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Learning Objectives

o Define and understand the similarities and differences between 
how Expanded Polystyrene (EPS) and Extruded Polystyrene (XPS) 
are manufactured

o Learn about the environmental features and benefits of 
polystyrene insulation including recyclability, LEED, thermal 
performance, energy efficiency, reducing global warming and mold 
resistance 

o Understanding ASTM C578:  Standard Specification for Rigid, 
Cellular Polystyrene Thermal Insulation

o Review physical property data of both EPS and XPS: Compressive 
Strength, Long Term Moisture Retention and Sustainable R-Value  



What is Expanded Polystyrene 
(EPS)?
o Expanded polystyrene (EPS) is a durable, rigid foam plastic material that is 

specified as an effective insulator.  It is manufactured in large block form in 
a variety of strengths and cut to order based on the project specifications.

o EPS also possesses a tremendous strength to weight ratio and the cellular 
structure is well suited to resist compression under the most demanding 
dead/live load applications.

o The same fundamental chemistry has been used to manufacturer EPS since 
the 1950’s 

o There have been great advancements in manufacturing equipment and 
quality control in the last 20 years that make EPS much more predictable 
and attractive rigid insulation. 



EPSMA – EPS Alliance
Expanded Polystyrene Molders Association

o Insulfoam

o Cellofoam

o Atlas

o Plasti-Fab

o Carpenter

o ACH

o Numerous local and regional 
companies

www.epsindustry.org



What is Extruded Polystyrene 
(XPS)? aka Styrofoam* 

o Extruded polystyrene (XPS) foam insulation is durable, rigid foam plastic 
insulation that is manufactured in sheet form in a variety of strengths 
through an extrusion process and is typically available up to 3” thick in ½” 
increments 

o XPS also possesses a tremendous strength to weight ratio and the cellular 
structure is well suited to resist compression under the most demanding 
dead/live load applications.

o Its excellent resistance to moisture, imperviousness to rot, mildew and 
corrosion, controlled compressive strength and ability to maintain 
insulating power make it a heavily specified product for the construction 
industry.

o XPS is typically supplied as blue, pink, green or yellow colored boards in 2’x 
8’ or 4’x 8’ panels

*Styrofoam® is a registered trademark of Dow Chemical



XPSA
Extruded Polystyrene Manufacturers Association

www.XPSA.com



Key Raw Material

Both XPS & EPS are 
manufactured from a  
polystyrene resin…

o Modified and unmodified

o Varying pentane contents

o Varying Sizes

o Different blowing agents



EPS Manufacturing

Cutting Finished Goods

Block Molding 

Laminating

Pre-Expansion



XPS Manufacturing



Manufacturing Comparison

EPS

o Block-molded into large billets 
and then cut to job-specific 
sizes

o Virtually no limitations on 
product size

o Standard offering in 7 
different compressive 
strengths

o 75+ different manufacturers

o XPS

o Continuously extruded through 
a die by thickness and then cut 
to length 

o Limited thicknesses and panel 
sizes

o Standard offering in 3 different 
compressive strengths

o 4 different manufacturers



Sustainability and 
Environmental Benefits
o Environmentally friendly; Conserves energy

o Contains no ozone depleting blowing agents; 
contains formaldehyde

o 100% recyclable from jobsites

o May contain recycled content

o Reduces global warming

o Contributes towards LEED Certification credits



Recyclability

o EPS and XPS can be removed 
off jobsites and may be used 
in future manufacturing as 
long as it is not contaminated

o Can be introduced into the 
manufacturing of new 
product or returned to a 
styrene resin



Polystyrene Insulations 
Reduce Global Warming
Insulation can return up to 200 times the amount of energy required 
to produce it, and reduce emissions by up to 100 times the volume 
produced during the manufacturing process



Polystyrene Insulations 
Reduce Global Warming

o The use of foam 
insulation on a building 
significantly increases 
the R-Value of walls to 
save energy

o Lower residential energy 
use translates into fewer 
emissions and reduced 
GWP



USGBC and LEED

Materials and Resources (MR Credits)
o MR Credit 2.1 and 2.2 - Construction Waste Management: 

o Divert 20% or 75%  from Disposal, 2 points possible

o MR Credit 3.1 & 3.2 - Materials Reuse: 5% or 10%, 2 points 
possible

o MR Credit 4.1 & 4.2 - Recycled Content: 10% or 20%, 2 points 
possible

o MR Credit 5.1 & 5.2 - Regional Materials, 2 points possible

Sustainable Sites (SS Credits)
o SS Credit 7.2 – Heat Island Effect Roof, 1 point possible

Energy and Atmosphere (EA Credits)
o EA Credit 1 - Optimize Energy Performance, 10 points possible

o EA Credit  5 – Measurement & Verification, 1 point possible



EPS Products

Product Features:
o Standard 10 - 60 psi compressive strength at 10% strain 

o Long-term R-value of 3.85 to 4.6 per inch

o Any thickness from 3/8” to 48” 

o Available in panels, blocks & custom shapes

o Tapered Panels available  0-40”, any slope

o T&G, bevel or straight-cut edges 

o Specialty & Architectural shapes

Product Benefits:
o 100% recyclable 

o Job specific sizes and performance requirements

o Minimal waste and material handling

o Moisture resistant

o Most R-value per dollar

o No thermal drift



EPS Products: 
Skinned & Composites
Factory-laminated Facers:

o Polymeric facers – printed, white and silver 

o Reflective films – low emissivity

o Fiber glass reinforced facers 

Composites:

o Wood fiber & perlite

o OSB & Plywood

o Gypsum & DensDeck®

o High-Density and Standard Iso

Benefits:

o Improved handling & durability

o Fanfold capabilities

o Eliminate compatibility concerns

o Improved moisture absorption

o Enhanced performance and code approvals

DensDeck® is a registered trademark of Georgia Pacific



EPS
Physical Properties



EPS Construction Applications

o Below Grade Insulation

o Below/Between Slab Insulation

o Radiant Heat Floors

o Roof & Wall Insulation

o Plaza Deck

o Block-outs & Concrete Forming

o EIFs & Cavity Wall

o Landscape and Structural Void Fill

o Siding Underlayment

o Pre-cast Wall Panels



XPS Products

Product Features:
o Standard 25, 40 & 60 psi compressive strength at 10% strain

o 100 psi available as a special order

o R-value of 5 per inch 

o Thicknesses from ½” to 3” in ½” increments 

o Standard panels of 2’x 8’ or 4’x 8’; other special order sizes available

o T&G or straight-cut edges 

Product Benefits:
o Typically contains recycled content 

o 100% recyclable 

o Several standard compressive strengths

o Moisture resistant

o Durable & Lightweight



XPS Physical Properties



XPS Construction Applications

o Below Grade Insulation

o Below/Between Slab Insulation

o Radiant Heat Floors

o Roof & Wall Insulation

o Plaza Deck

o Block-outs & Concrete Forming

o EIFs & Cavity Wall

o Landscape and Structural Void Fill

o Siding Underlayment

o Pre-cast Wall Panels



Product Comparisons

EPS

o Wide variety of compressive 
strengths available

o 1/8” – 48” thickness available

o Boards can be custom fabricated 
to any length

o Made to order; short lead times; 
job-lot quantities

o Tapered

XPS

o 3 standard compressive strengths 
available

o Limited thickness available – 3” 
max

o Limited to standard lengths – 8’ 
and 9’

o Standard sizes; special orders 
require lengthy lead times; full 
pallets only; larger minimum 
orders

o No tapered



EPS and XPS
Codes and Compliances
o FM

o UL

o ASTM

o ICC-ES

o IBC

o Miami Dade

o State of Florida, FBC

o Various State Approvals



ASTM C578

o The industry’s consensus standard for Expanded and 
Extruded polystyrene

o Establishes the minimum physical properties requirements



ASTM C 578

D1600 Terminology for Abbreviated Terms Relating to

Plastics

D1621 Test Method for Compressive Properties of Rigid

Cellular Plastics

D1622 Test Method for Apparent Density of Rigid Cellular

Plastics

D2126 Test Method for Response of Rigid Cellular Plastics

to Thermal and Humid Aging

D2863 Test Method for Measuring the Minimum Oxygen

Concentration to Support Candle-Like Combustion of

Plastics (Oxygen Index)

E84 Test Method for Surface Burning Characteristics of

Building Materials

E96/E96M Test Methods for Water Vapor Transmission of

Materials

E176 Terminology of Fire Standards

3. Terminology

3.1 Definitions:

3.1.1 Terms used in this specification are defined in Termi-

nology C168.

3.1.2 Terms used in this specification that relate to fire

standards are defined in Terminology E176.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 EPS—letter designation for the molded expanded

polystyrene thermal insulation classified by this specification.

It is defined as cellular plastic product manufactured from

pre-expanded polystyrene beads subsequently molded into

desired shapes and sizes resulting in a product which is rigid

with closed cellular structure.

3.2.2 RCPS—letter designations for the rigid cellular poly-

styrene thermal insulation classified by this specification that

identifies the product as rigid cellular polystyrene.

3.2.3 PS—used in this specification to represent polystyrene

in accordance with Terminology D1600.

3.2.4 XPS—letter designation for the extruded expanded

polystyrene thermal insulation classified by this specification.

It is defined as cellular plastic product manufactured in a one

stage process by extrusion and expansion of the base polymer

in the presence of blowing agent(s) resulting in a product

which is rigid with closed cellular structure.

4. Classification

4.1 This specification covers types of RCPS thermal insu-

lations currently commercially available as described by the

physical property requirements in Table 1.

5. Ordering Information

5.1 Acquisition documents shall specify the following:

5.1.1 Title, number, and year of this specification,

5.1.2 Type (see Table 1),

5.1.3 R-value or thickness required (see Tables 1 and 2),

TABLE 1 Physical Property Requirements of RCPS Thermal Insulation

NOTE 1—The values for properties listed in this table may be affected by the presence of a surface skin which is a result of the manufacturing process.

The values for Type XIII properties listed in this table must be generated on material with the surface skin removed. Where products are tested with

skins-in-place, this condition shall be noted in the test report.

NOTE 2—Type III has been deleted because it is no longer available.

NOTE 3—In addition to the thermal resistance values in Table 1, values at mean temperatures of 25 6 2°F (-4 6 1°C), 40 6 2°F (4 6 1°C), and 110

6 2°F (43 6 1°C) are provided in X1.8 for information purposes.

NOTE 4—For Type XIII, in addition to the Thermal resistance property requirements shown in Table 1, there are Apparent Thermal Conductivity

property values shown for informational purposes in Table X1.2 of Appendix X1.

NOTE 5—Values quoted are maximum vales for 1.00 in. (25.4 mm) thick samples with natural skins intact. Lower values will result for thicker

materials. Where water vapor permeance is a design issue, consult manufacturer.

NOTE 6—Types XI, I, VIII, II, IX, XIV and XV are typically EPS insulation. Types XII, X, XIII, IV, VI, VII and V are typically XPS insulation.

Classification Type

XI

Type

I

Type

VIII

Type

II

Type

IX

Type

XIV

Type

XV

Type

XII

Type

X

Type

XIII

Type

IV

Type

VI

Type

VII

Type

V

Compressive resistance at

yield or 10 % deformation,

whichever occurs first

(with skins intact), min, psi

(kPa)

5.0

(35)

10.0

(69)

13.0

(90)

15.0

(104)

25.0

(173)

40.0

(276)

60.0

(414)

15.0

(104)

15.0

(104)

20.0

(138)

25.0

(173)

40.0

(276)

60.0

(414)

100.0

(690)

Thermal resistance of 1.00-in.

(25.4-mm) thickness, min,

F·ft2·h/Btu (K·m2/W)

3.1

(0.55)

3.6

(0.63)

3.8

(0.67)

4.0

(0.70)

4.2

(0.74)

4.2

(0.74)

4.3

(0.76)

4.6

(0.81)

5.0

(0.88)

3.9

(0.68)

5.0

(0.88)

5.0

(0.88)

5.0

(0.88)

5.0

(0.88)

Mean temperature:

75 6 2°F (24 6 1°C)

Flexural strength, min, psi (kPa) 10.0

(70)

25.0

(173)

30.0

(208)

35.0

(240)

50.0

(345)

60.0

(414)

75.0

(517)

40.0

(276)

40.0

(276)

45.0

(310)

50.0

(345)

60.0

(414)

75.0

(517)

100.0

(690)

Water vapor permeance of

1.00-in. (25.4-mm) thickness

(See Note 5.), max, perm

(ng/Pa·s·m2)

5.0

(287)

5.0

(287)

3.5

(201)

3.5

(201)

2.5

(143)

2.5

(143)

2.5

(143)

1.5

(86)

1.5

(86)

1.5

(86)

1.5

(86)

1.1

(63)

1.1

(63)

1.1

(63)

Water absorption by total

immersion, max, volume %

4.0 4.0 3.0 3.0 2.0 2.0 2.0 0.3 0.3 1.0 0.3 0.3 0.3 0.3

Dimensional stability (change

in dimensions), max,%

2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Oxygen index, min, volume % 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0

Density, min, lb/ft3(kg/m3) 0.70

(12)

0.90

(15)

1.15

(18)

1.35

(22)

1.80

(29)

2.40

(38)

2.85

(46)

1.20

(19)

1.30

(21)

1.60

(26)

1.55

(25)

1.80

(29)

2.20

(35)

3.00

(48)
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Compressive Strengths

EPS

o 7 standard types available

o 5 psi – 60 psi

o 5 psi for packaging or 
compressible inclusions

o Any thickness or sheet size available 
in all strengths

o Recommend right density based on 
actual project loading conditions

XPS

o 3 standard types available

o 15 psi – 100 psi

o 15 and 100 psi products are special 
order only

o Typical recommendation of 15 psi for 
residential & wall applications only

o 25 – 100 psi for commercial applications 



Plaza Parking Deck



ASTM D6817
Specification for Rigid Cellular Polystyrene Geofoam 

Improves Design Predictability

o 1st published in 2002

o Establishes additional physical properties to aid Engineers in 
designing projects where Polystyrene will act as a structural 
void fill material & will bear the weight of concrete slabs, soil 
overburden, pavement and heavy truck traffic

o 1% deformation values published for EPS and XPS
o Considered as the conservative Elastic Limit Stress (σ)

o Material will NOT exhibit post construction creep or plastic 
deformation as long the combined dead/live loads do not 
exceed the 1% strain values identified in ASTM D6817



The Strength That Really Counts
Design within the Elastic Range

Type I EPS can bear a minimum of 518 psf @ 1% strain (σ)

o 10 psi @ 10% strain

Concrete weighs 150 pcf

Divide elastic limit stress (1% strain value) of foam type

o by weight of overburden material

o 518 psf / 150 pcf = 3.45 feet

3.45 feet (41”) of concrete

6” of Type I EPS

1% strain of 6” = 0.06” 
Less than 1/16” 
compression



XPS Manufacturers Say: 25 psi 
Minimum Under Slab
o Type IV XPS can bear a minimum of 

1,569 psf @ 1% strain
o 25 psi @ 10% strain

o Type IX EPS can also bear a 
minimum of 1,569 psf @ 1% strain
o 25 psi @ 10% strain

o 1569 psf / 150 pcf = 10.45 feet

10.45 feet (125”) of concrete

6” of Type IV XPS or Type IX EPS

1% strain of 6” =0.06” 
Less than 1/16” compression



The Right Choice for your Project?

o Concrete weighs 150 pcf
6” slab weighs 75 psf

o Soil weighs 120 pcf
2’ of soil weighs 240 psf

o Most concrete parking garages and structural roof decks are 
designed to withstand 100-200 psf total dead/live loads

o Pedestrian foot traffic loads are typically 50-75 psf

o Heavy semi-truck traffic loads are typically 100-200 psf 



Actual Project: Cost of Over Specifying   

EPS

o 518 psf or 3.6 psi @ 1% or 
10 psi @ 10% strain 

o Cost per cubic foot : $3.00 

XPS

o 5,846 psf or 40.6 psi @ 1% 
or 100 psi at 10% strain

o Cost per cubic foot: $25

Total loads: 175 psf (75: slab + 100: live)

Total savings to use EPS: $220,000

100 psi XPS specified as tiered void filler sandwiched between a structural deck and 
6” thick concrete slab with pedestrian traffic San Diego, CA: 10,000 cubic feet



Water Absorption Test
ASTM C272

24-hour Full Submersion Test

XPS

0.3% 

EPS

2 - 4%



Long-Term Moisture Retention



Compare Moisture Retention
After 15 years in service

Unlike other Type I EPS, when exposed to dry conditions for four 
weeks, the XPS did not approach values expected per ASTM 578
Standard Specification for Rigid Polystyrene Thermal Insulation



Water Absorption Percentage



Water Absorption Percentage



Published R-Values

EPS

o3.85 - 4.6 per inch @ 75° F

oR–Value increases as 
temperature decreases

o40° and 25° F values available

o Higher per inch 

o Base on local climate

XPS

o5 per inch @ 75° F

oR–Value increases as 
temperature decreases

o40° and 25° F values available

o Higher per inch

o Base on local climate



Life Sciences: U of A, Fairbanks, Alaska



Thermal Drift
Reduces Long Term R-Value
o Thermal Drift is defined as loss of insulating power 

over time as trapped low conductivity blowing agent 
used to manufacture XPS escapes out of the foam and 
is replaced with air.  

o R-Value of XPS starts higher and then irreversibly 
decreases over time.

o EPS does not experience thermal drift because there is 
no blowing agent trapped in between the cells (just 
air).  



Warranted R-Values

EPS

o 100% of published value

XPS

o Typical, 90% of published 
value

o 10% decrease in writing

o R- 5 per inch published

o Thermal Drift Occurs

R- 4.5 per inch warranted =



EPS is viable alternative to XPS

o Stable, long term R-Value that won’t drift

o Compressive strengths to match with loading 
requirements of job

o Low long-term moisture retention with no 
detrimental structural effect on physical 
properties 



Learning Objectives

o Define and understand the similarities and differences between 
how Expanded Polystyrene (EPS) and Extruded Polystyrene (XPS) 
are manufactured

o Learn about the environmental features and benefits of 
polystyrene insulation including recyclability, LEED, thermal 
performance, energy efficiency, reducing global warming and mold 
resistance 

o Understanding ASTM C578:  Standard Specification for Rigid, 
Cellular Polystyrene Thermal Insulation

o Review physical property data of both EPS and XPS: Compressive 
Strength, Long Term Moisture Retention and Sustainable R-Value  



Thank You for Your Time!

Questions?


