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Optimization of Construction Waste Soil Comprehensive
Modification Using Response Surface Method

CHEN Ronglin, ZHOU Kemin

(College of Civil Engineering, Huagiao University, Xiamen 361021, China)

Abstract: Based on the Box-Behnken test design method in the response surface method, the construction
waste soil was comprehensively modified and optimized considering the interaction between the influencing fac-
tors. The response surfaces considering various factors were established, such as forming pressure, content of
mixture moisture, the amount of cement, the amount of fine stones, the apparent density, compressive
strength, thermal conductivity coefficient and softening coefficient of the modified construction waste soil, the
influence of each factor on the response index was investigated. Through regression model correction and ex-
perimental verification, the regression model equation to predict of response value of comprehensive modifica-
tion optimization index of engineering waste soil was obtained. The results show that, considering the process
cost, in process of comprehensive modification and optimization of construction waste soil, the forming pres-
sure, the optimal values of the content of mixture moisture, the amount of cement and the amount of fine

stones are 15-25 MPa, 10.5%-12.5%, 8%-12%, and 3%-6% respectively. Each influencing factor effects
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differently on the apparent density, compressive strength, thermal conductivity coefficient and softening coeffi-
cient of the modified construction waste soil, and also interacts between the factors. The revised regression
model of the modified construction waste soil indexes response value is verified by experiments, the maximum
deviation value is 6. 07 % , which is suitable for the optimization of construction waste soil modification plan and
the prediction of the response value of each index.

Keywords: response surface method; construction waste soil; modification test; performance optimization;

prediction model
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Tab.1 Chemical composition of construction waste soil sample %

w(Si0,) w(ALO;)w(Fe, 0;) w(Ca0) w(Mg0O) w(SO;) w(K,0) w(Na,O) w(TiO,) w(P,0;) w(CD w(LOD
65.79 17.16 4.26 6.93 0.06 0. 20 1.98 1. 32 0. 44 0.08 0.19 1.59
W38 fE R ER K AR5 P e O 42,5, 28 d SE I He 4T o B A Bt He s B2 43 53| Oy 7. 4,45, 2 MPa; % il
1 E=RAEHR 3~5 mm.
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Tab. 2 Test parameters and results of modified construction waste soil with single influencing factor

wwpas wang 0B e gy WORRIRCRIDE e e
Fl 92 10 1.5 8 - 11.59 1942.7 11.2
F2 92 15 1.5 8 — 11.56 1988.5 12.8
F3 » 92 20 1.5 8 — 11.51 2 030. 1 14,2
F4 92 25 1.5 8 — 11. 48 2 047. 6 15.1
F5 92 30 1.5 8 — 11. 50 2 055. 4 15. 4
w1 92 20 9.5 8 - 9.63 1963.6 12.8
W2 92 20 10.5 8 — 10. 46 2 015.7 14.1
w3 7 92 20 11.5 8 — 11.52 2 034.3 14.7
Wi 92 20 12.5 8 — 12.57 2 010. 3 13.5
C1 94 20 1.5 6 - 11. 48 2 034.7 12.9
) 92 20 1.5 8 — 11.54 2 036. 3 15.1
. w(7K )

C3 90 20 1.5 10 — 11. 52 2 036. 9 17.5
4 88 20 1.5 12 — 11.57 2 037.2 19.4
st 92 20 1.5 8 0 11.53 2 032.5 14, 3
2 89 20 1.5 8 3 11. 46 2 041.3 15.9
s3 w41 86 20 1.5 8 6 11,42 2 043. 6 16. 2
St 83 20 1.5 8 9 11. 54 2 042.7 15. 4
S5 80 20 1.5 8 12 11.59 2 044. 8 13.4
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Fig. 2 Relationship curves between forming pressure and apparent density, compressive strength
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Fig. 4 Relationship curves between cement content and apparent density, compressive strength
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Fig.5 Relationship curves between fine stone content and parent density, compressive strength
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2 3 Box-Behnken i 56 K 2 I 7K F % %

Tab. 3 Box-Behnken test factors and level coding

K5t MR
X, X, X; X,
1 15 10.5 8 3.0
0 20 11.5 10 4.5
—1 25 12.5 12 6.0
2 4  Box-Behnken i 36 75 % M 45 R
Tab. 4 Experiment scheme and results of Box-Behnken
?ﬁf; X, X, X, X, Y, Y, Y, Y,
1 25 12.5 10 4.5 2 042.6 15.1 0. 843 0.91
2 25 11.5 12 4.5 2 058.9 19.1 0.905 0.96
3 25 11.5 10 6.0 2 062.4 17.6 0.917 0. 94
4 25 11.5 10 3.0 2 055.3 17.3 0.914 0. 94
5 25 11.5 8 4.5 2 057.8 16.1 0.903 0.93
6 25 10.5 10 4.5 2 041.3 15.9 0. 846 0.93
7 20 12.5 12 4.5 2 021.8 15.9 0. 760 0. 90
8 20 12.5 10 6.0 2 024.3 15.6 0.794 0. 89
9 20 12.5 10 3.0 2 019.6 15.1 0. 764 0. 90
10 20 12.5 8 4.5 2 021.3 13.3 0.771 0. 89
11 20 11.5 12 6.0 2 044.6 19.4 0. 878 0.94
12 20 11.5 12 3.0 2 038.2 18.9 0. 854 0.95
13 20 11.5 10 4.5 2042.7 17.2 0. 857 0.90
14 20 11.5 10 4.5 2041.9 16.9 0. 855 0.92
15 20 11.5 10 4.5 2042.5 16.9 0. 861 0.91
16 20 11.5 10 4.5 2 041.8 16.8 0. 854 0.91
17 20 11.5 10 4.5 2042.5 17.0 0. 863 0.91
18 20 11.5 6.0 2 041.5 16.4 0. 862 0.92
19 20 11.5 8 3.0 2 039.4 15.8 0. 834 0.91
20 20 10. 5 12 4.5 2024.4 17. 3 0. 823 0.93
21 20 10. 5 10 6.0 2024.7 16. 3 0. 807 0. 90
22 20 10. 5 10 3.0 2023.4 15.6 0. 802 0.91
23 20 10. 5 8 4.5 2024.2 14. 3 0.795 0. 90
24 15 12.5 10 4.5 1976.3 12.1 0. 652 0. 87
25 15 11.5 12 4.5 1995.2 15.1 0. 734 0.93
26 15 11.5 10 6.0 1996.7 14.7 0. 754 0. 90
27 15 11.5 10 3.0 1993.7 14. 3 0.723 0.91
28 15 11.5 8 4.5 1995.2 12.9 0.736 0. 89
29 15 10. 5 10 4.5 1981.1 13.1 0. 688 0. 87
2 KBERSA
2.1 ZXRENEGEREHERE
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5 Mok B AR REE T AR L

Tab.5 Equation coefficient of optimized target response value

A IS ES ai a;., ai.z a;s iy b, b;.» b5
Y, —605. 761 24.722 407.958 2.510 —8. 157 0. 305 0.028 0 0.137 0
Y, —238.599 2.070 40.173 0.338 —1.013 0.010 0.0200 —0.0030
Y, —8.957 0. 056 1.535 0.077 —0.028 0.002 0.000 1 —0.000 9
Y, —1.733 0.01 0. 46 —0.016 —0.023 —0.001 —0.000 3 0.000 3
o A R biy bis bis Cin Cin Cis Cioi
Y, 0.038 0. 567 0.3580 —0.5700 —18.178 —0.248 0 —0.368
Y, —0.050 —0.033 0.008 0 —0.0510 —1.747 0.029 0 0.190
Y, —0.005 0. 004 —0.0003 —0.0010 —0. 068 —0.000 9 0.001
Y, —0.003 0.001 —0.002 0 0.000 2 —0.019 0.003 0 0.003

Xof 0] 5 75 B R AT J7 22 3 A CANOV AD L & PEAG 36 IR J7 22 70 B 45 2R . sk 6 Fras. & 6
Ay 45 DR 28X Wiy 7 14 2 00 56 J3€ o B K DU 3% B B2 Wi 1 B8 5 P (5> 1) (R 35 PEAG 3 PfR Ry, W AR
IERE ZAGC V. N 5 R

F 6 TWIENE T 2 4 R
Tab. 6 ANOVA results of quadratic regression

R R 2 F P.(>F) Rig C.V./% PR I i 3 FREPETE 2
Y, 2 454. 83 <0.000 1 0.999 2 0.032 9 0.1225 ¥ e
Y, 35. 27 <C0.000 1 0.978 8 1.650 0 0.105 3 B TS
Y, 57.94 <C0.000 1 0.990 4 0.8230 0.104 8 nE e
Y, 21.61 <£0.000 1 0.987 4 0.712 0 0.658 0 B e

i3 6 71 P, (> F)<<0. 000 1, AR F 0. 05, KA 3 LI 1 10 )y BE48L 45 64 5 1 8
2.C. V.25 0.032 9% ~1.650 0% , it B 56 4 1] 5 Mk 15
2.2 AEEWEXEER
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i R J3E . 4% TR 3R 0 R0 T2 48 s 1) 5 ) 25 A RN O R T ) > A A 1B i > IR A RS KR KR B
i Hoh BB R ) A 1B R SRS RS K SRS AR 0 R e AR AR L K Je 4B s R B . R R
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2.2.2 REXRAZARAYasd @R EE AP, R 5 m N8 A R e R T S A e 2.
S3 AT AT AT s I S e PR R R U % R A AR T R 2R R e ) AR G R K R R R ) A4
ABE KRB R MG BE GRS RS KRNG5 . R RN AR K 2658 5 i 3 UL %
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Fig. 6 Interaction effects of forming pressure and mixtures moisture on apparent density
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Fig. 7 Interaction effects of forming pressure and cement content on compressive strength
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Fig. 8 Interaction effects of forming pressure and mixtures moisture on thermal conductivity
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Fig. 9 Interaction effects of forming pressure and mixtures moisture on softening coefficient
2.3 [EREBMEIERKENEKE
TR oot e 9 R WL PR SR R R B A R IR R 5 A5 R Z A7 A8 U R Y
FELME SR AR AR B U 22 30X (0] U A58 250 o A 4 T30 15 A i 7 £ 0 AN T ke T A A 2 £ O
Al i B A IR B i T LI BR. 45 Design Expert CFXS [l AR 19 75 72 X A7 08 . B BB IR )5 &
TR IR L B P i B S [l A 7Y g Ty A L D
Y, =—615.57+24.997X,+408.333X,+3.492X,—8.157X,+0. 305X, X, +0. 137X, X, +
0.567X,X,+0.358X,X,—0.570X%—18.178X%—0. 248X%—0. 368X%,
Y,=—239.016+2.205X,+40.227X,+0. 304X, —1.459X,+0. 020X, X; —
0.052X7—1.769X5+0. 181X7,
Y,;=—8.8535+0.0562X, +1.5293X,+0.0582X, —0.0225X,+0.0017X, X, —
0.0009X, X, —0.0049X,X;+0.0042X,X,—0.0013X7—0.0673X;,
Y,=—1.833+0.016X,+0.478X,—0. 025X, —0.030X,—0.001X, X, —
0. 003X, X;—0.019X340. 003X%+0. 003X7.
A2, X, €[15,25];X,€[10.5,12.5]: X, €[8,12]; X, €[3,6].
PTG TE B 5 L5 BE LB IR 7 PR R T R RE N B P E RAL 3R T AR IR S A
PO R R Hl R 338K

(2)

T BRI IERT S G B H AR

Tab. 7 Fitness comparison of predictive models before and after revision

oS 2 WA 5 J3E TN A5 Y BT i, B 0 A 7R 5 R R T A 28 Ak 72 H ) A Y
= Riy R.. Riy R}, Ri, Ri.. Riy Ri..

1& 1F B 0.999 2 0.997 8 0.978 8 0.943 3 0.990 4 0.974 1 0.987 4 0.974 1

BIE s 0.999 3 0.998 0 0.982 8 0.967 8 0.990 7 0.980 5 0.991 6 0.9812

3 fEIEEFEB R E&RMATT EHNKEIE

PUWF ] 14 7 AL A+ ORI 250 % RSE R 240 mm X180 mm X 90 mm (X 58 X &), FLi R =40 %,
FMBE<1 200 kg « m * P KR JE G A KT MU 5.0, 1M 57 8125 4 Je AR 18 A% (1 35 b4 T 6 98 )% R
REAK T 10 MPa. i 3 T3 I 2 SR SC bR (1 26 7= 120 8 ik F Il RS A0 3 47 TR I+ e A Ak i H bs oy
p<<2 100 kg + m ., £.=>10 MPa,K=>0. 85, SR K% 4 4> HE BT,

AR AL B BRI 3 B TR R - e v 5L g 8 iR, £ 8 Haa MR IAKL
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# 8 KRR H AR TR K TR - otk v 5 3
Tab. 8 Optimization target plans for each indicator and optimal schemes

for construction waste soil modification

5 T W Weane R AL S
Opt1 <2100 =10 0.600~0.700  =0.85  15.14 1191 8 3
Opt2 <2100 =10  0.700~0.800  =0.85  17.99  11.46 8 3
Opt-3 <2100  >10  0.800~0.900  =0.85  23.30 11.28 8 3
Opt4 <2100 =10 0.900~1.000  =0.85 2483 11.30 8 3

by B8 UE [ DS ASE SR A H ) e DG RO D7 SRR T A R A SR B R R T 2 X B s g SO ) AT
SRR A A 0 R 2 L JBE T T 88 3 R AR B R A AR B e DG T S 4 s (LR S fEL X B L A
F O PR R 9 AT IR PR ARL de R Ml 25 4 XS B R 6. 07 6 . /T 10,0026 . AT RLAB IE S5 A
U T 3R B A R R 4 9 e T 8 10 A AR s i 7 S0
F 9 RO REAEFR LS IE

Tab. 9 Predictive and actual values of indicators with optimal schemes

. o/kg e m™? f./MPa A/We (me+K)! K

Ak G = : o ; o ; i ; e

FiRUUR ) SEE o S FiIRIR () S o & S

Opt-1 1991.3 1985.4 12.7 12.2 0. 687 0.661 0. 90 0.91
Opt-2 2.024.6 2029.6 15.1 15.6 0. 762 0.781 0.91 0.9
Opt-3 2 052.5 2 023.9 16.1 15.1 0. 889 0. 835 0.93 0.92
Opt-4 2 054. 9 2 065. 4 15.9 16. 8 0.921 0.952 0.92 0. 94

o b 1.39% 5.66% 6.07% 2.17%

4 &

3k A PR 2 X e AR A b e R Ak 1 B R KO- 9 3 T e B 1T 3% R Y Box-Behnken it
T TR + b 4T Z bR P28 A AL BF 8 ARSI 45 R 5 00, R AR BILLE 4 41458,

D) B 7 R AR KR KRS R AN A 1B A R R R T (R B R R RN 2 0 R 1
M 35 47— 28 PR L FE LR 25 B8 120 UAR M i 92 R A7 76 S D0 BUMEL ) . B8 T ) TR R 3 7k % K e
B AN 15 1AL BUE G B4 3R 15~25 MPa,10. 5% ~12.5% ,8% ~12% f1 3% ~6%.

2) 45 5 R S R A0 M 4 SR R W X TR IR O R G ) R HE R R R ) >4
A3 R RA R GRS KRB & 5 %50 58 BRIk 28 B0R0 52 i) S35 R B HE P O R TE ) > 40 A B
B IRARSOK R SRRSO SRR B R R E S >R AR KRS a3
KB R,

3) M 1 1A A8 FLAE FH 52 0 40 A7 45 SR 22 BH L A8 TR 7 AR A5 Rk B K SR 2 0 BE 1 3¢ B AR FH R ) g
F o RE S R A R KR R A RS K S RIK T 15 8 X 3 3 FR 000 58 A R ) B oA s R R
FIRIK I 5 1 X B o 5 A — 2 58 HAE 5 A R ) FNTR G Rk 5 7K R 1k 2 BUAE AE — 5 1 38 TLAE .

A FE TR T 0 TR IR+ 2 AR AR SR A et O Ak U R S AR 28 8 1 a8 a3 56 06 iF 2 B i A
#5500 55 AU B B F T R R 0 et D 2 R Ak A o i 7 AL

S % Lk
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