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Abstract: The influences of properties of recycled coarse aggregate on the key parameters of mix
proportion design for recycled aggregate concrete, including water-cement ratio, unit water
content and sand ratio, were discussed through the mixture proportion tests. The formulas for
calculating the key parameters of mix proportion for recycled aggregate concrete were established
through the statistical analysis of test results, which considered the influences of replacement
ratio of recycled aggregates in the water-binder ratio formula, water absorption and replacement
ratio in the unit water content formula, and void fraction, apparent density and replacement ratio
in the sand ratio formula. The results indicate that the replacement ratio, void fraction and water
absorption of recycled aggregates have significant effect on the mix proportion of recycled
aggregate concrete. The obtained formulas have simple forms, and reflect the characteristics of
recycled aggregate, enhance the mix proportion design accuracy, and can provide reference for
mix proportion design of recycled concrete.
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SRR FH K B o 5 R B R R KR B R
A R AE TR BE 0 1 T 05 1 R R B 1 4R
T B U A SCER G B AR R R 8 s 56 F 5 R
FRIE A3 AT o S P A BRI B 4 KK L BT K
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EETRo R
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1.1

x1 KEWENFMERE
Tab.1 Physical and Mechanical Properties of Cement
. ) o U E S/ MPa YU IR/ MPa
B/ (kg + m™ ) LR A/ (m? » kg™!) o ol B 2 R K e/ 4
3d 28 d 3d 28 d
3 100 352 27 23.5 45.0 5.6 8.5
x2 HEMBWEMERE
Tab.2 Physical Properties of Coarse Aggregate
HRZER | MBOEBUEE/ (kg - m %) | BEHEBUEE/ (kg - m %) | EEER/ | WK/ | R/ | BWEHE/ (kg m )
TR B 1567.8 1630.2 44. 3 1. 40 8.8 2 814
A R 1302.0 1412.0 50.3 4. 85 17.7 2 640
*3 HEBRER 1.2 X%t

Tab.3 Gradation of Coarse Aggregate

fi FL R ~F /mm 26.50 | 19.00 | 9.50 | 4.75 2.36
KRR B4/ % | 0.00 | 0.00 | 76.57 | 99.44 | 100. 00
FA BB B A/ % | 0.00 | 0.65 | 65.33 | 99.35 | 99.90

T4 WHYIEMEE
Tab.4 Physical Properties of Sand
WORLR L/ | AR | RERE/ | IR R A BE/ | R TUR E/

mm W | (kgem )| (kge+m3) (kg * m %)

0.16~5.00] 2.67 | 2 556.2 1486 1611

BRI R 3 AERr . 51 E B KIR L & X
A E R B A 52 m , UK H P2 R
WA 6, CFF AR i Bk T 2 o L B RE 0T 5 19 & 43
Fo) o FE SR K K Fe 4 o 0. 3,0..35,0. 4,
0.5,0.55,8, 2+ %1k 0% ,50% ,100 % , i ZHL 36 % ,
7 K 180 kg, FAE B OBHEBE 1+ L G b J 3L
PSR BRI ZE R L 5. 2B 2 WA R AE
PHE R+ IBVEE 5 %07 FK RER9C & 305 K i
M 160 kg HEmA] 220 kg, B 3G fm 10 kg, o, 73514
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Tab.5 Mix Proportions of RAC and Test Results of Compressive Strength

A4 AT e D : KK BERE ] g e
K i B RN | AEATH WAL/ %

Al-0 180 600 602.5 1072.5 0.0 0. 30 0 75.2
A1-50 180 600 590. 2 525.2 525.2 0. 30 50 58.4
A1-100 180 600 578.6 0.0 1030.0 0. 30 100 55.3

A2-0 180 514 629. 6 1120.7 0.0 0.35 0 62.0
A2-50 180 514 616.7 548. 8 548. 8 0.35 50 59.6
A2-100 180 514 604. 6 0.0 1076.3 0. 35 100 55.9

A3-0 180 450 649.7 1156.5 0.0 0. 40 0 56.4
A3-50 180 450 636. 4 566. 4 566. 4 0. 40 50 51.3
A3-100 180 450 624.0 0.0 1110.7 0. 40 100 49.2

A4-0 180 400 665. 6 1184.7 0.0 0. 45 0 47.5
A4-50 180 400 651.9 580. 2 580. 2 0.45 50 45.7
A4-100 180 400 639.2 0.0 1137.8 0. 45 100 41.6

A5-0 180 360 678.3 1207.3 0.0 0.50 0 43.6
A5-50 180 360 664. 4 591.3 591.3 0.50 50 41.2
A5-100 180 360 651.4 0.0 1159.5 0. 50 100 37.4

A6-0 180 327 688.5 1225.6 0.0 0.55 0 38.2
A6-50 180 327 674.4 600. 2 600. 2 0.55 50 35.3
A6-100 180 327 661.2 0.0 1177.0 0.55 100 34.2

0% ,50%,100% , /K JK LL B 0. 4, 8 R HL 36 %0, FFE
e e L Ii el B a8 A WA 1 A 3 O R W
R 6, 55 3 F BB 0 3315 5 vk X
Az B RHE B PR BE RS2 M L KK ELER 0. 4, By K
180 kg, AR B FITH OTIL AT R A
VI R4 B RHR BE 1 P09 B IR VR il 00 45 R
W7,

2 BAEERERLRKIKE

R o [ AT 3 0l R BE 1 B AR D (UG

55-—2011) . JRL&E T3 B 5K K H i 56 Rl

Feo =0, fe (B—ay) (D
K S0 MIREE L PR fo KT 28 d
SR s s, 20O R B KU LB RE S TR R
JE 1) F B0 ML B R N A B 0, = 0. 53,0, = 0. 2,
2OHLE A B A e, =0. 49,0, =0. 13,

MG R 5w i il a0 45 L, A [A] 7 A RO %
RIS B0 0 A B RN B A ST T R BUE IR S
BEK K Asfean i 1 frR, mlE 1 af LA Y
KB B AR ) P2 R E 4 57 5 IR BT 5 JEE B
A B ORHRR SR o, 138 i R A% s 794 B RHE % +
ST T VRS 58 B B K K L 9 AR AR B O, AS [ i
AT AN 50, =0 Vo i ALB R 438 g KK kL B &
KR B 340, TR 8 = ST 5 MR BT R R A B )

8, =50% ,100 %}, 7E KK Hb K F 0. 35 Z )5 - B &
IR L B3 R T A= B RHIR BE - 7 5 IR T e e B A
W/ 5 2K K He /T 0,35, Bl & 7KK L I 08/ ) 5 i
A B RHRBE 4 37 R 5 W A R AR . X PT RE
BT A SO I 0 P A E R e T I 28 R R AR B
MR YA B R BE 9 i 50 MPa B, 4
FORHE BE T F A iR 0 T A Ot B 2R R
PHE B 1 B 2 by P AR B RO B L BT LA 2K
R EG/INT 0,35 B o P AR TR B8 1 o J32 R Bl 7K L 1 5
AR 35 A0

1E 6, N 0%.50%,100% . K JK HAE 0. 35 ~
0. 553 B i o 12095 15 31 1 7526 B RHE BE 1 57 J7 R it
JE55 FE MK JE IR 2 L 5K K R WA 2.t
2 AL AR ORRR B A S O R 5 B RN K TR o
EZHESKKLEZHRELEXR.FER DK
A

THAE B RHR BE + 5 KSR B R BE 1 0 B K 22 5
FETRLERE B b T R B R MR L o, % D) AH
SR HLE B R B8 AR BB 0, Y3 i R AR
WS AN [) AR R R BRI 2R A AN ) Y o F e
. Fe B CO R o, BT A 8RR B+ PR
BE 5 KK L AT Be 1t 43 7 - AR BIA T 6, B o, A
o, fH W3 8,
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Tab. 6 Mix Proportions of RAC and Test Results of Compressive Strength and Slump

. R/ (kg « m™F) PR )
JENEE TRE - ) & B /mm YU Rk %/ MPa
K K i PN R A R R/ %

B1-0 160 400 685.1 1219.5 0.0 0 6 47.8
B1-50 160 400 671.1 597.2 597.2 50 4 45.5
B1-100 160 400 658.0 0.0 1171.2 100 2 45.0

B2-0 170 425 667.5 1188.2 0.0 0 13 51.9
B2-50 170 425 671.1 597.2 597.2 50 7 48.2
B2-100 170 425 658. 0 0.0 1171.2 100 5 45.7

B3-0 180 450 649.7 1156.5 0.0 0 32 56.4
B3-50 180 450 636. 4 566. 4 566. 4 50 21 51.3
B3-100 180 450 624.0 0.0 1110.7 100 13 49, 2

B4-0 190 475 632.3 1125.5 0.0 0 60 49.6
B4-50 190 475 619. 4 551.2 551.2 50 416 52.1
B4-100 190 475 607. 3 0.0 1081.0 100 29 53.2

B5-0 200 500 614.7 1094.2 0.0 0 96 50.2
B5-50 200 500 602. 1 535.9 535.9 50 78 48.7
B5-100 200 500 590. 4 0.0 1 051.0 100 49 51.2

B6-0 210 525 597.1 1062.9 0.0 0 130 47. 4
B6-50 210 525 584.9 520. 6 520. 6 50 121 46. 4
B6-100 210 525 573.5 0.0 1020.0 100 106 46.0

B7-0 220 550 579. 6 1031.6 0.0 0 175 47. 2
B7-50 220 550 567.7 505. 2 505.2 50 168 44.5
B7-100 220 550 556. 6 0.0 909.7 100 159 42. 8

7 RAFUHEFZNBESHERLIGRALRNERE BEERBRER
Tab.7 Mix Proportions of RAC and Test Results of Compressive Strength and Slump Using New Calculation Method
i SRR Rerm BT v | s e | S0/ kg e o) | SR B/ MPa
ETRE K K g i KRR | TR | BURE/ Y
C1-0 180 450 650. 1 1155.7 0.0 0 36.0 34 2 435.8 56.9
C1-25 180 450 664. 2 841.2 280. 4 25 37.2 30 2 415.8 55.7
C1-50 180 450 678.1 544.2 544.2 50 38.4 29 2 396.5 54.4
C1-75 180 450 690. 9 264.6 793.8 75 39.5 28 2 379.3 52.6
C1-100 180 450 701.9 0.0 1030.7 100 40.5 26 2 362.6 51.2
80 1.5¢
— 520
70 _gjs)o// 1.3f. 35:20‘3/0
g -=-5,=100% - \\*\: -=-5,=100%
= S L1F S~
3 ~
R 0.9¢ R
3(?.30 0.I35 0.I40 0.I45 0.I50 0.I55 067.35 0.I40 0.I45 0.I50 0.I55
KKt KK L
1 BEERBRIBESKKRILMXER B2 fo/feBXKREBXER
Fig.1 Relations Between Compressive Strength and Fig.2 Relations Between f./f. and Water-cement Ratio
Water-cement Ratio of RAC a,=0.53(1—A$§,) 1 )
5 T WA T A4 R B - 19 /K V8 38 5 55 1 R K e w=0.21+B3) |

LA AR K R o TR v, 55 0, ZIA 3o, AL B B H 55 T2 ) 5 7 6 19 2 B i T
WRATENE R L B R SR 1 TR B 1 e S T A R AR S () A
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Tab.8 Values of a, and a, Under Different K, K5 HA R kiR %ﬁﬁ\éﬂ/ﬁ%ﬁ .
Replacement Ratios of Recycled Aggregate Fie B 2 (5) %t A ] S, T By R K W, %

% % =0% %=50% | &=100% SR 01T SEATE MBI o, Ty C.K, ]
0.532 0. 497 0.476 %{E ’m% 9,
an 0. 204 0.218 0. 244 %9 Kﬁﬁi%ﬂﬂlﬁﬁ?ﬁ‘]c,& &

£8P ARBULE T ausays 153 A=0.106,B=

0.2,

Tab.9 Values of C and K, Under Different
Replacement Ratios of Recycled Aggregate

IR A=0. 1, W4
@, =0.53(1—0.15,) |
@ =0.2(140.28,) |
2 T 1 28 HF A B BRI KK B R T 0. 35
I 0 AT BB P R 9 K TSR T C50 1) A TR &
+ o XA AN [ A2 Y A AR AT AR (2D B
T I 30 2 e 3 56 K 0 [0 03 43 B, A5 2E A T HAR
BRI .o, R IE (D IFHE KK .

3 BAEGRERLIMBFTAKE

S 38 VR AR - B FH K B AT AR AR R R L
FORLAR DA B 58 72 1 F 9 35 V% 1 2% 2% sl fif TR B 1
By K SR L R

W=1000. 1T+K)/3 o)
Ao W OIREE L 5T K& T i 10 3 7% 4
KR8 50, WO F A 19 Jic OB AR A Bl s Bl A T
TR EY R NITTR WA N = = o R

R 6 00 25 SR 19 B 1 B A i BHR EE Ty
FHK 5 FE Y 30 V% 5 AR i BRI o6 &R
Kl 3, & 3 W LAE . B0y K o bl o5 35 V% B Y
I Y K 2 RV O AR B B K R
O O IS W 388 5 24 2Ry FH K S AH (A B, 35 9% B
WEE O, MG INAEIIE /N, S T 53858 R B+ 7
FHZK 3 2 (O PR 4 — 250, 2R B BHE BE 1 5107 H
KRR A RO
W,=C(0.1T+K,) (5)

3

210F

—5,=0%
e §,250%
-=-5,=100%

B K #i/kg

80 100 120 140 160 180
157 /mm
B3 BAAKESBEEBRRBRREIHMYBEENXR
Fig. 3 Relations Between Unit Water Content and
RAC Slump

20 40 60

ZH 8:=0% 8. =50% 8., =100%
c 3.337 3.337 3.334
K, A& 49.7 50. 7 51.9
K, M 8E 49.7 50. 9 52.1

B9 AT ZE CEARFES. 33 AL, 5
e 38 TR B 7 K RS N (O — 3G R ECK,
Bl 0, 1135 I AS W 18 o, 18 BH PR B R BE 1 R
Jr KRS o, H, [ B 52 AR B R IR OK R w,
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.8 0. Ml w, 3IA K, #3HEA R F B
K,=K(l+w,0,) (6)
XA 2SRy ok, X (6) i KB AT H 3k
B A% 3, mT s 5 TR O K B
FAME . AR A SR R 50 ) T
KAAE R 20 mm [ REAT, K= 53; e KA AR Ry 40
mm A K=48.5, AW AFHIM K 449.7,
AT 48. 5~53 . Al He 5 B ORI BRI IR DL SRR 9
BLA KRR —HORUL. BORMIURL B R . K A BUE B
B2 3 Al A, AR SO Y T A B ORI OK R
w, =4. 85 %0 AR A (6) 15 21 R TR %6 4 2 510 3 7
B R K, THREA RN
K,=K(1+4.85X10 %8,) )
HDO R K, 5 E 5885 /A
BUW R 9, =& ok, e R AR 3R 22 R
0.39% . PHUL, 2B LR %E £ 807 B /K &t Al o
(5), (6)IFHAAF5] .

4 BEERERLRRE

TEFF A BHR BE A7 7 R BRIP4 B R
2 FiCHLE R T AR AR S B R EOR L S AR
HORHE BE L FE A 0923 LR AR RN B RHE BE A
JIe RO PR A RHIR BE P R =5 R 2 B A
RS BUR Pra AR B RHIBOICR 6, 19 58 0 i 34
R IX L7 P 2k A R RD R S S . Ik RS2 T
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A H RHR BE 1 0 A 1A BRI 235

m.
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9
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W7 5 (8) ~ (10) , 5 2 A FRHE BE + 10 1Y
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REA DG, il i 0 BRI A . AR 2R 2 1Y 6, . i 2
(D) E T AR AP 22 B, .

R T HEGE 0, X AR TR BE DA 5 UK bR
SR BE PR 52 s AR SCHOK IR B Ry 0.4 07 HTK 2 2R
180 kg, 2 (1D 57 fR- 4 B BHE B L0 4% 1)
2 %8 (A BRI 2 T AR BRI B L A AR o T
FRA BRI BE . E AT 35 7 2R 28 d it Hs 5 B

(1D

5 R R T,

2 7 AP R (LD D R 7 B b R
BEA 0. HYBE AW IE K. o, B 25% . b K
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A RE RO T L £ A R R S T R
BEZ RN 25 B, R AR B E b R k3
Fili o0 R0 36 % . A T E F 40 M kit b oK X
DA E b3 5 80 R B b 3115 7 k15
N (D A A S BE B 0 T A B RHE BE 35 B PR
SRR A5 R WK 10, R 10 AT IBE .Y o,
ARV (5 =X QL) B 36153 vk 49 31 19 35 7 1 W
BELE U HE Y 5, = 100 % I 55 V% BE i J5OR 9 13
mm #2526 mm, FEE FAEE R R AR, 2
i 440 7 45 3] A b R0 4 35 5 1 A S W s /) L (B
A AD R R T it 74 B BHR B 5 7%
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AT VL IE S A RN B L G iR
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®10 PERBEEBNERIBEE RERENIL
Tab. 10 Comparison of Sand Ratio, Slump and Compressive Strength for RAC
AR W/ % B ¥ /mm PR/ MPa
B/ % 38 Ty i D) Bk W 388 77 1% AADK W 38 77 12 KA Bk
0 36 36.0 32 34 56. 4 56.9
25 36 37.2 27 30 53.2 55.7
50 36 38.4 21 29 51.3 54.4
75 36 39.5 16 28 49.9 52.6
100 36 40. 8 13 26 49.2 51.2
s & oim (3) 24 R 3+ 3007 1K it 55 7 R

(D AEFAE B BHE BE LA et b i | sl
TE T A BRI 25 B AR IR K 3R 3 0L R A R AR
RETE b5 - SR S5 ML 41 26 7 19 0. o8 KO E L B 5
IR RIS R 3 AR BT SR

(2) P A B RHE BE 1 7K K L B 3 530 A 70 15 % il
TRBE LA EBE R 1 R 0o 5 FFAE BB A
BRANIBCAR A 56, A 2R s 58 o o i X (2)
.

PO DA B A BB K 38 06 . AR P A 1 RHR BE
ARG Mk SR R I B L B (5D (6) TR A
HORHNRBE L 5 K,

() FRAE TR EE 10 2R 5 Rk 23 B L R0 %5 12 LA
LA RO R A5G 6, Al #e X (D F 5, #
A SO I 1 MRS B0 B T AR R ORIRCIR R 3
25 %0 B R K 1. 2% i

(5) Fy T A6 RE 3RO 25 BE 3/ S TR R - 1 R
FHK 52 P A BB 238 52 i A K, 1AL {6l 1 408 Xof
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