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Study on Slurry Migration Law of Permeable Concrete with
Geopolymer Recycled Aggregate
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Abstract: Through three-dimensional discrete element simulation and the sine wave simulation vibration molding
method, the layered slurry proportion was used to effectively characterize the matrix internal composition structure
of geopolymer recycled aggregate permeable concrete(GRAPC). Real-time analysis of the slurry migration movement
and pore structure change law were studied. The simulation results were verified by laboratory tests, and the variation
of slurry proportion and slurry thickness in GRAPC specimen with vibration time was analyzed and tested. The results
show that the slurry of GRAPC specimens migrates downward after the initial vibration wave loading, and the slurry
distribution is the most uniform when the vibration time is 0.4 s. Compared with additional water group, the floating
range of the slurry proportion and porosity of each layer in the aggregate reinforcement group is smaller, and the
distribution of the slurry proportion and pore structure of each layer in the GRAPC specimen is more uniform under
vibration, to ensure the reinforcement GRAPC material has excellent waterproof performance and mechanical
performance at the same time.
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Table 1 Average surface texture parameters of two kinds of
coarse aggregates

Aggregate R /pm  R,/pm R,/pm R,/pm R /ym
Al 79.973  84.541 165.524  31.431  36.933
A2 48.877  61.121 109. 998 17.616  21.886
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Table 2 Mesoscopic parameters of two recycled coarse aggregates Table 3 DSR test results of fresh geopolymer net slurry
. » . . C d
Aggregate Denslly/ Normal stiffness/ Tangential - Angular ompoun Phase  Elastic Lost
(kg.mfﬂ) (N-m 1Y) stiffness/(N+-m 1) Temperature/ . shear . .
. velocity/ angle/ modulus/ modulus/
C “,. modulus/ i
Al 2315 1.2X10° 5.0 107 (rad-s™) ©) Pa Pa
A2 2390 1.6x10° 6.5x107 N
30 7160.00 59.21 3665.15 6 150.79
28 5y B He B, 3 FH 3h 75 55 W13 A2 A (DSR) ¥ 3k 50  8813.20 53.96 5185.25 7126.41
72 Hb SR A W v I 0 22 L2 50 il o Burger's 25 80 9470.80 49.65 6131.92 7217.73
SR B ML T A W DSR MR SE 5 100 11750.00 4711 7996.97 §608.77
MR 3R . 120 12980.40 45.74 9059.22 9 296.30
Burger's A (1 2 WAL & SR K 4. H P E, o, £4 BurgersHENERMNASH
é}.%u jj] Maxwell ;]:ﬁ i E{J ;;$ Alﬁ ;]:i &= %ﬁ &uﬂ /% @( JE,. 7, Table 4 Burger’s model macro fitting parameters
G390 Kelvin A5 R fr) 53 1 A58 0 1 66 3 R 8, —H 1Y E\/kPa m/(kPa-s) E,/kPa 7./ (kPass)
H 2 P 0 A O B S R T 2 A 15 E) R 200. 252 1.795 6. 080 0.144

$i Burger's 5 8 72 00 2 505 4108 2 8501 HH DG % 48 G
‘ TR 0 S 5 B (32 6) . 2 B B 3 Al
F i e 4 b B A BT R 75 5 B Pk 2 HAMEMSER(RE) BRSER, FRAELE

GRAPC-HFHH0 R 2 W0 38 2 ) Burger's B 1R WP KCSEL M0 0 S5 LR 70
H0 0 20 i B8 (36 5) L LA % GRAPCT Fidk i i Al Burger's B8 A1 40 WL 4 figh 2 B L A 58 2 A [F] , B
RA YA 05 B AR R B0 2 18] Burger's £ Burger's Z5UBUE 5% 5.6 M [F] .

F5 GRAPC-1#F#FHMFRE A Y%K BT 8 Burger s iR B J 4 M Bl S 8

Table 5 Burger’s model meso-contact parameters among fresh geopolymer net slurry units of GRAPC1

Parameter Model symbol Unit Value

Normal viscosity in Maxwell section bur_cnm N-s/m 3.590
Normal stiffness in Maxwell section bur_knm N/m 400. 504

Normal viscosity in Kelvin section bur_cnk N-s/m 0.288
Normal stiffness in Kelvin section bur_knk N/m 12.160

Tangential shear viscosity in Maxwell section bur_csm N-s/m 1.282
Tangential shear stiffness in Maxwell section bur_ksm N/m 143.037

Tangential shear viscosity in Kelvin section bur_csk N-s/m 0.103

Tangential shear stiffness in Kelvin section bur_ksk N/m 4.343

#6 GRAPCIF#MRREWERETEBEMT R LT Burger's B 2§ N Z AL S8
Table 6 Burger’s model meso-contact parameters between fresh geopolymer net slurry unit and regenerated coarse
aggregate unit of GRAPC1

Parameter Model symbol Unit Value

Normal viscosity in Maxwell section bur_cnm N-s/m 7.180
Normal stiffness in Maxwell section bur_knm N/m 801. 003

Normal viscosity in Kelvin section bur_cnk N-s/m 0.576
Normal stiffness in Kelvin section bur_knk N/m 24. 320

Tangential shear viscosity in Maxwell section bur_csm N-s/m 2.564
Tangential shear stiffness in Maxwell section bur_ksm N/m 286.071

Tangential shear viscosity in Kelvin section bur_csk N-s/m 0. 206

Tangential shear stiffness in Kelvin section bur_ksk N/m 8. 686

X TR BT R A e S AR BRI, R DGR YR S B TR S A )
LRI J7 5 PEC 3D #AF ih-PAT B4 SRR [ 5RBE 600 Pa, LI 1a] K B2 AR 498 12 1] B0 32 9T A2 L g
MR FUR G W R BTN ) AR s R REHE KK LY 0.30 BT RE L FUR S Wi

1) SCHpl e 7K e LE O A% a2k 45 B R ) 6 1 042 g B ik L B
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Table 7 Parallel bond parameters of fresh geopolymer paste with water-binder ratio of 0.30

3

Density/(kg-m ")

Normal stiffness/(Pa-m ')

Shear stiffness/(Pasm ')

1

Tensile strength/Pa Cohesion strength/Pa
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Fig.2 Vibration sine wave loading of fresh GRAPC mixture
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Table 8 Mix proportions of GRAPC specimens

kg
Group Coarse aggregate Fly ash Mineral powder  Silica fume Alkali activator Water Additional water
GRAPC-1 1260.00 156. 15 234.23 36. 26 59. 30 97.70 37.17
GRAPC-2 1308.00 154.11 231.17 35.79 58.53 96.42 0
23 R H T 3R SR IR DI R o3 28 4 Lo U T o3 )

AR YA 0 o Ok A P e i ) B R =X
BEPEMLIEAT I FE . GRAPC $H RN 58 B Y foe 0 IR 245 2
TRl 2 T AT M) PR ) b R SR A S AR LA
TR LV B S AR T R 5 B T4 1 min,
SR I —2F BB & AR IR 4 30 s, FEIAF
) B & R RN K IR HE 1 min, 5 5 R T30 AR 491 - B
P 2 f H i g B ) 4 2 R AR SR B 24 h
JEPRBL, SR 5 AR AR HE SR 4P IR R 3240 3 14 d I
), AT AH DCECHE I L
2.4 1RBIIGIE

ABFFE i F HC-CK 101 %I 24 4% 5 15 ) 284 ok )
K07 KR BE 0 S bR B R B R U)ol b

R 25K A 20 mm [ /N IE 5 SN B 3R R R L
PP ] O e (R BRI S 241 3L 0 R A 0 Ach P )
Jr Kl 3 pros .

(b) Measurement

(a) Section treatment
PR3 2RI T Ak 0 K% i Ty 9

Fig. 3 Sectiontreatment and measurement of slurry thickness
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Fig.4 Layered slurry proportion of additional water group GRAPC-1
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Fig. 5 Pre-processing of actual slurry proportion image
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Fig.6 Comparison of layered slurry proportion experiment and simulation results in GRAPC-1 with additional water
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Fig. 7 specimen in additional water group
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Fig. 8 specimen in aggregate reinforcement group
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Fig.9 Layered slurry proportion of fresh GRAPC mixture under vibration sine wave loading
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