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Abstract: To reduce the viscosity and promote the workability of ultra-high performance concrete (UHPC), this paper selected
aminosilane (KH550) with a hydrophilic functional group as auxiliary admixtures for UHPC mixtures. The effects of the mixture ratio
and dosage of hydrolyzed silane on the mechanical properties and rheology of UHPC were investigated. The silane modification
mechanism of UHPC was discussed. The results show that KH550 is suitable for hydrolysis in the mixed solvent of anhydrous ethanol
and deionized water (or tap water). The optimum hydrolysis ratio (mass ratio) is determined as m; (KH550): m, (deionized water or
tap water): m; (anhydrous ethanol)=1.0:3.0:(2.5-5.0). The hydrolysis process is carried out under stirring for 3 min and hydrolyzed for
more than 2 h. The optimum silane content in UHPC (calculated according to a mass ratio with silica fume in UHPC) is 1%. The
Bingham model can be used to describe the rheological behavior of fresh UHPC modified by hydrolyzed silane. The rheological
properties of fresh UHPC modified by hydrolyzed silane are improved, but the effect on the mechanical properties is ignored.
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Table 1 Mix proportion of hydrolyzed silane  w/%

Sample No. Silane Deionized Tap Anhydrous
water water ethanol
K1Q3S0W0 1.0 3.0 0 0.0
K3Q9S0W0 3.0 9.0 0 0.0
K5Q15S0W0 5.0 15.0 0 0.0
K1Q0S0W2.5 1.0 0.0 0 2.5
K1Q0SOWS5 1.0 0.0 0 5.0
K1Q3S0W2.5 1.0 3.0 0 2.5
K1Q3S0W5 1.0 3.0 0 5.0
K1Q0S3W2.5 1.0 0.0 3.0 2.5
K1QO0S3W5 1.0 0.0 3.0 5.0
K3Q9S0W15 3.0 9.0 0 15.0
K3Q7.5S0W27 3.0 7.5 0 27.0

Note: w is mass fraction. K represents the silane dosage, Q represents
deionized water dosage, S represents tap water dosage and W represents

anhydrous ethanol dosage.
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Fig. 1 Measuring protocol of rheological parameters
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Fig. 2 Modification principle of cementitious material by aminosilane
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Fig. 4 Extension time and extension diameter of fresh UHPC
mixtures with hydrolysis of KH550

®2 AMEBTFKKE KHS50 f9% UHPC RIMRE. AESHS HF M6
Table 2 Extension degree, rheological parameters and mechanical properties of UHPC with hydrolysis of KH550

Extension Average compressive Variation Average flexural Variation
Sample No. 7o/Pa u/(Pas) . .
degree/mm strength/MPa coefficient strength/MPa coefficient
UK0QOSOWO0 530 708.7 48.4 173.2 0.012 47.1 0.016
UK1Q3S0W0 575 586.8 40.8 174.2 0.035 48.4 0.019
UK3Q9S0W0 590 601.6 37.2 163.4 0.025 46.0 0.036
UK5Q15S0W0 445 864.5 40.3 154.7 0.020 51.4 0.015

S ESINZEE FIKIKME KHS50 (1% UHPC HARIIBID) R
JI-Bi Y A
Fig. 5 Shear stress-shear rate of fresh UHPC mixtures hydrolysis
KH550
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Fig. 6 Extension time and extension diameter of fresh UHPC
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Fig. 7 Shear stress-shear rate of fresh UHPC mixtures with
alcoholysis HK550
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Table 3 Extension degree, Rheological parameters and mechanical properties of UHPC with alcoholysis KH550

Extension Average compressive Variation Average flexural Variation
Sample No. 7o/Pa u/(Pas) X .
degree/mm strength /MPa coefficient strength /MPa coefficient
UKI1QOSOW2.5 615 382.2 322 160.1 0.021 414 0.029
UKI1QO0SOWS 660 317.2 24.9 158.4 0.001 36.9 0.010
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UHPC ¥ JEJZH 890 mm. 4 KH550 #+% m,

(KH550) : my (EBEFK) - my (L/KZEE)=1:3:5
I LLIECHIIS , 3 UHPC F45 NENET4E () UHPC 1)
PR E B RELCS E G I Ok . MEE B RN
1%, m; (KH550) : my (EEF7K) @ ms (Fo/K LB
BILRFEAAZS , B 2385 7 /K & #e v EH KK, 2 UHPC
B NANAF4E(Y) UHPC B9 & BEARAUAN B & o 91l
%'y UK1Q3S0W2.5 1% UHPC FAAY RN
665 mm, 5 NINLT4ER) UHPC §7 2 N 620 mm;
UKI1QO0S3W2.5 1% UHPC AR5 NANLT4E )
UHPC ¥ & 43 514 685 mm 1 650 mm.
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Bl 8 INIEATEIK AR KHS50 {13 UHPC JAAY T A
MY R ELAR
Fig. 8 Extension time and extension diameter of fresh UHPC
mixtures with hydrolysis of KH550 in mixed solvent

F 445 T KHS50 7678 &K At 1 6 FhEd
£ b2 UHPC J AR JE AR N S A0 88 14 %6 FE &% UHPC
FIy R, J15RE. Hh g5 A UK3Q7.5S0W27

[¥] UHPC 1L AP sm BRI Y, RO
eI R, 14 d Pt , HalfRUhRgEfL. 7
A IR T 2R A2 % ool BAT SRR E . B
CEEBENZ, WEMH T KRR,

K9 AR A UK iR KHS50 3 UHPC (8T 58 -85 1)
Fig. 9 Shear stress-shear rate of fresh UHPC mixtures with
hydrolysis of KH550 in mixed solvent

F4 RIREATIKE KHSS0 ) UHPC RO RE . RESHSHEFMtaE
Table 4 Extension degree, rheological parameters and mechanical properties of UHPC with hydrolysis of KH550 in mixed

solvent
Sample No. Extension ro/Pa L/(Pas) Average compressive Variation. Average flexural Variation‘
degree/mm strength/MPa coefficient strength/MPa coefficient

UK3Q9SO0W15 800 218.6 25.1 159.0 0.010 29.0 0.046
UK3Q7.5S0W27 890 104.8 16.6

UK1Q3S0W2.5 620 412.6 35.0 175.4 0.007 44.7 0.006
UKI1Q3S0WS 660 270.7 27.5 172.5 0.027 39.8 0.003
UKI1QO0S3W2.5 650 473.8 293 166.3 0.003 38.7 0.008
UK1QO0S3W5 620 407.5 343 162.4 0.014 37.7 0.002

R 4 7TA: UEER B RN, WEVE R B
BT KATE K A T, B To/K 15 R 3G
B0, 2 UHPC JARI JE IS ) FB M R FE BRI, 1X
5 3.2 IR R — 2. PP AR SR
HE KR T K B B A g EAE M B oWk, &
UHPC AR B MRl 5 TG7K £ B2 45 5 1) 38 i i 1
B, & UHPC Mmsh B mAEA K, WE
UHPC JAR I Ji AR S R PERE RG24 KHS50
A% my (KH550) @ my (EBEFK) :msy (BKL
BEy=1:3 .5 MLLBIRCHIN, & UHPC (1))@ AN 1
FVIE VB B B BB E NI RS, X5 3.1
TS A ERA — 3. PR AEIZIL SR RN
SERERE K AR AR ORERE, BEERERCIB RN, Bk

WREEENE 2, RERE O RE R IL 5 RE K R TH R 5L K
A S ST A 2B, B T RE A ) 4 B, AN
B#AK T 2 UHPC [P IR BRIV SRR o Uikl is
1%, m; (KH550) : my (EBTK) @ my (BKZ
) L R FEANR S, B KRB ERK, &
UHPC Ji IR 5. 774 e, T 28 1R 266 P TG B . A
UHPC $HUEMBUATREm A NE. KOS ED
Z 2% UHPC (1) 7% P REE A RIS, 1K
TKCBEBAZEIEN, SHKIeKi. Fu,
%5 N UK1Q3SO0W2.5 ff] UHPC {4470 1K 58 FE A7t
PromEEc s, 20N 175.4 MPa #1 44.7 MPa, H5
UKO0QOSOWO #HEL, HTEIEERT T 1.3%, Hiifrik
FEREET 5.1%; %54 UK3Q9SOWIS5 ] UHPC it
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BT 58 BRI BT AT SR B, 435108 159.0 MPa il
29.0 MPa, 5 UKOQOSOWO #LL, #i/E5RfE Tk
T 82%, P TFE T 38.4%.

g LRTR, TV . ARG
AT UHPC ) TAETERETS H KHS550 BL7EE B 17K
(B E SR A)FITE K S BEE AV 7K f#, KHSS50
IKIREAERL LEYE Y my (KHS50) @ my (2585 F/KEk
HokK) @ my (BAKLED)=1.0 3.0  (2.5~5.0), fiEhi
L% UHPC KPR & T E N 1%.

34 MEEH

Bl 10a~ 10b 437 AR S UHPC A
(UKOQOSOWO)FI P UHPC R FE(UK1Q0S3W2.5)
) SEM 8 o

(a) UKOQOSOWO (unmodified sample)

(b) UK1QOS3W2.5 (modified sample)

Kl 10 UHPC f#] SEM [/
Fig. 10 SEM images of UHPC

IKARFERE TR 420 UHPC IR shie . i Az b
R &E by = A B, 20 b, 5 R s UHPC
FHEL, KRR UHPC (3R it Fii A e 35
Frig T+, UK1QOS3W2.5 5 UK0QOSOWO ALk, %
UHPC ¥ JJE#m 1 25.7%, UHPC ¥ J@ 4R
22.6%, JEHRNFIFEART 33.1%, WHEFERKT
39.5%. W E, M 10a 7T W, UKOQOSOWO H1 45
K BRI BRL, RER ISR 2, R

I D o B 100 T, 227K it e et I
Te e 7 A A ol 0 ek P 5 e 2 S S PR B 2 UHPC
MR, RE T REM B e, R
i UHPC ZEARRIIE AL 1 2 S5 o

4 b

K KHS550 /£ 8 UHPC WA R4 Bh A7),
9T T K ARRE LD & LU K SRR 7 45 B %0 UHPC /)
5 RASERE A NLE], R R B R U R

1) KfEEEREE R ) UHPC JAKBID)E R 5
BN F A B O R B LA LA 0 R?
BT 1, A 47 0l R A Bingham BRUHEIR

2) KF KH550 1F 5 UHPC &R HI5 B4
AR CAREAIC UHPC RIREFRE, $em i TAEMERE, /d
BT I veRe, (EREB Eid m ot 1R
A SRR o ORI &5 SR mT A, K e o i
UHPC AP RESCRURL I 73 Ve SR 5, JF HLRR AR T
PRI SE R . X457~ T KH550 f7E R BLEE, B KH550
IKARAE R , BRI S BOREA B2 T () R 3 & AE 4
B TG AL 22O, AT AR 5, B AR
WAREE . RN, BERES KK C—S—H
RAEGEE RN, R UHPC 115 BE, (HEERE N 7K
TR IHIEH, B8t w2 B UHPC 1%
PERE

3) KH550 &&7E /K LEERI & 81K (EE ok
ORI K AR, THAE 2 B F/K B — K
BUETO K SRR — Y FIK R AR A 2, e e
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HokK) @ ms (BAKLED)=1.0 : 3.0 : (2.5~5.0), /Kfi#
AR 2 h LA, UHPC RIS ERS
UHPC HEEAKIFRE LT 1%, BT KR
PEIFTHE UHPC 38 P RE KRS T

SE R

[1] WANG D H, SHI C J, WU Z M, et al. A review on ultra high
performance concrete: part II. Hydration, microstructure and
properties[J]. Constr Build Mater, 2015, 96: 368-377.

(2] #EbE, W, A0, S MRS s T R IR B
PERERIEZIRD). BRFSIR, 2020, 34(24): 24029-24033.
CHU Hongyan, JIANG Jinyang, LI He, et al. Mater Rev(in Chinese),
2020, 34(24): 24029-24033.

[3] ikEJE, EER, B, & BARE & ARG TAER )
SEYERERIREMAN]. EFTM B A4, 2021, 24(3): 499-507.
ZHANG Gaozhan, WANG Yuxuan, GE Jingcheng, et al. J Build
Mater(in Chinese), 2021, 24(3): 499-507.

[4] CHEN B M, SHAO HY, LI B, et al. Influence of silane on hydration

characteristics and mechanical properties of cement paste[J]. Cem



55 51 G5 11 Y]

Tt A e vy

VE BE TR E L (R AV A o :

2923 -

(3]

(6]

(7

(8]

(9]

(10

(1]

[12]

(13

[14]

[15]

[16]

Concr Compos, 2020, 113: 103743.

KOOHESTANI B, KHODADADI DARBAN A, MOKHTARI P. A
the of
organosilanes on different properties of cemented paste backfill[J].
Constr Build Mater, 2018, 173: 180-188.

TR AR, 3 (0 e YL e A T A 6 R VR B 1 0 B S WD AT AE[D).
WE IRV W RV DR 2.

JIAN Hongshu. Study on static and dynamic toughness of green

comparison  between influence superplasticizer and

ultra-high performance steel fiber reinforced concrete(in Chinese,
dissertation). Harbin: Harbin Institute of Technology.

Wk, B, U, . KHSSOREG BB KB T ER ).
IR AT, 2020, 28(3): 28-33.

DONG Jinmei, LI Ying, WEN Jing, et al. J Salt Lake Res (in Chinese),
2020, 28(3): 28-33.

ik, R, RELCBICRIKMR LR PEA TR S,
2021(28): 92-93.

ZHANG Wenping, LIANG Wuxia. Chin Chem Trade(in Chinese),
2021(28): 92-93.

T SO, e Jow A Ak B R B ) A B A < 3R T TRAL B e 1) 1S
F[D]. TEFH: ZRALK2E

ZHANG Wenmei. Study on preparation of silanization treatment agent
and

its application in metal surface pretreatment(in Chinese,

dissertation). Shenyang: Northeastern University.

XUEE, oG fE e A 6 R KR TR A (1] B R RR,
2014, 20(4): 60-63.

LIU Jia, YAO Guangye. China Powder Sci Technol (in Chinese), 2014,
20(4): 60-63.

PENG G F, ZHANG G, LEI Z H, et al. Verification of mechanism for
effect of silane coupling agent modification of polyethylene (PE)
fiber’s strain-hardening behavior
cementitious composites[J]. J Build Eng, 2023, 67: 105870.

FAN W, STOFFELBACH F, RIEGER J, et al. A new class of
organosilane-modified polycarboxylate superplasticizers with low
sulfate sensitivity[J]. Cem Concr Res, 2012, 42(1): 166—172.

kR, T, E78E, S5 fEbTcohE SR BRI K Ve - AK I AR
Iy RERZMA B HLBET]. DhREM KL, 2015, 46(12): 12087-12091.

GU Yue, RAN Qianping, SHU Xin, et al. J Funct Mater (in Chinese),
2015, 46(12): 12087—-12091.

SAEAE, B8, W5, S5 JRUKGRR BHAT D9 AKe-RE AR AR R
SLMED). RERR SRR, 2020, 48(11): 1716-1721.

ZHANG Qiangian, SHU Xin, YANG Yong, et al. J] Chin Ceram Soc,
2020, 48(11): 1716-1721.

XU, Sk, W, S RIS AR ERIR K SN 7K U6 -Hek K IR A b
JERR AT I SEMALT]. ERRER %441, 2022, 50(2): 445-451.

LIU Ming, ZHANG Lei, YANG Wen, et al. ] Chin Ceram Soc, 2022,
50(2): 445-451.

AR, ARBGUKE mRE S e K JHE S SRR S5O0
AE[D]. FEHT: ZRFR

LEI Dongyi. Design and key properties of eco-nano ultra-high strength

surface on of high-strength

and ultra-high ductility cement-based composites (in Chinese,

dissertation). Nanjing: Southeast University.

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

[26]

[27]

[28

[29

[30]

XU Y S, CHUNG D D L. Improving silica fume cement by using
silane[J]. Cem Concr Res, 2000, 30(8): 1305-1311.

ZHANG Z B, L1 B X, WANG Z W, et al. Development of reduced
thermal conductivity ductile cement-based composite material by using
silica aerogel and silane[J]. J Build Eng, 2023, 65: 105698.

SVEGL F, SUPUT-STRUPI J, SKRLEP L, et al. The influence of
aminosilanes on macroscopic properties of cement paste[J]. Cem
Concr Res, 2008, 38(7): 945-954.

W TIRAE R R T OKE BT R ME W TR i £ BT KRR
MRECEZOI]. PEZEAE, 1979(7): 296-297.

Data of the Second National Deionized Water Research Cooperation
Conference. Chinese Pharmaceutical Journal (in Chinese), 1979(7):
296-297.

Fidd. ZEFREH & LZE0EI]. (WAREZ T, 1998(6): 20-21.
SHI Lei. Shangdong Pharm Ind, 1998(6): 20-21.

E&. T L Y5 AT RIUHPCH % K H2 @ PEREWE A [D]. e /R IE:
W IRIE Tl K 3.

WANG Rui. Preparation and permeability of UHPC based on fiber
distribution(in Chinese, dissertation). Harbin: Harbin Institute of
Technology.

SUBRAMANIAN V, VAN OOIJ W J. Effect of the amine functional
group on corrosion rate of iron coated with films of organofunctional
silanes[J]. Corrosion, 1998, 54(3): 204-215.

FENG HJ, LE HT N, WANG S S, et al. Effects of silanes and silane
derivatives on cement hydration and mechanical properties of
mortars[J]. Constr Build Mater, 2016, 129: 48—60.

CAI Y M, HOU P K, DUAN C, et al. The use of tetracthyl
silane (TEOS) for of hardened
cement-based materials: a comparison study with normal treatment
agents[J]. Constr Build Mater, 2016, 117: 144-151.

TR ER. T (5 IR UM Keviar £F k- /K e 64 B E A 5 [D]. b
Py et N

FENG Yuchen. Study on properties of Kevlar fiber-cement based

orthosilicate surface-treatment

materials modified by silane coupling agent (in Chinese, dissertation).
Beijing: Beijing University of Civil Engineering and Architecture.

5, MISCE, SRR, S ST IR O YR T SO KR AR
Rt RARREALLEE[T]. AR ERAA, 2021, 49(11): 2346-2354.
ZHANG Gui, PENG Gaifei, LEI Zehao, et al. J Chin Ceram Soc, 2021,
49(11): 2346-2354.

R £, SKkIRH, FLREN, & AR LI K TR e AR
FUSEIR[T]. BERR 24, 2021, 49(2): 372-380.

YU Jianwei, ZHANG Chaoyang, KONG Xiangming, et al. J Chin
Ceram Soc, 2021, 49(2): 372-380.

EEH, M. PSRRI AR BT T[], BT
1L 2020, 47(10): 19-21.

WANG Guoxin, GUO Pengtao. New Build Mater (in Chinese), 2020,
47(10): 19-21.

W%, wPHE, R, S SN B S Sk K e i R R I
IBIISEIET]. JE T B, 2015, 44(3): 50-56.

FENG Hu, GAO Danying, XU Hongtao, et al. Constr Technol (in
Chinese), 2015, 44(3): 50-56.



