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Study of relationship between uniaxial compressive strength and electrical
resistivity of frozen soil under different temperatures
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Abstract: In order to study the mechanical behaviour of frozen soil under the roadbed of the Qinghai-Tibet Railway and explore a
new method to estimate the uniaxial compressive strength quickly and correctly, the stress-strain-electrical resistivity experiments for
the clay in Beilu River are done under different temperatures during the whole process of uniaxial compression. The complete testing
data for the stress -strain curve and the associated electrical resistivity -strain curve are obtained. The experimental results indicate
that the uniaxial compressive strength g, increases with decrement of the temperature 7, and they follow the linear relationship. The
initial electrical resistivity p, rises while the temperature decreases; however, initial electrical resistivity increases sharply with
increment of 7 when 7" > -20 ‘C. The relationship between uniaxial compressive strength and the initial electrical resistivity can be
described as linear Semi-logarithmic equation , whose correlation coefficient is very high, so ¢, can be quickly and correctly
estimated by p, which can be measured more conveniently. The stress-strain curve can be separated into compression stage, elastic
stage, plastic flow stage, break-up stage corresponding to decreasing fast stage, decreasing to minimum stage, steady increasing stage,
unsteady increasing stage in resistivity-strain curve. This associated relationship indicates that the strength and displacement problem
can be effectively solved by the electrical resistivity method.
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Fig.1 Schematic diagram of the
experimental system

23 THRHIE SRR
2.3.1 REAF K

RIS TR HR kK AL RE B (Dk114+882)
PIERIEI L, ARELt, LR Tt
B ARG R T, X EGE T REEAT T % 0 X
T MEEE, BREOCT 2 mm ki, R 2 mm LR
AR, AEAARUGRE: TR, HYPETahs Wk
1, RiAe e R & 2 Fros, AN RECH
10.0, R FRECA 2.8, BN RLH 1. w5 HK
AR, DURFE LA & B IRk, 2Rkl
PR 12.5~13.1MQ-m



513

R1 LRERYEIER
Table 1 Physical parameters of the soil used in this study
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Fig.2 Grain distribution of original specimen
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Fig.3 Typical strain-stress-electric resistivity curve
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Table 2 Results of electric resistivity under uniaxial
compressing at different temperatures
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/C /(Q - m) /MPa /(Q - m)
-5 207.907 2918 224.874
-10 392.269 4.421 426.522
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20 2222625 6.709 2478471
-25 6369.024 8.129 6787.172

3.1 NJy-RAR-HLBH 2R A TR i 2 5C RV

TEAR S KE N 17.8 % THE N 171 g/ e’
MAFENRE R (T'=-5. =10, —15. =20 ‘CHI
—25°C) R ERBIRY J)- N AR - H B 2 4 ik B il 25
Kl 4 Pros. AMERH, A6EEWTR AR -5 CH|-25°C
O A Y g - AR MR A A I IR, RV AR R AL
FetE, HWBHZRAE D) T SN R R . X2
KR VR LA S At VE R &0 T % s
T BAVERE R WERSRY B, B BN IV H BH AR
oA GE P N 2t FRE . JRIZE I,
TXHRE— AR (1) [R] AR A4k 3 H B 23R 35 R AT T R
g ) A KR AR R N AR TR M Al
A3 1) R T 5 8
3.2 ARSE T % kb R R B R AR

Bl 5 i T e s SR g, Bl SRR T AR 5K
DFIHLA Mgk o SEMME T UG R P
JEE Bt Ui S PRI BRI TR 385 K, A — 5 °C 31 — 25 "C I
P BERERRAIG 1 "COm P31 N 0.254 MPa. M3

A5 S T Bl R B, TR LT L
BRI T R P 5 T
g, =1.867+0.254|T| 2

X g WHREIPURSRE (MPa) 5 T AFERTAL
Ffad (°C) o MHXRARECH R=0.99.



b 2009 4

76 E= R
4 260
NiFy 1230 _
3 E
< 4 240 -
s <)
< 2t 4 20 <
§ 5
21 Hupii 120 5
4 210
0 1 1 1 1 200
0 2 4 6 8
A [ %
(@) T=-5C
Ry 1 300
4 {400 7
& e )
2 4 300 %
32 L
{200 &
0 . . L L 100
0 2 4 6 8§ 10
NTE /%
(b) T=-10C
r = 1900
6 | Ny
4180 ~
E
< .
sS4} {11700 ¢
R HpH A 4 1600 3
N > =
{1500 F
0 : : : : 1400
0 2 4 6 8§ 10
A [ %
() T=-15C
8 ‘ 1 3600
NSy
6 b 13200 2
< .
% A { 280 &
R Wi o
= { 2400 =
2 puid
{ 2000
0 . L
0 2 4 6 8 10 12
NAE [ %
(d) T=-20C
i) 1 8000
8
{ 7500 &
6 .
& S
S H ok { 7000 <
= 4 L fH 28 w8
= =
2 b { 6500 &
0 ' ‘ : : 6000
0 2 4 6 8
NAE /%
(&) T=-25C

B4 ANFEHEEE TR LRS- B RS AR 4%
Fig.4 Stress-strain curves and resistivity-strain curves of
frozen soil during the whole process of uniaxial compression
under different temperatures
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Fig.5 Relationship between uniaxial compressive strength
and temperature
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Fig.6 Relationship between initial resistivity and
temperature
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