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Research on water stability and durability of fly ash and slag geopolymer-solidified
feldspar powder roadbed filler
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3. School of Material Science and Engineering, Chang’ an University)

Abstract: To explore the water stability and durability of fly ash and slag geopolymer-solidified feldspar powder roadbed filler, a
method combining experiments and numerical simulation was adopted. Based on the analysis of the influence of the mass ratio of fly ash
and slag and the modulus of activator on the unconfined compressive strength of fly ash and slag geopolymer mortar and fly ash and slag
geopolymer-solidified feldspar powder mixture, the fly ash and slag geopolymer-solidified feldspar powder mixture was prepared with the
optimized mix ratio. The softening coefficient and dry-wet cycle tests were carried out, and the finite element model was used to analyze
the influence of different dry-wet cycle times on the settlement of the fly ash and slag geopolymer-solidified feldspar powder roadbed
under vehicle load. The results show that the dosage of geopolymer significantly affects the water stability and durability of the fly ash
and slag geopolymer-solidified feldspar powder mixture. The softening coefficient increases from 0. 77 to 0. 81 with the increase in the
dosage of geopolymer. The loss rate of strength of the fly ash and slag geopolymer-solidified feldspar powder mixture after 30 dry-wet
cycles is 3. 8%. The maximum settlement of the roadbed shows a nonlinear growth trend with the increase of dry-wet cycle times, and
the settlement gradually decreases with the increase in depth. Due to the water absorption and expansion of clay minerals, which
destroy the cementation between particles, the dosage of red soil has a significant impact on the cementation performance of the fly ash
and slag geopolymer-solidified feldspar powder mixture.
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Table 1 Chemical composition of raw materials

AL W U Y %

PR Si0, AL O, Fe,0, Ca0 S0, MgO Na, O K,0
A K 49.26 30. 14 5.16 6.53 2.16 2.62 0.76 1.51
Ky 34.50 17.70 1.03 34.00 1.64 6.01 1.72 1.14
KAk 80. 10 11.30 0.11 0.51 0.08 0.04 3.77 3.51
AR o 66.72 21.08 7.42 0.07 0.07 0. 68 0.11 1.93
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Fig.1 XRD pattern of raw materials
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Table 2 Mix proportion of fly ash and slag

geopolymer mortar

RERED kR IR %
WK Tk Na, O
Al 1.0 70 30 5
A2 1.0 70 30 10
Bl 1.5 70 30 5
B2 1.5 70 30 10
Cl1 2.0 70 30 5
C2 2.0 70 30 10
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Table 3 Mix proportion and compaction test results of mixture

- —— ; gzﬂﬁiﬁfwﬂ’%@%* N ﬁ"i»{)i ﬁ%jﬂﬁ?iﬁz/
KAk wRY gt KR % (g/em®)
A10 1.0 90 10 0 20. 00 1.61
All 1.0 80 10 10 20.53 1.58
Al12 1.0 70 10 20 19.88 1.55
A20 1.0 80 20 0 20.92 1.60
A21 1.0 70 20 10 20.73 1.55
A22 1.0 60 20 20 21.52 1.52
B10 1.5 90 10 0 20. 60 1.60
Bl 1.5 80 10 10 20.23 1.58
B12 1.5 70 10 20 20.78 1.55
B20 1.5 80 20 0 22.64 1.59
B21 1.5 70 20 10 21.42 1.57
B22 1.5 60 20 20 21.90 1.55
C10 2.0 90 10 0 19. 62 1.62
cl1 2.0 80 10 10 19.78 1.58
c12 2.0 70 10 20 19.70 1.56
€20 2.0 80 20 0 20. 53 1.58
c21 2.0 70 20 10 21.85 1.55
c22 2.0 60 20 20 20.72 1.53
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Fig.3 Unconfined compressive strength test results of mixture specimens
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Fig.5 Change of unconfined compressive strength of Fig. 6 Change of unconfined compressive strength of
mixture specimens with immersion time mixture specimens with dry-wet cycle times
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Fig.7 Change of shear strength index of mixture specimens with dry-wet cycle times
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Table 4 Calculation parameters of roadbed structure model

ey i) JEBE/m HVERE R/ MPa AR %/ (kg/m’) FHJE %k BBERE (107 em/s)
Wit IREE w2 0.20 1200 0.25 2360 0.9 600. 0
TRUEFE B 2 0.35 1500 0.35 2050 0.4 300.0
IR A IR 2 0.15 1400 0.35 2000 0.4 300.0
B10 4HIEA K 0.90 44 0.20 1850 0.4 250.0
B20 HHiR & 0.90 98 0.30 1908 0.4 250.0
RS2 5.00 60 0.30 1856 0.4 5.4
RIRHEE A+ 30. 00 30 0.35 1460 5.4
75 :B10 4L AR B20 4R AR 228 % B10,B20 REEL & FL TR &KL,
£S5 REHMNEZTENHBRNSHNEER
Table 5 Cohesion and internal friction angle of mixture and compacted soil layer
— B10 ZHiR A K 7 B20 iR Ak 7 RS+
FHR J1/kPa INEESEEFA/ (°) F®31/kPa EEHE S/ (°) FR J1/kPa NEESEEF/ (°)
0 40.57 19.92 69.71 22.96 30.58 32.70
10 35.24 18.87 65.42 22.38 28.67 31.59
20 31.58 17.84 60.59 21.71 27.06 29. 89
30 29. 16 16.28 58.94 20.52 25.48 28. 04
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FEONER I 7 0], A B G AT D R A R O A A T BRI o b7 10 A RS 3, 1S BRIy Bl 1l Y
B sl ARG R 11 5 29 o, BRI 3 AN D7 i 8, 0B I pl 20 T, ASBR 205,

WRHE JTG DS0—2017¢ A BEWITH B BTG ) , 7 2R A - T Gy G mmr 2, 5 A4l S5k 100 kN 1)
BRI A2 SR IR LR SR 0. 7 MPa, AR B Y 5 7] FLAR R 213 mm , AR HEHLIRTE R 0. 071 4 m?, i
T 05 A gy 2R e i e ) 46 DR 2 A8 A %) LA 282, Ay {2 0 A 2 B0 B 0 S PR B, T DA 2 E
5% By fof AR S A

F=p+yq (2)



126 TR F M (B RE R 954 %

- Y UL _ Wi ke L=
Hi g =q,,sin (2 * T) T'=12L/v | 150 L KRRGERAER
. NI TR SN ] KT E A ISR
b F OB T 25 p Ry i 28, AT IR i i T N _/Bl()éﬂ(ﬁé s B2041 I A k)
q NENEE q,,,, HEWISMshZ AR, — B < o LR

@

TR 0.3 % 5 L 0 He I H ful T 9P 42, B 15 em;
T o A 8N A 0 D AT B . W g, =
0. 3p, AT AFAALUIN 2~ T 52 By 28 0 A AT X8

F= 0.7[1 +0. 3sin2(% + 15. 43m” (3)

PERCIY THUE 1T 38 B 2\ 1] 150 7 2B 3ty SR 5 4% e im s et s
RS TN, Nt BS EREEERASETEE | B
F4 0. 30 mx0. 24 m {ﬁﬂﬂjyg/\mi"éﬂii"é’ﬂﬁiﬂzﬁ ig. ize diagram of half of roadbed structure
S VR Ay 28 DA 38 A oy 28008 St A 9
9 ffizs, ffiFH ABAQUS A BRICH A H i FH P FHREF VDload e SEELMm 28 0 RS 3 | 1% TR P AR 908 20 405 s Ay sf
TF) T SEE 38 Sk ) AT 2R 1 AR T, R AR B T e 2 ( 3) T A T 2 A 8 G O 2 A 7 1% T 051 L P4, ) 2 46
A7 S Ay ST 1) R T ke A o 4 B RS Bl , DT 38 B 4230 sl g 2 ) H Y

% S ZE AR AR P A R 0 ] 10 JIr 7, B (g BT R AR R S T R BT C3D8R , 3 229 068 S Hiot, R fE
TECERIIU BT, % B LS ARt DL (B . QOB B 5 B T A — Pk s H A T &2 B4k
()% FH T B 1T 45 2540 123 Z (B AE AR T BN 23 72 AR A RS 8, HLAR T 32 252 5 (R R i 18T 1) b ek S B3 Ao 80
AR i R R AN

_ﬁﬁmﬁui \

B9 fEBHHEIS B 10 BREERE ML S
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Fig. 11 Settlement and displacement cloud diagram of roadbed structure model (unit: m)
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