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PREFACE 

This report presents the results of tests made on a newly developed 

vinyl membrane, both cloth and wire type. The tests were authorized in 

a telephone conversation of 30 April 1951 between Mr. R. R. Philippe of 

the Office, Chief of Engineers,,and Mr. W. J. Turnbull, Chief, Soils 

Division, Waterways Experiment Station, and were conducted by the Water

ways Experiment Station in accordance with the plan of test, "Vinyl 

Membrane Materials for Emergency Airfields," dated June 1951. 

Engineers of the Waterways Experiment Station that were actively 

concerned with the planning, testing, and report phases were Messrs. 

w. J. Turnbull, c. R. Foster, A. A. Maxwell, o. B. Ray, c .. D. Burns, 

and A. B. Thompson., This report was prepared by Mr. Thompson. 
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CONTENTS 

PREFACE 

PART I: OBJECTIVES AND TEST PRCGRAM 

PART II: WEARING COURSE TEST SECTION 

Materials Used . . . . . . . 
Construction of Test Section 
Tests and Observations 
Results of Tests . . . . . . 
Surr;IrJary of Test Results .. 

PART III: MATTRESS TEST SECTION 

Test Area . . . . . . . . 
Tests and Results . . . . . 
SurrJIJary of Test Results . . 

. . 
PART IV: PAVEMENT LAID OVER VINYL MEMBRANE . 

Site Preparation and Materials Used 
Pavement Construction . . 
Behavior under Traffic 
Summary of Test Results 

PART V: DISCUSSION OF RESULTS 

PART VI: SUMMARY OF FINDINGS • 

TABLES 1-2 

PHOTCGRAPHS 1-19 

PLATES 1-6 

iii 

Page 

i 

1 

2 

2 
2 
4 
5 
7 
8 

8 
8 

12 

14 
14 
14 
16 
17 
18 
2{) 



TESTS OF VINYL MEMBRANE AS SURFACING FOR 

AIRPLANE LANDING FACILITIES 

PART I: OBJECTIVES AND TEST PROGRAM 

1. The primary objectives of the study of vinyl membrane mate

rials were to determine the feasibility of utilizing the materials as 

surfacing for airplane traffic and/or mattress-type construction for 

emergency airfields in the theater of operations. 

2. The objectives of the study were accomplished by: (1) the con

struction and traffic-testing of a wearing course test section, (2) the 

construction and traffic-testing of a mattress-type test section, (3) 

periodic observations of membranes exposed to weather for approximately 

two years to determine the effect of weathering, and (4) evaluation 

tests on membranes and soils as required. 

3. In addition to the above, tests were made to determine the 

feasibility of laying an asphalt wearing surface over vinyl membrane. 
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PART II : WEARING COURSE TEST SECTION 

Materials Used 

Vinyl membranes 

4. Description. Four types of vinyl membrane, manufactured by 

the Reynolds Spring Company, Jackson, Michigan, were tested. These 

types of membrane are described below: 

Type Description 

1 Cloth, 10-oz duck, vinyl-impregnated. Weight of cloth, untreated, 
o.6 lb per sq yd; treated, 1.5 lb per sq yd. 

2 Cloth, No. 8 duck, vinyl-impregnated. Weight of cloth, untreated, 
1.0 lb per sq yd; treated, 2.0 lb per sq yd. 

3 Wire fabric made of 23-gage wire woven as hardware cloth with 
1/4-in. mesh, both longitudinally and transversely, and vinyl
impregnated. Weight of treated material, about 4.0 lb per sq yd. 

4 Wire fabric consisting of 23-gage, 1/4-in. mesh hardware cloth 
reinforced with 8-gage, spring-steel wire transversely spaced on 
1-in. centers. Weight of treated material, 12-1/2 lb per sq yd. 

The four types of membrane tested are shown in pbotograph 1. 

5. Packaging. All of the membrane material was received in rolls 

3 ft wide; the two cloth fabric rolls were 100 ft long; the wire fabric 

rolls were 55 ft long. 

Adhesives 

6. Two types of adhesive, EC866 and EC847, manufactured by the 

Minnesota Mining Company, were used with the vinyl membrane. The EC866 

was used with the duck cloth, and the EC847 was used with the wire 

fabric. The adhesive was received in 5-gal cans weighing approximately 

45 lb each. 

Construction of Test Section 

Layout 

7. A layout of the wearing course test section is shown on plate 

1. The section consisted of an area 40 ft wide by 100 ft long, contain

ing two parallel traffic lanes, each 10 ft wide. Each lane consisted of 



four 25-ft sections which were surfaced with the different types of 

membrane. In order to expedite construction and testing, the test'sec

tion was constructed under a shelter so that work could continue during 

inclement weather. 

Soils 
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8. Subgrade. The subgrade consisted of a fat clay (CH) which had 

an average liquid limit of 60 and an average plasticity index of 39. 

Classification data for the clay material are shown on plate 2. 

9. Base material. The base material used directly underneath the 

membrane consisted of a lean clay (CL) having an average liquid limit of 

36 and an average plasticity index of 15. Classification data for this 

material are also shown on plate 2. Laboratory compaction and CBR data 

are shown on plate 3. 

Construction procedure 

10. The fat clay subgrade was processed and compacted in 6-in. 

lifts so as to result in a uniform CBR of about 5 per cent to a depth 

of 24 in. The surface of the soft clay was then sealed with an asphalt 

emulsion at the rate of 0.6 gal :Qer sq yd. 

11. After the asphalt seal had been allowed to cure, the lean clay 

base material was placed and compacted in 6-in. lifts to a total thick

ness of 18 in. The water content and compactive effort were controlled 

so as to result in an as-constructed CBR of about 15 to 20 per cent. 

Compaction of the subgrade and base was accomplished with a 50-ton, 

rubber-tired roller. 

Surfacing 

12. The test section lanes were surfaced with the four different 

types of membrane as shown on plate 1. The membrane was laid in strips 

parallel to the lanes with a 50 per cent overlap over one-half of each 

lane, and a 16-2/3 per cent (6 in.) overlap over the other half of each 

lane. The seams, at the overlaps, were sealed with the special adhesive 

applied with a 6-in. whitewash brush to both the underlying and over

lapping edges of the membrane (fig. 1, photograph 2). The membrane was 

then placed in position and the seam rolled with a loaded wheelbarrow 

(fig. 2, photograph 2). The membranes were anchored at the sides and 
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ends of the seetion by being extended into a "V-shaped" ditch about 1 ft 

deep (fig. 3, photograph 2). The surfaced sections before traffic are 

shown in photograph 3. 

Tests and Observations 

Traffic testing 

13. Lane 1 was traffic-tested with a 25,000-lb, single-wheel load 

at 100-psi tire pressure; lane 2 was tested with the same wheel load at 

200-psi tire pressure. Photograph 4 shows the load cart used in the 

tests. In applying traffic, the load cart was driven forward over the 

length of the test lane and then backward keeping in the same tracks. 

The machine was then shifted laterally, the width of the load wheel, on 

each succeeding forward trip until all of the lane had been covered. 

This resulted in two complete coverages each time the load wheel covered 

the lane from one side to the other. 

Soils tests 

14. In-place CBR, water content, and density determinations were 

made in each test unit prior to traffic and at various intervals through

out the period of traffic. These tests were generally made at three 

depths with a minimum of three determinations at each depth. 

Waterproofing test 

15. Samples of the vinyl membrane, including sections of the 

sealed joints, were tested for waterproofness prior to traffic-testing 

and at different stages of traffic. For this test, a boxlike rectan

gular wooden frame, about 4 in. deep, was lined with the membrane and 

filled with water (photograph 5). The frame was supported approximately 

3 ft above the ground so that the bottom of the membrane could be ex

amined easily. For the tests made during traffic, samples were obtained 

from the areas excavated for soils tests. The membrane was considered 

waterproof as long as no visible amount of leakage occurred. 

Miscellaneous tests 

16. Visual observations of behavior of the membranes under traffic 

and other pertinent factors were made throughout the period of traffic, 
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and supplemented with photographs and level readings. 

Results of Tests 

Lane 1 (100-psi tire pressure) 

17. As traffic was applied, there was a tendency for the membrane 

to stretch and become slack. The slack tended to form a roll which was 

pushed ahead of the load wheel into adjacent sections. The 23-gage, 

wire-fabric material used in section 2 showed the greatest tendency to 

stretch; the reinforced wire fabric in section 3 showed the least tend

ency to stretch. Thus, as the load wheel moved forward over section 2 

in the direction of section 3 there was a tendency for the 23-gage-wire 

fabric to wrinkle in front of the load wheel, and as the load wheel ran 

over the wrinkles breaks occurred in the wire. A typical example of 

this condition after 40 coverages is shown in fig. 1, photograph 6. A 

total of 700 coverages was applied to the test lane. This traffic had 

little or no detrimental effect on either of the cloth membranes, but 

was q_ui te severe on both wire f'a.bri-ca._ Tb.a gJ:oo_ves_ w_ the- load_ tixe

produced a pinching effect on the 23-gage-wire fabric causing the wires 

to break and pierce the vinyl coating (fig. 2, photograph 6). In sec

tion 3 there was a tendency for the vinyl material and wire mesh to pull 

in toward the center of the lane, leaving the ends of the stiff 8-gage 

wire exposed (fig. 3, photograph 6). This condition was observed at 

about six coverages and gradually progressed throughout the period of 

traffic. Waterproofness tests made at different intervals during traf

fic indicated that both the cloth membranes remained waterproof through

out the test, and that the two wire fabrics remained waterproof for only 

about 170 coverages. Photograph 7 shows the different membranes at the 

end of 700 coverages. 

18. The adhesive used for sealing the joints was satisfactory in 

all sections. No apparent advantage could be noted in a 50 per cent 

overlap over a 6 in. or 16-2/3 per cent overlap of the membrane at the 

joints. 

19. The traffic resulted in about 1 in. of uniform deformation 
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in the traffic lane as can be noted from the cross sections on plate 4. 
The subgrade deflection under load, which was mostly elastic, was about 

the same in all units, ranging from about 0.2 to 0.3 in. throughout the 

period of traffic. The results of water content, density, and CBR tests 

made prior to traffic, and at different intervals during traffic, are 

summarized in table 1. The values shown are the average of determina

tions made at three different depths, namely, 2, 8, and 13 in. from the 

surface of the base, and 2, 8, and 13 in. from the top of the fat clay 

subgrade. From these data it can be noted that a progressive increase 

in density and CBR occurred in the lean clay base material as traffic 

progressed. It can also be noted that the traffic had very little ef

fect on the density or CBR of the fat clay subgrade. 

Lane 2 (200-psi tire pressure) 

20. During the early stages of traffic with the 200-psi tire the 

behavior of the membranes was very similar to that described for the 

100-psi tire, except that the stretching and wrinkling of the membranes 

was slightly more pronounced. Considerable consolidation and a slight 

rutting of the lean clay base material occurred during the first 40 

coverages of traffic resulting in an increase in the CBR of the base 

from about 16 per cent prior to traffic to about 30 per cent at the end 

of 40 coverages. As traffic continued the lean clay base continued to 

consolidate and at about 100 coverages, surface failure was occurring 

and ruts about 1-1/2 in. deep were shifting with traffic. This condi

tion became progressively worse as traffic was continued to 170 coverages. 

At this point the CBR of the lean clay base was decreasing (table 1), 

and the base was considered to have failed. Observations in test pits 

revealed shear planes and laminations to a depth of about 8 in. (photo

graph 8). The two cloth membranes were still in fair condition and 

waterproof at the end of 170 coverages. The two wire-fabric membranes 

in sections 2 and 3 remained waterproof for only about 100 coverages. 

Photograph 9 shows the different membranes at the end of 170 coverages. 

21. The failure of the base, described above, was the result of 

overcompaction by the 200-psi tire at the construction water content 

which was about 14.0 to 15.5 per cent. The dry density of the lean 
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clay base increased from about 104.5 lb per cu ft as constructed, to 

about 115.5 lb per cu ft at the end of 170 coverages of the 200-psi tire. 

Complete soils data for the test lane are included in table 1. From 

these data it can be noted that the traffic had very little effect on 

the density or CBR of the fat clay subgrade. 

Summary of Test Results 

22. The important findings from the tests on the wearing course 

test section are as follows: 

a. The No. 8 and 10-oz duck-cloth vinyl membranes had suffi
cient strength to withstand the abrasion of traffic with 
a 25,000-lb, single-wheel load at a tire pressure of 100 
psi for 700 coverages; they were waterproof throughout the 
period of traffic. 

b. Both the No. 8 and 10-oz duck vinyl membrane materials 
were waterproof and in good condition at the end of 170 
coverages of the 25,000-lb, single-wheel load at 200-psi 
tire pressure. However, traffic was discontinued at this 
stage because of base failures. 

c. The wire-fabric, vinyl-treated membranes- were about- equal 
in performance and were less effective as a wearing surface 
than were the cloth membranes. Both wire fabrics remained 
waterproof for only about 170 coverages of the 25,000-lb, 
single-wheel load at 100-psi tire pressure, and for about 
100 coverages of the 200-psi tire pressure. 

d. The adhesives used with the membranes resulted in water
tight joints with sufficient tensile strength to hold 
throughout the periods of traffic. 
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PART III: MATTRESS TEST SECTION 

Test Area 

23. The No. 8 and 10-oz duck-cloth membranes, which were superior 

in performance to the wire-type membrane in the wearing course test sec

tion, were utilized in constructing a mattress-type test section. This 

section was constructed in the open on the Waterways Experiment Station 

reservation. The section consisted of an area about 20 ft wide by 50 ft 

long divided into two equal sections. The No. 8 duck was used on one 

half and the 10-oz duck on the other. A layout of the test area is 

shown on plate 5. 

24. The same type soils and methods of construction were used in 

constructing the mattress section as were described for the wearing 

course section, except that the lean clay base material was completely 

_inclosed with the vinyl membranes. The bottom layer of membrane was 

placed directly on top of the fat clay subgrade material and extended up 

over the shoulders along each side (fig. 1, photograph 10). The membrane 

strips were overlapped 6 in. and sealed with the special adhesive as 

previously described. The lean clay base material was placed and com

pacted in three 6-in. lifts on top of the bottom layer of membrane. 

Trenches were then excavated along the sides and at end of section and 

the membrane folded back over the mattress material (fig. 2, photo-

graph 10). The top layer of membrane was then placed over the surface 

of the lean clay mattress material and the trenches backfilled (fig. 3, 

photograph 10). Sections 1 and 2 after surfacing and prior to traffic 

are shown in figs. 1 and 2, respectively, of photograph 11. 

Tests and Results 

25. Construction of the mattress section was completed during the 

first week of November 1951. The section was subjected to traffic im

mediately after construction and again after approximately one and two 

years. Soils evaluation tests were made prior to traffic and at 



different intervals during the two-year period as necessary to determine 

the effects of traffic and the effectiveness of the membrane in protect

ing the mattress material from the intrusion of moisture. Visual ob

servations of the behavior of the membrane were also made throughout the 

testing period. These observations were supplemented by photographs, 

level readings, etc., as re~uired. The schedule of testing and results 

obtained are summarized in table 2, and are discussed in the following 

paragraphs. 

5 November 1951 

26. Initial, as-constructed water content, density, and in-place 

CBR determinations were made in both the lean clay base or mattress 

material and in the underlying fat clay subgrade. The results of these 

tests are summarized in table 2. 

8-10 November 1951 

27. The test lane was subjected to 150 coverages of a 25,000-lb, 

single-wheel load with tires inflated to 100 psi. This initial traffic 

had no apparent detrimental effects on either thelO~oz or No~-8-duck 

membrane. Slight consolidation of the lean clay base did occur in the 

traffic lane as can be seen in figs. 1 and 2, photograph 12. 

16 June 1952 
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28. Test pits were opened in the test lane for inspection of the 

membrane and for water content, density, and CBR determinations in the 

base and subgrade material. When the membrane was removed from the test 

pit location, evidence of drying of the lean clay base was visible from 

surface shrinkage cracks, as shown in photograph 13. Water content de

terminations (table 2) indicated the loss of moisture had extended to a 

depth of about 6 in. A considerable increase in dry density and CBR had 

occurred for the entire 18-in. depth of the lean clay. Very little or 

no change was indicated in water content, density, or CBR of the under

lying fat clay subgrade. Samples of membrane removed from the surface 

of the section and from the surface of the underlying clay layer were 

examined and appeared to be in good condition and still waterproof. 

17-22 June 1952 

29. An additional 550 coverages of traffic with the 25,000-lb, 
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single-wheel load and 100-psi tire were applied on the test lane, making 

a total of 700 coverages. Little or no change could be noted in the con

dition of the membrane as a result of this traffic. 

23 June 1952 

30. Water content and CBR determinations made at the end of the 700 

coverages of traffic showed that a further decrease in water content had 

occurred in the lean clay base and a further increase had occurred in 

the CBR. The lean clay was too dry and brittle for the recovery of re

liable density samples. However, it is probable that a slight increase 

in density did occur with the additional traffic. The water content, 

density, and CBR determinations of the fat clay subgrade showed little 

or no change from the as-constructed values. 

2 June 1953 

31. Approximately 20 in. of rain fell between 29 April and 2 June 

1953, with 10 in. of this amount occurring during the last week of May. 

On 2 June water was still standing in low places on the mattress section 

(fig. 1, photograph 14). The free water was swept off and a test pit 

opened where the water had ponded. The surface of the lean clay was 

quite dry and hard with numerous shrinkage cracks (fig. 2, photograph 

14). Water content determinations showed that the lean clay had dried 

out from an as-constructed value of about 12 per cent to about 4 per 

cent at the surface and 9 per cent at the bottom of the layer. The CBR 

varied from about 104 per cent at the surface of the lean clay mattress 

material to about 26 per cent at a depth of 13 in. as compared with an 

average as-constructed value of about 18 per cent (table 2). A slight 

loss of moisture and an increase in density and CBR were also indicated 

in the underlying fat clay subgrade. 

32. Samples of membrane from the top and bottom of the mattress 

were obtained for visual inspection and laboratory testing. The top 

membrane appeared to have hardened and become brittle since placement 

but was still in good condition. The bottom membrane was also brittle 

and showed evidence of a loss in strength as it could easily be torn 

with the hands. Samples of the weathered membrane along with samples of 

unused material which had been stored under shelter for the same period 
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of time were tested in the laboratory for tensile strength and for 

leakage. The tensile tests were performed on strips 1 in. in width 

(photograph 15). The leakage test was performed in a standard 4-in.

diameter permeameter with a constant head of water of 5 cm. The results 

of these tests are summarized below: 

Type Material 

No. 8 duck, unused 

No. 8 duck, used, from 
top of mattress 

No. 8 duck, used, from 
bottom of mattress 

Tensile* Strength 
in lb/in. of Width 

180 

22 

* Values are average of three tests. 

Leakage 
at 5-cm Head 

cc/cm2/sec 

0.00062 x lo-4 

0.0032 x 10-4 

0.0176 x 10-4 

From the above tabulation it can be seen that the tensile strength of 

the bottom layer of membrane had decreased considerably; however, the 

material was still fairly resistant to the leakage of' water. 

1 August 1953 

33. In view of the low water contents and high CBR values in the 

lean clay mattress material, it was decided to apply additional traffic 

on the mattress section with a tire inflated to 200 psi to determine if 

the lean clay would maintain its high strength and carry high-pressure 

tire traffic at the extremely low water contents. Twelve preliminary 

coverages were applied at a tire pressure of 40 psi in an effort to seal 

the shrinkage cracks in the surface of the lean clay. This traffic had 

little or no effect on the lean clay, but did cause partial failure of 

the 10-oz duck membrane. At the end of the 12 coverages, several torn 

places and holes were visible (fig. 1, photograph 16). The No. 8 duck 

in section 2 remained in fair condition and no failures were noted. 

2-10 August 1953 

34. During this period 700 coverages of traffic were applied on 

the mattress section with a 25,000-lb, single-wheel load and tire pres

sure of 200 psi. The 10-oz duck in section 1 had failed at the end of 

this traffic (fig. 2, photograph 16) and several small holes had 
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developed in the No. 8 duck. Fig. 3 of photograph 16 is a view of the 

latter section at the end of traffic. 

11 August 1953 

35. Water content, density, and CBR determinations made at the end 

of the 700 coverages indicated that the traffic had little or no effect 

on the lean clay base or fat clay subgrade (table 2). 

36. Samples of the membrane material on both the top and bottom of 

the lean clay mattress were obtained from the test pit for examination 

and laboratory tests. The bottom membrane had lost practically all of 

its tensile strength and the cloth fabric was completely deteriorated. 

Laboratory tests were made to determine the tensile strength and flow of 

water through the top membrane for both the No. 8 and 10-oz duck mate

rials. The results of the tests are tabulated below: 

Type Material 

No • -8 -duck, used on 
top of mattress 

10-oz duck, used on 
top of mattress 

Tensile Strength 
in lb/in. of Width 

50 

24 

leakage 
at 5-cm Head 

cc/cm2/sec 

0.0048 x lo-4 

0.0494 x 10-4 

From the above data it can be seen that the tensile strength decreased 

considerably from the values determined in June 1953 (paragraph 32). 

Summary of Test Results 

37. The important findings from tests on the mattress section are 

as follows: 

a. The No. 8 and 10-oz membranes protected the lean clay base 
material from the intrusion of water for a period of ap
proximately 21 months. However, a considerable loss of 
moisture did occur through the membrane. 

b. The No. 8 and 10-oz membranes withstood 700 coverages with 
a 25,000-lb, single-wheel load and 100-psi tire pressure 
applied during the first year after construction. 

c. The 10-oz duck membrane failed under 12 coverages of a 
25,000-lb, single-wheel load and 40-psi tire pressure ap~ 
plied approximately 21 months after construction. 



d. The No. 8 duck membrane failed during 700 coverages of a 
25,000-lb, single-wheel load and 200-psi tire pressure 
applied approximately 21 months after construction. 

13 

e. The density and CBR of the 18-in. lean clay mattress mate
rial increased considerably during the 21-month period as 
a result of traffic and loss of moisture. 

f. Very little change was noted in the water content, density, 
or CBR of the underlying fat clay subgrade during the 21-
month period. 
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PART IV: PAVEMENT LAID OVER VINYL MEMBRANE 

Site Preparation and Materials Used 

38. The mattress test area was utilized for tests to determine if 

a satisfactory asphaltic pavement could be placed over vinyl membrane. 

The torn membrane and top 2 in. of the lean clay material were removed 

and the area resurfaced with new 10-oz duck vinyl membrane. Originally 

the mattress sec~ion consisted of an 18-in. layer of lean clay material 

underlain by a soft, fat, clay subgrade. Owing to consolidation from 

previous traffic and the removal of the top 2 in. of the lean clay in 

preparation for these tests, the thickness of the lean clay layer was 

reduced to approximately 14 in. CBR tests made prior to placing the new 

membrane showed an average CBR of about 65 per cent for the lean clay 

and about 10 per cent for the underlying fat clay. The test area, about 

20 ft wide and 50 ft long, was divided into three sections of equal 

length. Section 1 was surfaced with a double-surface treatment, sec

tion 2 with a three-layered surface treatment, and section 3 with 2 in. 

of asphaltic concrete. After the paving was completed the area was 

subjected to traffic, first with a 25,000-lb, single-wheel load, and 

then with a 50,000-lb, single-wheel load, both with a tire-inflation 

pressure of 200 psi. iThe paving procedure and effects of traffic on 

the sections are described in the following paragraphs. 

Pavement Construction 

Double-surface treatment {section 1) 

39. The surface of the vinyl membrane was sprayed with an AC 15 

(150-200 penetration) asphalt at the rate of 0.5 gal per sq yd. A 

coarse aggregate~ 3/4-in. maximum size (curve 1, plate 6), was spread 

uniformly over the section at the rate of 28 lb per sq yd. For the 

second layer the AC 15 asphalt was applied at the rate of 0.3 gal per 

sq yd, and fine aggregate, 3/8-in. maximum size {curve 2, plate 6), was 

applied at a rate of 26 lb per sq yd. Each layer of aggregate was 
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rolled with an empty dump truck for four to six coverages. 

Three-layered surface 
treatment (section 2) 

40. This section was surfaced in the same manner as section 1 ex

cept that a layer of fine aggregate, 3/8-in. maximum size, was first 

applied to serve as a cushion between the coarse stone and the membrane. 

Asphaltic concrete (section 3) 

41. The membrane was thoroughly cleaned and a tack coat of RC-2 

asphalt was applied at a rate of 0.15 gal per sq yd. This application 

proved to be excessive since the vinyl membrane was proof against pene

tration. The excess was removed with hand brooms and by wiping with 

rags. The tack coat was then allowed to cure for about 18 hours prior 

to paving. A hot-mix asphaltic concrete was then spread over the sec

tion in a 2-in. layer with hand rakes. Fig. 1 of photograph 17 is a 

view of the placement procedure. The placement temperature ranged from 

about 300 to 325 F. After cooling to about 185 F the pavement was 

rolled with a 10-ton, smooth-wheel roller. The asphalt tended to crawl 

when rolled with the smooth-wheel roller; and after two coverages con

siderable cracking and checking had occurreu. Tlie roIIibg was completed 

using a pickup truck whose tires, after four coverages, partially sealed 

the cracks. The texture of the pavement after compaction is shown in 

fig. 2 of photograph 17. 

42. The asphaltic-concrete mix was designed using 43 per cent of 

3/4-in.-maximum-size crushed limestone, 43 per cent of 3/8-in.-maximum

size crushed limestone, 9.6 per cent of fine sand, and 4.4 per c~nt of 

asphalt. Marshall stability tests were conducted on four samples from 

two different batches. Each sample was compacted with 75 blows top and 

bottom. Results of the laboratory tests are shown below. 

Batch Stability Flow Density Per Cent Voids 
No. lb 1L100 in. lbLcu ft Total Mix Filled with AC 

1 2221 13 149.8 5.9 64.o 

2 2234 12 150.2 5.7 64.8 

These tests indicate a high quality mix with the asphalt content slightly 

on the lean side of optimum. An average gradation curve of the 
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aggregate recovered from the above samples is shown on plate 6. Density 

determinations made on slab samples cut from the section after rolling 

was completed showed only 140.2 lb per cu ft or 93 per cent of laboratory 

density, which is fairly low (specifications normally require 98 per 

cent). 

Behavior under Traffic 

43. All three pavement sections withstood 700 coverages with a 

25,000-lb, single-wheel load at 200-psi tire pressure with no detrimental 

effects. The air temperature during the period of traffic ranged from 

about 80 to 100 F. At temperatures above about 90 F, the asphalt tended 

to bleed through the aggregate of the surface-treatment sections during 

traffic. Rock chips were added several times during the traffic period 

to blot the excess asphalt. Slabs were cut from the surface-treatment 

sections at intervals of traffic for inspection of the vinyl membrane. 

These slabs indicated that a good bond existed between the surface treat-

-~ent and membrane (fig. 3, photograph 17), and there was no evidence of 

pieces of aggregate having punctured the membrane. Cores obtained from 

the asphaltic concrete section at the end of 700 coverages of traffic 

showed the following test properties: 

AC Stability Flow Density Per Cent Voids 
~ lb iL100 in. lbLcu ft Total Mix Filled with AC 

4.4 712 19 149.4 6.2 62.9 

From the above tabulation it may be seen that 700 coverages of traffic 

resulted in an increase in the as-constructed density of the pavement of 

140.2 lb per cu ft to 149.4 lb per cu ft, the latter value being approxi

mately 100 per cent of the laboratory density. Views of the different 

sections at the end of 700 coverages with the 25,000-lb wheel load are 

shown in figs. 1, 2, and 3, photograph 18. 

44. Since no failures occurred under traffic with the 25,000-lb, 

single-wheel load, the wheel load was increased to 50,000 lb at 200-psi 

tire pressure and traffic was continued. After 40 coverages slight 

springing was noted in the two sections of surface treatments. The 
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springing was probably due to overloading of the fat clay subgrade. As 

traffic continued, the springing action increased sufficiently to cause 

cracking in the surface of the pavements. The pavement cracks began 

developing at about 60 coverages and progressed until the surface

treatment items were considered failed (between 150 and 250 coverages). 

Typical views of failures after 250 coverages are shown in figs. 1 and 

2, photograph 19. The section surfaced with 2 in. of asphaltic concrete 

withstood 400 coverages of the 50,000-lb wheel load without failure, 

with the exception of one local area where a test pit had been located 

during earlier testing. The lean clay in the former test pit area con

solidated under traffic to the extent that cracks occurred in the pave

ment over and adjacent to the pit location. Fig. 3 of photograph 19 is 

a general view of the pavement at the end of traffic. Tests made at the 

end of traffic showed that the CBR of the lean clay material under the 

surface-treatment sections decreased from about 65 per cent prior to 

traffic to about 40 per cent at the end of traffic. A slight increase 

in the CBR of the lean clay occurred under the asphaltic-concrete sec

tion. Little or no change occurred in the CBR of the underlying fat 

clay subgrade. 

Summary of Test Results 

45. The important findings from the tests of pavements placed over 

vinyl membrane are as follows: 

a. A surface treatment or asphaltic concrete can be satisfac
torily placed over vinyl membrane. 

b. Pavements properly placed will adhere to the membrane and 
will provide a satisfactory wearing surface for high
pressure tires so long as the subgrade or base strength is 
adeQuate. 

c. There was no evidence of rock punctures in the vinyl mem
brane underlying either of the surface-treatment sections. 

d. There was no apparent advantage in a three-layered-surface 
treatment over a conventional double-surface treatment. 

e. Two inches of asphaltic concrete gave a little better pro
tection to the subgrade and withstood more traffic than 
did the surface treatments. 
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PART V: DISCUSSION OF RESULTS 

46. The results of tests presented in this report indicate that 

vinyl membrane has considerable potentialities for emergency airfield 

construction in regions having pronounced wet and dry seasons. Of the 

different types of membrane investigated, the duck impregnated with 

vinyl plastic performed best and, therefore, this discussion is confined 

to this material. The material has no supporting strength and, there

fore, does not increase the load-carrying capacity of a subgrade. The 

primary function of the membrane is to protect a subgrade from the in

trusion of water, thereby maintaining the high as-constructed strength 

in the subgrade. As a wearing surface, vinyl membrane will withstand 

abrasion from rolling of high-pressure tires for more traffic than 

specified for the theater-of-operations minimum category (700 coverages). 

The material also has sufficient tensile strength and traction qualities 

to withstand quite severe braking without tearing.* As a waterproofing 

material the membrane will prevent water from entering a subgrade, but 

will allow slow evaporation of water from a subgrade. This feature is 

quite important where traffic is applied on a membrane-surfaced subgrade, 

for even though good compaction may be obtained during construction, 

additional compaction or consolidation of the subgrade may occur under 

traffic. This additional compaction will result in higher subgrade 

strengths provided the water content of the soil is not too high. How

ever, where a cohesive soil is compacted at about the optimum water con

tent for the field compactive effort used and where further compaction 

occurs under traffic at the as-constructed water content, the soil strength 

will decrease. This decrease in strength is undoubtedly the result of the 

development of pore pressure in the soil. Therefore, the fact that vinyl 

membrane will permit some evaporation of water through it is a definite 

advantage. 

47. The service life of vinyl membrane will probably vary depending 

* Waterways Experiment Station, Traffic Tests on Metal and Vinyl 
Membranes. Miscellaneous Paper No. 4-54, October 1953· 
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on climatic conditions and types of soil in contact with the membrane. 

Certain microorganisms in soil will attack the membrane and the fabric 

causing a hardening process and eventual loss of strength. The membrane 

used in the mattress test section (part III of this report) was effec

tive for a period of approximately 2 years. 
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PART IV: SUMMARY OF FINDINGS 

48. The pertinent findings of these studies are as follows: 

a. The No. 8 and 10-oz duck, vinyl-impregnated membrane were 
about equally effective and were superior in behavior 
under traffic to the wire-fabric, vinyl-impregnated mem
branes tested. 

b. Both cloth vinyl membranes withstood the abrasion from 
traffic with a 25,000-lb, single-wheel load with tire 
pressure of 100 psi for 700 coverages and were waterproof 
throughout the period of traffic. 

c. The No. 8 and 10-oz duck vinyl membrane in the mattress
type test section protected the lean clay mattress mate
rial from the intrusion of water for a period of approxi
mately 21 months. However, a considerable loss of moisture 
occurred through the membrane. 

d. During the first year after construction of the mattress 
test section, 700 coverages of traffic with a 25,000-lb, 
single-wheel load and 100-psi tire pressure had no detri
mental effects on either the 10-oz or No. 8 duck membrane. 

e. Approximately 21 months after construction of the mattress 
section the 10-oz duck vinyl membrane failed under 12 
coverages of traffic with a 25,000-lb, single-wheel load 
at 40-psi tire pressure. 

f. Approximately 21 months after construction of the mattress 
section the No. 8 duck vinyl membrane failed near the end 
of 700 coverages of traffic with a 25,000-lb, single-wheel 
load and 200-psi tire pressure. 

g. Asphaltic pavement can be placed satisfactorily over vinyl 
membrane. 



Table 1 

Vinyl Membrane Wearing Course Test Section 

Summary of' Water Content, CBR, and Density Data 

Evaluation Data 
0 Coverages 

Water 
4o Coverages 

Water 
Con ... 

170 Coverages 
Water 

~-4'-'00;.;;....Co=v.::;e:,;rW=:.:"c.....- Failure or End of Test 
Water Water 

Tire Con- Dry 
Wheel Pressure Type Depth tent Density 

lane Sec Ws.d, lb ~ Membrane Material ....!E..:_ _:j__ lb/cu f't 

25,000 

2 25,000 

25,000 

25,000 

2 25,000 

2 2 25,000 

2 25,000 

2 25,000 

121153F 

100 

100 

100 

100 

200 

200 

200 

200 

No. 8 
duck 

Wire 
fabric 

Wire 
fabric 
reinf' 

10-oz 
duck 

No. 8 
duck 

Wire 
fabric 

Wire 
fabric 
reinf' 

10-oz 
duck 

Lean 
clay 

Clay 

Lean 
clay 

Clay 

Lean 
clay 

Clay 

Lean 
clay 

Clay 

Lean 
clay 

Clay 

Lean 
clay 

Clay 

Lean 
clay 

Clay 

Lean 
clay 

Clay 

0-18 15-3 

18-42 28.2 

0-18 15.0 

18-42 27 .3 

0-18 15-5 

18-42 25.8 

0-18 15.9 

18-42 26.1 

0-8 14.4 

18-42 25.0 

0-8 15.2 

18-42 27.4 

0-8 15.6 

18-42 25.8 

0-8 15.l 

18-42 25.0 

103.3 

92.9 

102.0 

93.1 

103.5 

95.7 

1()4.6 

95.1 

103.9 

93.7 

lo4.5 

95.6 

104.9 

CBR tent 
.1.... --1!_ 

15 14 

4 28.6 

16 14. 7 

18 14.8 

15 14.7 

26.2 

15 14.l 

6 25.5 

18 14.2 

15 13.9 

7 

16 14.7 

Dry 
Density 

lb/cu ft 

103.5 

91.2 

107.6 

105.5 

105.1 

95.4 

113.4 

96.1 

112.7 

113.5 

113.1 

96.5 

Con- Dry 
CBR tent Density 
.1.... _:j__ lb/cu ft 

28 14.8 

23 14.6 

26 14.5 

6 25.0 

28 

6 

33 

32 

22 

7 

lo8.4 

95.9 

109.8 

io6.7 

107.3 

Con- Dry Con-
CBR tent Density CBR No. tent 
.1.... _:j__ lb/cu f't .1.... Cov _:j__ 

32 13.9 

6 26.1 

28 14.o 

24 14.3 

28 14.3 

6 25.3 

1Q7.5 

95.5 

109.6 

lo8.4 

95.2 

33 700 13.3 

6 

32 700 13.8 

27.2 

26 700 14.o 

26.3 

32 700 14.5 

7 25.4 

170 14.2 

26.o 

170 13. 7 

26.8 

170 i4.o 

25.7 

170 14. 5 

25.5 

Dry 
Density CBR 

lb/cu ft .1.... Remarks 

96.0 

111.2 

94.9 

109.6 

95.5 

109.5 

95.5 

115.1 

95.7 

115.9 

115.5 

95.9 

115.5 

95.8 

41 Membrane waterproof 
at end of traffic 

6 

34 Membrane waterproof 
for 170 coverages 

34 Membrane waterproof 
for 170 coverages 

6 

32 Membrane waterproof 
at end of tra:ffic 

7 

24 Membrane waterproof 
at end of traffic 

6 

24 Membrane waterproof 
:for 100 coverages 

6 

16 Membrane waterproof 
for 100 coverages 

8 

15 Membrane waterproof' 
at end of traffic 

7 



Table 2 

Mattress Test Section Schedule and 

Summary of Results of Tests 

Traffic with 
25,000 lb 

S1nltle Wheel Wad Water Dry 
Tire No. Type Depth Content Density CBR 

Date Pressure Cover!!:fieS Material in. ~ lbLcu yd ..:L Remarks 

1-5 Bev 51 Construction period 

5 BOT 51 Lean clay 0-2 11.7 23 As constructed 
base 2-6 11.6 101.8 20 

8-12 11.3 97.1 16 
13-17 12.4 97.8 14 

Fat clay 18-22 24.6 98.9 10 
sub grade 26-30 26.0 96.9 6 

32-36 27.7 95.4 5 

8 Nov 51 100 150 Slight consolidation 
of base. No effect 
on membrane 

16 June 52 Lean clay 0-2 6.8 43 After initial traf-
base 2-6 7.8 lo6.4 34 fie and weathering 

8-12 11.0 100.8 40 for approximately 7 
13-17 12.8 109.0 27 months 

Fat clay 18-22 23.5 98.9 9 
sub grade 26-30 24.7 96.8 6 

32-36 

17-22 June 52 100 700 No apparent damage 
to membrane, base, 
or subgrade 

23 June 52 Lean clay 0-2 4.6 * 59 After a total of 700 
base 2-6 7.5 * 71 coverages of traffic 

8-12 9.9 * 46 
13-17 10.1 * 22 

Fat clay 18-22 24.o 98.9 11 
sub grade 26-30 24.8 98.6 6 

32-36 24.7 98.5 7 

2 June 53 Lean clay 0-2 4.1 * lo4 After weathering for 
base 2-6 6.1 * 58 approximately 19 

8-12 8.3 * 51 months. Water had 
13-17 8.8 * 26 been ponded on sur-

face of membrane for 
Fat clay 18-22 20.3 lo4.7 14 approximately one 
sub grade 26-30 20.8 103.2 9 week prior to 

32-36 22.2 100.6 7 sampling 

1 Aug 53 40 12 10-oz duck membrane 
f'ailed 

2-10 Aug 53 200 700 Partial failure in 
No. 8 duck membrane 

11 Aug 53 Lean clay 0-2 2.5 * 70 After 700 coverages 
base 2-6 4.2 100.5 58 200-psi tire pres-

8-12 7.1 65 sure and appro:tl-
mately 21 months 

Fat clay 18-22 21.4 101.6 12 weathering 
sub grade 26-30 23.5 100.9 8 

32-36 23.3 98.4 9 

* Material too dry for recovery of density samples. 121153G 



Fig. 1. 10-oz 2. :No. 8 

of membranes tested 



1. 

2. 

membrane 111 

:membrane on course test 



1. Section 1 surfaced with No. 8 duck 

3. Section 3 surfaced with reinforced wire 
fa.bric 

2. Section 2 surfaced wire fabric 

4 surfaced with 10-oz duck 

course test sections before traffic 





5. test on cloth membrane 



Fig. 1. Vertical wrinkle in wire after 40 coverages 

Fig. 3. stiff wire 
fa.bric, reinforced 

2. Wrinkle 
by groove of' 

in 

6. Effects of' tire traffic on wire fa.b~ics 



• l. Section l, lane l 

3. Section lane l 

coverages 

4. 

lane l 

lane l 

traffic 



8. CBR shear in lean c base 
tire traffic 



Fig. 1. Section 1, lane 2 2 

Fig. 3. Section lane 2 



1. sealed with membrane Fig. 2. Method of base in meim.b1 .. a.r-1e at end 
for ba.se) of section 

3. Method of membrane on 
of base 

membrane on mattress test section 
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. 2. 2 

11. Membrane-surfaced mattress test sections 
before traffic 
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Fig. 2. Section 2 

12. Condition of mattress test sections after coverages 
of tire traffic 



13. Cracks in lean base of mattress test section after seven months of 



Fig. 2. Shrinkage cracks in base where water was ponded on membrane 

Photograph 14. Condition of lean clay base of mattress test section after 
heavy rains 



Photograph 15. Membrane strips used in tensile strength teats 



Fig. 1. 

Photograph 

~-··- holes in 10-oz membrane o.P-l•o..:. 

12 coverages of 40-psi tire 

3. No. 8 membrane a.f'ter 
of tire 

Fig. 2. 10-oz membrane after 
of 200-psi 

coverages 

Condition of membranes 21 months after construction of mattress test 



concrete Fig. 2. 

Fig. 3. Slab removed from surface t'Y'•F>R1t'.'ll'IP•nt 

inspection 

Of aspm:1...1.1;ic 

compaction 

Photograph 17. Views of pavement placed over vinyl membrane 

concrete 



Fig. 1. Section l Fig. 2. Section 2 

Fig. 3. Section 3 

Photograph Condition of three pavement sections after 
of 000-lb load at 200-psi tire pressure 



Fig. 1. Section l after 250 coverages Fig. 2. Section 2 after 250 coverages 

Fig. 3. Section 3 after 400 coverages 

Photograph 19. Condition of pavement sections after traffic of 50, 000-lb load at 
200-psi tire pressure 
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