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Mechanical property of early-strength water-containing
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Abstract; To solve the problem of poor workability, fast curing and molding difficulty of common
polyurethane concrete, a new water-containing unsaturated polyurethane concrete was proposed
according to the requirement of high standards for aggregate in common polymer concrete. The
mechanical properties of water-containing unsaturated polyurethane concrete were investigated by
ratio test, strength test, water-mixed test, immersion test and field sampling test, and the
effects of material properties, material ratio, temperature and moisture content on the mechanical
properties were analyzed. Analysis result shows when the added amount of water is 15%-20% of
unsaturated polyurethane at 10 ‘C-20 °C, the added amount of water is 20%-30% of unsaturated
polyurethane above 20 °C, the compressive strength of 1 d for the water-containing unsaturated
polyurethane concrete is 22. 70 MPa in field engineering application and immersion test, and the
phenomena of softening and disintegration are not found after long-term immersion. Obviously,
the water-containing unsaturated polyurethane concrete has good stability, workability and

formability that meet the engineering needs in the construction. At 15 °C, the recommended mass
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ratio of cement, sand, stone, ZK3, water, unsaturated polyurethane, initiator, and accelerant is

1.000 # 5.700 : 7.300 : 1. 300 : 0.080 ¢ 2.000 * 0. 050 = 0. 025. 8 tabs, 8 figs, 25 refs.
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Tab. 1 Strength indexes of polymer concretes
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Fig. 1 Test specimens of concrete
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Tab.2 Experimental schemes of concrete
) ‘ , WA/ g MR/ g
RIS WA I -
7K e HAth i HF
1 425 K e 100. 0 800 1 000
2 425 K+ BRI e 70.0 30.0 800 1 000
3 425 sk Y+ MZS &%k e 98.5 1.5 800 1 000
4 425 K+ 4 M BR A5 94.0 6.0 800 1 000
5 425 JK IR+ A 0 BR a E H R EE 400. 0 250.0 800 1100
6 425 JK U6+ AR = TR 400. 0 250. 0 800 1100
7 425 JK Y+ A FER I+ ZK3 240. 0 250. 0 800 1100
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w24 Tab.3 Curing times of unsaturated polyurethane
30l 87di#R#
. . @28 dik ] S FAGFRAR | 51 &R | AR A | o i/
- % T\ 5 )T 2
s ] é % - it /g /% /% min
w200 P : T
2508 4 N
= N s N 1 30 1.0 0. 30 190
§§ §2 §§ 2 30 1.5 0.45 18
N NN I NA
0 N/ I N1 N 3 30 2.0 0.60 11
1 2 3 4 5 6 7
A P Q
. 4 30 3.0 0. 90 9
\ 5 30 4.0 4. 00 6
2 ARENAES T 3R AR BE LR
Fig. 2 Concrete strengths in test schemes 6 30 0.5 0.50 1440
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Tab. 4 Test schemes of unsaturated polyurethane cement mortar

i; I’L’@ﬁ:ﬂigé/jmﬁ USTA S ¥ Ma/g Wb/ g BRI/ g %lﬁﬁﬂﬁﬁi;fﬁuiz‘ﬁﬂmi/%
1 25 10 120 0 0 3.0 3.0
2 25 40 120 0 0 2.0 2.0
3 25 10 120 0 0 2.0 0.6
4 25 0 120 10 0 2.0 2.0
5 25 0 120 0 40 3.0 2.0
6 25 0 120 0 40 5.8 2.0
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Fig. 3 Curing times of unsaturated polyurethane cement mortars
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Tab.5 Feasibility test schemes of water-containing unsaturated polyurethane concrete

W00 7 % | 3 T KR ZK3 ] B AR AT %) AR & | KRREL/ % | T/ (e e e ) | iR/ C P

1 280 100 5 0 0 2.45 6 [ kR, X % T
2 250 100 4 40 16 2.45 7 123 min ¢ [#]

3 250 100 4 60 24 2. 60 6 60 min % [#

4 250 150 5 66 26 2.35 15 75 min ¢ [&
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Fig. 4 Feasibility test result of water-containing

unsaturated polyurethane concrete

30

20

7K B Eb/%

10

<10 10~20 =20
K/ C
B 5 IR [a) AR TR 6 9 7K 55 S 1R 3R SR 1 B
Fig.5 Ratios of water and unsaturated polyurethane

at different temperatures
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Tab. 6 Test schemes of water-containing unsaturated

polyurethane concrete’s strength

R AT %% T
i 51 %7 e | g em D)
1 7.5 3.75 35 2.45
2 7.5 3.75 40 2.45
3 7.5 3.75 50 2.50
4 7.5 3.75 64 2.50
5 7.5 3.75 100 2.45
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Fig. 6 Intensity parameters of concretes with different weter contents
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Tab. 7 Influence of additives on strength of unsaturated polyurethane cement

THIFNR ARG | K R & /g UKL /g AR i/ g 1 d g/
K/ g| /T ik
H=/g Mi/g ZK3 HoAt i e 51 &5 il MPa
250 150 0 R 200 800 1100 2 2 50 14 15.5 2.0 h & H
250 150 200 0 800 1100 2 2 50 14 13.3 1.3 h %R
250 150 0 £ PAb 200 800 1100 3 2 66 15 18.6 1.1 h B
250 150 200 0 800 1100 3 2 66 15 17.6 1.2 h BEH
250 100 300 0 800 1100 2 2 80 6 20.0 0.9 h #EH
250 100 150 A 150 800 1100 2 2 80 6 17.1 0.7 h JEH
250 100 300 0 800 1100 2 2 40 7 17.1 2.2 h g H
250 100 0 LK 300 800 1100 2 2 40 7 15. 1 2.1 h #EE
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AR 4. 1~4. 3 MPa, & A AR FEARBE SR, 7]
L FE R R 52 BR IR 10 22 R 2 0080 5 T T
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Fig. 7 Construction site
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R E BRI EE 0 5 PEGF . B Tt 1. A T a5 3
MG THRAR LT KR F. A F.
ZK3 K AR R L 5| k) S AR i ) R L
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Tab. 8 Field test schemes

R | ZK3  [Rmmmmams| BFURE/e [kme/| wE/
FE|ME/e | /e | 51%H | feEa | e C
1 3.3 3.3 0. 100 0.05 9 14
2 1.3 1.7 0. 050 0.03 18 14
3 2.5 2.5 0.075 0. 04 18 14
4 1.3 2.0 0. 060 0.03 15 14
22 -
[
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=
=
=
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B
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XSS S
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Fig.8 Test result
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(3) A 2ok 3 24 1 [ A 790 4 R B K
AN R 3R 2 i TR OB 110 5 R i S T A 7R A i 4
TP F ) 2 e 90 o (EL T 3 R I A 7R £ 7 A R
I /I TR 2 A 2 2 A A T R R g S R A R 4K
R E Y A2 1K

(4) 3R g TR W5 L 5l P vy » LA PR 1 d 3 B2 T
ik 20 MPa DL HM kS i A P22 . O AR A
F IR 50 2R IR TR e L A AN S e B SE T A K
AN R SR A T TR B i P BE L AR B A R R B A
[FlK 1 d SR EART 20 MPa,

(5 2R FH 5 7K AN 1 0 5 4 i 1 € - F % T 4l 3t
P FEAT G T d R AF] 22, 27 MPa, 7
IR ANEAL A % R BT EER . AR 15 CHRLE
AN HMERE RIS K TR VBD T A T ZKS,
SN NI =N N2 RS i i R e )
1. 000 = 5.700 = 7.300 = 1. 300 = 0.080 ¢ 2.000 :
0.050 : 0. 025,

S % W -

References :

L1] By, BB, & Iz B ook drd & iR 8 L il m
WFFE )], IREE 1. 2005(9) : 58-64.
WEI Zhuo-bin, WANG Tie-cheng, GAO Yi. Experiment on
a type of polyurethane concrete possessing early strength and
speedily solidification[[J]. Concrete, 2005(9): 58-64. (in
Chinese)

[2] MARZOCCHI A, ROBERTN G, BOLEN G E. Road
pavement and repair; USA, US 4265563[P]. 1981-05-05.

[3] CHATTOPADHYAY D K, RAJU K V S N. Structural
engineering of polyurethane coatings for high performance
applications[ J]. Progress in Polymer Science, 2007, 32(3):
352-418.

[4] OHAMA Y. Recent progress in concrete-polymer composites[ ] ].
Advanced Cement Based Materials, 1997, 5(2): 31-40.

[5] SARVA S S, DESCHANEL S, BOYCE M C, et al. Stress-
strain behavior of a polyurea and a polyurethane from low to
high strain rates[]J]. Polymer, 2007, 48(8); 2208-2213.

[ 6] 246 MR R & L3 M 36 0 i 58 BF 58 (D .
KHE KR E, 2005,
PENG Quan-min. Experiment research on rapid pavement repair
of airfield runway by employing polyurethane materials [ D],

Tianjin: Tianjin University, 2005. (in Chinese)



% 2 TOLE T RAAS KR RARRE L A FHE 17
[7] w5 iz F50oM, F4. L% i i1t 16 F B 2 6 R 8 4R ki 1994, 16(12): 53-58.

L8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

W EL) . M 25 T AR K227, 2007, 19(3) : 104-107.
GAO Yi, WEI Zhuo-bin, WANG Tie-cheng. Experimental
study on the polyurethane materials used for rapid repair of
airfield pavement[]]. Naval
Engineering, 2007, 19(3): 104-107. (in Chinese)

BETI2% WS BREL 5. B A W o K D8 R B - B 1 BB AF
FELI]. 2 B A8 B - 2005, 22(3) : 21-23.

LIANG Nai-xing, CAO Yuan-wen, YAO Hong-yun. Research

Journal of University of

on performance of cement concrete modified with styrene
butadiene latex[ J]. Journal of Highway and Transportation
Research and Development, 2005, 22 (3):. 21-23. (in
Chinese)

12 B K YR TR BE L 3% T AL BB A M R 5 (D). P %2 K22
K2,2005.
SHEN Ai-qin. Study on the crack mending materials of
cement concrete pavement[ D]. Xi'an; Chang’an University,
2005. (in Chinese)

ST W AL 21 5 5 ) TR B R T R 2 8 SRR Y B
FELDI. M AR TR, 2002.

LUO Li-feng. Construction technology of SFRPC bridge deck
pavement[ D]. Guangzhou: South China University of Technology .
2002. (in Chinese)

PATEL P S D, SHEPHERD D E T, HUKINS D W L.
Compressive properties of commercially available polyurethane
foams as mechanical models for osteoporotic human
cancellous[J]. BMC Musculoskeletal Disorders, 2008, 9(1):
137-141.

MOLINDA G. Reinforcing coal mine roof with polyurethane
injection: 4 case studies [ ]]. Geotechnical and Geological
Engineering, 2008, 26(5): 553-566.

LEE S H, WANG S. PHARR G M, et al. Evaluation of
interphase properties in a cellulose fiber-reinforced polypropylene
composite by nanoindentation and finite element analysis[J].
Composites Part A: Applied Science and Manufacturing,
2007, 38(6): 1517-1524.

HOUSHYAR S. SHANK R A. HODZIC A. The effect of
fiber concentration on mechanical and thermal properties of
fiber-reinforced polypropylene composites[J]. Journal of
Applied Polymer Science, 2005, 96(6): 2260-2272.
DAVIDOVITS J.
materials[ J]. Journal of Thermal Analysis, 1991, 37 (8):

1633-1656.

Geopolymers: inorganic polymeric new

DAVIDOVITS J. Recent progresses in concretes for nuclear

waste and uranium waste containment[ J]. Concrete Intimation,

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Kk Bk K U TR Bk L I PR R AR Y BF 5T 5 T & [D].
P2 R R, 2011,

ZHANG Lin. Study and develop on rapid repair materials of
cement concrete pavements D]. Xi’an; Chang’an University,
2011. (in Chinese)

STRAND D. MACDONALD C N, RAMAKRISHNAN V.
et al. Construction applications of Polyolefin f{iber reinforced
concrete[ CJ]// ASCE. Proceedings of ASCE 4th Materials
Engineering Conference. Reston: ASCE, 1996. 103-112.
W W BT RS WIR L IR RIR B
e PR A8 b P i R R D). VY R Sl R A A i, 2011
46(2) :205-210.

PENG Xiao-gin, YANG Tao. WANG Kai-yu, et al
Preparation of geopolymeric concrete and its application to
rapid repair of cement concrete pavement[]J]. Journal of
Southwest Jiaotong University, 2011, 46(2): 205-210. (in
Chinese)

W R BT BT, A5 B R G W IR IR IR BE 1 Bk LR
WEFELT]. o A B2 4. 2010, 23 (4) £ 15-19.

YANG Ruo-chong, TAN Zhi-ming, HUANG Xiao-ming. et al.
Research on performance of rubberized concrete incorporated
with polymer [J]. China Journal of Highway and Transport,
2010, 23(4): 15-19. (in Chinese)

FOWLER D W. Polyenes in concrete; a version for the 21st
century[ J]. Cement and Concert Composites, 1999, 21(5/6):
449-452.,

DOWNING T D, KUMAR R, CROSS W M, et al. Determining
the interphase thickness and properties in polymer matrix
composites using phase imaging atomic force microscopy and
nanoindentation[ J]. Adhesion

Technology. 2000, 14(14): 1801-1812.
JANOTKA I, KRAJCI L, RAY A, et al

Journal of Science and

The hydration
blends of

phase and pore structure formation in the
cement[ J .
Cement and Concrete Research, 2003, 33(4): 489-497.

AL-NEGHEIMISH A I, ALHOZAIMY A M.

sulfoaluminate-belite cement with Portland
Impact of
extremely hot weather and mixing method on changes in
properties of ready mixed concrete during delivery[ J]. ACI
Materials Journal, 2008, 105(5); 438-444.

oz R REABHE S MR R AR IR ]
T J12£.,2009,26 (4 1) :198-202.

GAO Yi, WEI Zhuo-bin. Experimental study on frothing
techniques with mixed polyurethane materials[ J]. Engineering

Mechanics, 2009, 26(S1): 198-202. (in Chinese)



