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Salt Frozen Resistance Performance Analysis of PVA-FRCC
Based on Grey Theory
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(1. School of Mining and Technology, Inner Mongolia University of Technology, Hohhot 010051, Inner Mongolia,
China; 2. Construction Quality Monitoring Station of Ordos, Ordos 017000, Inner Mongolia, China)

Abstract: The salt frozen resistance performance of polyvinyl alcohol fiber reinforced cementitious
composites (PVA-FRCC) was predicted based on the test data using gray system prediction
theory, and the prediction model was got and the model was tested. The results show that the
gray system prediction theory is accurate and reliable on predicting the salt frozen resistance of
PVA-FRCC. The salt frozen resistance performance of PVA-FRCC can be improved through
blending certain amount of PVA-FRCC, and the salt frozen corrode resistance performance and
crack resistance performance of the material can be improved.
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Tab.1 Basic Properties of PVA Fiber
LRSS W/ (geem?) | A/ mm | KE/mm | KEL | 40570 mm g /% | #EMZ/% | PihidE/MPa | #dE i/ GPa
K- I AT SR i 1.3 0. 04 12 300 15 6 1600 40
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Tab.2 Chemical Components of Cement %
e BE R RE w(Ca0) w(Si03) w(Al; O3) w(Fe,O3) w(SO;3) w(MgO) w(l. L)
ST 55.01 23. 44 7.19 2.96 2.87 2.24 2. 86
W e )N85 A2 B T o 43 30w (1 L) SRy 58 2R ik 1Y) T3 6 43 5
F3 KEMWEHZMEE T ZJE TRASRMETR I 2 JR 9 28 s SR A K X ik
Tab.3 Physical and Mechanical Properties of Cement /\M‘ﬁj\ﬁﬁy‘j 3.5% 1y NaCl 7B E 0 . 75 08 1 3t
FeRMEBY/ | B4R /min | HiEIREE/MPa | Hid7 58 5/ MPa HTE 3 cm. i 4 d J5 T &, 56 %
m? « kg ! ) L 3d|7d|28d|3d|7d|284d . N . S - e oy
(m r ke ) | W | AR |57 KR L AR [ 2 4 P BB ik 4% 1 T 13t o 50 i
345 155 | 210 |26.5(35.7(52.1|4.0(5.3|7.9 v e L g s e
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Tab.4 Test Mix Proportions .. . s e b
PVA-FRCC MER RN . AR ILYE hfL s, i1
A . " Ik 7K 51 A EARRE T ST, 0 VI ooy oap ST
M ST I S E T 3 o s 1 2l st A i R R B 60 Dot DA e IR C 4 R A R
ETRE BR/% | BE/Y | BE/% B 4 . o N i
N T B B e YT R BB . S IRV 0 B UK 0T 30 3 I
F-1.5 1 0. 45 0.6 2 0.05 1.5 Hﬁfﬁﬁﬂ%‘z 5 F)?i_\‘ °
F-2 1 0. 45 0.6 2 0.05 2.0
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Tab.5 Test Values of Relative Dynamic Elastic Moduli in Different Salt Frozen Cycle Times

WAE | B R[] R R AT U (1 A gl SR A/ 05
45 | 75 0 25 50 75 100 125 150 175 200 225 250 275 300
F-1 | 2 | 100.00 | 100.63 | 98.21 | 94.02 | 77.06 | 75.03 | 68.60 | 67.21 | 65.04 | 63.01 | 58.10 | 56.12 | 52.10
F-1.5| 252 | 100.00 | 99.10 | 97.12 | 93.20 | 85.20 | 80.03 | 73.50 | 70.80 | 69.85 | 68.00 | 66.04 | 58.04 | 56.20
F-2 | x4 | 100.00 | 98.13 | 93.04 | 85.32 | 74.60 | 72.20 | 65.54 | 64.12 | 62.00 | 57.30 | 55.10 | 49.70 | 44.90
K6 —XGAOEmMEF
Tab.6 1-GAO Sequences
WAE | B A [r) VR Rl AT R R BT R X St s v A e/ 4
45 | 175 0 25 50 75 100 125 150 175 200 225 250 275 300
F-1 | «f" | 100.00 | 200.63 | 298.84 | 392.86 | 469.92 | 544.95 | 613.55 | 680.76 | 745.80 | 808.81 | 866.91 | 923.03 | 975.13
F-1.5| 28" | 100.00 | 199.10 | 296.22 | 389.42 | 474.62 | 554.65 | 628.15 | 698.95 | 768.80 | 836.80 | 902. 84 | 960.88 |1 017.08
F-2 | x4 | 100.00 | 198.13 | 291.17 | 376.49 | 451.09 | 523.29 | 588.83 | 652.95 | 714.95 | 772.25 | 827.35 | 877.05 | 921.95
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Tab.7  Values of a and u 8P T T K AT GM (1, 1) i
2% xfV asP xsh FI8) R XoF 3l 58P ASE i U (L 5 IR B A 0T B . AR 8
a 0.062 6 0.053 6 0.070 2 A LA 0 Fo1 0 B AR AR 22 8. 04% 4l
u 109. 86 108.18 106. 99
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Tab.8 Comparisons of Predicted Values and Test Values of Relative Dynamic Elastic Moduli
KA — N TF 5 TG B VR BT 4 R ) 2l 3 e A R/ 4
I3t
%5 0 25 50 75 100 125 150 175 200 225 250 275 300
WA | 100.00 | 100.48 | 94.37 | 88.64 | 83.26 | 78.21 | 73.47 | 69.01 | 64.82 | 60.89 | 57.19 | 53.73 | 50.46
F-1 KEG(Y | 100.00 | 100.63 | 98.21 | 94.02 | 77.06 | 75.03 | 68.60 | 67.21 | 65.04 | 63.01 | 58.10 | 56.12 |52.10
AEXFERZE | 0.00 0.16 3.91 5.72 8. 04 .24 7.10 2.68 0.34 3.36 1.56 4.26 | 3.14
FUMAE | 100.00 | 100.12 | 94.90 | 89.96 | 85.26 | 76.62 | 77.12 | 72.62 | 68.84 | 65.26 | 61.86 | 58.64 | 55.57
F-1.5| RX%&fH | 100.00 | 99.10 | 97.12 | 93.20 | 85.20 | 80.03 | 73.50 | 70.80 | 69.85 | 68.00 | 66.04 | 58.04 |56.20
AEXFERZE | 0.00 1.03 2.29 3.48 0.08 4.26 4.93 2.58 1. 44 4,03 6.33 1.03 | 1.11
FUMAE | 100.00 | 96.54 | 89.99 | 83.89 | 78.21 | 72.91 | 67.97 | 63.36 | 59.06 | 55.05 | 51.32 | 47.76 | 44.61
F-2 I | 100.00 | 98.13 | 93.04 | 85.32 | 74.60 | 72.20 | 65.54 | 64.12 | 62.00 | 57.30 | 55.10 | 49.70 | 44.90
MIXFERZE | 0.00 1.62 3.27 1.67 | 4.84 98 3.70 1.19 4. 74 3.92 6. 85 3.90 | 0.63
110 110
100 o RAE-TRRE g 100 © BME-2RRE
i W PEF- 1 i B 90 W PFE-2 T 1
® 201 =
H = 80
g 80T B 0l
R 70l R
' & 60r
E 6ot T 5l .
50 : . : . s 40 : . : . s '
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Rl 2R K B ViR R EINTE 3
B 1 R4 F-1 R E N ES TN EX B3 R F2 s EEENES TN EX L
Fig. 1 Comparison of Test Values and Predicted Fig.3 Comparison of Test Values and Predicted

Values of Relative Dynamic Elastic Moduli for

Specimen F-1

o RMFF-1.5R K
R AFF-1.5F5 9 4

AH X Bh 5 A %
S

0 50 100 150 200 250 300
TR R AT A U3
B2 LS EXsEERENRES N Et
Fig.2 Comparison of Test Values and Predicted
Values of Relative Dynamic Elastic Moduli for
Specimen F-1, 5
X gl s AR e R (B S T (R X e . P 1~ 3 ]
LA . 3 R C A Ho s 9 T il 2k 78 4k #OR 1A
—B MR SR R o Bk E LK F-LL S
PR R IE BEAE = 3 vh e (. L2 g 29 264 IRl
PG WA 3 3 AF F-1.F-2 7350 20 231,194 IR
FOE R 5 R . T {5 PO (B W48 . PVA £F
ek 1.5 iR F-1. 5 Brib i M e s b 5
ARG AT REIRE AT 2 A O ) K e A P B A —
) PVA £ 4k fE 5 8% PVA-FRCC 8% 5 19
PURIPhAET7 - TR 5 HLER VR VR E s O 21 447 B AR

Values of Relative Dynamic Elastic Moduli for
Specimen F-2
Iz PVA 25 4 5K e 5t I 45 45 50 7 #i
51, X R4 PVA-FRCC 44k U ) i1 R 4 ot
BEABE EE T A TR P 52 B L AR T AR EE BT
A T BOBIR B AT R AT £ i R R TR RE
T AETF I A SO B VR B AR 5 U B 0~ 300
UCTE BRBCH o8 O B TE B ko 27 BN 0~ 300 I
e 300 WL BRI BB AE 31 5 PVA-FRCC # ZR i
PR B w42 bR Lo % ke EAT I (8 SR 05 115 R
Fl S AR X 2 s B i . PVA-FRCC 4t % M fE )
Z: IR 368 R 56 L K J00 P A R T A P R 3 T T A
HEY(GB/T 50082—2009) Hh A & U4 il 5 T s oy
HAR ORI, B O 7 BEAS SO AN A

4 45 i

(DFEFIK AL A GM 1, 1) B 15
PVA-FRCC i £k ¥ M B & nT 47 19, B4 76 45
TG PR T 3k 50 5 1000 (L A R X R 25 I N T
50 s HA B WORS BE L 33X B0 5 vk O R i F 5 A 6 Bt
EURPERETE N B 22 BR8N PVA-FRCC [ fiif A 1%
REFRAL T — B 0 7 i .

(OTEHAR T B A —E /1 PVA £ 4E g 45 12



MEX,F A TR EEHe PVYA-FRCC 4 3 & M 48 457 5

= PVA-FRCC WPt G e . PVA L 4 /9 A B
# 17 PVA-FRCC (Pt ih % # i G h SBHAE /1 .

S % 3Lk :
References:
(1] WM. Z=RA,XZE N, 5. HEh R 5 TR+

[2]

[3]

[4]

PTERER AL AL LT ] AL % 5 T AR 2= 4. 2009, 26
(1):62-67.

ZHU Jin-peng, LI Shu-cai, LIU Xian-bo, et al. Me-
chanical Property Deterioration Model for Concrete in
Environment with Freezing-thawing [ J |. Journal of
Architecture and Civil Engineering, 2009,26 (1) :62-
67.

WL 56 KON 55 25 il A AL~ JES ol sk
AR B o2 G 3R BE LT vR M s ma ()], aE iR 48
4 ,2005,33(4) :492-499.

YU Hong-fa, MU Ru, SUN Wei, et al. Effects of
Flexural Loads, Chemical Attack, Carbonation and
Their Combination on Freezing-thawing Durability of
Concretes[ J ]. Journal of the Chinese Ceramic Society,
2005,33(4) :492-499.

WU R,MIAO C W, LIU ] P. Properties of Concrete
Subjected to Freezing and Thawing Under Sulphate
Attack[J]. Indian Concrete Journal,2001,75(7) :451-
455.

MaeAe I ML PN VL R RE A IR B - A
PR AR R PR 4 () ). 338 32 LR 2 4R 2009, 9
(6):16-20,25.

YE Ying-hua, MA Bin,SUN Yang. Section Nonlinear
Analysis of Salt-freezing Reinforced Concrete Pure
Bending Component Based on Damage Theory[]].
Journal of Traffic and Transportation Engineering,
2009,9(6) :16-20,25.

KR RAK, ERE. BRAMTIRE L4 WRE
R AR SR LT DL o [ 2 B 22 4, 2009, 22 (4) 1 57-
63.

ZHANG Yun-qing, YU Hong-fa, WANG Jia-chun.
Study of Surface Damage Rule of Concrete Structure

Exposed to Salt Freezing Condition[ ] |. China Journal

[6]

L7]

[8]

[10]

[11]

of Highway and Transport,2009,22(4) :57-63.

LIV C. i S 1 £F 43 5K Y2 55 52 6 b1 R i 5% 3 R
Fe i ALY ). S BR R 2% 41, 2007, 35(4) : 531-536.

LI V C. Progress and Application of Engineering Ce-
mentitious Composite[ ] ]. Journal of the Chinese Ce-
ramic Society,2007.35(4) :531-536.

SAHMARAN M, LI V C. Durability Properties of
Micro-cracked ECC Containing High Volumes Fly
Ash [ J]. Cement and Concrete Research, 2009, 39
(11):1033-1043.

XNBEOG.E L ISR RE 55 IR 2 B AT 4t 5k Ak K U
FEEAMOB UL R ERE LT ], 3 AR R 2 2 e T
fZ.2012,42(1):63-67.

LIU Shu-guang, YAN Min, YAN Chang-wang, et al.
Deicing Salt Resistance of PVA Fiber Reinforced Ce-
mentitious Composite[ J]. Journal of Jilin University:
Engineering and Technology Edition,2012,42(1) :63-
67.

OB E B RRENL S T GMAL DR
B 45 0 K o B0 L) 1. 8 36 RL 2 4z, 2008, 11
(6):653-656.

LI Yue, WANG Min,SUI Xiao-ming, et al. Grey Pre-
diction of Drying Shrinkage of Crumb Rubber Con-
crete Based on GM(1,1)[]J]. Journal of Building Ma-
terials,2008,11(6) :653-656.

KDL AT XA 2R R A Tl R R - BT R
BRI 6, T A Y (T ] SRR 2 4R 2007, 10 (4)
397-401.

ZHANG Ying-zi. FAN Ying-fang. ZHAO Ying-hua.
Grey Prediction Model for Compressive Strength of
Concrete Corroded by Hydrochloric Acid[ J]. Journal
of Building Materials,2007,10(4) :397-401.

X B Lk L SR TR i R T L ], )] R
Sl T ARRL R L 2003.35(4) : 22-24.

ZHAO Zhi-ming. Grey Prediction on Deformation of
the Slide Slope in Nan Kun Railway[ J]. Journal of Si-
chuan University; Engineering Science Edition, 2003,

35(4):22-24.



EHAFE TREPIR 2014 %




