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RO A EWEMIME R #HT T KR
X M FEARE . (D) AN RN L Z M,
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2.1 RIESMEE

FHR oyt R B 25 R EE S IR AR AL B
MEEEE, B ERUNT 1 mm R E, 45850
W HAR 4 30 pm~1 mm Z [8],, PE K F2 fF 40 um
~130 pm Z[H ¥R 70 pm, g T EEA
HHRMNERNTHABMSHEN B 10%~20%
W BURL A5 /NF 20 pm, B IL 5 TR P EEF
IR AUMOR & SRR RGOS L .

AEARSETHMAREETHENREAEKS
5 .8 3% %5 (8] R4k (space weathering . T 2 A F
R Al KPR S BT TR S MR
BRAEBSAHA RBAENEREBRAERES
F. BB M EER A, —EERRA 5
hARREANEREFELD, XEEAAEEMEZEA
ZM . OUEHEHESERRTELPN . EEZEFERKT
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E@x MPHRER T ZWE RN NA AKX E
B H AR E Rl F0 H BR O Y B AR e Ak

# 17 Apollo 11~17 %K & A M SR F HE#E
fmth>1cm.4 mm~10 mm.2 mm~4 mm,] mm~
2 mm, <1 mm 5/ PR E &, LB R <1
cm FB4F FI<<1 mm ZB4r 0E Bk 43,
&1 REMARERSHNEEENNENERS TN
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Table 1 Weight of lunar regolith grain in different particle

size range for representative lunar regolith sample
and their average particle size

B FHAA mm EENAFREE g B IE/ pm
%9 | >10] 4~10 [ 2~1 | 1~2 [ <1 Klcn<imm

10002 18.5 7.6 11. 0 11.7 124.5  — 52
12001 — - - — - — 60
14003 23.0  33.0 31.8 12,1 947.9 129 99
14141 0.0 7.4 6. 7 3.4 28.5 6l6 123
11163 0.0 196.5 197.1 288.7 4i444.0 78 56
13220 0.0 7.0 5.8 2.4 200.0 — 43
15270 0.0 1.1 13.7 20,7 798.3 — 94
15100 513.1 7.9 6.1 1.8 86.4 330 61
61180 0.0 6.1 6.2 9.4 156.2 94 64
61220 3.1 10.6 9.6 6.4 61.0 214 68
62280 12.0 14.3 13.1 21.7 218.5 134 70
64500  31.2  24.2 24.1 28. 4 195.7 104 65
68500 1.3 17.3 25.1 37.8 521.1 106 68
70180 466.6 1.7 3.1 1.6 157.1 67 58
71500 52.3 13.1 I7. 6 22.7 600.9 83 65
72140 1.3 2.7 1.9 3.3 225.9 57 50
72500 3.1 8.0 12.9 24.1 687.2 67 57
73210 1.6 22.3 144 11.9 192.7 127 51
71220 0.0 0. 98 0,17 0. 68 777 — 11
78220 0.0 1.5 2.7 3.2 227.1 50 435
78500 109.3 19.2 16.1 21.4 718.7 416 41
74220 SHEMMARKEECAR SRR ERA K. BTRER

£ R A N B A e
EAMREFZEARIHHESRBERITEIMN
Apollo 11~17 1 Luna 16,20 R& K A FEE 51 F
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BIR R F AR R (R 2);Gromov WAEE T Apollo
1 Luna F SR 5% 0 45 BN EE S 5000 F B8 (R 3).
P& B A — 2 ] X 2 S B0A] LUE A Apollo Al
Luna iHRIREX B SR EH AN HAEEENAE
U IR T R B 1E ) 2 55 1K1 .

&2 Apollo M Luna HHREE AR ERZ
&
Table 2 Medium and average particle size of lunar regolith
at Apollo and Luna landing sites

B #0 8

B | Ha A YRR BB
Al 13 1.40 (48 pm)~3. 250 (105 pm) [14]
Al2 55 1.580 (42 pm)~3. 402194 pm) [14]
Als 8  3.74 (75 um)~0. 3243(802 um) [15]
Al5 19 43351 pm)~3. 222 (108 pm) [14]
Al6 14 3,200 (101 pm)~1. 89 (268 pm) [18]
Al7 42 4590 (41,5 pm) ~2. 592 (166 pum) [19]
L16 4 3870 pm)~3. 05120 pm) [16]
1.20 29 3. 8 (70 pum) ~3. 625 (80 pm) [17]

1 A16,A17 BT Bk
#£3 Apollo M Luma it ¥ RBAR AN ENEES K

Table 3 Average particle size parameters of lunar regolith
at Apollo and Luna landing sites

B Tt KRR 2 | A BORA2 *ﬂJ—ﬂE
da/um lTOg 4| OFEUAAD | despm |K=da/de
L.una 16 85 —1.071 0.623 30.3 2. 81
Luna 20 77 —1.113 0. 816 13.2 5. 83
Apollo 11 98 —1.008 0. 620 35. 4 2.77
Apollo 12 118 —0. 928 0. 586 17,4 2. 49
Apollo 14 138 —0.860 0.677 10.9 3.38
Apollo 15 61 —1.215 0.536 28. 4 2.15
Apollo 16 153 —0.815 0. 885 19. 2 7.97
Apollo 17 79 —1.102 0.747 17. 9 1. 41

AR E L& %5 Ek[19]

BF 5T 2 B, 7 5 F- 2 00 458 B R R TR 0 1 AL
FAHBHMGE O BRREFAHE X5 %W
HRBEBEREA X b TR0 GG s sk
EAKMARREREFA-ERTRKERAE,

F4 Apollo 6 ELERFRAAREMABRER S
Table 4 Particle size distribution of lunar regolith at dif-

ferent depth of Apollo 16 cores sample
AREE /cm FRMERB S IE/ %

R HZ/pm

335L412i430[483} a|615

>>1 000 6.7 7.9 9.3 3.5 14. 7 11. 3
500~1 000 8.1 7.5 6.6 5.4 5.4 7.1
250~500 10.4 9.5 86 &1 81 11.3
150~250 9.3 9.4 83 7.4 5.8 8.3
90~150 108 9.8 9.9 9.2 g1 9.4
<90 54.2  56.6 57.1 66.3 56.8 52.7

2.2 AEBANETS

J W PR S & AR Lt AERTE 8 1
B AREE BB 5) . (KR KB AR A
ROTBORLTE SAEX E R H . SEEOR B (7 1
Uk A 5 8 AH B AT M X 3R R H BEERE
PUNMIBR AT EILFE LM TEEE A, & 0BRSS
IR R T B 5B K IR 7 A BB A BURE .

£5 ASOENRES
Table 5 Particle shape of lunar regolith

58 | FoE | ik JEEE1
T 1.35 R AR [20]
KEAERK 0.55 MEXREPZERER [21]
BEERE 021 R Fi RN [21]
FA7 K 0.22 & AR
HHEKR 0.3 K &R [20]
HEREM 0.5 m?/g A H I FR AR [22]

3 AZWEEMLE LRELMIA
fES

3.1 BH

% H (bulk density, XFRHERE ) R LMW
AAREHEAERBIAHATR T A AN T
BER, L g/em’ RIR.

Apollo HUHEMEM T HEAEHRE T
MY . BFRERM Apollo R H S HER
HAEERGE O REAEFENNECQHRME
WE R BAES BREA%SE%E . MRE—FK
HR AR S REBE FEBKE D ARE
FEE B H A BA e

&6 Apollo EHREE"
Table 6 Bulk density of Apollo core sample

aooid f688 (RO [ wnkn [ magm [ g
w5 #g /cm g »cm™*) B ‘cm
11 10005 52 10 1.71 >25
10004 65.1 13.5 1.59 <32
12027 17. 4 ~ 37
12 12025 56.1 9.3 1.98 69
- 12028 189.6 31.8 1. 96 69
12026 102. 9 19.1 1.74 37
14211 39.5 7.5 1.73 64
14 14210 169. 7 31.9 1.75 .
14220 80. 7 16.5 1.6 <36!
14230 76 ~12.5 23745%
15008 510.1 28+1 1. 36+ 0. 05 70.1
15007 768. 7 33.9 1. 69 70.1
15 15009 622 36. 2 1.3 34.6
15011 660. 7 29.5£0.5 1.69£0.03 67.6
15010 740. 4 32.9 1.91 67.6
61002 584.1 31.7 1.4 65+ 6
61001 752. 3 33.9 1. 66 656
68002 583.5 27.4 1.59 68.6+0.5
68001 840.7  34.9 1.8 68.6+0.5
16 69001 368. 4 27.5%2
60010 635. 3 32.3 1.47 71+2
60009 759. 8 33.1 1.72 712
60011 570. 3 28.8 1. 18 70.5+1
60013 757. 2 34.7 1.63 70.5+%1
73002 429+4 21.8 1. 60x0. 10 70.6%5
73001 809+4 34.9 1. 73+0.01 70.6E5
74002 910=+=4 33.3 2.04%+0.01 71x2
17 74001 1 071. 4 34.9 2.29 71+2
76001 711.6 34.5 1.57 37.1+0.5
79002 109. 4 19.4 1. 67 712
J 79001 743. 3 31.9 1. 74 1+2
70012 134. 8 18.4 1. 77 28+3

B DA FMRAMGITOEILEE %4 LA B IR Apollo 11,
12. 14 L ER % 1. 97 cm; Apollo 15,16, 17 WAL E X R
1.13cm

EXRMARARERRRREA BN EBEEN
A, AR FRER LR EREAE
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Table 7 Best estimates of bulk density for lunar regolith at
different depth in the crater

v‘%ﬁ/cm] 0~15 | 0~30 | 0~60

| 30~6v [300

0=1.92[(z+12.2)/(z+18)] (AEAHEHH
JE 1L XX £ K R )

=1.39""" (WA E L HWERERRER)
Arh:p. —EFRENAEEE/ (g om )z iR AT
Ab A BB E /em.,

3.2 BHLE

UL b B R AR BURL B a5 R AR RR K 4 C YAoK
MIERZ, — M G R, bR b HRBRLLLE
EBE % TR HE (HATE XEH.

H 3B BORL Y F 2 b TS H R AN R OB ZE BY (A
ZRE TR ARE G ERE BEEK
XS REE R, WS ERE M PR L EM
1. 0~3. 32 A%, TR PR B A% > 3. 32, fii Bk
EHFOR L EM 2. 9~3. 102, X T HEk L EH
B — N 2.6~2. 8, K4 HEBRM L EM
2.3~3. 2 RE L REMAE 2.9 U E(E 8. NBS
THEER SRR LE

*8 HMoOARBNMEARAEWLILE
Table 8 Specific gravity of some lunar regolith particle and

rock debris

pasy PR wa | eesy |BF um
10001/10005 49.1 3.1 14259.3 1.26 2.93%+0.05
10020,44 3.91 3. 25% ii%g}-ﬂl 3.240.1*
10065.23  4.48 3.12° 156‘_ ' 32+0.1°
10084 1.5 3.01 15015.29 3.0%0.1°
Apollo 12 56.9 3.17 15101.68 .10l
12002,85 2.32 2.31° 15601.82 0.96 3.24F0.05
12029,8 1.10 2.9 70017.77  2.35 3.51*
12057,72 2.9 70215.18 4. 81 3. 44-
14163.111 0.65 2.9%1 72395.14  3.66 3.07°
14163,148 0.97 2,.90+0.05 77035.44  3.68 3.05¢%

WA EOETE. LORAREE 2R P URAHR
KA FBRCE T RIRENAFR EIE DT 1 om B2 5 HF1H
o) £

3.3 FLBSLEFIFLBREE

AERFLB . ¢ B8 H P ILBUA R L Bk
RZ e H/NER . RRRET AN L2 —
S EENYIBERE AR, AT LR A R &SRR
B, — M e<C0.6 M H EREFLWMMELHMEHE >
1.0 A RS RS 48 A,

B n B AFEPILBRA S GRS L ERZ
e HAEEER . BN R B R LB
R 30%~60% . LREL R 25% ~45% . AR

9,

Carrier R G & TR EMNARM RS L. 45
A AR R AL S TE R ORI R SRR ST 1 1 4
AL B L AN RO M R A THE (R 10D,

£O WO AMALBMEMILI BB

Table 9 Best estimates of porosity and void ratio of in-situ
lunar regolith

R em [ FHILBEn % | FHAREL o [ FYEE g om D

0~15 52+2 1.07x0.07 1.50£0.05
0~ 30 19+2 0, 96+0. 07 1.58+0.05
30~60 4£2 0.78+0.07 1.7440.05
0~60 16+2 0. 8740, 07 1.66+0.05

£ 10 Apollo 11~15,Luna 16.20 Y AMBE . FLEELE
Table 10 Bulk density and porosity of lunar soil in Apollo
11~15 and Luna 16, 20 landing sites '

e B /g - om ) LB i

i | ogw | mm | Bx

Apolla 11 1. 36 1.8 1. 21 0. 67 3.0l

Apollo 12 1.15 1. 83

Apollo 14 0, 89 1,955 2.26 0. 87 2.9
0. 87 1. 51 2,37 0. 94 2.93

Apollo 15 1.1 1. 89 1,94 0,71 3. 21

Luna 16 1.115 1.793 1. 69 0.67 3

l.una 20 1. 010 1.798 1. 88 0.67 3

4 WMol R

HOSE Y A R B B B R R £ B I RAE L B
AR B SR MEIFE. HERYREZR P DC
HSEM 107" mho/mCh £ <1 mm ) E| H &
B 107 ° mho/m A% MAEMEEH T, HEMA &
(e 3N 6 MR UL L

AR ERRETEE . MSKEED 5
Y AL TR (>1 MH2) FiR R (A RIBE B LEHE

W)%%#ED:

e=1.9

HEEM A BFEEYS (wro, Twra ) IR EH
* B

tar18: 10]‘\. 038w gy Fuwpe T Hp— S 260_

S M AR ) L SRR 8RR 3 O A O T Y &5
R A ERY O R RULFRER R R
MK 5 5 5 E HEFEIE 10m 24 BREIEM S
R PRI A — G AT R M Z (B A ]
W B BRI RE. B—OrmE R
FERMBFEMEARY RS W B IFAT UEMRYS K
Y BF (8] P DR B 8 PRI  H R b H O A PR EOR
(19 5% AL i H SR ORI T B 8D, X S B
FURLRH 3 76 (X 28 B & R AR T X RS IER T
.
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5.1 AEMESRY

HIEEE IR T IETRE DR R AR 0 L 48
P KB R —RJE F1 (100 kPa~600 kPa){EH
T AEBR AR E 48 B i /N T 1 SRR/ B
E%E. e R, Hitk, J SR S 5L b
bR E a0k (B AR S BT HES s b 1L
BRI S AT ARILBI LA EBASR
B Z Bk 11 B,
Fll TAABEAARSNTINERER BEEHE

#™
Table 11  Average coefficient of compressibility of lunar
regolith with different void ratio (Static Pres-
sure)
LB
REEsH
>1.3 [L3~1Lo[1o~09] <o
s 48 & ¥ (1/MPa) >40 20 8 <3

5.2 REMMHEMAHN

J 3B 02 oy [ A 0RE 2H AR, S0RE 8] Y 3% 45 5% JE
AL /N F R A B B SR B TEAN IE R T BRI
8] & A AR B AR 5l 51 g # — &8 4 A 55 — 3
G37EAEW Bh L N ORI X Al sh e PERE L B H
RPN EEA o TN R T c D FEIRI
SE . NEESE A o WO R /)N (K H S 0RE (8] BE 482 ) 9 58
55 B 1 o (R K/ A BLBORE [R]85 25 1 B9 55 .
FR12R 135N HARARGE AFEEEHE
WIS o IR ¢ B EMITE.

T4 Luna 9.13;Surveyor;Lunokhod 1,2 H
BR% ; Apollo H BR % FIF At G % sk 467 H HE &4 4 28 Fn
AL P B B BT Wi iR 45 SR o, RT Rk 7 H B
PP A9 (R 1O ARARNEMAEARR
ARIEILBR e, MALBR L 2 7 S B #AREBH Jk

% X’

£12 ARTEANBABONERA MARI cHRE
it E
Table 12 Best estimates of angle of internal friction ¢ and
cohesion ¢ of lunar regolith in different location
of lunar surface

i & | AERA kP | HEEA @O
kil 0.1~1 30~50
a5 YUsE TP 0.17~1.0 45~25
il it VLA (GBI 0.52~2.7 45~25
R 0.31~1.8 15~25

®13 AXTEREAKONERA  MARH c HIRE
f&it
Table 13 Best estimates of angle of internal friction ¢ and
cohesion ¢ of lunar regolith at different depth

wH PR 41 c/kPa A ¢/ C) LBk
em | @ | FPHE | ThBE | Fo#E ‘
0~15 0.44~0.62 0.52 41~43 42 1.07+40.07
0~30 0.74~1.1 0. 90 dd~47 16 0.96+0.07
30~60 2.4~3.8 3.0 52~55 54 0.78+0.07
0~ 60 1.3~1.9 48 ~351

F 14 BREBBONHEYER

Table 14 Mechanical properties of in-situ lunar regolith

BB HERS | HEE
/kPa /kPa | ff7/(°)
>1.3 <7  <1.3 <10 WM IAIMERYERE
fL]1.3~1.0 7~25 1.3&2.210~18i§¥4@&$ﬁm%%ﬁ
B |1-0~0.9 25~36 2. 2~2.7 18~22 4R T3 il o 477 .50
0.9~0.8 36~532.7~3.122~27 fHEHTE X
FHEMEBEZHE . XA ®

<0. 8 >55 >3.4 >27
! "R F R

HiE &% AERARNE

H

SEYEFBUBT PR N (6]t E R U B 6 ) HE LA
RN TR ZRHELRE AR ERE . m
XfFHF AR R AR T Z MY — AR X,
LB A 0.8~1.0 R4 W B BB HTE  EREH
HEERZ MR B RBE R AKX . XA X
2 Mg YA B Xk RIE /1 R 25 kPa~55 kPa
W B R e i R JE J1/h T 25 kPa TEFE R Z W
THEEIOA MY E KT 1008 #1 X (Bazilevsky er
al+1984),
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PHYSICAL AND MECHANICAL PROPERTIES OF LUNAR REGOLITH
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Abstract: The lunar surface is almost completely covered by a dark gray layer of debris, lunar
regolith, with thicknesses in the range of 2 meters to 20 meters. It is created by meteorite and
micrometeorite impactss high diurnal (day/night) temperature difference, solar wind and cosmic
ray bombardment. The surface layer consists of crushed bedrock, fine-grained rock and mineral
fragments, meteorite residuals, polymict regolith breccias, and fused glass. Thus the loose re-
golith layer is ready-to-excavate mineral product, which is not necessary to drill and blast. The
special formation process of lunar regolith leads to different properties from soils on the earth.
This paper listed the average and best estimated value of physical and mechanical parameters at
[.una and Apollo landing sites. These parameters are particle size distribution. particle shape,
specific gravity, porosity and void ratio, electric conductivity and electromagnetic parameters, co-
efficient of compressibility , bearing capacity and shear strength. These parameters are significant
for the design and operation of engineering equipment . lunar base siting and construction, and re-

source utilization.

Key words: lunar regolith;physical property;mechanical properties;best estimated value
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