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Experimental study on replacing cement

reinforced soft soil with fly ash-based geopolymer
YANG Wangzing , CHEN Keyu, YU Yewei , GONG Jinrui , XU Canwei , WU Dazhi
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In this paper, fly ash, water glass, NaOH and water were used to prepare fly ash-based
geopolymer and partially replace cement for the soft soil reinforcement, for the purpose of investigating
the effect of different substitution ratios on the performance of reinforced soils and the cost of curing
agents. The results show that the compressive strength of the reinforced soil decreases with the increase of
the proportion of cement replaced by the geopolymer and increases with the increase of the proportion of
curing agent, while the cost of curing agent decreases with the increase of the substitution proportion.
Also, the 28 d unconfined compressive strength of the pure cement reinforced soft is 8.3 MPa when the
proportion of curing agent is 20% and the substitution proportion is 0%, and the 28 d unconfined
compressive strength is 7. 9 MPa and 7.5 MPa, respectively when the proportion of curing agent is 20 %
and the substitution proportion is 20% and 40%, respectively, and the cost of curing agent is 93% and
87% of that of pure cement curing agent, respectively, with equivalent strength to that of pure cement
reinforced soil, and the cost is reduced, and the proportion can meet the strength requirement and conform
to economic and environmental benefits. It is found through SEM analysis that the increase in the

substitution proportion of local geopolymer will result in unreacted spherical fly ash and a large number of
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pores and cracks, and reduce the strength of the reinforced soil. It is found through XRD analysis that the

difference in the composition of the geopolymer will not affect the mineral phase composition of the

reinforced soil. However, an increase in the percentage of geopolymer incorporation will result in the

increase of the amorphous phase composition in the system. The results of this study can provide a basis

for the practical engineering of soft soil reinforcement.

Key words: geopolymer; cement; partial substitution; compressive strength; economic evaluation

0 3l

TE TR R VT U 5 i X 0 A 3 K Rt L x e
b DX A K T I R R R o T S R a8t L
BTk 5 R SR R A A, iR
A AE e FEAR T ARaB KM s K R A R
O3 A AN o S — R TR R . R L A SR A B
RUF WA FBER A ST RS T
TRV R, SO HEAR S B IR, 52 e HLE 4 1, 5 ok
AR KR 22 55 401 45 0 6 T Ak 2 i =

Al AK 3 56 5 B 35 2 A B i mT LAy
L7 W S Sl G T S o T W A R
B B0 1 2 2R 7K U8 X & b R AT 1 LR 45
KR R B A v o e ] ity 0 SR 2 ORI sk ORL )
X HE A BT B AR X B 4 FE= N G K U8 AR i R AT
TR AT K BK PR AL i TAEMLEL A . S+
KO 8 B L 45 8 1 1 A K H I I B AR Rt R
By b b AT B T A AT HO 2
BEIR, AR EINE A MK A R R B T S
Bl F Y BT SIS AT SR T LA 4k 2 4 5K
TR AR B T I M RN L B 0 & S R TE
7K HP A SR T i A R IO A K AR W £ T A R 2R K
P 114 %66 - P L 3% T o8 4 i 0K 1) 2% T S 1) 45 A
R EE H

L ARR FH KU T 1 4K ) B 3 A A {H X
oo 1 532 X 7K 8 1) 5 SR R R S AR K U R B —
BT A 7 R R ) BRI Ok B s L e
] SN L I 22 K TR T AR 2 HE 135 12
TSR KA Y T 2Bk 4R A 5 SUE
HECR I 7%, 3 2R A ) (Geopolymer) /5 2 —
T Br AU 2 €0 5 % M ORE. B o ik B RE R R
Davidovits"* 4% H . %4k 32 B fly #5358 40 4 . —
TR AT IR B S T3 —FB oy B 0 T RE A T
(M AR R B, SR A 0 (0 T ot 2 45 b i — ik
EALY) S RETE SRR BT & A ) — Ak A R
HEREAT S—O—AL—O g EhRE R R
F T A P K R A A G I B b ) T R 1 TR = SR

il

HE . ELrh 2R A W A 7 i EL A R 5 B TR
PR TR R L R I AR P s R
AL T A BRI R A IR B+
A K B3 A R AR B I )

HAT - RSN EEEPERREY
TE IR0 T 2 B A AN . &R B
SRS RLG LIS B FE A 5T B L R T ML R A )
SRRE IE R T I [ ) PR R G R 6 &
VRS AL PR 5 B SE 0 RN T 1 £ DAL LA
TR R ROR . T M R A W A R 45 R
B WAEPRAEDST DK B B O Bk ) K TR 5
e U - 5 b R R LA R % R VT = A U Vg
D — A L AR AT AR B S 2 R R
T 7 iR R B A K B B S A 1 0 S 8 S ek
HL R K R B A O e U IR A R
W, T %, KRN R T
M S 0 R VT E - R T (R A IR
BT P R B A B B AR A KR
B ERAEY LRENH AR FENRE.
Yaghoubi Z£ "V FI ] 6 F L 4 25 T4 Bl 7 9 & 741
WO IR R R i S T R R X R AR
{18 55 A D8 U1 08 4 7 o T X 3 T« o A b T R
AW, R AT 30% NaOH 5 70% Na, SiO, B4 4
BT AT 3] BRI 4 700 n] LA B B b i SR . B
W78 K Z 5 R AE 0T 55 08 & 7 B b 3R 5 45 vt
T AR 1 R g, /D B SEOK R A 1 £
Kt HAT AL,

SR FH A0 K I 38 3 3 2 118 Jr OGRS A T [ 7K
Ve THAE K IR R 22  TOTR G JE TP ki
LR 2R F 2 b 2R 5 0 o 11 4 = i AR e ik
Ko RUFBAE R A Yo IR e b A /e N
A A X R AT I 36 2 A R I AR 790k
AT I 1A — 7 I R o L A R g 2%, 28 d
SRIEANEIT 2 MPa, BRI IR IL R A W1
Shy AT 21 A T 361 4 A 5 BEE 51K » i R 7K U8
B Ry AR R - AT X PR B A A . A
S NG IR R o B AR R [ 4R -l



%34

W R AR IR S W UK Ve T L ) 1R 5 435

SEAREG T3V XA [R5 L AN TR AR LA g i 3o
AT IERAGE AT o [ I s AR SCai e i ] £ 4 5
IR 5 B8 T L [ 204 2R o 36 5 oW 23 M A 14 G
53R AR AL AL L DLERR I /2 22 57 IR ORI FH 2R A9
B N 759

1 REAR
1.1 E#R

KV RIS K JRRES A PeO42. 5 (143558 fE iR
KR AL AR & R 3 1,

&1 P-O42.5 TEERMKEELYEANSE

S SO,  ALO,  Ca0  FeO,

TiO, MgO  Na,O  Hfh PeR i

MR/ %  19.08  5.26  64.12  2.86

0. 29 1. 04 0.17 0. 37 2.99

R IR A T T P DA AR L R TR
b AT T Y X R AR, SRR L
FERLAA 20 L SRH L ooz 280 28, O FH s 2
B E  PAB K 73 T2 . LA 1y B B4 A DL
* 2,

®2 IHERYEURIER

WER/ MR/ RIRE ki BRE AL g/
oo % KE/ N EGs #/% e (KNem™)

36.20 23.45 45.86 2.73 34.5 1.42 17.10

RAIEDC Ao FRE IR P AR o8 1o A P BT HE 3 14
RARTE 1~ 100 pm Z 8] B /N IRORE . A 56 T
1] 5 M 3R 5 W AR R I R — OB I L T 24 Al
PR Si0, AL O, \FeO.Fe, 0, .CaO. TiO, %,
HEHBHIE 3.

x3 BEREESH
4%/ pm BRE/(geem ) EoKER/ Y
43 2.40 0. 50

BRIAA ) < AR SCR FH B 55 W B & 790 S 7K B
B+ [ A S A B O SOBERON 1. 2 R R
HR A T8 0 2R A0 T W) A 7 1Y [ A
SUEALEN BIRE R T 9900, K BB Oy T B VA K B
ok A IR R TRHA R 7] AR S HOL
4,

R4 KBESH

wE oSO,  Na,O
FW Lo PEEEEf 2 2
@em H P PR ey iy
Jota i 1.53 40 3.30  26.80 8. 30

1.2 @&t

AR SCH e — 2 A HR R B B & ) LK i
B —E AR A Y bR — R R R
TR R AW 5K K R R B RS
FOR A VAT . A v i 3R A9+ K
TR A B 10%.15%.20% , Hi B A MR 10K
T HLBIHL 0%6.20%.40%.60%.80%.100% ., R&
Fb 51 4 358 428 40K 4% T 6] (7 500 b 5 A PR R I )
(JGJ 79—2012) L2 « “ /K Y8 -5 FH Ak 1 S B it T

T ORI E B KRB AR T 7007 AR SCT v [E 4k
I BIAF A R rh2EsK

ARG P A S SR K 3 R K i 4%
IR G B T S KBRS e &
FE UL 5. K HE A 0.4, SR A IEASIRES 3R 43 X
6=18 41, &K A H ILF 6, HrAEdhnfE - 4Erp
Bt i T 2500 g, KBRS R KR
2 Hom 0. 35,

%5 STHEMEREHESYRAL
BB % 70 R 1. 2)

NN G = - 9

ﬂ;gz NaOH  Na,SiO, 5z 7 gjfif] /J;

L — N — T
Fitk/g  Fikt/g  EBUR/g

629. 15 39.75 212.25  252.00 118. 85

1.3 X HEH&E

B o [ A B SR i HH Uit e o 4K -k
T 24 h J5 A AR HLAR 6% B0k AR AR i 2 mm i, 25
R A O A UK, PR A B i 1Y T AR 4 K
35 Vo MK BE il BGI AR T T K A 5 B A9 AR K
Bl 2 ) 42 2 7 L A7) T 8 8 A Tt ) ML 2R 5 e
IS K e oK 45 AN R BC & L, 38 2o 4
FEALEE P ST A5 BB R R A WK e £ s FoK
A 70. 7 mmX70. 7 mmX70. 7 mm BH RS
S B AR UETR RS 4 R EORIB I .
AL B0 AR A 3 A AT IRRE L 5 [
R A B L 1,
1.4 RESH

LA 1 JofiBR e He o B i ge

TCA R AT A0 R R 7 g SR AL . 5K
P ST 3 Hh & AR Ak Y Bt He 5 B AN P34
A, BUITRE AR 2 19 B K N 74 R i3 ke i T
BRBTE SR, 2 4L B0 5E 3 A AT iR S R $0 TR
SRE L TE VPR ZE T (L 3 Heidk e B 5 b it
Rt o B H R 25 AL 1500 BOF- 3 4E i
2 S TC PR R 58 5 S 24 454 A WO RE D F 3 A4S
L TGR  AMYOZ L E A HE B ] 4



436 o BT K % 2 OARERERD 2022 4F AT H
*6 BARSH
KIEHIBEAY RS A+ ‘ TR He by 5
415 \ ‘ K+ it/ - TR ke - P
T mawb v By TEERE o m, KPR Camn, KRR

LA1 10 0 2500. 00 250. 00 250. 00 0. 00 962. 50
LA2 10 20 2500. 00 250. 00 200. 00 50. 00 945. 00
LA3 10 40 2500. 00 250. 00 150. 00 100. 00 927.50
LA4 10 60 2500. 00 250. 00 100. 00 150. 00 910. 00
LA5S 10 80 2500. 00 250. 00 50. 00 200. 00 892. 50
LA6 10 100 2500. 00 250. 00 0. 00 250. 00 875. 00
LB1 15 0 2500. 00 375. 00 375. 00 0. 00 1006. 25
LB2 15 20 2500. 00 375. 00 300. 00 75.00 980. 00
LLB3 15 40 2500. 00 375.00 225.00 150. 00 953.75
LB4 15 60 2500. 00 375. 00 150. 00 225.00 927.50
LB5 15 80 2500. 00 375. 00 75.00 300. 00 901. 25
LB6 15 100 2500. 00 375. 00 0. 00 375. 00 875. 00
LC1 20 0 2500. 00 500. 00 500. 00 0. 00 1050. 00
LC2 20 20 2500. 00 500. 00 400. 00 100. 00 1015. 00
L.C3 20 40 2500. 00 500. 00 300. 00 200. 00 980. 00
1.C4 20 60 2500. 00 500. 00 200. 00 300. 00 945. 00
LC5 20 80 2500. 00 500. 00 100. 00 400. 00 910. 00
1.C6 20 100 2500. 00 500. 00 0. 00 500. 00 875. 00

A -

L S ey |
mEam | B2 BERe [ BAE
| EAY
20 )
BUEEBLBERE20 5 o
Ly .
KA HTF48 h — g &K R
AR TR (B 7KE35%)

wmaw | R

TR | < AR ;ﬁ%A_ BBLE %ﬁﬁ B M RS

N i (=) -~ — — | < -

Ii%ﬂf kit | WEAES2 min | st BEPENLBERE240 5

B R inE it &R

L4, 2 SOUEE S Ky Py AR 2 B o o A

THOULZEAE 43 BT SR FH 43 4l L 7 0 3B (Scanning
electron microscope, SEM) A , & ##h B &5 W%
FRELBIA 206,40 %6 .60 % , F4 411 0 28 d BB
EWERROKI I E R SEM BB AL .

W) A 2 53 B R X O 24 3 (X-Ray
diffraction, XRD) 4% A, I &5l 20 24 10°~80°,
LKA 0.5 s, MHKHEA 40 kV,

2 HBRI

T BR 40 IE 38
TRA B CG5r50 2 1024 ,15%0,2020) — g i, Hl
B WKV L S 0%, 209, 4004, 6024,
8020100 %% , B fin ] + 3Bk 7,14.28 d (9 PTEIR
JERIR AR LA 2, & 2()— (O3 N “ MR EY)

2.1

+KPETIRA H R 10%6.15% .20 %6 Bt AN [7] i 5
B AU H 91 X o 1 4 3 i b e i

& 2Ca)—Co) AT 45 40 [ B B e o 1
Bl 30 K MR A -+ K IR IR A He e K A
A S (388 T Aot 45 20 I 4 B o o o 1 2R
BRI B3 A BT RS, MR A Bl
10 Y6t o Bt R AR E ] () 184« 36 o ] 30k 28 d
SRIEM 4.3 MPa [#fK ] 2.5 MPa, 24iE A L6l N
15 Y0t , 5 2R L B 38, 38 61 + ke 28 d
BEEE M 5.2 MPa JEE%] 2.9 MPa, 4“3 44+
KPR HB Sk 20 Vo b Bl B AR E ] 38 » 3k
g5 & 4 He 28 d 3 BEE A 7.8 MPa FEAIK #]
4.7 MPa, RIZ5 SRR YIRS HBIAS AR in &
AT R B i B AR KU B 18] g 1 o e
SRE: R S8 7k = AW @ e 2 117 N o 1 e e WA



W R AR IR S W UK Ve T L ) 1R 5 437

% 38
50 —=—7d IBF
—o— 14 d9R/E
—A— 28 dSRFE
4l
£
Z 3t
i
]
H 2t
:‘5 >—4\-\\’\<
1+
0 ! | ! | ! 1
0 20 40 60 80 100
HEREWEALLE /%
(a) VRA ELBIH10%
-—m—7d WE
S5+ —o— 14 d5RE
—A-28 d B
4L
£
2 3t
=
B
B 2r
B
1 L
0 1 1 1 1 1 1
0 20 40 60 80 100
HEREMERLH / %
(b) IBA B A15%
9- —=—7d B
g o 14diRE
r —A- 28 dIRE
7t
[+
Ser .
;‘S 3 L
2+
1k
0 1 1 1 1 1 1
0 20 40 60 80 100
MR A ERLH / %
(c) IBA LLBIN20%

B2 AEELFE G TnE L ERERE
JERE 1R AW KU R LR s g fn . X
st T BER K VS BT i FL I3 0 T ] 4 A e 35
BE A A S R b A T 2 R R S e Y C-
S-H BERZ. Pt hn [ R 10 55 e AT & e 20 531
HRAE L] 2090 BB EWIEUKIELLH] 0%,

2.2 RGBT YBER KRS 2
2.2.1 SEM HEgHMAREE R

IRA N 2000 B 45 4 3R A 90 2 AR He 9 1
SEM B EIULE 3. B SEM HR 45 1]
DI R AR LA 60 20 1 A h A7 7 Bk
b 2R W R S 2 T A R I T BRI (] B A7
FER IR I FLBR RN 2458 , SR PP Z AL ION 2549 A
B pBErE . TR R AU Z A TR i 544E
FE T R AR A VR 0 2 D IR, R e 24 RN L PR
MR LR BEFEAR . X J2 i T7E OPC & &3k
A 5 i A A, ZK e 7K Ak S 32 B BRI 2R A S
BRI T i N-A-S-H eI HAAE I T 08 5
N-A-S-H MR m ey C-S-H B . bl
EE W LG BRAR , A ML D> R AR
TR (A S R R TR R i T 0% i i BH
SLRE R ARG N T AN AR T . YR
20 Yot s AT LUURER B LT A8 A 7 (A BRI IK
OPC ki T B eSSt rh, X R BB 451E L A
FRE S 0] b 2% 3R & Rk Ak s AT 2B AR T B K0
PSR, BE N T AR SEEE . A T R G
OPC 7K R34 hn s 5 2 5 550 78 [k e g o 72 vp
AT B RR A C-S-H BRI, T4 A AR A
Sha b, 8 G R B B AR S T AR Y
SR E
2.2.2 XRD 4r#rsh

2R Wy LUAS [ B 0 XK 8 T o ]+
28 d JE R SR AR AN I 4 R, 3 R RE S B
A A PR (SIO,) . B A (NaAlSL O ) J5 il A
(CaCO,) . &4k ¥ £ (MgFe, . Al , Si, . O -+
OH Iz (K, AL Si, (OH) O, ) KoK g 3= 25~
YIABRERR 55 . X RIHIR G Yo 25 AR X
AL 0 AR L = A 5, SRR BB AL
A3 2 i 2 rh i T e TE AR A 35
2.3 ZFESH

FE_ LRI S L S MRS KRR A
FGAIA 20 Vo 4520 334 T 1 A s SR L Xof A R 6 5% 1
PR Horr . KRB 298 500 TG/ t, — G I IR
W2k 120 5T/t NaOH A% 24k 3000 TG/ t, 7K B 55
PrA& o 700 TG/t TR 1 ORI 8 A IR b 2R
GV AT A WA i N 7,

R7 OBYEIREM RS Y & R AP

A K NaOH

S RN 7K AT

I/t A/ TT FE/t A /G

HiE/t

A/ G FE /¢ A/ TE

1.0 120 0. 0631 189. 3

0. 3369

235. 83 0. 18944 0. 66 545.79




438 N N B N

e CHARBRA RO

2022 4F AT %

BT R
7

i

s /
KR BB

%1000 100 pm

(a) BAR B H20%

RS N AR

x1 000 100 um
(b) BRI R40%

x1 000 100 pm

(c) BARLLBI F960%
3 AREKLILFIELFME R
TH#H SEM B EHEE

i LT 2 KT 3 R
20% 4. RIgRH; 5. HEBE 6.CS

1
4 5450942
54502274 236 <1
6 5 4 3 3
k_‘_l4l]613412>ll 1 )lA 1 11

o,

40%

%
A A "

10 20 30 40 50 60 70 80
200

B4 FEMRESWEETHEL LT WA X HETHE

MR (au.)

HIZR 7 R LA 1 ORI B ml i o5 A K

FEHR AW 1. 59 t, H B RA A 545. 79 TG, Bl 4%

1 OBy BRI G I AR 2978 342. 00 JE. T

1 DLHR S L0 O 3R/ o X IR LR 2%
21 5 5 08 IR 2 50 2 LUAELAE 0 AL BCR 27 25

BEY KRS L 2000 W1 28 d i, 4%

AR S 2T A L3R 8. 5 B2 LA AR T
EHRER NP 5 i

#8 RALHIN20%NWEHEUHREZFHA

BRI 28 d Hi & (953 230197 W5, 7 N
1/ % I J¥ /MPa HfH AR /7T FAE
0 8.3 1. 00 0.25 1. 00
20 7.7 0.93 0.23 0.93
40 7.5 0. 90 0.22 0. 87
60 6.1 0.73 0. 20 0.81
80 5.7 0. 69 0.19 0. 74
100 4.7 0.56 0.17 0. 68
ol —— BRI
: \ o A
09 r
s 0.8
N "
0.7 \',\
06 | \
0' 5 1 1 1 1 1 1
0 20 40 60 80 100
A /%

5 BEBALFPREILLESHRALE

2 8 Rl 5 W] 1, Fifi 5 b 3R S W AR K R e
P38 1A 790 28 5% BUAS R W R AR, 45 & G MR
PR 5 T 25 R T A 2 b 3R A W B AR K U H
Sk 20 V0B, H: 28 d P 5 FE AR 24 T4l K Y8 in [ 28 d
PO SR EE () 93 %0 , [ AL R AH 24 . L H B A hy 4l K
YEIMTE 0. 93, BEAS FEALK Ay s 22 5 1 b 238 SR A1 1)
W EEAH 2 5 2 0 2R G W AROK R EL 1K 40 26 1if,
28 d PUHSR A S F 4K Ye il 28 d Hi 5 1)
90 %6 » [ £k R HEAH 24, B B AR Sy 4l 7K e i i)
0. 87, J AR AR A W J3E T AL IR BRAK 9 1 1 5 24
RGOV LB 60 Yo}, H 28 d T Ess &
A2 FalizK R n i 28 d HrHER AR 73 %6, AL R
AR AP R B 5 K G AR S 4l 7K U8 i T 1) 0. 81, jle A
REEAVR P MR B2 /N AL R B AR I IR 3 MR B )
BARAKUE EL B 80 V0, H: 28 d 4T 5k i A 24 T4k
FKIEINIE 28 d FiE 38 BE Y 0. 69 % , [ AL SR AR s



%34

W R AR IR S W UK Ve T L ) 1R 5 439

JERET FLR A Ry Gl K P i [ 1 0. 74, AR B A 1)
R B /N T [ AL RICR B AR A i 25 2SR 4 R B )
T A, 28 d B s BEAR S F Ak Je i 28 d $t
JESR Y 56 Y0, [ 4k 850 R B AR i B ek A, HLH AR
SRR E 0. 68, AR B A A i 32 K F B AL 3%
IR AR A S

BT B ML Y i R A WK U
K 2096 K A0 VoI, B A5 [ - FE 28 d TR 5 EE A
Sk 7.7 MPa F1 7. 5 MPa, il B 058 5 4K Jé i &
RN Y L LA A X F 4l K PR 34 BRI . HeR
X AR AR B 8] %) 361 A 506 R 24 T A — 2 1
558 P ARAIE , I FLYR D T /K VR Y i, SR B A A 4
KA By [ B 76 28 B 388 2 7 TR AT — 2 A D0 Bk
4B A 60 26 K LA LB, B R 4k 577 28 9% B
AR MR B (A B ARK o AEL BT A5 1814k + 5 47K 6 [ 4k
A P R A R A R BSOS S [ AR AR
Ll

3 & it

ASGE L HRAY -+ KITIRA B 10% .
15%.20%0 , #h & W R ARK IR LB 026.20% .
40%6.60%0.80 %0, 100 %6 B A 8 JK 3k it 5 5 0 35 43
(a8 B ARK U i [ 4K 4 1 22 Wi 55 it SEM,
XRD IR, SR IE 3SR 50 Ty i, A 9T T 45 Fh &%
AR E A 1 Jom [ 2550 SR 3 B B 5 0 48 55 8 25 T AT S D
WIS TE R T B K B b 3R A5 9+ K 8 1 D [ 465
TR - A AT A T A5 20 EfE A R B B, 45 A
TE5IE

) M A YRR KU LU 1 — R e i A R
(e Ak i 32 Fifi b 55 ) oK U8 TR A He ] B3 hnn A
JIFEETE» 24 W IR A+ KU TR A LBl — e B i
A ki R i b RS R AR KR L BB R e in A e
BARR LR AR LA 20 26 T 40 Y0 5 W88 R i 2
/N K R BIER AR LA /N o R FH 58 5 38 o
ARAVE N [ 4K A e A5 - A 5 B8 T T ARAIE

b) M« M AW+ K IR IR A B — 2 i, B 4L
T2 AR Bt A7 8L b 3R 5 2 A XK U L A97) g 38 o
WA AR R 20% .40 % B, 7E 4 F B A
SalikJe 1kt HAA A Y 050 B 2 A0 Hos A
REAIG o BRI B AR H A8 R 20 %0 L 40 %6 Sy Tl JEL i 35 SR
R 5 AR 25 B AR AR He A

o) SEM Hi 45 150 3% BH XY 1L 3R A W B AOK e L
B 20 96 F1 40 V6 Bt Jimn 1 A5 o 85 5 45 v 2B AR
TR C-SH BERS, I 431 E R A 254 L )

kst TS IS5 A L R Z A B R gs o i 25 2R
EYPRACLLHIA 6000 , A P 7 £ B 2R 5 Wy i
R A 2 F) oA SN F) SR AR AT JAE R i ) L B 1 224
2& S EOZEAC LT [k i BRI

g LA YRR L 2096 B 40901 . SR
MBS W o AR VN [ ¢ A [ AL R 2 3¢
A R AT AT [ s SR 2R 5 0 o 2R K 8
REA R A /K IE i AR 3R IZEE R Al 9 58
P A H AR T o B AR Al

B3 30K :

(1] FAebH, 20T, XIS, S, o8 22 9 vk m I
WK AK i M BUE BT oE (). A A 120 5 TR

4k, 2019, 38(10): 2112-2125.

(2] f5 P, BIERG, ZRBE H B L0 4K b il 0 B 5%
(1. B4 25 TR, 2011, 30(SD): 3208-3216.

[3] Aragjo G L S, Palmeira E M, Macédo I L. Comparisons
between predicted and observed behaviour of a

geosynthetic reinforced abutment on soft soil [ ] .
Engineering Geology, 2012, 147/148. 101.

(4] e, B8 8RB, AR IR A R BRI 4R+
RG], T 25|55 TR, 2019, 15(1) . 60-
67.

(5] skACH]. J& T 250 TR ok 4 b L Ab 30 e TR AR,
TR S5EF, 2019(9):41-43.

(6] w5, ZERA /KU (B R s S iy w7 L) .
TREHT 4], 1996, 4(1): 45-52.

[7] Andrew R M. Global CO, emissions from cement
production[ J ]. Earth System Science Data, 2018, 10
(1 195-217.

[8] Davidovits J. Geopolymers and geopolymeric materials
[J]. Journal of Thermal Analysis, 1989, 35(2): 429-
441.

L9] EIm b, AR, MR G B R BE - 1 e B BT A ik
(], GERRERIEAR . 2019, 38(7): 2095-2103.

[10] Lolli F, Manzano H, Provis J L, et al. Atomistic
simulations of geopolymer models: The impact of
disorder on structure and mechanics[ J]. ACS Applied
Materials & Interfaces, 2018, 10(26): 22809-22820.

[11] MR, a2, A2, & BRKIETIT MR E
FORHLT L. BBt siibr kL, 2006, 33(2) . 14-16.

[12] Singh B, Ishwarya G, Gupta M, et al. Geopolymer
concrete; A review of some recent developments[]J].
Construction and Building Materials, 2015, 85: 78-90.

[13] Aliabdo A A, Abd Elmoaty A E M, Salem H A.
Effect of water addition, plasticizer and alkaline

solution constitution on fly ash based geopolymer



440 N N B N

W CHSRPBL2ERD 2022 4F AT %

concrete performance [ J]. Construction and Building
Materials, 2016, 121(9): 694-703.
[14] Ranjbar N, Mehrali M, Alengaram U ],

Compressive strength and microstructural analysis of

et al

fly ash/palm oil fuel ash based geopolymer mortar

under elevated temperatures [ ] ]. Construction and

Building Materials, 2014, 65(8) . 114-121.
[15] Abbas R, Khereby M A, Ghorab H Y,

Preparation of geopolymer concrete using Egyptian

et al

Kaolin clay and the study of its environmental effects
and economic cost [ J ]. Clean Technologies and
Environmental Policy, 2020, 22(3). 669-687.

[16] mHEve, skibEE, Tk, & MURR— RS WXL
BRI oE [T, N FH R 5 TR 2222 42, 2019,
27(4): 906-917.

(17] TRERBH, 2R, PRORT, 45, HUER-GWIHK L 0f B 5 o

ZRWATIEL]]. 2. 2016, 61(11): 198-204.

(18] PhaBt, E&Hr, WL, 55 HEREGWMERIBHEL
IR AL B R I LT ] BRIE R 2 5 TR R
2005, 2(2): 62-65.

[19] Yaghoubi M, Arulrajah A, Disfani M M, et al. Effects
of industrial by-product based geopolymers on the
strength development of a soft soil [ J]. Soils and
Foundations, 2018, 58(3). 716-728.

[20] X, skBR, BRIEE. BB Wi & + i
T KA S =5 TR R, 2018, 16(4): 136-
142.

[21] Chen K Y. Wu D Z., Yi M, et al. Mechanical and
durability properties of metakaolin blended with slag
geopolymer mortars used for pavement repair [ J ].
Construction and Building Materials, 2021, 281(2):
122566.

(RERE:F %)



