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Abstract

This study aims to investigate the impact of aluminum powder content on the flowability, ex-
pansion rate, bulk density, mechanical properties, and pore morphology of micro-expansive
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Ultra-High Performance Concrete (UHPC) for wet joints in prefabricated underground stations.
Aluminum powder was added to UHPC at mass fractions of 0.005%, 0.010%, and 0.015% re-
spectively. With the increase in aluminum powder content, the flowability and expansion rate
of micro-expansive UHPC significantly improved, while the bulk density decreased. The com-
pressive strengths of micro-expansive UHPC were 123.97 MPa, 121.00 MPa, and 109.60 MPa
respectively, with corresponding reduction rates of 12.58%, 14.67%, and 22.71%. However,
the influence on flexural strength was relatively small. When the aluminum powder content
was 0.005%, micro-expansive UHPC exhibited a suitable expansion rate while maintaining
adequate mechanical performance, making it suitable for wet joints in prefabricated under-
ground stations.
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fE, EHFVEENE ZOAE, RO TR, WENRR Lo S 2R g, K UHPC
TALHC A 2Rk IR MR R A T e LR R AT AT

SRT BT UHPC (MR/KIZEL . SR EM RS & mi B E s E . [OHSRHSE 2B R
SRE T, HEREE S @RS AR E R, BRI UHPC 1RSSR DA SRR AL 5 1 R s id 72
SRR UG, ORI B A T IR, — ATk 500 x 107°~800 x 107°, I FLU 4 &
SRR, KM B3 0 AT R XU [5] (6] W s SO BT /K Ve KA R b 1) B AL 2 e R 5|
LI BN e ) 51 RS 2 AR AR AL, W K o3 5 30 FBIRABE [ 7] HEdRiE, /KAR E(wib)/NF2 0.42
(VR T 2 R A FURAR, FEBEE wib BRRARTIT IGO0, S AR e B 2 S BB TE IR, T
ALK VR F AR U RE RN AVE[7] [8]. 34, HHTIBH:4%H UHPC L5 TiHiIM £ 1l A, 2351
ECAIN AR T, 3 B L 2N AE A TE 25 5 (E B 4 B R A 2 DB 7 AR, RS 1 1) 52 0 T s AN
AME9]-

NARIE UHPC fEVR 45 7 A 370, S ZE IR 5| <500 UHPC AT Wi ki, $IE04 3 B Br il i
TRBERAR, I B A R o A5 VR —Fh i RO EE L 51 <50, il S50 1) Ca(OH), 7K
MR AR, FEIREE R NI, T TR s R K S R, AR AR RE
BEAR AT I R AFAE VR BE R 2R A i, LR M40 R [10]:

Ca(OH), + Al+H,0 =3Ca0-Al,0, -6H,0+3H, T 1)

AT AE A R 51 SAE R, R UHPC I 51 NGNS AR T RE S Rl A v 1) Wi R g IR
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WRIGHBIA RN . KVB BEAR . I8 AIErb. SRR KR K . KT8 K B VL R /N B
KV 4771 P 52.5 7Kg BEARR A L RIS AT A2/ 970 U MRy A 98 K A g ik i e 30
MBI BEA A 477K 1500 H A Tok: A YErb R FiE e iE @ spp R A =47 1% 30~60 H A1 70~100
H WA BB A SR s 08K R L5 bt B BR A &) 4277 1 PC-200 B RR IR I /K . S A4
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Table 1. Chemical composition of raw materials

® 1L RV FEER

JE R} Na,O MgO A|203 S|02 SO; Cl K,0 Fe,04 CaOo
7K 0.09 0.66 4.33 19.90 291 0.03 0.78 3.28
K 0.19 0.57 0.19 96.20 1.30 0.03 0.33 - 0.33

8 UHPC AL & b2 2 Fios.

Table 2. Mix design of aluminum powder UHPC (g/L)
= 2. 2% UHPC MIEC & EEIR T (g/L)

e Kie  HEK AR 30~60 HAgERY  70~100 HA SRS miAuEOKGR K CEL)

uo 743 90 250 856 214 7.15 193 0

us 743 90 250 856 214 7.15 193 0.03715
u10 743 90 250 856 214 7.15 193 0.0743
u15 743 90 250 856 214 7.15 193 0.11145

22. RBREMRREAL

fils T2 K4k, P 525 /KJE. FEAK. A5k, 30~60 H AR, 70~100 H A7 geibihc & LAk
BIFRA BB LA, AR5 (L min); SEITRE ISP TR & S R0sok A S K, TR
G355 (5 min) Sk A EHE S, 1845 2 min, P95 1.5 ming feiREE UG, SRR EE A
R G LARE) 30s, EEZRIWHK, SRSy H] % KRB R 20°C, AHXHEE 95%
DA ERIbRMEFR Y = 8 2 d JEMEE, N ZRPRE IR A, IR 90°C, IBFE N 100%, FEP2d: %
P58 BT J5 2R

23 BBEEMHREAL

WANEMA S CREE-LAMINGR 21 iR 56 771k (GB8077-2012) [11]F “/KIBIEIKMmBhEE " HEAT .
AR B IEZIK o R R B B s, TR AR, BEAR . RFUBSEE AL T Id %,
IidEid Imaged FRAFXS I AT AKBEAL R, UHPC IIFLBRES M EAT 704, T35 R i 8 T 110CF
PR IEE, PRI R IR, THRAR BT R ) R I R i i A 56 7572 (1SO )
(GB/T 17671-2021) [12] 52 (1 77 1L AT DU 5E
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3. HR5ITR

3.1. mEExRaEaEm
ME 1T, 884554 0%. 0.005%. 0.010%F1 0.015%IH, AR SN 43 518 267 mm. 275 mm.
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Figure 1. Effect of different aluminum powder dosages on
slurry fluidity
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Figure 2. Effect of different aluminum powder dosages on the
expansion rate of test blocks
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Figure 3. Effect of aluminum powder content on dry density of
test blocks

3. RS R T HE I
34. EMHEEX HEFIEBERIF I

K 4 AR B E T AEZK UHPC ISP SREE R ptirag . IIE 4T LAER], MEFEMHBE
g, MK UHPC ISR 200 T FERES, M5 RBEHR T UHPC, TUEZIK UHPC $it k5@ e
NEES A 12.58%. 14.67%. 22.71%, H 3 LSRR 51N BN TS B UHPC FRFLRR 22384 0 AL
T FEREAR,  [RIRHEER 1 51 AU FH 28 UHPC B SR B ALIR AR 2, 72 FARBIL UHPC ik 5
FER B TME 4(0) T LLE R, RSB RUEIK UHPC Bt o i s m i, gk UHPC it
PrompE ~ 58 5.73%. —0.10%. 8.72%.
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Figure 4. Compressive strength and flexural strength of micro expanded UHPC with different aluminum powder dosages

4. FRIBHHEE FEBBAK UHPC H% FE SR RATAT 3R
R TR 51 SR NI FE K A2 S X UK UHPC [ 7724 M RS B, K Uik UHPC (k5 &
G EfE 0.005%, Wit =Rk, 20514 0.24. 0.26. 0.28, MARILHUIEREAPLIramE, 4R mME 5
JIT7R o B 7K e LU R K, B0 56 5 R T e 350 R L P 34, DU S R % 53 A 6.929% 411 16.11%,
PUAT SR E T 2500 8.95% A 25.31%. 77514 e T Bk (14 J5 DR 2 B A0 IS 0 1 K O 22 0 2 B AR U2 ik
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I HRG P AWK JZIR, AFIF AR RN AIRE 1 s 54k, R 5 B2 RN B 4T i 7 2 Bl
K B 3G I 2 IR B #[15]
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Figure 5. Compressive strength and flexural strength of micro expanded UHPC with 0.005% aluminum powder content at different

water-binder ratios
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Figure 6. Profile of microexpanded UHPC test blocks with different alumi-
num powder dosages

[ 6. FEEMIEE TR UHPC iREIEE

Table 3. Total pore area and porosity of micro expanded UHPC under different aluminum powder dosages

%= 3. TREEMIBE TR UHPC FLEIR 2 EA K FLERZR

kB E% FLE A T AYmm? FLERHI%
0.000 179.15 3.58
0.005 196.79 3.94
0.010 224.73 4.50
0.015 276.87 5.54

MFE 3 R R Y, B R 5 RN, P FLRRE AU FLER B K. KRBk S,
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1) TR AER, EHEGIETPAWRERM N, BElE, MIEZKERBHEE, MK
UHPC JARTE N AR, A i i R 2 Ak 2 b

2) FERMBEXTMIZIK UHPC FIFLIR SR T2 B2 A K . BEE M B E Mg s, fUZK UHPC 4L
BREfEm, THE TR, MEERBENRS, MK UHPC MbTEEE 2SI N EES, TRES N
12.58%. 14.67%-. 22.71%, {HXJHH7 50 TN

3) LZLAME, HJEMBEN 0.005%, FEK UHPC BEMEIELRIE R IE L N A BN A&
MR, IR 2%0, A2 3d FH T 250 30t R 223k IR 45 M1 B 42 I U ik UHPC.
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