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Formula for Evaluation of Flexural Strength on
Bending Test by Use of a Cylinder Typed Specimen
by

Takafumi IkEMizU*, Toshiyuki TEMMYO **, Toshinari HAYASHI **

Izumi TANIKURA*** and Yuzo OBARA****

In this paper, the formula of four-point bending (Four-point bending test of the beam having a circular cross section,
FPB,) test and three-point bending (Three-point bending test of the beam having a circular cross section, TPB,) test by use of
short cylinder typed specimen is proposed to evaluate the flexural strength of rock or concrete, the strength of bedding plane
of sedimentary rock and construction joint of concrete. Firstly, the stress distribution within cylinders with various lengths is
analyzed by the three dimensional Finite Element Method. Then the formula is proposed based on the analyzed results for
the four-point bending (Four-point bending test of the beam having a rectangular cross section, FPB,) test and the three-point
bending (Three-point bending test of the beam having a rectangular cross section, TPB,) test of ASTM, JIS by the use of the
beam having a rectangular cross section and the FPB, and TPB, tests. The specimen with 5-10cm in diameter and 10-20cm
in length is used in the FPB, and TPB, tests. This dimension is that used in uniaxial compression test of concrete or rock
drilled core. Secondly, a series of the FPB and TPB tests by use of both type of specimen is performed by the use of granite
specimen with various lengths, then it is shown that the flexural strength is evaluated by the proposed formula and compared
with that by the conventional one. Finally, it is made clear that the suggested three-point bending (TPB.) by use of the
cylinder typed specimen is available for evaluating the flexural strength of concrete and rock easily.
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1 & ST, arszV— MEEMOREMEORHNEITS L&,

=

HETRERBR T2 7 U — O R 2 3Hl4 5 72

WU, EEAERICITEE Wi 2 FF o AR 2 VT 3
”%ﬁﬁﬁﬁ%%ﬁ%ﬁﬁﬁﬁ%f%ménés HIT IR
HraER AT B AR TR (IS A1106) ITEDH LT
wé.it,%@WEaui¢%mﬁﬁﬁ%ﬁ$ﬁTé
NTW5. ZOBUEIIMENRD > 7= AR TS E, 2005
FEIHATENT= 1S01920-4 % EJE L CHAFMNE L H
THZERLKHEENTZHDTHD. 7, FEEEHK
1L ASTM (C78,C293) THIEMEILIINLTWVD

HTHRERBR O BB S NRRIE, 327 U — Mk
DR, 27V — Mg, #VIEE, =270 —MNT
BORE, 51T, a7 U — FERCCEIE DR
fliZe ICHWHLNTWA,. —F, FETZO5E T
HTFRERBIIH E VITbRL T RWnD, HAaDY 7
T R ORI AV B CE Y

ay 7 ) — hOMEFHMEIE LTEGICITy =y I\/\/
~—72 EIZ LB IEMEERER e EMM TN 550, &
AT 2 7 2RI L, Z OMERRNITOND Z L1V %
V. E T, EBREEY OKEHR EOBRIZE, AV s
a7 EBEL, EOMEFATThh TN

a7 Y — N RSO @ﬁEJﬁ@kfi%Ehﬁ
a2 AWl BEERBR S TON D 2 EnZ\V». b
ORBRITEB O TIHFEARE S o3k L Co~HEghie &
HOLMIENTWD 2 3 5, fERADE, Wb Bk
MBEICOVTITERS N TWZRY. L, A—U 7
a7 ZHNDIEE, a7 ONG AP0 Bo THRIERERIA
ZAERK L CJIS O BT IREERER & S0iE L TV 2D Tl
REBRRIND. FT2, a7 U — O bIkARS
bz 7 V= FDIEHY DH%RDIAa 7 U — FOFT Bk
H 72 & OIREESEAL, HEREEICI1T 2 B H w5 # i o7k

T FRRZEL FR264E8H18H  Received Aug. 18,2014
*OREET w2 (#R) T160-6112  HAEUEHTE X 98
Taisei Rotec corporation, Shinjuku-ku, Tokyo, 160-6122.
ko (BR)ZHE - [ T107-8658 HURUENHEX ARIK
Hazama Ando Corporation, Minato-ku, Tokyo, 107-8658.
ok (B TEANRGAFZEAT - T 417-0801 & i K

©2014 The Society of Materials Science, Japan

Japan Construction Method and Machinery Research Institute, Obuchi, Fuji, 417-0801.

R R BARBHAIIJERE T 860-8555 REACTiHT X BEZ

Graduate School of Science and Technology, Kumamoto University, Chuo-ku, Kumamoto, 860-8555.



FERHI TR E CERIEL L 7R — Y o 7 a 7 B AER L
T AR 2 Do i TR ERBR AN TH D B
bhD.

ZIT, AETIIRRLCEeAR—Y 7 arsx
OFEMFMRE L LTHWD Z N TE 25 M54
JERBIEOBRFEZATH Y. BARICE, 97, RBRICHN
% ftEds L OMAERGAIR 2 R IR L ROE L, 3 ol
PRESRIEZ AT, 3 5550 4l 38 K OV SRl fir 12 K 2 il
TIRERBR AT o oM O #T IR ) &2 3k oD, BEERME & kb
W - MRS 5. DI, BEASORRERRE (R32) 2%
b ST MEHTRE R 2 b LATHTI 70 R D AT 20 2 2
5. oI, TERAEZ AV 7o il iR R & JE 0 L,
FER L7 DR 2 4 2 i3 5.

¥, STER O)IXRERZRFERIEITIRRE L T8, i
IR FHE UL ERAIR O TV D, —F, KT
BT AN NS ) 2 Es L, Rl Z R T 5.

2 HA(FIREEEER

21 MAREHEEER - I(FIRERER

ar 7 J— boiFREREBRIL, AARTERKE THD
JISA1106 =2 U — bl FsREERRBR 715 (=L
5. ZOBKIE, 3 Foy s (BUF, 4 seratiRis
Four-point bending test of the beam having a rectangular cross

section, FPB, & ’E5Y) (XK Af{b =7 U — MEERIKRD i

Roller for loading

Roller for support

Fig.1 Four-point bending test of the beam having a rectangular cross
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Fig.3 Four-point bending test of the beam having a circular
cross section, FPBc test.
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Fig.2 Three-point bending test of the beam having a
rectangular cross section, TPBr test.
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Table 1 Specimen and test results.

Flexural Flexural
Span  Max. strength strength by
STZI(??H?; No I/h, load by JIS proposed
P /d P(®&N)  method method
(MPa) (MPa)
1 3.0 54.0 16.2 17.1
2 3.0 51.1 154 16.2
Rectangular 3 3.0 50.7 15.2 16.1
cross section 4 39 39.2 15.3 15.8
of FPBr test 5 3.9 40.2 15.7 16.2
(R4) 6 3.9 38.5 15.0 15.5
7 4.8 31.6 15.2 154
8 4.8 31.1 14.9 15.2
1 2.0 58.8 17.6 15.7
2 2.0 52.1 15.6 13.9
3 2.0 60.9 18.3 16.3
Rectangular 4 2.0 56.7 17.0 15.2
S 20 My g2
E’[g;) Briest 7 30 380 17.1 15.7
8 3.0 35.8 16.1 14.8
9 4.0 26.6 16.0 15.0
10 4.0 259 15.5 14.5
11 4.0 27.1 16.2 15.2
1 1.6 52.0 - 18.4
2 1.6 46.5 16.5
3 1.6 443 15.7
Circular 4 1.6 41.4 14.7
cross section 5 1.6 42.1 14.9
of TPBc test 6 3.0 22.3 15.8
(C3) 7 3.0 232 16.3
8 3.0 23.6 16.6
9 3.0 232 16.3
10 3.0 23.1 16.2
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Fig.11 Specimens, loading jig and view of TPBc test :
(a) beam having a rectangular cross section; (b) beam
having a circular cross section; (c) loading jig; (d)
view of three-point bending test for the specimen
having a circular cross section.
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Fig.12 Examples of load - displacement curve for three
types of bending test.
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