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Scale Effect of Flexural Strength on Ultra-high Performance Concrete

SU Jie'?, SHI Caijun'?, QIN Hongjie', ZHANG Xiang'
(1. Key Laboratory for Green & Advanced Civil Engineering Materials and Application Technology of Hunan Province, Hunan
University, Changsha 410082, China; 2. College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: The flexural strength of ultra-high performance concrete prism specimens with three kinds of strength grades, two types of
steel fibers and four groups of fiber contents was determined to investigate the effects of strength grade, steel fiber and fiber content
on the flexural strength and its size effect of ultra-high performance concrete. The results show that the size effect of the flexural
strength becomes more obvious as the strength grade increases. The scale effect of the flexural strength of the specimen with a
strength grade of R160 is 1.26 times greater than that of the specimen with a strength grade of R120. The content of steel fiber has an
effect on the size effect of the flexural strength. The larger the content of steel fiber is, the more pronounced the size effect will be.
The flexural strength of specimens with straight fiber and hook fiber and strength grade of R120 at a fiber content 3% (volume
fraction) is 71% and 78% greater than that of the specimens without steel fiber reinforcement, respectively. The size conversion factor
for the flexural strength of ultra-high performance concrete with different strength grades was given. The calculation formulas for the
size effect law of the flexural strength of ultra-high performance concrete were proposed.
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Table 1 Mix proportion of UHPC (ultra-high performance concrete)

Mix proportion (mass ratio)

Strength grade w(water reducer)/%  Water binder ratio ~ Compressive strength/MPa
Cement Silica fume Flyash Slag Sand Quartz powder
R120 1.00 0.20 0.10 0.10 1.10 0.35 2.50 0.20 133.4
R140 1.00 0.20 0.10 0.10 1.10 0.35 2.50 0.18 155.1
R160 1.00 0.20 0.10 0.10 1.10 0.35 2.50 0.16 179.3

w is mass fraction; Volume fraction of straight steel fiber is 2%; Size of specimen is 100 mm>100 mm>100 mm.
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Fig. 1 Flexural strengths tested of UHPC samples
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Table 2 Value of size conversion factor on the flexural

strength ¢ of UHPC o/MPa
Conversion factor R120 R140 R160
Cy 0.809 0.802 0.791
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Table 3 Parameters in the scale effect equation with
straight fiber
o, /MPa Dp/mm

o/%

R120 R140 R160 R120 R140 R160
0 7.6 8.8 8.3 68.4 87.5 112.9
1 6.7 72 7.4 117.4 164.6 199.3
2 5.5 59 5.7 203.6 242.4 330.8
3 4.1 4.3 4.2 377.4 409.9 503.3

or is volume fraction of steel fiber, o, is nominal strength of UHPC, Db is
characteristic dimension of UHPC.
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Table 4 Parameters in the scale effect equation with
hooked fiber
o, /MPa Dy/mm

0%

R120 R140 R160 R120 R140 R160
1 7.7 7.2 7.5 123.8 184.7 2339
2 6.4 6.1 6.1 207.8 273.8 374.0
3 4.5 3.7 42 409.4 526.6 637.1

0,=0.0195 — 0.545¢, —0.006S¢p, +5.638  (6)
0,=0.0115 —0.272¢p; —0.0085¢p; +7.003  (7)
D,=1.286S +10.738¢, +0.724Sp, —113.46 (8)
D,=1.1568 —71.125¢; +1.5145¢p, -103.26 (9)
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