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A method for determining the ratio of similar materials
with cement and plaster as bonding agents

: 1 1 2 2
SHI Xiao-meng', LIU Bao-guo, XIAO lJie
(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China; 2. China Ordnance Industry and Geotechnical Institute, Beijing 100053, China)

Abstract: In this study, a production method is proposed for making the similar material of sand and barite powder using cement and
plaster as bonding agents. Three controlling factors including sand-blinder ratio, cement-plaster ratio and barite content are chosen to
perform the orthogonal tests. The ratio schemes are obtained. A series of tests is carried out to determine the density, uniaxial
compression strength and elasticity modulus of different similar materials. The extremum difference analysis is adopted to analyze the
sensibilities of three factors to parameters of the similar material. It is found that the density is primarily controlled by the barite
content, secondly by sand-blinder ratio, cement-plaster ratio; the uniaxial compression strength and the elasticity modulus are
significantly affected by the sand-blinder ratio, next by the cement-plaster ratio and barite content. The density decreases as
sand-blinder ratio increases, and increases with the cement-plaster ratio and barite content; the uniaxial compression strength and the
elasticity modulus significantly decreases as the sand-blinder ratio increases, but gradually increases as cement-plaster ratio and barite
content increase. Empirical equations for determining the similar material ratio are developed based on the multiple linear regressions
of the test data using the program of MATLAB. The proposed method is validated through a practical case.

Keyword: similar material; test technology; orthogonal design method; regression analysis

| B = BRI R, BRI 11 ORI T AR DU
a Ko skammT ST e e T e

RS RHIEURL (I 3 A lC B — B AR R RO RHRIT ST, IRk T V25 . (E1L
BRNRIO WS PR E B35y, MM B ZELUKIR. f TN RREE A, A R A R
FEEL RPN AN, Fumagalli®, Kim %% RGO B RHER S P 2 A, LR
BIREHHAT I RGO T . BEEARRARALRS: TRt . P e =, 52

Wk H . 2014-01-20
FEEH: EHERHSCIETRI) (No. 2013BAB10B06);  H i ASFEARMITY 45 36 1% 4% B (No. 2013YJS064 ).
BAEETAN: LT, B, 1988 4FEA, I EWIA, FEANTE A )R W WES TAE . E-mail: snsxm@qq.com



1358 b +

b 2015 4F

U2 ek SEAAR AU RRIEAT T RIS . AH H RTIRFA
K2 BT M H o3 A 2% A ZR AR U R 1) 5
Wiy, 2 5 R RIS AN — 2 WM ) s o AR R
LR35 . AEARD R LU IR SR I R P ey — ¢
KRR RGP, AEAE AR AE AT AR
Senih b, 4T REOE G T TR R A AL
MR R PR SRR KK R R L, 158
FIEMIRCEE . KRR, FERRRIG AR LA E
BTN RRAME LA Ji TR, AR EHESH AR {BURA R
WL AR e »

ASCEE R DORPERAT BAE ARG, A7 SERb A
AR B R A BUR RHEE ke, YE Tk
7k, JREE AR RHEC b e A, A A
[ DA ZN BAORRE L T s o AT AR 1) 5
WSGFR, BAaT AU RHEC EE 22 36 2 3.

S AR RHEURE . AR RHBER . AL
FORRAPERIE 7%, i A A RHEC th 2256 24 5K,
St — TR HEKYE . AE IREAI U RHEC B
Jride AT R VE N TR e B [ At
B DA B JE AR RUR TR RS St R
PESE MR R OR Y = R G, e T AR LUR R
Botl, JFl e IR R . A SO
FUSCER IR AT g FEAR AU RS R U6 388 4t — ol i
LN UL =R S Rr
2 MRS B EE I EAS BT U %

A VAR G LRI ATRL LU A7 A s o
Kh KU BB RGO IR E IR . K
FI“RERR” 425 HLomAYRERR S K P s E R o
Pk MR 280k 1 fros.

K1 AAPMRERSH

Table 1 Parameters of raw material
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/mm /(g/em’)
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Table 2 Orthogonal design levels of similar material

K Wit KT A
/%
1 4:1 3.7 0
2 5:1 4:6 10
3 6:1 5:5 20
4 7:1 6:4 30
5 8:1 7:3 40

VE: KRR 17105 KPR RN 1%.

REER 3 RIEE 5 AP IIIEAS BT 7 4 L25(56),
HoA R L 7 R 2 3,
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Table 3 Test schemes of similar material

e WL KF L A SR %
1 4:1 3:7 0
2 4:1 4:6 10
3 4:1 5:5 20
4 4:1 6:4 30
5 4:1 7:3 40
6 5:1 3:7 10
7 5:1 4:6 20
8 5:1 5:5 30
9 5:1 6:4 40

10 5:1 7:3 0
11 6:1 3.7 20
12 6:1 4:6 30
13 6:1 5:5 40
14 6:1 6:4 0
15 6:1 7:3 10
16 7:1 3:7 30
17 7:1 4:6 40
18 7:1 5:5 0
19 7:1 6:4 10
20 7:1 7:3 20
21 8:1 3.7 40
22 8:1 4:6 0
23 8:1 5:5 10
24 8:1 6:4 20
25 8:1 7:3 30
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Fig.1 New designed mold
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Table 4 Orthogonal experimental results of similar
material ratio

A WP U B FRPER
WK 5 3
/(g/em’”) / MPa / MPa
1 1.697 2.651 569.358
2 1.874 2.67 580.667
3 1.877 2.783 610.306
4 1.919 2.864 690.121
5 2.105 2.945 717.347
6 1.753 2.315 570.186
7 1.766 2.495 596.741
8 1.867 2.821 590.502
9 1.975 2.893 554.071
10 1.859 2.398 444.894
11 1.807 1.512 310.654
12 1.834 1.584 316.649
13 1.849 1.782 410.143
14 1.765 1.846 340.368
15 1.799 1.997 400.256
16 1.751 1.287 350.741
17 1.856 1.371 377.596
18 1.786 1.264 271.788
19 1.744 1.317 289.656
20 1.826 1.603 370.703
21 1.765 0.857 299.388
22 1.688 0.961 275.465
23 1.753 0.821 290.056
24 1.790 1.043 310.894
25 1.861 1.157 340.897
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Table 5 Extremum difference analysis of density B 0 - n -
— 3 o ./-/I/., -_././l’
R HE/(g/em’) E
W1 M2 B3 W4 WS WeE =S F
L 1.894  1.844 1811  1.793 1771  0.123
KEH 1.755 1.804 1.826 1.839 1.890 0.135 1.0
WA SR 1.759 1.785 1.813 1.846 1.910 0.151
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Fig.3 Sensitivity analysis of factors affecting density
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Table 6 Extremum difference analysis
of compressive strength

b R B /MPa
W1 M2 M3 4 BMES  WeE
IR 2783 2584 1744 1368 0968  1.815
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Ao E 1.824  1.824  1.887 1943 1970  0.146
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Fig.4 Sensitivity analysis of factors affecting
compressive strength
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Table 7 Extremum difference analysis of
modulus of elasticity

- PP R/ MPa
AlReEe B M2 M3 ¥4 S ME
bt 633 550 355 331 302 330.0
KEH 419 428 434 436 454 34.6
AR 379 425 439 457 471 91.6
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Table 8 Parameters of the prototype and model material

- R FRBT O PR AR
/ (g/em’) /MPa /GPa
JRILE A 2.42 31.40 14.22
AR BB 1.86 0.69 0.30
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Table 9 Results of the verification test
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