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Evolution of Brazilian splitting tensile strength and its associated fracture
energy in expansive soil
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Abstract: In order to explore the tensile strength and the evolution of fracture characteristics of expansive soil , this
study aims to provide a comprehensive description of tensile failure characteristics. The applicability of Brazilian
splitting test in the determination of tensile strength of expansive soil samples was verified by experiments. Building
upon this, effects of dry density and water content on tensile strength and energy evolution during the loading of
expansive soil samples were systematically discussed . The results showed that the Brazilian splitting test was
suitable for remodeled expansive soil samples within the test range. The tensile strength of soil decreased with the
increase of water content, and the reduction is more significant with higher dry density. Besides, the tensile
strength increased with the increase of initial dry density, and the increment became smaller with higher water
content. The fracture energy of expansive soil samples has a similar trend to the tensile strength, but there is a
“critical water content” at which the fracture energy showed an approximate bi-linear decrease with increasing water
content. Moreover, the “critical water content” increased with the initial dry density of the samples. The research
results have extended the application scope of the Brazilian splitting test and provided engineering insights on using
energy index as the auxiliary measures for assessing of soil resistance to destruction.
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Fig.1 Sample preparation and apparatus
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Fig.2  Apparatus of Brazilian splitting test( BST)
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Fig.3 Photos of apparatus for measuring matrix suction testing
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Fig.4 Typical development of cracks in expansive soil samples
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Fig.5 Splitting and failure of expansive soil samples

3.1.2 Jetkdsdr EKEol%
177 19.7 21.7 23.7 25.7

C P B SR e W ] i o S A R Y 0 : o
ORI , MR 7 — 5 /AR Py B e 7 100} S
SRATIBYE, ST UE, 6 U T T HIR 1 R £ ol x
B HERHIE 7 24, 52 3CHR [ 21 ) 2R i b w1 " w5160 gl
IEHCHIERAE SRIBE IR - R & | o pil 2 gent
RDLA T 2R A6k 36k, 008 MRS IR0 DL TR AR R, £ |- v £~1.36 glom’
(K 6) 2L LA 2B A IE MR 2

(b) BfE)E
B=1-exp(k,/k,) (1)
7 IEERTEIE B &R KL
Z i Fig.7 Slope statistics of fitted curves before and after peak
R
1 = - - » 3
NN
k, k, 1>® @ @ @ /.\*
0.99 \J s
o 098
0.97
0.96 .
A T 97 217 237 25.7
0 o HKEl%
S /mm = p=1.60 glem’
6 - fIBHARNENATEE o pi7152 glom’
. _— . . 4 p=1.44 g/cm?
Fig.6 Slope fitting diagram of pressure-displacement curves v p,=1.36 glem’®

K7 Sy 20 dIKFRIEAE T 5 05 i 2R St "7 17 217 237 257

PHEE J1 - RS B T 5 2R AL A 3 FAK/%

(PP LT S 35 B K S5 800 T 8 Bt

AN, B8 SRR (1) TS ME IS5, TTLLE Fig.8 Diagram of brittleness index distribution
SRR ARG T TR R 3013 Wie

SHBOR (HEAR 1,20 ZH RS MK b aURE I T 4 H Y AR e 45 205 U6 B SRR ) 2D RS

I 1(B>0.63, RIEHEARK) , st B bl E A Stk RIE17.7% ~25.7% 28] T3 ELE 1.36 ~
B0 RO MEPERAAE . R i, VY BF ROE X Y 1.6 g/em’ Z IO T SIS LR, (PG B LA B



1

SRR, A K L U B R X U AR A AL - 129 -

A BGF RS FAYE . (BATSAEAE LA Ry BR 1 o % ] 2 4
AR BT i B Rt M o S T R BIF9E A0BT , R
AR T AT X IR IE ; X iR 56 3 B LA A 4
o TR PR A 9 3 P ) 75 BT AR 8 P 4 A |
REEIRIE A gkt 51 A S AT 28 A a2
B R 3 — UKL A R 1T BB 2 0% IO B 284 T
fiE, JE 2] R R SHY S DEM BUA B — PR
SR INZEGE AR B 25 A AR A RRE 5 A A
3.2 h -z

T3 — (L RS R AT v B sz e R SRR i B B
KB SR 12 AT R AR ARRAE A ] B KRR
TR A 25 B A S K R 89 F1 — (RS il
LA —E AR , 2 S B — 41 Ry Bl T U RH
K9 (a) 45 TIAFERIBA TR E R 1.52 ¢/em’ , Bk
BOMK17. 7% 19.7% 21.7% 23.7% 25. 7%
AR RS - fifeth k., FTLAE 1,5 Hith & e
M BT B S ACRT R R ) R E A
TR/ I WX I A7 6% DU 2R 38 3 2 R Ry
A2 VL 14 K LA - SR [0 A X 1 3l B 25 5 5 AR 18] K )
TR ENEAE T , A2 1) e g Bl B 38 K 2RI/ Bk
RIS K FIE KA PTGE , 5 AMMZILER 272
A T A A TR R bR A 1 2 O 3R R, B R A i B
AN R AT R 2 WU O b R, R R R i R
(BRI T, = —1.933 ~ —0.013 5) o a] HW7 %R 567G
FEl P T 3 <« i 7 S XSS — AR
EIA T B PG B S PR 6 R PN A B Ak R e
s PEAEE T . B 9(b) Za i T & /KA 19.7%
B, T4 1.36.1.44 1.52.1.6 g/cm’ BfiR
FERAR I R T - i 4, BEA T % B s K ik
FE R AR [ 1 g WA 3 T 1 A, JHE ) o A % A, 348 17 44
T 33 T R PR SR O [ e [ 38 K, e PRI 5
RIYSIE R 53 BRLIAIE s R4 1] R 0 3k SR /=
R 1) 7 Bt 67 % 165 0 B TR A, T e i 3 o T %8
N PTISE
3.3 mhEE

UL PG B 0 I A5 1) B K e i B T LA
KR (2) FATIRE Y

2P,

o= (2)
mdL
K o NP kPa; P, A IE(E TR 2k K/ kN
d HRAEIZIREE EAR , m; L IR m,

3.3.1  FHACRIH

BE T 7 R DU T Sk B K L iR BEREPE AL
PRAFATHRALE 0 S . A SR FAUE No. 203 Bk
4R, HIETT 77 % ih 2 B SOk [ 25 ] 7 1250 %
FIRERR B R e R R, R R ] R A

lg h, = =0.076 Tw,, +5.493 0, <47.7%
Ig h, = —0.012 0w, +2.470, 0, >47.7%
b, KBTI, 0, R URAR S K

(3)

225
200+
175}
150
125+
100
751
50
251

—o—w=17.7%
—— 0=19.7%
—A—w0=21.7%
—v—w=23.7%

——w=25.7%

1IN

11111111111111

0 123456 7891011121314
ALF%/mm
(a) THE N1.52 g/om?

2257
200

—e— p=1.60 g/cm®
—— p=1.52 g/cm?
1751 —a p=1.44 g/em?
150
125
100 -
75+
50+
25+

—— p,=1.36 g/cm®

JIN

® 1 2 3 4 5 6 7 8 9 10
LA /mm
(b) BIKZEHN19.7%
B9 ZEEH-IBHL

Fig.9 Radial pressure-displacement curves
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