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Size Effect of Mechanical Properties of Hybrid Fiber Ultra-high

Performance Concrete
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Abstract: To study the size effect of mechanical properties of steel-polypropylene hybrid fiber ultra-high performance
concrete(HF-UHPC) , the cube compressive strength and axial compression mechanical properties of HF-UHPC
specimens with different sizes were studied by considering the influence of fiber parameters. The results show that
the size effect of cube compressive strength, axial compressive strength and axial compression peak strain of the
specimen becomes more significant with the increase of steel fiber content and length-to-diameter ratio. With the
increase of polypropylene fiber content, the size effect of cube compressive strength, axial compressive strength and
axial compression peak strain of the specimen changes slightly, showing a trend of weakening at first and then
increasing; The size effect of elastic modulus is little influenced by the parameters of hybrid fibers, and it can be
ignored. In addition, based on the experimental results, the mechanism of size effect of compressive strength of the
specimen is revealed, and the calculation formula of size effect law parameters of compressive strength of the specimen
is established, which can be used to calculate compressive strength of the specimen with different sizes.

Key words: ultra-high performance concrete(UHPC) ; mechanical property; size effect; steel fiber; polypropylene
fiber
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Table 1 Base mix proportion of UHPC

kg/m’
L Water
. Silica Slag Quartz .
Cement reducing Water
fume powder sand
agent
800 100 100 1220 35 160

Bt e HF-UHPC R, AR 4E S50 3 2 iR 439
HlVER A 70.7 mm(A 41) . 100 mm(B 41) .150 mm
(C41).200 mm(D ) 47 R 70.7 mm X
70.7mm X212.1 mm(E4H ) .100 mm X100 mm X
300 mm(F 4H) .150 mm X 150 mm X450 mm(G#4).
200 mm X 200 mm X 600 mm(HZH) ) 4 Fhe AR .
Bk B F 3 {45 A 2 20 40, Foph RO 45 il 148,
B 3P, it 240 Bk
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Table 2 Fiber parameter of HF-UHPC specimens

Specimen No. o/ % l;/d @/ % by /g
SAIPA10 1 60 0.10 167
SA2PA10 2 60 0.10 167
SA3PA10 3 60 0.10 167
SA2PA00 2 60 0
SA2PAO0S 2 60 0.05 167
SA2PA15 2 60 0.15 167
SB2PA10 2 30 0.10 167
SC2PA10 2 80 0.10 167

Note: ¢, is volume fraction of SF; ¢, is volume fraction of PF.
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W AR IR e 7B AL . 7 5 PR BT e i R 6 R FH i 28K
P IR E R K 1.2 MPa/s; Bl FE J1 24 1 68 1 36 %
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Fig. 1 Cube compressive strength of HF-UHPC specimens
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Fig.2 Stress-strain curves of HF-UHPC prism specimens
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Fig. 3 Key mechanical performance indexes of HF-UHPC prism specimens
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(5)~(8).

Ju = 0.774f 100 X(1+ 0.0142,+ 0.0984,¢),

R=0.916 (5)
Dy = 15.42 X(1 + 0.4362, 4 0.1034,,),

R*=0.986 (6)
[ = 0.746f. 100 X(1 4 0.0252, + 0.1324,),

R*=0.936 (7)
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Table 3 Size effect simulation parameter and correlation coefficient of HF-UHPC specimens

Specimen No. fa D,, R} fo D,, R}
SAIPA10 106. 56 19. 88 0.986 89.51 21.90 0.974
SA2PA10 108. 07 23.25 0.977 91.12 25.95 0.987
SA3PA10 108. 82 27.74 0.987 92. 80 30. 29 0.987
SA2PA00 105. 84 23. 84 0.985 89.30 26.43 0.990
SA2PA05 107.16 23.49 0.978 89.78 26. 33 0.987
SA2PA15 107. 34 19. 47 0. 980 90. 26 22.68 0.986
SB2PA10 108. 31 26. 39 0.985 91.64 28.90 0.985
SC2PA10 108. 35 24. 44 0.981 91.93 26. 42 0.988

Note: f1.D,, R} represents the infinite nominal strength, the effective crack thickness of the boundary layer and the correlation coefficient of

cube, respectively; /1, \D,, R represents the infinite nominal strength, the effective crack thickness of the boundary layer and the correlation

coefficient of prism , respectively.

Dy, = 18.37 X(1 4+ 0.3624, — 0.0254,;),

R’=0.992
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Fig. 6 Comparison between compressive strength predicted results and actual results of HF-UHPC
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