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Summary: The shearing behavior of a Lunar soil 
can be described by a Cam yield envelope with best-

constant-volume shearing) of 40° and critical pressure 

pressure, shearing at angles of friction > 40° is dilation-

dilation angles. Lunar soils have large shear strength, due 
to irregularly shaped particles, and small compactional 

determination of the yield envelopes requires laboratory 
testing of Lunar soils and measurement of the volumetric 
strains.

Introduction: Terrestrial soils having the porosity 

pressures and compactional, strain-hardening behavior at 
higher pressures [1]. Shear bands can localize in either 

-
tion, cohesion, and softening/hardening with increasing 

-
ity, and other engineering properties of the soil of interest 
to future in situ

using available laboratory and in situ data. The Cam 
clay model, which accurately describes and predicts the 
strength properties of porous soils of all types including 
sands and clays, is characterized by pressure-dependent  
frictional strength, with shear-induced dilation, up to a 

Results and Discussion: Of the available data, only 

in situ 
-

sults on returned Apollo 12 Lunar soils were reported by 

-

3
 = 26 

softening in the post-peak region, both consistent with an 
over-consolidated soil with shear-induced dilation. The 

3

decreasing post-peak response, as also revealed by calcu-

lated values of tangent Young’s modulus for both tests. 
This curve may indicate either a normally consolidated 
soil with shear-induced compaction or one that is approx-
imately transitional between the two regimes. The shape 
of the stress-strain curve suggests that the Apollo 12 soil 
may undergo compactional behavior at moderately large 

Although volumetric strains are commonly record-
ed from triaxial tests on soil, they were not reported for 
the tests on the Lunar soil. However, comparison of the 
friction angles implied by the test results for peak and 
post-peak strains [2] support an interpretation of shear-

-
-

strength to 42° at the largest value of axial strain record-

large strain, corresponding to a reduction of < 3%.  
-

induced compaction, strain-hardening, and macroscopic 
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. For dry Lunar soils the pore-water pressure 

Fig. 1. Triaxial test data from [2] for Lunar soil obtained for 

oedometer tests are circled.
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[2,3]), reported as friction angle and cohesion for particu-
lar values of normal stress and shear stress, were convert-
ed for evaluation into the principal stresses 

1
 and 

3
, and 

in turn, to q and p
based on Scott’s [2] test data, is shown in Fig. 2. The 
range in q and p for the friction and cohesion data from 
in situ
help to constrain the yield surface for Lunar soil on the 
q-p diagram.  

p on the 
Cam yield surface is the critical pressure, P

the CSL and 
P*. The critical pressure can be estimated independently, 
in the absence of hydrostatic compression tests, for po-

-
ing P nR)–1.5 n is porosity and R
is the average grain radius. Using representative values 
of n
Lunar surface) and R = 0.04 mm [5], P

-

therefore appears unrealistically high for a soil, even one 

for P* assumes hard spherical particles in grain-to-grain 
contact that crush during compression and shearing by 
Hertzian cracking at their mutual contact points. While 
this assumption is reasonable and appropriate for sandy 

-
scribe the mechanics of grain crushing in other rock types 

motion) controls grain crushing in carbonate rocks, rather 

leading to a reduced value of P* for a carbonate rock hav-
ing the same value of nR as a sandy soil or sandstone 

The value of P

-
ical pressure for the Lunar soil than those associated with 
quartz-rich sand grains or calcite grains in porous carbon-

P*

strength of glassy agglutinates. Larger values of P
correspondingly larger Cam yield surfaces) would likely 
be found for simulants that lack these delicate particles.
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Fig. 2.

0.10

1.0

10

102

103

104

0.0010 0.010 0.10 1.0

C
ri

tic
al

 p
re

ss
ur

e,
 M

Pa

Porosity x grain radius, mm

Sandy soil

Sandstone

Limestones

Basalt

Predicted
Lunar Soil

Lunar soil

Fig. 3. Critical pressure P* compared to product of porosity and 
grain radius, following [4,6]. 
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