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PREFACE

This repor t was prepared by the Air Force Clvii Fngi-
neering Center (AFCEC) , Tyndall Air Force Base , Florida
under job order 21042B22. This report sumMarizes work
done between r~ay and August 1976. Captain Raymond S. Rolli.ngs
was the project engineer.

This report has been reviewed by the Informati.r. Office
( f l )  and is releasable to the Nationa l Technical I n fo r~; ,.i t icn
Service (NTIS) where it will be available to the general
public including foreign nations.

This technical report has been reviewed and i s aM . ro ved
for publication. 
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SECTI IN 1

IN T RODU C TI  ON

C u r r e n t  US AF Bomb Damage f le p a i r  ( B D R )  p r o c e d u re s  r e qu i r
r h e  u~~o of debr i s  b a c k f i ll  f o l l o w e d  b~ a 1 — f o o t  ba.~e cours
(~ f s e l e c t  f i l l  and a s u r fa c i ng  of AM— 2 mat t ’ camp it ’t e ex~p c d i e n t  r epa i r s  to bomb c r a t e rad  r u n w a y s .  This  sel ct  ~i 1 1
serves two purposes .  F ir s t , ic  reduces the  s t re ss es  ‘ - : lopt-
in  t he  deb r i s  b a c k f i l l.  A d d i t i o n a l l y ,  i t  orot t c ts  tht. ~~i - 2
l a n d i n g  mat  panel s  f rom p u n c t u r e  and  dam age f r ~~m pa v& ~ n c - n~f r agm e n t s  ~ nd s l ab s  in the de b r i s  b a c k f i l l .

C u r r e n t  r u u l a t  ions  p r ov ide~ no g u i d a n c e  011 t I e  ace t —

a b i l i ty  of d i f fe r e n t  m a t e r i a l s  as select  f i l l , .lfld tL ’~presen t  r e qu i r e me nt  fo r  a 1—foo t  t h i c k n e s s  of ~e I t c t  f L~based on very  l i m i t e d  t e s t i n g .  The purpose  of t h i s  7 t T ~c r t
is to review available informa tion from past t t  s ts  an-J ~c
develop tentative guidelines for acceptable select f i l l
materials and the required select fill thiekness cv~~i .b~~.’ t i : ~
subg rades.
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Table 1. CBP OF V A R I O U S  D E B R I S  B A C K F I L L S

Location ~~ .1 a Depthb CBR It~C

1. Ft Bragg 1962 (reference 1)

Test i SF 0 5 — —

: = =
2. Eglin AFB 1963 (reference 2)

Test i SP—SM 6 4 1.0 -

4. Tyndall AFE 1973 (reference 3)

Test 1—2 CL 0 13 4.5 98.4

4. Tyndall AFB 1974 (reference 4)

Test 1 SC 0 7 9 .7 127
- SC 16 6 8.9 134

Test 2 SC 0 9 5 . 5  125

SC 12 7 4 . 5  122

Test 3C GWC 12 7 3 . 5  136
aBackfill so il type by United Soil Classification
System .

b
D t h  below surface of backfill (in ).

C
Entire crater was backfilled with a GW select fill.

At the compacted surface , CBR was 31.

MC = Moisture content (pu ~rcent)

= Density (PCF).

3
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S1-:c’l’ r cv: III

MATERI AL REQUIRE MENTS

The AM— 2 l a n d i n g  mat was desi gned to ope ra te  on
subqr ades  w i t h  CB R ’ s as low as f o u r , so m a t e r i a l  s t r .Tn ’-01~
requirements are not unduly restrictive. The time limita-
t~.ons and general emergency opera tion conditions associat’-id
w i t h  BDR a l low fo r  only  m i n i m a l  compac t ive ’  e f f o r t s  o1 the
base course and prob ably  no c o n t r o l  ove r t h e  r o l s t u r r s  of c_he
base course. With these limitEtion s in mind , potenti .l
m a t e r i a l s  can be divided i n t o  two ca tegor ies : n a t u r a l  s o i l s
and  c rushed a g g r e g a t e s .  Of the n a t u r al  so i l s , a l l  c 1 m ~ and
silt soils1 including SM and SC soils~ are ur isuitnLle because
of d i f f i c u l t y  in  h a n d l i n g  the r a t e r i a l s  and t h e i r  s e n s i t iv i t c i
to moisture . Carrol and Sutton (reference 5) successfull y
used sand (SM-SP) as a select fill material with AM— 2 , hu t
d e t a i l s  of the test  are not repor ted .  L i t t l e  in f o r m a t . ior ;
is ava i l ab le  on the use of san.1 w i t h  AM- 2 mat , hut if ver :
f i n e , s i l t y  sands  are avoided , sand could be e x p e c t E d  to
perform satisfactorily as select fill for the base course .

Uniform—sized aggregates offer several potential - T iJva n-
tages i n c l u d i n g  the a b i l i t y  to ga in  d e n s i t y  w i t h o u t  coneri :t ins-
by ‘ r a i n i n g ” techniques  and r e m a i n i n g  u n a f f e c t e d  h~’ m o i s t u r e .
Forrest and Shugar (reference 6) successfully obtained
relative densities in excess of 80 percent for a 3/4-inch
graded aggreqate and a 3/8—inch uniform aggregate when
rained from a height of 40 inches or more . At heights of
fall below 40 inches , the uniform aggregate had hig hor
relative densities than the graded aggregate until at a zero
heigh t of fall the uniform aggregate ’s relative density w - it ’~
40 percent , compared to the graded aggregate ’s 20 percent.
In contrast, a uniform sand never obtained densities in
excess of 60 percent even from heights of fall of 60 Inches.

When mode l craters were backfilled by pushing 3/8-inch
uniform aggregate and 3/4-inch graded aggregate into the
crater from the top , relative densities of 30 percent n i l
percent for uniform and graded aggregate were all t m i t  could

be obtained. These materials were found to perform i - i t - r 1 t m ~~t e1 ’,’
in this loose state only if confined by a cap with ‘he
rigidity equivalent to 6 inches of portland cement ~.uncio’T .e .

Results of plate load tests on 3/4—inch qradecl auc;retI lit s ’ ‘j I

65 percent relative density , 3/4—inch graded m’iqgrr’qatt ’ w i t ’

moderate field compaction , and 3/8—inch uniform a- ; t r ’a ;u ” ,it

5
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cont rol was not necessary , and s i m p l y a d d in q  C X c ’+,’SS W~~t ‘- r  I - ‘

the  surface was .tdequate (reference 8). F rom the resu lts
ob ta ined  at WES snd Tynda l l  AFB , c o h e s i o n l e- i s , gr ided CI I I : , l l : - ,1

agg rega t e  w i t h  less than  10 percent passing the 200 s i”v e
w o u l d  be an acceptable  select f i l l  wh ich  w ou l d  ob t a i n  lii ’ ’ o s i
results when placed wet , but which can still provide :i ’c~ -s t  i l I t -
strength characteristics when placed dry .

Naturally occurring gravels can be expected t~~
lower stabilities than the crushed aggregates , (Tu- to t l i e i o
rounded particle shape . This is in contrast to th~ h m ’ l h
angularity and interlock of crushed aggregate p .iiticle .; .
These natural gravels are inferior to crushed aggregate , h u t
if they are within the base course specifications or ctasm ;t :’C-”
as GW by the unified soil classification system , they could
be used as an emergency substitute.

~1 
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T~tb1e 3. 1~,E .- t ’ I R E D  H I  Cl NO’i I . I . 1 ~ ’I ’ LAYER Til l .‘N~~1-1~’ :

A ircraft - . F—4 , P .17 , 000  I1 1. = 102 in 2 , t i r e  p r e ssu l o  =
265  p s i , ‘i ’R = 18

CBP. 1O Covcr .~~~esul 40  Co~~1’rayes 2 00  Covera
~~
os1

1.0 9 . 3  1 . 0 31 .

1.5  4 . 2 1 
1 2 . 0 2 2 ,~~’

2 . 0  1 .2  8 . 2  I t - . “ ‘

2 . 5  — 5 , 4 b

3.0 -‘ 3 . 3  q .9

3-5 - 1. 7  7 . 8

4.0 —

a
For channelized F—4 traffic , one covera qe is t ” s,i i I”
7.36 cycles, where one c”cle is a takeoff and a land is’s:
(reference 12) .

b~1~~~~ reCommended thickness is 6 inches (reference i i )
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