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\ 
COMPACTION OF  SAND  USING  ORDINARY  OFF-ROAD VEHICLES 

S.   SHAABAN 

MILITARY VECHNICAL COLLEGE,   KOBRY  EL KOBBA,  CAIRO,   EGYPT O) 
<M 
^■J» Summary-Thi«  paper  examine«   the  poaaibility of  compacting a  sandy 

^^^       »oil uiing ordinary off-road vehicles   inataad of compactors.  Laboratory 

f^       testa  showed that  a considerable compaction of sand can be achieved  if 

A alternative cyclic  stresses are applied.  Such streaaea can be generated 

^*B       if a train of tv/o vehicles  is caployed for compaction:   one vehicle with 

* all wheels driven towed another vehicle having all whcela towed. Compac- 

tion was made by making consecutive pasaages of the train of two vehicles. 

Procedure of compaction is described and teat results  are presented. 

Compacting sand by thla method haa  increased the density up to 92Z the 

value of optimum denaity ob.ained by modified compaction teat. A consider- 

able amelioration of  aoil  trafficability has alao been achieved,  this  ia 

proved by the experimental drawbar pull-slip ralationahipa measured 

before and after compaction. 

IHTRODUCTION 

Ihr amelioration of vehicles mobility can be achieved by improving 

vehicles design and / or by increasing aoil traficability by compaction. 

Compaction is usually achieved by using compactors which need to be 

transported to the work aitea. 

If compart ior can be done by ordinary off road vehicles,   this would reduce 

costs and provide an alternative aolution to the oroblem. 

Results of triaxial experiments on sand made by FRANCO [I]showed 

that one can creat conaiderable volumetric deformations in the aoil by 

applying cycles of alternative stresses. 

f 
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The intensity of these ttreisaa should be limited to that the induced 

soil deformation will not be ao large, otherwise »oil dilatation occurs. 

In his study, he showed a case where soil dilatation was obtained (volume 

increaaed) when sample axial strain waa large (♦ 5Z). Ha also showed 

another caae where soil waa compacted (volume decreased) when axial strain 

was limited to a small value (+ 0,75z). 

In practice, alternativ« stresset are applied to the soil if a vehi- 

cle with all wheels driven towed another vehicle having all wheels towed, 

this la shown in Fig. I. 

Soil deformation Is strongly relate«) to wheels slip, therefor« wheels 

slip should be kept staall during compaction. Generally, slip should b« 

lover than 107.[2] . This slip value correspond« In most cases to th« maxi- 

mum drawbar pull developed by th« v«hlcl«. Our traction tests carried out 

before compacting th« experimental soil showed that th« maximum drawbar 

pill la delivered at I0Z alip. Thus, we triad to keep wheels slip during 

compaction below this value. 

towed vehicle towing vehicle 

n\ - 
sand 

W    - part of vehicle weight on the «xl« 

DP - drawbar pull 

RR ■ rolling reaistancc 

F    -  soil   reaction 

force 
towing vehicle 

towed vehicle 

Fig.   I    Force» acting on the soil  during compaction. 
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EXPERIMENTAL  SOIL 

60 on 
An uniformly graded «and having a coefficient of  uniformity  •2.1 

10 

and a grain aiie diatribution ahown in Fig.? waa the experimental aoil. 

Sand bin hae a length of 70 m, a width of 7m and a depth of 0,8 m. 

Moiature content meaaured before compaction in the layer from 0 to 45 cm 

of the aand bin waa nearly 4X. Laboratory atandard and modified compactia» 

teata ware carried out, and the dry denaity-molature relatlonahlpe are 

ahown In Fig.3. Compaction curvea ahow that a moiature content of 3 to 51 

la unfavourable for contacting auch aand. Unfortunately, the exlatlng 

natural content of 4X waa not poaalble to change becauae of climate cond- 

Itlona. 

Surface of aand In the bin waa gently levelled before compaction ualng 

a light grader. 

« 
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40     ■ 
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i         aand •lit 
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i                  »                                              H 

1 0,1 0,01 

Grain alee diameter, on 

Fig.2    Particle alte diameter of experimental toil. 
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COMPACTION PROCEDURE 

Compaction was dona by making conaacutive paaaagaa by tha train of two 

off-road vahicle«. Tha towing vahicla moved with all axlaa drivan and th« 

lowaat gaar ahiftad (1st gaar in main gaar box and low gaar in auxiliary 

gaat box). The towad vahicla (connected to tha towing vahicla by a ataal 

ropa) moved with engine atoppad and brakaa ralaaaad. 

To incraaaa the raaiatance on tha towing vahicla tha top gaar in tha towad 

vahicle gaar box waa ahiftad and for further incraaaa of raaiatanca a 

lowar gaar was angagad. 

Increased raaiatanca caused aora alip of towing vahicla whaala, thua It 

waa poaaibla to change tha dagraa of alip by shifting diffarant apaada in 

tha towad vahicla gaar box. To calculate whaala alip during compaction, 

the actual distance covarad during tan ravolutiona waa measured, and th« 

theoretical diatanc« which would ba covarad if whaala purly roll,calcula- 

ted. Slip value waa than determined from the equation: 

1 -I 

th 

where: 

i - whaala alip 

I '  theoretical distance 

t ■ actual distance 

Firat passage waa aituated 0,5 m from tha aide wall of aoil bin. Followed 

paaaagaa were laterally ahiftad each by 0,3 to 0,5 m from tha former, this 

ie shown in Pig. 4. 
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-i 1 1 r T 1 r 

Yd-1,73  K/cm 

\«t w     ... 
Yd-I.64 g/c« 

/ar»w-16Z 

•tandard compaction  test 

I   I i   i   i 

2   4   6   B  10  12  U 16  18  20 

moiatur« content w,Z 

Fig.3 Experimental dry denaity-moiaturc relationships. 

Fig.4 Coopaction of  the  fine sand uftinp, the 

train of two off road vehiclea. 
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phis es 1 2 1 k 

passaget 5 l> 5 5 3  1  2  | 

towing 

vehicle 

G 91200                      | 

P 1.5 2 2.5 3 
F:3.7 
R:4,0 

P:4,0  j 
R:4,5 \ 

i 2.5 3 3.9 4.5 2.7 \ 

Tyres: E 22,5 Pilots x M+S4 Michelin       j 

towed 

vehicle 

C 101200 

P 1.3 1.7 2.1 1.8 

Tyres:12,00-20  Michelin 

C: vehicle weight.  N.wtons 

p: inflation pressure, bars 

i: wheel slip.  X 

F: front wheels R: rear wheels. 

Table 1. Description of compaction phases. 

MEASURKD VALUES 

Moisture content was »easured before each phase of coapaction in Can 

points of soil bin measuring sona. This son« situated in the middle of 

soil bin had a length of 20 ■ and width of 5 a. Moisture content samples 

were taken at depths of 0,15,30 cm. Places of measuring the moisture conc- 

ent are shown in Fig. 5, and average values were as following: 

before coapaction «• kX 
before 2  coapaction phase * 2,5 Z 

before 3  coapaction phase ■ 2,5 Z 
before A  coapaction phase - 3,2 Z 
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The in litu  denaity was measured after finishing 2   , 3  and A 

compaction phases using yrays density meter in same points as for moist- 

ure content. Before measuring the denaity,the surface of soil bin was 

gently levelled. The density meter enabled to have readings of moisture 

content, bulk and dry densities at depths of 0 to 30 cm. For greater 

depth (40, 50 cm) the soil surface layers of 10, 20ca thickness were 

taken off (see Fig.8). 

The average of density values in the ten points of same layer was consi- 

dered as the sand density at that depth. 

1 m 
J- + 1 

-<xa. 

im 

2.5m 

J + 

2 5n^ 

♦ 5 

2m 

7 + 

8 + 

t6 

f 9 

10 

mr 
side 

wall of 

sand bin 

5 m 5m 5m 

Fig.S    Points of measuring the moisture content and density. 

Traction testa were carried out before and after compaction.   In these 

teats the towing vehicle moving in the sand bin pulled a braking vehicle 

of  adjustable braking effort. The pulling force was measured by a force 

dynamometer,   and  the speed of  travel  by a fifth wheel   fixed to the  towed 

vehicle. Theoretical   speed of vechicle motion was measured by a pulse 

generator fixed to one of the towing vehicle rear wheels  (Fig.9).   Instan- 

taneous values of pulling force  (drawbar pull),  travel  and theoretical 

speeds were continuously recorded on a multichannel  recorder,  and the 

drawbar pull-slip relationships were  traced. 
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RESULTS 

Th« in situ dry dentity-dapth relationthipi (Fig» 6,7) are consider- 

ed ai a Mfasura of degrea of compaction. Fig.6 ahowa that aftar tha third 

compaction phaaa tha aand dry danaity at a dapth of 20 cat incraaaad to 

93X of tha optimum dry danaity determined by modified compaction taat, at 

a dapth of 30 ca it incraaaad to 9SX of th« optimum dry danaity. Fig.7 

ahova that aftar tha fourth compaction phaaa the aand dry danaity at a 

dapth of 30 cm »lightly dacraasad to 92Z of tha optimum value. But at 

50 cm depth, it attained a high value (97Z of th« optimum). 

The drawbar pull-allp ralationahipa (Pig.8) maaaurad beofre and 

after compaction are conaidered for evaluating the amelioration of aoil 

trafficability by compaction. Referring to Pig.8, it la a««n that the 

maximum drawbarpull (at I0Z slip) incraaaad by 30Z, and for lower slip 

valuaa it incraaaad up to 60 Z. Average values of drawbar pull and the 

corresponding slip are given in table 2. 
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Pig.6 Dry danaity Yd vs depth after 2n and 3r compaction phase». 
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10 

20 

30 

Q 

40 

50 

0,80 
 I  

0,85 
 1  

0,90   0.95 .00 

0,R5  0,90   0,95   1,00 
 i I I i___ 

1.'. 1,5 

before 
compaction 

1 ,05 
 i 

1,6 
i 

1.7 
i 

moisture content 

w- 3,2 Z 

\  after 4th 

f  compaction 
'i  phase 

YJ/YJ d  dom 

fd/Ydo. 

E 
o 

Y rays density 

meter 

^ 

arrangement for 
measuring density 
at depth of 50 cm 

th 
Fig.7    Dry density  (y.)  vs depth after A      compaction phase 

wheel slip' DP before compaction DP after compaction 7,  of increase     i 

3 1360 2185 60,66 

5 1625 2235 37,54       \ 

7 1785 2300 28,85 

10 1830 2385 30,33 

15 1825 2300 26,03 

20 1690 2155 27,51 

30 1560 1835 17.63 

40 1410 1700 20,06 

60 1136 1370 20,07 

80 975 1235 26,67 

100 1300 2200 69,23 

Table  2     Drawbar  pull  values before  and  after   coapaction. 
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100 

Fig.8    Drawbar  pull-»lip experinxntal   curvet before and 

after coapaction. 

braking vahicl 
multichannel  recorder 

Cowing vehicle 

fifth wheel 
( neaiure of  actual 

•peed V^) 

pulae 
generator 

( aeaaure of  theoretical 
.peeH Vth) 

•and 
bin 

Pig.9    Traction teat, 
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CONCLUSIONS 

1. Tbt proposed method for sand compaction in which alternativ« •tress- 

es are applied to the soil usinn a train of two off-road vehicles 

pr ved to be efficient,sand density at a depth of 30 cm increased to 

92Z of the optimum dry density determined by nvidificd compaction 

test, and to 9SZ at SO cm depth. 

2. During compaction of sand, slip of wheels of compactors should be 

enough lower than the slip corresponding to the manlman drawbar pull 

detemined by traction test. A slip of SZ can be considered as a 

limit value beyond which soil decompaction occurs. 

3. Inflation pressure of vehicle tyres should be successively increas- 

ed, and a pressure of 3,5 bars can be considered as a limit value. 

Greater inflation pressure increases the wheels slip and sinkage and 

leads to soil decompaction 

4. A considerable degree of compaction was Achieved although the sand 

was relatively uniform and the moisture content of 3Z was unfavoura- 

ble. 
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