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Degradation behavior and mechanism of slate under
alternating conditions of freeze-thaw and wet-dry
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Abstract: Considering that slate, a material used around hill permafrost region, is naturally exposed to the alternating
process with freeze-thaw(F-T) and dry-wet(D-W) process, and that it is one of the main disaster in rock engineering, that
rock is deteriorated partially or completely on the surface of slope, the physical weathering of slate was assessed using
photographs and measurement of variations in characteristics such as quality, elastic velocity, stress—strain curves and
uniaxial compressive strength. Varied numbers of cycles of an alternating combination of the freeze-thaw or dry-wet
weathering processes were applied in samples. The results show that in many alternating processes, the content of calcite,
feldspar, pyrite and hematite decreases and the amount of secondary clay mineral such as gypsum, illite and mixture of

illite and smectite increases. New fractures develop on the surfaces of pores as a result of outward pressure due to this
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increase in volume, and a lot of water would be absorbed to secondary clay mineral. This process repeats itself with the

decrease and increase in temperature and causes undesired deteriorations in the bodies of slate. The experiments also

approve that the deterioration degree of dry and wet action of slate is obviously greater than those of freeze-thaw-dry and

wet alternating action and freeze-thaw action.
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Table 1 Physical parameters of rock samples

WEE PR WA WAs AR
WS pd(gem) pllgem™)  IKE/% n
D-1 1.55 1.60 3.04 0.32
D-2 1.35 1.39 2.76 0.39
D-3 1.55 1.59 2.56 0.32
D-4 1.73 1.78 2.89 0.35
G-1 1.66 1.74 3.02 0.31
G-2 1.32 1.4 3.07 0.33
G-3 1.29 1.55 2.81 0.34
G-4 1.59 1.66 2.68 0.35
J-1 1.64 1.72 3.02 0.29
J-2 1.34 1.45 3.01 0.31
J-3 1.31 1.51 2.88 0.33
J-4 1.49 1.63 2.78 0.35
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Fig. 5 Stress—strain curves of slate under F-T, D-W and

their alternating cycles
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Fig. 7 XRD analysis for all minerals that undergone

alternating cycles for different times

HK

R B RS D7 A SR 2 B BE A
PR ORBOE AT, HLs N 2 /N B O B AR
UCORURRREIS . UREh—TRZ B IEA . THRIEN; [H
i, A B T B B A 3 R
6 2 AF T SRR LN S DR 18 A RS AR (RHR A 78 7R R
AT N RIUNE AN o

H T2 L) 50 S O BCE 1 2 B A
Y, MELMREVERE, BAETRAEM T RAER
e, B, A EERAS ST 85 RS &
W RN M- 1B 8 s AN FE A 8 e

(@) BHRIfT; (b) Ml AT
1—URRh: 22— 3—Tii.
8 EFIRIA AT 55 L7 4 XRD 447
Fig. 8 XRD analysis for clay minerals that undergone

alternating cycles for different times



1398 TR AR (A BRI

%50 %

JERCE B LT BRSNS T R
FA T ) BUTE 3 FAS IR S5t T WA 538 i v 1
o, BB 2 AN B O R BE R . R —T
BB THRIEA; F, ETREREET,
B P BRI S SR RHE, &R
K REN, TR B TR B GRS
B E S B EL M K, IS AR RS 3
FAAN ] %A BEAE B CEICE 0 i 2 0 HE S 388 K5 /s
FIREAE, LA IR 3R A /N B I S R B AT
N M TA'al = X (57 NN e ¥/ 7B N

25 FAHEBETREMEGSEM) K

N FAS R TR 2 A TR AL, 50
KO ZH A% 5 5307, 1% FH Quanta FEG-450 &
SR HEL(SEM), &GS ZMAMEIRAE, #
Rt SRR (SR S MAREEAT R PR
WS AT F48 L % (R ) 22 5 BE 1S A (EDS) 5 1
B AT S (EBSDYBC A . EDS Bt A6 0k M e 7 56
TR A B AR SR O 2 S HEAT Ak 2 B oy o0 b, o,
NG A b AT LA TR 404 3 B, AT LA
R 2 AT .

M BT 5 A R A R, DA
VER G BRE IR LR s AR, BORSRIRECTEIE 3R
R R, P BRI BRI, Hidid 0.05 mm i 4y,
Kb K RS O ET S iAT, DLW R R

FIRAGH S 1 P RORL TS AR 1E .
251 Wi MuLE K

TRFET O S5 A Wi 9 frzs o W 9 AT I 1) T
AT S5 KAT R A (B 9(a) T 9(b)), 1E & Ak A #17
A, T KARCE IR Bt 2) i b B
JRIAT 8, HERIEAS NEPRITA BT PI(E 9(c));
3) TEKATRZ A BRI I AE B AR AR K
R TP FHIRE)E 9(d)).
252 AR AMIB K

B ) RURL AU FE A FA B AE FL R 20 KV TR
KAEHCH 500 55 TiEAT, Wl 10 Fias. AWK
10 A7 e 7R 3 MBI sctE T, 28 30 IRFEIR G, ik
(RO T 25 R AR AR KA AY,, BRI /ISR ] 5% 9 KK
Hh TG F A SR R I 2, R
MBA B AR, VRAMIEER 5 R BRI A AR
NS

[FIIS, XA FENRERBAIERE . TG VR Rl
T 1B A B A g iR Rk B HEAT G it , S5 R L
11, B 11 AT BCE PRk 2 B 18 B 2
TR/, T AR FE B 6 R 22 TG ok, K
T 2R /N BN L S AR DO RRE IR . VR —T
WA BEIA . TIRIEIN: 72T IRAG PR R b — 1215
AN, PRI R G S RIRE, RS

(@ Tt (b) KA (o AF; (d) FREETEER
B9 XA EmMILLEH
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Fig. 10 Micro structures of particle that undergone F-T cycles, T-F cycles and their alternating cycles for 30 times
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