o527 B 3 B2 Of oM B F R Vol. 27,No. 3
2024 4F 3 H JOURNAL OF BUILDING MATERIALS Mar. , 2024

XEHS:1007-9629(2024)03-0206-09

PE 214 'ﬁéﬂﬂ‘%ﬂ AL X 76 3K R R
S B E A 5 i

2, RIS, ¥ OB, GBRiE, B 2
(PR R2E R TR2EBE, Wm K7D 410018)

A

WE AR TRUH(PEALEAL S MBI BELS S A RRE LT HRINER SEBE KT

BN Fe T w0 Yok, A ILE M AT A BT IR R T A AE A AL aﬁﬂifxﬂﬂ:PE

Ut RRBE L RN SR FRABER B ERIT MR E TR AFT BiE; L5mig

B Bk 7T VA 3 — I 3 AR R R B £ XA A B R Ao T W M BN PE 4 4 T DA AR R R s

ié’a%iﬁmé B BB 5 BUA R R LKA T ILEM R RE LY £ AT R A
M B PES SR Mk BER A AARRE LT OB I ERALTANB T AR BM R

fﬂf‘? Rl BT 34 3% T Ak ZALHAE A

KRR KRB L PE S 4 e AROBUR ;B w0 b AL

HmESES . TUS28.2 SRRARAERRD: A doi:10.3969/j.issn.1007-9629.2024.03.003

Effects of PE Fiber and Fine Rubber Particles on Flexural
Toughness of Foam Concrete

WU Hao, LONG Guangcheng*, YANG Kai, ZENG Xiaohui, TANG Zhuo
(School of Civil Engineering, Central South University, Changsha 410018, China)

Abstract: The effects of polyethylene (PE) fiber and its combinayion with fine rubber particles on the flexural damage
mode, peak strength, energy absorption characteristics, and flexural toughness of foam concrete were investigated ,
and the mechanism of action was explored by combining pore structure analysis with microscopic morphological
observation. The results show that PE fibers cause the multiple cracking modes of the foam concrete and significantly
improve the peak strength, energy absorption capacity, and flexural toughness of the foam concrete specimens.
Combining with fine rubber particles can further enhance the specific energy absorption and flexural toughness of the
foam concrete specimens. The incorporation of PE fibers could reduce the average pore size of the foam concrete.
Combining with fine rubber particles leads to an increase in the average pore size and the number of coupled pores,
which has a negative impact on the peak strength of the foam concrete specimens. The main reasons for PE fiber and
combination with fine rubber particles to enhance the flexural toughness of foam concrete are their weakening of stress
concentration at the crack tip and enhancement of energy dissipation.
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Table 1 Chemical compositions(by mass) of cement
and silica fume
Unit: %

Material - SiO, ALO, Fe,0, CaO MgO SO, f-CaO IL

pPC 20.84 4.36 3.56 63.43 3.29 2.30 0.78 1.33

SF 92.50 0.40 0.80 0.60 0.60 0.40 3.90

#2 PEAHEMERIER
Table 2 Basic properties of PE fiber

Diameter/pm Length/mm Elastic modulus/GPa  Tensile strength/MPa  Elongation/ % Linear density/(g-cm ™)
25 18 122 3100 3.5 0.97
1.2 AL B R B B0 43 310 0.4%.0.8% . 1.2% ; AR K

HWEFEAE A PE 2F 4t 5 404 e UL 1 UK 1R B
T B RIE AR TP RCR RSO E T 44 PE AR
B UK 34 PE 27 4 5 4G WUk 52 88 (il 1, 3 7
41, A 4K FRY B L WK 3. b  PE 7 48 N 412

Wik K N5 L TE B R fE B R PE 27 4k 09 LG E 2 3 LA
AR R I Uk 48R FLEOR 0.02.0.04.,0.06 m® L HEL &
He (M) 7K P8 324, 45 1 mP /K e 3 Ak s #5 m A 400 L
WK .
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Table 3 Mix proportions of each group of specimens

Mix proportion/(kg-m )

Specimen Density/(kg-m ™)
pPC SF A\ HPMC Sp FSA PE Fiber RP

M 905. 900 47.700 286. 100 0. 286 9.536 1.910 0 0 1023
MF4 905. 900 47.700 286. 100 0. 286 9.536 1.910 3.900 0 998
MES 905. 900 47.700 286. 100 0. 286 9.536 1.910 7. 800 0 1007
MF12 905. 900 47.700 286. 100 0. 286 9.536 1.910 11. 800 0 840
MR2F8 875.700 46.100 276. 600 0.276 9.218 1. 850 7.800 21.800 874
MRA4F8 845. 500 44.500 267.000 0. 267 8. 900 1. 780 7.800 43.600 750
MR6F8 815. 300 42.900 257. 500 0.257 8.582 1.720 7.800 65.400 715
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Fig.2 Pore image of sample

OURIZ BN
FH QUANTA FEG 250 %1 % 5 37 55 49 4 v+
BB (SEM) 328 28 19 £L B 45 A A GO0 T8 51 0 17
WEL

2 H#REHH

S A AR AE AT E R

P13 Sy B A 1) B IR R AE . el 81 3 ] I i
M EHALAE 145 FHL, 1 MF4 . MF8 fl MF12
FIBR ERLI A FHLMHE IR A £ 5590 /N L,
X6 W15 A PE £F 2 fff 0 VR BE 19 45 ifh i R R Ak
A5 hy 22 55 FF 4 05 0 MIRAF 8 B 38 Ji5 35 T 19 7]
WL H B 2 Tk 4 MFS, Ul A 8 T 148
PE £F 4k 14 , &2 48 PE £ 4 F 40 4% i WUk 28 7= A4
() 2SR T 2 H o A T A IR I 2 A T SRR
AT .

1.4.3

2.1

(d) MF12

(e) MR4F8

A3 SR P A B R AR AT

Fig.3 Damage characteristics of typical specimens



%533 ES

5%, A5 PE 21 2 15 A0 AP 00RO 3 TR TR 556 0 25 ol ) 4 14 5 209

Pl 4 i 10 25 i A - PR BE 2k AR TR 4
KPR FEMS R i AE IR B A PE S 4RI IR IR BE 1Y
MR R A 4 3B B

(D FPERN B By Bl Ao o £LBE 7K $H o 2
BPF B R 2 I Ge B B AV G &R, 25 8 B W) SR
Je B A ) g s SR ER AR 1 AR A OF R A B 1 IR
B

(2) R AR REA B SEARTE) R KA R e %
N PE 25 4 K AR A i 2L5E VR T, ELBE A H 5 1y 38 R
WM Z ORI LIRS, TR i 1 B
[ENEEINE B2 SIS e 9

(3)MLAR R BE Bl A B8 93 K, PE £F 2 A
W B A S B AR Y 2 4 T AR ) T 4 R
PRI 285 3R 0 AN J2L TR T 7R 28 A DB AT sk i i 3%
THT A L8 L 32 3880 e =

H 14 ] L - 21 2 1 48 A0 A9 90 TR TR Bk Y
B8 IR T 2OME 1 8 30 5% 7 Oy S PR R, R E AR T T
WAF B A I fE 1, B O sk 1 2 B R A B AL B
5 N AR Bk B 2260 R AR 5 F MES A L,
290 (A0 MR B MR 1) 48 A AR B AR T 1 Y e
{ELO JBE , (EL0S R 1 3K 1 9 0 (R B 32 L B e i 9 Bk
AR JE

2.5

2.0 -

Load/kN
>

e
n

0 1 2 3 4 5 6
Displacement/mm

(b) PE fiber and fine rubber particles compounding

P4 B i 2 A 2 — B 2 i £k

Fig.4 Flexural load-deflection curves of specimens

2.5 3
2.0+ Y % 10} 1
OF YN Fer i
plon S
,,,”,”l \\’,' ) S B B
Z 15 H < 0 010203040506
% 1 ’,' Pt S Displacement/mm
s e A
— 1.0 ‘Ll "’:" M ~
R RS .
IF ~ SN
Bl — M s s
0.5 - - MF4 ~~__ >
—-- MF8 Treal
MF12 =
0 1 2 3 4 5 6
Displacement/mm
(a) Single doped PE fiber
22 IEESRE

LY 2 it 2 XA BOR 4B AR B
JEA T AZ A i 7K 8 HE b 11 56 5 5 4 R L EUAT R
DRLIHG , S R R A7 5 2 8 U {5 2 9 410, B 1 D
5iR E AN, AR SCI SR L o B (5 WA 4 2
Z LG SRl BT FL UG B8R

P 5 s 4 Vg (L 53 J3E 5 He i B2 ol AT 5 m L

(1) BEA& 2T 2 42 5 i 38, a0 A 06 (R0 5 B2 0 L

7%

Peak strength <

o0 Specific strength 4 6 =

- S z :
<t <+ 4 o <

s B = B R
£ o N &
= ooﬁ: S 14
) Rl \ e >
g o «d S
= 13 2
2 I 5
- 2 i
3 N2 &
=¥ =
w

H 1 é

R3]

Q

o

wa

(=]

Specimen

F5 PR Y I R B2 5 Lo
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Table 4 Flexural toughness indexes of specimens

Specimen I I, L, L,
M 1.0 1.0 1.0 1.0
MF4 4.6 9.2 15.2 18.8
MF8 5.6 12.8 26.2 35.4
MF12 5.3 11.4 23.2 32.7
MR2F8 6.4 16.7 31.2 45.9
MR4F8 6.2 14.3 32.4 49.9
MRG6EF8 5.6 12.5 26.4 37.5
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Table 5 Equivalent flexural toughness ratios of specimens

Specimen R., R,
MF4 0.469 0.307
MF8 0.492 0.378
MF12 0.513 0.495

MR2F8 0.525 0.477
MR4F8 0.535 0. 606
MRG6F8 0.518 0.616

e 6 R BUAT B0 v £ A B SR TR R
i PE AR Rah R R AV R B AT 4 (GF ) RN IR ET
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{E 35 T LA 2 R 27 A 34 A i DR IR B + L U6RH XY PE
2 YR L LA 28 7Y 27 445 5 TR, AT DUAS 3] T

Specimen I I, L, L,
MF4 4.6 9.2 15.2 18.8
MF8 5.6 12.8 26.2 35.4
MRAF8 6.2 14.3 32.4 49.9
0.2%GF+1. 0% PPF™ 4.2 7.2 18.2
1.0%PPF+0.5%CF? 6.5 10.5 12.5
0.45%BF'? 2.6 3.6
U1 25 R B
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Table 7 Pore parameters of specimens

Measured

Theoretical . Average
. . porosity Average .
Specimen porosity pore size/
(by roundness
(by volume) pm
volume)

M 0.468 0.462 1.43 66
MF4 0.481 0.484 1.38 58
MF8 0.477 0.459 1.31 52

MF12 0.563 0.573 1.44 60
MR2F8 0. 546 0.538 1.46 64
MR4F8 0.610 0. 600 1.48 70
MR6F8 0.628 0.616 1.52 73

(1) B 25 445 1t i B T, iR 00 57 35 15 B S ok
ANE R, AT L& F B (0.8% LU R ) PE S 41048 A
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BEAL . 255 18 7(a) ((b) ] 1,98 A PE 2F 4 {fi 153 3 7K
TREE A /NFLECR S 2 DL A 2 B A 4L T i
RIRBE LA . 2 FLBR A 22 A R, P 3 FL AR
AN R LB D DU 3 R TR - 10 A b R
X 5 MF8 5 M I (i 3 & 1) 45 SR A — B (H A5
HIJE, wlF MF12 09 ¥ LA BARAE il M A
TR/ AR MIF 12 19 5200 L B 36 00 757 35 0.573, 3%
2 K MF12 Ay 0 {8 5 B2 I8 T i1 MY 32 %
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