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Tbe objecti es of the po11o 14 soil n1echanics 
experiment a�e ( 1) to obtain data on he compo­
sitional, textural, and mechanical properties of 
lunar soil� and the variation of the ·e properties 
with depth and lateral displacen1ent at and among 
the three pollo landing ite .. ; and (2) to use 
the� e data to fom1ulat , verify� or modi '"y thcoric 
of lunar hi ·tory and lunar processes� develop in­
fortnatiou that may aid in the interpretation of 
data obraincd from ther urface activities or 
experiments (e.g., lunar field geology, pas ive and 
active seisn1ic experiments and Jno ularized 
equiptnent transporter (MET) pL:rformance); and 
develop lunar-surface tnodels to aid in the solu­
tion of engineering problems a sociatcd with 
future lunar exploration. The in situ character­
isti of tbe unconsolidated lunar-surface materials 
can provide an invaluable record of the pa t influ­
ences of time, strcs and ovironn1cnt on the 

oon. Of particular importance arc such cbarac­
teri .. tics as particle size, particle shape, and 
particte .. si?. distribution, d nsity, strength, and 
compres�ibility. 

Th soil nl ch nics experiment reli ·heavily on 
obser ational data uch as are provided by pho­
tography. astronaut commentary t and e · an1ination 
of returned lunar amples. Q antitative data 
·nurce are limited; boweveri ,:cmiquantitative 
analy es arc po �iblc, as shown in reference 4-1 
for polio 11 and in reference 4-2 fnr polio 12. 

• nivcr ity of C lifornia at Berkeley. 

•· �fa achuseu Institute of 'T'ecbnoJog)'. 
(' ASA �fanned pacettaft enter. 
4 AS Mar baH Space Flight <.enter. 
• aljfornitt Institute of Tecbnolosy. 

Principal invc�tigator. 

Such nnaly .. cs are stren thened through terres­

trial simulation studies ( r f. 4-3). 
Th result!' of the A polio I 1 and 12 missions 

have generally confirrned the lunar-surface oil 
lll()dcl developed by Scott and Rober on (ref. 
4-4) � that i , th lunar soil i a predominantly 

i lty fine sand, is generaUy gray-brown in color, 

and exhibits a slight cohc ion. Evidence of both 
c mprc · ible and incompressible deformation has 
be n observed. The lunar soil erodes under the 
action of the lunar module (LM) descent-engine 
e haust during lunar landing kicks up easily 
under foot, and tends to adhere to most objects 
with '"'hich it comes inro contact. 'fhe value (or 
range in va,oe ·) of the in �itu bulk dcn�ity of the 
lunar oil remains uncertain, although polio 11 
and 12 core tube data and core tube imulations 
given best c. timatc of 1.7 to 1.9 g/cm. ilnited 
direct evidence bef re the Apollo 14 mission sug­
g sted ,that some increase in , ·oiJ strength and 
den ity occurs with depth bet\ ath the lunar 
surface. 

Obser ation at five Surveyor landing sites and 
the two prcviou · Apollo lauding sit indicate 
relatjvely little variation in surface soil conditions 
with location. Core tube sampl · from tbe Apollo 
12 n1i ·ion exhibited a greater variation in grain-

87 

2 N. C. o.,1es, G. T. Cohron. and D. C. o s� Me· 
chantc.-1 Bchk!vior of Si nulated unar Soil Under 

Varying Gravity Conditions. Proc. Apollo 12 unar Sci. 
Conf. (lfouston . Jan. 11-1 , 1971. To be published in 
Geochitn. C:os.n1ochim. At a. 

� W. Da\'icl Carrier III. Stewart W. Johnson, Richnrd 
A. \V r 1er. ijnd Ralf chmida: Di turb nee in Sample 

Rt:eovcfcd With the ApoUo C.ore 1\J be ·. Pro c.. ApolJo 12 
lunar · i. Conf. (Hou ton ) , Jan. 11-14, 1971. To be 
published in Geochim. CosmocllJm .. A la. 



88 APOLLO 14 PREI .. lMINARY SCIENCE REPORT 

ize distribution with depth than had been found 
for Apollo 11 core tube sampl�. 

The Apollo 1 4  mi� ion has provided a greater 
amount of soil mechanic data than either of the 

previous n1ission for two reason . The crew 
covered a much greater d istance during the extra­
vehicular activity (EVA) than in previous mis­
sioosl and the Fra Mauro landing site represented 
a topographically and geologically different region 
of the Moon. In addition, three features of par­
ticular interest to the soil mechanics experiment 
were new to the Apollo 14 m.is ·ion-the Apollo 

imple penetrometer (ASP), the soil mechanics 
trcncht and the M . ach of these has been used 
to shed new I ight on lunar oil characteristics. and 
each is dtscussed in detail in this ection. 

Although the analyses and re ·uHs presented in 
th1 report arc still preliminary in nature. certain 
conclu ·ion .. are already apparent. 

( t ) At the Apollo 14 land ing -ite, a greater 
variation in soil characteristics exists laterally and 
within the upper few tens of centimeters than had 
been previously encountered. 

(2) Although the lunar .. surface material ( uni­
form gray, fine i1ty sand) appearA and behaves 
about the same at all locations, much coarser ma­
terial ( medium- to coarse-sand ize) may be 
cnccuntcrcd at depths of only a few centimeter .. 

( 3) Core tube penetrations, measurements 'vith 
the ASP, and analy es of the interact ion between 
the MET anu the lunar surface llaVe been useful 
for estimating soil properties and� in conjurtction 
with the observation.� at the soil mechanics trench. 
for establishing that the lunar-surface soil strength 
increases with depth. 

( 4) In this report, as in previous reports, the 
lunar soil properties have been dt:rived (ronl e ·ti­
mates of penetration and force . The variation of 
soil properties indicated by the Apollo 14 rni ·ion 
reinforces the need for more quantitative and 
definitive n1easurements. 

Descent and Landing 

The Apollo 14 LM d� ccnded more steeply 
in the final stage of lunar approach than did the 
Apollo 1 t and 12 spacecraft, although the descent 
profile was similar to that of Apollo 12 (ref. 4-2) � 
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IOUitE 4-1� A comp.:uison of the ftnal·appJoett.b pro 
files of tbe ApoJJo ll, 12. and 14 LM's. 

A comparison of the final-approach profile:- o{ all 
three spacecraft is presented in figure 4-L 

1 he final �tage of the Apollo 14 descent pro­
c eded frorn a pause of a pprox iauat ly 20 sec at 
an altilude of appro imately 55 nl above the lunar 
surface, while the spacecraft moved we tward ap­
proximately 120 m until it  was almo ·t above 

orth Triplet Crater. The altitude then decreased 
to approximately 30 m in the next 3 0 . ec. a the 
LM continued another 120m westward. The final 
apJ roach or 35 sec took place at almost a 45° 
angle to the lunar surface. When the footpad 
p robes made contact, the spacccrdft was mo ing 
slightly west or north. according to the marks 
made on the surface by the probes (fig. 4-2) The 
Janding was M>iti and the a ·tronauts reported little 
or no stroking of the shoe absorbers. Approxi­
mately 2 sec after footpad touchdown, the descent 
engine wa shut down. When the spacecraft came 
to rest, the � Z leg (on which the ladder is 
mounted )  was oriented approximately west 16° 
nonh. and the pacecrall wa� tipped forward in 
this direction (pitch) appro imatcly 2(). At right 
angles to this direction, the LM was tilted down to 
the north, or in the + Y direction (roll), approxi­
mately 7() � 
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FIQ ·Jlt: 4-l.-Position of - Y footp3d cmbcdd(d · n th� 
rim of a 2-m-diamet�r crater� The uact ot chc; contact 
pf1obe on the urea� ·appt:an �omewhat e.:tst of south 
(A 14-66-9258), 

The 2stronaut comm�nted that blo\ving dru t 

was first oh. erved at an altitude of approximately 
33 It\ and futt the quantity of dust from hat 
altitude down to th suriace . cemed 1ess than had 
been encountered during the poJlo 11 and 12 
landings. The dust apparently cau�cd no visibility 
difficulties forth Apollo 14 crew. The Sun angt 
at landing was higher for the Apollo 14 mi sion 
than it had been for the Apollo J 2 landing. A 
<.:onlpari�on of the de. cent n1otion pictures con­
firms the astfonaut observatioo , in that the ap­
pearance of the blowing lunar-surface material 
during the Apollo 14 dc�ccnt seems qualitatively 
similar to that ohscrved during the Apollo 11 
landJng. Dust was fi t observt:d at altitudes of 
24, 33� and 33 m for the Apollo 11, 12, and 14 
landing., rl!Specti ely. These observations oc­

curred 65. 52. and 44 sec before touchdown, 
respectivtly. B�ausc of the effect of Suo angle 
and spacecraft onentation. howe er, the appear­
ance of the dust in the motion pictures may not 
be a reliable indication of tl1e quantity of material 
�CJnoved. 

After the landing, the astronauts reported that 
the lunar surface gave evidence of the greatest 

erosion in an area appro imately 1 m southeast 
of th r gion below the engine nozzle. hey noted 
that as much as 10 em of surface •naterial may 
havt been reJnovcd during the landing. A distinct 
erostonal pattern is visible in figure 4-3. which 
shows the area below the de cent-engine nozzle. 
Except for a disturbed area in the left middle dis­
tance, the surface gives the appearance of having 
been swept by engine ga .. es in the same way a. 

had occurred on previou missions. The disturbed 
area may have developed a a consequence of a 
grazing contact of the - Y footpad contact probe 
during the landing. It was noted in a pre\lious 
report (ref. 4-1) that such a disturbance to the 
1unar urfaee breaks up the surface material and 
rcndc� it more ·usccptible to engine--e. hau t 

erosion. 

In Ute polJo 14 descent naotioo pictures, it i� 
evident that the lunar utface fcmains indistinct 
for a number of second. after de ·cent-engine hut­
down. ·1 his event was probably caused by venting 
from the soil of th c haust gas stored in the void 
of the lunar nlaterial durng the final stag� of 
descent. Th � outflowing gas carries with it fine 
soil particles thu.t obscure the surface. 

FJOUllF 4-3 -Area below tbe d��ent�ngine no7�1e 
shov.-ing ero ion.-1 features caused by the e)(bausr ' , 
1 he - Y footpad can be seen in the distance (AS! 4-
66-9262). 
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Some of the tilting of the spacecraft can be cx­
plaint!d by un examination of tht footpads. he 
-- Y (fig. 4-3) and -Z footpad, have penetrated 

the ·urf�ce only to a depth of 2 to 4 cn1, whereas 
the + Y (fig. 4.-;2) and +Z footpads have pene­
trated to a depth of 15 to 20 em. Th e -f Y foot­
pad penetration ntcchani$m is clearl)' visible in 
figure 4-4; the footpad contacted and plowed into 
the rim of a 2-m-diameter crater. Tht n1otion of 
the footpad through the soil cau ed a buildup of 
a mound of soil on the north side of the pad. The 
height of the mound i somewhat higher than tl1c 
actual penetration depth of the footpad. The a. tr� 
nauts reported that the +Z footpad, which is in 
the shadow or the LM. also landed on the rim of 
a small crater and ex hibited appearance and pene­
tration charactcrtstics sinlilar to the appearance 
and pene1ration charact.erist1cs of lhc + Y foot­

pad. The mechanical properties of the �oil. which 
arc inferred from the rcsporu e of the soil to the 
landing (which occurred with little or no shock­

absorber stroking) and fron\ the appearance of 
t he soH in the footpad photographs, appear to be 
similar to the mechanical properties of the lunar 
material on which the Apollo 1 I und 12 LM's 
landed. 

FJOURP. 4-4.-Tbc + Y footpad embedll(d in tlte lunar 
soil. The gold foil � .rroundinJJ the landmg le� js prob. 
ably the: protceth·e wrapp•ng on ehe �fE J (A I 
66-9234). 

The pt:uetration of Ch� +Z anc! 1· Y footpad� 

caused 1 o to 1.5° of LM tilting· in the v.'c tcrly 

and north erly directions. Consequently, at the 
anding site, the trike of the Junar- urrace . lope i 

appro inuuely we t 16° north, and the dip i 
approximately 5.5 in the direction north 16., 
cttst. 

Extravehicular Activities 

Genera' Observations 

The behavior of the surface oil, as observed 
during the two EVA p�rioos, wn� in many respects 
sim ilar to that observed during earlier missions. 
Th� soil could be kackcd up easily during walking 

but would 21lso compress underfoot. Footprint 
ranged in de pth from to em on le vel ground to 
10 cut on the rims of fn� ·h. snuill crat�rs. The 
MET tracks averaged 2 em and ranged up to 8 em 
in depth. SoH conditions evidently had lc: · inl u­
ence on the mobility of the a trona �ts and the 
MET than did the topography. 

Patterned ground ("raindrop·• patt�m) was 
fairty general, except ntar the top of Cone Crater. 
The factors r�sponsible for the development of th1s 
surface texture are not yet known, although tht: 
texture is probably related to the intpact of small 
particles on the lunar tuface. 

As has heen observed during pre ious m is ions. 
disturbt:d areas ap�ur darker than undisturb<:d 
areas a may be seen in the background of figure 
4--5. Smoothed and compressed area (e.g., MET 
tracks and a"tronauts' footprirlts) arc bri htcr at 
some Sun angles� a� �hown in figure 4-6. In some 
instance�. it wa · difficult :or the astronauts to di� 
t ing uish between small, dust-covered ra<:ks and 
clumps or clods of soil. The to� of many of the 
large rocks were free of dust,. although fillet of 
!;Oil wen: contmon around the hottom. The astro­

nauts commented that the major part of most lar ge 
rocks appeared o lk burted beneath the surround­
ing lunar surface. 'They also noted n o  ob ious 
evidence of natu ral soil-slope failur� on cratt:r 

walls. 

AdhosJvG ond Cohesive 8ehovior 

A on previous missions, dus- wa kicked up 
hy walking. Objects brought into contnct with the 


