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Mechanical Properties of Geopolymer-Stabilized Recycled Aggregates from

Construction Solid Wastes

YUAN Kaixin', HE Yongjian', ZHANG Laijun', LI Hai*’, XU Gewei’
(1. China Road & Bridge Corporation, Beijing 100001,China; 2. National Engineering Laboratory of Highway Maintenance Technology,

Changsha University of Science & Technology, Changsha ,Hunan 410114, China)

Abstract: In order to solve the problem of a sharp increase in construction solid wastes and insufficient
utilization rate, this paper took slag-fly ash-based geopolymer as an inorganic binder, replaced natural gravels
with recycled aggregates from construction solid wastes, and set urban road base layer as the target scene to
study the mechanical properties of geopolymer-stabilized recycled aggregates at different contents. The results
show that with the increase in geopolymer content, the maximum dry density of the mixture increases. The
optimum moisture content increases. The unconfined compressive strength of the mixture increases with the
increase in geopolymer content and curing age and decreases with the increase in recycled aggregate content.
The variation law of splitting strength and compressive rebound modulus of the mixture is similar to that of
unconfined compressive strength. It increases with the increase in precursor slag content, geopolymer content,
and curing age and decreases with the increase in recycled aggregate content.
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Figure 1 China’s construction solid waste production
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Figure 2 Open stacking of construction solid wastes
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Table 1 Classification of performance improvement methods

for recycled aggregates from construction solid wastes
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Figure 3 Material preparation
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Table 2 Composition of recycled coarse aggregates from

construction solid wastes

PN AN TFEPRLAR (mm ) HLAE L 53/ %6 FH G/
4.75~9.5  9.5~19  19~26.5 %
WA 77.1 78.4 77.6 77.7
AR 16.3 15.7 15.1 15.7
(ot 1.9 3.9 5.3 3.7
afi b i 3.3 1.2 1.5 2.0
3] 1.4 0.8 0.5 0.9
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Figure 4 Recycled aggregates before sorting
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Figure 5 Recycled gravel after sorting
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Figure 6 Bricks, mortar and sundries

gy
(MEEAR T
v4 %t
Owk
| E37]

B7 ®ASEEH
Figure 7 Proportions of each component
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Table 3 Test results of apparent relative density and water

absorption of coarse aggregates

RN 2 WK/ Y
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Table 4 Test results of needle-like and flake-like

particle content of coarse aggregates
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AifE/mm
PRk PREEA PR 216
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19~26.5 6.9 7.9 11.4
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Table 5 Test results of crushing value of coarse aggregates
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Table 6 Test results of coarse aggregate firmness
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AifE/mm
KARHLEE AL TR A AL
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Table 7 Test results of basic properties of fine aggregates

5 RIRARAR L, #5282 R A A i AL B R L Bk
S48 LA e 3% 1B A A K05 D R B0 G s 1 (L D
1o o PR AR R A 0 R (LSS 8 RS v H A 5 2 B
FO LR, AR £ 0% B TR T (E 2 O RARSERHEY 24, i
TR TR 1 BR

‘ A WokE/ HFRE/ W/ ik
Xt 4 S % % % iR ¢
PRAEIE Y 2.717 4.1 0.6 21.9 4.7

A= 40 4 R 2.311 13.5 15.7 32.4 6.5

AR 0 A R ol Al D Bk 2 A K PR K Y
WO RR A JE 0% i DA 5 Rl R AR 2 R



80 ¥ 4k

H1 2 7 n] R0 A A0 R A TP BE 4R A 2 25 TR AR A
BERE A A AR A ROULRE X 5 2 O R AR BB Y
8506 , MK I KRR 3 4% 22, & Jé 1 B it ik
T RARAAE R . 5 B B PR A0 AR R AY K R
o IR AR R T 28 S O HME LA ] AR T A R4
TR TR SR HLEE R
1.6 SR%KE

H1 T AN (] RE A% R U R A 28 L AN ), 92 1
S TC 26 R B AN ], 4R 2 TC X IR 5 Rk R A 7 AR
SR R A ORL Y Hi AU 2 R A5 e 2 R AT B IR B S A
F s BRSO S A 3 A

A S A R LS R S A B A A
R A O A, AT 2 8 5 R R A R AU AG) R 2 ) It
21 £ R URL 58 0 31 78 LR BHBORE ] ) 25 T, TR S TR
BBk A B R R R TR BT el R (O
BT B O BRE ST T ) (CUT 169—2012) % % FH 4 5
JZ B4 2 W A e A e R AR S R, AR E 5T
PR BN R 8 PTR .

£8 BRERDAR
Table 8 Dense skeleton gradation
T L (mm ) 59 5T 438/ %

26.5 19 9.5 4.75  2.36 0.6 0.075

Y

R 100.0 8.0 58.0 320 28.0 15.0 3.0
TBR 100.0  68.0 38.0 22.0 16.0 8.0 0.0

i 100.0 72.0 48.0 27.0 220 11.5 1.5
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Table 9 Slag composition

%y T/ 5y /%
Sio, 34.78 MgO 8.55
AlO; 14.75 CaO 35.80
Fe,0; 0.62 K.O 0.48
Na,0 0.35 SO, 1.81
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Table 10 Composition of fly ash
%y /Y % /%
SiO, 46.60 MgO 1.50
Al,O4 33.20 CaO 4.20
Fe,O4 3.20 K,O 0.52
TiO, 1.15 SO, 1.28
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Figure 8 Compaction test process

(1) 1250 T 4 Bif A A e s s A7 1 00, BN JC iR e
I B A R B R S HL S B, AR SR O TR )
0.1 MPa, #4771 6 800 N, ¥ 45 % 28~30 Hz.

(2) B 0t 73 J 04 K SR B2 kL 5 P AR 42 R AR 918 4R
LA KRR R RS = BCH 50, B
By 09 B B iR 5 500~6 000 g, AR 4 T 00 F ik 5
A KRB L AR A 25 1.0%6 5L0.5%

(3) 4 B ] e 1 1R B A 2 v, B X6 07 1 ok
Hy oy m i A aOBE B RIS S HE X 2 AR A
FHR R 2 b, L 45 SRS I AR OSSR B A i
IR LA e 48 T IE o) G- B4 BB R R P R A B S
BAE 1 h S8 R S

(4) BT B B IR 220 b FEREH Y BE 5 IR
VR — JZ2 Lk, I 76 RS T80 I — 5K B R B 4R, o
AU Rk B AR A, 2 A i o [] i 2 A7 47 485
B R AR WS TR — K R g 4R, DL S A R S 0



% 64

EFH,F RO EAAEERAER ) FHERTR 81

i v (i 3R R 7 R Sk I Bl S R 2 A R B L ik
R Bl SE AL BRI AR R 4

(5) BN He Sk, fff FL 5 8 H Py iR 36 1 5K % %
i, i SHAILAS I b % 2h R 52, 24 00 5% B4R B T Sk [l
Bk 2 s 7 BRI OG A ML | 45 RO 8l e S, O A EL G A
PR R R IR R TR B S sl 3 2% 10 mm ¥y
ANFE A BER W 7 A BEoR A RE 1718 AL, B BURE H
5k 0 5 & om o

(6) P A ORI 4T 5, BOCH: ot 38 43 19 1R 5k
292 000 g, BABERS HHET 12 hJE AR 5K % 8
R LA T 5 PR BT A e

TRRE A0 2 R T A A SR

ny— m,
L= 1
p y (1)
Ow
S i 2
T 001w (2)

3 2 oo AR RE AR B (g/em®) 5 o0 AR FE Y T 2% B
(g/cm?) s A EL 5 BURE B 5 & (@) 5 me AR EL Y i
(g); VAR AR (em?) sw BRI B KR (%)
22 HHERBEEFRE

2 [ T0843—2009 1) J7 ¥ , K H I 8l i 55 g Al
B X 5 R 150 mm X 150 mm 9 8 43 B3804, E S
S Sy Re M R I T AR R T

(1) ARHE L & L DA K s 523 9 45 31 A f A B K
RERRTHE RS RAAOR & K & b 2R
P

(2) Fokb, A & 95 h i B3R (3) ((4) i H
I 3 He S B R L AR AL A 4 S R 2~6 h, PR
JFH VR Hs H 2l JBASE i A, an 18] 9 s o

9 ek

Figure 9 Specimen demoulding
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Figure 10 Unconfined compressive strength test
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Figure 11 Some specimens after test
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Figure 12 Splitting strength test
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Figure 13 Compressive rebound modulus test
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S B 11 60 %6 , 3 43k 5 AN af B A, KUK O e K far 3
1 1/5.2/5.3/5.4/5 81 1o Jita e 1 9% 4 2%, fin 28 i)
[0 2y 1 min, i 5% i T 43 3 A 2580, in 280 28 22 [ /) (]
B oA 15 s, 12k B 18] A 30 s, M1 48 58 s B kid & T
Gy R, B WAL G IR, 1 E 0 588 5 AT
TR BISRARTE o B [ A A R

Ecz% (5)

A ECR B B3R (MPa) 5 p b B4 1K T3 (MPa)
h & B (mm) 5 /o8 B SARTE | S gk ik T 43 3%
13 0 ) 28 B A9 32 8 (mm)

3 RXETA

SR TE A b B A TR 1.4 Bl 804, T
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Table 11 Experimental conditions of geopolymer-

stabilized recycled aggregates

AT RS EAER Zadndg

i BE/ Y B/Y% O BRE/% O ERBRE/%
S70G5R50 70 5 50 0
S70G6R50 70 6 50 0
S70G7R50 70 7 50 0
S70G7R75 70 7 75 0
S70G7R100 70 7 100 0
S70G8R50 70 8 50 0
S7T0G8R75 70 8 75 0
S70G8R100 70 8 100 0
S30G7R50 30 7 50 0
S30G7R75 30 7 75 0
S30G7R100 30 7 100 0
S30G8R50 30 8 50 0
S30G8R75 30 8 75 0
S30G8R100 30 8 100 0
S30G9R100 30 9 100 0

S30G7SR100 30 7 0 100

4 RKIxzER

41 FHFELRBER
R 3840 70% .30% B, Hb 82 Wy Fa 0 P2k
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Table 12 Compaction test results of geopolymer-stabilized

recycled aggregates (precursor slag content of 70%)

T RKRTFHEE/ (grem ™) EAEFTKR/%
S70G5R50 2.128 7.71
S70G6RS50 2.185 7.52
S70G7R50 2.239 7.50
S7T0G7R75 2.155 8.75
S70G7R100 2.123 8.97
S70G8R50 2.268 7.53
S7T0G8R75 2.166 8.52
S70G8R100 2.126 8.89

x®13 MBEMBREBLEENETIRBER
(HIT PR i 42 4 3094)
Table 13 Compaction test results of geopolymer-stabilized

recycled aggregate (precursor slag content of 30%)

TH R THRE/(geem™®) AR AR/ %
S30G7R50 2.204 7.36
S30G7R75 2.142 7.63

S30G7R100 2.105 8.25
S30G8R50 2.232 7.42
S30G8R75 2.186 7.78
S30G8R100 2.139 3.88
S30GIR100 2.168 8.99

S30G7SR100 2.135 5.39
2.28 —a— B 70% , HU B W5 4 7%

2.26 —a— B R 70%, R Y B 8%
294 —e—F B 30% iR W B i 7%

—e— B 30%, LR B 8%

BARTHE(gecm?)
(3]
>

50 75 100
HHELERHB /%

4 MENREBEEHNEXTEE
Figure 14 Maximum dry density of geopolymer-stabilized

recycled aggregates
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Figure 15 Optimal moisture content of geopolymer-

stabilized recycled aggregates
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Table 14 7 d unconfined compressive strength standard of

urban road base layer

JEAN BRI 58 K2 /M Pa
JA

kil CiNG k] LSl
B2 3.5~4.5 3.0~4.0 2.5~3.5
JKHEZE =25 =2.0 =15

x15 WMEYBREBEERETNRRERE
(BT &1 70%)
Table 15 Unconfined compressive strength of geopolymer-

stabilized recycled aggregates (precursor slag content of 70%)

JE A BRI 5 & /M Pa

T e E) =3 A
7d 14d 28d

S70G5R50 1.4 — — —
S70G6R50 2.3 2.6 4.0 T ASE A2
S70G7R50 4.3 6.0 6.7 T A IE 2
S7T0GTR75 2.7 3.9 4.3 RAgim AL
S70G7R100 2.2 3.0 3.5 A i LR

70G8R50 5.2 7.2 8.0 Y SN

70G8R75 3.7 5.6 6.2 o T A TE R 2
S70G8R100 2.6 3.6 4.1 BAg AL

1o WHWBYREBLEREMERR
(R AW #EE 5 30%)

Table 16 Unconfined compressive strength of geopolymer-

E&E

stabilized recycled aggregates (precursor slag content of 30 %)

JEAN BRI 58 K2 /M Pa

T4 & E A
7d 14d 28 d
S30G7R50 3.4 4.5 5.7 G AEEIE
S30G7R75 2.4 3.2 4.0 oA i L2
S30G7R100 1.9 2.5 3.1 R R
S30G8R50 4.4 5.9 7.6 o T AW AR )2
S30G8R75 2.8 3.7 4.8 R AR
S30G8R100 2.1 2.7 3.4 CENG SR il /iR S
S30G9R100 2.8 3.8 4.9 R R
S30G7SR100 2.2 3.0 3.4 | AE I I AR 2
H & 15,16 & 16 .17 AT A1 :

(1) HBaika b 70% i, fAEERBE
50% LR YB R 5% T00F MIRA RN 7 d I R it
JE 58 BE AL R 1.4 MPa, AN il f 3ok B 18 [0 ik J2 05 1 5 )3
FOR R B R M 6% W E 7% 8% B, 7 d MR
LR SR EE 4358 2.3 MPa 4.3 MPa 5.2 MPa, KX i

—— L RY B 7%,7 d
—o— WY 7%, 14 d
—2— R Y B 7%,28 d
—a— Y B 8%, 7 d
—— WY B A 8%, 14 d
—O- R B 8% ,28 d

TN BR BT 5 S /M Pa

50 7‘5 100
A ERE /%
E16 70% B4 EEERGHEMRERIERE

Figure 16 Unconfined compressive strength of 70%
precursor slag mixture
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Figure 17 Unconfined compressive strength of

30% precursor slag mixture
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5 A 7 d JC M BR B 1 5k 3 fe v 38 KB 2 70 %46

(7) W8 #1558 30% A RB &N 100%
B R B8 7% TR AR 7 d JE M BR bt R iR
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PEF T 15.8% , o FH Tl A i o P S IR 2 .
A AR CR WM 3 kS R W) B R i &
9%, 7 d Jc i BR bt e 5 B Gk F 2.8 MPa, & F+ T
AT7.450 55 A AR TE M e o0l R B Bk . NPk
AR PE I %, M5 T 6 1A 4 R 247 58 Ak B 1 1Y
T3 T Y i i R AR O A RN T T
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Table 17 Recommended scheme for geopolymer-stabilized

recycled aggregates from urban road base layers

. —_—— MivkE R WEYE FEERB
w/% "% /%
Fp 2SI 70 8 75
R GGk} 70 8 75
il 30 9 100
T AL 30 9 100
JEHEZE H Al 30 8 100
EESi] 30 7 100

43 BIRE

T U [R) #8300 0 B 24 5 i &5 R an 5% 18,19 A1l
& 18 .19 i 71 o
F18 HEBYEEBEERNBEIBE(T0Y MAT HBE)

Table 18 Splitting strength of geopolymer-stabilized

recycled aggregates (precursor slag content of 70%)

B 245 )% /MPa
T

7d 14d 28d
S70G6R50 0.16 0.21 0.27
S70G7R50 0.24 0.30 0.37
S70G7R75 0.20 0.28 0.31
S70G7R100 0.18 0.23 0.28
S70G8R50 0.31 0.40 0.45
S70G8R75 0.27 0.34 0.39
S70G8R100 0.24 0.29 0.35

F19 HMEVREBEEREIRE O KD EiEE)
Table 19 Splitting strength of geopolymer-stabilized

recycled aggregate (precursor slag content of 30%)

B 48R EE /MPa
T.i

7d 14d 28d

S30G7R50 0.21 0.28 0.34
S30GT7R75 0.19 0.24 0.27
S30G7R100 0.16 0.19 0.23
S30G8R50 0.23 0.32 0.37
S30G8R75 0.20 0.25 0.31
S30G8R100 0.18 0.21 0.26
S30GIR100 0.22 0.31 0.36
S30G7SR100 0.19 0.24 0.29

H % 18,19 A 18,19 Wl 1 - i M 8™ ¥ 5 1t
70% K& R 30%6 IR A RHRY BY AR B R KR DL 700 M 2R
Y 500 HAER SR N, 7d. 14d.28 dBFH
S Ay ) R R T 12.5% .8.7% .20.0% . [AlKE, Bl &
A SRR 2 (38 0, R A R BY 245 BE IR, 30 %0 Wi
Wy B T MRYBET,7TdEREEH
0.21 MPa [% % 0.19 MPa.0.16 MPa, F [ T 9.5% .
23.8% . 5 ICAM BT G K A — A TR A R B
S50 B Wit 5 U B A0 3G RN PR G K, 28 d B AR5 B A
7 dBY LR P B KO T 6090, 14 dBF SR E &
K5 28 d BY SR B9 80 %6 LA b B b 45 AT
PE R A R B 2L B ARG IR #4581 30 %0 A 4R
BHE R 100 % R R Y B EH 70 M2 9% IR
BE7 dBESISEE 1 0.16 MPa it % 0.22 MPa, FJ+ T
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Figure 18 Splitting strength of 70% precursor slag mixture
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Figure 19 Splitting strength of 30% precursor slag mixture
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Compressive rebound modulus of geopolymer-

Table 20

stabilized recycled aggregates (precursor slag content of 70 %)

®21 WMEVBREBEEMREEIRES
(302 HitA w54
Table 21 Compressive rebound modulus of geopolymer-

stabilized recycled aggregates (precursor slag content of 30%)

_— PUE [l HfA /M Pa

7d 14d 28d
S70G6R50 585 759 869
S70G7R50 1241 1519 1590
S70G7R75 774 1045 1251
S70G7R100 630 784 878
S70G8R50 1323 1584 1683
S70G8R75 927 1234 1341
S70G8R100 739 908 1026

PoE o] 3 A5 4 /M Pa
T4
7d 14 d 28d
S30G7R50 966 1162 1513
S30G7R75 693 821 976
S30G7R100 549 621 749
S30G8R50 1261 1528 2047
S30G8R75 749 903 1112
S30G8R100 606 691 841
S30GI9R100 617 766 1074
S30G7SR100 558 654 788
—A— R B A 7% ,7 d
1 800 +iﬁ1%%@ﬁ7%,l4d
- R Y B i 7%,28 d
1 600 =R Y B = 8%,7d
& —— i R Y B 8%, 14 d
Z {400 —- MY B 8%, 28 d
iz
% 1200
[
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Figure 20 Compressive rebound modulus of 70% slag mixture
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Figure 21 Compressive rebound modulus of 30% slag mixture
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Table 22 Raw material prices TG/t
WA KU BT ORYBOR OKEES EAELE AHESER
94 470 270 220 550 2 200 40

R 4l B R0 R S BR K K R AR A 1 A K Ul T
BN 3% 4% 5% 6% 4K E AR F g s Th & HiAh
PRI WM B0 T, 3 7K U A2 W A 18 b1 Rk AR 43 501
Jg o 0.03X47040.97 X 94=105.28 JT . 0.04 X 470+
0.96 X 94=109.04 & . 0.05X470+0.95X 94=112.8
JE.0.06 X 470+0.94 X 94=116.56 JC. .

L oBEECR 3.3 7K BEBS A 0.152 ¢ 98.5% £
CE ) SR A RT  BURBE R 1A B BRI R R L 1 o
oA 1.4 88 & R A% A (550+2 200X0.152)/
1.152~767.71 76, 8% MMk & & T, & 1 (& B
R RIR TN 0.457 thi &5 . AT RE i8N
30% HAEE KRB R N 100% B, 7% ~9% HI R ¥ B
N B MR SR AR 43 0 £ 0.07 X (235+0.457 X
767.71) +0.93 X 40~78.21 JC . 0.08 X (235+0.457 X
767.71) +0.92X 402283.67 JG . 0.09 X (235+0.457 X

767.71) +0.91X40~89.13 6. 70% RifAH 55 |
75% WAEE RS R Y MR Y B R T AR AR
WA 7 0.08X (255+0.457 X 767.71) +0.92 X 53.5~
97.69 7T,

A F R RR 2 KRR B A, b R W e 1 Ak 4R
BT AT L AR 16.2% ~25.7% .

6 ZHEZ
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A RS Y b R YRR E A ARG L L
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B LU 458
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