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KT BE T 7 H A% i 2 v &t BT 24 4 )
TR RS TR AR TR BE IR AR LT 4E IR BE + A
A A PERE LA . YaLDIRiM S AN A
B WOHLE BRI [F] S B A 21 48, il 45 1 —Fh
W AR JT 2L K e SE Bl BF ST 45 SRR B IR A 21 4
3B AR B BEAR T AR TR W 10 ) BLA e
il TR L K . WANG 5 BF5E T R O
@(polyvinyl alcohol , PV A ) 2T 4k F1 4N 2T 4 &g 45 3o
TKIEEERARL Y L g -7 A2 e, e LT 24 1 ol 1 R
SRB A BRI A W e . B LR R
JH B T2 855 7 200 ) 45 T BN EF 4E/PV A TR 2% £F 4k K 8
FERERE, Bk TR R AT i 25 AT LU R ) 2L 4E Y
R EI 2 m AR

G F R T DLk B IR 2 A AR IR EE
W58 E LA T TR F RS B RS HL, 6F
AR R 2 A R B 1Y B2 0 5 T R A A kL
SR A YRR BE L b F A0 B R —— A S Y
REARAR Y, PR A58 R b B A0 T b X 1R A &1
Ak 7K e He A B EE AR PR BE RSS2 R 2 A B XY .
I, A F 5% 3 B E 7 PVA ZF 4 okt R TS
(polypropylene , PP) £F 4k Filfi iR 45 i 201 i 48 17—
TR 2 1 i /K e Fe b RE, RIS [R] RO AN [R] D) fig /Y
2F 4 N 22 RUBE D[l 4 T K e b1 8L, LUA 2R
e K PSRBT 2 e BE R0 R b AR o0 2
A B, Hi 25 R A TR 2 21 2 K Jfe Bk 4 Kt
(tailings sand-blended fiber cementitious material,
T-BFCMs) , W 58 A [F] 45 i 900 JoR0 42 70 B AY 2
WD XHRE AR 2T 4 /K e~ JERV RS I A T S PR BE )

oV RE S GOUL AN H B O R AT R A R £
BWSE, N RS EAUA TP % T-BFCMs $2
2% .

1 #E5RE

1.1 RE#t#

ARG R AT PO 42.5 9038 3 Ak R Eh K e, 1
PRI, HL AR 20~28 m/g (4 Rk K, i FH
AT GERY AR AR A W0 IR F 9] g A JH B B
YR ) S AN B AL, A SERD UKL A A I B, HL
KA OB s AT b 22 O JZ bR R bR R, 46 A
oy o KU BRI K LA K AT RD Y 32 AL
PSR OISR 1. AR B 18 B A
B W& EAKRT 1.0%, FEAEHRLE ST
N Ph* 5 Zn®, H A JE B R /N T 0.5% , %K
P IAERERE W B/ o A7 S mb T2 AL Wl
Si0,, H Bt 43808 99.3%, & e ie A KT 1.0%, 1L
B A 43.0% . A 8 e T £F 4 4 16 7 PVA £F
Y DVE PP AT 4E S i PR S S 0, HLEE AR S ]I 3%
20 AEE A b 5 B R KA IE RN [0,
0.400) mm, JeHOREAEE 2 [0,0.150) mm F UKL
it 7 R WL 3, AT D 5 7 SR B A i T
%% (scanning electron microscope, SEM) £ 1 & 1
JiR o R T PRIFET 4 A o3 HOhE , i TR & L 47 4
Z (hydroxyethyl cellulose , HEC) 4 k43 51 , ik 7K
FRI3E FH SRR R e M RE DK A

K1 BRMHF IR ERSBE T THHK

Table 1 The main chemical composition of each raw material and mass ratio Yo

AR | w(ALO,) | w(Si0,) | w(CaO) | w(SO,) | w(MgO) | w(Fe,0,) | w(Na,0) | w(K,0)

ik 5.39 23.33 61.35 2.40 2.66 2.82 0.07 0.71
MR 33.78 52.89 4.28 2.67 2.68 2.92 0.07 0.71

i K 1.26 94.98 0.42 0.65 0.79 0.08 1.21 0.61
A 16.20 60.70 2.68 0.41 0.93 1.55 2.74 5.62

R2 BAFYgERARRR
Table 2 Basic parameters of fibers used in this study

YR | KE/mm | HA/pm | B/ (g-em™) | SVEARR/CPa | HEAHSRE/N - mm™2) | 24K R /%
PVA £F 4 12 39 1.30 36 1260 6

PP £} 4k 20 0.25 0.95 10 760 11~16

TRIREG fHZ0 | 30~40 | 0.5~1.2 2.80 410~ 710 3000 ~ 6 000
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Table 3 Screening test data of tailing sand and quartz sand

3 o AN [ 5 F L 1 ORI 2 T 4 El /%
YA}
0.150 mm | 0.125 mm | 0.100 mm | 0.075 mm
Wi 100.00 93.66 72.34 36.41
VeE 2] 100.00 78.63 58.56 32.74

(a) B SEM B (b) A HEHY SEM &
B1 RaAHaEtEsE g

Fig.1 SEM images of raw materials

G H =
R Fh 704 56 A B R A i ) & 2 A I A A
WO TR TR AR 4T 4K Je b 3K 09 ) A i
L, BIZK I LR 031, BEHD LR 0.36, S BE#A AL F 7K
V& A BEIR AN K =B L, HLK U8 A BEK
Tk KB o H b A 5040 1, HEC J5 & 0 B0 (4 JIR Bk
BHT) R 0.5% , J87K 390 03 7 5 (R I B kL) hy

1.2

0.9%,PVA £ 4 PP £F 4 B iR 45 i 200 1A B0 8%
(FRRP I ) 43 90 0.8% .0.8% .0.4% ., B ARG 4
TR INE 2 7R 6

B2 T-BFCMs & 4] & 742
Fig. 2 Preparation process of T-BFCMs mortar

YR 5% B W 24 Be XF T-BFCMs Y 5% Wi I, T 1%
0 /b d5 K0 4 R0 A2 4 B O 0.400 . 0.250 Al
0.150 mm , 43 5] F& /5 °A Ts-400 , Ts-250 fl Ts-150,
BINVE 5=RUE = AWEE R RE IR IR U A
X} T-BFCMs [ 520 i, ik B ib w423 [ A Lo,
0.150) mm (5 Fr i BOCA b iy AR [R]) | IF5 80k 53
/N F 0.075 mm. [0.075, 0.100) mm. [0.100,
0.125) mm.[0.125,0.150) mm4 F i 4270 Bl , I35
A A [RRL AR [ R 10 A5 AR A e
W i AR A L SR 4 ~ 6,36 4 ~ 6 N2 S0 iR 5]
1 R b5 R34 R I 5 A R B TR H A L

R4 FRABEZRHTEHREAL
Table 4 Mix proportions of mortars with different dosage of tailing sand

BENL T RIS A BB A kg I
[ - - N -
ML B KRS b | pva | mmmmat| e | mm DR ki
OCXFfEZH) | 0.36 0.31 997 10.40 22.88 3.60 358.90 0.00 0.0
A-1 0.36 0.31 997 10.40 22.88 3.60 269.20 89.70 25.0
A-2 0.36 0.31 997 10.40 22.88 3.60 179.45 179.45 50.0
A-3 0.36 0.31 997 10.40 22.88 3.60 89.70 269.20 75.0
A-4 0.36 0.31 997 10.40 22.88 3.60 0.00 358.90 100.0
RS TRRBEEY ZE R ALK
Table 5 Mix proportions of mortars containing tailing sand with different gradation
N R | . BESL T ARSI BRI 5T Vg -
AL T | PPV st | eva | mmme | e | ETPER | g i
A B B
B-1 Ts-150 0.36 0.31 997 10.40 22.88 3.60 89.7 269.2 25.0
B-2 Ts-250 0.36 0.31 997 10.40 22.88 3.60 89.7 269.2 25.0
B-3 Ts-400 0.36 0.31 997 10.40 22.88 3.60 89.7 269.2 25.0
C-1 Ts-150 0.36 0.31 997 10.40 22.88 3.60 179.5 179.5 50.0
C-2 Ts-250 0.36 0.31 997 10.40 22.88 3.60 179.5 179.5 50.0
C-3 Ts-400 0.36 0.31 997 10.40 22.88 3.60 179.5 179.5 50.0
D-1 Ts-150 0.36 0.31 997 10.40 22.88 3.60 269.2 89.7 75.0
D-2 Ts-250 0.36 0.31 997 10.40 22.88 3.60 269.2 89.7 75.0
D-3 Ts-400 0.36 0.31 997 10.40 22.88 3.60 269.2 89.7 75.0
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R6 TREZEERBY HEREAIL
Table 6 Mix proportions of mortars containing tailing sand with different particle size range
7 7RSI 45 BRI B IR R0 BB A 360 sl AT 45 57 K ) i e
S Eﬁi;ﬂ 7J<H}i§ W E b PVA R PP [0.125H;:l.150) [0.10(;;:[)1.125) [0.072:1.100) O.O/i\;;m
E-1 0.36 | 0.31 997 10.40 22.88 3.60 22.76%* 76.53 128.96 130.67
E-2 0.36 | 0.31 997 10.40 22.88 3.60 22.76 76.53%* 128.96 130.67
E-3 0.36 | 0.31 997 10.40 22.88 3.60 22.76 76.53 128.96* 130.67
E-4 0.36 | 0.31 997 10.40 22.88 3.60 22.76 76.53 128.96 130.67*
e IR VN U LS S EE A
1.3 REH=E 240
50 A 2 B K YR e T 0 30 8 0 ) -l L
(GB/T 2419—2005) ; $ [k 58 J& 5 i 4 i )& 2 [ ol
CoR Ve e b 5 B2 A DU J5 12 (IS0 J7 %) ) (GB/T 5225_
17671—2020) ; B5 2B 5 2 (A B T AR K e =
JeoK e IR EE + 3R 56 LR ) (JTG 3420—2020) ;SEM 2
T 2 BRI G B 1 41 4 v B 0 7 ok ) 25
(GB/T 16594—2008) .

2 RBWERDH

mAE
X SR F AR ) 45 | 9% e Kk 4% 3 B () R i 10
il 7 1) T-BFCMs B0 2% FF F 3t 8l B 1A, 36 445 21
ME3FrR. mE 3T, MERET BN
Hm, T-BECMs sl St Ftads, My iaah
50.0% I, Ho i o 5 6 B2 B9 A Ee R b T 8
mm; 43 381 % 75.0% B, 3 30 B A % 220 mm,
AL BEZH, S0 T 18 mm, I 3 AT, 24
R W5 mAK T 50.0% I, X FE R4 3 86 B 45 i
NGB 2 N S B B KT 50.0% 1), R
B KIREE N R BT =R o, A e 2 #E
WUV R 0 S0, 17T B8 A D AU 5 A SR AR A L
SR bR FA N4y B, 22 R IR s Rt 254, 24
b BB A TR BT B b A (R
TRAEAE LA FLEN B 31, XRS5 3t o B S AR5 i
AR TR 1015 5 R, JUR b 1 43 B Y
W0 2 e 3R T shad B2 ke BV L 38 K T
L[] B R EE e 45 7, 5 e A 1] 7 A X 8 B, S 3
I B BE R, 3xX 5 SOk 18 ] A A5 AR
H B 3(h) Al s, S R i 8 i (R R AN AR ),
FY 0T B BE Bl R AT DR AR Y 1 R S SRS K

2.1

A-1

A-2

A3

el
(a) NG 54

RFAALTEARE 238 mn

B-1 B2 B3 C1 C2 C3 D-1 D2 D-3
W2

(b) A o b e

Wit 3% /mm

Xt AR BIBE 238

3

E-1

E-2
e i

E-3

(c) A RH BRI AL
ENEEACN S SRS 7

Fig. 3 Mortar flow with different influencing factors
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Tk

N AR R, BRI N 50.0% , SN
Ts-250 iy C-2 i 56 2H (9 i 30 £ 2 245 mm, 55 X% A
HAHEE , FEsh RSN T 7 mm; 2280~ Ts-150 A4 C-1
I 43S0 N 225 mm, H A BEAL A R [ T 13
mm; 2% Bt O Ts-400 (1 C-3 3% % 41 3 ) & N 236
mm, FEXTIEHA FFET 2 mme AT LR E R, B
W R B b 2 TR R R 40 R B A S A Ok
0B AN 2 T A AR, W P K B
Z PP S RS I 0k R SF
WK B JURL 5 £ 4t 22 (0] 2 R A A RGP i
ZUBELE MY U B BE A 2%, DA (i A5 D IR A AR I B
A% . e Ah, B-2.C-2 . D-2 X 56 4 19 3 3 ) 5 %)
HE 2 1 A LU 35 B S A AR 3 T, s 2 P
W RD G B4, A0 A0 5 55 K Ok B ™ b AH L3S
TSR N TR B AL v VR B SR AR R Bl

F & 3 () W] 0, fiff B 45 i R b 2 A (W) hr
230 Bl A0 BE AP L) 0.075 mm Sy B kbR AR B AL
MG S o MEBKAR /N T 0.075 mm B, #0303
) B B R AT DR AR R /N T R R AR AR
KF0.075 mm B, 705 3 8l B Bl 45 R 0 D R0 A 1)
N RANTTR A N v = SN PS S B TR vk TR ok N 1 A
e F 2Z2 [) 1 LRS- FH B B Sk, X6 T AR M e 52
Wi B R (B, T E-1 R 2H b B ib B R
ALK 6.3%, M sZ 8/, BEE B BT
B K URERL AR BN, A/ INBURE 2 8] 43 751 T
R G Ty B N % S A S s A R 1 4
K, BRI U B B AR, S RURDRL AR /N
T 0.075 mm I, B F BEL AR HIAS B 2, E-4 1050 20
1) sh B A i BTt
22 HMERESHIEE

ASHIEFE X R FH N [ 48 f LG DA ROk A% 3
() A T 5 1 T-BFCMs B0 3¢ 4750 6 38 B 59T
P B K, 38 i P R HORPEMN R . R
FARRB R GBS kA2 70 B B0 b 4 19 T-
BFCMs 10 3% 76 AN [ S 47 1% 1 AsF g i 85 S 4 s L 2
K4~ 6.

Y &4 AT Bl R A b 45 3G T, b3
PUE SR U om A 5 AT He L 2 S RS
AR Ab g, B HLPUR R E Brdras i 597 K iy
e BEZH A S A . Fl e T T, BARGE R RD (1Y)
B AR LR SRS H 1 25 ) R A A B
UGN IR & SN R Y N T o
LR 2 5 w3 i PR IR S . MR B E

K 50% B}, IR I FEA ) 208 B Tk B R R (E % B
OB R, TRy, 5 AR AL, R
WD A 20 B TR /N AR TR B 2 2o 8 v e 3] f
SR T RN, (HFE RN 245 09 S NS s 1A, 1
HELAE 1) 2% 1 S0 5 0R b AR B R T K e R A
AT 260 245 00 B, R T 4R R TR IR AR S 2 e
ARG B B Ve LR B b £
I AT A0 B A D A R 1 TE RO /N T A b
A A X< S A S VAR = 7.0 ol N

HE ST LLE 1 YR 3B B AR AR
[ RO R BCA AT, bl A e B 0 10 b A% 1Y)
BRSPS B S PR B I REAL . YR
W b8 &8 50.0% , LM Ts-150 B, B C-1 355
ZH %) 7 .28 d Pt K5 B 43 0 o4 34.40 i1 53.16 MPa;
7.28 d BT 43 A 13.78 Fl 17.12 MPa, # L
X HEAL, C- 1R B0 ALY 7 .28 d 4T R 5k B 4 Sl 42 v
22.07% F1 16.86%;7 .28 d Hr 415 B 4> W3R & T
31.36% M124.42% . 5y A H IR K R, B A1k 2 1
F AR, FERARGE A vh R ZAE A G A R 5T,
H M F T-BFCMs 1 & A =M AR RS r 4, B
LY R AE Ts- 150 900 51 L 40 /N ks
b7 AR I, 45 4 ) B R T RORLR R, £F
A5y WOPE BEAT , A845 4 FURL 38 43 S5 FE AR N BB s
Bt J I 7D I S DA ot s B A LA T
T 7E Ts-400 L FL A5 1F T RLBURL & & 5 FA R, it
OB A K T 2R R IR B2, 520 1 21 4 0 4 JbE
W AR 2] K R AR G IRl B KR & i &
B, e = B 70 PN R 23 B %) /INORE , 5 B0 I 5 R R
1200 R, A0 HE T Ts-250 5 Ts-400 2% Bt 21 , Ts-
150 24 BLLH AP 3R T 20 B T A 5

& 6 7] LLA 78 Ts- 150 94 410, B 7™
b 45 e B AT o A b  AERI AR B B, B R AR
TR RS I B 1 R RE A AR AR AN K, $2 5
JE AN B S, (H 2 5 k7 42 95 BB A /N T 0.075 mm
W) R b 5 i AUA R B DK A R R S
U B 5 X R AR PR B 2, W E-4 2 28 d
PUE SR B BUTom B 43 5 R 49.66 Fi1 14.89 MPa, 5
X RELHAR B, 20 4T T 9.17% F18.22% ., 43 H:
JEAL 6 UK B 48] 1 240 /N IR 1) R4 b A A
DB, R A 7K Ak 1) 396 B AR A S R L i R R
Ji e 2] S AR R TR ONE | I PR AR Y koK
A5 4 U AR 22 A T I AR N A B (452
RS AL T S 28 52, R B A TR Tt
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Fig.4 Flexural strength, compressive strength, and flexural-compressive

5 S5 /MPa
(%]
W

L1 pudrsmpe
i

—— kL

- ’/*/:\’

*

A-2

0 A-1
I
(a)7d

0.5 70
60
10.4
10.3 )
£
0.2
0.1

UITIRE
PURSREE

—— Hilk

A4

A2 A3
il

(b) 28 d

0 A-1

0.5

Pkl

4 ARERFHHE T T-BFCMs & R a9 758 B IERE 5 E L

50 TER
TR
0 —— HEH
/'\\'/ \*\'/*\,\”
30 |
=
e
i
oo
10}

0 B-1 B-2 B3 C-1C-2 C-3 D-1 D-2D-3
WA

(a)7d

strength ratio of T-BFCMs mortar with different tailing

sand content

ikl

70 0.5
AR
@ SRR
I PN
50
e x 0.3
© qu.
%40 - - -
@ >}
=30 102 ®
20}
{o.1
10}

0 B-1 B-2 B-3 C-1 C-2 C-3 D-1 D-2 D-3
R4 A
(b)28d

E5 REEF LT T-BFCMs & R 69 3 5% JE LR 5% JE 5 37 R bk

Fig. 5 Flexural strength, compressive strength, and flexural-compressive strength ratio of T-BFCMs mortar with different tailing

sand gradations
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Fig. 6 Flexural strength, compressive strength, and flexural-compressive strength ratio of T-BFCMs mortar with different particle

2.3

size ranges of tailing sand

EE R R Y

Xif 2R FHA [F] 45 1 L T FRE 42 50 1 B9 R
il & b 3 S T R R 728 d, IR R AT B A
P B, 25 A s 7 B . BB 7 (a) WA,
SR E VNGRS €/ A= o AL RS A1

Bifi 5 LA S N, b IR B b o B A e v
InJa BEAR A AR fb a3, B 48 1 0 50.0% 1 A-2
R 7.28 dBF A BThr s B 43 5 R 3.97 F15.86
MPa, 5 X} BB 24H 1) 3.46 11 4.12 MPa #H [t , 43 5l 42 Tt
T 14.74% f142.23% . AMERI, KRBV BN
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BIEA LR R I YR R A 8 YR BT 111

50% ¥, 035 A4 B TR 5 B Fie iy, X L R
FIGCIT 5 B A A2 a3 — 2. A HEI O, 25
YA RS F PR B T AR BEPL 2 A A £F
i ] LLTE D I AR IE i = 2 AR S5 4, 2 e F 5
W15 i R AR S b i A ORL B R 3En
RE B 7870 M I 50 21 4 ) 25 L, 400 7 7K g v 24
fR R, BETT B i 1 WD SR B BY BT L

11 7(h) FT LA % T AN [ R BC i 10
HEG W B R LN, B BB RS 51
R, WS IR B P o B k. MR

6 1.74 []28d
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T
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BE B0 B3R EE /MPa
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() ARl RiA
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Fig.7 The splitting tensile strength of T-BFCMs mortar with

different tailing sand content, gradations and particle size ranges

155 50.0% B, Z4 Lk Ts-150 X E4H 1) 7.28 d
B BT Fr 08 BE 43 51 R 4.07 F16.05 MPa, 5 %) B 2H
FHEE, HAr B & T 17.63% F1 46.84% , 48 Tt e M
NN TN S S IN e ==X R g R e SR N 1)
AN R 517 | TR v A = 157 3 S 7 N
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and chemical properties of gold tailing sand as concrete

Study on the effect of tailing sand on the mechanical properties of hybrid

fiber reinforced cement mortar

GAO Yingli] , CAO Hanshuo', BO Tao', JIANG Zhen?, XIANG Jiayu2

(1.School of Traffic and Transportation Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. China West Construction Hunan Group Co., Ltd., Changsha 410004, China)

Abstract: [Purposes] Hybrid fiber reinforced cement mortar was prepared using domestically produced PVA
fibers, modified PP fibers, calcium carbonate whiskers, and tailings sand as a partial substitute to quartz sand ,
to study the mechanical properties of the mortar and to explore the optimum mixing amount of tailings sand.
[Methods] The workability and mechanical properties of the mortar were tested by changing the dosage and
gradation of tailings sand, and the micro-morphology was observed to determine the optimal dosage parameters
of tailings sand. [Findings] When the optimum dosage of tailings sand is 50% and the gradation range is Ts-
150, the mortar shows the optimal performances: When compared with the control sample, the fluidity
decreased by 5.46% , and the 7 d and 28 d compressive strength increased by 22.07% and 16.86%,
respectively; the 7 d and 28 d flexural strength increased by 31.36% and 24.42%, respectively; and the 7 d
and 28 d cleavage tensile strength increased by 17.63% and 46.84%, respectively. 17.63% and 46.84%
respectively. Scanning electron microscope test results show that the hydration products and tailing sand
particles are well bonded in the cement mortar. [ Conclusions ] Results of this study indicate that it is feasible to
produce hybrid fiber reinforced cement mortars with tailing sand as a replacement of quartz sand, which can
lead to considerable economic and environmental benefits.

Key words: mortar; tailing sand; hybrid fiber; mechanical property ; microscopic performance
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