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Damping Properties of Recycled
Aggregate Concrete and Simply-
Supported Recycled Aggregate Concrete
Slabs

XIAO Jianzhuang'*, XU Hao', LI Tan', WANG Chunhui',

XUE Songtao'

(1. College of Civil Engineering, Tongji University, Shanghai
200092, China; 2. State Key Laboratory of Disaster Reduction in
Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: The effects of recycled coarse aggregate (RCA)
replacement percentage, polymer damping material,
boundary conditions and damage level on the damping
properties of recycled aggregate concrete (RAC) material and
slabs were studied by using suspension, cantilever, and
simply-supported tests. On the material level, the test results
show that the damping ratio of RAC increases with the
increase of the replacement percentage of RCA. The damping
ratio of RAC with 100% replacement of the RCA is increased

by 30% compared with the referenced natural aggregate
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concrete. Adding rubber particles can significantly improve
the damping ratio of RAC in the elastic stage. Adding
polypropylene fiber has no remarkable effect on the damping
ratio of RAC in the elastic stage. On recycled aggregate
concrete slabs, it is found that the damping ratios of recycled
concrete slabs increase first and then decrease with the
increase of the damage degree. The relationship between the
cracking behaviors and the change in damping ratios are
identified by observing the development of cracks. It shows
that the damping ratio of RAC slabs is related to the crack
behaviors, thus the interface friction damping caused by the
crack is an important factor affecting the damping ratio of
RAC slabs.
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Tab.1 Basic properties of aggregates

e FMESE/ (kg e m=2)  WAEBHERUSE/ (kg e m—2) EIBERE R/ (kg e m=°) JEIEFEIR/ Y0 KR/ % EKFE/ %
AR 2553 1220 1 360 14. 30 6.92 2.50
KRB R 2675 1306 1450 3.54 1.27 0.85

1.2 it

FAVREE 1 FHE PERB IS G4 FEA TREE T A RHH
JeARI AN SR BH IR I . IR EE A4 RIBH 2
AR RS2 100 mm X 150 mm X 1 300 mm, [&]R,
FEFHBESN 35 100 mm > 100 mm X 100 mm [ 7 7 1447t
FRide, T LABT R E . APRHIE 73 54,
I3 NC (FRARIREE L) RC50(FRA LA R RN
50%6) RC100 CFA AR 100%6) Ru (BRI
PG EIUREL P HEL B R 10026 B A BHE
Bt ) LA PP IR NI4T 4 P2 ML R Ry
100%6 A ERRREE 1) , BEALDESR 3 MR

7 Stz M BELJe 156 ol P 4 20 B i) ) S TR R A,
S8 60 mm X 300 mm X1 700 mm. B [a] f8] 2 A
R RS S BT W 1R . IREE 2R
J& 4 15 mm, 52 J1 BB 2R 0. 50 %6 , 2 A B4 A Bic
%0, 176 % o AR TR EE AR B e i 425530k

NCS (KRR RHEEE M) RCS (FRAE ML RHEEE L
Bz ) RuS (IS AR B 0kr | P A H B R O R Ry
100 % HIFFA TR EE 40 LUK PPS (IR N K27 4k |
FEA LA BB 2R 100 % (PR TR BE M) o 2K
AR L BETT, 43R0 B e A B2 2 R, il
(1) 28 d 37 7 AP R B AN 307 o
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Fig.1 Size and reinforcement of one-way sim-

ply-supported slab (unit: mm)
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Tab.2 Concrete mix ratio

iR

e 5~25 mm #lE5 kg

g5 A B ) K/kg  KIKEE K8/ kg —— Wi/ kg e —
NC/NCS C30 150 0.47 319.15 829.03 1098. 95 0
RC50 C30(50%) 150 0.47 319.15 829.03 549. 47 549. 47
RC100/RCS C30(100%) 150 0.47 319.15 829.03 0 1098. 95
Ru/RuS C30(100%) 150 0.47 319.15 55. 07 (15) 829.03 0 1098. 95
PP/PPS C30(100%) 150 0.47 319.15 1. 20(£74k) 829.03 0 1098.95
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Tab.3 28-day compressive strength of concrete

specimens
[EREETRE NC RC50  RC100 Ru PP
PUEME/MPa  33.79  32.05  30.61  26.76  33.68
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Fig.2 Suspension test method of damping (unit: mm)
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Fig.3 Vibration test of recycled concrete slab

(unit: mm)
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Fig.4 Cantilever test method of damping (unit: mm)

2.2 HERBEITRPERMRA X
R 3 e A A it fan 25 i e 28, 4n &1 3 T o
M B BN 50 Fh #0254 s A B A T, )
IR & MR B B 48, Z 5 AT R ok
FHEL S AR 2 i da AR 7 3 IR A R Aar 2R A [
PR BE AR (A BELE , 8 D7 N 2 OGS ) i an 3R 4 B
TN e, e AR IS ThIREE L N A, P, ok T A
0 MR e NNATNAE , P, R IRAT R, P
REAETT L, P, e i 2 s Lot s i, POk
PR 2K
2.3 SWAE
RIS 3 1 R LR B a2 B R 5 ik
FEm N, >R F TRty S O SRR E, B
_ N
2
Ky HEHJE L s AF R 2 P 38045 58 5 fo il A e g
Bl 5 Son Tl 4R 2 A S s, i i e s
() A5 Ak B B 3R 5, DA R BB 7 45 A 2R 43 A 1 A3k
55 iE i Matlab 5 Pt fd 37 2245 (FET) i 2
J7 ARk R 2% (1] Sa) 5 Ak s AR Hh 28 (&1 5b) .

(D



5 4 1

F A, S < P TRE PR R A SR B JE M fiE 501

R4 BAMBXBIES S (S RME, CFEREES min)

Tab.4 Static loading key control points (graded loading,displacement maintained for 5 min)

xR FHIE i
1 wRTE (e FER IR AT 780 0
2 =100X10"° P, JF&LA IR ThHF L gk % 0. 05 mm » s~
3 0=7.5mm PR ZAE IR 0. 3 mm; BB/ PR ARIRE] 7. 5 mm
4 &=2000X10"° AR IR Py, H AR 7 A8 W 2 5 i IR
5 P TR BN S, R BEE M BRI A5, 2P A 2E =10 000 X 1065 244 FERE K% 1. 5 mm; B 1K L./50=30 mm
6 0. 85P P, MR A, P, =0. 85P, s
50 EERAALS , R R, SRR EE S
40 b . s .
ol PILLARERAST . AP BLR B AR 6 T .
E £6 BEEBERELERIRER
é 0 Tab.6 Cantilevered damping test results of
# —10 | recycled aggregate concrete
=T WSS BRI/ Ha BRI /10
_ig L NC 258.82 10.31
0 01 02 03 04 05 06 RC50 254.97 12.70
IR /s } RC100 243.97 13.37
2o a HEES Ru 225.02 21.29
' PP 243. 67 13.93
N 15t -
% i 1 P AR TR BE - AR RS B E 5 AT DL B, SR
&?: 10} FHTR A T 3, AN [l 38 T 1 45 280 14 BELJE 45
nﬂﬁ FAE 22 57, o B vk B9 G il PP BELJE HeAs 1) BELE
I 05 L ST 1
= =1 39 % 0 AN A Ty A5 2 0 BH Je 45 SR A 2=
: , : , S, B v B e 3k 2 IR e R R O 2
0 500 1000 1500 2000 . . -
% | Hz 43. 100, X EZR M TR FAFEAS R . RH]
b RIS B PRahe Sl B hn e AN I

E5 BHEEISTERE S R
Fig.5 Signal transformation from time domain to

frequency domain
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Tab.5 Suspended damping test results of recycled

aggregate concrete

W MRS Haadksh BEERS) N o]
S BI/Hz MR /Hz o BEJELL/10% FHJE /1073
NC 244. 31 243. 68 5. 20 7.25
RC50  233.71 234.43 6.27 8.73
RC100  221.07 239.73 7.00 9.78
RU 197.77 275.47 10. 51 15.11
PP 219.03 250. 75 7.11 9.67

SRR SEPR AR R T AN B L FERERE
J1Z A, A, AT 2 R R T8 A
IR T5 VR AR GA 5 26 F 2 B MR B s
R RSP IT A R A SRR . ik 6
Fi7R AR BEAHZE AN S 1090 HAa sl sk i Be
AT , A A1 A 3 A A2 A LA ), 50 70
A A BHB AR BE 1 B2 e L R AR AR BE 1+

0024 I o byt Wit
0.020 _—O—Eﬁﬁ‘ig})\ﬁ&ﬁ
—— B VA ) B
0.016 |
 0.012 }
=
0.008 | //\D
0.004 |
0 1 1 )

NC RC50 RCI00 Ru PP
N2 )

E6 FREMKAEHERL
Fig.6 Damping ratio of different test methods
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3.2 BHREITHRAIER

S AR EE T AR BRI IR 7 s .
A RHEEE 1 R 807 N s TR e AR IR B AR
JBE UKL 23 s A R AT BB A 21 48 5 HoR B 5 T
WM IR EE .
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Tab.7 Ultimate bearing capacity of slabs
e NCS RCS RuS PPS
WP R /KN 14,245 14.017 13.314 15. 373

A 3 I A TR B AR AS [R5 F E T B) BHL
Je LbABA, , B0 AR TR BE T 7 S PR AR b B e FE fE
RE I BEH I U722 Ak, I 8 I .

*8 AENMEFM EEERE L REENE

Tab.8 Damping and frequency of recycled concrete

slabs at different loading levels

ik FHJE /103 Wi /Hz
BBt NCS RCS RuS PPS NCS RCS RuS PPS
1 20.71 23.90 29.33 25.92 495.9 463.8 340.7 432.2
23.82 29.17 35.12 27.40 488.2 463.9 345.7 429.0
29.91 41.92 60.42 32.34 469.8 462.1 323.6 420.2
36.90 43.90 38.22 39.21 432.6 450.8 293.8 414.9
34.20 34.81 25.82 41.82 353.2 436.1 332.0 313.8
22.41 18.54 17.70 11.74 498.0 322.5 489.9 498.1

Ul W N

PR TRBE AR SRR B 1 f] SR BHE LU BE B4
FEJE RN 7 Fr s o 1 SR BHE 15 45 2 A A
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LR B 3G R T4 K, 38 BB (LI T it 46
REJE A R RRAG . ELBE G Mt O 2 B B i K
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KA LR IR B RHRBE LA 5 18. 9700, #A= B kg
W S F2 AR A BELE FERERE T o

PSS AL )P A TR 5 A A SR i B 4 BEL
JE LU R BCR B W, 7638 5 Ji iz 2 i R E L
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Variation of damping ratio of concrete plate

Fig.7

in different loading stages
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Tab.9 Comparison of damping ratios of concrete

between material and component in elastic

stage
B /103 o
RS i AHE i
o - By BHEL/107°
REIR - HhmEdR
NC(NCS) 5.20 7.25 10. 31 20.71
RC50 6.27 8.73 12.70 —
RC100(RCS) 7.00 9.78 13.37 23.90
Ru(RuS) 10. 51 15. 11 21.29 29.33
PP(PPS) 7.11 9.67 13.93 25.92
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BEWLIAS T T A 55, LI FI0 S TR Bk 1 Al SR 4 e T
MO, S TR 7 RIBELE LA AR ALARE , P 2R EE K e AN
FHIEPEREZ A AR

B NCS i 48 A RN 8 o o etk 4
PLRE 1oy 2800 280 22 I 28 o B 2 Ik, AR JC W S B )
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Fig.8 Description of crack development at bottom

of specimen NCS
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Fig.9 Description of crack development at bottom

of specimen RCS
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Fig.10 Description of crack development at bottom

of specimen RuS
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Tab.10 Max crack width record at slab bottom

. FeREE 5 /mm

BT UET WEe WEs WBL ES B
NCS 0.10 0.16 1.30 >2.00
RCS 0.10 0.18 0.22 1.50 =>2.00
RuS 0.18 0.40 0.68 =>2.00 =>2.00
PPS 0.06 0.12 0.70 =>2.00
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Fig.11

of specimen PPS

£ BRI LA R ) faf SEAROT 24 AR AMEHLE
FERYZEAL , T RUR BRLAT 248 FIRH E U &R - 7E 5
PERY B, FEAE B RHR BE M iy BH e LRI T R
B M 5 AR (EL(T 2T, P2 RHRBE R R 2 T
Wi R sE L, HLBHJE H AR i R Tl iR e 1
BRI, PHETREE L B IT RN O W
AR ff 2 AT 23 A — W 2 A BHJE LU (R {2
BE o7 48 O, 2848 R DT , A P AR TR e AT
AT 2 T B e B B My mer4e)s , th 127
YEAE SRR ] UL, W ELAT 28 T 1Y 2448 I3 A7 Y [T B
J TR i 28 AT REL e AR

AL P 8~11 AT UG4St , B B R E i
FUGIUICA « 21 2 P AR TR B 1 A 2 T TR G Al
AR BE AR AR EE AR . A PR TR EE AR, IR
TR S JUAE B4 454 YRR 5 b W7 I 23 ) S0 SR T Je ol
A, 5SS NAR B RURL P A= TR BB - A A o 2 A0
FRIBHLJE A BOR BB ARSI o T8I0 2R P A 21 4E -7
A R BGE A SR A JRE T L B 2 i 4 /N T AL
A, 10 Frow , IF BAE N A5 91 B R L
b X IR SIS T R PR U £ 2 ) A TR R
BHJE HEATS B R A — 2L

5 PR ERBHIER

A G R IREE LR AR AR IS 8.
ASHIBE 2 HE3E R 2 202 th TR AR SR, ARk I
AL R R G T R BRE L MR B0 ST R, T
ST FE AR IR TE 2 PR I BELE AERE Y H LAl ™

&%
B
=
|

b
&_&;

i =) AN E K = IR}
TLRK , R R R REEAE  BREE M
0 9 9E B5E 1 D03 4 i RE RE , DX L BHLJE e AT P
TR,

FHERIERHREN] R e LA e vERe. &
PR B BH e P BE AN 32 2R dy T R AR T
KA I PE X (ITZ) B 12 # R REA R TR EE
A AR Z [ % 3 A EE 352 7= A FHL e 1) S22 A
Z " RS KR AT I B i R TR
RS AT A0 FE R IRBLE RHRBE L, AL BHE
BE LS AR Z S P B 2, T
A RAFAE QIR R , 4028 S AEE /0 IR A (R
BEANFLBE , TES2 AN S PTIHAERE B A BRIE B 22,
o A5 P 2 0 45 i B 1 R A K AR R B
Bk

AR TRASE - AR AR Y BELJE BSC RO
o BFEARATTRRDE n] DU - AR5 PERY BE, th T
G AL ) M FEE A/ T i [ T b e AR 2 v, ]
RERE A F 4R B BEAT /NG [ A 4R 2l 5 107 Al itE A 8
W BEJR BTSRRI 24 AR B ORE DR 24 SR 55 T 4
i, ATAE FE R [ A HEA TR BIAERE 5 T AR SR A
], AR ORI f0 % RE A 22 1] -4 fk BB, 18
IR B PR 3 TC 12 4% 128 AR MUK FERE , (5 L AE RE
AEJ) B AR, BELE EEis/ )

TESAE R B , 47 4k A TR GE AR BELE He 5
AR AR B A 22 AN K Tt A BB B B
EEEB/PNTRAEREECARE . X ATRER i T2F
A B LA, (2T 2 P AR TR R b et ARt
W B A TT B et i 44k 2 1] 14 JEE 5 Rl
JEFERE 2R BE L AHE A AR LA B B AR RE Y T 23k
o LT YRR AR TR BE L A B BIR 5 B i, SR ik
— R AP AR TR BE AR B BEE L 2 1S s T
ARSI PRI £ 24 4 P A1 TR BB Al iy T 2R84 5
TR T EEAEFERERE ST , BHJE LA BT R I

Li LR, TR SR T 224 B A A BH e FE iy
SR F AT LA Y PR LA T ™ A B4 St i EE 452 KL JE 2 S
AR BE LB R RO B E R o AR AR
RLHIER A ] L3 551 DA i 72 SR8 2 50 1 sk 2 2 4% 58
JE N REAE oA Y R A R B R RH e T R
FHAS IR P B2 AN [ i 28 T TR 5 A R4 1Y
W BECH 5 BRI ET 4 sl NREE ) SEJE , S8 N 2REE 1Y)
A DX, ol ZRG 7 G (L 4y 23 T 140 FE 7 £ 5 1T BE 452
HEEHE HE



5 4 1

F A, S < P TRE PR R A SR B JE M fiE

(o)
o
(93]

6 it

(1) 5RARERHEEE A, B A E R R %+
(IREJE FE B o ZESRMEBY BE, 50 %60 AR B RHIUAR 3R
TREE+FHJE HE HE R SR B R BE £ FHJE e 20 %0~
23%0; 100 %% F-2E B BHBORC SR IR vy W] 35 31 30 00~
35% o MR R BER A IR i H = VR e L BE e AERERE
1, A EORRREE 1, YN IS S AT () P TR e
- BHJE He A 5096 e f o TESPE R BA B I R I I
T YRR D = AR R BE AR B R E

(2) TESEBRIR A, W Ty v A B 4 4
M2 SR o R FH B T i RN T i i 2 SR 11
SV AR R] AR SR FH B 5 i A5 i BB R
Tk

(3) TRHE - MRt ) R 82  BELJE b 38 255 I
THE NRE . AR FURL 2 (8BS LU H 0L fof
FHEING T, M8 AR DY £ 4 ) 25 G 22 0 1Y
O R PR R AR BOR B8 A RN M £F
YEHR AT LG IR AR A BELE b, A R
M 0 B8 B AR 28 7 45 R AR Ak R e = M A 25 R K, T
FEMLCFERERE 1 B —E AL

(4) FATREE A A0 S T i el 2 55 e T
S5 SRAHXT I, ¢ B DR R4 e i = A 1) S T R 4 BELJE S
SN A TREE S AR e B

SE Mk

[1]  XIAO J. Recycled aggregate concrete structures [M]. Berlin:
Springer, 2018.

[2] LIANG C, LIU T, XIAO J, et al. The damping property of
recycled aggregate concrete [J]. Construction and Building
Materials, 2016, 102: 834.

[3] LI T, XIAO J, SUI T, et al. Effect of recycled coarse
aggregate to damping variation of concrete [J]. Construction
and Building Materials, 2018, 178: 445.

(4] SRFRW . JRBE T B R SE R T B e M RS2 0 19180 5 BOa I
[(D]. #FR: BRI, 2008.

ZHANG Chunyu. Test and study on the effect of enclosed sand
structure on the damping property of concrete [D]. Hengyang:
University of South China, 2008.

[5] MTEZE, (KW, #1404, % REE LR LW [T]. A5kt
kA, 2004, 7(1):35.

KE Guojun, GUO Changqing, HU Shaoquan, et al. Study on
concrete damping ratio [J]. Journal of Building Materials,
2004, 7(1):35.

(6] kIG, R, RHR N 37 SCRE N IR BE R Rtk X i 5T

[J]R%E+,2015(4):65.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ZHANG Pei, ZHU Han, ZHU Yinping. Experimental study
on concrete damping characteristics with simply supported beam
measurement| J]. Concrete, 2015(4):65.

TR 4E , RIS, A1 A 45, 45 TR BE L B I B IF 58 BRI )
BriT ] e SRshE ], 2005(5) - 60.

KE Guojun, CHEN Junjie, SHI Jianjun, et al. Study on
vibration reduction of concrete and its mechanisms analysis [J].
Noise and Vibration Control, 2005(5) :60.

T, Tk, T . fAE e phREE - [T IR EE L KUk
i, 1999(2): 10.

XING Feng, FENG Naigian, DING Jiantong. Recycled
aggregate concrete [J]. China Concrete and Cement Products,
1999(2) : 10.

REAR . A SR SRR AR A R RO S R A TR B L PERE MY
(D] ®pR: PR, 2017.

XIONG Feng. Study on modification of recycled coarse
aggregate of construction waste and performance of recycled
concrete[ D]. Chongqing: Chongqing University, 2017.
WILLIAM T T, MARIE D D. Theory of vibration with
applications[ M ]. 5th ed. New York: Pearson Education, 2005.
W, Pk IREE AR O BE SR (M. JUET R R
1, 2009.

SHEN Xinpu, YANG Lu. Concrete damage theory and
experiment[ M ]. Beijing: Science Press, 2009.

EERSE, NS, ARE AL, 45 AR EE L ADRIBEJE MEREDTSY
[7]. #Rsh 5 ehif, 2013, 32(9):160.

LIANG Chaofeng, LIU Tiejun, ZOU Duojian, et al. Dynamic
capacity of recycled concrete [J]. Journal of Vibration and
Shock, 2013, 32(9):160.

ZE, MIEZ, AU, 5 ORI i a5 TR 1
FRUBWFSELT]. B2 (A ARRRARR) , 2009, 23(1):101.
QIN Zhigian, KE Guojun, DAI Ming, et al. Study on concrete
damping after its coarse aggregate surface are strengthened [J ].
Journal of University of South China (Social Science Edition) ,
2009, 23(1):101.

RAVINDRARAJAH R S, TAM C T. Properties of concrete
made with crushed concrete as coarse aggregate [J]. Magazine
of Concrete Research, 1985, 37(130):29.

LIANG C, LIU T, XIAO J, et al. The damping property of
recycled aggregate concrete [J]. Construction &. Building
Materials, 2016, 102:834.

HERNANDEZ-OLIVARES F, BARLUENGA G,
BOLLATI M, et al. Static and dynamic behaviour of recycled
type rubber-filled concrete [J]. Cement &. Concrete Research,
2002, 32(10):1587.

Zeth, o RWIRE deiRBE - e Re X o [T]. 7K
FK R HER, 2001, 21(5):14.
YANG  Yuanhui.

properties of polypropylene fiber reinforced concrete [J].

LI Guangwel, Experimental study on

Advances in Science and Technology of Water Resources,
2001, 21(5):14.



