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Influence of waste glass powder on fluidity of cement-based materials

XIONG Zhiwen, KE Guojun, TAO Wang, ZOU Pinyu

(School of Civil Engineering, University of South China, Hengyang 421001, China)

Abstract: In order to explore the influence of waste glass powder on the flow properties of two cement-based materials named as
cement mortar and concrete, the fluidity and yield stress of cement mortar under different waste glass powder particle sizes and
dosage conditions were tested. The influence of mass concentration of waste glass powder on the slump of concrete under the
condition of water-binder ratio was studied. The results show that as the particle size and dosage of waste glass powder increase,
the fluidity and flow rate of cement mortar show a decreasing trend, while the yield stress gradually increases. When mass
concentration of waste glass powder is 10% , the particle size diameter range of 38-53 m has the best effect on enhancing the
fluidity of cement mortar. The slump of crushed stone and pebble concrete not only decreases with the increase of powder mass
concentration of waste glass but also increases with the increase of the water-binder ratio. Besides, the slump of the gravel
concrete is better than that of the gravel concrete. When powder mass concentration of waste glass is 10% and the water-binder

ratio ranges 0.40-0.50, the slump of the two types of concrete reaches a better state.
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Tab.1 Chemical composition of cement
Hor Ca0 Sio, Al, 0,4 Fe, 0, S0, MgO

JREDE % 64.43 21.14 5.78 3.59 2.35 1.52

B KRB L3 D AR ERD , R BE R 2 670 kg/m’ . 1RE L IPHE B SL 56 WD IR , R
WRE R 2 580 keg/m’, BE A E KRLAR N 40 mm, FIHEEN 2 650 ke/m’, BEA B KRBLAE N 30 mm,
FWHEEN 2 710 kg/m’

PRSI R BIEAA SM-500 BUBR LA THRIE o SR FTHH 73 S5 Jorks IR B B 43 5 4324 0 ~ 38
>38 ~53,>53 ~75, >75 ~ 150, >150 ~300 pm 3 5 FORAZRTERE, SRATEHBT, ETWEM T HR
o MLBRPRLEE /A HI 2R AN & 1 B 2 IR Bk I SEM &, W LLE L, R B M BURL 2 A
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Fig.1 Particle size distribution curve of coarse aggregate Fig.2 SEM image of waste glass powder
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Tab.2 Chemical composition of waste glass powder

44y Na,0 Si0, Al,0, Fe,0, Ca0 MgO K,0 TiO, S0,
FRAE/% 1014 65.35 6.78 3.59 5.42 1.51 1.48 1.62 0.05
1.2 #&

1.2.1 RRIRA A Sk &

B SR I BB R A RDRLAR FB B K Ve D 1 & W T sh P R i 2 e, AR 3% GB/T 17671—1999( 7K
VR BERD R BERL 36 15125 (1SO ¥ ) ) H G SR , FRIBUK U8 450 g.7K 225 g ArdERb 1 350 g,

AR 0 ~38., >38 ~53, >53 ~75, >75 ~150, > 150 ~300 wm 5 FlR R4 BBl 4 1% B BB s 42 R B
S EEURFEUR KR , BV Rk B B BB 0, 10% | 15% | 20% B Pl K VR IR , A0 R B 3k
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Tab.3 Component of cement mortar g
YRR B R
Hor
0 10% 15% 20%
7K 225 225 225 225
h 1350 1350 1350 1350
g 0 45 68 90
KJe 450 405 382 360

1.2.2 Rsk AR &

B8 i & B Jy 55 ~70 mm, ARHEICT 55—2000¢ M@ IR 5 - o & iR AR ) w2 1R e+
FIFK &

REE T HE YA MBI 30 mm, JIAMEIRAZN 40 mm, B03H 33% , HEEUKK
4351129 0.40, 0. 45, 0. 50, 0. 55, 0. 60, & F 7K I s b 5 6 Hh B 4 5 19 IR 3 398 93 o A s A2 310
(BP38 ~53 um), FHIHMBESIE R0, 10% | 15% . 20% ", FEHIBHRARALE T2 f
KANREE T4 703K 4 s

F4 2MEWERLAS

Tab.4 Component of two types of concrete g
RBFER B E
KL a4 HAREEL AR+

0 10% 15% 20% 0 10% 15% 20%

7k 195 195 195 195 170 170 170 170
b 1150 1150 1150 1150 1193 1193 1193 1193

w 567 567 567 567 596 596 596 596

o0 RIS 0 49 74 98 0 43 64 85
7KV 488 439 414 390 425 382 361 340
A 1187 1187 1187 1187 1224 1224 1224 1224

w 585 585 585 585 603 603 603 603

% I 0 44 65 87 0 38 57 76
ki 433 389 368 346 378 340 321 302
b 1216 1216 1216 1216 1266 1216 1216 1216

w 599 599 599 599 624 624 624 624

030 BRI 0 39 59 78 0 34 51 68
7KV 390 351 331 312 340 306 289 272
b 1239 1239 1239 1239 1287 1287 1287 1287

w 611 611 611 611 634 634 634 634

0 RIS 0 36 54 7 0 31 47 62
ki 355 319 301 284 309 278 262 247
b 1259 1259 1259 1259 1304 1304 1304 1304

W 621 621 621 621 642 642 642 642

-0 BEBI 0 33 49 65 0 29 3 57

7KV 325 292 276 260 284 255 241 227
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M4 GB/'T 2419—2005 7K Y& e it 3 BE M 5 7 3 ) W /K e e ib i B AR o PR RAE B IS T
MERERN FAANE 1R, HEFHEFRRESIRDFESIE™ . FENXS% Okamura 25 Al
Fung 210 BF SR R A 07 5 B A8 , AR 3T T2 /K VR J 0 i Ui =1 JEG 35 , 30 SRk VR JRD | vl 97 o T 14
B 1], I LAK JE BERDE A WA FR R LA Uit B (RIS S i s B
1.3.2  JKRIRAE R AL 77 04K,

% Fil RST-SST 4k [E AR F AR BAT BT LI MR" o Sy 2 NI V)AL, 55 1 ANARINH K8
JERPRE S AT IEY V) o 58 2 AN EAXH AL HE TSP I B e R B . 7275 s PIIRAR (UL M 0 3 &)
50 r/min, SRIGTE 75 s AR (UG TR 01,

5 K Ve b v sh IR i IR L ) M B 45 2R
1.3.3  R% 3% E MK

R4 GB/T 50080—20164 L IR EE T H-A WP REIRT 7 A An ) #1710 . TR BE 10 ABEREL
HORIG4T 3 EE S MR N A B, R e R E TR AR IR B, IR SE N FR AR S
B HH 1 VS 3P TR - PO R AL R 1A B S 22 B R R - R R

®S5 KIRRRYAYTR B IERNE AR 1
Tab.5 Fluidity and yield stress of cement mortar

IRBIER K Ve e
B/ % AT/ um WiBhE/ mm FishEZ/ (mL-s™) JRBRRE A1/ Pa
0~38 235 329 5.5
>38 ~53 235 329 5.5
0 >53 ~75 235 329 5.5
>75 ~150 235 329 5.5
>150 ~300 235 329 5.5
0~38 237 318 6.4
>38 ~53 239 261 6.9
10 >53~75 231 216 7.5
>75 ~150 222 157 7.9
>150 ~300 219 88 8.1
0~38 228 298 7.5
>38 ~53 232 258 7.7
15 >53~75 223 195 8.1
>75 ~150 216 148 8.3
>150 ~300 199 94 8.6
0~38 227 290 8.0
>38 ~53 230 230 8.3
20 >53~75 219 181 8.6
>75 ~150 183 139 91

>50 ~300 185 82 9.3
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Tab. 6 Fitting equation of waste glass powder dosage and fluidity of cement mortar

BB R % WEHE R?
10 yi0 =217. 45 +34¢ 70012« 0. 885
15 y15 =232.95 -0. 113 0.927
20 ¥20 =316. 68z %% 0. 897

YRR 5 Fik 6 SR RFBREAET
BB A B 2 15 7K VB M B W 3 A 26 R Bl HOp e 0
2,0 3 FiR, 230

HIE 3 AT 0, RHBMB RN 10% 0 |
BZTER/NT 53 wm B, BESBORXT K JRME
EORO TSR BT B AR 5 TR R R B 1 18 %
B 7K VR R Bh B (LR 2 B B MR AR T 20T e 10%

A 15%

IR S RIS 3 MBS 0 |vam s

R*=0.897

BT i 3l B2 — TT 4R I/ i H B8 B 180 e

20 60 100 140 180 220 260 300

¥,=217.45+34e%
R7=0.885 10%

$,,=232.95-0.113x
R=0.927

AN /mm
2
=

B HRZ KT 150 pm 5, B8 H 10% BL/um
v > v2s 7 5 k i \é
20% BIAUBR S S0 BEE ML P 9B R, B3 FRSEAHTERRBNES
B &R 15% 7K TR I 3h BT AR $¢ Rl KRR R B R B 2
BT FE#EH Fig.3 Relationship curve between particle size of waste
S5 2 B 3 Ry AR X 7K e B D 3 3 B glass powder and fluidity of cement mortar under
HI e, AR YRR 5 A E R EIH L T different dosage conditions

y =235 -be™, R T NHET I MEBERBIRAR
5KV Bh B T R o
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Tab.7 Fitting equation between particle size of waste glass powder and fluidity of cement mortar

TSR
BB BIRLAE L wm ) : R
0-~38 0.001 0.439 0.441
>38 ~53 0.034 0.251 0.528
>53~75 0.407 0.185 0.762
>75 ~150 0.057 0.341 0.850
>150 ~300 4.760 0.122 0.901

MR 7 ATLVE L, BEE R B RLAR (R, R (ER TR, e fE o 0. 901, R HIBIORIAR 1 R 3
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o KV OB WD s RSB 0~ £ 220 ) R0
75 wm FE B YT R R RERO T2, 22 > 75 ~ 20 b

300 pum V5 FH AU BE (8 F WS E LM B g |03 001039

©>38-33 um, 5=0.034,c=0.251 &
BB E N 10% 0, RARTEE 0 ~38, >38 ~ 4353~75 um, h=0.407,¢=0.185

. e 190 Hy>75-150 pm, b=0.057,¢=0.341 )

53 wm B, SR BB A A N3G K T K P ISR I 3 *>150~300 pm, b=4.76,c=0.122 R*=0.901

s N N N 180 1 1 1 1 ]
BERARTEHE > 38 ~ 53 wm B 7K YR e it 3 0 5 10 15 20 25
A3 SR ASCR B4 BER MLY%
2.1.2 FRFHEEGHR 4 ARHEEEFGTEREERSES

R T R R B By Xof K R J A U B R K IE B RY I 3 BE RO K 7R I %
IR, MR S MIE R 5K R R i sh Fig.4 Relationship curve between dosage of waste
PRI E A 2R, 153 A B Y Euflﬁﬁ:y - ax’ 3 glass powder and fluidity of cement mortar
S8 e A B B B 15 /K JR B R B i 2 under different particle size ranges
MRS T

R8 EEBMEKERBRNERZHOUSTE

Tab.8 Fitting equation of flow rate of waste glass powder and cement mortar

IIRSH

R B R % - , R?
10 2521.2 -0.569 0.990
15 2210.5 ~0.549 0.987
20 2 403.5 ~0.587 0.985
M 8 FTLAE i, KR RD I sl R 5 R 350 -
WM B E 2 EARENAEHE, R &K - :S:/: v 521.2, b=—0.569
1B 0.990 , i B R B T 43 R 48 A\ X 7K Y Je R PR R=0990 s i(’)gi .
3N 3 2 [F AR R AR JEF KA 2 20 ’
WER S fik 8 fl L RHETEMAES ;E; 200
KR T sh A X R M2, &l 5 B o é .
MES hE E S, BEE R B R A 2
HIBER LA S B 8 B3, KU D I 3h i & 100 1
AR/, BEFEFERBE R 10% B, HHK 50 : - - . . .
%ﬁi@]%iﬁﬂg 0.990, Fﬁ%%ﬁ%*ﬁ% 0 50 100 150 200 250 300

Hii%/um

BRI AR, X — 2 R BT R R
EUARBDRA T ERIIROBETE 1 1 Lo ot s o o oo
B REBE N 10% , glass powder and flow rate of cement mortar
2.1.3 TREIRE S 6%

KRR sh R IR B T SRR -E R 2 8] B EE 4 ) D R B A R 2 8] 3 3R R 64T
K, BB BRI RN TEAR AR o L3853 ma 7K U8 D i AR . 7 o AR B3R 5 iR 24 i R 3
Bkyhi AR 5K R R JE RN SRR R ML, WK 6 Frn.

ME 6 AT LIE 1, TR ARSI X R IR, BRI S T K BRD JE AR R 7 5
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Fig.6 Relationship curve between particle size of waste Fig.7 Relationship curve between yield stress and
glass powder and yield stress of cement mortar fluidity of cement mortar

2.1.4 DE 5 HH

i b, MERIGEM AR B E RN K, /KIRBRD i 3h B A sh # R H 2N E S, TE Rk
N STBEEHE K BB RBE R 10% 5, KR E A > 38 ~ 53 pm X 7K Je AP I 3h B 3 58 UR
&

JRBEI R HB A AT 7K U8 3R A oo [ A J5URE Y b 2R T R S 3 1 b, AT eI 7 [ 4 AL 119 7K i JEE
JEHST AR AR PR RE A1k, (R A O B DN 5 24 BB 48 B, K VR 3K Ak P K L 4
FEKIE AL BT S S KL . MK IR IA TR BhET , RIARNFKEZ o EA R EEEROER, &
W AR A i B BE R B s AR K . B R BB B ARWIS £, TEREHIR AR R Bk 285 41
BRI AP Z 8], ORI 7K YR S AR P i K bk 43 3045 S B i, BME 22 (B Jo ik A 2 1 1)
YER, RS2 20 RSt BHARE R, B L i3l e Fn i sl BE AR N T

B TR R A Rk, I 53k R 2 A A R M ALRE™ , KR HD 3R 42 A
HHE, BBV A5 3% (A Py R BE 8 BH ) i — 250 K, T (8 45 K VR e b ) JE AR L Sy #8238 K. BEE
BRI K, BB TR W B B IR BE 1 7 A P P A o SR B MRAR KT 150 pm
B, RSB FRMER, SIS R ARG TR R, B8 IR ) 2 8 A =428k
2.2 BEHEHMREIAEENZN

PR R BB RARTE B > 38 ~53 pm WRTIR ST , R 9 Frd 5 I B T IR BB B 2 Ak
JBE LR 2 R EE L 3HE B R
2.2.1 EEHBBLZNHHYR

YRR 9 UG H EIHMZ, BREHTR y =a +be™, R 10 HESFHHEIHHEZE 5REE L3
HERUE TR,

F% 10 A0, ZE R BB A B 10% Bt , B/ A B0 TR E - AR SE R B R 4918 B KA
0.987 #10. 885, Ui Bl E B IE M B BB AEE N 10%

2.2.2 REWHHH

RIEFR 9 4 Hl2z ] KB L S5 FEp A RS - IHE R e R sk, K 8 frn.

ME 8 FTLAE X FARE S I H B R ,2 MRS L IHE B A K A3 KAl R, H
HLORBEERBERN O M 10% IR EREVCRES, ~ERFFHEREM EAEE. KK LE
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0.40 ~0. 50 YL FE PHT, 10% KRB B BT A RS L IVE ERFEACREMTHATALE.
F9 ERBHISEFKRILRELIEEOMN

Tab.9 Influence of waste glass powder content and water-binder ratio on concrete slump

PR EE/mm Y% B/ mm
EBFER B % KB b RBER R/ % KB L
WaRstt AR L WaRstt ARt
0.40 47 17 0.40 2 25
0.45 51 39 0.45 40 37
0 0.50 43 67 15 0.50 35 41
0.55 101 41 0.55 41 20
0.60 120 62 0.60 50 79
0.40 51 21 0.40 23 13
0.45 56 50 0.45 36 31
10 0.50 61 51 20 0.50 47 63
0.55 70 47 0.55 41 33
0.60 117 115 0.60 57 57

®10 REEMBESREIMEENMSHE

Tab. 10 Fitting equation of waste glass powder dosage and concrete slump

HRSE
215 BRI B R % R?
a b c
0 32.40 0.11 11.26 0.731
10 53.10 2.26 x10 % 25.00 0.987
waREL
15 57.45 -802.9 -7.81 0.875
20 63.83 -557.9 -6.58 0.852
0 57.15 -3.74 x10° -22.80 0.708
10 38.72 2.08x10°8 36.70 0.885
mAREL
15 24.75 0.25 26.90 0.608
20 51.72 1.36 x10° -20.30 0.623
2.2.4 )%

REZIKIE L EZ , BRI ER BRI ERE LI ENEES . Ba AR
K EREE R B B R K/, FEE KRS E A3 KT K . B TR EE - M B B RE 4 T 0
ARG LN . FHIEHBER 10% | K HTEE 0. 40 ~0.50 B, 2 FREE + 3% Bk BB IRES
2.2.3 REprIfEdHw

FEK I A3 FIEUE S 0. 40, 0.45, 0.50 B, F3 M R SIREE - IHEE R R ML WE 9 Fin.

MBS FILAE H, BEAIREE L YNGR E G TINATREE LM ; HE9 o) AT I, KEH0.45,
BB B E N 10% i), BR-A1REE T IHE B NS0 mm, [BAMETHAREE L IHEE 56 mm,
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Fig.8 Relationship curve between water-binder ratio and concrete stump
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Fig.9 Relationship curve between waste glass powder dosage and concrete slump
under different water-binder ratio conditions
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1) BEE R BB AP RAR NIHB B K3 K, 7K Y8 D it 30 B2 A0 i 3 ik = T 222 Bl /S O 3, T ekt AR B2 77
B KR

2) IRBIEB R 10% B JRARILE Dy >38 ~ 53 m X 7K YR BCRD T 31 BE A9 HE SR RICR B

3) W IR AR EE L3R B A TR S kB BRI ORI , BEE KB EL A3 R T K. A TR
B+ PR AR E L TR RS LY.

4) IRBERB R 10% | KB LI 0. 40 ~0.50 B, 2 FRREE - P BA BB OIRE o
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