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Abstract
Ultra-High Performance Concrete (UHPC) has the properties of high strength, high toughness and
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high durability, and has a wide range of applications in the fields of bridge decking, building struc-
tures, etc., which can satisfy the needs of modern building structures that are constantly developing
in the direction of ultra-heavy loads and lightweighting, etc. Currently, there are more types of mix-
ing equipment for UHPC materials used in the project, but the mixing equipment used for perfor-
mance testing in the laboratory is generally a single horizontal shaft forced mixer, which differs from
the mixing equipment actually used in the engineering. This paper combines with the actual project,
using small vibratory mixer, planetary mixer and single horizontal axis mixer respectively to study
the mixing performance of UHPC, by comparing the mixing time and energy consumption, the exten-
sibility of UHPC materials, air content and mechanical properties, and comprehensively analyzes
the mixing efficiency of different mixing equipment. It is found that the three kinds of mixers are
able to meet the mixing of UHPC materials, vibratory mixers and planetary mixers are both able to
improve the laboratory mixing of UHPC materials compared to single horizontal axis mixers, with
planetary mixers providing the best results.
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1. 5|

e P RETREE L (UHPC) B Mk mod) i A M RE, T 2 LA S 45 M ANl [ e A R K%
BREMETRRENTR, RS, WH st SRERYSESIESAE ZHMH, X%
SERAR B 52 01 B S RN A ME 5 THVER A B iR 3 i [1] [2]-

UHPC A2 FH v B A R 40 b v 4 32 A BN RE DL RSN FENL LA B S AT R AN A5 (3]
MAESEEG = X UHPC PERERTIN A, P2 (M RE G 1 a5 2 i VR Bt L (5 P 11 i ) = R M R AL
GB/T 31385-2015 (G MM ARTREE L) I F & T UHPC PRI FEA 15 4K F sl sUHE #EAL[4]; T/ICBMF
37-2018 T/CCPA-2018( i iy 1t RE TRt T JE A BB 558 7772 ) WU T 40 4 0 2% ] FH A8 s S il 43 1
W RN, XTSI S A AT T [5]: T/CECS 10107-2020 (G ek fig Vi s 1
(UHPC)B AR ZER ) #E 1 R sl sRBE LT UHPC BEATRE G, B8 1 A U Bt o] ) [T, 356 B
PPt 77 AONARE 7= R s R SE PR g AT TR RE (6] LA RS FORFIE T UHPC APRHFIHEA 1 45 K FH skl
IEEENL,  FERARIEAS R R 8 4k R i 3 7 T X 40

AR SC M SRR AR R B BN RN SREN N A AT BB A, SRR LI SE 58 = HE G iR 4
Xf UHPC M EHAHEGR ], TAEVERE. SR UK HYERE AT T BT, A4 T &N HEA &
UHPC # L4 BEffI2 A

2. BRI RIEEFMSE
2.1. UHPC B RECAEE

1) UHPC FiliRe}: WE/KIe. REARK. BBk, Aoerb. SMINFASE: iR mE TREEHERARA
BRI T O 5L
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2) WKHA: UHPC & HIRERERIR K, WKL) 50%, TGk Bl 4 ek TR 4 A B
W FEF R T L3R A

3) 4WLF4E: 0.2~13 mm, HLHsREZ AL T 2800 MPa, PR E AL T 190 GPa, %% 7.8 glem®; H
7R e LR 5 AR A BR A SR AR 7S e i it

4) UHPC M RHEL & LE .

2.2. UHPC #41& &

ARIG PIT F PR 5 B A A A o0 e YR e+ B FH 1) 60 L PR BEHEHL L 60 L FOFRSHBEFEHLAN 60 L
WISCEAT R BEHENL, & LARET T S FEHLINPERES K.

Table 1. Comparison of three kinds of mixer performance parameters
1 ZFMRBEH L RES BIRTLE

HEESHL LRI e s I PRI FEAL SLEIAT B AL
HAK 60 L 60 L 60 L
LAPCRi N PR XU M T7ER
PPEER 48 r/min 55 r/min 40 r/min
By B 2.2 KW 4 KW 3 KW
PRBN TR E / 3~5¢g /
. — \ TR A RHE AR Bl (A A7 A0 B JERL B A AL AEIES),
GO I T i, RSB, I . A
TAEEHE[7] Iaﬁﬂ“ﬂﬂ#iflﬂl‘%*ﬂrﬁétlgﬂﬁi [i) e 79 90 2 B T i P AR B HREEHEE,
P P I E e e Xt 3850 BE A A R
ZRIRERITEE AT T IR AR O A R Puk, E.

2.3. BHHIERIMERER T

1) FEEPPERIN: 128 UHPC AL & O TR EHME A BN H4 1 min, SR EHSMKY
PWOKFIAER RS PSR BIAGEENL P gk g i b, BERI ISR 3R, TONNET 4, dkaiisty
L) JE 4 UHPC JRMEIH . ZHRIIVE GB/T 50080-2016 (3 id ykE + & WP e I8 7 ik vE) Il UHPC
HEDY RER SR,

2) WIS T 100 mm x 100 mm x 100 mm. 100 mm x 100 mm x 400 mm A& H A g, Al =
TN ARFETE 20°C £ 2°C, AHXHRE N AMET 50%, — RIEHFEL IR 1 ONTREE LR HE TR
FHATHRP R R, R 20C £2°C, BEKRKT 95%.

3) J1APEREINR: %08 GB/T 50081-2019 (VR#&E LML J1 24 B8 RIG ik britE) XF & F:9J5 Kk
14T 7722 1 RE A

3. KWRER5ITR

K G UHPC JEAFRHEC & L, 420828 2 FREL 25 L i) UHPC TiyR Rl K7 /KA 4T 4k,
KRG — e, 533558 E 1 UHPC 2R, XA PES &I B el #EAT Se 1, IR R i T4F
PEFIS R, BIMNFEY G, X UHPC MRIHL BT o 2 347 0
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Table 2. Mixing ratio of UHPC
% 2. UHPC Fi2 &kt

A IR K LT Y
2140 28 165 184

3.1. #HAHE SRR LS

AL UHPC [ 8 I T2 48 MTFUE IR B B F UHPC RS T iE FERII (8] o X A3 Fl A DL B BL )
TEPEI [ FEAT SR T AT LA, 45 W& 1 s o e B, =i BERLES AT LSS e UHPC #PRH #EE e,
1T RN P B B, ORI, BN LS I R s B TR R TS v
LFf, BRUTERT ARG 1 ming ARG /K ) IAR 8 SRR R], AT B SRS e T b, Hak
FIRBNTEFENL, 55 2 B BN AL, XU AT BRI RS R i, X2 T AT R BRI BT
ZEA . PIRAR PRI 2 EAE A SR B S HLUORIRBI B FENL, RSN FENLIE S 4R B0 7R AR AR
FTHG, InREEEESR, (RBCERAAT B RN UBUR A R R 2 R R RIS, RIRECDN, R TR
BEFE T HOR G RN FENLI I R AR, X2 BT UHPC SRR Z aik kl, sb Rk 4
HER, A RCRBAR: WINAERNREGISIRE, 1T RPN S IR FNLAT IR B —F, T
RN P A ROR AKX SRR A A S . ZRESRE, SR ENLERBE S 2 UHPC 44
BHEA IR, A7 B AR BN P U PR 5T 33.3%,  RBNHEHLEL BN bt L4 2L
RIETF 22.2%.

L7 T4 %55 ) S R ]
S 0K R 2 T e 53 2 K
[ T i

Gt —— \7 2

TR [ N\AAA ]

BEME AL N MW\\w5% 4

0 2 4 6 8 10
T(min)

Figure 1. Comparison of mixing times for different mixers at each stage of mixing
B 1. TR SM R AR E R

M 2 BHFEPE S R URPC /BRI RERERE ,  FRENHB LT AE R RE R el AT 2 H
PR RN LG, IR AR RERE RN, BUR RN LI = 1L 59%, X TR
ENBEFHLII DR B, IRBIBEFEHL IR o HEPE 7 2L A KB M AE R, JLOIRah th il ZHCK I &,
LA TER GBS P ITH AR RE IR %
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Figure 2. Comparison of energy consumption of different mixers

Bl 2. NEHRHNEHREFEXIEL

32. I RESH

73 AR =R BRI R (1 UHPC SROBHEAT IR BN I, IR E R AA 3 o, ARSI K
A, PEMIBHENURR A R &N, Oy 640 mm, AREVHEHEILAIY LDy 655 mm, AT EMHFHLIY R
J£79 650 mm, XU I IRENGERE LS AT R BEHEHLE R AR BOR BNl HELIE S BOR, JUH R IRSI AL
WITRBNY B i K o X2 T IRBIBEFE LI SRR B, Kok BT B, A5 R0RE 5 BURE 2 18] 7y BC15 544 2],
Tshd FEREE R[8]. X R SRR RE , ML ISR RSN J5 A7 72 LE VR RO 27 4 45 [ B
Fo R THABRER, YA 780 53 E UHPC BN, RN, A L84 ikise
i, TR R IR . ZRERUL, SREBEPEHUANAT ERCFEILEY UHPC PRI ZNTERESE 4, kb
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B 4 e

E
i 600
2
i

500

BENIEENL  IRSIBERENL AT EBEHEL
Figure 3. Comparison of flowability of UHPC slurry mixed by different mixers

Bl 3. FREIRHALHE HAY UHPC SRR BN EXTEE
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33. BRESH

UHPC fEREHFIERET, UHPC APRMESERE IS 2 PR B a6 N — € B2 U4 AR TR 33 7 A
IS B R AR 25 <9, AN UIGRE & )5 i) UHPC SRBHHAEAE L, 520 UHPC AR BUE M DL
JrEEERE . T DN = RS 2K UHPC SRHI & R AT I, B2 A R A 4 Fros. W
ARGE L, RENIERE LR SRR UHPC SRS AR R AR, HKRAT 2N, SRR KR RS
BHEHLEES IS 00 UHPC 228 A7 BRSNS IR SR, ARG EINER, (R, HiHEr
RERHETEARSHL, M UHPC SR & T RARS BN L= [10]: X ARSI FEAL,
FEIRENT, —7J7 1 UHPC B EAEIRSIAER A H TR HEL . 50—, IRSIBIR 1 I ikeds
BUBRLZR TR, 2T o NSRS, IF Homnd R A T 2 /N GRE A UHPC J AN
8, IER T IRBIBEFE N B UHPC HORHE & 3w = [11]

MR IREBEAL TR
BRI

Figure 4. Air content of slurry mixed by different mixers
B4 RRESHNSE RN ESE

3.4. hEMEENHT

DT =FEHNLT UHPC MPBHTUS ST 22k RE, & 5 s, BEE RS IR IR, UHPC
RIPUE U 9B AR 2 A X HURIRAE, FRENSHEN LA B UHPC RORH ST 25 5 K T H e it
FEHLPE G HI ) UHPC A4RL, 3K R B B B PE AL PE AR A B/, UHPC KPR RN 3504 78 73
M TR UHPC R BEA A SR P S5 4T B LA SRR R AR X B, TR UHPC
B 28 d W 1 P R P B A BN SRR L) UHPC S R SR 3R v 8% /e s X2t THRB B FEHL
T EBPENLI SRR, AR A RUBOR 7 B SIS 50, 2 i A A UL RS B B, $ v
BRI S22 RE s X TPy iz, SR PN LR ) UHPC AR BRIP4 R B R MG, HUGRARBIEHENL
3 28 d W P 3 5 B BNl BEE AL UHPC AOBHE 15 8% AT B BEFE LI K] UHP C AR BR$THT 58 )5 f5t 5 »
S RN PEILIT 16%; FEMIBERENLRI R RCRAR,  P4EAAE S MM A AR ILR, & PTI98
T s SRENBEFENL S AT R BN LE 0 B R S LR AL, BLdTsm AR B, AR B T-IR3h
VEREAS LR L 1 3 B AT, om0 7 AR R Al Iekgs 1 2R 4ERHLIE UHPC RS
LR WREETL R, AP AEAEpLaTom e b AR A T AR, BRI L d s BE AT A HENL T B UHPC
K.
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Figure 5. Comparison of mechanical properties of UHPC materials formed by different mixers

B 5. TREIHHHFK UHPC #1} 1E M RERTEE

LREPTE, =RhBEPEHUARRE S AL UHPC FPRIRUFE S, IRSDIEHEN AT B HEREHLES BENih 15 AL AL
REAS K KIRTE UHPC FPRHESEIG P& P HERCR, IRSIBEHEIL S 1T B RN T B K42 T+ UHPC
FERBEN AR Re, (AR, PIRMBEFENLA 3N UHPC SR &R . sah, A MR AR
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frkass, —EREE LK UHPC MORHHTTIREE, FrL, £1XT UHPC MR SEIG S 4G, 1T EHFEILK
SRR e Sk
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