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Orthogonal experiment-based mix design of fine sand bored pile self-compacting concrete
LIU Shigi, WANG Meng
(The First Engineering Company of CCCC Fourth Harbor Engineering Co., Ltd., Guangzhou 510450, China)

Abstract: The mix design of C40 fine sand bored pile self-compacting concrete (SCC)is carried out, and
natural pit sand with a fineness modulus between 1. 6 and 1. 7 is used as fine aggregate. The water-binder ratio, sand
ratio, external retard and collapse preventer and fly ash replacement percentage are selected as influencing factors.
Orthogonal experiment is designed for 3 horizontal factors to study the workability, cube compressive strength and
setting time of self-compacting concrete. The workability of self-compacting concrete is qualitatively analyzed, and
the variation law of the factors affecting the compressive strength of concrete is obtained by using range and variance
analysis methods. The results reveal that the sand ratio, optimal sand ratio range and water-binder ratio range of the
fine sand SCC is smaller than ordinary SCC. The replacement percentage of fly ash has a great influence on the
workability and compressive strength of the fine sand SCC. Increasing the content of retard and collapse preventer
can extend the setting time and increase the segregation rate. The fine sand SCC prepared with water-binder ratio of
0. 33, sand ratio of 39%, external retard and collapse preventer of 7. 5%, fly ash replacement percentage of 23% has
the good workability, and 28 d strength of the concrete reaches 54.2 MPa.
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J 5 T R} (Kilwa Masoko ) s TR T30
FRICWAME, HHERME T 25 C, A TSR
FAPLER R B U DORT i Sk, B e Sk miT v
AAKFEN 315 m, ABRESH R AT S ME AR S5 H, BE
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D5 RBURSREEA/NT 53,2 MPa,

1 BEEEDRREEETHET
Fig. 1 Cast-in-place pile construction of
Kilwa Masoko Fishing Harbor
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K TWIGA CEMI 42.5N /K ¥, 2 W % JF
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45~50 MPa. MyHEHK A ENBEEF= ASTM C618 F 244
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Tab.1 Standard mix ratio of C40 self-compacting concrete

kg/m’
Kie WK W NEF OKRAT K WOKE SRR
375.9  99.9 654 446 668 157 5.33 0.37

3.2 IERRAEITE

1) P4 TR, BUKEL(A) , B3
(B) . BRI E(C) . ZZBELRYHR LI (D),
3 AKCER R, R 2, IEZISE
W3, AEEA LI 4,

*x2 BEEKE
Tab.2 Factor level

K =
A B/% C/% D/%
1 0.31 37 21 7
2 0.33 39 26 8
3 0.35 41 31 9
*3 EXRE
Tab.3 Orthogonal experiment
25 51 i
A B/% C/% D/%
1 0.31 37 21 7
2 0.31 39 31 8
3 0.31 41 26 9
4 0.33 37 31 9
5 0.33 39 26 7
6 0.33 41 21 8
7 0.35 37 26
8 0.35 39 21 9
9 0.35 41 31 7

*4 HKRWESELL

Tab.4 Mix ratio of experiment  kg/m’
U0 K MER B NAT O RAT K BUKH EEHRIER
400.1 106.4 643 438 656 157 5.57 0.39
349.5 157.0 677 424 636 157 5.57 0.45
374.8 131.7 712 410 615 157 5.57 0.50
328.3 147.5 654 445 688 157 5.23 0.47
352.1 123.7 689 431 647 157 5.23 0.37
375.9 99.9 725 417 625 157 5.23 0.42
332.0 116.6 664 452 678 157 4.93 0.39
354.4  94.2 700 438 656 157 4.93 0.44
309.5 139.1 736 423 635 157 4.93 0.35
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4) SRAK 150 mm B9S2 5 A4, TR
Bt 7. 28 d PUIEMRSE,
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Tab.5 Experiment results of cube compressive strength

MPa
45 7 d LT YU R 28 d 3L RhT Hei
1 47.2 57.8
2 38.2 49.6
3 44. 4 54.5
4 37.4 49. 1
5 40. 8 52.8
6 42.6 54. 4
7 36.8 48.2
8 41.5 52.3
9 38.2 49.3
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Tab. 6 Range analysis of cube compressive strength

shi LR ESES
T
o ies A B c D
k, 43.27  40.47 4377 42.07
TAAT 40.27 4017 4113 39.20
iR 38.83 4173 3747 41.10
R ? ’ ’ ’ ’
R 4.44 .56 6.30 2.87
k, 53.97 5170 54.83  53.30
WAILTT 5210 5157 5220 50.73
IR 49.93 5273 48.97 5197
R ? ’ ’ ' '
R 4.04 116 5.86 2.57

TE: k(i=1,2,3) NE—FEN i KV, X0 BT A 156 20 04
IG5 R Z AT B,

4.1.3 FrESH
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Tab.7 Variance analysis of cube compressive strength

Wders R ZKIrf H HEE Yo7 F
A 30. 71 2 15.35  7.40

Tditk B 4.15 2 2.07 -
PURRE ¢ 60. 07 2 30.03  14.48
D 12.76 2 6.38  3.08
A 24.45 2 12.22 9.99

Ak B 2.45 2 1.22 -
PUESRE ¢ 51.81 2 25.90 21.17
D 9.89 2 4.94  4.04
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TAEPERE, MRARIE T B xRS R Eok, L
FE GTM BT S, <10%310.30, 10%<S, <15%71
0.15, S;>15%110.05; MEY BE Uy >600 mm
HY REwtE Ty, <4 s it 0.40, Uy >600 mm H
Ty >4 s110.20, Uy <600 mm 1 0.10; KL J FF
PIRE S B EZ 2 AU, <25 mm it 0. 30,
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Tab.8 Experiment results of concrete workability

R Sp/%  Uglmm  Tyels  AUg/mm  TAEHAE%
1 3.4 610 6. 88 70 0.55
2 9.3 690 3.72 40 0.85
3173 675 4.26 25 0.55
4 191 750 2.38 25 0.75
575 700 3.24 30 0.85
6 156 630 4.87 20 0.55
7 119 705 3.03 30 0.70
8 18.4 645 4.12 35 0. 40
9 1.0 680 4.38 25 0.65

4.2.2 WES
TREE IR EE - TARMEW 2E i R 9, ATLLE
AR X A% IR E - TR B A
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x9 BELTEERESH

Tab.9 Range analysis of concrete workability

s O I
2 A B C D
k, 0. 65 0. 67 0.50 0. 68
TAEME k, 0.72 0. 70 0. 68 0. 70
R ks 0.58 0.58 0.77 0.57
R 0. 14 0.12 0.27 0.13
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Tab. 10 Initial setting time results of concrete

2051 WIEERE] /min
1 490
2 550
3 590
4 610
5 530
6 535
7 585
8 570
9 500

F 11 RET VIR EHREST

Tab. 11 Range analysis of initial setting time of concrete

T A%
W2 A B C D
k, 5433 561.7 5317 506.7
Yo k, 558.3  550.0  540.0  556.7
fi il k 551.7 5417 5817 590.0
R 15.0 20.0 50.0 83.3

4.4 AWOVEEAE A SR EE L RAERC A L

MG 10 AL, FrA HC A He AR TR 3R 1 2 2
PIBERFRIA/NT 8 h BZER N IAE 5 S8 B &
PO 32 525 G 25 8 AR VR4 b A Sz 7 (R4 s 5 2
EhRo XTI, B3 SMBEEE LR P57 HE 1]
3R, ISt TARTERAK . Bk T
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AR SRS Ry BRI IR R R BE 1 37 7 R BT R 5
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SR, R BUE R SRR R s A, HE
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DS, DS, WREE V5L E I ] 8 min,
FESTEROREF | 5 ORI BE - R ORI .
TRBE 1 75 57 BB SF P PR SR UK 55 B AT
EE 8

YD [ SHREE T 7 d ST ARSI 41.0 MPa,
T 7 d B IIXT 30A 5 FERESEAT RN AR KRG I, 4
RWoRPEG e, S T 25k, 4inb 3 % SCIREE 1
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