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Mechanism of strength degradation and energy evolution of
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Abstract: To address the strength degradation of slope rock masses in cold regions under freeze-thaw action, the
bluish-grey sandstone from the Yulong Copper Mine slope was taken as the research object. Through indoor
freeze-thaw cycles, SHPB dynamic impact tests, and nuclear magnetic resonance (NMR) pore analysis, the dynamic
mechanical degradation laws, energy evolution characteristics, and pore structure evolution laws of semi-saturated
sandstone under freeze-thaw action were systematically investigated, and a freeze-thaw strength degradation model
based on absorbed energy was established. The results show that as the number of freeze-thaw cycles increases, the
dynamic peak stress of sandstone decreases from 65.45 MPa to 51.8 MPa, exhibiting a nonlinear degradation trend of
rapid initial decline followed by slow attenuation. The dynamic stress-strain curve sequentially undergoes an elastic

stage, a strain-softening stage, and a rapid unloading stage. The strain-softening stage gradually shortens with
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increasing freeze-thaw cycles, accompanied by the phenomena of stress drop and strain rebound. Both incident energy

and transmitted energy generally show a decreasing trend with increasing freeze-thaw cycles, whereas the reflected

energy increases significantly at 20 freeze-thaw cycles. High freeze-thaw cycles promote the migration of moisture into

larger pores, expand the pore distribution range, and enhance the response characteristics of mesopores and macropores.

The research findings reveal the damage evolution mechanism of semi-saturated sandstone under freeze-thaw cycles,

providing a theoretical basis for the stability evaluation and protection design of slope engineering in cold regions.

Key words: freezethaw cycle; semi-saturated sandstone; strength degradation; energy evolution; damage model;

dynamic impact test; nuclear magnetic resonance; cold region slope
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Table 1 The mineral composition and content

of sandstone

A%/ KA/ N mIE /v BHRIG % giRA/ %

42.6 29.9 15 11.3 1.3
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Table 2 Physical and mechanical parameters

NP/ TR/ MR/ MRE K FLER

(m-s™) (grcm™) (grem™) /% B/ %

2604.08 2.458 2.555 3.76 3.85
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Fig.2 Dynamic mechanical response curves

it 7 I NI P VAR B S (P N = 1 S
TERNLAZ -6 WA, A N B M R S8 AR, D AR
AT —ERE ) JE TR A AL B B B Bk
FRD S P9 AL | SRR DR A R O A BB . AE i
AR 3 G BN SE AR, I By B S AT

— phl SR T IR R BT ob o AR T 09 RE T S TR AR
VR R BIOHE 22, Ry AR BRIk o BE R A . Rl A AL
Wit 45 Ae) & R B v, N g Bk v AR [l i B
S EAES KA R E RN T EBNERK DS
ST AVE T R AR B,

Xif Eb 45 AR RE (0 Bl A4S 8 g - 1 A il R, & BR
{1 JJ HH 65.45 MPa [ % 51.8 MPa, 2l 2 U {4 1
TSI TF I 12% (18% .19% .20% . AT A1 vk il 17 3
X A e 9 25 10 R B L R R R A B R B
0, BEE R B I, AR N L X
BRI vh i SR VR AT T AR R
2 Ak B 5 ST 0 0 R A B A FL BR 2 R 1Y K
B4, A 4 A O BR A I A A
3.2 fEE AL RRIE

Al AR S e b o o T R LA A B IR
PR B LR, vhis i 2R BE A AR A ST RE UL (2).
JHHEE U, (¢) B SHRE U, (1) B Wl e UL (),

Ui([):AbEbChJ el (¢)dt

t
0

e2(r)ds (1)

UT(Z‘):AhEthJ SE(Z)dZ‘
0

A A——FF 7 09 8% AL, H19.625 em®; E,
——FF 3P A i, B 210 GPas Co——FF 14 (1
L HU5290 m/sse (2) e, (1) e (2 ) ——1RBE A S N
A SRV AR (35 B i N AR

W Ui RE T BT RE R AT RE S B SRR R

e AT RN W
U(t)=U(t)— U.(t)— U(¢) (2)
~U(z)
W= 10 (3)

ASSRE I T RE B RE WA RE Bl R AZ Y R £l
WA 3 Bz, W (EL N S5 BE | U (LI 25 BE | U6 {0 S 3 i
e {1 WA R BE ik S S AR B VR i O M Al ok 3
F)“I“/?\‘O



108 EER T R 202649 H
1200 1200 1200
—— NI —— AGTfE —— AGTE
1000 L — [UtRE 1000 L — RUFRE 1000 | — RATHE
—— EHE —— & —— E I
800 L — WkiE 800 L — MLUARE 800 L — MR
= = =
I8 600} I 600 I 600
kv paiv) kv
Jm Jm Jm
400 | 400 400 |
200} 200 200 |
| . | . | . .
0 0.05 0.10 0.15 020 0.25 0 0.05 0.10 0.15 020 025 0 0.05 0.10 0.15 020 025
Ri% Bid Ri%E
(a) IR RkOX (b)iZR k207K (c) k407
1200 . 1200 ¢ N
—— A4 —— NATRE
1000 | —— St 1000 | —— SUMBE
—— iE R —— B
800 | —— MRS AE 800 | —— M li it
= =
I 600 |- I8 600 |
= =
400 | 400 |
200 | 200 |
i P

0 005 010 015 020 025
A
() Fik60IX

B3

0 0.05 0.10 0.15 020 0.25
R
(JURLE0VC

BRI

Fig.3 Energy variation characteristics
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Table 3 Statistics of peak energy changes
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20 1089.05 663.87 303.37 121.81 0.27
40 871.88 571.28 165.25 135.35 0.18
60 899.66 620.70 149.58 129.38 0.16
80 947.25 712.87 137.54 96.84 0.15
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Fig.6 Freeze-thaw strength degradation model
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