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Effect of PVA Fiber and Carbon Nanotubes Modification on Mechanical
Properties of Concrete

XU Yangchen, XING Guohua”, HUANG Jiao, WU Xinyu, LU Yongjian
(School of Civil Engineering, Chang’an University, Xi’an 710061, China)

Abstract: To study the effect of polyvinyl alcohol(PVA) fiber and carbon nanotubes(CNTs) on the mechanical
properties of concrete, the concrete specimens reinforced with different content of PVA fiber and CNT's were prepared
for compressive, splitting tensile and flexural tests, and the crack propagation of specimens under the flexural test
was monitored by digital image correlation (DIC) technology. The results show that 0.15% PV A fiber and 0.15%
CNTs can make concrete specimen obtain the best mechanical properties. DIC strain nephogram visually describes
the crack propagation of specimen during the flexural test, which can be applied to judge accurately the crack location
and development direction. PVA fibers and CNTs delay the propagation of microcracks and improve the
microstructure of concrete by bridging microcracks in cement matrix, exhibiting a positive hybrid effect.
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ST, A SCR I PVA SR 25 R CNTs £ hy 14 i
R, £ PV A 21 48 B CNTs 33 IR 5 + 2 44k,
WA B B SR R Sk i R B R B
PVA/CNTs %R & 1 J1 2= PERE B9 52 ) , LU 68 58 43
RYEPVA LY S CNTs 76 20RO R T 30 H11R
&E 1 2448 J e b i) HAME T L [T, SR T 3D £ &
G AR (DIC) X 1R #E 1 il A 7E P4 i 56 d 72 vh
SLBE N S AT DL R JR Ao AR R AT SR MR L b 5
HAH B (SEM) WLEE PV A 2F 4 il CN'T's 34 58 IR %
B OS5 R, 4R TR PV A £F 48 F CNTs %R 8
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1 iRIE

1.1 EHR

KGR FH e O R K e A BR 28 | AR 7R R PO
42.5 38 fE R R K UE , LR FL 1.439 m?/g, %
3 120 kg/m’, 1k 2 20 B (5T & 53 85, SCH b Ay
AR I 7K R B R ) 1 B Ah 2O A B dn k1
Fr R AR R R D, 3R B R 2 580 kg/m’,
o R RLEC 2.8 M AR O 3% L G C Y A1 (CAs)
K748 R 5~20 mm.CNTs A H [E Bl 24 g 5l #64 HL 1k
TA RS A A = 1 R Bk 2 BE B N oK A, MR
SRR 2 iR . PVA S48 0 [ o] 5Romn b g 5
Al B R AR A0 3 BT R LUK R K R
300 Y # A IR 2R R R = R K ) (SP) L 7K SR
i H kK .
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Table 1 Chemical composition of cement

w/%

CaO S0, ALO, SO, Fe,0, MgO I

63.8 20.6 4.5 2.7 2.3 2.2 1.6

F2 CNTsHEEMESH

Table 2 Main performance parameters of CNTs

Diameter/nm Length/pm Purity(by mass)/ % Specific surface area/(m”+g~")  True density/(g-cm™*) w(-COOH)/ %
10-30 10-30 95 110 2.1 1.55
R3 PVASLHYMIEIERE
Table 3 Physical properties of PVA fiber
Length/mm Diameter/mm Density/(g-cm™) Tensile strength/MPa  Elastic modulus/GPa Elongation/ %
12 0.04 1.3 1560 41 6.5

1.2 BE&tbi&it
AR S H UMY, 06 & T His

PVA £ 41 CNTs B8 55 iR 8t 1, S8 )5 - 5 CNTs

BEAL , MEPVAALENBERMREBPVA/

CNTsXHEEE+ =gy s2m (WL 4).
1.3 R

F T 0k 29 DK A5 AR ME S8 &) 19 43 A 7E K e 2 6 b
Bh, S BONGE R PRI R AR . SCHR[ 10 ] R B R I
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Table 4 Mix proportions of concretes

Mix proportion/(kg-m *)

Specimen No. w(SP)/ % w(CNTs)/ % o(PVA)/ %
Cement Sand CAs Water

CO 469 610 1183 188 0.15 0 0

P15 469 610 1183 188 0.15 0 0.15
C15 469 610 1183 188 0.15 0.15 0

CP5 469 610 1183 188 0.15 0.15 0.05
CP10 469 610 1183 188 0.15 0.15 0.10
CP15 469 610 1183 188 0.15 0.15 0.15
CP20 469 610 1183 188 0.15 0.15 0. 20
CP25 469 610 1183 188 0.15 0.15 0.25
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B RE AT Bl T 48 oK A I 43 1, T 53R AR R e K
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TR 3 min. 5P 58 B R B PE TR BE 1 BT Rl
B L TR AR ) R S DT B AT R IR R 11
S 2 SRR RECE T 25 CCRIEE N, I HH SR} i
s LAy 1k L3R K A 28 K, 24 h s A . AR S i
R AE K i — 2 32 % 28 d.
14 RWHZE

B FEIREE T 0 PR Bl e 2 B GB/T 50080—
201635 3 TR BE + A P M AR IR 50 Jr AR ) AT
TR E 0 R 5 BE B 4 BB B 0 B B e A 56 4
Z M8 GB/T 50081—2019( IR Bt + 4 B 77 24 % g il 56
D7 VEBRAEDHEAT BT He 2 B R B 2R oy 5 K 40 R
RsE 2 100 mm (9 57 5 A0, P dir o B i 50 ok FH R
51100 mm X 100 mm X 400 mm 9 4% AF iR 1 | 4
IR A 3 AT, 45 SR B 1

K WAW-31000 %4 J7 fig i 5 AL % VR 5 + a1
PEAT 0 B 2GR AT AT I I T e R B A
Brpr ik g 04 hn 28 07 2R F O ), 2808 2253 51 oy
0.5 MPa/s #1 0.05 MPa/s; 5t 47 i 45 & F 157 # i 4%
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2.1 PEE

F 50 PVA L4 F1 CNTs 0 1R BE - P& B 1Y 5%
W . F % 5] 5.

(1) B48 PVA £F 4t i S B AIK TR %8 + 19 YHR
B, 548 CNTs ) & 35 BEAR TR BE + A PR B X 2
Ko CNTs B9 R 38 B 94 ok 9, BA BRI L 3R T
L, AT DA BB 22 (0K, 1 R T IR BE A @ K AL A
177 3 Y VR R - A P B AR

(2)5# PVA/CNTs B} iR & + Y5 AT 3
B PVA LY CNTsIREE + M YHEE , A% PVA
LFYESB R RS IN TR B A R R R AR X R A
N PVA EF 4 22 B AHRE BEIE B W28 2540 7, BELAS T 8T
PEIRBE L3N B % PVA S 4E35 B 38 m , 5 #h
£ SRR 2 R A T IR - R Bl
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Table 5 Concrete slump of each group

Specimen  Slump/  Growth | Specimen  Slump/ Growth
No. mm rate/ % No. mm rate/ %
CO 174 CP10 107 —-38.51
P15 155 -10.92 CP15 100 —42.53
C15 122 —29.89 CP20 89 —48.85
CP5 115 -33.91 CP25 81 —53.45

2.2 PVALF4EFN CNTs 3RS T HF AR IN
2.2.1  HUH R B A BY R0y o T

PVA £F- 45 A1 CN'T's % 1 B 1= 58 B 19 5% i 11 3% 6
JrRs . HI R 6] UL

Fo RETHHMEMBRAAEE

Table 6 Compressive and splitting tensile strength of concrete

. Compressive strength/
Specimen No.

Growth rate of compressive

Splitting tensile strength/ Growth rate of splitting tensile

MPa strength/ % MPa strength/ %

CO 43.08 3.10

P15 44.62 3.58 4.13 33.23
C15 45.37 5.32 4.01 29. 35
CP5 47.37 9.96 4.05 30. 65
CP10 47.01 9.12 4.10 32. 26
CP15 46. 80 8. 64 4.25 37.10
CP20 46.46 7.85 4.32 39.35
CP25 43.03 -0.12 3. 86 24.52

(1) B35 PVA £1 4 F1 CNTs ¥ ] 482 5= IR BE 1+ 1Y
PUERE  Z4 PVA/CNTs G, IR EE + AP0 5 o8 2
BB TR Y PVA S 4858 5 0.05 % I
KB e KME . kS8 R PVA S4B &R E +
F 40 R 5 B 2 M AL . Y PVA SR 48 10 0.20%
10 T B W L -2 o o O <

() F L THUEMREE ,PVA £ 48 1 CNTs SR 5t
A BY ST R A ER TR o W3 5K CO A
e, il 1 P15 A C15 (Y B 245 Fr o B2 43 0l 2 & 1
33.23% M129.35%. E 4 PVA/CNTs J5 , IR & + 1)
B ZUH0 Fr 0 B PVA 27 4845 5 00 3% hn 52 90 oG
RGBS S PVA L4888 8 0.20% I,
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2B PVA/CNTs IR EE - (9 BF S bt hir o B 8 3] e K
{8, Hoxt B TR BE T4 = 1 39.35%.
222 Hidrim)E
KTNHHBEE L 28 dBLiraE , &1 iR
BRI AL R T AR AL A e R R T A 1 AT L
(DB PVA L 46 I CNTs 3 fig 1 2% 452 5 1R 5
TR BT S0 R R BRI L, B
B PVA/CNTsIREE LB L T 4B PVALF
4EF CNTs TR BE + K3 T PVA £ 45 F1 CNTs Y
“IETR 24BN AN, BB PVA/CNTs I Rl PVA
LR YR B R RN TR BE A A BT O B S B KR BEAIK
5k 1k CoM e, ik CP5.CP10, CP15, CP20 Al

CP25 Y 4T 7 58 B 43 5 $2 i 1 14.80%0 . 16.14% .
19.289% ,16.82% H1 11.66%. 4 PVA £ 4 48 & >
0.15% B, YR B 4 (1% 5T 47 5 B A5 i K {E 5.32 MPa.
BPVA LG4SR 0.15% 5, IR EE - (P4 i i
AT NBE.

(2) e A 320 A 3 380 06 A 28 iy 34 3R B0 4 3 0
ML AEAT S, I HLAE I8 B 0 {8 1oy S5 M ZEBESR T F%
X5 Sagar % SRS R I . PVA LR 4E R CNTs
(48 A G KT IR EE A a4 0 0 A 280 RN 6 B . a1
CP15 (1 W A faf 2k A1 47 %% 40 5l b 17.74 kN A1
0.712 mm, I CO & il T 19.46 %6 i1 33.83% , &k
7t R G i A i A

F7 BELIH28AHITEE
Table 7 28 d flexural strength of concrete

Specimen No. Flexural strength/MPa Growth rate/ % Specimen No. Flexural strength/MPa Growth rate/ %
CO 4.46 CP10 5.18 16. 14
P15 5.16 15.70 CP15 5.32 19. 28
C15 5.07 13.68 CP20 5.21 16. 82
CP5 5.12 14. 80 CP25 4.98 11. 66
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Fig.1 Flexural load-displacement curves of PV A fibers
and CNTs reinforced concrete
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Fig. 3 Strain cloud diagrams of specimens under different loads
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Fig.4 Effect of PVA fiber and CNTs on mechanical
properties of concrete
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Fig.5 Structure of concrete
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PV A £ 4k i B 243000 . R B, PVA £F 4 F1 CNTs
A N TR f A RS R B R, 3 IR AR RE S TR
TR BE + 244 % A TR By BERAS [ RUBE 1 % #5054
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