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FOKEWDRD 

The investigation described herein constitutes one phase of studies 
conducted during 196^ and 1965 at the U. S. Amgr Engineer Waterways Ex- 
periment Station (WES) under U. S. Air Force Project Ho. i+lO-A, MIPR 
No. AS-k-m.  "Development of Landing Gear Design Criteria for the CX-HI£ 
Aircraft." (The CX-HIS is now designated C-5A.) This program was spon- 
sored and directed by tho Landing Gear Group, Air Force Flight Dynamics 
Laboratory, Research and Technology Division, Mr. R. J. Parker, Project 
Engineer. 

These tests were conducted by personnel of the WES Flexible Pavement 
Branch, Soils Division, under the general supervision of Messrs. W. J. 
Turnbull, A. A. Maxwell, and R. G. Ahlvin, and the direct supervision of 
Mr. D. N. Brown. Other personnel actively engaged in this study were 
Messrs. CD. Bums, D. M. Ladd, W. N. Brabston, H. H. Ulery, Jr., and 
W. J. Hill, Jr. This report was prepared by Messrs. Brabston and Hill. 

Directors of WES during the conduct of this investigation and prep- 
aration of this report were Col. Alex G. .'jutton, Jr., CE, and Col. John R. 
Oswalt, Jr., CE. Technical Director was Mr. J. B. Tiffany. 

Publication of this technical documentary report does not constitute 
Air Force approval of the report's findings or conclusions. It is pub- 
lished only for the exchange and stimulation of ideas. 
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KENHERLY H. DIGGES 
Chief, Mechanical Branch 

Vehicle Equipment Division 
AF Flight Dynamics Laboratory 

■ 

ii 



^S"" • —  — " 

I 

. mm 

ABSTRACT 

This data report describes work undertaken as part of an overall 
program to develop ground-flotation criteria for the C-5A aircraft. A 
test section was constructed to a width adequate for two test lanes. Each 
lane was divided into three items having different sübgrade C5R values and 
different traffic surfaces. Item 1 was surfaced with modified Til aluminum 
landing mat, item 2 was surfaced with M8 steel landing mat, and item 3 was 
unsurfaced. Traffic was applied to one lane using a 35>000-lb load on a 
single-wheel assembly consisting of one 25.00-28, 30-ply aircraft tire 
inflated to 50 psi. When this combination Of load and wheel assembly did 
not produce failure in the traffic lane, the same assembly with a 60,000- 
1b load and 100-psi tire inflation pressure was applied. On the other 
test lane, traffic was applied with a 120,000-lb load on a twin-wheel 
assembly consisting of two 25.00-28, 30-ply aircraft tires spaced 56 in. 
c-c and inflated to 100 psi. 

^The information reported Tpmfin includes layout of the test lanes, 
characteristics and print dimensions of the load assembly tires, and data 
collected on soil strengths, surface deformations and deflections, and 
drawbar pull.|. The  traffic-coverage level is given at which each test 
item was considered failed. 

1 
I 

4 

ili 



—T T- 

CONTENTS 

Page 

SECTICN I:    INTRQDUCTICN  

SECTICW II:    DESCRIPIEGK OF IEST SECTTCR AM) LOAD VEHICLE  

Description of Test Section   
Load Vehicle      

SECTECW III:    APPLICATrOW OF TRAFFTC, FAILURE CRITERIA, 
AND DATA COLLEC1ED      

Application of Traffic      
Failure Criteria and Data Collected   

SECTIOT IV:    BEHAVIOR OF ITEMS UNDER TRAFFIC AND TEST RESULTS  .... 

Lane 11   
Lane 11A      
Lane 12  

SECTECK V:    PRINCIPAL FINDINGS  

1 

2 

2 
2 

3 
3 

6 
8 

10 

13 

iv 



Figure 

■MM 

ILLUSTRATECKS AND TABLES 

1. Traffic distribution 
2. Test load vehicle 
3. Lane 11, item 1, prior to traffic 
k.    Lane 11, item 1. Diagonal straightedge shows slight 

deformations at 600 coverages 
5. Lane 11, item 2, prior to traffic 
6. Lane 11, item 2. Transverse straightedge shows slight 

deformations at 600 coverages 
7. Lane 11, item 3> prior to traffic 
8. Lane 11, item 3. Transverse straightedge shows slight 

deformations at 600 coverages 
9» Lane 11A, item 1. Transverse straightedge shows 

deformations at 130 coverages (failure) 
10. Lane 11A, item 2. Transverse straightedge shows 

deformations at 130 coverages (failure) 
11. Lane HA, item 3» general view of item at 130 

coverages (failure) 
12. Lane 12, item 1, prior to traffic 
13. Lane 12, item 1. Transverse straightedge shows 

deformations at 90 coverages (failure) 
Ik.    Lane 12, item 2, prior to traffic 
15. Lane 12, item 2. Transverse straightedge shows 

deformations at Uh coverages (failure) 
16. Lane 12, item 3, prior to traffic 
17- Lane 12, item 3> general view of item at 'ik 

coverages (failure) 
18. Layout of Test Section 6 and sumnary of test results 
19. Layout of surfaced items 
20. TLre-print dimensions and tire characteristics 
21. Average cross-sectional deformations, lanes 11 and 11A 
22. Permanent profile deformations, lanes 11 and HA 
23. Average deflections, laneß 11 and 11A 
2k.   Average cross-sectional deformations, lane 12 
25. Permanent profile deformations, lane 12 
26. Average deflections, lane 12 

3 
17 
17 

18 
18 

19 
19 

20 

20 

21 

21 
22 

22 
23 

aa 
2ft 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Table 

1. Summary of Traffic Data, Test Section 6 
2. Summary of GBR, Density, and Water Content Data, 

Test Section 6 

14, 15 

16 

_____ 



•wvm 

SUMMARY 

Tests on Section 6 are one phase of a comprehensive research program 
to develop ground-flotation criteria for heavy cargo-type aircraft. Sec- 
tion 6 «as laid out to accommodate two test lanes, lanes 11 and 12, each 
of which was divided into three items having different subgrade CBE values 
and different traffic surfaces (figure 18). Item 1 was surfaced with mod- 
ified TL1 aluminum landing mat, item 2 with M8 steel landing mat, and 
item 3 remained unsurfaced. 

Traffic was applied to lane 11 with a 35jOOO-lb load on a single- 
wheel assembly consisting of one 25.00-28, 30-ply aircraft tire inflated to 
50 psi. Nc failure condition was reached on lane 11 and the lane was re- 
designated lane 11A for additional trafficking with the same single-wheel 
assembly but with a 60,000-lb load and tire inflation pressure of 100 psi. 
Traffic was applied to lane 12 with a 120,000-lb load on a twin-wheel 
assembly consisting of two 25.00-28, 30-ply aircraft tires spaced 56 in. 
c-c and inflated to 100 psi. Figure 20 gives pertinent tire-print dimen- 
sions and tire characteristics. 

Except for lane 11 on which traffic was suspended due to increasing 
subgrade CBR values, the lanes were trafficked to failure in accordance 
with the criteria designated in Part I of this report. Data were re- 
corded throughout testing to give a behavior history of each item. Using 
the test criteria mentioned above, it was possible to directly compare 
the effects of trafficking with the different wheel assemblies. Basic 
performance data are summarized in the following paragraphs. 

Lane 11 

Traffic was discontinued at 600 coverages on lane 11 because the CBR 
was increasing with traffic and an excessive amount of time would have 
been required to develop a failure. 

f 

Item 1 

The item showed no significant damage when traffic was suspended at 
600 coverages. The rated CBR was 1.5. 

vl 
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Item 2 

The item showed no significant damage when traffic was suspended at 
600 coverages. The rated CBR was h.l. 

Item 3 

The item showed no significant damage when traffic was suspended at 
600 coverages. The rated CBR was 12. 

Lane HA. 

Item 1 

The item was considered failed due to roughness at 130 coverages. 
The rated CBR was 2.3. 

Item 2 

The item was considered failed due to roughness at 130 coverages. 
The rated CBR was ^.3. 

Item 3 

The south end of the item (designated 3A) was considered failed due 
to rutting at 112 coverages. Traffic on the item was continued to 130 
coverages at which time the remaining segment (designated 3B) was con- 
sidered failed due to rutting. Segment 3A had a rated CBR of 12 and seg- 
ment 3B a rated CBR of l6. 

Lane 12 

Item 1 

The item was considered failed due to roughness at 90 coverages. 
The rated CBR was 2.9. 

Item 2 

The item was considered failed due to roughness at kk  coverajges. 
The rated CHI was 4.2. 

Item 3 

The item was considered failed due to roughness at kh  coverages. 
The rated CBR was 9.0. 
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MRCBATT GBOUND-FLmTION INVESTIGATION 

PART VII DATA REPORT ON TEST SECTION 6 

SECTION I:  INTRODUCTION 

The investigation reported herein is one phase of a comprehensive 
research program being conducted at the U. S. Army Engineer Waterways 
Experiment Station (WES), Vicksburg, Miss., as part of U. S. Air Force 
Project No. UlO-A, MEPR NO. AS-k-lTI,  to derelop ground-flotation criteria 
for the C-5A, a heavy cargo-type aircraft. Specifically, the tests re- 
ported herein were conducted to compare the effects of trafficking with 
a single-wheel assembly and a twin-wheel assembly on landing mat and 
unsurfaced soils. 

1 

Prosecution of this investigation consisted of constructing two 
similar traffic lanes and subjecting them to traffic of a single-wheel, 
35,0OO-lb load; a single-wheel, 60,000-lb load; and a twin-wheel, 120,000- 
1b load. 

This report presents a description of the test section and wheel 
assemblies, and gives results of traffic. Equipment used, types of data 
and method of recording them, and general test criteria are explained and 
illustrated in Part I of th .s report. 

S\ 
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SECTTCK II: DESCRIPTICW OF TEST SECTTCK AHD LOAD VEHICLE 

Description of Test Section 

Test Section 6 (figure 18) was constructed within a roofed area in 
order to allow control of the subgrade CBR (California Bearing Ratio) in 
the test items. Section 6 was located on the same site as Sections 2 and 
k of this series. Ths  construction of Section 2 is described in Part III 
of this report. The underlying subgrade was undisturbed by the two prior 
tests so that in construction of Section 6 only the upper 2 ft of soil was 
excavated. The excavated area was backfilled in four lifts with a heavy 
clay soil (buckshot; classified as CH according to the IMified Soil Clas- 
sification System, MII1-STD-619). The fill material used was a local clay 
with a plastic limit of 27, liquid limit of 58, and plasticity index of Si- 
Gradation and classification data for the subgrade material are given in 
Part I. 

Two traffic lanes, each divided into three items, were constructed in 
the test section. Different subgrade strengths were obtained in the items 
(figure IS) by controlling the water content and compaction effort. Items 
1 and 2 were surfaced with modified ILL aluminum and M8 steel landing mat, 
respectively (figure 19). Item 3 remained unsurfaced. The landing mats 
used are described and illustrated in Part I. 

Load Vehicle 

The load vehicle used for trafficking Section 6 is shown in figure 2. 
Load cart construction, details of linkage between the load compartment 
end prime mover, and method of applying load are explained in Part I. For 
trafficking lanes 11 and 11A, a single-wheel assembly was used with 35,000- 
and 6o,000-lb loads, respectively. A 25.00-28, 30-ply aircraft tire was 
used on both lanes with inflation pressures of 50 and 100 psi on lanes 11 
and 1IA, respectively. On lane 12, a 120,000-lb load was used on a twin- 
wheel assembly consisting of two 25.00-28, 30-ply aircraft tires spaced 
56 in. c-c and inflated to 100 psl. Tire-print data and pertinent tire 
characteristics are given in figure 20. 

t 
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SECTION III: APPLICATION OF TRAFFIC, FAILUBE CRITERIA, AND DATA COLLECIED 

Application of Traffic 

On lanes 11 and HA, the load vehicle was operated to produce uniform 
traffic coverage. The load cart was driven forward and backward along the 
same track longitudinally along the test lane, then shifted laterally, and 
the forward-backward operation repeated. In this manner, two coverages of 
traffic were applied to the test lane as the vehicle progressed from one 
side of the lane to the other. Figure la shows the general method of 
applying uniform coverages on lanes 11 and HA. 

SINGLE-WHEEL 
TEST LOAD 

i 
VEHICLE SHIFTED 
LATERALLY AFTER 
EACH FORWARD- 
BACKWARD PASS 

2   I  3   I   4   I  B   I   6   I 
TINE TRACKING 

POSITION NO. 

10.5-FT-WID» 
TRAFFIC LANE 

LANES 11 AND MA 

TRAFFIC LANE 

LANE 12 

0.  UNIF0RM-C0VERAOE TRAFFIC b.  NONUNIFOHM-COVERAGE TRAFFIC 

Figure 1.    Traffic distribution 

Traffic was applied to lane 12 in a nonuniform fashion with the 
intensity of traffic boing varied across the lane width to produce three 
zones of approximately 100, 80, and 20 percent traffic coverage.    The 
coverage levels referred to in the tables and text in this report are the 
total number of coverages applied to the 100 percent coverage zone.    The 
corresponding numc&r of coverages applied to the outer traffic zones is 
proportionally less in accord with the percentage factor for the respec- 
tive zones, as shown in figure lb. 

Failure Criteria and Data Collected 

Failure criteria used in this investigation and descriptive terms 
used in presentation and discussion of data in all parts in this report 
are presented in Part I.   A general outline of types of data collected is 
given in the following paragraphs.   Details on apparatus and procedure 
for obtaining specific measurements are given in Part I. 

CBR, water content, and dry density 

CBR, water content, and dry density of the subgrade were measured 

■. 
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for each test item prior to 
age levels, and at failure 
was reached.   After traffic 
strength termed "rated CBR" 
average CBR value obtained 
in. of soil during the test 
or irregular values may be 
not properly representative 

application of traffic, at intermediate cover- 
or suspension of traffic if no failure condition 

was concluded on an item, a measure of subgrade 
was determined.    Rated CBR is generally the 

from all the determinations made in the top 12 
life of an item.    In certain instances, extreme 

ignored if the analyst decides that they are 

Surface roughness, or differential deformation 

Surface roughness, or differential deformation, measurements were 
made using a 10-ft straightedge at various traffic-coverage levels on all 
items.    Rut depths were measured for unsurfaced items, and dishing effects 
of individual mat panels in the mat-surfaced items were recorded. 

Deformations 

Deformations, defined as permanent cumulative surface changes in 
cross section or profile of an item, were charted by means of level read- 
ings at pertinent traffic-coverage levels. 

Deflection 

Deflection of the test surface under an individual, static load of 
the tracking assembly was measured at various traffic-coverage levels on 
both surfaced and unsurfaced items.    ^evel readings on the item surface 
on each side of the load «heels and on a pin and cap device directly 
beneath a load wheel provided deflection data.   Both total (for one 
loading) and elastic (recoverable) deflections were measured on unsurfaced 
items.   All mat deflection was for practical purposes recoverable, i.e. 
t-vtal deflection equaled elastic (spring-back) deflection.    The pin and 
cap device for measuring deflection directly beneath load wheels was 
applied to the subgrade of surfaced items through a hole (existing or 
cut) in the mat. 

Rolling resistance 

Rolling resistance, or drawbar pull, measurements were performed 
with the load vehicle over each test item at designated coverage levels. 
Three types of drawbar measurements were taken:    (a) maximum force re- 
quired to overcome static inertia and commence forward movement of the 
load cart, termed "Initial DBP"; (b) average force required to maintain 
a constant speed once the load vehicle is in motion, termed "rolling DBF"; 
and (c) maximum force obtained during the constant speed run, termed 
"peak DBF." 

■ • 
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Mat breaks 

Mat breaks on the surfaced Items were Inspected, classified by type, 
and recorded on the data sheet at various coverage levels. 

X 

mum 



SECUCW IV:    BEHAVIOR OP ITEMS UNDER TRAFFIC AMD TEST RESULTS 

Lane 11 

Behavior of items under traffic 

All items in lane 11 were relatively undamaged at 600 coverages when 
traffic was suspended due to increasing subgrade CBR. 

Item 1.    Figure 3 shows item 1 prior to traffic.    The item sustained 
600 traffic coverages without developing appreciable deformations or 
roughness.    No signs of failure were in evidence when traffic was suspended 
at 600 coverages (figure h).    The rated CBR of the item was 1.5- 

Item 2.    Figure 5 shows item 2 prior to traffic.    Traffic was sus- 
pended at 600 coverages with no discernible damage evident (figure 6).    The 
rated CBR was h.l. 

Item 3.    Figure 7 shows item 3 prior to traffic.    Very shallow diu'- 
face deformations were evident when traffic was suspended at 600 coverages 
(figure 8).    The item remained in good condition.    The rated CBR was 12. 

Test results 

Results of trafficking lane 11 are summarized in table 1.    Soil test 
data are shown in table 2.    Table 1 contains drawbar pull values for the 
load vehicle operated over an asphalt strip for comparison with drawbar 
pull values recorded on the test items. 

Item 1.    Item 1 showed no signs of failure when traffic was sus- 
pended at 600 coverages.    The following information was obtained from 
traffic tests on item 1. 

a. Roughness.    Table 1 shows the very slow development of differen- 
tial deformations.    Practically no increase occurred between 300 
and 6Ö0 coverages.    Average longitudinal, transverse, and diag- 
onal differential deformations measured 0.^3, 0.28, and O.38 in., 
respectively, at 600 coverages.   Dishing averaged 0.21 in. 

b. Deformation.    Figure 21 shows average cross-section deformations 
for two typical mat mans at 20 and 600 coverages.    Center »line 
profiles along the item at 20 and 600 coverages are presented in 
figure 22.    The uniform subsidence of the item is illustrated in 
the profile plots. 

i 

£•    Deflection.   Average elastic mat deflections measured at 0 and 
600 coverages are shown in figure 23 for three positions of wheel 
assembly relative to mat end joints. 

6 
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d.    Rolling resistance.   Drawbar pull values for numerous coverage 
levels are presented In table 1.   Rolling drawbar pull values 
registered a very Slight Increase with trafficking.    Initial 
and peak values were less consistent with some erratic 
measurements. 

1 

e. Mat breaks. No breaks occurred In the Til landing mat surface 
before traffic was suspended at 600 coverages. 

Item 2. Item 2 showed no signs of failure when traffic was sus- 
pended at 600 coverages. The following Information was obtained from 
traffic tests on item 2. 

:i 
a. Roughness.    Table 1 shows the small magnitude of differential 

deformations at 600 coverages.    Average longitudinal, trans- 
verse, and diagonal differential deformations measured 0.^+3» 
0.25, and 0.30 in., respectively, at 600 coverages.    Dishing 
effects were negligible. 

b. Deformation.    Average cross-section deformations at 20 and 600 
coverages are shown in figure 21 for two typical mat runs. 
Center-line profiles along the item are shown in figure 22 for 
the 20- and 600-coverage levels.    The profile plots illustrate 
the uniform subsidence of the item under traffic. 

c. Deflection.    Average elastic mat deflections measured at 0 and 
600 coverages are shown in figure 23 for three positions of wheel 
assembly relative to mat end joints.    Elastic soil deflections 
are shown in table 1 for several coverage levels. 

d. Rolling resistance.   Drawbar pull values for several coverage 
levels are listed in table 1.    Peak and rolling drawbar pull 
values were nearly constant throughout testing while Initial 
drawbar pull measurements varied some and showed a marked de- 
crease at the 600-coverage level. 

e. Mat breaks.    No breaks developed in the M8 landing mat surface 
before traffic was suspended at 600 coverages. 

Item 3-      Item 3 did not show signs of failure when traffic was 
suspended at 600 coverages. 

a.    Roughness.    Table 1 shows the development of small differential 
deformations with traffic.    There was some decrease in transverse 
and diagonal differential deformations between 300 and 600 
coverages.    Rut depths also showed a decrease at 600 coverages. 

\ 

Deformation.    Figure 21 presents the average cross-section defor- 
mations at the 20- and &)0-coverage levels.    Profile plots along 
the item center line are shown in figure 22.    Cross-section and 
profile plots Illustrate the geaerally uniform subsidence of the 
item under traffic. 



c. Deflection. Average total soil deflections measured at 0 and 600 
coverages are presented In figure 23. Elastic soil deflections 
are given In table 1. 

d. Rolling resistance. Drawbar pull values measured at several 
coverage levels are shown in table 1. Peak and rolling drawbar 
pull values were practically unchanged with trafficking. Initial 
drawbar pull values registered a large decrease between 300 and 
600 coverages. 

Lane 11A 

After 600 traffic coverages, items in lane 11 were essentially un- 
damaged so the lane was redesignated HA for renewed trafficking under 
increased load and tire Inflation pressure. All items were tracked to 
failure. 

Behavior of items under traffic 

Item 1. Item 1 prior to renewed trafficking is shown in figure k. 
At 130 coverages, the item was considered failed due to roughness (fig- 
ure 9). The rated CBR of the item was 2.3. 

Item 2. Item •? prior to renewed trafficking is shown in figure 6. 
The item was considered failed due to roughness at 130 coverages (fig- 
ure 10). The rated CBR was ^.3. 

Item 3» Item 3 prior to renewed trafficking is shown in figure 8. 
At 112 coverages the t<outh end of the Item (sta 0+80 to 0+95) was con- 
sidered failed due to rutting; the north end of the item was in good 
condition. The north and south ends were then designated segments 3B 
and 3A, respectively, and traffic was continued to 130 coverages at which 
time segment 3B was considered failed due to rutting (figure ll). As the 
figure shows, the principal area of deterioration was along one side of 
the lane where a severe rut developed reaching a maximum depth of 3-32 
in. The rated CBR of segment 3A was 12. Segment 3B had a rated CBR 
of 16. N 

\ 

Test results 
■ 

Results of trafficking lane HA are summarized in table 1. Soil 
test data are given in table 2. Table 1 contains drawbar pull values for 
the load vehicle operated over an asphalt strip for conparisoa with draw- 
bar pull values recorded on the test lane. 

Item 1. Item 1 was considered failed due to roughness at 130 cover- 
ages. The following information was obtained from traffic tests on item 1. 

• 
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a. Rou^bneas. Differential deformations that developed with traf- 
ficking are recorded in table 1. At failure the average longi- 
tudinal, transverse, and diagonal differential deformations mea- 
sured l.l6. 2.19, and 1.88 in., respectively. Average dishing 
reached 0.<t7 in» at failure. 

h. Deformation. Figure 21 shows average cross-section deformations 
at 20 and 130 coverages for two typical mat runs. Center-line 
profiles at the same coverage levels are shown in figure 22. 

c. Deflection. Average elastic mat deflections under static load 
of the load-wheel assembly are shown in figure 23 for three 
positions of the assembly relative to mat end joints. Elastic 
soil deflection at failure was 2.1 in. 

d. Rolling resistance. Drawbar pull values recorded at Intervals 
during the test period are shown in table 1. Rolling drawbar 
pull registered a slight decrease at 130 coverages from prior 
measurements. Peak drawbar pull values were relatively constant 
throughout testing while the initial drawbar pull registered a 
substantial decrease at 130 coverages. 

e. Mat breaks. The number and type of mat breaks are shown in 
table 1 for several traffic-coverage levels. No breaks were 
evident at 20 coverages, but breaks increased rapidly thereafter 
to failure. 

Item 2. Item 2 was considered failed due to roughness at 130 cover- 
ages. The following information was obtained from traffic tests on item 2. 

a. Roughness. Differential deformations that developed with traf- 
ficking are shown in table 1. A consistent increase in differ- 
ential deformations occurred up to the time of failure. At 
failure the average longitudinal, transverse, and diagonal dif- 
ferential deformations were I.V7, 2.00, and 1.91 in., respec- 
tively. Average dishing reached O.kl  in. 

b. Deformation, figure 21 shows average cross-section deformations 
at 20 and 130 Coverages for two typical mat runs. Center-line 
profiles for the same coverage levels are presented in figure 22. 

c. Djeflection. Average elastic mat deflections under static load 
of the load-wheel assembly are presented in figure 23 for three 
positions of the assembly relative to mat end Joints. Elastic 
soil deflections are shown in table 1 and reached 0.9 in. at 
failure. 

d. Rolling resistance. DraWbar pull values recorded at intervals 
during the test period are shown in table 1. All drawbar pull 
values showed small Increases at 130 coverages over the values 
recorded at 0 coverages. 

m—mmm 
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e.   Mat breaka.   As shown in table 1, very few breaks occurred in 
the M^ maF'surface during the test period. 

Item 3»    Item 3 failed in two segments at different coverage levels. 
Segment 3A (sta 0+80 to 0+95) was considered failed due to rutting at 112 
coverages.   Traffic was continued on the item until segment 3B (sta 0+95 
to 1+10) was considered failed due to rutting at 130 coverages.    The 
following information was obtained from traffic te^ts on item 3. 

a.   Roughness.    Development of differential deformations and rut 
depths with trafficking is shown in table 1.    In segment 3A, 
rut depths averaged 2.88 in. at 112 coverages (failure).    Rutting 
of segment 3B was limited to one side of the lane and measured 
5.32 in. at 130 coverages. 

b.    Deformation.    Figure 21 shows average cross-section deformations 
measured at 20 and 130 coverages.    The severe rut that developed 
along one side of the lane is illustrated in the plot at 130 
coverages.    Center-line profiles along the item are shown in 
figure 22 for 20 and 130 coverages. 

c. Deflection.    Average total soil deflections are shown in fig- 
ure 23 for 0, 20, and 130 coverages.    The elastic subgrade de- 
flections (see table l) reached 0.9 in. at 130 coverages. 

d. Rolling resistance.   Drawbar pull values measured on the item 
are shown in table 1 for each of the two segments.   All drawbar 
pull values on segment 3A registered increases at 130 coverages 
over the values measured prior to trafficking.   On segment 3B, 
the initial drawbar pull increased substantially with traffick- 
ing but rolling and peak drawbar values changed insignificantly. 

Lane 12 

f    i 

Behavior of items under traffic 

Item 1.    Figure 12 shows item 1 prior to traffic.    The item was still 
in good condition when measurements were recorded at kk traffic coverages. 
Additional trafficking produced progressive deterioration of the item 
until it was considered failed due to roughness at 90 coverages (figure 13). 
The rated CBR was 2.9. 

Item 2.    Figure 1^ shows item 2 prior to traffic.    The item was con- 
sidered failed due to roughness at ¥f coverages (figure 15).   At failure 
the plank ends along the mat joint line near the lane center were bent 
downward into the sübgrade in contrast to the upward protrusion of plank 
ends encountered in previous test lanes.    The rated CBR was 4,2. 

Item 3»    Figure 16 shows item 3 prior to traffic.   After 20 coverages 
the surface remained in good condition.   At the Mf-coverage level the 

1 

' 
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item WM considered failed due to roughness (figure 17). The rated CBR 
was 9*0. 

Test results 

Results of trafficking lane 12 are summarized in table 1. Soil 
test data are given in table 2. Table 1 contains drawbar pull values 
for the load vehicle operated over an asphalt paved strip for com- 
parison with drawbar pull values recorded on the test lane. 

Item 1. Item 1 was considered failed due to roughness at 90 cover- 
ages. The following information was obtained from traffic tests on item 1. 

a. Roughness. Table 1 shows the consistent increase in differential 
deformations with trafficking. At failure the average longi- 
tudinal, transverse, and diagonal differential deformations were 
I'^-T, 3'3^> and 2.53 in., respectively. The average dishing 
was 0.38 in, 

b. Deformatjon. Figure 2k  shows average cross-section deformations 
at several coverage levels for two typical mat runs. Center-line 
profiles axe  shown in figure 25. Deformations are seen to follow 
a consistent pattern of increasing severity with trafficking, 
reaching maximum values at failure of the item. 

c. Deflection. Average elastic mat deflections under static load 
of the load-wheel assembly are shown in figure 26 for three posi- 
tions of the assembly relative to mat end Joints. Deflection 
measurements were not always consistantly greater with higher 
coverage levels, but decreased in some cases from earlier 
measurements. Elastic soil deflection at failure measured 
2.5 in. 

d. Rolling resistance. Drawbar pull values are  shown in table 1 
for several coverage levels during testing. Changes in drawbar 
pull with trafficking were small and all values were less at 
failure than at kk  coverages. S* 

Mat breaks. The Til mat surface did not have an excessive number 
of breaks at failure. The most coramDn type of break was shear- 
ing of rivets along the center line of panel splice joints. 

Item 2. Item 2 was considered failed due to roughness at kk traffic 
coverages. The following information was obtained from traffic tests on 
item 2. 

a. Roughness. Differential deformations as measured at intervals 
during trafficking are shown in table 1. Average longitudinal 
differential deformation decreased to O.kk in. at failure from 
the value of O.85 in. at 20 coverages. Average transverse 

H 



and diagonal differential deformations were 2.22 and 1.88 In./ 
respectively, at failure.    Dialling was slight, averaging 0.25 
in. at failure. 

b. Deformation.   Figure 2k shows average cross-section deformations 
at 20 and kk coverages for two typical mat runs.    Center-line 
profiles are shown in figure 25 for the sane coverage levels. 
The downward bend of the panel ends along the mat Joint line 
near the lane center is illustrated in a cross-section plot (fig- 
ure 2k).   In previous tests, the panel ends along a mat Joint 
line most ccnmonly protruded upward at failure, as was the case 
at 20 coverages m this item. 

c. Deflection.   Average elastic mat deflections under static load 
of the load-wheel assembly are shown in figure 26 for three posi- 
tions of the assembly relative to mat end Joints.    In some in- 
stances, it is seen that the greatest deflections did not always 
correspond with higher coverage levels.   Elastic soil deflections, 
shown in table 1, measured 1.2 in. at failure. 

d. Rolling resistance.   Drawbar pull values measured at intervals 
during trafficking are shown in table 1.   All drawbar pull 
values Increased with number of coverages. 

e. Mat breaks.   No breaks in the MB mat surface were obcerved 
during the course of testing. 

Item 3»    Item 3 was considered failed due to roughness at kk cover- 
ages.    The following information was obtained from traffic tests on item 3. 

, 
a.    Boughness.   Differential deformations and rut depths measured at 

20 and kk coverages are shown in table 1.   Rut depths at failure 
averaged 2.75 in.   Transverse and diagonal differential deforma- 
tions averaged 3.75 and 3.kk in., respectively, at failure. 

]!•    Deformation..  Average cross-section deformations are shown in 
figure 2k for 20 and kh coverages; severe rutting of the surface 
is reflected.   Center-line profile deformations are shovn in 
figure 25. 

c. Deflection.   Average total soil deflections are shown in fig- 
ure 26 for 0, 20, and kh coverages..   A large increase in total de- 
flection is noted at kh coverages.   Elastic soil deflections 
are shown in table 1.    Ttxe maximum elastic deflection value 
recorded was 0.7 in. at failure of the item. 

d. Rolling resistance.   Drawbar pull values are shown in table 1 
for 0, 20, and kh coverages.    Rolling drawbar pull increased 
consistently with increasing coverages.   Little change was noted 
in initial drawbar pull.    Beak drawbar pull values showed an 
Increase only at the M«-coverage level. 

I* 
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SECTION V:    PKIRCIPAL FINDINGS 

From the foregoing discussion, the principal findings relating test 
load, wheel assembly, tire inflation pressure, surface type, subgrade CBR, 
and traffic coverages are as follows: 

Load, Wheel Assembly, 
and Tire Pressure 

35,000-lb load; single- 
wheel assembly; 25.00- 
28, 30-ply tire at 50- 
psl inflation pressure 

Type 
of 

Surface 

Rated 
Subgrade 

CBR 

Coverages 
at 

.     Failure 

liodified Til 
aluminum mat 

M8 steel mat 

1.5 

k.l 

No failure; 
traffic 
suspended 
at 600 

Uhsurfaced 12.0 
coverages 

i 

60,000-lb load; single- 
wheel assembly; 25.00- 
28, 30-ply tire at 100- 
psi inflation pressure 

Modified Til 
i^l imH rwxfn mat 

2.3 130 

M8 steel mat k.3 130 

Unsurfaced 12.0 
16.C 130 

120,000-lb loadi twin- 
vhe.el assembly (56 in. 
c-c); 25.00-28, 30-ply 
tires at lOO-p&i 
inflation pressure 

. 

Bfcdified TLL 2.9 
aluminum mat 

MB steel mat k.2 

Uhsurfaced 9.0 

• 

90 

w 

■JJ—''"i"'.11 .'I'-     I - L-.NIII 



m* *▼ ^r 

ii\ 

a I-» 

u 

14 

Hi 
5S i) a 
•    ► a • 

"111 -IM 

do«    i   o  d    do 

d   d 

d  6 

GO    01 

N   oi 

<   d    d  d 

i    *    i      i    • 

CT»     SO    t- 

odd 

<0      v\   v\ 

•    I   d    d   d 

>    >    i      t 

!    I 

q   q 

i   vo   ro    vo   •« 

:   i ! 

d d 

q   oj     q   c^ 

q  H 

-*    OJ      \o   -* 

vo   en    vo ■« 

nj    rn 

d   d 

d  d 

d  d 

6 

o   o 

d d 

d  d 

o   o  o  o 

d d 

d d 
IT, CO 
« 'V 
d d 

j   o  o o 

t   o  o o 

■ o  o o 

•   o  o o 

■ O   O O 

IA CO 
n in 
d d 

d d 

d d 
o o 

o o 

o o 

o o 

o o 

4 •       • ' 
Ii d   d   J   6 

^ $ 9 ^ 
dodo 

w " «ff « 
d d d d 
t~ l~ U\ *f\ 
•-* ** Of ct 
d d d d 

o o o o 

a? R Ä 5" 
d d d d 

^ ^ ^ ? d d d d 
o  o o o o 

o   o o o > 

o   o o o o 

o   o o o o 

o  o o o o 

, » G P ?. 
d  d  d   d 

5 SI 
6 6 

% Ä 
d d 

»<n *- 
it\ ■* 

odd 
m if» £i 

d  d d 

d   d  d  d d 
v\  Q   tn  \f\ Q 
(V    IA   VO    r- «A 

d  d  d  d d 

w   « 5f  « " 
d  d  d  d d 
CD   tA   m  to Q »n «  so   m iA 
d  d  d  d d 

t    * ' i    i i 

8§§äl   08i§g§   0S§8ä|   ■' 

fall 
13*2 

i Hi 
So •t» a 

Q  •>  3 

I     I 

o   o 

cr. oo 

O       -1    (^ 

I        I      I 

< O ^ rH 

,        I 

q   -H 

os   \o   »- 

« « « t- 
i   fn rt en -* 

d d d d 

i    uS rt rn JN 

d d d d 

i * 9 ft P 

™ ° S 8 
r« «4 M M 

«^ ä Ä 
O ri ,* C* 

tn m .n oo 
r-< v •-« <n 

r-t F4 (V OJ 

<* S 3 iS 

Ö <-* Ol OJ 

t-t i-l t-l r* 

O O <-< rH 

O O O iA 

0 c 3 si 
o oo «A «n 

-# ^- o\ 

o vo »n en 

)n   ^ Ä ^ 
d   d d d 

IA    PI Öl IA 

d  d d d 

8*-* 1> d ^ vO Ch 

rH      F4 H H 

o   «i Q *A 
IA   «O O CM 

^    ^ 0J 01 

s a ^ 8 
-H      ^ rt « 

9; Ä 88 ^ 
H      r-l «H OJ 

5? « S ^ 

CD  00 m if» 
»n Jn so f^- 

0000 

0000 

O    O O OS 

0000 

a a a a 

0!33a§ 0S5(aft 

I 
8? 

vi 
*> 
if 
SH 

M 
IA « 

II 

5S 

78 

is s 

PI 
*.* ■ 

si 
si ! 

■«Jg* 

mfmmfmtm 

I 

K 



»■  II •       •      '• '•'■■•■•w 

,i 

pan 
..s 

!sll pi 1^ Hill 

d   d 
m     O   f^)   w ^   in   t- 

d   ö   d 

0^5 

mi 

!  !    : 

o   »n 

t-      r<    fl   O 
^    ^  d   d 

>A    CT» iA       «n   CO     iTv 

•-*    H      t     ,*       d    O    d 

eg   m        ON    o   irv 00 

^  oi    !   4    d   d   d 

o  :- 
ty  oi 

w    in m a> 

6 6 

i 

■      !        !      ■ 

OJ   o\ 

oj  oi 

& 3. 8 
d d    w 

R »   3 
d   •-«     in 

R ? * 
O    H       01 

d   ■-I     fn 

ess 

R R   P 
odd 

I  : 

I  i 

i 

!   I 

!   I 

s» 3S 

i i 

3 M 
d m 

s » 
o »A 

o H 

9 » 
^ OJ 

^^ 
d H 

ft rn 

d d 

R B 

I   ! 

!   t 

♦I* 

3S 
s 

M   a. 
H  d 

r' «A u\ m ov o ao 

XO H- K N- J \6 V 

-» r-* m -* O K ro 

" 3 d » « " 3 
01 OI tf\ tf\ -* oi <n 

ä ä ä ä d si ä 

o o Q do 

d d d 

d ^ oi 

8 « P 
H rJ «| 

s a * 
r< 01 <n 

5 R P 
^ 01 «"n 

8 PS 
6 6 -A 

j    VO    0J 

H   oi 

-l    OI 

d   d 

8 P    . 8 R 

o o  o 

o o   » 

0 »8 
0 rt * 
o o   o 

o o 
I   o o 

I   o o 

j   o o 

I    o O 

I   o o 

:   ! 0 83 R   0 8 :» 

7 ? 

^ ^   o 
r^- K -4 

a a 

£ P 
d oj 

8 R 

4 «A 

3 P 

*-R 
d  d 

s$ 
d  d 
; i 

I I I 

I I I 

!   I   ! 

8 i 

P 
is 

B^nBHBaHBMHRBBBB»- 



I !■ ! 

IABI£ 2 

SüWMBT DT CBR, CENSITY, MO) HATER COtHBTr SAU, 1EST SECTION 6 

T   •♦ 
Type of Surf«c« 

"'1SE*raf 
Trrffle 

Coverage» 
Depth 

life] 3S_ 
UM 11 

•TRW   ■ 
Ccntent 

(ft 
Denaity 

(Xb/cu ft) BCMA« 

1 Hodlfied TU 
aluKlm« 
landing Mt 

0 0 
6 

1.2 
l.lt 
1.8 
i.k 

31.0 
29.8 
31.3 
322 

86.6 
89.2 
87.6 
85-9 

Traffic suapended at 600 
coverages; no failure 

s MS »teel land' 
li«a»t 

0 0 
6 

12 
18 

3.8 
3.1 

28.1 
26.2 
27.1. 
27.5 

90.2 
89-1 
92-7 
91.8 

Traffic suspended at 600 
coverages; no failure 

3 UDnrftead 0 0 
6 

12 
18 

9-0 
u.o 
u.o 
8.0 

23-9 

26.0 i.1 
600 0 

6 
12 

15.0 
17.0 
U.O 

A;9 

2U.2 

98.2 
96.6 
96.8 

i Urn llA 

1 Modlflea TU 

llDdillg ««t 

130 0 
6 

12 
18 

2.7 
3-3 
3-5 
U.2 

31-5 

29.8 
30.6 

88.7 

89.2 
89.6 

Itea failed at 130 coverages 
doa to roughness 

2 MB«tMl i«m- 
ingmt 

130 0 
6 s 

lt.3 
k.l 

1.1 
29.5 
26.7 
25.6 
27.8 

91.0 

95.8 
90.9 

due to roughness 

3 Uniurfaced 0 0 
6 

12 

15.0 
17.0 
U.O 

2|..9 
2l».2 
21». 2 

96.2 
<*i.6 
96.8 

Its* failed due to ratting 
in two aagants (3A and 
3B) 

(Segment 3A) 

130 0 
6 

12 
10 

12.0 
10.0 
8.0 
9-0 

21* .2 
2M 
26.8 
26.7 

98.U 
98.7 
9k.8 
95.2 

Segment 3A failed due to 
ratting »t 112 coverages. 
Traffic continued to 130 
coverages 

(a««wt 3B) 

130 0 
6 

12 
18 

16.0 
U.O 
U.O 

Um 12 

22.lt 
23.6 

23.i 

100.6 
98.8 

S:i 
Segwnt 3B failed due to 

rutting at 130 coverages 

1 HDdlfled TU 
»VU«lDU» 
iMdlngMt 

0 0 
6 

is 
IB 

2.0 
2.7 
2.6 
2.3 

31.0 
28.1) 
28.8 
28.« 

»1 90.8 
91.0 

Itsai failed daa to roughness 

90 0 
6 
a 
IB 

3.3 30.5 
29.9 

f! 29.8 

88.6 
89.6 
90.2 
89.9 

- 

NBatMl l«d- 
11« Mt 

0 0 
6 

U 
IB 

I».0 
3.8 
5.6 
5.6 

26.2 
27.6 
28.1» 
26.5 

90.7 
92.8 
93.6 
9B.1 

Ite« Mlad daa to roughntsa 
«i ^ oowrafaa 

** 0 i 
ia 
IB 

3.6 
3.6 
5.0 
M 

30.5 

29.3 

89.6 
91.7 . 

i tlMIlrtMH 0 0 i 
m 
IB 

9.0 
u.o 
8.0 

U.0 

21.8 
23.3 
29.1 
26.0 

93-7 
931 

ItM miild due to roughness 
at kk eovarntss 

■ 

I 
U 
IB 

6.0 
u.o 
8.0 

10.0 

85.7 
a.9 
2».2 
89.1 

96.3 
UO.l 
96.0 
96.k 

Batgnria aatarlal MM baaqr cl« (huckabot; elaaaifla« aa CH) la aU lt«ai. 

I* 
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Figure 2.    Test load vehicle 

Figure 3.    Lane 11,  item 1, prior to traffic 
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Figure k.    Lane 11, item 1. Diagonal straightedge shows slight 
deformations at 600 coverages 

Figure 5.  Lane 11, item 2, prior to traffic 
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Figure 6,    Lane 11,  item 2.    Transverse straightedge shows 
slight deformations at 600 coverages 

Figure ?.    Lane 11,  item 3, prior to traffic 
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Figure 8. Lane 11 item 3. Transverse straightedge shows 
slight deformations at 600 coverages 

Figure 9. Lane 11A, item 1. Transverse straightedge shows 
deformations at 130 coverages (failure) 
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Figure 10. Lane 11A, item 2. Transverse straightedge shows 
deformations at 130 coverages (failure) 

Figure 11. Lane HA, item 3; general view of item at 
130 coverages (failure) 

21 

^^■^-w^.^...*^'^^  ■^^m^.-,^:.;^iia^w -■■a^-'^~ .^-..■...,,-..^ Iin  ififiiiiiiiMniMiiiiiiiiiiiitiiriifiii' iihitnTiiiiiiiifiir ■am 



Figure 12.    Lane 12, item 1, prior to traffic 

Figure 13.    Lane 12,  item 1.    Transverse straightedge shows 
deformations at 90 coverages (failure) 
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Figure 14.    Lane 12,  item 2, prior to traffic 

Figure 15.    Lane 12, item 2.    Transverse straightedge < 
deformations at kk coverages (failure) 
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Figure 16. Lane 12, item 3, prior to traffic 

Figure 17. Lane 12, item 3; general view of item at 
44 coverages (failure) 
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Mt-LAME II 
KU'LMK II* 

TIRE SIZE 
Ml OF PLY3 
CONTACT AREA, SO IN. 
CONTACT PRESSURE, PSI 
INfl ATION  PRESSURE, PSI 
DEFLECTION, % 
GROSS ASSCMBtY LOAD, LB 

LANE II L>WE MA 
23.00-n 25X)0-2e 

30 30 
MO 60« 
55 M 
SO 100 

33« 31» 
35,000 «VDOO 

LAf^?IIANpilA 

-Mm C-C ■ 

LEFT RIGHT 
TIR^ TIRE 

TWW SIZE 2500-J* ».00-20 
NO. OF PLYS i? 30 
CONTACT AREA, SO IN. M» 59» 
CONTACT PRESSURE. PSI 100 100 
INFLATION PRESSURE, PSI 100 100 
DEFLECTION,« 34.7 3ft« 
GROSS ASSEMBLY LOAD = IZO^uO LB 

j>: 
/ 

-to.*1 ► 

WT Ttfff RIGHT tm 

LANE 12 

TIRE-PRINT DIMENSIONS 
AND TIRE CHARACTERISTICS 

TEST SECTION 6 
LANES 11. IIA. AND 12 

9<r *7 
Figure 20 
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