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Improvement of Engineering Properties of Recycled Aggregate Mortar
by Amending Waste Rubber Particles
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(1. School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China;
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Abstract: Application of recycled aggregate becomes popular due to the shortage of natural sand and gravel. To improve the
technical defects of recycled aggregate mortar, waste rubber particles were used to partially substitute for recycled brick-concrete
fine aggregate. The influence of waste rubber particles content on the engineering properties of recycled aggregate mortar at
different water-cement ratios was investigated. The consistency, water retentivity and apparent density of the mortar mixture were
examined, and the mechanical properties, shrinkage, permeability and frost resistance of the mortar specimens were tested. The
results show that the fluidity of the recycled aggregate mortar mixture increases, and the water retentivity decreases as the content
of waste rubber particles increases. When the content of waste rubber particles is less than 10%, little decrease in water retentivity
appears, while the improvement in fluidity is obvious. The rubber particles with contents of 3%—7% are able to improve the
skeleton effect of the aggregate, hence increasing both the flexural and compressive strengths for the mortar specimens. This
could be attributed to the elastic deformation of the rubber particles that reduces the stress concentration. When the contents of
rubber particles are 3%—7%, the shrinkage resistance, anti-seepage property and frost resistance of the mortar specimens enhance,
and these properties increase with increasing the content of waste rubber particles. The amendment of wastes rubber particles has
a positive effect on the engineering properties of recycled aggregate mortar.
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Fig. 1 Particle size distribution of recycled fine aggregate
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Table 1 Main physical properties of cement

) . Setting time/min Compressive strength/MPa Flexural strength/MPa
Specific surface area/(m~-kg ) Normal consistency/%
Initial Final 3d 28d 3d 28d
350 28 140 208 26.7 48.6 5.3 8.4

*2 WRESL

Table 2 Mix proportions of mortar

Mix proportion/kg

Design strength/MPa Sample Rubber content/%
Cement RFA WRA Water
5 RCM-5-0 0 190 1190 0 240
RCM-5-3 3 190 1145 20 240
RCM-5-5 5 190 1130 33 240
RCM-5-7 7 190 1107 47 240
RCM-5-10 10 190 1070 67 240
RCM-5-20 20 190 952 133 240
RCM-5-30 30 190 833 200 240
RCM-5-40 40 190 714 266 240
10 RCM-10-0 0 240 1190 0 240
RCM-10-3 3 240 1145 20 240
RCM-10-5 5 240 1130 33 240
RCM-10-7 7 240 1107 47 240
RCM-10-10 10 240 1070 67 240
RCM-10-20 20 240 952 133 240
RCM-10-30 30 240 833 200 240
RCM-10-40 40 240 714 266 240
15 RCM-15-0 0 290 1190 0 240
RCM-15-3 3 290 1145 20 240
RCM-15-5 5 290 1130 33 240
RCM-15-7 7 290 1107 47 240
RCM-15-10 10 290 1070 67 240
RCM-15-20 20 290 952 133 240
RCM-15-30 30 290 833 200 240
RCM-15-40 40 290 714 266 240

1.3 BE BRSNS

¥k 2 iR & LeRRRl,  Jels RSk FI
IKVE ISR FENL A 35 S FHE 2 min, SR RN IK 4k 58
PiFE 3 min, HIR BB ERD RS XD
WHEEWHATIE . PROAKBERR IR FE XL, I
BTN 40 mmx40 mmx 160 mm 3, 5240 51 4%
6 1, HIHTINR 7. 28 d HLirsREE AL RS .
BET AR MR, NBRIRBERN 3% 5% 7%
AT 40 M Brs R BTR M I AR5
F 45 320 58 A BT R AR S A R RS Y 40 mmx
40 mmx160 mm, FH AR RAH 3 MAAF,
PEMERI A 6 NMltE; PustEili il T
Mo ERMMER 70 mm, FERIEES 80 mm, &

30 mm [AR#TH, RRAM]E 6 1.

R G B TSR N (20£5) C I3RS AR 32 4
24 h JEHRARE, PR RN IR E R(20+2)C . H
SHEER 90% LA FbrdE sy = R 32y, =92
MG, S8 ORI 5RE R 772:1S0 i)
(GB/T17671-1999) W il A A7 P Hi i 2 B il 5,
Z M R W IR AR M e X 58 Tk b UE D
(JGI/T70-2009) WA AT T4 PE A BB MRS o XF
FHEMRE, oSl GRS K IEARMERERR T
TERRAEDIGI/TT0-2009) KR 34T 15 IRERRLIEIR
B ORIV R 8 R 5 77 % JSO )
(GB/T17671-1999)% R GG J5 A F AT BT o fit
JE IR



.« 2308 - CRERR Sh2230)

J Chin Ceram Soc, 2021, 49(10): 2305-2312

2021 4

2 HR5t#

2.1 FNH1HAEE

2.1.1 WhIRFEEWRAE  DUBEEERAE
HEYRIRANTE, AR, T
TR . FAEE R R AR SRR B RN
KAWE 2 . SRR BEBRIFHS G IN T
W PEE I shE, HEEEBEREINmIE R 10%
LN BESGERURRH, RCM-5-10. RCM-10-10+
RCM-15-10 ] # /% # RCM-5-0 . RCM-10-0 .

RCM-15-0 73 HIHK: T 64.32%1102.52%F1 128.13%.

WhIK
WIS

—a—RCM-5

100 - _e—RCM-10
—A—RCM-15

S 80 +
Iy
b5
2 60
=
o
QO

40

20 1 Il Il

0 10 20 30 40
Rubber content/%

K2 WRHESMFE SRS ERR
Fig. 2 Relationship between the consistency of mortar mixture
and rubber content

AR RORE (4 ik A1 DL R MBS 3 o
HE 3 AL, RRBORRL R A B g K, HAR T
BORRERE,  DRIAR IEURL )35 N 38 K S s 1

FEAUUT 3ANER: 1) TR0 K,
BEE SRR B R IR, 2ol REST A

UK 2, BIsi e imn; 2) #E6 /KIER R
L2 TH T il — Fmﬁ,ﬁ%hﬁﬁfﬁiﬂﬂ@%
P AR IR RSO, T S BOR S R s 3) 4%
%%ﬁﬁ&ﬁ%%$mm,mmwlmﬁ%,lk
BRI N B 5 SEH, SECERFK R
L[] PR BE 5 108k /0N, B3

2.1.2 WHKIEEWRKME  PROKMERT BUAERD K
FEE WL il S AT T A AR e P, PROK
ok AR e MR T o FEAR B RMID K HE A IROK 515
BRBERZWNE 4 fix. S5REKHE: BRER
BNSTE— B LR KSR K E . X
T HA SRR A2, HEMER.
WEERSLIR 2, $EA I FE T REMR B 2 1 H HHK .
BEEZ B ERIE I, FHAME R IR, &
R AR M Re I PEAG, BORIKER R B

CAright:115.0°
CAleft:116.2°

(a)Contact angle

i g
3 4
P N

"f

BAF v

g
¥

Fil o
e \b. 3 : ‘ :
s L }

(b)Surface morphology

3 R I B A g DA RS

Fig. 3 Contact angle and surface morphology of rubber
particle
100
—a—RCM-5
——RCM-10
e g —A—RCM-15
<
2z
2
5 98t
2
5
<
A
= 97 r
% s s s
0 10 20 30 40

Rubber content/%

K4 WRHEGMRKESBRBERRXR
Fig. 4 Relationship between the water retentivity of mortar
mixture and rubber content

LGB EANT 10%0, BRSBE RS
YRR PERERC ANl &, RCM-5-10. RCM-10-10+
RCM-15-10 HIPR/K R HFLAEH WP KA TR T
0.24%. 0.21%A01 0.11%; 4ERBEKT 10%MH],
bEERIRBERIGIN, BIRER 32K G

DRAPE B AR A 22T 3%



49 H5 10

FEPR ML S5 SR ARG B AR B R S BOR PR RE L R

° 2309 -

WRHEMRINEE
FHAEE B IR P BRI B S5 RE 2 1) %
ZE 5 Fin. HE S T, BPRPEEYIR I R
BEAZ 45 & B3 I Se s K500, URRIRBEN 5%
N, WP IR PGPS BE AL 2 i KE, RCM-5-5.
RCM-10-5. RCM-15-5 HIRME EHK RCM-5-0.
RCM-10-0. RCM-15-0 73 334K T 2.69%- 2.46%7FH
0.69%.

PRI RIRL K145 N X RS FE-E W) 3 0 5 FE 1 5 0
A2 AN07H: — RIS T E R RWER, —
RO T RN AL . MRS E KR, R
WA R A B R, WE R R M
R PRI A SR SR W BB, Ui
I PSRN S, i — 2 U R 8 N s
TR A A B SR A
2.3 J1EFMERE
231 WAL PURSRE R
PERESBIRBERLRZME 6 . HE 61
W, BRIk G, R Pk bE
MBI KGR N . MRS RN 5%,

32

2.2

—a— RCM-5
—e— RCM-10

2.4 4 —A— RCM-15

1.6./~*\\\’\‘\'
W ]

0 10 20 30 40
Rubber content/%

7-day flexural strength/MPa

(a) 7 d flexural strength of mortar specimens

15

—a— RCM-5

—e— RCM-10
A —A— RCM-15
10

./._"\‘\‘-\-'\‘I
.
0 10 20 30 40
Rubber content/%

7-day compressive strength/MPa

(c) 7 d compressive strength of mortar specimens

N S 1V TN /1 W S 0138 B N 5 - 3 N [ W
RCM-5-5. RCM-10-5. RCM-15-5 [£] 28 d Fiifr 5%
¥ RCM-5-0. RCM-10-0. RCM-15-0 2} H# K T
8.25%. 6.33%F1 4.27%, RCM-5-5. RCM-10-5.
RCM-15-5 ] 28 d $ii & 58 E 4 RCM-5-0.RCM-10-0.
RCM-15-0 73 HI38K T 23.33%. 11.20%A1 11.76%.

2100

2000

1 800

Apparent density/(kg-m)

1700

0 10 20 30 40
Rubber content/%
K5 ERAESIRNEESBIREERLR
Fig. 5 Relationship between the apparent density of mortar
mixture and rubber content

—a— RCM-5
—e— RCM-10
—A— RCM-15

0 10 20 30 40
Rubber content/%

28-day flexural strength/MPa

(b) 28 d flexural strength of mortar specimens

20
—a— RCM-5
—o— RCM-10
154 —A— RCM-15

10:/'\-\\‘\’\<
A
p

S

0 10 20 30 40
Rubber content/%

28-day compressive strength/MPa

(d) 28 d compressive strength of mortar specimens

Ko IR TURBRESHBSRNKAR

Fig. 6 Relationship between flexural and compressive strength of mortar specimens and rubber content



« 2310 - CRERR Sh2230)

J Chin Ceram Soc, 2021, 49(10): 2305-2312

2021 4

W AT LLEAE & — N EE R KK =4) LA
T E R YE KA =) 2 (B ) ST X 3 3704
BRI AL KRB RN T 58 FBE 19 52 1 7] A A
NIV TT AT 4387 : 1) RRIRAOR B A R 5 1
IR ST, HiZ BIANIE RS, AR URLAE —
SEREFE b 2ok FL R B AR 1 4 L PR A R
H, AR R 2) BT R L
iR, KBIRBENIRA L =% S, Hif
BAHE SRR 3) MR EA TR, K
G RURL 0 fise 45 5 P AT T L 5 e VR At ek ) R & it
FEs 4) MRBRLR T Y FE R RE, B 5 SEM,
RN RENEZ, SBERERE. Fit, &
Ji2 FIURL 45 N R D 5 558 B2 1 52 1) & 22 7 T R 3R 4R
e

MIRIRZE RKE: UBRIRBERCR, B
PP PURSRES A /NMERER S, X2 TR
BEBAR, BRSNS 2 6w 32 e H
DA K o} £ R BRI VR K T 38 O T R b S i
FEREITER: MR B RE R, BRI R
FERFIAGAE G 5E, G RIROR IS = s, 55
A FHIZ TG 5, WD R PR IR A . H Uk,
BB EAE—NEMEE, YSESBEN 3%~
T}, Wb HARM B R — R A5 R
232 WRAGZIERIIBRME S ET1HR
ANFERB R 28 d 152 N 18 T 26
B 7 o] WL, W03 1R R AR T ith 42 B A )
Wl 28 . ASBAG ORI, N 773 WA i PR [
%, TERBEUE R, WO R AR B
NGRS, WA N AR T i 2k A2 T A8
o, HhE M B BORN RN, WEAE R g BTkt L (1)
ATEHI R, B BB Bo R = A2 B B (0 B AR TE
ISWARSIAEE A N X i VN W i T A REZIN
BN T AR I
2.4 THAMERE
241 WEAMRGEE BRAG TR RS
BB ERRRWE 8 fiox. tHE 8 I, FFHE
RO B 3G N, WD AR AT R 4 2k, 15
JR R 145 N BRI T D K e 4 1%, RCM-15-3
RCM-15-5. RCM-15-7 ) 28 d 8 W 4 K
RCM-15-0 735 FF& T 11.22%- 18.06%#1 20.34%

WIS e e TR R K ST
AMEREREE 17K 2 R 5 D 2K PR AK S R e
AUk dE . TR IR KRR RUR, BP AT
AEREMEBEK, BRI E ik bl

HIRKPRE— KA, WISV A HKE IR
RS, R IR R R TR E . kg
IZEA, WOIE R AN L AT, TR IR R BT
RAFRIFRPEARTERE T, 852 B4 B il A A
PRARTE AR S 77 AT AT 284 b 5 1)
eI E i

20
< 16
a
g2t
(5]
=
2 8t N
g‘ —s— RCM-15-0
g .l —e— RCM-15-7
—a— RCM-15-10
RCM-15-40
04 . . .
0 1 2 3 4

Deformation/mm

7 AFGIIS R 28 d BP0 52 He B AR T ith 2%
Fig. 7 Compressive stress and deformation curves of 28 d
mortar specimens with different rubber content

0.60
045+
=X
2
s
S 030F
<
R
=
£ —a— RCM-15-0
w2
0.15 + —o— RCM-15-3
—— RCM-15-5
RCM-15-7
0.00¢# ! L ! L !
0 5 10 15 20 25 30
Curing time/d

K8 bR RIS R SRR B R
Fig. 8 Relationship between shrinkage rate of mortar specimens
and rubber content

242 WEAGEHE BRAMRBKESH
RBERRAZWME 9 frn. HE 9 L, BEEBGR
WORLB RGN, W3RN PEKER R, BRI
BRI B NI TR MPLETE, RCM-15-0 13T
BIKEHN 0.31 MPa, 1ii RCM-15-3. RCM-15-5.
RCM-15-7 fJHiB/KIEN 0.35 MPa. 0.38 MPa,
0.39 MPa, 5 RCM-15-0 73 3K T 12.90%+22.58%
A1 25.81%.

BRI BRI S b K PUE Y IR R 1) B
UKL ) 51 S AE FH 98> T B4 FL 2 8] () A B3,
FEK T BIKER KN EAEB RS 2) B



49 H5 10

FEPR ML S5 SR ARG B AR B R S BOR PR RE L R - 2311 -

1 1) 2 T 22 ik A KT 90°, BAHALIE ST I S E
J7 ) AH S, AT RASE R A2 i N BB g, AT A
KRB IR Rk, R BORLE i 2 K B K
(5 IEs AR FNEE K B K B IE I TP K
HUE7RE S

243 wWFRAMGPEE R EPIRRE R
REBRBEMRAWE 10 fiox. HE 10 770,
B 5 RS B (3G 0, DS ) PR e
REBEAR, BIBBRLIE NI & TR PR,
RCM-15-0 7E 15 RIGRMERR S PidT PUEIREE 735
B& 7 20.21%K128.09%, ifi RCM-15-7{ FF& 1 10.31%
A1 11.16%.

0.60

o
'S
wn

g
—_
7

Anti-seepage pressure/MPa
(=)
W
(=)

0.00 —
RCM-15-0 RCM-15-3 RCM-15-5 RCM-15-7
Ko wWRRMEKESBIRBERRR
Fig. 9 Relationship between the anti-seepage pressure of mortar
specimens and rubber content

50
V] Flexural strength

40 [ ] Compressive strength
X
3
E 30 28.09
= 22.58
g{) 20 20.21
5 16.72 1523
1) 12.40

10311 1.16
10 +

RCM-15-0  RCM-15-3
10 WHRARIPIRREZHRESERIRE RN KR

Fig. 10 Relationship between the frost strength loss rate of

RCM-15-5 RCM-15-7

mortar specimens and rubber content

WA PRI R T, R E K E e fE
FURIEE TR S5 UK, AR IR . BEE R
TR HE A, A F AR K 0 IZHT A UK, AR T i
Ak, FBCAESE NN I EE N, Wi A 5
Pi, D5l ED AR K. SR 3

DEBURLIS M R el 4 P A T T B — 2 7
R E R AK S UK A R MRS, I b
TECRR R P AR B, TR S e A
REGEIER], [FIRTRD S A R TR BB )
SR RT3 3 4 1 b P K
R, MR T KK IR, R T
RO PR D),

3 £

1) BRERURL )45 N\ REWE A B IS K5 1)
IR BN, PR B ERE AR B RURL 15 & (K if 384
HEIBURL 5 N RN SERKIE N B, (ERIRE &
N 10%I s DRARPE N BERE LR

2) BERRIAURLS B IEIN, WO R HTT o
JERPUR SR RIS KRB PR N IR, B &
£ 3%~T7%Itf, RS HIPT A PT S sk A B
AR . X SRR s B R B 24 AN
SRR AT X 4 rh L (T RO R AT %

3) RRIRRORL 35 NG 1 W0 A BB I 1
BRAES], WIHRNIMETERAC, BITERE .

4) BB BAE 3%~ 7%, b H A it
Wi PERE . HLSTERER BT PE REL 1S 2] B 043
HEE 58RIz D 5w

SE R

[1] DUAN H B, LI J H. Construction and demolition waste management:
China’s lessons[J]. Waste Manag Res, 2016, 34(5): 397-398.

[2] TORKITTIKUL P, CHAIPANICH A. Utilization of ceramic waste as
fine aggregate within Portland cement and fly ash concretes[J]. Cem
Concr Compos, 2010, 32(6): 440-449.

[3] CORINALDESI V. Mechanical behavior of masonry assemblages
manufactured with recycled-aggregate mortars[J]. Cem Concr Compos,
2009, 31(7): 505-510.

[4] LEE S T. Influence of recycled fine aggregates on the resistance of
mortars to magnesium sulfate attack[J]. Waste Manag, 2009, 29(8):
2385-2391.

[5] DAPENA E, ALAEJOS P, LOBET A, et al. Effect of Recycled Sand
Content on Characteristics of Mortars and Concretes[J]. J Mater Civ
Eng, 2011, 23(4): 414-422.

[6] CUENCA-MOYANO G M, MARTIN-MORALES M,
VALVERDE-PALACIOS 1, et al. Influence of pre-soaked recycled
fine aggregate on the properties of masonry mortar[J]. Constr Build
Mater, 2014, 70: 71-79.

[7] KATZ A, KULISCH D. Performance of mortars containing recycled
fine aggregate from construction and demolition waste[J]. Mater Struct,
2017, 50(4): 1-16.

[8] TOPCU I B, BILIR R. Experimental investigation of drying shrinkage
cracking of composite mortars incorporating crushed tile fine
aggregate[J]. Mater Design, 2010, 31(9): 4088—4097.

[9] LEDESMA E F, JIMENEZ J R, FERNANDEZ J M, et al. Properties



2312 - CRERR Sh2230)

J Chin Ceram Soc, 2021, 49(10): 2305-2312

2021 4

(10

(1]

[12]

[13]

[14]

[15]

[16]

of masonry mortars manufactured with fine recycled concrete
aggregates[J]. Constr Build Mater, 2014, 71: 289-298.

INKBE, Bkl PR RO A5 B R L R T BE RS R (],

HEFUM R AR, 2012, 15(3): 382-385.

SUN Jiaying, GENG Jian. J Build Mater (in Chinese), 2012, 15(3):
382-385.

PERRAR, BRT5 AL, DRI5UE, S5 PRAGIRORY KT & b 3% 1L Ak R )
R B LRE A, 2008(3): 418-423.

YAN Handong, MA Xiuxing, CHEN Xiufeng, et al. Chin J Envir Eng
(in Chinese), 2008(3): 418-423.

UYGUNOGLU T, TOPCU I B. The role of scrap rubber particles on
the drying shrinkage and mechanical properties of self-consolidating
mortars[J]. Constr Build Mater, 2010, 24(7): 1141-1150.

TURKI M, ZARRAD I, BRETAGNE E, et al. Influence of Filler
Addition on Mechanical Behavior of Cementitious Mortar-Rubber
Aggregates: Experimental Study and Modeling[J]. J Mater Civ Eng,
2012, 24(11): 1350-1358.

PEDRO D, BRITO J D, VEIGA R. Mortars Made with Fine Granulate
from Shredded Tires[J]. J Mater Civ Eng, 2013, 25(4): 519-529.
ANGELIN A F, ANDRADE M FF, BONATTI R, et al. Effects of
spheroid and fiber-like waste-tire rubbers on interrelation of
strength-to-porosity in rubberized cement and mortars[J]. Constr Build
Mater, 2015, 95: 525-536.

ANGELIN A F, CECCHE-LINTZ R C, GACHET-BARBOSA L A, et
al. The effects of porosity on mechanical behavior and water

absorption of an environmentally friendly cement mortar with recycled

Trike

(17

(18]

[19]

[20

[21]

[22]

[23]

rubber[J]. Constr Build Mater, 2017, 151: 534-545.

BEN, PASLET, BREESC, 5. @ik BRI SRR K TR RD H W 4 I e
U], RERRERER, 2020, 39(10): 3252-3259.

XUE Gang, SUN Lisuo, SHAO Jianwen, et al. Bull Chin Ceram Soc(in
Chinese), 2020, 39(10): 3252-3259.

SINGH S, NAGAR R, AGRAWAL V, et al. Sustainable utilization of
granite cutting waste in high strength concrete[J]. J Cleaner Prod, 2016,
116: 223-235.

SEGRE N, JOEKKES I, GALVES A D, et al. Rubber-mortar
composites: Effect of composition on properties[J]. J Mater Sci, 2004,
39(10): 3319-3327.

bR, AR, TKIEME. MG R KJERD KAL), R
FERS24R, 2011, 12(44): 1083-1087.

YANG Linhu, ZHU Han, ZHANG Yamei. J Tianjin Univ (in Chinese),
2011, 12(44): 1083-1087.

RIBRE. BRIRERK IR IR 53 7 & HAE B % 0 4 [D]. &R
BN, 2015.

ZHU Tengkuo. Research on the microstructure and performance of
rubber cement mortar (in Chinese, dissertation). Nanjing: Southeast
University, 2015.

ABRAHAM, MARMUR. Penetration and displacement in capillary
systems of limited size[J]. Adv Colloid Interface Sci, 1992, 39: 13-33.
PREZIX, £, D%, WA E AR LE el 2
SRR, 2015, 32(4): 933-941.

CHEN Aijiu, WANG Jing, MA Ying. Acta Mater Compos Sin (in
Chinese), 2015, 32(4): 933-941.

WRE, WILHE TR @M LAY AR, LA, FHNS5ER ARSI
LA BB ARG . W TE EAERIH - T E P E U H 55 10 2000,
FARTRFR I 40 R FALHLE AR TR A2 @M R RR . TR ITIA
I 2 I 7 0 ] e v e P K% P A A P 7 T I E 7

1EHE P4k

BN, WHTHE T RFEFS LR TR LA siE, EENEESRFT AN
FIBETE . PTESRZA AT FE 00 H 45 FHERGIR B R IR SRR BORAURVERI N v
T 5 R F O FIAC B B IRAA P BB R BRI N T s RIS RSB TR LA T
FePE R RAED S 2 R AU SR SRR ShTTE b s A be RO B A/ A e (L e S



