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Improved Biaxial Flexure Test (BFT) for Concrete
with the Optimum Specimen Geometry

Gooangseup Zi,” Ji-Hwan Kim," and Hongseob Oh”*
YSchool of Civil, Environmental and Architectural Engineering, Korea University, Seoul 136-701, Korea
?Dept. of Civil Engineering, Jinju National University, Jinju 660-758, Korea

ABSTRACT For designing concrete structures, engineers are provided data from unidirectional flexure test in most cases. But
real structural components such as pavements and deck panel are subjected to multiaxial stress throughout their body. Therefore,
biaxial flexure test for concrete may be considered as a gage of the performance of concrete in service. In this paper, we propose
the optimum biaixial flexture test (BFT) to measure the biaxial flexural strength of concrete. This method are an improved version
of the ring-on-ring test which have been used extensively in the fields of ceramics and biomaterials. The optimum geometry of
the test specimen was determined by using a three-dimensional finite element analysis. A series of test data obtained from the pro-
posed test method is provided to show that the proposed optimum biaxial flexure test method can be used to identify the biaxial

tensile strength of concrete.

Keywords : biaxial flexural test (BFT), tensile strength, crack, fracture
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2) Ball on ring test

3) Ball on three ball test

4) Piston on ring test
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Fig. 1 Typical crack patterns caused by biaxial stress state on Fig. 2 Schematic drawing of the biaxial flexure test (BFT)
concrete surface which is also known as ring-on-ring test
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Table 2 Test variables for the 1st preliminary test
Height or | Diameter 2a 2b Compressive
thickness (mm) (mm) (mm) (mm) |strength (MPa)
30 187.5 125 60 368
60 375 250 120 336
120 750 500 240 318

Note) 2a = diameter of the ring support, 2b = loading span

Table 3 The results of the 1st test

Modulus of | Average biaxial Standard
Series rupture flexural strength deviation COoV
(MPa) (MPa)
S 3.82 6.15 1.55 0.25
3.65 4.95 1.05 0.21
L 3.55 424 0.91 0.21

Table 4 The geometries of the specimens for the 1st and the

Table 1 Mix proportion for the 1st preliminary test 2nd tests
W/C [ Slump]| Air | S/a Weight (kN) 0 | AL hia fla bila
(%) | (mm) | (%) | (%) | W | C S G The Ist test 0.48 0.50 0.52
35 | 120 | 5 {39.45/1.90|5.43|6.30(10.17| 0 0 The 2nd test 0.24 0.20 0.40
2 AR A2 025t JIME 232|E SEHEQIMZE AIEY | 525
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Table 5 Test variables for the 2nd preliminary test

Fig. 3 Test set-up for the 2nd BFT test

Table 6 The results of the 2nd preliminary test

Modulus of | Average biaxial Standard
Series rupture (flexural strength Jeviation cov
(MPa) (MPa)

33-S-5 4.36 8.70 2.18 0.25
33-M-5 4.36 6.56 1.08 0.16

33-L-5 4.36 4.22 0.67 0.16
33-M-10 4.36 5.81 1.45 0.25
33-M-10-R 4.36 6.27 0.89 0.14
33-M-25 4.36 6.27 1.06 0.17
24-M-10 3.67 5.41 1.02 0.19
45-M-10 4.71 6.42 1.37 0.21
53-M-10 5.35 7.00 1.02 0.15

4. =X o]kt EHABAN(BFT specimen)M|-

13 gt 23 Age] Azt olsted AAH<

ok
=]
M4
o
=
oo
Rl

Series Compressive Size (thd) 2a 2b Number of Shape of Max. agg

strength (MPa) (mm”) (mm) (mm) specimens support size (mm)
33-S-5 48 30300 250 100 17 5
33-L-5 48 90900 750 300 20 5
24-M-10 34 60600 500 200 11 5
33-M-10 48 60600 500 200 11 10
33-M-10-R 48 60600 500 200 11 10
33-M-5 48 60600 500 200 12 5
33-M-25 48 60600 500 200 12 25
45-M-10 56 60600 500 200 9 10
53-M-10 72 60600 500 200 11 10
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Table 7 Specimen and element size

Size Height Element size | Height/element
(mm) (mm) size
S 30 5
M 60 10 6
L 90 15

(a) BFT specimen (b) The uniaxial specimen

Fig. 4 Distribution of the principal stress on the bottom surface
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Fig. 5 The stress distribution on the bottom of a BFT
specimen, the unit of stress is kPa and the distance
is scaled with respect to a

2 12

0

5 o © o ° o

) [+]

wvi

& 0.8 A

o

E

Z

= 04 4

™

U

3

2 o v .

L

= 0 0.2 0.4 0.6 0.8
b/a

Fig. 6 The theoretical solution and the numerical solution for
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Table 8 The optimum geometry of the biaxial flexure test
(BFT) specimens from the finite element analysis

h 2a 2b f
(mm) | (mm) | (mm) | (mm)
S 30 250 63 6.5 0.24 | 0.052 | 0.252
M 60 500 125 | 125 | 0.24 | 0.05 | 0.25
L 90 750 188 19 0.24 | 0.051 | 0.251

Size hla | fla | bla
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Table 9 Comparison between the theoretical solution and the
numerical solution of the BFT specimens

Theoretical solution / numerical solution

. S 1.008

Specimen =y 1.003
Size

L 1.005

(a)ela=0

(b) e/a = 0.05

Fig. 7 Principal stress distribution of bottom surface subjected
to eccentrical loading
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Fig. 8 The deviation of the stress due to the eccentricity of the
loading point
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Table 10 Mix proportion

DeSi(gII\l/I;:)e“gth W | c| s | G |AE]| SP |Filer
35 160 | 457 | 693 | 972 |4.571| 0.0 | 0.00
Table 11 Test variables
Series (hS IXZZ’) 2a 2b Support NO.’ of
(mmz) (mm) | (mm) specimens
35-5mm-25 | 30263 | 250 63 16
35-5mm-50 | 60525 | 500 125 20
35-5mm-75 | 90788 | 750 188 17
35-10 mm-50 | 60525 | 500 125 20
35-20 mm-50 | 60525 | 500 125 19
35-25 mm-50 | 60525 | 500 125 20
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