% 48 K% A AR E I IR FROP E L Vol. 48 No. 4
2026 48 A Journal of Civil and Environmental Engineering Aug. 2026

DOI: 10. 11835/j. issn. 2096-6717. 2025. 026 &

& o £F 4 v B 4L 0] B Mk 5 4 1) 7 Pk fig

GEI A T INES Soul 2 T
(FAXF a L RIEZE b LBARZEREHBAKFTIRETLE LB T, TR 400045)

B EATRAEFTROGAZERRGERRR S A @AM GERRA, ZFINGHRMEL, @idzhi

BMERNABEL, ASARNBRAEZTRAESEAEEAEAHA, R A ST R GRS, AN

REREZEWREY , AXR BHERIT MG, ARFREHHHG S F ‘Tiﬁuo il 1T ﬁ%"ﬁ’rnzﬁus

HURBEINRBBABBRERLELGEDAEZRRDORAREX  HFREHwm, E2REAN . X

REHSLABNAETHEMAERREDABFREX RIAT }iL'ri'rifm,ﬁ%&ﬁ»&m&m’a&%%?,

fﬁk FHROREBEAO2UN, EBBEMH T, REBEA0IN;MEH LB T3 WA
B R B R EEARZ A SR T E; ERBIERAE LML, TR EH %S

Eﬁ%%@ﬁ&ikﬁTﬁMﬂ%%%%%gﬁiﬁﬂ%

KEBRAEMAE R, TR BH 4 MR H%B T

FESES:TULLLS XHE R ARG A XEHES:2096-6717(2026)04-0001-12

Mechanical properties of lunar regolith simulant geopolymer
with basalt fiber reinforcement

HUA Jianmin®*, Y| Haolan®, XUE Xuanyi®, ZHAN Jianghuai, XIAO Chang®
(a. School of Civil Engineering; b. Key Laboratory of New Technology for Construction of Cities in Mountain Area,
Chongging University, Chongqing 400045, P. R. China)

Abstract: In-situ resource-based construction techniques can greatly reduce the cost of lunar surface base
construction and guarantee high-quality operation and maintenance. How to make full use of in-situ resources to
prepare high-performance building structural materials has become a hot research topic. In this study,
geopolymers were prepared using lunar regolith simulant and reinforced with basalt fibers to enhance the
mechanical properties of the materials. The effects of basalt fiber content on the failure modes and mechanical
properties of lunar regolith simulant geopolymers activated by strong and weak alkali solutions were
investigated. The results showed that the incorporation of basalt fibers changed the failure modes of lunar
regolith simulant geopolymers and increased their deformation capacity. Under the condition of strong alkali
solution activation, the optimal content of basalt fiber was 0.2%; while under weak alkali activation, the

optimal content was 0.1%. The compressive and flexural strengths of the lunar regolith simulant geopolymers
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tended to increase and then decrease with the increase of fiber content. Compared with the strong alkali

environment, the basalt fiber content had a more significant effect on the lunar regolith simulant geopolymers in

the weak alkali environment.

Keywords: lunar regolith simulant; geopolymers; basalt fibers; alkaliactivation; mechanical properties; fiber

content
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Fig.1 Lunar regolith simulant preparation process
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Table 1 Comparison of chemical compositions of lunar regolith simulant
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Fig. 3 Microscopic morphology comparison of lunar

LA %
FE il SiO, TiO, ALO, Fe,0, CaO MgO Na,O K,O P,0;
CQU-1 45.31 2.80 15.01 15. 67 8.34 3.41 4.50 3.33 0.65
HUST-172 48.23 2.96 18.29 11.19 7.89 4.41 3.70 2.15 0.50
BH-1% 43.30 2.90 16. 50 16.70 8.80 3.00 3.80 3.30 0.70
CAS-12 49.24 1.91 15.80 11.47 7.25 8.72 3.08 1.03 0.30
Apollo 142 48.10 1.70 17.40 10. 40 10.70 9.40 0.70 0.55 0.51
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Fig. 6 Synchronous thermal analysis of lunar

regolith simulant CQU-1"
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Table 2 Solidification methods of lunar regolith simulant
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Fig. 11 Stress-strain curves of lunar regolith simulant

geopolymers with basalt fiber activated by strong alkali

solution with different fiber contents
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geopolymers with basalt fibers activated by strong alkali

solution under to different fiber contents

S [a) £F 4 45 11 X 1) 5 B I R X s A
AR 39 IR W BT R R e IR AR S G 1 13 s
P 4535 56 DL 0. 1 mm/min B9 3 2800 2%, 12k e

(a) 0% (b) 0.1% (c)0.2%

(d) 0.3%

(e) 0.4% () 0.5%

E13 AEAEBENHABEMBRILEIRSFHE
LA 13 3 BB 4 B TR A R A IR AR K

Fig. 13 Failure modes of compressive specimens of lunar

regolith simulant geopolymers with basalt fibers activated

by strong alkali solution under different fiber contents



% 44

R ,F XX E A AN AR RMG T F AR 7

A AR TS W e O AR AR 9 R K
Bt 91 2 8% w R AR AR SR, G208 2k B B
DAL IS K 45 R IR, N g - I AR 2k ) 0 S TR
W, o e Pl SRR S X A A K B i 0K B
S5 WO T, B T R R T KR A
01 1 iy 2R 3k B ol SR B 7 S oM DO, BE IR A
X R SAE G AR, ] 300 e B ] 9 e % B2 70

WiE X R EFREB RIS L KR A TR
s W X PN T ALBR IS 2 AR R, H R Ry
LA GG B ENET K TIRE W ah &
et B B R 2 LB, SRR AT T, il
P 2GR AT A B 6T ik, AT 4 45 0 B B R,
e 1 B A He Py T B 2 LR .
4.1.3 #RITEE

AN [R) £ 2 5 1 X6 0L A i B I T R K kA AR
2 R0 A HE M SR W BT R AN & 14 BT, 5 0 IRl
FH LG, WS N A 4E e ¥ A W P dr om 3 s 110~
40% . WMO0.1%.0.2%.0.3%.0.4% .0.5% %
A AT 4 43 Al 2 A 2F e AU S R W
5 5 33%0.40% .20% . 12% 11% . B & £ 4k
B 3G, % R A A AR AL HE M 3R ) B B
SRR TR PR 4B RN 0. 2% B L RA
2T Y A4 JT HE M 2R W T A o B A B (E 1. 6 MPa.
ML AR RAE 0. 0% ~0. 1% X 8] I, 0 47 33 35 189 5k
R GE A BREAE 0. 2% ~0. 3% X Ja] i, ¢ 7 58 JiF
BREE B G 2 aA A A A S R Y iR T
BEla ToF 2% . B A TFI8 RS, T 20 48 19 i 1
FH 2 a5 28 2 in A3 A 400 T 398 Hb 3R 49 A A X nT 4k
S I/ DA AN IR X 2 NN /X =% 7 S NS/ )
5B o

201

SRR, 80 CRIESF1 d
18F L60
137

£ s 114 ? ? i
S 2f
oot
=
Eost
£

04

02

00

0.0 0.1 02 03 04 05
ZRE B R%
14 FAEFEBETNMNERBERLZZREFEZED
BB RITEE

Fig. 14 Flexural strength of lunar regolith simulant
geopolymers with basalt fibers activated by strong alkali

solution under different fiber contents
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Fig. 16 Elastic modulus of lunar regolith simulant
geopolymers with basalt fibers activated by strong alkali

solution under different fiber contents

4.1.5 MMBEE

R PR B S R IR 1 d, AN [R5 4R 45 5 X0 N 5
VA VR R 1 R A A AL R A PR Ry A
wE 17 BT R o Hu R Wk BR N AR Y AR AR X JE] 7E
3.8500~4. 675 Z ], H& A i B 1 A5 fi /), 3% B ot
AT ML IR W AR R SR 25 AUE T IR = e
PEBE IR A HEWT . A EE XTI , KR A T HBER
0.1%.0.2%.0.3%.0.4% .0. 5% B}, 3t I Py % R ;.
ALY B 5. 7% . —3.6%.—0.26% .16.9% .
21.3%.

SRR, 80 CRIELIFY d

AR /%

00 o1 02 03
ZRELTYES R %

E17 ARTHEZENNIERERMAZIRETE
0L A 15 3t 58y B AR BR Rz 22

Fig. 17 Extreme strain of lunar regolith simulant

0.4 0.5

geopolymers with basalt fibers activated by strong alkali

solution under different fiber contents

7 W BR 107 A5 4 A B S AR M S S L T L B A
XA S R B R PR ] 4R
Fho U B Y I ERL I S R R IR A B AE
LR YRR S R AT AR A — R R 3
BE I,

4.2 FHEARILXRKLER

55 B 5 T R L B T R D W SR B
FHE5 BT T SRR R R4 J7 X 80 °C
R AR 7 do

4.2.1 B A-mEHE

5 B0 A 47 3K 50 25 SR 4 o O TR £F 4R 95 i
XoF VL P 555 B VS VR U R IR A A AR AR 0L ] b R
NEFT-REAR ML IR ISR . EMKE, UL E
YR N 0.1% .0, 2% WF, H Wy 77 -0 728 ih 28
BFCOEAER, RMAZRETSHE UL HE S
U SIS e L7/ AN A 12 < R B S /N 2
FE AR AT B T R B SR B R R 4R T
T LRI RIEE  BRAR T LR 4 AR TR AR . IR X
A LT Y18 A BB AU T3 B P 3 K 2R 45 4 1 B
VIl LT s R T, B e RS, AT —
FE T B X BB 2L IR R

40

354 —= 0%

1 L L |
S 6 7 8

1 L
1 2 3

4
JR2E1%%
E18 AEALEBEVNEMNIRBRBE RS FHEEN
R R B R J1-Rr 3 2%
Fig. 18 Stress-strain curves of lunar regolith simulant
geopolymers with basalt fibers activated by weak alkali

solution under to different fiber contents

4.2.2 WIERE

55 R v L BRSBTS, O [ 41 4 45 4 0 T B M SR )
PUESREWME 19 PR . BEHE X R AL 448 2
Fb, 2 IR £ 2 R0 48 1 3R W A 1 o B S TR T
JERFEL TR T e o B B A AR 4R 1B R SR T T
Vo, BZERAGFHBENO0.1%.0.2% B, X5
P07 HE b R Y 0 HUE R BE A P 42 T, 50 IR A

PRI, 80 TRIMIFT d
29.43

DUHETRSE/MPa

0.0 0.1 0.2 0.3 0.4 0.5

RRELTHEB %
B 19 B 4SS R H S 5E B A TS 4L
REMBY R TIERE

Fig. 19 Compressive strength of lunar regolith simulant
geopolymers with basalt fibers activated by weak alkali

solution under different fiber contents



% 44

R ,F XX E A AN AR RMG T F AR 9

B, HT 5 B 43 AR T T 56 % 5% 0 ML AL
4580 0.3%.0.4% .0. 5% W, HPg IR 38 BE 23 )
BN T 2496 .51% .54 % o

ENCE R £ 3 SR TAESE R 8 -2 =i
2R R0 1 Hb 5 W B 3 e e SR = BT 20 BT
BRI R 47 3 50 v B T 3R BN, T X R AT 4
14 32K B e R T T A R P I M % e S O A
PV O MEERE IR o R T R 0N, fe K A IR
Be B TR . MAT IR fE i b B
AR LR 4 R R A S R )l IR T R R 2%
IR A RS T kot HE 2 5 R A T (] R Bl AR T 4 B
Wi o BN G A RS AN N A i £
FEPE B T EE X BE A BT G

I ——

(a) 0% (b) 0.1% (¢) 0.2%

() 0.5%
E20 FARAFUBEMNHNBRARSA TR S FES
LA B B E iR R IRER

Fig. 20 Failure modes of compressive specimens of lunar

(d) 0.3% (e) 0.4%

regolith simulant geopolymers with basalt fibers activated

by weak alkali solution under different fiber contents

4.2.3 WITEE

55 6 e R ER B S, O TR 4R 4 45 0 R Y X
£F AE BT T SR W BT R B R 21 s o Sk
MAMW, TR AEF4BHR0.1%.0.2%.0.3%
I, 20 50 41 4 A5 40 HE b 3R W b AT 9 B R T, o
BT T 87% 31% .25% o S XF BRALAH Eb , £ 4k 45
R 0.4% .0.5% B, ZaA 2R e S R Y
e B o B REAR T 2120 .53% .

SR B e O g v, B B A B AR L B A oR
JEAR AR T 0 B4 . AR 55 6 R R BE b, M AR 4B
A i i XA 0L B b SR W B BT v RE A BT R
M, G 32 AT RE SR O s 1) AR 4R 4B B R i R e
PR AL B B I 5 2) 59 R BE b, KA LR 4R B AT
HOoESETSERTREEE RN 2, H5E
B PN pHAE T RE . WO T R BRAR T
i SR ) ORI A B, S BT O R R 3) 55

4sf R, 80 CRIRIER d
3.88

ﬁa‘ﬁﬁﬁé&/ma

(P H
T T

0.98

=)
T

05

00 o1 02 03 04 05

KAFYES RI%
E21 ARAEZLEVHHBEBRARZIRE TEEN
Rt R B LT3R E
Fig. 21 Flexural strength of lunar regolith simulant
geopolymers with basalt fibers activated by weak alkali

solution under different fiber contents

VWU B TR 55 T AR B W, AR B A i — A B
I T 55 BV VR T S S ) M BR A PN 4 T
B, fET AT 5 B 1E— 20 55

AN [F) £F 4 45 5 6 N 1Y) 55 B W R K iR A AT
YEASTAUL T HE M 3R B A R e i A S BT 22 R
PLAT I B L R b, R B A L B A 4 1 BT HE
R Pl SR A T B R0 0, i B e
LR B0 R R R R Ay A K R A S
{18 0L T 9 i 3R i e DR 80 B B A A —
R G% PR ), 2 PR T Ml SR W Y PR AR B TR
Tho Wi oz A, B AT 4B AR T B R
W AR A AN FRIU U B £ 248 A i i 5 Tl e Y
AR ARG A L IR RAL B Y 2 B o
1 i B AR
4.2.4 BHEF

R 4 1l 3R 4 7 g - A8 il 26, #2500 010~0. 015

(a) 0% (b) 0.1% (¢)0.2%

(d) 0.3% (e) 0.4% (f) 0.5%

El22 FARESHEBENEHBHMBBRAR IR E FHE
WA S R F T R AR

Fig. 22 Failure modes of flexural specimens of lunar

regolith simulant geopolymers with basalt fibers activated

by weak alkali solution under different fiber contents



10 T ARE Fx ¥ TREFIROP E L)

% 48 %

JO7 A% DX TR] B0 1 A7 2k Mk 404, A5 3 Hb 2R A ok AR
W 23 BT o R AT R X JE] Y 7R 710 10~
476.47 MPa Z [] , g 455 5 B0 58 o, 38 I 0 3l 3
Ko BEHE LA FYES RGN, b AL 2 e IR
FHBEL TR BEHR., YXRETEE RN
0.1%.0.2%.0.3% .0. 4% I}, 3 5 4y 56 1 6 A 42
T T 156.0% .115.3% .54.1% .32.0% , 4% F} i &
BEREL . ML RAETGHEBERNO.5% B, HEY
S A A R R AR T 61. 7%

SR, 80 TREEIFFT d
476.47

77 400.63

600

500 F

g

286.80

300+ 245.67
| 186.13
% 71.10
g % ;
02 03 04 05

R
E23 ARAUEBENNHBEBARBEZTRE FEED
PRiEHWRYHEEES

Fig. 23 Elastic modulus of lunar regolith simulant

SPERLE/MPa
s 8

5

geopolymers with basalt fibers activated by weak alkali

solution under different fiber contents

55 PR 8 80 CRg i R A R, XA £ eI
B AREA R T X U S 4R H e R Y
AR R . Y IRCA AR B BT B R )
PR M BE 5000 B2 4R T R TR S p A o
TR
4.2.5 MREE

ESRT A AR Al S L NN NCIESR 5 s
XIS 4 555 B U U A A T SRR UL S R
FR A BIR 0722 T PR 24 It s o 4 2R 0 A R 2 4 8 Ak
DX AE 4. 2300~7.27% Z 18] o MBS IR, LA

AN . 80 CRIEFYT d

10

HRPR B3/ %
=)} =]

IS
T

S
T

0

0.0 0.1 02 03 04 05
ZATYES %
24 AEFHBEINMHFEBRBEZHE FHEN
83t B2 W ) AR BR Rz 32

Fig. 24 Extreme strain of lunar regolith simulant
geopolymers with basalt fibers activated by weak alkali

solution under different fiber contents

FoBHHR0.1%.0.2%.0.3%.0.4% .0.5% i,
Hh 5 W i BR N A2 AR AR A i ol —4.3% . —21. 7% .
7.4%.20.4% .34.6% . WE X RE T AB Y
T, b SR A PR N AR SRR RS s . X
AT RN 0.1% .0, 2% W], H 5 8y #7 BR v 725
T RA ., YL AETHEBLERN0.3%.0.4%
0. 5% f, b 5 Wy A% PR A% 8 T X BRZH . ALtk Ik
ESS AT SRR T AR UT AR AT 4B &
BB ik, RS HE T M IR A A B A

I S5 A i 2R A B 7 A M S AR A L B
T XA A S R 0B BT R B AR
Fho Uk B2 DA HE R YRR, 48 A
LR A Y AL S R W AR B — R R
DA

5 #ig

SHEO R Rl I NGV R A 7 5 A N EI ¢
R RN R AU S5 s SR e A A ORI g 2 1
ORZ IR A5 H LT £ 258

DS i i R P IR T, X ROA S el B
0. 2%, S AR R R, XU A iR B
0. 1%, Momh 2l 27 4R R T S R Yk |
i rERe etk

2) AT R B, 2B A 4R 0 B
MRy PT YT AR AR N . B ALK
AT YR BRI B R e A, e B
FOLH 38 3t 3Ry o4 R R AL B R 0 22 IR T s AT AT
SR

3B AL B A 2 fE WU AU HE 2R W Y
WA, 38 v FERE I o AR IR B A I 2 iR 41 4
M 2R Wy B A BR A e, I e 2 2 T A AU S
ROy H 45— R EAFE ST

4) T VA WROOR AL A S ROCR AR AT
I T i 2R A A A U R N LR £
W AR 3t 2R W) T~ PR RE o 559 B TR AR R R R
A 0 U L ELATY R PR L B RIOR O e
5B LT 2 BTN S 2H R A Y R ) N B A
Ay, i M0 SR W AT S 4 ) 2 P RE

£ & Uk

[1] TE=, e, gr0eE, . 7w TR Pk A5 O
FEHERELT]. AR, 2019, 25(3): 277-285.
Ding L Y, Xu J, Luo H B, et al. Lunar construction:
challenges and research progresses[J]. Manned Space-
flight, 2019, 25(3): 277-285. (in Chinese)

[2] Bemsie, AR, Htg, 55 MoomPRas T~ A BRE: b B



% 44

R ,F XX E A AN AR RMG T F AR 11

[3]

A HOR R T, BT R, 2024, 3(1): 109-115.

Xue X Y, Hua J M, Xiao C, et al. Prospects for intelli-
gent construction technology for lunar base in extreme
environments[J]. Science and Technology Foresight,
2024, 3(1): 109-115. (in Chinese)

KA BRE, OV, AF L AONIE T kA A N G
SEHCOR B[] B BB R e R (A R B D,
2024, 52(8): 1-6.

Zhang D Z, Huang Z, Wang P, et al. Conception and
technology prospects for construction of manned lunar
base[J]. Journal of Huazhong University of Science and
Technology (Natural Science Edition), 2024, 52(8): 1-6.
(in Chinese)

Mankins J C, Voss S S, Culley D E, et al. Advanced
space transportation program: paving the highway to
space: NASA/TP-1998-206586[R].

Debbarma S, Shi X J, Torres A, et al. Fiber-reinforced
lunar geopolymers synthesized using lunar regolith
simulants[J]. Acta Astronautica, 2024, 214: 593-608.

Sk H K, B, A, ST ) R/
JI 88 B R R B R 2558 1), G5 % i, 2024, 45(6):
815-830.

Zhang R H, Wang T C, Li L, et al. In-situ manufactur-
ing and utilization of lunar regolith for fabrication/
construction on the lunar surface: a review[J]. Journal of
Astronautics, 2024, 45(6): 815-830. (in Chinese)
AR, B, BERERE, S5 AR ATRR A I AL A e
YEUR D) 2e R AR IR B A 5T [T]. oK 5 BB TR 2 i (vh
H), 2025, 47(2): 13-19.

Hua J M, Xiao C, Xue X Y, et al. Experimental study
on physical and mechanical properties of simulated lunar
regolith hardened by radiation sintering[J]. Journal of
Civil and Environmental Engineering, 2025, 47(2): 13-
19. (in Chinese)

JAESE, koo, i, 4. 3D FTENRENL A HEiE B A
B & 5 R B S [T] A E i, 2022, 35(8):
105-117.

Zhou S Q, Zhang R R, Yang Z N, et al. Preparation
and performance evaluation on 3D printed road material
based on lunar soil simulant[J]. China Journal of High-
way and Transport, 2022, 35(8): 105-117. (in Chinese)
AR, A S, XU, A A B R AR UL A SR
JE R R B F (7). B OR 5 BR 8 TRR A il (P 330,
2025, 47(2): 20-29.

Shi J Q, Fu G Y, Liu H L, et al. Strength of lunar
regolith simulant reinforced by MICP[J]. Journal of Civil
and Environmental Engineering, 2025, 47(2): 20-29. (in
Chinese)

Zhou H, Jia B, Huang H, et al. Experimental study on
basic mechanical properties of basalt fiber reinforced
concrete[J]. Materials, 2020, 13(6): 1362.

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

Fang S G, Hong H S, Zhang P H. Mechanical property
tests and strength formulas of basalt fiber reinforced recy-
cled aggregate concrete[J]. Materials, 2018, 11(10):
1851.

Niu D T, Huang D G, Fu Q. Experimental investiga-
tion on compressive strength and chloride permeability
of fiber-reinforced concrete with basalt-polypropylene
fibers[J]. Advances in Structural Engineering, 2019, 22
(10): 2278-2288.

Sun X J, Gao Z, Cao P, et al. Mechanical properties
tests and multiscale numerical simulations for basalt fiber
reinforced concrete[J]. Construction and Building Materi-
als, 2019, 202: 58-72.

Kizilkanat A B, Kabay N, Akyiincii V, et al. Mechani-
cal properties and fracture behavior of basalt and glass
fiber reinforced concrete: an experimental study[J]. Con-
struction and Building Materials, 2015, 100: 218-224.
Jalasutram S, Sahoo D R, Matsagar V. Experimental in-
vestigation of the mechanical properties of basalt fiber-re-
inforced concrete[J]. Structural Concrete, 2017, 18(2):
292-302.

LiM, Gong F, Wu Z S. Study on mechanical properties
of alkali-resistant basalt fiber reinforced concrete[J]. Con-
struction and Building Materials, 2020, 245: 118424.
Hassani Niaki M, Fereidoon A, Ghorbanzadeh Ahan-
gart M. Experimental study on the mechanical and ther-
mal properties of basalt fiber and nanoclay reinforced
polymer concrete[J]. Composite Structures, 2018, 191:
231-238.

Wang D H, Ju Y Z, Shen H, et al. Mechanical
properties of high performance concrete reinforced with
basalt fiber and polypropylene fiber[J]. Construction and
Building Materials, 2019, 197: 464-473.

ot , A, WEM, 5. CAS-1E LA 5] v
Y2k, 2007, 27044 T 1): 571-578.

Zheng Y C, Wang S J, Feng J M, et al. Cas-1 lunar soil
stimulant[J]. Acta Mineralogica Sinica, 2007, 27(S1):
571-578. (in Chinese)

Han W B, Ding L Y, Cai L X, et al. Sintering of
HUST-1 lunar regolith simulant[J]. Construction and
Building Materials, 2022, 324: 126655.

Zhou S Q, Lu C H, Zhu X Y, et al. Preparation and
characterization of high-strength geopolymer based on
BH-1 lunar soil simulant with low alkali content[J].
Engineering, 2021, 7(11): 1631-1645.

Zhou S Q, Zhu X Y, Lu C H, et al. Synthesis and char-
acterization of geopolymer from lunar regolith simulant
based on natural volcanic scoria[J]. Chinese Journal of
Aeronautics, 2022, 35(1): 144-159.

Kanamori H, Udagawa S, Yoshida T, et al. Properties



12

T KRE5x3 £ FROPE

% 48 %

(26

=5

of lunar soil simulant manufactured in Japan[C]//Space
98. Albuquerque, New Mexico, USA. American Soci-
ety of Civil Engineers, 1998: 462-468.

Zheng Y C, Wang SJ, Ouyang Z Y, et al. CAS-1 lunar
soil simulant[J]. Advances in Space Research, 2009, 43
(3): 448-454.

Zhan J H, Xue X Y, Hua J M, et al. Effects of curing
temperature on early-age mechanical property and micro-
structure of lunar regolith simulant geopolymer[J]. Case
Studies in Construction Materials, 2025, 22: e04329.

X e, BH L H A A A R R TR
WAL S G pE s R S Pk T A - TR i,
2024, 46(7): 1347-1358.

Liu H L, Zhao C, Xiao Y. Reaction principles, deposi-
tion and failure mechanisms and theories of biomineraliza-
tion: progress and challenges[J]. Chinese Journal of
Geotechnical Engineering, 2024, 46(7): 1347-1358. (in
Chinese)

XU, h [ 5E B H, A5 GO T4 R Y % B
W32 HLELT]. B 5 BRI TR 2 e (PP 3 30), 2020,
42(4): 205-206.

LiuHL, Ma G L, Zhao C, et al. Macro-and micro-me-
chanical regime of biotreated calcareous sand[J]. Journal
of Civil and Environmental Engineering, 2020, 42(4):
205-206. (in Chinese)

Vu M C, Satomi T, Takahashi H. Influence of initial
water, moisture, and geopolymer content on geopoly-
mer modified sludge[J]. Construction and Building Mate-
rials, 2020, 235: 117420.

Salimi M, Ghorbani A. Mechanical and compressibility
characteristics of a soft clay stabilized by slag-based mix-
tures and geopolymers[J]. Applied Clay Science, 2020,
184: 105390.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Phummiphan I, Horpibulsuk S, Rachan R, et al. High
calcium fly ash geopolymer stabilized lateritic soil and
granulated blast furnace slag blends as a pavement base
material[J]. Journal of Hazardous Materials, 2018, 341:
257-267.

Gao L., Hu G H, Xu N, et al. Experimental study on un-
confined compressive strength of basalt fiber reinforced
clay soil[J]. Advances in Materials Science and Engineer-
ing, 2015, 2015(1): 561293.

Ahmad M R, Chen B. Effect of silica fume and basalt
fiber on the mechanical properties and microstructure of
magnesium phosphate cement (MPC) mortar[J]. Construc-
tion and Building Materials, 2018, 190: 466-478.

Jiang C H, Fan K, Wu F, et al. Experimental study on
the mechanical properties and microstructure of chopped
basalt fibre reinforced concrete[J]. Materials &. Design,
2014, 58: 187-193.

Pehlivanli Z O, Uzun I, DEMIR I. Mechanical and
microstructural features of autoclaved aerated concrete
reinforced with autoclaved polypropylene, carbon, basalt
and glass fiber[J]. Construction and Building Materials,
2015, 96: 428-433.
Katkhuda H, Shatarat N. Improving the mechanical
properties of recycled concrete aggregate using chopped
basalt fibers and acid treatment[J]. Construction and
Building Materials, 2017, 140: 328-335.

Xiao Q Y, Tang Z, Xiang Y, et al. Early age reaction,
rheological properties, and environment impact of
NaOH-activated fly ash mixtures at ambient environment
[J]. Journal of Building Engineering, 2024, 88: 109145.

(i HxL)



