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Lunar Sourcebook, Chapter 9: Physical Properties of the Lunar Surface
W. D. Carrier lll, G. R. Olhoeft and W. Mendell

https://www.Ipi.usra.edu/publications/books/lunar sourcebook/
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e Particle size, Particle shape
e Specific gravity

e Bulk density and Porosity

e Relative density

e Compressibility, Cc, Cr

* OCR, maximum past pressure
e Strength parameters, c, ¢

e Permeability, diffusiabity

e Ultimate bearing capacity
e Allowable bearing capacity
e Slope stability

e Trafficability
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= Lot Luna 1 01/02/59
Luna 1 01/02/59 | first lunar flyby Luna 2 09/12/59
Luna 2 09/12/59 | first lunar impact Luna3 10/04/59
Luna3 10/04/59 | first photo of lunar farside (o) Ranger 3 01/26/62
Ranger 3 01/26/62_| missed the Moon by 36,793 km Lunaa 04/02/63
Luna 4 04/02/63 | missed the Moon by 8,5(?0 km Ranger 4 04123162
Ranger 4 04/23/62 crgshed on the lunar farside Ranger 5 10/18/62
Ranger 5 10/18/62 | missed the Moon by 724 km Ranger 6 01/30/64
Ranger 6 01/30/64 | impact lander; television failed Ranger 7 07/28/64
Ranger 7 07/28/64 | impact lander (o]
- Ranger 8 02/17/65
Ranger 8 02/17/65 | impact lander (o] Ranger 9 03121765
Ranger 9 03/21/65 | impact lander o
Lunas 05/09/65_| crashed on the Moon Luna 5 05/09/65
Luna 6 06/08/65 | missed the Moon by 161,000 km Luna 6 06/08/65
Zond 3 07/18/65 | photographed lunar farside (o] Zond 3 07/18/65
Luna 7 10/04/65 | crashed on the Moon Luna 7 10/04/65
Luna 8 12/03/65 | crashed on the lunar farside Luna 8 12/03/65
Luna9 01/31/66_| first lunar soft landing [¢) Luna 9 01/31/66
Luna 10 03/31/66_| first lunar satellite [¢) Luna 10 03/31/66
Surveyor 1 05/30/66_| first soft-landed robot laboratory [e) [e) [¢) Surveyor 1 05/30/66 o
Lunar Orbiter 1| 08/10/66 | lunar satellite olo]o o Lunar Orbiter 1 08/10/66
Luna 11 08/24/66 | lunar satellite [e] Luna 11 08/24/66
Luna 12 10/22/66 | lunar satellite OO0 0] Luna 12 10/22/66
Lunar Orbiter 2 11/06/66 | lunar satellite O[O0 |0 o Lunar Orbiter 2 11/06/66
Luna 13 12/21/66 | soft landing on the Moon o] o Luna 13 12/21/66
Lunar Orbiter 3 | 02/05/67 | lunar satellite o]0 ]0 o Lunar Orbiter 3 02/05/67
Surveyor 3 04/17/67 | soft-landed robot laboratory o] (o] Surveyor 3 04/17/67 [} O
Lunar Orbiter 4 | 05/04/67 | lunar satellite O|O0 |0 0] Lunar Orbiter 4 05/04/67
Explorer 35 07/19/67 | lunar satellite Explorer 35 07/19/67
Lunar Orbiter 5 | 08/01/67 | lunar satellite 0|0 |0 o Lunar Orbiter 5 08/01/67
Surveyor 5 09/08/67 | soft-landed robot laboratory o) o o Surveyor 5 09/08/67 [e)
Surveyor 6 11/07/67 | soft-landed robot laboratory [e) o o Surveyor 6 11/07/67
Surveyor 7 01/07/68 soﬂ-landed. robot laboratory o) o o Surveyor 7 01/07/68 [e) [e)
I o WA —
on Irst lunar flyby an artn return
Zond 6 11/10/68 | lunar flyby and Earth return o Zond 5 00714/68
u L Zond 6 11/10/68
Apollo 8 (G) 12/21/68 | first humans to orbit the Moon o Apollo 8 (G) 12/21/68
Apollo 10 (G) 05/18/69 | first docking maneuvers in lunar orbit o 11010 (G 05/18769
Luna 15 07/13/69 | crashed on the Moon Apollo 10 (G)
‘Apollo TL(H) | 07/16/69 | first humans on the Moon (07/20/69) 00 o) Luna 15 07113/69
Zond 7 08/08/69_| lunar flyby and Earth retumn ) Apollo 11(H) o716/69 | © | © 1 O | © 010
Apollo 12 () | 11/14/69 | second human fanding on the Moon | O [ 0 [¢) Zond 7 08/08/69
Luna 16 09/12/70 | first robot sample return (100 g) [©) @) Apollo 12 (H) 11/14/69 0100 o]0
Luna 17 11/10/70 | first robot rover (322 days, 10.5 km) [e) o]0 o Luna 16 09/12/70 00| O o
Apollo 13 (H) 04/11/70 | aborted human landing [¢) Luna 17 11/10/70
Zond 8 10/20/70 | lunar flyby and Earth return o Apollo 13 (H) 04/11/70
Apollo 14 (H) 01/31/71 | third human landing on the Moon [¢) [ele) [e) [e) oo Zond 8 10/20/70
Apollo 15 (J) 07/26/71_| fourth human landing on the Moon o|lo]oJo]o ololoJolo]lo Apollo 14 (H) 0371 | O | O | O | O o o
Luna 18 09/02/71 | crashed on the Moon Apollo 15 (J) 07/26/71 |00 ]| O (@) 0]
Luna 19 09/28/71 | lunar satellite o (6] Luna 18 09/02/71
Luna 20 02/14/72 | second robot sample return (30 g) (o) (o) Luna 19 09/28/71
Apollo 16 (J) 04/16/72_| fifth human landing on the Moon O|O0]|0O o) o|0|0 |00 Luna 20 02/14/72 (o) (o) o
Apollo 17 (J) 12/07/72 | sixth human landing on the Moon O|O0|O|O|O|O]JO Apollo 16 () 04/16/72 [e) O| O ) (o]
Luna 21 01/08/73 | robot lunar rover (139 days, 37 km) O |0 o Apollo 17 (J) 12/07/72 O|lo|O]| O [e) O| O
Luna 22 05/29/74 | lunar satellite o Luna 21 01/08/73
Luna 23 10/28/74 | failed robot sampler o Luna 22 05/29/74 1 1
Luna 24 08/09/76 | third robot sample return (170 g) Luna 23 10/28/74
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Particle size (mm)
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https://www.lpi.usra.edu/publications/books/lunar sourcebook/
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https://www.Ipi.usra.edu/publications/books/lunar sourcebook/

L Lunar soil is assumed to be

Column load

Q=qB?
. .

<«<—B—>

normally consolidated:
Cc=0.05

‘3.:.::4______4_‘ T T rrrrry T 12
18} TTe g
N Luna 20
/>\ ‘”‘\f” 10 B
16F (Estimated) \ Luna 16 N
3
14} N ©, 8r
0" —O
bl o
12} N2 S 6|
i AR e
One-Dimensional Oedometer Test D
10F =
‘ D
N 3 . )
e
(o] =) Index = 'm
DB i - \
Samgle No. 12001119 0-—-.~___°_____0._._°
- o ~0
L B
06 L — 4
\A"ﬂ
1 Ll ! L4 J 11111 I 1 il 1 Ll il O
0.01 0.1 1 10 100 1

APPLIED VERTICAL STRESS. g.. (kPa)

[EMEERICE > TIEb N ze-logpHAFR

=]
X

E%/,\J_t d Z

j=1 +e

EfBO&RILT

AH ; log

2
Footing width, B [m]

AEBEYDL TETH

ojj + Ao

O-ij




BYYTIVOHABER=>EETEE (¢, d)

EE 5 mmx;ES 5mm .
= Bl b o P e i P

E#E 50 mm
=< 100 mm

Hh F W3 —iRR SR S Carrier and Jaffe, et al.(1972) Scott (1987) 15



BLIVADBEEH=>XFH. LK, HERE

https://www.lpi.usra.edu/publications/books/lunar sourcebook/
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Parabolic Flight Experiment
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T. Kobayashi, et. al, Bearing capacity of shallow foundations in low gravity environments, 21
Soils and Foundations, 49(1), 115-134, 2009
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Sprit on Mars got stuck in a sand trap in 2009
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T. Kobayashi, et. al, Mobility performance of a rigid wheel in low gravity environments, J. Terramechanics, 47(4), 261-274, 2010
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JAXA : BAROEBRFHIZEREYTUA () 2FR2021, p.147
https://www.exploration.jaxa.jp/assets/img/news/pdf/scenario/2021/Scenario2021.pdf

BiGINET-5 AR
SEETINEEIR

28



%:VLE’JE?{*E Eiﬂ’.i_ ZIcmFT= 111’321?—76\:—/—\

AmE Dtz - i EHE
© FEGNSSEIFICHI B RIS
@ BECEBMNE - TEHEBRY -
® MARBREFIY BHO0ORY NF—
@ BT —H05E PO IEES

B BEOHE-MEURIVRIAY S

490237 7J>(5-LiDA
RIZRE - /KDET I=FiL -4 #wa0-N
7 CAMTEERY — .\I

@

fiFes /
\. Va V- \/
\‘\_ \' ./‘ FIJ”/

y RIZRE - /K55t
\ N ‘-\ =] FLAsfEr - BAMRT
VIR ’ T SR
B4
A’AA - :

29



AEOMRERS, 8- D FHEEMSTZHD4DO0HREY -

A= MERE (HIERERER) RIZEET i fr - B ABTELER

) ‘\\ - —— - - - S AR
\ . ﬁﬁff%f{E#G, v - RS ET
\ - Hh AR BRIk o= = . EMEpnEnE
| — PAIVAF-5| | mEER
7 A MR E e - kB
(mar-wamistg ) mmme g
- BEFEH . ¢
* i#}jj qs

BAREE — BmEi®EBM/CaM — F-yFE 30

\

&RY-)




/m

i ERRFEEARTET N Z2RAWCT1- )L MEEEERR

OOF -5 1) %

@ #EHl

©F: o

@ R

Al A2 A3 A4 A5
0.75 15 x x x
B1 B2 7" B3 B4 ~_ B5
X X / X X \ X
/ \
/ \
,,,,,,,,,,,,,,,, N W
! \
ct c2| C3 ‘
x X | X o 12
\ I
\ !
———————————————— T——————————————————————7/——————
\
D1 D2 D3 D4 ,/ D5
X X N X X s X
\\ //
E1 E2 E3
X X X Ex4 Ex5

EEL
2EEE
I

BL—Y
EEE
]

L~y
ARIERE |
|

DL-Y
6EIERE |
e |
EL-Y
8EIERE .

7 m

31




A Otz <l ORI - BI=Y-)b

BEEASICKIHAZEE (b, LIDAREELENE)
» EHNMIATEBERISE KL EE

SBRERENATERNIERK LI REF 32



B SIS %E_H‘E1 t?‘%twd)ﬂﬂ *a2Y-

| TRITSKRE B E
o Vs(m/s)
Zixes (81E) eiRgs (11E)
Vs(m/s)
Vs(m/s) Vs(m/s)
(a) 0.1m (b) 0.5m (c) 1.0m
33

B T- R OREBOSHEE 75

X



PEE (KPE) ZREISLHORIFE (kq)

ZACRIE TR O ONER
e BdE  ARds

w TR
EFHR HINHR RIZEESH (SEHL) RIZK> &t (FE&a)
(YR = L252, He3tb B EHEE)

(ZYIL137, CSIVIFL-4)

2.1 T g
= (a)ﬁi@%%g
§ 20}
= |
;1.9
iy
o ] — AL—V
BL—
— CL—v
"] — DL—Vr
g | — EL—r
=
]
1N
<
4

FHHINLE x [m]



2R - S AR T 5 ORI - tAREERY -l

[mlERtH AKTEER
120 : : :
_w| AEEE (CL-Y)
% 80|
E 60r o =80K
% 20} 60 kPa
40 kPa
# 2 4 20 kPa
%o 01 02 03 04 05
[FI#A48 [rad]
1 2 3 4 5 6
Al 458 566 563 721 734 260
B| 000 475 0.00 - 251 0.00
Cl|e26 276 488 299 410 1097
D264 000 000 316 000 849
E| 0.39 0.00 1088 0.00 0.00 3.99

Th& e (kPa)

DGR
- gEIERE (EL-Y)
= 100F
g 80 L .

- o =80k
Iﬂé 60 160 kPa
S 40} | 40 kPa
N
20 420 kPa

0 1 1 1 1

0.0 0.1 0.2 0.3 04 05

[El#R Y [rad]
1 2 3 4 5 6
A| 375 302 364 30.7 318 377
B| 34.1 368 389 303 36.1 35.1
C| 357 346 335 368 360 348
D| 406 394 373 368 358 370
E| 437 412 427 428 420
NEREER A ¢ (deg) 35



3R THEHBE K D{ERL (1/2)

R E M RIRE LSO TUFIONSIERE RITMIIV&RIER)

TR ILAHIX(D=0.8m)

SIEREN K ALK
D& (D=0.8m)

36



3Rt E M EBERIOIER (2/2)

EETEFHREZOERICEDIVIVAZEE T8

AT 0A-N-1A

AL TE0nmE

R FF D2

37



Robotic Geotechnical Investigation System : RGIS
HiR @ 2024 <6WNET7FOTEHEREETELIL

BIZ IS,

SV EREROLETEEFRTILHIC

REFRT

EABTFRIETINZFESIOH ?
AZEESIPH>TAZ0N ?

ECENHBVWDEETEHAIT B,
ENBLDEBIENHERTEZ0N ?

»

SR e
2RIHIE5 D%
ORI
TiRiaE

ETIMEERE

38



BE#SEZERZOFEIRICHITIT

39



JAXA 5 A\ B EAEMELE

D1/6 AT TO 500 HiHrEEIE (B AETE. IITEEE)
Hig OQOFBRABICEZAEHRIRE (MAELE, B EOEEF H)

®#F (GAE- -7, i - RP) O
Y- ¥
IAXA T BAOEBRFEREYTUA (%) ABHR2021, p117~ 20305 BT - MUEHORE 40
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