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Abstract: The utilization of cemented tailings backfill technology plays a pivotal role in achieving eco-
friendly mining of metal ores. The tensile strength of the cemented tailings backfill is a crucial factor that
influences its stability and guarantees safe and effective mining with backfill in adjacent stopes. Ensuring
rational mine backfill design requires accurate measurement of cemented tailings backfill tensile
strength. Cemented tailings backfill, due to its low-strength characteristics, lacks a unified test method or
standard for its tensile properties in China. This article presents a systematic review of the application of
tensile strength test methods for cemented tailings backfill. It also identifies the current issues with the
existing testing methods referenced from concrete, geotechnical engineering, and other fields. The recent
developments in the field of tensile testing methods were discussed in this article, focusing on three
aspects: direct and indirect test methods, as well as innovations in test methods for measuring the tensile
strength of cemented tailings backfill. Firstly, four direct tensile test methods and their application
scenarios are systematically sorted out and summarized, and then three indirect tensile test methods and
their application conditions are studied and analyzed, and the advantages and disadvantages of the two
different types of test methods are compared and analyzed. Based on research and analysis of the above test

methods, Prof. Guo of BGRIMM developed a new method of testing the tensile strength of cemented tailings
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backfill. This method involves using a compression to tensile load converter on dog-bone-shaped specimens,

which enables direct tensile strength testing through uniaxial compression. The innovation takes into

account the mechanical characteristics of the cemented tailings backfill and provides more accurate

results. The method has been scientifically verified by relevant mines and research institutes in China and

Canada for evaluating the tensile properties of cemented tailings backfill. It has been adopted by Paterson

and Cooke, an international mine backfill consultancy firm, as well as two Canadian mining companies

and three mining companies in China. The method can provide references and technical support for the

research and design of metal mine backfill both domestically and internationally.
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Fig. 1 ISRM recommended method diagram
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Fig. 7 Common loading forms for Brazilian splitting tests

XL B T E N Tz kAT, 1978
A, B PRAE A A (ISRMD 5 L7 B 2438 56
VA A DR o B 03 1 A v i, I U AR
T s AR A AR H o 0.5 B R Bk AR (B 7(d)) .
1999 45, E LR AR 7 ik br )™ 75
i FFT E 9 B Sk o s A i PR s B, R I
W 8 3R I B AR 48~54 mm, HAEHN 0.5~
1.0, 2002 4F, FRE 8 R & 1 51 2 1k e ik
D5 IE AR WED Y BLRE SR AR 75 mm B SIE 4

R R 150 mm (9 45 i 5707 AT BE 4 1R 14T
B I0 I 5E TR BE 00 T o R, U AN
Kl 8T o

B8 ERERLISHRANEEKBRIEZAD
Fig. 8 Schematic diagram of splitting tensile

strength test of national standard concretet**]

SR, 5P 55 243 0 Rl A B R B
SR, B 4n, 1971 4F, HUDSON 85 %) Kk
B FIAE b A R RE SR AT PG B R . & B2 i
LRI, B AR S AR B . R
RAEMBATT  BARE o0 WA AR 2480, T B
{4 7 2 20 B R 1O A B |, AR AR 9K TG 3k vk
LEEZE, HUDSON ARy, TR A2 & I T 5
B R B A B R BLR ) K s, R
PO B 20 0 7 AR o B AR R R Y R AN 3
77 PRI VR SR AR RL A B Ky i

AT 1971 48, MELLOR 20500 ) H 36 b #
55T VGBS A AL, A A MR, B
F UK IX PO Fir Ty 2 R BTN A 6 OB AT T
MELLOR %A R, M6 4% BLAE B i, (8] 4% () 4
B H o 2 B IR A R — a5, A TR
PSR MR A R R, O B AN E
TRk BAEBr R AL B AL, QoKX bt v BE 5 40
$r5g B Z LARE AR A RE, PG B 2000 2515 o8
B IV O

2007 4, ROAC R 2507 %) 1 4 78 B BEAT B UG
BERLAR, 45 IRERW, MEKD MR, R R
SELUAR P B0 0 500 3 R0 06 A7 07 7% e, 7% ¥ 48 K, {EL L i
FER G R 2 PG, MIRFEMBI s Xk E . K
ROUEME— 1) E L, IR R, R4S
FEIR BB R M RER . Z 5. CAO
selssl - CHEN %09 f8 2019 4E, WANG %00 #¢
2020 46 Ji5 A T B VG B 29 56 I B S ) A 4R T
i 45 7o AR R B

B PG B S B e A (T 68, IR A5 R B, Xk
FBLRAK, JF AT AR AR WL TR . X (A



- 146 -+ W

VOB 2Rk R B 2 0 i e o e O . AR
. B PG B R B R A0 AR B R
0.5~1, FFAFF G -1 W g 5 T 17 A2 1Y i 52 1R
B, A B A AL 9 O S HER . VR 2 R
B, UV B 2R ] 00 i 8 A B S B ik
JEE VD) (9 B 0 S R L Y B R I A S
FREE L b Z BB LA . B B UG A
B TR & A AE e R B 7 5 iR, Bk
FER G o TN TR A, FEURE 0 i 32 3
FLAR T BLRL A oy R 2. B X E A TR N AL B
R DR, e LV B S I A e 4 TS A
PUAL 3 B I A AT EE
2.2 REHIKE
SR i 30 K R A K iR R, 2
v AR A e 1) L A% L AR TP B B R A R AL i LA
i, MR NGO AR B . B
A7 A EZA PR, 2050 g = s &R Y £
Iz e 9 B, i H AT E 2R A = s A
iR B AR AEDS 0 R i UL AT R A O
6,2]45F%
Oh*
Ao, PO IR BRI i B R A B, Lo R S
PSR . 0 R SERE . h R R

(3

K
AL A A LA
(a) =R IhoREE (b)) DU ks 2R

B9 REHMEREE

Fig. 9 Diagram of beam bending tensile method

1963 4, LEONARDS il NARRAINMY %t i+
SRR, WEoE T HAER MRS T H
R FEAE, IS R KW, E S KFENT
fe s TR AR BRI AR R

2004 4%, M I Rb A . RIS . KA
AT =R A S B R R, R
oty v A B0 B o o B R B PRI Y 1. 4~ 2
fif . 2006 4R, AR AED Ol A = A il i 50 A5
B 7RE B pU R B [RIRE S BLI A B B hL e S
AR IR IR G K AR ) B &
oA g ) — 2e R R SR R B .

2011 4F, AZMATCH 297 X k45 + 3847 7 4
MR, il 10 i, Al aEsE TR .
K I TE A8 LA K iy AR R A T R B A R

1
10 maRTaikE”

Fig. 10 Four-point beam bending tensile test:"?

225 a6 — b AT TR S B 3 SR AR
RE PRI TT % B XE AR, 2R, BB AR
PURLIR L . N J7- B A% it 2% 5 i A R R, Sk
TR AL RS T ISR BE R . (HR 2 R
PR 58 J3E T 2 A i3 SR W 1 s 28 0 F- Tk B R
N o0 5 7 H 4 R AL I (Y S5 A A )
IO J3- TS AR A OG o 3k 26 fiR i3 5 S B A DU AT BT
A iRt a A, R EiREE L. B kAR
PURLIR B R TSR PRfE . BR T AR EA W
PSR WA AN, BUE AR EM G . B
B 2SO A B SR g G I A 14 T L 08 R AT R
SO RS2 FEAELUR I T A B AR A
B AR . AN T 2 5 i T A 28 2 3
fEEE . PRI % 2 AN 3 T 00 R e SRR
PUhLom .

2.3 HEERKE

by LU0 2 — A2 dn CHENSY JE 758 4
A HE R Y L SR b) AT IR B B I E 1Y
[ T ik s SRR ek o 86 J7 VR Je e R A
AR 14 4 S o 0 45 50— A B R T W A A
FEE . AE AT L N e . ol R A1) B 2R
1973 4, FANGY ' #£ CHEN"VBFFT i 2L mt |, 4R
Y 58 A AR R L A S 1 i ) T R Y PR 5 B
VAW

_ Q
% T(kH —a°) (4

A Q KA &Sy H WA L. 0
AR, o FRP R, b N IEE R B Bl R 2
LR HLE A 11 Fros .

1971 4F. DISMUKE 4 {d ] %l 1) [ 24 3% )
P 7SR R PURLIR . JF 5 TP B RO 5 1 2
RBEATHEXE . A B 1) Hs 2G50 15 2 A AL 5 I
TEF PRI E .

2005 4F, X g a0 HEIE 7 e Rk Bk
A AR AEURE A9 AR X T i R A Y 5



IAAAF B 1 AP 45 T8 ARG 58 5 I3y v BT 5 ik S < 147

Wi IRER AR R, BEH R AR RO, AR
DUPLoR B B W, XA B R AE BA B s DU o
JEE A URE v R T R A LY 2 R B
5 JSE 0 3 9 DK /0 o K il A A R i e A L 4 3

2b
2a
l P
N~ ~—
AD
s
al a Area (2
Rigid Rigid
x'l'ensﬂe
crock
H AR
Area @D Area D
\ Area (2

T

11 #hEERERZNED

Fig. 11  Failure mechanism of axial fracturing®®

2014 4F, LIANG Z55 b &l ) [ R0k BEAT T
HE AT . I IZ T A X B L BB R AT T
. B R s e B, HES O T
WA, A O R ENZE 2. 19,

il ri P SRR U R A AR AR O 6, M de
R PRSF . EAR AT LU E BT L5 (H TG vk AR K
I A-REAE M2k . eAh A e R 2 R R A H
SR EEAR R R . HURLGR BE R AR G A 4 T s
/N BT ER ELAR B0 ORI R A RSN B B
FRAR N 2. FHEREN 2~3 e . {H H FTL G
Z A SR ) s B A AR SR UE . FR D I A e LA
8 7 AR E AN AT A i 1 58 42 I P BRI s

3 EA TR LEMA R
5% B M 9K Ty ik ) #T

PURE50 R R I R IR e R E . 78
BT A EEZSA B AL NI A A fE
WERA AR AT SRR A BU LR AL . 3 Z ) B 7 i e (il

AV B AR & 78 AR g 3 5 T 35K A8
IR R WA R A A A RBMIMERZ 2L
R Andrew Pan BR5 $2 17— Fh SE A TS 98 B2
MR 72 (L FR M Guo-Tensile Method), F|FH H 3
WFH Y TP X L5 A7 S Al fF R A7
s . Ty A R A R ME T S IRl 4
Ik 28 B R R R HOR RS OF S SR O AT
FETE .
3.1 FEtl#H— “IFE” REFLEHRENHE

BmEE

LR RIS AR 3 BRI K
B3t 3 A IHREX AL, Wl 12 Brom . sl s A 58
Ko T Ama W BA Tk Fnyhds, H
B AR S mBUEE . T R R N AT
B R T AR s i A B BN K R AR AL 5 B
P55 D B 2 ) Dy gk 90 B, 4B i B e o S 2 0 3
B i ke B 0y e A S A, BRI
it #1573 A v 55 m A 41 s ) 0 3 B ot

=t =

T 1 1
W iR WiRE: OB
12 “IFH” FREEXGFEE

Fig. 12 Schematic diagram of Dog-bone specimen

FE D I 45 SE IR A S AE R R L e
M. Andrew Pan Jy * 58" FEHR T
BRI 13 FER BB L i e
BRI — S PSR AL R 15 045 8 5 8
B A 2 ) ) TS A

B ‘TR mEEFRPRET
Fig. 13 Curing mold of dog-bone backfill specimen

[57]



- 148 - R

el

-7 B 480 252 5 D) 2 Hy PR A A LAY S SR A AR
e 14 piR . REEE, TR A Rk
TR, AR E A T EERE B
B - 11 B7 L O O A O T a0 s SO T A LR
YER Tl i T o, A IPRAL TR h iR A, JF
PSRN a kAR 7 N A 10737 N =< 9 IR o
WO 15 fiR .

IR G
TR R
AR (4D

l FiES

B4 ERERKBEE"

Fig. 14 Compression to tensile load converter

i
EER

[57]

EnALTE

e

’mﬂﬂ il B

EWREREG “Txa" K4 asgfERt’
Fig. 15 Typical damage patterns of dog-bone

& 15

cemented tailings backfill specimenst®”

AR FE KR TR P R, —Wr “TF
TGP Y T 2R B AR U T 2 I B Y O 2 AL Y
AT PR TR A% Ak A i 8 A 7 B R N ) 4
B BRI SEBUAR SR AT IR . By 1k 26
MR MR, FEIZIR T LR AR, AR
XL R SRR R SR A A S R A T
SOk ORI R A BT 16 B, R TR AR R
SR AR B AR, Sk M 2R e S A R
By A, R B RGBT OO0 H R 5 0 5
Bewim . D I 4 sE AR R R 37 58 UR o o8 4
FiAE B B3 T R 1 JE AR R Al BRIV AT 4 B 2 A
[l 77 AEe e . IR AE R R W, B iR RE 5 A 0kt
VNI ST R WL DR 137 N T Y -

%I S R MEA %, Andrew Pan T
CLE AT R RST T s A B Y [] I D
A3 B i S R DR A A i 5 4 R R
M 00 S0 AR AN A A L B 4 2 R VR i — 4L R A
B 17 pron, R0 Sl 2 T S ke R IR
gﬁo

ez
B 16 BAAZILITH “TFaE” FPiLED
Fig. 16 The curing mold designed by Prof. Guot**1

‘
17 HERMENE-REGREE

Fig. 17 Compression to tensile load converter with limit pins

3.2  Guo-tensile Uizt 77 3% M B

SRS 55 F) JH Guo-Tensile M 12 77 25 % 52 S {4
MIBT PR BT e T K E R IR AF AE . 38 4 A £ Fb
[TV A B R N 71 VAL A = 3| I /0 A -2
JREPH . BTtk B . FRP B 0 R AL, R R
8T LB B XX = Rk R R A O 25 R0V,
Guo-Tensilell iR Jy s A B b i — il 2 41 h 58
M) B A7 MVRCT (R 4 5 R A R4S B0 i L 58 1 2
10 e 45 78 YEL A i vt Ry g -0 788 56 AR, T A B LR
fif S22 4 M. Andrew Pan i 5 T Guo-Tensile
Wk B TR su AR 0 6 - #8
2, 7 2R e B e B A B R B A 0 i A



IAAAF B 1 AP 45 T8 ARG 58 5 I3y v BT 5 ik S © 149 -

I - B o R Sk sk . WS R S I R R R 0
MRE A, RO P B IR R B M bE Y, B4
A LR ) B IR ARRAE

MR, PG B R0 B H I e AR B
PR o AR, X o (A R A 56 X DA L O
W FEIEAA R LR SR T . Ok s B B R G 5 R
5708 R B S BB AR Y O R, SR AR K Guo-
Tensile MK 7775 5 B 75 BF 2430 50 (19 25 SR 647 T %t
Fo, GniEl 18 From . FeAH B Lo 0T, 7 A i
D7 AR PR 5R FE K D T I 2 AR RN, T 7 5 A
Ji Tl Guo-Tensile W J7 i (9 45 5 35 & F 74

BRI

5
600 Ooy, —--- e
o M Y=119.69In(+24.91)
o 500 F——Cr%r R*=0.833 8 4
i -
% 400 g )
: 13
: 5
= 3001 .
4@ \ 5 &
& |
52 200
= y=60.74In(x+10.77)
" ooy R=0.977 1
TR 4 B EE70%
0 . : . | 0
3 10 5 - n |
TR
18 ERLk#H B R Guo-tensile 5 B 78 5% 2434 36 I 15 49
FIE A bR ElY)

Fig. 18 Tensile strength of cemented tailings backfill
measured by Guo-tensile method and Brazilian splitting

test for the same mix designt™’

FEIAART L5 BE 0 2 20 1 7S S A 0 A
FE R RERS , A FH BB e 5 B 0 AT 48 Bt 2 AR R
SRR B — Fh R ELME B B K
WILIOK . e S R 0) Bo r o B 9\ Oy 2 Bt s o
(10 20 A AT 0000 o T S0 ) A8 A 5 o Bl P 0 3
Y5 Guo-Tensile M3 7 % & B, R 25 7 AR ST
Pk B o HPU RS 15% ~20% . Wi 19 fr
ARV HE 19 SR Y 78 S AR BT AL R S PR R
JEZ AR PEOC R g S A K il 3o py BL il b, 6
g A Ry 22 95 28 2O i L 7 SERE RE Y 5 B T R AL
.

Andrew Pan Ml 7 AN [6] 552 47 0% 301 1) 2 0 e 4%
FEIARR PR SR E Shrhiok i, R0 45 R
20 Fin s FIEARI BT 58 B A O T hi e B 3 ~4
ff. & Z Y L fH BE & SR B0 00 1S o im

%%[59.60] .

1200
=0.171
= 1ooof 05 =0.171 0,
e R=09304 .- o
i ._." o
= 800 AT @ et
= R
% 600k ,LQ$6° ‘..- ....‘.' . _,-.
= A ". 2" .".'
< .
_‘Elé [ e .‘.-.....‘ //Q.\Ag
 400F .--0,.-¢._,.-~ 6%
= o8 i TN
a a %.5 P
B ool oNee ™ e WA R
‘” ....... i
.‘;.:_,.-' ....... iR
0 o ! ! ! !
1000 2000 3000 4000 5000

RIS ST UA ST 58 BE /k Pa
19 AEELEFEGRLEESHERENX R
Fig. 19  Ariations of tensile strength against unconfined
compressive strength for different cemented tailings

backfill mix designst**]

5000 |
© JL IR i
e !
e
o !
< 3000~
it
B
- ¥
& 2000k
) ;
roooF R e :
o
0 : | | I I
5 10 15 20 - |
Frppite i

20 RRRVEG 4 FeIE MR PIRIIE B S P E 58 B A Xt pe Y
Fig. 20 Comparison between tensile strength and
unconfined compressive strength of cemented

tailings backfillt®?

Guo-Tensile Jl i J7 1 0y 52 bR FH R BT, Toig
S R P B TG B S 00 4 T 5 B 4 B ik 38 2
A D e 45 se SR e hr s B . DT S 3500 1 g
HEM ORI IR 2 5 AR 0 BEFEIESAS B 3 5 R ) R
BT Guo-Tensile MK J7 i 4E K —Fh g 8 B2 . 1k
T KA 78 SR B o B IR B F R . B A% B S R
FRIR R Ty Rk, IR REA AR S 10 R
S .

D) AV B 25 FE SRR I A MR RE 52 0 4 J
1R 7 SRS A B ARG E PRI SRR . RIS
SECRP R HL 8 B X T 1 i ST ) 24 M R LS £
HHAB R 7 78 R AT BT B9 A RO 2 Ak G T



* 150 - v
B SR et 1 7 I S 5 BB 3R and Environment. 2023, 37(10); 780-801.
SO R AR U TR B PRI B L T 4] PJiff BV BIAN. . T FLACSD L
I ST 11 BUIF Reaed A I3 S A5 4 () S KRALZREHAL D RAART BRGRELES
2) RBP4 FEHOPRLR T ARSR AL AR, L8 BILI, 0. 202 51 1621,
I 7 V8 bR 7B 2 it e o Opmon
ST o ol e L S € structure parameters base ~ . W
JTEIE T AT R Oy SRR step mechanized strip upward slicing and filling
RPN R AR S M A T B R Y 1 mining method[ J]. Mining and Metallurgy, 2022,
Fe YR AR BT $7 55 35 725 (Guo-Tensile Method) J&1& 31(2). 16-21.
FIF 0 R Be 26 70 B R O R RE MR 03T 0 (o1 46, b 0 5 T T B 05 25 S i
%o R SDATEIECR N T “ T 78” R IEAH FEREREA LI, k. 2022, 31(5). 7-13.
Tl 2 b s AR, Q1B B & 1 R e -r i MENG M. Modeling and analysis of geological
2 B Al RN 2 A B A 1k R R 8 R AL stability of coal mine goal undercomplex terrain in
ARG TR 5 R i e B B A AL North China [J]. Mining and Metallurgy, 2022,
X, Guo-Tensile Method 2 # [ Fx # . % 1A #L 31(5): 7-13.
-Paterson & Cooke A . HEHk 2 ZH /Al . (6] MY, ER. FR8%E, % NIRRT R B AR
IR 3 S 2 TR A I A L S T I Z WA R, i 2028, 5200,
S \ 1-5.
H HU%JA‘I@ ° . . HUANG S, WANG J, QIAO D P, et al. Analysis
8) FIHT. 3¢ T BF XS0 11 RS D R0 Fe SEM e of multi-factor influence on surrounding rock stability
HI )22 VR 056 — 7 e DL . IR o hesaonal oot i L1 Mivine and
O R T )25 AR G o (L Metallurgy. 2025, 3201, 15,
WIRES SRR R SR EE LA R R R A EREZE 5 (7] iR, 2. 2ok, 4. PR RRTA 75U
AR BFFEUE B HAR SC AR e O AN TE . v 3 A HEEHHETIS) ). i, 2023 32(6): 1520, 51,
KRR G — W L SRR ) 22 v RE DN K U7 v 5 LINZ C, LI L, LI B 'S, et al. Study on control
UE (BN Guo-Tensile Hrhis® B E), M 1L characteristics of rock deformation bygangue filling in
IR TIIE 5 R 2 5 2 Kk extra-thick coal seam[]J]. Mining and Metallurgy,
2023, 32(6): 15-20, 51.
EREN [8] AT, DkAh. BBHE 4. B BORI T ROTR
(U WAL X, . % SIRDLEER T R IAL AR BT LT 07 i 2023
FORRBTBIGE I LT, BB, 2022, 4712), 2D 19726
1182-4200. SONG HY, MA H W, SHAO L, et al. Analysis
GUOL J, LIUG S, MA Q H. et al. Research of influence of mining of extremely dispersed deep
progress on mining with backfill technology of orebodies on surface and structures[ ]J]. Mining and
underground metalliferous mine[ J]. Journal of China Metallurgy, 2023, 32(4): 19-26.
Coal Society, 2022, 47(12); 4182-4200. [9] YU T R. Mechanisms of fill failure and fill strength
(2] @5, SAIA. YFSCim. 2. GURB L L7 requirements [ C] //16th Canadian Rock Mechanics
e T4 5 e R ERIT]. ME SR, Symposium, Edited by PK Kaiser and DR McCreath,
2023, 37 (23): 22100279. DOIL. 10. 11896/ Sudbury. Canada, 1992. 43-46.
cldb. 22100279. [10] MITCHELL R J. Sill mat evaluation using centrifuge
ZHANG L, GUO L J, XU W Y, et al. Research models[J]. Mining Science and Technology, 1991,
on crucial technological and material lIssues of 13(3): 301-313.
applying fine tailings to mine filling: a review[]]. (1] XFEA. R AR K HAIM] deat: 4T
Materials Review, 2023, 37(23): 22100279. DOI: Ak AR A, 2001,
10. 11896/cldb. 22100279. LIU T Y. Filling mining technology and application[ M].
[3] FANC, YANGP Y, LIL, etal Poisson’s ratio Beijing: Metallurgical Industry Press, 2001.
of granular materials for Mohr-Coulomb elastoplastic [12] BIENIAWSKI Z, HAWKES 1. Suggested methods

model[J]. International Journal of Mining, Reclamation

for determining tensile strength of rock materials[J].



IAAAF B 1 AP 45 T8 ARG 58 5 I3y v BT 5 ik S

« 151 -

[13]

[14]

[15]

[16]

[17]

(18]

(19]

International Journal of Rock Mechanics and Mining
Sciences, 1978, 15(3): 99-103.

KRR AR T B 4 ) 2 B ARG 4 a0 o
MIT IR AT R R IR [T ], WA R IR
CASRBED . 1973, 1973(1): 103-108.
Engineering Geology and Soil Mechanics Teaching
and Research  Group, Department of Water
Resources. Tensile test of cohesive soil by bonding
the end of the specimen[]]. Journal of Tsinghua
University(Natural Science), 1973, 1973(1). 103-108.
BOLZAN P E, HUBER G A. Direct tension test
[ R DC.

Research Program,

experiments Washington, Strategic

Highway National Research
Council, 1993.

BR#E, BIET, BBE&, % bk S gREE
LEOR GRS S i AR IR T RN 2= F i TG = By
RO, 2001, 29(5): 38-42.

CHEN P, LIANG Z P, HUANG S Q, et al
Complete curve of axial tensile stress-deformation of
three-graded concrete in three gorges project [J].
Journal of Hohai
Edition), 2001, 29(5). 38-42.

[ AN AN 7t S B~ O - - e E DA SR S 5 ]
T 1) P27 2 Jon A5 - DB 2R R 3 [T ], RO 5 -
TR, 1997, 21(4): 37-40.
ZHANG X J, ZHOU K ],

University ( Natural Science

ZHOU ] X.
Development of uniaxial static and dynamic tension
of fiber

and fracture characteristics test

LT
Geotechnical Test, 1997, 21(4). 37-40.

SRR, TRBE A 0 B R R PR T 0 BUBL R R Y
g O R A B X e [T K 80 22 B 22 i
1979(2). 63-80, 197.
ZHANG S 1. The

tester

reinforced  soil Dam  Observation and

theoretical relationship and
experimental comparison between the splitting tensile
strength and the axial tensile strength of concrete[ J].
Journal of Changsha Railway University, 1979 (2):
63-80, 197.

W, KRB, ERA. % o SR PR
WIHFRLT]. Aa 25 TR, 200638 T 2) .
4186-4190.

ZHANG H, ZHU ] G, WANG ] J, et al
Experimental study on tensile strength of compacted
gravel soil[J]. Chinese Journal of Rock Mechanics
and Engineering, 2006(Sup. 2): 4186-4190.

HOEK E. Fracture of anisotropic rock[J]. Journal
of the Southern African Institute of Mining and

Metallurgy, 1964, 64(10): 103-108.

[20]

(21]

(22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

KLANPHUMEESRI S. Direct tension testing of
rock specimens[ D]. Nakhon Ratchasima: Suranaree
University of Technology, 2010.
TOLOOIYAN A, MACKAY R, XUE ].
Measurement of the tensile strength of organic soft
rock[ J]. Geotechnical Testing Journal, 2014, 37(6):
991-1001.

TOWNER G. The mechanics of cracking of drying
clay [ J 1.
Research, 1987, 36(2).: 115-124.

Journal of Agricultural Engineering

BmEM, BB, BRE., £ SKEY LR
EEFEE LT TR M OB 2% #f&, 2023, 31 (5):

1563-1572.

XU Y B, JIANG D W, YAN R T, et al. Tensile
strength characteristics of hydrate-bearing soil [ J .
Journal of Engineering Geology, 2023, 31 (5):
1563-1572.

Her Majesty the Queen in Right of Canada. Tensile
testing apparatus: US 19910765263 P]. 1993-03-16.
SARFARAZI V, FARIDI H R, HAERI H, et al.
A new approach for measurement of anisotropic
tensile strength of concrete[J]. Advances in Concrete
Construction, 2015, 3(4): 269-282.

TANG G, GUO L, LIUG, etal. Determination of
the relationship between direct tensile test and Brazilian
splitting test of cemented tailings backfill [C]. Paste
2023, 25th
Thickened and Filtered Tailings, 2023, University

of Alberta,

International Conference on Paste,

Edmonton, and Australian Centre for
Geomechanics, Perth.

VFEER, ek, REW. % &0 R mide
BE KITELI] N = E S IR MR, 2022,
18 (6): 1949-1953, 1961.

XU NC, YANGQH, WUTQ, etal. The device
and method for direct tensile tests of rock [J].
Journal of Underground Space and Engineering,
2022, 18 (6): 1949-1953, 1961.

PAN A N, GRABINSKY M W. Tensile strength of
cemented paste backfill [J]. Geotechnical Testing
Journal, 2021, 44(6):. 1886-1897.

CARNEIRO FLLB. A new method to determine the
tensile strength of concrete [C] //Proceedings of the
5th Meeting of the Brazilian Association for Technical
Rules, 1943.

AKAZAWA T. New test method for evaluating
internal stress due to compression of concrete: the
splitting tension test[J]. Japan Soc Civil Eng, 1943,
29. 7T77-787.



. 152 - w A

[31] OSIDZE V I, KHOPERIYA D L. Effect of alkalized rice straw of various lengths [ J/OL J.
aggregate size on the tensile strength of hydraulic- Journal of Environmental Management., 2020, 276
concrete specimens [ J ], Hydrotechnical Construction, 111124. https: //doi. org/10. 1016/j. jenvman. 2020.
1979, 13(3): 239-244. 111124.

[32] ISRM. Suggested methods for determining tensile [41] COVIELLO A, LAGIOIA R, NOVA R. On the
strength of rock materials[ J]. International Journal of measurement of the tensile strength of soft rocks[J].
Rock Mechanics & Mining Science & Geomechanics Rock Mechanics & Rock Engineering, 2005, 38(4) .
Abstracts, 1978, 15(15): 99-103. 251-273.

[33] R AR FFE AL g Tl . TR A PRI B0 O ok 4 [42] LID, WONG L N'Y. The brazilian disc test for rock
. GB/T 50266—1999 [S]. dvmt. hE &I Mg mechanics applications: review and new insights[]].
Ak, 1999. Rock Mechanics & Rock Engineering, 2013, 46(2) .
Ministry of Electric Power Industry of the People’s 269-287.

Republic of China. Standard for tests method of [43] LU N, WU B, TAN C P. Tensile strength
engineering rock mass: GB/T 50266—1999 [ S]. characteristics of unsaturated sands[J]. Journal of
Beijing: China Planning Press, 1999. Geotechnical & Geoenvironmental —Engineering,

[34] pAe NRSLHE @R . HE R e+ =l 2007, 133(2): 144-154.

JiEkRfE . GB/T 500812002 [S1. i [E # %0 Tl (447 LEONARDS G A, NARRAIN J. Flexibility of clay
H AL, 2003. and cracking of earth dams[J]. Journal of the Soil
Ministry of Construction of the People’s Republic of Mechanics and Foundations Division, ASCE, 1963,
China. Standard for test method of mechanical 89(2). 47-98.

properties on ordinary concrete; GB/T 50081—2002 [S]. [45] #lA. FxE2%, @il 5. &A% i H i 5 o
China Construction Industry Press, 2003. sE01]. BB EHA, 2004(6) . 3-5, 53.

[35] HUDSON J A, BROWN E T, RUMMEL F. The YANG T, WANG B X. GAO Q. et al. Study on
controlled failure of rock discs and rings loaded in bending tensile tests of rock samples [J]. Survey
diametral compression [ J]. International Journal of Science and Technology, 2004(6): 3-5, 53.

Rock Mechanics & Mining ences & Geomechanics (46] 2. IS5, FEHE. Kbk 2 hThrom B i 56 % L
Abstracts, 1972, 9(2): 241-248. BroE)]. BEIE TR, 2007(2): 104-105.

[36] MELLOR M, HAWKES I. Measurement of tensile LI1JY, HE CR, TANG H. Comparative study on
strength by diametral compression of discs and annulil J . tensile strength test of cohesive soil [J]. Roadbed
Engineering Geology, 1971, 5(3): 173-225. Engineering, 2007(2). 104-105.

[37] XBAtss, whbse, FEME. FBHL AN S0 T LA [47] AZMATCH TF, SEGODC, ARENSONL U, et al.
M J] T EEE5 T R2H Tensile strength and stress - strain behaviour of
2007(1): 36-38, 53. Devon silt under frozen fringe conditions[J]. Cold
TANG D Q. YAO Z L, TANG S H. Study on the Regions Science & Technology, 2011, 68 (1/2);
mechanical property of backfill under split tension[]J]. 84-90.

Journal of Underground Space and Engineering, (48] ZtmH. REE L HUHLss B & iy JLAS LT ], ok
2007(1): 36-38., 53. Jik s 1986(9): 25-30.

[38] CAO S, XUE G L, SONG W. Mechanical, JIANG F T. Several problems in the determination
flexural and microstructural properties of cement- of tensile strength of concrete [J]. Hydropower,
tailings matrix composites: effects of fiber type and 1986(9) . 25-30.
dosage[J]. Composites Part B Engineering, 2019. (49]  2Z=igd, SKEME. HEEF. 45, Bukit Timah 785 % #Y

[39] CHEN X, SHI X, ZHOU J, et al. Influence of AP S R [T ], s e, 2002,
polypropylene fiber reinforcement on tensile behavior 23(EH] 1y 1-4.
and failure mode of tailings cemented paste backfill[ J]. LI H B, ZHANG ] W, SHAO W, et al
IEEE Access, 2019. DOI. 10. 1109/ACCESS. 2019. Experimental study on dynamic tensile mechanical
2919480. properties of bukit timah granite[ J]. Rock and Soil

[40] WANG S, SONG X, CHEN Q. et al. Mechanical Mechanics, 2002, 23(Sup.1): 1-4.
properties of cemented tailings backfill containing [50] JLibs. #ZH8, XK. . b B2



IAAAF B 1 AP 45 T8 ARG 58 5 I3y v BT 5 ik S

+ 153 -

(53]

[54]

[56]

[57]

UL R ) A B L.
33-39.
SHENG Z Y, PENG W W,

W%+, 1995 (1)
LIU Y Z, et al
Preliminary study on determination of tensile strength
of frozen soil by axial fracturing method[ J]. Journal
of Glaciology and Geocryology, 1995(1): 33-39.
CHEN W F. Double punch test for tensile strength
of concrete[J]. Aci Journal, 1970, 67 (12): 993-995.
FANG H Y. Method of test for tensile strength of
soil, rock and stabilized materials by double punch
test, July 1970 [ R].
348. 4. 1970-01-01.
DISMUKE T D, CHEN W F, FANG H Y. Tensile
strength of rock by the double-punch method [ J].
Rock Mechanics, 1972, 4(2). 79-87.

XNBEAi, R, R& . . BRI E R L
E110E A 2 0 2 e Rl 1 0 73 A R S 13 a Y
2005(2): 69-71.

LIUW R, HECR, ZHU A L, et al.

Fritz Laboratory Reports.

Discussion
on some problems of measuring tensile strength of
viscous soil by axial compression method[ J]. Design
of Hydropower Station, 2005(2): 69-71.
LIANG Q. WU X, LI C, et al. Mechanical

analysis using the unconfined penetration test on the

tensile strength of Q3 loess around Lanzhou City,

China [ J ]. Engineering Geology. 2014, 183;
323-329.

BALDUZZI G, ZELAYA-LAINEZ L, HOCHREINER
G, et al. Dog-bone samples may not provide direct
access to the longitudinal tensile strength of clear-
wood [ J]. The Open Civil Engineering Journal,
2021(15) . 1-12.

PAN A, GRABINSKY M W F. Tensile strength of
cemented paste backfill [J]. Geotechnical Testing
Journal, 2021, 44(6). 1886-1897.

JEEE, WA, xDe4. % R SS AR
e S ol S A S e S ) I PG N S 7
2022, 31(4). 124-131.

TANG G X, GUO L J, LIU G S, et al

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Experimental study on tensile strength of cemented
tailings backfill and influencing factors [ J]. China
Mining Industry, 2022, 31(4). 124-131.

TANG G, GUO L, LIU G, etal. Determination of
the relationship between direct tensile test and

Brazilian  splitting  test of cemented tailings
backfill [C]//Paste 2023: Proceedings of the 25th
Thickened and
University of Alberta, Edmonton,

Perth,

International Conference on Paste,
Filtered Tailings.
and Australian Centre for Geomechanics,
2023 98-111.

PAN A, GRABINSKY M. Direct tensile measurement
for cemented paste backfill [ ] ]. 2023,
13(9): 1218.

PERRAS M A, DIEDERICHS M S. A review of the

Minerals,

tensile strength of rock: concepts and testing[J].
Geotechnical and geological engineering, 2014, 32:
525-546.

GRABINSKY M, JAFARI M, PAN A. Cemented
paste backfill (CPB) material properties for undercut
analysis[J]. Mining, 2022, 2(1): 103-122.
KEITA A M T, JAHANBAKHSHZADEH A, LI L.
Numerical analysis of the failure mechanisms of sill
mats made of cemented backfill [J]. International
Journal of Geotechnical Engineering, 2022, 16(7):
802-814.

MITCHELL R J. Sill mat evaluation using centrifuge
models[ J]. Mining Science and Technology, 1991,
13(3): 301-313.

DENG X, ZHANG J, KLEIN B, et al
Experimental characterization of the influence of solid
and mechanical
backfill [ J J.
International Journal of Mineral Processing, 2017,
168. 116-125.

GUO L, PENG X, ZHAO Y, et al.
study on direct tensile properties of cemented paste
backfill [ ] . in Materials, 2022, 9.
864264. DOI. 10.3389/fmats. 2022. 864264,

components on the rheological

properties of cemented paste

Experimental

Frontiers



