551 A8 . [v) [l iy 7K 23
AL BN = 25/ R 4 R T U I QA & B N e
1997(3): 22 - 25. (GAO lJiang-ping, YANG Rong-shang.
Study on the moving pattern of water and salt with directional
temperature lowing in suphate salty soil containing NaCl [J].
Journal of Xi'an Highway University, 1997(3): 22 - 25. (in
Chinese))

[2] #R%AH, E5%, SorE. LARRMAERALE M), Jbat:
Bl R, 1995, (XU Xue-zu, WANG Jia-cheng, ZHANG
Li-xin. Mechanisms of frost heave and soil expansion of
soils[M]. Beijing: Science Press, 1995. (in Chinese))

3] %A, E50G8, skorf. BEEM]. deat: BREl
WAL, 2010. (XU Xue-zu, WANG Jia-cheng, ZHANG Li-xin.
Frozen soil physics[M]. Beijing: Science Press, 2010. (in
Chinese))

(4] FREH, BREDR, FEREW, & bR 2 30 B0 A0 f 2R
MRIEHT T [T]. VK%L, 1989, 11(3): 231 - 238. (CHEN
Xiao-bai, QIU Guo-qing, WANG Ya-Qing. Salt redistribption

and heave of saline soil during cooling[J]. Journal of
Glaciology and Geocryology, 1989, 11(3): 231 - 238. (in
Chinese))

(5] skBok, AR, VREZEAE T B3 KIS R A BT
0] HIERLEHER, 2005(4): 46 - 55. (ZHANG Dian-fa,
ZHEN Qi-hong. Simulation of water-salt movement law
under the freeze-thawing condition[J]. Progress in Geography,
2005(4): 46 - 55. (in Chinese))

(61 M8, T P AFERE TS K 3R E A
FIRIGTT A [T]. & 1%, 2011, 32(8): 2307 - 2312. (BING
Hui, HE Ping. Experimental study of water and salt
redistributions of saline soil with different freezing modes[J].
Rock and Soil Mechanics, 2011, 32(8): 2307 - 2312. (in
Chinese))

[71] CARY J W. A new method for calculating frost heave
including solute effects[J]. Water Resources Research, 1987,
23(8): 1620 - 1624.

[8] PADILLA F, VILLENEUVE J P. Modeling and experimental
studies of frost heave including solute effects[J]. Cold
Regions Science and Technology, 1992, 20(2): 183 - 194.

[91 BAKER G C, OSTERKAMP T E. Salt redistribution during
freezing of saline sand columns at constant rates[J]. Water
Resources Research, 1989, 25(8): 1825 - 1831.

[10] ANDERSON D M, TICE A R. Predicting unfrozen water
contents in frozen soils from surface area measurements[J].
Highway Research Record, 1972, 393: 12 - 18.

[11] BANIN A, ANDERSON D M. Effects of salt concentration
changes during freezing on the unfrozen water content of
porous materials[J]. Water Resources Research, 1974, 10(1):
124 - 128.

(12] MR A, BRIEDR, FERER, & 5 EE 7 B A L i)
BARZEVE RN AR R D]. HE R, 1988(4): 429 - 438.
(CHEN Xiao-bai, QIU Guo-qing, WANG Ya-Qing. The
physical chemical properties and mechanical properties of
saline soil during temperature change process[J]. Science in
China, 1988(4): 429 - 438. (in Chinese))

(13] WL, BRI, Bt RIREEFTLIRBRIEIA I K #hiT
T AU K 5k 5 AR AR I BT 7L (7], CAZ LT 224K, 2006(3):
380 - 385. (BAO Wei-xin, XIE Yong-li, YANG Xiao-hua. A
laboratory test study on water and salt mitigation in natural
saline soils and associated shear strength changes under
freezing and thawing cycles[J]. Journal of Engineering
Geology, 2006(3): 380 - 385. (in Chinese))

(14] EigW. VRELEIR AT T 20 365t TRV Bt it /e



960 =

+ T R %

Eibd 2017 4F

[D]. ZEARFF: HriE& K2, 2013. (WANG Hai-tao.
Experimental study on engineering properties of Lop Nor
saline soil in condition of freeze-thaw cycle[D]. Urumqi:
Xinjiang Agricultural University, 2013. (in Chinese))

(151 B& - #, AR, A S5 B BN R Ak £
T 5 BE R (R I AL (0], A2 %, 2013, 13(12): 18 -
23. (CHEN lin, LI Dong-qing, BING Hui, et al. The

£
=

experimental study on the uniaxial compressive strength of

frozen silt with different salt content[J].
Mechanics, 2013, 13(12): 18 - 23. (in Chinese))

[16] COUSSY O. Poromechanics of freezing materials[J]. Journal
of the Mechanics and Physics of Solids, 2005, 53(8): 1689 -
1718.

[17] COUSSY O, MONTEIRO P J M. Poroelastic model for

Engineering

concrete exposed to freezing temperatures[J]. Cement and
Concrete Research, 2008, 38(1): 40 - 48.
[18] KEAL THFFLBE. TEHLER T FMM]. Jb5T: % Tl

AAAAA,

]

H AR 4L, 1979. (Tianjin Chemical Research Institute.
Handbook of inorganic salt industry[M]. Beijing: Chemical
Industry Press, 1979. (in Chinese))

[19] ZENG Q. Poromechanical behavior of cement-based
materials subjected to freeze-thaw actions with salts[D]. Paris:
Université Paris-Est, 2011.

[20] LOCH J P G Tthermodynamic equilibrium between ice and
water in porous media[J]. Soil Science, 1978, 126(2): 77 -
80.

[21] SCHERER G W. Stress from crystallization of salt[J].
Cement and Concrete Research, 2004, 34(9): 1613 - 1624.

[22] K3, AR R I AR FLRR K S I A R 5 450 Rt
D). dbE: FERZER KRS, 2014, (ZHANG Lian-hai.
Investigation on the pore water pressures and frozen fringe
process during soil freezing and thawing[D]. Beijing:

University of Chinese Academy of Science, 2014. (in

Chinese))

%

AT 2017 £55 3 ] “EFFEW L0 4 FEETR D AT ” — 0, 28 403, 404 TTR 9 iR, RA

RGN ] et o
- ) -] [ s B )
18} ~18p~3 -
-7} -17 %%’ S
-16f -160, 3 2.0
-158, —15%“'
14l -14 5
—13E —13J

-12f -12
-1 17

-10f -10
< -9 5 -9

-8F —s/an,

-7t s

-6 67 "=

e 5o

—«J " 4

4)” 37 p

_2 e" _2 &

-1 -1

0 0

152

s\ zﬂ\. A
-1654-32-10123 4567
IR

(b) 0.6/ Z14 [ B B L4k OKSF)

-20%
-19
18 &

ST T
o

2015

o

Ry
-=4s]
00rs - B oSSR S
o

it o &
asf

-157,

-14% 2.0

h o L)
3 L ,, g L, &
1 A 2 A o A 0rzey %!
. A s ;
2 2 ala, Ner=Z " LS b IR, (Pt TP oo i

EITT 27
'v%) (}e@’ 0} 713 ,;/)’) !

EY -15%
-14 o
. a 138 : —§
1 PEEEESTICN Y |
s —11?% ; §)> ¥
-10f & H
=9 i\ ! /°
o :§L ) % e
-6
5
$ _5% “d,é

-
,

-76-5-4-3-2-10123 4567
7IR

(d> 0.2 200441 B A - (A1)
FRMLREIE.

-716-5-4-32-10123 4567
IR

. . n Smis
-7-6-54-3-2-10 123 4567

Ce) O.6¢F 204 B B A Bl -4k (& F) (D) %ﬁ&lﬁ%ﬁ#ﬁﬁiﬁi (&)

AT G 378D



