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SYLLABUS

1, This report is a record of comparative traction and flo-
tation teosts of z—uton 6 x 6 and 4-ton 6 x 6 trucks equipped with
low pressure tires versus high prossure tires, with cmphasis on mud
performance.

2. Avoilable data on gencral service durability, which is
decmed satisfactory, are included in the report.

3. The rcport concludes thet mud performance of those vohiclos
is ineroased by the uso of low pressure tires and rccommends their
adoption as standard oquipment.
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LOW PRESSURE TIRES IN MUD

I. SCOPE OF REPORT

1. Scopo. This report covars tests of z—vton 6 x 6 and 4~ton
6 x 6 vehicles equipped with low pressure tires. The tests were con-
ducted dt the roquest of 'the ‘Ordnance Departmont to'eid in detormining
the mud traction and flotation ability of these vchiclés when equipped
with low pressure tiros of the desort type. The report also covers
the general service durability of this type tire, as it was evident
throughout the tests. The tost.period covered was from 12 August 1943
to 31 Dedember 1943. ’ oo

- II. AUTHORITY

2. Directives. Specific authority for conducting the tests
was as follows:

Qe Letter from Chiof of Ordrance to Chiof of Engineers,
dated 21 April 1943, subjoct: Spocial Traction and Flotation
Tire Tests, which rosulted in a directive to the Engineer Board,

dated 28 Moy 1943, subject: Special Traction and Flotation Tire
Tostse.

b. First indorsoment from Chiof of Enginecers, dated 30
June 1946 approving service project MES 433, Servico on Tires
for Englneer Equipmént., .

Copies of these directives are in Appendix D. Coples of other
corrospondenée relating to the conduct of the tests.are contained in
other appendices. .

I1II. PREVIOUS INVESTIGATION

3 Summggx. No previous investigation specificelly dirveted

at the mud performanoce of low pressure tired vehicles has boon mado

by tho Engineer Boord, but roports have been submitted by the Bngi-

noer Board on allied aubgects, and reports on mud performance, sub-

mitted by other agencles, are known to oxist. These reports are as
follows.

o, Sand Performance of Low Pressure Tires.

*
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(1) “LOW' Prﬁéssur kmﬁle Qﬁ& Tpuol Tiyec Pfow Sand
Operation" bty Mr. R. C, Kerr, which detailed the low pros-
sure tiro experience of the Stondard -0il Company -of Arabia.

(2) "Performonce Tesbts of 14:00 x 20 Tires in Sand®,
Report No. EB 136 by the Englneea Board, 2 Jonuary 1943,
which presented the interim findings of sond tests of this
size low pressure tires

P
- v

(3). thibus‘nepnryé‘of‘theuﬁrQngnce“ﬁeéerkaroving
Grownd. ’ S

b,  #ud Performonce of Low Pressure Tirese v .

(1) B. P. Goodrich Compony report, dated 6 Jwne
1943, on mud flotation ond traction.,

(2) Various ieports of tho Ordnanco Desert Proving
Growd.

Co Allied Subjectso' - - '.ll._,;“w

(1) HEngineer Board Desert Test Branch Interim Report,
dated 20 December 1942, on Tests of Road Expedlents, Desort
Sand,

(2) Engincer 3Scard Desert Test Branch Intorlm Roport,
dated 26 May 1943, o "“ssts of Rond Expodionts, Mud Opera-
tions..

(3) Enginear Board Roport No. 782, dated 17 Novombor
1943, on Tiro and Wheo! Standardlzatlon which was based
on 2ll work of the Engiaeer Board, to that date, on vehi-
cular performonce wder 11 uypes of adverse terrain con= .
ditions.

IV. PRESENT INVESTIGATION

4. Purpose of Tests. Provious investigations conducted by
various U, S. Army agencies hove shown boyond o doubt- that low
pressure tires radically improvo the. performonce of a vehlclo under
sond conditions,. The adoption of this tire equipment. for the 2~wton
6 x 6 amphibion. truck and the standardlzatloﬁ,of low prossurc tlre
cquipmont for desert serv1ce, rosulted from theso testse Throughout
previous investigations thore werc indications, and some facts, which
mado desirable an investigation into the mud porforaance of low pres-
sure tired vehicles., The presont 1nvest1gation resulted spocificolly
from the desirability of establishing or disproving tho bolief that
low prossuro tiros would improve mud performonce. At tho samo time
data as to the general servico durability of these tires were gothered

end are hero recorded,
i o BRIy
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5« Tests Conducteds The only tosts speclfzoally conducted as

a result of the dircotives issued. pertalned exclusively to mud per-
formance. ‘These tosts 1ncludod mud tractlon, Tud flotutlon, and mud
go~po-go” ' tests, ond Wwere éonducted by the Dasert’Uarfare Section
of the Englneer Board using desorﬁ~tzre-oqu1pped 2~vton 6 x 6.and
a~tori 6 x 6 vohicles cdrrying, loads 65 specified in the dlrect1Vos.
Prior‘ to the -actual-donduct of thesé Tests,. prellnlnary tests were
conducted to detérmine +hé most sultable wheel equipment for tho 4-ton
6 x 6 vhen equipped with 14:00 % 20 tiros.

8. Incident to the loan of several 2"-ton dump ‘trucks.to
the Engineer School, an opportunlty was afforded for genoral
service durablllty tests of the 11300 % 18 10=ply desert type
Yow pressire tlre, when applled to the Zﬂhton 6 x 6 dunp truck
in regular service. These trucks were operated by the; Engineer
School mostly on good hard rouds, w1th 75 percent of tiae mileage
on- hard surfaéed roads. The service tc which thex were subgeotod
was not severe, but useful data were gathered on tho subject of
tire durability and on vehicle steoring,

*

b. Included also in this report as Appendix ¢ is a,
"Report of Service Life Tests of 14500 x 20 Truck Tiroes. of"
Various Ply Construction’, The datd recorded in that report,
which is a report to the Engineer Board by its Desert iarfore
Soction,are here includod since.theybear directly on the subjeot
of Low Pressure tires, and because thoy have not hereotofore been
made available in roport form.

&+ A1l reports made to the Bagineer Board by 1ts Desert
Viarfare Section have been reproduced without modification as
Appendices A, B, and C to this reporte Detailed information as
to the oconduct of all tosts made is to be found thérein.

V. DISCUSSION

6. Importance of Tests., The performance of a vechicle, parti~
cularly under poor rood conditions or--wder-off--road condltlons, is,
among other thlngs, a direct function of its tire equlpment. Good
tire equipment, properly applied to tire loand oondlticns, is a noeces-
sary part of wehicular design, especially in the case of mllitary
vehicles which are required to negotiate nuch adverse terrain, wdér
wor conditions, and canmot roly on hord surfoced roads. In militor
operations, the miles. which are difficult to negociate become tho
valuoble miles when hogotintion is made possible, Economy of opora-
tion, long life, maximum tire mileage; and minimum cost in dollars
and in rubber are d931red, but ability to traverse the route is ime
perative to the accomplishnant of tﬁé milztary nissioq.

7,  The Low Pressure Tire, Fundafientally, and without becoming
involved in. the detaills of tire’gonstruotion, a low pressure tire is a

o
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tire which is-so constructed as to be sble’ $0~carry & -given load, in

e hormal manner, with a low 1nf1at10n pressure. 4§ an example, the
9300- 20 10+ply’ tire 'as used on standard U, Si Army 4-ton. G x 6, truck
requires 70 pounds 1nflat10n to. support 2 3650-pound 1oad1ng w1thout
speed restrlotlon, whersas the 14:00 x 20 12~p1y “tire requires but 22
pounds- inflation to support the sans load, wdér the same conditions.
Low pressure tires are often termed flotaﬁlon tires, since ground boar~

- ing préssures are but 11tt1e in eXcess of 1nf1at10n pressures.

8. Mud Conditions. Thore is nothing constont about mud. It
may'mean anyane of an 1nf1n1te number of” vurlatzons of soil and water
from a sllppery slimy 1ayer over a fltm base, to .o bottomless quagmire
rusombling quicksund in its actlon.\ ‘Somo types of nud are definitely
impassoble 16 any type of véhicle, ‘But tiroc oquipment has a definite
relatlonshlp to & vehicle's ablllty ‘o traverse “the more common types
of mud, A gonerglly accepted eless1flcatlon of myd, in uso by ‘the
Ordnance Department, 1s as follows:

as  Type I Mud. ‘Bottomless and of such a con81stency that
it will not support a vehicle with standard tire. eguipment at 20
pounds inflation prespure. This 1mplles that if o firm sub-
surfac¢ oxists, it is at @ dopth grecter than the ground cloar-
_once of the vohicle.

“b. Type II Mud. A mud top surface with hard pan at a
depth not to exceed véhicle ground clearance; or mud of such
consistency that sufficient boearing surface results from com-
paction ot 20 pounds inflation pressuro at o depth not to exceed
vohicular ground cleoararceo.

. (1) Type ITa'Mud. Typo II mud with a cleaning quality;
i.e., non-adhesive,

(2) Typo IIb Mud., Type II mud, but highly adhesive;
is.0s, with no cleaning quality.

9. Factors Influencing Mud Porformanco. Nunmerous factors ine
fluence the performance of a vehicle in mud, in addition to tho typo
of mud and such items as stoto of vohicular maintonance, driver
ski11, distributiéon of load, ete, Tho more importerit items are as
fellows'

-2e  Flototion. A vehicle cannst traverse ground which
-will not. suppoit its woight. Both the-25-tm ond -4-ton vdhiclos
used as test vehieles carry- hoovier louds on the forword tires
than they do on tho - reor tires, Dualing the froit wheels im~

- proves-mud- nerformanoe because greauer flétation is provided.
Roduced tire~inflation ‘Ppressures result in-inéréased contact
arec. and honce inereased flotationo

bs  Lowor-Inflationss Reduoed tire inflation pressures
oid in mud porformance in another way also, since greator

wle
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FIG, 2, . /~TON éx6 TRUCK STUCK IN TYPE IIa MUD,
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flexing of the tire results in causing a certain omount of the
nud o be shaken’ of f, allow1ng tread pattern ‘rore 1nfluenco.

S Traotlon. vehzclo contiot draverse ground upon which
it connot got sufflolent tractions The-4-ton 6 x 6itruck with
9:00 x 20 tires, duals rear, and with chains all around is
genorally a bettor mud vehicle then the sahe truck with 14:00 x
*20 tires without chulns, due to greater tractions, Whon the
9:00 x 20 tires are ot highway inflotions and the 14:00 x 20
“tires are at reduced inflation, tho 14300 x 20 tires develop
flotation sufficient to offset tho gain in tractione ' Traction
and flotation must be considered together, and are the two
fundamental foctors to mud mobility, so far as tire equipment
is ooncerned. .

de Vehicular Ground Clearance. All other things belng
pqual, increased ground clearance results in greater mud mo-~

bility due to an inoreased obility of a vehicle to negotiate
. bad spots.

8« All Whoel Brives. All wheol drive vehicles arc manda-
tory to good mud perfornonce. Lack of all wheel drivo results
in greatly deorencsed traction.

10. Reasons for Preliminary Tosts. Since it was known (see
Appondices D und &) that the Ordnance Department had fwrnished wheels
of 4=3/4 inch dish to -&fher Serviéc: Boards for tost wso with, the
14:00-x 20 tires on tho 4-ton 6 x 6 truck, and since the Engineer
Boari had already done soms testing using this wheol and found it.
unsuited, preliminory tests were conducted to determine the proper
dish Yo use for the tests ccnducted., These tests confirmed, previous
findings that the 493/4 inch dish wheol was wnsuited and that a 5-3/@
inch dish whoel was beste. The 5-3/8 inch dish whoel was used through-
out tho tests. Pertinent data as to this point.are as follows:

8. Tho 4-3/4 Inch Dish Wheels. This whool moves tho
front wheel load line outboord 1-3/% inchos inoreasing the
track from 73—3/4 inches to 76-1/% inchess This displaccment
rosulted in shimmy trouble and hard stqeringg If it wore im=-
pessiblec o reduco this displacement, it would be acceptable
because the benefits to be gained by the installation of tho
large tires far outwoigh the shimmy trouble and the minor
steering gear troubles that will devolops. On the rcar bogies
4-3/@ inch diech whoeels cause an outboard displacement of the
load lines of 4-&/8 inches, increasing the wheol track from
72 inches to 80-3/4 inchos. Frcut and rear wheols therofore
do not trackes This load line displacenent ‘could be accepted
if it were impossible to correct the situation,

b. The 5-3/8 Inch Dish Wheel, This whool moves the
front wheel load line outboard but 3/@-inch increasing, the

—-7-
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track from 73-5/@ inches to 75-1/4 inGhes,- Every fraction of an
inch reduction in load line displacemdnt is. a--distindt gain in
shimny trouble elimination and in steering eascs On the roar
bogios, the hubs must bo padded with a 7<inch hub adaptor, or
& now hub with & 7-inch hub- face extension must be built to per-
mit the wheels to be installed dish inj inithe normel mahner,
‘and %o track the. front wheels at 75+1/4 inéhess The resulting
load line displacement i's 1-5/8. inchess 'Hub ddapters areé not
.desiroble,. as they are a source of trouble, New hubs are inex-
pensive, oasily constructed, .and ensily installed in the field.
Wheels of 5=3/8 inch dish do require o modification ‘to thé front
wheel broke diaphram bracket. This is cénsidered minor, as com-
pared to tho advantoges to bo gained from the use of whoels of
this dish dimension, .

¢+ Comparison.

4-3/4 Inch .5-3/8 Inch

Dish Wheels - Dish Whools
Frint track 76W1/2% 75w1/4"
Rear trock 80-3/4" 75<1/4"
Front load lino displacement  1-3/8" 3/4"
Roor load line displacement  4-3/8" 1-5/8"

11, BEngineor School -General Service  Tests. The Engincer
School operated the several 2Z=ton 6 x 6 dump trucks, equipped with
11:00 x 18 10-ply desert type tiros (33-inch dish whoels - Singles),
o total of "650 miles hauling dry botchés for conerete paving,
Most of the operation was on good hard roads with approximately 75
persent of the mileage on hard surfdced roads." The Service to
which the trucks were subjected was "not severe™, but "“mo failures
of the tire equipment! .occurrdd "during the erbrre time the trucks
vere used by the School%, and, "There was no noticedble wearing of
the tires", at this mileage. Inflatlon pressurc used was 35 pes.is,
and the loads carried did not exceed 25 tonss The School furthor
roportod thot "no steering difficulties were oncountored, and it is
the opinion of the drivers that tho trucks equipped with low pressurc
tires stoeor as well as %rucks -equipped with standard tires“: Theso
vehicles were not operated in difficult torrain or in mud; ond hence
no performonce comparisons with .gtondard oquipment were possible,
Whilo this scrvice was not. sovere and ‘quite limited, tho data as to
enge of steering, 'mo noticeablo weoring of tires" and no tirg
failures, aro bolieved particularly pertinent %o the matter of
general sorvice ‘durability of the low pressure tire.

Further-data as to gonéra® .sorvide dufhbil&ty, gothored
incident to the conduct of the mud {ests by the Desert Warfare Section,
are included in the fppendices to thls report, as subnittod by that
section.,

P
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12. Detailed Discussion.. No attempt is riode in the body of this
neport to duplicato the dotailod discussion to be fownd in 4Lppondicos
Ao B, ond C. All parts of these appendices are to.‘bo considérod as
much a port of this report as if they wero duplicatod jin this paragraph.

VI. CONCLUSIONS

13, Genoral Conclusions. Based on the knowiedge gained by con-
duct of the tests, the following general conclusions aro made:

a. That tho mud perfonuanco ability of both the Z"aton
6 x 6 and 4-ton 6 x 6 trucks is bottor whon equippod with low
pressuro tires then when cquipped with présent standard tires.

b, That tho mud performanco ability of both tho 23-ton
6 x 6 onc 4-ton 6 % 6 trucks, whon equipped with present standard
tires, is incroased by dualing the front whools.

S+ Tha% tho mud performonce obility of both the 25-ton
6 x 6 and 4-ton 6 x 6 trucks is increased with roduction of tirxe
pressures, with either presont standard or low prossurc tires,.

é, That tho mud porformance ability of both tho 23-ton
6 x 6 ond 4~ton 6 x 6 trucks is increased by the use of tir
chains, with oithor tho present stondard or low pressurc tires.,

8. That the greator grownd clearance of both the 2%~ton
6 x 6 and “-ton 6 x 6 trucks, whon oquipped with low pressure
tires, allows thoese vohicles better mobility for any operation
other than highway.

£.  That both the 24~ton 6 x 6 and 4-ton 6 x 6 trucks are
easicr to stoer cross comtry when equipped with low pressuro
tiroes,

8¢ That the gonoral service durability of tho desort
type low pressure tire is satisfactory,

h. That thc effectivoness of Enginecr troops in tho
field con be increased by the use of low pressure tires as
standard equipment.,

14, Dotoiled Conclusions, 23-ton,6 x 6, Truck,

0e  That the stondard 23 2<ton 6 x 6 truck is onsier to
steor on the highwoy whon equipped with prosent stondard tiros,

b. That tho uso of tho Firestone taper wodge bead ring
allows both the 7:50 x 20 and 11:00 x 18 tire o be run et Ord-
nanco sond miniaunm inflations for emorgeney operation, without
premature tire or tube faoilure.

-gu
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8« That the standard Z*hton 6 'x 6 truck should be modified e !
to give additional fendor clearance to: adequately accommodate the
11:00 x 18 tire. ; ‘

d.  That the standarad 2%-ton 6 x 6 truck with roted payload,
équipped with stondard tires can barely nogotinte a flat stretch
of flat dry dune sand, wheroas when equipped with 11:00 » 18 low ®
pressure tires, 1t can negotlate a 23 porcent grado in dry dune
sonde.

15, Detniled.Conclusions, 4-ton 6 x 6, Truck.

&+« Thot tho mud porformance obility of the 4~ton 6 x 6 ¥
truck is better whon oquippod with present standard tires,
singles in front, and chains all around than whon equippod with
14:00 x 20 tiros, without chains, at most inflations, Whon tho
14:00 x 20 tires are ot Ordnance sand minimum inflations and tho
9:00 x 20 tires are at highway inflations, tho 14:00 x 20 tiros
give slightly better performance. 3

b. That the euso of stecring tho stondard 4-ton truck,
without modification, is about-the same on the highway, whan
equipped with either 9:00 x 20 or 14:00 x 20 tires, provided
wheels of 5-3/8 inch dish arc usod with the 14:00 x 20 tires.

¢+ That the 14:00 x 20 low pressuro tiro has a groator
cloaning action than tho 9:00 x 20 stondard tiro.

d. That mud piling up in front of the dunls of the 9:00 x
20 tirss, more than any other factor causes trucks so squippod
to havo less mobility then trucks equipped with 14:00 x 20 low »
pressure tires, ’

6. That in severe mud, o truck eguipped with 14:00 x 20
tires has o higher tractive offort than tho same vehicle
equipped with 9:00 x 20 tires.

f. That the rolling resistance of a truck .cquipped
with 14:00 x 20 tiros is always loss in mud than it is for
the same vehicle oquipped with 9:00 x 20 tires.

&+ Thot the presont standard 4-ton 6 x 6 trucks are
equipped with sufficient strong drive shafts, differentials, ®
ond axles, to provido for the increased rolling rddius of the ¥

vohicle when cquipped with low pressure tires, as not to re= "
quire modification for tire convorsion. Ibs reduced gradebility
is considored satisfactory considering such factors as state of

moaintenonce, and considering tho fact that specd end gradebility
pertain only to operation on hard surfeced roands. ®

?
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VII. RECOMMENDATIONS

16, Specific Recommendations, Bused on all tests con-
ducted to date by the Engineer Board, the followi recommen— .

dations are madet«mwmwk-b CAM ,‘

~

a;, To improve the performance of both the 2%-ton and
k///A-ton 6 x 6 Vehicles, in sand, in mud, or in cross country
peration, that. iow pressure tires be adopted as standard

equipment for tactical vehicles, rep}&eéng present standard ,
tire equipment.

b. That in providing conversion kits for present
vehicles, the A-ton 6 x 6 truck be provided with 5-3/8 inch
&ish wheels, and that tire size and application be.in accor-
dence with thet recommended in Engineer Board Report No. 782 /
Tire and Wheel Standardization, dated 17 November 1943. ‘

g. That the general service dursbility of the desert
type lew pressure tire be considered satisfactory.

d. That chains be used on high and low pressure tired
vehicles o increase mud performance,.

8. Thuat reduced inflation pressures be used to0 incresse

mud performan»a.
ﬂ&wo%ﬂmz
£. Tha§ §fan§a¥§ vehieles, equipped with present

standard tire -equipment, be dual wheeled in front to increase
emergency mud performance,

Karl . klusd, T
Lt. Colonel, Corps of Engineers,
Director, Technical Diviszon III.

rl F. Eklun

frmc %3’,‘e1'écﬁn§€§1°ﬁi PELOREEs.
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' REPORT OF
TESTS OF 11300 x 18 10-PLY AND 7:50 x 20
8-PLY TIRES ON 2%-TON 6 x 6 TRUCK
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SYLLABUS

This first Intorim Report covers testing by. tho Desort
Worfare Section of standard 7:50 x 20 tiros ond 11:00 x 18 low
pressurc tires on loaded 2§-ton, 6 x 6, trucks in vorying mid con=
ditions. The tosting wos carrisd on .ot tho north end of tho Salton
Sea, at Comp Scoley, and in the vicinity of Thormal, Talifornio.
The report analyzes tho data seourod from o serios of tests mado to
dotormine the rolative performance of theso tircs in muds Tho poriod
of testing was from 12 August to 28 October, 1843,

The oonclusions based ox tho resuits: of %ests:covorod in
this roeport and on tosts proviously conducted in sond by this Soction
orc os follows: .

8,  "Hud-mobility" of tho standard 2%-ton truck is bavtor
when oquipped with 11:00 x 18 low pressure ti’es than when
equipped with 7:50 x 20 d=ply standard military'tlres. -ginglos
on the front whoels.

b, "hud-mobllity" of the standard 23=ton truck with
7:50 X 20 tires is improved by dualing tho front whoels.

os  "Mud-mobility" of the standard 2%-ton truck equipped
with either 7:50 x 20 or 11:00 x 18 tires is increased with
roduction of tire prossuros, .

4. Miud-mobility" of the standord 2%~ton truck .equipped
with either 7:50 x 20 or 11:00 x 18 low préssure tires is im=
proved by the use of tire chains.

9 The stondard Z%uton truck, without modificotions, is
easier to steer oross cowmtry when oquipped with 11:00 = 18
tiros. '

f.  Tho standard Z%-tan truck, withous modifications, is
easier to steer on tho highwoy, whon equipped with 7:50 x 2C
tires.

&+ The usc of the Firestone taper wedge beod ring oallows
both the 7:50 x 20 ond 11:00 x 18 tires %o be rwm at Ordnonco
Sand Minimum Inflotions for umerguncy operation. without proma-
ture tire or tube foilure.

h, The stondard 23-ton truck should be modificd to give
additional fender clecrance to adequately accomodate the
11:00 x 18 tire.

i, Tests by the Desest Varfarc Section under the condi-
tions available indicote that the only sotisfactory method for
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determining the relative perfarmnoo in mud of the standard 23-
ton truok, with vardous tire combinations, is the "go-no-go
methad ..

stoadard 23=ton. truck, with rated paylond, when
-31300.x 18 tires oon nogotinte a 23 percent grado
is dry dwe sendd . whdveos $Hs same truck when equipped with
7280 % ¢Q tirss con borely negotiasite o £lot stretech of flat ¢
dune sands.

k. Tha standard 2-‘c ruck hns greaver clearauce whon
aqulpped with 11:00 x 18 % t‘n n with 7150 x 20 tirves; +there-

fore allowing better mou:nlxty any operstion otker than highway.

Thoe report rocommends that:

- & To improve the morformance of 2.., ton 8 X & %rucks in

-» ud of the. typé in which tho tests were mo.i;z. 11:00 % 18 10-ply

non~dir¢ctional ¥ires be wsed in prefurence to 7:50 x 20 8-ply
non=dirsctional ¥ives,

b. I brucks are supplicd with
the front whoels bo dunlod for incrons

stondayrd 7:80 x 20 siros
ed *mud-mobility®.

2 Chains be used o both 7:50 x 20 and 11500 x 18 tires
to give added "mud~mobility -

used i‘or incroased

it
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Desert Warfare Section . .
. Interim Report No, 181
Part I

15 December 1943

TITLE:  Tests of 11:00 x 18, 10-ply.end 7:50 x 20, 8-ply tires
in mud. . :

PROJECT NO: MES 433, Service on Tires for Engineer‘Equipment.

I. SUBJECT

1. This report covers special traction .and flotation tests
in mud of 11:00 x 18, 10~ ply low pressure tires and 7:50 x 20,
8«ply standard military tires. Tests were conducted by the Desert
Warfare Section during the period 12 August 1943 to 28 October 1943,
in mud areas at the Salton Sea, Camp Seeley, and Thermal; Celifornia.

¥

II. AUTHORITY

R " Engineer Board Form 104.3 Sorial Wo, 36, dgted 11 August

s £t . I

1943,

3. £ .otter dated 28 May 1943 from the Offibe, Chief of Engi-
neers directing the Engineer Board, to test the military low pressure

type tires for traction, flotatlon,,gnd goneral sorvice durability

with spoclal emphasis on performance in mud. Roference 0.C.E. filo
400,112 (Tires) SPEED.

III, INVESTIGATION

4, Provious Investigotion. -No previous investigation, of the
performance in mud, of tho subjoct sizo tires, has been conductoed by
the Desert Viarfare Scction. Two reports on tires of this size and
thoir performance -in. mud ere.known to the wrlters. Thoy arc listed
for roforence below:

. 8. B. F. Goodrich Company roport on "Ordnonce iud Flo-
tation and Traction Tosts", dated. 6 Jung 1943, The tosts wore
conducted and thb report wrltten ot the request "of the Ordnanco
Dopartment, Tank Automotive Center, Rubber Dovelopmont Bronch,
Detroit, Mlohlgan. The testing wos carrmed on in the vicinity
of Akron, Ohios The pertinent conclusions are as follows:
(Reforences to “typos :0f mud" are.oxplained in Appondlx D.)

. (1) -"Tho rosulté of "thedo tests indiddtod that undor
the corditions tested, tho single military desort tire

ﬂg]:" -‘:ﬁ



cquipment gives more mobility thon the stondard militery
mud and snow dugl tire equipmeht on- tho 2%-ton 6 x 6 cargo
trucks.,

(2) "Tests run using roduced inflation prossures
showed o dofinite advontage over highway inflation for
both the standard dual tire equipment and the singlo
doesert tires. However, for comparable inflation prossuros,
tho single dosert tire will perform bettor than the standard
dual tire equipmont.

(3) "The tosts show that it is not feasible to uso
pressures below the rocommended cross country inflation.,
Such practice does increase the tire flotation but is
deemod inadvisablo since it will result in premature tire
and tube failures and requirc the uso of o boeadlocking
devices

(4) "Lack of Mobility was encountorod on tho 23-ton
trucks equipped with stuhdard~military non~-directional mud
ond snow tires: It will be noted in the toble wmder "Test
Equipment" thot tho front axle on the 23-ton truck carrios
only 6 percent loss load than each of the rear axles, yet
it is cquipped with single tires instead of dwalse In on
cffort to correot this condition, dunls were appliod to the
front of the Zgwtcn trucks. In Type I bottomless mud whero
flotation is the primo factor, this made the truck on stan=
dard military mud and snow bires equal to or slightly botter
in flotation than tho trucks ogquipped with -single military
desert tires. However, in Type IIB mud, dudls trap and push
the mud ahead of the tires. In mud of ‘this type, duals on
the front ineroase the rolling resistance and give the truck
loss mobility. Use of dusl tires on the front is recommended
0s on emergoncy measurd under conditions in which additional
flotation is necdeds

(5)- "The 11:00 x 18 military désert tires havo nearly
twico the load carrying capacity of the 7:50 x 20 military
mud and snow tires. This added tire capacity on the front
of vehicles equipped with military desert tires adds much
to their flotation and mobility.

(6) ™"In addition to the mud flotation and traction
tosts, hill clifmbing trials were nade.’ The trucks eguipped
with militery dosert tires using highway inflation climbed
a twenty-one dogroe slope without hesitation. Trucks
equlpped with stondard military mud ond $now tires were
‘ungble 4o climb the hill, USo.of the emérgendy inflation
with or without chains did not improve the hill climbing
,ablllty of those tires. Single military desert tires ore
réconménded for improved hill ¢linbing ablllty."

-22=
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b. Ordnance Dosert Proving Grounds report on "Mud Tests",
doted April 1943, signed by Lt. Col. J. E. Englor, The tests
described in ‘thif's report woere carriod on a% .Gamp Seeloy, Camp
Pendleten and in the viecinity of Johnsondalo, 6alifornia. They
were similar to those conducted by tho Bs F. Goodrioh Company
and substantially the some rosults and conclusions wore roachod,
The Ordnanco roport was consultod by tho writors during the
poriod ¥Bb ‘gubjéot teets werc teing mado but a copy of tho re-
port was not available at tho tiie this report was written,

5  Acknowledgements.

2. Technical Assistonce. uscknowledgement is hersby mado
to:

(1) Mr. R. Co Korr, Sonior Engineer (Automotive),
who outlined the types of testing to bo conducted, aided
in locating the test arca ond gove helpful advico during
the conduct of the teste.

(2) Miss Loring Nicholson, Asst, BEngincor of %his
Section for her work in calculating and compiling the data.

(3) Lt. Col. J, E. Engler, Qrdnance Desert Proving
Ground, for his ocowrtesy in giving valuablo information
oonoerning provious tests and in allowiag use of tho mud
bost pit at Camp Seloy.

b. Cooperation of Troops. Tho following troop units
. furnished enlisted mon at various periods to assist in making
the tosts:

(1) 854th Aviation Exgineor Battalion, two men for
ten doys.

(2) 610th Engineor Light Equipmont Compony, throo
men for ten days.

(3) 85th Infantry Division, cight men for five weeks.,
(4) 90th Infontry Division, eight mon for four wooks.

6+ Purpose cf Testse The purposc of these tests was to
compare the performance in mud of the standard military 7:50 x 20
8=-ply tire with that of the low prossuro 11:00 x 18 10-ply tire;
also to dotermine the comparative mud flotation and tractive ability
of stondard 2%-ton 8 6 trucks, oarrying a full payload, sguippod
with standard 7:50 x 20 %ires or 11:00 x 18 low~pressuro tiros. A

similor test program on the comparative performunce of standard

militory 9:00 x 20. 10-ply.and low prossure 14:00 x 20 - 12-ply tiros
is in prosress. Theso tests will be covered in a subsequent reporte

=23=



7« Location ond Descrlptlon of Test Areus. Tosts Wore made

ot the following ‘ploces:

2. North ond of Salton Sea.

(1) Reponted Trip Tests. Those tests were made in
arcas where there was éither very little or no brush. A
solt crust thot avoraged obout 1/8 of an inch ‘in thickness
covered the entiro area and tondod o sepl. tho moisturo
in tho mud. The tosts were run in some cases to the wobors
odgo. The elevalion ot this locotion is opproximotoly 250
feot below soa lorsl, The depbh of tho walter table was
not determirsé hbun % was fairly close wo cho surface,
because in m.ay instaaces wabter was presonl in the bottom
of tho deoper <ive 5racks, The mud at this point is
notural ond is cluout as uwniform as it woe possible to find
in this vicinivy. The Ordnonce Desort Proving Grounds has
classified mud into two types-in its ropert on mud flotation
tosts, These clussifications are quoted in Appendix D.

In goneral, tho mud in this area con bo classified undor
tho definition o Typo IIB, Therc are spots howover, that
should be classifiod as Type I.

(2) Dyncmometer Tests, Theso tests vere mode in
areas in which tho natiwve salt brush was cloared away and
the nud thore could be classifiod as Type IIA.

b, Camp Scoloy. - The Go-No~Go" tosts wore made at Canmp
Seeloy. Areas wore laid off, then bordered and flooded. The
entire arena within the borders was coverod with two or throe
inches of water when tests woro ruw. This is tho same location
at which the tests were mads by the Ordnance Desert Proving
Grounds. This mud con bo classified as Type IIB. It is o thin
slippery sliny layer over o firm base which does not build up
oxcessively on the tires but does form a slick lubricated sur-
foce that promotes tirc slippagess

c. "iud Hills" oast of Thormnl. The comparative hill
clinbing %osts wore made about four miies cast of Thermal on
ronps constructed of sond and clay material, Two ramps were
built with a slope of approximatoly twonty percent and woro
wetted to simv.ate mud wmdor actunl conditions, This area
does not fit ony of tho olassifications as set up by the
Ordnancoe report.

84 Test Equipment Dota.

8. Vohicle Bquipmente Four test vohicles wére fitted
with $ire, 7im and wheol ogquipment as” listed be~ow.

1
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T4BLE I
VEHICLE EQUIPMENT
“Vehicle T T
Make Gic - Studebaker GlAC GiiC
Size 2%-ton, 6 x 6 2i-ton, 6 x 6 25-ton, 6 x 6 23-ton, 6 x 6
Typo Dump Compressor Von Toanker
Tire Eqpt, 11:00 x 18, 10-ply with flops 7.50 x 20, 8-ply with flaps
Trend Type Non-Directional Milibtery Hon=-Directional Militory
Tire Type Low Pressure Off-Road Standard lud and Snow
Rim 7.33V with Firoestone 5,008 with Firostone
Equipment Tapor Wedgo Bead Rings Taper Wedgo Bead Rings
Wheel Budd No. 46420, Dish 1-7/16" Budd No. 44490, Dish 5~L/8"
Equipuont 8-5/@" Bolt Circle, 6 Studs 8~3/4" Bolt Circle, 6 Studs
- No spacers or hub adapters No spacers or hub adaptors

b. Vehiclo Loadings. In accordance with the diroctive |
SPOMD~R; dated L8 May 1943, from Ordnance Depoartment,. Tank lAuto-
motive Center, Engineering Officer, Detroit, ifichigon, signed
by Lt. Col. Josoph Lf, Colby and indorsed to The Engineer Board
by O0ffice, Chief of Engineers, filo CE 400,112 Tires SPEED, by
Lt. Col, F. G, Kendall, tho-test trucks wore loanded os showm in
the following tabulation:

TABLE IT

VEHICLE LOADS
Tire Mcuntings Singles All Arownd Singles Front Duals All Around

Duals Reor
Tire Sizo 11,00 x 18, 10-ply 7.50 x 20, 8-ply 7,50 x 20, 8~-ply
Axle Lood
Front 5300 1lbs. 5300 lbs. 5300 1lbs,
Contor . 5640 1lbse 5640 lbs. 5640 lbs,
Rear 5640 lbs,. 5640 lbs. 5640 1lbs,
Tire Load ”
Front 2650 1bs, 2650 1bs, 1325 1bs,
Conter 2820 lbs. 1410 1bs. 1410 1bs,
Roar 2820 1bs, 1410 lbs. 1410 1bs,
Totel Vehicle
Yoad 16580 1bs. 16580 lbs. 16580 lobs,

c» Inflotion Proessures., The inflation pressurcs used in
theso tosts wore based on avorege valuos of the published load-
inflation tables of the Tiro and Rim Association, Inc., the
Ordnonce Advisory Pneumatic Tire Committec, the Defensec Stondards
Committece and the various tiro manufacturers togother with the
data obtained by the Ordnance Desort Proving Grounds ond tho
Desort Warfaro Soction for the loads specified. Tho pressures
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used in the Goodrich tests are those recommenizd by the Bs Fe
Goodrich Company ond were taken into consideration in dster-
mining the inflation prossures used in thiese téstse. The load~
inflation tables ore besed on the percent of tire deflections

TABLE III

O g V————

TIRE INFLATION PRESSURES, -

Singles
Tire Mountings Singles All Around Dual Rear Duals All Around
Tire Size 11,00 x 18, 10-ply 7450 x 20, 8-ply 750 x 20, 8=ply
Highway Opcration :
Front ' 32 1bs. 72 1bs, 25 lbse
Centor 36 1bze 25 lbs, 25 lbse
Reaor 36 1bse 25 lbs, 25 1bse
25 mph Operation .
Front 20 lbse 45 lbsg, 15 1bs,
Centor 22 lbss 16 1bs, 16 lbs,
Reor 22 1bs. 16 1bs, . 16 1lbs,
Limited Oporation . .
Front 14 1bze 33 1lbs, 11 1lbs.
Center 16 1lbse 12 1bs. 12 1lbs,
Rear 16 1bse 12 1bs. 12 1bs.
Ordnance Sead Minimum
Front 8 1bse 19 1bse 6 lbse
Conter 9 lbse 7 lbse 7 1bse
Rear 9 lbse 7 1bs, .7 1bs.

de Loaded Radius at Verious Inflations. The following
table indicafes The distance from the conter of the hub to tho
ground is approximately the sumo on cach whecl ot any of the
inflations used in thesc tostse This condition vould not bo
true in the case of the pressurcs used by the Be F. Goodrich
Compony in their test,

26
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TABLE IV

LOADED RADIUS AT VARIOUS INFLATIONS

Distence from Center of Hub tc Ground in Inches

11400 x 18, 10=ply Tircs =~ Singlos All Around

Inflation Highwoy 25 mepehe Limitcd Opery  Orde Sand Min,
Wheols
Front
Loft 18-7/8 18-5/8 18~1/4 17-5/8
Right 18-7/8 18~1/2 18~1/8 17~3/8
CGenber
Left 18-15/16  18-5/8 18-3/8 17-5/8
Right 19 18-5/8 18-3/8 17-5/8
Rear
Left 18-7/8 18-1/2 18-1/4 17-3/8
Right 18~15/16  18-1/2 18-1/4 17-1/2
7450 x 20, 8-ply Tircs - Singles Front, Duals Roar
Wheels
Front
Left 17-1/4 16-3/4 16-1/8 16=3/8
Right 16-15/16  16~9/16 16=7/16 16=-1/8
Center
Left 17 16~9/16 16-9/16 16-7/16
Right 17 16=3/4 16-1/8 16=5/16
Reor
Left 17 16-7/8 16-1/2 " 18-7/18
Right 17 16-9/16 16-9/16 16=7/16
Oe  Whoel Track Datae Tho following tobulation, bascd

on the Loads given in Toblo IT and the Highwoey Inflotion Preosse
urcs given in Teble III, summarizos the wheel track measurc-
ments for the four trucks used in the tosts,

2T
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emngmmat  ww

WHEEL TRACK DATA
(Mensurements. in Inches)

. Vehicle,
Mske
Sizs
‘Type

Tire 3izs

ceno to 6311-
of Tracks ~
Std Mount
Duals«Frt
Overall Track
Widths
Std Mount
Duals-Frt
Single Track
Widths -

GMC : Studebaker GMC GMC .
2-ton, 6x 6 22~ton, 6 x 6 2iwton, 6 x 6 2Leton, 6 x 6
Dump Compressor Van Tanker

11.00 x 18, 10-ply 11.00 x 18, 10-ply 7.50 x 20, 8-ply 7.50 x 20, 8-ply

Front Rear Front Rear Front Rear From Rear

70-1/2% 70-1/2" Tl-1/4" 68-1/a" 63" 65-5/4" 63-1/4" 67-1/2"
73-3/4" 74"
81-3/4" 81.3/4" 82-1/2" T79-1/2" 71-1/a" 76" 71-1/2"  75.3/4"
. g2 82-1/4"
11-1/4" 11~1/a" 11-1/4" 11-1/4" 8-1/4" 19" g-1/4" 19"

f. Minimum Clearances. Minimum clearances for the front and
rear end of each Geost truck were measured at each of the four
inflation pressures used. In sach case the minlmum clearsnce was
found to be the vertical distance bstween the lowest point on
the differential gear case end the ground. The test trucks were
loaded as shown in Table II. TFollowing is a tabulation of the
minimum clearances:

TABLE VI

oo Sz

MINIMUM CLEARANCES IN INCHES

Vehicle
Make
Size

Tyve
Tire Size

Highway Infl.
25 mph Infl.

Lirited Oper.

GMC Studsbaker MO GMC
2%-ton, 6 x 6 _ 2%wtom, 6 x 6 2k=ton, 6 x 6 23-ton, 6 x 8
Dump Compressor Yan Tanker

11,00 x 18, 10-ply 11.00 x 18, 10~ply 7.50 x 20, 8-ply 7.50 x 20, 8=-ply

Tront Rear Front Rear Front Tear Front Reaxr

11" 11-1/4" "13.1/4" 10-1/4" 9.3/a" 9.1/2" 9u3/at 9-1/2¢
10-5/8" 10-5/8" 10-3/a4" 10-3/4" 9-1/3% 9-1/a" -1/ 9-1/4"

10-1/4" 10-1/4" 10-3/8" 10=3/8" u.3/8® 9.1/8" 9-3/8% 9.1/8"

. Orde Sand Hin. e~3/'4" 9-57/8" 10" To" §-3/4" 8.3/4% '8-3/a" 8-3/a)

A apm——prirts. oo o
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$TRE TESTS IN WUD. %. M. C. 25-ton Water Tank Truck es used
in mud tests. This truck is equipped with 7.80 x 20 tires
with singles on front.
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TTRE TESTS IN MUD. G M. C. 2Z-ton Van Body Truck s used
in mud tests. This truck is equipped with 7.50 x 20 tires
with singles on front. ’
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- TIRE TESTS TN MUD. G. M. Co 25-ton Dump Truck as used in
mud tests. This truck is equipped with single low pressure

) 11,00 x 18 tires.
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) PIRE-TESTS IN MUD, Studebaker 25-ton Air Compressor Truck
a8 used in mud tests. This truck is equipped with single

. ' low pressure 11,00 x 18 tiress .
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TIRE TESTS IN MUD. G. M. Co 23-ton Van Body Truck equipped
with 7.80 x 20 tires duals in front, as used in mud tests,
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9« Typcs of Testse Six bypes of tire tests werc conducted,
using the four 2-ton, 6 x 6 tost truckss The types of tosts and
%iro combinations uscd werc as outlingd below:

ae Repcated Trip Tests were made with the following
tirc Gquipmont. combinationse.

(1) stondard reor duels apd front singles pgoinst
low pressurc singles all arounde

(2) standard duols all around agzinst low pressure
singlos 21l around.

(3) Stondard roar dunls ond front singles with chains

21l around agoinst low pressuro singles with chains all
around.

be. Go or No Go Tests worc run with tho same tirc oquips=
ment combinations os outlincd unger paragraph 92 abovece

¢y Dynamometer Tosts were conducted with the same tire
cquipment as outlinod undor paragraph 92 abovoe These tests
worc divided inbto phasos to determino:

(1) Troctive Efforts
(2) Rolling Rosistances

de Comparative Hill Climbing Tosts werc mede with the
following Firc cquipment:

(1) sStendard rcar duals and front singlos agoinst
Iow pressurc singles all around,

(2) Stenderd reor duels ond front singles with

chains oll around against low pressurc singles with
chnins all arounde

ce Scrvice Durability Tests werc run uolng the seme tire
oquipment combinations &8 outlincd undor poragraph 9ne

£:  Comporative Mobiliby Tests wore made with the follove
ing tiro cquipment and 1nfloticn pressurcs.

(15 Standard rear ducls and front singlos against
standard recer duals and front dusls ot Highwoy Inflationse

(2) Highway Inflations ageinst Ordnance Sand Minimum
Inflotions using standord rear ducls end front singlcse

Y



(3) Higlway Inflations againstAQ?dnanqe Send Minimum
Inflations using standard rear duels and front duslss

(4) Highway Inflations egainst Ordnence Send Minimum
Inflations using low préssure singles all around.

10s Test Procedures The test procedure‘for‘eéch type of test
is summarized in the following outline: ‘

o« Repeated Trip Tests were run in circulor and straight
trackse ‘

(1) cCirenlar Trackse. A circle of approximately 100
feet in diamever was described in the mude Tho first truck
wes run with i%s inside wheels following the described
circle as closely as practicables The inside wheels of the
second truck, which was equipped with the compoting type
of tires, were driven in a concentric trock about three feot
from the track made by the outside wheels of the first trucks
Similarly the third and fourth trucks were driven in com-
centric circles about throe fect from the trocks mode by
the preceding trucke The relative position of the trucks
were varied in each teste The number of trips and the
point ot which cach truck becams immobilizod wore recordede
The trucks were operated in second geear, low ronge and all«
wheel drives Tho test was ropeatod at each of the four
inflation pressurcs listod in Teble III but with only
standard rcar ducls and front singles against low prossuro
singles 2ll around.

(2) straight Tracks. In making the ropeated trip

tests in straight track runs the four test vehicles were
lincd up obreast of cach other, alternately spaccd as to
type of tirc equipment, ond about 3 foot apart. Starting
on compatively stable ground, the runs werc mode toword
the 8alton Sca with the mud condition beeoming progrossivoly
worsee The trucks advanced in straight parallel lincs until
oach became immobilcs Each truck was then backed in its
tracks to tho starting point, after which it was driven back
end forth in the samec tracks until it became stucke If,
eftor malting the initis] forword. trip, tho track beoamw stuck,
it was winched back until it wes able to back undor its own
power and the test wos continuod as in the preceding casc-
Carc was takon, in moking the subsoquent trips, to advance
only to a point a rcosonablc distance in back of the placc
wherc the truck originally became stucks The distanco
traveled on the jaibiel trip, the length of the subsequent

. trips and the point &t which the truck was finally immobilized,
viere rocordede As in the provious described test in circuler
trocks, tho truci, were operated in sccond geor, low range ond
all whool drive. Ninc tests worc modo with tho trucks running
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in one direction; but using various inflotion pressuress
Taet is; uhe trugks were rup s for os pessible in n
straight line at L;ghaay pregsursss When tho truck sbopped,

it wes backsd nuc~ t ﬂn the préssures wo

L§

re 1l red
Lk driven forward in the some get

tr
of tracks untll it st 990%. This procedurc was repeated
utilising both the Limited Onarmtlon and Ordnanco Sond
Minimum infiction volues. Tho test was ropeabted with che
three diffsront Tiro cquipment combinetions and &t the
four sots of inflation

ation prossures as Goscribed previovislye

Bes 03¢ or No Go Tastss In moking those tosts tho trucks
vore drivon in poirs through the artificially propurad oross,
£

3
sherting ob one border and continuing cither across the arco or
until the bruck besame stucks In cuch Yost thu trucks with
cempeting tire equipment wore ultornated and run so as bo
straddlie one of the whoel trecks of the preecdinp veniclos In
this manner cach truck moade new tracks and at thu samc time
troversed mud of comparable consistencye Tho Trucks worc oper~
oted in low geoar, low range and oll wheol drivee Tho distninice
troveled vy cach truck, bofore becoming immobilized, wos ro=
corded. Tests were run using tho tire oguipment combinations
outlincd in paragroph 92 mnd av coch of the four sets of in-
flation prossurcs indiontod in Table IIX.

traighton the owblu d1 torts o dia~
c cansgd ng prossurc changce
with the linc loads forming two
v the fiuid the othors
o dig ls frem O to 6000 pounds
!‘

sides, and the pr
A dual geugg ig use
and 0 to 18,000 pounds

Tho gouge ranglng from O to 6000
pounds is usod whon the load is lighd bocauge tho dial
inorcmonts erc largers ¥hon hoavior loads are uncountored,
the gaougo x unﬂzﬁg from O teo 18000 pounds is uscde The
zouges, which aro ecommooted ¢ the dinphragm by non-czpand<
ing wirc woven hesc were mountod in the cnb of dhe truck

0
h tho dynamomcior was mountdd. The i

on vhie 13 the 1
The 8000 pound gouge orc B0 pounds and those on thu 18000
pound gauge arc 200 pounds.
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TIRE TESTS IN MUD. General view of mud area at Cemp Seelsy,
before any tests were made.
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TIRE TESTS IN MUD. 25-tor Water Truck with 7.50 x 20 tires;
duals in front, at Limited Operation Inflations stuck in the
mud gt Camp Seeley.

TIRE TESTS IN MUD. General view of mud ares at Camp Seeley,
at the completion of tests. Note the depth of the tracks made
by the trucks, )
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TIRE TESTS IN MUD. Close up of dynamometer used in tests
showing offset in cable and diaphregm.
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TIRE TESTS IN MUD. View showing dynamometer used in tests and
method of mounting dynemometer on dynamometer trucke.

N s

TIRE TESTS IN MUD. View showingguges of dynamometer and where

they were mounted en the dashboard in the ceb of the dynamometer
truck.
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(2) Tractive Bffort Testse Tho tractive offort
tests wore made in arcoas adjacent to those uscd in the
rolling rosistonce testse The test trucks wore drivon
forwoerd in the opposite direction from which thoy were
run in moking rolling rcsistance tests. The dynamometor
truck supplicd tho breking loade After the cable wes
connccted botween the two trucks, the test vohicle vas run
in first geear, low ronge, all whecl drive ond the dynamoe
moter truck wes driven in an eppropriotc gear ot o pro-
grossivoly slower specd; thereby cllowing one compression
of tho engine to furnish the braking cfforte Closc con-
trol of broking the test vehicle could be obbtained in this
monnors If the brokes of the dynemomcter truck werc uscd,
there was o tendency for them to grobe This grabbing
invariobly csused an impoct on the dynomomctor which ro-
sulted in an obnormally high readings The trucks were
driven in poirs as in the preceding deseribed testse. The
trucks with compcting tirec cquipment wero driven aliernctely
through the mud, ond eostride onc of the wheel trocks of tho
precceding vehicles Approximotely five of the highest readings
were rccorded. The overege of The readings on coch Hest
is found in Appendix Be Tests wore run using the tiro
cquipment combinations outlined in poaragraph 92 and at
coch of the four sots of inflation pressurcs indicated in
Table III.

(3) Rolling Resistance Testse In meking the teosts
for rolling resistancc, o cowse 100 fcet in lengbh was
noosuryd off in the muddy arec and stokes wore placced
every 10 fect for use in rccording the dabta, The first
tost truck was then lined up with the front bumper porpon-
dicular to the line of stokes and obout 2 fect distont
therefrome A steel coble, obout 100 feet long, wos noxt
attached botweon the test truck and the truck on which the
dynomomcter was mounteds The dynomometer truck was in
turn connccted to o third truck cquipped with a fronte
mounted winch, which was cmployed to winch the dynsmowmcter
truck ond tost truck through the muddy arcae The tachometer
of the winching truck was held, as ncarly as poscible,
ot 900 rpm; thus cnabling the test truck to be pullod at a
constant rate of spced, approximotcly 25 fect per minutcs
Corc wes cxercised to maintain the vehicles in proper
clignment with o minimum of stocring and as little varice
tion in spced as possiblece The winching truck was olso
kept in proper alignment to insure operation of the winch
at o constant ratc of specd without stopping to respool
the cables A dynamomcter gauge reading wes rcecorded every
ten focte The test procodurc wag repected for cach test
trucke The vehicles wierc paired as in the preccding dos-
cribed teste The trucks with compoting tirc cquipmont wore
pullecd altornatoly through the mud, cnd astride onc of the
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TIRE TESTS IN MUD. General view of method of determining
Rolling Resistance. The winch truck in the background pulls

the dynamometer truck which’ in turn pulls the test vehicle
through the mud.
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TIRE TESTS IN MUD. General view of method of determining
Tractive Efforte A cable is connected between the dynamometer
and the test wehicle to furnish a lced for developing tractive
efforts This cable is long enough to allow the dynsmometer

—aled AT A

truck to stair out of the tracks made by the test vehicle.
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‘TIRE -PESTS IN MUD.
View of Ge M. Co 25
ton Van Body being
driven through mud
area to ascertain
tractive effort.
The truck is equip-
ped with 7:50 x 20
tires and chains at
Highway Inflations.

TPIRE TESTS IN MUD.

Highway Inflations.

-

Studebaker 25-ton Air Compressor being driven
through the mud. It™is equipped with 11:00-18 tires and chains at
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TIRE TESTS IN MUD.
View of test wehicle
with 7.50x20 tires
and chains &t High-
way Inflations. Note
the width of tracks
made by this wvehicle.
This truck is being
pulled through the
mud ares.

TIRE TESTS IN MUD. Studebaker 25-ton Air Compressor being
pulled throur™ the mud. This truck is equipped with 11.00 x 18

tires and chains at Highway Inflationss
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TIRE TESTS IN MUD.
View of G. M. Co
2%-ton Water Truck
with 7.50 x 20 tires
and duals on fronbe.
The truck iB being
driven through the
mud to ascertain
the tractive effort.
The tires are at

25 MPH Inflations.

TIRE TESTS IN MUD. View of Ge M. . 23-ton Dump Truck at 25 MPH
Inflations being driven through the mud on tractive effort tests.,
This truck is equipped with 11.00~18 low preossure tires. The tracks
made by thd water truck as described above cen be seen in the center
of the picture.
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TIRE TESTS IN MUD. View showing Dump Truck with 11.00~18
tires and chains being pulled through the mud and the way
the mud gathers on the tires,

T™RE TESTS IN MUD. View of a truck with 7.50 x 20 tires
and chains being pulled through the mud and the way the
mnd gathers on the chains,
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TIRE TESTS IN MUD.
G. M. Ce 2%‘%01& Van
Body being driven
through on tractive
effort tests. The
Truck has 7.50 x 20
tires and chains

st Ordnance Sand
Minimum Inflationse.

/ o e g Ay T ot 0 ST ¥ . et
o R . . “ RO e
RN

TIRE TESTS IN s&UD.
View of Dump Truck
with 11,00~18 tires
and chains at Orde
pence Ssnd Minimum
Inflations., The
trude is being driven
through the mud on
tractive effort tests.
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' TIRE TESTS IN MUD.
, Ge Mo Co 2%-ton Van
Ny Body being pulled
* X through the mud.
AR The truck is equip-
e ped with 7.50 x 20
tires and chains
at Ordnance Sand
Minimum Inflations.
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°
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TIRE TESTS IN MUD.
View of Dump Truck
with 11,00=18 tires
and chains at Ord-
PY nance Sand Minimum
Infletions. The
truck is on rolling
resistance tests,
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wheel tracks of the preceding vehicle. Tests were run
using the tire equipment combinations outlined in para~
graph 9a aand ot ench of the four sets of inflation press~
ures indisated in Tabls IIle Tho dote on.these tests
are ottachcd to this report as Appendix Be

de Comparative Hill Climbing Tostse Compernkive hill
climbing t0sts wero oonaucved in the scnd-cloy hill aren aboub
four miles east of Thermole. The tost ramps, oach about 110
foobt in longth, were wotted with water in an atbempt To orecte
a slippery condition oy’ the approximatoly twenty porcont slopce
The trucks vore then driven up tho romps with the succceding
trucks running in the troacks made by tho first vchiclos. In
each tost the vohicles wore slterncteds The trucks were storted
from the same place ot the bottom of the ramp .and run in lov
gear, low range and all whool driv~s The disbtance tho trucks
worce able to climb up tho slopc oand the oasc in which thoy
nogotiated the ramp was recordede Tests were run using differw
ont %irec combinations and the four sots of inflations pressurcs
indicated in Teble IIIe

8y Scrvico Durability Tostse The tests covored undor
this Neading consistod of tho accumulated mileage put on tho
test trucks during the entiro testing peoriods Thoy wore corricd
on incidental to the proviously dossribed tow s, boing largoly
o rosult of the distances troaveled betwoon tho tost areas and
the Dosort Warforc Scetion hoodquartors. Approximately 75 pore
cent of this travel was on reved highweys ond the balance on
graded dosert roads and in the mud tost arcas. Specdometor
readings, for coach test vehicle, were rocorded ot the start of
the tost progrom ond agoin at the conclusion of the testse ALl
highway travel was mode using tho "Highway Inflations" given
in Table IIIe About 12 percent of the travel with the stondard
750 x 20 tires was with duals all arounde Tho total milcage
coverod by all the test trucks was 5670 milecse A tobulation
of the milcoges for cach tost truck is included in Appondix B
attached Yo this roport,

f» Relative Mobility Testss The trucks were run from
the some storting point and os ciosc togebhor os possible so
the conditions would be comporoblce As the trucks advanced the
mud conditions become progrussively werse:. The distance cach
truck troaveled before bocoming immobile was recordeds The ro~
sults of thesc tests are attoched to this roport as Appendix Be

11, Physical Characteristics of Mude

e  Soil Antlyscse Frequent mud semplos were obtaincd
from Which The physical propertics of the soil wore debermincd.
Groin sizes ond groding of the meborials woro detormined by
mechanical analysise Moisbure contont wes sscortained from

5T
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samplos tokon from tho bobbtom of tho {irc tracks and scaled in
viater tight containerse Othor choractoristiss determinod woroe
plostis 1limit, liquid 1limit oud plosticity indexe All somples
worc submitted to bhe Log Angelos District Enginoor Officce

Ths posults of the soil tests aro included on tho daba shoots,
for tho rospective tocts, in Appondix B attachod to this reporte

ba Fonotrometer Tostse Ponotromoter rcodings were token
ot froquont intorvols on ooch best course boforo ond in some
cogcs oftor tho tire tostse Tho roodings provided an index of
tho relativo stability of the mude The dovico used wus o Proce
tor penotromoter with a modified ncodle, which measuros the
forco necessory to push & smoll dismoter metal rcd (the ncedle)
a givon dopth in tho mud. Roadings were obsorved ot 3, 6, 8
end 12 inch dopthse. Recordings of the ponotromctor rondings
for the majority of tho test coursos are included on the date
shoots atbtachod to this rcport as Appondix B

12+ Weathor, Tomperaturc and Humiditye

fe  Genoral Weather Conditionse Woather conditions,
during tho test period, wore quitc constant. Thore werc no high
winds and only two slight rains occurred, ncither of which
affoctod the tosts matoriallys

bs  Tomporeturcs Ambiont air temporoturcs observed
during the tost porio. aweraged opproximately 105 degrees
Fohrenhoit, with o minimum of 93 dogreos and o meximum of
113 degrees during tho hours of tcstinge

Ce Humiditye. For tho test period the average humidity

was 50 porcont, with o minimum of 46 percent and o maximum
of 54 pcrconte
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TIRE TESTS IN MUD. View of Ge Mi C. 2%-ton Van Body Truck
with the front wheels practically buried in the mud. Trucks
with standard tires invariably get stuck in mud with the
front wheels buried.

TTRE TESTS IN MUD. G. M. o 25-ton Water Truck stuck in the
mud with the front axle draggings The loadings on the front
end of the test vehicles caused them to drag on the front axle.
When duals were put on the front due to the pressure of better
flotation, whenever the trucks bogged down it wes in the reare
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TIRE TESTS IN MUD. Visw of J. M. C. 2%-ton Weter Truck
stuck in mud. This truck is equipped with 7.50 x 20 tires
and is at Limited Operations Inflation. The truck in
this picture is dragging on both exles.
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TIRE TESTS IN MUD. View of test vehicle stuck in the mud.
This truck is equippedwith 7.50 x 20 tires; duals in front,
with 25 MPH Inflation pressures. Note how deep the truck
has sunk “in the mud.
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TIFE TESTS IN MUD.
Vieow showing method
of using penetrometer.
One man uses penetro-
meter and enother
records the readingse

TIRE TFESTS IN MUD.
Penetrometer used to
determine softness
of mud. ‘The penetro-
meter consists of
two perts, the stook
and the naedle. In
this picture a short
needle is attached
to the stock, while
in most ceses in mud
a needle 12" long,
with 2 head of % 8qe
in. cross sectionsl
ares was nsed.
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IV  DISCUSSION

144 Goenercla

———

ae Tiro Gaugese Tire inflation pressures werc checked
frequently with smoll Bourdon spring~type gaugeses Threo of tho
goaugos uscd wore calibrated by the City of Los Angeles, Doport-
nent of Public Works, Burcau of Standardse 'The results of the
calibration tests aro attached as Appendix Ce Tho largest of
thoso gauzos vies Kopt as o sbandord gauge in.a.box in the office
So that it would not bo subjectod to injuryes Two other gauges
were calibratod using this standard geuge and weckly all the
gaugos viere checked ogainst this standard gaugee

be Condition of Mude It must be romomboured in roviciing
the data ond rcsults of thosa tests that mud verises from cne
location to anbthere Tosts wore made under only ‘two varying
conditions of mud; therofore-they-cannot be considored as con=
clusive of ths :performanco of these tires undor all mud condi-
tionse Bvery tost should be considered as completo in itsclf.
The conditiont of all mud changes so rapidly from onc location
to another that the mud conditions must bo analyzed before
tests may bo comporcde

15 Anolyscs of Datae

oe (owNo=Go Tostse

(1) The Go-No=Go typc of tosts aro considercd as most
valide In thesc tosts, the mud conditions woro controllced,
hence werc as ncorly consistent as possiblce This type of
test is believed to give the most conclusive rosults of
mobility, ond will be uscd extensively with vorying mud
conditions in futurc testinge It was found that the trucks
irrospectively of the size tires with which they were equip-
ped would travel forther in mud if the front whools were
slightly ond slowly oscillated from sido to sidce

(2) 1In the Straight Track, Repoated Trip Tests. the
distance traveled in the initial trip may be considered as
Go=No=Go tostse An onolysis of the Go-No~Go tosts. and of
the initial trips of the Repeated Trip, Straight Track tests
is made in tho Summary ond Anslysis of Rosultse - The por-
centage differonce between tho rosults of the two tire
sizos at a given inflation and tire mounting was calculated,
using the smallor figurc as 100%s Throc tiucks instoad of

. four woro used. in a fow tostss In thosc tosts -only two
trucks. werc comporcds In.ony onc comparison the -sdio two
trucks were alvioys uscde ‘ “ :

.



be The following vests are considered to be of little valuee

(1) Repeated Trip Testse This type of test was devised
to simulate the convoy conditions Qf trucks .following in the
same tracks of precoding vehiclese

(a) .Circular Trockse The circular tracks were
utilized to allow the trucks to always run forwarde It
was found that the trucks on the inside course becamo
stuck moro frequently than the others, due to their hav-
ing to moke the sharpest turne The results are not conw=
sidered pertinont because of the variation in sharpness
of the turnings to which all the trucks were subjoctoda
It is suggosted thet no future tire testing be.mede
ubilizing circular trackse The tost area used conteinod
numerous soft spots which caused the trucks to bocome
stuck prematurclyes Therofore, the rosults have not been
considered in meking the conclusionse

(b) sStraight Trackse Straight tracks wore used to
oliminotc the turning necessery on circular trackse In
this test the longth of the cqurso for cach truck was not
oqual, and the mud conditions varied groatly, bocoming
moro scvere as the length of the courso increascda
Thorefore, tho results of the repeated trip tésts cemnot
boe considered pertinent although the initial trips have
bocn considered as valid Go=No=Go testse. If, in futurc
testing, the straight track repeated trip bype tests arg
to be used, it would bc advisoble to run,thoe trucks over
the some longth coursc and in one dircetion onlya In
backing through the original tracks, it was noted that
the rcor wheels scem to do moro compocting than if the
truck werc only being run in one dircctione

(2) Dynomomotor Tostse An arca was used in which nll
the trucks worc able to travel at loast 100 focte The mud
condition wos much less severe than oncountored during the

. other typo tests; honec did not provide an adzquete tost for
tho low pressurc tirose It is possiblo that the goar ratio
of the tricks oquippod with 11,00 x 18 tires should be changed
to accommodote the larger tircse Thorefore the rosults of
thoso tests aro belicved to be invelide .

(3) Comporotive Hill Climbing Tostse In addition to the
mud- flotation and traction tosts, hill climbing trials were
madoe - The trucks were run on a twonty percont slopce Thoe
ramps were composed of sandy c¢lpy soils Tho consistoney of
Tho mud on the remps was changed from time to timo by ortie
ficiel wottings The rosults connot thoreforc bo comparcd

-7é~
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oxcopt wherc tho conditions wore the same, as noted on the
date sheoots in Appendix Be The rosults of these tests show
that it did not improve hill climbing, ability when lower
inflotion pressurcs worce used, but thet whon tho trucks were
cquipped with chains, their mobility on slopes is greoatly
increascde

-

16« Mobility of Trucks.

2> ' .
oe The mounting of duals on thg front of the truck cquipped
with 74560 x 20 tires increased the mobility 44 perconte The flo-
tation is groatly incrcascd when dvals ore -mountod all around,

be Tho mobility of the trucks was incrcascd from 16 to 40
porcont whon the inflation prossuros wore lowercde The gross
conbact arca of the tirc is increcascd by lowwering the inflation
pressurcs and thercfore bebier flotation coan be cxpoctede

17« Advonboges of Chainse Stondard 7%50 x 20 chains wero uscd on
the 7450 x 20 tircs and 9400 ¥ 20 chaing wore uscd on tho 11,00 x 18
tircese It wns found that o truck cquipped with chains went 120 por-
cont ferther than a truck without choinse The use of chains oll
around affords a noticceble incroasc in troction becsuse the flexin
action of, loosely fitted chains cloons the tire -of mude

18e Piling up of Mude It wos noted that mud has o tondency to
continually pilc up ahcad of the conter ducls on trucks cquipped with
7450 x 20 tircse This condition invariobly rcsulted in quicker ime
mobility of the vchicle then resultcd with the 11,00 x 18 tired trucks
when tho conditions were the same, .

19, Basc of Stesringe Stocring on povements or hard surfocod
roads was found to be slightly casicr with a truck cquipped with
standord 750 x 20 tires as compercd with a truck cquipped with 11,00
x 18 tircse When operating off-road, in mid or loose material of any
sort, steering vims casior with trucks cquipped with 11,00 x 18 low

pressure tircs as cgainst 7.50 x 20 tircs, cither singlcs or duals
on front,

20e Fender Cloarancos In operating over cxtremely rough terrain,
it wos noted thnt Tho Tircs would rub on the fonders of trucks cquipped
with 11400 x 18 tiros, duc to the bogic action of the rear wheelse

) 2le Sorvice Durebility Testse In the total of 5,690 miles traveled
vith the tost trucks not g singlc tire failure occurreds No promoture
tube fgilures resulted oven though the tires wero dofloted to. the Orde
nonco Send Minimum inflotions during o considercble portion cof the test
poriode The tires did not slip on the rims, cven efter all the trucks
had boen driven ot o rote of 16 mph for 2 miles ot Ordnence Sond Mini-
mun inflationse No tires or tube slippuge wos noted during tho tostse
It is belicved by the writcrs that when bead rings orc used, it is

feasiblo to usc theso low pressures without premoture tire or tube
failurcss,

n7 9-.



Vv  CONCLUSIONS

22+ Basod on tho results of tho tosts covorod in this roport
ond on tosts proviously conducted in sand by this ‘Scction, it is
concluded that:

Qe “Mud-mobility" of the standard 23=ton truck is bottor
when oquipped with 11,00 x 18 low-prossurc tiros then whon
oquippod with 7450 x 20 8=~ply stondard militory tires, singlos
oun the front whoclse

be "Mud-mobility" of the standard 23~ton truck with 750
x 20 Tires is improved by dualing the front whoolse

Ce . M"Mud~mobility" of tuw standard Zé-ton truck cquipped
with Cithor 7,50 x 20 or 11,07 x 18 +tires is incrcascd with ro=
duction of tiro prossuros.

de  MMud-mobility® o/ “in-stasdord 25-ton truck oquippod
with Oithor 750 x 20 or (N0 x 8 low pressuro tires is im=
proved by tho usc of tirc chiins, -

ce The stondord 23-tom truck, without modifications, is
casicr to stoer oross country , whon cquipped wich 11400 x 18 tirea.

fo Tho stonderd 23-ton truclk,  without modificotions, is
casior to stoor on the highwey, whon cquipped with 7.50 x 20 tirese

ge The-rusc of thc Fircstone toper wedge bead ring allows
both The 7450 x 20 and 11.00 x 18 tirc to be run at Ordnanco
Sond Minimum Inflotions for emergoncy opcration, vithout pre-
mobure tiro or tube failurce -

he The stondord 23-ton truck should be modificd to give
additional fonder cloorance to cdequatoly accommodate the 11,00
X 18 tirce ’
ie Tosts by the Desert Werfore Scetion undor the conditions
available indicate thet the only satisfoctory methed for dotera
mining the rclative performence in mud of the standard 2%~ton
truck, with vorious tirc combinotions, is the "go-no~go mothod",

je Tho standord 2f-~ton truck, with rated paylood, whon
equipped with 11.00 x 18 tiros can nogotisbe o 23 porecent grade
in dry dune sand; whercas the same truck when equipped with
7¢50 x 20 tires can barely negoticte o flat streteh of flat
dry dunc sende
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k. The standard 2-ton truck has grester clearance when
equipped with 11,00 x 18 tires than with 7.50 x 20 tires; there-
fore allowing better mobility for any operation other than high-
my.

'VI. RECOMMENDATIONS

23, It ds recommended that:

. & To improve the performance of 2%-ton, 6x6 trucks in mud
of the type in which the tests were made, 11,00 x 18 10~ply non-
directional tires be used in preference to 7,50 x 20 8~ply none
directional tires.

b. If trucks are supplied with standard 7,50 x 20 tires the
front wheels be dualed for increased "mud-mobility".

¢+ Chains be uned on both Te 50 x 20 tires and 11.00 x 18
tires to give added "mid-mobility",

d. Reduced tire inflation pressures be used for increased
"nud-mobility”,

-

G Ty
C. C, Huaskison
Engineer (Civil)

77/4/&&» ‘ lf é’ s
Martin R. Leidid
Asst} Engineer (Civii)
J

John !Iac(}larence, ¥ajor, C.E,
Chief, Desert Werfare Section
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Authorizing
Tosting of 11,00 x 18 10~ply

Low Prcssurc Tircs
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TECHNICAL DIVISION IV
THE ENGINEER BOARD
FORT BELVOIR, VIRGINIA

-

Dater 11 August 1943
Serial No: 36
Es Bs Form No. 10&.3. . -

Subject: Directive for (Desert Warfars ) Sectiomn.
A (written directive signed byg Captain Glenn D, Ferguson

was received this dete from Technical Division 111

..... Letter from OCE to EB dated 5/28/43, f£ile CE 451.92, EB 400.1
t ty: ’ et
Authority (MES 433), subject: Service on Tires.

requesting that tho following work be dae under

Project No: Filo No: Date
MES 433 400,1 (MES 433) 2 August 1943

Directive: Desert Warfare Section to assist the Transpprtetion Development
Branch of the Engineer Board in testing of 14:00 x 20~12 ply and 11:00 x 18-10
ply low pressure tires. Schedule of test program is being prepared jointly
by Transportetion Development Branch and Desert Warfare Section and will be
forwerded to Technical Division IV for approval when completed.

Completion Date: Funds Authorized: MNone other than

. MES 433
Date Received (Desert Warfarc Section) 3 17 -August 1943

Estimeted Completion Date: 1 Dec 1943 Porsons Assigned to Job:
¥r. R. C., Kerr
Date Complated: . Mr. C. C, Huskiscn

llr. no Rc Lem’ﬁ .
RETURN TO TECHNICAL DIVISION IV UPON COMPLETION OR CANC LATION OF PROJECT

_ Distribution: XcColonel Goerz

Director, Technicol Division I
Dirocctor, Technical Division II
X Director, Technicel Division III
XDireotor, Tochnical Division IV
Director, Service, Admin., & Supply Division
XChief, Desert Warfare Section (6
Cr_xicf, Mountain Warfore Soction
XControl and Roports Branch

CORY
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Tost Data
Gf Tire Tests in Mud
With 7.50 x 20 8~ply and

11,00 x 18 1O=-ply Tircse
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COMPARATIVE “HILL CLIMBING TESTS

Notos The consistoncy of the mud changed as the romps woro wottod
from time Yo timce Thorofore,-the rosults connot be compored except
in tho two tests notcd whore the tost conditions worc the samo.

Tost ’
No. Vohicle Inflation Tost Results
94 Van Highwey Climbed cithor ramp but spun o
littlo
94 Tonkor Highway Climbed cither ramp with only
slight hcesitations
84 Dunp Highwoy Climbed cithor ramp.
95 Tanker Highway Went only 63 foct up onc rompe
85 Duwnp Highvwoy Font only 63 foot up samc rompe
96 Tonkor Ord. Sand Mine Climbod cithor rampe.
96 Dump Ord, Sond Mine Climbcd cither romp.
96 Von Highwey Climbed cither romp
97 Tanker 25 mePehe VWient only 85 foot up onc romp
a7 Dump 25 mepohe Yient 55 foct up some romp.
97 Von Highway Hont 55 fect up somo rompe
98 Tonker Limitod Opor. Went only 55 feet up some romp
o5 aboves
98 Dump Limitcd Opers Wont only 55 fcct up same rampe
99 Tankor Ord. Sond Mine. Wont only 55 foct up onc romp
99 Dump Ord. Sond Mine Went 57 fcet up some rompe
100 Tonker 25 MePeha Vient only 84 foot up onc romp
100 Dump Highway Went 90 foot up soame romp,
101 Tanker 25 mepehe Vlent only 55 foct up ono rampe
101 Dump 25 mepehe Went only 85 fect up one romp.
102 Tanker 25 mepehe Climbed the somc romp os above
with Chains with casc
102 Dunp 25 mepehe Climbed the seme romp with coscs

with Cheins
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SERVICE DURABILITY TEST

-

Miles on

' Totel Milos Roods and Wiles Duels
Type Truck Tirc Sizc Milvs on Hwy Tost Arcas All Around
Dump 11,00-18 741 556 . 185 -
Compressor  11.00-18 1570 1178 392 -
Van 7450-20 1967 1475 492 236
Tanker 7450-20 1412 1058 354 170
Totols 5690 4267 1423 406
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SUPPLEMENTARY DATA

Bffcct of Using 7.50 x 20 Duals ALl Around vse Standard 7.50 x 20
Tir:e ZBquipmont at Highwoy Inflotionse

Test Feet Troaveled
Hoe Singles Duals
1 119 141
2 144 229
3 195 90
4 133 201
5 159. 171
6 75 150
7 192 369
8 161 366
9 213 330
Average 158 227%

Effoct of Lowering Inflation Pressurces

7.50-20
Singles Duals 11,00 x 18
Orcde Orda. C Ordes
Test High~ Sond High-  Sond High- Send.
No, oy Min. oy Mine viny Mine
1 126 267 77 90 243 270
2 243 267 35 45 204 288
3 12 27 139 141 12 10
4 8 28 172 317
5 45 39
6 86 151
7 130 151
8 R4 99
Averago 92 126 106 148 153 179
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City of Los Amgoles
Lob., No. 64-356 DEPARTMENT OF PUBLIC WORKS.
Reotd 8-16-43 Bureau ofStandards
Rep't'd _ 8-17~43
To The Engineer Board 826 Yale Stroot

A —————s—————

Report

PRESSURE GAUGE

A pressurc gouge was tosted for the Engineer Board,
Desort Warfare Soction, Thermal, Colifornia, on August 16, 1943,

Type: Five inch dial

Morked: Marshalltown Gouge

Ranges 0O to 60 powmds

Gougo Reading Pounds Prossure Correction (1lbs)
13 1/2 10 -3 1/2
23 1/2 20 -3 1/2
33 1/2 30 -3 1/2
43 1/4 40 -3 1/4
53 1/4 50 -3 4
60 57 -3
214 /s) T, i, Fitch
Director
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City of Los fingoles

Lab. No, 64=-358 1DEPARﬂﬂENT OF PUBLIC WORKS
Rec'd 8-16-43 Burouu of Stondords
Rop'ttd B=17=43
To The Engineer Board 826 Yale Street
Roport
Tost of

PRESSURE GAUGE

A prossure gauge was tusted for the Engineor Board,
Desort Warfare Section, Thormal, Colifornia, on August 16, 1943,

Type: Two ond one-holf inch dial
Morked: ifarshalltown Gauge

Rango: O to 100 pounds

Gaugo Reoding Pounds Pressure Correction (1lbs)
16 10 -6
26 20 -6
36 30 -6
46 40 -6
56 50 )
66 60 -8
76 70 -8
86 8Q -6
96 920 -6
100 94 -6
2:4 /s/ T. L. Fitoh |
Direotor
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City of Los fngolos

Lab.No.  64-357 DEPARTMENT OF PUBLIC WORKS.

Roctd 8~16-43
Rop!tTd  B-17-43
To The #ngircer Board 826 Ynle Stroot

Burcau of Standards

Roport

Test of

FRESSURE GAUGE

A pressurc gauge was tosted for the Enginoor Board,
Dosert Viarfore Soction, Thormal, California, on August 16, 1943,

Type: Two and one-half inch dial
iorked: Harshalltown Gougo

Runge: O to 25 pounds

Gouge Rowading Pounds Pressuro

9 5
14 10
19 ./4 15
24 1/ 20
28 3/4 25

2:4

Corrcction (lbs)

Diroc*or
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APPENDIX "D"

Ordnanco Desert Proving Grounds

Clossification of Mud
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ORDNANCE DESERT PROVING GROUNDS
CLASSIFICATION OF i{UD

The Ordnance Desert Proving Grounds roport on mud flotation classified
mud into several typose Quotoed horo is soction II 4 from subjoot
report,

"1

e v — -

"Soction II. A. That for the purpose of evalucting the mud
mobility of militery wheeled vehicles all of the various typos
of mud chat moy be encounbored foll into two classifications
or bypes,

Type I Mud: Botbomless mud whoro tho consistency is such that
the mud will not support a vehicle with standard military tire
oequipment at 20 pownds tire pressurcs The term bottomless
impliocs that a firm sub-surface, if oxistent, will be at such
a depth that tho vehicle undorcarciage will be buried in nud,
proventing forward motion of the vehicle bofore the driving
wheels hove contacted the firm sub-surfoce. ¥kxkx

Type II Mud: A mnd top~surface with a firm hord pan at o depth
not to exceed tho minimum vehicle ground cloaranco. Under this
classification is also inoluded mud whero no hard pan exists but
where the consistency of tho mud is such that compaction will
cfford a sufficient bearing surfaco to support o vehicle with
standard tire equipmont at 20 pounds pressurc at o dopth of nob
to oxcood the minimum vehiclo ground clearance. &t the dopin

of adequatoe baearing capacity, the mud must have sufficiont shoor
crosistonce to permit tho dovelopment of meximum vehicle trective
olfort with chain eguipment,

l.  Typo II lMud should be classifiod as Type IIA, whon tho mud
has o cleaning quality such as tho presonce of high water con-
tont, sond, d.cayed vegoteble moattor or othor non-adhesivo mae
torinls which give the mud o cleaning quality, #¥ki*

2. Type IIB is nud that has no cleoning quelities and is
highly adhesive such as gumbo or cdobe mud,"
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APPENDIX B

REPORT OF TfgTS OF 14i00 x 20 12-PLY
AND 9:00 % 20 10-PLY TIRES ON 4-TON

v

<8 & 6 TRUCK
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Desert Warfare Section
Thermal California

Informel Report Weo. 181

Part II

TESTS OF 14:00-20, 12 PLY AND

9:00-20, 10 PLY TIRES IN MUD

Project No, MES 433

Service on Tires
For Engineer Equipment

15 January 1944

Submitted to
The Technical Staff

The Engineer Board
Fort Belvoir, Virginia

Martin R. Leidig
Asst, Engineer (Civil)

C. C. Huskison
Engineer (Civil)
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SYLLABUS

This second Interim Report covers testing by tho Desert

Warfore Section of standard 9,00-~20 tires and 14.00-20 low pressurc

tires on loaded ¢ ton, 6x6, trucks in varying mud conditions. The
testing wes carried on at the north end of the Sulton Sea ond ot

Camp Sccloy, California. The roport analyzos the data sccured from

a series of tosts made to dotormine the rolative porformence of these
tires in mud. The period of testing was from 2 November to 31 Deccmber
1943,

The conclusions based on results of tests covercd in this
report and on tosts previously conducted in sand by this Scction aro
as follows:

a. ™ud-mobility" of the standard 4 ton, 6x6, truck is
better when equipped with 14,00-20 low pressurc single tircs
thon whor cquipped with 9.00-20 standard military tires, with
either singles or ducls on tho front wheels.

b.  "kud-mobility" of tho standard 4 ta truck with 9.00-
20 tires is improved by dualing of the front vhecls.

c. "ud-mobility" of tho stundard 4 ton truck equipped
with eithor 9.00-20 or 14.,00-20 tires is increesed with ro-
duction of tire pressures.

d. "iiud-mobility™ of the stondard 4 ton truck oquipped
with either 9,00-20 standard or 14.00-20 low pressurc tires is
improved by the usec of tire chains,

e, "fud-mobility" of the standard 4 ton truck is botter
when cquipped wit 9,00-2C singles in front wund chains all around
thon when equipped with 14,00-20 tires, without chains, at most
inflations. When the 14,00-20 tires are at Ordnanco Sand HMinimum
Inflations and tho 9,00-20 tires arc at Highway Inflations, the
14,00-20 tires give slightly botter performance.

f.  The standard 4 ton truck, without modifications, is
easier to stoer cross country whon cquipped with 14.00-20 tirocs,

& The ecase of stecering of tho standard 4 ton truck, with-
out modification, is about tho same on the highway, when oquippod
with either 9,00-20 or 14,00-20 tiros.

h, The standord 4 ton truck heas sreater clcarance when
equipped with 14,C0-20 tires than with 9,00~20 tires; thercforo
allowing botter mobility for any opeoration other thon highway.
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i. The 14.00-20 low pressurc tircs have o groater cloan-
ing action then 9.00-20 standard tires.

Je DMud piling up in front of thc duasle of the 9,00-20
tires, moro than any other factor, causos trucks cquippod with

9.00~20 tires to have less mobility than trucks cquippoed with
14,00-20 tires,

k. In sovere mud a truck equipped with 14.00-20 tires
has higher tractive effort than the some size truck oquipped
vith 9.00-20 tires.

1. The rolling resistance of o truck cquipped with 14.00-
20 tires is always less in mud than it is for the same sizo
truck equipped with 9.,00-20 tircs.

The report recommeonds thet:

O, To improve the porformance of 4 ton,6x6, trucks in
mud of the type in which the tests woro made, 14,00-20, 12-ply
low prossurc single tires bo used in proference to 9.00-20, 10
ply standard dual militery tires.

b. If trucks arc suppiied with standard military non-
diroctional 9,00-20 tircs, thc front wheeols be dualed for in-
croasced "mud-imobility" in omergenciocs.

Ce Chains be usced on both 9.00-20 tires and 14,00-20
tires to give added “mud-mobility".

de Reduced tire infletion pressures be used for incroased
"aud-mobility",

o+ On trailers 14.00-20 singlcs be used in preference to
9.00-20 dunls, if tho fondor cloarances will allow,
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DESERT WARFARE SECTION
SECOND INTERL# REPORT NO, 181
PART II

15 January 1944

TITLE: Tests of 14.00~20, 12 ply and 9,00-20, 10 ply Tires in iud.

PROJECT NO: 1iES 433, Service on Tires for Engincor Equipment.

I. SUBJECT

1, This report covers spocinl traction and flotation tests in
mud of 14,00-20, 12 ply low pressurc tires and 9.00-20, 10 ply stan=-
dard military tires. Tests werc conducted by tho Desert larfare
Section during the period 2 Wovomber 1943 to 31 December 1%43, in mud
areas ot the Salton Sea and Cemp Secley, Califormia.

II. AUTHORITY

2. Engineer Board Form 104.3, Serial No. 36, datod 11 August 1943,

3. 4 lotter datod 28 ilay 1943 from the Office, Chiof of Engi-
neers directing the Engincer Board to tost the military low pressure
type tires for traction, flotation, and genoral service durability
with special emphasis on performance in mud. Reoforcnce OCE file
400,112 (Tires) SPEED.

III. INVESTIGATION

4, Provious Investigation. The following rcports covering
this subjcet and relaicd to this subject sre known to the writerse

Qs Dosort Test Branch Roport NHo. 132, Second Interim
Roport, Test of Expedionts, Road, lfud Operation, dated 26 lay 1943,

b, Desert Warfarc Scetion Report No. 182, Interim Report,
Tests of 11.00-18, 10 ply ond 7.50-20 8 ply Tiros in liud, dated
15 Docember 1943.

c. B, F, Goodrich Company report on "Ordnance kud Flotation
ond Troction Tosts", dated 6 June 1943. The tosts wore conductod
and the report written at the request of the Ordnance Departmant,
Pank Automotive Center, Rubber Development Bronch, Detroit,
liichigoan, The testing was carricd on in the vicinity of Akron,
Ohio., The pertinent conclusions and classification of “Types of
Mud" from this report arc precented in Appendix D,
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d. Ordnance Desert Proving Grounds report on ™iud Tests",
dated April 1943, signed by Lt. Col. J. E. Engler. The tests
desoribed in this report were earried on at Camp Seeley, Camp
Pendleton and in the vicinity of Johnsondaele, Californis, They
wero similar to those eonducted by the B, F., Goodrich Company
and substantially the same rosults and conclusions were roachod,
The Ordnance report was briefly consulted by the writers before
the period the subject tests were being made, bub z copy of the
report was not available at the time this report was written.

5. Acknowlcedgoments.

a. Technical Assistance. Acknowlecdgement is heroby made to:

(1) ur. R, C. Korr, Senior Engineer (Automotive), whe
outlined tho types of testing to be conducted, aided in lo-
cating tho test aroa and gavo helpful advice during the con-
duet of the test.

(2) Miss Loring Nicholson, Assistent Engineer of this
Section, for her work in oaloulating and compiling the data.

(3) Lt. Cols J, E. Engler, Ordnance Desort Proving
Ground, for his courtesy in giving valusble information
concorning provious tosts and in allowing usc of the mud
test pit at Comp Scoley.

b.  Cooporation of Troops: Tho following troop units
furnished onlistod men ot various poriods to assist in making
the tests.

(1) 90th Infantry Division, cight cnlisted men for
six woekse.

(2) 104th Infantry Division, eight cnlistod mon for
two woeks,

6. Purposc of Tests, The purposo of those tests was to com-
pare the porformence in mud of the standard military 9,00-20, 10 ply
tire with that of the low prossure 14,00-20, 12 ply tire, also to
determine tho comparativo mud flotation and tractive ability of stan-
dard 4 ton, 6x6, trucks, carrying a full payload, equipped with stan-
dard 9.00-20 tires or 14.,00-20 low prossuro tires. A similar test
program on the comparative porformance of standard militury 7.50-20,
8 ply and low pressurc 11,00-18, 10 ply sires has Rcon comploted.
These tests were covered in o provious :raport,

7. Locoation and Description of Test fArcas. Tosts wore made
at the following placcs.
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Qe North cnd of Salton Sca.

(1) Dynamomcter Tostse Thesc tests werc mado in
areas in which the netive salt brush was cleared away.
A salt crust that averaged about l/b of au inch in
thickness covered the ontire arca snd tended to seal
the moisture in the mud, The clevation at this loca-
tion is approximately 250 foct below soa levels The
depth of the wotor toble was not dotormined, but it
was feirly closc to the surface, because in many in-
stancoes, water was presont in the bottom of the decper
® tire tracks. The mud at this point is natural and is
about as wiform as it wns possible to find in this
vicinity. The Ordnancc Desert Proving Grounds has classi-
fied mud into two types in its rcport on mud flotation
tests. These classifications as taken from the B. F.
Goodrich Company report are quoted in 4ppondix D. In
general, the mud in this area con be classified under the

* definition of Typo IIA.

(2) Repeated Trip Tost. This test was mado in an
arca whoroe thore was either very little or no brushs 1In
general, the mud in this area can be classified under thoe

o definition of Type II A. There are spots however, thet
! should be classified as Type I.

(3) Distonce Tests. Theso tests were mede in areas
] in which therc was no brush and tho nmud there could be
classified as Type II A.

-\,

LK ]

b. Comp Soeley. Distance tests wore made at Cemp Secloy.
Aroas that had beon previously laid off and borcered wero
flooded. 1In several of the arcas the entirc arce within the
borders was coverod with two or threc inches of water whon
tests were run, This is the same location at which the tests
werc made by the Ordnoance Desert Proving Grounds. This mud can
bo classified as Type II B. (Sce #ppendix D). It is a thin
slippery slimy layer over o firm base which does not build up
cxcessively on tho tires but does form a slick lubricated sur-
foco that promotes tire slippoges.
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TIRE TESTS IN MUD.
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View of test area at the North end

of the Salton Ses showing the sea in the background.

TIRE TESTS IN MiD.
View of test area at
Camp Seeley before
tegts were made, The
depth of water was
between ; and 10
inches.
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8, Dest Equipment Datg.

8s Vehicle Equipment, Four test vehicles were fitted with
tire, rim and wheel equipment as listed below:
IABIE 1
VEHICLE EQUIPMENT

Vehicle

Make Diamond T Diamond T . | Diamond T Dismond T

Size 4 ton, 6x6 . ton, 6x6 4 ton, 6x6 4 ton, 6x6

Type Cargo Wrecker Cargo Bit., Supply
Tire Eqpt. 14.00-20, 12 ply with flaps 9.00~20, 10 ply with flaps

Tread Type | Non-Directional Modified Military| Nofi-Directional Military

Tire Type | Low Pressure Gff-Road Standard Mud and Snow
Rim 10,00 CW with Goodyear 6,00 T
Equipment Hinged Type D11L Beadlocks No Beadlocks
Fheel Budd No. 46140, Dish 5-3/8" Budd No. 44470, Dish 6-1/8"
Equipment 114" Bolt Circle, 10 studs 113" Bolt Circle, 10 Studs

No Spacers or hub adapters

No spacers or hub adapters

b.

VYehicle Loadings, In accordance with the directive SPOMD-R,
dated 18 May 1943, from Ordnance Department, Tank Automotive Center,
Engineering Office, Detroit, Michigan, signed by Lt. Col. Joseph M,
Colby and indorsed to the Engineer Board by Gffice, Chief of Engineers,
file CE 400,112 Tires SFEED, by Lt. Col. F. C. Kendall, the test trucks
were Joaded with adjustable loads as shown in the following tabulation:

TABIE II
VEHICLE LOADS .
Tire Mountings Singles A1l Around Singles Front Duals All Around
. Duals Rear
14,00-20, 13 ply 9,00-20, 10 ply 9,00-20, 10 ply
Tire Sige :
Axle Load
Front 7300 lbs, 7300 1lbs. 7300 lbs,
Center 9240 lbs, 9240 lbs,. 9240 1bs.
Rear 9240 1bs. 9240 1bs, 9240 1bs.,
Tire Load
Front 3650 1bs. 3650 1bs, 1825 1bs.,
Center 4620 lbs. 2310 lbs, 2310 1lbs.
Rear 4620 1bs, 2310 lbs, 2310 1lbs,
Total Vehicle
Losad 25780 lbs, 25780 lbs. 25780 1bs,
~1G6»
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TIRE TESTS IN MUD. Diemond T L ton Cargo Truck as used in

mud tests. This truck is equipped with 1,00-20 tires
1 singles all around.
1 fe
. ‘ﬁ'%‘;?«'“f?“?"
' TIRE T.STS IN MUD. Diamond T L ton Cargo Truck as used in
’ mud tests. This truck is equipped with 9.00-20 tires
. singles front and duals rear.
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TIRE TESTS IN MUD.

Diamond T L ton Wrecker Truck ag used in

mud tests. This truck is equipped with 1l.00-20 tires

singles all a.olnd.

T'RE TESTS IN KUD.
uged in mud tests.
duals all around.
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Diamond T L ton Bituminous Supply as
Thistruck is squipped with 9,00-20 tires
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TIRE TESTS IN MUL. The four test trucks used in the tire

° tests,

TIRE TESTS IN MUD. Diamond T 4 ton Truck equipped with
9.00-20 tires duals in front. as used in mud tests,



¢, Inflation Pressures. The inflaetion pressures used in these
tests were based on values of the published load inflation tables of
the Tire and Rim Assoclation, Inc,, the Ordnance Advisory Preumatic
Tire Committes, the Defense Standards Committee and the various tire
nanufacturers, The published load and inflation tables have been
extended into low inflation ranges by the Ordnance Desert Proving '
Grounds and the Desert Warfare Section for the loads specified., The .
pressures used in the Goodrich tests are those recommended by the B,
F. Goodrich Company and were taken into consideration in determining
the inflation pressures used in these tests,

TABLE III
TIRE INFLATION PRESSURES
. Singles Front

Tire Mountings Singles All Around Duals Rear Duals All Around

Tire Size 14.00-20, 10 ply 9,00-20, 10 ply 9,00-20, 10 ply

Highway Operatiou
Front 22 lbs, 72 1bs. |, 22 lbs.

Centey 34 lbs. 33 1bs. 33 1bs.
Rear 34 lbs. 33 1bs. 33 1bs.

25 mph Operation ;
Front 1, lbs, 46 1bs, 14 1bs, )
Center 22 lbs, 21 1bs. 21 lbs.

Rear 22 1lbs. 21 1bs, 21 lba,

Limited Operation

Front 10 lbs. 31 lbs. 9 lbs,
Center 1.5 1bs, 14 lbs. 1 1bs.
Rear 15 1lbs. 1 1bs, 1 1vs, '

Ordnance Sand Minimum i
Front 6 1bs, 19 1bs. 6 lbs. [
Center 9 1bs, 8 1bs, 8 lbs,

Rear 9 1lbs, 8 lbs. 8 lbs,

d. Lecaded Radius at Various Inflations, The following table
presents the actual measursments of the distance from the center of
the hud to the ground of the vehicles used in this test.

TABLE IV

LOADED RADIUS AT VARIOUS INFLATIONS

Distance m_Ce 0 b Ground in Inche

14,00-20, 12 ply Tires - Singles All Aronnd
Inflation  Highway 25 m,p.h, Limited Opex, Grd, Sand Min,

Vheels
Front
Left 21,50 21,19 20,69 19.9
Right 21,62 21.19 20.75 20-02
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(continued, Table IV)
14,0020, 12 ply Tires = Singles All Around

L 1]

Inflation Highway 25 m,p.h, Limited Ovex, Ord, Send Min,
Wheels
Center
Left 22,06 21.69 20,81 20.12
Right 21,88 21,56 21,06 2044
Rear
Left 22,31 21.88 21.00 20,25
Right 22,12 21,62 21,12 20,38
9,00-20, 10 ply Tires - Singles Front, Duals Rear
Wheels
Front
Left 18,94 18,62 18.00 17.38
Right 19.12 18.75 18,19 17.38
Center
Left 19.00 18,50 18.00 17.81
Right 18.94 18,50 18.25 17.69
Rear
Left 19.31 18.94 18.44 18.25
Right 18,75 18.38 18.06 17,38
Wheel Track Data, The following tabulation, based on the
Vehicle Ioads given in Table II and the Highway Tire Inflation
Pressures given in Table III, summarizes the wheel track measurements
for the four trucks used in the tests.
TABLE V g
WHEEL TRACK DATA
(Measurementg in Inches)
Vehicle
Make Diamord T Diamond T Digmond T Diamond T
Size 4 ton, 6x6 4 ton, 6x6 4 ton, 6x6 4 %ton, 6x6
Type Cargo Wrecker Cargo Bit. Supply
Tire Size 20,12 14,00-20,12 ply 9,00-20,10 nly 92,00-20,10 vly
Cen, to Cen., Front Rear Frony Rear Triomb Reer Front Rear
of Tracks
Std Mount  75.50 8,06 175.69 82,19 74,00 72.19 74,00 T2.44, ]
Duals Frt 36444, 86.44
Overall Track
Widths
Std Mount 900 50 9‘70% 90069 97 019 83 50 94'12 820 50 940 38
Duats Fri 113.88 113.88
Single Track
Widths 15,00 15,00 15,00 15,00 2,50 24.88 9.50 24.88
«143-
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f. Hinimum Clearances., Minimum clearances for the front and
rear end of each test truck were measured at each of the four inflation
pressures usad, Iun each case the minimum clearance was taken to be
the vertical distance between the lowest point on the differential. gear
case and the ground. The torque rod or Equaliger is 3/4 inches lower
and the trake drum is 24 inches lower than the differential gear cass,
The test ‘rucks were loaded as shown in Table II, Following is a tabu~-
lation of the minimum clearances.

Highway Infl, 14.75  15.00

Limited Oper, 13.88 14.12
Ord,.Sand Min, 13.50 13.75

TABLE VI
MINTMUM CIEARANCES IN INCHES
Vehicle
Diamond T Diamond T Diasmond T Dizmond T
4 ton, 6x6 4 ton, 6xb 4 ton, 6x5 4 ton, 6x6
Cargo Wrecker Cargo Bit. Supply
Tire Size 14,00-20,12 ply 14,00-20,12 ply 9,00-20,10 ply 9,00-20,10 ply

Front Rear  Frong Rear  Fromt  Rear  Fromt  Rear
5 15,00 11,88 11,88 11,94  12.25
5 .75 11,62 11,62 11,50  11.75
g 14.25 11,38 11,38 11,00 11.25

14.7
25 mph Infl, 14.50 L. 75  14.2
14.0 :
13.3 13.75 10.75 11,00 10.25 11.00

9. Types of Tests. Fcar types of tire tests were conducted, using

the four 4 ton, 6x6, test trucks. The types of tests and tire combinationa
used were as outlined below,

8. Dynamometer Tests were divided into phases to determine
tractive efforts and rolling resistances. These tests were made with
the following tire equipment combinations:

(1) Standard rear duals and front singles against low pressure
singles all aronnd. .

(2) standerd duals all around against low pressure singles
all around. :

(3) Standard ‘rear duals and front singles with chains all
around sgainst low pressure singles with chains all around,

E. Repeated Trip Test was made with standard rear duals and
front singles against low pressure singles all around,

¢. Digtance Tests ware run with the following tire squipment
combinstions,

(1) Standard rear duals and front singles against low pressure
singles a2ll around,
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(2) Standard duals a1l around against low pressure singles
all around,

(3) Standard resr duals and front singles against standard
dusls all around,

{(4) Standard rear duals and front singles with chains all
around against low pressure singles all around,

(5) Highway Inflations against reduced Inflations using
standard rear duals and front singles,.

(6) Highway Inflstions against Ordnance Sand Minimum Infla-
tions using standard duals all around.

(7) Highway Inflations against reduced Inflations using
low pressure singles all around.

(8) Highway Inflations against Ordnance Sand Minimum Infla-

tions using standard rear duals and front singles with chains all
around,

(9) Low pressure singles with chains all around against
standard rear duals and front singles with chains all around.

d. Service Durability Tests were run using the same tire equip~
combinations as outlined under paragraph 9 c.

Test Procedure. The test procedure for each type of test is

sunmarized in the following outline.

8. Dynamometer Tests,

(1) Dynamometer Equipment, The dynamometer used was made
by the Martin-Decker Corporation of Long Beach, Californmia., It
is a type that is clamped on a cable to measure cable tension.
The capacity of the dynamometer ls 20,000 pcunds and it has a
weight of 12 pounds. The instrument 1s accurate within a rangse
of plus or minus 5 percent. The force tending to straighten the
cable distorts a diaphragm on a liquid-filled case, causing
pressure change. It 18 a force triangle, with the line loads
forming two sides, and the pressure, exerted by the fluid the
other. A -dual gauge is used with the dials ranging from O to
6000 pournds and O to 18000 pounds, The gauge from O to 6000
pounds 1s used when the load is light because the dial increments
are larger, When heavier loads are encountered, the gauge ranging
from 0 to 18000 pounds is used. The gauges, which are connected
to the diaphragm by non-expanding wire woven hose were mounted in
the cab of the truck on which the dynamometer was mounted. The
increments on the 6000 pound gauge are 50 pounds and those on the
18000 pound gauge are 200 pounds,
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TIRE TESTS IN MUD. Close up of dynamometer used in tests t
showing offset in cable and diaphragm.
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TIRE TESTS IN MOD. View showing dynamometer used in tests
and method of mounting dynemometer on dynamometer truck.

TIRE TESTS IN MUD. View showing gauges of dynamometer and
where they were mounted on the dashboard in the cab of the
dynamometer truck,
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(2) Tractive Effort Tests., In making the tests for tractive
effort, a course 100 feet in length was measured off in the muddy
area and stakes were placed every 10 feet for use in recording the
data, The first test truck was then lined up with the front bumper
perpendicular to the line of stakes and about 2 fest distant there-
from. A steel cable, about 100 feet long, was next attached between
the test truck and the truck on which the dynamometer was mounted.,
The dynamometer truck supplied the braking load. After the cable
was connected between the two trucks, the test vehicle was run in
first gear, low range, all wheel drive and the dynamometer truck
was driven in an appropriate gear at a progressively slower speed,
thereby allowing the compression of the engine to furnish the
braking effort., Close conbrol of braking the test vehicle could
be obtained in this menner. If the brakes of the dynemometer truck
were used, there was a tendency for them to grab., This grabbing
invariably caused an impact on the dynamometer which resulted in
an abnormally high reading. In meking these tests, the trucks were
driven ia pairs through the measured courses, starting at one end
of the stakes and continuing across the course or until the truck
was unable to move with the cable slack. In each test the trucks
with competing tire equipment were alternated and run so as to
straddle one of the wheel tracks of the preceding vehicle, In
this manner each truck made new tracks end the same time traversed
mud of comparable consistency. Approximately five of the highest
readings were recorded, The average of the readings on each test
is attached to this report as Appendix B,

(3) Rolling Resistance Tests. The rolling resistance tests
vere made in areas adjacent to those used in the tractive effort
tests. The test trucks were winched forward in the opposite direc-
tion from which they were run in making tractive effort tests., The
wineh lines on the test trucks which all were equipped with a front-
mounted winch were attached to the truck on which the dynamometer
was mounted, The test trucks were then used to winch themselves
through the muddy area. The tachometer of the winching truck was
held, as nearly as possible, at 900 rpm, thus enabling the test
truck to be pulled at a constant rate of speed, approximately 25
faoct ner minnte., Core was exercised to maintain the wehieles in
proper alignment with a minimum of steering to insure operation of
the winch at a constant rate of speed without stopping to respool
the cable, A dynamometer gauge reading was recorded every ten feet,
The test procedurs was repeated for each test truck, The vehicles
were paired as in the preceding described test. The trucks with
competing tire equipment were pulled alternately through the mud,
and astride one of the wheel tracks of the preceding vehicles.
Tests were run using the tire equipment combinations outlined in
paragraph 9 g and at each of the four sets of inflation pressures
indicated in Table III. The average of the readings on each test
is found in Appendix B.
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TIRE TESTS IN MUD. General view of method of devermining
Rolling Resistance. The test truck in the foreground
winches itself through the course towards the dynamometer
truck.

TIRE TESTS IN MUD. General view of method of determining
Traoctive Effort. A cable is connected between the dynamometer

snd the test vehicle to furnish a load for developing tractive
effort. This cable is long enough to allow the dynemometer
truck to stay out of the tracks made by the test vehicle,
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° TIRE TESTS IN MUD. View of Diamond T li ton Cargo being
driven through mud area to ascertain tractive effort. The
tyruck is squipped with 9.00-20 duals all around at Highway

Inflations., The way the tread design fills up can be notede

14

@

[
TTRE TESTS IN MUD. Diemond T L ton Wrecker being driven
through the mud. It is equipped with 1}4.00-20 tires ab
Highway Inflations.

L
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TIRE TESTS IN MUD. View of test vehicls with 2.00-20 duals
all around at Highway Inflations. Note the width of tracks
made by this vehicle., This truck is winching itself through
the mud area,

TIRE TESTS IN MUD. Diamofid T L ton Wrecker winching itsels
through the mud. This truck is equipped with 11},00-20 tires
et Highway Inflations,
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b, Repeated Trip Test. Iu making the repeated trip test the
four test vehicles were lined up abreast of sach otuer, alterrately
spaced &s to type of tire equipment, and about 3 feet apart, The
trucks wars run in the fellewing oxder:

First Vehicle = §.05-20; 10 ply tires

n

[/

pighwey inflations.

Second Vehicle = 3/ 00-20, iZ ply tives a

o

highway inflation,
Third Vehicle ~ 9,00-20, 1G ply tires ab 25 m.p.h. inflation.
Fourth Vehicle - 14.00-20, 12 ply tires a% 25 m.p.h. inflation,

The trucks were run over o course 200 feet long in siraight pay .1lel
racks and in one dirsction only. The mumber of repeated itrips each
truck made ie its own btracks wss recorded.

&. Distapcs Tests. In making these tesis the trucks wers drivea
in pairs through the muddy areas, starbting at a given line and continu-
either across ths ares or until the trucks bscame stuek., In esch
test the trucks wers siternsted and run so0 as to straddis crs of the
tracks of the preesding vehicle, The trucks were operated i

whael SAAng

second gear; low range and ail wsheel drive. This was done after it

wza found the trucks would ge fiurther in second gear than in low gesr.

The disbtance travelsd by sach Truck, hafore becoming immobiiized, was

recorded. Tesbs were vTun using the tire equipment combinations out-

lined in pavegreph 9 ¢ with some of the combinatioms being run &t each
3 3 T “‘;‘.‘

d. Servige Durabiiity Tests. The iosbs eovered under this hesd-
ing consisted of ths azcumulated milesge pul opn the tesy trucks during
the entire testing pericd. They were 2 oEsd

pericd

previously desecribved tests,; being liargsly &
traveled bstwaen the €

guartero. Approximstely 85 psroon
ways, and the balsnce on gradsd dp
Speedometer readings, foy sach
of the test program end again at ¢
way travel was meds using the "Highway Infiaticns® give:
About 23 percent of the travel with ths shandard 2,000
with dueis all around, The total milesg 3
was 4170 miies. £ tebulution of the milssges for eash i
included in Appendix B abtimchel o this repszt,

vehicle, wers

<k
]
a
o i

(%)

llo Vﬁi 8._ c. ""“31’:9 i oie Qf g?.’!u.;

8+ Soil Apalyses. Frequent mud samples wers %aken, All ssmples
were submitited to Ths laboratorics of the Los Angeles Distriet Engineer
Gffisa for physical oreperties snglysiz of the soil, Graln gizes and
gra@ing of the materials ars to be determined by mechsnloal amniysis.
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TIRE TESTS IN MUD., View of Diamond T L ton Bituminous Supply
with the front wheels practically buried in the mud. Trucks

with stentard tires singles in front invariably get stuck in

mud wit., the front wheels buried,

TIRE TESTS IN MUD. Diamond T 4 toa truck equipped with
1;.00-20 tires sunk very deep in the mud.
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TIRE IBSTS IN MUD. View showing the way mud is piled up in
front of the rear duals of a truck equipped with 9,00-20
tires duals all around. The tires are at Highwey Inflatiohs.

TIRE TESTS IN MUD. A test truck equipped with 9.00-20
tires. Note the way the mud balls up in front of the duals.
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TIRE TESTS IN MUD.
View showing the dis-
tance traveled by L ton
Cargo with 1}.00-20
tires., The tracks in
the foraground ware
made at Highway In-
fletions. The dis~
tance thes truck
traveled a%t Ord, Send
Min. Inflstions can
be sesn vy the posi=
%412 of the truck in
the pi@m&.
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TIRE TESTS IR MUD.
Pour ton Cargo truok
with 9.00-20 tires

at Ordnance Sand Min-
imm Inflations

gtuck in the mud.
Note the depth of
water in this ares.




TPIRE TESTS IN MUD. View showing a L ton Cargo truck with
11,,00-20 tires at Highway Inflation stuck in the mud.

23

TIRE TESTS IN MUD.
View of I} ton Cargo
truck with 9.00-20
tires showing the
mud clinging to the
wheels and piled up
between the duals.
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TIRE TESTS IN MUD.
A l; ton truck with
the front wheels
almost covered
with mud.

TIRE TESTS IN MUD.
View showing the way
the water rose in the
deeper tire tracks
indicating the nesar-
ness of the water
teble.
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F TIRE TESTS IN MUD. View showing & L ton cargo with 1);.00-20

tires at Highwsy Inflation stuck in the test area, Note the
) depth of the tire tracks.

TIRE TBSTS IN MUD.
View of tracks made in
the mud at the north
end of Salton Sea. The
consistency of the mud
cen be compared in
: . relation to the depth
of the footprints.




TIRE TESTS IN MUD,
Penetrometer usoed to
determine softness of
mud. The penetrometer
consists of two parts,
the stock and the needls,
%”gv‘\ A In this picture a short
?*,\55} § 5 needle is attached to the
i ISR stock, while in most
; cases in mud e needle 12"

long, with a head of %—
sq.ine. oross sectional
area was used.

0

ORoE

2. nEY3

TIRE TESTS IN MUD.
View showing method of
vsing penetrometer.
One man used penetr-
ometer and another
rocords the readings.
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Other characteristics to be determined are plastic limit, liquid limit
and plasticity irdex, The results of the soil tests have not been re=~
ported at this date. In Appendix B an average value for samples pre-
% viously collected in this same area are presented.

g b. Penetrcmeter Tests. Penetrometer readings were taken at
frequent intervals on each dynamometer test, several of the distance
tests and before and after on the repeated trip test, The readings
provided an index of the relative stability of the mud. The device
used was a Proctor penetrometer with a modified needle, which measures
the force necessary to push s small diameter metal rod (the needle) a

t given depth in the mud. Readings were observed at 3, 6, 9 and 12 inch
depths. Recordings of the penetrometer readings-are included on the
data sheets attached to this report as Appendix B.

12, |Weather. Weather conditions during the test period, were quite
constant. There were no high winds and slthough several slight rains
3 occurred, they did not affect the tests materiaslly.

13, Tire Gauges. Tire inflation pressures were checked frequently
with small Bourdon spring-type gauges. Three of the gauges used were cali-
brated by the City of los Angeles, Department of Public Works, Bureau of
Standards. The results of the calibration tests sre attached as Appendix
f C., The largest of these gauges was kept as a shandard gauge in a box in
- the office so that it would not be subjected to injury. Two other gauges

were calibrated using this standard gauge and weekly all the gauges werse
) checked against this standard gauge.

. 14, Summary and Analysis of Resuits.
1
DISTANCE TESTS
Bigtance Percent
‘ No, of Type of Traveled Differ-
1 Tesgts Tire Size Mount Inflation Fest ence *
13 9.00-20 Standsrd Highway 50.6
12 14,0020 Singles Highway 7.2 T2
S 9.00-20 Standaxd 25 m.p.h. 92.3
9 14.00-20 Singles 25 m.p.h. 193.9 110
3 9.00-20 Standard Limited Oper. 35.7
3 14.00-20 Singles Linited Oper, 54.0 51

9.00=20 Stanrdsaed Ord, Sand Min, 147.8
14.,00~20 Singles Ord, Sand Min., 254.5 72

o O

% Lowor [igure used as basis of percentage (9.00-20's).




No. of
Tests

*

PV LW W~ W

n N

Tire Size

9 000"'20
140 00-20

9 ) 00'20
14.00-20

9 . 00“20
Mc 00"20

9.00"20
14.00-20

9 om“zo
140 00”20

9 000"20
JAQ 00'20

9- 00"20
14-0 00“2

9 » 00-20
]/ﬁ H OO"?.O

DISTANCE TESTS

Type of

Hounbing

All Duals
Singles

A1l Duals

-Singles

A1l Duals
Singles

All Dusls
Singles

Chains
Chains

Chains
Chains

Chains
Chains

Chains

ValAdiAD

infiation

Highway
Highway

25 m.p.h.
25 m.p.h.

Limised Oper.
Limited Oper,

Ord. Sand Miu,
Ord. Sand Min,

Highwey
Highway

25 mopoho
25 m.p.h.

Limited Over.
Limited Over.

Ord, Sand Min,

ord, Sand Min,

Lower figure used as basis of percentage {9.00-20's)

AVF R WV) w W

S‘\»\u

1
1

Standard Mounting vs Duals A1l Around

9,00~20
9 . 00"’20

9 . 00"20
9 . 00"20

9000“’20
90 00-20

9 ° 00"'20
9000"‘20

Standard
All Duals

Standard
A1] Duals

+ Standard

All Duals

Standard
Chains

Highway
Highway

25 m.p.h.
25 m.p.h-

Limited Oper,
Limited Oper.

Highway
Highway

Distance Percent
Traveled Differ=-
Feet ence ¥
109.7
244..0 122
101.8
296.0 191
12800
202,3 58
113.8
206.3‘ 81
23.5
8l.5 247
81,5 '
131.5 161
93.0
191.5 106
92.5
205,0 122
51.3 )
< The3 45
111,23
144.0 29
109.3
17,7 8

25
150

wer figure used as basis of percentage (Singles front, iuals rear)
Standard Mounting ys Chaing

500

* Lower figure used as basis of percentage (Singles front, duals rear)
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; DISTANCE TS
Distance Percent

Ko, of Type of . Traveled Darfer-
Tests Tire Size Mounting Inflation Feet ence *
! Stand Mount with Chains vs Singles without Chain

3 9,00-20 Chains Highway 255,0 241

3 14.00-20 Singles Highway 74.7

3 9,.00-~20 Chains 25 m.p.h. 237.7 54,

3 140%"20 Singles 25 mopoh‘ 154-03

3 9,00=20 Chains Limited Oper. 260,0 YA

3 14,00=20 Singles Limited Oper, 180.7

4 9,00=20 Chains Ord, Sand Min, 150.5

4 14.00-20 Singles Ord, Sand Min, 172.3 74

* Lower figure used as basis of percentage

Reduction of Pressure

1 9,00=20 Standard Highway 20.0
l . 9000"'20 St&mard 25 m.p.h. 24.0 20
1 9.00=20 Standard 25 m.p.h. 24.0
N 2 9,.00-20 Standard Limited Oper, 23,0
P4 9.00-20 Standard Ord. Sand Min, 27,25 18
8 9.,00-20 Standard Highway 83.5
8 9,00«20 Standard Ord, Sand Min, 162,.8 95
1 M, .00-20 Singles Highwey 78.0
4 14.00~20 Singles Highway 125.0
i A 14,,00-20 Singles Ord, Sand Min, 199.3 59
x
Reduction of Pressure = Duals All Around
3 9.00=20 Duals A1l Highway 106.3
3 9,00-~20 Around ord, Sand Min, 108,0 2
Reduction of Pressure - Chaing
1 9,00-20 Chains Highway 105,0
1 9,00~20 Chains Ord., Sand Min, 155.0 48
* Lower figure used as basis of percentage
178w
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DISPANCE TESTS
Distance Percent
No. of Type of ‘ Traveled  Differ-
Tests Tire Size ‘Mounting Inflation Fast gnce *

*

Reduction of Pressure = & nd&rd Moun vg Singl

1 9,00-20 Stardard 25 m.p.h. 50.0
1 14.00-20 Singles Highway - 80,0 60
1 9.00-20 Standard Limited Oper. 55.0
1l 14.00-20 Singles Highway 150.0 173
< 9.00-20 Standerd Ord. Sand Min, 122.0
2 14.00-20 Singles Highway 153,0 25
KX 9,00=20 Standard Ord. Sand Min, 27.0
1 1/.00-20 Singies 25 m.p.h. 138.,0 411

Tower figure used as basis of percentage (9.00-20's)
Reduction of Pregsure - Duale All Around ¥s Singles

1 9.00-20 All Dvals Ord. Sara Hin, 72.0
1 14.00=20 Singles Highway 159.0 121

Lower figure used as basis of percentage

Reduction of Pressurs - Standard Mounting with Chaing
ve Singles without Chains

9.00-26  Chains Highway 140.0
14.00-20  3ingles  Ord. Sand Min,  165.0 18

Iower fipurs used as basis of percentage

Reduction of Presgure = Standard Mouﬁti___ng vs Duslsg A1) Around

(e

2 9.00-20 Standerd  Highwey 1¢8.5 U
2 9.00-20 A1l Dusls Highway 95.0

2 9.00-20  Standard . 25 m.p.h. 5.5

2 9.060-20 All Dusls Highway 76.5 40
1 9,00-20 Standard Limited Oper. 54.0

1 9,00~20 A1l Duals Highway 65.0 20
1 9.00-20 Standard Crd. Sand Min, 62,0

1 9.00=20 A1l Dusls Highway 150.0 U2
Lower Tigure used as basis of percantage
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REPEATED TRIPS TEST
Distance Percent

No, of Type of Traveled Differ-
Tests Tire Size Mounting Infilation Feet ence #*
1 9.00;20 Standard  Bijhway 4400
1 14.00-20 Singles Highway 5620 28
1l 9.00-20 Standard 25 m.p.h. 1600
1l 14,,00-20 Singles 25 m.p.h. 3400 13
* Lower figure used as basis of percemtage (9.00-20's)

DYNAMOMETER TESYS
Percent Rolling Percent

No.of Type of : Tractive ~Differ~- Resist- Differ-
Tests Tire Size Mounting Inflation Effort ence ¥  ance ence *
4 9.00-20 Standard Highwey 2305 3816 86
4 14,0020  Singles Highway 2851 24 2054
6 9,00-20 Standard 25 m.p.h. 3825 10 5486 111
6 9.00-20 Standard Limited Oper. 3894 3498 58
6 14.00-20  Singles Limited Oper. 4433 Y 2220
4 9.00-20 Standard Ord., Sand Min, 5134 . 3698 62
1 4 14.00-20 Singles Ord. Sand Min, 5725 12 2285
4 9,00-20  All Duals Highway 3608 2 4174 18
4 14.00-20  Singles Highway 3533 3523
{ 4 9.00-20 A1l Duals 25 m.p.h. 3017 4359 20
4 14,,00=20 Singles 25 m.p.h, 3292 9 3639
4 9.00-20 A1l Duals Limited Oper. 3650 12 3929 22
4 14.00-20 Singles Limited Oper. 3267 3224,
4 9.00-20 A1l Duels Ord. Sand Min, 3567 3560 29
4 14.00-20 Singles Ord. Sand Min, 4025 13 2765
4 9.00-20 Chains Highway 1123 5768 66
A 14.00-20 Chains Highway 2627 134 3470
4 9.00~20 Chains 25 mJp.h. 1779 5923 70
4 14.00-20 Chains 25 m.p.h, 2875 62 3481
ﬁ * lower figure used as basis of percentage
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DINAMCMETER TESTS

Percent Rolling Percent

No. of Type of Tractive Differ- Resist~ Differ-
Tests Tire Size Mounding Inflation Effort snce ¥ ance ence #

4 9.00-20  Chains Linited Gper. 1404 ' 5860 &3.

4 14.00~20  Chains Limited Oper. 3354 139 3236

4 9.00<20 Chains Ord, Sand Min, 1408 5023 130

4 14,00-~20 Cheins Ord. Sand Min, 3438 §VAA 23388

On_Paved Highway

2 9.00~20  Standard liighway 8067 7 373 18

2 14.00-20 Singles Highvway 7534 315
* Lower figure used as basis of percent

IV, DISCUSSICH

15, Condition of Mud, It must be remembered in reviewing the dala
and results of these tests that mud varies from one location to another.
Tests were made under only two general conditions of mud, therefore they
cannot ve considered as conclusive of the performance of vhese vires undsy
all mud conditions., Every comparative test should be considered as complete
in itself. Mud conditions differ so widely from one location to anotiier
that any other test data can only be compared with this data by considering
and if possible analyzing the respective mud conditions. Some of the muddy
areas at the North end of the Salton Sea are very severe and the mud at
Camp Seeley is considered by the ordnance tire expsris to be as severe s
nud condition as can be traversed by ordinary pneumatic tired wheels. Thers
are certain mud conditions that would be impossible to cross with any
ordinary tire combination., In such cases the best way to get the equipmant
across would be to lay a road expedient,

16, Discussion of Teghs.

a. Distance Tests, This type of test is considered as most
important. This type of test is believed to give the most conciusive
results of mobility. It was found that ths trucks irrespectively of
the size tires with whicl they were equipped would travel farther in
mud if the front wheels were slightly and slowly oscillated from side
to side. Tests of this type which are also known as "go-no-go® sre
the most satisfactory method of determining the relative performance
in mud of various tire combinations. The ideal mud condition for mai-
ing distance tests is where the mud is of progressively decreasing
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firmnese. In & sondition 1ike this; more valus can be given o the
distances ths trneke travel., These distance tests made during this
tust were all in this ideal mud conditien. It was found when a truck
is stopped in muddy areas thatv if the truck is abls to back up and
tahe wnother run in the same tracks it is able to go further. It is
advisabls to reducs the inflation in the tires before ths muddy areas

are reached because afisr = truck beoomss stuek it does not help %o
2 PN 1
-~ b

reduce vhe inflstio 1s low pressure 14.00-20 tirss ars easier
o inflate or deflate than dual standard military $.00-20 tirss because
the mud balls up bebtween the dusl tires and is difficult to dig out,

: ruc ka equivped with 9.0C=20 tires
nroved b" dualing the frout uh 1s because the flotation of
. g +

{2) Reduction of tire presswres gives better mudesobili ioy®
bocause vhe fletevion is increassd snd becsuse the flaxing of 1%
tires sauseg a certaln amount of the mud to fall off. Eeéusing
the Lire pressures increases the gross contact area end therefors
increases the flotation but decreases the clearance. The increased
tv cks in de Le to reduction of ;“F tion pressnures

13) The "mud-mobility® of trucks equipped with $.00-20 singles
in front &nd chaims 211 arcund is better thsn when equipped with
14.00-2C tires; without chains, st most inflavicns bscauss they
have better traction. When the §.00-20 tires are at Highwaey Infla=
tions and the 14.00-20 tiree are at Ordnance Sand Minimum Inflstions,
the 14.M0-20 tlrea have better "mud-mcbilivy® becsuse the amount of
flotatlion of the 14,00-20 tires overcomes the adventage of the batter
traction 6f the 9.00=20 tirsa with chains sll around. Under certain
csonditions of mud it is feasible that trucks eqiipped with 9.00-20
tires will onivpsrform Hrusks equipped with 14.00-20 tires. Vhen
vhers is & slippery slimy layer over a firm subsurface, it is he-
lieved the v

) )
milivary 2.00-20 tires will cut through the

m
glr‘" c‘!'
5 o
=

o 6g g

slimy lsyer ana dig imbto the firm LDS“*fgce while the lo pressure
14.00- iree have nore of a tendency to siip on ths surfacze.

20 ¢
be Dynamomsier Test
vy

8, this type-¢f test has been us y some
srganizaticns in addition to the Desert Warfare Ssstion in de ter nining
the comparison of various vehilcies to negotiabe muddy arsas. The amount
of drawtar mdl or tractive effort is an indication of tue pertfovmancs
in mud of ve:;cles, In several of the dynemomsher tests the mud "Qn°
dition was much isss severs than sncountsred during the rajority of the

i %

v
ovide &n adequate test for the low pressure tirea=
iight percen tage tracui"s ffart in favor of the

- e
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TIRE TESTS IN HUD.
Tracks made by L ton
Cargo with 14,00-20
tires. The tracks

in the center of the
picture made at High-
way Inflations are
straddling tracks n.de
at Ordnance Sand Mine-
imum Inflations,

.

TIRE TESTS IN IUD.
Tracks made by 4 ton
Cargo with 9,00-20
tires at Hlghway
Inflavions. The
Tracke in the center
of the picturs mads
without chalns are
straddling tracks
made with chains

all around.



are now equippsd with 9.00-20 duals would have much betier mud
mobility and lower rolling resistance if they were equipped with
14.00~20 singles. If fender clearances will allow, it would bs
advisable to equip trailers with 14.00-20 tires.

c. Repeated Trip Test. This test was devised to simulate ’he
convoy conditions of trucks following in the same tracks of preceding
vehicles, It is a difficult test to run except where a mud channel
with hard banks and a means of returning to the starting point is
available, Repested crosasings of the channel can then be made with
the trucks always being run in the same direction and in their own
tracks, Difficulty was encountersd in finding a condition as pre-
ferred and the trucks usually were stuck when turning and returning
to the start of the course. The Distance and Repeated Trip tesis were
used mainly to determine the "mud-mobility®.

d. Service Durability Testis. Ir the total of 4,170 miles s
traveled with the test trucks not a single tire failure occurred,
No premature tube failures resulted even though the tires were
deflated to the Ordnance Sand Minimum Infletions during a consider-
able portion of the test period., No tire or tube slippage was noted
during the tests; even though the 9,00-20 tires were not equippsd
with beadlocks or taper wedge bead rings. The mileages of the trucks 3
equipped /ith the 14,00-20 tires were corrected by calibration rather
than by adjustment of the speedometer. When trucks are operating in
nuddy areas it is especially important to xeep valve caps in place
because if they are left off, mud works into the valve core and stops
them up making it impossible to put additional air in or let the air
out of the inner tube. The load carrying capacity of a 14.00-20, 12 ?
ply low pressure tire is nearly twice as much as a 9,00-20, 10 ply ’
standard military tirs when both are at 65 pounds per square inch
inflation pressure.

17. Adventages of Chaing, Standard 9,00-20 chains were used on the
9,00~20 tires, and chainsg that were fabricated in the local shop out of r
7 e50~20 chains were used on the 14.00-20 tires, It was found that a truck
equipped with chains went much farther than a truck without chains, The
use of chains all eround affords a noticeable increase in traction because
the flexing action of loosely fitited chaing helns fo c.ean the tire of mud
and permits them to run with a relatively clean tread. The chains should
not be too loosely fitted as they will cause damage to the body of the :
truck when they rotate with the wheels. Chains were only used on the trucks
equipped with 9,00-20 tires when there were singles on front, The use of
chains when traveling over very slippery surfaces will greatly increase tire
wear, In fact more severe than when tires are run at decreased inflations,

18, Piling up of Mud, It was noted that mud had a tendency to con-
tinually pile up aheed of the duals on trucks equipped with 9,00-20 tires.
This condition invarlably resulted in quicker immobility of the vehicle
than resulted with the 14.00-20 tired trucks when the conditions were the
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TIRE TESTS IN MUD. View showing the parts of a 1);,00-20
tire and wheel that was used in the testing.

TIRE TESTS .N MUD. View showing the 1L,,00-20 tire and wheel
all agsembled that was used in the testing.
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TIRE TnSTS IN MUD,
View showing the way
the mud balls up on
the tires. «hig
truck is equipped
with 9.00-20 tires,
singles front and
duals rear, chains
all around,

TIRE TESTS IN MUD, Type of beadlock used in the 14.00-20 tires
showing the section 02 the valve guid

off 80 the valve stem used would lay
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same. It is belioved the fact tha tiucks equipped with ¢.00-20 tires were

dualed on the rear is the greatest reason for the poor mud-mobility of these
trucks.,

19. Esase of Steering., Steering on pavements or hard surfaced roads at
highway inflations was found o be about the same for trucks equipped with
9.00-20 tires compared with the trucks equipped with 14.00-20 tires., When'
operating off-road, in mud or loosz material of any sort, steoring was found:
to be easler with the trucks equipped with 14.00-20 low pressure tires comw-
pared to those equipped with 9.00-20 tires, either singles or duals on front,
Steering on pavements was found to be much easier fecr a truck ecuipped with:
14.00-20 tires as compared with a truck squipped with 9,00-20 tires duals onr
front, When operating off-road, steering was easier with trucks eguippred
with 9.00~20 tires singles front as against duals front. The use of tire
chains all around did not alter relatlonships given above, The front wheels
of the trucks equipped with 14.00-20 tirss were not realigned in order to
assure sase of steering and so possibly if this was done the trucks with
14.00~20 tires would have been easier to steer. The front wheels should be
kept in proper alignment in order to assure satisfactory tire life.

20, ¥h d B Used Witk 00~20 Tires, The 20 x 10,00 CW mili-.
tary divided rims on 5-3/8 inch dish wheels were used for the 14.00-20 tires,
Eight enlisted men without anmy previous exporience were able to mount 4 tires
with tubes, flaps and beadlocks on these wheels in one hour. These wheels
were mounted dish in on front and reversed in rear. The rim of these wheels
rub slightly on the push rod pin comnection of the brakes on the front wheels.

The length of the brake push rods can be adjusted to provide satisfactory
clearance.,

2l. Bgadlocks. A slight modification of the beadlock was necegsary
to adapt it to the valve stems. It was found to be necessary to cut off
one of the wings of the guide where the valve stem goes through so that ths
velve stem can lay in the proper position,

22, Cleaning Qualities. The flexing of the carcass of the 14.00-20
low pressure tire causes the mud to fall off resulting In e greater cleaniug
action than with the 9.00-20 standard tires, When the mud is covered com-
pletely with water, the water has a washing and cleaning effect which is a
decided advantage. It is belisved by the writers from previous experience
that the directional mud ard cnow type tread cleans it%self better than the
non-directional military tire.

23, Comparative Weights of Tireg. The weight orf a 14.00-20 low pres-
sure tire, tube and flap is 253 pounds, The weight of a 9,00-20 standard
military tire, tube and flap is 117,85 pounds, Therefore the tire equip-
ment of a sgtandard 4 ton trick equipped with 14.00-20 tires totals 1771
pounds congidering the truck has one spare. The total tire equipment of a
standard 4 ton truck equipped with 9,00-20 tires weighs 1414.2 pounds taking
into account the two spares.
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24. Gear Ratio. In off road operation and particularly in soft soil,
mud or sand operation, the large tired vehicle rolls so much easier and is
so much less subject to bouncing, chattering and shocks than the smaller
tired vehicle that the power transmission system is actually under less
strain with the large tires than it is with the smaller tires. Furthermore,
in soils and soft material, the present power transmission system is capable
of spinning the large tires. Vhen the tire spins, no increase in effective
axle torque is of value. It is recognized that about 174 percent lower
effective gear reduction with heavier drive lines, differentials and axles
wouldl be desirable, pariicularly in highway operation, but it is believed
that the present equipment is sufficiently strong to render satisfactory
military off road operation and a change &t this time can not be justified.

25, Clearances. It is of interest to note that the minimum road clear-
ance of a standerd 4 ton, 6x6, truck equipped with 14,00-20 tires is approxie-
mately 2~15/16 inches greater than when equipped with 9,00-20 tires., This
added clearance enables a truck so equipped to negotiate certain areas of
mud which would stop trucks equipped with 9,00-20 tires, and also helps in
any cross country operation,

V. CONCLUSIONS

26, Based on the results of the tests covered in this report and on
tests previously conducted in sand by this Section, it is concluded that:

8. "Mud-mobility" of the standard 4 tonm, éxb, truck is better
when equipped with 14.,00-20 single low pressure tires than when equip-
ped with 9.00-20 standard military tires, with either singles or duals
on the front wheels. .

b,  "Mud-mobility® of the standard 4 ton truck with 9.00-20 tires
is improved by dualing the froni wheels,

¢. "Mud-mobility" of the standard 4 ton truck equipped with
either 9.00~20 or 14,00-20 tires is increased with reduction of tire
pressures.,

d. Yliud-mobility” of the standard 4 ton truck equipped with
either 9,00-20 standard or 14.00-20 low pressure tires is improved
by the use of tire chains,

e. "Mud-mobility" of the standard 4 ton trmck is better when
equipped with 9,00-20 singles in front and chains all around than when
equipped with 14,00-20 tires, without chains, at most inflations, When
the 14.00-20 tires are at Ordnance Sand Minimum Inflations and the

9,00-20 tires are at Highway Inflations, the 14.00-20 tires give slightly

better performance.
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£, The standerd 4 ton truck, without’modifications, is easier
to steer cross country when equipped with 14,00-20 tires.

g. The ease of steering of the standard 4 ton truck, without
mucdlification is about the same or the highway, when equipped with
elther 9,00-20 or 14.00-20 tires.

h, The standard 4 ton truck has greater clearance when equipped
with 14,00-20 tires than with 9.00-20 tires, therefore ellowing better
mobility for any operation other than highway.

3. The 14.00-20 low pressure tires bave a greater cleaning
action than 9,00-20 standard tires.

j. Mud piling up in front of the dusls of the 9,00-20 tires,
more than any other factor, causes trucks. equipped ‘with 9.00-20 tires
to bave less mobility than trucks equipped with, J.A. 0Q-20 tires.

;.,& “1.

ke In severe mud a truck equ:lpped with: 14.60-20 tires haa higher
tractive effort than the seme size truck equipped with 9,00-20 tires,

l. The rolling resistance of a truck equipped with 14.00-20 tires
is always less in mud than it is for the same size truck equipped with
9.00-20 tires,

VI. RECOMMENDATIONS

27. It is recommended that:

a. To improve the performance of 4 ton, 6x6, trucks in mud of
the type in which the tests were made, 14,00-20, 12 ply low pressure
single tires be used in preference to 9.00-20, 10 ply standard dual
mnilitary tires.

nediractional

b. If trucks are supplied with atganderd militsry no
"mud-mobility®

9,00-20 tires, the fronmt wheels be dualed for incr ed
in emergencies,

¢. Chains be used on both 9,00-20 tires and 14.00-20 tires to
give added ¥mud-mobility™,

d. Reduced tire inflation preasures be used for increased “mud-
mobility*.
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&+ On trailers 14.00-20 singles be used in preferencu to
9,00-20 duals, if the fender clearances will allow.

Wftriton K. Leide

Sutmitted by: Martin R. Leidig
Asst. Engineer (Civil)

’

Submitted by.' C. C. Huskison

Engineer (Civil)
Forwarded ohn lacC]arenced, Major, C, E.
hief, Desert Warfare Section,

h
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TECHNICAL DIVISION IV
THE ENGINFER BOARD
FORT BELVOIR, VIRGINIA

Date: 11 August 1943
Serial No: 36
B, Bs Form No. lOLL'BQ

Subject: Directive for (Desert Wartare ) Sectiom.

(btworxiracandiaxsxa)

A gwri'bten dlrect:.ve 31gned byg captain Glenn D, Perguson

was received this date from Technieal Division IIX

4, Letter from OCE to EB dated 5/28/43, file CE 451,92, EB 400.1
Authority: (ypg 433), subject: Service on Tires,

requesting that the following work be dane under

Project No: File No: Date
MES 433 400,1 (MES 433) 2 August 1943

Diroctive: pegert ®arfare Section to assist the Transportation Development
Branch of the Engineer Board in testing of 14:00 x 20-12 ply and 11:00 x 18-10
Ply low pressure tires, Schedule of test program is being prepared jointly
by Transportation Development Branch and Desert Warfare Section and will be
forwarded to Technical Division IV for approval when completed,

Completion Date: Funds Authorized: None other than
MES 433

Date Received (Desert Warfaro Sectlon) : 17 August 1943

Estimated Complction Dato: 1 Deec 1943  Porsons Assigned to Job:
¥. R. G, Kerr
Date Complated: ) Mr, C, G, Haskison

¥r, N, R, leidig
RETURN TO TECHNICAL DIVISION IV UPON COMPLETION OR CANCELLATION OF PROJECT

Distribution: Xlolonel Goerz
Director, Technical Division I
Dircector, Technical Division II
Airector, Technical Division III
XDirector, Tochnical Division IV
Director, Scrvice, Admin., & Supply Division
IChief, Desert Warfare Section ( g
Chicf, Mountain Warfuare Scction
XControl and Roports Branch

COEY
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APPENDIX "B"

Tost Data
0f Tiro Tests in Mud
With 14.00-20, 12 ply end
2,00-20, 10 ply Tires

Content
Data of Tests 1 - 123
Service lurebility Tost

Soil finalyses
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SERVICE DURABILITY TEST

Miles on
Total Miles Roads ang Miles Duals
JIype Truck Tipe Sizo Miles on Hvy  Test Arcas All Around

Cargo 14,00-~-20 1058 897 161 -

Wreckor 14,00~20 1188 980 178 -

Cargo 9.00~20 990 842 138 135

Bituminoug 9.00-~-20 964  g21 143 321
Supply

Totals 4170 3540 620 456
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SOIL ANALYSES

1, North End of Salton Sea.,
iverago of Numerous Samples.

Mechaonical Composition Liquid Plastic
% Having Smaller Dia. in M.M. than Linit Limit
2.00 0.25 ,074 .05 + 005

100 96 75 71 51 27.0 13.2

2. Comp Soecloy

Mechanical Composition
% Hovivg Smellor Dia. in M.M. thon
2,00 0.25 .074 .05 «0056

100 95 92 91 50
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Contonts
5" Dial 0 - 60 pounds
25" Dial O- 100 pounds

24" pial 0 - 30 poun.ds

APPENDIX QU

Pressure Gauge
Calibration
by

Burcau of Standards

City of Los imgeles
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Rectg

Gauge Reading

City of Los

fingolos

Labe No, 64-356 DEPARTIENT oF PUBLIC WORKS
8~16~43 Buroau of Standards

Rop'tid  §-17-43

To The Tngincer Board 826 Yaie Street

——
Report

Test of

PRESSURE GAUGE

A pressure gauge was tost

Typo: Five inch dial

. od for the Engincer Board,
Desert Worfare Scetion, Thermal, California, on Lugust 16, 1943,

ldarked: darshalltouwn Gougo

Range: 0 4o g0 pounds

13 1/2
23 1/2
33 1/2
43 1/4
53 1/4
60

Pounds Pressure

/S/ T. J‘x. FitCh

~215-

10

20

30

40

50

57

Direcetor

Correction (1bs)

=3 1/2
-3 1/2
-3 1/2
-3 1/4
-3 1/4

-3



WS

City of Los Angoles

Lob. No, 64~358 DEPARTIENT OF PUBLIC WORKS
Rec'd 8=16-43 Burcau of Standards
Roptt'd 8=~17~43
To Thoe Engincer Board 826 Yale Strooct
s
Report
Test of

PRESSURE GLUGE

A pressure gouge Was tostod for the Engincer Board,
Desert Warfaro Scction, Thermal, California, on iugust 16, 1943.

Type: Two and one-half inch dial

larkod: Marshalltown Gauge

Ronge : O to 100 pounds

Gouge Reading Pounds Prossure Corrcetion (1bs)
16 10 -6
26 20 -6
36 30 -6
46 20 -6
56 50 -6
66 60 -6
76 70 -6
86 80 -6
96 90 -6
100 94 )
214 /s/ T, i Fitch
Director

«216~
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Lab, No. 64-357

City of Los fngeles
DEPARTMENT OF PUBLIC WORKS

Reetd 8-~16-43

Rop't'd  8~l7-43

To The Eangineer Board

Report

Tost of

826 Yalec Stroet

Bureau of Standards

PRESSURE GAUGE

L. prossure gouge was tested for the Engineer Board,
Desort Viarfore Section, Thermal, California, on August 16, 1943.

Type:

liarked: IHarshalltown Gouge

Ronge: O to 25 pounds

Gouge Reading Pounds Pressurc
9 5
14 10
19 1/¢ 15
24 1/4 20
28 3/4 25
2:4

-2L7~

Two and onc-half inch dial

Correction (lbs)

-4
-4
-4 1
-4 1
-3 3

SN

Director
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Quotations from Relatod koports

Contonts Page
Pertinent Conclusions of B. F. Goodrich 221

Company Report

Ordnonce Classification of Mud 222
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Pertinent Conclusions of B, F, Goodrich Company Report
on "Ordnance Mud Flotation and Traction Tests"

(Referencesto "types of mud" are explained
in next sectivn of this Appendix)

1. The results of these tests indicate that under the conditions
tosted, the single military desert tire equipment glves more mobility
than the standard militery mud and snow duasl tire equipment on the 4-
ton 6x6 cargo trucka, *

2. Tests run using reduced inflation pressures showed a definite
advantage over highway inflation for both the standard dual tire equip-
nent and the single desert tires, Howsver, for comparable laflation
pressures, the single desert tire will perform better than the standard
dual tire equipment,

3., The tests show that it is not feasible to use pressures below
the recommended cross country inflation, Such practice does increase
the tire flotation but is deemed inadvisable since it will result in
premature tire and tube failures and requires the use of a beadlocking
device,

4e Lack of mobility was encountered on the 4~ton trucks equipped
vith standard military neca-directional mud and smow tires., The front
axle on the 4-ton truck carries 21% less load ard is equipped with
singles instead of duasls. In an effort to correct this condition,
duals were applied to the fromt of 4«ton trucks, In Type I bottomless
mud where flotation is the prime factor, this made the truck on standard
military mud and snow tires egual to or slightly better in flotation
than the trucks equipped with single wilitary desert tires., However,
in Type IIB, mud duals trap and push the mud ahead of the tires. In mud
of this type, duals on the front increase the rolling resistance and give
the truck less mobility. Use of dual tires on the front is recommended
as an emergency measure under coaditions in which additionel flotation
is needed.

5. The 14,00 x 20 military desert tires have nearly twice the
load carrying capacity of the 9,00 x 20 military mud and snow tires.
This added tire capacity on the front of vehicles equipped with military
desert tires adds much to their flotation and mobility.

6. In addition to %he mud flotation and traction tests, hill clinib~
ing trials were made, The trucks equipped with military desert tires
using highway inflation climbed a twenty-one degree slope without ’
hesitation, Trucks equipped with standard military mud and snow tires
were urable to climb the hill, Use of the emergency inflation with or
‘without chains did not improve the hill climbing ability of these tires.
Single military desert tires are recommended for improved hill ciimbing
ability.

7. It is of interest tc note that the rolling radius of the
14.00 x 20 dessrt tire is 24" greater than the 9,00 x 20 mud and snow
tire. The rolling resistance of the 4~ton truck at 10 m.p.h. on pave-
ment using highway inflation was 535 pounds on 14.00 x 20 desert tires
and 380 pounds om 9,00 x 20 standard dual tire equipnent,

«22] -
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ORDNANCE DESERT PROVIRC GRGUNDS
CLASSIFICATION OF HUD

The Ordnance Desert Proving Grounds report on mud flotation classified
mud into several types. Quoted here is section II A from subject report.

"Section II. A. That for the purpose of evaluating the mud
mobility of military wheeled vehicles all of the various types
of mud that may be encountered fall into two clagsifications
or types.

Typa I Mud: Bottounless mud where the consistency is such that
the mud will not support a vehicle with standard military tire
equipnent at 20 pounds tire pressure. The term bottomless
implies that a firm sub-gurface, if existent, will be at such
a depth that the vehicle undercarriage will be buried in mud,
preventing forward motion of the wehicle before the driving
wheels have contacted the firm sub-surface, ¥*¥¥x*

Type II Mud: A mud top-surface with a firm hard pan at a depth

not to exceed the minimum vehicle ground clearance, Under this

classification is also included mud where no hsrd pan exlsts but

where the consistency of the mud is such that compaction will

] aford a sufficient bearing surface to support a vehiele with

. standard tire equipment at 20 pcands prossure at a depth of not
1 to exceed the minimum vebicle ground clearance. At the depth

of adequate bearing capacity, the mud must have sufficient shear

resistance to permit the development of meximum vehicle tractive

effort with chain equipment.

1., Type II Mud should be classified as Type IIA, when the mud has
a cleaning quality such as the presence of high water content,
sand, decayed vegetable matter or other non-adhesive materials
which give the mud a cleaning quality, **¥x%

]
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adhesive such as gumbo or adobe mud.®
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APPENDIX C

REPORT OF SERVICE LIFE TESTS OF 14,00 X 20
_TIRES OF VARIOUS PLY

Date Ttem Page
1 March 43 Letter report on service life tests of 226

14 x 20 truck tires by Engineer Board
Desert Test Section.
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DATE: March'1l, 1943

.
.

TITLE: Service Life Tests of 14,00 ~ 20 Truck Tires in Various Plies

PROJECT NOs ST 136 SUBMITTED BY: Burl Heileman,
s Assistant Engineer
I SUBJECT
. This report covers controlled tests made to determine the coms
parative, service life of 14,00 - 20 truck tires in various ply=con=-
® structions under conditions of actual operation on the highway and
across rocky desert terrain.
II  AUTHORITY
Oral request of Major W We Milner, C.E., to make service life
.

tests as recommended in First Interim Report of the Desert Test
Branch on "The Performance' Tests of 14,00 = 20 Tires in Sand".,
Dated January 2, 1943, Testing was terminated in compliance with
letter the Engineer Board, file 400,112 (EB 138), dated February
10, 1943,

3 v

IIT FaCTUAL DATA

l. From previous tests, it has been learned that the mobility
of a vehicle in very soft sand can be improved greatly by decreasing
the tire inflation pressure, and that for tires of any given size,
the most flexible tire, which is usually the one with the smallest
- . number of plies, gives maximum performance, An objection was raiscd
that while thin, flexible tires are superior in very soft send, thoy
would not be practiceble for use on hard-surfaced roads or for uff-
road conditions where rocks may be encountercd,

4 2. Tests were made to determine the expected length of
service on highways of 14,00 ~ 20 truck tires in various plies.

8. A Diemond T, 4-ton, 6 x 6, cargo truck, with rated
"load, was opcrated exclusively on hard~surfaced highways wath the
1 following tires which had not been proviously used: (Seo Fige 1)
(1) Two Ue Se 14,00 - 20, Six-ply, sand type
4 (2) Twio Goodyear 14,00 - 20, Eight-ply, earthmover
(3) Two Fircstone 14,00 ~ 29, Ten-ply, carthmover

b, A speed of 35 miles per hour was mointained as much
es possible, and all tires weré inflatod to 20 pounds per square inch.

«226m
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Project No. St 136 March 1, 1943

¢+ It was noted that the inflation ,ressures increased
as the tires heeted in operation, end that the six-ply tires gained
less pressure than the ten~ply tires.

de. The position of each tire was changed at intervals
to eliminate any unusual condition of wear duc to poor wheel aligne
ment or other factors,

e+ The following table shows the load on each tirc, and
the distances traveled in cach wheel position on the truck.

Distances in Miles Traveled by Tires on Highway

Wheel Position and Load

Front Rear

Left Right Left Right
Left Right For, ior., Rear Rear Total

Tire 3300 33004 4550f 45504 4550# 4550% 24,8004
Ue Seo Six-ply 306 1500  wee- 281 -~~~ 962 3049
Ur 8o Six-ply 962 wee 281~~~ 1500 306 3049
Goodyear Eight-Ply 281 962 1500 === 306 we- 3049
Goodyear Eight~Ply  --- cemw 982 306 281 1500 3049
Firestone ten-ply 1500 281 306 962  ewe  me— 3049
Firestone ten-ply —— 306 ~=-= 15600 962 281 3049

f+ Yo tire failed during this test,

5« Tests were also made to determine thc resistance t - damage
cf the tires in various plies when operanted over very rocky terrain,

2« A Diamond 1, 4«~ton, 6 x 6, cargo truck, with ruted
load, was operated over cxtremely rocky terrain with the following
tires which had not beon previously used: (See Figs 1)

(1) Two U, So 14400 ~ 20, six~ply, sand type
(2) Two Firestone 14,00 « 20, ten-ply, earthmover

(3) Two Firestone 14,00 - 20, twelve=-ply, earthe
mover shallow design

w226
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Figure 1. The two Diwmond T 4=ton 6 x 6 cargo trucks which

ware used in these tests,
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Pigure 2. Terrain selected for testing tir
iife on rocks.
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Figure 3, United States 14,00 = 20 6-piy tire striking large

rock,
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arge roci,

Firestone 14,00 = 20 12ply tire striking 1

Figurs 4.
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b, As failures occurred, the tives were replaced with
identical new ones.

ce A course 07 of a mile long through rocks was se=
lected so That it was not possible to drive without striking rocks
with 21l wheels at all times, The rocks were the maximum size that
could be driven over without striking and damaging the differential
cases of the trucke. (See Figs, 2 to 4,)

de The truck was driven as fast as possible, the limite
ing factor being control, as the driver was bounced around a great
deal. It was possible to drive in second gear, high range, or third
gear, low range, with the engine at maximum governed speed, Actual
speeds varied from six to ten miles per hour. Tire inflation pres-
sures were mainteined at 20 pounds per square inch.

8. The position of each tire was changed at intervals
to climinate any unusual condition of wear duc to poor wheel align-
ment or other factors, and all-wheel drivz was used to further
equalize wear on all tires,

fe The following table shows the load on each tire,
and the distances traveled over the rock course in each wheelw
position on the trucke In addition to the distances shown, each
tire was driven an approximately equal distance at a very slow speed
over a smooth gravel road in getting to and from the test area.

Distances in Miles Traveled by Tires over Rocky Terreain

Whecl Position and Load
Front Rear
Left Right Left Right
Left Right For., For. Rear Rear Total

Tire 3300F 3300f 4300# 43004 4300# 4300f 23,800#
*Ue So Six-ply - - - - - 37 37
Firestone Ton=ply - - 74 - oo — 74
*Uo So Six~ply - - - 66 - 29 95
Ue Se Six=ply 86 28 -— - ew w114
#Firestonc Ten~-ply 28 66 12 29 - b 135
*Us Se Six~ply 29 - 66 w- 28 35 158
*Pirestone Twelve~ply 66 29 28 e B4 e= 177
Firestone Ten-ply — 86 - 28 29 66 * 209
Firestone Twelve-ply - - 29 86 66 28 209




Projoct No. St 136 March 1, 1943

ge Tires marked with an asterick (%) in the above table
failed due to intorior breaks in the carcass caused by striking
rocks, except the Firestone twelve~plye This tire went flat while
the truck was on the rock course, but upon inspection, no damage to
the carcass was discovereds A cut was found in the tibp, caused by
smell pieces of gravel which had entered through the valveshole in
the rime

he  The tread pettern of all tires uced in the test was
cut and worn off from contact with the rocksae (See figse 12 %o 17)
In addition to this damage, on the U, Se tires the sidewwall rubber
separated f{rom the fobric, and a joint betwcen the tread and side~
wall opened up. (Seo Figs. 10 and 11) This bond-failure at the
shoulder of the tread has been obscrved on 2ll of the tires of, this
moke which have been used, regardless of type of service, and is
apparently due to the method of applying the tread-rubber and failure
to develop propcr bond with the side~wall covering, It can not be
classed as o defect of six-ply tires.

IV DISCUSSION

l4 Information was desired on the relative life of tires of
various ply~constructions in actual service. A military truck tire
in desert service would be operacved at times on roads, on sand, and
over rocks. It had been previously determined that satisfactory
mobility ‘in soft sand could be obtained by using en inflation pres=
sure of 20 pounds per square inche This pressure was adopted for
the service tests because in actual service there would be oceasions
when rocks would be encountered or highway operation becomes nccesw
sary immediately after traversing soft sand without an opportunity
to re-inflate the tircs. ‘

2o The tires which were tested for highway operation showed
nothing significant at the conclusion of the test.

8« It had been intcaded to run the tires to destruction,
but the test was terminated at the end of 3049 miles in accordance
with instructions regeived in a letter previously referred tc from
the Engineer Board.’

be " The ultimate life of these tires is not knovm, but
some of the original tires should have lested more than 10,000 milese

¢e . The treal design on the earthmover type tires showed
definite signs of wear, as was to be expecrted because this design
is not intended to have good wearing qualities on highwayse This °
is not regarded as significant because this test was only to deterw
mine the effect of number of plies, and any tread patiern cen be
molded on a tire of any number of plies,

uzgzn
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Figure 5, Break on inside of United States 14,00 « 20 6.ply
tire which occurred after driving 98 miles over rocky terrain,

Figure 6, Chafed place in tube cuaased i)y break in carcass
shom above,
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Figure 7, Typical interior break in United States 6-ply tire,
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Interior break in Firestone 14,00 - 20 10-ply tire.
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Typical pinched place in tubse,
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Pigure 10, Separation of sidewall from tread
rubber on United States 6~ply tire., This is
apparently a fault in construction methods and
has no relation to numbe: of plies,
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Pigure 11, Separation of sidewall rubber from fabriec on
United States 6-ply tire,
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Figure 13, United States
14,00 « 20 six-ply tire
after 150 miles of
operation in rocky
terrain,

Figure 12, New United
States 14,00 = 20 sixeply
tire,




Figure 15, PFirestnne
14.00 « 20 ten-ply
earthmover tire after
209 miles of operation
on rocky terrain,

Figure 14, New
Firestones 14.00 « 20
10=ply tire.
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Figure 17, Firestone
14,00 « 20 12«ply tire
after 209 miles of
operation over rocky
terrain,
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Figure 16, New
Firestons 14,00 ~ 20
12-ply earthmover
tire, shallow design,




Project No, St 136 March 1, 1943

d. The fact that the six-ply tires coperated without
fallure would indicate that they are satisfactory for operation
in highway service. ,

3. From the record of tire failures on rocky terrain;tiﬁ
can be seen that resistance to impact damage inéréases with the
number of plies, ) -

8. Three six-ply tires failed, but these tires had a
much longer life in rocky terrain than had been expected.

b, One ten-ply tire failed,

&+ No twelve~ply tire falled as a result of striking ~
rocks.

4e The test on the rocky terrain was axtremely severe; in
most cases of actual service, slower speeds would be used in
crossing such areas, However, in any off.road going, a tire is
apt to strike an 1solated rock at high speed. It is noted that
this test was more critical of the truck than of the tires and
the fact that the tires held up as well as they did is evidence

+hat antv Af +ham saAnld ha annetRarald twrowtr Anwshle 'Fbo PAllAurine
any oI Them COULC D2 gonsSllerel wery duradle, lRe LolowWaing

B2t

damage to the truck was incurred:

8o Gas tenk badly dented and hole punched in tank,

b. Gas tank developed leak due to vibration.
&+ Brake airline broke repeatedly,

4. Radiator shell support holt broke twice,
eo. Kood hinge became separated.

£+ Brake drum broken on edge by rocks.

2. Steering column support holtsg ceme out,

=3

o Bolts holding cab loosened,

5 Tire failures in all cases, except the twelve-ply tire,
were due to the fabric rupturing on the interior of the tire, which
pinched the tube, (See Figs, 5 to 9.) The tires did not blow out
violently, as would have been the case if higher pressures had been
used, but went flat over a period of three to five minutes,

6. It was previously determined that twelve-ply tites with
a smooth, shallow tread pattern will give reasonably satisfactory
mobility in very soft sand, though not equel in performarce to the

-249-9
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sixeply tire., In this teat, it has been shown that the twelve-ply
tire 18 as satisfactory as other plies for highway service, and
bas & longer lifs=gzpectancy when subjected to severe abuse on
rocky terrain, The sixeply tire is unsatisfactory for use in rocky
terrein,

7, This Branch does net have sufficient information as a
result of “his limited service 1ifs test to draw conclusions as to
the differanse i merdt of the ten ard twelve ply tires or to
estimats milsags per pound of rubber for the various ply tires,
Vi RECOMMENDATIONS

For gemeral desert terrain, a compromise is necessary
between the itire giving the mexdimum sand performance and the tire
giving th2 best allwarcund desert servics,

2. The tenwply or iwelve~ply tires, with shallow
tread design, are recommended as satisfactory,

be The six-ply tire is not recommended,

SUBMITTED BY

Major W, W, ner,

Chief, Desert Test Branch,

Burl Helleman,
Assistant Engineer,
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, Date

21 April 43

28 May 43
$

28 June 43
o 30 June 43
°
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APPENDIX D

DIRECTIVES TO CONDUCT TIRE TESTS

Item

Letter from Chief of Ordnance requesting
that the Engineer Board conduct tire tests.

Letter from Chiof of Engineers directing
tirc tests be conducted.

Letter from Engineer Board requesting
approval of project MES 433, Service of
Tires for Engineer Equipment.

1st Indorsement from Chief of Enginsers
approving project MES 433,

wZ. L

Page

253

267

258

261



WAR DEPARTMENT
Tank~Automotive Coenter
Robson/ck
Detroit, Michigan
April 21, 1943

Subject: Special Traction and Flotation Tire Test

To: Office of tho Chief of Engineers
New Wor D.partment Building
Washington, D. G,
ATT: Lt. Cols Fy S Besson
Enginecring end Development Braunch

THRU: Office of the vhief of Ordnance
Pentagon Building
Washington, D. C.
ATTH: Chief, Technical Division

l. The Ordnanco Department is providing one set cach of
11,00~18 and 14.00-20 desert type tires to the following Service
Boards:

Field Artillery
Infantry
Armored Forcc
Tank Destroysr

2. These will be given tests for traction, flotation and
gereral service durability, They have not been shipped to Engim
neer Board because it is understood considerable experimentetion
has been conducted on these tires both at the Yuma Desert Test

Branch and at Fort Storye It is believed these tires are available
for traction and flotation.testing eb, your Gommand,

5+ Steps are being vaken to obtain results from these vari-
ous Boards and also from test organizations under the direct control
of the Office of the Chief of Ordnance on the mud, traction and
flotution ability of these desert type tires, It is believed they
mey previde considerably improved performance nver present. type
dual tires, and one of the principal objectives of bthis test will
be to establish or disprove this belief,

4s It is requosted that the Engineer Board submit any
information available on this subject, and conduct any necessary
tests to add conclusive evidence to this subjects

For the Deputy Chief of Ordnnance:

/s/ Ba Js
JOSEPH M, COLBY
Lte Cols, Orde Depts
Assistant
- 250



EYHIBIT "aA"

DIAMOND T- 4-TON, 6x6, CONVERSION. (For one truck.)

Wheels.

20 £ 10:00 CW

5-3/8" Dish

10 Stud 11-1/4" Stud Circle

Bull Type No. 45160wD=l

Wheel Ordnance No., 40890

Fing Ordnance No. C 91161

Nut Ordnance No. A 233035

Complete Wheel, Ring, Nut Assembly
Bead Locks Continuous Band

Hinged Type. Similar to Goodyeer D~6~L Type.
Width 5.288", To fit 20 x 10:00 CW and 14:00 x 20=~12
Ply Desert Tire,

Fleps for Above Tires

Note: No flaps required for bead liocks, but flaps will
be required if flat base rims are used,

Right Hond Hub Adapters
4 Inch
10 Stud 11-1/4" Stud Circle
Complete with studs and cap nuts

Right Hand Hub Adapters

3 Inch
Same Comments

Left Hornd Hub Adapters

4 Inch
Some Comments

Right Hand Hub Adapters

3 Inch
Same Comments
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(EXHIBIT "A" ~ cont,)
8 Tires

14:00 x 20 -~ 12 Ply
Desert Type Modified
Shallow Ne De tread

8 Tubes for Same

, EXHIBIT "B"

G.M.C, - 2~1/2-Ton, 6x6, CONVERSION. (For one Truck,)

7 Wheels, QOrdnance Standard Divided Rim

18 x 8:00 CV

3-1/2" Dish

6 Stud 8-3/4" Stud Circle
Budd, Type

Complete Wheel, Ring and Nut Assembly

7 Bead lockss Continuous Hinged Band

Similar to Goodyear D=10=L Type

Hinged Low Type Bead Lock

5.468" Width

See Tire and Rim Assoce 19542 Handbook, Page (=12
Military Supplement

To fit 18 x 8:00 CV Rim and 11:;00 x 18 ~ 10 Ply
Desert Tire

6 Flaps for above tires

Note: Flaps not needed with bead locks but desired for
use with flat base rims that may be uscd in test,

2 Right Hand Hub Adupters

1-1/2 Iaches
6 Stud 8~3/4" Stud Circle
Complete with studs and Cap Nuts

2 Left Hand Hub Adapters

Same

8 Tires

11:00 x 18 - 10 Ply
Desert type modified shallow,
Non Directional, Mud und Snow

8 Tubes

For above tirese.
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0.04451,92/3257
Attn: SPOTT Perrine/mcc
TAC 451,92/1578 1st Ind. Exten, 2480

War Department, Ordnance Office, ASF, Washingion, De C., April 28,

1943,

To: Office of the Chief of Ergineers, New War Department Building,
Washington, Ds Cs Attn: Lt. Cole Fe S. Besson, Engre & Dev,
Branch.

l. Forwarded for compliance with request made in basic com=
munication.

For the Chicf of Ordnance:

/s/ W Fred Jordan
Major, Ord. Dept.
for Ge Me BARNES,
Major Gereral, Ord. Dept.,
Chief, Technical Divisione
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Wisly DEPARTHETH
Office of the Chiefl of Ingineers
Woshington
400,112(Tires }SPEED
Hey 28, 1943

Subjest: Special Trachion and Flotation Tire Test.

To: The President,
The Engineer Buard,
FORT BELVOIR, VIRGINIA.

1. Inclosed, for yov~ <aformation, is a letter from the
Tank~Automnotive Center, da'+«d April 21, 1943, on special traction
and flotatiocn iire tests to be conducted by the Service Boards
mentioned in the first paragraphe

2, It is directed that ths Engineer Board conduct compara-
tive tests on 2-1/2~ton, 6x6, G.M.C. cargo dump trucks and 4~ton,
6x6, Diamond-T dump trucks equipped with 11:00 x 18-10 ply and
14:00 x 20-12 ply desert type tires respectively, as compared
with corresponding vehicles equipped with standard tires. Inas-
much as the directive of May 10, 1943 on testing low pressure
tires: on 4~ton, dump trucks covers similar but less compreiensive
tests, the directive is rescinded,

3s Tests are to include traction, flotation, and generel
service durability, with special emphasis on performance in mud,

4, The inclosed exhibits A and B are submitted as an aid
in procuring equipment necessary for conducting the testse

By order of the Chief of Engineers:

/s/ Ee L+ Knutson
E, L. KNUTSON,
Captain, Corps of Engineers,
Assistant, Equipment Development Branch,
Engineering Divisione

3 Incls,
Incle 1 - Ltr frm TAC, dtd 4/21/43 to OCE v/lst Ind, File 400,112
Incle 2 ~ Exhibit "AY, (Tires)

Incl, 3 ~ Exnibit "B",
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WAR DEPARTMENT
THE ENGINEER BOARD
CORPS OF ENGINEERS, U. S. ARMY
FORT BELVOIR, VIRGINIA

s

Refer to File No, 451,92 28 Jun 1943

Subjects Service Project for Tires.

To: Chief of Engineers, Uo 34 Armye.

l¢ Office, Chief of Engineers letter to the Enginecr Board,
dated HMay 28, 1943, file 4(0,112(Tires) SPEED, 451,92, contained &
directive !to conduct traction, flotation and general service dure
&hility tests on 14:00 x 20 12-ply, and 11:00 x 18 1O-ply desert
tires with special emphasis on performance in mude The 25~tor
cargo~dump and ths 4~ton dump trucks, also under test at the Board,
to be utilived in testing the tires?,

2¢ The testing of descrt tires as directed, will necessarily
require a considerable amount of work and equipment, ard umay extend
over a long period of time. It is believed that this can best be
handled by settirg up a Service Projoct to cover this activity, and
other problems releting to tires,

3+ It is requested that Service Prcject Neoo MES 433, Service
on Tires for Engineer Equipment, be suthrrized,

For the Board:

/é/ Poter P, Goerz
Peter P. Goerz,
Colenzl, Corps of Engineers,
Exccutive Officera

2 Inclse
Incl nAn & ﬂBﬂ

P2 ? vocray U,

-2 58~ .
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[ v INCLOSURE "A" i
) Project No. MES 433 Service on Tires for ‘
Engineer Equipment
2
Authority: Office, Chief of Engineers letter to the Engineer ;
Board, dated May 28, 1943, file 400,112(Tires) SPEED, )
451.92,
¢ Purpose: The project being requested is required for the

purpose of conducting tests and studies on lowe=pressure
prneumatic tires fcr Engineer equipment, as directed by
the Chief of Engineers,

Military Characteristics:

Not applicable,
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THCLOSURE "B

Project No. MES 433 Service on Tires for
Engineer Equipment

Plan of Service

l. The Engineer Board has under test at this timc, two 4~ton
dump trucks end sight 2%-ton cargo~dump trucks. One~-half of thoce
trueks (including the 4-ton) will be egquipped with low-pressurc
(desert) tires, Dump trucks will be operated in pairs es much as
is practicable; one truck of each pair will be equipped with stan-
derd tires, the other with low~pressure (desert) tires. Records
will be kept of the mileage, loads, inflation, and the type of roads
over which the trucks are operatcde

2¢ In addition to the tests outlined in Paragraph 1, such
traction, flotation and relling resistance tests will be conducted
in mud'as the available facilities at the Engineer Board and the
immediate vicirity permit. The tests will be started on or about
July 10, 1943, depending on the delivery of the tives and wheels
from the manufecturer. Th~ actual test work #ill be done by the
Transportation Test Scction,

¢  An interim report will be submitted to the Chief of Engiw
neers at the end of the first 45 days of test. Due to the short
duration of the test, from which any conclusions may be drawn, it
may be impracticable to submit data in this report. A more conclue
sive report will be submitted at the end of a 6-month test period,
and at such other times in between as appears desirable,

Approval by the Board 25 June 1943
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CE 400,112 (Tires) SPEED Subject: Service Project for Tircs

1st Ind,

Offize, C. of E., 30 Junc 1943,

To: The President, The Enginecer Board, FORT BELVOIR, VIRGINTA,

Service Project Noe MES 433 for service testing tires
for Engineer equipment, in accordance with inclosures "A" and
"B", is authorized. .

By order of the Chief of Engineers:

/é/ James H, Stratton,
JAVES H. STRATTON,
Colorel, Corps of Enginecers,
Chief, Engineering Divisione

2 Incls,
n/c
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Date

8 Nove 43

14 Dec. 43

29 Deci 43

APPENLIX B

DIRECTIVE TO DISCONTINUE TIRE TESTS

Item

Letter from Chizf of Engineers raquesting
relocation of low pressure tire test aves
with lst indorsement by Engineer Board.

Letter from Engineer Board recommending
discontinuance of mud testss

First indorsement from Chief of Engineers
directing discontinuance of rud tests.

«26 5w
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WAR DEPARTMENT
OFFICE OF THE CHIEF OF zNGINEERS
WASHINGTON

CE SPENG
8 November 1943,

Subject: Relocation of Tests on Low Fressure Tires in Mude
(Work Order No. DME 3119).

Tos The President ' .
The Engincer Board
FORT BELVOIR, VIRGINIA.

It is requested that the squipment for low pressure tire
tests in mud, now being conducted at Salten Sea, be moved to the
Engineer Test Laboratory for Soils at Vicksburg, &s soon as practi=
cable, and that the tests be conducted at that location.

By order of the Cu® © of Engineers,

/s/ Ee Le Knutson
for

WILLIAM J. NEW,
Major, Corps of Engineersy

Executive Officer, Equipment Development Branch,
Engineering Divisione
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Subject: Relocation of Tosts on Low
Pressure Tires in iude.
{Work Order No., DME 3119)

CE SPENG
EB 400.1 (MES 433) 1st Ind.

Engineer Board, Fort Belvoir, Virginia, 13 Nov 1943
To: Chief of Engineers, U, S. Army.

le Tests of 11,00 x 18 and 14,00 x 20 low pressure tircs now
being conducted by thc Engineer Board, Desert Warfare Section, at
the Salton Sea, are approximately 75% complete. It is estimated
that all tests in this area will be completed on or before 1 Deceme
ber 1943,

2e A reconnaissance has been made of the facilities for test~

ing tires in mud at the Waterways Experimental Station, Vicksburg,

Mississippi, and it is believed that adequate facilities for testing

are available there. Tentative arrangements have also been made

with the staff of the Waterways Test Laberatory for conducting tests,
there, should the tests at the Salton Sea be considered inconclusivees

3« After the tests are completed at the Salton Sea and the
data have been summerized, it may be found that no further mud teste
ing will be required. The Engineer Board will be in a better pow
sition to furnish definite information as to what action should be
taken after this has been done.

For and in the absence of the President:

/%/'W. Je Matteson
We Je latteson,

Colonel, Corps of Enginecrs,

Asst. Exccutive Officer,

"2%\0’
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4004,1 (MES 433)
14 December 1943

Subject: Low Pressure Tire Mud Tests.
(Work Order Nos DYE 3119),

To: Chief of Engincers, U, S. Army.

ls Reference is made to a letter from your office dated 8
November 1943 requesting transfer of low pressure tire mud tests
from the Salton Sea Area to The Enginecer Test Laboratory for Soils
at Vicksburg, and to the lst Indorsement thereto, dated 13 Wovenw
ber 1943, which stated that this office would "furnish definite
information" as to the need for further mud tests sbout "1 December
1943,

2, There ure two basic problems inherently associated with
the question of convcrsion to low pressure tires,

8¢ The procurement of sufficient data to indicate the
advisability of conversion, and to indicate the specific cone
version in the case of all vehicles of present design.

be The procurement of sufficient engincering date
(tradfive effort, rolling rcsistance, carcass strength, etce)
to enaeble the proper application of low pressure tires to
vehicles of new designe

These two problems arc fundamentelly diffcrent since, in the second
casc, no restrictions exist, whereas in the first case any cone
version made is governed by such factors as bogie axle spacing di-
mension, load line displacements feesibility of field kits, etce

As an example, the present 2-1/2-ton, 6x6, vehicle equipped with

7450x20 high pressure tires duals rear, is best converted to 11.00x18
low pressure tires singles all around, yet the tires for this vehicle

(if bogie axle spacing did nct govern as it does in this case) ape
pear to be 11.,00x20 low pressures These, however, cennot be uscd
on & conversion basis, but new designs should takc this into account,

5o  Enough data now exists to meke spccific recommendations
as to the conversion of all present standard vehicles to low pressure
tiress Sufficient data doos not cxist to orepare traction effort
and rolling resistanee curves (mud) for use in new vehicle desipne
Approximately six months would be requirecd to cbtain comprehonsive
end adequate mud dato for future design use,
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Ler to 0OCE
File 400,1 (MBS 433)
conte

*4, While it is acknowledged that tae procurement of this
engineering data would be entirely worthwhile and would be a sub=
stantial contribution to the question of the design of future army
vehicles, it is seriously docubted that the low pressure tire question
as & whole will pass through any more than phase one (cenversion)
during the process of the present war, and accordingly, the value to
the present war effort of further mud tests is in serious doubt,

5« On the other hand, the mobility of U. S. Army vehicles is
of prime importance. If sufficient data, upon which to base new
designs (phase two), is not now obtained, the chanoes are that it
will not be obtained for several years which may conceivably jeow=
pardize the required mobility of future vehicles of our army. One
of the greatest disadvantages which could be given our army would
be the use of low pressure tires by the enemy forees, prior to
their use by our ovm forces,

6s» The recommendations of this office are that ne further
mud tests be esonducted at tnis times It is requested that the above

factors be considered, and this office. be advised of the decision
made,

/s/ dohn W. N¢ Schulz,
John W N. Schulz,
Brigadier General, Us S. Army,
President,

~268=
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CE SPENG Subject: Low Pressure Tire Mud Tests,.
(Work Order No. DME 3119).

lst Ind,.

Office, Cs of E., 29 Dccember 1943,
To: The President, The Engineer Board, FORT BELVOIR, VIRGINIA.

It is directed that further mud testing of tires be
discontinued and that the assembling of all information obtained
to date be expedited and forwarded to this office, in order that
tre information may be furnished to Army Scrvice Forces and the
Ordnance Department for their use in decisions affecting low

pressure tires,

By order of the Chief of Engineers:

/s/ ¥illiam J. New
WILLIAM J. NEV,
Major, Corps of Engineers,

Chief, Equipment Development Branch,
Enginecring & Development Division,

BASIC: EB to OCE datved 14 Dec, 1943

~26Gm
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LETTER

Date

21 Dece 43

APPENDIX F

REPORT SUMMARIZING TIRE TEST RESULTS

Item

Letter from Engineer Board summarizing
test results, submitted prior to prepa-
ration of test report.
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400,1 (MES 433) 21 December 1943

Subject: Special Traction and Flotation Tire Toste.
To: Chief of Engineers, Ue So Armye

1, Reference is made to letter your office, subject above,
dated 28 May 1943, file 400,112 (T-.res) SPEED, which direpted com=
parative tests of 2%-Ton and 4«Ton vehicles equipped with low
pressure tiras as compared with the same vehicles with standard
tires, The tests conducted in compliance with thet directive have
been concluded, but due to their comprehensive nature, the final
report is still in preparation.

2. It is the purpose of this letter to give advance infore-
mation as to the major conclusions reached as a result of the tests
conducted. During all tests special emphasis wes placed on relative
performance in mud of thc two types of tire equipment under identi-
cal loading conditicns. The following major conclusions have becn
reached,

e That the mud performance of the 4~ton, 6 x 8 truck,
equipped with 14,00 x 2012 ply "desert" type tires, singles
all around, is definitely and under all conditions tesced
superior to the mud performesnce of the same vehicle when equip-
ped with standard 7,50 x 20~8 ply non~directional mud and snow
type tires, duals rear, under all inflation conditions, iece,
under highway inflation, 25 miles per hour off-road inflation,
limitod operations inflation, or Ordnance sand minimum inflaw
tione, The same relative performance extends also %o thesc
vehicles with tires.equipped with chains, In cach case, the
rolling resistance of the 14.00 x 20 tire (singles) was less
and the tractive effort greater, then with the 9.00 x 20 tire
duals rear,

bs  That the mud performance of bthe 22=Ton, 6x6 truck,
cquipped with 11,00 x 18«10 ply "desert" type tires, singles
ull around, ic superior in general to the mud performence of
the same vehicle when equipped with 7,50 x 20-8 ply non=direce
tional mud and snow type tires, duals reer, In all cases and
under all inflations, the rolling resistance of the 11,00 x 18,
both with and without chains, is less than the 7.50 x 20, where=-
&s comparative tractive effort is indefinite, depending upon
mud conditions, but in favor of the 11,00 x 18 tires a majority
of the time,

c¢s That the mud performance of the Z%vTon, 6 x 6, could

be mede comparable with the mud performance of the 4-Ton, 6 x 6
(14,00 % 20 singles), if 12,00 x 20 tires could be uscd on the

27 3
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vehicle. This conclusion is based on load-performence studies
which ind{cate that best performance results when wheel loads
oomparable ,to those of the 2~-ton, Ax6, are supported by tires
of about 123,00 x 20 size.

des  That the géneral “sorvice durability of the 11400 x 18
and 14.00 x 20 "desert" type tive, when applied to the Zi~ton
andvf-ton vehicles, is satisfactorys )

8e That, in view of the results of these tests and of
porformance oomparison tests previously conducted in soft sand
ond cther difficult terrain with these sams tires, it is.con=-
cluded that these tires should be stondard equipment on all
2— and 4-Ton, 6x6 vehicles in tactical units,.

2. The following recommandations are made, based on the mud

tests and all previously corducved tests in difficult terrain.

as That the 11,00 = 18=10 pl y "desert" type tire be de~
clared standard squipment for all 2~-fon, 6x6 tactical vchiclous,

ba  That the 14,00 x 2C~12 ply "desert" type tire be do-
clared standard equipment for all 4«~Ton, 6x6 ta c+1cal vehicles.

Ce  Thet conversion kits, based -on Inclosures 1 and 2
hereto, be issued to troops as soon as may be practicable to
effect this recommended conversione

4o That, in tane event that a redcsign of the present
25-Ton, 6x6 truck is ever contemplated, consideration be given
to performance tests of the new vehicle when equipped with 11,00
x 20 or 12,00 x 20 "deserﬁ'type tirese '

©o - That a copy of this letter report be mrde available
to Mojor James H, Allen, ASF Requirements, Room 4E619, the
Pentagon, as he is compiling results of the tests by various
technical branches.

For and in the absence of the fresident:

/S/ We Jo Ma.t‘beson,
We J, Matteson,
Colonel, Corps of Engineers,
2 In cls. Executive Officer,

Incle 1 - Su grested Conversion
Kit for 24-Ton Truck (in dup)
Incl, 2 -nsaggested Conversion
Kit for 4-Ten Truck (in dup)

cc w/incls: The Engineer Board
Desert Warfare Section
Thermal, Colifornia
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APPENDIX ©

CORRESPONDENGCE RELATIVE LOAD AND INFLATION DATA

Datse

18 May 43

3 duly 43

Item_

Letter from Chief of QOrdnance covering
specific load and inflation data, with lst
end 2nd indorsements to the Enginees Board

Letter from Engineer Board requesting ocon-
firnation of specific load and inflation
dats and 3rd indorsement with revised in-
flation data.,
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WAR DEFARTMENT
ORDNANCE DEPARTMENT
Tenk sutomotive Center

W. H. Campbell/sb
May 18, 1943

Subject: Test of 11,00-18 10~Ply and 14,00-20 12-Ply Desert Type
Tires for General Service Durability end Flotation in
Mud or Sand,

Tos Office of the Chief of Engineers
New ijar Department Building
Washivgton, D, C.
ATTH: Lt, Col, F, S. Besson
Esgineering and Development Branch

THRJ: Office of the Chief of Urdnance
Pentagon Building
Washington, D, C,
ATTN: Chicf, Technicel Division

1, This acknowledges your roquest by telephonc to this efficc
May 15, 1943, for instructisous on conducting the sbove tests.

2. The following instructions wors issucd to various Scrvico
Boards that arc conducting similar tests:

Load Inflation
Tire Size Front Rear General Servieo Mud or Sand
11,00-18 10-Ply 2650# 35% ) To be doterminod
14,00-20 12-Ply 36504 65% ) by test.

3. It will also be necessary to obtain the following change-
over equipment to conduet this tost:

o

1 .
2a-ion Ox€ Truck
£z

7 Whoels, complote with 8,00 CV divided rims, side rings,
end flange nuts F#,82497

2 Spacers, right band #£2491
2 Spacers, loft hand #82492

The manufacturert!s numbers are thoso of the Motor ihcol
Corporation, Lonsing, Michigoxn.



P~ T T ey

4~Ton 6x6 Truck

7 10,00-20 CW Whools with 4-3/4" dish, #47280-~Di

Tho manufacturor's numbor is that of the Budd Whool Company,
Dotroit, Michigon. &

{. spoodomotor adapter will be required for both vehicles, "
ond unless other moans arc available for inflating the tires on tho
22~Ton 6x6 Truck, ond oir comprossor should be applied to the¢ vehicle.
Information on the spocedometer adaptoer end oir compressor may be ob- '
tained from Major F. R. Hail, Enginecring ond Manufacturing Branch,
Trucks and Troailors Unit, Tank-iLutomotivo Conter, Fishor Building,
Dotroit, Michigan,

|

¥
ij
'

For the Chiecf of Ordnanoo:

/s/ Joscph M. Colby

JOSEPH M. COLBY
Lt,. 001., Ord, Dcpt.
Lssistant

T




0.0 400,112/3695 Hortan/mb

Attn: SPOTT

T&C 400,112/1836 1st Ind. 4481

War Depertment, Ordnance Office, ASF, Washington, D. C., Junc 4, 1943,

To: Office of tho Chiof of Engincors, LAttn: Engincoring & Devolopmont
Branch, Lt, Col. F, S. Bosson.

1, Forwarded is bosic communication listing Service Board tost
information for Desert Typo Tires, 11.00-18 and 14.00-20,

For the Chief, Technical Divisions:

/s/ Vi. F. Beasley
W. F. BEASLEY .
Chief Engr,, Tank & Motor

Transport Dovclopment
Lioison,

2nd Inde
Office, Co of E', Juno 9, 1943,
To: %The Fresidont, The Engincor Board, FOkT BELVOIR, VIkGINIA.

1, Forwerded.

2, Your attention is invited to the directive to the Engincor
Board, doted Moy 28, 1943, rrom this office, on Spccial Traction and
Flotation Tire Tust, in which it was dirccted thet the Engineer Board
conduct comparative tests on cargo dump and dump trucks cquipped with

the subject tires.

By order of thc Chief of Engincers:

/s/ F. C. Kendell

F. C. KENDALL,
Lt. Col., Corps of Enginecors,
Exec. Officzer, Bquipment Developmernt Br,
Enginooring Division,
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451,92

Subjoct:

Through:

To:

1.

3 July 1943

Tosts of 11:00 x 18~10 ply and 14:00 x 20-12 ply Desort
Typo Tires for Goneral Servico Durability and Flotation
in Mud or Sand,

Chiof of Engineors, U. S. Army.
Ordnance Dopartment, Tank sutomotive Center,
Engincering Offices, Fishor Building,

Detroit, Michigan.

Attn: Lt, Col. Joscph li. Colby
Ordnancc Department.,

With refercnce to your lettcr of 18 May 1943, filo TuC

400,112/1836 SPQID-R.

2
inflation
& load of

load of 6,

Paragraph 2 of your lottor lists the general servico
pressurce of tho 14:00 x 20-12 ply tirc as 65 pounds for
4,620 pounds. Theo inflation pressurc given is for o
780 pounds as listed in the militnry supplomont of the

Tire and Rim lLssociation, Inc,, Page :i-l-i, For a load of 4,620
powmds, thc general sorvice infletion pressurc should be 34 pounds.,

3.

The various Service Boards conducting tests should probably

be informed of this corroetion.

BASIC:

For thc Boord:

/s/ Pcter £, Goorz

Poter P. Goers,
Colonecl, Corps of .ngincers,
Bxocutivo Officer.

Ltr. frm Lt, Col, Colby,
Ord. Dopt. thru Office,
Ch. of Ord, to OCE, dtd

5/18/43
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TAC 451,92/2162

Lttn: SPOMD-R

0.0.M. 451.92/3718

C,E.400,112(Tires)SPENG  3rd Ind. Robson/1t

War Dopartment, Tank~iutomotive Conter, Development Branc' Dotroit,
Michigan, 28 July 1943,

To: Office of the Chief of Ordnance, Tochnical Division, Pentugon
Building, Viashington, D, C,
LTTENTION: Iir. w. F. Boasley

1.  Commont of tho Enginoor Board is ontirely corrcct, und this
offico reissuod all Sorvice Board tost forms on 9 July, rcvising this
to use the following inflations:

Normol 40#
Cross Country 25%#
Emorgency 15%

20 For normpl operations 40§ is rocommonded in orlor to retlize
maximum woar and rosistance to wiping, although it is acknowledged
that 345 will carry the lond imposcd these tires.

/s/ Be J. Lomon
Bc J' LE:‘EON
Lt,. Col-, Ord. Dcpt'

Chiof, nubber Section
Development Brunch
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