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[ ABSTRACT]

the static crushing agent, and to determine the optimal proportion of each component of the static crushing agent, the

In order to explore the influence of content change of each component on the hydration reaction rate of

formula of the static crushing agent was optimized by orthogonal experiment based on the single factor multi-level design
tests. Hydration reaction rate analysis of static crushing agent and concrete crushing verification test were carried out. Test
results show that the mass fraction range of each component of the static crushing agent is 70% -80% of calcium oxide, 8% -
12% of P - 0 42.5 cement (cement) , 2% 4% of calcium sulfate ( gypsum), 3% -7% of sodium bentonite, and the part
less than 100% is supplemented by coal ash as filler except for 1% of water reducer. The optimum formula ( mass fraction)
of static crushing agent is calcium oxide 73% , cement 10% , gypsum 5% , sodium bentonite 6% , water reducer 1% , and
coal ash 5% . After formula optimization, the concrete crushing outcomes of the static crushing agent is better than those of

commercial static crushing agent.
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Fig.1 Concrete specimens for crushing
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Fig.2 Temperature-time curves in reaction of static cracking

agent with different calcium oxide contents

A 2 AT 2 AR AR S T B0 B 60%
65% 10% 75% 80% I, iCkE 2] 35 I {15 B I st 43



REVIR T I )

51 BFE6 M

SR 14 13 11,9 .9 min, BPFEE S ALES & & 1Y
T R S 0ty 380 3k 0 IR B2 9 P sk ] 328 ¥ 4 ot Fs AN
A RE P RE S I 0 (IR B W T R L AR A T
T3 A 80% i, WA Y B A AR 0T it 3 40 60 % Fif
FEE T 28.8 °C, 1 B — & Y [ P AR AL 5 5 o 4
1, T DA R S A 5] B 7K Ak S Ry R, 7K AR R
PR BEEEIG I, TC ) P A A A ) v AR A A i
TR B RE ) 355 5 O s ik e B 7K A S A X
BRI B RE f T 22, TE 5 R AE WAL S, LR,
iz 45 9] 45 % Bl 700 A G b B K e R T R
7 BRI, AR B A ) i SR A A 3 Y B R
XA 70% ~ 80%
2.2 JKiREEXT KW K R ZR A BT

531 B i 7K e BT 3 B 6% 8% | 10% |
12% 14% WRRFESEA TS0 . AN 4 43 o it 43 2047
N EAES 75% ATE 3% AMFEIETE 5% I8k
F 1% ;A JE 100% HER 5 FR K (B R]) J 7,
I e e B -k Rt 2, #EAT 3 YR g I
BOP A, 25 R E 3 Fos

F— g

100fg33~934c M

90f AN —10%
80 14 6%
o T0FTH
E 60‘
50H

0 10 20 30 40 50
t/min
3 ASIR] A e 5 B g SO0 )t B - 1) it £
Fig.3 Temperature-time curves in reaction of static cracking

agent with different cement contents
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Fig.4 Temperature-time curves in reaction of static

cracking agent with different gypsum contents
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Fig.5 Temperature-time curves in reaction of static cracking

agent with different sodium bentonite contents

BRI RO 1% |, KALTHR B, KA
NS G F il 5 24 B o3 ECh 9% 1) 4l Bh 4 43 B Bt
1, KA TR IR Z% 4R FE R T A by i A AR ) 1Y
A1), B S iy aT SR A RE A v, 3R S MO 0
BRI - REAR G M b o A A AR AR ) R Bk P R
25 G A RNy, WA R e B R 8
() o 5 3% ~T%

3 EXRAERITRER

3.1 EXRREIEIT

MR A B 1) SCHR[9-11,18 ] DA Az B IR K3 56 4%
W et WA R A LA B B R AR DX ), i
A7 | QN N AR 1 S R ) A S = s
FERZE £ 4 PP 53 0 AN RS KT A AR R K
PR S I 1 2 T S R R B e R L, R
L JOEL 7 708 Y0 o ) A S AR K A e R v P A 1)
R

T B S S N R R g iR
1B e B E I 500 o B A M 1 711 5 AR AR 140

g PR o 2 R 7] P R o R AR TR A B AR v
UL ST IR IT o i A M e ) S A 43 A X 4
(] EsF PR B A T 2 0 i R AR, B4
DNt e A AR ) K A s IO I A 1 e A T R ) 7
71 A

2 I 3000 5 i % 42 1T S Bl e A5 e AR ) 7B 7K b
1 AR K R B R R A T S AR 1Y
PERE . TTREE LRy a) DL B0 SR 0 S
T ARSR) A AR BE T, DT S 1 b e 2850 B 1 590 1Y)
WEWRRCR , HilFEA T €30 ,C40 ,C50 %59% 1 300 mm
x 300 mm x 300 mm JR&E 7R (E 1) o HIVERT,
I PVC &4 JIHRE 1 82 > EAE 40 mm IK 210
mm [FL; BIE )5,k H PVC & brifE 15727 28 d.
TREE T PR TR = BUhisR AL, — MR e 1 T
FroREE DA BRI 1/17~1/8) #E1.5~4.0
MPa Z[H], 4% B8 Ee 4 43 Be b KOK B 0. 28 (H1EF
KR 25 C RIS BRI BRI A R TEA
TREE T AL P, HETF LR T 5 R 56 i A A 0] Ay e
FARARCR A SR TR - e ki P v A 2R R R FLARE
3.2 EXIRBER

AR 3R 2 A AR Ak B e i 1) R T e T X
R 2 prR, WG R, /Mg ik R aE ik 2
90.77 MPa, it K FiREEL 1.5~4.0 MPa UL HI58
B, R, T AR e A ) 5 S e

I e 1 R /N B 4 I e i e A R R R P e ) A
%o LRER R 2 N, HASBRE R LA 53 i
SRR RS 73% KB 10% AE 5% L
4t 6% WK 1% KHHIK(HFER) 5%

ZEA Ay TR RN 0 1 R - ] i 4% 5 5 A
79I B2 I e a8 R 7K A sz o {65 {1 R ik
FEFA AT, HK AR B0 i B2 A3 i | 5 2 LR ik
R0 HE R Re R B 00 100 I — s EF D 91 T A A

%1 EZRBPRUESRENHK

Tab.1 Mass fraction of each component in orthogonal test %
His  w(EIbES) w(7KIE) w(HE) w( FHEENEIE 1) w( BRI ) w (JEIKH]) it
1* 71(1) 9(1) 3(1) 4(1) 12 1 100
2 71(1) 10(2) 5(3) 5(2) 8 1 100
3* 71(1) 11(3) 4(2) 6(3) 7 | 100
4* 73(2) 9(1) 5(3) 6(3) 6 1 100
5 73(2) 10(2) 4(2) 4(1) 8 1 100
6" 73(2) 11(3) 3(1) 5(2) 7 | 100
7* 75(3) 9(1) 4(2) 5(2) 6 1 100
8" 75(3) 10(2) 3(1) 6(3) 5 1 100
9* 75(3) 11(3) 5(3) 4(1) 4 | 100




36 - T I )

551 B4 6

%2 ERRBLE
Tab.2 Results of orthogonal test

P = Rk
MPa

1 1 1 1 1 92.57
2" 1 2 3 2 90.77
3* 1 3 2 3 95.68
4* 2 1 3 3 108.31
5* 2 2 2 1 107.20
6" 2 3 1 2 102.73
7* 3 1 2 2 98. 81
8" 3 2 1 3 105.61
9* 3 3 3 1 103.98
K, 279.02 299.69 300.91 303.75
K, 318.24 303.58 301.69 292.31
K, 308.40 302.39 303.06  309.60
K, 93.01 99.90  100.30  101.25
K, 106.08 101.19 100.56  97.44
K, 102.80 100.80 101.02  103.20
R 13.07 1.29 0.72 5.76

TR R 7K A SRz TR 5 12 K e ) 184 Dl A7 A — o P
Vi) PR o, 7K e 2 vy A {1 ik B -5 e {1 J2 T s 1) 7 2 -
NGy -2
3.3 DUHIKIRIHE

AT R E S AR R S DU LR € - A R
R, 1 i P AR R LA 5 LB AN [R) 58 B TR 56 1
DL BAR [R5 B 5 LR AN AL TR B b A T i e

C30 C40

IHIE 2 BRSO N 6 FER

TEXT AN [R5 B ) TR B 4 i kit F2 rfr, €30, C40
C50 TR BE T ik AE 2 25 58 UG 48105 15.20,17. 43
20.53 h JE IR LALEE FE 200t 48 h RIS A )
R 2 B T R Y R C30 iR B S Ak T R N
45.85 mm, C40 iR HLLETEE Hy 42. 72 mm, C50 ik
Peh 34,12 mm,, PERETREE 150 5 (30, REE 111
Prhrom B ARG, i AR A% 59 76 1l R T o 1l
TR ISR 5 58 AR BT PR TRl A, XA
35 mm AYIREE TR 2 58 S 47 12.96 h 5
U A ; S48 KA S /NI BT 26 7 1o ] Y
ik AT, AR 7R HAE 245 H
NprAe T 24580, HFL 35 mm TR EE By
U PR A R R 25 2505 17.46 h, WAL 35 mm ik
HUEr vk B2 5% 1 i) (] 45 AL 35 mm IR AT T
4.50 h; XFL 35 mm JREE 3R 0F 0 A FLIE LA A
T s, MAE LI EEEF I, Fhr T
T e T 3 A U TR L AR 23 A R 4 ) AR ) E 1]

S3 BT I A AR R - R e S A R ke
C40 fL4% 35 mm FIREE H iR ni e 2 (K 7) &
.

1)0~12 h, JR&E LR ANELTILE

2) BNFL B F ) A A A R 18 TR s
FEREZYSERUR 17.43 h o U PR 4% B L %%
T FH A B 1 ) ) YR - i B 7 2 24 58 i JS 20. 78
h R IS

C50 BF35 mm (L35 mm

C30 C40

C50 o B35 mm
(b) Be#E

6 AFIREE LB 5 HSOR

Fig.6  Outcomes of different concrete specimens before and after crushing
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