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Abstract: Coal slag powder (CSP) was used to replace a portion of cement in concrete preparation, and the effect of
polyethylene fiber (PEF) on the mechanical properties of concrete was investigated. As the replacement amount of CSP
and the dosage of PEF increased, the slump of concrete decreased continuously. When the CSP replacement amount was
25% and the PEF mix proportion did not exceed 1.2 kg/m’, the reduction in concrete slump was not significant. With the
increase of CSP replacement amount, the porosity of concrete first decreased and then increased. At a CSP replacement
amount of 25%, the addition of PEF caused the concrete porosity to first decrease and then increase with the increasing
PEF dosage. As the CSP replacement amount or PEF dosage increased, both the compressive strength and flexural strength
of concrete first increased and then decreased. This indicated that PEF enhanced the ductility of concrete and effectively
inhibited crack development and stress concentration under loading, with a particularly notable improvement in flexural
property. When the CSP replacement amount did not exceed 20% and no PEF was added, the mechanical properties of
concrete could still meet the design requirements. However, when the CSP replacement amount was increased to 25%, an
appropriate amount of PEF was required to achieve the required mechanical property. At a CSP replacement amount of 25%
and a PEF mix proportion of 1.2 kg/m’, CSP concrete with excellent property was prepared, showing an 11.4% reduction in
porosity, an increase of 12.0% in compressive strength and an increase of 42.2% in flexural strength, respectively,
compared with the blank sample (PC), while the slump decreased by only 13 mm.
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Tab.1 Chemical composition of cement and CSP FAE Y%
i H w(Ca0) w(ALO,) w(Si0,)  w(Fe,0;) w(MgO) w(Na,0) W(K,0) w(S0;)  w(Loss)
JKIe 63.85 4.79 21.29 3.38 2.50 1.10 0.31 0.28 1.66
CSpP 5.18 23.03 58.26 5.98 1.41 3.27 0.20 0.82 0.85
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Tab.2 Physical properties of PEF

SUNE| E
S (kg m™) 0.97
K /mm 12
HA/um 15~20
PrhiosE/MPa 1800
WA 2R/ % 5.2

12 NFE5EE

sl EIEREHL, HIW-60 28 v M8 it AN A R A
2N 5 48 H 3R IX, Auto Pore IV 9500, 351 22 vl 4
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SRS, 24 h JEHREE, FEPREETRIP =R 2 28 d, P Csp

5 AR BB 1 20% 1 25% B, iAESi 54 CSP20 Fll
CSP25; £ CSPALA F I 1.2 kg/m*Fll 1.5 kg/m’ 1) PEF AR,
i 44 CSP25/PEF1.2 .CSP25/PEF1.5,

%3 REELELGEAIL

Tab.3 Mix proportion of concrete #45 :kg'm”
. e yaa
e : —

Kie CSp LW WA mkHl K PEF
PC 400 0 720 1110 4 160 0
CSP20 320 80 720 1110 160 0

CSP25 300 100 720 1110 160 0

4
4

CSP25/PEF1.2 300 100 720 1110 4 160 12
4

CSP25/PEF1.5 300 100 720 1110 160 1.5
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I B . 4 GB/T 50080—2016 % Hi ¥ i sk + 3175
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Fig.1 Slump of concrete
22 RETHFLIRHHE
TRBE b LRG| TR BE - 28 S ey, 2k
REHLBRF . (812 AiRst LFLBR R . WE 2 LER, 5
PCHHEL , JiE5E 1+ CSP20 N ARFLER A MEAT 5/, FEAIR 9.4%;
CSP25 fLB R L PCHEK 1.5%, 3XAERK Ay —J7 T, it H
A 2 FLAEH  BARIEAN ) CSP FLBR R K K44, {H 4 CSP
BN A2 B o 18 IR - B FLIR 2 s 53— J7 T, CSP A
EPRyBARARAIR) IO AR , R A AL 5[ Ca(OH), IR R Hr
REME KA AR AN AT (AFY) KALTERR 558 2 (C-S-H) Rl K
REREREG(C-A-H), 24 CSP iR EE LB L EH S ES
B, VREE L FLBZ A XY CSP RS IIFLER R b = 30, TR EE
FFLBREHE R, 2 CSP S ICEEMPELE BRI 20% I, 32
R BE 1 B eV S H 2, 2 CSP W ICEBER BEE B

=

B0 25% I, CSP i i, #4% CSP ik 52 & W, oA
SEAWKALFE R, S CSPHEMIFLIR R S 5 i H
i CSP B HH B HUBEAG T TRGE iR, S BRI
5 ST RCBE FLIARIZES . Pt CSP20 FLER SR AL T
PC, 1fif CSP25 FLER M 5 F PC, MK 2B LIE
CSP25/PEF1.2 i LB Z K , bh PC B#AIK 11.4%, CSP25/
PEFL1.5 (1) FL B AL Lt PC FE A% 0.2%. iX A& A 24 PEF {i¢
HETIKIRA CSP By /KA., [R] i) i B i) PEF FE ik EE L o3 A
WD T O FE ) T i s AR SE3E )N PEF 234 & , PEF £ iE
FEARIREE LT AN , X S TR 1 A R A
TR ER R E N, FLIR R A K

40 20
—o— flmx
380 —k— LR &16
i 36 x 112 ;:;
N * N
& o 8
= 34r o Y
4
321
'3 = 3 ()
30 L * L
<C 9 920 A
S e g
eI

FEsh
B2 s eislmi
Fig.2 Porosity of concrete

23 RELHMERE

3 Mt PUEREE . I3 LIEH, 5 PCHH
b, CSP20 BYHTHE S8 BEHE 55 7.2% ; CSP25 (T 543 B AL
11.0%, HAp S BE 47 34.8 MPa, & i R i 2k, 1R
et CSP20 PUEIREE SR e Y B . 150, CSP A K i
HIE T S10, ALO, % , ;X 2e it A T FERY KL AGE % , W]
TEZKIRKAR G TR Ca(OH), Bl SN, A i B 22 1)
IRAEF=4y, JEH AR Y C-S-H A 3 SR 4l o HE K
B XA A B ks HR, CSP e A M P AN R LR 2
¥y, FETREE AL IS , CSP 5K YRS E e Ak i e e i
TREBE - 25 TERIRH )y, B4 iy 2AERE . R, N
G CSP, J12EERefR 204 . CSP2S HUETRE T IR
FEFRECSPHBES . 5, BT CSPRIIARTE
B FE AL, oK SR i T KR URL , S S0REE i
AR T, [ X T O FLATEIREE P =504y
R, JUH S CSP B R RN, X EEAFZ I B . 26
ZLMNGE B CSP & S EUKTR N HLREAIG, A R LKA =)
5 CSP KA LI FE CSPFLER , Bl 4 ks
A 53 S P RN, T 2% S 3 B4 M T = A PERE . N
PEF J& , CSP25/PEF1.2 #1 CSP25/PEF1.5 (i 48 5t PC
IR 12.0% F119.2% , FHEL CSP20 W& A 15T}, 15iHH PEF 242
B VIREE I T2 PERE  skkh 115 & CSP AR TREE LM ER
THOWZERA D 12 PEREHT RO AR o, 3X AR A . — 51,
TECSPiREE L, T CSP B B iR e i fb i 72
ARSI 3R R S e AR . i PEF A EGE PThE
SRR IR ZZEWIVE 358\ PEF BEfS AR IR EE L N 8 =



2 M5 98

kR Plastics Science and Technology NO.08 2026

ERLIA S AT SRR 2R SR EE L N R BT 3T, PEF fE
WG ARAE TR 53 B 7, BHL 1k 2488 077 AR R e, 55— i

PEF 7E{REE 1 n] LUK CSPRAL , T i 3 22 1)
IRACT W RENEIFTE IR GE L N TR FLIS . XA I PR SR B
FeielE L U A F

50 15
—A— PUESRE
—o— B AR 10
D
< 45}
s 35 ¥
% 40 40 ﬁig-
H )
o=t {-5
® 35F
4 -10
30 -15
C 5
¥ QS?% Cs?q‘ ?Qﬁ\ ?Q,?\
cs

He
B3 s e R R

Fig.3 Compressive strength of concrete

& 4 Rl Y URBIR R RS . N 4T LA,
PC .CSP20.CSP25 ¥ A MatEmidR , iR 372 A — 4 W2 1)
For, Xt FIREE B AR A, WM PEF 5,
CSP25/PEF1.2 il CSP25/PEF1.5 & 1h 43 | BB 3 55l 4 2%
Ry, XL R EE 0 SPGB N T ) £ 5 0] &
By, IXIIE | PEF 7EIREE T NFRAHE 1 HABEEIEA

VSRR
‘ \ : ‘)
\ ¢ J
o | | ‘&
..'z‘fu.-. II____ Luls LY
(a) PC (b) CSP20 (c) CSP25
F!.L ‘ y ’l ! 1 F,' |
(W \

!
\ 7
i \
NSNS ol ke
b el
(d) CSP25PEF1.2 (e) CSP25PEF1.5

B4 R ERERICS RS

Fig.4 State of concrete after compressive failure

TREE 32 A i R T 4 I AG R B (OA BY)
Yefa e KR BL(AB By FIZSE Py R i By (BC B3 4
BB, Hod: OA B 1 oMARIR R 77, Hebst et 7 TEgE 1 APt
FE SR () 1 0~30%; AB LN J7 AR B B 7119 30%~60%,
BC B S 1M R B 111 60%~100%2 . b T 43 it bEs2
JEERR A R ARk, REASREESZ IR 0.3, . 0.6/, S hF
N ZI AR I [ S AR AT RIS = 1E

&no™ 107 eno™

'n.m — '2 60 s 50

0.50

0.40
0.30
0.20
0.10

0.3 0.6

2. 4{) % 30

3.00
2.70
2.50

2.20
2.00
1.80
1.60

(a) PC

&10™ 107 &10™

"nxn "284) |sm
1.6 3.50
1.54
1 Joar 232
0.28 2.16 3.20
0.15 2.00 % 00
0.37.,
(b) CSP20
‘sllll &10™
'2 70 ‘ ' 3.60
246 3.36
222 3.12
1.98
1.74
1.50 10
0.31., 0.61.,
(c) CSP25
&no™ 2107 eno™
-'1,211 "300 - ™ 414)
112 2.90 4 00
1.04 2.80
0.96 270
0.88 2,60 3.70
N\ 0.80 250 3.60
0.37., 0.61.,
(d) CSP25/PEF1.2
&10™ 107 /107
o — e [

1.40 % 00 4.30

1.20 2.80 4.10

1.00 3.90

0.80 3.70

0.60 2.20 3.50
cc

(e) CSP25/PEF1.5
BS5 RELFRETEATHEE=H

Fig.5 Strain contour maps of concrete under compressive load
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CSP25/PEF1.2 Fll CSP25/PEF1.5 ML 4 ¥ B4y 3, XA
BT R TR . RS IH PEF 32 5 1 TR BE 1)
P, i 7 RECE S BILIERLCEE , X S AT R EE 4T
o R 45— 3
3 g

Kifi 5 CSP IS DRI 3E N, TR EE 10 B HE AT ARG
YREEHE NI PEF 548, IREE LY ARSI, 4 CSPHUAR
JKYEE/NT 25% H PEF lit & H /T 1.2 kg/m? B, JE 3%
EERRRARE . HA, B 1.5 kg/m’ ) PEF B, JiEE +
PHE FEREIR17.2%, X IEHH N I8 2 1) CSP(20%) 1 PEF
(1.2 kg/m’)5 e ARSI AR K . 24 CSPEURIKIR
R 20% I, TR EE L LR ZBEAR ;24 CSP HARIK IR 25
R25% I, IREE L FLBR MG R . 24 CSP HURI/KIE =M 25%
i, i PEF 5 2 A03E I, IR EE - FLIR RSB R E THE o
X HHEE N CSP Al PEF, BT LASRE e TR - 0 3om 25+
Bk FRARFLIR 2 . Bl CSP MR RN, e 11
PUHE B FE R T o Y e K58/ . 24 CSPERFR K
PRt 25% I, B PEF 15 s O3S I, TR UE - O BT IR 568 B A
U om ¥ e KGN, HFEB N 1.2 kg/m® 1) PEF I},
TRBE T I PTEFIDTHT R R B R (B, 3X 56HH PEF 1
NPRE T REE B, i) T IR EE AT TRk
JEAIN B, JU R UIT R RE AR R, (TR e
T REMEARSZ R IP T2, TREE R M AT . 4 CSP X
KR E/NT 20% HANIN PEF I, 185+ J12- LRt gE
R BT EOR , WS & T PCo 4258 CSP UK IR & &2
25%, T BN T & 1) PEF, 112 PERE A RER L Bk . 24
CSP BUR/K IR 2 4 25% H I 1.2 kg/m* i) PEF B}, M ]
B VEREE S0 CSP IR EE T, LB ZR L PC FEAIK 11.4%, BT
5 B FIBTT 9 B 43 b PC 47 12.0% F142.2% , HE
FEAXFEAR 13 mm,
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