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Lunar soil simulant and its application in space civil engineering

Nie Guibo',Wen Shungin',Wang Yongzhi',Zhi Xudong®,Du Ke',Tang Zhaoguang',Wang Tigiang'
1 (Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics,
Earthquake Administration, Harbin,150080)
2 (School of Civil Engineering, Harbin Institute of Technology, Harbin,150090)

Abstract One of the hot research directions in space civil engineering is the exploration of constructing stations on celestial bodies

beyond Earth, a journey that will commence from the Moon. Lunar regolith, a loose and widely distributed material on the lunar
surface, is a core resource for the construction of lunar bases.This paper provides a systematic review of the research progress on lunar
regolith simulants and their geotechnical engineering applications. It elaborates on the definition, composition, mechanical properties,
and density of lunar regolith, highlighting its significant differences from terrestrial soil in terms of composition and particle
morphology. Three main development methods for lunar regolith simulants are summarized, and the characteristics of various
domestic and international simulants are described categorically, with particular attention paid to the development of new simulants
based on the Chang'e-5 lunar samples. Finally, the application of simulants as construction materials for lunar base building is
discussed. Concurrently, the paper reviews the standardized testing methods for simulants in geotechnical mechanics experiments and
their application in large-scale geotechnical engineering experiments, aiming to establish a standardized evaluation system. This work
provides crucial theoretical and technical support for the future development of lunar regolith simulants and the construction of lunar
bases.

Keywords Chang’E project; Lunar regolith simulant; Lunar regolith preparation; Space construction; Space civil engineering
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Table 1 Comparison between Lunar regolith and Earth soil

T AL oy ORI AR PR PR

AEF R M AL ERETY (K AP E A % B K Wk &
R BEREEIERL, HfEdfE AL Mo AERD . B EA AN 2932, JLPAEK

AR IR FEE DS SREAY (nFeO M WIBIR, 4 4B

AL AT BRI TiO,) DA R B BRL  ZR R

(1]
TGS RE AV, L AL CJRAERD - WU 2 9 T ﬂ%i%%ﬁ%i
WEREHE EXMAEYRACES LT OREER BBESEE  26~275, BAKE
o) #HO R My i 1 PERIR = (55 K B

e, KAsE) M

W, AEREMIA AR R AR Za. i
Ha. mitvaEn (RS  MERE 48, JFKkEE
HW KR, AR 9 il 2 el i, HER
YR, LUK e e R AR A A SR

2.1 FLAULH SgEmI 1) vk
I XF Apollo 55 Luna REEFE S B9 b7 45 R %



Bl A mnmEEaKA. Ma. Blia. £
BREAE, JFH A RS H KR A RS S A&
PR (HETHIEFS . IERICA . KRR S B e,
Wi, KE H BRI ZR AL 088 ik 15 A A
A EiR A A SR, 325 e PR R £ 4
R % ECE BUORL R B, W R T T, A 2
44.5% , FHKA 304%, WA 3.6%, EKERHT
6.0%, LI REAH AL (£ 15.5%) B Z5A
A SRR, BAR S B AR AEAE 2N R A
MAATEZE S, AHHIBLERT S0 P05 EAES B —.
DR L AT R 4 H 3 o0 o ERARAE, VBN R P AL
H %Eﬂ:l&_ﬁu E/‘J*ﬂ? ‘{& Error: Reference source not found[36][36] . #éj\j\j U\
3 Fhe

b, AEFEMTR BT RTSCRUR K H R
mE ok H I MR A ZRE . mkH
ZRAE. MR KA. wBEE LR A 4 Kb
Reference source not found ;17 F=e - AR P& H bx H HE (1) 5 A 28T,
WU AT 55 2 FARTIEA 2 Ly 5 A R 5 H FRi
a AHVCEC O HhER R, B EE . O or . JETS
e A% IR E AR H A 2% TE i 28 338 4T g & 1301Emor: Reference
source not found | N s HAFE J1 24 R . EAh, BT H
e SR Z BB S R s, TR ISSP Xt 5
H IR M B A AR S R R g ik, A SR
EE j( % E/‘J ﬂz ,{Fz’% E’i EE fj\ Error: Reference source not found . ﬁ %{ /25
BA WA A Gl E R, B H RS &
iﬁi E{J It_EIJ % jj?z Error: Reference source not found .

5ERh, W BT HERIER R S H BREE
mAEIEZE T, BRI HERX A Tio2 53
EoERE, HIEHETIO2 S EM 0.5%~13% A4,
P35 B M 10%~80% AN R, I ik 15 R A1 A
WL A WENE T BRI E mk Z s (Tio2 &
BN 5.7%) B, AT A AR R A E Y
O — S 2 R CIngkERl™ . B SE) , 2
FHRAAEA T B A P A b 5 R X A 2R
LS BEARLRE s TR A R A KL KR
JRk, s AN RN, AT R B IO
TR G WD 5 R Ak Tk 45 ks S 1 T 4, ] 33
E(J Qj E Error: Reference source not found,Error: Reference source not found: JH: 9|\
FF A BRAK A0 1) R A A 40 ) 338 1) ol 2% B 7
HEAT, 85 72 R I 38 SR A K AR AR A
WsRH 7 CRAUKR I E AL =8k (Fe304) ) 3K
PETHERLYERRENES, K Frfg s 5 A AL
TP CRE AT He e, SR B A S T
FERBLZ I N H A R AR, Rl % e
HERE S5,

B, REMEAREE: RECRIMA
B 2188 M, BEAFEERBFERNKA .
MRS A RAEWRY Y IR 2R40A)D
Pz, %FHFEFHANL, AR M KA F 5 5 5k
N LA SR Sl 4, DAFL SR i o5 24 e ith 4%
DNFEAE, OREHC B HAE R AR A0 48 Brror: Reference source
not foundError: Reference source not found R j&ﬁz ﬂ% %};ﬁ $E}L% E /G\EE
B ECoRE Z, Bl @i Koa .
KA. A SR BB A RS 2 M iR
&, B T R4 “GCD - 17 [ AL A
¥, ZWIRIE, GCD-1 [0 Yo Sk %
14 556 HSEEAMEE, HdhFRELEY
(B SiO2 F1 Al203) I ZE 7E 0.5% LA 15 B 2
R (NEU-2) , RARAFKA. X
B Fe b B S A RS T A, Bt 925 SRR B,
NEU-2 (R 43 A« bh RN LU R TR VA 75 B IE H 4
PVEE N, H AR5 2 16 5 REM i
H AL BT sy s St RKA
3043% . HE AT 42.47% . BIME AT 5.76% . EKERHT
4.55% PIE 16.78%, FECLH 1) B CE-5 A4 H 3,
AR BARMERVR T . 0 5E 2 BB ) e hn i
é %—ﬂ /ﬁé IIII:IIII y%% j:é(‘::i& ﬁ i H iiu—;é Error: Reference source not found R

2.2 B3 F A SR

NASA 7E AN 42 70 45 AR 4] B 46 44 FH A5 40
HEE, BEERTEEE 115 RAERE, 154 AR
L H 3 MLS-1 T 1971 4F kA, A4 A 58R H
1~2 KA IR X s CEE N R, 52t T
By e R SR, EHEET RIS 1
TRAR )RR H AR A BRI, T AR A F
H W2 5SS, Bk, &5 DLUEAARRHE
%I T &M TAE, dls @A, A TR
AU A BRI R A e 2R A 3 (AR AL H
B, ATLUEAAL. A TR RER A N 3
fih, ATIUE I S S E (WK 2) .

F—RK, EBHE.

NASA il () ISC-1, & = L] ) B 385 )5
DAEEICE R ERL, 5 H BB R B AT, B
MAE R T &Mt 5 BAs, SFEE %,
W W EGE R S WS, s, NASA #f#l 75
JSC-1 VLR AHIT ) ISC-1A.  JSC-2A, — ¥ Nil
RIS 25 H AU H 2,

H AT KMk 24 Sueyoshi B [ 2 Fifsd
. FIS-1 A5 Kohyama %443 51 5% H A &
bl X s R LR S i) £, 1T Oshima Y DL



PeI) Z A NEEE, RN 7% B 8%I1) SREMABI A B LK, S, i 3R - LI
R L E R H i H . S B 5 RS KAy, HHIRBCIE B AR 1524805, BB R TI-1
HSEAHAL RORL 73 A, B RLAR 5390 N FIS-1 By, Jisetkae 5 H i X BEAE 0~30 JE K i)
%) 67um~ Oshima 2] 88um. Kohyama %] 85um. I HiERRE, MFLBIEL 1.0 Iy EEHE ML 450,

AR A R TR TR EOT I H 3 v [ A6 77 22 S RIT ST P Y1 7 i Bror Reference source ot
S CINC SR S i o, SR 16 R M RHE AT B R 4y, %I

BATIEC PG Peng SECAVMLE Iy BWMIALIR S HHERIAZ 0 AT, LA LBD BLIDLH 1, & A H #AK
WeZ 14 SR Z B KL AON R, BT A TR AR R IR .

WUPFRIT B, ZVR-A G 5 AR & B riil, Hil4& BER, BABIREAN AR
T NYUAD-1 #4004, @M THEM A 5L WK A. Bonanno 551013 1o [k 21 3% B Ui 4k

FIEAH (ISRUD HiAR K H BRI 25/ 1 PEAS Z AR, 200 H AR EORL S HE S H sz bRk
& B 5t 1. YE Error: Reference source not JERFIEMI & o A FH T8 23 ML R 2 2 SRRk B 49 25

found. ISR HE BRI A, HilB ALRS-1 54,
EF[}F;I_ E% Zheng %[53]Err0r: Reference source not found ugﬂ?&? %’ m‘}zﬁ H:H i/g%%éé: ig@ﬁﬁ% 3
14 SRR = H SO EE M, BUIRER X K 5% [E CLASSISTLUR M1 AT B4 ot () 5 A

B, G T CAS-1 BT, L Hon, FEREELY Y SEE, Wi R B ERE AR
FERLAZIE 85.9um, TEMERNEERE . PUBISRAE. 5 WA, e T SR YRR LHS-1 Rt
EN RS R R85 S LMS-1 MR T, Ok W

M. WAL AR o R A 5 S B A5 S ) v
5K He S PIAR E AL E 2 AL

BB AL, 2N R L, 22 BT R A% Sun FILL LB KL A

Goiiioy, ke eI EARH] T CUG-TABRMA R, RHCAE RBRKARSENER, E et T AL,

T A BRI S TREE T PRI AR S B, JERH D AW, B
B3R, ALTEA. BHLD20 #0542, BORFEE BRI BREA Y
81 Linke SFPIRAIBIRAC VL, PIARFUER  BRALA45E.

R VE RN 2 A 20 7l B T TUBS-T Al TUBS- RAERZF L FCRM KBS X s, 48

M, CACREODEINBEES T, WER A TR RKT B BB RS LR S, SRR
s H— T, BINERE . BN A B A4k A BOFTEMEAE . 0 AR S 0 th S AT G
W4, AT B R e HUS R AE F ] AR AK 2 NEU-1a S48, 383 (7] JE 44 A s 4k
INEE K Battler 5P RHRHC A, IS IIBEEE A BRE1R 3 E K NEU-1b, 3 BURLZH 4y . Wik
KA B R . FEIET 5 N R A B 7 TE¥ 5 B S H IR G 8T
Hil 4 7 OB-1 B30l F 48, LRI A R % 16 5 2020 - 12 H 17 H, @ik 5% 1731 w H 58
FESRARL,  F AR A BRE XL 2 2 = TR FRIIR Al A s A B E BRI AR ARRE
B EPH K Lee 25BN N R R, % JFNASEIRIE T E Rk B HERER KOS X IIREA .
T B4 200 H PLF 400 5 4 50%, SRR FEAR T Se ik i S R AT TARAE, Bl
SRR, HABRK A MBITIRE, BI&T X AT (XRD) HARM E Gk 5 5 F 1 %
KOHLS-1 #40l A4, DILHFZ H e HekE MRS E, FIHBOCRTH > IrilE 7 Hhia 0406,

B T I B BB B T IR, IR
K2 L DL 2 R P AR R T BRI MR B T Ve e,
Kb KBRS, 3 9:6:5 1 R LA A LR 4K 0 i 4 P R o ot ond S 1 2 3

B SR ARG, IRSCERA,, JaX g R EMARNER, 2K RS W TR A
JRSEH TR, AR RS AR E RS, B, REREHTOTE. 5. IBAEC TC-1C
343 CUMT-1 B4 0 5, 3& T H BRE I 52 bt ¢ BEAH B, FRROCGINRRAS /A . PIAHZE . kL
[43]. e, SRS AT, XM FOM (Figure
A% K% Jiang SEPNE TR AN SIS 14 of Merit) BEiHE AR, HAE 4 Bk



TEI AR 250885 0.94, & FI - H @i S ARWFA

FHEH TR % Zou FPILUR AR X s AL
(BEKA. oA, Ba & bEa g, ek
W), LA A FR KA PR B AR A 45 4 4,
SR EENLANAL,  FEXHEERT A RLEAT 0 2 3R 15 2 4.
gy, RAE G 5 SRR R BRI S8 ) 4 G AT
A, K PolyU-1 #). i&H T HERE 5 -
A EAE T AL TR B AR S0 70 453

[E)5F K 2% Wang SECOLL KL g Rk, 3 it
THWEGE, A NI RARA 5, F MR [FRE
(PR 20 A 5 R IR A S R AR 4 4 L B TJ-CES 5
WA, HBE, WRIES. RESA. NEEEA
Je A R A3 S5 5 T G B0 350 5 T 0k T 5 ) SR AL,
& T 1SR 5 S R A A AT

|§J j;lc j< %{» ﬁﬂ % gﬁ% Error: Reference source not found u Z J:kt %
IR, H YA A KA AN
Fs A EREENLR FORHIT BE 2 ki 2 A Sk 5 5

JIHEAHIT, BRI TIC-1 B 3%, Ak 22 By

YIRS R AT RO LS S 1 T 5 54 dh
JEAML, T A SRS 3D ITEIE RE i ig

WEFE
JER B MR K% Zhou FFTIERL T RN S &
BRI AL RO AT RHC S BRERET AR 4
JEURE, i 0k 5 B ST S A 2 B T T AU
[T AR o S | R0 N AN e 595
BH-3 B0 3, AeiffEfLA &7 Jiii, BH-3
EE. R B 85, BR. BRIVEALI I E 2 B S R
5 SRR EME R R Z 5% AN, & T R AL
SIS I I

o [ B e Ruan S8R ) 200G 2R 7R
INESERMEAT . BRERAT . @A A A AT TR A 1
Jiik, ESRR R B, T L
RERHTE, e i R AR A S 5 5
FEdh e — 3, & IGG-01 B 4. oAb
JR I S AR DT TS S e AR L, & AT
FHKeh g A SRA SRS 5 AT 7T .

ECDUR S Teng SEL L3 0A M JE0RE, R TR
WG 73 S5 A LR X B, ARIR AR kAR 7
A7 K RS WHU-1 B0 B8 . 2040 96 FOR A2 70 A5
5596 AR L UL, & T 702 R

*® 2EEASEMARSIETE. BEREAR

Table 2 Preparation methods, raw materials, and applications of simulated lunar regolith for the CE-5 mission
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