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Correction of Bolomey Formula for Spontaneous Combustion Gangue
Coarse Aggregate Concrete

ZHOU Mei, CUI Han-bo , ZHAO Hua-min, LI Gao-nian, ZHANG Qian
(School of Architecture Engineering, Liaoning Technical University, Fuxin Liaoning 123000, China)

Abstract: The mix design and temperature formula of spontaneous combustion gangue aggregate concrete are
researched for utilizing and popularizing this kind of concrete preferably. Using the cement strength grade and
crushing value of spontaneous combustion gangue coarse aggregate as the influencing factors, the relationship
between the two factors and the strength of spontaneous combustion gangue coarse aggregate concrete is
studied through experiments. The result shows that (1) there is a good linear relationship of concrete strength
grade with cement strength grade and crushing value of spontaneous combustion coal gangue. The Bolomey
formula for the strength of spontaneous combustion gangue coarse aggregate concrete is established, and the
revision method to determine regression coefficient and values in the Bolomey formula of spontaneous
combustion gangue coarse aggregate concrete is also analyzed.
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Fig. 1 Analysis result of particle sizes of fly ash and slag
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Tab.1 Main chemical composition of slag and fly ash (unit: % )

Es
: Si0, ALO; Fe,05 CaO MgO SO; TiO, K0 NayO hefiiit
Ty g "

Bk 62.02 11.29 519 6.07 1.56 1.4 1.00 1.63 0.13 —

Wk 3546 20.33 4.87 200 452 3.8 — — — @ —

AR B SEH TR S DA X H B R
fFA, 2 XPC -100 x 150 %1% =Bk B pL B e . 4
WATCIAT, TEANMBC L 2, Hofth 3= ZEH AR M B
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Tab.2 Particle gradation of spontaneous combustion

gangue coarse aggregate

AT ek EIEURS (nm) BT %
Enr;:!l fe/mm 936 475 9.5 16 19 26.5
R EA 5~20 99.08 98.54 80.38 50.64 2.45 0
-1 99.19 94.50 69.25 41.05 17.04 2.37
_— -2 .55 98.5594.31 77.37 46.95 24.71 3.48
i

-3 ELH 96,58 92.21 70.41 45.47 22.79 2.61
-4 96.33 94.41 71.95 38.22 17.70 2.22
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Tab.3 Main technical properties of spontaneous combustion
gangue coarse aggregate

HIREIT G R, MR, R WK AFRRAR/
HREF (kg m™?) (kg m™?)  fH/% /% mm
1 2518 1121 18. 63 8.43 5~20
-1 2 690 1298 19. 16 8.25
-2 2 686 1240 20. 82 8.30
5~26.5
-3 2579 1 203 22.93 8.38
1I-4 2 500 1197 23.96 8.48
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Tab.4 Mix proportion of spontaneous combustion gangue coarse aggregate concrete (1)

e A - - KBRS BB AR WK B BT AR
g mmmm e B ) kgt (ke m) (g em) (kg m) (kg mo) (ke moY) (kg o mo)
I-1 0.50 2.000 0 266. 00 76. 00 38.00 190. 00 61.21 9.50 682.79 1024.18
1-2 0.49 2.040 8 271.43 77.55 38.78 190. 00 60.97 9.69 680. 12 1 020. 18
1-3 0.48 2.083 3 2717.08 79.17 39.58 190. 00 60. 72 9.90 677. 34 1 016.01
1-4 0.47 2.127 17 282.98 80. 85 40. 43 190. 00 60. 46 10. 11 674. 44 1 011. 66
1-5 23 0.36 2.777 8 369. 44 105. 56 52.78 190. 00 56. 65 13.19 631.93 947. 89
1-6 0.35 2.8571 380. 00 108. 57 54.29 190. 00 56.18 13.57 626.73 940. 10
1-7 0.34 2.941 2 391.18 111.76 55.88 190. 00 55.69 13.97 621.24 931. 86
1-8 0.33 3.030 3 403. 03 115.15 57.58 190. 00 55.17 14. 39 615.41 923.12
1-9 0.41 2.4390 324. 39 92. 68 46. 34 190. 00 58. 63 11.59 654. 08 981. 12
1-10 0.40 2.500 0 332.50 95. 00 47.50 190. 00 58.27 11. 88 650. 09 975. 14
1-11 0.39 2.564 1 341.03 97. 44 48.72 190. 00 57.90 12. 18 645. 90 968. 85
1-12 0.38 2.6316 350. 00 100. 00 50. 00 190. 00 57.50 12.50 641. 49 962. 23
1-13 23 0.37 2.702 17 359. 46 102. 70 51.35 190. 00 57.09 12. 84 636. 83 955. 25
1-14 0.36 2.777 8 369. 44 105. 56 52.78 190. 00 56. 65 13.19 631.93 947. 89
1-15 0.35 2.857 1 380. 00 108. 57 54.29 190. 00 56. 18 13.57 626.73 940. 10
1-16 0.34 2.941 2 391.18 111.76 55.88 190. 00 55.69 13.97 621.24 931. 86

x5 BREFEABHRERL (1) RERSIEERELRER

Tab.5 Test result of mix proportion and strength of spontaneous combustion gangue coarse aggregate concrete ( II )

. KRR KU/ biv Y/ B/ PERUK, WK, B ¥/ — B RRIEAT Ak b 28 d
k52 e
S (kgem™?)(kg-m)(kgem?) (kg m™) (kg m?) (kg m™) (kg m™?) PR R &/ MPa

-1 262.41 74.97 37.49 9.37 1 032.93 688. 62 35.13 36.20 21.45 30.73
32.5

I-2 365. 96 104. 56 52.28 13.07 956. 56 637.70 34.28 35.97 20.92 29.69

186. 00 40

-3 319.98 91.42 45.71 11.43 990. 47 660. 31 33.09 34. 15 20.63 29.60
42.5

-4 374. 48 106. 99 53.50 13.37 950. 28 633.52 32. 86 33.22 20.83 29.15

T i TARIR K Y 32. 5 KPESEMGR AL & T 42. 5 KJg, SBER 1, 2 4MES T3, 44,
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Tab. 6 Test result of workability and strength of spontaneous combustion gangue coarse aggregate concrete (I)
VB WL i/ PSR/ MPa BERIE I/ MPa P
L 7k§ii)# Mt BOKIL R i;ﬁi’: 7d 28 d 74d 28 d 28 d
1 0.50 2.00 160 2 180.0 10. 04 24.34 1.62 3.03 1/8.03
2 0.49 2.04 168 2 196.7 10.75 25. 60 1.75 3.41 1/7.51
3 0.48 2.08 168 2188.3 10. 02 24.21 1.71 3.70 1/6.54
4 0.47 2.13 170 2200.0 12. 65 27.76 2.03 3.74 1/7.42
5 2 0.36 2.78 208 2 190.0 14. 87 33.38 1.95 4.51 1/7.40
6 0.35 2.86 210 2225.0 19.37 37.53 2.60 5.47 1/6. 86
7 0.34 2.94 210 2216.7 20. 53 38.45 2.76 5.31 1/7.24
8 0.33 3.03 200 2218.3 22.27 39.05 2.93 5.07 1/7.70
9 0.41 2.44 165 2205.5 19. 15 27.78 3.45 4.08 1/6. 81
10 0. 40 2.50 130 2210.0 22.29 27.74 3.35 4.19 1/6. 62
11 0.39 2.57 132 2226.7 23.31 30. 36 3.69 4.28 1/7.09
12 0. 38 2.63 145 2222.2 25.46 32.84 3.58 4.63 1/7.09
13 3 0.37 2.70 235 2 180.0 18. 89 31.23 3.05 3.77 1/8.28
14 0.36 2.78 228 2203.3 18.22 35.12 3.18 4.54 1/7.74
15 0.35 2.86 208 2201.7 19.78 36.79 3.40 4.45 1/8.27
16 0.34 2.94 220 2198.3 18.99 37.42 3.29 4.61 1/8.12
TE: 9~ 12 2l FAEE RTINS AR BE M 55 IR, SBOKZER, SRS/
2.1 KiEBEFRAMETAHEERERLEE 09T s mr s s
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Fig. 2 Relationships between spontaneous combustion gangue
coarse aggregate concrete strength and binder-water ratio for
different strength grades
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Fig. 3 Errors between measured and calculated strength
values of spontaneous combustion gangue coarse aggregate

concrete for different strength grades

LOE 10,349 6B/W-0.165 6 <
0.8 o ®
< 0.6 *
=04
0.2
SO HADS N 6 A & BN N Y U
R OGN IR
R A R A e
B/W
B4 AEEKREEESFERHBMETEHEABIERL
BESRKIEXER

Fig. 4 Relationships between strength and binder-water
ratio of spontaneous combustion gangue coarse aggregate

concrete without considering cement strength grade
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without considering cement strength grade concrete
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IRVERILER o ay R o’ Iy

Jeu = 03094,

325 0.3086 0.2609 0.9655 0.0008  p
(= -0.261)

W
feu = 0506/,

425 0.5057 1.1210 0.9305 0.0007 p
(= - 1.121)

W
feu = 0.35f,

RAPKIBEFR 0.3496 0.4737 0.9131 0.0015  p
(7 —0-474)
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Tab.8 Regression equation of concrete strength of spontaneous

combustion gangue coarse aggregate and inspection

HRBEAT
o o a, R o’ ] 5 )5
EpEtTrl
S = 0.418 3f)
I -1 0.4183 0.8281 0.9024 0.004 4 B
(W -0.828 1)
S = 0.420 8f,
I -2 0.4208 0.8745 0.907 5 0.004 2 B
(W -0.8745)
fuw = 0.381 51,
I -3 0.3815 0.7522 0.878 2 0.004 7 B
(W -0.7522)
S = 0.359 4,
I -4 0.3594 0.6689 0.8889 0.003 8 B
(W -0.668 9)

——a, -e-a,

O 1 1 1 ]

18.63  19.16 20.82 2293 23.96
JEREAE /%

E6 EEFEHEAMEMTEEREZEHNXR
Fig. 6 Relationship between regression coefficient and

crushing value of spontaneous combustion gangue
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Tab.9 Regression equation precision analysis of spontaneous

M6 B, 5 AT AL R R R (E >
20% I, [PARE o, , o, 5 HBEE 2 (] 52 B B4 1Y
WA, “EEMDRANE SRR, Ha,, o #HEA

combustion gangue coarse aggregate concrete

PRIGAT A R (E B3 RN e X, 51 B PR FHEA/MPa MR/ %
L NG R K SeifE/ 27
2L B3 R al .
AR E R ERE R y, AT . G Bw wpe OB BE REE EE

PP HEPR(E PR TRRE(E

N 0.48 3171 3104 311 211 1.92  +0.19
@, =2.2394 -0.065 3y,R* =0.993 3,5° =0.000 1 0.49 28.18 29.67 29.82 5.28 5.82  —0.54

{aa =0.847 6 —0.020 6y,R* = 0.964 5,07 = 0.000 1

18.2  0.50 32.89 28.35 28.59 13.8 13.7 +0.1

(2)

HItG, 35 AT oL RHR BE 1 28 d Pl
SRIESIOK G MR REE y Z B8 B 7R

0.51 27.34 27.09 27.41 0.91 0.26 +0.65

0.52 26.82 25.87 26.28 3.54 2.03 +1.51

0.48 33.68 31.04 31.62 7.84 6.12 +1.72

f.. = (0.847 6 - 0.020 6y)f, - 0.49 30.83 29.67 30.39 3.76 1.43  +2.33
B — 19.16 0.50 29.20 28.35 29.67 2.91 1.61 +1.3
[W_(2'2394_0'065 3y)](ﬁﬂ:y >20%) 0.51 28.79 27.09 28.08 5.9 2.47  +3.43

0.52 27.29 25.87 26.88 5.2 1.5 +3.7

(3)
0.48 3147 31.04 3212 0.43 -0.65 -0.22

Ay BARIERT AORL A AL 0.49 29.55 29.67 30.98 0.12 1.43 —1.31

X (3) mIAL BEE B BREAT AR R R AR (E 20,82 0.50 29.77 28.35 29.89 4.77 0.4  +4.37
Fase, FIHR o, o, WA, B o, 3
W, o, SBIE . IXULHR TR B RRERT 4 R R R AR
LRI IR A R Rl A TR U L 5 B v T e
FIVE 2 ik D, VR G 5 32 O 22 b AR R K R A i
JESERAUKIE Lo B 7 i e i i R B8 4 AR iE
TR, HBRIERT A R (R R, TR BE TR IR
B A BRI Bl W R, T BOR BE £ 9

0.51 28.53 27.09 28.84 5.05 0.11 +4.94

0.52 27.16 25.87 27.84 4.75 2.5 +2.25

0.48 30.04 31.04 32.08 3.33 6.79 -3.46
0.49 29.96 29.67 31.07 0.97 3.7 -2.73
22.93  0.50 29.25 28.35 30.09 3.08 2.87 +0.21
0.51 29.98 27.09 29.16 9.88 2.74 +7.14

0.52 30.54 25.87 28.25 15.29 7.5 +7.79

5
ﬂi,ﬂi&o 0.48 29.99 31.04 31.79 3.5 3.53 -0.03
0.49 31.27 29.67 30.83 1.6 0.4 +1.2
\ 23.96 0.50 30.2  28.35 29.91 1.8 0.29 +1.56

0.51 28.72  27.09 29.02 1.63 0.3 +1.33

0.52 28.18 25.87 28.17 8.19 0.04 +8.15
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Fig.7 Broken characteristics of spontaneous combustion

gangue coarse aggregate concrete after compression
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