FOAMED GLASS AGGREGATE:
A “New” and Unique Lightweight Fill

Mid-Atlantic QAW
February 14, 2018
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History of Foamed Glass Aggregates - Europe

* Developed in Germany in early 1980s
* Technology taken to Norway in 1990s
e Thermal barrier for roadways

e Led to lightweight applications

e Growth throughout Scandinavia
* Geotechnical Applications

 Germany and Switzerland
e Thermal insulation
» Additive for lightweight concrete




Glass Containers: 9.38 M tons/year
Total Glass: 11.57 M tons/year
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Glass Processing
MRF-Cleaning-Milling

* Cleaning of glass cullet
e Uses all colors and any size

* Milled into powder
* Mixed with foaming agent




Process transforms the cullet into a new
material
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UL-FGA 1 a3 _ F Compacted Unit Weight Comparison

ULTRA-LIGHTWEIGHT
FOAMED GLASS AGGREGATES

m

10-60
Particle Size (|n) (0.4 - 2.4)
SOIL WASHED EXPANDED FGA
: kg/m?3 240 " STONE SHALE
Loose Bulk Density (dry), max o
LT (pcf) (15)

Compacted Density (dry) kg/m> A
£ yidry (pcf) (16.5-19.5)

0.11dry  0.15

Thermal Conductivity W/mK
wet

Peak Friction Angle degrees 55.7




Applications =~

#1

_* Many uses for lightweight aggregates '
Embankment fill over soft soils

Retaining walls

Bridge abutments

Reduced lateral load of backfill

Lightweight fill over culverts and utilities
Under foundation slab insulation and drainage
Insulation layer |

. Ho-'éizontal or vertical

Greenroofs
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Transportation
Highway Embankments and Landslide Repairs

Hasapor Sweden



Approach Fill for Bridge Abutments
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Insulation for Permafrost
Drainage and Capillary Break

Norwegian Public Road Authority
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Insulation and Lightweight Backfill - Utilities
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* Porous
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Rockfall Protection

aravel ballast ROCKFALL-X™ G

Horizontal layer damping system
of TECCO® mesh

Casutt Wyrsch Zwicky AG
winnw.ewz.ch

Geobrugg AG ROCKFALL-X™ G
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Under Slab

* Insulation

* Bearing capacity
* Drainage

* Capillary Break
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Lightweight Additive for Concrete

Misapor
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~+ Maximum lift thicknesses of 24 inches (0.6 m) W
+ Compaction is performed with a tracked e)ﬁvatpr or dozer 600 1, OOO psf (?49"50 kPa)
- 2 toj passes over the UL-FGA layer
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Side Slopes
@ 45°

* Geotextile Separator
(Recommended

6 0z./SY minimum)

e Cover soil




Shipping

e Up to 100 CY/trailer

e Reduced carbon footprint
e 1 trailer of Foamed Glass
e 7 tri-axial loads of stone

o

Hf

- Delivery in Super Sacks
= 3CY 1,200 Ibs. vs. 8,000 lbs.







Quality Control Program

* Modified versions of the European Standard EN 1097-11, “Tests for
mechanical and physical properties of aggregates, Part 11: Determination
of compressibility and confined compressive strength of lightweight
aggregates”.

* Density (Dry, bulk density < 15 pcf)
* Compression (Stress @ 20% Deformation > 15,000 psf)

Determination of dry bulk density Compressive Strength Testing
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—=—Prior to Compression

Testing (Dry Sieve)

--u--Post Compression Testing
to 20% Deformation (Dry
Sieve)
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DREXEL UNIVERSITY - CIVIL, ARCHITECTURAL AND ENVIRONMENTAL ENGINEERING
DIRECT SHEAR TESTING (ASTM D 3080 MODIFIED)

Test Series No. 1: Lightweight ageregate (LWA-FG) lightly compacted under dry conditions

kL 3000
Shear Strength i ¢ R
2500 — 1A —IB —IcC Paramelers™ ideg) | (ps
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Arulrajah et al., 2015. “Evaluation of Interface Shear Strength Properties of
Geogrid Reinforced Foamed Recycled Glass Using a Large-Scale Direct Shear
Testing Apparatus.” Advances in Material Science and Engineering.

» Evaluation of Interface Shear Strength
» Geogrid/FG interface shear strength
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Moisture Content and Buoyancy

Moisture Content
e Adsorption of Water to Surface — for Closed Cell
* Moist conditions - Typical 6% by volume (additional 3.75 pcf)
e Can be higher if submerged

Buoyancy
 Testing completed — Schnabel Engineering, West Chester

* Using-15 pcf as a typical buoyant unit weight, you would need about 1 foot of
“typical” fill (120 pcf) to offset the uplift on 8 feet of submerged FGA (8:1
ratio.....120/15)




Retaining Walls

* T-Wall = The Neel Company
* RECO — FGA meets the backfill requirements for steel straps

 Pullout Testing completed for PET and HDPE Geogrids
 Pullout Testing completed on steel and Poly straps






New Metro Line
From Jar to Kolsas

e Constructed over marsh area

™ « Owner wanted to reduce
excavation

* From top-bottom:
* Tracks
» Ballast
* Subbase
e GT
_ * FGA
— T e
— e * Subbase
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Halden Rail Yard

e Expansion of Rail yard
* 6 new tracks
 \ery soft soil near river

» Required lightweight option to
reduce surcharge

e 15,000 m3 used to build up area




New E18 Motorway - Retvet- Knapstad

* 61,000 m3 FGA is part of the
new E18 Winton - Vinterbro.

* The six-kilometer long stretch to
be built 20 meters wide

* Motorway with four lanes and
central reserve.

* The stretch will have a speed
limit of 100 km / h.
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Norwegian Public Roads Administrat N
-~ Sgrenga Bridge Approach - y
* Reconstruction of Bridge

approaches due to settlement

e Total of 4,000 m3
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Current DOT status

* Approved by MD SHA
e Approved VDOT

* 2 Projects with PADOT
» 15t Project with NJDOT
* NYSDOT

* MassDOT

* READI (Review, Evaluate, Accelerate, Deploy, innovation) Committee

* ConnDOT
* NHDOT
e PA Turnpike — Innovation Council in October 2017






Philadelphia Navy Yard - PADOT

LANGLEY AVENUE (2015)
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Philly Navy Yard 41 PIDC ' =

Driving growth to every corner of Philadelphia

PHILADELPHIA

http://www.ahs.dep.pa.gov/NewsRoomPublic/articleviewer.aspx?id=21344&typeid=1

Pennsylvania

The Keystone of Recycling Markets Development

pennsylvania

DEPARTMENT OF ENVIRONMENTAL
PROTECTION
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Route 7/ Hackensack == NJDOT

RT 7 Hackensack River Wittpenn Bridge Contract 4 RT 7 Hackensack River Wittpenn Bridge Contract 4
Ground Improvements: Lightweight/Aggregate (LWA) Ground Improvements:

P '."‘:--J'?k. - N - O-*-T.;lhi:\-ﬁ

] L. WP B

. ] - .
——= TR .
WP & . .*:.22;‘: ?@:’ ! ‘;“o‘o AR T e,
R SRR R o oo R RELR AR
h?:’f’ﬁ‘mo%’o R SRR REDE 'y"'o':;::':v sTezarare
! "‘Q’%. T ’A‘.’..f.fq‘.‘;’a’.&.’a’o?.f‘!t:“t""b’o.Q& ettt ettt
e R e et tate ettt e et el
=15 i —— SR

e TR

. ~24,000cy Geofoam

+ ~28,000cy LWA * Wrapped in Geomembrane
* Use Geotextile at base of LWA * Covered with 4” concrete slab

+ Over-excavation required prior to placing LWA + Staged Construction Required

+ Dewatering required during earthwork along FHR Sta 130 to0 133430 to ] | —
maintain traffic T 1 T 1 T 1
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SEPTA —Media Line

PROTECTIVE FENCE

(\EXISTING RETAINING WALL ELEVATION
0

WSCALEM/H = 1"-0"

.SECTION
SCALE: NONE

PROPOSED SECTION

1'—0" 1" MIN GROUT LEVELING PAD
] (EC592 BARS NOT SHOWN FOR CLARITY)
1/2" PREMOLDED EXPANSION FILLER
= WITH JOINT SEALING MATERIAL
3z BETWEEN WALL & SIDEWALK
™ =
R
~ .
EXISTING FENCE . / 4" CONCRETE SIDEWALK 6" SUBBASE
(TO BE REMOVED)
K LIGHTWIEGHT FILL
.
©
e 3" CLR
Yo 0 =
ZR W (TYP)
EXISTING CONCRETE >-+ %
SIDEWALK T I,
(TO BE REMOVED) vy =
| %
4 7 A
GEOTEXTILE, CLASS 1
r %
é 1
. ¥ WRAP LIGHTWEIGHT FILL
L5 X 2 WITH GEOTEXTILE, CLASS 1
I zEp X
EXISTING 329
GROUND L2 EXISTING GROUND
= b
B
EC591 DOWELS @ S~
REMOVE SOIL UNDER 12" MAX SPACING CONTINUOUS 2'X2’ OF NO 57
EXISTING SIDEWALK VARIES (SEE NOTE 3) COARSE AGGREGATE_ENCASED
FROM 3'~6" AT BEGIN IN" GEOTEXTILE, CLASS 1
WALL TO 6" AT END WALL— CLEAN EXISTING
CONCRETE AND COAT ALL
XISTI TION MATING SURFACES WITH
EXISTING SECTION EPOXY BONDING AGENT— ———6" STRUCTURE
FOUNDATION DRAIN
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