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Fig.1 The three-dimensional model of the double-

horizontal-shaft mixing device
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Fig.2 The reversing blades
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Fig.3 The ordinary blades
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15~45 mm ik $E 3 52 HH OGSO, B IR
15 ELRT FHIR AR 5 Rl A% i RS 75 (SRR
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R 40 000 A4~ 5 4% 3 7 S 70 A0 0 R RL AU FY) E
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WORL (4B 42 24 30 mm, $RHBURL R 5 000 4 5 1%
¢ A0 B ORHBURE (9 BE 4 4 20 mm , $5RHEURE BN
15 000 4~ 5 1% 240 £F 4 (i 4 S50 0kE (1 R SF
4 mm( 52 )x254 mm (K ) , BBHEURECH 20014~ .

BEERURHE R 20 s, 76 0~5 s P58 BK U8 R
JR AT BERD RN AT 4 55 B BORE, I 1 B MORL 22 4] 7
VEF F1 AR RRE A5 LR [a] e 23R A R TR &
TEL . TRA R B M 5 05 ER LAY 12 fk g 1
TR WL 2~3,

R AT I ARTR G B 75 26 B FE B ] A [R] 04 1
LR BRI R AR PSR REPL A LA S50, 3 HUE
FEL B 0=1.6 m/s, PRI N 30 Hz, 115515
P PR A5 3 35 v/min, (EASIREG T, BOoRPRIAR

R1 UHPC &3 AR 2%,
Table 1 The basic composition of UHPC

RO} Bt VPG e s
WO I A i et kg

e K e (VL) 700~1 010 27.0~38.0
fE IR 230~320 8.5~9.5
AT TR 0~230 0.0~8.0

i 760~1 050 39.0~41.0
LT 4 150~190 5.5~8.0
1R O K 7 15~25 0.5~1.0
7K 155~210 5.5~8.0

K2 MHHEE %

Table 2 Physical performance of materials

MR | BE/(kgm™) | BTG /Pa HER/NEA
L 7 850 7x10'° 0.30
K 1 400 2x10° 0.25
okl 1400 3%10"° 0.25
LT Yk 7 800 2x10" 0.25

RT3 A7 ABEIGG kB

Table 3 Simulation contact performances

MEHEXT | W RE | R R SIEE R

R R 0.7 0.30 0.020
HR- 0.6 0.20 0.030

7K e -7K e 0.7 0.30 0.010
K- 0.5 0.10 0.025

JKIe—H K 0.8 0.35 0.015

K 5~40 mm , DX} 2R 4R B34 180~240 rad/s,
A FH PR 8 A 1.2 mm 3R 80 B 550% A 210 rad/s S
Bk 33.4 Hz (AR A%, FLIR 3o B D 75 & 283 ]
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time step 8 (19 J& A — U3 81 F — W58 A s i)
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Fig.4 Grid division
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Fig.5 The comparison of dispersion coefficients between
vibrating mixing and non-vibrating mixing
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Fig. 6 The vertical view of streamlines of 15 mm particles

B7 #2415 mmBUEeRETNE
Fig.7 The front view of streamlines of 15 mm particles
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TEA) BT i 5, UHPC FR BHETE 1 s Y
BEABEPERR P, 2R 5 RIS AR T 2, 7256 3 Bb e
i FH JKR A5 AY 367745 P18 s UHPC AE BUR B K K
e BEIK A SR BORE 1 s AR AR ET , et
FE3 s SRJGIMASNER 4, 1551 A JKR BB T3 f:
(. YRR /NREAR 15 mm B URE B B9 2R Bk it
X, 25 R e 8 fw .
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R

6 8 10 12 14 16 18 20
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Fig.8 The comparison of the dispersion coefficient of

premixing materials and non-premixing materials

F &l 8 FT 1, UHPC FiliR Ak Y 25 10 3R BUAE 5 12
TP C B 21 0160, 177 3F F T B} 7E 275 16 0 A [ 2]
0.160, UHPC Fil VR AL A9 {77 FCA (R 4 80 T 4 s 7E4
FELSHET , UHPC TR R B HOR B0k 0.100, JE i
TR R 0.127, UHPC FILIR BEAY 20 B PE 4 & T
21% ,iE B S A H1 47 (1 UHPC TR AL AT 3R 3l
o P T A R T UR TR & 1 I A VR G RE Y 5 T
PEE LT,

3 RIEHFER

R 8GR AT LA AT ) 25 A AR B 5 AR A [ 9
ZAF T O UHPC TR R A TR Ak 18 408 P 300 SR 1
77 4 RXT kg, 245 R W% 4~7., R IRINA M
UHPC 1R AR89 25 50 40 kg, KB 5T R 3.48
kgo TEMATR G BHEA T HFHL S T A1
LR IGO0 . W8 R B fdr TR & R E DR
s B, O VR B R FE AR AR 14 d JE Y D

PERE

+£4 UHPCTURMIFKF IR LR

Table 4 The test results of UHPC premixing materials in the condition of vibrating mixing

PEPERT /s | TR R kg | MKk VR W54 % /mm %
0 40 TS I 2T 4
20 3.48 oK AR
90 650 mmx580 mm 270
110 710 mmX695 mm 275
140 725 mmx705 mm 280 TR

R5 UHPCTUAMAER I XIbLE R

Table 5 The test results of UHPC premixing materials in the condition of non-vibrating mixing

BEPEETIRN/s | TR B ke | 7K /kg PR V% B fmm ol
0 40 IIVEHE In$K £ 4
20 3.48 oK AEEHL
90 475 mmx450 mm 245
110 605 mmx600 mm 270
140 710 mmx670 mm 277 TR

#R 6 UHPCIEFURM RS XI5 R

Table 6 The test results of UHPC non-premixing materials in the condition of vibrating mixing

PERERTIElS | TRk kg | 7K /kg bR Y% BE fmm ol
0 40 3.48 Ik fE Sz Rk
60 H i Ak
80 IR £F 4
140 535 mmx520 mm 260
185 620 mmx580 mm 275
245 720 mmx630 mm 280 TR
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Table 7 The test results of UHPC non-premixing materials in the condition of non-vibrating mixing

BorEmsEls | I TiREkg | InaKikg PR K5 7% 3 /mm FTE
0 40 3.48 JeiE Sz Bk
60 H i Ak
80 IR £ 4
140 470 mmx470 mm 240
185 590 mmx580 mm 270
245 640 mmx610 mm 275 IRE

A3 AT 4~5 W] S0, X T UHPC WUR R, Bl 75 $i
PR ESF E] A B 0, TR A e T R R I R T AR
PR (ERTEmIE i s 2y =l i) /17 93 0 AR VP e 2 5
B, PR B4 H1E TR A R YT R FE O 725 mmx705 mm,
JEIR S PEIR A R 710 mmx670 mm. Al HE AR
M5, e sh fie F 18 G R A 3 i 1 FUS K T 35 425
mm?, 9 BVESE S T 7.4% {5 B KT 3 mm, i
R S TR R 2 50 B v i sl A

ST 2R 6~7 AT AL, X F UHPC AR FiR kL, B &
Tt 1 B [ 7 80, TR Rk I R N 38R R R A R
FERG TN, AR Sh 45 P 04 38 fin o 3 o b . kg
B, PR 24 F1E TR A R BT T FE O 720 mmx630 mm,
JE IR S PEIR A RN 640 mmx610 mm. Al HL AR
M5 L R SR A R T R R K T 63 200
mm?, T EVERE T 16.2% , 75 KT 5 mm, T
A PERCR 5 JE BRI B A — B

AP TR R AR B BE AR W 1 9~10 TR . AL
9~10 ] LA H, 4z sh it $F 10 1R 5E + B I TE AT o] <,
W, JCLE B G, T o vk g, i AR R 3h B A0 TR
BT, R AT

9 AT IR B X I A A
Fig. 9 The test specimen of non-premixing materials in the

condition of vibrating mixing

#
B 10 FEFRRAAE RS BRI AE A

Fig. 10 The test specimen of non-premixing materials in the

condition of non-vibrating mixing

3.1 SNSRI

BALT HEBEAE — 0 AR 4R = UHPC 2549 9 11
B 1WA S 0 - L s v 7 i A = AT DY 1 A
LR P s A b 2 . (A FRAF gk iz
FEH K A RMLRE , Bt AR S P 72 b 5 45141, 5
I3 A AN E T 52 i UHPC &5 ¥ 4 19 1R v fg
DRI e %o Bt TR B b 2 E A7 a6, D 3 ot K e
SER G U 1B SOHE A5 SR B Rk B AR AR 4 R T
Gy A AT M A5 L3 8.

RE ALY FMKBER

Table 8 The test results of steel fibers on uniformity

. HURERL | FHLT AR S bR | BLTHibr |
B3| § IR
/L Sritlg | MEERg
TR AR sh i 3 600 598 +2
T BHE IR Zh i 3 577 598 -21
TR RHIE S i 3 592 598 -6
ETREHEHER ST | 3 613 598 +15

I B R, TCie 2 TR R 2 AR TR R
SR S R A TR SR AN AR 4 5 iR 25 8
IS RNEF YRR o3 AT 5] XA R TR TR B Y
F1ERE . 5 B R B R S Kk B, IR s
FEVREE 1 00 B R B AR IR Sh B P 0 BN A
PEHLS
3.2  UHPCHI 1= tEaeta

TG A RHIL 5 bE 5 Bl T80 06 2 100 225K
MG — 20T, R HEBR 15228 PE e AN FR U 1 B Y iR
# ESER T AR ARAF I R AR [ iR 7 28K
PRSI 3 4 . ZZ81FR )5 1Y 100 mmx100
mm FEAS 1) ) 2= PR R R I 45 S L3R 9

RO T LI H 3 A e 5 B RN aT 5 B
I 25 WMy 5 T UHPC (19 5 {2 oK, Bl 150, 25
MPa, Hor, TR R 3 50 45 S R 0, 3R sh i+ 1
PR o B S PUAT o BE 43 51 0 188.3.30.98 MPa, dE
PR BHPEFE Y 43 5 M 175.6.28.63 MPa, R s £E 1Y
PR SR S5 Ui om B AR IR s HE 0 o Bl T
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7.2% F1 8.2% ; A WUIR B} 1) 3 560 25 S e B, I sh 1
FE B B0 E 5R BE 5 B AT 9 BE 43 0 o 183.3.29.63
MPa, JE IR Bl 4 FF 1 53514 162.6.27.34 MPa, R 3
Tt P (A0 588 B 5 e AT A L AR PR sh 45 R 14 43 1)

KT 12.7% M 8.4% . A A, Joig J& FiR Bk id
EARTUR L, TEMR SRR TR S R AL RN,
WRESA1 A5 B 34 5 VREE AP0 R 5 AT AT 9
JEE S 12 MR RE AT B B B e

R9 UHPCH Frftiam 2R
Table 9 The test results of mechanical performance of UHPC

Bt BUESI/N | PUEIREE/MPa | LR EACRE/MPa | FTHTSI/AN | BUHTIRSE/MPa PUAToR S AC R (E/MPa
R 1878.2 187.8 121.04 36.31
TR AR 0
N 1835.4 183.5 188.3 87.90 26.37
it $f 30.98
1936.7 193.7 100.91 30.27
o 1798.9 179.9 106.40 31.92
TR RHIE R
. 1685.2 168.5 175.6 95.41 28.62
S 28.63
1784.1 178.4 84.53 25.36
o 1855.0 185.5 114.16 34.25
B RHR
o 1774.1 177.4 183.3 88.14 26.44
S 29.63
1 868.7 186.9 93.96 28.19
) 1662.9 166.3 95.39 28.62
B RHE
o 1510.5 151.1 162.6 85.08 25.52
I s i £ 27.34
1704.9 170.5 92.91 27.87
UHPC Z5 #9910 1241 fE o
4 #ig PR

ARG R EDEM {5 FLAR A 53 B 17 XL RNt
FEO7 AT WP RHR A 2L A B 5 45 i) A 8 X i
P B8 1 52 ), S5 38 3 56 0 P M R AT T8
k. FELGHSUWT .

1) 5T EDEM B HIOT 4 AL A0l 0 FL45 3=
B, 6k e/ NBURERE AR R 15 mm (IR RE, 745 20
FRE AR s 07 U BB R BN 0.186, LLAE TR
07 2T B BN E B IR sh 3 FE TR A kL
PR BN R AR AT BB T

2) FEPR S FE T T, 76 20 s B9 R sh it £k it
[i) 2% SR, TR R IR TR R ) S R R B4 R
0.100 F10.127 , TR AL A4 20 Jo Ve L AR TR 4 v
T 21% , 1 W %) 55 564 47 19 UHPC TR B2 4T
BN A R TIR A BHBUR IR G, AT AR &
BHI A BT AT

3) AR EE 25 R R A TR R S, PR
Sl T B AL T A B SR E SRR T 7.4%,
RVEREE N T 3 mm, HUE SR 5 BUdrom 5 430 £
= 1 7.2% F 8.2% ; PR sh i 1A R 15 B b R
(R 3E AR T T 16.2%, VR R T 5 mm, YUK
S B S Prrem Ay AR S T 12.7% 1 8.4% , 13 W]
P s B PR AR A R I A) W sh M AT Re R
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Research on the effect of the double-horizontal-shaft vibrating mixing on the
performance of ultra-high performance concrete

HE Zhiyong', YANG Jieying', ZOU Limei’
(1. College of Automotive and Mechanical Engineering, Changsha University of Science & Technology, Changsha 410114,
China; 2. Liuzhou Vocational & Technical College, Liuzhou 545006, China)

Abstract: [Purposes] In this paper, the impact of vibratory agitation on the properties of ultra-high-
performance concrete materials is compared and analyzed by simulation and experimental methods. [ Methods ]
First of all, the three-dimensional model of the double-horizontal shaft vibratory mixer is established. Then, the
EDEM simulation software is introduced for simulation analysis. Under the premise of ensuring that the model
can make the material fully mixed, a set of non-vibration stirring and vibration stirring are designed to
comparation and study. With the post-processing function of EDEM, the material movement trajectory and
matrial uniformity at the end of the mixting are analyzed with time. Finally, physical properties of the blended
material are tested through field tests. [Findings] Based on the same speed, simulation results show that the
blended material dispersion coefficient of vibratory stirring is 0.186 and the non-vibration stirring is 0.247 at the
end of production, and the uniformity of the mixture is improved by 25%. Comparing with the non-vibratory
stirring, the engineering test results of the premix and the non-premix show that the expansion degree is
increased by 7.4%-16.2%, the collapse degree is increased by 3-5 mm, and the uniformity is increased by
21%. [Conclusions] Overall, the vibration stirring effect is better for ultra-high performance concrete
preparation.

Key words: ultra-high performance concrete; vibrating mixing; EDEM; simulation analysis; material property
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