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' IiNCJNSLASSNL )IFIED

SYLLABUS

1 1. This report is a record of comparative traction and flo-
tation tests of 2 -ton 6 x 6 and 4-ton 6 x 6 trucks equipped with
low pressure tires versus high pressure tires, with emphasis on mud
performance.

2. Available data on general service durability, which is
* deemed satisfactory, are included in the report.

3. The report concludes that mud performance of those vehicles
is inoreased by the use of low pressure tires and recommends their
adoption as standard equipment.

L
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LOW PRESSURE TIRES INHAUb

* I. SCOPE OF REPORT-

1i. Scope. This report covers tests of 2'2-ton 6 x 6 and 4-ton
6 x 6 vehicles equipped with low pressure tires. The tests were con-
dueted at the request 61' 'the 'Ordnancoe Departmoht to'aid in determining
the mud traction and flotation ability of these vehicles when equipped

G with low pressure tiros of the desert type. The report also covers
the general service durability of this type tire, a6 it Was evident
throughout the tests. The tost..poriod covered was from 12 August 1943
to 31 'Dedember 1943.

a I. AUTHORITY'

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

a. Letter from Chief of Ordnance to Chief of Engineers,
* dated-2l April 1943, subject: Special Traction and Flotation

Tire Tests, which resulted in a directive to the Engineer Board,
dated 28 May 1943, subject: Special Traction and Flotation Tire
Tests.

b. First indorsoment from Chief of Engineers, dated 30
June T943, approving service project MES 433, Service on Tires
for Engineer Equipment.

Copies of these direetives are in Appendix D. Copies of other
coi'respondence relating to the conduct of the tests are contained in
other appendices.

III. PREVIOUS INVESTIGATION

3. Suma. No previous investigation speceif icai.ly dirocted
at the mud perrzo±iftmoe of low pressure tired vehicles has' boon made

*by the Engiieer Board, but reports have been submitted by the Eagi-
noer Boaid on allied subjeots, and reports on mud performance, sub-
mitted by other agencies, are known to exist. These reports are as
follows:

a. Sand Performance of Low Pressure Tires.

aaUNCLA S *)%If



Operation" by Mr. R. C. Kerr, which detailed the low pros-
sure tire experience of the Standard .0il Company of Arabia.

(2) "Performance Tests of 14:00 x 20 Tires in Sand",
Report No. EB 136-by the Engineer Board, 2 January 1943,
which presented the interim findings of send tests of this

.size low :pressure tiro.

( lfVart, Ps, reorts of the-O.rdnance..Deser . Proving
Ground.

b. kud Performance of Low Pressure Tires

(1) B. F. Goodrich Company report, dated 6 June
1943, on mud flotation and traction.

(2) Various heports of the, Ordnance Desert Proving

Ground.

c. Allied Subjects.

(1) Engineer Board. Desert Test Branch Interim Report,
dated 20 December 1942, on Tests of Road Expedients, Desert
Sand.

(2) Engineer '9cird Desert Test Branch Interim Report,
dated 26 May 1943,. o) 2ests of Road Expedients, Mud Opera-
tions..

(3) Engineer Bca.d Report No. 782, dated 17 November
1943, on Tire and Wheel Standardization, which was based
on all work of the Englaeee Board, to that date, on vehi-
cular performance under ill 1-ypes of adverse terrain con-
ditions.

IV. PRESENT INVESTIGATION

4. Purpose of Tests. Previous investigations conducted by
various U. S. Army agencies have shova beyond a doubt-that- low
pressure tires radically improvo the performance of a vehicle under
sand conditions.. The adoption of this tire 'puipmen t for-t he 2 to4
6 x 6 amphibian. truck and the stndardizatio* of low prossuro tire
equipment for desert service, resulted from heso tests. Throughout
previous investigations there were indications, and some facts, which
made desirable an investigation into the mud pqrfoxiance of low pres-
sure tired vehicles. The present investigatibn resulted specificolly
from the desirability of establishing or disproving the belief that
low pressure tires would improve mud performance. At the same time
data as to the general service durability of these tires were gathered
and are here recorded.

Amw ,4,
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., Tests Conducted. The only tests specifically conducted 9z
result of -the direct~ives s'ud tied 'O cal ly tonmucd asr

formpn6e, These tests ihbluaed mud traction, mud fl6tation;, and mud
" 6-0- " ' tests, and were doiducte~d ty" e sert V~irf are., Section

of the Engineier Board using dsr-r-eupd2ton6 6,nd
4-ibii 6 x'6'vohiclos cariying, Ioacls as sj~e~ified iii the directives.

oondu6ted to determine thb most suitable wheel equipment for the 4-ton
6 x 6 When equipped with 14:00 5 20 tires.

a, Incident to the io,6.n, of severa4 2t;;ton dump trucks to
the &Igineer School, an opprtinity was aff6ded.for genoral
service durability tests of the 11:00 1 18 lOply desert typq

--low pressure tire; when applied to the 2 -t6n 6 x 6 dump trck
in regular serVice. These trdck wero operated by the: ]Dagl.eer
School mostly on good hard roads, with 75 percent of t-he miloage
on- hard surfaded loads. The Sevaie to which they wero subjeotod
was not severe, but useful datawere gathered on ifthe subject of
tire durability and on vehicle steering.

b. Included also iih this ieport as Appendix c is a

"RepoFt of Service Life Test6 of 1.400 x 26-Truck Tiros. of"
Various Ply Construction". The data recorded in that report,
which is a report to the Engineer Board by its Desert Warfare

* Soction,are here includod since.theybear directly on the subject
of Low Pressure tires, and because they have not her'etofVore been
mad'e available in report farm.

c. All reports made to the Ekgineer Board by its Dosort
Warfar-e Section have been reproduced without modification as
Appendices A, B, and C to this report. Detailed information as
to the conduct of all tests made is to be found therein.

V. DISCUSSION

6. Importance of Tests. The performance of a vehicle, parti-
cularly under poor. road conditions or -der off -road -conditions, is,
among other things, a direct function of its tire equipment. Good
tire equipment, properly applied to tire load oon.it np, is a noces-
sary part of vehicular desigi, especially in the case of military
vehicles which are required to negotiate much adverse terrain, under

*war conditions, and cannot rely on hard surfaced roads. In military
operations, the miles which are diffioult to negoiate become the
valuable miles When hogotiation' is made possible. "Economy of bpora-
tio6n, -" long life, maximun tire'miloagei and minRm m00t in doll.rs
and in rubber are desiied, but ability to traveise thc route is, im-
perctive to the acbomplishaent of the military m7ssion.

7. The Low Pressure Tioe. Fundauentally, ahd without becoming
involved 1n OMe etails of -ti'a, 9onstrvOtioni a li!pressure tire is a



tire which 'is.so constructed as to be able',to-darry-a -given load, in
a hormaXl manne , Wfth a low infiation pressure. A an'exanple, the
9100, x 20 lO.ply tire'as usbed 6n stpnd6 rd U, . Army 4-ton, 9 6 truck
requires 70 pounds inflation tb0 support a 3650-pound loading without
speed r6strictiohi whereas the i4O00 x20 i2.ply'tire requires but 22
pounds inflation to support the saie load, under the same conditions.
Low -pressure tires are often termed fl6tain, ti res, since ground boar-
ing pressures are but little in eoess of ihflation pressures.

8. Mud Conditions. There is nothing constant about mud. It
may moe~a anyone o 2 sri infinite nu -boi of' vajiatidns of soil and water
from . 'lppery slimy layer Ovei- .'f in base, toa bottomless quaqmiro
res6bling quiksand in its dctiontI. 'Some types of mud are definitely
imi6able to any typo of vdhicle,_ ut tire oquipmient has a definite
rela,:ionship to a 1hiicle' abiiity't t'avesthe more c6ninon types
of miud". A generally accepted dlassifica Ti6n of mud, in use by the
Oidahce Dopartment, 1s as flows:

a. Type I Mud'. Bttbm1ess and of such a consistency that
it will not support a vehicle with standard tire. equipment at 20
pounds inflatioh pressure. This 'implies that if a f irm sub-
surface exists, i't is at. 'b dopth greater than the ground clear-
anoe of the Vehicle.

b. Type II Mud. A mud tbp surface with hard pan at a
depth-not to exceed vehicle ground clearance; or mud of such
consistency that sufficient bearing surface results from com-
paction at 20 pounds inflation pressure at a depth nqt to exceed
vehicular ground cloardice.

() Type Ila'Mud. Type II mud With' a cleaning quality;
i.e., non-adhesive.

(2) Typo IIb Mud. Type II mud, but highly adhesive;
i.e., with no cleaning quality.

9. Factors Influencing Mud Performance. Numerous factors in-
f'luence theperformance of a vehicle in-mud, in addition to the typo
of mud and such'items as stato of vehicular maintenance, driver
skill, distributi6n of load, etc. The more important items are as
follows:

'-a. Flotation. A vehicle catnft traverse ground which
will not- supp'bi.t &ts weight. Both the--2-ton and 4-ton vbhiclos
used as test vehicles carry-heavier lohds on the forward tires
than they do' on the rear' tiros. Dualing the front wheels im-
proves -md-o perf6manoe '-bocause- greater fl6tdtion is provided.
Reduood tife" f-lat -pesbureos-resutl-t ifr"inc6ased contact.
area and honco increased flotation.

b, Lbw r-Inflati6nb 'Redued- tire inf-lation pressuires
aid in mud performance in another way also, since greater

-4-



FIGS 1.- 4..TON -6x6 TRUCK STUCK IN-LOCALIZED TYPE I MUD.
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FIG. 3. 4.-TON 6x6 TRUCK IN TYPE lib MUD.
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flexing of the tire results in causing a certain amount of the
mud to be shaken off, allowing tread pattern more influence.

a. Traction. A vehicle cannot ,traverse ground upon which
.t cannot get sufficient traction. The-4-ton 6 x,6truok with
9:00 x 20 tires, duals rear, and with chainsi'all around is

o generally a bettor mud vehicle then the same truck with 14:00 x
*20 tires without chains, due to greater traction, When the
9:0.0 x 20 tires are'at highway inflations and the 14:00 x 20
tires are at roduceod inflation, tho 14:00'x 20 tires develop
ftotation sufficient to offset the gain in traction. Traction
and flotation must be considered together., and are the two
fundamental factors to mud mobilityj so far as tire equipment
is concerned.

d. Vehicular Ground Clearance. All other things being
equal, increased ground clearance results in greater mud mo-
bility due to an increased ability of a vehicle to negotiate
bad spots.

e. All Wheel Drives. All wheel drive vehicles are manda-
tory to good mud perfornance. Lack of all wheel drive results
in greatly decreased traction.

10. Reasons for' Preliminary Tests. Since it was known (see
Appendices D and -9) that the 0rdnanoe Department had furnished wheels
of 4-3/4 inch dish tQ ,6.her Sqrvi66& Board6 for tot use with. the

S14:00 x 20 tires on the 4-ton 6 x 6 truck, and since the Engineer
Boar1 had already done some testing using this wheel and found it.
unsuited, preliminary tests were conducted to determine the proper

o dish to use for the tests conducted. These tests confirmed, previous
findings that the 4,-3/4 inch dish wheel was unsuitod and that a 5-3/8
inch dish wheel was best. The 5-3/8 inch dish wheel was used through-
out the testse Pertinent data as to this point are as follows:

a. The 4-3/4 Inch Dish Wheels. This wheel mo.ves the
* front-vheel load l'ine outboard 1-3/8 inches increasing the

track from 73-3/4 inches to 76-1/2 inches. This displacement
resulted in shimmy trouble and hard steering. If it were im-
pcssblo to reduo t$his displaoement, ib would be acceptbloe
because the benefits to be gained by the installation of the
large tires far outweigh the shimmy trouble and the minor
steering gear troubles that will develop. On the roar bogies
4-3/4 inch dish wheels cause an outboard displacement of the
load lines of 4-3/8 inches, increasing the wheel track from
72 inches to 80-3/4 inches. Frcnt and rear wheels therefore
do not tracki This load line displacement could be accepted
if it were impossible to correct the situation.

a' b. The 5-3/8 Inch Dish Wheel. This wheel moves the
front wheel load line outboard but 3/4-inch increasingthe

-7-



track from 73-3/4 inches to 75-1/4 inbhes.- E ery frabtibn of an
inch reduction in load line displaoem6nt is, a distindt gain in
shinmy trouble elimination and in steering ease. On the rear
bogies, the hubs must be padded with a 7-.inoh hub adaptor, or
a now hub with a 7-inch hub face extension must be built'to per-
mit the wheels to be installed dish in, in,the normdl banner,
and to track the, front wheels at 75-1/4 in6heo-. The, resulting
load line displacement -ts 1-5/8. inches ,, Hub ddapter's are not
desirable,. as they are a sburcoo of trouble. New hubs are- inex-
pensive, easily cobnstructed, -ad easily -installed in the field.
Iheels of 5-3/8 inch dish do require a modification 'to, thfe front
wheel brake diaphram bracket. This is considered minor, -as com-
pared to the advantages to be gained from the use of wheels of
this dish dimension.

c. Comparison.

4-3/4 Inch 5-3/8 Inch
Dish Mheels -Dish Yihdols

Fr6nt track 76"1/2" 75 -1/4"
Rear track 80-31/4" 75l/4"

Front load line displacement 1-3/8i 3/4"

Rear load line displacement 4-3/8" 1-5/8"

ll Engineer School -General Service- Tests. The Engineer
School operated th6 several 2t-ton 6 x-6 dump'trcks, equipped with
11:00 x 18 10-ply desert type tires (31--inch di~sh wheels -singles),
a total 'of "650 miles' hauling dry batches for concrete paving.
Most of the operation was on good hard roads with approximately 75
percent of the mileage on hard surficed roads." The service to
which the trucks were subjected Was "not severe"-; but "no failures
of the tire equipment" occurred "during the er tire time the trucks
were used by the School", and, "There was no noticeable wearing of
the tires", at this mileage. Inflation pressure used was 35 p.s.i.,
and the loads- carried did not exceed '2- tons. The School further
reported that "no steering difficulties were oncounitored, and it is
the opinion of the drivers that the trucks equipped with low pressure
tires steer as well as -trueks equipped with standard tires". These
vehicles were not Operated in difficult terrain--or in mud, and 'hence
no performance comparisons with -atandard equipment were possible.
While this- service was not severe and 'quite limited, the data as to
ease -of stoering, "no noticeable wearing of -ires" and no tird
failures, are believed partibularly pertinent to the mitter of
general service durabi-lity of the low pressure tire.

Further data as to general service durability, gathered
incident to the conduct of the mid -tests 'by the Deosort Warfare Section,
are included in the Appendices to this report, as submitted by that
section.



12. Detailed -Discussion. No attempt is made in the body of this
report to duplcate the doti-lod discussion to be, fouid in Appondicos
A. B, and C. All parts of these appendices are to bo considdred as
much a part of this report as if they were duplicated in this paragraph.

VI. CONCLUSIONS-

13. General Conclusions. Based on the knowledge gained by con-
duct of the tests, the following general conclusions are made:

a. That the mud perfonmianco ability of both the 21-ton
6 x 6 and 4-ton 6 x 6 trucks ic bettor when equipped with low
pressure tires than when equipped with prbsont standard tires.

b. That the mud performance ability of both the 2k-ton
6 x 6-and 4-ton 6 x 6 trucks, when equipped with present 'stndard
tires, is increased by dualing the front wheels.

c" That the mud performance ability of both the 2--ton

6 x 6 and 4-ton 6 x 6 trucks is increased with reduction of tiro
pressures, with either present standard or low pressure tires.

d. That the mud performance ability of both the 2Z-ton
*6 x 6 and 4-ton 6 x 6 trucks is increased by the use of tire

chains, with either the present standard or low pressure tires.

e. That the greater ground clearance of both the 21-ton
6 x 6 and '--ton 6 x 6 trucks, when equipped with low pressure
tires, allows these vehicles better mobility for any operation
other than highway.

f. That both the 2 -ton 6 x 6 and 4-ton 6 x 6 trucks are
easier to steer cross country when equipped with low pressure
tires.

o . That the general service durability of the desert
type low pressure tire is satisfactory.

h. That the effectiveness of Engineer troops in the
field-can be increased by the use of low pressure tires as
stacdard equipment.

14. Detailed Conclusions, 2:-ton,6 x 6, Truck.

;a. That the standard 2jton 6 x 6 truck is easier to
steer on the highway whon equippod with present standard tires.

* b. That the use of the Firestone taper wedge bead ring
allow both the 7:50 x 20 and 11:00 x 18 tire to be run at Ord-
nanco sand minimum inflations for emorgency operation, without
premature tire or tube failure.

~-9-



c. That the -standard 2k-ton 6 x 6 truck should, be modifiod 9
to give additional fender clearance to adequately accommodate the
11:00 x 18 tire.

d. That the standard 22-ton 6 x 6 truck with rated payload,
equipped with standard tires can barely negotiate a flat stretch
of flat dry dune sand, whereas when equipped with 11:00 : 18 low
pressure tires, it can negotiate a 23 percent grade in dry dune
sand..

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

a. That the mud performance ability of the 4-ton 6 x 6
truck is better when equipped with present standard tires,
singles in front, and chains all around than when equipped with
14:00 x 20 tiros, without chains, at most inflations. When the
14:00 x 20 tires are at Ordnance sand minimum inflations and the
9:00 x 20 tires are at highway inflations, the 14:00 x 20 tiros
give slightly better performance.

b. That the ease of steering the standard 4-ton truck,
without modification, is about the same on the highway, when
eqipped with either 9:00 x 20 or 14:00 x 20 tires, provided
wheels of 5-3/8 inch dish are used with the 14:00 x 20 tires.

c. That the 14:00 x 20 low pressure tire has a greater
cleaning action than the 9:00 x 20 standard tire.

d2 That mud piling up in front of the duals of the 9:00 x
20 tires, more than any other factor causes trucks so equipped
to have less mobility than trucks equipped with 14:00 x 20 low
pressure tires.

o. That in severe mud, a truck equipped with 14:00 x 20
tires--has a higher tractive effort than the same vehicle
equipped with 9:00 x 20 tires.

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

.. That the present standard 4-ton .6 x 6 trucks are
equipped with sufficient strong drive shafts, difforentials,
and axles, to provide for the increased rolling rddius of the
vehicle when equipped with low pressure tires, as not to re-
quire modification for tire conversion. Its roeduced gradability
is considered satisfactory considering such factors as state of
maintenance, and considering the fact that speed and gradability
pertain only to operation on hard surfacod roads. 0

-10-
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VII. RECOMMNDATIONS

16. Specific Recommendations. Based on all testa con-
ducted to date by the Engineer Board, the following recommen-
dations are madeI-'-j -C > - :

a. To improve the performance of both the 2k-ton and
4-ton-6 x 6 veciicles, in sand, in mud,'or in cross country
operation, thVf ow pressure tires be adopted as standard
equipment for t'actical vehicles, e,'resent standard
tire equipment. LW

_b. That in providing conversion kits for present
iehicles, the 4-ton 6 x 6 truck be provided with 5-3/8 inch
itsh wheels, and that tire Size and application be in accor-
dexce with that recommended in Engineer Board Report No. 782
Tire and Mheel Standardization, dated 17 November 1943.

:a, That the general service durability of the desert
type lkw pressure tire be considered satisfactory.

d. That chains be used on high and low pressure tired
* ' vehicles to increase mud performance.

'i e. That reduced inflation pressures -be used -to increase
mud performancie.

t c _f. Tha ' - -di-les, equipped with present
*standard tire equipment, be dual wheeled in front to increase

emergency mud performance.

Sd ttd :'

Karl F. &cIund-,,
3F ~ ~ Lt. Colonel, Corps of Engineersi

Director, Technical Division: IfII.

:Karl F. Eklund-

* -1i-
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APPENDIX A
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TESTS OF 11i00 x 18 10-PLY AND 7:50 x 20
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SYLLABUS

I',
This first Interim Report covers testing by the Desert

VWarfare Section of stauidard 7:50 x 20 tiros and 11:00 x 18 low
pressure tires on loadkd Zt-ton, 6 -x 6, trucks, in varylxng mud oon-
ditions. The testing was carried, on at the north end -of the Salton
Sea, at Camp Sooley, and in the vicinity of _Thermal,-: Ca]iiornia.
The report analyzes the data seourod from a serios of tests made to
detormino the relative performance of these tiros i mud.- The period
of testing was from 12 August to 28 October, 1943.

o The conclusions based on, the results of tests coverod in
this report and on tests previously conducted in sand by this Section
are as follows:

a. "Mud-mobility" of the standard 2-ton truck is batter
when equipped with 11:00 x 18 low pressureG ti-xes than when

* equipped with 7:50 x 20 6-ply standard military- tires, -singlos
on the front wheels.

b. "iud-mobility" of the standard 2j-ton truck with
7:50 x 20 tires is improved by dualing the front wheels.

C. "Mud-mobility" of the stndard 2--ton truck equipped
with -ither 7:50 x 20 or 11:00 x 18 tires is increased with

reduction of tire pressures.

d. 'Iiud-mobility" of the standard 2 -ton truck .equipped
with -ither 7:50 x 20 or 11:00 x 18 low pressure tiros is im-
proved by the use of tire chains.

e. The standard 2 -ton truck, without modifications, is
easier to steer cross country when oquippod with 11:00 x 18
tires.

f. The standard 2--ton truck, without modifications, is
easier to steer on the highway, when equipped with 7:50 x 20
tires.

E. The use of the Firestone taper wedge bead ring allows
both the 7:50 x 20 and 11:00 x 18 tires to be run at Ordnance
Sand Minimum Inflations for emergency operation, without proma-
ture tire or tube failure.

h. The standard 2kt-ton truck should be modified to give
additional fender clearance to adequately acco-inodate the
11:00 x 18 tire.

0

i. Tests by the Desest Warfarc Section under the condi-
tions available indicate that the only satisfactory method for
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determining the relatkve performance in mud of the standard 2-0
ton truck, with various tire combinations, is the "go-no-go

T.h. The enda d 2 - ton trtucx, with rated payload, when
equipped w!th5!ii 18 tire-- oan nogtiatQ a 23 -percent grade 0

ia d. -duae sm~d go.rsas eo same truok- when equipped with
-7:50- 0 tires can barely negotiate a -flat stretch of flat e
dune, sands.

k. The standard 2--ton trUaiek has greater clearoa~ce when
equipped with 11:00 x 18 tires thEm with- -;.50 x 20 tires; there-
fo.re allowing bettor moLility for many operation ot)-er than highvay.

Thp report recomniends that;

ai To improve the pDrforidane of on 6 x 6 trucks in
mud o the -yp in whlch:-tho tests wer. m-ad2, 11;00 x 18 10-ply
non-dlr otionol tiro be used in prefurenoe to 7:50 x 20 8-ply
non-directional. ti.res,

b. If - trucks xo supplied vdith sio.dad 7:50 x 20 tires
the front wheels be du-leod for incroaed "'mud-mobilitylle

or Cains bo uso& cn both 7-50 x 20 and 11,0 x 18 tires
to grVe added "i ' " "li

d-i Reduced ;io in:flation _roieuros bo- used for increased

I



1Desert Warfare Section
_-Interim Report No. 181

Part I

15 December 1943

TITLE: Tests of 11:00 x 18, lO-ply.and 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 tractign .and flotation tests
in iud 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

a Warfare Section during the period 12 August 1943 to 28 October 1943,
in mud areas at the Salton Sea, Camp Seeley, and Thermal, California.

SII. AUTHORITY

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

3. 1 Lotter dated 28 May 1943 from the Offige, Chief of Engi-
neers directing the Engineer Board.to test t he military low pressure
type tires for traction, flotation,, end gonerp1 .sorvico durability
with spociul emphasis on performiance in mud. Reference O.C.E. file
400.112 (tires) SPEED.

III. INVESTIGATION

4. Previous Investigation. No previous investigation, of the
performance in mud, of the subject size tires has been conductod by
the Desert Warfare Section. Two reports on tires of this size and
their performnco inomud are-known to the writers. Thoy are listed
for reference below:

a. B. F. Goodrich Company report on "Ordnance Mud Flo-
tation and Traction Tests", dated 6 Juno 1943p The tests wore
conducted and the.repo.t written at the request of the Ordnanco
Department, Tank Automotive Conter, Rubber Dovelopmont Branch,
Detroit, Michigan. The testing vwas carried on .in the vicinity
of Akron,. Ohio. The pertinent oonclusi:ons are as follows:
(Reforences to "typosof mud"l are,.okplai'ed in 4ppendix D.)

" (1) '11ho rosilts of 'thds tests indicatod that under
tho donditions tested; the single military dbsort tire

I



equipment gives more- mobility than the standard military
mud and snow dual tire equipment on, the 2k-ton 6 x 6 cargo
trucks.

(2) "Tests run using reduced inflation pressures
showed a definite advantage over highway inflation for
both the standard dual tire equipment 9nd the single 0
desert tires. However. for comparable inflation pressures,
the single desert tire will perform bettor 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 incroase the tire flotation but is
deemed inadvisable since it will result in premature tire
and tube failures and require the use of a boadlocking
device.

(4) "Lack of Mobility was encountered on the 21-ton
trucks equipped with stondard military non-directional mud
and snow tires. It will be noted in the table under "Test
Equipment" that the front axle on the 21-ton truck carries
only 6 percent loss load than each of the rear axles, yet
it is oquipped with single tires instead of duals. In an
effort to correct this condition, duals were applied to the
front of the 2 -tca trucks. In Type I bottomless mud whore
flotation is the primo factoi) this made the truck on stan-
dard military mud and snow tires equal to or slightly better
in flotation thau the trucks equipped with single military
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
loss mobility. Use of dual tires on the front is recommended
as an emergency measure under conditions in which additional
flotation is needed,

(5)- "The 11:00 x 18 military desert tires have nearly
twice 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
tests, hill climbing tiials were mado.' The trucks equipped
with military desert tires using highway inflation climbed
a twenty-one degree slope withut hesitation. Trucks
equAipped with standard military mud and snow tiles were
unable to climb the hill. Uso of the emergency inflation
with or Without chains did not improve the hill climbing

ability of those tires. Single military desert tires are
econmmonde d for improved hill climbing ability. "
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* • b. Ordnance Desert Proving Grounds report on "Mud Tests",
dated--April 1943i signed by Lt. Col. J. B. Englor, The tests
described in this report were carriod - on 1 0amp Seeley, Camp
Pendleton and in the vicinity of Johnsondalo, 6alifornia. They
were similar to those conducted by the B. F. Goodrich Company
and substantially the same results and conclusions were roached.
The Ordnance report was consulted by the writers during the
period *Ae eubj~ot-toets aWera being made but a copy of the re-
port was not available at the tii:e this report was written.

5. Acknowlodgements.

* a. Technical Assistance. Aicknowledgemont is horeby made
to:

(1) Mr. R. C. Korr, Senior Engineer (Automotive),
who outlined the types of testing to be conducted, aided
in locating the test area and gave helpful advice during

* the conduct of the test.

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

(3) Lt. Col. J. E. Englor, Ordnance Desert Proving
Ground, for his courtesy in giving valuable information
concerning previous tests and in allowing use of the mud
test pit at Camp Seeloy.

b, Cooperation of Troops. The following troop units
furnished enlisted men at various periods to assist in making
the tests:

(1) 854th Aviation Engineer Battalion, two men for
ten days.

(2) 610th Engineer Light Equipment Company, three
a men for ten days.

(3) 85th Infantry Division, eight men for five weeks.

(4) 90th Infantry Di':ision, eight men for four weeks.

6. Purpose cf Tests. The purpose of these tests was to
compare the perforne i n mud of the standard military 7:50 x 20
8-ply tire with that of the low prossuro ll:O0 x 18 10-ply tire;
also to determine the comparativo mud flotation and tractive ability
of standard 2k-ton 6 -: 6 trucks, carrying a full payload, equipped
with standard 7:50 x 20 tireq or 11!00 T- 18 loi nprossuro tiros. A

* imilar test program on the comparative per'ormzica of standard
military 9:00 x 20 lO-piy.and lo W pressure 14:0Q x 20 12-ply tires
is in prop~vess. These test4 will be covered in a subsequent report.



7. Location and Description of Test Areas. Tests wore made
at the following places:

a. North end of Salton Sea.

(1) Repeated 'Trip Tests. These tests wore made in S

areas where there was either very little or no brush. A
salt crust that averaged about 1/8 of an inch "in thickness
covered the 6ntiro area and tended to seol the moisture
in the mud. The tests were run in some cases to the waters
odgo. The olevation nt this location is approximately 250
foot below sea )e'oe.o The depth of the wr.ater table was
not doter=r-i Wn -,i .. was fairly lo.oso -6o zho surface,
because in -. ,nv int, txic:v,3 water was prc onI in the bottom
of the deeper . z .ackso The mud at t, i point is
natural and is !,out as uniform as it wrts possible to find
in this vicinl':y, The Ordnance Desert Proving Grounds has
classified mud into two types,.in its roporT, on mud flotation
tests. These ol'.ussifications are quoted in Appendix D.
In general, the mud in this area, can be classified under
the definition cE Typo IIB. There are spots however, that
should be classified as Type I.

(2) Dynamometer Tests. These tests wore made in
areas in which the natire salt brush was cleared away and
the mud there could be classified as Type IIA.

b. Camp Seoloy. The 4Go-No-Go" tests were made at Camp
Seelo. Areas wore laid off, then bordered and flooded. The
entire area within the borders was covered with two or throe
inches of water when tests were run. This is the same location
at which the tests were mad,) by the Ordnance Desert Proving
Grounds. This mud can be cLassified as Type IIB. It is a thin
slippery slimy layer over a firm base which does not build up
excessively on the tiros but does form a slick lubricated sur-
face that promotes tire slippages.

e. "M ud Hills" east of Thermal. The comparative hill
climbing tests wore i.ado about four miles east of Thermal on
ramps constructed of sand and clay material, Two ramps wore
built with a slope of approximatoly twenty percent and wore
wetted to simt.arate mud under actual onditions. This area
does -not fit any of the classifications as set up by the
Ordnance report.

8. Test Equipment Data.

a. Vehicle Equipment. Four test vehicles were fitted

with tire, Frm anti wheel equipment as-listed below:
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TABLE I

VEHICLE EQUIPMENT,
Vehicle

Make GMC Studebaker GMIC GiMC
Size 2-ton, 6 x 6 21-ton, 6 x 6 2i-ton, 6 x 6 2 -ton, 6 x 6

Typo Dump Compressor van Tanker

Tire Eqpt. il O x _18, 10-pl y with flaps 7.50 x 20, 8-ply with flaps
Tread Type Non-Directional Military Non-Directional Military
Tire Typo Low Pressure Off-Road Standard Mud and Snow

a Rim 7.33V with Firestone 5.008 with Firestone
Equipment Taper Wedgo Bead Rings Taper Wedge Bead Rings
Wheel Budd No. 46420, Dish 1-7/16" Budd No. 44490, Dish 5-1/8"
Equipiont 8-3/.411 Bolt Circle, 6 Studs 8-3/4" Bolt Circle, 6 Studt

No spacers or hub adapters No spacers or hub adapters

b. Vehicle Loadings, In accordance with the directive
SPOlD--R dated 1& %May 1943, from Ordnance Department,. Tank Auto-
motive Center., Engineering Officer, Detroit, Michigan, signed
by Lt. Col. Joseph 1I. Colby and indorsed to The Engineer Board
by Office, Chief of Engineers, file CE 400.112 Tires SPEED, by
Lt. Col. F. C. Kendall, theotest trucks wore loaded as showm in

the following tabulation:

TABLE II

VEHICLE LOADS
Tire M cuntings Singles All Around Singles Front Duals All Around

Duals Rear
0!

Tire Size 11.00 N 18, 10. ply 7c50 x 20, 8-ply 7.50 x 20, 8-ply
Axle Load

Front 5300 lbs. 5300 lbs. 5300 lbs.
Center 5640 lbs. 5640 lbs. 5640 lbs.

* Rear 5640 lbs. 5640 lbs. 5640 lbs.
Tire Load

Front 2650 lbs. 2650 lbs. 1325 lbs.
Center 2820 lbs. 1410 lbs. 1410 lbs.
Rear 2820 lbs. 1410 lbs. 1410 lbs.

Total Vehicle
Load 16580 lbs. 16580 lbs. 16580 lbs.

c& Inflation Pressures. The inflation pressures used in
thesotosts wore based on average values of the published load-
inflation tables of the Tire and Rim Association, Inc., the
Ordnance Advisory Pneumatic Tire Cormitteo, the Defense Standards

* Cormittee and the various tire manuficturors together with the
data obtained by the Ordnance Desert Proving Grounds and the
Desert Warfare Section for the loads specified, Tho pressures
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used in the Goodrich tests are those recomen-:,d by the Bo F.
Goodrich Company and were taken into consideration in dster-
mining the inflation pressures used: in thiee tests, The load-
inflation tables are based on the percent of tire deflection.

TABLE III

TIRE, INFLATION PRESSURES,,-

Singles
Tire Mountings Singles All Around Dual Rear Duals All Around

Tire Size 11.00 x 18, 10-ply 7#5,0 x 20, 8-ply 7.5 x 20, 8-ply
Highway Operation

Front 32 Ibs, 72 lbs. 2,3 lbs.
Center 36 lbs. 25 lbs. 25 lbs.
Rear 36 lbs. 25 lbs. 25 lbs.

25 mph Operation
Front 20 lbs. 45 lbso 15 lbs.
Center 22 lbs. 16 lbsi 16 lbs,
Roar 22 lbs. 16 lbs. . 16 lbs.

Limited Operation
Front 14 lbs. 33 Ibs, 11 lbs.
Center 16 lbs, 12 lbs. 12 lbs.
Rear 16 lbs. 12 lbs. 12 lbs.

Ordnance Sand Minimum
Front 8 lbs. 19 lbs. 6 lbs.
Center 9 lbs. 7 lbs. 7 lbs.
Rear 9 lbs. 7 lbs. 7 lbs.

d. Loaded Radius at Various Inflations. The following
table-indicates the distance fro,n the ceontcr of the hub to the
ground is approximately the same on each whocl at any of the
inflations used in those tests. This condition would not be
true in the case of the pressures used by the B. F. Goodrich
Company in their test.
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TABLE IV

LOADED RADIUS AT VARIOUS INFLATIONS

Distance from Center of Hub to Ground in Inches

11,00 x 18, 10-ply Tires - Singles All Around

Inflation Highway 25 m.p~h, Limited Opor, Ord* Sand in.
Whools

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

0 Center
Left 18-15/16 18-5/8 18-3/8 17-5/8Right 19 18-5/8 18-3/8 17-5/8

Roar
Loft 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

75O x 20. 8-ply Tires - Singles Front, Duals Roar

Wheel]s
Front

Loft 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

Contor
Left 17 16-9/16 16-9/16 16-7/16Right 17 16-3/4 16-1/8 16-5/16

Roar
Loft 17 16-7/8 16-1/2 ' 1 g-,a
Right 17 16-9/16 16-9/16 16-7/16

o. Wheel Track Data. The following tabulation, basedon th Loads given in Tablo II and the Highway Inflation Press-
ures given in Table III, summarizes the wheel track neasuro-
ments for the four trucks used in the tests.

-
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VfWIBEL TRACK DATA
(Measurements. in Inches)

i .Vehicle,

* a ke GMO Studebaker GMC GC
Size ,g-ton, 6 x 6 2,-ton, 6 x 6 24.ton, 6 x 6 2j-ton, 6 x 6
Type Dump Compressor Van Tanker

Tire Size 11.00 x 18, 10-ply 11.00 x 18, 10-ply 7.60 x 20, 8-p 7.50 X.20, 8-pl

o Cen. to Cen. Front Rear Front Rear Front Rear Front Rear
of Tracks -.-...

Std Mount 70-1/2 70-1/2" 71-1/4" 68-1/41 63" 65-3/4" 63-1/41- 67-1/2"
Duals-Frt 73-3/4" 74"

Overall Track
Widths
Std Mount 81-/4" 81-3/4" 82-1/2" 79-1/2" 71-1/4" 76"1 71-1/;" 75-3/ "

, Duals.Brt 82" 82-1/4"
Single Track
Widths 11-1/4n" 11-1/4" 11-l/n 11-1/4" 8-1/4" 19" 8-1/4" -19"-

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

TABLE VI

MINIMUM 0LEARANCES IN 11CHES
Vehicle
Make GMC S~udebwker 0M G
Size *4ton, 6 x6 2Z;-aton, 6 x6 *.ton, 6 x 6 2j -ton, -0 x
Type Dump Compressor Van Tanker

Tire Size 11.00 x 18, 10 1100 x 18.,10-ply 7.50 x 20, 8-ply 7.50 x 80. 8-ply

Front Rear Front Rear Front RLear Front Rear

Highay InfI. 11" 11-1/4" '11-1/4" 10-1/4" 9-3/4" 9-1/2" 9-3/4" 9-1/2"

-2 Smph W, ,l, 10-5i/8 10-5/81' 10-3/4, 10-3/4", -9-1!/2. 9-1/4,, 9-1/.I, 9-1/4"
Oi~dper. 10:1/4" 10-1/411 10-3//8t" l0i.3/8"t u:5/811 9:1/8"t 0-3/8r. 9:1/8ts

Ord, Sand ni. 0-5/38" 9-5/8i" l0t 3 0" 8-3101" 9-/2 8-1" "-1/" 8-31/4P

-
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T~IRE TFS'rS Iii YUD. G. 2. 0. 2ton Water Tank Truck a~s used

in mud tbests. This truck is equipped with 7.50 xc 20 tires

wi~th singles on front.

0 ~At

TIRE TESTS IN MUD. Go IA# C, 2t.ton Van Body Truck as used

in miud tests. This truck is equipped with 7,50 x 20 tires

with singles on front.b



k 'A'

TIRE TESTS IN MJD. G. MI. '-~ton Dump Truck as used ini

mud tests. This truck is equipped with single low, pressure

11.00 x 18 tires.

TIRE-TESTS IN MUD. Studeb~aker ak-ton Air Oompressor Truck

as used in mud tests. This truck is equipped with single

0 low pre'ssure 11.00 X 18 tires-.

-33-



TIRE 
_ET 

NM .G .C -1t~ a ocrT keupe
wih75I 0trsdasi fot.a sdi u et'

-. 5



9. Typos of Tests, Six typos of tire tosts wore conducted,
using the four 2--ton, 6 x 6 test trucks. The typos of tests aid
'tiro combinations usod woro as outlined bolow:

a. Rcpoatod Trip Tosts vroro mado with the following
tiro equipmont. combinations.

t (1) Standard. rear duals and front singles against
low pressure singlos all around*

(2) Standard duals all around against lov prossure
singles all around#

(3) Stvadard roar duals oad front singlo, with chains
all around against low pressuro singles with chains all
around.

b! Go or No Go Tests vmro run vith the samo tire equip-
ment "combinations as outlined under paragraph 9a above,

09 Dynamomotor Tosts wore Qcenductod with the samo tir
oquipmont as outlined undor paragraph 9a above. Those tests
wore divided into phases to determine:

(1) Tractive Efforts

(2) Rolling Rosistaicos

d. Comparative ill Climbing Tosts wore made with the
following tire equipment:

0 (1) Standard roar duals and front singles ag-inst
low pressure singles all around.

(2) Standard roar duals and front singles with
chains all around against low pressure singles with
chadns all around.

0. Service Durability Tests wore run using the srmo tire
oquipment combinations Fs outlie under paragraph 9a.

fz C.mparativo iobiliby Tests woro made with the follow-
ing tTro equipmont and inflatiocn pressures,

(l Standard roar duals and front singles against
standard roar duals and front duals at Highway Inflations.

(2y Highway Inflations against Ordnance Sand Minimum
Inflations using standard roar duals and front singles.
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(3) Highvay Inflations against 0?dnance Sand Minimum
Inflations using standard rear duals nnd- fr6nt dvalsa

(4) H1ighw'ay Inflations against 0rdnanc Sand Minimum
Inflations using low pressure singles all around*

10. Test Procedure. The test procedure for' each type of test

is summarized in the followi.ng outline :

a. Repeated Trip Tests were run in circular and straight

trackL

(1) Circular Tracks. A circle of approximately 100

feet in diameter ras described in the mud. The first truck

was run with its inside wheels following the described
circle as closely as practicable. The inside wheels of the

second truck, which was equipped with the cotpoting type
of tires, were driven in a concentric track about three feot

from the track made by the outside wheels of the first trucke
Similarly the third and fourth trucks weio driven in con-
centric circles about three feet from the tracks made by
the preceding truck. The relative position of theo teugks
were varied in each test. The number of trips and the
point at wrhich each truck becno imm-obilizod wore recorded.

The trucks wore operated in second goar, r.. ge and ll-
wheel drive, The test was repeated at each of the four
inflation pressures listed in Table III but with only
standard roar duals and front singles against lov pressure
singles all around.

(2) Straight Tracks. In makdng the repeated trip
tests in straight track runs the four test vehicles were
lined up abreast of each other, alternately spaced as to
type of tire equipment, and about 3 foot apart. St-'rting
on compativoly stable ground, the runs were made toward

the Salton Sea with the mud condition becoming progressively
worse. The trucks advanced in straight parallel lines until
each became immobile. Each truck was then backed in its
tracks to the starting point, after which it was driven back
and forth in the same tracks until it became stuck# !I',

after "aaking th intil forward. trip,. the trick bccaoo. ;tuok,
it was ainchod back until it was able to back under its ewn
power and the test was continued as in thc proccding caso
Care was taken, in making the subsequent trips, to advance
only to a point a reasonable distance in back of the plooo
whore the truck originally boomeo stuck. The distance
traveled on the ainiial trip, the length of the subsequent
trips and the point at which the truck was finally irmmobilizod,
wore recorded. Ac in the previous described test in circular
tracks, the truck:, were operated in second gear, low range nd
all wheel drive. Nine tests were made with tho trucks running
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ii% one dir-epti nj but using various imnla.e1ion pressures.,
That is; the truc-ka wtere run as far as pos~iible -in a
straight 111ne at. Mlvhway pressur-az. Vihan tho truck stoppod,
it was b ,cked out; th3n the prossuros wore louored. t',o 25
inu-h values and tho truck driven forwvard inthe 5aset

of t'-raeckB until it steppod. This procedure waa repeated
utilizinG both the irm-ited Operation and Ordnrmce Sand

Z .. inf.at ion w-luos, The test a xoated with tohe
three diffe-rent tire oquipmont combinations and ^.t thwo

four seots of lznflatiopn preossures as doscribed prev-1i(aiyo

be GoQ or No Go Tostvsz Xn making these tosts the trucks
M wi o, re v 15PiF toL-uih the alrti'icially propurod aros,

Ytrt a ono border and continuing either across the area or
until the truck brestuck* in cach test theQ trucks with

L eem~~~oting tiro enuipmunt were zltornateod drns st
straddleone of tho ,w.hool trcacks of the precedingvpil in

cmi,-.nnr oach truok made now teks =nd at tho e smc timeV travorsed mud of ~epr~cconsi stency. The trucks ,-re oper-
ated in lo,1-1 gear, low range and (%ll wheel drive. he- distt)nroof travoled by each truck, before bocoming irwobIlized, was 146-
corddc Tests were run using tho tire oquipncnt combinations.oulined in parangraph 9a and at each o.- the four sots of in-
flrAtion prozssure-s indic~tod in Table Ili'#

t,1 Dynameoctcr 'rpm~t he dyrnaromotor uscd waxs
mado by tho -IMarti--Deckor C-orporation of Long Be-aoh. Cal~i-
fornia* it is a type- that. io lco-pcd on v, cable to measuro

- ,E~bl.o tonsion. The clpacity of tho dyn-norctor is 20$000
Ipounds (tnd t h a weight of 12 pounds, The -instrw-z-rt

±seccurato within a razngo of plus or ninus S pcorcente
Tho 'orco tondin; to straigahten the ocabl2 diet-'ortsr a dia-
phragift on a ilquji~ffiljced Cas& causinG pros~guro chang.-O
T is a forog triatglo with tho li4ne loads ferming twoIsides, and! the prossure exerted b2y t'lo fittid the olvhorp

A dual gaupo is used irith the diaols frcrn 0 to 6000 pounids
art 0 to 18)000 Pounds. The gnuge ranging from 0 to 6000
pounds is ued -when the load is light bocauso tho dial
incoements are largera 11l7hcn heavier leeds arc u~ncontorl-d:I th6 gauge -e~igfrom, 0 to 10-000 po-unds -:6 usud. Tile

- -aung. wvhi'ch are csornctod tos he dicaphragm by non-oxparld
ing -hi-ro w oven hisc acurp niounted Lnthe cab of t-'he truck
on -w-hich +,ho dynamwoiicter w,-as raount~ft. 1.hoincrvmonto on
V110 6009 Pound gauge are 50 pjounds aid tloso on thu 180'00

pound gauge aro 200 poundse
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{ TIRE TESTS IN ?CAUD General view of mud area at Camp Seeley,
before any tests were =ade,

1F

I-R ,-T I ~D 2-tnS~eg,,r-i opesr*t
tItp t-iie Oeaio -aij suki h
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ITIRE TESTS IN MUD. 2k2-ton Water Truck with 7.50 x 20 tirer;
duals in front, at Limited Operation Inflations stuck in the

mud at Camp Seeley*

&PiZ
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0,

TIRE TESTS IN MUD. Close up of dynaemometer used in tests
showing offset in cable and diaphragm.
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TIRE TESTS IN MUD. View showing dynamometer used in tests and
method of mounting dynamometer on dynamoretiar truck.

TIRE TESTS IN MUD. View showingptuges of dynamometer and where
they were mounted en the dashboard in the cab of the dynamometer
truck#
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(2) Tractive Effort Tests. The tractive effort
tests were made in areas adjacent to those used in the
rolling resistance tests. The test trucks wore driven
forward in tho opposite direction from which they were
run in making rolling rosistance tostso The dynemometor
truck supplied the braking load. After the cable was
connected between the two trucks, the test vehicle vas run
in first gear, low range, all wheel drive and the dynamo-
motor truck was driven in an appropriate gear at a pro-
gressively slower speed; thereby allowing ,no compression
of the engine to furnish the braking effort. Close con-
trol of braking the test vehicle could be obtained in this

* mennor. If the brakes of the dynamometer truck were used,
there was a tendency for them to grab. This grabbing
invariably causod on impact on the dynamometer which re-
sulted in an abnormally high reading. The trucks wore
driven in pairs as in the preceding described tests. The
trucks with competing tire equipment were driven alternately

* through the mud, and astride one of the wheel tracks of the
preceding vehicle. Approximately five of the highe8t readings
woro recorded. The average of the readings on each test
is found in Appendix B. Tests wore run using the tire
equipment combinations outlined in paragraph 9a and at
each of the four sots of inflation pressures i-ndicated in
Table IIIo

(3) Rolling Rosistance Tests* In making the tests
for rolling resistnce, a cours 100 fcot in length was
i easurd off in the muddy area and stakes wore placed
every 10 foot for use in recording the data. The first
test truck was then lined up with the front bumper perpen-
dicular to the line of stakes and about 2 foot distant
therefrom. A steel coblc, about 100 feet long, ws next
attached between the test truck and the truck on which the
dynamometer was mounted. The dynamometer truck was in
turn connected to a third truck equipped with a front-
mounted winch, which vias employed to winch the dync~omcator
truck and test truck 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 feet per minute,
Care was exercised to maintain the vehicles in proper
alignment with a minimum of steering and as little varia-
tion in srsed as possible. The rinching truck was also
kept in proper aligment to insure operation of the winch
at a constant rate of speed without stepping to rospool
the cable. A dynamometer gauge reading was recorded every
ten feet. The test procedure wac repeated for each test
truck. The vehicles were paired as in the preceding des-
cribod test. The trucks with competing tire equipment wore
pulled alternately through the mud, and astride one of the
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TIRE TESTS INl MMU. General view of method of determining
Rolling Resistance. The winch truck in the background pulls
the dynamometer truck uhich7 in turn pulls the test vehicle

* through the xud*

- -7

TIRE TESTS INl MO. General view of method of determining
Tractive Effort* A cable is connected between the dynamometer
and the test -vehicle to furnish a lead for developing traotiie
eff~ort. This cable in long enough to allow the dynamometer
truck to stay ouxt of the tracks made by the test vahiol~



'TIRE-.TESTS IN MMD.

~'View of G. C -2 j
ton Van Body being
driven through Mud
area to ascertain
tractive effort.
The truck is equip-
ped ith 7;50 x 20
tires and chains at
Highway InflationsB.

*%

TIRE TESTS INI MUD. Studebaker 2L-ton Air Compressor being driven

through the mud. It is eqipped with equ 100-18 tires and chiains at

e Highway InflatiQflB.
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TIRE TESTS IN NO-.
view of terst vehicle
with 7.50x20 tires

* and chainri it High-
way Inflations* 'Note
the width of tracks
made by this vehicle.
This truck is beiig
pulled through the

* mud area.

MN 40

TIRE TESTS IN MUD. Studebaker *~-ton Air Compressor being
pulled throulr' the mud. This truck is equipped with 11.00 x 18

* tires and chains at Highwa.y Inflationsi,
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.1T 'RE TESTS MN MUD.
View of G. MO. CO
t1-ton Water Truck

-~with 7.50Ox20Otires
c and duals on front.

The truck ib being
driven through the
mud to asoek'tain
the tractive effort.

o The tires are at
- 25 MPH Inflationso

TIRE TESTS IN MUD View of G. MA. 01. 2k1--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 pressure tires. The tracks
made 'by thd water truck as described above can be seen in the center

* of the picture.
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*TIRE TESTS IN MUM. View of the traoks made by the four
test trucks whenl being pulled through the mud area* The
trucks were at Limited Operation Inflations.

I -59-



*TIRE TESTS IN MUD. View showing Dump Track with 11.00-18
tires and chains being pulled through the mud. and the way
the mud gathers on the tires.

1V

9'RE TESTS IN MUD. View of' a track with %.50 x 20 tires
and chains being pulled through the mud and the way the
rand gathers on the chains.'
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TIRE TESTS IN MUDb.
rG. 14, C. 2 -ton Van

?~-~'. ~Body being driven

* through on tractive
0 effort tests. The

Truck has 7.50 x 20
tires and chains
at Ordnance Sand
Minimum Inflations#

TIRE TESTS IN M~UD-

view of D~pTruc
with 11.O0-8 tires
snd chains at Ord-
nance Sand Minix=m

0 Inflationls. The
truac is being driven
through the wad on ~
tractive effort tests.
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TIRE TESTS IN MUD.
14; Al"Go M. C. *k-ton Van

0 Bod being pulled
thi'ough the mud.
The truck is equip-
ped with*7.50 x 20
tires and chains
at Ordnance Sand

9 Minimum Inflations.

TIRE TESTS IN~ MUlD,
View of Dump Truck

and chains at Ord-
* nano Sand Minimum

Inflations. The
truck is on rolling
resistance tests.

0; A
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wheel tracks of the preceding vehicle. Tests were run
using the tire equipment combinatiits outlined in para-
graph 9a andl at each of the four sots of inflation press-
ures iniited in Table III. The data on -these tests
are attached to this report as Appendix Bq

d. Comparative Hill Cli.mbing Tests, Comparativo hill
olimbng tosts Fero oendubta I the sand-clay hil1l area. about
four miles east of Thermal. The tost ramps. each about 110
foot in length, were wetted vith water in an attempt to create
a slippery condition ozq th approximately twenty percent slope.
The trucks were then driven up the ramps with the succeeding

• trucks running in the tracks moAd by the first vehicle. In
each test the vohicles -ere alternatod& The trucks .wre started
from the same place at tho bottom of the ramp and run in low
gear, low range and all wheel driv-. The distanicze the trucks
vmro able tQ climb up the slope and the oase in whieh they
negotiated the ramp was recorded* Tosts were run using differ-

* ont tire combinations and th four sets of irnflations pressures
indicated in Table III*-

0* Service Durability Tots. -Tho tests covered undor
this Toading consisted of tho accmulatod milago put on the
test trucks during the entiro testing period. They wore carried
on incidental to the previously dosoribed tot ;s, being largely
a result of the distances travelod botwon the test areas and
the Desert Warfare Section hoadquartorio Approximately 75 per-
cent of this travel was on pavod higlaays Lmd the balance on
graded desert roads and in the mud test aroass Speodomoterz
readings, for each test vohiclo, were roecorded -t the start of
the test program and again at the conclusion of the tests. All
highway travel was made using the "Highway Ifnflations" given
in Table III. About 12 percent of the travel with the standard
7.50 x 20 tires was with duals all around, The total mileage
covered by all the test trucks was 5670 miles, A tabulation
of the mileages for each test truck is included in Appendix B
attached to this report,

f9 Relative Mobility Tests& The trucks wore run from
the srnc starting point and as close together as possiblu so
the conditions would bc comparable. As the trucks advanced the
mud conditions became progrussivoly ..orse Tho dianco each
truck traveled before boceming iimnobile ias rucorded, The re-
sults of those tests are attachod to this report as Appendix Be

11. Physical Characteristics of Mud.

a. Soil Analyses. Frequent mud samplos wore obtained
from Which tF phys properties of bhe soil wore determined.
Grain sizes and grading of the materials wore determined by
mochanical analysis. Moisture content was aseortained from
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samples taken from the bottom of tho tire tracks and scaled in
water -bight containers. Other charaotoristiou determined wore
plastic limit: liquid limit mid plasticity index. All samples
troro submitted to the Lo: Angeles District Engineer Office.
The rosu"Its of the soil tests -are included on the data shoots,

for the rospectivo tocts, in Appendix B attached to this roport4

b, Fonotromotor Tests. Ponotromotor readings ;zere tc-,on

at frequont intervals on Mach~tost course before and in some
cases after the tire tests. The roadings provided an index of
the relativo stability of the mud. The dovico used was a Proc-
tor penetromoter with a modified noodle. which moasuros the
force necessary to push a small diameter metal rcd (the noodle)agiven depth in the mudi_ Readings were observed at 3, 6, 8

and 12 inch depths. Recordings of the penotromotor readings
for the majority of the test courses are included on the data
shoots attached to this report as Appendix B,

12. Weather, Temperature and Humidity.

a* General Weather Conditions. Weather conditions,
during the test period, wore quite constant. There were no high
winds and only two slight rains occurred, neither of which
affected the tests materially.

b. Temperature, Ambient air temperatures observed
durin, the'st porio" averaged approximatoly 105 degrees
Fahrenheit, with c. minimum of 93 degrees and a manximun of
113 degrees during the hours of testing.

c Humidity. For the test period the average humidity

was E50 poro , vNth a minimum of 46 percent and a maximum
of 54 percent.
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*TIRE TESTS IN MUD. AView of' Go M. C. i-1-ton Vani 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.

T RE TESTS IN MUD,. G. M, no. 22-3ton Water Truck stuck in the

mud with the front axle dragging. 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 betfter

flotation, whenever the trucks, bogged down it wa~s in the rearo
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TIRE TESTS IN MUD. View of J. M. 0. 2j-ton Water 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 axles.

TIRE TESTS INI MUD. View of test vehicle stuck in the mud.
This truok is equipped-with 7.50 x 20 tires; duals in front#
with 25 MPH Inflation pressures. Note how doep the truck
has sUnk in the mud.
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11 *. -~ ' TIRE TESTS IN MUD-
Penetrometer used to

of aud he of n sq.
met. cosis etofa

4 nearla was attache

in crs etoa

TI}'E TESTS Ill MUJD.

View showing method ___________

Oeman uses penetro-
meter and another
records the readings. -
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8 IV DISCUSSION

14. General.

a. Tire Gaugos, Tire inflation pressures were checked

frequentlr with small Bour-don spein'-type guges. Three of the

gauges used wore calibrated by the City of Los Angeles, Depart-

merit of Piiblic Works, Bureau of Staridads. The results of the
calibiaticn tests aro attached as Appondi-x Cw The largest of
those gauios Was kept as a standard gauge in,a'box in the office

so that it would not be subjected to- injury .T 6 other gauges
wore calibrated using this standard gauge and weekly all the

0gauges were chocked against this standard gauge.

b. Condition of AMud. It must'be remembered in roviewving

the data ahdersults of these tests that mud varies from one
location -to another. Tests woro made under only '-to varying
conditions of mud; theroforo -thoycannot be considerod as con-
clusive of the pozformanco of those tires under a-li mud condi-
tions. Every test should be considered as complete in itself.

The condition of all mud changes so rapidly from one location
to another that the mud conditions must be analyzed before
tests may be compared.

15. Analysos of Data.

a. Go-No-Go Tests.

(1) The Go-No-Go typo of tests- ao considered as most
Valid. In those tests, the mud conditions womo controlled,
hence wore as nearly consistent as possible. This type of
test is boliood to give the most conclusi-b results of
mobility, and will bo used extensively ith varying mud
conditions in future testing. It was found that the trucks
irrospoctively of the size tires with which they wore equip-
ped would travel farther in mud if the front wheels were

slightly and slowly oscillated from side to side.

(2) In the Straight- Track, Repeated Trip Tests: the
distance traveled in the initial trip may be considered as
Go-No-Go tests. An- analysis of 'the Go-No-Go tests and of
the initial trips of, the Repeated Trip,: Straight Tr'ack tests
is made in the Suinary and Analysis o- Rosults. The per-
centago difference between the results of the two tire
sizes at a given inflation and tire nount-ingWbs calculated,
using the smaller figuro as lO0%. Throo tru6ks, instead of

- four were- used. in a fcvt tests. In these tests -oi twro
trucks were comparod, In ,any one' comparison the -scho two

* trucks wore alviays ttso.d.
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bo The following tests are considered to be of little value.

(1) Repeated Trip Tests. This type of test was devised
to simulatethe convoy conditions qf trucks following in the
same tracks of preceding vehicles.

(a) .Circular Tracks* The circular tracks were
utilized to allow the trucks to always run forvard. It
was found that the trucks on the inside course became
stuck mQro frequently than the others, due to their hav-
ing to make the sharpest turn. The results are not con-
sidered pertinent because of the variation in sharpness
of the turnings to which all the trucks were subjected*
It is suggosted that no future tire testing be made
utilizing circular tracks. The test area used contained
numerous soft spots which caused the trucks to become
stuck prematurely. Therefore, the results have not boon
considered in making the conclusions.

(b) Straight Tracks. Straight tracks viere used to
eliminate the turning necessary on circular tracks. In
this test the length of the equrso for each truck was not
equal, and the mud conditions varied greatly, becoming
more severe as the length of the course increased..
Therefore, the results of the repeated trip tests cannot
be considered pertinent although tho initial trips have
boon considered as valid Go-No-Go tostso If,, in future
testing, the straight track rcpeatod trip type tests arQ
to be used, it would be advisable to rimtho trucks over
tho same length course and in one direction only. In
backing through the original tracks, it was noted that
the roar whoels seem to do more compacting than if the
truck were only being run in one direction.

(2) Dynamomotor Tests.. An area was used in which all
the trucks "Weoro able to travel at least 100 foot. The mud
condition was much less severe than encountered during the
other typo tests; hence did not provide an adoquato test for
the low pressure tiros. It is possible that the gOar ratio
of the tracks, equipped with 11.00 x 18 tires should be changed
to accommodate the larger tires. Therefore the results of
those tests are believed to be invalido

(3) Comparative Hill Climbing Tosts. In addition to the
mud, flotation d traction tests, hill climbing trials wore
made. The trucks wore run on a twenty percent slope. The
ramps wcre composed of sandy cly soil, The consistency of
the mud on the ramps was chongcd from time to time by arti-
ficial wetting. The results cannot thoroforo be compared
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*except whore the conditions wero the samo, as noted on the
data shoots in Appendix B. The results of those tests show
that it did not improve hill climbing, ability when lower
inflation pressures woro used, but that Yoqn 'ho trucks wore
equipped with chains, their mobility on sl9pes is greatly
increased.

16. Mobility of Trucks.

as The mounting of duals on thq front of the truck equipped
with 7.50 x 20 tiros increased the mobility 44 percent* The flo-
tation is greatly increased when duals are -.mounted all around,

b. The mobility of the trucks was increased from 16 to 40
porcont whon the inflation pressures ere, lowered. The gross
contact area of the tire is increased by lov-vring tho inflation
pressures and therefore better flotation can bo expected.

*17e Advantages of Chains. Standard 7';*50 x 20 chains were used on
the 7.50 x 20 tires and 9.00 x 20 chains were, used on the 1i100 x 18
tires. It uas found that a truck equipped with chains went 120 per-
cent farther than a truck without chains. The use of chains all
around affords a noticeable increase in traction bocause the flexcing
action of. loosely fitted chains cleans the tiro -of mudo

18. Piling up of Mud. It was noted that mud has a tendency to
continually pile up ahead of the center duals on trucks equipped with
7.50 x 20 tires, This condition invariably resulted in quicker im-
mobility of the vehicle than resulted with the 11.00 x 18 tired truckswhen the conditions woro the same,

19. Ease of Steering. Steering on pavemcnts or hard surfaced
roads was found to be slightly easier with a truck equipped with
standard 7.50 x 20 tires as compared with a truck equipped with 11.00
x 18 tires. hen operating off-road, in mud or loose material of any
sort, steering a,,s easier with trucks equipped with 11.00 x 18 lo
pressure tires as against 7.50 x 20 tires, either singles or duals
on front.

Z0. Fender Cloaranco. In operating over extromely rough terrain,
it was note- that the tiros would rub on the fenders of trucks equipped
with 11.00 x 18 tires, duo to the bogie action of the roar whoolso

a!

21, Service Durability Tpsts. In the total of 5,690 miles traveled
with the test tru'cks not a tsingle tire failure occurred* No premature
tube failures resulted oven though the tiros wore deflated to the Ord-
nanco Sand Minimum inflations during a con.idorablo portiou of the test
period* The tires did not slip on the rims, even after all the trucks
had boon driven at a rate of 16 mph for 2 miles at Ordnance Sand Mini-
mum inflations. No tires or tube slippage vas noted during the tests.
It is believed by the writers that vhen bead rings arc used, it is
feasible to use these low pressures without premature tire or tube
failures,

-79-



V CONOLUSIONS

22, 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:

a. "Mud-mobility" of the standard 23'-ton truck is bettor

when Wquippod with 11.00 x 18 lowprossure tires than when

equipped with 7.50 x 20 8-ply stondard military tires, singles

on the front whools.

b. "Mud-mobility" of the standard 2--ton truck with 7.50
x 20 tires is improved by dualing the front wheols.

o. "Mud-mobility" of thu standard 2-ton truck equipped
with jithor 7.50 x 20 or x2.0 9 , 18 tires is increased with re-
duction of tire prossuros.

da Mudmobilitr o -3 -taadard 2j-ton truck equipped
with 7ithor 7.50 x 20 or ,;,0 x '18 low pressure tires is im-
proved by the use of tire oh .insl

c. The standard 2_-ton truck, without modifications, is
casio'F to 5toor orobs ebuntry , when equipped wich 11.00 x 18-tiro.

fo The standard 2 -ton truck,, without modifications, is
oasirF to steer on the highway, when equipped with 750 x 20 tires.

g, The. use of the Firostonu taper vredgo bead ring allows
both ho 7.50 x 20 and 1l*00 x 18 tire to be run at Ordnance
Sand Minimum Inflations for emorgncy operation, without pro-

mature tire or tube failure.

h. The standard 2 -- ton truck should be modified to give
additTonal fender clearance to adequately accommodate the 11,00
x 18 tire.

i. Tests by the Desert Warfare Section under the conditions

avai!thae t tho only s tisfactoryr ̂ 4d for dotor-

mining the relative performance in mud of the standard 2-3-ton
truck, with various tire combinatibno, is the "go-ne-go method",

j. The standard 2---ton truck, with rated payload, whon
equipped ,with 11.00 x 18 tires can negotiate a 23 .porent grade
in dry dune sand; whereas the same truck when equipped with
7.50 x 20 tires can barely negotiate a flat stretch of flat
dry dune sand.
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. The standard 2i-ton truck has greater clearance when
equipped with 11.00 x 18 tires than with 7.50 x 20 tires; there-
fore allowing better mobility for any opeaation other than high-
way.

'VI. RECOOMENDATIONS

23. It is recommended that:

of To improve the performance of 2k-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 non-

* directional tires.

i. If trucks are supplied with standard 7.50 x 20 tires the
front wheels be dualed for increased "mud-mobility".

.. Chains be used on both 7.50 x 20 tires and 1.00 x 18
tires to give added "mdd-mobility".

. Reduced tire inflation pressures be used for increased
"mud-mobility".

C. C. Huskison
Engineer (Civil)

Martin R. LeidV
Asst. Engineer (Civil)
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APPENDIX "A"

Diroctivo

Authorizing

Tosting of 11900 x 18 10-ply

Low Prossuro Tiros

I 
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TECHNICAL DIVISION IV

THE ENGINEER BOARD
FORT BELVOIR, VIRGINIA

Date: 11 August 1943

Serial No: 36

E. B. Fon No. 104.3.

Subject: Directive for (Desert Warfare ) Section.

A (written directive signed by) Captain Glenn D. Ferguson

~)

was received this date from Technical Division III

Authority: Letter from OCE to EB dated 5/28/43, file CE 451.92, EB 400.1

(MES 433), subject: Service on Tires.

requesting that the following work be die uider

Project No: File No: Date

* MES 433 400.1 (ES 433) 2 August i943

Directive: Desert Warfare 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

* Iply 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
MiES 433

* Date Received (Desert Warfare Section) : 17 August 1943

Estimated Completion Date: I Dec 1943 Persons Assigned to Job:

Da Mr Re C, Kerr
Date Complated: Mr. C. C. Haskiscn

Mr. I. R. Leidtg
RETURN TO TECHNICAL DIVISION IV UPON COMPLETION OR caNCYLLATI0N OF PROJECT

Distribution: XColonel Goerz
Director, Technical Division I
Director, Technical Division II

XDireotor, Technical Division III
XDireotorp Technical Division IV
Director, Service, Admin., & Supply Division

* XChief, Desert Warfare Section (6)
Chief, Mountain Warfare Section

XControl and Reports Branch

0 COPY
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APPENDIX "B"

* Test Data

0f Tire Tests in Mud

With 7.50 x 20 8-ply and

11.00 x 18 10-ply Tiros.

CONTENTS PAGE

Sunuwa.ry of Dcata of Tests 1 - 93 89 - 92

Data of Tests 1 - 93 93 - 108

Compoxative Hill Climbing Tests 109

Service Durability Test 110

Supplemrentary Data ill

-

it

I
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COmPARATIVE 'HILL CLIMBING TESTS

Note : The consistoncy of tho mud changed as the ramps woro wettod
from time to time. Thoroforo,.tho results cannot be compared except
in the two tests noted whore the test conditions wore the same.

Tost
No. Vohiclo Inflation Test Results

94 Van Highway Climbed eithor ramp but spun a
little

94 Tanker Highway Climbed eithor remp with only
slight hositation.

94 Dump Highvay Climbed either ramp.

95 Tankor Highway Went only 63 foot up one ramp.
95 Dunp Highway Went only 63 foot up soo ramp.

96 Tankor Ord, Sand Mine Climbod either ramp.
96 Dump Ord. Sand Min. Climbed either ramp.
96 Van Highway Climbed either ramp

97 Tankor 25 m~poh. Wont only 55 foot up one ramp
97 Dump 25 m.p.h. Wont 55 foot up samo ramp.
97 Van Highway Wont 55 foot up same ramp.

98 Tanker Limited Oper. Went only 55 foot up sa.me ramp
as abovo.

98 Dump Limited 0per0 Wont only 55 foot up same rampe

99 Tanker Ord. Sand Mine Wont only 55 foot up ono ramp
99 Dump Ord. Sand Min. Wont 57 foot up same ramp.

100 Tanker 25 mop~h, ';iont only 84 foot up ono ramp
100 Dump Highvay Wont 90 foot up same ramp,

101 Tanker 25 meph. Wont only 55 foot up ono ramp.
101 Dump 25 mopoh. Went only 55 foot up one ramp.

102 Tanker 25 m~p.he Climbed the same ramp as above
with Chains with ease

102 Dump 25 mr.p.h Climbed the same ramp with easo.
with Chains
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SERVICE DURABILITY TEST

Milos orr
Total Milos Roads and Miles Duals

Type Truck Tiro Sizo Milos on Hvy Tost Aroas All Around

Dump 1) .00-18 741 556 185 -

Comprossor 11.00-18 1570 1178 392 -

Van 7.50-20 1967 1475 492 236

Tanker 7.50-20 1412 1058 354 170

Totals 5690 4267 1423 406

1
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SUPPLEMENTARY DATA

Effoct of Using 7.50 : 20 Duals All Around vs. Standard 7.50 x 20
TirQ Equipmont at Highway Inflations.

9 Tost Foot Travolod
No, Singlos Duals

1 119 141
2 144 229
3 195 90
4 133 201
5 159. 171
6 75 150
7 192 369
8 191 366
9 213 330

Avorago 158 227-

Effoct of Lowering Inflation Prcssuros

7.50-20
Singlos Duals 11.00 x 18

Ord. Ord. Ord.
Tost High- Sand High- Srnd High- Sand.
No * way Min* vay Min. way Min.

1 126 267 77 90 243 270
2 243 267 35 45 204 258
3 12 27 139 141 12 10
4 8 28 172 317
5 45 39
6 86 151
7 130 151
8 84 99

Avorago 92 129 106 148 153 179
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APPENDIX "C"

Pressure Gauge

Calibration

by

Buroau of Standards

City of Los Angeles

CONTENTS PAGE

511 Dial 0 - 60 pounds 115

21 Dial 0 - 100 pounds 116

2 '1 Dial 0 - 30 pounds 117

it

II
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a City of Los Augoles
Lab. No. 64-356 DEPARIMENT OF PUBLIC WORKS.,
Reo d 8-16-43 Bureau ofCStandards
Rep'td' 8-17-43
To The Engineer Board 826 Yale Stroot

0

Report

Test of

PRESSURE GAUGE

A pressure gauge was tested for the Engineer Board,
* Desert Warfare Section, Thermal, California, on August 16, 1943.

Type: Five inch dial

Marked: Marshalltown Gauge
0

Range: 0 to 60 pounds

Gauge Reading Pounds Pressure Correction (lbs)

S13 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

0e

2:4 /si' T. A. Fitch
Director

0 -11.5-



City of Log Angeles
Lab. No. 64-358 DEPARV ENT O PUBLIC WORKS
Roo'd 8-16-43 Buroau of Stondards
Rep'id 8-17.43

To The Mineor Board 826 Yale Street

Report

Test of

PRESSURE GAUGE

A pressure gauge was tested for the Engine or Board,
Desert Warfare Section, Thermal, California, on August 16, 1943.

Type: Two and one-half inch dial

Marked: Marshalltovm Gauge

Range: 0 to 100 pounds

Gauge Reading Pounds Pressure Correction (ibs)

16 10 -6

26 20 -6

36 30 -6

46 40 -6

56 50 -6

66 60 -6

76 70 -6

86 80 -6

96 90 -6

100 94 -6

2:4 /s/ T. A. Fitch
Director
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City of Los Angeles
Lab.No. 64-357 DEPARMENT OF PUBLIC WORKS
Roctd 8-16-43 Bureau of Standards
eRop't-cl 8-17-43
To The jg-oer-~aid 826 Yale Street

Report

Test of

PiESSURE GAUGE

A pressure gauge was tested for the Engineer Board,
Desert Warfare Section, Thormal, California, on August 16, 1943.

Type: 1I-o a-Ld one-half inch dial

1Mrked: 1arshalltown Gaugo

Range. 0 to 25 pounds

Gauge Reading Pounds Pressure Correction (lbs)

9 5 -4

14 i0 -4

19 ../4 15 -4 1/4

241/1 20 -ex 1/4

28 -3/4 25 -3 3/4

2:4
Director
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APPM~DIX D"

Ordnanoo Dosert Proving Grounds

Classification of Mud
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ORDNIANCE DESERT PROVING GROUNDS
CLASSIFICATION OF iUD

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

"Section II. A. That for the purpose of evaluating the mud
mobility zx? military wheeled vehicles all of the various typos
of mud chat may be encountered fall into two classifications
or types.

Type I Mud: Bottomless mud whore the consistency is such that
the mud will not support a vehicle with standard military tire
equipment at 20 pounds tire pressure. The term bottomless
implies that a firm sub-surface, if existent, will be at such
a depth that the vehicle undorcai.Liage will be buried in mud,
preventing forward motion of the vehicle before the driving
wheels have contacted the firm sub-surface. ****

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 hard pan exists but
where the consistency of the mud is such that compaction will
afford a sufficient bearing surface to support a vehicle with
standard tire equipment at 20 pounds pressure at a depth of n't
to exceed the minimum vehicle ground clearance. it the dopthi
of adequate bearinig capacity, the mud must have sufficient shear
resistance to permit the development of maximum vehicle tractive
effort with chain equipment.

1. Typo II Mud should be classified as Type IIA, when the mud
has a cleaning quality such as the presence of high water con-
tent, sand, -ayed vegetable matter or other non-adhesive ma-
torials which give the mud a cleaning quality, *****

2. Type IIB is mud that has no cleaning qualities ond is
highly adhesive such as gumbo or adobe mud."

o.21



APPENDIX B

REPORT OF. Tt TS OF 14i00 x 20 12-PLY
AND 9:00 k 20 i0-PL TIRES ON 4-TON

S3 c 6 TRUCK
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Desert Warfare Section
Thermal California

Informal Report No. 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 the Desert
11arfaro Section of standard 9.00-20 tires and 14.00-20 low pressure
tires on loaded 4 ton, 6x6, trucks in varying mud conditions. The
testing was carried on at the north end of the Salton Sea and at
Camp Seeloy, California. The report analyzes the data secured from
a series of tests made to determine the relative performance of those
tires in mud. The period of testing was from 2 November to 31 December
1943.

The conclusions based on results of tests covered in this
report and on tests previously conducted in sand by this Section are
as follows:

a. tMud-mobility" of the standard 4 ton, 6x6, truck is
bettoF when equipped with 14.00-20 low pressure single tires
than when equipped with 9.00-20 standard military tires, with
either singles or duals on the front wheels.

b. "kud-obility" of the standard 4 tai truck with 9.00-
20 tires is improved by dualing of the front whoJls.

c. "Mud-mobilityt' of the standard 4 ton truck equipped
with either 9.00-20 or 14.00-20 tires is increased with re-
duction of tire pressures.

d. "Hud-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. 'ud-mobility" of the standard 4 ton truck is better
when equipped wi+ 1 9.00-20 iingies in front and chains all around
then when equipped with 14.00-20 tires, without chains, at most
inflations. When the 14.00-20 tirs 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.

f. The standard 4 ton truck, without modifications, is
easier to steer cross country when equipped with 14.00-20 tiros.

L. The ease of steering of the standard 4 ton truck, with-
out modification, is about the same on the highway, when equipped
with either 9.00-20 or 14.00-20 tires.

h, The standard 4 ton truck has rcatcr clearance when

equip~ped with 14.00-20 tires than with 9,00-20 tiros; therefore
allowing bettor mobility for any operation other than highway.

' -129-
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i. The 14.00-20 low prossure tiros have a groater alo,=-
ing action than 9.00-20 standard tircso

j. Lud piling up in front of the duals of the 9.00-20
tires, more than any other factor, causes trucks equipped with
9.00-20 tires to have less mobility than trucks equipped with
14.00-20 tires.

k. In severe mud a truck equipped with 14.00-20 tires
has hiTgher tractive effort than the same size truck equipped
with 9.00-20 tires.

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

The report recommends thr.t:

a. To improve the porformncoe of 4 ton,6x6, trucks in
mud of the type in which the tests wore made, 14.00-20, 12-ply
low pressure single tires be used in preference to 9.00-20, 10
ply standard dual military tires.

b. if trucks are supplied with standard military non-
directional 9.00-20 tires, the front wheels be dualed for in-
creased "mud-mobility" in emergencies.

c. Chains be used on both 9.00-20 tires and 14.00-20
tires to give added "mud-mobility".

0

d. Reduced tire inflation pressures be used for increased
"mud-Eobi 1 ity".

o. On trailers 14.00-20 singles be used in preference to
9.00-2U duals, if the fender clearances will allow.

@

0
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DESERT VARFARE SECTION
SECOND I1TK1EIM REPORT NO. 181

PART II

15 January 1944

TITLE: Tests of 14.00-20, 12 ply and 9.00-20, 10 ply Tires in IMud.

PROJECT NO: liES 433, Service on Tires for Engineor Equipment.

I. SUBJECT

1. This report covers special traction and flotation tests in
mud of 14.00-20, 12 ply low pressure tires and 9.00-20, 10 ply stan-
dard military tires. Tests were conducted by the Desert Warfare
Section during the period 2 November 1943 to 31 Decomber lV43, in mud
areas at the Salton Sea and Camp Seeley, California.

II. AUTHORITY

2. Engineer Board Form 104.3, Serial No. 36, dated 11 August 19 4 3 ,

3. A letter dated 28 !lay 1943 from the Office, Chief of Engi-
neers directing the Engineer Board to test the military low pressure
typo tires for traction, flotation, and general service durability
with special emphasis on performance in mud. Reference OCE file
400.112 (Tires) SPEED.

III. INVESTIGATION

4. Previous _nvEstigation. The following reports covering
this subject and relatod to this subject are Lniown to the writers.

a. Desert Test Branch Report No. 132, Second Interim
Report, Test of Expedients, Road, l.ud Operation, dated 26 May 1943.

b. Desert Warfare Section Report No. 182, Interim Report,

Tests of 3.1.00-18. 10 ply and 7.50-20 8 ply Tires in Mud, dated
15 December 1943.

e. B. F. Goodrich Company report on "Ordnance Mlud Flotation
and T'raction Tests", dated 6 June 1943. The tests were conducted
and the report written at thc request of the Ordnance Department,
Tank Automotive Center, Rubber Development Branch, Detroit,
Liichigan. The testing was carried on in the vicinity of 4cron,
Ohio. The pertinent conclusions and classification of "Types of
Mud" from this report are preonted in Appendix D.

-131-
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d. Ordnance Desert Proving Grounds report on "MLud Tests",
dated-April 1943, signed by Lt,. Col. J. E. Engler. The tests
described in this report were carried on at Camp Seeley, Camp
Pendletcn and in the vicinity of Johnsondale, California, They
were similar to those conducted by the B. F. Goodrich Company
and substantially the same results and conclusions were reached.
The Ordnance report was briefly consulted by the writers before

A the period the subject tests were being made, but a copy of the
report was not available at the time this report '5as written.

5. Acknowledgements.

a. Technical Assistance. Acknowledgement is hereby mad9 to:

(1) Mr. R. C. Kerr, Senior Engineer (Automotive), who
outlined the types of testing to be conducted, aided in lo-
cating the test area and gave helpful advice during the con-
duct of the test.

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

(3) Lt. Col. J. E. Engler, Ordnance Desert Proving
Ground, for his courtesy in giving valuable information
concerning previous tests and in allowing use of the mud
test pit at Camp Seeley.

b4  Cooperation of Troopsi The following troop units
fUrnishod enlisted men at various periods to assist in making
the tests.

(1) 90th Infantry Division, eight enlisted men for
six weeks.

(2) 104th Infantry Division, eight enlisted men for
two weeks.

6. Purpose of Tests. The purpose of those tests was to com-
pare the performance in mud of the standard military 9.00-20, 10 ply
tire with that of the low pressure )A.OU-ZU, 12 ply tire, also to
determine the comparative mud flotation and tractive ability of stan-
dard 4 ton, 6x, trucks, carrying a full payload, equipped with stan-
dard 9.00-20 tires or 14.00-20 low pressure tires. A similar test

program on the comparative performance of standard military 7.50-20,
8 ply and low pressure 11.00-18, 10 ply ires has boon completed.
These tests were covered in a previous iport.

7. Location and Description of Test leas. Tests wore made
at the following places.
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a. North end of Salton Sea.

(1) Dynamometer Tests. Those tests were made in
areas in which the native salt brush was cleared away.
A salt crust that averaged about 1/8 of ai, inch in
thickness covered the entire area and tended to seal
the moisture in the mud. The elevation at this loca-
tion is approximately 250 foot below sea level. The
depth of the water table was not determined, but it
was fairly close to the surface, because in many in-
stances, water was present in the bottom of the deeper
tire tracks. The mud at this point is natural and is
about as uniform as it wAs possible to find in this
vicinity. The Ordnance Desert Proving Grounds has classi-
fied mud into two typos in its report on mud flotation
tests. These classifications as taken from the B. F.
Goodrich Company report are quoted in Appendix D. In
general, the mud in this area can be classified under the
definition of Typo IIA.

(2) Repeated Trip Test. Thi.s test was made in an
area where there was either very little or no brush. In
general, the mud in this area can be classified under the
definition of Type II A. There are spots however, that
should be classified as Type I.

(3) Distance Tests. Those tests were made in areas
in which there was no brush and the mud there could be
classified as Typo II A.

b. Camp Seeley. Distance tests wore made at Ccap Seoley.
Areas-that had been previously laid off mid bordered wore
flooded. In several of the areas the entire area within the
borders was covered with two or three inches of water when
tests were run, This is the sae locttion at which the tests
were made by the Ordnance Desert Proving Grounds. This mud can
be classified as Typo II B. (See Appendix D). It is a thin
slippery slimy layer over a firm base which does not build up
excessively on the tires but does form a slick lubricated sur-
face that promotes tire slippages.
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TIRE TESTS IN MUD. View of test area at the North end
of the Salton Sea showing the sea in the background.

TIRE TESTS IN M OD.
View of test area at
Camp Seeley before
tests were made. The
depth of water was
between 4 and 10
inches.



8. Test Eauilment Data.

a. Vehicle Equipment. Four test vehicles were fitted with
tire, rim and wheel equipment as listed below:

1

VEHICLE EQUIPENT
Vehicle

Make Diamond T Diamond T Diamond T Dianond T
Size 4 ton, 6x6 4 ton, 6x6 Z"to2, 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 No-Directional Military
Tire Type Low Pressure Off-Road Standard Mud and Snow

Rim 10.00 OW with Goodyear 6.00 T
Equipment Hinged Type DIIL Beadlocks No Beadlocks

Wheel Budd No. 46140, Dish 5-3/8" Budd No. 44470, Dish 6-1/8"
quipment 1lI" Bolt Circle, 10 studs 13." Bolt Circle, 10 Studs

No Spacers or hub adapters No spacers or hub adapters

b. Vehicle 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 Office, Chief of Engineers,
file CE 400.112 Tires SPEED, by Lt. Col. F. C. Kendall, the test trucks
were loaded with adjustable loads as shown in the following tabulation:

TABLE II

VEHICLE LOADS
Tire Mountings Singles All Around Singles Front Duals All Around

Duals Rear

14.00-20, 12 Div 9.00-20. lOpjl 2.00-20. 10 Plv
Tire Size
Axle Load

Front 7300 lbs. 7300 lbs. 7300 lbs.
Center 9240 lbs. 9240 lbs. 9240 lbs.
Rear 9240 lbs. 9240 lbs. 9240 lbs.

Tire Load
Front 3650 lbs. 3650 lbs. 1825 lbs.
Center 4620 lbs. 2310 lbs. 2310 lbs.
Rear 4620 lbs. 2310 lbs, 2310 lbs.

Total Vehicle
Load 25780 lbs, 25780 lbs. 25780 lbs.
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TIRE TESTS 1H MUD. Diamond T 4 ton Cargo Truck as used in

mud tests. This truck is equipped with 14.00-20 tires

singles all around.

2 A,

TIRE 71 STS IN MUD. Diamond T 4 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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mu e t . T i r c s e up e i h 1 -0 2 i e

TTRE TESTS INMUD. Diamond T 4 ton BritkernTuck 9,1p-3a trusediuenmud tests. This truck is quipped with .02 iesinls all aond.
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TIRE TESTS IN MUDR. 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.
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_c. Inflation Pressures. The inflation pressures used in these
tests were based on values of the published load inflation tables of
the Tire and Rim Association, Inc., the Ordnance Advisory Pneumatic
Tire Committee, the Defense Standards Committee and the various tire
manufacturers. 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. 10nl 900-20. 10 ply 9.00-20. 10 plb
Highway Operation

Front 22 lbs. 72 lbs. 22 lbs.
Center 34 lbs. 33 lbs. 33 lbs.
Rear 34 lbs. 33 lbs. 33 lbs.

25 mph Operation
Front 14 lbs. 46 lbs. 14 lbs.
Center 22 lbs. 21 lbs. 21 lbs.
Rear 22 lbs. 21 lbs. 21 lbs.

Limited Operation
Front 0 lbs. 31 lbs. 9 lbs.
Center 15 lbs. 14 lbs. 14 lbs.
Rear 15 lbs. 14 lbs. 14 lbs.

Ordnance Sand Minimum
Front 6 lbs. 19 lbs. 6 lbs.
Center 9 lbs. 8 lbs. 8 lbs.
Rear 9 lbs. 8 lbs. 8 lbs.

a, Loaded Radius at Various Inflations. The following table
presents the actual measurements of the distance from the center of
the hub to the ground of the vehicles used in this tent.

WADED RADIUS AT VARIOUS INFLATIGNS

Distance from Center of ,b to Ground in Inhes

_1 0-0 3.2 nW .Tires - Singlen AUl Around
Inflation Highway 25 na.h. Limit Ord, Sand Min,
Wheels
Front

Left 21.50 21.19 20.69 19.94
Right 21.62 21.19 20.75 20.06
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(continued, Table IV)

1A.00-20 12 pl.y Tires - Singleg A.lAround.

Inflation Hih 25 m.D.h. Lim ted Over. rd. S.nd Min
Wheels

Center
Left 22.06 21.69 20.81 20.12
Right 21.88 21.56 21.06 20.44

Rear
0 Left 22.31 21.88 21.00 20.25

Right 22.12 21.62 21.12 20.38

9.00-20, 10 ply Tires - S~inles 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 17.3a

e. Wheel Track Data. The following tabulation, based on the
Vehicle Loads 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

WHEEL TRACK DATA
(Measurements in .Inghs)

Vehicle
Make Diamord T Diamond T Diamond T Diamond T
Size 4 ton, 6 x6 4 ton, 6x6 4 ton, 6x6 4 ton, 6x6
Type Cargo Wrecker Cargo Bit. Supply

Tire Size 14.00-20.12 A 14.00-20312 Pl 2,00-20.10 ply 9.00-20.10 l

Cen. to Cen. Fon Rear Front As ax 'Front e Front Rear
of Tracks

Std Mount 75.50 82.06 75.69 82.19 7/.00 72.19 74.00 72.44
Duals Frt 86.44 86.44

Overall Track
Widths

Std Mount 90.50 97.06 90.69 97.19 83.50 94.12 82.50 94.38
Dua.Ls Frt 113.88 313.88

Single Track
Widths 15.00 15.00 15.00 15.00 9.50 24.88 9.50 24.88
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f. Minimum Clearances. Minimum clearances for the front and
rear end of each test truck were measured at each of the four inflation
pressures ueed. In 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 Equalizer is 3/4 inches lower
and the brake drum is 2 inches lower than the differential gear case.
The test trucks were loaded as shown in Table II. Following is a tabu-
lation of the minimum clearances.

ABLE VI

MINIMum LEARANCES IN INChMS
Vehicle

Make Diamond T Diamond T Diamond T Diamond T
Size 4 ton, 6 x6  4 ton, 626 4 ton, 6x6 4 ton, 6x6
Type Cargo Wrecker Cargo Bit. Supply

Tire Size 1.,00-20,12 M 2,00-20.12 9.00-20.10 ply 900-20.10 l

h~d e rnt &M _F ~ Frjaont

Highway Infl. 14.75 15.00 14.75 15.00 11.88 11.88 11.94 12.25
25 mph Infl. 14.50 14.75 14.25 14.75 11.62 11.62 11.50 11.75
Limited Oper. 13.88 14.12 14.00 14.25 11.38 11.38 11.O0 11.25
Ord.Sand Min. 13.50 13.75 13.38 13.75 10.75 1I.00 10.25 11.00

9. Typps of Tests. For types of tire tests were conducted, using
the four 4 ton, 6x6, test trucks. The types of tests and tire combinations
used were as outlined below.

_. Dynamometer rests were divided into phases to determine
tractive efforts and rolling resistances. These tests were made with
the following tire a quipment combinations:

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

(2) Standard duals all around against low pressure singles
&Ul around.

(3) Standard rear duals and front singles with chains all
around against low pressure singles with chains all around.

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

c. Distance Tests were run with the following tire equipment
combinations.

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

()l Standard rear duals and front singles against standard
duals 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 Inflations against Ordnance Sand Minimum Infla-
tions using standard duals all around.

(7) Highway Inflations against redurced 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 ith chains all around.

d. Service Durability Tests were run using the same tire equip-
ment combinations as outlined under paragraph 9 g.

10. Test ProcedUe. The test procedure for each type of test is
summarized in the following outline.

_. Dynamometer Tests.

(1) Dynamometer Equipment. The dynamometer used was made
by the Martin-Decker Corporation of Long Beach, California. It
is a type that is clamped on a cable to measure cable tension.
The capacity of the dynamometer is 20,000 pounds and it has a
weight of 12 pounds. The instrument is accurate within a range
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 is 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 0 to
6000 pounds and 0 to 18000 pounds. The gauge from 0 to 6000
pounds is 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 track on which the dynamo2eter was mounted. The
increments on the 6000 pound gauge are 50 pounds and those on the
18000 pound gauge are 200 pounds.

0

-145-



'NI

~~Xi

TIRE TESTS IN MUD. Close up of' dynaamometer used in tests
showing offset in cable and diaphragm.
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TIRE TESTS IN MblD. View sho'wing dynamometer used in tests
and method of mounting dynamomter on dynamometer truck.

TIRE TESTS IN MOD. View showing gauges of dynpmometer 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 f.et 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 feet 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 control of braking the test vehicle could
be obtained in this manner. If the brakes of the dynamometer 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 making these tests, the trucks were
driven in 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 and 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) Rollng Resistance Tests. The rolling resistance tests
were 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
winch 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
feet per minutes Gre w- exercisee to mai-nt--n the vehitcles 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 procedure 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 a 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 determining
Rolling Resistance. The test truck in the foreground
winches itself through the course towards the dynamometer

* truck#

7 3 ZI 7 - 7-,

TIRE TESTS IN MUD. General view of method of determining
Traotive Effort. A cable is connected between the dynamometer
and the test vehicle to furnish a load for developing tractive
effort. This cable is long enough to allow the dynamometer
truck to stay out of the tracks made by the test vehicle.



TIM~ TESTS IN MUD. view of Disamond T 4 ton Cargo being

8 driven through mud area to ascertain tractive effort. The

truck. is equipped with 9.00-20 duals all 
around at fiGhwe.y

Inflations. The vmy the tread design fills up can be notede

TIRE TESTS IN M~U. Diamnd T 4 ton Wfrecker being driven

through the mud. It is equipped with 14.00-20 tires at

Highway Inflations#
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TIRE TESTS IN MAUD. View of test vehicle with Q,.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 AD.Diamofid T 4 ton Wrecker winching itself
through the mud. This truck is equipped with 14.00-20 tiros
at Highway Inflations.



j?. Repeated Trip Test. In making the repeated trip test, the
four test vehicles were lined up abr east of each ott'_erq alternately
spaced as to type of tire equipment, anid about 3 feet apart. The
truckO irea run ih the folloving order:Iirs Vehicle -90020Q 10 ply tir:: at highway inflation:.

Seoond Vehicle - 3/, 00-20p 3.2 ply tires at highwayr inflation.

Fourth Vhce- "'020,12 ply tires et 25 iz.p.hc ifation.

The trucka were run over a (tourse 200 f eet long in straight pm~ .11e]
tracks andA in one direction only. Thg inbi of repeated trips each
truck made in i1ts ownu tracks was recorded.

.Juistance Tests. in making these tests the ttucks were driven
in pai.rs through the muddy ar~eas, stax-14ing at a given line and conti11nu-
in~g either across the ar-ea or' uantil tile '-'-ioks became stuck, In each
tept th1e trucks were "tntdand rn so as to straddle one of the
..neel tracks of the precrd:Lng vehiele, The trucks were operated ir-
is-ond gear, low range and a!-'- wh 6ee drivee Thig was done after it
-.a found the trucke w oxvld go further inl second gear thnin loi. gear.
Tho d-Ietamce traveledl by each trnuck; befove beao;iing r~b Lized~, was
recorded. Teats were run. using the tir:Le equipment combtnationa out-

lie i aagah9 c with some of the c womb it.onr boing run- at e ach
of t%'he foPr .50e0s of inflation preq:euras L e~ n T 6bL II I.

4~Servie Du ablity Tests. The t4ests cov-ereA .mdcn this head-
ing cansisted of tha aceumiulated ii).'eage puat o. te t trtwks duringIthe entire testing Pe.-Ld M av wfr e .7a1 : d aonLn c idGal to the
previously descr:Voed tests, being lai~gely t Iesv-Ut dof thje dit Xc
travel ed batween the -west. areas and the 'osait Wrfar s-tia hea-

qunrtro. Awpro'ximately 85 7__Cen~t fthis travel wqas on pa7ed hiqh-
ways, and the balance on gra-ded defiert zo~ls ~'din the iud test areas.

I Speedometer readingas, for iach test vehicle, were ecr at the -bart
]of the testb program and again at the conclusion of, the t*ests, All h-

way travel wa8 made usibrg the 12E4ghnay- I i-01nns given in Is IIXe
I About 23 percen't oit t-he travel with the atandard GOW-2O tires was made

with duaols all around *, The total m-lea cove-ed by al11 the test trucks
was 4170 miles, 1 taib-alktori of the zi2eaes for e-aob test truc is
included in Append!= B eate.had t_- -tbhis mmxcrt,

11. 1 rce jc o 4d.

.g. So.2 -Analyses, Frequett -mud seixiples were taken. Al). samples
were submitted tU the_ .3aboratodris of the ice Ageles District Engin"er
O~ffice for physical jpropertbes oak~ysisa of the ooi,. Grain sizes and

i ~grading of thA Materials_1 are toj be doemndby ehaiolanalysis.



TIRE TESTS IN IMD. View of Diamond T 4 ton Bituminous SupplyI with the front wheels practically buried in the mud. Trucks
-with stan" ard tires singles in front invariably get stuck in

mud wit.. -che front wheels buried.

AIIW
I

-TIRE TESTS IN MUD. Diamond T 4 ton truck equipped with
14.00-20 tires sunk very deep in the mud.
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TIRE TESTS IN~ MUD. View show~ing 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 Highway Inflatiohs.

TMhE TE11STS 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 MUYD. View showing a 4 ton Cargo truck with

14.00-20 tires at Highway Inflation stuck in the mud.

TIRE TESTS IN MUD.
View of h ton Cargo j
truck with 9.00-20__
tires showing the
mud clinging to the.....
wheels and piled up
between the duals.

lil



TIRE TESTS IN MUD.
View showing the way
the water rose in the

* deeper tire tracks
indicating the near-
ness of the water
teble.

TIRE TESTS IN MUD.
A 4 ton truck with
the front wheels
almost covered
with mud.

nt
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TIRE TESTS IN MUD. View sho ring a 4~ ton cargo with 14.00-20

tires at Highwray Inflation stuck in the test area. Note the

* depth of the tire tracks.

TIRE TESTS IN MUD.
View of tracks made in
the mud at the north
end of Salton Sea. The
onsistencoy of the mud
can be compared in

* relation to the depth -

of the footprints.
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TinE TE~STS IN MD.
Penetrometer used to
deterine softness of

~ .~. mud. The penetrometer
~ consists of two parts,

T4~ the stock and the needle.
M-U' In this picture a short

ndle is attached to the
-~ ~ ~ x ~ stock, while in most

cases in mud a needle 12"
long, with a head of 2-

~ ~zi--~ sq. in. cross sectional
area was used.

TIRE TESTS IN WUD.
View showing miethod of
using penetrometer*-M.
one man used Denetr-
ometer and another
records the readings. -

-167-



Other characteristics to be determined are plastic limit, liquid limit
and plasticity index. 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.

b. Penetrometer Tests. Penetrometer readings were taken at
frequent intervals on each dynamometer tests 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 a small diameter metal rod (the needle) a
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 although several slight rains

a occurred, they did not affect the tests materially.

13. Tire Gauge. 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 are attached as Appendix
C. The largest of these gauges was kept as a standard 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 were
checked against this standard gauge.

14. Summary and Analysis of Results.

DISTAN E TESTS
Distance Percent

No. of Type of Traveled Diff'er-
Tests Tire Size Mounting Inflation Feet ence

13 9.00-20 Standard Highway 50.6
12 14.00-20 Singles Highway 8792 72

9 9.00-20 Standard 25 m.p~h. 92.3
9 14.00-20 Singles 25 mop.h. 193.9 110

3 9.00-20 Standard Limited Oper. 35.7
3 14.00-20 Singles Limited Oper. 54.0 51

6 9.00-20 Standard Ord. Sand Min. 147.8
6 1400-20 Singles Ord. Sand Min. 254.5 72

* e figure used as basis of percentage (9.00-20's).
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DISTANCE TSTS
Distance Percent

1o. of Type of Traveled Differ-0Testg_ 2/9 I ... _b - -

1Ts -o Iura Inflation Feet ence

3 9.00-20 All Duals Highway 109.7
3 14.00-20 Singles Highway 244.0 122

4 9.00-20 All Duals 25 M.p.h. 101,8
3 14.00-20 Singles 25 m.p.h. 296.0 191

3 9.00-20 All Duals Limited Oper. 128.0
3 14.00-20 Singles Limited Oper. 202.3 58

4 9.00-20 All Duals Ord. Sand Min. 113.8
4 14.00-20 Singles Ord. Sand Min. 206.3 81

2 9.00-20 Chains Highway 23.5
2 1,.00-20 Chains Highway 81.5 2/+7

2 9.00-20 Chains 25 m.p.h. 81.5
2 14.00-20 Chains 25 m.p.h. 131.5 161

2 9.00-20 Chains Limited Ooer. 93.0
2 14.00-20 Chains Limited GTer. 191.5 106

2 9.00-20 Chains Ord. Sand Min. 92.5
2 IA h a2n r.d- Sand Min. 205.0 122

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

Standard Mounting vs Duals All Aro,
3 9.00-20 Standard Highway 51.3

3 9.00-20 All Duals Highway 74.3 45

3 9.00-20 Standard 25 m.p.h- 111,3
3 9.00-20 All Duals 25 m.p.h. 144.0 29
3 9.00-20 Standard Limited Oper. 109.3

3 9.00-20 All Duals Limited Oper. 117.7 8

* Lower figure used as basis of percentage (Singles front, duals rear)

Standard MountWg vs Chains

1 9.00-20 Standard Highway 25
1 9.00-20 Chains Highway 150 500

* Lower figure used as basis of percmtage (Singles front, duals rear)
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DISTANCE WSS
Distance Pernent

No. of Type of Traveled Differ-
Tests Tire Size Muntin _ Inflation

Standard Mounting with Chains vs Sigles without Chains

3 9.00-20 Dhains 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 14.00-20 Singles 25 m.p.h. 154.3

3 9.00-20 Chains Limited Oper. 260.0 44
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 14

* Lower figure used as basis of percentage

Reduction of Pressure

1 9.00-20 Standard Highway 20.0
1 9.00-20 Standard 25 m.p.h. 24.0 20

1 9.00-20 Standard 25 m.p.h. 24.0
1 9.00-20 Standard Limited Oper. 24.0 -

2 9.00-20 Standard Limited Oper. 23.0
2 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 14°00-20 Singles Highway 78.0
1 14.00-20 Singles 25 mop.h. 138.0 77

4 14.00-20 Singles Highway 125.0
4 14.00-20 Singles Ord. Sand Min. 199.3 59

Reduction of Pressure - Duals All Around

3 9.00-20 Duals All Highway 106.3
3 9.00-20 Around Ord. Sand Min. 108.0 2

Reduction of' Pressuilfe -- Chain

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
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DISTANOE TESTS
Distance 

Percent

No. of Type of Traveled Differ-
oTest Tire Size '0 atin Ynlation Feet ece

Reduction of Pressure - Sandard Mountinz vs- Sinles

1 9.00-20 Standard 25 x.p,h. 50.0
1 V.00-20 Singles Hvighway 80,0 60

6

1 9.00-20 Standard Limited Oper, 55.0
1 14.00-20 Singles Highway 150.0 173

2 9.00-20 Standard Ord. Sand gin. 122.0
2 14.00-20 Singles Highway 153.0 25

0
1 9.00-20 Standard Ord. Sand min. 27.0
1 14.00-20 Singles 25 m.p.h. 138.0 4.11

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

Reducti:i of Pressure - Dualr. All Around vs Sile

1 9.00-20 All Duals Ord. Sar Min. 72.0
1 14.00-20 Singles Highway 159.0 121

* Lower figure ,used as basis of percentage

Reduction of PressuMe - Standard Mounting with Chains
vo Singles without Chaing

1 9.00-20 Chains Highway 340.0
1 14.00-20 Singles Ord. Sand Min, 165.0 18

• Lower figure usc-d as basis of percentage

Redution of Pressure - Standard Mounting vs Duals All Around

2 9.CO'20 Standard Highway 108.5 14
2 9.00-20 All Duals Highway 95.0

2 9.00-20 Standard- 25 m.ph. 54-5
2 9.00-20 All Duals Highway 76.5 40

1 9.00-20 Standard Limited Oper. 54.0
1 9.00-20 All Duals Highway 65,0 20

1 9.00-20 Standard Ord. Sand Min. 62.0
1 9.00-20 All Duals Highway 50.0

• Lower figure used as basis of psrent-ag
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REPEATED TRIPS TEST Distance Percent

No. of Type of Traveled Differ-
Tests Tire Size Moutinw Inflation Feet- ence

000=20 H4-w"ay 4400
I 14.00-20 Singles Highway 5620 28

1 9.00-20 Standard '25 m.p.h. 1600
1 14.00-20 Singles 25 M.p.h. 3400 113

* Lower figure used as basis of percetage (9.00-20's)

DYNAMOMETER TEST
Percent Rolling Percent

No.Of Type of Tractive Differ- Resist- Differ-
Tests Tire Size Mounting Ination Effo t ence * ance nc e

4 9.00-20 Standard Highway 2305 3816 86
4 14.00-20 Singles Highway 2851 24 2054

6 9.00-20 Standard 25 m.p.h. 3825 10 5486 111
6 14.00-20 Singles 25 m.p.h. 3470 2599

6 9.00-20 Standard Limited Oper. 3894 3498 58
6 14.00-20 Singles Limited Oper. 4433 14 2220

4 9.00-20 Standard Ord. Sand Min. 5134 3698 62
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 All Duals 25 m.p.h. 3017 4359 20
4 14.00-20 Singles 25 m.p.h. 3292 9 3639

4 9.00-20 All Duals Limited Oper. 3650 12 3929 22
4 14.00-20 Singles Limited Over. 3267 3224

4 9.00-20 All Duals 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
/1 14.00-20 Chains Highway 2627 134 3470

4 9.00-20 Chains 25 m.p.h. 1779 5923 70

4 14.00-20 Uhains 25 m.p.h. 2875 62 3481

* Lower figure used as basis of percentage
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DXNAM ETEa
Percent Rolling Percent

No. of Type of Tractive Differ- Resist- Differ-
Tests Tire Si Mount I Eff or t e a e enc..

4 9.00-20 Chains Limited Oper. 1404 5860 81
4 14. 00-20 Chains Limited Oper. 3354 139 3236

4 9.00-20 Chains Ord. Sand Min. 1408 5023 1i0
4 14.00-20 Chains Ord. Sand Min. 3438 144 2338

On Paved Hihway

2 9.00-20 Standard Highway 8067 7 373 16
2 14.00-20 Singles Highway 7M4 315

* Lower figure used as basis of percent

IV. DISCUSSION

15. Condition of Mud. It must be remembered in reviewing the data
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 be considered as conclusive of the performance of these tires uder
all mud conditions. Every comparative test should be considered as complete
in itself. Mud conditions differ so widely from one location to another
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 m- at
Camp Seeley is considered by the ordnance tire exrsts to be as severe a
mud condition as can be traversed by ordinary pneumatic tired wheels. There
are certain mud conditions that would be impossible to cross with any
ordinary tire combination. In such cases the best way to get the 2uinMent
across would be to lay a road expedient.

16. Discus nofTels.

A. Distance Tests. This type of test is considered as most
important. This type of test is believed to give the most conclusive
results of mobility. It was found that th- trucks irrespectively of
the size tires with whichI 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" are
the most satisfactory method of determining the relative performance
in mud of various tire combinations. The ideal mud condition fer mak-
ing distance tests is where the mud is of progressively decreasing
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f irmnes.-, -it a -condition Like this- rore value_, can be given. to the
u distances the trixcKso travel. These distance tests m~ade durieg this
Iteist vere all ifl. this ideal mud condition. It was found Whien a trutck
pis Stopped in muddy areas that f the truck is ale to back up ar-

t'aA'e tinother rua in tho -Wr-no trac1.s it is able to go further. it is7
adial to reuGthe inflation in the tires before th-e maOvareas
are reached because aftezr a truckr bec3omes stack it does not help to

Ire-dice the iflations. Single Low pressi~1'e 14.00-20 tiros Ire easier
Ito inflat,,e or deflate than dual1 standard milltars' 0.00-20 tires because

the mi4 balls uin between the dual tires aid Is difficult to dig out.

__ (1) The %7u~~b~iy of trucks equipped with 9.00-20 tir-es
z.-: is imroved by dixaling the fron' wheels because the flotation of

t~h frnt wr,,.,.s ia greatly increased.

1(2) Reduction of tire pressilres gives better timud-.nobility
I. bcaue ~e £otaion i icreasged --.r~d because the i'lexI:V of the

tires Gauses a cex-t ain amount of the ud to fall off,, Reducing
b ~ c~e ire pressures increases the gross contact area and therefore

Increases the flotation but decrea.es the Clearance. fhe increased
a ~rfrma~eof' trtkaks in mud dute t'Vo reduction Of inflatiloa pressures

is not as poroonod as it Is in sand Vhere the reduction of p)ressures
grea ly 47i reaqes the perfcvnanco.I

'.)The smud-toobi2.ity-1 Of' trackg equipped with 9.00--20 singi es
in front and chaina &-Il around is better than when en-ui pe ih

a14.00-20 tires, without chaint, at tatinflation-5 because th-e~y
-hav-e better traction.* When the 9.00-WO t" res --re at Hlighway infla-

= ions an~d the 14.00-20 irsare at Ordnance Sand Minimm "Inflatlons
Ith) .14.0CL.20 tires ha-ve better "mud-mobilivy" because the anout of

f£taion of the 340-0tires ovej~aomes the advantage of the better
traction of the 9.00=20 tizeun with ohains all aroun-8. Under certain
eaniions of miud it Is feazible thatb trucks equipped with 9.00-20
tires 'ilout4per-form tk equipped with 14.00-20 tires, W,1hoa
zhere is a slippery slimy layer ov er a firm. subsurfaae, it is be-
leve-d the standard ci tr ,00-20 tire:3 will cut through the
slimy layer ana dig into the firm subsurface while the low pressure
14.00-20 tireLb have more of a tenadencay to slip on ths surfazze.

Q. ynmo~eerTest s. Ttiis type -of test has been u4sed by some
organizeations .1-- addition to the Desert 11srfare Saction in eomn-i
' he comparison of various veh'cles to negotiate mdy area--, The amotunt

irnira of =i or tra~ctive effozt 2.- an, indioation of tle porformance
m4 f rel-_lces in caver-aJ of the dynarnomter tests the mad con-

Ldition -gas m~tich loe severe than encotmrtsred during the TJjoritvy of' the
teats, hence did not provide an adetate teet for tiie low pressure tites,

Msrzee tests ghowea .-=1-4,ht pzeetage tractive effort 1z fftwr of tht:

9.00-20 tires, Te a-l area v-is iiaed In Which the trucks eciipped with
14.0C-2.0 tires were aubLe to ti.amvl 100 feet and~ the tru.-ke equipped vdth
9-.00-20 tires were t-0taeol25fe vrTtstCoedap-
entage traoltive effort in favor of the U40-0trns. -Zrailers that
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.ath "L00-20 t4,r@s ;:traddling; the 4trmoks mi~de yj th; 9.00-
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TIRE TESTS IN MAUD.
Tracks made by 4 ton

~ Cargo with 14O002
tires. The tracks

, in the center of the
4 picture made at High-

way Inflations are

Sstraddling tracks -,,,doii at Ordnance Sand Min-
imnum Inflations.
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TIRE TESTS IN WUD.

Tracks made Vv- 4 ton
Cargo with 9.010-2O
tires at Figoway
Inflaivions. The

I Traoke in the center

oftepcuemd

wihu han r

avraddlig trac-maewthIanal rud



are now equipped with 9.00-20 duals would have muc2 better mud
mobility and lower rolling resistance if they were equipped with
14.00-20 singles. If fender clearances will allow, it would be
advisable to equip trailers with 14.00-20 tires.

c. Repeated Trip Test. This test was devised to simulate t;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 md a means of returning to the starting point is
available. Repeated crossings of the channel can then be made with
the trucks always being run in the same direction and in their own
tracks. Difficulty was encountered 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 tests were
nsed mainly to determine the *mud-mobility".

. Service Durability Tests. In the total of 4,170 miles
traveled with the test trucks not a single tire failure occurred.
No premature tube failures resulted even tbough the tires were
deflated to the Ordnance Sand Minimum Inflations 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 equipped
with beadlocks or taper wedge bead rings. The mileages of the trucks
equipped Ath the 14.00-20 tires were corrected by calibration rather
than by adjustment of the speedometer. When trucks are operating in
muddy areas it is especially important to keep 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 tira when both are at 65 pounds per square inch
inflation pressure.

17. Advantages o' Chains. Standard 9.00-20 chains were used on the
9.00-20 tires, and chains that were fabricated in the local shop out of
7.50-20 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 around affords a noticeable increase in traction because
the flexing action of looeay fitted. chains heln c ean the tre ̂ f rn-A

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 un of Mud. It was noted that mud had a tendency to con-
tinually pile up ahead of the duals on trucks equipped with 9.00-20 tires.
This condition invariably 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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TMR TESTS IN MUD. View showing the part~s of a 114.00-20
tire and wheel that was used in the testing.

TIRE TESTS, A. MUD. View showing the 14.00-20 tire and wheel
all assembled that was used in the testing.



TIM~ T1,STS IT' MUD.
Vi9w showing the waythe raud balls up on
the tires. xhis
truck is equipped
with 9.00-20 tires,
singles front and
duals rear, chains
all around.

44

TIRE1 TESTS IN~ MUD. TYPe of beadlock ued in the l~oa ieSho ing the sec ion o? he valve guide that was necessary to cutoff sgo the valve stem'Used would layV in the Proper position.
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same. It is belioved the fact the Undcks equipped with 9.00-20 tires were
dualed on the rear is the greatest reason for the poor mud-mobility of these
trucks.

19. Ease of Steering. Steering on pavements or hard surfaced roads at-
highway inflations was found to be about the same for trucks equipped with
9.06-20 tires compared with the trucks equipped with 14.00-20 tires. When-
operating off-road, in mud or loose material of ary sort, steering was found
to be easier with the trucks equipped with 14.00-20 low pressure tires com-
pared to those equipped with 9.00-20 tires, either singles or duals on front.
Steering on pavements was found to be much easier for a truck equipped witir
14.00-20 tires as compared with a truck equipped ith 9.00-20 tires duals ow
front. When operating off-road, steering was easier with trucks equipped
with 9.00-20 tires singles front as against duals front. Tha use of tire
chains all around did not alter relationships given above, The front wheels
of the trucks equipped with 14.00-20 tires were not realigned in order to
assure ease 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. Wheels and Rims Used With 1600-20 T 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 any previous experience 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 connection of the brakes on the front wheels.
The length of the brake push rods can be adjusted to provide satisfactory
clearance.

21. B&adlocko. A slight modification of the beadlock was necessary
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 the
valve stem can lay in the proper position.

22. CleaninM Qualities. The flexing of the carcass of the 14.00-20
low pressure tire causes the mud to fall off restlting Jn a gre^t= CGaning
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 believed by the writers from previous experience
that the directional mud ard onow type tread cleans itself better than the
non-directional military tire.

23. go2Marative Weights of Tireg. The weight o? 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 standard 4 ton tfrck equipped with 14.00-20 tires totals 1771
pounds considering 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.

-185-



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. When the tire spins, no increase in effective
axle torque is of value. It is recognized that about 17J percent lower
effective gear reduction with heavier drive lines, differentials and axles
wouli be desirable, particularly in highway operation, but it is believed
that the present equipment is sufficiently strong to render satiofactory
military off road operation and a change at this time can not be justified.

25. Clearances. It is of interest to note that the minimum road clear-
ance of a standard 4 ton, 6 x6, truck equipped with 14.00-20 tires is approxi-
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:

A. "Mud-mobility" of the standard 4 ton, 6x6, 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 front 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.

!!. !Mud-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 tinick 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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. he standard 4 ton truck, withoutmodifieations , 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
modification is about the same on the highway, when equipped with
either 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 allowing better
mobility for any operation other than highway.

.. The 14.00-20 low pressure tires have a greater cleaning
action than 9.00-20 standard tires.

j. Mud piling up in front of the duals of the 9.00-20 tires,
more than any other factor, causes trucks equipped with 9.00-20 tires
to have less mobility than trucks equipped w!th J4.0-20 tires.

k. In severe mud a truck equipped with,14.0-20 ties has higher
tractive effort than the same size truck equipped with 9.00-20 tires.

2. 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, 30 ply standard dual
military tires.

b. If trucks are supplied with standard ml! wy -no-d-recteonal
9.00-20 tires, the front wheels be dualed for increased "mud-mobility#
in emergencies.

g. Chains be used on both 9.00-20 tires and 34.00-20 tires to
give added *mud-mobility".

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

017



.. On trailers 14.00-20 singles be used in preferencu to
9.00-20 duals, if the fender clearances will allow.

Submitted bp: Marttn R. Leidig V
Asst. Engineer (Civil)

Submitted by: 0.* C. H uskison
Engineer (Civil)

Forwarded Majo, C E.
hie, Desert Warfare Section.



APPENDIX Y

Directivo

A~uthorizing

Tosting of 14.00-20, 12 ply

Low Prossure Tires
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TECHNICAL DIVISION IV
THE ENGINEER BOARD

FORT BELVOIR, VIRGINIA

Date: 11 August 1943

Serial No: 36

E. B. Form No. iO4.3.

Subject: Directive for (Desert Warfare ) Section.
0.

A (written directive signed by) Captain Glenn D. Perguxon( . .... . . . ... .t )

was received this date from Technical Division III

Letter from OCE to EB dated 5/28/43, file CE 451.92, EB 400.1SAuthority: (WES 433), subJect: Service on Tires.

requesting. that the following work be dcne under

Project No: File No: Date

IES 433 400.1 (MES 433) 2 August 1943

Dir e ctive: Desert Narfare Section to assist the Transportation Development
Branch of the Engineer Board in testing of 14:00 x 20-12 ply aid f1:00 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 Warfare Section) : 17 August .943

Estimated Completion Date: 1 Dec 1943 Porsons Assigned to Job:
Mr. Re .,Ker

Date Complated: Mr. 0. C. Haskison

Mr. M. R. leidig
RETURN TO TECHNICAL DIVISION IV UPON COMPLETION OR CANCELLATION OF PROJECT

Distribution: XDolonel Goerz
Director, Technical Division I

Director, Technical Division II
XDirector, Technical Division III
XDirector, Technical Division IV
Director, Service, Admin., & Supply Division

XChiof, Desert Warfare Section (6)
Chief, Mountain Warfare Section

XControl and Reports Branch

COPY
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APPENDIX "B"

Tost Data
Of Tire Tests in Mud

With 14.00-20, 12 ply and
9.00-20, 10 ply Tires

Content Pago

Data of Tests 1 - 123 195 - 209

Service Durability Test 211

Soil Analyses 212
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SERVICE DUR1,BILITY TEST

Tota 111los Miles on

_______ TireTotai Miles Roads and Miles Duals
TyZpe Truck Tire Size Mile_ s on Test Areas All Around
Cargo 14.00-20 1058 897 161
Wrecker 14.00-20 1158 980 178

Cargo 9.00-20 990 842 138 135Bituminous 
9.00-20 

964 821Supply 143 321

Totals 
---

4170 3540 620 456
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SOIL ANALYSES

1. North End of Salton Seat
Average of Numerous Samples.

Mechanical Composition Liquid Plastic Plasticity
% Having Smaller Dia. in M.1. than Limit Limit Index
2.00 0.25 .074 .05 .005

100 96 75 71 51 27.0 13.2 55.9

2. Camp Seeloy

Mechanical Composition
% Haviig Smaller Dia. in M.M. than
2.00 0.25 .074 .05 .005

i00 95 92 91 50
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APPENDIX "C"

Prossure Gauge
Calibration

by

Buroau of Stmndards

City of Los ijigeles

Contents 
Pago

5" Dial 0 - 60 pounds 215

2-" Dial 0- 100 pounds 216

22" Dial 0 - 30 pounds 217
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City of Los AngolosLab. No, 64-356 DEPAIRMENT OF PUBLIC WORKS
Rec 'dRe8-16-43 

Bureau of Standards
Rep Itd 17, -743To The gineer Board 826 Yale Street

Report

Test of

PRESSURE GAUGe

A pressure gauge was tested for the Engineer Board,

Desert Warfare Section, Thermal, California, On August 6, 1943.
TypO: Five inch dial

IMarkod: 2,arshalltam Gauge

Range: 0 to 60 pounds
Gau Radng 

Pounds Pressure Correction (lbo)
13 

1/2

23 1/2 0 -3 1/2

33 1/2 0 -3 1/2

43 1/4 30 -3 1/2

53 1/4 40 -3 1/4

60 57 -3

2:4

S/s/ . . Pitch

Director

-215-
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City of Los Angeles

Lab. No, 64-358 DEPARTIAET OF PUBLIC WORKS

Rec'd 8-16-43 Bureau of Standards

ROPtd 8 -17-43
To The Enginoer Board 826 Yale Street

Report

Test of

PRESSURE GAUGE

A pressure gauge was tested for the 
Engineer Board,

Desert Warfaro Section, Thermal, California, on August 16, 
1943.

Type: Two and one-half inch dial
0

Markod: lAarshalltovwn Gauge

Ronge : 0 to 100 poluds

Gauge Reading Pounds Pressure Correction (lbs)

16 10 -6

26 20 -6

.36 30 -6

46 40 -6

56 50 -6

66 60 -6

76 70 -6

86 80 -6

96 90 -6

100 94 -6

2-.4 
/s/ T, A. Fitch

D2r ector
-216-



City of Los Angoles

Lab. No. 64-357 DEPARTIMENT OF PUBLIC WORKS

Ro00 8 Bureau of Standards

Rop't'd 8-17-43
To The Engineer Board 826 Yale Street

Report

Test of

PRESSURE GAUGE

A pressure gauge was tested for the Zigineer Board,
Desert Warfare Section, Thermal, California, on August 16, 1943.

Type: Two and one-half inch dial

Marked: !arshalltovn Gauge

Range: 0 to 25 pounds

Gauge Reading Pounds Pressure Correction (lbs)

9 5 -4
14 10 -4
19 1/4 15 -41/
24 1/4 20 -4 1/4
28 3/4 25 - 3/4

2:4

Di roctor
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IPPENDIX "D"

Quotations from Related Reports

Contonts Pago

Pertinent Conclusions of B. F. Goodrich 221
Company Report

Ordnance Classification of Mud 222I
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Pertinent Conclusions of B. F. Goodrich Company Report

on "Ordnance Mud Flotation and Traction Tests"

(References to "types of mud" are eaplained
in next soeCtiou of this Appendix)

1. The results of these tests indicate that under the conditions
tested, the single military desert tire equimnent gives more mobility
than the standard militery mud and snow dual tire equipment on the 4-
ton 6x6 cargo tracks.

2. Tests run using reduced inflation pressures showed a definite
advantage over highway inflation for both the standard dual tire equip-
ment ard the single desert tires. However, for comparable inflation
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.

4. Lack of mobility was encountered on the 4-ton trucks equipped
oith standard military no-directional mud and snow tires. The front
axle on the 4-ton truck carries 21% less load and is equipped with
singles instead of duals. In an effort to correct this condition,
duals were applied to the front 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 equal to or slightly better in flotation
than the trucks equipped with single railitary 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 conditions in 1hich additional 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 the mud flotation and traction tests, hill clilb-
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 unable to climb the hill. Use of the emergency inflation with or
ywithout 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 to note that the rolling radius of the
14.00 x 20 desert tire is 2jP 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 i4.00 x 20 desert tires
and 380 pounds on 9.00 x 20 standard dual tire equipment.

-221-
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OEDNAR! DESERT PROVInr GROUNDS
CLSSIFICATION OF MD

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

*Section I. 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 classifications
or types.

Type I M-n: Bottomless mud where the consistency is such that
the mud will not support a vehicle with standard military tire
equipmsnt at 20 pounds tire pressure. The term bottomless
implies dat a firm sub-curface, if existent. will be at such
a depth that the vehicle undercarriage will be buried in mud,
preventing forward motion of the vehicle before the driving
wheels have contacted the firm sub-surface. *****

Type II Mud: A mud top-surface with a firm bard pan at a depth
not to exceed the minimum vehicle ground clearance. Under this
classification is also included mud where no hard pan exists but
where the consistency of the mud is such that compaction will
aford a sufficient bearing surface to support a vehicle with
standard tire equipment at 20 pc-auds prossure at a depth of not
to exceed the minimum vehicle ground clearance. At the depth
of adequate bearing capacity, the mud must have sufficient shear
resistance to permit the development of maximum 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.

20 Type L-W 18 tM t VzMV 1= cia in C" ~ t end± hgl
adhesive such as gumbo or adobe mude4
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APPENDIX C

REPORT OF SERVIiCE LIFE TESTS OF 14*00 X 20

TIRES Op VARIOUS PLY

Date Item Pg

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" , 1943

TITLE: Service Life Tests of 14.00 - 20 Truck Tires in Various Plies

PROJECT NO& ST 136 SUBMITTED BY: Burl Heileman,
Assistant Engineer

I SUBJECT

,This report covers controlled tests made to determine the com-
parativeservice 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. W. 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 136), dated February
10, 1943.

III FACTUAL DATA

1. From previous tests, it has been learned that the mobility
of a vehicle in very soft send 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 raised
that while thin,'flexible tires are superior in vtty soft sand, they
would not be practicable for use on hard-surfaced roads or for 4ff-
road conditions where rocks may be encountered.

2. Tests wore made to determine the expected length of
service on highways of 14.00 - 20 truck tires in various plies.

a. A Diamond T, 4-ton, 6 x 6, cargo truck, with rated
load, was operated exclusively on hard-surfn r.-i highways w2rth the
following tires which had not been previously used: (Sec Fig. l)

(1) Two U. S. 14.00 - 20, Six-ply, sand type

(2) Tvio Goodyear 14.00 - 20, Eight-ply, earthmovur

(3) TWo Firestone 1400 - 20, Ten-ply, earthmover

b, A speed of 35 miles per hour was maintained as much
as possible, and all tires-wer6 inflated to 20 pounds per square inch.
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c. It was noted that the inflation .ressures increased
as the tires heated in operation, and that the six-ply tires gained
less pressure than the ten-ply tires,

d. The position of each tire was changed at intervals
to eliminate any unusual condition of wear duo to poor wheel align-
ment or other factors.

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

Distances in Miles Traveled by Tires on Highway

Wheel Position and Load

Front Roar

Left Right Left Right

Left Right For. For. Rear Rear Total
Tire 3300# 33001r 4550* 455o 455 0 4554 24,800

U. S. Six-ply 306 1500 -- 281 --- 962 3049

U, S. Six-ply 962 --- 281 --- 1500 306 3049

Goodyear Eight-Ply 281 962 1500 --- 306 --- 3049

] Goodyear Eight-Ply ... .... 962 306 281 1500 "3049

Firestone ten-ply 1500 281 306 962 --- --- 3049

Firestone ten-ply --- 3U6 --- 1500 962 281 3049

. f. No tire failed during this test.

3. Tests were also made to determine the resistance t damage
of the tires in various plies when operated over very rocky terrain.

a. A Diamond T, 4-ton, 6 x 6, cargo truck, with rased
load, was operated over extremely rocky berrain with the following
tires which had not beon previously used: (See Fig. 1)

j (1) Two U. So 14.00 - 20, six-ply, sand type

(2) Two Firestone 14.00 - 20, ten-ply, earthmover
IV

(3) Two Firestone 14.00 - 20, twelve-ply, earth-
mover shallow design

10,,,226,-
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v igure 1. The two D-A'1 tond T 4-ton 6 x 6 cargo trucks which
were used in these tests.

.1 W

~7

Fi~gure 2__ Ter-ain 3elected for testing tires for service

life on rook 0
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Figure 3. United States 14.00 -20 6-ply tire striking large
rock.

0'% 4

Figurt 4. Firestone 14,00 -20 l2-.ply tire striking large rocec.
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b. As failures occurred, the tiros were replaced with
identical new ones.

C. A course 0.7 of a mile long through rocks was se-
lected so that it was not possible to drive without striking rocks
with all wheels at all times. The rocks were the maximum size that
could be driven over without striking and damaging the differential
cases of the truck. (See Figs. 2 to 4,)

d. The truck was driven as fast as possible, the limit-
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 maintained at 20 pounds per square inch.

e. The position of each tire was changed at intervals
to eliminate any unusual condition of wear due to poor wheel align-
ment or other factors, and all-wheel drix3 was used to further
equalize wear on all tires.

f. The following table shows the load on each tire,
and the distances traveled over the rock course in each wheel-
position on the truck. 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 areas

Distances in Miles Traveled by Tires over Rocky Terrain

Wheel Position and Load
Front Rear
I-Left Right Left Right

Left Right For. For. Rear Rear Total
Tire 330O0 330-" 4300 4300z 4300 4300f 23,80C#

*Us S. Six-ply .. .. . .-. .. 37 37

irestone Ton-ply ... 74 .. 74

*U. S. Six-ply .. .. . 66 -- 29 95

U. S. Six-ply 86 28 .. -- . 114

*Firestone Ten-ply 28 66 12 29 -- 6- 135

*U. S. Six-ply 29 66 -- 28 35 158

*Firestone Twrelve-ply 66 29 28 54 -- 177

Firestone Ten-ply - 86 -- 28 29 66 209

Firestone Twelve-ply .. .. 29 86 66 28 209
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Tires marked with an asterick (*) in the above table

failed due to interior breaks in the carcass caused by striking
rocks, except the Firestone twelve-ply. This tire went flat while

the truck was on the rock course, but upon inspection, no damage to
the carcass was discovered. A cut was found in the tibp, caused by
smail pieces of gravel which had entered through the valve-hole in

the rim.

ho The tread pattern of all tires used in the test was

cut and worn off from contact with the rocks., (See figs. 12 to 17)
In addition to this damage, on the Uo Ss tires the side-wall rubber

separated from the fabric, and a joint between the tread and side-

wall opened up. (See Figs. 10 and 11) This bond-failure at the
shoulder of the tread has been observed on all of the tiies of this

make which have been used, regardless of type of service, and is
apparently duo to the method of applying the tread-rubber and failure
to develop proper bond with the side-wall covering. It can not be
classed as a defect of six-ply tires.

IV DISCUSSION

14 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 operaced 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 an inflation pres-
sure of 20 pounds per square inch. This pressure was adopted for

the service tests because in actual service there would be occasions
when rocks would be encountered or highway operation becomes neces-
sary immediately after traversing soft sand without an opportunity
to re-inflate the tires.

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

a. It had been int.idod to run the tires to destruction,
but the test was terminated at the end of 3049 miles in accordance
with instrimctions rpeeiivd i n lettenr prXiu Py erred to fro-
the Engineer Board.

b. The ultimate life 6f these tires is not knovn, but
some of the original tires should have leted more than 10,000 mil.eso

c. , The treal design on the earthmover type tires showed
definite signs of wear, as was to be experted because this design
is not intended to have good wearing qualities on highways. This
is not regarded as significant because this test was only to deter-
mine the effect of nimber of plies, and any tread pattern can be
molded on a tire of any number of plies.
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Figuire 7. Typical interior break In United States 6..ply tire.
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Figure 8. Interior break in Firestone 14,00 -20 10-ply tire.

Id

Figure 9,Tpclpnhdpaei ue

-27



-;e

Fiue1.Sprto o iealfo ra

rube on UntdSae A ie hsi

apparently~~*(~ a al*ncosrcin ehd n

has~ 10. eaationnme of iealsrmtra



Figure 1.1. Separation of~ sidewall rubber from fabric on
United States 6-ply tire.
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Figure 12. New United
States 14.00 -20 six-ply

Figirre 13. United States
14.00 -20 six-ply tire
after 150 miles of
operation in rocky
terrain.
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Figure 14. Now
* Firestone 14.00 -20

10-ply tire.

Figure 15. Firestone
14~.00 -20 ten-nlv 'i
earthmover tire after
209 miles of operation

I on rocky terrain.
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* Figure 16. New
Firestone 14.00 -20

12-ply eartbmover
tire, shallow design.

Figure 17. Firestone
14.00 - 20 12-ply tire
after 209 milas of
operation over rocky
terrain.
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a. The fact that the six-ply tires operated without
failure would indicate that they are satisfactory for operation
in highway service.

3o From the record of tire failures on rocky terrain, it
can be seen that resistance to impact damage -i66ases with the
number of plies.

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

2. One ten-ply tire failed.

.g. No twelve-ply tire failed as a result of striking
rocks.

4. The test on the rocky terrain was extremely severe; in
most cases of actual servicet slower speeds would be used in
crossing such areas. However, in any off-road going, a tire is
apt to strike an isolated 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
that any of them c,. be considered vewt, uable. Tlhe followintg
damage to the truck was incurred:

a, Gas tank badly dented and hole punched in tank.

b., Gas tank developed leak due to vibration.

c. Brake airline broke repeatedly.

d. Radiator shell support bolt broke twice.

e. Hood hinge became separated.

S. Brake drum broken on edge by rocks.
g. Steering coiimn supon-r+. bnlts .c me

h. 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 caie if higher pressures had boen
lused, 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 equal in performance to the
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sxply tre. In this teatp it has been shown that the twelve-ply £
tire is as satisfactory as other plies for highway service, and
has a longer lf-e--pctanoy When subjected to severe abuse on
rocky terrain. The six-ply tire is unsatisfactory for use in rocky
terrain.

7 ~ This Brarnh does not have sufficient information as a
re; !t of ihi limited service life test to draw conclusions as to
thdifference ini of, the ten and twelve ply tires or to
estimate milog per pound of rubber for the various ply tires.

Vi BEGOM1hDAT.LO;iS

For general desert terrain, a compromise is necessary
between the tire giving the ms~a.tm sand performance and the tire
giving thi beat all-aroura desert service.

_D. The ten-ly or twelve-ply tires, with shallow
tread design, are recommended as satisfactory.

_b. The six-ply tire is not recommended.

SUB11ITTED BY
Burl Heileman,
Assistant Engineer.

APPROVED BY

Chief, Desert Test Branch.

I
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APPENDIX D

DIRECTIVES TO CONDUCT TIRE TESTS

Date Item Page

21 April 43 Letter from Chief of Ordnance requesting 253
that the Engineer Board conduct tire tests.

28 May 43 Letter from Chief of Engineers directing 257

tire tests be conducted.

28 June 43 Letter from Engineer Board requesting 258

approval of project MES 433, Service of
Tires for Engineer Equipment.

30 June 43 ist Indorsement from Chief of Engineers 261

approving project MES 433.
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WAR DEPARTMENT
Tank-Automotive Center

Robson/ck
Detroit., Michigan

April 21, 1943

Subject: Special Traction and Flotation Tire Test

To: Office of th-eo Chief of Engineers
New War Dspartment Building
Washington, D. C.

ATT: Lt. Col. F. S. Besson
Engineering and Development Branch

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

1. The Ordnance Department is providing one set each of
11.00-18 and 14.00-20 desert type tires to the following Service
Boards:

Field Artillery
Infantry

Armored Force
Tank Destroyer

2. These will be given tests for traction, flotation and
general service durability. They have not been shipped to Engi-
neer Board because it is understood considerable experimentation
has been conducted on these tires both at the Yuma Desert Test
Branch and at Fort Story. It is believed these tires are available
for tractibn and flotation~testing apt.your Gommand.

3. Steps are being taken 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
flotation ability of these desert type tires* It is believed they

rx ~ prv d C o 4 Acv.,1.1 il 4 ,n d n*Pr-r nrn n . vrc r fl

dual tires, and one of the principal objectives of this test will
be to establish or disprove this belief,

4. It is requested that the Engineer Board submit any
information available on this subject, and conduct any recessary
tests to add conclusive evidence to this subjr-ct,

*For the Deputy Chief of Ordnance:

/s/ B. J,.

JOSEPH M, COLBY
Lt. Col., Ordo Dept6
As si stant

2 5



F'HIBIT "A"

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

7 'Aheels.

20 x 10:00 CW
5-3/8" Dish
10 Stud 11-1/4" Stud Circle
Bull Type No. 46160-D-1
Wheel Ordnance No. 40890
2ing Ordnance No. C 91161
Nut Ordnance No. A 233035

Complete Wheel, Ring, Nut Assembly

7 Bead Locks Continuous Band

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

7 Flaps for Above Tires
*

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

2 Right Hand Hub Adapters

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

2 Right Hand Hub Adapters

3 Inch
Same Comments

2 Left Hand Hub Adapters

4 Inch

Same Comments

2 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 N, D. tread

0 8 Tubes for Same

EXHIBIT "B"

G.M.C. - 2-1/2-Ton, 6x6, CONVERSION. (For one Truck.)
0

7 Wheels, Ordnance Standard Divided Rim

18 x 8:00 CV
3-1/2" Dish
6 Stud 8-3/4" Stud Circle
Budd, Typb

Complete Wheel, Ring and Nut Assembly

7 Bead locks. Continuous Hinged Band
Similar to Goodyear D-10-L Type
Hinged Low Type Bead Lock
5.468" Width
See Tire and Rim Assot 1942 Handbook, Page P-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 used in test.

2 Right Hand Hub Adapters
1-1/2 Inches
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 sh-llow,
Non Directional, Mud tnd Snow

8 Tubes
For above tires.

.-.255-
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0.0.451.92/3257

Attn: SPOTT Perrine/cce
TAC 451.92/1578 1st Ind. Extent 4480

War Department, Ordnance Office, ASF, Washington, D. C., April 28
1943.

To: Office of the Chief of Engineers, Ne- War Dpartmsnt Building,
Washington, D. C. Attn: Lta Col. F, S, Besson, Engr. & Dev,

Br~aich.

1. Fomarded for compliance with request made in basic com-

munication.

For the Chief of Ordnance:

/s/W. Fred Jordan
Major, Ord. Dept.

for G. M. BARNES,
Major General, Ord. Dept.,
Chief, Technical Division,
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Office -f the Chief of Lrineers
W/ashing.=n

400.112(Tires )SEED
May 28, 1943

Subject: Special Traction and Flotation Tire Test.

To- The President,
The Engineer Board,
FORT BELVOIR, VIRGINIA.

!, Inclosed, for yov- iformation, is a letter from the
Tank-Auto!notive Center, da'rd April 21, 1943, on special traction
and flotation tires tests to be conducted by the Service Boards
meintioned in the first paragraph.

2. it is directed that the Engineer Board conduct compara-

tive test6 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 comprehensive
tests, the directive is rescinded.

3. Tests are to include traction, flotation, and general
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 tests.

By order of the Chief of Engineers:

/s/ E. L. Knutson
E. L. KNUTSON,

Captain, Corps of Engineers,
Assistant, Equipment Development Branch,

Engineering Division*
3 Incls.

Incl. 1 - Ltr frm TAC, dtd 4/21/43 to OCE W/lst Ind, File 400.112

Incls 2 - E;,hibit "At. (Tires)
Inclv 3 - Exnib4.t "B"o
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WAR DEPARTMENT
THE ENGINEER BOARD

CORPS OF ENGINEERS, U. S. ARMY
FORT BELVOIR, VIRGINIA

Refer to File No. 451,92 28 Jun 1943

Subject: Service Project for Tires.

To: Chief of Engineers, Uo 3. Army.

1. Office, Chief of Engineers letter to the Engineer Board,
dated May 28, 1943, file 4C0.112(Tires) SPEED, 451.92, contained a
directive 'to conduct traction, flotation and general service dur-
ability tests on 14:00 x 20 12-ply, and 11:00 x 18 10-ply desert
tires with special emphasis on performance in muds The 2f-tor.
cargo-dump and the 4-ton dump trucks; also under test at the Board,
to be wtil~zed in testing the tires?.

2. The testing of desert tires as directed, will necessarily
require a considerable amount of work and equipment, avd ray extend
over a long period of time. It is believed that this can bGst be
handled by setting up a Service Project to cover this activity, and
other problems relating tm tires,

3. It is requested that gervire Pr,'j(ct No. MES 433, Service

on Tires for Engineer Equipment, be authrrized.

For the Board:

/s/ Pot.r P. Goerz
Peter P. Goerz,

CoLonil, Corps of Engineers,
~xocuiveOfficer&

2 Incls.

Incl "Al & "B"

- ,
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INCLOSURE "A"

Project No. MES 433 Service on Tires for

Engineer Equipment

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 low-pressure
pneumatic tires fcr Engineer equipment, as directed by
the Chief of Engineers0

Military Characteristics:

Not applicable,

-

t
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INCLOSURE "B"

Project No. IAES 433 Service on Tires for
Engineer Equipment

Plan of Service

1. The Engineer Board has under test at this time, two 4-ton
dump trucks and eight 2"-ton cargo-dump trucks. One-half of thoce
trucks (including the 4-ton) will be equipped with low-pressure
(desert) tires. Dump trucks will be operated in pairs as much as
is practicable; one truck of each pair will be equipped with stan-
dard 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 operatcd.

2. In addition to the tests outlined in Paragraph 1, such
traction, flotation and rolling resistance tests will be conducted
in mudas the available facilities at the Engineer Board and the
immediate vicinity permit. The tests v&ll be started on or about
July 10, 1943, depending on the delivery of the ti'es and wheels
from the manufacturer. Th- actual test work -will be done by the
Transportation Test Section,

3. An interim report will be submitted to the Chief of Engi-
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 conclu-
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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GE 400.112 (Tires) SPEED Subject: Service Project for Tires

1st fnd.

Offioe, C. of E., 30 Juno 1943.

To: The President, The Engineer Board, FORT BELVOIR, VIRGINIA,

Service Project No. ?ES 433 for service testing tires
for Engineer equipment, in accordance with inclosures "A" and

" "B".9 is authorized.

By order of the Chief of Engineers:

/s/ James H. Stratton,
JAIKES H. STRATTON,

Colopel, Corps of Engineers,
Chief, Engineering Division.

2 2 Incls.

n/c

I



APPE!M1IX E

DIRECTIVE TO DISCONTINUE TIRE TESTS

Date Item

8 Nov. 43 Letter from Chief of Engineers rcaquesting 265
relocation of low pressure tire test area
with 1st indorsement by Engineer Boardi

14 Dec. 43 Letter from Engineer Board recommending 267
discontinuance of mud tests.

29 Dec& 43 First indorsement from Chief of Engineers 269
directing discontinuance of mud tests.



WAR DEPARTMIT

OFFICE OF THE CHIEF OF ,ENGINEERS
WASHINGTON

CE SPENG

8 November 1943.

Subject: Relocation of Tests on Low Pressure Tires in Mud.
(Wfork Order No. DME 3119).

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

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

By order of the Cn C of Engineers,

/s/ E. L. Knutson

for

WILLIAM J. NEW,
Major, Corps of Engineersi

Executive Officer, Equipment Development Branch,
Engineering Division,
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Subject: Relocation of Tests on Low
Pressure Tires in MIudo
(Work Order No. DM 3119)

CE SPENG
EB 400.1 (MES 433) Ist Ind.

Engineer Board, Fort Belvoir, Virginia, 13 Nov 1943

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

1. Tests of 11.00 x 18 and 14.00 x 20 low pressure tires now
being conducted by the 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 Decem-
ber 1943,.

2. 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 Labcratory for conducting tests,
there, should the tests at the Salton Sea be considered inconclusive.

p

3. After the tests are completed at the Salton Sea and the
data have been summarized, it may be found that no further mud test-
ing will be required. The Engineer Board will be in a better po- J'
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:

/s/ W. J. Matteson
W. J. 11atteson,

Colonel, Corps of Engineers,
Asst. Executive Officer.

II
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400.1 (M 433)

14 December 1943

Subject: Low Pressure Tire Mud Tests.
(Work Order No. D7E 3119),

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

1. Reference is made to a letter from your office dated 8

L November 1943 requesting transfer of low pressure tire mud tests
from the Salton Sea Area to The Engineer Test Laboratory for Soils
at Vicksburg, and to the 1st Indorsement thereto, dated 13 Novem-
ber 1943, which stated that this office would "furnish definite
information" as to the need for further mud tests about "l December
19431.

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

a. The procurement of sufficient data to indicate the
advisability of conversion, and to indicate the specific con-
version in the case of all vehicles of present design.

b. The procurement of sufficient engineering data
(tracTive effort, rolling resistance, carcass strength, etc.)
to enable the proper application of low pressure tires to
vehicles of new design.

These two problems are fundamentally diffecrent since, in the second
case, no restrictions exist, whtreas in the first case any con,.
version made is governed by such factors as bogie axle spacing di-
mension, load line displacements feesibility of field kits, etc.
As an example, the present 2-1/2-ton, 6x6, vehicle equipped with

*7.50x20 high pressure tires duals rear, is best converted to !l.OOxlC
low pressure tires singles all around, yet the tires for this vehicle
(if bogie axle spacing did not govern as it does in this case) ap-
pear to be ll.O0x20 l=w pressure. These, however, cannot be used
on a conversion basis, but new designs should take this into account,

3. Enough data now exists to make specific recommendations
as to the conversion of all present standard vehicles to low pressure
tires. Sufficient data does not exist to prepare traction effort
and rolling resistance curves (mud) for use in new vehicle design.
Approximately six months would be required to obtain Comprehensive
and adequate mud data for future design use,

-267-



Ltr to OCE
File 400.1 (MES 433)
Cont.

-4, While it is acknowledged that the 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 doubted that the lw pressure tire question
as a whole will pass through any more than phase one (conversion)
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 noi. obtained, the chances are that it
will not be obtained for several years which may conceivably jeo-
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 forces, prior toptheir use by our ovm forces.

6p The recommendations of this office are that no further
mud tests be conducted at tnis time. It is requested that the above
factors be considered, and this office be advised of the decision
made.

/s/ John W. N, Schulz,
John W. N, Schulz,

Brigadier General, U. S. Army,
President.

-
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CE SPENG Subject: Low Pressure Tire Mud Tests-,.

(Work Order No. DIE 3119).

1st Ind.

Office, C. of E., 29 December 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
the information may be furnished to Army Service Forces and the
Ordnance Department for their use in decisions affecting low
pressure tires.

By order of the Chief of Engineers:

/s/ William J. New

WILLIAM J. NEW,
Major, Corps of Engineers,

Chief, Equipment Development Branch,
Engineering & Development Divrision.

BASIC: EB to OCE dated 14 Dec. 1943
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APPENDIX F

LETTER REPORT SM-MRIZING TIRE TEST RESULTS

Date Item Page
4

21 Dec* 43 Letter from Engineer Board summarizing 273
test results, submitted prior to prepa-
ration of test report.



400.1 (MES 433) 21 December 1943

Subject: Special Traction and Flotation Tire Test.

To: Chief of Engineers, Vo So Army.

1. Reference is made to letter your office, subject above,
daced 28 May 1943, file 400.112 (iLres) SPEED, which direzted com-
parative tests of 2k-Ton and 4-Ton vehicles equipped with low
pressure tires as compared with the same vehicles with standard
tires. The tests conducted in compliance with that 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 infor-
mation as to the major conclusions reached as a result of the tests
conducted. During all tests special emphasis was placed on relative
performance in mud of the two types of tire equipment under identi-
cal loading conditions. The following major conclusions have been
reached.

a. That the mud performance of the 4-ton, 6 x 6 truck,
equipped with 14.00 x 20-12 ply "desert" type tires, singles
all around, is definitely and under all conditions tested
superior to the mud performance 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, i.e.,
under highway inflation, 25 miles per hour off-road inflation,
limited operations inflation, or Ordnance sand minimum infla-
tion, The same relative performance extends also to these
vehicles with tires equipped vitb chains, In each case, the
rolling resistance of the 14.00 x 20 tire (singles) was less
and the tractive effort greater, than with the 9*00 x 20 tire
duals rear.

b. That the mud performance of the 21-Ton, 6x6 truck,
equipped with 11.00 x 18-10 ply "desert" type tires, singles

l- r "n ii ..... gn r~al to the mud performance of
the same vehicle when equipped with 7,50 x 20-8 ply non-direc-
tional mud and snow type tires, duals rear. 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-
as.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. That the mud performance of the 2-Ton, 6 x 6, could
be made comparable with the mud performance of the 4-Ton, 6 x 6
(14.00 x 20 singles), if 12.00 x 20 tires could be used on the
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vehicle. This conclusion is based on load-performance studies
wtich indicate that best performance results when wheel loads
oomparable.to those of the 2-ton, 6x6, are supported by tires
of about l2tO0 x 20 size.

d. That the g~neralbeervice durability of the 11400 x 18
and 3100 x 20 "desert" type tioe, when applied to tho %Z-ton
an& 4-ten vehicles, is satisfactory.

e. That, in view of the results of these tests and of
porformance Qomparison tests previous3y conducted in soft sand
and other difficult terrain with these same tires, it is-con.
cluded that these tires should be standard equipment on all
2! and 4-Ton, 6x6 vehicles in tactical units.

2. The following recommendations are made, based on the mud
tests and all previously conducced tests in difficult terrain.

a. That the 11.00 . 18-10 ply "desert" type, tire be de-
clare standard equipment for all 2 -Ton, 6x6 tactical vohicls

b. That the 14.00 x 20-12 ply "desert" type tire be de-
clared standard equipment for all 4-Ton, 6x6 tactical vehicles.

co That conversion kits, based on Inclosures I and 2
hereto, be issued to troops as soon as may be practicable to
effect this recomiended conversion*

dt That, in ne event that a redesign of the present

2--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 "desert'type tires.

et - That a copy of this letter report be made available
to Major 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 Presidunt.

/s/W. J. Matteson,SW. J. Matteson,

Colonel, Corps of Engineers,
2 Incls. Executive Officer.

Incl. 1 - Suggested Conversion
Kit for 21-Ton Truck (in dup)
dIncl 2 --Sggested Conversion
Kit for-4-Tdn Truck (in dup)

cc w/inclss The Engineer Board
Desert Warfare Section

Thermal, California
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APPENDIX G

CORRESPONDENCE RELATIVE LOAD AND INFLATION DATA

1814ay 43 Letter from Chief of Ordnance coverinig 277
I •specific load and inflation data, with ist

and 2nd indorsements to the Engineer Board

3 July 43 Letter from Engineer Board requesting con- 280
filanation of specific load and inflation

data and 3rd indorsement with revised in-
flation data.F.-

rb
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WAR DEFARUMENT
ORDNANCE DEPAR2IENT

VTank iutomotive 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 and Flotation in
Mud or Sand.

To: Office of the Chief of Engineers

New \War Department Building
Washirgton, D. C.
ATTN: Lt. Col. F. S. Besson

D.%ginoering and Development Branch

TR: Office of the Chief of Ordnance
Pentagon Building
Washington, D. C.
ATTN: Chief, Technical Division

1. This acknowledCG your request by telephono to this office
May 15, 1943, for instructlois on conducting the above tests.

2. The following instructions wo'e issued to various Service
Boards that arc conducting similar tests:

Load Inflation
Tire Size Front Rear General Service Mud or Sand

11.00-18 10-Ply 2650# 3# ) To be determined
14.00-20 12-Ply 3650# 65# ) by test.

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

7 Wheels, complete with 8.00 CV divided rims, side rings,

and flange nuts #L82497

2 Spacers, right band -#C2491

2 Spacers, left hand #82492

The manufacturer's numbers are those of the Motor 'hcol
Corporation, Lansing, Michigan.
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4-Ton 6x6 Truck

7 10.00-20 CW Wheels with 4-3/4" dish, #47280-DI

The manufacturor's number is that of the Budd 11hool Company,
i Detroit, Michigan.

A speedometer adaptor will be required for both vehicles,
and unloss other moans are available for inflating the tires on the
24-Ton 6x6 Truck, and air compressor should be applied to thc vehicle.
Information on the speedometer adapt3r and air compressor may be ob-
tained from Major F. R. Hail, Eigineering and bienufacturini Branch,
Trucks and Trailers Unit, Tank-Automotive Center, Fisher Building,

Detroit, Michigan. 1

For the Chief of Ordnance:

/s/ Joseph i. Colby

JOSEPH M. COLBY
Lt. Col., Ord, Dept.
Assi staat
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0.0 400.112/3695 Mort'n/mb
Attn: SPOTT
TAC 400.112/1836 1st Ind. 4481

lJar Department, Ordnanco Office, ASF, Washington, D. C., Juno 4, 1943.

To: Office of the Chief of Enginoors, Attn: Eaginooring & DevelopmentIL Branch, Lt. Col. F. S. Besson.

1. Forwarded is basic communication listing Service Board test
information for Desert Typo Tires, 11.00-18 and 14.00-20.

For the Chief, Technical Divisions:

/s/ Y.. F. Beasley

I. F. BEASLEY

Chief Engr., Tank & Motor
Transport Development

Liaison.

2nd Ind.

Office, C. of E., Juno 9, 1943.

To: The President, The Engineer Board, FORT BELVOIR, VQGfliIA.

1. Forwarded.

2. Your attention is invited to the directive to the Engineer
Board, dated iiay 28, 1943, from this office, on Special Traction and
Flotation Tire Test, in which it was directed that tho angineor Board
conduct comparative tests on cargo dump and dump trucks equipped with
the subject tires.

By order of the Chief of Engineers:

/s/ F. C. Kendall

F. C. KRIDtaL,
Lt. Col., Corps of Engineers,

Exec. Officer, Equipment Development Br.
Engineering Division.

~-27.9-



451,92 3 July 1943

Subject: Tests of 11:00 x 18-10 ply and 14:00 x 20-12 ply Desert
Typo Tires for General Service Durability and Flotation
in Mud or Sand.

Through: Chief of Engineers, U. S. Army.

To: Ordnance Department, Tank i utomotive Center,

Engineering Offices, Fisher Building,

Detroit, Michigan.

Attn: Lt. Col. Joseph M. Colby
Ordnance Department.

1. With reference to your letter of 18 May 1943, file T C
400.112/1836 SPWD-R.

2. Paragraph 2 of your letter lists the general service
inflation pressure of the 14:00 x 20-12 ply tire as 65 pounds for
a load of 4,620 pounds. Tho inflation pressure given is for a
load of 6,780 pounds as listed in the milita.ry supplement of the
Tire and Rim Association, Inc., Page ,i-l-A. For a load of 4,620
pounds, the general service inflation pressure should be 34 pounds.

3. The various Service Boards conducting tests should probably
be informed of this corroction.

For the Board;

/s/ Peter e. Goorz

Peter P. Goerz,
Colonel t Corps of nginoers,

Executive Officur.

BASIC :

Ltr. frm Lt. Col. Colby,
Ord. Dept. thru Office,
Ch. of Ord. to OCE, dtd
5/18/43
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t TAC 451.92/2162

Attn: SP(iD-RO.O.M. 451.92/3718

C.E.400.112(Tires)SPENG 3rd mLd. Robson/it

War Department, Tank-iAutomotivo Center, Development Brant' Detroit,
Miohigan, 28 July 1943.

To: Office of the Chief of Ordnance, Technical Division, Pentgon
Building, Washington, D, C.
ATTENTION: 11r. vi. F. Boasley

1. Comment of the Engineer Board is ontirely correct, and this
office reissued all Service Board test forms on 9 July, rovising this
to use the following inflations:

Normal 40#
Cross Country 25#
Emorgency 15#

2. For normal operations 4O is reco-mended in or&er to realize
maximum wear and resistance to wiping, although it is acknowlodgcd
that 3'4j will carry the load imposed those tires.

/s/ B. J. Lemon

B. J. LEIAON
Lt. Col., Ord. Dept.
Chief, nubbor Section

Development Brtu-nch

&
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