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Scale Effect of Coarse Aggregate Content on Flexural Tensile Strength of
Ultra-High Performance Concrete
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Abstract: Ultra-high performance concrete (UHPC) prismatic specimen with different water-binder ratios, coarse aggregate contents,
steel fiber volume fractions, and specimen dimensions were prepared. The influences of water-binder ratio, coarse aggregate content
and steel fiber volume fraction as well as the scale effect on the flexural tensile strength of UHPC containing coarse aggregate were
investigated. The results show that the flexural tensile strength of UHPC containing coarse aggregate decreases with the increase of
the water-binder ratio and the coarse aggregate content. The scale effect on the flexural tensile strength of UHPC containing coarse
aggregate is greater than that of UHPC without coarse aggregate. The scale effect on the flexural tensile strength of UHPC containing
coarse aggregate decreases gradually with the increase of water-binder ratio. The scale conversion coefficient of flexural tensile
strength of UHPC containing coarse aggregate and the parameter calculation formula of scale effect law were proposed for predicting
the flexural tensile strength of UHPC with coarse aggregate.
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1.1 E#

IKYEN P.O.52.5 BEFR Eh /KU ;s i K Si0, & & (it
7 4095.4%, “FEIRAEA 0.1 pm; BBANK R IK Si0,
B 57.3%, LR 689 mY/kg: YT Ak L%
THAN 824 m/kg; 4B RER A i A KIAR 1.25 mm (11K
SRV, AHFEREECN 2.3 A OEK N 325 H B4 5
W MU RN E R 10 mm B X BEBA: UK
RN EERIR I R RBOK s ANA 4R K AR LG 65 11
U AN AT YE, A4EKE 13 mm, ZRER 0.2 mm.
1.2 Rt

UHPC XH 3 /KB HE(0.16+ 0.18 F1 0.20).
K HE T it 4 MpAS BB RS &5 405008 04 200,
400 kg/m® M1 600 kg/m®. N HTENLT 4R RIS B0}
PO R UHPC 25 h7 o BE RT3 i se i, 427K R
EE 0.18 SKH 400 kg/m® ML BE, H1&AKF5 B (o N
0. 1%. 2% 3%[f] UHPC MAEARRIE. NN
SR I, UHPC MAEAR R 3 ARG,
35249 70 mm=x70 mmx310 mm. 100 mmx100 mmx
400 mm A1 150 mmx150 mmx550 mm. UHPC
ST 45 N, BRI B 12 A
1.3 E&Lt

UHPC BL&tbtnse 1 frox. 20 mlbh A3, B3 Al
C3 it & b &l 2% 17 3 e K 100 mm 3777 (A4 LA
fifi € UHPC 58F%, SB35 708 178.6 MPa.
159.8 MPa Al 137.9 MPa.
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Table 1 Mix proportion of UHPC

Sample Mass fraction w /% Water-binder ratio Volume fraction p (Coarsevaggregate)
— w (Water reducer)/% . 3

No. Cement Silica fume Flyash Slag Sand Quartz powder r o(Fiber)/% /(kg'm™)
Al 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.16 2 0

A2 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.16 2 200
A3 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.16 2 400
A4 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.16 2 600
Bl 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.18 2 0

B2 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.18 2 200
B3 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.18 2 400
B4 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.18 2 600
Cl 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.20 2 0

C2 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.20 2 200
C3 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.20 2 400
C4 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.20 2 600
D1 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.18 0 400
D2 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.18 1 400
D3 1.0 0.2 0.1 0.1 1.0 0.35 2.5 0.18 3 400
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Fig. 1 Flexural tensile strengths (f}) of UHPC containing coarse aggregate
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Fig. 2 Scale effect parameter of UHPC containing different
content of coarse aggregate with 2% steel fiber
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Fig. 4 Scale effect parameter of UHPC containing coarse
aggregate with different volume fraction of steel fiber
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JRRTS, g A o B IR I Bt S g R
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FERST S 2B 1 100/f 1 70 FTHUCR 0.789, TS
ZH 1z 100/fr 150 FTHUCN 1.517. R IS A B B
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SCHR (1018 9 1 SR 3 B 20 (3) 0 AN & M R
UIHPC & 5758 E o0 M B RAFIIE M, v se =X
Q)X E R BB UHPC 25 i 5 B 0 038 %, R
[ P 25 T & fL B UHPC 25 Rt ae !t R A i i 45
R FEARAE 160 /KRN 0.16 & 0.20, FHEE
SN 0 & 800 kg/m’, LT 4EB EIEEA 0 & 3%,
BN 70 mm £ 150 mm UHPC ##:RaF2
P FE B A (3)

W SHEHT, FEIFSKR A E RS E T
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55 5 RT O AG) o B &5 RIH O R ECN
0.932, KWI&E RLF.

x3 RIHEARSHE

Table 3 Parameters in the scale effect law

Content of coarse aggregate 0 /MPa Dy /mm

/(kg'm™) 7=0.16 r=0.18 =0.20 7=0.16 r=0.18 r=0.20
0 63 61 69 4 8 6
200 36 46 54 8 4 8
400 24 36 47 6 7 9
600 13 31 41 4 1 3

TR 3 A, @S ANG)HRHE R 0., M
TERSE Dy SAKEHIHB R SRR, W4)
(5o R @)FIRG)RFHERRLE o ARFIE RS Dy

Pt R S5R 3 HAR A 25508 0.913 1
0.939, KMWE R, & (@M KGE)XA R
BRI B 5K T UHPC 25 5758 5 R SR S o,
FIRFIE R S) Dy AT A5 5
0,=20.25r—0.02R + 0.09Rr + 2.46 4)
D,=—1760r +7.74R —39.58Rr + 572.32 (5)

Refe KL RSB, kg/m's
4

1) Ff7K i LERIR B R & e v, S R
UHPC % iy 58 & 2 /N H . KR EE 0.18 F10.20 f
O E R UHPC 25 4y 58 FE 73l 20 7K IR L 0.16 ISf 55
F BB UHPC 1) 84%A11 75% . AN & F1 B Bl UHPC 25
BB £ 8% 600 kg/m® FLH5 L UHPC ¥ 130%.

2) FE RS EX UHPC 25y 5m R~ 3n 5
WAL K, £ 600 kg/m’ HLH R UHPC 25450 % R~}
RN BE 2 AN S BE UHPC (1) 1.2 .

3) BHIKR LR &, B E UHPC 25 hy o i
JRSF RN BTk 35 KIS L 0.16 B &R R UHPC
A R RST RON BE 2 K g LG 0.20 B UHPC 1
1.24 %,

4) FALEBE UHPC 254y 5 B2 RS 308 A 4
YRR B ORI B 1, WA 4R E 3%
NEHE R UHPC 250 5 B RSF UN FE LT A A B0
214 UHPC 1) 1.34 f%,

5) FHE KL UHPC 25 5 B R~ #6524
Si 100/ 1 70 ATHCH 0789,  RST #5522 %X £+ 100/f5 150 7T
R 1.517.

6) & TSNS HH A, Al &
FBEL UHPC RS hrsim i .
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