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Abstract: In order to study the influence of the dispersion degree of polyvinyl alcohol(PVA) fibers on the prop-
erties of cement mortar and cement stabilized macadam, fly ash was used to disperse PV A fibers. Entropy analy-
sis of the image texture of PVA fibers was carried out by the image processing method of gray level
co-occurrence matrix, and the mathematical model of single-factor analysis of variance was established to test
the significant influence of fly ash on the dispersion degree of PVA fibers, the relationship between the disper-

sion degree of PVA fibers and the image entropy was obtained. Then the image processing method of gray level
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co-occurrence matrix was verified and analyzed by the mass-equipartition weighing method. The relationship be-
tween the mechanical properties of the cement-based composite material and the dispersion degree of PVA fi-
bers were studied through laboratory experiment. The results show that the dispersion degree of PVA fibers in-
creases with the increase of the mass ratio of fly ash and PV A fibers (abbreviated as mass ratio) , when the mass
ratio 1s greater than 50: 1, the PVA fibers can be uniformly dispersed in the cement-based composite material.
The image entropy increases with the increase of mass ratio, and the coefficient of variation of fiber decreases
with the increase of mass ratio. The flexural strength, fracture energy of cement mortar and splitting strength of
cement stabilized macadam increase with the increase of the image entropy. Increasing the dispersion degree of
PVA fibers in cement mortar and cement stabilized macadam can improve the mechanical properties of cement
mortar and cement stabilized macadam.
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Table 1 Physical parameters of fly ash

[y

D;,/pm Dy, 5/pm D[:Lz]/}lm D[zj]/llm Rpan Sa/(m*-g™)

41.10 98. 31 15.72 3.76 6.563 0.141
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Table 2 Physical parameters of polyvinyl alcohol

Linear density Hot water

Color Diameter/pm (1000 m)/g

resistance /°C

Canary yellow 15 2.00%0. 25 100
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Table 3 Mix proportion of cement mortar L-1L—1 , A
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IV T S —— - - s Lo IR A e RO BE 25 (4, ) SR G s %) ) K 3
L - _ {EL s D E FL AR SRR 8 AR AP A 5 0 S AR IR 10 508 2
Bl 1350.0 450.0 225.0 112.5 0 A
B2 1350.0  450.0  225.0  225.0 0 MER M2 AL ECR L dFNORGE Py (i, d, 0)
B3 1350.0  450.0  225.0  337.5 0 VA b A2 T T L B0 4 22
CLoTE00 00 20 0 S H A2 P19 P f L B S0 f 2 1
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C3 1350.0 450. 0 225.0  225.0 4.5 N o
‘ i ( Wi o 2 B, BR300 05 5 TRIAR 70 1 40 S 3, )
C4 1350.0 450.0 225.0 337.5 4.5
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Table 4 Gradation design of cement stabilized macadam

Gradation design (by mass)/ %

Sieve
size/mm Maximum Minimum  Composite gradation
31.5 100. 00 100. 00 100. 00
26.5 98. 00 93.00 98.00
19 86.00 72.00 79.00
9.5 58.00 47.00 52.52
4.75 32.00 29.00 30.01
2.36 19.70 17.00 17.73
0.6 15.00 8.00 8.92
0.075 3.50 0 3.50

x5 KEREFAEALL

Table 5 Mix proportion of cement stabilized macadam

Mix proportion/g

Water content

roce Aggregate Cement Fly ash zchr (by mass)/ %
A 5700.0 228.0 0 0 4.8

B-0 5700.0 228.0 0 2.4 4.8

B-1 5700.0 228.0 60.0 2.4 4.8

B-2 5700.0 228.0 120.0 2.4 4.8

B-3 5700.0 228.0 180.0 2.4 4.8
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Table 6 Image entropy of PVA fibers with different mass
ratios under the action of fly ash

Expe:lr;]emal A 4 Expe;]r;lnemal i7 5
M, ., 1.68 M\, 2.26
M, ., 1.61 1.67 M., 2.06 2.15
M, 1.73 M\ 2.12
M, ,, 1.64 M5, 2.00
M,,, 1.68 1.67 M, 1.97 1.97
M, 1.68 Mo, 1.95
1.67 2.10
M4, 1.66 M5, 2.10
M,, 1.70 1.72 My,  2.22 2.16
M, 1.79 My,,  2.18
M, 1.60 M;i4, 2.08
M, 1.63 1.64 My, 2.16 2.11
M, 1.68 My, ., 2.07
M, 2.06 M, 2.15
M, ., 2.12 2.14 M., 2.08 2.10
M, s 2.23 M. 2.07
M, ,, 1.99 M, 5, 2.16
M, ., 2.07 2.02 M, ., 2.16 2.16
M, ., 2.00 M, 2.17
2.04 2.13
M, ., 1.98 M, ., 2.13
M, , 2.08 2.01 M, o, 2.11 2.11
M, . 1.98 M o 2.09
M, 1.92 M 4, 2.11
M, ., 1.99 1.98 M . 2.13 2.15
M, 2.04 M . 2.21

RT BREHSREENKBLER

Table 7 Test results of mass-equipartition weighing method

Experimental

plan M/g P/% Cy Cy
M, (1) 1.852 7.4 0.092
M, (2) 1.739 13.0 0.132 0.042
M, (3) 1.864 6.8 0.111
M., (1) 1.850 7.5 0. 055
M., (2) 1.791 10.4 0.071 0.013
M., (3) 1.838 8.1 0. 060
M, (1) 1.812 9.4 0.047
M, (2) 1.841 8.0 0. 050 0.008
M, (3) 1.782 10.9 0.055

®8 EBRMHEEMNKFRE

Table 8 Significance level test of image entropy

Sum of Mean
Ttem DF F P
squares square
Model 2 0.053 0.026 4.475 0.019
Error 33 0.195 0. 006
Aggregate 35 0.247
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Fig.2 Dispersion effect of fly ash on PV A fibers
(mpp: mpy,=50:1)
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Table 9 Test results of flexural strength of cement mortar at 7 d

Flexural strength of cement mortar at 7 d/MPa

Effect of fibers dispersion on the

Meailteva f2 . . . modification of cement mortar/MPa
With fly ash With PVA fiber and fly ash
0:1 1.67 3.61 3.61
25:1 2.04 3.91 4.24 3.94
50:1 2.10 4.17 4.73 4.17
75:1 2.13 4.20 4.81 4.22

M IATHL, B A PVA 74 REHL K R0 1Y
o om g, HK e B 3% 0 BT 4 i B Bl 2 RS0 1 1
T 3G I, B PV A £F 2 7E K YD 3% v i) 43 iR JE
o, K VRS IR T T o B L DA 167 << f, <
2.10 i), Bl 2 £, (38 i, 7K U8 75 5% v JOIR AT AT AR
PV A £ 4 32 8k /0, K PR B 3K (0 B 4 ik B Bl 2 1 1Y)
BN E K Y A= 210 B L KRR K P
PVA 1 4t 5 8RB s T AR08, I K Je 0 3 B 47 i

JiE B 2 R (R 38 A8 AU AN K5 24 f, = 2,13 1, K U8
IR PV A 21 4 53 5050, it A0 7 i 5 A X
F KB PVA L 4 (133 K Je b 2 B Prsm BE 4R T T
17.5% ,MXFF £, = 1.67 B PVA £F 4 K 3151 43 #0
KPP I TR E 4T T 16.9%.

WA AN F PVA S48 53 8OR B2 K Je b H bt
Prid i 5 B Z 2 &, WX (3).

y=1.27x+ 1.465,1.67<<xr<<2.13,R°=0.92 (3)
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Table 10 Test results of compressive strength of cement mortar at 7 d

Compressive strength of cement mortar at 7 d/MPa

Effect of fibers dispersion on the

M\ My Jo

modification of cement mortar/MPa

With fly ash With PVA fiber and fly ash
0:1 1.67 37.4 37.4
25:1 2.04 43.2 43.8 38.0
50:1 2.10 47.6 48.1 37.9
75:1 2.13 47.8 48.5 38.1
M1 10T A AE KRS B A PVA LR 4E0F SRR K.

Haom PV A £F 4 75 Horp i 43 B0 B2, XK IR RD K bt

& 1L A 8 A PVA £ 468 B % 42 = K
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Table 11 Test results of fracture energy of cement mortar
y Fracture energy of cement mortar/J Effect of fibers dispersion on the
Mg g My 2 e

FATTIRVA With fly ash With PVA fiber and fly ash modification of cement mortar/J

0:1 1.67 90.7 90.7

25:1 2.04 93.9 116. 3 113.1

50:1 2.10 103.7 148. 6 135.6

75:1 2.13 86.9 138.8 142.6

W05 W 2468, H K A0 5 1) Tl %4 6 B 2 L5008 1)
K sE hn, B PV A SR 4EAE K Je b I B S iR B
R, KRR SR I S R A T R 2 B PG 1
O, K Ve RS 3 IR AR (1) PV A £ 2 22 a7
RIS K BE B E K S Ak, M 2.10<
Sfo <2138}, KPPV A L4k T 451 401K,
Bifi 5 P A5 008 14 185 00, 7K e D IR 1) e SR e 4 ik A PT IR
%, B K IR D3R 1 ol 24 i I PETA5H 1 1 i A5 FE AN K

M= 2130, KIWIK H i PV A £ 4k 531103

5], PV A 2T 4 1) 15 2L 58 AH X5 T35 38 7K e b 3 1 2L g

BT T 97.5% M T £, =1.67TRI PVA £ 4 £ 32
Sy HURE BL T K R ISR 2 REHE T T 57.2%.

A AN F PVA L4853 8RR BN, K Y b 5
a5 RUGI Z IR, WL (4).
y=95.842"— 2492+ 233.1,1.67<<2<<2.13, R’=0.94

(4)
2.2.2  PVAZF 43800 B K Je B e A B 240
A AP 1

K e R A B A B I 25 R L3 12,08 X

fo=1.50 23 38 7K e Fe o WA 1 PR

F12 KEREBRABHREEXEER

Table 12 Test results of splitting strength of cement stabilized macadam

Splitting strength of cement stabilized macadam/MPa

mpy s/ (kgem ™) Jo

7d 28d 90 d
0 1. 50 0. 26 0.46 0.62
1.67 0.31 0.54 0.74
2.04 0.33 0.56 0.74

0.9
2. 10 0.33 0.58 0.76
2.13 0.34 0.59 0.78

HY 2% 12 AT K VR R e R A 1) B 4 5 32 It el {1
5 £ W3G0I 3G O s B 6 B JBE R PV A 274k 1) 7K e
ol A B Ay B B0 3 AR N T 38 3 K e A R T S A
BERTF Y 1.67<<f, << 2130, BEE £ 193400, K
Ve A8 WA OIR A LR 1 PV A 2T 4 3% 80 /0, H
BE A5 FEREAE £, BRGNS K

PLFR A 90 d, PVA £ 48 14 0.9 kg/m’
T 00 B FE PV A ZF 435 5] 43 B 2600 F L K T
FE TR AT A BE 58 A T PV A ZF 4 R ¥ 4] 4 it
T T 54X X T EEKRRERARTT T
25.8%.

W FEPIE I R 90 d Y K e R i A B 2L i
L HIRFBG AR BOC R, WWA(5):

y=0.186 32+ 0.376 3,1.67<<r << 2.13,R*=0.72
(5)

2.2.3 PV A ZF4E B4 00 B Xk K V8 3 52 4 4R T2
PERE 1 bR

LUK U I G A bR A2 B IR B S A 2
M 80, IF AT £ 4 S T Ak BB AR K TR 0 RN
KRR E WA PV A SF 2 BLAT 53 1 F7 BH P4 344
LY R I HE T PV A 21 4 5 K ¢ 3k T i 25 4
5ER R A A58 28 T R L ) 2 AR R 1 R

XT3 PVAGAERKRRIEE AR, Y L
R 0: L, PV A £F 4 78 SLAOR R} b ok 259 43 180, 4
PR R A AE SR AN AR (4 25 4k . PR T 3k 2 SOIR AR
PVA LA RIAEAE AR T 45 4k 5 /K P8 36 B i 9 25 &
SER BRI AT A5 R A8 TR, DT AR IR T £ 4 1 A R0OR
RO X B HUIR AR PV A £ 4k A7 A8, il 44 R
PR B AL 43 A7 5 BRI ) 52 2R 3 S0 B AN R
AL B [ (8 N ) A% 3 R4 BOVE A DT B A T 44
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i 24 %

149 3 2 1 RE RN ] 25 il

PV A ZF 1 B AG £ AN W7 3 R, i T 47 4
{14 73 HICRE E 42 w55 , o A8k v SRCRR A DR 19 27 4 sl 2>,
Tk PR R G AL 23 A 1) B e a2, BORE A R ) % SR
L7 A ROF AW RGN PV A £F 2 5 5 4k L i
555 9k B AU SOR #0m AU I, PV A 2 4R A DATE
FERE R S8 3 R BT e A T, AT 0 4 1 2R 1
$em T RORHERE .

3 #ig

(1) JH EZ AR % PV A 25 4 5 43 Bk 3547 37 4
HARRME . B IK e A B2 i PVA ZF 451 5 1L
Bl E Ky BE K 5 PV A 21 4 o7 i LU 9 35 0, USR5 f, 3
I, PV A 5 2 i A 1928 5 R B0, PVA 21 4
R Ay WORE B B L Y T LR T 50 1A, PVA ST
Y REAE /K e T R 38 ) 4L

(2)PV A £F 2 119 23 #0RR B X K Je 0 3K 1 M g 5
Wi 5% . 2 PVASF4E MG .= 2. 13 I, £F 4E R RE 1Y
)L, PV A LR 4E K Y b 3 e 3 i B A %4 e AH T
T f=1.67, RUEF 4R 5 5y 8t 4 i $2 7+ 17 16.9 %
57.2% 5 A T 38 38 K P wb K o R T T 17.5% .
97.5%.

(3) 7K Ve e o W 1) B 2R ok e P15/ 1y 1
MK .2 =213 1 , PV A £F 4 7K Jé 54 5 % A7 1 B
SL0R A T =167 B4+ T 5.4 %, #HXT T3 38
KIeFEE AR T 25.8%.
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