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,BSTRAC T :  The r e s i s tance of r e inforc e d  earth t o  impa c t  loading i s  examin�d 
by conducting an ilfll)ac t  l oad t e s t  on an ins trumented model f o o ting r e s tIng 
o n  the surface of s o i l  that is reinforc ed by cJ ifferent types of geogrid 
reinforcement . The t e s t  resu l t s  revealed that r e inforcing the s oi l improve 
l ts r e s i s tance to impac t loading 0 Thi s  improvement was found t o  be de pel:.
dent on the d e p th of tJ:e t o p  m o s t  reinforc ement l ay e r ,  numb e r  of reinfor
c ement layers , the s tiffn e s s  and the aperture size of the g e ogrid s .  

1 INTRO:r;UC TI ON 
Imuact load i s  one of the dy namic 
l oad types which is a nonvibratory 
time-depend ent l o ad s .  The d emE.nd 
for a better unders tandi.ng of the 
behaviou.r of .f'o 'J ti,ngs under impact 
l oad s has i ncreas e d  r e c en t ly due 
t o  the indu s tr i a l  revolution vlhich 
produced types of large machine 
such as forging and s t e am hammers 
which d e ve l o p  large impact load 
appliec to t(, e i r  foundation . This 
paper h i gh .light s  'the resi s tance 
o f  reinfor c e d  earth t o  im�act loading and draws the attention on 
some of the var i ab l e s  that affec t 
i ts beh·�.viour . This i s  done by c on
d u c t.ing an experimental study ort 
a surface f o o t i ng r e s ting on s o il 
that t s  reinforced \ri th d i fferent 
types cf reinforc ement . The f o o t 
ing i s  sub j ected to im�act l oad ing 
and the refnJ l t s  were compared wi.th 
a s,ilJ i lar Ret  up wi thout _r e i n f o r c e 
ment . 

A . gener2.1 v i ew o f  the tes t,inE; equ !.:pment i s shown in Figur e .  1 • Fi v e  
m a l n  par t s  (;on b e  0 b�·H:�rved . The 
��r s t part i s  a box of int ernal O l!l1ension 300 x 800 x 6 1 0  m!D. . 'l'h e 
d i�ensi ons were c t o s en i n  such a way to produ c e a H emi - i�finit e 
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m e d i a  e.nr. make the boundary effee t 
negligibl e .  A d ouble she e t  of poly
thelen s epRt.-Hted with a thj 11 fi l m  
o f  arease covered the i ns i d e  box 
faces are u s e d  to reduce the s l ight 
f r i c t i on which might d ev e l oped on 
the box sid e s . Th e s e c ond Dart i s  
a densi ty c on t r o l  system t o  obtain 
R. unifor!'1 C ens i ty i n  the box . ThE: 
third part 18 a square f o o ting of 
d imensi ons 60 x 60 x 50 mm instru
TIlented by an impact c e l l  to permit 
measuring the induced for c e s .  , I'he 
four�� �&rt i s  ilGpac t measurement 
d ev i c e s  whi ch c onsi s t  o f  an impact 
c e l l  j!Ounted i n B i d e  the f o o ting 
m o d e l  and an LVTr� and (l ial gauges 
t o  measure- the f o o t,tne: u i Bp.laC e:nen t o  
T.v;\) :3..s 8 i o te�nc e  8.ffi ;)li fiers cireui ts 0'£' d i f ferl�nt c �!.pH e i  t i e s were u s e d  
t o  magni. fy t::1 B transrr..i. ttal, "'ligne .. i 
fr o!ll the tran s ducers to 8. dual 
beam s t o J:" 5.ge o s c i i l o s c o p E  w!l i ch 
t L'B-Cf! S  the r e c .i ev-ec. s i.gnalB on 
::i l.:·, c:'1:"e�n ','.Ii th t,:i. iI18 c oordi, n�::.tes . 
An e x tB-cual -cri £;cc r i.nc; ( I,h:;to c e l l )  
\'/1 til apJ!rol"JI'i rite d e lay t.i. nle Yi8..D 
u s e d  to 8.d j u��t T�:.'? ·:� t:rU�ing time 
w i th the e. isYlHl t rac :LrJ.g ti !!le . rh e 
f i f t h  ;?�).r t "i s  t h e  i HiP8.C t .l o e.d.ing 
� y stem whi c h  c one:i.sts of t1:18 fall
i ng \'·J e i .:::;11 t ( a fabrj,.c (�.ted s t e e l  
nlHSS \'·:'e'.i. g:::i.ng 1 7 50 c�ril ) �:nd 8_ guid 8 .  

The rei.nfor c eJi1en t used v;ere poly
llier lfi8shes ( Ne t lon CE 1 1 1  & � 2 1  ) 
lind po lSl118r 5t'j. (.l S  ( rpG D s '':ir �") S 1  , �3S2 & 323 ( Tab l e  1 J .  The �' oi L u2�d 
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Table 1 .  Pro perties of the geomeshes and geogrids  used 

Aperture size  Tensile s trength stiffness 
mm KN/m KN/in 

CE 1 1 1  8 x 6 2 1 6 . 4  CE 1 2 1  8 x 6 7 . 68 1 20 
Tensar SS1  2 4 . 7  x 34 . 7  1 2 . 5  3 50 
Tensar SS2 25 x 37 1 7 . 5  420 
Tensar S S3 46 . 6  x 66 . 7  1 6 . 1  2 60 
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was uniform sandt C. d=1 8 . 33KN/m3 ; 
q, =39(J ) ,  For more details on 

the testing apparatus and materials 
s e e  AL-Dobaissi ( 1 990 ) .  

3 TESTING PROGRAMME AND PROCEDURE 

The detailed tes ting programme in
voloves 5 2  impact tests . The var
iables are 5 types of reinforce� 
meni ( Table 2 ) ; number of rein
forcement layers ( 1 , 3, 5: 5 )  and depth 
of top most reinforc ement layer 
U ( U=B/6 ; P/3 ; B/2 Ii: E )  • In 
addition to tests on unreinforced 
soil are performed for c omparison . 
The testing procedure s tarted by 
placing the sand in the box in 
layers . The reinforcement mesh were 
laid d own at the level required . 
The sand filling operating and the 
placement of the reinforcement 
meshes c ontinued to the level of 
footing •. The ins trumented footing 
was placed on the sand surface . 
The LVDT, dial gauges and the st
riker weight were mounted in their 
postion and the instrumentation 
then c onnected to the power Bupply 
and the storage osci llosc ope . The 
test started when . the stopper pin 
was pulled out and the weight 
allowed to s trike the footing . 
When the weight fell on the foo 
ting , a two signals transmitted 
from the impact load cell to  the 
"LVDT" which were traced on the 
osillos cape screen in the form of 
load and movement V s . time which 
can be recorded On s pecial paper . 
The permanent settlement can also 
be read by the dial gauge . 

4 RESULTS AND DISC-USSION 

A typical impact test results on 

reinforced soil is shown in Fig . 2  
& Fig . 3 .  The figures show the var
iation of settlement and s tress 
versus time his t ories during the 
impact test  for different types 
of reinforcement . The figures in
di cate that the stress reached i t ' s  
peak value i n  less than( 1 ms ) then 
a decay to zero in less th�n ( 3  ms ) ;  
The settlement lagged the be gining 
of stresses  in about ( 0 . 9  ms ) with 
a peak nermanent settlement reached 
in more

·
than( 1 2  ms ) .  The figures 

also indicate that the s e ttlement 
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rable ( 2 ) :  oetail_ or: Il:Ip,aet Tasting ProqrIl.Ure 

SUBSOIL REINFORCEXEH'l' MO. OF DEPTH OF TOP 

riP. ,.,,, .... ,... otOSr UINP'. LAYER 
, (0) 

Unreinf. - - -
reinf.' Netlon CE 111 • 8/6:8/3;8/2;8 

reinf. Ne';:lon CE 111 J ;  5 8/6:8/3;8/2 

rein!. Netlon CE 121 . . B/G;Sll tB/2iB 
feinf. Netlon CE 121 3; 5 8/6;8/3;8/2 

reJnf. 'l'er;sar 55l • 8/6;8/3 ;8/2;8 
reinf. Tensar SSl 3; 5 8/6:8/3 : 8/2 

reint TII:Jsar SS2 • 8/6;8/3 ;8/2:8 
reinf. Te::sar SS2 3; 5 8/6;8/3;S/2 

reinf. 'I'ensar 5S] • 8/6;8/3 ;8/2;8 
reinf. Tens,,"!;, SS3 31 5 8/6;8/3:3/2 

Total number of tests 
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RCINfORCED WITH .ONE LRVell: or TtNSAR SSI 

increased rapidly in the fi�st 
( 4-5 ms )followed by a small reco
very after which the s e ttlement 
c ontinue to increase with l ow rate . 
The trend of these curves are very 
similar to that of unreinforced , 
s oil  reported by Al�Saffar ( 1 989 ) ,  
Cunny and Sloan( 1 96 1 ) and Wetzel 
and Vey ( 1 970 ) • A c omparison bet-



ween the reinforced and unreinfor
c e d  soil  has indicated that insui te 
of the same trend obtained , the -
r atio of s e t tl ement rec overy in 
reinforced s o i l  to the permanent 
s ettlement i s  higher . This be att
r i buted to the presence of rein
f orcement very close to the foo 
t ing base which increase the penet
ration resis tance . 

4 . 1  Eff e c t  of the top most rein -
forcement layer d epth( U)  

In order to d emonstrate the resis
t ance of reinforced earth to impact 
l oading a factor( I') ) i s  introduced 
t o  define the effici ency of rein -
f orced earth t o  such type of load-
i ng '1 = permenent s e ttlement of 
unreinforc ed s Oi l/permanent se ttle
ment of reinforced soil  under the 
s ame s tres s . Fi gures 4 t o  6 display 
this fac tor 'l. and U f or five different 

types of reinforcement ( s e e  !able 1 )  
and different reinforcement layers . 
A peak point at U = B/3 indicating 
a very good efficiency i s  obtained 
f or all types of reinforcement 
used except for Tensar S S3 where 
the peak point i s  d i fferent . This 
peak value ( at U = B/3 ) seems to 
b e: ind ependent of the number of 
reinforcement layer s ( Fig . 7 ) .  At 
a d epth of less than B /3 , the po
s i ti on of the top most reinforce
ment layer is t o o  close  to the 
f o oting leading to a small imrove
ment in the capacity of reinforced 
e arth to impact loading .  Thi s  is 
propably because of the little 
s oil mass above the first layer 
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that can generate an interlocking 
re sis tance between s oil particles 
and the geogride . When U > B /3 
the e ffici ency i s  also de creased 

. � .. '---""",:--;:-,;:---;::,;;:
-

-'-'---"'---;;-
-

-' 
B/6 B/3 B/2 B 

as the reinforc ement at such d ep-
ths lies in the zone of low s tr-
esses c oming from the footing and 
therefore reduce their contribu-
tions in carrying the load 

4 . 2 Effect of number of reinforce-
ment layers 

Figure 8 ind i cates the increase 
in efficiency of reinforc ed s oil 
with number of reinforcing layers 
up to a value of three after which 
there are very little improvement . 

656 

"" .. , 
,., <> , .. " " , .. . � , ., ... ... , .. " 

.c , ., 
- , .. .... '" , ., " -g 1.2 
o 1 . 1  S ... " .. 

Depth of top most rein. layer (U) 

FIVE LAYERS 
_ lCNIORIIt SU ---�-- TtNIiRIII S51 __ - TCHSM SSJ 

� ··L-�V�6��V�3--�V�2��--�---Bt-� 
Depth of top most rein. layer (U) 

n i '  c 6 ) THE VRRIATlON Of RCINroRctO tARTH trnCIENCY 
wnH 'tHE; DE:PTH or TOp 110ST RUN. LAYER CU) 



The t e s t  results revealed that 
regardless  of the reinforcement 
type , the layers should be spread
ed wi thin a depth � B be low the 
footing base to gain a very good 
efficiency of reinforced earth 
when sub j e c ted to impact loading . 
The reason of increasing ( �  ) 
wi th number of layers i s  the ac ti'on 
of 'reinforcement which bring the 
s oi l  t o  a more stable mass against 
footing pene trati on.  The same 
trend of behaviour was reported 
for s tatic t e s t s  on reinforc ed 
earth ( Binquet  and L e e  1 97 5 ,  AL
Mosawe and AL-Saffar 1 980) . 

4 . 3  Effe c t  of s tiffness of the 
reinf orcement 

Two s e t s  of t e s t  results are choo
sen for c omparison in each of 
which the type of. reinforcement 
has the same aperture size while 
the s ti ffnes s  is different( Ne tlon 
CE 1 1 1  & 1 2 1  and Tensar SS l  • SS2 
& S S3 ) . Thi s  c omparison i s  presen
ted in f igures · , 4  to :8 • The figures 
indi cate that the reinforcement 
which have higher >'. tiffnes s  ( Table l )  
gave higher efficiency provided 
that the aperture s i ze is same . 
Also the weakness o f  the one type 
of reinforcement c ould be overcome 
by increas i·ng the number of rein
forcement layers .  In figure 8 the 
effici ency of s oil  reinforc ed by 
the Ne t lon CE 1 1 1  which have low 
s tiffness increased from 1 . 1 8 to 
1 . 58 ( i . e . 34% ) when the number of 
reinforcement layer increased from 
'1 to 3 • 

4 . 4  Effect of the aperture s i ze 

To s tudy the effe c t  of the aperture 
s i ze on the effici ency of reinforced 
earth subj ec ted to impact l oading, 
Fi g . 9  pre s ented a compari son bet
ween the tests results obtained by 
using reinforcement of different 
si zes of apertures( Table 1 ) • 

The figure indicates that al
though Net lon CE 1 2 1  has small ten
sile s trength ( 7 . 68 KN/m) and small 
aperture s i ze ( 8  x 6 mm) , i t s  eff
iCiency ( �  ) i s  much higher than 
that of T"ensar SS l  which posses 
higher s trength ( 1 2 . 5  KN/m) but 
larger aperture size . Also Tensar 
SSl  gave slightly higher capacity 
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than T ensar S S3 inspite of the 
,latter strength ( 1 6 . 1  KN/m ) but 
larger aperture size . This means 
that as the aperture s i ze d ecrease s ,  
the e fficiency ( Yl. ) i ncreases 
provided that the tensile s tresses 
i n  the ge ogrid due to the applied 
impact load is less than the ten� 
s i le s trength of the geogrid itself . 
Thi s  i s  mos tly because of the in 
terlocking me chanism between soil 
particles and the geogrids which 
i ncreases as the aperture s i ze red
uced . 

5 C ONCLUSIONS 

Reinforced earth proves to be a good 
t echnique to improve soil resis
t ance to impact loading . The imp
r ovement increases with the number 
of  reinforcement layer s ,  with small 
aperture s i ze and when the tOD most 
re inforcement layer U =B/3 . In some 
cases the improvement is about two 
folds that of unreinforced soil for 
the same impact energy use d . 
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