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* EPS Properties
e Design and Construction Considerations
* Applications for Transportation Projects

* Performance Monitoring




EPS Manufacturing

® Insulation Corporation of Amenca

raw styrene beads steam expanded (1%t steam heating)

THE \lyj

block molding (2"¥ steam heating) block placement UNIVERSITY
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Summary of EPS Geofoam Properties

Physical Properties of Foam-Control EPS Geofoam1+2
TYPE - ASTM D6817 EPS12 EPS15 EPS19 EPS22 EPS29 EPS39 EPS46
D ) ) It:u’ft3 070 0.90 1.15 1.35 1.80 2.40 2.85
BRI (kg/m®) (11.2) (14.4) (18.4) (21.6) (28.8) (38.4) (45.7)
. . psi 22 3.6 5.8 7.3 10.9 15.0 18.6
%’ﬂgﬁgﬂ:ﬁq;‘;ifﬁ:ﬁ psf 320 520 840 1050 1570 2160 2680
» [T (kPa) (15) (25) (40) (50) (75) (103) (128)

. psi 220 360 580 730 1090 1500 1860
2= sl Ll (kPa) (1500) (2500) (4000) (5000) (7500) (10300) | (12800)
Clexural Strenath m psi 10.0 25.0 30.0 35.0 50.0 60.0 75.0

exural strength min. (kPa) (69) (172) (207) (240) (345) (414) (517)
S LETAIEIT S IR volume % 40 40 30 3.0 20 20 20
immersion, max.,
noqfrfgen TR volume % 240 240 240 240 240 240 240
5 . I/t 61.7 615 61.3 61.1 60.6 60.0 59.5
uoyancy rorce (kg/m®) (990) (980) (980) (980) (970) (960) (950)
THE !'J’
Source: ASTM D6817 UNIVERSITY
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Expanded-Polystyrene Block Geofoam

» Typical Block
dimensions
—0.6x1.2x2.4m
—0.8x1.2x4.9m
e Density/unit weight
16 to 45.7 kg/m?3

(Legacy Highway Project, Utah Dept. of Transportation)
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* EPS Properties
e Design and Construction Considerations
* Applications for Transportation Projects

* Performance Monitoring




Material, Desigh and Construction Considerations

e Material
e Density
Compressive Resistance (Modulus)
Insect Control Additive
Flame Resistance Additive
Moisture Absorption

e Construction
e Bedding Material
* Compaction
e Handling
e Block Dimensions
e Block Layout & Placement

e Cover and UV protection
* Design

eConcentrated Loads

e Seismic Loads

e Drainage / Buoyancy

e Protection Against Chemical Degradation
e Settlement

e Creep

e Internal and External Stability

e Bearing Capacity

e Pavement Design

* Quality Assurance/Control
* Specifications / Provisions
* Testing and Sampling
* Inspection
* Corrective Action
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Design Guidance for Transportation Projects

 Current Design Methods / Guidance
 Norwegian Public Roads Administration (1987, 1992)
e Japanese — EDO (1996, 2001)
 Draft European Design Code (1998)
e |-15 Reconstruction Project (1998-2001)

e NCHRP 529 and Web Document 65 (2004)

e European EPS White Book (2011)

e NCHRP Project 24-11(02) Phase | Study (slopes) (2011)
 Various Research Reports

e Technical Papers

Available from: www.civil.utah.edu\~bartlett\geofoam




* EPS Properties
e Design and Construction Considerations
e Applications for Transportation Projects

e Performance Monitoring




Primary Uses For Transportation Projects

 Roadway widening

* Road construction over poor soils

* Bridge abutments

* Bridge underfill

 Culverts, pipelines and buried structures

* Railway embankment
e Light-weight backfill
* Slope stabilization




Roadway Widening

EPS geofoam blocks Pavement construction

Schematic drawing
of road widening
using EPS geofoam

Sand-leveling course

Geomembrane/separation layer
THE lw
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Roadway Widening (I-15 Project)
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Roadway Widening (I-15 Project)
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Road Widening (I-15 Project)
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Subsurface Profile in Salt Lake Valley
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Roadway Widening (I-15 Project)

N

Geofoam Embankment, Salt Lake City, Utah




I-15
Reconstruction
Project

Salt Lake City,
Utah

Roadway Widening (1-15 Project)
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Roadway Widening (I-15 Project)
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THE JJ

Load Distribution Slab UNIVERSITY
OF[ JTAH




Geofoam for Rapid Construction
Comparison of Construction Times

O Geofoam

O Conventional
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6.5TO 7.3 m

HEIGHT VARIES

Field Testing and Monitoring

ROW OF SURVEY POINTS AT FACE OF WALL

25 MM - PVC STAND PIPE
+ ROW OF SURVEY POINTS ALONG INSIDE EDGE OF MOMENT SLAB

ROW OF SURVEY POINTS ALONG OUTSIDE EDGE OF EMERGENCY LANE
CONCRETE PAVEMENT

ROAD BASE

LOAD DISTRIBUTION SLAB
LEVEL 7.5

LEVEL 6 SQUARE PLATE WITH MAGNET RING

LEVEL 4
GEOFOAM BLOCKS

LEVEL 2
GRANULAR BACKFILL

LEVELO

VIBRATING WIRE TOTAL PRESSURE CELL

BEDDING SAND




2040 — Probe
- “*— Plate Magnet

~___ Telescoping
2 Section

{ g
i Is Flush Coupled
" Access Pipe

Earth Fill

1 7+ Original Ground Level
RN, S
A TS A A

_~— Spider Magnet

Magnet Extensometer
Installation

‘ THE!'”

W ' " UNIVERSITY
FOIAEGT THE EXTRA MILE U F UmH




Field Testing and Monitoring

Vibrating Wire Total Pressure Cells
Hotwire Cut Slot for Pressure Cell

W ERE

Pressure Cell Cast in Bridge Abutment Pressure Cell in Base S: U%%ERSITY




Field Testing and Monitoring

e Return Pipe

Pull-Cable
Dead-End
Pulley mbly

ey assembly

Horizontal Inclinometer

GOING THE EXTRA MILE




Ground and Pavement Surveys

GOING THE EXTRA MILE




3300 South Compression of EPS
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¢ Load Distribution Slab Curb placed
® Granular Borrow placed

A Open Graded Base placed
B PCCP Pavement nlaced

6m

_lLI

[ LEVELS6

LEVEL 4

LEVEL 2

=== | EVEL O

a GOING THE EXTRA BIILE



oTo)
c
=
o
G=
c
=
©
c
©
(o] )
=
fd
0
[t
o
A
L.

;W)

UNIVERSITY

50 Years

10 Years

-+ South Level 9

4 H

AT H

AT

NS R T——

ATt —— —f—~

LN e L

444+ —— —H - -

A+t —— = —

AT T —— —p——

(AT TA~~" "™~

4444 —— —H — -

J P Y [

4 —=-—4—-—-
1

1---T7-7-

!
e e b

—+ =+ -+ +

—F 4+ H

Tt

TTTATT

End of Construction

[
——-L_
|

-1
|

r
|

F———F—+—F++F

[l
oL
Il

[ [
- ——L_1_LL1L
| [ B |

e = — 4 -+ +FH—— -+ — 4

r———rFr—t-rrtfrof—-———"t—-1—

Construction| ~

Strain Limit

T
|

[
- ——H

F-——F-—t-Ft++FHF-—-

r--Tr-rTTrrrttTrofpT T o

r———Fr—t-rrtrtrArr-—~-"t—-FT-rTTtTAT

L R R N L R

0.5

0

—_—

(%) urens aaissairdwod

Elapsed Time (days) from Completion of Geofoam Placement

OF[ JTAH

GOING THE EXTRA MILE




Road Construction Over Poor Soils

Pavement construction

EPS geofoam blocks

Cross section of road
construction using EPS
geofoam and overlying

pavement system

Sand-leveling course

Geomembrane/separation layer UﬁH[E’ERSITY
OFUJTAH



Road Construction Over Poor Soils
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Road Construction Over Poor Soils

SR-519 Interchange
Seattle, Washington
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Road Construction Over Poor Soils

St. Rosa Road

Private Road
Constructed Over
Rice Fields

St. Rosa, Philippines UNIVERSITY




Road Construction Over Poor Soils
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Reclaimed Land — Casino Project — Manila Philippines UNIVERSITY
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Road Construction Over Poor Soils
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Road Construction Over Poor Soils

BROAD 3 & 4 PLAM

1

Reclaimed Land — Casino Project — Manila Philippines




Bridge Abutments

EPS geofoam blocks Pavement construction

Schematic drawing
of geofoam used

to construct bridge
abutment

THE!w

Granular fill UNIVERSI'IY

Geomembrane/separation layer GFUM



Bridge Approaches

North Temple Viaduct — Salt Lake City, Utah U%%‘{?’EE[![TY




Bridge Abutment

I-15 Reconstruction, Overpass, 5300 S. over l',
. THE
Salt Lake City, Utah UTA TRAX UNIVERSITY
Salt Lake City, Utah OF[ JTAH




Temporary Bridge Supported on EPS
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Temporary Bridge Supported on EPS

Lokkeberg Bridge,
Norway
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Temporary Bridge Supported on EPS

36,8 m
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Temporary Bridge Supported on EPS

Settlement tube
Earth pressure cells

10cm concrete slab

Figures in red
indicate stress
levelin kPa in
2001

- O O m
Settlemamts{ cm |

Subsoil settlementin 2006

Lokkeberg Bridge,

Norway Statens vegvesen

Kona i Public Rosds Admratraton




Temporary Bridge Supported on EPS

Load = 33 ton
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Permanent Bridge Supported on EPS
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Permanent Bridge Supported on EPS

Cross section Hjelmungen bridge

Bridge abutment

1 = Telescopic rods 3 = Settlement tube

A - E = Pressure cells

Hjelmungen bru, Norway
Statens vegvesen

o Public Rosds Admnatrat o




Permanent Bridge Supported on EPS

Hjelmungen bridge Axis1
Settlements in S m EPS
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Permanent Bridge Supported on EPS

Hjelmungen

bridge o]

Earth pressure
below EPS layer

n
=

Jou
=

Bridge abutment

Earth pressure { KN/m2)
2
o=

o
=

Y
— )]
———_()""o-q

—®— Loading situation —0O— CellA
—+—CellD —0— CcellC

—A—CellB —b&— CellE _
1 | I I |

-
o

Vepdirekiorabst

Vegteknisk avd_ Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 .Jan-01

Hjelmungen bru, Norway %

Statens vegvesen

Kona i Public Rosds Admratraton




Bridge / Tunnel Underfill

1-215 at 3300 South, Tunnel Infill, Tucker Blvd.,
Salt Lake City, Utah St. Louis, Missouri
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Culverts (Light-Weight Fill)

Geomembrane/separation layer

EPS geofoam blocks
Pavement construction

Schematic drawing of

Sand-leveling course E:: Et;;negufzﬁurrg:u o THE lyj
UNIVERSITY
OFJTAH




Culverts (Light-Weight Fill)

UTA Commuter Rail Widening Over Unknown location
Existing Culvert, Corner Canyon,
Draper, Utah
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Pipeline Protection
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Pipeline Protection
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Pipelines (Light-weight Cover Over Faults)

Lightweight-Cover System

THE !'JJ
UNIVERSITY
OF[JTAH Displacement Vectors During Failure




Pipelines (Light-weight Cover Over Faults)

5ol Saclion
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Pipelines (Light-weight Cover Over Faults)

Pipeline Crossing, Salt Lake THE !'JJ

City, Utah Ulgp [JJE{{EPIITY




Pipelines (Light-weight Cover Over Faults




Light-Weight Backfill

Geomembrane/separation layer  Landscaping/soil
[if required)

Retaining wall, abutment
EPS geofoam blocks or protective facing

Schematic drawing
of retaining wall with
EPS geofoam backfill

Granular backfill l',
THE

Drainpipe UNIVERSI'IY
OFJTAH




Buried Structures and Walls (Light-Weight Backfill)

Casino/Hotel — Reidoso, NM




Rail Embankments

Geomembrane/separation layer

EPS geofoam blocks

Schematic drawing of
railway embankment

Railway construction

s W)

UNIVERSITY
OF[ JTAH

Sand-leveling layer




Light Rail Embankments

THE !'JJ
UNIVERSITY
UTA -Light Rail — Salt Lake City, Utah OF[ JTAH




Light Rail Embankments

UTA —Light Rail — Salt Lake City, Utah




Light Rail Embankments

UTA -Light Rail — Salt Lake City, Utah




Commuter Rail Embankments

THE !'JJ
UNIVERSITY
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Slope Stabilization

EPS geofoam blocks

Geomembrane/separation layer (if required)

Landscaping/soil

Drainpipe

Schematic drawing of Sand-leveling course
EPS geofoam placement

in a slide area

s W)
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Slope Stabilization

Pavement Cracking

Alabama DOT

0




Slope Stabilization

Overview of EPS Block Placement Configuration

MEMPHIS

Alabama DOT




Slope Stabilization

07/10/2007

Completed Road

Alabama DOT MEMPHIS.

Dreamers. Thinkers. Doers.




Slope Stabilization

SR264 at 2"d Mesa, Arizona




* EPS Properties
e Design and Construction Considerations
* Applications for Transportation Projects

* Performance Monitoring




Awards

ASCE 2002 Outstanding Civil Engineering Achievement (OPAL) Award,
Wasatch Constructors I-15 Reconstruction Design-Build Team, Salt Lake City,
Utah

ACEC Arizona 2006 Grand Award, Rockfall Containment and Safety,
SR 264 at 2"d Mesa, Arizona

ASCE 2010 Local Outstanding Civil Engineering Achievement Awards,
Geotechnical Category — Outstanding Award SR 519 / 1-90 to SR 99,
Intermodal Access I/C Improvements Phase 2 Design Build Project
Seattle, Washington

Rebuilding America’s Infrastructure Magazine 2012,
Best of America’s Infrastructure — Cost Saving Approaches,
Geofoam Embankments, UTA TRAX line, Salt Lake, City, Utah
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