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Abstract: To improve the anti-scouring performance of no-fines concrete base material, the optimal mix proportion
of no-fines concrete was determined by the response surface method, using 7-day unconfined compressive strength,
permeability coefficient, and compressive resilient modulus as the evaluation indices. The scouring test of no-fines
concrete was carried out to analyze the effects of scouring time, scouring frequency, and impact strength on
anti-scouring performance and to reveal the attenuation law of strength and modulus of no-fines concrete after different
scouring conditions. The results show that the optimal mix ratio of no-fines concrete is gradation [ , with a
water-cement ratio of 0.35 and a target porosity of 18%. Compared to cement-stabilized gravel, no-fines concrete
exhibits better mechanical properties and anti-scouring performance.
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Table 1 Gradation(by mass) of no-fines concretes

Unit: %
Seieve size/mm
Item

26.5 19 16 13.2 9.5 4.75

Gradation | 100. 0 76.7 61.3 37.9 20.7 0
Gradation Il 100. 0 80.0 66.9 46.7 30.1 0.1
Gradation [l 100. 0 82.7 71.4 54.0 37.8 0.1
Upper limit of gradation 100. 0 93.0 78.0 59.0 38.0 5.0
Gradation median 100.0 84.5 68.0 48.5 28.5 2.5

Lower limit of gradation 100. 0 76.0 53.0 38.0 19.0 0
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Table 2 Factors and levels of test

2 #ER5iT418

Factor S Coding level 2.1 EFMBEREA LR AR
-1 0 1 PL7 d Tl BBt 5 B R, PR Bl i EL B
A Gradation 1 il i iﬁ%i&KVEﬁﬂfﬁJﬂﬂ/}f%,UZ&@ﬂA)\7J<7T<tE(B)*ﬂE
r —_ 050 055 040 ERFLBRA(C) N 1Ak I R O
C /% 15 18 21 TR Y 45 R R 4
F3 RBAR x4 WEEZFRBER
Table 3 Test scheme Table 4 RSM test results
Serial Coding level Serial Coding level Serial R/ E/ K/(mL-| Serial R,/ E/ K/(mL-
number 4 B c | number 4 B C number MPa MPa s ') | number MPa MPa s ')
1 0 1 —1 10 0 0 0 1 4.5 2084 48.1 10 4.0 1935 46.5
2 0 0 0 11 0 0 0 2 3.5 1974 46.5 11 3.8 1945 49.8
3 0 —1 1 12 0 —1 —1 3 4.9 2046 47.2 12 4.1 1872 49.3
4 1 1 0 13 —1 1 0 4 3.8 1905 47.5 13 5.1 2264 48.1
5 0 1 1 14 1 —1 0 5 4.7 2156 46.4 14 5.0 2243 48.1
6 1 0 1 15 0 0 0 6 4.0 2084 45.0 15 4.5 2184 47.1
7 0 0 0 16 —1 —1 0 7 4.8 1948 51.8 16 4.8 2158 47.4
8 1 0 —1 17 —1 0 —1 8 3.8 2031 50. 4 17 4.9 2195 48.8
9 —1 0 1 9 4.5 1972 45.0

1 Design Expert 13.0 54453 )i 1 [m] A ALy -

R.=4.91—0.476 1A + 0.0559B — 0.083 5C — 0.022AB — 0.080 8AC +

(1)

0.188 3BC — 0.218 1A* — 0.441 5B — 0.312 8C*

E.=2208.8 —30A — 27.12B — 43.88C — 7.75AB + 38.75AC — 9BC —
41.4A% — 165.15B" — 112.65C"

K=47.88— 0.532A + 0.151 9B+ 2.31C (3)
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TR ZEF B E(P<0.05) ;KR 25 EEF(P<
0.01)). i 5~70 WL . R A E, 4 2 ] )7 45 74
LA LR 43 5918 0.909 7.0.919 2, AJ WL 48] 45 1] 5
BB s K 4D 25 S o vk [l AR AL, 1 5 e bR
B+ HARFLBUR (O R/ EHHC, B BARFLBR M
P<20.000 1, 1 2% it (A) KK o (B) X H R mi 470N
ANAFAE R R Z 6] 0 22 BAE L 5 4 & F A RAAAR
], 156 B L 6E 7 d I ) BIR 470 56k B R R T A )
SWALEAE 25 5 5 F 7850 7 d IO BIR 470 TR 98 3 4 5% i
5 FE Sk 2 e (A) > H bR FLBRR (C) > 7K K L (B) |, %t
PUE [ S5 Sk 1 5% 0 5T Sk E A AL BR % (C) > T
(A)=>IKIKE(B)

M) 7 TA P P T 8 B Wi 25 B 7 A TR 36 ) 28 B
JH e g 7 (L 4 5 i) B 8, R 2 S R AROR B . 7 d
TGN BT 58 AN T 3RS 8 (7 i 7 1T ] 3 J3) A,
F1.2, mE1.2KFES5.600H, A EZ 8L
AR FAXE 7 d JC A BR AT 5 B 5 A KK E

(2)

T H PR LB (BC) > 2 A1 H AR FLBR (AC) >
Bt AR B H (A B) |, %o 7 T 35S 8 (19 55 i I Ay 0%
BT H ARFLER 3 (A C) > K K LA H AR LR (BC) >
PRI L (AB) o i IE AT WL, K K AT H A LR
R AN H AR AL BR R 2 8] 14 38 BAR 6 R fE Y
A NI 3 e [ N B R (Y DO N T DA
{EL Y SE M A2/ o 6B 35 Z 800 N 16 4 B, B FR
AEAE R 2R 2Z 18] 0 28 BATE e 1 T8 kg RS- T8, 80 7E Ut
EN R i A AT S

R A5 W0 07 T8 725 [ A RS AR R A B 45 SR, %5 SR E D IR
B (A) KK (B) AT E AR LR (O) 1Y S fE i
BN HES T KK H 0.35 A1 H FRfLER % 18 % . L Fic
AN IR EE 09 7 d MR PR B A 5.1 MPa,
YU B 2 171 MPa, B & 250849 mL /s,
22 mHREEERARRREGETEE EE4ER

Vi

LT 0 7 T 9 A E) JC AP TR B i B A b,
Xof HL A7 o 4t 58 K AN [R) o R 2% R R A
I, 15 2 T RP IR BE - A BT b R BE R T 2 b B
PR



561 XN wT 55 T IR BE 1 5L 2 A FE A DAL 5 0 o il 1 A 521
RS TARMBRFAEREREATERTEST
Table 5 Analysis of variance of regression equation for R,
Source Sum of square Degree of freedom Mean square F value P value Sgnificance
Mould 3.6500 9 0.4053 7.8400 0.006 4 ok
A 1.8100 1 1.8100 35.0700 0. 000 6 ok
B 0.0250 1 0.0250 0.4830 0.509 5
C 0.0558 1 0.0558 1.0800 0.3335
AB 0.0019 1 0.0019 0.037 4 0.8521
AC 0.026 1 1 0.026 1 0.504 4 0. 500 5
BC 0.1418 1 0.1418 2.7400 0.1417
A? 0.200 2 1 0.200 2 3.8700 0.089 8
B’ 0.8209 1 0.8209 15.8800 0.005 3 ok
C* 0.4120 1 0.4120 7.9700 0.0257 *
Residual 0.3620 7 0.0517
Lack of fit 0.1610 3 0.0537 1.0700 0.456 3
Pure error 0.2010 4 0.050 2
Cor total 4.0100 16
R’ 0.909 7
R%; 0.7937
F6 HMEDBEEMFAFTRESEZSH
Table 6 Analysis of variance of regression equation for E_
Source Sum of square Degree of freedom Mean square F value P value Sgnificance
Mould 225 744.57 9 25082.73 8.8500 0.004 5 ok
A 7 200. 00 1 7 200. 00 2.5400 0.1550
B 5886.12 1 5886.12 2.0800 0.1927
C 15400.13 1 15400. 13 5.4300 0.0525
AB 240. 25 1 240. 25 0.084 8 0.779 4
AC 6 006. 25 1 6 006. 25 2.1200 0.1888
BC 324.00 1 324.00 0.114 3 0.7452
A* 7 216.67 1 7216.67 2.5500 0.154 6
B* 114 840. 10 1 114 840. 10 40.520 0 0. 000 4 ok
c* 53 431.67 1 53431.67 18.850 0 0.003 4 ok
Residual 19 839. 55 7 2834.22
Lack of fit 12 236.75 3 4 078.92 2.1500 0.2372
Pure error 7 602. 80 4 1900. 70
Cor total 245584.12 16
R’ 0.919 2
R, 0.8153
R7T EERHEEFFEFENSN
Table 7 Analysis of variance for regression equation of K
Source Sum of square Degree of freedom Mean square F value P value Significance
Mould 45.180 0 3 15.060 0 25.3100 <20. 000 1 ok
A 2.2600 1 2.2600 3.8000 0.0730
B 0.1845 1 0.1845 0.3101 0.587 1
C 42.7300 1 42.7300 71.8100 <20.000 1 ok
Residual 7.7400 13 0.5951
Lack of fit 5.9600 9 0.662 3 1.4900 0.3710
Pure error 1.780 0 4 0.443 8
Cor total 52.920 0 16
R* 0.8538

2
adj

0.8201
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