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Measurement of Tensile Strength by Diametral Compression of
Ring-type Specimen

Ki-Rak Lee and Jong-Woo Kim

ABSTRACT Disc-type and ring-type specimens of four different materials were tested to investigate
the tensile characteristics and their brief results are presented. Materials tested were marble, granite,
cement mortar and plaster. Uniaxial tensile strengths are compared with Brazilian and ring test
strengths. It was found that Brazilian strengths were usually greater than uniaxial tensile strengths
and affected by loading rates. In the ring tests, tensile strengths were generally found to be decreased
as relative hole radius being increased. Ring test strengths, however, converged to some value in r =0.45
of marble, T 20.29 of cement mortar and r 20.5 of plaster specimens. In such range of 7, furthermore,
transverse cracking of specimens were observed.
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Fig. 1. Shape of ring test specimen.

Fig. 2. Schematic diagram illustrating the variation of
stress in the ring-type specimen.
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Table 1. Dimension of ring type specimens

Diameter Diameter Relative Number

Sample of Disc  of hole hole ra- of speci-
(mm) (mm) dius men
3.0 0.07 6
4.3 0.10 6
8.3 0.19 6
Marble 43.4 12.5 029 6
194 0.45 6
29.5 0.68 6
3.0 0.07 5
Granite 42 4.0 0.10 5
6.0 0.14 5
5.0 0.05 6
10.0 0.10 6
19.0 0.19 6
Mortar 100 290 0.29 6
54.0 0.54 6
65.0 0.65 6
3.1 0.06 6
5.2 0.10 6
9.9 0.19 6
Plaster 52 14.0 0.27 6
18.8 0.36 6
26.0 0.50 10
38.0 0.73 10
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Fig. 3. View of plaster specimens.
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Fig. 4. View of direct tensile specimens of cement
mortar.
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Fig. 5. Schematic diagram of the experimental as-
sembly for direct tensile test.
(a) section view, (b) top view

Table 2. Loading rates in this test

Direct tensile Brazilian and

Sample test (kg/min) ring test (kg/min)
Marble 300 500
Granite 300 500
Mortar 100 1000
Plaster . 200
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Fig. 6. Stress-strain curves in direct tensile tests.
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Table 3. Mechanical properties of four different materials
Densit; Unima'l Young's Poisson's Wave velocity Cohesion Internal
Sample ensiLy compressive modulus 01581 (m/sec) 2 friction
(g/em®) strength 10%K, 2 ratio (kg/cm®) 1
(kg/em®) (X glem’) P-wave S-wave angle
Marble 2.64 935 4.0 0.31 3343 2030 160 48
Granite 2.64 1769 5.1 0.25 4128 1626 240 55
Mortar 2.15 333 0.42 - - - - -
Plster 1.33 147 0.27 - - - -
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Table 4. Comparison between uniaxial and Brazilian
tensile strength

Uniaxial Brazilian .

i ! I Sample (k g/cmz) (k g/cmz) Ratio

Marble 44 47 1.07

Granite 53 88 1.66

Fig. 7. Brazilian tensile strength of four different ma- Mortar 20 26 1.30
Plaster - 23 -

terials.
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Fig. 8. Variation of Brazilian tensile strength with
loading rate.
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Table 5. Stress concentration factors of ring test in

this study
T K T K
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250 f -

-~ 200 -

o~

E

(4]

4

o

% 450 —@— Marble

L

£

o

[

(]

e

@ 100 -

L

‘»

c

L]

~  spl

— A

0 1 1 I
0.0 0.2 0.4 0.8 0.8

Relative hole radius

Fig. 10. Variation of tensile strength for three dif-
ferent materials.

20}
0 L L 1
0.0 0.2 0.4 0.6 08
Relative hole radius
i3t A7} L ashet.

45 {4y 9 ASY AlHES WY 8Y

Fig. 112 dig]l4] A gel] disted stddAAEH 2
AYE 58l ol gzt A% AdH skF o
e Al & ¢llE JEhR A2 4], ot EA
o] 714 & FslFa W9 E vebich. 22t U
3 AgH 9 ASolle sstFol &) wfFoll A &
A7t AA derd oA, FUT F719 Fol 2
28 ¢ 5 AR WY BARS zAE] A
= 7te] At ol H gl
£ Al e g gAY HEF Sssa
AE 71E22 slo] A 7 Fdlgut7del vt
B shejslEg gAksle] ol whE HINE T3}
ol & srAAA I o WA 99} vl s}

[ o E

)



228

1200
r=0.07
900 . Brazilian
—_ r=0.1
o
x r=0.19
=
600
it /
300
r=0.45
o — | L
0.0 0.1 0.2 0.3

Displacement(mm)

Fig. 11. Load-displacement relationship in Brazilian
and ring tests.

2 A3 =007 Y APH HE Y
AgH e W9 Be} 1.34w) A vebken, r=01 %
o] 1.784l], r=0.19 U} 2.06uH, r=0.29 Auf 3.48H)
283 =045 Yui 5.718] ZA Lebdel &, A
FHtol AAGFE stz slFL ol 57 A7
Hourgn| &2 Aoz Zulsle Aoz el
o g, tel4 A&7t AoiEutd Fotell W w9
Z7bgo) 71 A Jeltdow, An A8} 7bg &
Al 24 = et

g, A3 AgHA A sha]Fg-e et AlgA
9] F5-& A ek ik, dgke] hddAA
golly Esl LAste shFHEHolA e A% slF
o ogt #7|ste] 4 BAs|A] goiet. Fd B4
AHE 2A% A 5 F9 Tl 4 s Aist
HER wigko g A4 niel A Ao g s o]
FoollAe] A9l $¥AF Toprt gal=gdch.

ek telde] A9 =045, REEIZE =029,
A3 r=05 o4t AlPHE ol aFF 1)
gke] Z3FY o)l ofe} 2 asl o] WAy
k. Al 2ol wpet sldo] urasl= Al gRbA e A
71E 4 A& glo] AR sl vk At
73 AN A9 T Ao Z ettt

5.4 &

2 AToME e, ek 2Eee, 40

4%2] Al goll dish ofF] 71A] JAAY-S AA)sc).
oi7)4] oAl 9 ANE goksiH o237} e}

L Alg¥ 935 dizld 44, 379t 53, =
ZELZ 20 kg/em®o] 1, stdUAR =L dlely 47, 3
749t 88, REELE 26 kglem’ZA] tdAAE =S} 2
g7 4 9188 ¢+ ok

2. 949 A BAAIFE ¢ BAAISFY 1-10%
o) Welol glek.
3. cHal*-M °J%°lml§°ﬂxi BPE*P 5458 A

= J
7} Z7hlla o) B} & &EollAe F23 SR
o] Yeh}A] gkghe}.

4. 9% AlgH e A Adigtidel AerE
AR5t A3 3] EolA® AA Jehged, A
Qo] AATE 7w}t FolAof Zashs 7S U
bt

5. Aol 93l dojR AR E= grddAd =3k
] 3ufol] 717h-¢ 3k-& viehfo] 25| ok E o7 Azt
oF Bksigict.

6. YA )L 1 2045 REELEE [ 20,
29, 43 1 20.59) ol QAL SRl e
ke Haon, o] WA Ak AgH | sfan}
Aol gFdo] AA=}

=]

uly

& 1 & ®

1. 274, 0139l 1980, ¢4 9} stz el whE A4
gojoll o) HRAS o ol Balod, ekl
2], 174, 1%, p. 20-29.

2. D. W. Hobbs, 1964, The tensile strength of rocks,
International Journal of Rock Mechanics and
Mining Sciences, Vol. 1, p.385-396.

3. J. A. Hudson, 1969, Tensile Strength and the
ring test, International Journal of Rock Mechan-
ics and Mining Sciences, Vol. 6, p. 91-97.

4. J. A. Hudson, E. T. Brown and F. Rummel, 1972,
The controlled failure of rock discs and rings
loaded in diametral compression, International
Journal of Rock Mechanics and Mining Sciences,
Vol. 9, p. 241-247.

5. J. A. Hudson, 1970, A critical examination of in-
direct tensile strength tests for brittle rock, Ph.
D Thesis, University of Minnesota, p. 147.

6. C. Fairhurst, 1964, On the validity of the bra-
zilian test for brittle materials, International
Journal of Rock Mechanics and Mining Sciences,
Vol. 1, p. 535-546.



Elda Az 229

7. J. A. Hudson, E. T. Brown and F. Rummel, 1972, Mechanics and Mining Sciences, Vol. 4, p. 219-
The controlled failure of rock discs and rings 227.
loaded in diametral compression, International 9. P. N. Sundaram, J. M. Corrales, 1980, Brazilian
Journal of Rock Mechanics and Mining Sciences, tensile strength of rocks with different elastic
Vol. 9, p. 241-247. properties in tension and compression, Int-
8. J. C. Jaeger, 1966, Failure of rocks under ten- ernational Journal of Rock Mechanics and Min-

sile conditions, International Journal of Rock ing Sciences, Vol. 17, p. 131-133.



