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Risk assessment of freeze thawing disaster in permafrost zone
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Abstract; Because of the impact of environment change and human activities, some part of the Qinghai-Tibet per-
mafrost areas exist freeze-thawing disasters related to the permafrost change, such as the thaw slumping, frost hear-
ing, thaw subsidence, frost boil and so on. The existence and development of freezing and thawing hazards have a
significant effect on the permafrost environment and economic development. This study identified the main types of
geological hazards of permafrost zone and analyzed the formation mechanism of various disasters and their main fac-
tors based on field investigation and consulting relevant information. Combining geological hazards mechanism with
the actual situation of engineering construction in permafrost regions, an evaluation model that takes geotechnical
properties, active layer depth, vegetation coverage, slope, elevation, and latitude as internal factors, and annual
mean temperature changes, human activities as external factors, was determined. Evaluation’s results show that
Qinghai-Tibet Plateau is mainly in medium-to-low risk in the current conditions. Medium-to-high risk areas are
mainly distributed in areas where the average ground temperature is relatively higher, and intensity of human activi-
ty is relatively stronger.
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(3) FARl W 55 PR b

F AR AR B S U UK G R T 22408 - AR, B R sl B okl fl, 78 BB R A
AR TRERG SR T AR T IR G Y , 32 2 1 A 30 39 A AR R B (181 3) o B BRI 154 181 97 11 RS A
AN AEAE ISR o UNAEFD ZIAT eV S AT g R LA T PR R R A . W TR A TR
FEE R TR B B AR L BB A B T AR

(4) URRh IR

AT ORBAE A, R RS ARIR , bR AL 5 T SR o B T A U Sl T AR AR B AR R D 1]
TR TR , HA S W) 2 R RRAS B 5 B A e AN L SRIR-E Y, S5 S5 A Sl B T H
FAUPHDCTTERI NG S H ([ 4) , AT BEFE IR I ZEJE T IR, I B A IERE B . 2 R AE TR R BE A
KRN

3 WARREABE A G 4 HREXHBRRR
Fig.3 Subsidence caused by thermokarst in research area Fig.4 Thermal mud flow in research area

KA T AKX — 2 33 T ] iy v A 8 G B b s 3 B AR I B Sy 10°, 2 =y FEAR IR BRI B 5
Btk HIE , 48 10 0, R 98 5 ~ 10 m M5 8E 50 K B, HAFFE R E B TR RAERHIE R AR 18, TR 10 ~
30 em ANEE

2 FMRETEFTERTENESR

VRAR I T A AR IR AR AL L) B A T AR I Bl i 1 VR b ey I~ R AIE S 28 A ok A 288 A i U 7 A A
W R DA RS NSRS R R BEE SRR A S st B . R EREMIR FEEX T E2HH LA



H2 ke, &5 AR TR L X URER R XU P IEAY - 145 -

SN AR T ML TB2S B9 A Rt A K TR SO0

5550 RS VST SRR B e e s PR o LT R T MRS 0+ 45 1 8, 0k X B b o 2
IS AT BOSLRE b B H S R ) BB AN R (RS HEI ) o 45 2 4 e e R 7, OF
AL R 5 o 5 6 PR TR0 S0 « A 200 LA 5 TR P R B PR RO TR T, 46 A4S b LA o 1
B RENSE RAL A A I A (5, RIS 3RE, 45 3 45, & IR 0 A B A B S ), v
FERAER A TR T RARE, K5 H TEE R, RIGHIS R LA, KRB RN,

V2 SR B AR X R 5 U A A SR R 3 . BRI T AR BRI,
RS A E T AR BT TR PG LRGP I | R DR SR O 3, 2 P SRR b 5 AT B 4L
YRR LS

R HOPE R B AL R L R R RO, PRI 2 SR RS S AV, He L Ak A
VK AT IHIR A, SN E e SR 2 IS S D R KRB R A, TERS
5 22 o P L R LA 1R 0 R T T R MR AR

5 I T o B T B AR LR P S A BN SR T UK, T UK BT B R R S % A
JHYIER , FIEE R /T 1000918 L, — i T UK & &, i BL 4° ~ 8° 13 o 55 A R -4 F vk
5100 ~ 16 BIBEE |, 0T UkR B AR5 s KT 16991030 1 — e R 50 5L 2 40 F ok s 3% KT 25° B, —
it LA BABRUKAEAE s SABREAE 5° ~ 25° B , S PV I8 RIRMR VB 00072 A e i R 120 IR, R VK BB 1
W3+ AR . R £ B 4% PO BT UK HE T 09 Bt i REAR 0,05 ~0. 002 mm [ KRS KL 43 5E UKE
FA B R S, X AR T 7 L T K AE R3S TR + SRS £ R T8 + R+ B+
WD, XPRDRL K, FERGRT/NT 0.05 mm B2 R A U AR AT 15% MRS+ , 7E 04Nk 5 1
T AT A A vk R

SRS AL R A B4, IR RS SR S B S R R P | R T O AE R
B IR o 75 S5 AR v X T T AR (2K A e B DA TR 3 R A
R B 36 O 240 U X, AT N B 25, ARV S RS T AR+ B HGH L 9% 1 - R
B OB B , B M S S Ak, 75 A BT AR R 15 M F VKA AT B 5 R, — Rl 2 %
KTk R E R ZIRR,

NGB+ B R TR B RO, R AR IR OB S R R Pk B
Wi AR, NKTE DA SN PAR R iy IS B B0+, MO0 T RIE A, B R TR A R A A 7
(OFF42 M AR OB R SRR SR, B0k 3T R , 3R+ R A AR B R R . TR
RO BRI o H T« 75 T 05 75 B T O S S 7 BT A6 , e B T 5 - i Ak

R - 4 57 T R A A 9 I W - TR J I 00, TRt 2 e T - 11 5 0 B 2 5 L T
TR B A R RO (T RV . TR SRR , Lo vk A B | 383 2 , ) ARG A4 TR B B A 8 A
BE TR, ST 2 AR TR L BT O S e 43 AT A 17 T 2 B VR S O MM

G IR BRI L RS B R R R B OB 2. VR 028 1 S B B R E R B H IR B f
AR oV T A A e R B35 3 2 B 7 % 2
A, T ELF 2 B AL R S B K 1 . R R 3 | BB KRR E R |
Tl 2 Ay 72 T DS 3o 34 0 2 PR AE 25 AR B i
WE BRI 5+ 9 B B I 0RO
W R DL S ORI . Tk SRS,
R T VK VR 4 T ST L B I B 1O i
MR SRR B TR, T 302 5 8 A5 Ak s ik F
R VKR AL, ISR R AR, e T
RR T R O YRR

g R 0 AR B 35 R K B

[ I 1
HEXR | | £THmE| | E3ERE|
I |

|
2z & ' || |&
| [k
E| |E| & 55
fiE

¥ i Wi W i

fie bk H- D
W

0 A E A

I S BRSO T A B> ALRERBITGHBRIER
EEAE FAL S BN S AR 4 X R AR E TR Fig.5 Thinking frame of frozen soil

S disaster risk assessment
THEZR(KES),



- 146 - H & ® F 2% M %21 %

3 IEMEESUEIRNHAE
W E TN B B XU M PR T 2 05, AR 3C ®1 SEEMNE

KHE R AT (AHP) SR i 2 - F8 A8 AL . Table 1~ Weights of factors
i) NFE R EF5Y 55 DA b 5 3 S 4 3k & HERMEE  NE LR R B S U
KW, FE K BERAN R EZREE . ] Saaty MBERE  0.28 i 0.493 4
PEHET 1 ~9 Hedsihp B hn 8 45 K 18] i s 254 e 0.33 AR MR 0.310 8
AT RNEI, BT T %R 28 VR K i 0.23 T E R 0.1958
ERE IR EETAESANE RN E TR 0.13

(%1),
TN B U R SBR[ S B4R F IR 5 208 S E BRI KR (X)), HEBANITI X R
RAET- B IR . E TR 0. 5°CHE R 2 ARG L M40 0 04 Lk
{Tcp =62.05 -0.11E - 0.74N - 0. 006H
R* =0.62.
AHGE RZE(°) N AGE(®) ;H Rk (m) ;
2 A Stafen A2 ETESNRIEE (RK(2)) o AR LA + 2RI, IR ABUKIE b E 2%
BT 50 SRS AT 52 LAY 1:100 J5 50k i 380 (11100 7 i AR A [ H e ) v b 3k 2
SRaEE B EFRIE(GB/TS0145 2007 ) 75 580 25 59 B A ) DB J T AT TRR 02 A0 SRas Rk, 3
R 25 JEL R DU D LR R LR BRI b RS R b R AR, R (2) R AR AEE S 1,
e, SCHR[25 -26 ] Hhs th5 Uk BRUT 2R R BEE R A F T ny BT ARAECL 1100 J7 Hhde A R 30 [ Ak
) rhOR R B A B R 4300 T B TR M MEL . AR 77 A BT 4 4R 0 B K B s, B 1 5k
BN 18.1% %  EEMEAERLATME KRS AREA L TR R EIZIE (GB50324 —2001 ) ff 5
K 58 A ST B B 45 R S, SRR B R IR RS A A . AR R 7 o TR 4R VR X
D110 35 S2I RS AP T BRI S BAE 4% ~6% AT FHRGK &8 5% H7HE,

[ 2an, Tt
Z = [——2——. 2
Lyck(W_ Wu) ( )

(1)

K Z—E3N)2)RE (m) ;
A— TR FHEF(W/m - C);
n——&RH;
T,— e FEHFHR(C) ;
—— LT
L—— KR LA 3.3 x 10°) kg
Yo——H T AE(kg/m’) ;
W——Ril b - A B K E (% ) ;
W,— R EE(%) .

A A TPCC 58 YR BEAl R &5 (TPCC Fourth Assessment Report, IPCC AR4) H1 2010 4E1% 2= H SE-345,
B LARAC. IPCC 45 JEEET BOC — CMI “CBEE  F ACHE M BORBE HEAT 8. BCC - CMI1 4%
BRI LR 32 R TRAKT ARV EE R ATHOR 2 T 038 R B2 BE 455 3 AMMEAKF B ALB 5 5t A2
WG B1 B, oot ALB BRI LA A M SR I R R R

HEFSE A BIPI T AR — 510 ~ 1 2, RIIAR 3 HHERRAICE 554

F = Z w, X (3)
K F RPNME w0, 5§ AP BARAR AL s X, 050 | D e st | Db iE(E .

4 ZFEFRTIHRRREXE TG

B3R 2 PRSI IT R AR LT RS & R REERIE—51 0 ~ 1 ZJE, (L) ~ (3) 5 H 7




2 KR, A AR TR DR O KU A - 147 -

P R AR OR R ORI R RIS, AR TE O ~ | ZIA], #5833 BObR i dE AT ok 1 2 AN XU Pl 4
LR (BT , Ul IR A VR R R 3 ) XU BG  ve o HE VR 3 XS P 0 DA O A A 0

(1) B X FORZ X R AP iR B, 16 B2 B AR, R R B DL UK IR + s ok R o 3, &
AR B AT BEVEARH /N

(2) BB X« s iz X LA AR R o0 3, W& B2 R /N T 1S m, YRR L 2 kR + s0s kR £ 08
&, R AGCE R AT REPER /N

(3) AR X Fn I X P R R O L TR SRR — O 1.5 ~ 3.0 m, R 2B DUE VKR £ sl i vk
UKUR o8 3, B R 0 B AT REPERR

(4) B IX  Fn I X iR o0 L SRR R T 3.0 m, R AR DU IR R + 83 L 0KkE 8 &,
Kot RE R A BEMEAE R R

R2 HIXRBSEIRE

Table 2  Classification criterion of frozen soil
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Table 3 Classification criterion of frozen soil risk
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