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Structural Evolution and Mechanical Characteristics of Snow under
Maritime Climatic Conditions
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Abstract: To investigate the structural evolution and physico-mechanical properties of snow under maritime climatic conditions,
seasonal snow from the stable snow period to the melting period on Galongla Mountain in Tibet was selected as the study object, and
field tests were conducted to measure the physico-mechanical properties at different depths. The results show that during the stable
snow period, the physico-mechanical parameters of snow increase with both depth and time, and empirical relationships between
hardness, shear strength, and depth are established. During the melting period, multiple distinct weak layers develop, whose mechanical
properties are significantly lower than those of the adjacent slab layers. Free water accumulates in the early-stage weak layer due to
gravity and capillary action, accelerating the evolution of the weak layer. Liquid water content is identified as a key factor affecting
snow stability, and electrical resistivity is negatively correlated with water content. Based on field measurements, empirical relationships
among snow hardness, cone penetration resistance, and electrical resistivity are proposed. These findings elucidate the mechanism
linking characteristics of snowpack structure evolution and patterns of mechanical changes and provide a theoretical basis for avalanche
forecasting and mitigation in snow-prone regions.
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Fig.2 Snow stratigraphic profiles and schematic diagrams of the north-side test site in February, March, and April
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Fig.3 Three-sided snow layer profile at the southern test site
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Fig.4 Experimental Equipment
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Table 1 Quantitative Estimation Table for Snowpack Volume Water Content (Fierz et al., 2009)
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Fig.13  Schneebeli test data (a) and Zhuangfeng test data (b)
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Table 3 Comprehensive Decay Rate and Hardness Ratio of Weak Layers and Snowboard Layers

S A] FEEREE Hpwe N)  KFHEEE Hyawx ) FTEEREE Hyaow N)  ZEEEED (%)  WHER = Hye/Hrer

6.74 7.18 11.04 19.20 0.81
2025.04.17am

11.04 11.31 12.53 4.02 0.96

5.30 7.96 8.95 37.95 1.12
2025.04.17pm 8.95 5.90 10.07 32.19 0.62

10.07 7.68 12.57 -7.11 0.68

3.68 2.08 5.05 52.44 0.48

5.05 4.10 3.71 6.42 0.94
2025.04.18pm

3.71 2.60 6.09 46.94 0.53

6.09 3.80 9.34 50.73 0.49

G R SZIBHRE T 4, 2BEEREEL R<1, XUHISER ¥ mREass T EESE, 75
THELIWIE], B R 4T 0.81~0.96 FIAHXS mifr, B G REET R AR, B B R B
AN, B4 H 18 HRY, ZEIEERE 049~0.53, H FFRIEEE LS/ T B4, RS2 K
PR RS T HRE .

B & CPT MR MHESRFH BT LU i, HESRPH 1 2 LARIA T R HESRPH )AL B, (R
H T RS S SWRZH . LGRS Z S SRZRE . HEARIE LR R EE, FER
ZRE15KE, BEENNFSHABKTREZ.

[] &&= [ wExe=
25 60 500
20k or 4001 :
'Ew - - 3
i & gsnn -
8 . Sk o R
ol W B
H . m «100 o
10} Dok ¢
I 100 E
sl A 10} ~ a
0 or ’
T T T

K15 RS SREME T FSHT

Fig.15 Comparison of Physical and Mechanical Parameters Between Weak Layers and Snowboard Layers
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4.1 EREHRREEELHLE]

AH g, R R RE T AL AR S5 AE AR e AR S IR LB 240 JE 4544, 52 E U A B 45 4E F (Krol, 2017),
BRI KRN TE 4 F AR AR S ST H IS AT I 70 2R T B B S5 A R 55 2 o X — R fE R A,
IR SO IER T Rk B S 4E, T S HERN BRSNS DA A %, — KBS FHE IR
JG, MERZZZMAZAIYEERE, SRENTRESN, MIXLEREREEREESHREE, &
TR E VB EEREAL, R ME7e. XSS, FNARPRREMEEFBSERT RS E
45 K(Colbeck, 1991).

XU BA RPN R A F AR TS, H NGRS R 5, RS PSR IR R BRI K A SR A
RAEWHEZ, FHHa AR FRE G, [EAERERE, T omemn s, ERNARSE R SEE S
IKEIE I IE I, B SRR — D, SRR K E 2L, S ER S RS 71T B (Schlumpf et
al., 2024), A GG)Z AL RAEA . BT XS ZHAREILREASESR, SoA T RKEH R HmE
A%, WA /KAE AL JE4E (Marsh and Woo, 1984; Kinar and Pomeroy, 2015) (& 16(a)), M2 8 AR BE PR
fE. BEEREER T E, BEEERmE, FR R IR, BaKEENERSBHAER FARERSE
HIRE, REERNS/KEREIN, WI5EEEZREARE, W1 525 7 /E R ¥ 6 (1K i o 28 T2 3
S92, 1052 BAIE 6 R RUKTE IR E R, REMEAMR MR EEE R,

AT e BRI R I, MR BANE R R 1R LEiE R, ESKER S ki flAl, B 45
/MO TREE, R E S MK o S A R RO ] R ok 1% B, Y 38 AR S5 UKL (A1 ¥/ F 71 (Colbeck, 1982), ik
B RIR, LB RN A HK S B R (R 16(), SULFEIN, RN 5 A2 HAGE B 1 IR Eh 7 A
1, R TE R BRGREY, K EE, RERE NREEER, KOS ENEEE: Wk mac
Y210 T Pt B R BN IR AT S, 1 16 () RI(d)AE 2025.04.17 R4 16:12 A1 18:10 L5 FyHITH, 4553k
—WIESE, REMEHERE T KA, Z3RFUFKMHESN R, e RA R, REKD
HAER S, PEAERREIASK, EEER RS RN FEBESEE, REmELKR, S5
KERTFERBE DRI [FEBEE E R R0, FlKVEE S AR S, 52 5 K B B
T, SR 5O B T ) S 25 3 5

16 KRB L 355 EA (B (a) K T SCHR(Kinar & Pomeroy, 2015; Marsh & Woo, 1984))
Fig.16 Water Flow Path and Variations in Weak Layers(Picture from reference(Kinar & Pomeroy, 2015; Marsh & Woo, 1984))

4.2 BESK R B O F M RAEHHER

£ 2-3 AR HIAR NG MBS Z S, ATWEMTIR 4 AP amIlsesz 5SS ERZ .
WKL KR REI IR TIRT B, TR (B8 KNSR, BB S RO A A 1 i 5
dme /N A KGR TAE AL TR AR, S PRIE R 18, 5 BUBURL A R R IR (B 17 SR URIREN T ),
AT 25 AR T 5 0K (R PRI A
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Bl 17 KX S B S B 28 (B 255 S0k (ColbeckS C,  1982))
Fig.17 Destruction of the snow skeleton by meltwater (Image reference: Colbeck, S. C., 1982)
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Fig.18 Schematic Diagram of Snow Slope Instability
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Fig.19 Physical and Mechanical Parameters of Snow Layer on 2025.04.18
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Fig.20 Relationship Between Mechanical Parameters and Resistivity
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ME, FETARPFNE- PG RR, SN SEME S Z )R, 8BRS = 1IN 2 s, AT R
95 P R SR A OGS I BAR SRR S
4.3 BEFMSERSNFESHN RIS

AHE AR ARG E R T 5 Rl T S ) ) 2 BRI W R 22 e, AR T G TR AL S 1 B R AS A
JIEAER RN E R o FERRE AT I, AR 105 B mT DU L 0 0 R Se [T 25 RS o SED O o, i
X IR T B BELE 0.20 ~ 0.45 g/em?® 2 [A], BEARRIABEIR LGN OK, HE T2 E I EH . oKk
AR T, BT EEMXTEDN, Z7E 0.15~0.35 g/em®, T HEHT IR NN, %2 E11E
RS Ss s  [EI TR S 2 RO iR BERR B, LRI R R FLBR A R, ok
1E B AR N A RUESE, RECR TR T H 2 0% FE i K(Lackner et al., 2022).

[FIRE, 9T X B AR S5 A B AN BT BT 5 5 5 R R I s AH DG, AT WA ST AN, 0k 1) 22 fi
R, FEE S E RS MRS R A U E s BEAE SRR IR, ORI AR O, UK e 2 4R H
FREL g, F 2B WU, e SC A N PR, RS R MR R S sy R R R B R 0 SN [F B2,
KBRS R EJERT, o BRI S0 FE X — 3, 1 JRHES i TR R = A,
AHEE T 2 TS AT B (Pielmeier and Schneebeli ,2003).

HNRE IS, WAKBNEFIREWE ) A2 IR J7 . B 70 XA 25 1 1 2% B 3 K =
0.39~0.48 g/em®, WEIRE RILCHUG GBS, X—I R R T /KER RS )RR SIRHE; R
JEBHORHETEGY, P NF S (R RE IR P 1 KR ) 38.62% DUis 4 2 32.07%, R IRA K K STl b 1 ik A
fRvkeeE, T ZAGK AR AL SCER SR, BIKEAL SR G SRR AEAR LI ] N AT 22 52.44%,  [F]B Al
FELE R WEHATI 0.81~0.96 FEKAE 0.48~0.53, R {E K S AR WILE B H/KIRIE TN, #0552 1A% B2 2808
TR TAHAR BB HARUZE . XFP R ) SR Ak, 843 5 7K R AL A N B B AR I R 55 )2,
MR S 2 B R TSR AL T AR A R ) 254

5 45k

KT TEENFEE 2 - 4 HRIFRBCA RGN, 465 R8Ny =285
B, xR T AR S AL AR 58 = R REAT 1 e EEESIR IR
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(VEREMREH, MTRM 2 E B TR IRES, WIRRIAR D g2 57 32 22 oy = IR s AT AN
BRI T, R FEVR B AT (8] B3 A0 o 48 K M AR A RFAE, 8T 9 B B VE I 7E 0~13kPa 2 8], HHJE
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R, ERJRMIEAAE S SRE R T IIAE, AR 55E e B R

QMR E RIS Z I ARIR T R B T F4E, TR/ 2 MBI R EIR . BEEE S ER
R R AAERE 20, WHRERRN, A HMERERIRE, RATERR, SHASHRZMEL, e
JRHDIE R R 35 TR, NEEARER.

)R 55 2 A UL S5 F A BRI ORBE R 3R, AL BH R AE — e R P L ek T AR R 857K
B, ABRTUREH TR MR SRR R R, LR ERE NS EIIEHERI R R, B
55K E R REIR RIC R -

Wy N 3R

B 1: FSTSER TR S 90t BRI S 00T SRS WA RIBEGRSC. 13 2: IROHE S SR FUEWG
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