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FOREWORD 

The investigation reported herein was conducted as part of the 

landing mat development program, Project No. 1G664717DH01-10 (formerly 

1G664717D556-0l), under the sponsorship of the Ground Mobility Division, 

Directorate of Research, Development and Engineering, U. S. Army Mate

riel Command. 

The tests pertinent to this investigation were performed at the 

U.S. Army Engineer Waterways Experiment Station (WES), Vicksburg, 

Mississippi, during May-June 1967. Personnel of the Expedient Surfaces 

Branch responsible for the planning, testing, analyzing, and reporting 

phases of this investigation were Messrs. W. L. Mcinnis, H. L. Green 

D. W. White, Jr., and C. T. McCormick. The General Engineering Support 

Branch was responsible for constructing and trafficking the test sec

tion and for performing necessary soil tests under the supervision of 

Mr. C. D. Burns. This report was prepared by Mr. White under the gen

eral supervision of Messrs. J. P. Sale and R. G. Ahlvin, Chief and 

Assistant Chief, respectively, of the Soils and Pavements Laboratory. 

Director of the WES during the preparation of this report was 

COL Ernest D. Peixotto, CE. Mr. F. R. Brown was Technical Director. 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to 

metric units as follows: 

Multiply By To Obtain 

inches 2.54 centimeters 

feet 0.3048 meters 

square feet 0.092903 square meters 

cubic feet 0.0283168 cubic meters 

pounds o.45359237 kilograms 

pounds per square inch 0.689757 newtons per square centimeter 

pounds per square foot 4.88243 kilograms per square meter 

pounds per cubic foot 16.0185 kilograms per cubic meter 

miles per hour 1.609344 kilometers per hour 
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SUMMARY 

The investigation reported herein was conducted to evaluate an 
aluminum alloy landing mat (designated MX18-E) designed and extruded 
by the Dow Chemical Company, Midland, Michigan. The mat, which was 
fabricated by Dow's subcontractor, Washington Aluminum Company (WACO), 
Enterprise, Ala., is a 4- by 4-ft, four-piece, 6061-T6 aluminum alloy 
panel. (The panel consisted of four 12-in.-wide extrusions welded to
gether to form the 4-ft width.) The panels when placed are joined 
along two edges by interlocking male and female hinge-type connectors, 
which are integral parts of the basic panel extrusion. The adjacent 
edges consist of extruded aluminum overlap and underlap connectors that 
are welded to the basic panel. A locking bar secures these connectors 
after individual panels have been nested. 

This investigation consisted of traffic tests to evaluate the 
service life of the Dow MX18-E mat against the criteria specified in the 
Department of the Army (DA) approved Qualitative Materiel Requirement (QM.R) 
for Prefabricated Airfield Surfacings dated 14 April 1966. The traffic 
tests were conducted with a rolling wheel load that simulated aircraft 
operations on mat placed on a prepared subgrade. The tests were con
ducted with an F--4c tire loaded to 25 ,000 lb with the tire inflated to 
250-psi pressure on a mat-surfaced subgrade with a rated CBR of 3.6 
for item 1 (MX18-E mat oriented with its· internal ribs perpendicular to 
the direction of traffic) and a rated CBR of 4.0 for item 2 (MX18-E mat 
with its internal ribs parallel to traffic). The MX18-E mat sustained 
460 coverages on item 1 and.580 coverages on item 2, which is equivalent 
to 710 coverages for item 1 and 580 coverages for item 2 on a 4.0-CBR 
subgrade. These coverages exceed the Q.MR service life of 200 coverages 
on a 4.0-CBR subgrade. The service life of the MX18-E mat placed with 
the internal ribs parallel to traffic was only 81. 7 percent of the life 
of the mat with the internal ribs perpendicular to traffic. The mat can 
be placed on a flat subgrade at a rate of 263 sq ft per man-hour, which 
exceeds the minimum required of 250 sq ft per man hour. 
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EVALUATION OF DOW CHEMICAL COMPANY EXTRUDED ALUMINUM 

4-PIECE 4- BY 4-FT LANDING MAT (MX18-E) 

PART I: INTRODUCTION 

Background 

1. The investigation reported herein comprises an engineer de

sign test (EDT) in the U.S. Army Materiel Command's (AMC) continuing 

program for the development of satisfactory landing mats for use as 

expedient surfacing materials on forward-area airfields. As a part of 

this program, the U. S. Army Engineer Waterways Experiment Station (WES) 

is responsible for landing mat development. 

2. The Dow Chemical Company, Midland, Michigan, designed and 

extruded an aluminum four-piece 4- by 4-ft* mat, designated MX18-E 

(the MX18-E panel consists of four 12-in.-wide extrusions welded to

gether to form the 4-ft width). The MX18-E mat was not only designed 

in an effort to satisfy the requirements for a medium mat as set forth 

in the ~ualitative Materiel Requirement (~) for Prefabricated Airfield 

Surfacing dated 14 April 1966 but also in an effort to widen the produc

tion base for extruded mat.** The number as well as the availability of 

extrusion presses large enough to extrude 24-in.-wide mat panels were 

limited. 

Objectives and Scope of Investigation 

Objectives 

3. The primary objective of this inves_tigation_ was_ t-0- e.¥aluate 

the design and performance of the MX18-E multiple extrusion mat for 

* A table of factors for converting British units of measurement to 
metric units is presented on page ix. 

** Previous investigations of MX18 landing mat are summarized in 
"History of Dow Chemical Extruded Medium-Duty Mat" by D. w. White, Jr., 
Miscellaneous Paper S-69-22, Jun 1969, U. S. Army Engineer Waterways 
Experiment Station, CE, Vicksburg, Miss. 
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compliance with the QMR. Specific objectives were to determine the 

following: 

Scope 

a. The service life (minimum of 200 coverages required) of 
the MX18-E mat when placed on a 4.0-CBR subgrade and traf
ficked with an F-4c tire loaded to 25,000 lb and with the 
tire inflated to 250-psi pressure to produce a contact 
area of 111 sq in. 

b. The average placing rate of the mat. 

c. The effectiveness of placing the mat both with the inter
nal ribs perpendicular and parallel to the direction of 
traffic. 

4. This report describes traffic tests conducted to evaluate the 

MX18-E extruded aluminum landing mat. Data for the evaluation were 

obtained by the following: 

a. Traffic tests were conducted on a mat-surfaced test sec
tion to study subgrade behavior and to observe the per
formance of the mat under a rolling wheel load. 

b. The time required to place the mat on the flat subgrade 
was recorded for use in computing the placing rate. 

Definitions of Pertinent Terms 

5. For information and clarity, definitions of certain terms used 

in this report are given below: 

Test section. A prepared area on which the landing mat is placed 

for test purposes. 

Load cart. A specially constructed item of equipment used in WES 

engineering tests for simulating aircraft taxiing operations. 

Test wheel. The wheel on the load cart that supports the main 

load. 

Traffic lane. Area of test section that is subjected to the 

test wheel load of the load cart. 

Subgrade. The portion of the test section constructed with soil 

processed under controlled conditions to provide the desired bearing 

capacity and upon which the landing mat is placed. 

Coverage. One application of the test wheel of the load cart 
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over every point in the central portion of the traffic lane (plate 3). 
Deflection. Temporary bending of landing mat panels as measured 

under the static load from the test wheel of the load cart. 

Longitudinal dishing (with reference to panel). Permanent bending 

of a panel perpendicular to the direction of traffic. 

Transverse dishing (with reference to traffic). Permanent bending 

of a panel parallel to the direction of traffic. 

CBR (California Bearing Ratio). A measure of the bearing capacity 

of the soil based upon its shearing resistance. CBR is calculated by 

dividing the unit load required to force a piston into the soil by the 

unit load required to force the same piston the same depth into a 

standard sample of crushed stone and multiplying by 100. 

Direction of traffic. The direction in which the load cart 

travels on the test section. The direction of traffic is representative 

of actual landing directions with respect to panel joints. 
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PAR'r II: DESCIUPTIOI\f OF Ml\.T 

6. The MX18-E landing l) is a four ext:ru-

sion, fabricated the Aluminum 

Ala. 1 s ) • The approximately 1-ft-wid.e 

of 6061 artificially aged to the T6 were welcled 

1-1/2 '.!!he 

are by interlocking male 

female connectors which of the basic panel 

Extruded tubes con-

tours the basic 

with the end of the basic 

match 

inho each 

end consist 

'"'""''"''~,.... to the basic of 

panel. A. 

have been 

anti skid. 

overlap and. underlap connectors that are 

bar secures these aft.er 

The top surface of the mat had not been coated with 

however, the entire rnat had Marine Corps 

7. In order to evaluate the effect of placing the mat with the 

. 1. landing mat panel 
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a. to direction to 
of traf'fic 

• ~2. Half' panels of iJlX18-E mat 

internal ribs parallel and perpendicular to the d.irection of traffic, 
types of half' panels req_uired :Ln the test sect:\on. One 

panel on 

length and the 

the overlap and 1mderla:p connector.s :were 2 ft in 
and female connectors were 4 ft in (see 

• ::?a) had internal ribs perpendicular the direction of' traffic. 
The other type, which the overlap and underla:p connectors were h ft 

length and the male and connectors 2 ft in length (see 
) , had internal ribs parallel to traffic. .Both types o:f half 

panels 1-1/2 in. 

8. The .MX:l8-E mat was shipped in bundles of 14 full panels 
. 3). 'rhe half panels weighed an average of lb each and bundles 

that contained 10 half' panels approximately 500 lb. Th<:: aver-
(limensions and for full panels and bundles are as follows: 
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Fig. 3. Bundle of MX.18-E i'ull mat panels as received from manufacturer 

Panels 
Overall.Dimensions Placing Dimensions 

Width Length Depth Width Length Area 
in. 

49.0 

Length 
ft 

in. in. 

48.o L5 

Width 

4.02 

in. in. S9. ft 

48.250 47.375 15.87 

Depth 
ft 

2.19 

Bundles 

Volume 
cu ft 

Weight 
lb 

1355 

Mat Inspection 

Weight 
lb 

93.60 

No. 
Panels 

14 

Weight per SQ f't 
of Placing Area 

lb 

5.89 

'I1otal 
Placing Area 

sg,.ft 

222.2 

9. Prior to their removal from the bundles, it was observed that 

some of the panels were bowed along the overlap connectors. After being 

removed from the bundles, several panels were selected at random and 

were placed on a smooth asphalt pavement (fig. 4). At overlap/underlap 

joints where the locking bars either had to be driven into place or 
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TYPES OF CONNECTORS AND PROBLEM JOINTS 
DISTINGUISHED BY THE FOLLOWING: 

0 CONNECTOR 
F FEMALE CONNECTOR 

U UNDERLAP CONNECTOR 

M MALE CONNEC1'0R 

T LOCKING BAR HAD TO SE' DRIVEN 
INTO OVERLAP/UNOERLAP JOINT 

X LOCKING BAR COULD NOT BE DR N 
INTO OVERLAP/UNDERLAP JOINT 

. 4. 

could not be 

1/8 t.o 3/16 
a:nd expense to 

the connectors • 

• 5. Upward 

o:r 

• 5). All mat 

ba.r was 

on 

J 
x 

connectors were bowed up 

werE.! returned at Dow's 

in order to 

connector after 



PART III: TEST SECTION AND EQUIPMENT 

Test Section 

10. The test section (plate 1) was constructed under a hangar

type structure to provide protection from the elements and to maintain 

controlled conditions for obtaining the required subgrade strengths. 

The test section, which was 80 ft long and 24 ft wide with a 10-ft-wide 

traffic lane down the longitudinal center, consisted of items 1 and 2. 

An approach area was provided at each end of the test section for 

maneuvering the load cart during the application of traffic. Item 1 

was 40 ft long and contained MX18-E mat placed with its internal ribs 

perpendicular to the direction of traffic. Item 2 was 40 ft long and 

contained MX18-E mat placed with its internal ribs parallel to traffic. 

Panels in the traffic lane were numbered 1 to 84. 

11. The subgrade area was excavated to a depth of 24 in. below 

the final grade, and a heavy clay (CH) having an average liquid limit of 

58 and an average plasticity index of 33 (plate 2) was used to backfill 

the excavation. The clay was processed to ensure uniformity, hauled to 

the test section, spread with a bulldozer, mixed in place with a pulvi

mixer, and compacted to form 6-in. lifts. Each lift was compacted by 

applying 8 coverages of a self-propelled, seven-wheel, rubber-tired 

roller -loaded to 50,000 lb and having a tire-inflation pressure of 

65 psi. The surface of each compacted lift was scarified and sprinkled 

with water prior to placement of the next lift. Construction data were 

obtained for each lift after compaction by in-place CBR, water content, 

and dry density tests. After backfilling and compaction were completed, 

the subgrade was finished to a final grade by use of a motor grader. 

12. Soil data taken after completion of subgrade construction 

are given as zero-coverage data in table 1. These data were obtained 

from two test pits in each item of the test section. The average CBR 

for item 1 was 3.3 and for item 2 the CBR was 3.5. Prior to mat place

ment, the surface of the subgrade was covered with a 6-mil polyethylene 

membrane to deter drying that would cause a change in subgrade strength. 
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The panels were placed on the subgrade by a crew of six men 

under the direction of a foreman. The mats were stacked adjacent to 

the subgrade in open bundles to minimize the dista,nce that panels had 

to carried by the placing crew. A forklift was used to the 

panels as close to the placing crew as practical. The panels were 

placed in a brickwork patteru in item 1 with the internal ribs perpen-

dicular to the direction traffic and in item 2 with the internal ribs 

parallel to the direction o!"' traffic (plate 1). A special adapter was 

usea. between the two items of the test section. panels were joined 

along two edges by interlocking the ma.le and female hinge-type connectors, 

and then dropping the panel into position. After the overlap and under-

lap connectors were nested, a locking was slid into place to secure 

joint. Since the panels had been straightened, the locking bars 

were placed without difficulty. The average placing rate was 263 sq f't 

per man-hour on a flat surface. Lead weights were placed along the mat 

edges of the test section to anchor panels. 

Traffic Test l~g,uipment 

14. A load cart (fig. 6) with a single-wheel load of ,000 lb 

Fig. 6. Load cart used for traffic tests 
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was used in the traffic tests. The load cart was fitted with an out

rigger wheel to prevent overturning and was powered by the front half 

of a four-wheel-drive truck. The test wheel had a 30.00 by 11.5, 24-

ply tire inflated to 250 psi to produce a contact area of 111 sq in. 

and an average contact pressure of 225 psi (these characteristics corre

spond to F-4c aircraft single-wheel load conditions). 

Application of Traffic 

15. The mat was trafficked in the 10-ft-wide by 80-ft-long traf

fic lane (plate 1) to simulate the traffic distribution pattern encoun

tered in aircraft takeoffs and landings. Traffic was applied by start

ing at one side of the traffic lane, driving the load cart forward then 

backward in the same path for the length of the test section, and then 

shifting the path of the cart laterally 10 in. (the width of the tire 

print) on each successive forward trip. Thus two coverages were com

pleted when the load cart had maneuvered from one side of the traffic 

lane to the other. The interior 100 in. of the traffic lane were 

trafficked for six a~ditional coverages. The longitudinal center 60 in. 

of the traffic lane received two additional coverages for a total of 

ten coverages. The net result was that the 60-in.-wide center strip of 

the traffic lane received 100 percent of the traffic, the two 20-in.

wide strips on each side of the center strip received 80 percent, and 

the two 10-in.-wide edge strips received 20 percent (plate 3). This 

pattern of traffic application was repeated until mat failure occurred. 
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PART IV: CRITERIA FOR MAT FAILURE AND 
TYPES OF nATA RECORDED 

Failure Criteria 

16. The following guidelines were used to determine failure: 
a. Excessive mat breakage: 

(1) Weld failure: When the weld failure appreciably 
affects the performance of the mat or becomes a 
tire hazard. 

(2) Rib failure: When the rib failure appreciably 
affects the performance of the mat or causes undue 
roughness. 

(3) End joint failure. 

(4) Breaks: 

(a) A panel was considered failed when a break was 
considered to be a tire hazard .. 

(b) A section was considered failed when breaks 
exceeding 6 in. in length occurred in 
50 percent of the panels, or when breaks ex
tending 40 percent of the length of a panel 
occurred in 20 percent of the panels. 

b. Static deflection·; usually not to exceed 1 in. maximwn 
(accompanied by indication of structural failure). 

£.• Roughness: 

(1) 

(2) 

(3) 

Deflection not to exceed 1 in. at side joint. Mea
surement to be made from 4-ft-long straightedge. 
Dishing not to exceed 0.6 in. 
Uneven mat surface and instability of the load cart 
as determined by visual observations and experienced 
judgment were used to determine roughness when the 
load cart was· traveling at a uniform speed (approx
imately 2 to 4 mph). 

17. I-t was- mrsumed tirat- a; certain amount of- maintenance will be 
performed in the field during usage of the mat. Therefore, it was con
sidered feasible during a test to replace up to 10 percent of the panels 
in that area of the traffic lane receiving 100 percent of the traffic 
with new panels. When an additional panel required replacement or was 
considered to be a tire hazard, the mat was considered failed. 
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Types of Data Recorded 

18. Subgrade densities, water contents, and in-place CBR's were 

measured before, during, and after traffic (table 1). These soil tests 

were made at the surface of the subgrade and at depths of 6 and 12 in., 

with a minimum of three values per depth. Static deflections were 

measured with the test wheel at the joint of two panels, the joint of 

three panels, and the center of a panel (plates 4 and 5). Cross· section 

(plate 6) and center-line profile (plate 7) data were measured before, 

during, and after traffic. At the completion of traffic, all panels 

were removed and inspected and the number and kind of breaks were 

recorded (table 2). Observations of the mat and subgrade behavior and 

other relevant factors were recorded throughout the period of traffic 

and were supplemented by photographs. Pertinent data will be discussed 

later in this report. 
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PART V: TRAFFIC TEST RESULTS, ANALYSIS, 
AND STRENGTH EVALUATION 

Traffic Test Results 

19. An overall view of the test section prior to traffic is 

shown in photograph 1. The surface of the mat in both items was gen

erally smooth. 

Item l 

20. Item l (photograph 2) was surfaced with the internal ribs of 

the MX18-E mat perpendicular to the dire~tion of traffic. The average 

CBR of the subgrade was 3.3 (table l). After 200 traffic coverages, the 

mat in item l was in good condition (photograph 3). Panel 31 contained a 

1-in.-long crack in the center weld between the extrusions at the under

lap edge. At 264 coverages, panel 35 contained a 3-1/2-in.-long crack 

in the weld at the center of the panel. By 270 coverages, this crack 

had increased to 43 in. in length. 

21. After 300 coverages, mat noise during passage of the load 

cart had increased to a level that indicated the internal ribs were 

collapsing, thus allowing mat deflection to increase. After the load 

cart had passed, the panel surfaces usually resumed their original 

appearance. Panel 11 contained a 30-in.-long crack in the weld between 

the extrusions composing the 11 female half" of the panel. Panel 15 

contained a 24-in.-long crack in the center weld. Panels 19 and 30 

contained small depressions in their two center extrusions. By 360 

coverages, the cracks in panels 15 and 35 had extended into the underlap 

connectors and the connectors had broken. As traffic continued, the 

intensity of the noise caused by the load cart passing over the panels 

with collapsed ribs increased. After 400 coverages, 14 panels con

tained permanent depressions that indicated collapsed ribs and three 

panels contained cracks where the extrusions had been welded together. 

22. Traffic was continued until 460 coverages (photograph 4) were 

completed. Panel 15 (photograph 5) was considered a tire hazard due to 

the weld failure between the center extrusions with the failure extending 
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through the underlap connector (photograph 6). Panel 35 also contained 

a weld ·failure (photograph ?).similar to panel 15. As the test wheel 

passed over these panels, they separated at the broken welds and connec

tor; thus the sharp edges were exposed to the tire. When the mat on 

item 1 was removed in order to replace failed panels 15 and 35 with new 

panels, all panels in the 100 percent traffic area were found to contain 

one or more breaks in such areas as the top and bottom surfaces, the 

welded joints between extrusions, the vertical welds, or the upper and 

lower flanges of the underlap and overlap conriectors, respectively. Some 

panels contained all type breaks. Item 1 was considered failed after 

46o coverages as a result of the failure of panels 15 and 35 and of the 

condition of the other panels in the 100 percent traffic area. 

23. Static deflection measurements were made with the test wheel 

at the joints of panels 11 and 15, panels 27 and 31; the center of 

panels 15 and 31; the joint of panels 15, 18, and 19; and the joint of 

panels 31, 34, and 35 (plate 4). The maximum deflection measured prior 

to traffic was 0.7 in., at the joint of panels 11and15. The maximum 

static deflection from the beginning to the end of traffic was 0.8 in., 

measured with the test wheel at the center of panel 15. The maximum 

increases in cross section (plate 6) and profile (plate 7) measurements 

from the beginning to the end of traffic were o.4 and 0.3 in., 

respectively. Soil data taken under panels 15 and 34 revealed that the 

average CBR at 460 coverages was 3.8.· The rated CBR for item 1 was 3.6 

(table 1). 

Item 2 

24. Item 2 was surfaced with MX18-E mat with the internal ribs 

parallel to the direction of traffic. Prior to traffic, the average 

CBR of the sub_grade was 3 .5 (table 1). As traffic was applied, a crease 

began to form along the female edges of panels 51, 55, and 59 (which 

were in the 100 percent traffic area). At 42 coverages, small cracks 

were noticed at the female/overlap and female/underlap corners of all 

the panels in the 100 percent traffic area. At 162 coverages, a crack 

had developed in the center weld of panel 54. 

25. After 200 coverages (photograph 8), the cracks at the corners 
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of the panels and the crease along the female edge of the panels had 

increased. The crack in the center weld of panel 54 had increased to 

43-1/2 in. (photograph 9). After 236 coverages, a depression at the cen

ter of panel 54 indicated that the internal ribs had begun to collapse. 

As traffic continued, the crease along the female edge of the panels in

creased as did the weld crack in panel 54. At 400 coverages, panel 47 

had 1-in.-long cracks in the female/overlap and female/underlap corners. 

Cracks of 1 in. maximum had developed at the female/overlap corners of 

six other panels and at the female/underlap corners of 11 panels. The 

female connector lips of these panels had curled upward. 

26. After 460 coverages (photograph 10), panel 47 was considered 

to be a tire hazard, due to the curl of the female connector lip and 

overlap connector at the female/overlap corner. Panel 54 was also con

sidered failed due to a 45-in.-long crack in the center weld which sepa

rated exposing sharp edges during passage of the load cart and thus was 

considered a tire hazard. The mat on item 2 was removed in order to re

place the failed panels with new ones and to take subgrade data. 

27. Soil data were taken under panels 54 and 66, and the average 

CBR was 4.5 after 460 coverages. The rated CBR for item 2 was 4.0 

(table 1). Since item 1 had already been considered failed and since 

the CBR of item 1 subgrade was 3.8 (a subgrade strength closer to the 

Q.MR requirement than that of item 2), the mat on item 2 was placed on 

the subgrade where item 1 had been tested (plate 8). Prior to mat 

placement, a motor grader was used to smooth the surface of the 

subgrade. For the remainder of the test item 2 was redesignated as 

item 2A (photograph 11). The panels of item 2A were placed as they 

had been in item 2, i.e., with the internal ribs parallel to the 

direction of traffic~ 

28. After 500 total coverages, the amount of curl of the female 

connector lips and the length of the cracks at the female/underlap and 

female/overlap corners had increased. The depressions in the panels had 

also enlarged. 

29. After 580 coverages (photograph 12), item 2A was considered 

failed (460 coverages in its original position plus 120 coverages after 
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being placed on item l subgrade). Panels 59, 63 and 67 were considered 

failed due to curl of the female connector lips and breaks at the 

female/overlap corners (photograph 13). Internal rib collapse was indi

cated in five panels that had depressions in their two center extrusions 

and in two other panels that had depressions along the female edges 

(photograph 14). 

30. Static deflection measurements were made with the test wheel 

at the joint of panels 55 and 57; panels 67 and 71; the center of 

panels 59 and 71; the joint of panels 59, 62, and 63; and the joint of 

panels 71, 74, and 75 (plate 5). The static deflection measurements 

were taken at 0 and 460 coverages with the mat on the item 2 subgrade 

(plate 1) and at 460 and 580 coverages with the mat on item l subgrade 

(plate 8). The maximum static deflection measured prior to traffic was 

1.0 in. at the joint of panels 71, 74, and 75. The maximum increase 

from beginning of traffic to the end of 460 coverages was 0.3 in. The 

maximum changes in both the cross section (plate 6)·and profile 

(plate 7) measurements from the beginning to the end of 460 coverages 

was 0.5 in. Static deflection, cross-section, and profile data for 

item 2A at 460 and 580 coverages are presented in plates 5, 6, and 7. 

31. Soil data were taken under the joint of panels 54A and 58 

and under panel 67. The average CBR at 580 coverages was 4.3. The 

rated CBR between 460 and 580 coverages was 4.o (table 1). 

Analysis of Results 

Item 1 

32. All panels in this item were inspected after they had been 

removed from the test section. A tabulation of' the breaks in the mat 

of item l is shown in table 2. Dimensional measurements were made on 

several sectioned panels from both items. Results of these measur.ements 

indicated that the dimensions of the extrusion were nominal or above 

nominal when compared to the specified drawing requirements of 0.106 + 

8 + 0 •020 . f th b -t 0.012 in. for the top surface thickness, 0.0 5 _ 0.005 in. or e o -
+ 0.020 

tom surface thickness, and 0.108 _ O.OlO in. for the rib thickness. 
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Examination of the weld failures revealed that the weld penetration at 

the joints between extrusions was apparently too shallow to provide a 

durable connection (photograph 15). The rib failures resulted from 

stresses in the mat caused by the test wheel as it rolled over the mat. 

The rectangular hollows of the extrusion alternated from rectangular in 

shape to parallelogram in shape and this alternating caused the ribs 

to fatigue and break at the intersection of the rib radius which blends 

into the top and/or bottom surface of the mat. Photograph 16 shows the 

breaks in the weld and in the ribs after 460 coverages. These breaks 

are typical of those throughout the panels in item 1. The underlap 

connector of panel 15 broke after 460 coverages as a result of a crack 

in the weld between the extrusion which extended through the connector 

(photograph 17). Concentrated stresses that developed at the overlap/ 

underlap joints caused the underlap lips to split from the base of the 

connector extrusion (photograph 18). 
Item 2 

33. All panels in this item were inspected after they had been 

removed from the test section. A tabulation of the breaks in the mat 

is shown in table 2. Breaks of .. the vertical welds and along the female 

connector at the female/overlap (photograph 19) and female/underlap 

connectors were numerous. These breaks resulted from stresses caused 

by the test wheel as it rolled along the panel. The stresses were not 

adequately transferred through the joints to adjacent panels so the 

breaks resulted. Sixteen vertical welds at the female/overlap corners 

and eighteen at the female/underlap corners had broken by the end of the 

test. Rib failure occurred in mat of this item (photograph 20) as it 

did in item l (described in paragraph 32) as a result of fatigue. The 

bottom surface also failed in some locations adjacent to the rib 

failures (photograph 20). 

Strength Evaluation 

34. Actual CBR's, load, tire pressure, and coverages were used in 
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the following equation* to derive the nwnber of coverages that the 

MX18-E mat would withstand if placed on a 4-CBR subgrade: 

where 

t = Design thickness of pavement structure, in. 

c = Coverages at failure 
p = Total wheel load, lb (25,000) 

CBR = Rated California Bearing Ratio of subgrade 

p = Tire pressure, psi (250) 

The following is a swnmary of coverages and CBR's for the traffic tests 

and of the equivalent coverages on a 4.0-CBR subgrade: 

No. of 
Coverages Rated CBR Equivalent Coverages 

Item No. Applied of Sub grade on 4-CBR Subgrade 

1 460 3.6 710 

2 580 4.o 580 

Thus, the test results indicated that the Dow MX18-E mat when placed on 

a 4.0-CBR subgrade would sustain 710 coverages of an F-4C tire loaded 

to 25,000 lb and with the tire inflated to 250-psi pressure when the 

tire traveled perpendicular to the internal ribs, and 580 coverages 

when the tire traveled parallel to the internal ribs of the mat. 

(Since the rated CBR for item 2 was 4.0, no computation was necessary.) 

An interpretation of the strength evaluation, showing the service life 

that can be expected on various subgrade strengths, is shown in plate 9. 

* This equation is a combination of equation 2, page 2, and the equa
tion for slope of curve, plate 3, from "Developing a Set of CBR Design 
Curves," by R. G. Ahlvin, Instruction Report No. 4, November 1959, 
U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg, Miss. 
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PART VI: CONCLUSIONS 

35. Based on the results obtained in this investigation, the 

following conclusions are believed warranted: 

~· The MX18-E mat placed on a 4.0-CBR subgrade with the 
internal ribs perpendicular to the direction of traffic 
will sustain 710 coverages of the 25,000-lb single-wheel 
load; thus the MX18-E mat so placed will exceed the proj
ect criterion of 200 coverages (minimum) by 510 
coverages. 

b. The MX18-E mat placed on a 4.0-CBR subgrade with the 
·internal ribs parallel to the direction of traffic will 
sustain 580 coverages of the 25,000-lb single-wheel load; 
thus, the MX18-E mat so placed will exceed the project 
criterion of 200 coverages (minimum) by 380 coverages. 

c. The MX18-E mat when placed with the internal ribs par
allel to the direction of traffic is not as effective 
for expedient surfacing as when it is placed with the 
internal ribs perpendicular to traffic since its service 
life is only 81.7 percent of that of the mat with inter
nal ribs perpendicular to traffic (580 vs 710 coverages). 

d. The mat can be placed on a flat subgrade at a rate of 
263 sq ft per man-hour, which exceeds the minimum required 
of 250 sq ft per man-hour. 

e. The MX18-E mat can be used as expedient surfacing to 
support a 25,000-lb single-wheel load; however, it cannot 
be classified as a medium mat since the MX18-E weighs 
5.89 lb per sq ft of placing area and 4.5 lb per sq ft 
of placing area is the maximum weight allowed by the QMR. 
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Table l 

Surnmarl of CBR 2 Water Content 2 and Densitl Data 

Water Water 
Item No. Pit Depth Content Density Rated Item No. Pit Depth Content Density Rated 
No. CoveraP;;es Location in. Eercent ECf' CBR CBR No. Cover~es Location in. Eercent Ecf' CBR CBR 
l 0 Sta o+l5 Surface 25.1 94.9 2.8 2 460 Sta 0+50 Surface 26.0 95.9 4.9 

6 25.2 96.5 3.8 under failed 6 23.9 95.8 4.7 panel 54 
12 26.6 92.4 2.6 l2 26.0 ~ 3.5 

Avg 25.6 94.6 3.1 Avg 25.3 95.3 4.4 

0 Sta 0+30 Surface 25.4 93.4 3.1 460 Sta o+62 Surface 24.2 97.7 6.6 
6 24.5 95.5 4.4 under 6 24.1 96.9 4.4 panel 66 

12 26.0 91.8 .s.:..2. 12 27.4 90.8 2.4 
Avg 25.3 93.6 3.5 Avg 25.2 95,1 4.5 

3.6 
460 Sta o+l4 Surface 24.7 95.0 4.4 2* 460 Sta o+l4 Surface 24.7 95.0 4.4 

under failed 6 24.6 96.6 4.1 6 24.6 96.6 4.1 panel 15 
12 26.8 ~ ~ 12 26.8 ~ 2.6 

Avg 25.4 95.0 3.7 Avg 25.4 95.0 3.7 
4.o 

460 Sta o+32 Surface 24.4 94.8 4.6 460 Sta o+32 Surface 24.4 94.8 4.6 
under 6 25.1 96.1 4.o 6 25.1 96.1 4.o panel 34 

l2 ~ 92.8 3,1 12 27.3 92.8 .l:l 
Avg 25.6 94.6 3,9 Avg 25.6 94.6 3.9 

2 0 Sta o+55 Surface 25.2 93.8 3.6 

I 
580 Sta o+l2 Surface 25.3 96.5 4.1 

6 26.4 93.0 3.1 under panels 6 25.1 95.6 4.3 54A and 58 
12 28.1 91.6 2.2 12 27.4 ~ 2.8 

Avg 26.6 92.8 3,0 Avg 25.9 94.9 3,7 
4.0 

0 Sta o+70 Surface 25.1 96.5 4.o 

I 
580 Sta o+24 Surface 25.4 95,7 5.2 

6 24.7 95.2 4.8 under 6 24.3 96.9 6.o panel 67 
12 26.0 92.4 .l& 12 26.6 94.1 hl 

Avg 25.3 94.7 3.9 Avg 25.4 95.6 4.8 

* After 46o coverages, the mat qn item 2 was removed and placed on the subgrade of item 1 (see plate 8). 



Table 2 

Summary of Mat Breaks 

Welds between extrusions 
on top surfaces 

Welds between extrusions 
on bottom surfaces 

Bottom surfaces 

Overlap flanges 

Underlap flanges 

Underlap connectors 

Female connector lips 

Vertical weld of female/ 
underlap corners 

Vertical weld of female/ 
overlap corners 

Note: Seventeen panels of 
panels of item 2 had 
their top surfaces. 

Item No. 
1 

5 

9 

13 

5 

22 

1 

1 

5 

0 

item 1 and seven 
depressions in 

2 

0 

5 

6 

0 

0 

0 

5 

18 

16 



Photograph 1. Test section prior to traff'ic 

Photograph 2. Item l prior to traffic 



Photograph 3. Item 1after200 coverages of traffic 

Photograph 4. Item 1 after 460 coverages 



Photograph 5. Failure of' panel 15 at 460 coverages 

Photograph 6. Underlap connector and weld ~ailures 
of panel 15 after 460 coverages 



Photograph 7. l''ailure of panel 35 at 460 coverages 

Photograph 8. Item 2 after 200 coverages 



Photograph 10. Item 2 after 460 coverages 



Photograph 11. Item 2A at 460 coverages 

Photograph 12. Item 2A at failure (580 coverages) 



Photograph 14. Depression along female connector of panel 75 
after 580 coverages 



Photograph 15. Weld and rib failure in :panel 11 after 460 coverages 

Photograph 16. Cross-sectional view of' panel 11 showing 
internal rib and weld failures at 460 coverages 



Break of underlap connector and center weld failure 
of panel 15 (460 coverages) 

Photograph 18. Split in lip of under lap connector of 
panel 35 (460 coverages) 



Photograph 19. Failure at vertical weld at female/overlap corner 
of panel 67 (580 coverages) 

Photograph 20. Hib failures and bottom sucf'ace breaks of 
panel 63 (580 coverages) 
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