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FOREWORD 

The :investigation reported here:in was conducted from May 196l+ to 
January 1966 by the U. S . Army Engineer Waterways Experiment Station 
( WES ), Vicksburg, Mississippi, for the Landing Gear Group, Air Force i 
Flight Dynrunics Laboratory, Air Force Systems Command, United States Air 
Force, under USAF MIPR AS-4-177, dated 8 May 1964, to develop landing 
gear design criteria for the CX-HLS aircraft (later designated the C-5A 
aircraft). This manuscript was released by the authors in ,July 1967, for 
publication as an RTD Technical Report. 

The :investigation reported herein was conducted under the general 
supervision of Messrs . W. J . Turnbull, A. A. Maxwell, and R. G. Ahlvin 
and under the direct supervision of Mr . D. N. Brown. Other :personnel 
actively engaged in the study were Messrs . C. D. Burns, D. M. Ladd, IL H. 
Ulery, Jr ., W. J. Hill, Jr., W. N. Brabston, J.E. Watkins, G. M. 
Hammitt II, A.H. Rutledge, A. J. Smith, and M. J. Mathews . Several tests 
were conducted by the Army Mobility Research Branch, Mobility and 
Environmental Division, WES , under the general s_upervision of Messrs . W. G. 
Shockley, S . J. Knight, a.----id D. R. Fr<;!i tag and under the -direction o:f 
Mr . J. L. Smith . This report was written by Messrs . D. M. Ladd and H. H. 
Ulery, Jr. Appendix II was written by Mr . W. N. Brabston . The Flight 
DynamicR Laboratory eng:ineers who monitored this program were Messrs . Peter 
Smits, Robert;;. Parker, and Paul Wagner working under the supervision of 
Aivars V. Petersons, Technical Manager. 

Directors of the WES during the coduct of the study and the prep­
aration of this report were Col. Alex G. Sutton, Jr ., CE, and Col . Jor..n R. 
Oswalt, Jr ., CE. Technical Director was Mr. J.B. Tiffany . 

FDR THE DIREC'IOR 

.¼ ~~~ 
AIVARS V. PETERSONS 
Actg Chief, Mechanical Branch 
Vehicle Equipment Division 
AF Flight Dynrunics Laboratory 
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ABSTRACT 

The Flexible Pavement Branch, Soils Division, U. S . Army Engineer 
Waterways Experiment Station (WES), Vicksburg , Miss ., has conducted a 
series of tests to establish aircraft ground-flotation criteria with 
special emphasis on developing criteria for the C- 5A aircraft . This 
report presents an analysis of data collected as a result of traffic tests 
on unsurfaced soils and soils surfaced with M8 and Tll landing mat . Also 
presented are introductory and background information on the WES ground­
flotation research program, a description of the test equipment, materials , 
procedures, and techniques used, and examples of use of the criteria . 

This abstract is subject to special export controls and each trans ­
mittal to foreign governments or foreign nationals may be made only with 
prior approval of the Air Force Flight Dynamics Laboratory (FDFM), Wright­
Patterson AFB , Ohio 45433 . 
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SUMMARY 

This r eport summarizes results of an extensive study to develop 
a method f or designing an effi cient l anding ge~r configurat i on for 
a ircraft required to operate on TO - type airfields . This me t hod was de ­
veloped from a series of ground- flotation tests conducted on mat - surfaced 
subgrades and .unsurfaced subgrades . Also presented is a discussion of t he 
t esting procedures and techniques and of the data anal ysis of all tests 
conduc t ed in conjunction with the ground- flotation investigation, in ­
cluding tracking, drag , and speed tests . 

To develop crite r ia for the effi c i ent design of a i r craft landi ng 
gear , a series of t r affic tests was conducted with numerous wheel con ­
figurations, loads, and tire pressures . The configurations varied from 
a single wheel up to 12 wheels; the loadings varied from 1000 to 273 , 000 
lb; t he t i re pressures ranged from 10 t o 250 psi, and wheel spacings 
varied from 2 . 0 radii up t o 6.8 radii . These tests provided sufficient 
data t o develop ground -flotation criteri a for a wide range of conditions . 
The data were analyzed to develop basic single -whee l criteria . Then a 
method of extending the singl e-wheel criteria to multiple - wi:1eel do.ta was 
determined . Drawbar pull measurements were made at the beginning of each 
t est, at int ervals during testing , and at failure in order t o obtain drag 
information . 

Sever al scale model tests were conducted to obtain speed versus drag 
data . These tests were run using ¥arious speeds, l oads , tire pressures , 
and t i r e sizes . Tbe principles of scale modeling were used in planning 
t hes e t ests sc that dimensional analysis pri nciples could be used in 
ana~y,zing the re sul t s . 

Sp ecifically, i n this study: 

a . Si ngl e -wheel or equival ent singl e -wheel loads were r elated t o 
ti re p r essure i n terms of an index of available a irf i eld sur ­
facing strength ( IA) for Tl l and MS landing mats . 

b . ·unsurfaced-soil s t r ength r equirements wer e r e l ated t o s ingl e ­
wheel or equ i valent singl e -whee l loads, tire p r e ssure s , and 
coverages . 
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c . A procedure f'or resolving multiple-wheel loads operating on 
landing mats or unsurfaced soils to an equivalent single-wheel 
load was developed by relating spacing to percent increase in 
single -wheel load f'or each adj acent wheel . 

d . Results of' the simulated C- 5A t est (12 wheels ) on l anding mat 
compared favorably with the Tll criteria but indicated that the 
MB crit eri a were conservative f'or the C-5A type l oading . 

e . Results of' the simulated C-5A tests (12 wheels ) on unsurfaced 
soils were more favorable than the criteria developed for 
determining ground-flotation requirements indicate . However, 
the criteria are considered applicable to the C- 5A because of' 
the unknown ef'f'ects of' turning and braking on unsurfaced soils. 

f' . Drawbar pull measurements were rel ated to soil subgrade strengths 
f'or Tll and MB landing :rnats and for unsurfaced soil . 

~ - The general t rend of' the effect· of' tire size, tire ply rating , 
and t ire pr essure on ground-flotation capabilities of' a i rcraft 
operating on unsurfaced soil was determined. 

h . A general relation between velocity and drag was establ ished f'or 
slow speeds and small loads . 

i . A general relation between tire contact pressure and tire infla­
tion.pressure was established f'or the types of tires used . 
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SECTION I: INTRODUCTION 

Background 

Aircraft designers must design aircraft landing gears t hat will 
allow aircraft to fly a given number of sorties from a designat ed air-
fie"id. The current concept of aircraft operation i n a theater-of- i 
operations (TO) is that heavy-cargo aircraft must be capable of flying in 
and out of areas very close to combat troops. This concept requires 
that some type of airfield from which the aircraft can operate be con-
structed in these areas. In the TO, the airfields that are constructed 
will either be surfaced with airfield landing mat or remain unsurfaced . 
Either of t hese t ypes of airfields usually has a low strength and a short 
life, making it capable of accommodating most heavy-cargo aircraft f or 
only a few takeoffs and landings . Therefore, newly developed aircraft 
must be designed so that they can perform a suffici ent number of takeoffs 
and landings to accomplish the desired mission on low-strength airfields . 
This requires the aircraft landing gear to have a sufficient number of 
tires of such a size , inflation pressure , and spacing that they will not 
overload the airfield. 

The C-5A is a heavy-cargo aircraft with a maximum gross wei ght of 
700,000 to 800 ,000 lb and a combat weight for support areas of 500,000 to 
600,000 lb. The mission of this aircraft r equires that it operate in 
c~w~at areas from support -area airfields which characteri stically have 
a strength equivalent to that of M8 landing mat en a 4 -CBR subgrade . To 
operate ~n this type of airfield requires t hat adequate flotation be 
designed into the l anding gear. Criteria for determining ground-flotation 
requirements for aircraft l anding gear are contained in U.S. Army Engineer 
Waterways Exper.i.ment Station (WES) Miscellaneous Paper No . 4-459, "Ground­
Flotation Requirement s for Aircraft Landing Gear, "l* and U. S. Air Force 
Systems Command , Headquarters, "Handbook of Instructions For Aircraft 
Design," AFSC Manual 80-1. 2 However, the criteria presented therein are 
somewhat limited because they are based on only a small amount of data, 
and most of the criteria have received only l i mited validation . It was 
determined that for a program as large as the C-5A program, the criteria 
should be further validated and improved. The Air Force , therefore , 
request ed that WES conduct a series of tests to develop adequate ground­
flot ation criteria for the C-5A, which could also be applied to other 
aircraft . In addition, the WES was requested to make a study of the roll­
ing resistance forces that might be experienced by the C-5A and t o try 
to develop a relation between speed and rolling resistance. 

* Raised numbers refer to similarly number ed items in the list of 
References following the text of this report. 
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Purpose and Scope 

The purpose of this report is to summarize results of an extensive 
study to study a method for designing an efficient landing gear configura­
tion for aircraft required to operate on TO-type airfields. This method 
was developed from a series of ground-flotation tests conducted on mat­
surfaced and unsurfaced soils. Also presented in this report is a discus­
sion of the testing procedures and techniques and of the dat'.1 analysis of £ 
all tests conducted in conjuction with the ground-flotation investigation, 
including the traffic, rolling resistance, and speed tests. 

To develop criteria for the efficient design of aircraft landing 
gear, a full series of traffic tests was conducted with numerous wheel 
configurations, loads, and tire pressures. The wheel configurations 
varied from a single wheel up to 12 wheels; the loadings varied from 1000 
to 273,000 lb; the tire pressures ranged from 10 to 250 psi, and wheel 
spacing varied from 2.0 radii up to 6. 8 radii. The multiple-wheel tests ' 
were run to determine the effect of tire spacing on equivalent single­
wheel loads. These tests provided sufficient data to develop ground­
flotation criteria for a wide range of conditions. The data were analyzed 
to develop basic single-wheel criteria. Then a method of extending the 
single-wheel criteri a to multiple-wheel data was determined. 

Drawbar pull measurements were made at the beginning of each test, 
at intervals during testing, and at failure These measurements were 
made to obtain rolling resistance information. 

Several t ests were conducted in the WES Army Mobility Research 
Branch (AMRB ) test facility to obtain speed versus rolling resistance data . 
Twenty-three tests were run using various speeds, loads , tire pressures , 
and tire sizes. The principles of . scale modeling were used in planning 
these tests so that dimensional analysis principles could be used in 
analyzing the results. 

Reporting of Data 

All data collected under this investigation are reported as separate 
parts of this series of reports. The following list relates each report 
part to the information contained therein. 

Report Part 

I 
II 
III 
IV 
V 
VI 
VII 

Title 

Basic Report 
Data Report on Test Sect.ion 1 
Data Report on Test Section 2 
Data Report on Test Section 3 
Data Report on Test Section 4 
Data Report on Test Section 5 
Data Report on Test Section 6 
(Continued) 
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Report Part Title 

VIII Data Report on Test Section 7 
IX Data Report on Test Section 8 
X Data Report on Test Section 9 
XI Data Report on Test Section 10 
XII Data Report on Test Section 12* 
XIII Data Report on Test Section 13 
XIV Data Report on Test Section 14 
xv Data Report on Test Section 14A 
XVI Data Report on Test Section 15 
XVII Data Report on Test Section 16 
XVIII Data Report on Test Section 17 
XIX Data Report on Light-Load Tests 

* Test section 11 is rep§rted separately as the 
Model Wide-Tire Report . 

Definitions 

Some of the terms used in this report are defined as follows: 

a. Flotation. The floating or supporting of an aircrfu.-"'t on the 
ground by a landing gear system. 

b. California Bearing Ratio (CBR). The CBR is a measure of soil 
strength and is used to evaluate the ability of soils to resist 
shear deformation. The CBR test is conduct ed by forcing a 
2-in.-diam piston into the soil . The load required to force 
the piston into the soil 0 .1 in. is expressed as a percentage 
of the standard value for c~ushed stone . This percentage is 
the CBR. ( SP~ MIL-STD-621Ab for standard testing procedures .) 

c. Cone index (CI). An index of so j_l strength obtained with the 
cone penetrometer. It is the unit load req_uired to maintain 
movement of the cone -shaped probe normal to the surface of the 
soil . It has the dimensions pounds per square inch, and is 
usually given as an average value for a specified layer of 
soil several inches thick. 

d. Coverage . Sufficient passes of load tires in adjacent tire 
paths to cover a given width of surface area one time . A 
coverage is equivalent to the load repetition factor used in 
previous ground-flotation studies . 

e. Equivalent single -wheel load (ESWL) . A load on a single tire 
which produces effects on the supporting medium that are 
equivalent to the effects produced by a load on a multipl e ­
wheel assembly . 
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f. Equivalent radius . The radius ·of a circle having the same area 
as the gross contact area of a single tire. 

g_. Theater -of-operations (TO) airfields. Limited-life facilities 
which are classified and defined as follows . 

h. Rear-area airfields . TO airfields that nonnally must support 
the operations of heavy - cargo aircraft, medium-cargo aircraft, i 
and fight er -bomber aircraft for a period of 4 to 6 months. Th~ 
controlling rear - area airfield is characterized as a field having 
the equivalent of a Tll landing mat surface lying directly on 
a 4-CBR subgrade . 

i. Support-area airfields . TO airfields that normally must support 
t he operations of medium -cargo aircraft ( and conceivably certain 
fighter -bomber aircraft designed for close tactical support) 
for a period of 2 to ~- weeks . The controll ing support-area 
airfield is characterized as a field having the equivalent of 
an M8 landing mat surface lying directly on a 4-CBR subgrade . 

~· Forward - area airfields . TO airfields that must support the 
operations of liaison, observation, and light -transport - type 
aircraft, including heavy - cargo helicopters, f or·a period rang ­
ing from a few days to 3 weeks. The controlling forward- area 
airfield is characterized as a field having a 4 -CBR subgrade 
with no structural surfacing . It should be noted that an air­
craft having sufficient flotation to orer.ate or. u 4- CBR subgraae 
for a substantial number of operations will have the capability 
of operating a fewer number of times on subgrades having 
strengths below 4 CBR. 

k. ~ For the purpose of this report drag and rolling resistance 
have the same meaning . 
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Test Section 

A layout of a t-.:r.9ical test section is sho,m in Figure l . The test 
s ections genera_l_y -... -e::-e constructed with two traffic lanes, and each 
t raffic lane co_sis~e~ of three items . The natur--al soi_ in most test 
sections was ezca-ra-'-ec. to a depth of 6 ft, ·and the excavation was back ­
filled with the s::i_s described below . For the initial tests, two test 
sections were e..xce.--ate to a depth of only 2 ft. This was consist ent with 
past practice z.:-_~ ~s consicered adequate for tne loads and wheel spacings 
u sed . However: -,.,ecause of the magnitude of the loads and the very wide 
wheel spacings i1Folved in many of the later tests, it was decided that 
t est sections SI'-oula oe excavated at l east to a depth of 6 ft . Aft er 
backfilling ,ras co:::yleted in each test section and the desired s oil 
strengths were obtained, one test i tem was surfaced with Tll landi ng mat, 
one i tem was surfaced with M8 l anding mat, and one item r emai ned unsur­
f aced . The ite~..s of a test section were constructed so that when com­
pleted they would have i:::01:iparable strengths . That is, the subgrade CBR 
s trengths were prepared so that each item would ha-✓e about the same capa­
b i l ity for carrying traffic . The TU .mat on a 2-CBR subgrade was con ­
s idered a.pproxinately equal in strength to 18 mat on a 4 -CBR subgrade or 
an ·unsurfaced ite~ with a soil strength of 10 CBR . Once the test· secti ons 
were constructed, they were ready for trafficking . 

Soils 

Classification data and gradation curves for the subgrade soils used 
in the ·test sections aye shmm in Fig1ne 2 . The two soils used were gen­
erally the same with only some small differences in characteristics . Soil 
No. 1, used in test sections 1 - 4, was a fat, buckshot clay ( CH) with a 
l i quid limit of 58 , a plastic limit of 27 , and a plasticity i ndex of 31 . 

_B.oi-l o . 2, used in all other test sections , was a fat , buckshot clay ( CH) 
with a liquid limit of 61, a pl astic limit of 24, and a p l asticity i ndex 
of 37, These soils wer e used primarily because their strengths can be 
easily controlied and maintained . 

Landing Mat 

As indicated i n the definitions of TO - type airfield.s , the strengths 
of t he r ear-area and support area a irfields are defined in terms of Tll 
and MB l anding mats, r espect i vely. Therefor e, the Tll and M8 mat s shoul d 
be used in the ground- flotation study . 

The M8 is a hea-ry, deep - ribbed, steel !!'.at. Figure 3 shows MB mat, 
and a complete description of the mat is given in fiES Technical Memorandum 
No. 3- 324 , "Airplane La..11.di.11g Mat Investigation, Engi.neering Tests on Steel, 
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• Pierced Type, M8 and Aluminum, Pierced Type, M9 . 11 3 

The modified Tll mat is a lightweight, extruded-aluminum panel with 
a solid surface . Tll mat is shown in Figure 4, and a complete description 
is given in vlES Technical Report No . 3 - 634, "Engineering Tests of Ex­
perimental Tll Alumirn,1m Airplane Landing at. 11 4 

Load Carts 

The load cart with which the majority of the test traffic was ap ­
plied is sho~m in Figure 5. The cart is drawn by a commercial - type 
tractor and consists of an interior load compartment with loaded tracking 
wheels and an outer support frame . Weights were placed in the load com­
partment to provide the desired test load, and the configuration and tire 
size of the tracking wheels were varied according to test requirements . 
The load compartment is connected to the frame by a single draw pin in the 
front, providing free vertical movement independent of the frame . The 

. frame prevents lateral movement of the load compartment but does not pro­
duc e any significant load on the test section. The wheels of the tractor 
traffic the test section, but the weight and tire pressure are small and 
this traffic is considered negligible . 

The l oad cart shovm in Figure 6 is similar to the one discussed 
above, except that it balances itself and has no need for an outer frame . 
This cart was used for the twin-twin assembly tests . 

The load cart used to apply the prototype load traffic (12-wheel 
tests) is shm-tn in Figure 7. Th.is load cart is driven by electric motors 
located in each wheel and consists of a power unit and frame and three 
interior load compartments with the tracking wheels. Weights were placed 
in the load compartments to provide the qesired test load, and the con­
figuration and tire size of the tracking wheels were varied according to 
test requirements. The load boxes are interconnected , and the forward 
box is connected to the frame by two draw pins. The boxes are free to 
move in a vertical direct ion independent of the frame. This load cart 
was operated in such a manner that the wheels of the frame and the power 
unit did not traffic the test section . 

The load cart used for several single -wheel tests is shovm in Fig ­
ure 8 . This cart consists of the front end of a 2-1/2 - ton truck and a 

· special frame which contains the tracking wheel . A wheel is cantilevered 
to the side of the frame to provide support . The load for the tracking 
wheel is applied directly to the fra.~e . The truck and cantil evered whee l 
are balanced with weights so that when the load is applied to the tracking 
wheel, the vehicle will not overturn. The front wheels of the truck traf­
fic the test section, but the weight and tire pressure are small and this 
t raffic is considered negligible. 

Severe.l special tests using model wide tires9 were conducted . The 
load cart for these tests is shown in Figure 9 . This cart consists of the 
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front end of a 2 -1/2-ton, 6x6 truck and a frame constructed to cantilever 
the tracking wheels off to the side of the truck. A platform which was 
loaded to apply weight to the wheels was constructed above the tracking 
wheels . The platform and wheels were connected to the special frame in 
such a manner that they provided free vertical movement . The configura­
tion of the tires and tire sizes on the. tracking assembly were varied 
accordi ng to test requirements . 

Tires, Wheels, and Axles 

The sizes and characteristics of tires used in the ground-flotation 
studies were determined by a combinat i on of test requirements and a'mila­
bili ty . Considerations of timing and availability r equired substitution 
of some tires of sizes different than those stated in the test plan . The 
tires used in most tests were not new; therefore , there were individual 
variitions even among tires of the same size . The tire sizes used for 
traffic tests are sho,m in Tables I, II, and III. 

The tire wheels used in the tests were actual aircraft wheels ob­
tained from the Air Force . However, the axles had to be made so that they 
not only would fit the wheels but also could be attached to the load 
carts . Axles were made for each whee l size . 

AMRB Facility 

A description of that p6rtion of the AMRB test facility and related 
equipment used in this investigation is given in part XIX of this report. 
A more complete description of the facility and related

5
equipment and test 

procedures and techniques is presented in WES TR 3-666 . 
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SECTION III ; TESTS 

Traffic Tests 

A series of traffic tests that would provide the data needed for de­
velopment of ground-flotation criteria was planned . These tests are 
presented in Table VII of Appendix I which describes the test plan for t 
development of design criteria for the CX - HIS aircraft . However, the tes~s _. 
which were actually performed varied somewhat from those which were 
planned because of special te3t developments or because some tests indi -
cated that other planned tests were unnecessary . A surmnary of the results 
of tests actually conducted is shown in Tables I , II, and III. 

The traffic tests were conducted to simulate actual aircraft traffic 
on an airfield; A load cart was prepar ed by attaching the desired number 
of tires of a given size and spacing to an axle and connecting the axle to 
a load cart . The tires were inflated to the inflation :pressure specified 
by the test plan, and the cart was loaded to the desired test load . The 
l oad cart was then driven back and forth across the t est lane . Traffic on 
test lanes 1 through 11A was evenly distributed, i . e . all points in the 
traffic lane received the same amount of traffic . However, experience 
has indicated that in actual operation of aircraft the center portions of 
a runway or taxiway receive rr.ore traffic than the outer edges, and the 
distribution of the traffic is a normal statistical distribution . There­
fore, test lanes 12 through 37 were trafficked using the normal distribu­
tion in order to better simulate an actual traffi.c si tuB.t ion . Guidel_;_nes 
placed on the test section for the load cart to follow while applying traf­
fic were spaced to allow control of the distribution of traffic across the 
traffic lane . 

Drawbar Pull Tests (DBP) 

DBP measurements ( Table IV) were taken in conjunction with the 
t raffic t ests and were obtained before traffic , at any significant point 
during traffic , and at failure. These tests were conducted by connecting 
a l oad cell between the power unit of the load vehicle and t he load box . 
A t ypical load cel l hookup i s shown in Figure 10 . The DBP force was mea­
sured as the power unit transmitted force to the load box through the 
l oad cell . The load cell was equipped with strain gages that fed an 
electrical signal into an amplifier , which translated the strain into 
pounds force and transmitted this information into a continuous strip 
r ecorder from which the DBP could be read directly . 

DBP measurements obtained from related studies are shovm i n Table V. 
These data were obtained from tests conducted by the Douglas and Boeing 
a i rcraft companies . Two types of data were provided by the Douglas com­
pany . One set of data was obtained during traffic tests on unsurfaced 
soil and M8 landing mat by connecting a load cell between a tractor and 
a load cart . The other set of Douglas data and the Boeing data were 
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obtained during actual flight tests at Harper's Dry Lake in California 
by towing the aircraft with a tractor and measuring the DBP by use of 
a load cell. 

Speed Tests 

To accomplish the necessary speed t esting, soil subgrades were con - . 
structed to a uniform strength, with approximate~y the same strength 
being used for all tests. The speed tests were then conducted on these 
subgrades using single-wheel loads and several velocities , as shovm in 
Table VI, A single wheel with a gi ven tire pressure was loaded to the 
designated weight and then towed down the subgrade at a designated 
velocity . Each test consisted of individual passes down the soil subgrade 
with all necessary data being recorded on each pass . 
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SECTION IV: FAILURE CRITERIA 

The failure criteria presented b elow were used to judge fai lure o f 
items during traffic t esting . See Appendix II for definitions of terms . 

... .. _~_ 

a . Unsurfaced items . Failure o f unsurfaced items was based primarily 
on permanent deformation or rutting . Ho -,ever, el astic deflection . 
was also taken into consider.at ion . When rutting exceeded a 3- in . 
depth, an item was judged fai l ed . Failure was also considered to 
have occurred when the el ast ic deflection exceeded 1 . 5 in . 

b . Landing mat . Failure of the mat - surfaced items was judged on 
the basis of (1) development o f roughness, and (2 ) excess ive mat 
breakage . When deviations of the rr.at surface f r om a 10-ft 
straightedge equal ed or exceeded 3 in . in any direction within 
the traffic lane, the t est item was considered f ailed due to 
roughness . When mat breakage developed in 10 percent or more 
of mat panel s within the traffic l ane , the test it em was 
considered failed. 
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SECTION V: DATA COLLECTION 

Soil Data 

Water content, density, and CBR determinations were made prior to 
traffic, at interval s during traffic when a change in strength was indi ­
cated, and at the point of failure in all test items . However, when 
failure occurred after a few passes , only the before - traffic data were 
obtai ned . This was done because the time - to -failure lapse was not suf­
ficient to permit a change in soil characteristics . Soil tests were made 
a t the surface of the soil and at depths of 6, 12 , and 18 in . Three 
tests were made at each depth . The rated strength of the test items was 
normally based on combined effects of the CBR values for the surf ace and 
for 6 - and 12- in . depths for all data obtained bef ore , during, and at 
end of traffic. However , in certain instances, extreme or i rregular 
values were ignored when the analyst decided that they were not properly 
r epresentative . Test procedures and _techniq~es f or these soil tests are 
presented in Military Standard MIL-STD -621.A. b 

Coverages · 

A coverage is a measure of the amount of traffic applied to a test 
item . Coverages were recorded at failure of a test item and at any time 
that significant measurements or observations were accomplished . The pro­
cedures for applying traff·ic and counting coverages for any test lane are 
presented in the data report for that lane . 

Tire Contact Area 

The tire contact area is an average contact area determi ned by ob­
t aining a tire print and measuring i ts gross area by use of a planimeter. 
The tire print was obtained by rolling the l oaded tire onto a piece of 
heavy paper lying on a hard surface and spraying paint around that part 
of the t i re in contact with the paper . The paint was then allowed to dry 
and the tire was roll ed away, leaving a t i re print outline on the paper . 

Tire I nflati on Pressure 

The tire infl ation pressure is the gage pressure to which a tire i s 
inflated pri or t o a given test . Tire inflat_ion pressure was checked prior 
t o and periodically throughout each test , and maintained constant at the 
specified value throughout each test . 
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Tire Contact Pressure 

The tire contact pressure was determined by dividing the load on a 
tire by the measured tire contact area . 

Drawbar Pull 

The specific types of data obtained from this testwere (a ) maximum 
force required for a load cart to overc'ome static inertia and commence 
forward movement (initial DBP), (b ) average force required to maintain a 
constant speed once the load vehicle was in motion (rolling DBP), and 
( c ) maximum force measured during a constant speed run (peak DBP) . Ty"pical 
oscillograph recordings of DBP are shown in figures 11 and 12 . The initial 
DBP value was the maximum force obtained during a series of start - stop 
operations on the test item and was read directly from the highest point 
on a graph as indicated in figure 11 . The rolling DBP was obtained by 
drawing a l i ne through the graph ( Figure 12), which approximated the 
average value of t he readings obtained from a constant speed run across 
t he test section . Peak DBP was taken to be the value of the highest point 
on the graph ( Figure 12). Peak DBP was obtained during a constant speed 
run . 

Surface Deviations on Test Sections 

The surface measurement,s obtained during these tests were deforma•• 
tions and deflect i ons. 

Deformations 

The various types of deformation measurements obtained during these 
tests were permanent deformation, differential deformat ion, rutting, and 
dishing . The permanent deformation measurements ·were used to plot cross 
sections and profiles for the various items . The differential deformation 
is a measure of the roughness of an item and was used in determining 
failure . Rutting i s a differential deformation measurement but i s appli ­
cable to only one rut . Dishing is the term applied to the measure of the 
d ifferential deformation occurring across the width of one landing mat 
panel . A more complete discussi.on and illustrations of deformations ob­
t ained and procedures for making the measurements are presented in 
Appendix II . 

Deflections 

The deflect ion measurements obtained during these tests were total 
and elast·ic deflections . Elastic def lection measurements were obtained to 
a s s i st in judging failure of an item. Total deflection measurements were 
obtained in order to relate elastic deflection and permanent deformation 
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since permanent deformation is the difference between total and elastic 
deflection. A more complete discussi on of deflections obtained a..~d 
procedures for making the measurements is presented in Appendix II. 

Mat Breaks 

The mat breaks that occur as a result of trafficking a landing mat 
item are of several different types . These breaks have been classified 
for the t wo types of mats used in this study and are discussed below . 

Tll mat 

The mat breaks that occur on the Tll mat are illustrated in Figure 
13 and classified as follows: 

M8 mat 

Type A: Crack occurring at the end of panel on male side of 
center-line splice joint. 

Type B: Shearing of end connector rivets installed by factory. 
This type break is called a ringout . 

Type C: Sheari.ng of' rj.vets along center-line _splice joint. 

Type D: Sheari ng of drive rivets installed in field during 
laying operation . 

1'YJ)e E: Any other type of break in mat surface not discussed 
above. 

The mat breaks that occur on the M8 mat are illustrated in Figures 
14 and 15 and are classified as follows : 

Type A: Break occurring on the underlapping side of mat panel 
between locking lug hole and side connector slot oppo­
site the end joint of adjacent panel. 

Type B: Break occurring through the curl on the overlapping 
side of mat panel at the end joint. 

Type C: Break occurring between curl on the overlapping side 
of mat panel and tubulated hole. 

Type D: Break from side connector hole to tubulated hole. 

Type E: Any other type of mat break not disc.ussed above . 
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SECTION VI: DATA Al"Wu.YSIS 

Approach 

The analysis of data collected during this study was directed toward 
the development of ground- flotation requirements for aircraft landing 
gears. The criteria needed for designing an aircraft landing gear con­
sist of a method of determining the number of tires, tire spacings , and 
tire contact area or tire pressure required to support a given load on 
an airfield f or a stated number of coverages . For unsurfaced soils , these 
variables have been related through the development of a nomograph for 
singl e - wheel loads, and a load- adjustment curve for multiple - wheel 
assemblj_es . The load- adjustment curve is used to resolve multiple-wheel 
assemblies i~to an equival ent single- wheel load , This equivalent single­
wheel load can then be used with the nomograph to determine strength 
requirements for unsurfaced soils , and inversely to determine the relative 
flotation capability of a proposed l anding gear design on unimproved sur­
faces. For landing mat, these variables have b een related for single 
wheel s by use of an "equivalent thickness concept " and a 11CBR formula ." 
In order that these criteria for multiple- wheel assemblies could be u sed , 
a means was developed for relating multiple - wheel-assembl y loads to 
equivalent singl e -wheel loads . This equivalent single - wheel load could 
then be used with the single-wheel criteria to design a multiple - wheel 
gear for desired f lotation, or inversely to determine requirements of 
a mat- surfaced airfield to support the intended loading . 

Equivalent Thickness Concept 

The procedure used to analyze the landing mat data was to rel ate the 
load- carrying capabilities of the mat to the load-carrying capabilities of 
a f l exible airfi el d pavement . This was done by assuming that for a given 
l anni.ig mat failure point the mat is equivalent in strength to that thick­
ness of f l exibl e pavement required (as indicated by the CBR formula ) by 
the conditions caus ing fai lure of the mat. This follows the basic pro ­
cedures set f orth in analyzing data in TR No . 3-539,7 for single-wheel 
loads. In order to use this criterion for multiple-wheel l oads , a means 
was developed for relating multipl e - wheel loads to equival ent single- wheel 
loads . 

CBR Formula . 

To determine the thickness of flexible pavement structure required 
for any loading condition, the f ollowing formula is used: 

t = (0. 23 log C + 0 .15 ) ~ 8 .l~ 
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where 

t 
C 
p 

CBR 
A 

= 
= 
= 
= 
= 

thickness of flexible pavement structure, in . 
number of coverages 
single- wheel or equivalent single - wheel load, lb 
soil strength measurement 
tire contact area, sq in . 

By u sing the CBR formula, a thickness of pavement structure can be 
calculated which will provide the same load- support capability f or each 
t est l oading and subgrade condition as did the landing mat tested . For 
t he purposes of this study , this thickness is termed "equivalent t hickness" 
and is defined as an index of the strength of an airfield surfaced with 
l anding mat . In keeping with this definition, the symbol "I" is substi ­
tuted for "t" in the CBR formula as shovm bel ow . 

I = (0.23 log C + 0 . 1 5 ) -Vs . l;BR 
A -
rt 

This index of the airfiel d surfacing strength is referred to in two 
"different ways in this report . The first use of the index, IA , -is to 
eval uate and express the available strength of an existing mat-surfaced 
airfiel d . The second use of the index , IR , is to evaluate landing gear 
designs for mat-surfaced airfields of specific design. 

The CBR formula relates all the variables used in the testing program, 
as well as the variables needed in designing an adequate landing gear . 

Normalizing of Data 

Although comparable test items were prepared the same in an attempt 
to develop identical conditions, it was inevitable that some variation 
would resul_t . 

To analyze the test results , therefore , it was necessary in some 
cases t o normalize the data . That is , the results of each test , expressed 
a s coverages at failure, were adjusted to show the coverages which would 
have produced failure in t he test had the CBR b een exactly that desired . 
In one instance an adjustment of coverages was made to compensate f or a 
change in l oad . This normalizing of t he data was accomplished by entering 
the CBR formu.J,.a with the actual test conditions and determining an 
"equivalent thickness . " Then, using this "equivalent thickness " and a. CBR 
(or load ) adjusted to the desired value, the number of coverages which 
could be expected to produce fai l ure at this CBR (or load ) was computed 
by again using the equation . For example , consider a load which failed 
on a 3- 5- CBR subgrade at 76 coverages with a tire contact pressure of 
.100 psi , and is to be normalized t o a 4. 0 -CBR subgrade . The equation 
would be as follows : 
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(0 . 23 log 76 + 0 .15 ) -VB.l(3 _5) 
p 

lOOrr = t = 

(0 . 23 log CN + 0 .15 ) ~ 8.i(4) 
p 

lOOrr 

The load P will cancel out of the formula , and solving for the normal ized 
coverage level ( CN) the result i s 119 coverages . Therefore , a load which 
makes 76 coverages on a 3 . 5-CBR subgrade with a 100-psi tire contact pres­
sure can be expected to make 119 cover ages on a 4 -CBR subgrade . 

Single -Whee l Traffic Tests on Modified 
Tll Aluminum Landing Mat 

For the purpose of analysis, the basic data obtained during testing 
on Tl l l anding mat are summarized in Table I . In addition , data used in 
t his anal ysis but obtained during related investigations are also shown i n 
Tabl e I. Each test is assigned a test number for easy reference . 

The i ndex of avail abl e airfield- surfacing strength (IA) was cal cu­
lated f or al l singl e - wheel t est s, and val ues are sho;m in Table I under 
t he col umn heading "IA for Singl~ Wheels . " To develop ground- flotation 
criteria for singl e wheels, a rel ation was needed that would relate tire 
contact area or average tire contact pressure , CBR, coverages , and l oad . 
Therefore, IA, which relates these factors , was plotted against the wheel 
load . Using this t ype of plot, the a i rcraft designer can design a single­
yrheel landing gear when the l oad that the gear must carry is knmm . 

The initial data plot invol ved the 200- psi tire pressure data and 
i s shown in Figure 16 . A curve was drawn through the data , . with the 
general shape of the curve being based somewhat upon prior experience . 
Test point T25 was a nonfailure , indicating that the point would be plotted 
high~r if failure had occurred, so the curve was drawn above the point to 
better approximate failure . The curve breaks do;mward as the loads get 
very l arge, indicating a very rapid fai l ure more related to the mat 
characteristics than to the ma.t - subgrade structure at these loads . 

After the 200- psi curve was established, the data f or t he 100- psi 
cur ve were plotted (Figure 17 ). Only t wo single- wheel, 100- psi points were 
obtained . The general shape and s l ope of t he previously established 
200-psi curve -was u sed to draw the 100- psi curve . The curve was drawn 
through test point T3 with very l ittle consideration given t o test Tl2 
because the t raffic in test Tl 2 was mixed . Six hundred cover age s of a 
35- ki p , 50- psi , single- wheel load had b een applied t o t his t est i tem 
prior t o the applicati on of 60- kip t raffi c . 

Only one singl e - wheel t est was conducted using 50- ps i tire p!'e s sure , 
and i t was a nonfailure point . However , t his poi nt (Tll ) was plotted. 
(Figure 17). To properly establi sh the 50-psi curve , an est imate was 
made of t he t est poi nt location if failure had occurred . To d o t his , t he 
previ ous pattern of spacing of t he IA curve s shown in MP 4-45~ was 
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used. A ratio of t he 50- and 100-psi value s of IA provides an esti­
mate of the location of t he . 50-psi point in this investigation . The 50 -
psi curve was then. dravm through t he estimated p oint using t he general 
shape and slope of the 200-psi curve. 

By cross-plotting the three curve s developed in this investigation, 
a family of IA curves was dravm for the Tll mat . These curves are sho,;,m 
in Figure 18 and are designated for rear-area a irfields since the r ear­
area airfield is defined in t erms of the Tll mat. 

Multiple-Wheel Traffic Tests on Modified 
Tll Aluminum Landing Mat 

Multiple-wheel t ests were conducted to obtain data t hat would permit 
the development of procedures for designing multiple-wheel aircraft l and­
ing gears. The tests conducted and data collected perniit a direct com­
parison of trafficking with single- and multiple -wheel ass emblies , and 
permit a study of the effe ct s of wheel spacing on the performance of a 
multiple - wheel ass embly . I f this data can b e u sed to r el ate multiple ­
wheel data to single-wheel .data, i. e . resolve multiple-wheel load? to 
equivalent single- wheel loads, then the previously developed IA curves 
can b e u sed for multiple-wheel gear design . The approach, therefore, was 
to develop procedures f or resolving multiple-wheel loads into equivalent 
single-wheel loads ( ESWL ). An equivalent s ingle-wheel load. can be ex­
pressed either as a percentage of the assembly load, or as a percentage 
of the load on one t i re of the assembly. This study expresses the ESWL 
a s a percentage of the load per tire , and t he ESWL will a l ways be greater 
than the load per tire . 

A summary of the multipl e - wheel t est data on Tll l anding mat i s 
shown in Table I. The data were normalized to a 2-CBR subgrade, and the 
resulting coverage values are shown in the column entitled "Normali zed 
CC'c2rg,ges . 11 

The initial plot f or the multiple-wheel analysis was of the t win­
and single-tandem assembly data. This approach would pr ovide a direct 
indication of the effect of spacing on the ESWL when comparing the twin­
wheel data to single- wheel data . Figure 19 shows a plot of normalized 
coverages versus wheel spacing (in radii ) f or t est points T4 t o T8 . These 
were t win- and single-tandem tests conducted using 35 , 000 lb per tire and 
100 -psi tire pressure . As t he wheels were moved farther apart , t he ESWL 
b ecame less, and each wheel began t o perform as an individual single wheel. 
Ther efore, the curve becomes horizontal at 250 coverages, which is the 
number of coverages (normalized to a ?-CBR subgrade ) sustained _in the 
s ingle-wheel t ~st (test point T3) . The largest ESWL that could occur for 
twin wheels would be twice the load per tire . This wou.ld occur if the load 

• on t wo wheels were considered to be all one wheel, and the condition pro­
ducing this situation (which cannot occur ) would be that in which one wheel 

•• is on top of the other or where the center to center · ( c-c ) spacing is zero. 
However, to draw the complet e coverages v ersus spacing curve , it is 
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necessary to calculate the coverages f or the zero spacing point using the 
CBR formula and to draw the curve to this point as shmm in Figure 19 . 
This curve relates coverages and spacing . The obj ective of this study i s 
to relate spacing and load in order to be able to obtain an equivalent 
single-wh~el load for multiple wheels . Therefore, a companion plot was 
produced, by us e of the CBR formula, which related coverages and loe.d for 
single wheels . This is shown in the r ight - hand portion of Figure 19. 

To obtain an ESWL, it is necessary to determine that load on a 
single tire (with characteristics equivalent -to one tire of the assembly ) 
which will produce t he same effect on a pavement as the total assembly . 
The ESWL will be equal to the load on one tire of the assembly plus the 
addit ional load contributed by each nearby tire . This additional load 
over and above the actual load per tire can be determined f rom Figure 19 
and plotted as the percentage by which the load on one t ire of the assembl y 
must be increased to arrive at the ESWL representing the entire assembly . 
This percentage is shown in figure 20 , and is called the load-adjust ment 
curve . It is used in determining an ESWL when _the spacing between the 
wheel s , in radii, is known . The load on one wheel of an as sembly is 
adjusted to t he ESWL merely by increasing the one-wheel load by the per­
centage effect from all surrounding wheels . 

Only the single-wheel data were :used for the developments in Figure 17 
to avoid unknovms which might exist in ESWL determinations . With a means 
of determining ESWL now establi shed , however, it becomes possible to further 
verify the Figure 17 curves by using t he multiple-wheel test results. 
Accordingly , an eq_ui valent s"i gle- whcel load -.. ;as determined for each 
multiple-wheel test, and IA was calculated . These values of IA are 
shovm in Table I, and are plotted j_n Figure 21 . 

Many of these test points fall'dire ctly on or very near the correspond­
ing IA curve, indicating that the load-adjustment curve works for these 
point s . However , several of the points do not compare favorably, ru1d these 
are discussed in the following paragraphs . 

There is some indication that the load- ad.justment curve may vary 
with load . This is indicated by points Tl and T~ for the 200- psi data and 
Tl3 f or the 100- psi data . These particul.ar tests were run at a l oad other 
than the 35 -kip load used to develop the load-adjustment curve , and each 
one falls off the IA curve . 

Test points T9 and TlO fall off the 100- psi curve and Tl5 fall s off 
the 50- psi curve ; however , they are considered sufficiently close to pro ­
vide an adequate check of the load- adjustment curve . 

Test points Tl8 and Tl9 are repr esentative of the three -wheel t ests. 
and plot considerably above th_e 100-psi curve. These tests produced much 
better r esults than expected . The reason for the results of these tests 
being as good as they wer e is not kn mm . Although they were conducted with 
a s o:rter tire (24 ply) than some of the other tests, this difference in ply 
rating is not considered sufficient to cause the differences that occurred . 
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Test point T20 falls off the 50 -psi curve . However, failure in test 
T20 was due to elastic deflection of the mat, whe r eas failure in the other 
te st s was due to roughnes s . Had sufficient traffic been applied to produce 
greater differential deformations, the data point would have fallen on or 
near the 50-psi curve . 

This analysis of the Tll multiple -wheel data indicates that the 
criter ia as developed and as shown in Figure s 18 and 20 can be used for 
the design of aircraft landing gears required to operate on modified Tll 
l anding mat, but that some variation of the load- adjustment curve with 
load may not be r efl ec t ed by the criteria . 

Traffic Tes ts on MB Steel Landing Mat 

For the purpose of analysis, the basic MB landing mat traffic data 
obtained during this investigation are summarized in Table II . Each test 
is a ssigned a test number f or easy reference . 

The existing grolmd- flotation criteria f or MB mat contained in MP 
4-4591 for single wheels are based on a wide r ange of early t es·cs . These 
crit eria are , however , known to be somewhat conservative because of the 
procedure s used in determining the rated CBR f or each t est . Also , the load­
adjustment curve in MP 4- 459 was based on only limited indications from 
previous t ests that the effect of one wheel upon another was zero at 
approximately four-radii spacing . The te sts on MB mat we re , there fore , 
~o L ~ conducted for updating the IA curves , and for developing an adequate 
l oad-adjust ment curve . 

Very few single -wheel tests were run on MB mat in this investigation, 
and t hese were not sufficient for revising the IA curves , although they 
indicate that a revision is necessary . 

The approach to the MB data analysis was to a ssume that t he load­
adju stment curve developed for the Tll landing mat was also applicable to 
M8 mat . This load-adjustment curve and the CBR formula were then used to 
develop the IA curves . The equivalent single - wheel load was det ermined 
f or al l multiple -wheel tests and is shown in Table II. This eq_ui valent 
s ingle -wheel l oad was substituted into the CBR f ormula f or the correspond­
ing test conditions and IA was calculated (Table II ). These I £>,. values 
a.long wit h the single- wheel IA values were plotted versus the single ­
wheel or equivalent s ingle -wheel load and are shown in Figure 22 . The test 
point s plotted are 50 - and 100-psi data and define a pattern of performance . 
Curves following the general shape and slope of the previously developed 
Tll curves were then dr avm through these points (Figure 22 ). 

The IA curves , as drawn, pass through or near most of t he test 
points, indicating that the load-adjustment curve developed fo r Tll l and­
i ng mat can be us ed for these M8 data points . However , some of the data 
points fall considerably off the curves . These points are discussed in 
the following paragraphs . 
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Test point Ml is a single-wheel te·st point which does not fall on 
the IA curve . There seems to be no reason w~y the item in this test _ 
failed under fewer coverages than expected . Since most of the data points 
obtained at the same load per wheel defined an IA curve, not much con­
sideration was given to point Ml in drawing the curve. 

Tests Ml0 and Mll were run at wheel loads greater than 35 kips and 
indicate that the load-adjustment curve may vary with load. This also 
was indicated in the Tll tests. 

Tests M16 and Ml7 are the three-wheel gear tests and resulted in 
test points that fall considerably off the 100-psi IA curve . These 
tests produced better results than all other comparable t ests , and a 
study of the data shows no specific r eason why these tests do not conform 
to the pattern established by the other 35- kip wheel load tests . 

Test point M20 represents the 12- wheel test run to simulate the C-5A 
landing gear . This point plots higher than the 100-psi IA curve and is 
also a nonfailure point. Test point s which plot above the IA curve 
indicate that the u se of the criteria as developed would b e conservative . 

Test point M9 fall s below the 50-psi IA curve ; however , it is a 
nonfailure point. Had this test been continued to failure , this point 
would b e plotted hi gher . Test M12 was a rerun of test M9 and plots 
exactly on the IA curve. 

Using the pattern o f spacing developed in MP 4-459, 1 the 50- and · l00-
psi curves were extrapolated to develop a 200- psi curve. These curves 
were then cross plotted and a fami ly of IA curves was developed and is 
shown in Figure 23 . These curve s are entitled support- area airfield curves 
since the support- area airfiel d is de f ined in terms of the M8 mat. 

This analysis of M8 data indicates that the criteria as developed 
and as sho,m in Figures 20 and 23 can be used to design a l anding gear 
for an aircraft required to overate on an M8 landing-mat-surfaced airfield . 

Singl e -Wheel Traffic Tests on Unsurfaced Soil 

The results of the single-wheel traffic tests on unsurfaced soil 
are summarized in Table III. Eight singl e -wheel loads ranging from 1 to 
6o kips were used during the ground- flotation test program. Approximatel y 
40 percent of the single- wheel t ests were conducted with a 25- kip wheel 
load . A nomograph (Figure 24) which incorporates the variables of tire 
pressure , load , CBR , and coverages has been us ed for a number of years 
to determine unsurfaced- soil strength requirements . Therefore , to analyze 
the single-wheel t ests the fai lure data were plotted on the nomograph f orm. 
The ground contact pressures were calculated f or all tests and were used 
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exclusively in making the plots . By cross plotting, smoothing operations, 
and taking previous work into account (Figure 24 and References 6 and 7 ) , 
a complete set of load curves was derived and is shown in the left-hand 
portion of Figure 25 . This nomograph is presented as a revision to the 
unsurfaced requirements as given in the nomograph shown in Figure 24 . The 
relations between test data a..~d the finalized load curves are presented in 
Figure 26 . All single-wheel load failure data are shown . This figure 
shows that generally the load curves have been drawn to produce a conserva­
tive relati on in terms of coverages. Figures 27 and 28 are plots of all 
25- and 35 -kip single -wheel load data . For comparison purposes, curves 
obtained from the nomograph (Figure 25 ) are superimposed on these figures . 

Multiple -Wheel Traffic Tests on Unsurfaced Soil 

In addition to the results of single-wheel traffic tests, Table III 
presents a SUI!Ililary of all multiple -wheel tests conducted during this study. 
The majority of the multiple -wheel tests were performed using a 100-psi 
t i r e inflation pressure and a 35 -kip wheel l oad . Ip order to relate thes e 
test data to the unsurfaced nomograph, which was developed with the single­
wheel t est data, the r elation between the load per tire and the tire spac­
ing_ of the multiple-wheel assemblies is needed in order to resolve the 
multiple -wheel loads int;o equival ent single -wheel loads . Figure 29 shows 
a load-~djustment curve for multiple -wheel assemblies that has been in use 
for several years. This curve is co~-:~ained i::1 reference l and :::hm.·~ t:iat 
an adjustment is required when the adjacent tires of a multiple -wheel as ­
sembly are spaced less than four equivalent radii center to center . This 
curve, which was used to determine equivalent single-wheel loads for air ­
craft operating on both landing -mat - surfaced and unsurfaced areas, is 
based on a very limited number of multiple -wheel tests on landing mat 
(Reference 7) . The ground-flotation tests on unsurfaced soi_l present the 
first opportunity to actually develop an equivalent single -wheel load r e ­
lation for multiple-wheel assemblies operating on unsurfaced areas . 

Since t he bulk of the ground- flotation multiple -wheel t est data in­
volved the use of 35 -kip wheel load~ and 100-psi tire inflation pressures, 
these data were used in the anal ysis and development of a load-adjustment 
curve for the determination of equivalent single -wheel loads. After the 
test data had been normalized to 10 CBR, a plot of normalized coverages 
versus tire spacing was made and is shown in the l eft -hand portion of 
figure 30 . The 100-psi criteria as obtained from the unsurfaced nomograph 
(Figure 25 ) were used as an aid in drawing the curve. The upper part of 
the curve was drawn to extend to 85 coverages, which represents a s ingle­
wheel load of 33 kips (P) that was obtained from the nomograph . The lower 
part of the curve was drawn to 4.9 coverages as obtained from the nomograph 
and represents 2P or 66 kips. The load curve, right -hand plot, was then 
drawn with intermediate load values for 100-psi tire pressures being 
obtained by use of the nomograph . These two curves show that a r elation 
between spacing and load can be developed, as shown in Figure 31, where 
load is expressed as a percentage increase in load per tire . The value P 
as read from Figure 30 would be zero p ercent ~ncrease, and the value 2P 
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would be 100 percent increase . This curve, called the load-adjustment 
curve, can be used to determine the equivalent single-wheel load by 
estimating the effect of one wheel upon another when the spacing b etween 
the wheels , in . radii, is }r,nown . 

As shovm in Figare 30 s ome of the multiple -wheel data fit the curve 
a s drawn fairly well; however, some of the data do not fit the curve . A 
g1:?neral discussion of all multiple -wheel data is contained in the following 
paragraphs . i 

Five two-wheel-assembly tests (U39 through U43 ) with the wheels 
abreast and one two -wheel test (u44 ) with the wheels aligned in tandem were 
c onducted during this investigation . Figure 30 shows the data from these 
tests and in all cases represents normalized 35 -kip , 100-psi, 10-CBR re­
sults . As shown in this figure, the twin spacing varied from 2 . 4 to 5 . 56 
radii . The spaci ng on the one single - tandem test was 5.56 radii . 

When these data are compared with an average single -wheel test data ] 
point (Figure 30 ) , there is a strong indication that there is no effect of ~ 
the second wheel of the twin assembly when the two wheels are spaced at 
least 4 .2 radii apart. The average single-wheel data point shown is an 
average of tests U30 and U31 . 

A direct comparison can be made between test U43, which involved a 
t win-wheel assembly with twin spacing of 5 . 56 radii, and t est U44, which 
involved a single-tandem assembly that had a tandem spacing of 5 . 56 radii. 
F.corn Figure 30, it should be noted that for the same assembly l oad , tire 
pressure and spacing, and CBR., the single- tande.rn config,J..ration :r,rocluceci. 
twiCP es many coverages as the twin-wheel configuration . This would indi ­
cate that for the two-wheel assembly it is more beneficial to arrange the 
wheels in t andem than abreast from the soil load standpoint . Although not 
as pronounced , this same trend is evident in the test results obtained from 
comparable twin-tandem (U48) and twin-twin assembly (U47) tests ( see 
Figure 30). · 

Tests U45 and l!46 were perfonned using thre·e wheels abreast with each 
wheel loaded to 35 kips and tires inflated to 100 psi . From Figure 30 , 
whi ch prePcrits data nonnalized to 10 CBR , it should be noted that by in­
creasing the center -to-center tire spacing of the three wheels from 2 . 6 
to 3 . 2 radii, coverages at failure increased from 22 to 50 . The increase 
in coverages is as would be expected . Also shown in Figure 30 are tests 
u30 and u31, which are single-wheel tests that have been averaged and 
nonnalized to gi ve the i ndicated average single-wheel test point that 
is plotted at zero spacing a.~d 55 coverages . When this point is compared 
wi th t he t hree -wheel tests, it can be seen that the single wheel is not 
as severe as the three wheels spaced at 2 . 6 radii, but the single- and 
three -wheel test results are approximatel y the same when the three wheels 
are spaced 3.2 radii apart . This is a.~ indi cation that the effect of 
adjacent wheels on the load on one wheel of the assembly is negligible 
when the 9.djacent wheels are spaced approximately 3 . 2 radii apart . The 
analysis of the 100-psi, 12-wheel tests ( 3.3 - radii spacing) discussed 
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subsequently can also lead to this same conclusion. However _, it is be­
lieved that this trend is not sufficiently developed to warrant changing 
t he approach used to develop the load-adjustment curve discussed previously 
and shown in Figure 31 . 

A further comparison can be made between the three-wheel assembly £ 
tests and tests u39 and u4o, which involved twin-wheel assemblies . Fig-
ure 30 shows that when the wheel spacing is about 2. 6 radii, the twin- and 
three-wheel test results are approximately the same . However, when the 

. wheel spacing was about 3. 2 radii, the three-wheel test, which produced ap ­
proximately the same number of coverages as the single-wheel tests, pro ­
duced significantly more coverages than the twin -wheel test . There is no 
apparent reason for this last finding. 

Two tests with four-wheel as semblies were performed during this study. 
Test U48 was a twin-tandem test (two sets of twin wheels aligned in tandem ), 
and test U47 was a twin-twin-as sembly test that involved two sets of twin 
wheels aligned abreast. Figure 30 shows that a single wheel with the same 
tire pressure and load as one wheel of the four-wheel assemblies produced a 
greater number of coverages than either the twin-tandem or twin-twin as ­
semblies. It also shows that although the twin-tandem configuration pro ­
duced slightly more coverages than the twin-twin gear, for all practical 
purposes the action of the two different types of configurations is about 
the same. Thus, from these four-wheel tests, there is no indication of a 
distinct advantage of one type of gear over the other. 

Several tests were performed with a 12-wheel assembly ( 4 abreast, 
3 in line) to simulate the C- 5A aircraft landing gear . These tests are 
not shown in Figure 30 for comparative purposes due to differences in load 
per tire. Therefore, several additional plots were made to provide an 
analysis of the 12-wheel tests and are discussed below. 

Twelve-Wheel Traffic Tests on Unsurfaced Soil 

Table III summarizes all 12-wheel traffic test data. A 21 -kip wheel 
load was used in all tests except test U63 which had a 22,750-lb wheel load. 
All tests were conducted using a 20.00 - 20/22 ply tire inflated to either a 
100- or 55-psi tire pressure . To analyze these tests, a plot of rated CBR 
versus coverages at failure is shown in Figure 32 . This figure indicates 
that except for test U56 which is suspect, the 12-wheel tests produced con­
sistent straight-line results . Test U56 is suspect because while this test 
was being conducted, a variation in tire pressure from 50 to 90 psi was 
discovered. This finding placed the t est in doubt and resulted in the 
decision to rerun the entire test, and subsequently test l ane 34 was tested. 

Single-wheel tests Ul2, Ul3, and Ul4 were performed to obtain test 
data that could be compared with that from 12-wheel tests U60, U61, and 
U62 . Figure 33, presenting this comparison, is a plot of rated CBR versus 
coverages at failure for the 21 -kip, 100-psi, single -wheel load tests and 
the 100-psi, 12-wheel test which had each wheel loaded to 21 kips . This 
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figure shows that there is very little difference bet ween the single-wheel 
and the 12 -wheel test results for rated CBR values of approximately 4 and 6 
(tests Ul2, Ul3, u6o, and u61) . ~t would appear fr om Figure 33 that the 
12-wheel gear would allow more coverage s than the singl e wheel for a given 
CBR . However, for all practical purposes, the coverages are identical . 
This indicates that for this particular 12 -wheel gear arrangement ( 3 , 3x 
3.8x3.3 radii spacing) the equivalent single-wheel load for the gear would L 
be equal to the load on one wheel and that there is no effect of the 
ad.jacent wheels on the load on one wheel of the ass embly . The load-
adjustment curve, therefore, would not -gi ve adequate results for the 12-
wheel test s used in this program because it shows some influence of ad-
jacent wheels and would result in an equivalent single-wheel load great er 
than the load on one wheel . Use of the nomograph and t he load-adj ustment 
curve for all 12-wheel tests conducted on unsurfaced soils produces con -
servative results when compar·ing predicted coverage s with actua l coverage s . 
This conservatism varies among tests, but in general the nomogr aph pre-
dicts about one -third as many coverages as the actual 12 -wheel test data 
indicate. 

Although the criteria as developed do not dir ectly reflect behavior 
for 12-wheel gear assemblies, they~€ considered applicable because of 
the unknown effects of turning and braking on unsurfaced soils . 

Drawbar Pull Data 

The results of the :::- :::.w:,ar pull (DBP ) tests were used to gain an 
indication of the laniiing gear rolling resistance a s a function of landi ng 
surface. The DBP data obtained in this study ar e presented in Table IV as 
drawbar pull measurements. Data used in thi s analysis but obtained from 
other sources are presented in Table V. Use of the term "roll ing resis­
tance" . in this report refers to drawbar pull . 

To relate DBP and landing surface, t he DBP data were expressed as 
a percentage of gross load and plotted versus average CBR at time of t est 
divided by tire contact pressure for landing-mat-surfaced and unsurfaced 
soils. These were the primary variables affecting test results. The data 
for unsurfaced soils are shown in Figure 34 for initial DBP , Figure 35 
for average rolling DBP, and Figure 36 for peak DBP. After plotting the 
data, a limiting curve was drawn on ea.ch figure. The data were grouped 
because most of the data were obtained over a small range of CBR ' s. The 
use of the curves as drawn would result in safe or conservative drawbar 
pull determinations. The wide scatter of the data withi n the CBR range 
indicates that perhaps more factors inf luence the rolling resistance than 
were measured . These curves may be used to estimate a limiting rolling 
resistance value that can be expected to occur on a landing surface with a 
given subgrade CBR value. 

The DBP data obtained on landing mat are shown in Figure 37 for ini­
tial DBP , Figure 38 for average rolling DBP, and Figure 39 f or peak DBP . 
These data were all clustered within a small CBR range, and no attempt was 
made to draw a limiting curve . 
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Velocity Versus Rolling Resistance 

The objective of the speed tests was to obtain a relation between 
velocity and rolling resistance and to use the principles of scale model ­
ing in planning the tests so that the results could be extended to proto ­
type conditions. The tests which were conducted in the AMRB facility 
were planned and scaled, and a summary of the test results is shown in 
Table VI. 

Since the obj ective of this test program was to develop a relation 
between rolling resistance and velocity, these variables were plotted and 
are shown in Figure 40. The rolling resistance is shown as a ratio of the 
rolling resistance in pounds to the weight on the wheel in pounds. A curve 
was then drawn through the points plotted . As the velocity increased, the 
data became scattered, probably because of wheel bounce that occurred as 
the wheel moved down the soil subgrade and the resulting effect of inertial 
forces acting on the load cell. Although a curve can be drawn through 
the points as plotted, the use of this curve is limited to the range of 
velocities for which tests were run. By plotting the results of the 
scaled tests as di.~ensionless quantities, it was anticipated that a curve 
would be developed that could be used to determine the rolling resistance 
for a wide range of tire sizes, weights, and velocities . However, several 
plots were made using the scaled terms and velocity, and these produced 
only a wide scatt er of data, as shown in a typical plot in Figure 41. The 
results did not produce successful scaling . iiowever, recent t ests con­
duct ed in a related study using powered wheels and more experience with 
this type of study have produced good results using the principles of 
scaling. The indications, therefore, are that these tests should be rerun 
in the light. of recent findings. 

Comparison of Tire Inflation Pressure 
and Ground Contact Pressure 

Table III includes a surmnary of tire inflation pressures used during 
these tests and the corresponding computed ground contact pressures. Fig­
ure 42 is a plot of these data and also includes data from test s previously 
conducted and reported in Reference 7. It can be seen that up to 100 psi 
the ground contact pressure is approximately 10 percent greater than the 
tire inflation pressure. At some point between 100 and 200 psi the reverse 
becomes true, and from 200 to 300 psi the ~ire inflation pressure is up to 
15 percent greater than the ground contact pressure. The point where 
inflation and ground contact pressures are equal is difficult to define; 
however, it would appear to be at approximately 130 psi. Any effect of 
tire size and ply rating on ground contact pressure could not be determined . 

Tire Ply Tests 

A few single-wheel load tests on unsurfaced soils were conducted 
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specifically to determine the relation between tire characteristics as 
reflected by ply rating and coverages . These tests are summarized as 
follows. 

No. of 
Single- I nfla- Ground Cover -
Wheel t ion Contact ages 

Test Load Pressure Pressure Rated at Tir-e Tire 
No. kips psi psi CBR Failure lli_ Size 

u30 35 100 110 9 . 5 60 24 56xl 6 
u32 35 100 112 6. 7 4 38 56xl6 
u33 35 100 112 9. 2 16 38 56xl6 
u29 35 100 110 6 . 7 10 24 56xl6 
u31 35 100 110 11. 0 50 24 56x16 

These tests were performed with a 35 -ki p single -wheel load on a 56xl6 
tire i nflated t o 100 psi . Tire p l y ratings of 24 and 38 were used. 
These tests can be divided into two groups and analyzed as follows. 
Tests U32 and U29 offer a direct compari son of the effect of changing 
from 38 to 24 ply as all test variables except the ply rating were the 
same for both tests . These two tests i ndi cate that by decreasing the 
p l y from 38 to 24 the coverages increase from 4 to 10 or by a factor 

• of 2 . 5 . Except for rated CBR values and coverages at failure, tests 
_U30 and U31 are duplicate 24-ply tests . By averaging thP.se t,-!o tests 
a CBR of 10 . 25 and 55 coverages are obtained. By normali zing the 
rated CBR ( 9 . 2) of test u33, which was a 38-ply test , to 10 . 25 CBR, 

... 

a coverage level of 23 is obtained . This can then be directly com ­
parPd -, i th t he 55 coverages, and a ratio of 2 . 4 is obtained; Thus, 
f r om these two groups of tests performed to determine the relation 
bet ween coverages and ply rating , it can be concluded that by de ­
creasing the ply rating from 38 to 24 , coverages increase by a factor 
of 2 . 5 . 

Therefore, the tests conducted to study the relati ons bet ween 
tire ply and coverages indicate t hat thi s relation changes with t he 
load on the tire . 

Tire Size Tests 

Traf f i c test dat a u sed to invest igat e the effect s of t i re size 
on f l otation are shown i n the fol lowi ng t abulation. 
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Cover -
ages at 

·Ground Failure 
Infla- Con- Cover- Normal -

Single - tion tact Tire ages ized to 
Wheel Pres- Pres- Tire Size Diam- at 8 . 5 CBR 

Test w ad sure sure and Ply eter Rated Fail - and 
No. kiJ2S J2Si psi_ Rating in. CBR ur e 25,000 lb 

u30 35 100 110 56x16/ 24 56 9.5 60 107 
U21 25 100 103 56x16/32 56 9 .1 70 54 
U20 25 100 110 25 . 00 - 28/30 70 7 . 8 200 290 
U24 25 100 100 17 . 00 -16/12 45 7 . 8 100 142 
Ull 19 100 116 34x9.9/14 34 8 . 5 32 17 
u33 35 100 112 56x16/38 56 9 . 2 16 27 
Ul4 21 100 84 20. 00 -20 / 22 56 .7.5 40 39 

Tires of five different sizes were used, inflated to 100 psi , and 
loaded as shown. The data have been normalized to 25,000 lb and 8 . 5 CBR. 
The data indicate that coverages increase with an increase in tire diam ­
eter , and thus , for a given tire diameter , coverages increase with a 
reduction in ply rati ng . Test Ul4 does not compare favorably with tests 
U30, U21 , and U33. The reason for this is not apparent from the data . 

Tire Pressure Tests 

Results of tests performed on unsurfaced soils to investigate the 
effects of different tire pressures are summarized in the following 
tabulation . 

Cover -
Infla- Ground ages at 

Single - tion Contact Failure 
Wheel Pres- Pres- Normal-

Test wad sure sure Rated Cover- ized to 
No. kips psi psi CBR ages 5 CBR Remarks --
Ul5 25 25 34 3.9 200 Nonfailure 
Ul7 25 60 63 4.6 30 40 
Ul6 25 40 49 4.7 150 20'7 
Ul8 25 80 82 5.0 20 20 
u19 25 100 100 3.9 3 4-1/2 

. 

... 

Traffic of a 25-kip single -wheel load on a 25 . 00- 28, 30-ply tire was 
applied to test lanes having approximately the same rated CBR . Five dif ­
ferent inflation pressures ranging from 25 to 100 psi were used in these 
tests . Figure 43 is a plot of coverages versus ground contact pressure 
and shows test data that have been normalized to 5 CBR. As would be 
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expected, the test data show that by decreasing the tire pressure, a sub­
stantial i ncreas e in coverages can be obtained . Also sho,m in Figure 43 
is the coverages versus tire pressure relation for a 25 -kip single -wheel 
load (test data normalized to 5 CBR) as obtained from the unsurfaced 
nomograph (Figure 25) . . For these particular tests the nomograph agrees 
with t est dat.a for the lower tire pressures and is slightly conservative 
for the upper tire pressure range (80- 100 psi) . 
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SECTION VII: USE OF CRITERIA 

Evaluation Procedures 

The criteria presented herein may be used to determine ground­
flotat ion requirements for single- and multiple-wheel landing gear assem­
blies. The use of the criteria is an evaluation rather than a design 
procedure . That is, a gear is proposed -for a given set of conditions 
and then checked to det ermine if it will be satisfactory for those con­
ditions . For operation on landing mat, an IR value is calculated using 
the CBR :formula and compared with an IA value read :from Figure 18 or 
23. If the IR is equal to or less than the IA , the proposed gear i s 
capabl e of performing the specified mission . For operation on unsurfaced 
soil, the unsurfaced nomograph is entered with the characteristics of the 
proposed gear, and its capabilities in t erms ·of coverages or CBR are read 
from the nomograph. The capabilities are then compared with the stated 
requirements to determine if the proposed gear is capable of performing 
the stated mission. Examples of the use of the criteria are as follows . 

Typical Examples 

Example 1 

Required . Design a landing gear f or an aircraft with a gross weight 
of 83,500 lb and a main gear load of 37 , 500 lb that will operate for 1000 
coverages on a 4-CBR subgrade surf'aced with Tll landing mat. 

Proposed . A single-wheel landing gear with a tire inflation pres ­
sure of 125 psi. 

Solution . To determine if the proposed landing gear will satisfy 
the stated. requirements, it is first necessary to calculate IR. 

1/37 ,500 
IR = (0.23 log 1000 + 0.15) VB.l (4) 

~ = 27.4 

37,500 
125rr 

IR is then compared with IA which is read from figure 18 and is 
equal to 27.6 . This comparison shows that IR is slightly less than 
IA; therefore, the aircraft landing gear vroposed is sufficient to per­
form the stated mission. 
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Required . Design a landing gear for an aircraft with a gross weight 
of 341,000 lb and a main gear load of 153,500 lb that will operate for 
200 coverages on a 4-CBR subgrade surfaced with Tll landing mat . 

Proposed . A t win-tandem l anding gear assembly with tire spacings of 
41 by 6o in . , a tire contact area of 26o sq in., and a tire pressure of 
150 psi . 

Solution. To determine if the proposed landing gear will satisfy 
the stated requirements, it is nece.ssary to determine the equivalent 
single -wheel load . This is done by first calculating the equivalent 
radius as follows : 

1./contacJ;' Area =1 ~ == r == V----,--- 'VT 9. 10 in . 

Then calculate tire spacings in tenns of the equivalent radius : 

Twin Spacing 41 in . 
4 . 50 radii == 9 .10 == in. 

Tandem Spac ing 6o in. 
6 . 59 radii == = 9.10 in . 

Diagonal Spacing 72 . 67 in . 
7.99 radii = 9.10 in . == 

From Figure 20, the increase in the load per tire due to the ad­
jacent tires is determined . The tires are symmetrical around the center 
of the assembly, so that any of the tires may be chosen as the critical 
tire . For this example , wheel 1 was chosen . The influence of the ether 
tires is as f ollows : 
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Wheel 2 at 4 . 50 radii spacing = 15 . 7 percent 

Wheel 3 a t 6 . 59 radii spacing = 0 .0 percent 

Wheel 4 at 7.99 radii spacing = 0 .0 percent 

Total 15 .7 percent 

Therefore, the ESWL is 1 .157 X 38,375 = 44,400 lb ; IR is then 
calculated as follows : 

I R (0. 23 log C + 0.15 ) ~ 8 . lpCBR 
A 

= re 

~ 
~ 44,400 2w = (0. 23 l og 200 + 0. 15 ) B.l (4 ) --

1( 

I R must then be compared with IA which is 
i s equal to 24 . 5 . This comparison shows tha.t IR 
lA; therefore, the aircraft landing gear proposed 
f orm t he stated mission . 

Example 3 

read from Figure 18 and 
is s~ightly less than 
is sufficient to per-

Required . Design a landing gear for an aircraft with a gross weight 
of 55 , 500 lb and a main gear load of 25,000 lb that will operate for 175 
coverages on an unsurfaced 6-CBR subgrade . 

Proposed . A singl e -wheel landing gear assembly with a t ire pressure 
of W psi. 

Sol ution . To determine if the proposed gear will satisfy the stated 
r equirements, it is necessary to enter the nomograph ( l<'igure 25 ) with the 
gi ven wheel load, tire pressure, and coverage level and read the CBR re ­
quired t o perform the desired operation . The CBR value read for t his ex­
ample is 6; therefore, the proposed gear is capable of performing the 
des ired mission . 

Example 4 

Required . Design a l anding gear for an aircraft with a gross weight 
of 250,000 l b and a main gear load of 112,000 lb that will operate for 

• iOO coverages on an un.surfaced 10 -CBR subgrade . 
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Proposed. 
of 39-43-39 in ., 
95 psi. 

A twin-twin landing gear assembly with tire spacings 
tire contact area of 295 sq in., and a tire pressure of 

CD CD CD CD 
~39"--...... 1 .... ---43"------• --l-4 -39" ~ 

Solution. To determine if the proposed landing gear will satisf',y 
the stated requirements, it is necessary to determine the equivalent 
single-wheel load. This is accomplished by first calculating the equiva­
lent radius as follows: 

r = ~ Contacrrt Area = ~ = 9 . 69 in. 

Then calculate the distance from wheel 2 to the other wheels . If 
the critical wheel for an assembly is not lrnown, all wheels must be 
checked . 

" Wheel 2 to wheel 1 = 
39 in. 

= 4.02 radii 9 .69 

Wheel 2 to wheel 3 = 
l.13 4.44 radii 9.69 = 

W'neel 2 to wheel 4 82 8.46 radii = ~= 

From Figure 31 the increase in the load per tire due to the adja­
cent tires is determined . This increase is as follows : 

Wheel 1 at 4.02 radii spacing = 17.0 percent 

Wheel 3 at 4.44 radii spacing = 7.5 percent 

'Wheel 4 at 8.46 radii spacing = 0.0 percent 

Total 24.5 percent 

Therefore, the ESWL is l.245 x 28,000 lb= 34,86o lb . Using this 
ESWL, enter the nomograph (Figure 25) with the tire pr~ssure and coverage 
level desired and read the CBR required to perform the desired operation! 
This CBR value for thi s exampl e is 10; therefore, the proposed gear is ! 
capable of performing the desired mission . 
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SECTION VIII: CONCLUSIONS AND RECOMMENDA'I'IONS 

Conclusions 

Based on the results of the study described herein , the following 
conclusions are drawn: 

a. Single -wheel or equivalent single-wheel loads can be related to 
tire pressure in tenns of an index of available airfield sur­
fac ing strengths (IA) for Tll and MB landing mats . As indicated 
in Figures 18 and 23, IA increases with load U....'"ltil failure 
becomes more related to the charact eristics of the mat than to 
the subgrade structure . At this point, IA decreases as the 
load is increased. IA also increases as the tire pressure 
decreases. 

b. Multiple-wheel loads operating on landing mats can be resolved 
into equivalent single -wheel loads by relating spacing and per­
cent increase in single -wheel load for each adjacent wheel. 
Figure 20 presents this relation, and shows that the percent 
increase changes very rapidly be t ween 3 and 5 radii, and· becomes 
zero at 5 , 5 radii . The equivalent single-wheel load can be 
applied to the basic IA curves for detennining ground­
flotation requirements for multiple -wheel loads . There i s an 
indication, however, that the load- adjus-cmeut curve may vary 

.. somewhat with load . 

c . Unsurfaced- soil strength requiremen"ts can be related to single­
wheel or equival ent single - wheel loads, tire pressures, and 
coverages . The nomograph presented in • Figure 25 illustrates 
this relation and shows that the allowable traffic incr eases 
as the load or tire pressure decreases or as the CBR increases . 

d. Multiple-wheel loads operating on unsurfaced soils can be re ­
solved into equivalent single-wheel loads by relating spacing 
and percent increase in single -wheel load for each adjacent 
wheel. Figure 31 presents this relation and shows that an 
equivalent s ingl e -wheel load will decrease with an i ncrease in 
spacing with a very rapid change occurring between 2 - and 4-
radii spacing . The influence of spacing on the ESWL is zero a t 
5,5-radii spac ing . The ESWL can be applied to the nomograph 
(Figure 25 ) to determine ground-f lotation require1nents for 
multiple-wheel gears . 

e. Results of the simulated C-5A test (12 wheels ) on landing mat 
compared favorably with the Tll criteria but indicated that the 
MB criteria were conservative for the C-5A type loading . 

f. Results of the simulated C-5A test (12 wheels ) on unsurfaced 
soil were more satisfactory than the criteria developed for 
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determing ground-flotation requirements indicate. However, the 
unsurfaced criteria f or C- 5A type gear configurations are con ­
sidered applicable because of the unkno~n effects of braking and 
turning on .unsurfaced soils. 

Drawbar pull measurements can be related to soil subgrade 
strengths for M8 and Tll landing mats and for unsurfaced soils. 
Figures 34 -39 present this relation and show that -the drawbar 
pull decreases as the CBR increases . 

h. The general trend of the effect of tire size, tire ply rating, 
and tire pressure on ground-flotation ca.pa-bili ties of aircraft 
operating on unsurfaced soil was determined . The data indicate 
that the allowable traffic on an unsurfac ed soil increases as 
the tire diameter gets larger and decreases as the ply rating 
increases . Also, the allowable traffic increases as the tire 
pressure gets smaller . 

i. A relation was established between velocity and drawbar pull . 
This relation is presented in Figure 40 and shows t hat as the 
velocity increases, the _drawbar pull decreases . 

;I_. Average hard surface tir e contact pressm·e can be generally re ­
lated to tire inf'lation pressure for the types of t ires used . 
Figure 42 shows that for inflation pressures below about 130 psi 
the contact pressure is greater than the inflation pressures, 
and that for inflation pTessure s above 130 psi, the contact 
pr -ssure is less than the inflation pressure . 

Recormnendations 

Based upon the results of this study, the f'ollowing recommendations 
are presented: 

a. Additional tests should be conducted to establish the effect of 
load on the load-adjustment curve since these tests indicated 
that the load-adjustment curve may varf with load. 

b. Since these tests developed only a trend, furthe r tests should 
be·conducted to establish fully the effects of tire pressure , 
tire ply rating, and tire size on ground flotation. 

c. Although the modeling tests to study speed versus drag were 
unsuccessf'ul, further attempts should be made to use modelj_ng 
to study this relation since recent model testing with powered 
wheels has been successf'ul . 

d. Additionai tests and studies should be made to det ermine specif­
ically the r eason for the 3- and 12-wheel t est s producing con­
sistently better results t han anticipated . 

l 
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e. There was an indication from these tests that wheels in tandem 
performed better on unsurfaced soils than wheels abreast at 
the same spacing; therefore, additional testing should be con­
ducted to establish this relation . 

f. An outgrow-th of this study has been to indicate that for flexible 
pavements the procedures used for obtaining the equival ent 
single-wheel load for many wheel assemblies may yield unduly 
conservative results. Therefore, a study of these procedures 
should be conducted since C-5A type aircraft will be required 
to operate from pavements. 

~ - A study should be made of the procedures for counting coverages 
since the method used may contribute to some of the differences 
occurring in the test results reported herein . 
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TAllIE I 

Sw.MAJ1Y OF T}(AFFIC TES, RESULTS, TU LANDING l'.AT 

Tire Average Equlva-
Infla - Measured lent 

!J:>ad tion Tire Equvi- Cover-
IA fo r 

NonMJ.ized Single -
IA for Assembly per Pres - Contact lent Tire 14!eS Coverages Load- Wheel 

Teat Load Wheel Tiro sure Area Radius C-C Tir e s 2acine l 'ire Ply Rated at Single for Adjustment Load Multiple 

~ Section ~ __ lb __ Configuration ~ ...P.!L ~ ~ __ i_n_. _ rad.ii ~ Rating ~ ~ ~ CBR • 2 Factor l b Wheels 

Data from GroW'ld-Flotation Inves t1.s.nt1on 

Tl l l l O!l ,000 Tl<in 52,000 200 307 9.90 37 3 .73 56x16 36 7 .4 300 8 1.57 81,640 25.6 
T2 2 104,000 Tl<in 52,000 200 303 9.84 24 2.43 56xl6 36 8 .7 40 2.5 1.97 102 ,440 19 .2 

T3 2 3 35,000 Single 35,000 100 318 56x16 24 2.5 liOO 31.9 250 
T4 4 70,000 Tl<in 35 ,000 llO 329 10 .25 25 2.43 56x16 32 2.3 20 14 1.97 68,950 27 .0 

T5 3 5 70,000 Tl<in 35,000 100 329 10.25 35 3.1,1 56x16 32 2.0 28 28 1.76 61,700 29 .7 
T6 6 70 ,000 Tl<in 35 ,000 100 365 10.ao 45 4.16 56x16 24 2 .0 130 130 1.28 44 ,8co 33 .0 

T7 4 7 70,000 Single -Tandem 35 ,000 100 365 10 .ao I:/:) 5 .56 56xl6 24 2.l 300 240 1.02 35 ,700 32. l 
T8 s 70 ,000 Tl<in 35,000 100 365 10.ao I:/:) 5. 56 56xl6 24 2.4 400 230 l.02 35, 700 31. 7 

T9 5 9 140,000 Tl<in-Tl<in 35,000 100 317 10 .00 37-68- 37 3 .1-6.8-3 .7 56x16 24 2 .4 199 107 l.6o 56 ,000 36 .0 
TlO 10 140 ,000 Twin-Tandem 35 ,000 100 317 10 .00 37x6o 3.7x6 .0 56xl6 24 2.6 74 35 l. 6o 56,000 , 29 . 5 

w Tll 6 ll 35,000 Single 35,000 50 640 25·.00-29 · 30 1.5 liOO+" 41.0+ 2500+ 
\0 Tl2 llA 6o,OOO Single 60 ,000 100. 6o6 25 .00 -28 30 2 . 3 130 35 .2 85 

Tl3 12 120,000 Tl< i n 6o,OOO 100 599 13 .85 56 4 .04 ?.5 .00-28 30 2.9 90 30 . 1.37 82,200 34 .6 

Tl4 9 21 35 ,000 Single 35 ,000 50 0,0 25 .00-28 30 1.5 liOO+" 41.0+ 2500+ 
Tl5 2°2 70,000 Tl<in 35,000 50 669 14.6'.l 42 2.87 25 .00-28 30 l.8 400 620 - 1.91 66 ,850 49 . 6 

Tl6 10 23A 50,000 Single 50,000 250 228 56x16 32 3.0 32 22.7 14 
Tl? 23B 75,000 Single 75,000 250 324 56xl6 32 3 .5 4 14.6 2 

Tl8 12 26 105 ,000 3 vheel e 35 ,000 100 333 10.30 33- 33 3.2-3 .2 56x16 24 2 .2 150 95 2.68 93,800 46.0 
Tl't 27 105 ,000 3 wheels 35,000 100 337 lC . 38 27 -27 2.6-2 . 6 56x16 21, 2 .4 68 43 2.91 101,850 41 . 5 

1'20 13 28 70,000 Tl<in 35 ,000 50 649 14 . 40 58.5 4 .06 25 .00-28 30 2 .1 700 56c 1.35 47, 300 41.0 
T2l 29 70,000 Tl<in 35,000 50 686 11, . ao 29 .5 2 .0 25 .ro-28 30 1.8 . 140 210 l.99 69 ,650 43.7 

T22 16 35 273,000 12 ...,heels 22 ,750 100 28o 9 . 45 34-44-34 3.6-4.7-3 .6 20 .00-20 22 2 .2 210 155 1.76 40,040 32.0 

Dato. from Rel atf'!d Studies-tHt 

T23 50,000 Single 50,000 200 270 56xl6 32 5 .9 130 19 . 6 7 . 5 
T24 41 ,500 Single 41,500 200 220 56x16 32 3.9 40 18 . 3 9 
T25 24,000 Single 24 .000 200 120t 56.,16 32 5.1 500+* 18.0+ 25·• 
T26 52,000 Single 52,000 200 313 56xl6 32 6.6 286 21.3 10 
T27 35,000 Single 35,000 200 191 56xl6 32 4.4 130 18 . 3 12 
T28 65,000 Single 65,000 200 325t 56.,16 32 6.7 26 15.7 3 

. No failure developed . .., TR J -634 (Appendix B). 
t Calculated . 
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TABLE II 

S!M,!ARY OF TRAFFIC TEST RESULTS, M8 LANDING MAT 

r e Average qu V4-
Intla- Men.nu.red l ent 

Load tion Tire Equva- Cover-
IA for Nonnal.ized Single-

Assembly per Pres- Contact lent Tire ages Coverages Load- Wheel IA f or 
Test Load Wheel Ti re sure Are• Radius C-C Tire S2•~ Tire Ply Rated at Single for Adjustment Load Multiple 
~ ~ LMe _ _ l _b _ Configuration l b __E_ ~ __!!!..:_ __ i_n_. _ _ _ r ~ ~ Rating ~ Failw·e Wheels CDR • 4 Factor _ l_b_ ~ 

Ml, · 2 35,000 Single 35 ,000 100 318 56xl6 24 5 .1 120 17.2 

M2 . 4 70,000 Twin 35,000 llO 329 10 .25 25 2 . 43 56xl6 32 3 . 6 20 33 l.970 68 ,950 19 . 75 

M3 • 3 5 70,000 Twin 35,000 100 329 10 . 25 35 3.41 56x16 32 3.8 28 42 l, 765 61 ,775 21.20 
M4' 6 70 ,000 Twin 35 ,000 100 365 l0.80 45 4.16 56x16 24 3.6 76 119 l. 275 44,625 22.30 

M5 7 70,000 Single -Tandem 35,000 100 365 l 0 ,80 00 5,56 56x16 24 4.9 200 145 l.016 35.~00 19 .00 
M6 8 70,000 Twin 35,000 100 365 l 0 .80 00 5.56 56x16 24 4.0 142 11,2 l.016 35 , 500 20 . 30 

M7 9 140,000 Twin-Twin 35,000 100 317 10 .00 37-68-37 3, 7-6 .8-3. 7 56xl6 24 4,l 102 90 l.598 55 ,930 24 .,,o 
MB 10 140,000 Twin-Tandem 35 ,000 100 317 10.00 37x€,o 3. 7x6.o 56x16 24 4.o 48 48 1, 598 55 ,930 2l.l'O 

M9 6 ll 35 ,000 Single , 35 ,000 50 640 25 .00-28 30 4,l 60o+" 23 .1 .... , 
1-'.lO llA 00,000 Single 00,000 100 006 25 ,00-28 30 4,3 1,0 25.0 

-i::-- Mil l2 120,000 Twin 00 ,000 100 599 13 .85 56 4.04 25,00-28 30 4.2 44 38 l,370 82 ,200 25.00 
0 

1.U.2 ·9 21 35 ,000 Single 35,000 50 640 25 .00 -28 30 l.9 300 32 ,8 

I.\J.3 22 70 ,000 Twin 35,000 50 669 14.oo 42 2 .87 25 .00-28 30 l.9 100 28oo l.912 66 ,920 39 .20 

!-'.l4 10 23A 50 ,000 Single 50,000 250 228 56x16 32 3 .8 2 8.7 

f'.15 23B 75,000 Sl ngle 75,000 250 324 - 56xl6 32 3.9 2 passes 10 ,5 

fJ.l6 l2 26 105 ,000 3 wh~els 35 ,000 100 333 10._30 33-33 3,2 . 3. 2 56.,16 24 3 ,7 150 200 2.680 93 ,8oo 36,00 
f'.17 27 105,000 3 wheels 35,000 100 337 10 . 38 27 -27 2.6-2.6 56x16 24 3 -7 68 90 2 .910 102,000 32 .90 

M.18 13 28 70,000 Twin 35,000 50 649 14 , 40 58 .5 4 ,06 ~5 .00-20 30 2 .8 700 48oo 1. 350 47,390 35 .00 
1.u.9 · 29 '/0,000 Twin 35,000 50 686 l4.8o 29 ,5 2 .0 25 .00-28 30 2 .8 200 780 l.990 €.9,650 36 . 50 

M.2-J. 16 35 273,000 12 vheels 22 ,750 100 280 9 . 45 34-44 -34 3. ( -4.7- 3,6 20.00-20 22 5,7 l JOO·Ht 285* L7f'o 40,495 211 ,6o 

* No failure developed. 
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TABLE III 

SUMMARY OF TRA.t"FIC TEST RESULTS , UNSUHFACED SOIL 

Ti re Pressure o rm -
Infl e. - izcd 

Loe.d tion Contact Average Equiv- Cover -
Assembly per Pres - Pres - Contact Area alent Ti re Cover68es u.gcs 

Test Loo.d Wheel Tire sure sure Comp~ted Measured Radius C-C Tire Seacin!I Ti r e Ply Rated at for 
No . Section ~ ~ __ l _b _ Configuration lb ~ _E_ ~ ~ l n . in . Radii ~ Rating CBR Failure ~ --- -

Sini;lc -Whecl Tests . 
' Ul AMRB* 8 l, OOC Single 1,000 10 15 100 65 9 .oox14 8 1.1 178 1 
I U2 AMRB l 1,000 Single 1,000 10 15 100 65 9 .oox14 8 1.4 200 
I U3 AMRB 2 1,000 Single 1,000 20 25 50 1,0 9 ,00xl 4 8 1.0 21, 
j u4 AMR1l 3 1 ,000 Si ngle 1,000 30 35 3 3 29 9 .oox11, 8 1.1 is 

U5 AMRB 4 1 ,000 Single 1,000 40 1, 5 25 22 9 . oox11, 8 1. 2 50 

U6 AMRB 5 2,000 Singl e 2 ,000 1,0 46 50 44 9 ,00xl4 8 2 , 3 38 
U7 . AiffiB 6 2,000 Single 2,00C 6o 63 33 32 9 ,00xl l1 8 2 . 6 50 
U8 AMRB 7 2,000 Single 2,000 8o 81 25 25 9,00xll1 8 2 , 5 41, 

U9 11"" 25 l 2,500 Si ngle 2 , 500 25 31 100 81 3l1x9 .9 14 1.3 30 
UlO 2 2,500 Singl e 2 , 500 25 31 100 81 34x9,9 14 2 .1 8o 

+="' Ull 7 16 19,000 Single 19,000 100 116 190 164 34x9 .9 11, 8,11 32 I-' 

Ul 2 11, 31 l 21,000 Single 21 ,000 100 84 210 21,9 20,00-20 22 4.2 3 
Ul 3 2 21,000. Single 21,000 100 84 210 21,9 20 .00 -20 22 6 . 3 26 
Ul4 3 21,000 Single 21,000 100 84 2::.0 249 20 . 00 -20 22 7 , 5 1,0 

Ul5 8 17 l 25 ,000 Single 25 ,ooo 25. 31, l (XJO 746 25 . 00 -28 30 3 ,9 2001 
Ul6 8 19 l 25 ,000 Single 25,000 1,0 1,9 6:•5 510 25 . 00 - 28 30 4, 7 150 
Ul7 8 18 l 25 ,000 Slngle 25 ,000 6o 63 4)7 399 25 . 00- 28 30 1, . 6 30 
Ul8 8 20 l 25 ,000 Single 25,000 8o 82 3)3 307 25 .00 -28 30 5,0 20 
Ul9 8 17A 1 25 ,00C Single 25,000 100 100 2'.,0 251 25 .00 - 28 30 3 ,9 3 
U20 7 14 25 ,000 S i ngle 25,000 100 110 2'. 0 227 25 .00- 28 30 7 .8 200 
U21 7 13 25,000 Singl e 25,000 100 103 2'.,0 242 56xl6 32 9 . 2 70 
U22 14A 32A 2 25 ,ooc Single 25 ,000 250 177 l C-0 141 56xl6 32 10 .0 10 
U23 14A 32A 3 25,000 S lngle 25,000 250 177 100 11,1 56x16 32 11, .o 6o 
u21, 7 15 25 ,000 Single 25 ,000 100 100 2~0 251 17 .00 -16 12 7 . 8 100 
U25 14A 32 2 25,000 Singl e 25,000 250 228 1(,0 110 30xll.5 21, 10 .0 l pans 
U26 14A 32 3 25 ,ooo Single 25,00C 250 228 l C>O 110 30xll.5 21, 11, .0 6 

U27 6 11 3 35 ,000 Single 35 ,000 50 55 700 640 25 .00 -28 30 12 .0 6oot 
U28 9 21 3 35,000 S i ngle 35,000 50 55 '/00 61,o 25 .00 -28 30 1, , 7 300 
U29 17 37 l 35,000 Single 35 ,000 100 109 3~0 319 56xl6 24 6 . 7 10 
u30 2 3 3 35,000 Single 35 ,000 100 110 3'.0 318 56x16 24 9 , 5 6o 
U31 17 37 2 35,000 Si.1gle 35,000 100 109 3~ J 319 56x16 21, 11 .0 50 
U 2 17 36 l 35 ,OOC Single 35 ,000 100 112 3~0 312 56xl6 38 6 . 7 1, 
U33 17 36 2 35,000 Single 35,000 100 112 3~0 312 56xl6 38 9 . 2 16 

u31, 6 llA 3A 6o,ooo Single 6o,ooo 100 99 6co 6o6 25 .00 -28 30 12 . 0 112 
u35 6 llA 3B 6o,ooo Single 6o,OOO 100 99 6CJ 6o6 25 .00 -28 30 16 . 0 130 

( Ccnt inued 

* Aney Mobility Research Branch. 

** Do.ta f' rom Model Wide-Tire Report9 , 
t No fa ilure developed. 
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TABLE III (Concluded ) 

Ti r e ressure orma -
Infln- Ground i zed 

Lond tion Contac t Average Equvi - Cover -
As sembl.y per Pres - Pres - Contac t Ar ea !llent Tire Cove rages ages 

Test Loud Wheel Ti re 5Ure sure Computed Mee.sured Rndi us C-C Tire S;eac in!l Tire Ply Rated at f or 
No . ~ ~ ~ l b Confi gurnt ion l b ...J?."..!.._ --1'E._ ~ ~ i n . in. Radii Size Re.tin!! CDR Failure CilR • 10 

Multlole -Wheel Tes ts 

U36 13 29 3 70,000 Tl<in J5,000 50 51 700 686 14 .Bo 29 . 5 2 .00 25 ,00-28 30 4 , 5 200 
U37 9 22 3 70,000 Tl<in 35,00C 50 52 700 6€1) 14 . 6o 42 2 ,87 25 .00-28 3Q 4 . 8 100 
U38 13 28 3 70,000 Tl<in 35,000 50 54 700 64':I 14 ,40 58 , 5 4 ,06 25,00-28 30 4 ,7 200 

U39 2 4 3 70,000 Tl<in 35,000 110 106 318 329 10 ,25 25 2 ,43 56xl6 32 10 ,0 20 20 

u4o 3 5 3 70 ,COO Tl<in 35 ,000 100 106 350 329 10.25 35 3,41 56xl 6 32 9.2 12 16 
u1,1 3 6 3A 70 ,000 Tl<in 35 ,00C 100 96 350 365 l 0 .8o 45 4 .16 56xl 6 24 9 ,0 . 36 53 
u1,2 3 6 3B 70 ,000 Tl<in 35 ,000 100 96 350 365 10 .Bo 45 4 .16 56xl6 24 10 .0 50 50 
U43 4 8 3 70 ,000 Tl<in 35,000 100 96 350 365 10 .Bo 6o 5 , 56 56xl6 24 9 . 8 62 68 
u44 4 7 3 70,000 Single-Tandem 35 ,000 100 96 350 365 10 .Bo 6o 5 ,56 56x16 24 9 . 3 100 135 

U45 12 27 3 105,000 3 wheels 35,000 100 104 350 337 10. 38 27-27 2 . 6-2 . 6 56xl6 24 10 .0 30 22 
U4 6 12 26 3 105, 00C 3 "'heels 35,000 100 105 350 333 10.30 33- 33 3 ,2-3 ,2 56xl 6 24 11.0 72 50 

.i::- U4 7 5 9 3 140,000 Tl<in-Tl<in 35,000 100 110 350 317 10 .00 37-68- 37 3 ,7 -6 ,8 -3 ,7 56xl 6 24 9 ,8 20 22 
f\) U48 5 10 3 140 ,000 Tl<in- Te.ndem 35 ,000 100 110 350 317 10 .00 37x6o 3 , 7x6 .0 56xl6 24 9,8 21, 26 

U49 1 2 1 104 ,000 Tl<i n 52,000 200 169 26o 308 9 .90 24 2 , 43 56xl6 36 10 .0 2 pnsse s 
U50 1 2 2 104 ,ooc Tl<in 52- ,00C 200 169 26o 308 9 ,90 24 2 , 43 56x16 36 18 .0 130 
U51 1 1 1 J.04 ,000 T\o/in 52 ,000 200 172 26o 303 9 ,84 37 3 ,73 56x16 36 10 .0 2 posses 
U52 1 1 2 104 ,000 Tl<in 52,000 200 172 26o 303 9 .84 37 3 ,73 56xl 6 36 27 .0 3oot 

u53 6 12 3 120,000 T\o/in 6o,ooo 100 100 600 599 13 .85 56 4 .01, 25 .00-28 30 9 .0 44 66 

U54 15 33 1 252 ,000 12 "'heel s 21 ,000 55 53 382 399 11.28 34x44x34 3 .0x3.9x3 .o 20 .00-20 22 2 , 3 1. 3 
u55 2 252 ,000 12 wheel • 21,000 55 53 382 399 11 .26 34x44x34 3 ,0x3,9x3 ,0 20 ,00-20 22 4 . 4 25 
U56 3 252 ,00C 12 wheels 21,000 55 53 382 399 11 .28 34x44x34 3 ,0x3 ,9x3.o 20.00-20 22 8. 1 59 
U57 15 34 1 252 ,000 12 wheels 21 ,00C 55 53 382 399 11 .28 34x44x3h 3 ,0x3 ,9x3 ,0 20.00-20 22 2 , 5 1. 3 
u58 2 252 ,000 12 wheels 21 ,000 55 53 382 399 11 .28 34x44x34 3 ,0x3 ,9x3.0 20 .00-20 22 4,7 49 
U59 3 252,000 12 wheels 21,000 55 53 382 399 11.28 34x44x34 3 .ox3.9x3 ,o 20 .00-20 22 7 ,0 400 
U6o 14 30 1 252 ,COO 12 wheels 21,000 100 81 210 259 9 .09 30x34x 30 3 , 3x3 ,8x3 , 3 20 .00-20 22 3,8 2 ,4 
U61 2 252 ,000 12 "'heels 21 ,000 100 81 210 259 9 .09 30x34x30 3 . 3x3 ,8.x 3 . 3 20 ,00-20 22 6 .1 28 
u62 3 252 ,000 12 "'heels 21,000 100 81 210 259 9 ,09 30x34xJO 3 , 3x3 , 8x3 , 3· 20 .00-20 22 10 ,0 730 

U63 16 35 3 273,000 12 wheels 22,750 100 88 228 2Bo 9 .45 34x44x34 3 , 6x4 . 7x3 , 6 20 .00 -20 22 9 ,0 455 

t No fa ilure devel oped, 

.... 
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TABLE IV 

DRAWBAR PULL DATA FRO,I AIRCRAFT GROUND -FLOTATION INVESTIGATI ON l 

Total Average CllR at 
Wheel Assembly Inflation Assembly Contact Conto.ct Item Nwnber Given CDR/ Drawbar Pull as Percent 

1'est and Spacing Pressure Load Area Pressure and Type Coverage Coverage Contact Drnwbar Pu.11 1 kiEs cf Grons Lou.d 

~ ~ in, ( c-c) Tire Size/'.Pl,r ~ .2!l.>.L !9...l!!.,_ ---2!.L_ Surface Level Level Pressure ~ Peal< Rolli ng Initial ~ Rolling 

l l Twin, 37 56x16/36 200 lo4 615 .8 168.9 l 0 10.0 0 .059 13.00 19 .00 10 . 54 12. 5 18.3 10.l 
Unsurfaced 

2 0 15.0 0.088 10 .25 11,50 4.86 9.9 ll.l 5 ,7 Unsurfaced. 
135 31.0't 0 .183 10 .00 9 .25 3.43 9.6 8 .9 3.3 
300 30 .0 0 .178 11. 50 13.50 3, 65 ll.l 13.0 3,5 

3 0 7.0 O.o4l 9,50 15.00 4 ,(,() 9 .1 14.4 4 .4 
V.odified Tll 135 7,0* 0.041 10 .75 15 ,50 5. 76 10.3 11,.9 5 ,5 

e.lwuinum mat 300 8 .3 0.049 10.75 15.20 5. 74 10,3 14 .6 5 ,5 

2 Twin, 24 56x16/36 200 lo4 (,()5.7 171.7 l 0 10,3 o .o(,() 19 .00 12.00 7 , (,() 18 . 3 11.5 7 .3 
tinau.rtaccd 

2 0 14,7 o.o86 11.20 9 .20 4,70 10.8 8.8 4 -~ 
Unsurfaced 130 22.0 0 .128 13,50 '/ .20 4. 50 13.0 6.9 4 ,3 

3 0 9 .0 0 .052 11.50 1. 10 4,70 ll.l 7 .4 4 . 5 
H>d1f1ed TU 40 8 .3 0 .048 J.4.00 10.80 6. )0 13.5 10.4 6.1 

e.lwuinum mat 

~ 2 3 Single 56xl6/24 100 35 317 .9 110 . l l 20 2.5* 0.023 l.75 2.90 1.05 5 ,0 8 .3 3 ,0 w 
l•bdified Tll 50 2, 5* 0 .023 2 .68 2.00 1 . 20 7 . 6 8 .o 3 ,4 

aluminum. mat (,() 2,5* 0.023 2 . 65 2.30 1.30 7,6 6.6 3. 7 
120 2 .4* 0 .022 4.20 3.10 1,(,() 12 .0 8 .9 4.6 
200 2.3 0.021 5,70 3.70 1.70 16 .3 10 .6 4.9 
6oo 2.9 0.026 5,90 7 ,(,() 2 .30 16.9 21.7 6 .6 

2 0 4 . 3 0.039 l,(,() 2.80 1.10 4 .6 6.o 3.1 · 
;,18 steel mat 20 4. 5* 0 ,01,1 2.63 2.fJO l.25 6 .1 6.o 3.6 

(,() 5,0* o.o45 3, 33 2 .90 1.35 9,5 6.) ) ,9 
120 5.6 0 .053 4.'/0 3 ,90 l,(,() 13.I, ll.l l1 ,6 
200 5,70 4 , (,() 2 .20 16.3 13 .1 6.3 

3 0 10.3, 0.094 2 .(,() 2 .€,o 1.20 7.1, 7 .4 3,4 
Unsur:faced 20 9 ,7* o .o66 2 .1,6 3,(,() l,(,() 7 .1 10.3 4 .6 

6o 6 .7 0.079 3 , (,() 5.70 l.90 10,3 16 . ) 5 .1, 
122 3.80 4.00 2 . 50 10.6 u.4 7 ,1 

4 Mn, 25 56x16/32 110 70 659.1 106.2 1 0 2 .4 0.023 u.1,4 1.20 4.02 16. 3 10.3 5. 7 
!-l:>d1f1ed Tll 20 2 . 4 0.023 12 . ; 7 10.(,() 6.97 17.9 15.1 10 .0 

aluminum mat 

2 0 4.6 0.043 7,64 7.05 3 ,65 10 .9 10 .0 5 , 5 
M'3 steel mat 20 3,6 0.036 6 ,97 7.20 5.43 12.6 10 .3 7,8 

3 0 10.5 0.099 6 .70 5,90 4.00 9.6 6.4 5.7 
Unsurfaced. 20 10 ,0 0.094 9 .70 8.00 6.47 13 .9 12. 6 9 ,2 

3 5 Twin, 35 56xl6/32 100 70 65Q . l 106.2 l 0 1.9 0 .018 11.00 7,40 5.10 15, 7 10.6 7,3 
1-k>d1f1ed Tll 12 2 .0't 0 .019 10 . (,() 11.40 1.00 15.1 16 . 3 10.0 

tlumlnum mat 30 2 .2 0.021 13.00 9.10 6.50 18 .6 13 .0 9 . 3 
Continued 

* Indicate~ data are extrapolated, (l of 8 sheets) 
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Total Average lam a 
Wheel Assembly Infla tion PS&embl.y Contact Contact Item Number Given CDR/ Drawbar Pull aa Percent 

Test and Spacing Presture J.oo.d Area Pre.:;surc and Type Coverage Coverage Contact Drnwhar Pull I ki EB of GrotJa road 
Section ~ in. (c -c) Ti re Sizel'.'.Pl;i: ~ -~ ~J.!L Surface Level ~ Prccoure ~ ~ Rolling ~ Peak 1101 1 l 11g 

3 5 '!'Vin, 35 56x16/32 100 70 659 ,l 106 .2 2 0 4 .o 0.038 9 . Go 6 . 50 4.20 13. 7 9,3 6 .o 
(Cont'd ) M8 steel mat 12 3.9• 0.037 9 ,10 10 . 50 5, 30 13.0 15.0 7 ,6 

30 3, 7 0.035 11 .20 8 .20 5,30 16.0 11. 7 7 , 6 

3 0 9.1 o .o86 11.10 7.J,o 4 .60 15.9 10 . 6 6 . 6 
Unourr8.ced l2 9 . 3 0 .088 10 . 70 14 .ao 8.50 15 . 3 21.l 12 . l 

6 Twin, 45 56x16/21, 100 70 731.4 95. 7 l 0 1.8 0.019 8 . 57 6 . 30 4 .10 12 . 2 9 .0 5 .8 
Modi fied Tll 20 1.8• 0 .019 10.16 8.00 6. 37 14 . 5 11.1, 9 .1 

a.l wnin,;lffl mat 50 1.9* 0 .020 7 , 30 5 ,90 10.1, 0 .1, 

2 0 3,9 o.041 8 . 17 6 .70 3,50 11.7 9.6 5 .0 
M8 s teel mat 20 3,7• 0 .039 9 ,95 7 ,90 4 ,97 14 . 2 11. 3 7,1 

50 3 .5• 0 .037 9 . 60 5. 30 13 ,7 7 ,6 

3 0 9 , 3 0 ,097 7 .13 4.70 3,90 10.2 6 . 7 5,6 
Unsurfaced 20 9.1• 0.101 10.13 6 . 50 4 . 50 14,5 9 . 3 6 .4 

50 10 .0* 0.104 10 .98 11.50 8 . 40 15 , 7 16. 11 12 .0 

4 7 Single -Tandem 56x16/24 100 70 731 , 4 95 ,7 l 0 2.1 0 .022 5,90 4. 20 2 . 50 8 .4 6.0 3 , 6 
60 Modified Tll 40 2,1* 0.022 6 . 60 5 . 30 2 . 8o 9,4 7 ,6 4.0 

tll.uminum mat 200 2 .1* 0 .022 9 .00 5. 20 3 ,110 12 .9 7 .1, 4 .9 
300 2 .1 0 ,022 8 .10 5.60 3 .20 n.6 8 .o 4 . 6 

+=' 
2 0 4.7 0 .049 6 .10 4 . 1,0 2 .10 8 .7 6.3 3.0 

+=' M8 cteel mat 40 4 . 8• 0 .050 6 . 50 4 . 50 2 . 60 9 . 3 6. 4 3 ,7 
200 5 .1 0 .053 8 . 20 5 . 50 2 . 70 ll.7 7,9 3,9 

3 0 10 .0 0.104 6. 40 4 .00 2 . 30 9 .1 5 ,7 3 , 3 
Unsurfaced 40 9 .6• 0 .100 6 . 70 5.00 3 ,70 9 , 6 7 , l 5 , 3 

128 8 . 7 0.091 8.20 6 .60 4 .8o 11. 7 9.1, 6 .9 

8 Twi n, 60 56x16/24 100 70 ni .4 95 . 7 l 0 2 . 4 0 .02~ 9 . 50 7,10 3 .00 13 . 6 10 . l 1, , 3 
Modified Tll 20 2,4* 0 .025 10. 20 ~.90 3. 30 14 . 6 8.4 1, .1 

a,.;.um.1nwn mat 62 2 . 4* 0 .025 l } , 70 8. 20 4 . 20 19.6 11.7 6.0 
142 2.l1* 0 .025 9 . 8o 8 .20 1,.00 11,.0 11.'/ 5.'/ 
460 2 .4 0.025 10 .10 9 .00 3 ,90 15 , 3 12 .9 5 . 6 

2 0 3.8 0.01,0 9.1,0 6.50 2.60 13.4 9 . 3 3.'/ 
M8 ct eel mat 20 3.9• 0 .041 8 .90 8 . 30 2,50 12,7 11.9 3.6 

62 4.o• 0 .042 9 .8o 6.60 3.00 11, .0 9 . 4 4 , 3 
142 4 .2 0.04 11 10 .00 1 -90 3,1,0 11, , 3 11. 3 1, .9 

3 0 11.0 0 ,115 9.70 10.10 3 ,70 13.9 14 .I, ~. 3 
Uns\l.rfaced 20 10 , 3* O. lo8 10.20 8 .90 3 ,90 l h . 6 12 . 7 5.6 

62 8,7 0 .091 9 . 00 10.50 6 . 20 13 . 7 15 .0 8 .9 

5 9 Twin-Twi n 56x16/24 100 140 1270 110.2 l 0 2 . 3 0 .021 17.20 12.0C> 10 . 20 12 . 3 9 .0 7 , 3 
37-68- 37 Mod I.f led Tll 20 2, 3* 0.021 16. 40 13 .50 11.7 9 . 6 

a.lwninum mat 199 2 . 1, 0 .022 22 . 30 24 .20 16. 20 15.9 17.3 11. 6 

·2 0 3 ,7 0,034 15, 30 13 , 50 8 . 40 10 .9 9 . 6 6 .0 
MB uteel mat 20 3 ,9* 0 .035 13 .20 8 .00 9 . 4 5,7 

102 4, 5 0.01,1 17, 30 14 .00 9 ,90 12.4 10 .0 7 .1 

3 0 9,7 o.oee 15 .30 19 .10 10 . 30 12 . 4 13.6 7 , 3 
Unts trfaced 20 10 .0 0.091 25 .70 24.40 ll. 00 18 .3 17 .4 15 . 6 

Cont i nuc:i 

* Indicates data &r.? extrapolated . (2 of 8 eheets ) 
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TABLE H (Continued) 

Total Average ---CBR at 
Whel!l Assembly Inflation As sembly Contact Contact I t em Number Given CBPj Drawbsr Pul l as Percent 

Test and Spacing Pres!'liure Load Arca Pre .:rnure and Type Cov erase Cover68e Contact Drawbcr Pull I kiEB o f Cross Loud 
~ Lane i n, (c -c) Tir e Si zel'.Pl;( ~ ~ ~ ~ Surface Level ~~ Init!nl Peak Rolling Initial Peak Rolling 

5 10 Twin-Tandem 56x16/2l1 100 140 1270 110.2 l 0 2 . 1, 0 ,022 15 .Oo 11.70 9 .90 11. 3 8.4 7 ,l 
(coot'd ) 37x60 l-k>di.fied Tll 24 2,5* 0 .023 13 .20 10 .80 9 , 4 '/ , 7 

al wn.inum mat 48 2,7* 0 .024 16.70 11, .10 12 .00 11.9 10 . l 8.6 
71, 2 .8 0 .025 13 .1,0 13,50 9 .50 9.6 9 . 6 6 .8 

2 0 4 . 3 0 .039 15 .00 9.50 6.90 10.7 6 .8 4 .9 
M8 s teel mat 24 4.0* 0 .036 10.00 8 .00 7 ,1 5 ,7 

48 3 ,7 0.034 14,9() 10.30 8.80 10.6 7 .4 6.3 

1 0 10.3 0,093 15.80 9.1,0 7 . 40 11.3 6,7 5 .3 
U'nau.rfaced 24 9.3 o.o8li 11.80 11.70 9 .10 8 .4 8.1, 6 . 5 

6 11 Single 25 .oox28/30 50 35 640 78 .1 l 0 1.5 0.019 6.90 2 .80 1.00 19 , 7 8 .o 2 .9 
Modified Tll 20 1.5* 0 .019 4.90 2.20 l.00 14.0 6.3 2 .9 

aluminu.11. mat 300 1.5* 0.019 6 .50 2 .60 1.00 18.6 7 ,4 2 .9 
(Ix) 1.5* 0 .019 3,80 2 .90 1.20 10.9 8'.3 3, 4 

2 0 4.1 0 .072 6 .00 2.20 1.00 17 .l 6 . 3 2 ,g 
M8 steel mat 20 4.1 .. 0 .072 4 ,50 1.70 1.00 12.9 4.9 2.9 

300 4 , 1* 0,072 6.40 1.90 1.00 18.3 5 .1, 2 .9 
600 4 .1* 0,072 3.20 2 .10 1.20 9 .1 6.o 3. 4 

3 0 10.3 0 ,132 6.(/J 2 .00 1.00 18 .9 5 ,7 2 .9 
UnRur!aced 20 10.4* 0 .133 4. >,o 2 .10 0 .90 12 . 6 6 .o 2 . 6 

300 12,3* 0,15? 7.40 2 .20 0.90 21.l 6 . 3 2 . 6 
I + 6oo 11, . 3 0.183 3 .10 2.20 1.10 8.9 6.3 2 .9 

i V1 
llA Single 25 ,00x28/30 100 60 606 99.0 l o· 2 , 3* 0.023 6.90 4 . 30 3,00 11.5 7.2 5 .0 

! Mo1if1ed Tll 20 2 . 4* 0.024 7 ,80 4.60 3.00 13 .0 7,7 5.0 . al uminW!l cat 130 3. 2 0 .032 3 ,90 4 .40 2.1,0 6 . 5 7 . 3 4 .0 

1 
2 0 4 , 3* 0 .01,3 5 ,(,() ,~ .00 2 .1,0 9 . 3 6.7 4 .o 

M6 oteel mat 20 4 ,3* 0 .01,3 1.10 11 .10 . 3 .00 12 .8 6.8 5,0 
lJO 4 , 5 0.01,5 6.30 5,00 3.10 10,5 8.3 5 .2 

0 DATA QJJESTl0NABLE Unsurfaced 

12 Twin, 56 25, oox28/30 100 120 1198 100,2 l 0 2.4 0,024 12.20 8 .1,0 6.10 10 . 2 7,0 5,1 
Modified Tll 20 2.6* 0 .026 13.20 10 .10 7,50 11,0 8.4 6 .2 

aluminum mat 41, 2,9* o.c29 13.50 11.30 7 . 50 11.2 9,4 6 .2 
90 3,1, 0 .031, 12 . 50 9 . 40 '/,30 10.4 7,8 6.1 

l 
2 0 4 ,3 o.Ol,3 ll .l,o 6.00 4 ,90 9 .5 5.0 4.1 

/,(J steel mat 20 4.2* 0,042 12 . 20 8 . 70 6.00 10 , 2 7.2 5 .0 
44 4.1 0.041 12 . 30 10 . 30 6 .80 10,2 8 . 6 5 , 7 

I 3 0 9 . 3 0 .093 10.60 7 , 40 '.,;.20 0 .8 6 .2 4 . 3 
U:1surft\ced 20 8.8* o .088 12.80 7 .40 6.00 10.7 6.2 5 .0 

44 8,3 0.083 10 . 50 11 .00 7 ,(;J 8 .7 9 .2 6 . 3 

7 13 Single 56x16/32 100 25 241.0 103 . 4 Unsurfaced 0 8.o. 0.077 3.90 2 .9() o.eo 15.6 11.6 3 .2 
20 8.7* o.004 3.00 2.50 1.30 12.0 10.0 5.2 
70 10.3 0 .100 5.30 3.20 l.6o 21.2 12.8 6.4 

14 Single 25 .oox28/30 100 25 227,4 109.9 t"'1surfaced 0 8.o 0.073 2.0o 1.30 0.70 11.2 5. 2 2.8 
20 8.0* 0 .073 4.00 1. 50 o.eo 16.0 6.o 3.2 

200 7.7 0.070 3.60 1 .1,0 0.50 14.4 5.6 2.0 

* 1rai1ciiteS dlita are extrapolat ed . 
(Continued ) 
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TABIE IV (Continued) 

Total Avcrnee CBR at 
Wheel Assembly I nflation As:1 cmbly Contact Contact I tem Nu:nber Given CBR/ Dravbar Pull as Pe rcent 

Test and Srac1ng Pressure Load Area Pressure and Type Coverage Coverage Contact Drawbar Pull i kt Es of GrO!;S Load 
Secti on Lo.nc in . c -c ) Tire Si zeLP!l __E!_ 2!E_ ~ J!L._ Surface Level ~ ~ Ini tl~l Peak Rolli ng InHial Peak Holling 

7 15 Single 17.00xl6/l2 100 25 250.7 99 .7 Uneu.rf aced 0 8 .o o .oao 3.10 2 . 30 1. 50 12 .4 9 .2 6 .0 
(Cont ' d ) 20 7-9* 0 .079 4. 50 ) .00 l.8o 18.0 12 .0 7.2 

100 7.'/ 0 ,0'/7 5 .00 4 . 1,0 3.00 20 .0 17 .6 12 .0 

16 Single 34.00x9 .9/111 100 19 163 . 6 116 .1 Unsurfaced 0 8.o 0 .069 3 . 30 2.40 1.40 13 . 2 9 . 6 5 . 6 
20 8 . 6* 0 .074 5.10 5 . 30 2 . 30 20.1, 21.2 9 .2 
32 9 .0 0.077 5 .So 5 . So 2 . 50 23.2 23 .2 10.0 

8 17 Single 25 .oox28/30 25 25 745 , 5 33 ,5 Un::,u.rfaced 0 3,9 0 .116 . 4.60 3 .20 0.70 18 .4 12 .8 2 .8 
,20 3°9* 0.116 3.50 o .So 0 . 30 14.0 3. 2 1.2 

200 4 .o 0 .119 3 . 50 1.70 0 .90 14 .o 6.8 3. 6 ... 
17A Single 25 .oox26/30 100 25 250 . 6 99.8 Unsurfaced 0 3 .9 0 .039 5 .20 3 .60 1.60 20 .8 11, .4 6 . 4 

18 Single 25 .oox26/30 60 25 399 . 3 62.6 Unsurf3,,ced 0 3 .9 0 .062 4.20 2.40 1.20 16.8 9 . 6 4.8 
20 4 .9" 0.078 4 .10 2 .40 1.60 16 .4 9 . 6 6 . 4 
30 5 . 3 o.o85 6 . 30 3 .10 1.30 25 .2 12 . 4 5.2 

19 Single 25 .oox28/30 40 25 510 .0 49 .0 Uusurfaced 0 4.7 0.()96 3.So 3 .10 0 .70 15 .2 12 .4 2 .8 
20 4.7* 0.()96 4.40 3 .20 0 .10 17 . 6 12 .8 2 .8 

150 4. 6 0 .()94 3.40 3.10 0 . 70 13. 6 12 . 4 2 .8 

20 Single 25 .oox28/ 30 So 25 306.7 81.5 Unsurfaced 0 4 . 7 0 .058 4 . 60 3 .70 l. 50 18 .4 1l1. 8 6 .0 

+"" 
20 5.3 0.065 4 . 50 3 .10 l. 30 18 .0 12 . 4 5 .2 

0\ 9 21 Single 2~ .00x28/30 . 50 35 640 .0 54 .7 1 0 . l.l 0.020 3 . 50 2 .So 0 . 70 10.0 8 .o 2 .0 
MJdi fied Tll 20 l.l* 0 .020 3.10 l. 60 0 . 70 8.9 4 . 6 2 .0 

aluminum mat 300 l.5* 0.027 4.00 3 .20 l.60 11.4 9 .1 4.6 
60o 1 .9 0 .035 4. 30 2.90 l.60 12.3 8.3 4.6 

2 0 2.0 0.037 3.10 2 .50· 0 . 50 6 .9 7 .1 l.4 
M8 steel mat 20 2 .0* 0 .037 3 . 50 l. 50 o . 60 l.0.0 4 . 3 1.7 

300 1.6 0 .033 3 .90 3 .50 l.70 11 . 1 10 .0 1,.9 

3 0 4.7 o.o86 1, . 60 2 .00 0 .90 13.1 5. 7 2 .6 
Unsurfaced 20 4. 7* o .o86 3 .90 2 . 50 l.10 11.l 7. 1 3 .1 

300 4.7 O.o86 4 .40 3. 50 2 .10 12 .6 10 .0 6 .0 

22 Twin, 42 25 .00x26/30 50 70 1338.0 52 . 3 l 0 l . 4 0 .027 8 .00 5 . 60 3 .90 11.4 6 .o 5 . 6 
Modified Tll 20 l.4* 0.027 8 . 40 7 .&J 5 ,50 12 .0 ll.l 7-9 

aluminum :oat 100 1. 5* 0 .029 8.00 6 . 60 5 .10 ll.4 9 . 4 7 . 3 
400 l. 8 0.034 7 .90 7 .So 5 . 60 11. 3 ll.l 6 .0 

2 0 l.6 0 .031 2 .20 6 . 70 3.So 3.1 9 . 6 5.4 
!.f8 steel mat 20 l.7* 0 .033 7 .90 6.40 4.60 11. 3 9 .1 6 . 6 

100 2 .1 0 .040 8 . 30 7.20 4 .8o 11.9 10 . 3 6 .9 

3 0 5.2 0 .099 7 .10 4 . 60 2 .So 10.l 6 . 6 l1.0 
Unsurfaced 20 5,0* 0 .()96 7 .20 6 .So 3 .50 10.3 9 .7 5 .0 

100 4.4 0 .084 ', . 70 1 .So 5 .10 13 .9 11 .l 1-3 

10 23A Single 56x16/32 250 50 228 .2 219. 1 l 2 3.0 0 . 014 6 .10 4.10 2.40 17 ,4 8 .2 4 .8 
Modified Tll 32 2.9 0,013 6 . 70 5 .30 2 .90 17 ,4 10.6 5,8 

aluminum mat 

2 2 4,l 0.019 7 . 70 5.So 4.70 15 . 4 11 .6 9 .4 
~18 steel mat 

Continued 

* Indicates data are extrapolated . (4 of 8 oheeto) 
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TABLE IV (Continued) 

Total Average CB.~ at 
Wh•el Aso emb~ Inflation Aascmb~ Conto.ct Contact Item Numbe1· cavcn CB!i/ Dro..,,.bar Pull aG Percent 

Teet and S pac J.ng Pressure Load Area Precsu.re and Type Cove rage Coverage Contact Dravba.r Pull t kins of Groos I.on.d 
Sect ion ~ in . ( c -c) Tire Si ze~!:,r -E!..-~ ~ ---..E!!._ Surface Level Level Pressure Initial Pcol< Rolling InJ tial Pcnk Hollin;; 

10 23B Single 56x16/32 250 75 324.o 231.5 l 4 4 .o 0.017 12.10 8 .90 6.10 16.1 11.9 8.1 
(Cont'd ) Modified Tll 

aluminum mat 

2 2 passes 4.2 NO DI1AWBAR DATA MB steel mat 

11 24 4 wheel• 5 . 50x4 ( Square 25 2. 5 18.0 33 ,3 l 0 1.2 0.036 0.65 26.0 
Shoulder) Unsurfaced 20 1.0 0 .030 0 . 65 26.0 

24 4 tires 5 , 50x4 ( Square 25 2 .5 78.0 33 . 3 2 0 2.0 0 ,060 0 ,45 18 .0 
5,0 Shoulder) thlsurfaced 20 2.2* 0 .066 0,52 21.0 

24A 4 tires 5 .OOx4 ( Round 25 2.5 83 .0 30.1 l 0 1.2 o.04o 0 , 58 23 .0 
4.8 Shoulder) Unsurfa.ced 20 1.0* 0 .033 o . 60 24 .o 

26 0.9 0.030 o.60 24 .0 

2 0 2.0 0 .066 0 , 35 14 .o 
Unsurf aced 20 2.1* 0 .070 0.30 J.2 .0 

72 2 . 3 0.076 o,t,o 16.0 

24B 4 tires 5 .00xt, (Round 25 2.5 93 .1 26 .9 l 0 1.2 0.045 0.55 22 .0 
8.o Shoulder) Unsur1"aced 10 1.5 0.056 0 . 65 26 .0 

2 0 2 .0 0 .074 0,20 8.o 
Unsurfaced 10 2.0* 0.074 0.20 8.o 

.f:" 20 2.0* 0.074 0, 15 6.o 

-.l 54 2 .0* 0 .074 0 . 20 8.0 
72 2.0* 0.074 0,30 12,0 
90 2.0 0.074 0 . 30 12,0 

24c 4 tires 5 .OOx4 ( Square 25 2.5 ($.9 35 .8 l 0 1 . 2 0 .034 0,35 14 .o 
8.o Shoulder) Unsurfaced 20 1.4* Q,039 0,45 18 .0 

50 · 1.7 o ,047 0 .50 20 .0 

2 0 2 .0 0 .056 0 . 20 8.o 
Unsurf'aced 20 1.9* 0 .053 0.28 11 .0 

50 1.7 0.047 0.25 10 ,0 
100 2.3 0.064 0.33 13.0 

24D 4 t!reo 5.00x4 ( Row,d · 25 2.5 93.1 26.9 l 0 1.2 0 .045 0,30 12 .0 
8.0 Shovl.dor) Unsurfaced 10 1.4 0 .052 o.4o 16 .0 

2 0 2.0 0 . 074 0 . 20 8 .o 
l!nsurfaced 10 2 .1* 0 .078 0.30 12 .0 

20 2 . 2 o.o82 0,33 13.0 

24!!: 4 ti res 5. 50x4 (Square 25 2.5 75 .0 33. 3 l 0 1. 2 0.036 0.30 12 .0 
5.0 Shoulder) Un3urfaced 26 1.7 0.051 0.1,8 19 .0 

2 0 2 .0 0 .060 0 .15 6 .0 
Unsurfaced 26 2 . 3* 0.0($ 0 . 20 8 .o 

6o 2 . 6 0 .078 0 . 38 15 .0 

25 Single 34 .00x9 .9 25 2 . 5 8o.6 31.0 l 0 1.2 0.039 0 . 50 20 .0 
Unbu.rfo.ced 20 1.5 0 .048 0 . 44 17.0 

2 0 2.0 0 .065 0 .30 12 .0 
Unsurfaced 20 2 .0* 0.065 0 .20 a.o 

8o 2 .1 0.068 0 . 29 12.0 

.. -- Illdicl\te s data are extrapolate-a-. ----
Continued ) 

( 5 of 8 eheetn 
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Teat 
Sf'ction 

12 

13 

14 

~ 
26 

27 

28 

29 

30 

I 

Wheel Assembly 
and Spac- ing 
in , \ c-c) Tire SizeLPlr 

3 "heels 56><16/25 
33 ·33 

3 "heels 56><16/24 
27-27 

1"i n, 58• l/2 25 .oox28/30 

1"1n , 29 .1/2 25.oox28 
30 ply 

12 vheell 20 .00 -20/22 
30.34. 30 

* Indicate a data are extrapol ated. . 

>\, . , .,+ 

Total 
Inflation Assembly Contact 
Pressure Load Area 

~ ~ ~ 
100 105 997 ,5 

100 105 1012 , 7 

50 70 1298 .0 

50 70 1372 .o 

100 252 259,4 
21 per per 
wheel wheel 

• 

TABIE IV (Conti nued) 

Averase 
Contact Item Uumber 
Pressure and Type Coverage 
JE_ Sur!'ac-1 Level 

105.3 l 0 
Modifi ed TU 72 

aluminum mat 150 

2 0 
!'.8 steel mat 72 

150 

3 0 
Una'.lrtaced 72 

103 ,7 l 0 
Modified Tll 68 

al.unl.num mat 

2 0 
M8 eteel 111&t 68 

3 0 
Unsu1 faced 30 

53 .0 l 0 
Modi!'i•d Tll 40 

al, ·minum mat 200 
550 
700 

2 0 
MS a~eel mat 40 

200 
550 
700 

3 0 
Unau.r.t'aced 40 

200 

51.0 l 0 
Mod~fied Tll 42 

o.:.unJ.nu.'ll mat 140 

2 0 
M8 steel =t 42 

i4o 
200 

3 0 
Unsurfaced 42 

140 
200 

81.0 l 2 pnosea 
Uns1i.rfaced 

2 2 passes 
Uneurfo.ced 23 passes 

Continued 
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CBR at 
Given CBR/ Dra..,bar Pull aa Percent 

Coverage Contt\.ct Dra..,bar Pull I kiE;a of Oros!'! Lou.d 
Levt-1 ~ Initial Peo.k Rolling I nitial Peak Rolling 

2.2 0.021 8.10 10.00 4.40 7, 7 9,5 4.2 
2.2'1 0.021 12,50 · 12.80 6.50 ll.9 12 .2 6.2 
2, 3 0.022 13, 6o 11.20 7,20 12 .9 l0,7 6.9 

3,3 0.031 ·7 .30 9.00 3.10 6.9 8.6 3 ,0 
3,7 0.035 9 ,70 9.40 5,90 9, 2 8 .9 5,6 
4.l o'.039 12,80 12.80 7,50 12 .2 12 ,2 7 ,l 

9,7 0.092 8.90 7 ,4o 3.30 8.5 7,0 3 .1 
l2,0 o.u4 9.40 1.00 4,70 8.9 6. 7 4 . 5 

2. 4 0 .023 l 3,6o 10.80 8.6o 12.9 10 .3 8.2 
2. 4 0.023 15,80 9,6o 15 .0 9.1 

3,7 0.036 9,50 9,6o 6.00 9,0 9 .1 5,7 
3,6 0.035 14.90 10 .40 1 .20 14 ,2 9 ,9 6 .9 

lC ,O 0 .096 ~-6o 1.00 2 .70 9 .1 6,7 2.6 
ll.O 0.106 l ,00 9,60 6.80 13,3 9,l 6 .5 

1.5 0.028 6.50 3,70 2 .60 9 .3 5. 3 3, 7 
l. 6* 0 .030 6,70 4.10 2,90 9,6 5.9 4 .l 
l.8* 0.033 1 ,3'b 5,lO 3,70 l0.4 7 ,3 5 ,3 
2 ,3 0 .043 7.40 5.30 3.70 10 .6 7,6 5.3 
2 .7 0 ,050 8 . lO 6 .40 ,4 ,30 ll. 6 9 .1 6.l 

2 .1 0 .039 6.6o 4.50 2. 50 9 .4 6.4 3.6 
2,2" 0 .041 6.50 4 . 6o 2.90 9.3 6.6 4.1 
2 .4 .. 0 .045 6.8o 5. 30 3,20 9 ,7 7 .6 4.6 
2 ,8 0.052 7,6o 7 ,00 3.40 10 .9 10.0 1, .9 
3.4 0.063 8.50 7,00 3,90 12 ,l 10 ,0 5,6 

4 .9 O .091 7,20 4.60 3,20 10 .3 6.6 4,6 
4 .8* 0,089 7 ,70 5,00 3,50 11 ,C 7 .l 5,0 
4 .6 0 .085 9 .50 6.00 4 .20 13,6 8,6 6.0 

l.3 0 .025 7,6o 4 .80 3.00 10 .9 6.9 4 .3 
l.6* 0.031 8.80 6.50 4 .6o 12.6 9 .3 6 .6 
2 .4 0 .047 8 . 50 6.60 4.80 12 . l 9,4 6.9 

2,4 0,047 7,20 4 .80 2 ,90 10,3 6.9 4, l 
2,6* 0,051 7,90 4,90 3.70 ll.3 7.0 5,3 
3,1 0 .061 7 ,90 6.80 4.30 l l. 3 9 ,7 6.1 
2 ,7 0 ,053 8 .10 8 .oo 4 .80 n .6 · ll,4 6.9 

4.6 0 ,()90 7,6o 3,90 2 ,80 10.9 5,6 4 .o 
4.6* 0 ,()90 8.8o 5,30 4.00 12,6 7,6 5,7 
4 ,7 0 .092 9 .10 5.80 4. 30 13 ,0 8.3 6.1 
4,2 0.082 9 ,50 6,50 4.60 13,6 9 . 3 6.6 

3,7 0,046 29.40 28,30 ll.7 11 .2 

6 ,3 0,078 16.40 14.40 6.5 5,7 
6.0 0.074 16.80 13 . 40 6.7 5-3 

(6 of 8 aheeta) 
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TAB!E IV ( Continued) 

Tote.I Ave rage CBR at 
Wheel Assembly Inflat ion A•aembl,Y • Contact Contact ltC'm Number Given CBR/ Dravbt&.r Pi.ill aR Percent 

Teat snd Spacing Pressure Load Area Pr~ssure end Type Covernge Covern.e;e Contact Drawbar Pul.l I kiEo or Gross Load 
Section Lane in. (c -c ) Tire SizeLP!:,r ~ ~ ~ J!.!.._ Surface L<,vel ~ Pressure ~ Peak Rollillll Initlnl Peak Holling 

14 30 12 wheel s 20, 00-20/22 100 252 259 , 4 81 .0 3 2 10,2 0 .126 11 .1,0 7,60 4 ,5 3 ,0 
(Cont'd) 30-34-30 21 per per Unsurfaced 23 10.2 0.126 15.00 9,60 6 . 3 3,8 

wheel wheel 300 10 .l 0 .125 10.00 7,60 4 .0 3,0 
6c:X) passes 10.0 0 .123 ll.20 7 , 30 4 .4 2.9 

31 Single 20.00-20/22 100 21 2118 ,6 84.4 l 0 4,6 0 ,055 2,40 ll.4 
Une~rfaced 3 3.8 0 .045 2 . 40 11 .4 

2 0 6.2 0 ,073 l.30 6. 2 
Uns-.lrfaced 3 6 .l* 0 .072 l, 40 6 ,7 

26 5,3 0 .063 2.30 11.0 

3 0 8 ,3 0 .098 0 .90 4 , 3 
Unsar!"aced 3 8.24t 0 ,097 0 .90 4 ,3 

26 7 , 3* 0 .087 l. 30 6 .2 

I 40 6,7 0.079 l.10 5 ,2 

l 
15 33 12 vheelo 20.00-20/22 55 252 337,5 62 .4 l l pass 2,5 0 .040 48.Bo 38,10 19,4 15,l 

34-44-34 21 per per Unsurfaced 
-wheel vheel 

2 l pass 4 ,l 0.066 11.00 8.40 4 ,4 3,3 
Unaurfaced 20 passes 4,6 0 ,074 19,10 12,30 7,6 4 ,9 

3 1 pe.ss 8 .5 0,136 8 ,70 6.60 3 ,5 2,6 

• Unsurfaced 20 po.1ues 6 .2 0 .131 6.00 6.00 3,2 2 , 4 

l ·$ 47 pnssea 7,8 0.125 9,30 8 .00 3,7 3,2 

34 12 vheela 20.00-20/22 55 252 399 ,2 52,7 l l pass' 2,5 0.045 38 .00 28.30 15,l 11,2 
34-44 -34 21 per per Unsurfaced 

...,heel w"heel 
2 l pa111s 4 .6 o.o84 9.40 . 8.20 3, 7 3 .2 

Un:mrface~ 37 passes 4.9 0 .089 15.Bo l 4,8o 6.3 5 ,9 

3 l pnsa 7,8 0.142 7 ,40 6.20 2 .9 2 .5 
Unsurfo.ced 37 passes 7 .6• 0 .138 8 . 60 6 .00 3 ,4 2 , 4 

300 p o.sues 6.2 0 ,113 11 .90 9 ,00 4."/ 3,6 

16 35 12 vheele 20.00-20/22 100 273 279.5 87 .6 l 0 2 . 2 0 .025 29 ,00 16 ,70 14 . 50 10.6 6 ,l 5,3 
22 . 75 per Modi fied Tll 130 2.2* 0.025 29 .90 23.40 20 .20 10.9 8 . 6 7 ,4 
per wheel a....uminum mat 210 2 .2 0.025 30,40 23 ,70 21.00 11.l 8.7 7,7 
wheel 

2 0 4.4 0 .050 15.00 ll.10 1 .00 5,5 4 .l 2 .6 
MB steel mnt 130 4 ,7• 0 .054 19.00 14 ,70 8 .2<:' 1.0 5 , 4 3 .0 

210 4 . 8~ o .05~ 19.00 14 .20 9 . 50 7 ,0 5 .2 3 ,5 
455 5,3* 0 .060 16.90 .t4 .JO 10.70 6 .2 5.2 3 ,9 

1300 7.1 0 .081 18.Bo 14, 50 9 .90 6 .9 5 . 3 3 .6 

3 0 9 ,7 0 .111 14 .20 10 .00 6.60 ; .2 3 ,7 2 . 4 
Uns·.u-!aced 130 9, l 0 .104 16 . 40 13.50 9 . 50 6.0 4 .9 3,5 

210 8 .8 0 .100 16 . 50 13 . 50 9 . 50 6 .o 4 .9 3, 5 
455 7 ,7 0 .088 17 . 50 17."/0 11 .00 6 .4 6 . 5 4 .o 

17 36 Single 56x16/38 100 35 312 , l 112,2 l 0 6 . 7 0 .060 3,70 2 .1,0 10 .6 6.9 
Unsurfo.c~d 4 6 .7 0 .060 5 ,00 2 .eo 14 , 3 B.o 

2 0 9 ,7 0 .086 2 . 30 l.50 6 . 6 4-:l 
Unsurfaced 4 9,5* o .o85 2.40 2 .00 6.9 5 ,7 

16 8.7 0 .078 3 .00 2 .10 8.6 6 .0 
C,:mtinued 

• Indicates dat& are extrapolated. . ( 7 or 8 sheets) 
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TADU-: I V (Continued) 

Tot,Ll Avr r"-'~" Cl!R at 
Wheel A:.::~mlily In f 1'\t. 1on A:. ~r:mhl.y <.:vntac t. Cont.,, ·t Jt,•m Numl,cr Given CBR/ Drawbur Pu] 1 n!; Percent 

T,•:;t. anc.J ~pac! 111 ~ Pr,.:w ur.- l.<>lLd Arra. Prc:..;c rc and Type Cove rae;e Cove ruec Cont.act Drawbar l"Ull t kiE!J o f f:rO!::l lonrt 

~ ~ l n . ( "•c) 'f\rr GJ :u'LPJ~ _J1:L_ 2!E... ~ ~ su,-facc Level ~ Prcr.cu rc ~ P"tlk kolll n~ -~ Pl• nk Holllnt; 

1"I :rl :Hnelr ~61. JC/21, 100 3~ 31\1 ,4 ] 'YJ , '/ l 0 6 , 7 0 .061 2.00 1. 5() '.J,1 Ii. ) 
(<:or,t' <l ) Unsurfo.ccd 10 6 ,7 0 .061 4.30 3.~o l ~ . J ] 0 .0 

-~ 0 9 ,7 o.008 1. 50 1.20 Ji. 1 3 , 11 
Uncurfaced JO 9,9• 0.09() l.70 1.50 Ii .9 ". 3 

50 11 .0 0 . 100 2 .Go 2. 00 7 .h 5, 7 

lll'J W t i ngle 9 .oox14/8 10 l.O 65 . 2 15 ,11 Uncu.rfaced l l.4 0 .090 o.oa 0 .05 8 .0 11,5 
1'cct.t. 2 l.4 O,(Y,)O 0 . 10 0.05 10 ,0 5 ,1 

6 l. 4 0.090 O.ll o.o(; 10 . 5 6.o 
24 l. 4 0 .090 O. ll 0.0"( 11.0 7 ,0 
48 l.4 0 .090 0. 13 o .oo l?,5 7 ,9 

100 l.4 0.090 0.14 o.oa 13.5 8 . 3 
200 l.4 0. 0')0 0.25 a.Oil ?11, 5 fl . ? 

2 Ginglc 9 ,00x Jl1/8 20 l.O 110 . 1 24 ,9 Unourfaccd l l.O 0 . 0110 0,111 O. ll 1 \ . ~ l l.O 
2 LO o.o4o 0 . 16 0.12 16 .0 11.5 
6 l.O 0.011() 0.19 0,111 18 , 5 111 .0 

24 l. O o .o4o 0. 26 0 . 10 26 .0 18.0 

3 Single 9 .00x14/8 JO l.O 28 . 6 35 ,0 Un3u.rfaced l l. l 0.031 0.17 0 ,13 17 .o 13 .0 
2 l. l 0. 03 1 0,17 0 ,13 17 .o 12 .8 
6 l. l 0.031 0 . 23 0 ,17 22 .5 l G. 8 

\Jl 211 l.l 0 .031 0 .26 0.19 25 , 5 19 , 3 
0 

4 Si nele 9 .oox14/8 40 l.O 22 , 3 41,.8 Unsurfaced i l. 2 0 .027 0 , 19 0 ,15 19 .0 111 , 5 
2 l. 2 0.027 0 . 19 0 , lli 19 .0 11,.2 
6 l.2 0.027 0,21 0 .17 21.0 lC.8 

24 l. 2 o.a27 0 .29 0 ,19 28 . 5 )9 .0 
48 0 .28 0 .20 27 . 5 19.5 

Si ngle 9 .00xll1/8 40 2 .0 43.5 116 .0 Unaurfaced l 2.3 0.050 0 . 24 0 . 18 JJ.7 9 ,0 
2 2 . 3 0.050 0. 24 0 .18 12 .0 9 .1 
6 2.3 o.o~o 0 . 30 0.23 14. 7 ll. ~ 

211 2.3 0.0',0 0 . 34 o.~4 16 :1 J.? .O 
38 2.3 0 .050 0. 37 0 ,24 18 . 2 12 .0 

6 Si nelc 9 .OOxl 4/8 Go 2.0 31.7 63 . 1 Unsurfaced l 2 . 6 0 .041 0 . 24 0.18 11. 7 9 .0 
2 2 .6 0 . 041 0.27 0. 19 l ) .2 9 . 5 
6 2 ,6 0 .041 0.31 0.25 15 .2 12 . 4 

211 2 .6 o.o41 · 0. 39 0 .2~ 19, 2 111 ,5 
48 2.6 0.041 o.40 0 . )2 20.0 15 ,7 
50 2.6 0.0111 0 . )0 0.)0 111,7 15 .0 

7 S!ncl o 9 .00xll1/8 8o 2 .0 24 . 7 81.l Unsurfaced l 2.5 0.031 0 . 30 0 .23 15 .0 11. ! 
6 2 . 5 0.031 O. J8 0.27 19 .0 13 . 5 

24 2 . 5 0.031 0 . 46 O. ) l 22 . 7 15 . 3 
114 2.5 0.031 0 . 43 0 . )2 21.5 15 . l 

8 Single 9 .00,14/8 10 l.0 65 . 2 15 .4 Unsw-faced l l.l 0 .071 0.09 0 .05 a. , 4 . 5 
2 l.l 0.071 0 .09 0,05 8.5 4.6 
6 l. l 0.071 o .oa O. o6 8.o 5,5 

211 l.l 0.0·,1 0.11 0.09 11.0 8.5 
118 J.l 0 .071 0.16 0.0') 16.0 8.8 

100 l.l 0.071 0 .18 0.10 17 . 5 10 .0 

* Indicates dat a are extrapol ated. (8 of 8 chects ) 
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Wheel 
A03 cml>l:t: 

8 wheels* 

8 vheels 

8 wheel, 

8 whcclo 

8 wheels 

8 wheels 
8 whcel o 

8 wheels 

8 wheels 

8 wheels 

8 wheels 

8 wheels 

8 wheels 

8 wheels 

8 wheels 

8 wheels 

Twin- twin 
(mounted 
on DC -7) 

Dun.l - twin 
tandem, 
(mo'"'1ted 
on Boe -
ing. 707 ) 

Tire Spacing 
in, 

24 - 30-2iixl20 

2ii -30-21•xl20 

24 -30-211xl20 

21, -30-24xl20 

l8-30 -24xl20 

24-30-24xl20 

30- 30-30xl20 

24 -30-24xl20 

30-30-30xl20 

l8-30-18xl20 

24 -30-24xl20 

30 -30-30xl20 

30 . 30. 30x120 

30 -30 -30xl20 

18-30-J.8xl20 

30 . 30 . 30x120 

26-32-26 

26-32 -26 

26-32-26 

21-34 -?lx56 

21. 34. 21><56 

T re 
Infla-
tion 
Pree -

Tire sure 
~ ~ 

40xl4 55 
40x.l4 6o 
40x.l4 l.10 

40xl4 16o 

40x.l4 110 

40x.l4 6o 
4oxl4 6o 
40x.l4 55 

40x14 55 

4oxl4 55 
40xl4 110 

40x.l4 110 
40xl4 110 
40x.l4 6o 
40xl4 6o 

40x.l4 60 

40x.14 110 

l!Ox.14 6o 
40x.l4 55 

46xl6 25 

46xl6 25 

.. 

TABLE V 

DRAWBAR PULL DATA rnoM RELATED SOURCES 

CDR/ 
Infla-

Gross Number tl :in 
wad Type of of Pres - Drawbe.r Pull 1 

~ ~race PRoses ~ sure !n1 tio.l Holling 

120 Unou.rraced 341 15 ,0 0.27 4,000 

120 Unsurf'o.c ed 370 15 .0 0 .22 3,500 

120 Unsurf ed 400 15,0 0.11, 

120 Unsurfaced 86 15,0 0,093 3,500 

120 Unou.rfaced 264 15,0 0 .14 4,000 

200 Uno urf'accd 26 8.0 0 .10 12,000 

200 Un our faced 49 a.o 0 .10 10, 500 

16o Unsurfo.ced 119 8.0 0 .145 7,000 

16o Uncurfaced 58 B.o 0.145 6,000 

l 6o Unsurfaced 102 8 .o 0 .145 10,200 

120 M8 mat 50 4.o 0.036 17~ 000 

120 MB mat 120 4 .o 0 .036 11,,500 

200 MB mat 49 4 .o 0.036 28,000 

200 M8 mat 52 4 .o 0 .050 27,200 · 

l6o M8 mat 62 4 .0 0 .067 23,000 

160 M8 mat 120 4 .o 0 .067 20 , 500 

90,000 Unsurfaced l 4 .o 0 .036 15 ,000 14,000 

90,000 Unsurfaced l 4.o 0 .05 15,6oo 11,000 

90,000 Unsurfaced 1 4.0 0 .073 18,000 9,400 

160,000 Unsurfaced 1 8.o 0.32 12 ,000 5,500 

16o,OOO Unsurfaced 1 3.0 0 .12 11, 500 11,000 

* Asnembly consisted of 8 wheels (2 rows of 4 wheels). Tandem spacing 120 l n. 

• 
• 

Druvbar Pu ll ao r~rc~nt 
lb or liro ao !. u 

Pcllk i'nl~!al Hu Jl 1,5 p,;Ji - i> ur~•,.. 

10,200 ,5 Vouf.l A.A Id r• r"' :"t ~r Uj 

6,500 ;, ,9 5.4 1 V 1:: 1\" f, • ";~ t :y !" ! ?~ r 
E!"!"r r t :1 v !" A! r r 11 f ~ 

lA.11 •11 1,i-' 1;r 11 i'"l rA..'"'.• • rf!I 

7,900 ~.9 .6 on :• -.. 5•J, Jtt Ar.-" ldr !·~ ~.11 
fl .:i athm ( !1\'\ t :! 1• :, . 

7,500 , 3 6 .2 R•· pcrt. ~ •,ti , l ~:-'\)· l••• 5 

17,500 6.0 8 .75 

16,500 5 . 3 8 .25 

12,000 4 .4 7. 5 

12,aoo 3,8 B.o 

16 ,000 6.4 10 .0 

23,600 14.2 19 .7 

21,500 12 ,1 17 .9 

34,700 14 .0 17,4 

31,300 13.6 15 ·.7 

28,000 14 .4 17 .5 

30 ,000 12 .8 18.8 

17,200 16,7 15.6 19.1 Flight tests conduct ed by 

16,000 17,3 12 .2 17.8 Douglas Aircraft Co . at 
Harpern Dry Lake , Calli' . 

ll,6oo 20 .0 10 .4 12 .9 

11 ,000 7.5 3.5 6.9 Flight tes t conducted by 

22 ,000 7 .2 6 .9 13.7 
t he Doeing Co . at 
Harpers Dry Lake , Cali:. . 
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• .. • ' TABLE VI 

SUMM.ARY OF SPEED TEST RESULTS 

Cone Tire Tire Velocity Wheel Drawbar Drawbar 
Index Diameter Width Tire f'ps Load Pull Pull/ CidbV¾° 

Test ill.L . ( d) in . (b~ in. Size (v) .(_!Ll lb lb Wheel Load - w-

1 44 26 .83 7, 86 9,00-14 6.01 985 109.30 0.111 57 
2 49 8 .38 2.46 2,50-4 o.49 108 11 .00 0.102 5 
3 63 8 .38 2.46 2,50 -4 0.51 107 10 .70 0.100 6 
4 51 8.38 2.46 2,50-4 7,72 109 12 .43 0.114 74 
5 58 8.38 2.46 2.50-4 8 .06 111 11.99 0.108 87 
6 62 8 .38 2.46 2 .50-4 23.04 110 11.44 0.104 268 
7 52 8.38 2.46 2.50-4 1.88 109 13.84 0.127 18 
8 60 8.38 2.46 2,50-4 1.80 108 12.96 0.120 21 

V, 9 51 8 .38 2.46 2.50-4 5.84 105 12 .18 0.116 58 
f\) 10 63 8.38 2.46 2.50-4 5 .96 103 11 .33 0.110 75 

11 48 26.83 7, 86 9 ,00-14 0.51 1012 119.42 0.118 5 
12 40 ., 26.83 7.86 9 .00 -14 19.61 1003 101.30 0.101 202 
13 49 26.83 7.86 9.00-14 25.25 980 123.48 0.126 266 
14 45 14.12 4.20 4.00-7 11.88 273 26 .48 0.097 116 
15 44 14.12 4.20 4.00-7 23.29 291 25,02 0.086 209 
16 48 14.12 4.20 4.00 -7 0.52 276 32.84 0.119 5 
17 45 8.38 2.46 2.50-4 22 .39 108 15 .44 0.143 192 
18 45 14.12 4.20 4.00-7 22.30 262 23.84 0 .091 227 
19 44 14.12 4.20 4.00-7 16.70 265 27 .29 0.103 186 
20 48 1Lr .12 4.20 4.00-7 22.07 278 28 .63 0.103 226 
21 49 28.38 8 .30 9 .00-14 24 .38 978 81.17 b.083 288 
22 50 28.38 8.30 9.00-14 24 ,53, 968 82 .28 0.085 298 
23 47 28. 38 8.30 9 ,00-14 15.50 972 76 ,79 0.079 176 

* See column headings for definitions of symbols. 
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Figure 10 . Load cell used in drawbar pull t ests 
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Figure 13 . 1'ypical Tll mat breaks 
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APPENDIX I: PLAN OF TEST FOR DEVELOFMENT OF DESIGN 
CRITERIA FOR THE CX-HLS AIRCRAFr 

Purpose 

The primary objective of this program is to obtain sufficient data 
for establishing criteria which will permit design of an efficient landing­
gear configuration for a 700,000- to 800,000-lb gross weight subsonic 
transport aircraft that will be capable .of operating on support-area air­
fields. It is also desired to obtain data for improving existing ground­
flotation criteria, particularly in regard to low-pressure tires and light 
wheel loads. Specific objectives of the field tests outlined herein are 
to determine the effects of the following variables on surface distortions 
and rolling resistances on both unsurfaced and mat-surfaced soils: 

a. Tire-inflation pressure 

b. Wheel load 

c. Multiple-wheel assemblies 

d. Wheel spacing on multiple assemblies 

e. Tire size 

.,:, Speed (to a liruited degree) J. • 

A proposed schedule of tests to meet the test obj ectives is shown in 
Table VII. ThiE' schedule indicates a rather extensive and time-consuming 
test program which should furnish a considerable amount of basic data for 
use in revising and improving current ground-flotation criteria. However, 
due to the importance of the time element in this investigation, completion 
of this schedule of testing may not be possible. Deviations from this 
schedule wil.l be made as test data are obtained and by information fur­
nished by the supporting agency (USAF) from related studies. Every effort 
will be made to obtain the maximum amount of information with minimum ef ­
fort. Spot-check tests will be used to the fullest extent possible. 

Procedure 

The proposed tests with 1000- and 2000-lb single-wheel loads will be 
conducted in the mobility research facility at the U. s. Army Engineer 
Waterways Experiment Station (WES), Vicksburg, Miss. Each test will be 
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conducted in a separate test lane which will be subjected to traffic of a 
specific wheel load and tire pressure . Ea.ch test lane will consist of one 
item with a uniform soil strength. Tne traffic test la...~e will have a width 
of approximately four tire prints and will be subjected to uniform-coverage 
traffic. 

The tests for wheel loads greater than 2000 lb will .be conducted on 
specially prepared test sections in hangar 4 at WES. These sections will 
consist of one or more test lanes that will be subjected to traffic of a 
specific wheel or assembly load and a specific tire pressure. Ea.ch t est 
lane will consist of several test items of different subgrade strengths 
or types of surfacing. The traffic lanes will be approximately 12 ft wide 
and will be subjected to uniform-coverage traffic. A typical layout of a 
test section is shown in Figure 44. 

Prototype Test Cart 

Most of the tests in hangar 4 will be conducted using present load 
carts. However, the size of the prototype gear is expected to be such 
that a special load cart must be designed and built in order to test it. 
This load cart will be designed and built so that it will be versatile and 
capable of being adapted to almost any type gear that may be proposed for 
the CX-HLS aircraft. Pressure distribution on a smooth, hard soil surface 
for tires used in the prototype tests will be obtained using CEC pressure 
cells mounted on a rigid plate. 

Speed Tests 

Limited speed tests will be conducted in conjunction with tests shown 
in Table VII. The WES wi ll attempt to develop relations bet ween drag 
(rolling resistance) and speed through the use of dimensional analysis and 
scale-model testing or other recommended procedures. Relations between 
drag and rate of acceleration will also be studied. 

T"ne possiblity of conducting full-scale drag speed tests will also 
be examined. There are at least two organizations that may have the capa­
bility of conducting these full-scale drag speed tests: NASA Landing 
Loads Track, Langley Research Center, Langley Air Force Base, Va., and 
All-American Engineering Company, Wilmington 5, Del. These organizations 
will be contacted after this plan of test has been approved. 

Traffic Coverages 

The load and tire pressures shown in table Al for the various sub­
grade strengths were selected to produce failure within 200 coverages. 
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In some cases, failure should develop in less than 20 coverages . In all 
traffic tests, traffic will be applied until failure develops or to a 
ma.xi.mum of 200 coverages. 

Subgrade Soil 

A heavy clay soil (CH) will be used for the test section subgrades. 
The subgrades will be constructed as required by test conditions to a 
total thickness of 24 to 72 in. in 6 -in.-thick compacted layers at water 
contents as required to obtain the desired· subgrade strengths . All unsur­
faced test items will be kept covered with membrane to prevent drying , ex­
cept for the actual time that traff ic is being applied. Sprinkling of the 
surface to prevent drying and a buildup in strength will also be accom­
plished as required. 

Test Observations 

Water content, density, and CBR determinations will be made prior to 
traffic and at point of failure in all.test items. Similar determinations 
may also be made at intervals during traffic where there is any visual in­
dication of a change in strength. These· tests will be made at surface of 
subgrade and at depths of 6, 12, and 18 in. The rated strength of the test 
items will normally be based on combined effects of the QBR values for the 
surface and 6- and 12-in. depths for all data obtained before, during, and 
at end of traffic. 

The rolling resistance or drag forces will be measured for each test 
item at the beginning and end of traffic and at some interval during 
traffic. 

Level readings to determine surface distortions and elastic deflec­
tion of subgrade and/or mat wj_ll be taken prior to traffic, at intervals 
during traffic, and at end of traffic. 

Close visual observations of behavior of subgrades and mat during 
traffic will be made and recorded throughout the traffic period. These 
observations will be supplemented with photographs as ~appropriate. 

Tentative Failure Criteria 

The failure criteria presented below are tentative only and are sub­
ject to change. Any changes will be based on a more detailed study than 
has been possible up to this time of previous failure criteria and data re­
lating thereto. 
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Failure of u..~surfaced test items will ·be based on elastic deflection 
under load and permanent def ormation or rutting . When the elastic deflec­
tion exceeds 1 . 5 in . or rutting exceeds a 3-in. depth, the test item will 
be judged as failed . A maximwn allowable rolling resistance in percent of 
wheel load may also be incorporated in the failure criteria . 

. Failure of the mat - surfaced test items will be judged on the basis of 
(a) development of roughness and (b) excessive mat breakage . When surface 
deviations from a 10-ft straightedge equal or exceed 3 in . in any direction 
within the traffic lane, the test item will be considered failed due to 
roughness. When mat breakage develops in 10 percent or more of mat panels 
within the traffic lane to the extent of producing tire hazards or endanger ­
ing aircraft operations, the test item will be considered faiJ.ed . This will 
allow for a io percent mat replacement during the period of traffic . 
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TABLE VII 

SCHEDULE OF TESTS 

Inflation Contact Single- Wheel Subgrade 
Tire Pressure Area Wheel Wheel Assembly Spacing Strength (CBR} 
Size ,{psi) (sq in.) load (lb) Configuration wad (lb) (radii) Unsurf aced W3 

8. 50-10 lOJE- 100 1,000 Single 1,000 -- l 
~ 50 1,000 Single 1,000 -- 1 
30 33. 34 1,000 Single 1, 000 -- 1 
30 33.34 1,000 Singl e 1,000 -- 1. 
30 33.34 1,000 Single 1, 000 -- 1 
4o 25.00 ·1,000 Single 1, 000 -- 1 

8.50-10 4o 50.00 2,000 Single 2,000 -- 2 
60 33.34 2,000 Single 2,000 -- 2 
8o 12.50 2,000 Single 2,000 -- 2 

25.00-28 10 1,000 10,000 Single 10,000 -- 3 
15 1,000 15,000 Single 15, 000 -- 4 
20 1,000 20,000 Single 20,000 -- 4 
25 1,000 25,000 Single 25 , 000 -- 4 

56x16-» 200 175.00 35,000 Single 35,000 -·- 20 8 
200 175.00 35,000 Twin 70,000 3.0 20 8 
200 175.00 35,000 1\tin 70, 000 4.5 20 8 
200 175.00 35,000 1\tin 70,000 6.o 20 8 

200 260 52,000 Single 52,000 -- 20 4 
200 260 52,000 1\tin lo4,000 3.0 20 4 
200 260 52,000 1\tin 1o4,ooo 4.5 20 4 
200 260 52,000 1\tin 1o4, ooo 6.o 20 4 

20.00-20 100 350 35,000 Singl e 35,000 -- 10 4 
100 350 35,000 1\tin 70,000 3.6 10 4 

56x16 100 350 35,000 'lvi n 70,000 4.5 10 4 
100 350 35, 000 1\tin 70,000 6.o 10 4 
100 350 35,000 1\tin -1\tin 14o,ooo 4.o 10 4 
100 350 35,000 Single-Tandem 70, 000 4.o 10 4 
100 350 35,000 Twin-:Tandem 1li-0,ooo 4.o 10 4 

25.00-28 50 700 35,000 Single 35, 000 -- 8 4 
50 700 35,000 Twin 70,000 3.0 8 4 
50 700 35,000 Twin 70,000 4.5 8 4 
50 700 35,000 1\tin . 79,000 6.o 8 4 

25.00-28 100 250 25,000 Single 25,000 -- 8 

56x16 100 250 25,000 Single 25,:)()() -- 8 

17.00-16 100 250 25,000 Single 25,000 -- 8 

34x9.9 100 250 25,000 Single 25,000 -- 8 

20.00-20 100 300 30,000 (12 wheels 360,000 3.0 8 4 
75 4oo 30,000 configuration 360,000 3.0 8 4 

vill be de-
25.00-28 6o 500 30,000 termined ) 360,000 3.0 8 4 

40 750 30,000 360,000 3.0 8 4 

* These tests will be repeated with an extra wide tire if this appears desirable as the test 
program progresses . 

Tll 

4t 
4t 
4t 
4 

4 
4 
4 
4 

2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 

2 
2 

2 
2 

- 'lllese tests will be conducted as part of a related study. Only spot-check tests 'With 200-psi 
tires will be included in this program. 

t These tests have been completed on Tll mat as part of a related study. 

95 



\0 
0\ 

~ 

~ 
(D 

., 

< w 
a: 
< 
a: ... 
> ::, 
w 
% 
< 
:I 

,_ ______ ,01--------+---------- 10 1 ----------+----------~o• ---------

~ 
F"=-==--=l 
E::==:::I 

DJ] 

IT[M 

ITEM 2 

ITOI 3 

------------------------------------------------- - -----------
-_-_-_-::....'":NEUTRAL ------------ - -------- -~-----------------

-==-=- = -= T RAl"' ,.-I C LANE 

::-=-=-=-:NEUTRAL 

----------- -------- -
---------

-_-_-_-_. TR AF'FIC l-. ANE 

-=-:-=-=-: NEUTRAL 

--------------------- ---------- - --- --- --

UN5UAfACE0 

5URP'AC[0 WI TH 
M8 LANDING M AT 

5URrAC£0 WIT H 
T II LANDING MAT 

< 
Ill 
a: 
< 
II!: 
Ill 
> 
::, 
w 
% 
< 
:I 

LAYOUT OF 
TYPICAL TEST SECTION 

:g: _________________________________________________________ _ 

---- - -~-;::,,,, 



--------

APPENDIX II: DEFORMATIONS Ai.""ID DEFLECTIONS 

Deformations and deflections reflect the general shape or condition 
of the surface of a test section- and are used in judging failure condi­
tions. Definitions of and procedures for determining the various types of 
deformations and deflections are given in the following paragraphs. 

Deformation 

Deformation is the difference between the elevation of a point on the 
surface of a test section prior to trafficking and the elevation of the 
same point after a specified number of traffic coverages . Generally, the 
points of elevation are along a line perpendiculaT to the direction of traf­
fic (knovm as cross-section deformations) or parallel to t~affic (profile 
deformation) . A typical cross - section deformation is det ermined as follows 
( Figure 45): Points A, B, C, D, 

B E and E are points on the surface 
of a test section . Theoreti­
cally, the surface is uniformly 
horizontal prior to the applica­
tion of test traffic, but due to_ 
irregularities in the surface of 
the test section, small differ­
ences in elevation exist. As 
traffic is applied, the test sur-

~Ced ~tc d e 
A' 

· 8 1 C' 
D' 

face is deformed and the rela­
tive positions of the points 
change in a vertical direction 
to A' , B' , C' , D' , and E' . The 
differences between the eleva­
tions of points A through E and 
A' ·through E ' are equal to a, b, 
c , d , and e , respectively. 
These values are then plotted 
from a common line, as shown in 
F~gure 45 (b ) , in order to illustrate 
along the particular line selected . 

Deflection 

E' 

(a} 

(b) 

Figure 45 . Cross-sect ion deformation 
measurements 

graphically deformat i on of surface 

a . Total deflection. Total deflection is the diff erence between the 
elevat ion of a point on the surface of a test section as it 
exists at any coverage level and the elevation of the same point 
when a static test load is applied. Deflection generally is 
measured at points directly under the load wheel or assembly and 
at spec ified intervals on either side. For example, in Figure 46 
deflection is measured at point C under the load wheel, and at 
points A, B, D, and Eon eit her side of the load wheel . Prior 
t o appl ication of the static load , points A, B, c, D, and E 
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LOAD 

C 

on the test surface appeared 
test load applied at point 
C (large arrow), the sur ­
face deflects vertically, 
changing the positions of 
these points to A' , B' , C' , 
D' , and E' , :respectively. 
The differences in eleva­
tions between points A 
through. E and A' through 
E' are a, b, c, d, and e, 
respectively. These 
values are then plotted 
from a common line as in 
Figure 47( b ) in order to 
illustrate the total de­
flection caused by the 
static application of the 
test load. 

b. Elastic deflection and 
permanent deformation . In 

Figure 46. Deflected 
surface of test section 

as in Figure 47(a). With the static 
B C D 

A 
E 

c• 

(a) 

(b) 

Figure 47. Illustration of total de­
flection measurements on landine; ma.t 

the measurement of total deflection on metal landing mats, it is 
assumed that for all practical purposes the surface of the test 
section r eturns to its original shape and elevation upon removal 

(a) 
LOAD WHEEL 

(b) 

(c) 

Figure 48 . Illustration of 
total deflection on unsur­

faced soil 

of the static load; thus, the total 
deflection also is considered to be 
an elastic deflection for that par­
ticular surface . For an unsurfaced 
plastic soil, however, this assump­
tion generally is invalid because 
t here is a significant permanent de ­
formation as well as an elastic de ­
flection upon application of the 
static load . Permanent deformation 
is caused by rutting or soil con­
solidation and failure of the soil 
to r ebound :fu.lly to ·its original 
elevation. Total deflection, there ­
fore, is the sum of the permanent 
deformation and elastic deflection. 
This is illustrated in Figure 48 . 
The original elevation of a soil 
surface, A, is shown in Fig -
ure 48(a). The soil is deflected 



1 

c. 

downward by a load wheel (Figure 48(b) ) until it reaches a maxi ­
mum deflection at B . The soil surface then rebounds to C 
after the load wheel is r emoved (Figure 48(c)). In terms of de­
flection, the total deflection in this case is equal to A - B . 
Elastic deflection is equal to C - B, and permanent defonnation 
is equal to A - C . In deflection measurements on unsurfaced 
soils, total deflections on either side of the load wheel are 
determined in the same manner as on metal landing mats, and these 
values are plotted from a connnon line. 

Deflection under load wheel . The method of measuring deflection 
directly under a load wheel obviously must differ from the pro­
cedure u sed to determine deflection on either side of the wheel . 
On a subgrade covered by a metal landing mat this value generally 
is determined by extrapolation of the curve established by the 
deflection of points on either side of the load wheel . In Fig­
ure 49 below, the total deflections at points A, B, D, and E are 
determined as described in 
the preceding paragraphs, 
and the total deflection at 
point C is determined by 
extrapolation of deflection 
data concerning AB and 
DE . On unsurfaced soils, 
however, both total and 
elastic deflection measure ­
ments are made directly 
under the load wheel . This 
method invol ves a steel pin 

lJ D B-------0 
C 

Figure 49 . Illustration of ~~~~~c­
tion measurements under wheel load 

on landing mat 

and cap, the elevation of which must be determined before and 
after the static load is applied. Specif ically, the procedure is 
as follows (Figure 50 ): 

SOIL 

(o) 

(b) (c) 

Figure 50. Illust r ation of deflection measurements under wheel 
load on unsurfaced soil 

In Figure 50(a) the original ground level is designated Cf. A 
steel pin i s forc ed into the soil with the top of the pin, pf, 
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slightly below grade level . A steel cap is then placed on the 
pin and both are forced down until the top of the cap is flush 
with the soil surface. The elevation of the cap top is also 
designated Cf. The difference between Cf and pf is the cap 
thickness, tc , or t ~ Cf - pf. In Figure 50(b), the load 
wheel is applied overcthe cap and pin, deflecting the soil down­
ward . This is the position of maximum or total deflection. In 
Figure 50(c), the load wheel has been removed and the soil has re­
bounded with the cap, leaving the pin embedded at the position 
of maximum deflection, Pn . Note that Pn is the elevation of 
the top of the pin, not the soil, which is slightly above the pin 
top at maximum deflection due to cap thickness . The soil does 
not rebound to its original position, Cf, but now is slightly 
lower at Cn (measured at the top of the cap ). The difference 
between the elevation of the cap top at Cf and at Cn is the 
permanent deformation and is designated D.p 

(1) 

The total deflection, .0.t , i_s -the difference between the origi ­
nal elevation of the soil and the elevation of the soil at the 
maximum deflection (Figure 50( b ) and 50(c)). This deflection is 
calculated by taking the difference between the pin elevation at 
pf and Pn . The mathematical expression is derived as follows : 

l\ = (cf pn ) - tc (2) 

l\ = ( cf - Pn) - ( cf - Pf) 

From equations 1 and 2, the elastic deflection, 6 , can be ob -
tained as follows : e 

- 6 p (3) 

· This method of determining soil deflections is normally limited 
to unsurfaced soils and pierced metal mats;· havrever, it can be 
used with soJ_id sheet metal mats by cutting an access hole in 
the mat . When used with metal mats, the top of the cap, Cf , is 
adjusted to the elevation of the mat , not that of the subgrade . 
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Dishing 

Dishing is a deformation 
measurement applied only to metal 
landing mat. It is a measure of 
the deformation of a single panel 
and is determined by measuring the 
maximum departure of the mat panel 
the width of the panel. A dishing 

Differential deformation 

~I 
END VIEW OF PANEL 

c=GHTEDGE 
I --d 

~XIMUM DISHING 

Figure 51, Illustration of dishing 

from-a straightedge placed across 
measurement is illustrated in Figure 51. 

Differential defoYination is a measure of the roughness of a test 
section. The measurement is made by placing a straightedge 10 ft long on 
the surface of the test section and measuring the maximum vertical depar ­
ture of the surface from the straightedge between any two points at which 
the straightedge rests on the surface ( Figure 52) . Normally, this measure-

__ 

1

4 ___ 10• ------• I 

STRAIGHTEDGE 

~"----=-7 ~ K< ~~~~;~~~~~N 
MAXIMUM DEPARTURE 

Figure 52 . Illustration of differentia2- c.cf~r:::2.t::..::m ;:neasurements 

ment is made with the straightedge placed in three different positions: 
along the direction of traffic, t ermed longitudinal differential deforma­
tion; perpendicular to the direction of traffic, transverse differential 
deformation; and in a position diagonally across the direction of traffic, 
diagonal differential deformat ion. 

Rutting 

Another type of deformation measurement in unsurfaced soils is the 
determination of r ut depth . Generally, a rut is the deformation result­
ing from soil shear displacement caus ed by an individual tracking tire 
and has the general cross-sectional configuration shown in Figure 53, In 

1/ 

APPROX ONE 

TIRE WIDTH 

Figure 53. Illustration of rutting 
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STRAIGHTEDGE this case, the rut 
width is equal ap ­
proximately to the 
width of the track­
ing tire . Measure ­
ment of rut depth in 
this case is per­
formed as follows : 

Figure 54 . Illustration of rut depth measurements a straightedge is 
placed on the 

shoulders of the rut as shown in Figure 54, and the maximum vertical dis­
tance from the lower edge of the straightedge to the botto~ of the rut is 
measured. Frequently, however, due to such factors as the spacing of the 
load wheels in multiple -wheel assemblies or the influence of the tracking 
cart outrigger wheels, a rut as distinguishable as the type shown in Fig­
ure 53 is not evident . Instead, although the general shape of a rut is 
present, the width of the individual deformed area is two to three times 
the tire width . A configuration of this type of compound rut is shown in 
Figure 55. Determination of the width of the rut in this case is a matter 

ONE TIRE 

WIDTI-1 

Figure 55. Illustration of compound rut 

of judgment . If the rut width is limited to one tire width, as shovm in 
Figure 55, the rut depth will be zero . Obviously this is erroneous becau~e 
t4e soil surface is quite rutted . Therefore, in the measurement of the 
depth of a compound rut, a straightedge is placed so that the ends rest on 
the closest prominent soil ridges or shoulders, as shown in Figure 56, and 

STRAIGHTEDGE 

RUT DEPTH 

Figure 56. Illustration of rut depth measurement 

the rut depth is measured as the maximum distance from the lower edge of 
the straightedge to the bottom of the deformed area . Obviously , as the 
distance between closest prom~nent soil ridges, AB, approaches 10 ft, the 
measurement is no longer a rut depth determination but becomes a measure of 
transverse differential deformation. Therefore, the criterion for the 
maximum allowable distance AB is three times the tire width . If the dis­
tance between closest prominent soil ridges exceeds three times the tire 
width, the measurement is made with a 10-ft straightedge and is called the 
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transverse differential deformation, in which case the rut depth will be 
zero . Soil deformation in this case is attributed to general consolidation 
of the soil rather than rutti ng . 
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