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Abstract: In order to make up high performance ceramsite concrete ( HPCC) and be applied in engineering practice
the best mixture ratio of high-strength shale ceramsite concrete ( HSSCC) no less than 1.C40 is obtained by orthogonal
tests based on the indexes of strength and thermal conductivity then the effects of sand and different fibers on
physical-mechanical properties of CC are studied. The test results show that the sand has little effect on strength but
steel fibers have a great deal when added 2%  the compressive strength splitting strength and flexural strength are
all higher than ordinary one. Besides the axial strength is similar to cube compressive strength and the elastic
modulus is lower the peak strains and the total strains are larger. In the end the integration system of insulation
building is founded and the economy energy rate is not less than 65% by aseismic check based on the upper test
results including of the physical-mechanical properties and the supposed several types of structure concretes and
outer protective structures.
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64 ~ 68

LC40
4-6
1.1
800
24 h
5 ~20 mm
1.2
900
24 h
5 mm
1.3
1.4
1
Table 1

LC30
LC35
LC40

LC40

755 kg/m’

10. 9% 6.3%

o

806 kg/m’

23.8% 13.4%

o

P+0 42.5R

The chemical composition of fly ash

Si0,  ALO, Fe,O,

Ca0O

MgO K,0 Na, O

58.96  28.94 3.51

1.70

0.74 2.24 0.52

2

Table 2 The chemical composition of silica fume %

Si0, Fe,0, Al 0, Ca0
85 ~90 3.2 2.2 <1.8 <4.2 <2
1.5
EAST-
SAF o
1.8% 22% ;
2% ~4% -
1.6
(
) (
) (
) 3 o
3

Table 3 The physical properties of different kinds of fibers

p/(g'm’3) f,/MPa E/GPa 8/%
0.91 350 ~700 3.0~5.0 15 ~35
7.8~7.9 1470~2500 176 ~196 1.0~2.0
0.91 >490 7.1 —
2
I m’
JGJ 51—2002 »
6 3 4 o
4
Table 4 The factors and level charts of orthogonal
experiments kg/m’
(A) (B) (0 (D) (E) (F)
400 50 35 520 700 140
2 450 60 40 535 750 150
3 500 70 45 550 800 160
( ) \
1 min
2 mino
GB 50081—2002 {
).GB/T 1743. 1—
2010 £ » JGJ/T 10—2010 {
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Table 5 The designs and results of orthogonal experiments

150 mm x 150 mm x 150 mm N (WA/ .
o m”“°
100 mm x 100 mm x 400 mm IA 2B 3C 4D SE 6F 7 MR
100 mm x 100 mm x 300 mmo 1 11 1 1 1 1 1 5.12 06l
5 7 2 1 2 2 2 2 2 2 43.34 0.69
° 3 1 3 3 3 3 3 3 45.11 0.71
6 4 2 1 1 2 2 3 3 42. 96 0.82
7 D, A,E,B,C,F, 5 2 2 2 3 3 1 1 5277 0.93
. . ] . 6 2 3 3 1 1 2 2 5026 0.66
’ 7 3 1 2 1 3 2 3 56.98 0.96
=1:0.133:0.089: 1. 156: 1. 556: 0. 356 8 3 2 3 2 1 3 1 45.14 0.84
450 kg/m’ . 9 33 1 3 2 1 2 4787  0.95
1 1 1 2 2 1 42.27 .71
1.74 W/(m**K) ’ 0 i3 0
) 11 1 2 1 1 3 3 2 41. 63 0.76
LOW/(m"* 2 1 3 2 2 1 1 3 4009 0.64
K) 7 o 32 1 2 3 1 3 2 575 072
14 2 2 3 1 2 1 3 46. 41 0. 80
15 2 3 1 2 3 2 1 44. 45 0.92
16 3 1 3 2 3 1 2 47.25 0.98
3 7 3 2 1 3 1 2 3 5032 0.88
6 7 28 d 18 3 3 2 1 2 3 1 48. 56 0.85
8 TN °
6 28d [
Table 6 The analysis of compressive strengths f,,
K, K, K, k, k, ks R
1A 269. 56 291. 60 296. 12 44.93 48. 60 49. 35 4.42
2B 301.33 279. 61 276. 34 50.22 46. 60 46. 06 4.16
3C 284. 35 296. 49 276. 44 47.39 49.42 46.07 3.35
4D 300. 96 263.23 293. 09 50. 16 43.87 48. 85 6.29 DAEBCF D, AE,B,C,F,
SE 297. 68 271. 41 288. 19 49. 61 45.24 48.03 4.37
6F 291. 51 287. 62 278. 15 48.59 47. 94 46. 36 2.23
7 290. 31 285. 10 281. 87 48.39 47.52 46.98 1.41
7 A
Table 7 The analysis of thermal conductivity A
K, K, Ky ky ky by R
1A 4.12 4. 85 5.46 0. 69 0. 81 0.91 0.22
2B 4.8 4.9 4.73 0. 80 0.82 0.79 0.03
3C 4.94 4.79 4.7 0.82 0. 80 0.78 0. 04
4D 4.64 4.89 4.9 0.77 0.82 0.82 0.04 AED(CF) B A,E,D,C;F;B;
S5E 4.35 4.82 5.26 0.73 0. 80 0.88 0.15
6F 4.91 4.82 4.7 0.82 0. 80 0.78 0.04
7 4. 86 4.76 4. 81 0. 81 0.79 0.80 0.02
8
Table 8 The physical and mechanical properties of shale 8.
ceramsite concrete according to the optimal proportion f.
f =6.4 +0.122 3/, (1)
t
1! Sl 1! Pe! (1) 4.22 MPa
Sew!MPa MPa MPa MPa (kgem™3)
55.72 51.78 3.87 5.06 1828.2 °
8
o 0.93 N
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( 0. 815) 3.1
0.76) .
0% 5% +10%
15% 9
. 10 .
9 LC50
Table 9 The proportioning design of shale ceramsite concrete for LC50 kg/m’
1-1 450 60 40 520 700 0 160 8.01 8.78
1-2 450 60 40 520 665 35 160 8.01 8.78
1-3 450 60 40 520 630 70 160 8.01 8.78
1-4 450 60 40 520 595 105 160 8.01 8.78
10 LC50 o
Table 10 The test results of shale ceramsite
concrete for LC50
28 d
T'/mm feu/MPa
1-1 165 55.7
1-2 173 49.6 N °
1-3 179 53.2
1-4 185 54.6
10 1) °
: 2) 3.2
0 0
\ 072 0%.0.5% 1% 1.5% 2% 3% 5%
11 12 o
11
Table 11 The concrete proportioning design under different contents of steel fibers
/ / / / / / / / /
(kg'm™)  (kg'm™’)  (kg'm™®) (kg'm™*)  (kg'm™?) % (kgem™)  (kg'm™’)  (kg'm™?)
2 -1 450 60 40 520 700 0.0 160 8. 01 8.78
2-2 450 60 40 520 700 0.5 160 8.01 8.78
2-3 450 60 40 520 700 1.0 160 8.01 8.78
2 -4 450 60 40 520 700 1.5 160 8.01 8.78
2-5 450 60 40 520 700 2.0 160 8.01 8.78
2-6 450 60 40 520 700 3.0 160 8.01 8.78
2-7 450 60 40 520 700 5.0 160 8.01 8.78
12 12 1) 0% 5%
Table 12 The experimental results
T/ Sl S Il ;2) 2%
mm MPa MPa MPa
2-1 165 55.7 5.1 3.9 20% o
2-2 160 58.5 5.9 4.6 -3)
2-3 156 61.8 6.8 5.3
2-4 152 63. 1 7.4 6.5 0% 2%
2-5 143 66.3 8.2 7.9
2-6 141 66. 5 8.1 7.6 65% 3% %
2-7 138 63.4 7.9 7.1 i 4) 2%
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1 13 o
:5) 1 1.C50
o 2% ;
4 ;
4.1 -
2.0% -
0.5% "
0.35% 0.15% o
13
Table 13 The experimental data of stress-strain
ao1 ) 4-2 4-3 4-4 4-5 +
) ) ) )
/MPa /10 ~° /MPa /10 ¢ /MPa /10 ¢ /MPa /10°° /MPa /10°°
0. 00 0 0. 00 0 0.00 0 0.00 0 0. 00 0
1. 49 70 5.21 398 7.46 412 6.43 421 8.75 486
10. 50 504 13.21 521 19. 34 612 12.70 536 14.74 693
14.51 712 17.53 642 32.40 1175 16. 72 672 21.35 1104
18.42 937 27.15 1 057 46.78 1413 26. 21 1179 28.31 1 285
25.50 1245 32.07 1 309 52. 82 2 863 33.17 1 347 35.50 1 587
33.55 1 836 42.79 1 476 54. 41 3120 41.27 1521 46. 50 1563
38.72 2 357 53.57 3012 49. 84 3 861 47. 84 1457 52.17 2912
51. 80 2 905 51.67 2 951 39.25 4 699 52.45 2 964 46. 10 3503
43.47 3 415 45.71 4 017 30. 14 4 876 49. 89 2 893 39.25 3 706
36. 15 3745 36. 21 4531 22.35 6 034 42.34 3785 28.73 4 205
27.50 4121 23.74 5103 13.21 8 104 32.79 4 412 22.37 4 715
18. 47 4 658 14.71 7 135 10. 79 10 896 26.17 4 647 13. 54 6 532
17.45 5 874 10. 13 11 213 9. 81 13 213 17.21 5394 9.71 9 500
7.90 8 345 9.76 13 541 7.05 — 12.45 7 326 6.35 11 657
5.62 11 276 9.01 — 6.12 — 10. 97 10 357 3.03 12 708
2.71 12 545 — — — — 8.89 13 247 2.79 —
2.13 — — — — — 7.32 — — —
+ o
JGJ 12 —2006 (
» LC50
—m—4 -1, —e—4-2; —a—4-3; —v—4 -4, —<—4 -5 - (2) °
1 - g, E. & 2
- —< _ ¢ <
Fig. 1 The stress-strain curves of different kinds of concrete f 1.5 & 0.5 ( P ) &€=2% ( 23)
c O
under uniaxial stresses
&
b +2) —
LC50 €50 o, ( ) £
1 2) 7 = > e>g, (2b)
- : ; Ee &
‘ 1 +6— + (7)
€o &o
( 700 x 10 %) JGJ 12—2006;b  —1.868,
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4.2

o JGJ 51—2002
51.78 MPa 20% ~40% ( 8
20% ~40% 1 828.2 kg/m3) 14 o
14
Table 14 The test results and theoretical results of elastic modulus
F/kN 1% o /MPa E/10°MPa feu  /MPa E,/10° MPa 1%
110.74 20.3 10. 52 28.31 55.7 2.73
5-1 155.26 28.5 14.75 27.69 55.7 27.558 0.48
193. 37 35.5 18. 37 27.45 55.7 0.39
F o E VE, e
14 15
Table 15 The displacement angles between layers for two
_ kinds of concrete structures under the action of
’ earthquake force
5 Js Ny vy
5.1 LC40 2.0667 53784.375 1/5167 1/4240
(12 )
14 46.8 m 15.9 m €40 2.0539 53886.359 1/4399 1/3701
3.2 m 3.3m 6924.24 m’, - )
98 d " El centro
1.4C" 22 850 m’ 14 24.2%;
14 852.49 m’, 32.0% .
5.2
N 100 mm 200 mm 5.3
20 mm (
0.106 W/(m**K)) 104 986 kN 87 443.73 kN
( ) ( 0.141 3 W/ 17% 200 mm
(m**K)) 15 €20 9.33 m’
4.72 kg/m’. 1980 32 298.56 m’.
( 25.2 kg/m?) €20 270 /m’
79.9% . 12 8.1 o
20% 30% ~40%
67. 8% 8. 113 l<g/m2o 10% .
N 6
. 1)
LC40
76.2% 81.06% 77.62% ~ 81.19% » 0
=1:0.133:0.089: 1. 156: 1. 556: 0. 356
450 kg/m’.
15 o 2)
15
17.4% 0 0
o, 17 3)
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