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Strength Requirements in Unsurfaced Soils for Aircraft Oper­

ations

Conditions de force portante des sols non revêtus destinés à la circulation des avions

b y W .  J .  T u r n b u l l ,  Ch ief , So ils D ivisio n  
A . A . M a x w e l l ,  Ch ief , Flex ib le Pavem ent Bran ch , So ils D ivisio n  

and

C. D . B u r n s , Eng ineer, Flex ib le Pavem ent Bran ch , So ils D ivisio n , U .S. A rm y Eng ineer Waterw ays Ex perim en t 
Stat io n , Vick sb u rg , M ississip p i, U .S.A .

Summary

This paper describes the development and validation o f criteria 
for determining soil-strength requirements in unsurfaced soils for 
operation o f aircraft.

Som m aire

Ce rapport expose la recherche et la vérification des critères 
auxquels doivent satisfaire les sols pour résister sans revêtement 
à la circulation des avions.

Introduction

Criteria fo r selecting unprepared landing areas capable o f 
supporting a few operations o f cargo and assault- type aircraft  
are urgently needed by engineering officers in theaters o f 
operations. Dim ensional criteria for such an airstrip  have 
been proposed by the U.S. A ir  Force, and soil- strength 
requirements have been developed by the U.S. Arm y Eng i­
neer Waterways Experim ent Station (W ES) based on accel­
erated traff ic tests on unsurfaced soils [1]* . The soil- strength 
requirements have been reasonably well validated by aircraft  
operations on prepared and unprepared landing strips.

This paper describes the development and validat ion of 
the soil- strength criteria.

* Br acket ed number s  refer  t o Bibl i ogr aphy.

Development of Criteria

Traffic tests—Accelerated traffic tests were conducted at 
W ES in connection with a comprehensive program to obtain 
necessary data for the developm ent o f  criteria fo r designing 
runways surfaced with landing mat and membrane- type 
m aterials. Test sections for the landing m at tests were built 
longer than necessary for the m at tests and portions were 
left unsurfaced. A  number o f  test sections were constructed, 
representing subgrades o f three different strength ranges : 
low , medium, and high. The low- strength subgrades were 
constructed w ith  a fat clay (CH ) to C BR values o f  from
3 to 7.. The medium- strength subgrades were constructed 
with the same fat clay but at lower water contents which 
resulted in  C BR values o f  from  10 to 20. The high- strength 
subgrades were constructed with a lean clay m aterial to 
CBR values o f  above 20. (Fig . 1 shows a test lane in readiness 
for test.)

Fig. 1 Typical test unit consisting o f three test sections ; the first section is unsurfaced, the second is surfaced with M 6  mat, 
and the third with M8  mat.

Zone d'essai type se composant de trois sections. La première n 'est pas revêtue, la seconde est couverte de tapis M 6 , 
et la troisième de lapis M 8 .



Traf f ic was app lied  w ith  towed  test load  carts (Fig s. 2 
and 3) w ith  single- wheel loads varyin g  from  10,000 to  50,000 
lb  and t ire pressures varyin g  from  40 to  300 psi. A  few  tests 
were also  m ade w ith  dual and dual- tandem  assem b ly loads 
o f  50,000 and 100,000 lb , resp ect ively. A l l  t raff ic was 
app lied  b y operat ing  the load  carts back  and fo rth , sh ift ing  
laterally  on each fo rw ard  pass to p rovid e un ifo rm  coverages 
o ver a lane ap p rox im ately 1 2  f t  w ide.

Fi g. 2  Se l f - power ed, f r ont - wheel - dr i ve l oad car t  us ed i n t est s 
i nvo l v i ng  10,000- l b whe e l  l oads  

Vé hi c u l e  a u t omo t e ur  d e  mi s e  en c ha r ge , à  t r act i on a va nt , 
e mp l o y é  d a n s  l es essai s  c o mpo r t a n t  des  cha r ges  r o u ­
l ant es  d e  10.000 l i v r e s *

* Li v r e  de  453 ,6  g.

Fi g. 3 Lo a d  car t  us ed in t est s i nvo l v i ng whe e l  l oads  o f  25,000,  
50,000, a n d  100,000 l b. I n  t hi s  v i e w it  is l oa de d t o 
a ch i e ve  25,000 l b o n  a  s i ngl e- wheel  a s s e mbl y . 

Vé hi c u l e  de  mi s e  e n  c ha r ge  e mp l o y é  d a n  les essai s  c o m ­
por t ant  des  c har ges  r oul ant es  de  25 .000,  50.000,  et
100.000 l ivr es . Da n s  cet t e f i gur e l a c ha r ge  at t eint
25 .000  l ivr es  s ur  un e  s eul e  r oue .

Failu re o f  sections was judged on the basis o f  deflection 
under t raff ic and perm anent deform ation  o r ru tt ing . Sect ions 
were classed as failed  when it  was estim ated that  aircraf t  
operat ions w ou ld  be d if f icu lt . In  general, th is in vo lved  tran ­
sient deflections o f  0- 75 to  1*5 in , and perm anent deform ations 
o f  2 to  4  in . Fig . 4  shows typ ical views o f  sections before 
failu re and after t raff ic had been cont inued  beyond  the 
failu re po in t.

Test data and analysis— It  was desired to estab lish  C BR 
design cu rves fo r  unsurfaced so ils w h ich  w ou ld  ind icate the 
m in im um  soil- strength requirem ents fo r  the operat ion  o f  
various types o f  aircraf t  fo r  from  1 to 100 coverages. The 
m ethod o f  at tack in g  th is p roblem  was to  use the basic C BR 
design cu rves fo r  f lex ib le pavem ents [2 ] as a basis and then 
to  determ ine from  the traff ic test data the reduction  in 
th ickness requirem ents that  cou ld  be app lied  to  these 
basic cu rves to  m ake them  su itab le fo r  the less stringent 
requirem ents o f  a tem p orary unsurfaced  o r m embrane- sur-  
faced land ing  strip . It  should  be poin ted  out that  the basic 
f lex ib le pavem ent design cu rves are fo r  all- weather f ield s, 
wh ich  requ ire that  pavem ents rem ain  w aterp roo f throughout 
the design life o f  the field . A lso , fo r  th is type o f  construct ion , 
the m ax im um  allo w ab le subgrade deflection  is abou t 0- 25 i n . ; 
whereas, fo r  an  unsurfaced subgrade, deflections o f  as m uch 
as 1-5 in . can  be to lerated  and m ost cargo p lanes can operate 
in ru ts up to  4 in . deep. Therefo re, the strength requirem ents 
fo r an  unsurfaced o r m em brane- surfaced ru n w ay are con ­
sid erab ly less, than those fo r  a f lex ib le pavem ent designed 
to  receive the sam e num ber o f  operat ions.

D ata obtained durin g  the traff ic test are sum m arized in  
tab le 1. Th e C BR values shown represent the average strength 
o f  abou t the top  8  in . o f  subgrade. Fig . 5 presents p lo ts o f  
C BR versus coverages from  d ata g iven  in  tab le 1. Th e lest 
num ber is ind icated  beside each po in t. Th e poin ts ind icated  
b y V *  sym bols are from  the ex ist in g  theater- of- operations 
flex ib le pavem ent design cu rves and represent the m in im um  
base course C BR values needed under su rface treatm ent 
fo r the d if feren t  t ire pressures. These were p lo tted  to  aid  
in  estab lish ing  the slope o f  the relat ion  between C BR  and 
coverages. Th is slope w as used in  ex trap o lat in g  the results 
o f  traff ic tests to ind icate the C BR requ ired  fo r  a range o f  
coverages. Fo r  ex am ple, to  estab lish  C BR requ irem ents fo r  
the em ergency op erat ional category (40 coverages), the 
test results from  sections that  failed  at m ore o r less than  40 
coverages were ex trap olated  as fo llow s : Consid er test 31 
(tab le 1) in  w h ich  the C BR o f  the fat  c lay  was 4, and the 
test resu lts ind icate failu re at  10 coverages. Therefo re, a 
p o in t  was p lo tted  on Fig . 5b at  10 coverages and a C BR o f  4. 
A  lin e h avin g  the sam e slope as those in  the upper p art  o f  
Fig . 5b was d rawn from  th is p o in t  to  40 coverages, in ter ­
secting 40 coverages at  a C BR o f  5. Th is C BR value was 
recorded  in  the tab le 1 colum n headed “ C BR In d icated  as 
Necessary from  Test”  opposite “ Em ergency Categ o ry.”

Th e C BR ind icated  as necessary b y the tests was com pared 
w ith  the f lex ib le pavem ent cu rves fo r  em ergency category 
(Fig . 6 )  to  determ ine the ind icated  reduction  in  inches from  
the f lex ib le pavem ent design cu rves fo r  th is category. Fo r  
ex am ple, fo r  test 31, Fig . 6 a ind icates that a th ickness o f  
10-3 in . wou ld  be required  fo r  em ergency op erat ion  o f  a 
25,000- lb load at  40- psi t ire pressure where the subgrade 
C BR  was 5. Sin ce the test ind icated  that  a subgrade C BR 
o f  5 was adequate fo r  40 coverages, the ind icated  reduction  
that  can be app lied  to the basic f lex ib le pavem ent design 
cu rve is 10-3 in . Th is value is listed  in  the last colum n 
o f  tab le 1. Th is sam e p rocedure was used in  evalu at in g  the 
resu lts o f  each test.

Fig . 7 is a p lo t  o f  the ind icated  reduction  versus t ire pressure 
fo r  various con d it ions o f  t ire pressure and load . These d ata 
in d icate g reater reductions w ith  decreasing t ire pressure 
and w ith  increasin g  wheel load. Th is is due to  the fact  that 
larger t ires were used fo r the low  t ire pressures and h eavier 
wheel loads and larger deflections were perm itted before 
classing  the test sect ion  as failed .

Th e reductions that  m ay be app lied  to the basic f lex ib le 
pavem ent design cu rves in  estab lish ing  design cu rves fo r 
unsurfaced land in g  strips, as ind icated  b y Fig . 7, are tabu ­
lated  on the fo llo w in g  page.
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Fi g. 4 Typ i c a l  v i ews  o f  uns ur f a c ed t est  s ect i ons  aft er  va r i ous  cover ages  o f  s ingl e- wheel  l oad. 

Vu e s  t ypes  d e  s ect i ons  d ’essai  n o n  r evê t ues  apr è s  pl us i eur s  al l er  et  r e t our  de  cha r ge .

b. Tes t  35, af t er  2 c ove r a ge s  o f  25,000- lb l oad ; fa i l ur e oc c ur r ed at  l ess t han

2 c over ages .

Es s a i  No .  35 : apr è s  2 pas s ages  al l er  et  r e t our  d ’un e  c ha r ge  d e  25 .000  
l ivr es  ; r upt ur e  à  mo i n s  d e  4  pas s ages .

a. Tes t  29, af t er  40  c ove r a ge s  o f  10,000- l b l oad ; fai l ur e oc c ur r ed b e t we e n  20 
a n d  40  cover ages .

Es s ai  No .  29  : apr è s  4 0  pas s ages  al l er  et  r e l our  d ’u n e  c ha r ge  d e  10.000 
l ivr es  ; r upt ur e  ent r e 20 et  40  al l er  et  r et our .

c. Te s l  65, s at i s fact or y af t er  700  c ove r a ge s  o f  25,000- l b l oad,

Es s ai  No .  65 : s at i s fai sant  apr è s  700  pas s ages  al l er  et  r e t our  d ’u n e  c ha r ­
ge  d e  25 .000  l ivr es.

d. Tes t  89, s at i s fact or y aft er  40  c ove r a ge s  o f  25,000- l b l oad ; t r affic wa s  
r e s ume d a n d  fai l ur e oc c ur ed af t er  a bo u t  90  cover ages .

Es s ai  No .  89 : sat i s fai sant  apr è s  4 0  pas s ages  al l er  et  r e t our  d ’un e  c har ge  
de  25,000 l ivr es . Le  t r afic fut  r epr i s  et  l a r upt ur e  s ’est  p r odui t e  apr ès  
a pp r o xi ma t i v e me n t  90 al l er  et  r et our .



Ta b l e  1

Su m m a r y  o f  Tr af f i c  Tes t s  o n  Uns u r f a c e d  Soi l s

Test

No.

Tire
Pressure

Evaluation Data
C B R  Indicated as 

Necessary from  

Test

psi

Co v * C B R Co v * C B R  Co v *¡ C BR  Co v * C B R  Co v  * C B R  Behavior Under Traffic
Operational

Category C B R

Indicated 

Reduc­
tion from  

Flexible 

Pave­

ment 
Design 

Curves, 
in.

Single, 10,000-lb Wheel Load

1 40 0 4 40 4 Fa i l ur e  at  a bo ut  40  c o v Eme r ge nc y 4 8 0
20 40 0 14 40 11 170 12 400 11 700 11 No  di s t r ess at  700 c o v Mi n i m u m <  12 5- 5

4 100 0 5 4 4 Fa i l ur e  be t we e n  2 a n d  4 c o v Eme r g e n c y 7- 5 5- 8
21 100 0 9 30 8 42 8 Fa i l ur e  be t we e n  25 a n d  30 c o v Eme r g e n c y 9- 7 4- 9

6 200 0 5 Uns a t i s f ac t or y  for  t r affic Eme r g e n c y >  5 —

22 200 0 8 6 7 Fai l ur e  at  a bo u t  2 c o v Eme r ge nc y 13 4- 4
27 200 0 34 40 24 170 31 400 49 700 64 Sat i s fac t or y for  700 c o v Mi n i m u m < 4 4 2- 2
29 300 0 23 40 10 Fa i l ur e  be t we e n  20 a n d  40 c o v Eme r g e n c y 26 2- 8

Si ngl e , 25,000-lb Wheel Load

31 40 0 4 10 4 Fa i l ur e  at  a bo u t  10 c o v Eme r g e n c y 5 10.3
65 40 0 14 40 16 170 21 400 18 700 12 Sat i s fac t or y for  700  c o v Mi n i m u m <  16 6- 5

35 100 0 4 2 5 Fa i l ur e  at  >  2 c o v Eme r g e n c y 7- 5 9 0
66 100 0 12 40 9 Fa i l ur e  at  a bo u t  40 c o v Eme r g e n c y 12 6- 5
70 200 0 12 20 11 Fa i l ur e  at  a bo u t  20  c o v Eme r g e n c y 13 6- 8
86 200 0 17 40 25 170 13 Fa i l ur e  be t we e n  124 a n d  170 c o v Eme r g e n c y 20.5 4- 7
89 300 0 18 40 20 90 13 Fa i l ur e  be t we e n  60 a n d  90 c o v Eme r g e n c y 18- 5 6 0

Single, 50,000-lb Wheel Load

104 60 0 13 40 11 170 11 400 10 700 14 Sa t i s fac t or y for  700 c o v Mi n i m u m <  12 >  12- 0

106 100 0 12 30 13 Fa i l ur e  at  30 c o v Eme r g e n c y 13- 5 8- 5

117 100 0 32 40 34 170 40 400 40 700 35 N o  di s t r ess  at  700  c o v Mi n i m u m <  42 4- 0

118 200 0 28 40 20 70 16 170 14 Fa i l ur e  be t we e n  70 a n d  170 c o v Eme r g e n c y 25- 5 5.0

120 300 0 29 40 16 Fa i l ur e  be t we e n  30 a n d  40 c o v Eme r g e n c y 33 4.5

Dual, 50,000-lb Wheel Load

123 | 100 | 0  | 13 | 40  | 13 | 60 | 7 | | | | | Fai l ur e  at  a bo u t  60 c o v  | Eme r ge nc y |  12*51 6- 3

Du a l - Ta n d e m, 100,000-lb Wheel Load 

130 | 100 | 0  | 40  | 8 | 76  | 6 | | | | | | Fai l ur e  at  a bo u t  76 c o v  | Eme r ge nc y ]  12|  6- 5

Tire Pressure 

psi

Indicated Reduction, in.

10,000- l b 
Wheel Load

25,000- l b 
Wheel Load

50,000- l b 
Wheel Load

40 8 0 1 0 0 1 2 0
100 5- 5 7- 0 8- 5
200 3- 5 4- 8 5- 8
300 2- 8 3- 6 4- 5

Design curves— C BR design cu rves fo r unsurfaced and 
m em brane- surfaced subgrades fo r the em ergency opera­
t ion al category (40  coverages) are shown on Fig . 8 . These 
cu rves were d erived  by sub tract in g  the th icknesses as in d i ­
cated ab ove from  the basic f lex ib le pavem ent design cu rves 
shown on Fig . 6 . Th e strength requirem ents fo r an unsurfaced 
o r m em brane- surfaced subgrade are the sam e. Th e benefits 
gained from  use o f  m em brane are p r im ar ily  w aterp roo f ing  
and  dustp roofing.

In  ad d it ion  to  the C BR design cu rves fo r  the em ergency 
op erat ional category, cr iter ia fo r  the m in im um  so il strengths 
requ ired  fo r  an  unsurfaced airst r ip  to  support a var iab le 
am ount o f  aircraf t  t raff ic have been developed. These cr iter ia 
are shown in  the fo rm  o f  C BR versus coverage cu rves on

Fig s. 9 and 10, from  w h ich  the requ ired  C BR fo r  an y g iven  
wheel load  and  t ire  pressure can be ob tained  fo r  an y num ber 
o f  coverages from  I  to  100. These lat ter  cu rves were developed 
b y W ES in  co llab o rat io n  w ith  the U . S. A rm y En g ineer 
Oh io  Riv e r  D ivisio n  Lab o rato ries (O RD L ) and are based 
on the traff ic tests discussed herein  and tax i tests conducted 
b y O RD L  [3 ]. Th e cu rves fo r  the single- wheel assem blies 
(Fig . 9 ) were d erived  from  the cu rves shown on Fig . 8  by 
the fo llo w in g  p rocedure. Th e C BR values ind icated  on Fig . 8  

fo r  the various wheel loads and t ire pressures at  0 - in. th ick ­
ness were considered to  be the m in im um  subgrade strengths 
on  w h ich  p lanes cou ld  operate successfu lly fo r  40 coverages. 
These values were entered on C BR versus coverage p lo ts 
sim ilar to  those shown on Fig . 5 and were ex trapolated  to 
one coverage fo llo w in g  the slopes o f  the so lid  lines shown 
in  th is p lo t . A  fam ily o f  cu rves show ing the C BR value 
requ ired  fo r  one coverage versus t ire pressure fo r  the various 
wheel loads was then prepared as shown in  the left- hand p lo t 
o f  Fig . 9. Th e slopes in  the right- hand p lo t  o f  Fig . 9 are used in  
in terp o lat ing  strength requirem ents fo r an y num ber o f  
coverages between 1 and 100. These cu rves are confirm ed  
b y resu lts ob tained  in  stud ies b y both  O RD L  and W ES.

Resu lts o f  the tax iin g  tests conducted b y O RD L  ind icated  
that som ewhat h ig her strengths are required  fo r  safe op erat ion  
o f  m u lt ip le wheels on unsurfaced so ils. Therefo re, a separate
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TEST 123 15 FOR 50,000- LB DUAL W H EEL LOAD 
T EST 130 IS FOR 100,000- LB DUAL TANDEM W H EEL LOAD

I I I I I I I
100 200 

COVERAGES 
a

10,000-LB WHEEL LOAD 
NO MAT NO BASE

100 200 

COVERAGES
400 700

25,000-LB WHEEL LOAD 
NO MAT NO BASE

LEGEND

X - - - - - - x SLOPES DERIVED FROM THE EXISTING
FLEXIBLE PAVEMENT DESIGN CURVES

— - - - - - TEST DATA

□  300 - PSt TIRE PRESSU RE 
V  200- PSI T IRE PRESSURE 
A 100- PSI T IRE PRESSURE 
O 4 0 - PS I T IRE PRESSURE

NOTE FIGURE BY SOLID  CURVE INDICATES 
TIRE PRESSURE

FIGURE BY SYM BO L INDICATES TEST 
N UM BER

CLOSED  SYM BO L INDICATES FA I­
LURE OCCURRED

COVERAGES
c

50,000-LB WHEEL LOAD 
NO MAT NO BASE

Fi g. 5 C B R  vs  cove r a ge s  10,000 l b, 25,000- l b, a n d  50,000- l b, s ingl e- wheel  l oads . N o  ma t . N o  bas e .

C B R  en  fonc t i on d u  n o mb r e  de  pas s ages  (al l er  et  r e t our ). Ch a r ge s  p a r  r o ue  d e  10.000, 25.000,  et  50.000 l ivr es. Pa s  de  t api s . 

Pa s  de  f onda t i on .
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CALIFORNIA REARING RATIO CALIFORNIA BEARING RATIO

CALIFORNIA  BEA RING RATIO CA LIFORNIA  BEA RING RATIO

Fi g . 6  Theat er - of- oper at i ons  C B R  des i gn cur ves  for  fl exibl e p a v e me n t s , e me r ge nc y  oper a t i ona l  ca t egor y.

Gr a p h i q u e  C B R  p o ur  t er r ains  e n  zo n e  d 'opé r a t i ons , et  di ver s es  pr es s i ons  de  gonf l ement  p o ur  ut i l i sat ion e n  c a s  d ’ur gence .

û 1 0 ,0 0 0 - LB WH EEL LO AD
O 2 5 ,0 0 0 - LB WH EEL L 0 * 0
0  5 0 ,0 0 0 - LB WH EEL LO AO
V 5 0 ,0 0 0  - L B OUAL W H EEL LOAD  
0  1 0 0 ,0 0 0 - L B D UA L T ANO EM  LOAO

NOTE. FIGURE BY SYM BOL IN D ICA TES T EST  NUM BER.

CLOSEO SYMBOL IN D ICA TES FA IL U RE O CCURRED .

O PEN  SYM BO L IN D ICA T ES NO FA IL U RE OCCURRED .

Fi g. 7  Ti r e  pr es s ur e  vs  i ndi ca t ed r educ t i on.

Pr es s i on de  gonf l ement  des  p ne us  e n  f onc t i on d e  l a 
r éduc t i on d ’épai s s eur  admi s s i bl e  p o u r  l es t er r ains  
d 'opé r a t i ons  pa r  r appor t  a u x  t er r ai ns  pe r ma ne nt s .

set o f  cu rves (Fig . 10) was prepared fo r  m ult ip le- wheel 
assem blies. These cu rves are sim ilar  to  those shown on Fig , 9, 
ex cept that  the strength requirem ents are increased b y ap p rox i­
m ately 20 per cent. Wh en  the cu rves fo r  m ult ip le- wheel 
assem blies are used, the evalu at ion  is based on one wheel 
o f  the assem bly.

Th e C BR curves shown on Fig . 8  are ap p licab le fo r  eval ­
uat ing  an y subgrade. Su ff icien t  in- p lace tests should  be m ade 
to determ ine that  the subgrade strength is equal to  o r  g reater 
than that  ind icated  b y the cu rves at  the surface and  at  the 
various depths b elow  the surface. The cu rves shown on 
Fig s. 9 and 10 are ap p licab le where the subgrade strength is 
f a ir ly  u n ifo rm  o r increases w ith  depth.

Validation of S trength C riteria

D ata fo r  valid at io n  o f  strength cr it er ia h ave been ob tained  
in connection  w ith  f ligh t  operat ions on unsurfaced so ils w ith  
C- 122, C- 119, C- 123B, and C- 130A aircraf t . Th e p lanes are 
described and tests resu lts are sum m arized in  the fo llo w in g  
paragraphs.

Tests with C-122 and C-119 aircraft— D ata on soil- strength 
requirem ents fo r  the C- 122 (12,000- lb, single- wheel lo ad ) 
and C- 119 (27,000- lb, dual- wheel load ) air craf t  were 
ob tained  on a constructed  unsurfaced airst r ip  at  Fo r t  
Cam p b ell, K y ., in  the sp ring  o f  1954 [4]. Th e test strip  
was constructed  b y the 18th A irb o rn e Co rp s in  accord ­
ance w ith  d im ensional cr iter ia recom m ended b y the U .S. A ir  
Fo rce, and so il strengths recom m ended b y W ES. Th e con ­
st ruct ion  consisted  o f  both cu t  and f ill areas. Th e subgrade 
so il varied  from  a fat  c lay  (C H )  to  a lean c lay  (CL) w ith  
pockets o f  silt  (M L). The desired subgrade strength was a 
C BR o f  7 to 10. Th e actu al strength as constructed  was 
f a ir ly  close to the desired strength ex cept in  cu t  areas where 
slig h t ly low er strength was developed. Th is was due to  rem old ­
ing o f  the silt y  subgrade so il w h ich  was qu ite wet at  t im e o f  
construct ion . A f ter  construct ion  o f  the test st r ip  and  p r io r
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to flight operation, a hard surface crust approx im ately
1 in. th ick  formed over the subgrade due to d ryin g ; this 
resulted in quite high surface C BR values with decreasing 
strength w ith depth.

In  flight operations, the planes were landed on the runway 
and stopped in as short a distance as possible by brak ing 
and reversing propellers. The planes were then tax ied along an 
interconnecting tax iway to a parallel tax iway and back to 
end o f runway fo r a new take- off. Traff ic cycles equivalent to

about 25 and 40 coverages o f  the C- 122 and C- 119 planes, 
respect ively, were made.

Com plete subgrade failure did not occur during the t raf f ic; 
however, the surface crust broke up rap id ly and rutting, 
and high deflections occurred in localized areas which were 
considered failed  at the end of flight operations. Soil- strength 
data were obtained during traffic operations in both satisfac­
to ry and failed areas. These data along w ith the behavior 
o f  the subgrade are summarized in table 2.

Ta b l e  2

Eva l ua t i o n  o f  Cons t r uc t e d , Un s u r f a c e d  Ai r s t r i p

Area Sta Behavior Test

Depth

in.

C B R

In -

Place

Value

Required

from
Design

Curve

C-122 A ircra ft, 12,000-lb Wheel Load, Tire Pressure 63 psi, 25 Coverages

Ru n wa y 3 +  50 N o  di s t r ess 0 8 7

6 7 2-2
12 5 <  2

16 +  00 Sur f a c e  cr us t  b r o k e n , 1-  t o 2- in. def l ect i on un de r  l oa d. Ru t s  2 t o 4 i n. de e p 0 — 7
2 4 4
8 2 <  2

14 7 —

Ta x i wa y 16 +  50 Sur f a c e  cr us t  b r o k e n , 1-  t o 2- in. defl ect i on un de r  l oa d. Ru t s  2 t o 4 i n. deep 0 — 7
2 4 4
6 2 2-2
12 2 <  2
18 7 —

C-119 A ircraft, 13,500-lb Wheel Load, Tire Pressure 78 psi, 40 Coverages

Ru n wa y 25 +  00 N o  dist r ess 0 8 8
6 9 2- 3

13 8 <  2
35 +  50 Sur f ac e  cr us t  br o ke n . Ru t t i n g  s t ar t ed wi t h  fir st  pas s . At  e n d  o f  100 cycl es  r ut s  2 0 — 8

t o 5 i n. de e p . (Fa i l e d) 2 4 4- 4
4 2 3 0
10 2 <  20
14 4 —

20 7 —

7 +  00 Sur f a c e  b r o k e n , r ut s  2  t o 4 i n. de e p . (Fa i l ed) 0 6 8
2- 5 3 4
6 2 2- 3
8 6 <  20
12 9 —

18 15 —

Ta x i wa y 7 +  00 St ar t ed s pr i ngi ng be t we e n  10 a n d  14 cycl es . Ru t s  2  t o 3 i n. de e p  at  e n d  o f 0 4 8
100 cycl es . (Fa i l e d). 2 4 4.4

6 3 2- 3
10 4 <  20
14 7 —

27 +  00 Sl i ght  r ut t i ng 1 t o 2 i n. de e p . (Sa t i s fac t or y) 0 6 8
4 6 3
8 6 <  2
12 9 —

18 16 —

Since the subgrade strength decreased with depth, the 
criteria fo r soil strength as shown on Fig . 8 should be used 
fo r evaluat ion. Design curves were derived to show the 
m inim um  soil- strength requirements fo r the exact loading 
and t ire pressures o f  the C- 122 and C- 119 aircraft  fo r the 
emergency category. These curves are shown on Fig . 11. 
The solid- line curves are basic flex ible pavem ent design 
curves fo r the emergency operational category. The dashed 
lines indicate the requirements fo r unsurfaced soils and 
were obtained by subtracting 7 in. from  the basic curves. 
The 7- in. reduction was obtained from  Fig . 7. The C BR

requirements as indicated b y the design curves (Fig . 11) 
corresponding to the various depths shown in table 2 are 
indicated in  the last colum n o f  table 2. By  com parison o f 
these requirements w ith the in- place C BR values, it  can be 
noted that no distress occurred where the subgrade strength 
was equal to or greater than the values indicated by the 
design curves. However, where the in- place values were less 
than those indicated by the design curves, failure occurred.

Tests with C- 123B and C- 130A aircraft—Data on soil-  
strength requirem ents fo r the C- 123B and C- 130A aircraft
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Fi g. 8 Theat er - of - oper at i ons  C B R  des i gn c ur ves  for  uns ur f a c e d a n d  membr ane - s ur f a c ed s ubgr a de s , e me r ge n c y  ope r a t i ona l  ca t egor y 

Gi a p h i q u e  C B R  p o ur  t er r ai ns  d ’opé r a t i ons  d ’ur genc e , n o n  r evê t us , r ecouver t s  d ’un  t api s  super f i ci el .

SIN G LE WH EEL T IRE PRESSU RE -  PSÌ N U M BER ‘ OF CO VERA GES

Fi g. 9 C B R  r equi r ed for  ope r a t i on o f  ai r cr aft  wi t h  s ingl e- wheel  a s s embl i es  o n  uns ur f a c e d  soi l s.

C B R  néces s ai r e da ns  l e cas  d ’a v i o ns  à  t r ain d ’at t er r i ssage à  r oue s  i sol ées  s ur  sol s n o n  r evêt us .

were ob tained  in  connection  w ith  tests m ade b y the A ir  
Fo rce Op erat ion al Test  Cen ter, Eg lin  A ir  Fo rce Base, Fla ., 
to  determ ine the op erat ion al su itab ilit y  o f  the aircraf t . The 
C- 123B is a high- wing t ransport aircraf t  designed to serve 
as an  assau lt  t ransport  cap ab le o f  op erat ion  on rough, unpre­
pared  land ing  strips. The design inclu des f u l ly  reversib le 
p rop ellers and t r icycle land ing  gear. Th e tw o  m ain  gears are 
single- wheel assem blies. Th e C- 130A air craf t  is sim ilar  to  
the C- 123B, ex cept that  i t  is larger, carr ies a g reater gross 
load , and is equipped w ith  single- tandem  m ain- gear assem blies.

Flig h t  operat ions were m ade at  tw o unprepared test sites : 
one near Eg lin  A ir  Fo rce Base, and the o th er near Pop e 
A ir  Fo rce Base, N o r th  Caro lin a. Bo th  sites were sim ilar, 
consist in g  o f  a sand subgrade w ith  a th in  cover o f  vegetation . 
Th e m ax im um  lon g itu d in al g rade was estim ated at  abou t
5 per cent. Bo th  areas were qu ite rough, w ith  bum ps and 
depressions o f  ab ou t 6  to  1 0  in .

Flig h t  operat ions consisted o f  land in gs, tax iin g , m ax im um -

effo rt  stops, tu rn ing , and take- offs. Th e general p rocedure 
was fo r  the p lane to f ly  in  o ver  a 50- ft obstacle, touch  down, 
and  stop  in  as short  a d istance as possib le, then tax i back  
to  end o f  ru n w ay and tak e off. Flig h t  op erat ions were m ade 
w ith  each p lane at  a range o f  w heel loads and t ire- in flat ion  
pressures.

Effects on subgrade— Th e surface o f  the sand subgrade 
deform ed and ru tted  severely du ring  the air craf t  operat ions. 
Th e ru t  depths increased  w ith  increase in  t ire p ressure, but 
were n o t  m ater ially affected b y increasin g  wheel loads at  a 
g iven  t ire- in f lat ion  pressure. Th e m ost severe d istu rbance 
to  the subgrade occurred  d u rin g  the m ax im um - effort  stops 
where the brakes were app lied  and the propellers reversed . 
Ru ts up  to  16 in . deep occurred  durin g  th is type o f  op erat ion . 
H ow ever, the p lane p u lled  ou t  o f  the ru ts as the brakes were 
released . Bo th  the C- 123B and  C- 130A air craf t  cou ld  tax i 
and tak e o f f  in  ru ts up to  4 to  6  in . deep. Th e C- 123B aircraf t
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T IRE PRESSU RE -  PSI N U M BER OF CO VERAGES

Fi g . 10 C B R  r equi r ed for  ope r a t i on o f  ai r cr aft  wi t h  mul t i pl e- wheel  a s s embl i es  o n  uns ur f a c e d soi l s. 

C B R  néces s ai r e da ns  l e cas  d ’avi ons  à  r oues  j ume l é e s  s ur  des  t er r ai ns  n o n  r evêt us .

Ta b l e  3

Su bg r a d e  Eva l ua t i o n  a n d  Indi ca t ed St r engt h Re qu i r e me n t s  
C- 123B Ai r cr af t

1

M ain-
Gear

Tire

Pressure

psi

2

Type o f  Operation

3

A ircraft 
Performance

4

Depth

o f
Rut

in.

5

Subgrade Evaluation 

Average Cone Penetrometer 
Reading at Indicated 

Depth, in.

6 1 7 

Sub g rade 

Rating

8 | 9 

Indicated 

C B R  Required

Cone

Index

Equiv­

alent

C B R
From

Test

From
Design

Curve0 2 4 6 8 10 12

Single, 16,200-lb Wheel Load

90 St r ai ght  t axi Bor de r l i ne 8 1 45 55 70 85 100 115 95 3- 1 3 1 5- 0
90 St r ai ght  t axi I mmo bi l i ze d 13 7 37 53 70 70 70 70 70 2- 3 >  2- 3
90 Tu r n i n g I mmo bi l i ze d 16 15 45 61 70 90 105 110 95 3- 1 >  3- 1
70 St r ai ght  t axi Sat i s fac t or y 4 10 30 60 75 85 110 115 95 3- 1 3- 1 4- 0
70 St r ai ght  t axi Sa t i s fact or y 2 15 50 80 90 125 130 140 120 4- 0 <  4 0

45
45

Single, 18,000-lb Wheel Load

41 St r ai ght  t axi Sat i s fac t or y 1 I 10 45 70 95 125 155 175 160 5- 3 <  5- 3
41 La n d i n g  t o u c h d o wn Ta i l  d a ma g e  * 8 15 35 60 105 115 95 95 105 3- 5 —

41 Ma xi mum- e f f o r t  s t op) Sa t i s fac t or y 8 1 10 30 55 85 110 140 160 125 4- 1 4- 1

Single, 19,800-lb Wheel Load

St r ai ght  t axi  
St r ai ght  t axi

Sa t i s fact or y
Sat i s fac t or y

1 ; 10 iI 55 I 80 I 130 M0 155 I 155 I 145 I 4- 9 I <  4- 91 3- 3
1 3 1 i o  ! 30 | 50 1 85 115 | 135 | 140 120 4 0 1 <  4.01

Single, 21,000-lb Wheel Load

49 St r ai ght  t axi Sat i s fac t or y 1 15 60 75 100 120 155 155 135 4- 5 <  4- 5
49 Re ve r s e d  pr opel l er s Sa t i s fact or y 2 8 38 65 80 110 135 160 120 4- 0 <  4 0
49 Ma xi mum- e f f o r t  s t op Lef t  t i r e l ocked 

c aus i ng 
s ki ddi ng

15 10 32 48 60 80 90 110 84 2- 8 2- 8

3- 6

N o t e  : C o n e  p e n e t r o m e t e r  r e ad in g s  s h o w n  u n d e r  c o l u m n  5 a r e  av er ag es  o f  s ev e r a l  r ead in g s  o b t a i n e d  ad j a c e n t  t o  t h e  in d i c a t e d  r u t .
T h e  c o n e  in d e x  v a l u e  s h o w n  u n d e r  c o l u m n  6  is  t h e  n u m e r i c a l  av e r a g e  o f  t h e  co n e  p e n e t r o m e t e r  r e a d i n g  f o r  t h e  6- , 8- , 10- . a n d  1 2- in . d ep t h s . 

*  U n u s u a l l y  h a r d  l a n d i n g  c au sed  s l ig h t  t a i l  d a m a g e  t o  a i r c r a f t .

was im m obilized  durin g  tax iin g  w ith  m ain- gear t ires in flated  
to  90 psi. Th e im m ob ilizat ion  occurred  in ru ts 13 to 16 in . 
deep. N o  take- offs o r  land ings were attem pted at  the 90- psi 
t ire pressure. A l l  land ings and  take- offs were accom p lished  
at t ire pressures o f  70 psi and  less.

Strength evaluation— D u rin g  the tests w ith  the C- 123B 
aircraf t , subgrade strength m easurem ents were m ade w ith  a 
cone penetrom eter h avin g  a 30- deg. cone o f  l/ 2- sq.- in. base 
area. D u r in g  the tests w ith  the C- 130A aircraf t , strength 
m easurem ents were m ade w ith  a sim ilar  instrum ent, called
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T a b le  4

Su b g r a d e  Eva l ua t i o n  a n d  Indi c a t e d St r engt h Re q u i r e me n t s  
C- 130A Ai r cr af t

1

A ircra j 

Gross

2

Loadir

Single 

Tan­

dem 

M a i ii- 
Gear 

Assem­

bly

3
g, lb

One 

M a i ii- 

Gear 

Wheel

4

Type o f Operation

5

A ircraft 

Perform­

ance

6

Depth

o f
Rut

in.

7

Subgrade Evaluation

Average A irfie ld  Penetrometer 
Reading at Indicated Depth, in.

8 1 9

Sub grade 

Rating

10 I 11

Indicated 

C B R  Required

Soil

In ­

dex

Equiv­

alent
C B R

From

Test

From
Design
Curve0 2 4 6

___
8 10 12

M ain-G ear T ir Pressure, 60 psi

80,000 36,000 18,000 St r ai ght  t axi Sat i s fact or y 4 0 0 1- 7 4- 7 7 0 8- 3 9- 0 9- 0 8- 3 7- 4 5- 0

3 0- 2 1- 8 3- 0 4- 4 5- 4 6- 0 6- 8 5- 6 4- 7 4- 7

2 0 1 1- 7 2- 9 4- 2 5- 6 6- 7 7- 0 5- 9 5- 0

1 1 0 3 0 4- 5 6 0 7 0 7- 4 7- 6 7- 0 6- 0

80,000 36,000 18,000 Tu r n i n g Sat i s fact or y 7 0- 5 0- 9 1- 3 1- 9 2- 5 2- 9 4- 0 2.8 2- 1

5 0 0 1- 5 2- 5 3- 1 3- 8 4- 3 4- 4 3- 9 3- 1 5- 0

3 0- 5 1- 6 2- 9 3- 9 4- 8 5- 3 6- 0 5- 0 4- 1

1 0- 7 3- 0 4- 7 6- 5 8- 0 9- 5 10- 0 8- 5 7- 6

80,000 36,000 18,000 Ma xi mum- e f f o r t  s t op Sat i s fact or y 16 0 0 1 0 1- 7 2- 3 3 0 3- 3 4- 0 3- 2 2- 4 >  2- 4 5- 0

8 0- 5 2- 2 2- 9 3- 8 5- 6 5- 8 6- 1 5- 4 4- 5

90,000 40,500 20,250 St r ai ght  t axi Sat i s fact or y 5 0- 5 1- 1 2 0 2- 7 3- 9 4- 5 5- 8 4- 2 3- 4 3- 4 5- 1

4 0- 9 2- 4 3- 4 4- 6 5- 6 6- 0 5- 8 5- 3 4- 4
2 1- 5 2- 5 3- 3 4- 3 6 0 7- 0 7- 0 6- 1 5- 2

1 1- 0 3- 3 5 0 6- 5 9- 5 8- 4 8- 4 8- 2 7- 3

90 ,000 40,500 20,250 Tu r n i n g Sat i s fact or y 4 0- 6 1- 5 2- 3 3- 4 3- 9 4- 3 4- 9 4- 1 3- 3 3- 3 5- 1

3 0- 8 1- 8 2- 8 3- 7 4- 8 5- 2 5- 6 4- 8 4- 0
2 0- 7 2- 3 3- 4 4- 5 5- 3 6- 0 6- 5 5- 6 4- 7

1 1 0 3- 0 4- 2 5- 5 6- 7 7- 3 8- 0 6- 9 6- 0

90,000 40,500 20,250 Ma xi mum- e f f o r t  s t op Sat i s fact or y 10 1 0 2- 0 3 0 3- 8 4- 3 4- 3 4- 8 4- 3 3- 5 3- 5 5- 1

8 0- 8 2- 4 3- 2 3- 7 4- 3 5- 0 6 0 4- 8 4- 0

96,000 43,250 21,625 St r ai ght  t axi Sa t i s fact or y 5 0 1 1 0 1- 9 2- 5 3- 3 4- 1 4- 4 3- 6 2- 8 2- 8 5- 3

1 1- 0 3- 8 4- 8 5- 9 7- 8 8- 9 9- 8 8- 1 7- 2

96,000 43,250 21,625 Tu r n i n g Sat i s fact or y 4 0- 9 2- 6 3- 6 5- 0 5- 9 6- 5 7- 1 6- 1 5- 3 <  5- 3 5- 3

1 2 0 5- 5 7- 6 10- 5 10- 9 11- 5 11- 3 11- 0 10.0

102,000 46,000 23,000 St r ai ght  t axi Sa t i s fact or y 3 0- 1 1- 4 2- 4 3- 9 5- 1 6- 4 7- 5 5- 6 4- 7 <  4- 7 5- 5

1 2- 1 4 0 7- 5 9- 9 11- 8 12- 0 12- 0 11- 4 10- 4

M ain-G ear Tire Pressure 55 psi

100,000- 57,200 26,000 St r ai ght  t axi Sa t i s fact or y 2- 1/2 0- 5 1- 3 2- 41 4- 1 5- 8 7- 3 8- 0 6- 3 5- 4 <  5- 4 5- 4
116,000 1 0- 6 2- 1 4- 3 7- 2 9- 2 10- 3 10- 5 9- 3 8- 3

1/2 0- 5 3- 9 7- 4 10- 2 14- 0 14- 0 14- 0 13- 0 12- 0
100,000- 57,200 26,000 Tu r n i n g Sat i s fact or y 3 0- 9 4- 1 6- 6 8- 2 10- 8 11- 5 12- 0 10- 6 9- 6 <  9- 6 5- 4
116,000 2 0- 8 2- 9 5- 3 8- 0 10- 3 13- 2 14- 5 11- 5 10- 5

100,000- 57,200 26,000 Ma xi mum- e f f o r t  s t op Sat i s fact or y 11 0- 5 2- 1 3- 7 6- 3 8- 3 9- 7 10- 0 8- 6 7- 7 5- 4

116,000 6 1- 3 2- 2 4- 0 5- 8 7- 719- 0 10- 0 8- 1 7- 2 <  7- 2

N o t e  : A i r f i e l d  p e n e t r o m e t e r  r e a d in g s  s h o w n  u n d e r  c o l u m n  7  a r e  av e r ag e s  o f  s e v e r a l  r ead in g s  o b t a i n e d  a d j a c e n t  t o  t h e  in d i c a t e d  r u t .
T h e  s o i l  in d e x  v a l u e  s h o w n  u n d e r  c o l u m n  8  i s  t h e  n u m e r i c a l  a v e r ag e  o f  t h e  p e n e t r o m e t e r  r ead in g s  a t  t h e  6- , 8- , 10- , a n d  1 2- in . d ep t h s .

a n  a i r f i e l d p e n e t r o me t e r , wh i c h  h a s  a  30- de g. c o n e  wi t h  a  

ba s e  d i a me t e r  o f  1 /2  i n . (a r e a  0 1 9 6  s q . i n .) .  Su f f i c i e n t  in-  

p l a c e  C B R  de t e r mi n a t i o n s  we r e  m a d e  a l o n g  wi t h  t he  p e n e ­

t r o me t e r  r e a d i n g s  t o  o b t a i n  a  c o r r e l a t i on  b e t we e n  p e n e t r o m ­

et er  r e a d i n g  a n d  C B R .  T h e  s t r e ngt h  m e a s u r e d  wi t h  t he  

p e n e t r o me t e r s  wa s  c o n v e r t e d  t o  C B R  f or  c o m p a r i s o n  wi t h  

d e s i gn  r e q u i r e me n t s . T h e  da t a  c o l l ec t e d d u r i n g  t he  t es t s  

wi t h  t he  C- 123B a i r c r a f t  a r e  s u m m a r i z e d  i n  t a bl e  3 .  T h e  

c o n e  p e n e t r o me t e r  r e a d i n g s  s h o wn  i n c o l u m n  5 we r e  o b t a i n e d  

a t  v a r i o u s  i n c r e me n t s  o f  d e p t h  i n  u n d i s t u r b e d  s oi l  a d j a c e n t  

t o  t he  r ut s  m a d e  b y  t he  a i r c r a f t  a n d  a r e  a s s u m e d  t o  r e p r e s e n t  

t he  s u b g r a d e  s t r e ngt h  wh e r e  t he  r ut  o c c u r r e d . T h e  r e a d i ngs  

we r e  v e r y  l o w a t  t he  s u r f a c e , b u t  i n c r e a s e d  r a p i d l y  t o a  d e p t h  

o f  6  t o  8  i n . wi t h  a  t e n d e n c y  t o  l eve l  o f f  b e l o w 8 i n . T h e  

l o w s ur f a c e  s t r e ngt h  wa s  d u e  t o a  l o o s e  s u r f a c e  c o n d i t i o n  o f  

t he  s a n d  r e s u l t i ng f r o m  t he  l a c k  o f  c o n f i n e me n t  a n d  wa s  a  

f a c t o r  i n f l ue nc i n g  t he  d e p t h  o f  r u t t i ng. Ho we v e r ,  t he  pi l ot s  

e x p e r i e n c e d  n o  di ff i cul t i es  i n o p e r a t i n g  t he  p l a n e s  i n r ut s  u p

t o  4  t o  6  i n. d e e p . Th e r e f o r e ,  f o r  t he  s a n d  s u b g r a d e s , t he  

s t r e ng t h  b e t we e n  t he  6  a n d  12- in. d e p t h  a p p e a r e d  t o  b e  

t he  c o n t r o l l i n g  f a c t o r  i n  t he  over - al l  s uc c e s s f u l  o p e r a t i o n  

o f  t he  a i r c r a f t . T h e  a r i t hme t i c  a v e r a g e  o f  t he  p e n e t r o me t e r  

r e a d i n g s  f o r  t he  6- , 8- , 10- , a n d  12- i n. d e p t h s  wa s  u s e d  i n 

r a t i n g  t h e  s u b g r a d e ;  t he s e  r a t i ngs  a r e  s h o wn  i n c o l u m n s

6  a n d  7  o f  t a bl e  3.

Strength requirements— T h e  i n d i c a t e d  C B R  r e q u i r e d  f o r  

s a t i s f a c t o r y  o p e r a t i o n  o f  t he  C- 123B a i r c r a f t  is s h o wn  i n 

c o l u m n s  8  a n d  9  o f  t a bl e  3. T h e  va l u e s  i n  c o l u m n  8 a r e  b a s e d  

o n  t he  s u b g r a d e  r a t i n g  (c o l u m n  7 )  a n d  t he  a i r c r a f t  p e r f o r m ­

a n c e  ( c o l u m n  3). F o r  e x a m p l e ,  r e f e r  t o  l i ne  1 o f  t a bl e  3. 

A  s t r a i ght  t a xi i n g  o p e r a t i o n  wi t h  a  16,200- l b , s i ngl e - whee l  

l o a d , 90- ps i  t i r e p r e s s u r e , o n  a  s u b g r a d e  wi t h  a  C B R  o f  3- 1 

r e s u l t e d i n  a  r ut  8  i n . d e e p . T h e  a i r c r a f t  wa s  a b l e  t o  c o n t i n u e  

m o v i n g  t h r o u g h  t he  8- i n. r u t , bu t  wa s  i mmo b i l i ze d  i n  a  

13- i n. r u t  (l i ne  2 )  wh e r e  t he  s u b g r a d e  C B R  r e q u i r e d  f or

3 5 6



Th e re lat ive ly  deep ruts ind icated  du rin g  land in g  operat ions 
d id  n o t  affect the op erat ion  o f  the air craf t , as the wheels 
clim bed  out o f  the ruts as soon as brakes were released. 
Th e C BR values listed  in colum n 9, tab le 3, were obtained 
from  Fig . 9 w h ich  show the design cr iter ia fo r so il strength 
fo r  op erat ion  o f  aircraf t  w ith  single- wheel assem blies on 
unsurfaced soils. Th e values listed  are the ind icated  C BR 
requ irem ents fo r  one coverage.

Sim ilar  d ata obtained du ring  op erat ion  o f  the C- 130A 
aircraf t  are shown in tab le 4. Th e ind icated  C BR 's  requ ired , 
listed  in  co lum n 11 o f  tab le 4 , were obtained from  Fig . 10 
w h ich  ind icates the C BR requ irem ents fo r  op erat ion  o f  
a ir craf t  w ith  m ultip le- wheel assem blies. Fro m  both  tab les 3 
and  4, i t  can  be seen that  the ind icated  C BR  requ ired  b y 
the design cr it er ia is in  fa ir  agreem ent w ith  the values in d ica ­
ted as being required  b y the test.

Fi g. 11 Cur v e s  der i ved f r o m t heat er - of- oper at i ons  fl exibl e 
p a v e me n t  des i gn c ur ves , e me r ge nc y  c a t egor y, s i ngl e 

whee l s .

Gr a p h i q u e  C B R  c o mp a r é  da ns  l e cas  nor ma l  et  cel ui  des  
t er r ains  e n  zo n e  d ’opé r a t i ons  d ’ur genc e , cas  des  
zone s  i sol ées .

Conc l us i ons

The soil- strength requirem ents fo r op erat ion  o f  aircraf t  
on unsurfaced so ils, as shown on Figs. 8 , 9, and 10, h ave been 
reasonab ly w ell valid ated  and can be used w ith  confid ence 
in  select ing  unprepared land in g  areas.

tax iin g  o f  the air craf t  is g reater than 2- 3 and abou t equal 
to  3*1. Ho w ever, w h ile the air craf t  was tu rn ing  in  an area 
where the subgrade C BR was 3*1, it  was im m ob ilized  in  a 
16- in. ru t . Therefo re, fo r  over- all successful op erat ion  o f  the 
air craf t  w ith  a 16,200- lb wheel load  and 90- psi t ire pressure, 
a C BR g reater than 31  is requ ired . Fo r  the tax i test w ith  
70- psi t ire pressure, a ru t  4 in . deep was m ade in  the subgrade 
w ith  a C BR o f  3- 1. Th e p lane was successfu lly operated fo r a 
num ber o f  land ings and take- offs where ruts o f  th is m agnitude 
were m ade du ring  tax iing . Therefo re, a C BR o f  3-1 is considered 
adequate. Fo r  t ire pressures o f  less than 70 psi, the in- place 
strength was m ore than adequate fo r  the aircraf t  operat ions.
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