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FOREWORD 

The s tudy reported herein was conducted in 1968 and 1969 in fur­

therance of Department of the Army Project 1T062103A046 , "Trafflcabili ty 

and lobility ReseR.rch ," Task 03 , " '·1obility Ftmdamentals and Model 

Studies ," being conducted by personnel of the t·lobility Research B!'an h 

(MRB) , ~1obility and Environmental (M&.E} Divbion , U. S . Army Engineer 

Waterways Experiment Station (WES) . This project is under the guirlance 

and sponsorship of the Research , Development and Engineering Director­

ate , U. S. A~ Materiel Command. 

This study was conducted under the general supervision of ~essrs . 

W. G. Shockley , ChiP.f , I&E Di visi ..... n , and S. J. Knight , Assistant Chief , 

.1&E Division , and Chief , MRB , and Dr . K. - J . Melzer of the MRB ; and 

under the direct supervLion of '-1r . T. R. Patin of the iffiB , who also 

prepared this report . 

COL Levi A. Brown , CE , and COL Ernest D. Peixotto , CE , were Direc­

tors of WES during this stuJy and prepnration of this r eport . Me~srs . 

J . B. Tiffany and F. R. Bro~n ·ere Technical Directors . 
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NOTATION 

M,M 

P,P 

b 

d 

D 

r 
G 

h 

20 

20 
PR 

,-,z 

a 
W 

20 
5 

Tire section width, cm 

Tire diameter, cm 

Penetration depth, cm 

Relative density, percent 
3 

Soil penetration resistance gradient, MN/m 

Tire section height, cm 

Torque and torque at 20 percent slip, respectively, m-N 

Pull and pull at 20 percent slip, respectively, N 

Penetration resistance; numerical subscripts, e.g.  PR« , 

etc, indicate equal depth intervals to depth of interest 

kN/m 

Towed force, N 

Average active radius of tiro, cm 

Vertical load, N 

Sinkage and sinkage at 20 percent, slip, respectivelyf cm 

Tire deflection, cm 

PR, 
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CONVERSION FACTORS, METRIC TO BRITISH UNITS OF MEASUREMENT 

■?.,.....-.•; .S.,-™^ 

Metric   unit?   of ineasui'ement  used  in  t.hir,   report can be  convertei.l  to 

British units  as   follows: 

Multiply 

centimeters 

nowtons 

kilon<?wtons   per  square  meter 

meganewtons   per  cubic  meter 

moter-nt vtons 

rrnms  per   ■ubic  r-et;'."met'T 

By 

0. J,9 ^T 

0.PPU8 

0.ll<50 

0.7375 

To  Obtain 

i nchos 

poun'ls   ( forfe) 

poun is   p'-r  sqiiJiro   inch 

puun'is   p«*!*  cubic   inch 

fnoL-poun is 

pounris per cubic  foot 

IX 
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SU·1MARY 

The study rep~rted her ein wa~ -..onnuc~ed to dPt rmine whe ther the 
sand mobility numbt:t· that had been dev"lope f or ircular- cro..,., - section 
t i res operating i n a par ticular oo.r se- g raine , air- ry soil could be 
used t o predict t he per formance of rect.nngul o:r - c r o.:os- section tires in 
the s ame or a se cond coar se- g.-ained , air- dry soil. 

Five rectangular-section tires wer e tested in each of t~o coarse­
grained soils , a deser t sand f r om Yuma , Arizona , und a mortar- type sand 
f rom a rive r ~ ~osi~ nea Vicksbur g , Miss issippi . The data coll ected i n 
these t es ts wt e compareJ with relations previously developed from t ests 
with circular-secti on tires i n air- dry Yuma sand . 

Analysis o f test r esults showed that the exisiin sand mobility 
number can be used to pr edict the perfo rmrul e o f r ecto.ngular- se tion 
tir es in bot h test sands . 

xi 



PERFOR~UNCE OF SOILS UNDER TIRE LOADS 

EXTENSION OF MOBILITY PREDICTION PROCEDURE TO RECTANr.ULAR­

CROSS- SECTION TIRBS IN COARSE- GRAINED SOIL 

PART I : HITRODUCTION 

Background 

1 . Tires with circular cross sections have been tested very ex­

tens ively at the U. S. Ar~ Engineer \.Jaterways Experiment Station (\-IES ) 

i.n one sand, an air-dry desert sand (YUI:la sand) ; and e-mpirical relations 

for predi~ting their performance have been developed on the basis of the 

results of these tests. 1 
'
2

' 3 These r t? lations did not necessari ly apply 

to tires with ret:tangular cross sections , beca~se the latter are geome t ­

rically and structurally differ ent from the circular- section tires , nor 

to other sands . Therefore , rectangular- se tion tires neede to be 

tested on Yuma saod and at least one CJther sand t o etermine whether the 

existing sand mobility number could be use to pr edict performance of 

these ti res , or whether new or revise numbers would ha ve t o be 

deve loped. 

Purpose_ 

2 . The primary purpose of this study was to develop a perfor mru1ce 

pr ediction capability for rec angula r - section t ires in Yuma s nd , either 

by using t he existing sand mobility number established for c l rcular­

section tires in Yuma se~d , by modifYing it , or by developin an en­

t irely n w number , depending upon the test results . A secondary purpose 

was to investigate whether tne 'ipplicable number for r e ta.ngular- section 

tires in Yuma s and also could be applied t o perfo rmance of such ires in 

a different sand. 

Scope 

3. Forty pr ogrammed- slip and seven owed t es ts were onducte d in 

1 



Yuma sand , and 16 programmed- slip tests we re conducted in mortar salld ; 

all were mult ple- pass tes t s . Sand penetrati on r esistance gr adient 

ranged from 0. 86 t·tN/m 3* to 6 . 08 1N/m3 for these tests . Fi ve rcct.an~:ular­
section tires were .tsed ; each was tested at 15 , 25 , and 35 perc en+ de­

flection . l oads ranged from 900 to GOOO N. 'l'he test data obtai ned fr om 

these t est s were compared \d th curves established for ci r cular- st-ction 

ti res, areas of agreement and disagreement we re identified , and predic­

tion curves for t he rectangular-section tires were es tablished when the 

ci rcular-section tire curves were not applicable . All curves were 

vis ual lines of best fi t . 

Definitions 

4. : ont of the terms used in this :>tudy have been defined in ear­
l 2 4 lier reports ; ' ' however, atten ion is called o one im or ant han~e , 

i . e . the use of the u.ore conventional symbol i· ins P<.id of Q f or 

or q_ue . "Circular- section" or "rectangular - se ion" refers t o the sha e 

o f the tire ' s c r oss section. ':'he "averal':e active r'l.di 1 1~ r " o a ti re 
a 

is the undefl ected r adius minus one- hal 

eflection . 

he ~~iMum hard- surface 

* A table for convertin ~etric to British un: s of ~easurement is 
gi ven on page ix . 

2 
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Soils 

5.     Tests were  conducted  in  two coarse-prained,   colioaionlosn 

soils,   one  a  sand   from the  desert  near  Yuinn,   Ari'/.onn   (Yirui  suml),   ,'irui 

the other  a sand   from the   Big  Black  River bottom near Vicksburp,  I'iss i :••- 

sippi   (mortar sand).     Grain-size distribution  curve:-,  nr""1  ..hown   in   (' r.   1. 

The moisture  content of these  sands wan  kept  below 0.r)  nej cent  durinr 

all  the tests.     A more  complete  description  of those  trfo  sar.ds   can  \><' 

found  in  references  5  and  0. 
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Fif,.   I.     Grndition   and   :■•-•'. \   urc^nertv   data   for  t.h«'   t'->.-1   i-.and 

i res 

C.     The   follnwinp   five   rcctanpular-scei,i<-.ri   tires  were   te.-ted   in 

this  study   (fir.   ;'):     ICXC.'JO-B,  P-p'-';   ir.xll .'■n_r,  r-PB;   l^xT^oo-f,, 

2-PR;  ?6xl6.00-10,  )i-l'H;  and   'Ky.'l',.'.0-1 ^,   li-BB.     "'ho  ci reular-sectin?i 

tires  considered  were  the  !|.00-T,   P-BH,   and   t.ho  Q.On-l'i,   P-BB.     Borf i- 

nont.  characteristics   jf all   these  '.ires   'u c civ-Mi   in  tab!"  1. 
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Tont Procedures 

7.     The  same bnsio procedui'es  for multiple-priss progi-aiinned-sLip 

and t'v.-/od toot.s        were   tVillowed m  all tests,  except for one  ijrrpnrtant 

improvement.    The pull value:-, ivenrded  [V>r all tests with both 

roctan^ular-s^ction  tires and circular-section tires were corrected 

for inertia el'fects    that existed vrhen the  test carringe was  gradually 

liecelej'ate'l during the progj'a.nimed-slip tests. 
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PART III : PRE ENTA'l'ION AND ANALYSIS OF' DATA 

Data Used 

8. The ori ginal intent was to compare per formance data developed 

in this study for r ectangular - section tires wi t h prediction curves f or 
-::> 

circular- section tires developed in a p r evious study . ~ This could not 

be done because o f changes in tes t techniques and data acquisi tlon , 

which led to improved data , i . e . the pull va lues we r e corrected f or in­

e r tia effects (paragraph 7) . 'l'he performance data use d i n this r eport 

for circular- section tires ( table 2 ) are , th r e for e , from tes t s in which 

pull values we r e corrected : seven single- wheel one - pass t ests with a 

9 .00-14 tire lis ted in refe r e nce 8, and a numbe r of s ingle- wheel 

mult iple- pass tests with 9 . 00- 14 and 4 .00- 7 t i r es lis t e d in table 4 of 

refere nce 9 . Tir e and performance data for the r ectangular- section 

tir es are listed in table 3 herein . 

9. I n a number o f tests , a negative pull was obtained at a pos i ­

tive 20 percent slip condition , and data from these tests were not used 

in the analysis , although they a r e li s ted in the data t ables . uch a 

condi tion i s possible on ly i n the laboratory. Becaus e o f the phys ical 

se tup (soil str ength , wheel l oad , etc .) and the manne r i n which the 

t ests are run i n the laboratory , the wheel e xe r ts a negative pull , i. . e . 

the .,.,heel is being pulled by the car r ia e , when the soil- \•heel- l oad con-

ditions ar e s uch that the for ce r c m i r e d to tow the \ofhe e l e xceeds its 

forward th rust. If s uch a si t uation s hould oecur with a vehicle , the 

r e sul t , of course, \vOuld be immobilization . 

Tes t s in Yuma Sand 

Sand mobility numbe r 

10. The sand mobility number N 
s 

tires in Yuma sand
2 

i s : 

N s = 
G(bd) 3/ 2 

\v 

5 

developed f or circular- section 

0 
h 



where 

G = cone penetration resis~ance gradient 

b = maximum outside width of the cross section of the inflated , 
but unloaded , tire 

d = outs i de diame t e r of the inflated , but unloaded , t ire 

\-l = the vertical l oad (force ) 11.pplic'l to the tire th r ou h the axle 

o = tire deflection , i. e . the difference b e tween t he section 
height cmd the l oaded section height 

h = ti r e section he i ght , i . e . the distance from th£' l i p of the rim 
flange to the peripher y of the treadless t.ir~ , measured along 
the vertical center line of the cross section o~ the inflated , 
but unloaded , t i r e 

The G value in the equation above i s the average slope of the penetra­

tion resistance ve r sus depth curve anc i s calculated by the following 

equation: 

where 

2 ~PR0 + PR1 + PR2 ... PR0 J 
G = - PR

0 D number of PR readings 

= the penetration res istance r eadi ng when the base 
of the cone i s fl ush with the soil surface , 
sometimes called surface or zer o- depth r eading 

PR
1

, PR ..• PR 
2 D 

= penetr ation r esistance r eadings taken at 
equal depth inte rvals down to a depth D 

D = depth to which G values are to be taken 

11 . The relations between mob ility number N and the pull coef-
s 

ficient P/H (pull /load), torque coefficient 

x active r adius ), and sinkage coefficient z / d 

4/\.Jra ( torque/load 

(sj nkage/diameter) , r e -

specti vely , a re shown in plate l for tes Ls with the t\VO circular - section 

ti r es (4 . 00- 7 and 9 . 00- 14) . 'l'hese per formance curves form the basis fo r 

comparing the r esults of the tests with the r ectangular- section tires 

with those with circular- section tires . 

First- pass pe r formance 

12. Pull coefficient at 20 perce nt slip (P
2
i\.J ). The urve from 

plate la fo r r 20 /\-l ve r s us the sand mobility number for circular­

section ti r es is compar ed in plate 2a (das he d line) di r ectly with a 

6 
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similar relation  for the    Pon/W    data  Tor rectangular-section tires 

shown  in table  3.     This   comparison  shows  thai  the  circular-section tire 

curve  can be   ised to predict  the  nulls  of the  rectangular-section tires 

for    N       below  15;  but   fur    M       above  ]13,   a new  curve   (solid  line)   fits f-. 'i c-, 'I 

the rectangulai'-section ti^'e data better. 

13.  Torque coefficient at ?.Q  percent slip (M /Wr ).  The torque 

coefficient-sand mobility number data obtained from rectangular-section 

tire tests are plotted in plate 2b, together with the curve from 

plate lb for circular-section tires.  As is apparent, the same curve can 

be used to predict the Performance of the rectangular-section tires and 

the circular-secti.on tires. 

l1^.  Tankage coefficient at 20  percent slip (z  /d).  The results 

presented in plate ^c show that the curve for sinkage of circular- 

section tires from plate 1c (dashed line) does not predict rectangular- 

section tire sinkage very well.  For sand mobility numbers less than 10, 

this curve would predict sinkages smaller than actual, whereas for the 

higher values, larger than actual linkage values would be predicted. 

However, here again, while the previously developed curve for circular- 

section tires does not serve to pre lict sinkage of rectangular tires, a 

new curve (solid line in plate 2c) defines a good relation of sinkage 

and sand mobility number. 

15. Towed force coefficient (P /W).  A curve for predicting towed 

force of circular-section tires in Yuma sand was not established because 

the data were limited, there being no bowed force information available 

from reference 8 and results from only 10 tests with the 9»00-l^ tire 

available from referent.e 9«  Also, those 10 tests did not cover the full 

.•.an.' mobility number ranre. 

16. The relation between the bowed force coefficient !' ,/V/ and 

the saiil mobility number for rectangular-section tires, shown in plate 3, 

indicates that the sand mobility number can be used to predict the per- 

formance of rert.'ingular-sprt,ion tires in Yumn sand, and the line nf best 

fit for these data cm he used ns 'i nrediol inn curve. 

'liutit ".e-pis.; nerf'MT-'incc 

17. 'election  of     '.     values   tn  he    i.-.-d   in   analvsis.     '"here   'ire 
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two choices   in assigning values  of penetration  resistance  gradient     " 

for the  characterization  of sand strength  in analysis  of multiple-pass 

performance  data:     (a)  use    G    values   in  the  sand mobility  number that 

have been measured before  traffic,  or   (b)   use    G     values  measured   before 

each pass.     The  first  choice was  used   in  this  study because  it   is   the 

only practical means   of  applying the  sand mobility  number to  field  con- 

ditions.     To measure     G    before the passage of the second and third 

axles   of a  six-wheeled  vehicle would be  very difficult,   If not 

impossible. 

18. Pull  coefficient at 20 percent slip   (P    /W),     Prediction   re- 

lations   for second-  and  third-pass  performance of circular-section  tires 

are  shown  in plates   '(a and  he,   respectively.     These  relations  are  plot- 

ted  in  plates   5a and  5c,   together with   the data obtained  on  the  second 

and third passes  with  rectangular-sect Inn  tires.     The curves   for  the 

circular-section  tires   fit  the data  for  the   rectangular-section  tires 

quite well,   indicating that   the  circular-section  tire  curve  can be  ui5ed 

to predict  pull performance of rectangular-section  tires.     The data 

scatter   for-  the  third  pass  is  wider'  than  that   for  the  second  pass, 

which,   in  turn,   is  wider  than  that   for   the   first   pass   (plate  .""a).     The 

data  from tests with  the  rectangular-section  tires   tend  to show  slightly 

more  scatter than  the  data  for the circular-section  tires. 

19. Torque   coefficient  at  P.O  perc^nl   slip   (M     /Wr   ).     Wien   tin- 

torque  performance  curves   for second-  and   third-pass  data  for circular- 

section   tires   from plates   ^b  and 'id,   rcsnrct 1 voly,   are  plotted   in 

plates   5b   and  5d,   together with  similar data,  for  the   rectangular-section 

tires,   the  circular-section   tire curves   again   fit,   the   rectangulur- 

section  tire  data quite well,   although   the data scatter   in plates   Si,  ruid 

5d  is   fairly wide.     This  indicates,   the circular-section  tire curves,  car 

be  used  to  predict   torque  performance  of  the  rectangular-section  tir^s. 

Testa   i n  Mortar Hand 

Method of analysis 

20. Mortar sand was  not  included   In  the  previous WKo develnpmnnt 
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of t he sand mobility number for circular- section tires ; therefore , 

circular-section and rectangular-section tire per formance in mortar sand 

co\ud not be compared as has been done herein for Yuma sand . Thus , the 

analysis consisted of (a) determining whether the s and mobility number 

G bd) 3/ 2 o - · W • h could be used to coll apse the data for rectangular - section 

',ires i n mortar sand , and if so , (b) developing prediction curves for 

this s and. 

Fi rst-pass performance 

21 . Pull coefficient at 20 percent slip (? 
20

;w) . The r esults of 

tests with rectangular- sec i;ion tires in mortar sand show t ha.t the pre­

viously developed mobilitf number can be used to pr edict the per formance 

of these tires (soltd line , plate 6a ). When this curve is compared with 

the curve (dashed line) for Yuma sand from plat e 2~ , the Yuma sruJd pro­

duces higher P 'l.O/W values for a given sand ~1obi 1i ty number than does 

t he mortar sand . Although di f fe r ent curves are needed for the two sands , 

each can be used for prediction for the pertinent s and . 

22 . TorquE: coefficient at 20 percent slip ( .
20

/Hr a) . Appar ently , 

the Yuma sand mobility number can also be used to pr edict the torque of 

rectangular- section tires i n mortar sand with reasonably acceptabJe 

accuracy, as shown in pJate 6b (solid line) . For a given s and mobility 

number, less torque is requir ed in mortar sand than in Yuma s and ( ashed 

line). Here again, although different curves ar e needed for the two 

s ands , each curve pr edicts reasonably well for the pertinent sand . 

2 3. Sinkage coefficient at 20 percent s lip (z
20

/d) . inkage of 

rectangular- section ti r es i n mortar sand can be predicted by the ~and 

mobility number (plate 6c ); in fact , the same curve can be used for pre­

dicting sinkages in both y-~a and mortar sands . 

24 . Towed force coefficient at 20 percent slip (P T/H) . As i n the 

other performance parameter s , the towed force coefficient can also be 

predicted by tr.e sand mobility number (plate 6d ) , and as in the sinka e 

coeffi cient at 20 percent slip , the s ame curve can be used to predict 

towed force coefficient i n both Yuma and mortar sands . 

25 . Comparison of Yu~a and mor tar sand test results . Yuma sand 

9 



and mortar sand test results for the four first- p ss performance param­

eters are compared i n plat e 6. To predict both pull and to:r·que at 20 

percent slip (plates 6a and 6b , respectively) , separate curves are 

needed for the two sands . On the ether hand , sinkage and towed for ce 

(plates 6c and 6d , respectivel y ) can be predicted for the t wo sands by 

the same curve . 

Relative Density C>nsideration 

26. Because different curves ar e needed for predicting pull in 

Yuma and mortar sands (plate 6a ) , it is likely that G alone may not be 

an adequate common denominator r epr esentin the stren th in all sand 

conditions . I n an attem t o arrive at a common denominat or (at least 

for the two sands considered in this study) , the work done by :4elzer6 

relating G to relative dens ity D was examined (pl ate 7) . 
r 

27 . It is hypothesized that the two sands would beha ve similarly 

when they were at the same rel~tive density . To test this hypothesi s , 

the G values for the various mortar s and tes t s were converted into 

"equivalent " G values of Yuma sand at the same relative density . (Ex­

ample : In mortar sand a value of G = 2. 0 corr esponds t o a r elative 

dens ity of 62 percent (plate 7b) ; that s ame r elat ive density of 62 per­

cent i n Yurr.a sand corresponds to G = 1. 4 (plate ra) ; thus , a G value 

of 2 . 0 in mortar sand has an equivalent value of 1. 4 in Yuma sand . This 

value of G = 1 . 4 is then used in the sand mob i lity number for plotting 

mortar sand test results . ) 

Pull coefficient at 
20 percent slip (P20/ W) 

28. The data from plate 2a for the Yuma sand test ~ with 

rectangular- 3ection tires are plo ted in plat e 8a , to ether wit h the 

Yuma sand equivalent values for the mor tar sand , which wer e developed by 

using the procedures described i n par agr aph 27 . h~en the converted 

values for the mortar sand are used , the curve for Yuma sand fit s the 

mortar sand data quite well. 

10 
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Torque coefficient at 
20 percent slip (M„^/Wr ) 
    20  a 

29.  As was done with the pull data the Yuma sand G equivalent 

was used to replot t'.nJ  mortar sand data in plate 8b, together with the 

Yuma sand data from plate 2b.  The new plot shows that, after conversion, 

the torque at a given relative density required in mortar sand is still 

smaller than that required in Yuma sand (paragraph 22).  A possible rea- 

son for this difference is discussed in paragraphs 30 and 31. 

Sinkage coefficient at 
20 percent slip (z, /d) 

30. When the mortar sand G values an; converted to equivalent 

Yuma sand  G values (paragraph 27 and plate 7) and roplotted 

(plate 8c), together with the data for Yuma sand tests from plate 2c, 

the relations seem to separate rather than collapse.  For a given rela- 

tive density, less sinkage is encountered in mortar sand than in Yuma 

sand.  A possible qualitative explanation for this can be found by con- 

sidering the compressibility of the two sands.  A method by which the 

modulus of compressibility can be calculated, if the maximum, minimum, 

and initial void ratios of the sand are known, is explained in refer- 

ence 10:  except for cases of extremely low relative densities and de- 

pending on the void ratio and pressure, the Yuma sand Is more compress- 

ible than the mortar sand. 

31. Although compressibility assumes an elastic medium and may 

not represent the entire case for wheels on soft soils, pial i t.at.i vi>ly it 

could explain the reason for the deeper sinkage in Yuma sand at a civen 

relative density. This, in turn, would explain why less torque is re- 

quired in mortar sand than in Yuma sand for a rjven pull. 

11 
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drawn. 

PART IV: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

32. Based on the study herein, the following conclusions were 

.!.• 

b. 

.£.• 

d. 

First-pass pull coefficient at 20 percent s lip in Yuma 
sand can be predicted reasonably well for sand mobility 
numbers below 15 by a common curve for circular-s ecti on 
and rectangular-section tires; but for mobility numbers 
above 15, separate curves are needed. On th~ other hand , 
multiple-pass pull coefficient for both r ectangular- and 
circular-section tires can be predicted by t he same cu" ve . 
The sand mobility number previously devel oped with 
circular-section tires in the Yuma s and successfully col ­
lapsed the data for rectangular-section t ires for the 
pull coefficient at 20 percent s lip in mortar s and 
(plate 6a). Yuma sand produces a highe r pull coeff i cient 
at 20 percent slip t han does the mortar sand for a given 
sand mobility number; however, when a given G value for 
mortar sand at a certain relative density is converted to 
the G value for Yuma s and at the same relative density 
(paragraph 27), the tes t results for both sands fall 
along the same prediction curve (plate 8a). 

Torque coefficient at 20 percent slip i n Yuma sand for 
the first, second, and third passes (plates 2b, 4b, and 
4d, respectively) can be represented by one ~erformance 
curve for the two types of tires. The previously devel­
oped Yuma sand mobility number for circular-section tires 
apparently successf~lly collapses the data for the torque 
coefficient for rectangula1·-section tires in mortar sand 
(plate 6b). For both a given s and mobi lity number and a 
given relative density, les s t or que i s r equi r ed in mort ar 
sand than in Yuma sand (plates 6b and 8b). 

Separate curves are needed to predi ct f irst-pass sinkage 
coefficient at 20 percent slip in Yuma s and for circular­
section tires and rectangular-sec~ion tires (plat e 2d); 
but sinkage coefficient at 20 percent slip i n mortar s and 
for rectangular-section t.~. res can be predi cted success­
fully by the Yuma sand mobility number developed with 
circular-section tires. Also , the c1.1rve used to predict 
sinkage of rectangular- section tires in Yuma sand can be 
used for mortar sand (plate 6c). 

ror a given relative density, mor e sinkage i s encountered 
in Yuma sand than in mortar s and (plate Be) , which can be 

12 



explained qualitatively by the fact that Yuma s and is 
more compressible than mortar sand (paragraph 30 ). 

e. First-pass toved force coefficient for rectangular­
section t i res in Yuma sand can be predicted by the Yuma 
sand mobility number (pl ate 3). Also, t he towed force 
coefficient at 20 percent slip in mortar san1 for 
rectangular-section tires can be predicted successfully 
by the Yuma sand mobility number developed vith circular­
section tires; in fact, the same curve can be used for 
rectangular-section tires in both Yuma and mortar sands 
(plates 6d). 

f. For rectangular-section tires , Yuma sand and mortar sand 
require separate prediction curves for pull and torque 
coefficients at 20 percent slip (plates 6a and 6b , r e­
spectively) , vhereas Yuma sand and mortar sand :-tave a 
common curve for sinkage coefficient at 20 pe rcent s lip 
and for toved force coefficie nt (plates 6c and 6d , 
respectively). 

Recommendations 

33. It is recommended that tes ts be conduct ed : 

a. With circular-section tires in ~uma sand in vhich the 
pull meas urements are corrected for inertia . Thes e t ests 
should be designed to cover an adequately wide range of 
sand mobility number s so that these data can replace the 
earlier test results in which no correction was made. 

b. With a selected number of circular-section tires in 
mortar sand to adequately determine the performance char­
a:cteristics of these tires in mortar sand . 

c . In several additional sands so that the relative density 
approach described her ein can be further verified. The 
pertinent characteristics of t hese sands ~hould be con­
siderably different from thos e of t h.:: Yuma and mortar 
sands. 

13 
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