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FOREWORD 

The investigation reported herein was conducted by the Soils Divi
sion of the U. S. Army Engineer Waterways Experiment Station (WES) for the 
Topographic and Military Engineering Branch, Military Construction Divi
sion, Office, Chief of Engineers. The project was authorized by the Of
fice, Chief of Engineers, 2 May 1967, and was conducted during the period 
Jul 1967 to Jan 1969. 

The purpose of this investigation was to develop engineering criteria 
for structural layers of foamed and/or extended plastics, polyester resins, 
or other similar systems for pavements or foundations needed in support of 
military operations. 

WES personnel who were actively engaged in the conduct of this in
vestigation were Messrs. J. P. Sale, R. G. Ahlvin, A. H. Joseph, R. D. 
Jackson, and T. B. Rosser III. This report was prepared by Messrs. Joseph, 
Jackson, and Rosser. 

COL John R. Oswalt, Jr., CE, COL Levi A. Brown, CE, and COL Ernest D. 
Peixotto, CE, were directors of the WES during the conduct of this inves
tigation. Mr. F. R. Brown was Technical Director. 

iii 



CONTENTS 

FOREWORD ...••• 
Page 

iii 
CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT. • . . • • vii 
SUMMARY . . . • . . . • . . . . . . . ix 
PART I: INTRODUCTION 

Background. . 
Objective . • . 
Scope . • • • • 
Review of Previous Work . 

PART II: LABORATORY TESTS. 

General • • • 
Polystyrene . • • . 
Polyurethane •.•. 

PART III: FIELD TESTS. 

Description of Field Test Sections. 
Test Traffic •......•. 
Results of Traffic Tests •• 

PART IV: ANALYSES AND DISCUSSION . 

Foams as Pavements on Soft Soils .• 
Design Procedure for Statically Loaded Platforms. 

PART V: EVALUATION OF FOAMS ..•. 

General Considerations ...•• 
Summary of Principal Findings . 

PART VI: CONCLUSIONS AND RECOMMENDATIONS 

Field Traffic Tests . . . • . 
Design Methodology .. 
Recommendations . • . • • • . • . 

LITERATlJRE CITED-. . • . . 

TABLES 1-4 

PHOTOGRAPHS 1-39 
PLATES 1-3 
APPENDIX A: SUMMARY OF STRENGTH AND DEFORMATION CHARACTERISTICS 

PLATES Al-A? 

v 

1 

1 
1 
1 
2 

3 

3 
3 
4 

5 

5 
8 
8 

12 

12 
14 

17 
17 
17 
20 

20 
20 
21 

2T 



CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to metric 
units as follows: 

MultiElY By To Obtain 
feet 0.3048 meters 
inches 25.4 millimeters 
pounds o.4535924 kilograms 
pounds per cubic foot 16.01846 kilograms per cubic meter 
pounds per square foot 47.88026 newtons per square meter 
pounds per square inch 6.894757 kilo newtons per square meter 
square feet 0.092903 square meters 
tons 0.9071847 megagrams 
Fahrenheit degrees 5/9 Celsius degrees* 

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 
use the following formula: C = (5/9)(F - 32). 
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SUMMARY 

This project was generated by the need for criteria for using foamed 
plastic materials as structural elements of pavement structures or as foun
dation platforms where soil strength and aggregate supply are not conducive 
to conventional construction. The objective of the study was to develop 
engineering criteria for the performance of foamed and/or extended plas
tics, polyester resins, or other similar systems as structural layers. 

Tests were conducted on polystyrene with a density of approximately 
4.o pcf and a foamed-in-place polyurethane formulation with a nominal den
sity of approximately 7 pcf. Various combinations of load, soil strength, 
tire pressure, and thickness were used in the study. Multiple statistical 
regression analyses were performed on the field data, and it was deter
mined that a curvilinear equation gave the best correlation coefficients. 

Results of the study indicate that foamed plastics can be used as a 
structural layer in special cases where the soil will not support conven
tional construction equipment or when conventional methods of construction 
are too difficult or too expensive to be considered. Using the proper 
design and construction procedure, extended plastics can be used to support 
rolling and static loads on very low-strength soils. 
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EVALUATION OF FOAMED PLASTICS FOR USE AS STRUCTURAL 

SUPPORTING LAYERS IN PAVEMENTS AND FOUNDATIONS 

PART I: INTRODUCTION 

Background 

1. The development of air mobility in military operations has cre
ated a number of problems in tactics and logistics. One such problem is 
the operation of military units in isolated areas with limited or no ground 

access. In this situation, the problems are amplified if such units are 
located in areas of very low soil strengths, such as deltas and swamps. 

2. The Office, Chief of Engineers, requested the U. S. Army Engineer 
Waterways Experiment Station (WES) to conduct a study to develop informa
tion to evaluate the structural capability of foamed and/or extended plas
tics, polyester resins, or other similar systems for use as supporting lay
ers for pavements or foundations. 

Objective 

3. In areas of such low soil strength that the soil will not support 
conventional construction equipment, suitable local materials for founda
tions or platforms may not be available and other construction techniques 
must be employed. The objective of this study is to evaluate materials and 

techniques for the construction of structural layers to be used in pave

ments and other types of platforms utilized in military operations. 

Scope 

4. This investigation consisted of (a) a literature review of previ
ous work relating to structural use of expanded plastics, (b) laboratory 
tests of several variations of two of the most promising materials, (c) 
field placement and mixing tests, (d) construction of field traffic test 
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sections on low-strength subgrades (1 to 4 CBR), (e) traffic testing with 

truck and single-wheel loads, and (f) evaluation of the results in terms of 

pavement and storage area design criteria. 

Review of Previous Work 

5. A literature search revealed that The Boeing Company completed 

feasibility studies of rapid on-site-fabricated helicopter pads and beach 

matting for the Marine Corps Landing Force Development Center, Quantico, 
1-4 Va., during 1965 and 1966. 

6. The Naval Civil Engineering Laboratory (NCEL), Port Hueneme, 

Calif., performed limited laboratory testing on samples of polyurethane 

with densities of 7, 14, and 21 pcf.* The work was in connection with the 

possible use of polyurethane foam for helicopter pads. The conclusions 

reached by NCEL indicated that the use of polyurethane for helicopter pads 

was feasible. 

7. From the literature review, it appeared that materials showing 

the most promise were the polystyrene and polyurethane systems. Polysty

rene must be foamed in a central manufacturing plant, whereas polyurethane 

can be manufactured in a central plant or foamed in place. If polyure

thane systems are foamed in place, it is necessary to have application 

equipment that will proportion and mix a two-component liquid system thor

oughly and accurately. Although these materials are widely used as insula

tion, little research has been devoted to studying their structural charac

teristics. There are many formulations of each of the basic material 

systems, and it became apparent that a laboratory testing program was re

quired to select formulations that would best suit the requirements of this 

study. 

* A table of factors for converting British units of measurement to metric 
units is given on page vii. 
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PART II: LABORATORY TESTS 

General 

8. A review of static testing methods for plastics revealed no test 
procedures specifically intended for static testing of foamed plastics. 
Therefore, available American Society for Testing and Materials (ASTM) 
tests on plastics were used to obtain the strength characteristics of the 
plastics evaluated. 

9. The two types of foamed plastics investigated (polystyrene and 
polyurethane) were subjected to compressive and flexural tests as described 
in ASTM D 1621-645 and D 790-66, 6 respectively, except that in the ASTM 
D 790-66 tests, a specimen size of 2 by 2 or 3 by 3 in. with a 16-in. span 
was used. The compressive strengths were determined from cubic specimens 
either 2, 3, or 4 in. on a side. The strength and moduli values are listed 
in table 1 and are the average for four or more tests on individual 
specimens. 

Polystyrene 

10. Six off-the-shelf samples of commercially available polystyrene 
planks ranging in density from 0.8 to 5.42 pcf were obtained from manufac
turers to determine their physical properties (results are shown in ta
ble 1). Compressive and flexural stress-strain curves and correlations 
between strength, deformation characteristics, and unit weight are pre
sented in Appendix A. Relatively good correlations between these proper
ties were obtained for the polystyrene samples tested, and consistent re
lationships between strengths, deformation moduli, and unit weights were 
obtained. These relationships are summarized below. 

a. Compressive strength (Sc) = flexural strength (Sf). 
b. Compressive and flexural strength (S , psi) versus unit 

weight (r , pcf): S = 36r . 
c. Compressive modulus = flexural modulus. 
d. Modulus of deformation (E , psi) versus strength (S , psi): 

E = 35,5s · 
e. Modulus of deformation (E psi) versus unit weight 

( r , pcf) : E = 1280r • 
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11. Based on the stress-strain relationships, maximum compressive 

and flexural strengths, and modulus of elasticity, polystyrene laboratory 

sample 3 (density approximately 4.0 pcf) was selected for field testing. 

Polyurethane 

12. Three samples of commercially foamed polyurethane were secured 
for testing from two suppliers, identified as manufacturers B and C. Lab
oratory results shown in table 1 are for samples foamed by the manufac

turer, except polyurethane sample 4, which was foamed at WES. Compressive 

and flexural stress-strain curves and correlations between strength, de

formation characteristics, and unit weight are presented in Appendix A. 
Only fair to poor correlations were obtained. While these are summarized 

below for convenience, reference to Appendix A will show their qualitative 
nature. 

a. Compressive strength (Sc)= flexural strength (sf). 
b. Compressive and flexural strength (S , psi) versus unit 

weight (y , pcf): S = 36Y • (Same as for polyurethane 
but only fair to poor correlation. ) 

c. Compressive modulus = flexural modulus. 

d. Modulus of deformation (E , psi) versus strength (s , psi): 
E = 23S (fair correlation). 

e. Modulus of deformation (E , psi) versus unit weight 
(y , pcf): E = 830Y (fair to poor correlation). 

13. Based on the results of the laboratory tests, a two-component 

liquid polyurethane formulation which would produce a material that had 
approximately the same stress-strain characteristics as the polystyrene se

lected was selected for field testing. The formulation secured was the 

same as the one used to foam polyurethane sample 2. Laboratory tests were 

performed -on the foamed-in--place polyurethane sample 4 {same formulation as 
sample 2) as a check to determine how it compared with the manufacturer's 

samples. The density.of the polyurethane foamed at WES was approximately 
the same as that of the samples furnished by the manufacturer, but the 

strength and deformation modulus were only about one-half those of the man
ufacturer's samples. 
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PART III: FIELD TESTS 

Description of Field Test Sections 

14. A total of 12 test sections on two types of subgrade were con

structed and field tested. Four test sections were constructed on an area 

that had been placed by hydraulic-fill methods in 1966. No attempt was 

made to modify the water content or strength, and this subgrade will be 

referred to as the natural subgrade. Three CBR pits were dug to determine 

CBR, water content, and density to a depth of 18 in. The results of these 

and other tests are sunnnarized below. 

Depth, in. 

0-6 

6-12 

Surface 

18 

Test 

Liquid limit 
Plastic limit 
Plasticity index 

Liquid limit 
Plastic limit 
Plasticity index 

CBR 
Dry unit weight, pcf 
Water content, % 
CBR 
Dry unit weight, pcf 
Water content, 3 

Test Value 

66 
26 
40 
49 
23 
26 
4.2 

95.1 
24.5 

1 
86.6 
32.2 

15. Eight test sections were constructed on a heavy buckshot clay 

fill placed to controlled water content and strength and referred to as the 
constructed subgrade. Properties of this fill are summarized below. 

Test Test Value 

Liquid lirni t 73 
Plastic limit 25 
Plasticity- irrdex- 48-

Water content (average), 3 32.7 (test sections 4, 5, 6, 
8, 9, 10) 

Dry density, pcf 84.7 
Water content (average), 3 35.9 (test sections 11, 12) 
Dry density, pcf 81.9 
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Lean clay natural subgrade 

16. Polystyrene test sections. Three sections of polystyrene having 
total thicknesses of 6, 9, and 12 in. were placed on the natural subgrade. 
These are identified as sections 1, 2, and 3, respectively. The 6-in. sec
tion was composed of three layers of 2-in. by 16-in. by 9-ft boards having 
a density of 4.0 pcf. The layers were placed in alternate patterns at 90 
deg. The long axes of the boards in the top layer were perpendicular to 
traffic. Photographs 1-3 show the installation pattern of the layers. The 
9- and 12-in. sections (2 and 3, respectively) were composed of 3-in. by 
16-in. by 9-ft boards with the same installation pattern as the 6-in. sec
tion. SS-lh asphalt emulsion was used as adhesive between layers for the 
6- and 12-in. sections. A commercially developed experimental adhesive was 
used for the 9-in. section, No. 2. The adhesive was essentially a contact 
cement that had adequate bond strength; however, it was water-soluble, 
which drastically reduced its effectiveness. All polystyrene test sections 
had an asphalt-impregnated polypropylene fabric placed over the top layer 
to provide a wearing surface (photograph 4). 

17. Polyurethane test section. Test section 7, 4-in.-thick, foamed
in-place polyurethane, was placed on the natural subgrade using a two
component spray machine with an internal mixing head. The density of the 
material in this section varied considerably because of the uneven distri
bution of the mixed components.* 

Heavy clay constructed subgrade 

18. Polystyrene test sections. A 10-in.-thick polystyrene section 
(section 4), composed of two layers of 3-in. boards and two layers of 2-in. 
boards, was built with the same configuration as those on the natural sub
grade. Two sections (5 and 6) were built using an 0.8-pcf-density polysty
rene in the bottom two layers and a 4.0-pcf polystyrene in the top two 

* In making application of this material, it is essential that an even 
distribution be maintained to control the height of the rise of the foam. 
Due to the exothermic heat generated (approximately 280 F) in the reac
tion of the two components, the thickness of each foam layer should not 
exceed 1 in. If the layers are greater than 1 in. thick, horizontal 
thermal cracks will occur that will weaken the foamed layer. This also 
produces a bubble-type mound on the surface, causing roughness. 
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layers. Section 5 was composed of two layers of 4-in. by 48-in. by 8-ft 
blocks of low-density material (0.'8 pcf) overlaid with two layers of 
1-1/4-in. by 16-in. by 9-ft polystyrene boards having a density of 4.o pcf. 
Section 6 was built with three layers of 4-in. by 48-in. by 8-ft blocks of 
0.8-pcf material overlaid with two layers of 1-1/2-in. by 16-in. by 9-ft 
polystyrene (4.0-pcf) boards. The adhesive used between boards for the 
three sections was a commercially available contact cement. 

19. To determine the feasibility of using foams as a part of a land
ing mat system, section 11 was constructed using two -layers of 3-in. poly
styrene (4.0-pcf) boards overlaid with XM18 landing mat. An emulsified 
asphalt was used as the adhesive between the layers of polystyrene. The 
long axes of the landing mat were laid perpendicular to the long axes of 
upper layer of boards. Another landing mat section (section 12) was con
structed directly on the constructed subgrade to determine the beneficial 
effect, if any, of the foam under the landing mat. The strength of the 
subgrade under both mat sections was 1.7 CBR. 

20. Polyurethane test sections. Foamed-in-place polyurethane test 
sections were constructed with thicknesses of 4, 7, and 10 in. on sections 
8, 9, and 10, respectively. To eliminate the necessity of having to purge 
the mixing head after spraying each layer, a system was devised to provide 
for external mixing of the two components. The two components were mixed 
in a ratio of 53 percent and 47 percent by weight. In order to secure the 
correct proportions, it was necessary to use positive displacement pumps 
with a bypass and throttling arrangement on the discharge side of one pump. 
The system that was used is shown in photograph 5. This system presented 

I 

minor operational problems, which could be overcome in future application. 
A major problem with this apparatus was the hardening of the rubber seals 
in the pumps; both components of the polyurethane foam tended to damage the 
seals. The damaged sears permtttea occasional introduction of air into the 
system, resulting in an improper ratio of the components and insufficient 
mixing. The poor mixing caused a small increase in density, a slight tack
iness of the surface, and a decrease in the strength of the foam. The 
Proper mixing could only be obtained when temperature control was main
tained for the individual components during the application of the foam. 
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Test Traffic 

Lean clay natural subgrade 

21. Test sections 1-3 and 7 (see table 2) were trafficked with a 5-

ton military truck (fig. 1) having dual-tandem rear axles. The tires were 
11:00x20 size and inflation pressure was 50 psi. The total weight of the 
truck was 30,000 lb with the front axle load being 9500 lb. 

Heavy clay constructed subgrade 

22. All test sections on the heavy clay subgrade, Nos. 4-6 and 8-12 
inclusive, were trafficked with a WES load cart (fig. 2). The load and 
tire inflation pressure are shown in table 2 for each test section. A pass 
is defined as one movement of the t~st vehicle across the test section. 
The vehicle was shifted after each pass a sufficient distance to provide 
full coverage by the wheels over the entire traffic lane. Traffic results 

for all test items are summarized in table 2. 

Results of Traffic Tests 

Lean clay natural subgrade 

23. Polystyrene surfacing. Failure of the 6-in. thickness of poly
styrene, test section 1, was observed after one coverage due to deformation 
of the subgrade, which permitted the polystyrene to deflect to such a de

gree that the flexural limit was exceeded. Photographs 6-9 show test sec
tion 1 after six passes of the truck. The thickness of the layers was not 

sufficient to provide protection to the subgrade. 

24. Section 2, 9-in.-thick polystyrene, withstood 46 coverages of 
traffic, at which time the adhesive material failed, allowing the three lay
ers to act individually. The kneading action of traffic on the subgrade 

causea water to rise to the surface of the subgrade. Further traffic 

forced the water upward through the openings between the boards, allowing 
the water to permeate the adhesive. Since the adhesive was soluble in 

water, the bond between the layers was destr?yed, causing each layer to act 
individually rather than as a part of a monolithic structure. Photographs 
10-13 show the condition of the surface and individual layers after 46 
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coverages. Water that was on the subgrade after traffic can be seen in 

photograph 14. 

25. Section 3, 12-in.-thick polystyrene, failed after 65 coverages. 

'lhe emulsified asphalt used as the adhesive on this section did not com

pletely cure before the placing of additional layers. Because of the insu

lating quality of polystyrene, no further curing took place and the asphalt 

had a tendency to act as a lubricant rather than an adhesive. Photographs 

15-18 show the condition of all layers after 65 coverages with the military 

truck. It should be noted that failure occurred at the transition points 

between the foam and the landing mat approaches, not in the interior 

portion. 

26. Polyurethane surfacing. Section 7 was a foamed-in-place poly

urethane approximately 4 in. thick on natural subgrade. At 43 coverages a 

failure was observed; however, a good area remained that did not have suf

ficient width for uniform coverage, so 19 additional passes were made in 

one path. The condition of the section at failure is shown in ~hotograph 

19. While this section behaved better than thicker polystyrene sections, 

the subgrade CBR was substantially higher (see table 2). 

Heavy clay constructed subgrade 

27. Section 4, 10-in.-thick polystyrene, was subjected to an initial 

single-wheel load (SWL) of 5875 lb and tire pressure of 100 psi for 200. 

coverages. The condition of the section after 200 coverages is shown in 

photograph 20. Because the section showed no distress at this level of 

traffic, it was decided to increase the loading to 10,000 lb, but to main

tain the tire pressure at 100 psi. After 76 coverages with the 10,000-lb 

load, a small isolated failure occurred. This was covered with a 4- by 

4-ft section of landing mat and traffic was continued. General failure had 

not occurred at the completion of 100 coverages of the 10,000-lb loading, 

as shown in photograph 21. 'lhe load was increased to 15,000 lb with the 

tire pressure unchanged. Six coverages of the 15,000-lb load failed the 

section, leaving the surface as shown in photograph 22. 

28. The bottom layer of polystyrene moved outward from the traffic 

lane approximately 2 in., as shown in photograph 23, allowing the subgrade 

to be squeezed upward through the joints into the section. Further 
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evidence of movement of the bottom layer and some of the breakage of the 
layer are shown in photograph 24. The other three layers were broken in 
much the same pattern; however, the breakage in the bottom layer was the 
most extensive. 

29. Sections 5 and 6, constructed using high-density (4.o pcf) over 
low-density (0.8 pcf) polystyrene, failed after only two coverages of the 
load cart with a 5875-lb single-wheel load. Failure occurred in the low
density bottom layers in both test items. Photographs 25 and 26 show the 
condition of sections 5 and 6, respectively, after the two coverages. 

30. Polyurethane surfacing. Sections 8-10 were foamed-in-place 
polyurethane, 4, 7, and 10 in. thick, respectively. Photographs 27 and 28 
show the crack pattern of the surface after eight coverages on sections 8 
and 9, respectively. Four additional coverages on sections 8 and 9 pro
duced the cracks shown in photographs 29 and 30, respectively. 

31. Section 8 failed after 16 coverages with the 5875-lb load cart 
and section 9 failed at 20 coverages of the same loading. The condition of 
sections 8-10 after 20 coverages is shown in photograph 31. At the com
pletion of 28 coverages on section 10, the top layer was sheared off and 
the broken pieces, approximately 1-1/2 in. of the top surface, were removed 

·' . 
prior to continuation of traffic (photograph 32). Traffic was continued 
until failure (64 coverages), with the condition being as shown in photo
graph 33. 

32. Polystyrene with landing mat; Test section 11, XM18 landing mat 
on 6 in. of polystyrene (photograph 34), was subjected to traffic of a 
single-wheel load of 25,000 lb and tire pressure of 250 psi. The condition 
of the landing mat at failure (470 coverages) is shown in photograph 35, 
The top layer of foam broke at essentially the edges of the mat panels 
(photograph 36). Traffic conditions for section 12, consisting of only the 

XM18 landing mat placed directly on the clay subgrade (photograph 37), were 
the same as for section 11. The condition of the landing mat surface at 
failure (350 coverages) is shown in photographs 38 and 39, 
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PART IV: ANALYSES AND DISCUSSION 

Foams as Pavements on Soft Soils 

33. Observations during the tests suggested that when 4.0-pcf poly
styrene layers are installed in such a manner that they form a monolithic 

structure the section could, perhaps, be visualized as a low-strength rigid 

pavement. Also, when the layers are installed in such a manner that they 

act as individual boards, the section behavior suggested flexible pavement 
behavior. These observations suggested comparing test section results with 
available rigid and flexible pavement criteria. 

34. Except for test section 4, no essential difference between the 

behavior of factory-foamed polystyrene and polyurethane foamed-in-place is 

apparent. This is surprising since the laboratory tests on foamed-in-place 

polyurethane gave much lower strength values than were obtained for either 

polystyrene or polyurethane when foamed by the manufacturer. This may re

flect poor bonding between polystyrene boards, except for test section 4. 
Comparison with rigid pavement design 

35. Table 3 summarizes computations made using rigid pavement design 

procedures to determine the thickness of foam equivalent to the ohserved 

traffic test sections behavior. These computations utilized (a) foam mod~ 
uli listed in the table, as determined by tests, (b) an assumed Poisson's 
ratio of 0.1, and (c) rigid pavement design procedures given in references 

7, 8, and 9, The computed thicknesses listed in table 3 are the thick

nesses of foam that should have carried the test traffic for the number of 
test traffic coverages. 

36. The ratios of computed to actual thicknesses listed in table 3 

are erratic and indicate that rigid pavement design procedures for concrete 

-pavements cannot be used with p-hysieal -properties o~ the foam to predict 
the behavior of foam pavements. If rigid pavement design procedures with 

properties of the foamed plastics were used to predict required thickness 

of foam pavement in the test sections, it would be necessary to increase 

the computed thickness by a factor of 10 to assure that two-thirds of the 
pavements would be sufficiently thick to carry the test traffic. If all 
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field test sections were to have this capability, this factor would in
crease to 22. Obviously rigid pavement design procedures are of qualita
tive value only. 

Comparison with 
flexible pavement design 

37. The thicknesses of foam required by flexible pavement design 
procedures to support test traffic in the various test sections were com
puted from the following equation taken from reference 10. 

t ~ "i -{A ~o.o481 - i.1562~og c;R)- o.6ln4 ~og c;R)2 
- o.473o~og C~R/J 

where 

t = pavement thickness 

C!'i = load repetition factor from airc·raft traffic volume 

A = tire contact area 

p = tire pressure 

The results of the computations are summarized in table 4. It is evident 
that flexible pavement design procedures provide computed thicknesses that 
are reasonably close to actual thicknesses. Except for test sections 5 
and 6, which are excluded because they involved low-density foam sections 
(0.8 pcf), the computed thicknesses multiplied by a factor varying between 
0.56 and 1.43 would give thicknesses corresponding to actual thicknesses. 
Thus, foam thickness computed from flexible pavement design procedures 
should give consistently safe results if increased by 50 percent, but test 
data supporting this finding are limited. 

]mpirical correlations 

38. The data from the two subgrade tests were analyzed to determine_ 
empirical correlations between required thickness of foam surfacing and 
subgrade CBR, traffic loading, tire pressure, and number of coverages. A 
regression analysis performed on each set of field data showed that non
linear correlation gave better correlation coefficients than linear cor
relation. The equation for the logarithm of thickness giving the best fit 
is as follows. 
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log t = 0.765 - 0.278 (CBR) + 0.0027 (tire pressure) 

+ 0.000033 (load) + 0.0078 (coverage) 

Application of the above equation to predict the required thickness of the 
field test sections is summarized below. 

Test 
Section Material CBR 

Actual 
Thickness 

in. 

Computed 
Thickness 

in. 

Lean Clay Natural Subgrade 

2 Polystyrene 1.4 9 l0.9 
3 Polystyrene 2.1 12 10.2 
7 Polyurethane* 3,3 4 4.o 

Heavy Clay Constructed Sub grade 

4 Polystyrene 2.2 10 {151** 
9.3t 

8 Polyurethane* 2.6 4 i~. 3 
9 Polyurethane* 2.2 7 6.o 

10 Polyurethane* 2.5 10 10.8 

* Foamed-in-place. 
** Using 5875-lb single-wheel load at 200 coverages. 

t Using 15,000-lb single-wheel load at 6 coverages. 

Ratio 
Computed/ Actual 

Thickness 

1.21 
0.85 
1.00 

15 .1 
0.93 
1.07 
o.86 
1.08 

39. The empirical correlation equation gave required foam thick
nesses reasonably close to actual field test section thicknesses, except 
for test section 4. The range of test variables was rather restrictive• 
The equivalent single-wheel loads for ~he test sections were generally be
tween 4000 and 6000 lb and the subgrade strength was less than 4 CBR. Ad
ditional field test sections would be required if data are needed outside 
this range. The remarkably good behavior of test section 4 and hence the 
lack of consistent correlation between it and other test sections are ten
tatively attributed to the use of a contact cement that effectively bonded 
the boards into a monolithic unit. 

Design Procedure for Statically Loaded Platforms 

40. The following design procedure for foamed plastic subjected to 
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static loading was developed as an aid in evaluating foam surfaces for 
field use and has not been verified by field loading tests. This procedure 
can be used to determine the type, thickness, configuration, and distribu
tion of static loads on plastic platforms. The procedure is intended to 
design platforms that are loaded without exceeding the flexural and com
pressive strengths of the foamed plastic. 

41. The assumptions on which this procedure is based are (a) the 
foam distributes the applied load uniformly over the subgrade, (b) the 
platforms are designed for bending in one direction, i.e., for one-way beam 
action, (c) if platforms are constructed of multiple layers of foam boards, 
they are cemented together to act as a uniform material, and (d) the yield 
point flexural strength of the foam cannot be exceeded. 

42. The design equations developed yield allowable load w and re
quired foam thickness d . The loading conditions assumed and the terms 
used in the equations are illustrated in fig. 3. 

or 

'ill here 

r------------L------------
--L- L-2a---Pi~ 

a-----ra I 
w 

FOAM PLATFORM 

p 

Fig. 3. Assumed loading conditions 

w = 
1 

p 
2a 
L 

L 1/2 
d = -fLs ~\ - Vf/P' -, r; I 

d = L (l:5a]'L Vf/P 

P = uniform subgrade reaction 

UNIT WIDTH 
ASSUMED 
FOR DESIGN 

a = one-half the unloaded length of the platform (loading over 
central portion is assumed) 
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L = length of platform 

f = flexural yield point strength of foam 

43. This simple approach can be readily solved for any desired load
ing conditions. In order to illustrate the thickness of foam platforms re
quired for various loadings and subgrade bearing capacities, the equations 

were solved on the assumption that the subgrade was soft soil having 

bearing capacities of 250 psf and of 500 psf. In addition, the case of a 

platform constructed on water was investigated. As a basis for interpre

ting the soil subgrade bearing capacities that were investigated, it can be 
assumed that a 250-psf bearing capacity will let a man sink over his ankles 
under his own weight and a 500-psf bearing capacity will let him sink about 

one inch. 

44. For foam platforms constructed on water, it was found that com
puted bending stresses are not controlling and the required thickness of 

foam is determined by flotation requirements. The required thicknesses of 

foam for various total loadings on a 10- by 1-ft area on water are shown 
in plate 1 for a buoyancy safety factor of 1.5. 

45. The computed results for a subgrade bearing capacity of 250 psf 

are shown in plate 2. Corresponding information for a subgrade bearing 

capacity of 500 psf is shown in plate 3, The yield point flexural strength 
assumed for the polystyrene (4.o pcf) material was 106 psi, approximately 

the average value for data shown in table l; for polyurethane, the value 

was 89 psi. A substantially higher yield point flexural strength of poly
urethane was obtained for factory-foamed samples; the value used is that 

for field-foamed samples as shown in table 1. 

46. The simplified procedure for determining required thickness of 

foam is intended primarily for illustrative purposes. While it may apply 

reasonably well for polyurethane, this may not be true for polystyrene 
boards unless effective and practicable cements to bond the boards together 

can be found, or unless boards having the required total thickness are 

used. While the computations are highly simplified, the results suggest 
that moderately substantial loads might be carried by foam platforms sup
ported on poor subsoils. 
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PART V: EVALUATION OF FOAMS 

General Considerations 

47, Some general considerations relating to polystyrene and polyure

thane materials are summarized below. 

Characteristic 

Exposure to petroleum 
products 

Fire hazard 

Abrasion resistance 

Foamed-in-place capability 

Commercially foamed boards 
available 

Polystyrene 

Very susceptible 

Will burn and continue 
doing so when flame 
is removed 

Poor. Must have pro
tective surfacing 

No 

Yes, in board stock in 
various sizes and 
weights. Joints be
tween boards are a 
problem 

Summary of Principal Findings 

Construction and performance 

Polyurethane 

Hardly affected 

Will burn; self
extinguishing when 
flame is removed 

Poor. Must have pro
tective surfacing 

Yes, but slow 

Yes. Joints can be 
foamed in place 

48. Polystyrene materials. Polystyrene materials can be furnished 
only in board stock and must be applied in a pattern whereby each layer 

after the first overlaps the joints of the layer below. Each layer must be 
bonded to those adjacent to it by an adhesive that is not soluble in water. 

The results of the traffic tests showed that the cement bonding individual 

layers of boards largely determines the results achieved. The polystyrene 

test sections bonded by a manufacturer's experimental cement, test section 

3, or by asphalt cement, test sections 1 and 2, failed largely because the 
cement did not effectively bond the layers of boards together. In sharp 

contrast is the behavior of test section 4, in which the polystyrene boards 

were bonded by a contact cement that was hard to apply but evidently highly 
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effective. Test section 4 carried about 10 times the number of coverages 

carried by other sections. 

49, Polyurethane materials. The polyurethane formulation tested can 

be applied only in increments of approximately 1 in., resulting in essen

tially a many-layered system. Commercially available spraying equipment 

has a maximum output of 40 to 50 lb per min, making the construction of a 

sizable platform a time-consuming operation. Furthermore, field applica

tion does not develop the strength developed by factory foaming. The tend

ency toward layering affected the field behavior, which probably could be 

materially improved by better field application methods. 

Cost 

50. Polystyrene is the less expensive of the two and can be pur

chased in the Continental United States (CONUS) for approximately $0.20 per 

board foot. Delivered price in Saigon is approximately $0.365 per board 

foot. Since polystyrene is susceptible to deterioration from the action of 

gasoline and other petroleum products, the cost of some type of protective 

coating must be included in an economic comparison. The CONUS cost of 

polyurethane is $0.70 per pound. 

Shipping 

51. Shipping polystyrene could present a logistics problem, inasmuch 

as it must be foamed at a central plant and transported to the point of us

age, A portable plant could be assembled for use in the theater of opera

tions (TO) for approximately $800,000 to $1,000,000 that would produce 2600 

board feet per hour. The polystyrene boards could be produced in the TO 

for approximately the same price as in CONUS, utilizing the above-mentioned 

Government-owned plant. 

52. The ability of polyurethane to expand is one of its greatest as

sets. When the two liquid components are mixed together, the resulting 

foam is approximately 12 to 16 times the volume of the combined liquids. 

From a logistics standpoint, this is a desirable quality. One of the un

desirable qualities is that the required thickness cannot be obtained in 

one application but has to be made in increments of approximately 1 in., 

resulting in a many-layered system. When the deflection of the system 
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becomes large enough, the section appears to fail in horizontal shear be

tween layers. 

Design of foamed surfaces 

53. The work described herein indicates that foamed polystyrene or 
polyurethane surfacings can be analyzed and designed using conventional 

engineering approaches. While sufficient work has not been done to result 
in definitive design procedures, the necessary engineering approach has 
been demonstrated to consist of (a) materials testing to determine the en
gineering characteristics of the particular formulation of foam under con

sideration, and (b) design using empirical and flexible pavement design 
procedures. 

54. The engineering properties to be determined by laboratory tests 

are listed in the following tabulation. 

Test 

Flexural properties 
of plastics 

Compressive strength 
of rigid cellular 
plastics 

Compressive strength 

Unit weight 

Water absorption 

Flame resistance 

_Cement permanence 

Solubility 

Reference 

ASTM D 790-666 

ASTM D 1621-645 

ASTM (concrete or 
soils) 

ASTM D 1622-6311 

ASTM D 2127-62T12 

ASTM D 1692-67T13 

Remarks 

3-point beam loading test 

Crushing test, height 
equals or is less than 
sample diameter 

To determine shear strength 
characteristics (sample 
height 2.0 to 2.5 times 
diameter) · 

To determine if foam will 
burn, and if it will con
tinue burning if flame is 
removed 

To determine if cements 
bonding layers are 
permanent 

To determine solubility of 
foams in petroleum 
products 

While other tests may become necessary, such as tension tests, the above 

list constitutes a minimum interim testing program. 
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PART VI: CONCLUSIONS AND RECOMMENDATIONS 

55. The limited work described herein permits definite conclusions 

regarding the susceptibility of foamed surfaces to engineering testing and 
analysis but only general conclusions regarding types of foams and their 
relative advantages. Conclusions are summarized below. 

Field Traffic Tests 

56. The traffic tests on subgrades having CBR values of about 1 to 3 
indicate that limited traffic can be carried on foam pavements. The foam 

pavements were relatively ineffective compared with XM18 landing mat placed 
on comparable soft subgrades. 

57. The foamed polystyrene pavement surfaces generally failed by 
separation of the layers of polystyrene boards because of poor bonding. On 

one test section (No. 4) the cement used effectively bonded the layers to
gether. This test section carried more and heavier traffic than other test 

sections. Its behavior was impressive, since it carried about 10 times the 

volume of traffic carried by other test sections. 

58. The foamed-in-place polyurethane pavement surfaces behaved about 
the same as the polystyrene test sections, but not nearly as well as poly
styrene test section 4. The polyurethane test sections failed by horizon

tal separations of the layers. Recently available foams are much superior 
in this respect. 

59. The strength characteristics and load-bearing qualities of the 

4.0-pcf.polystyrene were superior to those of the foamed-in-place polyure
thane. The 0.8-pcf polystyrene is so weak it is usable only due to its 
high buoyancy on water. However, this density polystyrene is so weak it 
seems to -have li-ttl-e -or no -va.l-ue -for military operations. 

Design Methodology 

Pavement surfacings 

60. The test sections indicate that (a) rigid pavement design 
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procedures are not applicable, (b) flexible pavement design procedures are 

apparently satisfactory if computed thicknesses are increased by about 50 

percent, and (c) an empirical correlation developed may be satisfactory ex

cept for some cases. Since only a few test sections were constructed, 

methods (b) and (c) should both be used for evaluating foams as potential 

pavements. 

Loading platforms 

61. The use of foam-surfaced loading platforms was not field tested. 

However, results of the traffic tests suggest that loading platforms can be 

designed on an approximate basis for beam action rather than for slab 

(i.e., two-way) bending action. The analyses indicate that subgrade sup

port and allowable flexural strength are controlling factors. Bending, 

rather than shear, governs the design. 

Recommendations 

62. Foam pavement or loading platform surfaces may be effective 

where equipment, materials, or personnel must be locally supported over 

water or on very weak soils. If such specialized applications are of sig

nificant value, further investigation of available foam formulations is 

indicated. Engineering testing of foams and additional field tests of 

Pavements and platforms are recommended to validate further the engineering 

tests and design approaches recommended herein. 

63. Polyurethanes are now available that are much superior to those 

used in this investigation. They, and other formulations, should be inves

tigated if the concept of foamed-in-place materials is used. 

64. Polystyrene boards can probably be formulated by field plants to 

desired total thicknesses. If this is impracticable, more effective ce

ments to bond the layers together shouiff oe used. Such cements are now 

known to exist. 

65. Improved and more rapid methods for applying foamed-in-place 

Polyurethanes should be developed. At least one recently developed method 

that appears to have merit is known to exist. 

66. The use of landing mat as a surfacing for traffic and storage 
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loadings on extremely weak subgrades has received little attention in pre

vious work. Experimental and analytical investigations of landing mat bn 

weaker subgrades than were previously considered are suggested by the sur

prisingly good performance of the two landing mat control sections tested 

in this investigation. 

22 



LITERATURE CITED 

1. Boeing Company, "Feasibility Study of On-Site Fabricated Helicopter 
Pads," Report No. D6-57117, Nov 1965, Renton, Wash.; prepared under 
Contract No. NOm-73258 for Marine Corps Landing Force Development Cen
ter, Quantico, Va. 

2. , "Feasibility Study of On-Site Fabricated Beach Matting," 
Report No. D6-57118, Nov 1965, Renton, Wash.; prepared under Contract 
No. NOm-73258 for Marine Corps Landing Force Development Center, 
Quantico, Va. 

3. , "Feasibility Study of Rapid On-Site Fabricated Helicopter 
Pads, Phase II," Report No. D6-57147, Oct 1966, Renton, Wash.; prepared 
under Contract No. NOm-73258 for Marine Corps Landing Force Development 
Center, Quantico, Va. 

4. , "Feasibility Study of Rapid On-Site Fabricated Beach Mat-
ting, Phase II," Report No. D6-57148, Oct" 1966, Renton, Wash.; prepared 
under Contract No. NOm-73258 for Marine Corps Landing Force Development 
Center, Quantico, Va. 

5. American Society for Testing and Materials, "Standard Method of Test 
for Compressive Strength of Rigid Cellular Plastics," Designation: 
D 1621-64, 1968 Book of ASTM Standards, Part 26, 1968, Philadelphia, 
Pa., pp 161-163. 

6. , "Standard Method of Test for Flexural Properties of Plas-
tics," Designation: D 790-66, 1968 Book of ASTM Standards, Part 27, 
1968, Philadelphia, Pa., pp 302-309. 

7. Headquarters, Department of the Army, "Engineering and Design; Rigid 
Airfield Pavements," Technical Manual TM 5-824-3, 3 Feb 1958, Washing
ton, D. C. 

8. Hutchinson, R. L., "Basis for Rigid Pavement Design for Military Air
fields," Miscellaneous Paper No. 5-7, May 1966, U. S. Army Engineer 
Division, Ohio River, CE, Ohio River Division Laboratories, Cincinnati, 
Ohio. 

9. , "A Method for Estimating the Life of Rigid Airfield Pave-
ments, 11 Technical Report No. 4-23, Mar 1962, U. S. Army Engineer Di vi
sion, Ohio River, CE, Ohio River Division Laboratories, Cincinnati, 
Ohio. 

10 • Air Force Weapons Laboratory, "Multiple Wheel Heavy Gear Load Pavement 
Tests; Vol 4, Analysis of Behavior Under Traffic," Technical Report 
AFWL-TR-70-113 (in preparation), Kirtland Air Force Base, N. Mex. 

11. American Society for Testing and Materials, "Standard Method of Test 
for Apparent Density of Rigid Cellular Plastics," Designation: 
D 1622-63, 1968 Book of ASTM Standards, Part 26, 1968, Philadelphia, 
Pa., pp 164-165. 

23 



12. American Society for Testing and Materials, "Tentative Method of Test 
for Water Absorption of Rigid Cellular Plastics," Designation: 
D 2127-62T, 1968 Book of ASTM Standards, Part 26, 1968, Philadelphia, 
Pa • , pp 368-369 • 

13. , "Tentative Method of Test for Flammability of Plastic 
Sheeting and Cellular Plastics," Designation: D 1692-67T, 1968 Book 
of ASTM Standards, Part 27, 1968, Philadelphia, Pa., pp 559-563. 

24 



Table l 

Average Phzsical ProEerties of Polzstzrene and Polyurethane Sa~les 

Flexural Test 
Corr1pressive Stress 2 ESi Strain 2 in.Zin. Modulus of 

Density Strength* Yield Breaking Yield Breaking Elasticity 2 

SamEle pcf psi Point Point Point Point ComEression 

Pol;zst~ene 

1 3.26 116 62 110 0.019 0.098 4700 

2 3.5 161 92 173 0.014 0.062 6100 

3 4.o 176 150 218 0.121 0.078 6500 

4 4.97 191 147 2o8 0.021 0.055 6800 

5 5.42 210 97 196 0.015 o.o82 9000 

6 0.8 9 12 17 0.022 o.o84 210 

Polyurethane 

B-1 9.78 247 133 337 0.014 0.062 4250 

B-2 8.92 254** 265 272 0.033 0.100 5500 

C-3 4.5 203t 146 300 0.019 0.060 5700 

WES-4 8.90 113 89 150 0.035 0.116 2550 

Note: Test values shown a.re generally average values for four test specimens of each sample. 
* Maximum compressiv~ strength or strength at 10% deformation, whichever occurred first. 

** Average of three s111ecimens; two additional specimens gave erratic test results. 
t Average of three s:p:ecimens; one additional specimen gave erratic test results. 

ESi 
Bending 

3370 

6450 

7350 

7400 

6550 

570 

9000 

4120 

8370 

2530 



Table 2 

Traffic Tests 

Test Section Traffic Load 
Thickness Density Amount Tire Pres-

No. Material , in. pcf CBR Type lb sure 2 ESi Coverages Remarks 

Lean Clar Natural Sub grade 

1 Polystyrene 6 4.o 1.0 5-ton military 30,000 50 1 Excessive deflection. 
truck Asphalt cement 

2 Polystyrene 9 4.o 1.4 5-ton military 30,000 50 46 Layers separated. 
truck Asphalt cement 

3 Polystyrene 12 4.o 2.1 5-ton military 30,000 50 65 Layers separated. Ex-
truck perimental cement 

7 Polyurethane ,4 7.0* 3.3 5-ton military 30,000 50 62** 
truck 

Hea:!:t Clar Constructed Subgrade 

4 Polystyrene 10 4.0 2.2 Load cart 5,875 100 200 Subgrade deflection. 
10,000 100 100 Contact cement 
15,000 100 6 

5 Polystyrene 2-1/2 4.o 2.2 Load cart 5,875 100 2 Vertical shear 
Polystyrene 8 o.8 

6 Polystyrene 2-1/2 4.0 1.9 Load cart 5,875 100 2 Vertical shear 
Polystyrene 12 o.8 

11 XM18 mat, 6 4.o 1.7 Load cart 25,000 250 470 
polystyrene 

12 XM18 mat 1.7 Load cart 25,000 250 350 

8 Polyurethane foamed- 4 7.0* 2.6 Load cart 5,875 100 16 Horizontal separation 
in-place of layers 

9 Polyurethane foamed- 7 7.0* 2.2 Load cart 5,875 100 20 !!ori~ontal separation 
in-place of layers 

10 Polyurethane foamed- 10 7.0* 2.5 Load cart 5,875 100 64 Horizontal separation 
in-place of layers 

* Nominal. 

** Last 19 coverages were passes concentrated in one path. 



I 
Table 3 

Comparison of Rigid Pavement with Foa.rri 

Flex-
ural Tire Ratio 

Test Yield Modulus of Sub~rade Pres- Computed Actual Computed/ 
Sec- Stress Elasticity Modulus K Load sure Cover- Thickness Thickness Actual 

' lb/cu in. Material ti on psi E , psi CBR lb psi ages h in. h in. Thickness 

Lean Cla~ Natural Sub~rade 

Polysty- 1 150 6500 LO 53 30,000 50 1 0.62 6 0.103 
rene 2 150 6500 1.4 65 30,000 50 46 0.67 9 0.074 

3 150 6500 2.1 82 30,000 50 65 0.55 12 0.046 
Polyure- 7 89 2550 3.3 lo6 30,000 50 62 1.37 4 0.342 

thane 
Hea:::'..I Clay Constructed Sub~rade 

Poly sty- 4 150 6500 2.2 84 5,875 100 200 1.68 10 0.168 
rene 10,000 100 100 2.27 10 0.227 

15,000 100 6 2.44 10 0.244 

5 :::::150 ~500 2.2 84 5,875 100 2 1.20 10.5 0.114 
6 :::::150 ~500 1.9 78 5,875 100 2 1.20 14.5 0.083 

Polyure- 8 89 2550 2.6 96 5,875 100 16 1.38 4 0.345 
thane 

9 89 2550 2.2 84 5,875 100 20 1.51 7 0.215 
10 89 2550 2.5 97 5,875 100 64 1.54 10 0.154 



Table 4 

ComEarison of Flexible Pavement with Foam 

Equi- Com-
valent Repe- puted Actual Ratio 

Test Single- Sub- titian Thick- Thick- Computed/ 
Sec- Wheel grade Cover- Factor ness* ness Actual 

Material ti on Load, lb CBR ages Ot. t , in. t ' in. Thickness -- l 

Lean Clay Natural Subgrade 

Polysty- 1 4,500 1.0 1 18 4.2 6 0.70 
rene 

2 5,050 1.4 46 52 10.8 9 1.20 

3 5,720 2.1 65 55 10.0 12 0.833 

Polyure- 7 4,o6o 3.3 62 54.5 6.3 4 1.57 
thane 

Heavy Clay Constructed Subgrade 

Polysty- 4 5,875 2.2 200 67 12 10 1.20 
rene 10,000 100 61 14 10 1.40 

15,000 6 36 15 10 1.50** 

5 5,875 2.2 2 26 4.6 10.5 o.438 

6 5,875 1.9 2 26 5.0 14.5 0.345 

Polyure- 8 5,875 2.6 16 44.5 7.2 4 1.80 
thane 

9 5,875 2.2 20 46.7 8.2 7 1.17 

10 5,875 2.5 64 57.0 9.5 10 0.95 

* Based upon 

where 

a· = load repetition factor based upon aircraft traffic volume 
l. 

A = tire contact area 

P = tire pressure 

** Based on mixed traffic. 



Photog r aph 1. Bottom 2-in. layer, test section 1, polystyrene boards 





of SS-lb on to:p 2-in. layer, test section 1, polystyrene boards 



Fhot l.i. Flac polyJ?ropylene on the 6-in. section, test section 1, polystyrene boards 



Fhotograph 5 ·, Foamed-in-place polyurethane being placed on sections q '� ' 
and 10 



Photograph �ine-in. rut after 6 passes of the truck on section l (failed) 



Photograph 8. Test section l after removal of top 2 in. (failed after 6 passes) 



9. Test section l after removal of 



Photogra:r>h 10. Sur.face o:f' test section 2 after ·:failure at 46 coverages 



Photograph 11. 'Iest section 2 after removal of polypropylene (failed at 46 coverages) 



Photograph 12. Test section 2 af'ter removal of top layer of polystyrene (failed at 46 coverages ) 



Photograph 
of 

Test section 2 after second layer 
(failed at 46 coverages) 

14. Wa.ter ponded on the subgrade of test section 2 



Swface of test 
:failure at t1'1ansi ti on areas and 

'!:est. section 3 after removal of at ) 





Photograph 18. Test section 3 1�emoval of' second of (failed at coverages ) 



Test section 7 at failure after 4� �overages + passes in one nath 



FI1otograpl1 20. Test sec�ion 4 a�ter 200 covera�es of 



Photograph 21. Test secTion 4 after 200 coverages of 

5875-lb S\-11., + 100 coverages of 10,000-lb SWL 



TEST SECTION 4 

AFTER F4!LURE 

200 COV 5,875 .LB 

100 COV 10,000 LS 

6 COV lS,000 LB 

Photograph 22. Failure of test section 4 after 200 "'"'"'"'"""'' 

o:f 10, 000- lb SWL + 6 coverages SWL 



Photograph 23. Two-inch movement. of bo t tom of polys that occurred traffic on test section 4 



BOTTOM LAYER 

AFTER T.R.AFF!C 

Pbotograph 24. Subgrad1r; soil evident on bottom layer of polystyrene after traffic on test section 4 



Photograph 25. Test section 5 at failure after two coverages 



Photograph 26. Test section 6 at failure after two coverages 



Pho to,:i;raph 27. Surface of foamed-in-place polyu::·ethane in test section 8 after eiesht coverages 



Photograph 28. Surfac1,2 of foamed-in-place polyurethane jn test section 9 after eight coveraf3:eS 



ai�er 12 ccverages 



�1�notograpr1 ;::l1rfac e of' foarned- in-1)lac e pol�/·u.rethane in test sec ti on 9 after 12 C0"1..rerages 



8, 9, AND 10 

AFTER 20 COV 

31. sections 8 ) , and after coverages 



TEST SECTION lO 

AFTER 28 cav 

Photograph Test section lO after 



Test section 10 after coverages (failure} 



Photograph 34. Test section 11 before traffic 



Photograph 35. Landing mat surface of test section 11 
after failure at 470 coverages 



Photograph 36. Surface of fomn in test section 11 after failure at 1+70 coverages 



Photograph 37. Test section 12 before traffic 



Photograph 38. Test section 12 after failure at 350 coverages 



Photograph 39. Close-up of mat failure, test section 12, 350 coverages 
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APPENDIX A: SUMMARY OF STRENGTH AND DEFORMATION CHARACTERISTICS 

1. Compressive and flexural strength (S , psi) versus unit weight 
(?' , pcf). 

s = 36)' {
Polystyrene - good correlation 
Polyurethane - fair to poor correlation 

2. Compressive and flexural modulus (E , psi) versus strength 
(s , psi). 

E = 35.5s Polystyrene - good correlation 

E = 23.os Polyurethane - fair correlation 

3. Compressive modulus versus flexural modulus 

E = E 
c b 

4. Compressive and flexural modulus (E , psi) versus unit dry weight 
(I' , pcf). 

E = 1280?' Polystyrene 

E = 830?' Polyurethane 

5, Compressive strength (S , psi) versus flexural strength c 
(sf , psi). 

s =- C!~ 
c "'f Polystyrene ~ good corre-lati-mr 

s < s 
c f 

Polyurethane - fair to poor correlation 
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