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Abstract: The effects of length to diameter ratio and mixing amount of polyester fiber on the mechanical proper-

ties of concrete, such as compressive strength, flexural strength, splitting tensile strength, fracture toughness and
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impact load, were studied. The mechanism of toughening and cracking resistance of polyester fiber concrete was
studied by composite material theory and fiber spacing theory. The microscopic morphology observed by SEM was
used to analyze the influence of fiber length-diameter ratio and content on the mechanism of toughening and crack-
ing resistance. Orthogonal experimental design method and laser scanning confocal microscope (LSCM) were used
to study the influence of impact height, specimen thickness, aspect ratio and content on the impact resistance of
fiber/concrete. The results show that the polyester fibers with ratio of length to diameter of 300 and ratio of length to
diameter of 600 would reduce the compressive strength of concrete, the low content of polyester fibers with ratio of
length to diameter of 150 increases the compressive strength of concrete by increasing the density of concrete. In
terms of tensile strength, the polyester fibers with ratio of length to diameter of 150 mainly exist in the form of de-
fects, the polyester fibers with ratio of length to diameter of 150 have the most significant effect on improving the
concrete internal pulling, the addition of 3% (volume ratio to cementitious materials) polyester fiber is the most sig-
nificant to improve the flexbility of concrete. For the fracture toughness of concrete, the fracture toughness of poly-
ester fiber/concrete with ratio of length to diameter of 300 and 600 is significantly improved. According to the SEM
microscopic morphology, it is found that the micro-cracks generated by fiber pulling action would improve the en-
ergy dissipation capacity of concrete, thus increasing the ultimate load and central deflection of concrete during
failure, and the variation of tensile strength of polyester fibers with ratio of length to diameter of 300 reinforced con-
crete is in good agreement with the composite material theory and fiber spacing theory. Impact height is the main
factor affecting the impact load, and the fiber length and diameter have greater influence than fiber content.
Through LSCM analysis of three-dimensional damage morphology, it is concluded that the damage improvement
effect of polyester fibers with ratio of length to diameter of 150 on concrete material is relatively significant, and at

the same dosage, the small spacing of polyester fibers with ratio of length to diameter of 150 results in the improve-
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ment of local mechanical properties of concrete, thus improving the impact resistance of concrete.
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Table 1 Physical performance parameters of polyester (PET) fiber

Diameter/mm Density/(g-cm™) Tensile strength/MPa Elastic modulus/MPa Elongation at break/%
2x1072 1.36 600 8 000 15
®2 RHHEREAL

Table 2 Specimen number and mix ratio
Specimen number Cement/kg Fine aggregate/kg Coarse aggregate/kg Water/kg Fiber content/(kg-m™)
C30 390 645 1148 218 0
1vol%PET(150)/C30 390 645 1148 218.0 1.986
2vol%PET(150)/C30 390 645 1148 219.0 3.972
3vol%PET(150)/C30 390 645 1148 220.0 5.958
4vol%PET(150)/C30 390 645 1148 221.0 7.944
1vol%PET(300)/C30 390 645 1148 222.0 1.986
2vol%PET(300)/C30 390 645 1148 219.6 3.972
3vol%PET(300)/C30 390 645 1148 221.2 5.958
4vol%PET(300)/C30 390 645 1148 222.8 7.944
1vol%PET(600)/C30 390 645 1148 224.4 1.986
2vol%PET(600)/C30 390 645 1148 220.6 3.972
3vol%PET(600)/C30 390 645 1148 223.2 5.958
4vol%PET(600)/C30 390 645 1148 225.8 7.944

Notes: Use C30 ordinary concrete as reference concrete; In nvol%PET(m)/C30, PET stands for PET fiber; nvol%—Fiber content; m—Fiber

aspect ratio of 150, 300, 600, respectively.
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Table 3 Orthogonal test factors and levels

Factor level Impact height/cm Specimen thickness/cm Ratio of length to diameter ~ Fiber content/vol%
1 40 1 150 2
2 38 3 300 3
3 36 5 600 4
4 34 -
5 32
6 30
52 52 L5 BY RGP0 E Z AP e — E R AR, BFRPTHLoR

—&—PET (150)/C30 -~ PET (150)/C30
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Fig.1 Axial compressive strength and cubic

compressive strength of PET fiber/cincrete
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Fig.2 Flexural strength and split tensile strength of PET fiber/concrete
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(b) 4vol%PET (150)/C30

(d) 4vol%PET (300)/C30
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Fig.3 PET fiber/concrete cross-section micrograph

U1l 3(b), PET(150) £F 4k 7 1R %€ £ P9 & 19 F 245 1
FHAE /N, KA PET(150)/C30 X4 758 J& 5 BE S04
P i BE ¥ 5 BB BI/E A, PET(150)/C30 T £ L ik
FaIE = i B PET(600) £F 4k 7 45 1 B AR I 45 A1 30
LI, AT AR TR (PR S B
ZAPUPLEE EE , PET(600) £F 4 45 2 45 vy i 7R TR 58 £
WS B A%, LI 3(c), PraifEm 54
VA B8 52 52 45/ A e 7 i B 5 B S e v o 1 o R
SeFt ARG 218 T BRI #4; PET(300) £F 4E7E TR
BN EA —EWRgEN, WK 3(d), Wi
A4k PET(300) £F 4k 3= %2 fik 2R3k, =B aiE il

T PET(300) £F 4 45 M LRI A W % S 3048 &2 805
PrASE T, PR S e 4E g5 2 G AEH
FE( PET(300)/C30 i 1 Hr 4/ 58 B 5 B 2o hir o
Bifi 45 B 3 = AN BT O, 7R 2F 445 i AT 3vol% B
B TR R R
2.2 PET T4 /B T W %
2.2.1 W BTSSR ot

A Wi Fs 3 BIL A 3 285 07 742 SR B ANORHIR B - e dir
5 I B0 R AR S B, e EE R AT Ab
LN I B i I RV 75 1 SN PO N iR 2 e
IS AT PR, K 4~8 6 i K [R] PET £F 4 /1R %



I

W A s IR SRR T 2 (K U8 5 S5 R RHIT wh o 1 B B A 1 BIL

3843 -

Test force/kN

1vol%PET (150)/C30
—e— 2vol%PET (150)/C30
—a— 3vol%PET (150)/C30
—&— 4vol%PET (150)/C30
— 30

0 0.0085 0.0170 0.0255 0.0340
Center deflection/mm

[€l 4 PET(150)/C30 i35 7 - be B AR b h 4

Fig.4 Test force-center deflection curve of PET(150)/C30 specimen
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Fig.5 Test force-center deflection curve of PET(600)/C30 specimen
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Fig. 6 Test force-center deflection curve of PET(300)/C30 specimen
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Fig. 7 PET fiber/concrete fracture toughness change curves
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Fig.8 SEM images of fracture surface micro

morphologies of PET fiber/concrete
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(2) 414 SRR L5 52 4y, RO 7= A AR R A A%
TCHXI B, (3) £F 4 5Lk 2ot AT, B
AR
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FE 2T 4 /IR BE -+ JE R I 410 1 3 Bl SR AR R
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B E A e IR EE VR SE N S T, &
TN de, TR L, WA N T

I

of= Ule—f (2)

FC(2) IRAK (1) 15 3B 27 4 /1R BE 1 Buhr o 5
I E AR N

I}
0'20'0(1—Vf+7717'd_ffo) (3)

AIXE hL 4E Y PR RES IR 1, L 4ETE
TRBE 1 ¥ 0 = 4ERL 1 o3 A, TR Bh 25 A7 ORG24
KEERBOTEM . AFTREE LSRN 4 iR,

I 4 Al BIE r 4 2R o . MR T e
MO, RBE L ORI 1 25 B A 2F 4 AR Ly
RBWI K MFERAR ST, REE L i
JE ¥ 2 BEET 4E 45 5 0 B W R 1] 2 AN TR AR
R EE LB B 45 R R, 1vol% £ 4k
g TRE b PR AL S B TR AR S AR R
MLFAE aE I 2vol% B, HURLEE SRR LAY

IR T =G AR S, ANETE AR
1 ; PET(150)/C30 i {4 B #5 1 34 Jin b $ir 5 B 14
J8 /)N, PET(300)/C30. PET(600)/C30 [ii & £ 14 fin
BRI IETmERRN LRGSR, WARTERE
MRS s TR, 1vol% 15 & 45 JE A 4
SRR ARSI ER R E, BB EE
2vol% M L) i, PET(600)/C30 %% A Bl % 5 S ¥t
P75 U/ 5 PET(150)/C30 $i7 45 7 FH 48/, 16 %
JHE T Sy, PET(300)/C30 5 PET(600)/C30
Y RIE M AAFBRENL RS, F3
PET(300)/C30 5 PET(600)/C30 $t 1 5% £ H 81 T [%
=k

F4 PET H4/BRELAHITELER
Table 4 Calculation results of different
PET fiber/concrete samples

Tensile
strength

o =5.155+02197
o =5.148+0.438ny 7
o =5.140+0.65Tm7
o =5.132+0.876m 1
o =5.155+0.4387
o =5.148+0.876m T
o =5.140+ 131471
o=5132+1.752y71
o =5.155+0.876m1

Fiber content/
(kgm™)
1vol%PET(150)/C30  1.986
2vol%PET(150)/C30  3.972
3vol%PET(150)/C30 5.958
4vol%PET(150)/C30  7.944
1vol%PET(300)/C30  1.986
2vol%PET(300)/C30  3.972
3vol%PET(300)/C30 5.958
4vol%PET(300)/C30  7.944
1vol%PET(600)/C30  1.986
2vol%PET(600)/C30  3.972 o =5.148+1.752m7
3vol%PET(600)/C30 5.958 o =5.140+2.6287
4vol%PET(600)/C30  7.944 o =5.132+3.504m7

Specimen
number

Notes: o —Tensile strength; 7 —Effective bond length coefficient;
7—Average bond stress.

2.3.2 ZR4Em] IS

21 2 1] BR BS OPR A 2 2 A S, 2 1963
4FH Romualdi %P7 #2119, LFLEMBEFLSIN N, 78
TR BE - N T A7 A b, ansmde s, AU
A RENR D B BE R T, R AR A B, BB AR IR
REJT, FRARIRBE 4 A P 2L 8% vl i 1 ) 4 v R4

TR R, 76 R4 0 25 4 J8 LK ™ AR A
01T, SFYEXTRHENY RELAREN, R
BER I 7 A — A 5 AR BB I v AH S N ) 5 R
FS R S VA KL ¥: A S R (A
Kt = Ko — Kt < Kic (4)
A Ko W RGBSR TR BT Koo KeH
S IIVE TR TCEF 4E i i 1 i - R A 4
AT A B AE SR T 5 BE TR Kool £F 4 /IR
s FE 0 7 5 BE PR

MKt > Kielf, MR AERREBIR, R —
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Yo = 4EFLm A, AR ey AR .
9) ATAT, Mde—E, Ve, sWIAHR /N, X
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C30 £ 4 75 Ik 8 e 1% 0 T B P 5tk B AR b 45 5 &7 2

[EINEERL ST 7 5 S RV S i RO R Y ZI B 3
B LES A HIC EE N & 5 PET(150)/C30 1K1

PP B Bl 2T 248 45 12 498 0 B by o R e R
HE Y m RS T A A . R R
PET(300) 5 PET(600) £F 4 £ = 15 5 K 19 45 A 81 4
ANBEPRUELT 2 43 W35 5 2 4 ) FE B8 15 PR AR
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2.4 PET A4 /B& Tkl
241 RS0

AN TR VR B8 32 3 ool for 24 FH AT, o A 2R
FEMwhESmEH KREES, EKER
(L/dy) X P25 TR e . & E X
IO W 22 KNSR, e 25 728 Ak S 45 TR R K28 1k
Xif b fnr B A RE R, 45 DR M 22k, X o
i fr E A R R, DA g Ok Al AR bR, 2
BUREAS R KA K& AR, ERK
52 M0 PR O s v e B RN, K5l
AN T) AR g 2T 2t /TR 6 R 37 vhvi far R 25 40 M. T
L, DA PREE O g R i A B 22 R A(E KN R
& A Rp>Rs>Ry >Ry, XF vh i 47 28052 Wi 4 32 I
Feomwp L R SRR AELL . 4B
W, A RN EER R b g H

PET £F AE45 40 T XF vl 467 2808 Wi dje /D o ol ol A7 2
it ofr o 7 EE A AR A W) 5 a7 T R 6 o e B

T S AR A BEA e K AR T e 2 e
FEAR S FHim g fa 35 B AT i 45 5 A W in =8 28 1
AW TR R, X R Tl S AR E
¥ 5 8 vickers B3k whhRE R AR, SEOPE
JEE X i 7 2R R /NS el e R 5 AR JRE B O [ 3 5
Wi o of B ) S F W i e 1 ) 2 /0, i IR B A /N
11 W e ] I Ry ata o =) I VA 5 G 5 2 s
EX QU ¥ TR S N B W L 22 2 N N W U
d e A I 3 ) RS ,  BO0h i i 2000 5
PET(150)/C30 i 1 N £F 4E 40 it 15 2 4 4E (R FE /D

*5 PET fF4/RgELAZMEFTHREDH

Table 5 Analysis of extreme difference of PET fiber/concrete under impact load

Factor Impact height H Specimen thickness S Ratio of length to diameter L¢/d; Fiber content T’
K1/kN 5880.10 3199.51 4180.04 3 816.96
K2/kN 4649.30 4386.32 3637.98 3911.55

K3/kN 4017.02 4027.79 3795.59 3885.11

K4/kN 3163.89

K5/kN 2 812.53

K6/kN 2704.39 - - -

R 3175.71 1186.81 542.06 94.59

Notes: Ki—Sum of the corresponding test results when the level number on any column is i (i=1-6); R—Range.
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Fig.9 Three-dimensional morphologies of PET

fiber/concrete after impact damage
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