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Two Hinkley Center Projects

• Use of Solid Wastes in Asphalt and Concrete in 
Florida 
• Ends December 31, 2017

• Research Advances on the Use of Solid Wastes in 
Concrete and Asphalt
• Just starting

• Team:  Townsend (PI), Ferraro (Co-PI), Laux (Co-PI), 
Clavier (GRA), Monroy (GRA), Oliveira (GRA), 
Schafer (GRA), Spreadbury (GRA), Townsend (GRA)

3



Meeting Agenda

• Background on ash recycling

• Use of WTE ash in portland cement concrete

• Use of WTE ash in asphalt pavement

• Environmental characterization of concrete and 
pavement made using WTE ash as aggregate

• New research areas
• Ash processing and treatment

• Markets and costs

• Additional research needs
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Background
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Waste to Energy Facilities Worldwide

Europe

• 450 WTE Plants

United States

• 84 WTE Plants
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Global MSW Management 
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Facility Locations

• Bay County-ENGEN
• Lake County – Covanta
• Pasco County – Covanta
• McKay Bay – Wheelabrator
• Hillsborough County – Covanta
• Pinellas County – Covanta
• Lee County – Covanta
• Palm Beach County #1/2 – B&W
• Miami Dade County – Covanta
• South Broward - Wheelabrator
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Waste Combustion
and

Energy Recovery 
Unit

Air Pollution 
Control System

Waste

Bottom Ash
Recycle?

Fly Ash

ExhaustLime

Landfill

Reduce

Added Benefits:
-- Less lime

-- Better metal 
recovery

If we separate bottom ash 
from fly ash, how can we 

control final ash pH?
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Aggregate from WTE Ash
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Aggregate Option Type of Beneficial Use

Road base material Unencapsulated/Unbound

Hot mix asphalt Encapsulated/Bound

Portland cement
concrete

Encapsulated/Bound

Portland cement Integrated
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Use in Cement 
Manufacture
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Current Florida Efforts in Ash Reuse
Hinkley Center

 Application of LEAF for 
Beneficial Use

 Issues Regarding Ash
in Concrete

Palm Beach County
 Bottom Ash Recycling

as Aggregate

Miami-Dade County
 Bottom Ash Recycling

as Cement Kiln Feed

Pasco County
 Bottom Ash Recycling
 Monofill Ash Recycling

Hillsborough County
 Combined Ash Recycling
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Use of WTE ash in portland cement concrete
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Coarse Aggregate

Fine AggregateWater

Portland Cement
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Coarse Aggregate
45%

Water
8%

Sand 
30%

Cementitious Material
17%
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Concrete Proportions by Mass



Concrete 
Performance

• Physical 

• Environmental

• Durability
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Some Literature
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Recovery of MSWI and 
Soil Washing Residues 
as Concrete 
Aggregates, Sorlini et 
al., 2011

• Concrete specimens 
showed good compression 
strength results with low 
wastes amount, when ash 
replacement percentage 
was higher the mechanical 
properties showed a drastic 
decrease

• High aluminum content 
could bring swelling

• Washed bottom ash 
products show good 
chemical and physical 
quality for production of 
concrete
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The Microstructure of Concrete Made with Municipal 
Waste Incinerator Bottom Ash as an Aggregate 
Component, Muller et al., (2006)

• 80% mineral components 
such as glassy, crystalline 
silicates, aluminates, oxides

• Porosity double of 
reference concrete

• Concrete with WTE ash 
produced voids not present 
in reference concrete -> gas 
phase reaction during 
plastic state of cement 
binder (aluminum)

• ASR clearly linked to 
fragments of bottle glass 
and glassy silicates of 
bottom ash

• Outlined the need for 
treatment technology to 
reduce aluminum and 
bottle glass content
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Traditional aggregate 
selection
• Hard and strong

• Free of contaminants

• Unreactive

• Appropriately sized
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WTE Ash

•Slag

•Glass 

•Ceramics

•Metals

•Organic 
Material

50%

20%

10%

10%

7%
3%

Example Bottom Ash Composition

Glass Ceramic/brick/tile Metals Soluble Salts Unburned Organics Other
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What the literature 
shows us: WTE Ash

Issues:

• Strength 

• Particle density

• Metallic aluminum 
content

• Loss on ignition

• Chloride, sulfate, alkali 
content

• Appropriate size 
distribution

• Homogeneity 

• Absorption
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Slag
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Special Importance: Decreasing 
Mechanical Strength 

• Existing literature and work performed by 
University of Florida show that waste to energy ash 
can replace a traditional concrete aggregate at low 
percentages and yield a satisfactory compressive 
strength

• Increasing WTE ash addition yields a decrease in 
compressive strength

• Porosity of concrete inversely proportional to 
strength of the concrete, WTE ash amended 
concrete has significant increase in porosity 
compared to reference

45



ASTM C39/C39

• Standard Test Method for 
Compressive Strength of 
Cylindrical Concrete 
Specimens

• Compressive axial load to 
molded cylinders at specific 
loading rate (35 +/- 7 psi/s) 
until failure 

• Load divided by cross 
sectional cylinder area 
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28 Day Compressive Strength of WTE Ash Amended 
Concrete – Combined Ash Central Florida Facility
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FDOT Standard Specifications for Road and Bridge Construction 
Section 346 – Portland Cement Concrete
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ASTM C469

• Standard Test 
Method for Static 
Modulus of 
Elasticity and 
Poisson’s Ratio of 
Concrete in 
Compression

• Measure 
deformation as a 
function of load 
applied. Slope of a 
stress/strain 
graph. 
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ASTM C496

• Standard Test 
Method for Splitting 
Tensile Strength of 
Cylindrical Concrete 
Specimens

• Diametral
compressive force 
along the length of a 
specimen following a 
prescribed load 
range until failure

• Rule of thumb 
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Special Importance: Metallic 
Aluminum Content

• Concrete mixed with WTE bottom ash specimens 
react in highly alkaline environment of cement paste 
to produce hydrogen gas

• Elongated voids following contours of aluminum 
grains

• Spalling due to aluminum hydroxide production 
with aluminum grains near concrete surface

• Expansion and cracking of concrete specimens 

• Could act as surrogate air entraining agents
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A soak tank full of WTE ash amended specimens, hydrogen bubbles clearly visible



Special Importance: Metallic Aluminum 
Content

• Quite a few issues associated with high metallic 
aluminum content

• Removal of metallic aluminum (eddy current)
• Sodium hydroxide wash

𝑁𝑎𝑂𝐻 + 𝐴𝑙 + 𝐻2𝑂 → 𝑁𝑎𝐴𝑙𝑂2 +
3𝑛

2
+ 𝐻2

Concrete durability issues associated with metallic 
aluminum content can be mitigated through treatment 

methods proposed
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Special Importance: Alkali 
Aggregate Reactivity
• Deleterious reactions with the aggregate, 

specifically the alkali silica reaction (ASR)

• High alkali presence in concrete

• Expansive gels formed that expand in presence of 
moisture to induce cracking

• Linked to bottle glass and other glassy amorphous 
silica components of WTE ash.
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ASR Mechanism
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ASTM 1260
• Standard Test Method for Potential 

Alkali Reactivity of Aggregates 
(Mortar-Bar Method)

• Detection of potential for 
deleterious ASR reaction in mortar 
bars within 16 days

• Mortar bars immersed in NaOH
solution, comparator readings are  
taken periodically and compared to 
previous readings to calculate 
percentage change in length 
(expansion)

• Suggested that presence of alkali 
silica gels is confirmed via other 
methods if length change is present

• Short term test prone to false 
positives/negatives
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UF ASR Research Initiatives
• The University of Florida research team casted cement mortars with WTE ash as a coarse 

aggregate replacement and showed that these mortars will exhibit this expansive reaction

12” mortar bars cast 
using bottom ash as an 
aggregate replacement 
(15%, 30%, and 50%)

Bars submerged in 
alkali solution (1N 
NaOH) and heated at 
40°C

Expansion of 
specimens is 
measured over 14 
days

3 bottom ash sources 
were sized reduced 
to a fine aggregate 
size (0 - 1/4”)

64



UF ASR Testing Results

ASTM C1260 Criteria
Aggregate 

Classification
Expansion

Innocuous
< 0.10% 

Expansion
Potentially 
Deleterious

0.10% - 0.20% 
Expansion

Deleterious
> 0.20% 

Expansion

0.00%

0.05%

0.10%

0.15%

0.20%

0.25%

0.30%

0.35%

0.40%

0.45%

0.50%

0.55%

Control  15%  30%  50%

1
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*

Aggregate Replacement

ASTM C1260 – MSWI Bottom Ash

BA1 BA2 BA3
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Glass 
aggregate
particle

Gel-filled crack

Cement paste

Gel reaction rim

ASR confirmed by SEM Analysis
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ASR Mitigation with Pozzolans
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In summary, what we know from the 
literature and our own work about 
concrete
• The literature illuminates extensive WTE ash amended 

concrete research dating back several decades

• Ash amended concrete will still consistently meet required 
specifications as a suitable aggregate substitution, despite 
decreasing strength associated with increasing addition

• Metallic aluminum content is an issue and will require 
mitigation strategies

• ASR is an issue and will require mitigation strategies

• Testing has shown that use of SCMs can mitigate ASR in 
short term ASR testing of cement mortars

• Recent work seeks to address these issues

• WTE ash amended concrete can be done, if done correctly
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Use of WTE ash in 
asphalt pavement
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Use of WTE ash in hot-mix asphalt (HMA) pavement



What is Hot-Mix Asphalt Pavement?

• A mixture of aggregates, asphalt 
binder, and air voids

• Asphalt binder = petroleum

• Asphalt pavement can be 
engineered for a wide variety of 
purposes using a wide variety of 
materials Aggregate

Binder
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HMA relies heavily on volumetrics!

Voids in Mineral 
Aggregate (VMA)

Voids Filled with 
Asphalt (VFA)

Effective binder content will 
play a role in determining 

dust-to-binder ratio

Air voids must be within limits



Has WTE ash been used in HMA before?

• WTE ash use in HMA pavements has been documented throughout the US
• FHWA: 1970s

• Other initiatives: 1980s, 1990s

• Pasco County: 2015

• Increased research from Europe and Asia in recent years



Location Year Replacement of 
total mix (%)

Length 
(ft)

Thickness 
(in)

Type of Ash Used

Houston, TX 1974 100 300 6 Combined ash

Philadelphia, PA 1975 50 90 1.5 Combined ash

Delaware County, 
PA

1975 50 60 1.5 Combined ash

Harrisburg, PA 1976 N/A 220 1.5 Combined ash

Harrisburg, PA 1976 100 N/A 1.5 Combined ash

Chambersburg, 
PA

1976 N/A N/A N/A N/A

Washington, D.C. 1977 70% (mixture 1)
100% (mixture 2)

400, both 
sections

4.5 Combined ash

Lynn, MA 1979 N/A N/A N/A Combined ash

Tampa, FL 1987 N/A 500 N/A McKaynite

Ruskin, FL N/A N/A N/A N/A McKaynite

Shelton, CT 1992 50 N/A N/A Bottom ash

Rochester, MA 1992 30 N/A N/A Boiler Aggregate

Concord, NH 1992 25 N/A N/A Bottom ash

Laconia, NH 1993 50 850 N/A Bottom ash

Port Elizabeth, NJ 1996 50 750 N/A Bottom ash

Oahu, Hawaii 1999 5 N/A 2 Combined ash

Pasco County, FL 2015 20 ~200 ~4 Bottom ash



Walter, 1976

• One of the earliest works utilizing WTE 
ash in HMA

• Lab results showed that replacements as 
high as 50% could be utilized while 
meeting performance requirements



New Hampshire Bottom Ash Paving Demonstration, 1993
• Musselman et al., 1994

• 50% aggregate replacement in structural HMA layer

• Slight reductions recommended for 
construction and HMA plant reasons 
(excessive moisture)

• 850 ft test strip

• Touched on less focused concept: how plant 
operations and construction practices associated 
with using WTE ash



Chen et al., 2008 

• WTE bottom ash used as 0, 10, 
20, 30, and 40% replacement

• Washed and unwashed

• High absorptivity of ash was 
found to be an issue

• Improved after washing 

• Increased binder content 
needed to achieve 
necessary volumetrics
and performance



Not all asphalt is the same…

• Most common in US
• All size fractions
• Multi-purpose
• The focus for UF’s work

• Frequently used in 
Europe, emerging in US

• Gap-graded (large & 
small particles)

• Highly permeable
• Large & medium 

particles (no small)
• Interstates 



And not all mix designs are the same either...

Property Marshall Superpave
Aggregate Owner/agency requirements Gradation and aggregate 

property restrictions (e.g., 
angularity, durability, 
soundness)

Optimal Asphalt Binder 
Content

Ideally 4.0% air voids if 
minimum stability (strength), 
and flow (deformation) is met

Ideally 4.0% but between 3-5% 
air voids acceptable as long as 
other volumetrics met

Compaction Method Marshall hammer Gyratory compactor (more 
representative of loads from 
traffic levels)

Three methods used for developing an asphalt mix in the US:
• Hveem

• Used rarely, mostly in western US
• Marshall

• Commonly used in US and around the world (and in literature)
• Superpave

• Developed to replace Hveem and Marshall 
• Beginning to be adopted across the country – Florida already uses it
• Used by UF in current work



Superpave mixes

• FDOT Standard Specifications for Road and Bridge Construction 
Section 334
• Restrictions put on 

• Aggregate properties

• Mix gradation and binder selection 

• Volumetrics

Determines 
compaction effort



Aggregate Properties

• Two categories:
• “Physical”
• “Source”

• “Physical” refers qualities such as:
• Angularity
• Flat & elongated particles
• Clay content

• “Source” refers to qualities believed to 
be characteristic of all aggregates from 
a given source 
• Durability (Los Angeles Abrasion)
• Soundness



Aggregate durability is a big concern in 
HMA
• Can translate to durability of HMA 

product

• Can create problems during 
manufacturing HMA and even 
affect volumetrics
• VMA can be problematic

• Therefore, ash used in mix designs 
was tested using Los Angeles (LA) 
abrasion (ASTM C131)
• Ash rotated for number of cycles 

with steel charges (spheres)

• % loss of material is measured
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Example Mix Design

20%

25%

15%

40%

S1A

S1B (58)

S1B (59)

Screenings



Multiple 
aggregates are 
usually 
needed to 
make a mix to 
achieve the 
right gradation



New Mix Design with WTE Ash

12%

15%

13%

19%

41%

S1A

Ash

S1B (58)

S1B (59)

Screenings



 

Address

  

Fax No. E-mail

  

Type Mix

 

D 100

 

Product

Code

1.

2.

3.

4.

5.

6.

7.

12% 15% 13% 19% 41% JOB MIX

1 2 3 4 5 6 FORMULA

3/4"      19.0mm 100 100 100 100 100 100  100  

E 1/2"      12.5mm 99 75 100 100 100 96 90 - 100

Z 3/8"        9.5mm 45 44 99 100 100 85  - 89

I

No. 4    4.75mm 1 7 50 73 100 63     

S No. 8    2.36mm 1 5 13 12 93 43 28 - 58 39

No. 16  1.18mm 1 4 3 3 68 30    

E No. 30    600µm 1 4 2 1 47 20    

V No. 50    300µm 1 3 2 1 29 13    

E No. 100  150µm 1 2 2 1 9 5    

I No. 200    75µm 0.7 1.6 1.4 0.6 2.1 3 2 - 10

S GSB 2.353 2.360 2.360 2.378 2.471 2.407

Fine

ASPHALT MIX DESIGN

SUBMIT TO THE DIRECTOR, OFFICE OF MATERIALS, CENTRAL ASPHALT LABORATORY, 5007 NE 39TH AVE, GAINESVILLE, FL 32609

Stephen TownsendContractor

Intended Use of Mix

Phone No.

STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

Structural

Gyrations @ Ndes

SP-12.5

Bottom Ash

CemexS1A Stone 87-090

Submitted By

Product Description

87-090

Plant/Pit

Design Traffic Level

87-090

Facility Name

Cemex

S1B Stone

C45

C59

S1B Stone

Screenings

 

C21

JMF reflects aggregate changes expected during production

CONTROL SIEVE

C58

Cemex

Cemex

TerminalProducer Name Product Name Number

87-090

 

Blend 

Number

CONTROL

POINTS

PERCENTAGE BY WEIGHT TOTAL AGGREGATE PASSING SIEVES

PRIMARY

The mix properties of the Job Mix Formula have been conditionally verified, pending successful final verification during production at the assigned plant, the 

mix design is approved subject to F.D.O.T. specifications.





Volumetric Parameters

• Superpave requirements specify certain volumetric parameters 
that must be met in order to use the mix design

Parameters Requirements for UF Mixes 
(Traffic Level C & D)

Pb n/a

Va 4.0%

VMA Min.  Req. 14%

VFA 65-75%

P0.075 / Pbe 0.6-1.2 (up to 1.6 with approval)



Determining volumetrics of our mix

• To find volumetrics, to 
know two properties of 
our mix:
• Maximum specific gravity 

(Gmm)

• Bulk specific gravity (Gmb)

• Once we know these 
values, we can determine 
all other volumetrics!
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Theoretical Maximum Specific Gravity of the Mix 
(Gmm)

• Test Associated: “Rice” Test (FM 1-T209)
• Batch 1000g of aggregate following mix design
• Add asphalt to desired Asphalt Content
• Mix  Breakdown, no comglomerates > ¼”
• Volume will be found from mix, compared with dry weight of sample 



Preparing and gyrating an asphalt pill



Bulk Specific Gravity of the Mix
(Gmb)

• Once Gyratory Pill is gyrated and cooled, 
the Bulk Specific Gravity Test will be 
performed
• This Test leads to the Gmb value



Volumetric
Parameters

Mass Burn 
Facility 1

RDF Facility 1 Ash 
Amended HMA

Mass Burn 
Facility 2 Ash 

Amended HMA

Mass Burn Facility 
3 Ash Amended 

HMA

Original Binder 
Content (%)

5.1 6.8 6.8 5.0

New Binder 
Content (%)

5.6 6.5 7.0 5.8

Air Voids (Va) 4.0 4.0 3.9 3.9

Voids in the 
Mineral

Aggregate (VMA)
13.6 14.0 13.4 12.2

Voids Filled With 
Asphalt (VFA)

71 71 71 68

Dust-to-Binder 
Ratio

1.6 0.9 0.9 1.3

Volumetric Results from Ash Amended HMA



Not even non-ash mixes always meet VMA!

96

• Kandhal et al. 2004

• Issues meeting VMA with 
non-ash amended mixes

• Superpave gyratory 
compactor provides a 
greater compactive effort 
than Marshall hammer

• Minimum VMA a tool to 
promote adequate asphalt 
film thickness

• Reducing finer particles 
could improve VMA



So besides an HMA’s volumetrics…

• Does it also perform well 
from other physical 
parameters?

• Tensile strength

• Moisture susceptibility

• Rutting susceptibility

• Draindown (more so for 
HMA plant operations)



Physical Property Rationale Procedure Common Testing Methods

Tensile strength Identify cracking 
potential (higher 
tensile strengths 
correlate to higher 
resistance to cracking 
and vice versa)

Measuring HMA 
strength in tensile 
(across it’s vertical 
diametral plane)

ASTM D6931

Moisture susceptibility Identify how moisture 
may infiltrate and 
damage HMA 
pavement based on 
aggregate blend and 
asphalt binder content

Compare tensile 
strength before and 
after a series of 
weathering cycles to 
simulate long-term field 
conditions 

Boiling test (ASTM D3625), 
Lottman test, Modified 
Lottman test (AASHTO 
T283), Lottman (Tunnicliff 
procedure)

Rutting/degradation 
susceptibility

Identify a HMA 
pavement’s resistance 
to deformation 

Compacted HMA 
specimens are 
subjected to physical 
wear and stresses, 
typically at elevated 
temperatures, to 
attempt to breakdown 
its structure

Empirical testing methods 
such as the Hamburg Wheel 
Tracking test and the 
Asphalt Pavement Analyzer 
(AASHTO TP 63)

Draindown Identify potential 
storage and transport 
issues that may occur 
with large-scale usage 
of ash amended 
aggregate blends

An HMA mixture is 
tested to determine 
how much asphalt 
binder may drain off the 
aggregate blend during 
storage and transport

ASTM D6930



Rutting Susceptibility

• Asphalt Pavement 
Analyzer (APA) –
AASHTO TP 63

• Measure of 
deformation over 8000 
cycles (140 deg. F)

• Must meet specified 
limits
• FDOT: < 4.5 mm



APA Rutting for Mass Burn Facility 3

Mass Burn Facility 3 ash amended HMA only rutted 1.8 mm



Other performance tests 
in the literature
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Constant Load

Indirect Tensile (IDT) Strength & Moisture 
Susceptibility
• IDT Depends on:

• Interlocking particles

• Aggregate strength

• Aggregate surface 
chemistry

• Moisture susceptibility 
measured by IDT 
strength before and 
after simulated weather 
cycling
• Adequate binder film 

thickness is crucial

• Conflicting results in the 
literature



LA Abrasion Machine 
without sphere 

charges

HMA After Testing

Cantabro HMA Test

• Another option for 
measuring rutting 
susceptibility

• Rotate specimen in an LA 
abrasion device for a 
number of cycles

• Report % loss (or total 
disintegration)

• Mixed results in literature
• Hassan, 2005 – increased 

susceptibility

• Luo et al., 2017 – decreased 
susceptibility



Draindown

• Percentage of asphalt 
bitumen that drains from 
aggregate mix

• Important for HMA 
storage and transport at 
plants

• Conflicting findings
• Slight increase but still under 

limit (Xue et al., 2009)

• Decreased (Luo et al., 2017)



In summary, what we know from the 
literature and our own work about HMA

• Work in utilizing WTE ashes in HMA has been documented 
throughout recent decades around the world in both field 
and laboratory studies

• Literature and UF show that it is possible to meet 
requirements but replacements may vary
• High absorptions cause problems with increasing binder content

• Washing could help with this

• Meeting VMA can be an issue
• Reducing finer material could improve this

• Literature shows that physical performance can also vary

• Work by UF suggests that rutting susceptibility (APA) with 
15% WTE ash is on par with other, non-ash amended Florida 
HMA mixes
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Technical Awareness Group Meeting
Research Related to Recycling of WTE Bottom Ash
as Aggregate in Concrete and Asphalt Pavement

BREAK

Research Support by the 
Hinkley Center for Solid and Hazardous Waste Management

https://www.hinkleycenter.org/
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Environmental characterization of 
concrete and pavement made 

using WTE ash as aggregate
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Examining the Risk to Human Health and the 
Environment Posed by WTE Ash Recycling

Groundwater Table  

Vadose Zone

Infiltration

Road Base
(Containing Bottom Ash)

Semi-permeable Pavement

Well

Leaching

Direct Contact (inhalation)

Accidental 
ingestion

Water 
Consumption



Risk Management Approaches

• Direct Exposure
• Measure the “total” 

concentration of 
chemicals (mg/kg)

• Assess risk using 
assumptions of direct 
exposure and chemical 
toxicity

• Leaching
• Measure the 

“leachable” 
concentrations of 
chemicals (mg/kg)

• Assessing risk by using 
leachate concentrations 
as input to fate and 
transport model

Compare measured 
concentrations to SCTL

Use measured concentrations as 
input to fate and transport model 

and compare predicted 
concentration to GCTL



Leaching is the primary risk pathway 
of interest, but let’s take a look at 

the direct exposure question.



Examining the Risk to Human Health and the 
Environment Posed by WTE Ash Recycling
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Infiltration
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Well

Leaching
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Consumption



Examining the Risk to Human Health and the 
Environment Posed by WTE Ash Recycling

Groundwater Table  

Vadose Zone

Road Base
(Containing Bottom Ash)

Well

Leaching

Water 
Consumption



Approaches to Managing Risk

• Approach 1
• Control risk through 

engineering or 
institutional control

• Approach 2
• Demonstrate that 

material will not pose a 
risk during “second life” 
or treat/blend to meet 
this condition.

If the material is ever 
removed, it must be 

managed appropriately 
(e.g., in similar reuse 

application)

Ash treatment or blending



Are chemical concentrations in ash 
sufficiently high to pose a direct 

exposure issue?



Are chemical concentrations in ash 
sufficiently high to pose a direct 

exposure issue?



Chemicals in WTE bottom ash
exceeding FL Residential Direct Exposure SCTL Arsenic

AluminumIron

CopperChromium

Barium

Lead



Chemicals in WTE bottom ash
exceeding FL Commercial Direct Exposure SCTL

Chromium



Total Concentrations of Potential COCs in WTE Bottom Ash

95%UCL
RSCTL

Facility A
Facility B
Facility C



Total Concentrations of Potential COCs 
30% Ash in Concrete/Pavement

95%UCL
RSCTL

Facility A
Facility B
Facility C



Total Concentrations of Potential COCs 
15% Ash in Concrete/Pavement

95%UCL
RSCTL

Facility A
Facility B
Facility C



Let’s Focus on Leaching Risk

Groundwater Table  

Vadose Zone

Infiltration

Road Base
(Containing Bottom Ash)

Semi-permeable Pavement

Well

Leaching

Point of 
Compliance



Groundwater Table  

Vadose Zone

Infiltration

Road Base
(Containing Bottom Ash)

Semi-permeable Pavement

Well

Leaching

Point of 
Compliance

Concentration in Leachate
=

Dilution
Attenuation
Factor (DAF)

Acceptable Risk Threshold at
Point of Compliance



Batch

Batch Monolith Permeation



Chemicals of Potential Concern in
WTE Ash Leachates Antimony

Aluminum

Molybdenum

Lead

Sodium



Leaching Results from WTE Ash Amended Concrete

Element Observation

Aluminum Encountered at concentrations above 
secondary drinking water standards 
but below risk-based thresholds.  Also 
elevated in control concrete.

Molybdenum Occasionally observed above risk 
thresholds in batch tests, but at similar 
concentrations as control concrete.

Lead Usually always at concentrations below 
risk levels.  On occasion in batch tests 
may see elevated concentrations in 
newly crushed concrete.

Antimony Always below risk thresholds.

Sodium Elevated, but same as control concrete.

Based on evaluation of UF testing data



Leaching from WTE Ash 
Amended HMA Pavement
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EPA Method 
1312: 

Synthetic 
Precipitation 

Leaching 
Procedure
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Control 
Asphalt

15% WTE Ash 
Amended 
Asphalt
(RDF)

15% WTE Ash 
Amended 
Asphalt

(Mass Burn)

EPA Regional 
Screening Level 
(Residential Tap 

Water)

Element (mg/L) (mg/L) (mg/L) (mg/L)

pH 9.14 8.96 9.16 -
Al 0.518 1.11 1.04 20
As <0.004 <0.004 <0.004 0.01
B <0.01 0.072 <0.01 4.0

Ba 0.079 0.209 0.081 2.0
Be <0.001 <0.001 <0.001 0.004
Ca 6.99 11.1 9.52 -
Cd <0.002 <0.002 <0.002 0.005
Co <0.006 <0.006 <0.006 0.006
Cr 

(total)
0.003 0.007 0.003 0.1

Cu <0.004 <0.004 <0.004 1.3
Fe 0.008 0.014 0.034 14
K <0.1 <0.1 <0.1 -

Mg 0.231 0.323 0.226 -
Mn <0.002 <0.002 <0.002 0.43
Mo <0.006 <0.006 <0.006 0.1
Na <0.1 0.344 0.848 0.015
Ni <0.001 <0.001 <0.001 0.1
Pb <0.004 <0.004 <0.004 0.015
Sb 0.004 0.007 0.009 0.006
Se 0.004 0.004 0.002 0.05
Sn <0.002 <0.002 <0.002 12
Sr 0.045 0.071 0.046 12
V <0.002 <0.002 <0.002 0.086
Zn 0.003 0.004 0.003 6
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EPA LEAF Method 1316: Batch 
Liquid-to-Solid Ratio Test

• Leaching across 
a range of 
Liquid-to-solid 
ratios
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EPA 1316 Results: Bottom Ash 
Amended HMA

0.0000

0.0100

0.0200

0.0300

0.0400

0.0500

0.0600

0.0700

0 2 4 6 8 10 12

C
o

n
ce

n
tr

at
io

n
 (

m
g/

L)

Liquid-Solid Ratio

1316 Leaching: Antimony (Sb)

0.0000

0.0100

0.0200

0.0300

0.0400

0.0500

0.0600

0.0700

0.0800

0 2 4 6 8 10 12
C

o
n

ce
n

tr
at

io
n

 (
m

g/
L)

Liquid-Solid Ratio

1316 Leaching: Molybdenum (Mo)

Mass Burn Facility 2 Bottom Ash Amended HMA

RDF Facility 1 Bottom Ash Amended HMA

Control HMA 

130



EPA 1316 Results: Bottom Ash 
Amended HMA

Mass Burn Facility 2 Bottom Ash Amended HMA

RDF Facility 1 Bottom Ash Amended HMA

Control HMA 
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Modified 
Permeability 

Test
• Combination: 

• FM 5-565
• EPA LEAF Method 1314

• Uses the apparatus from 
FM 5-565 (pictured left) 
but modified to create a 
constant head instead of a 
falling head

• Uses EPA Method 1314 
schedule of sampling to 
quantify leaching over a 
range of Liquid-to-Solid 
Ratios
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Modified Permeability Test 
Results: 6% Air Voids

RDF Facility 1 Bottom Ash Amended HMA

Liquid-Solid Ratio pH
Al Conc. (mg/L) Sb Conc. (mg/L) Pb Conc. (mg/L)

GCTL: 0.2 GCTL: 0.006 GCTL: 0.015

0.2 7.75 0.1136 0.0033 <0.004

0.5 8.12 0.1568 <0.003 <0.004

1 8.21 0.1580 <0.003 <0.004

1.5 8.52 0.1846 <0.003 <0.004

2 8.52 0.1941 <0.003 <0.004

4.5 8.24 0.1683 0.0032 <0.004

5 8.84 0.1535 <0.003 <0.004

9.5 8.55 0.1749 0.0036 <0.004

10 8.76 0.1369 <0.003 <0.004
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Modified Permeability Test 
Results: 8% Air Voids

RDF Facility 1 Bottom Ash Amended HMA

Liquid-Solid Ratio pH
Al Conc. (mg/L) Sb Conc. (mg/L) Pb Conc. (mg/L)

GCTL: 0.2 GCTL: 0.006 GCTL: 0.015

0.2 7.21 0.0235 0.0035 <0.004

0.5 7.72 0.0343 <0.003 <0.004

1 8.16 0.0449 <0.003 <0.004

1.5 8.21 0.0480 0.0035 <0.004

2 8.25 0.0567 0.0033 <0.004

4.5 8.34 0.0566 0.0035 <0.004

5 8.31 0.0578 0.00335 <0.004

9.5 8.26 0.0603 0.0031 <0.004

10 8.39 0.0570 0.00315 <0.004
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Modified Permeability Test Results: 
Aluminum in 6% Air Voids HMA Samples
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Modified Permeability Test Results: 
Aluminum in 8% Air Voids HMA Samples



Modified Permeability 
Test Results: 6% vs. 8% 

Air Voids
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Modified Permeability Results: Hydraulic 
Conductivity (k) at 6% Air Voids

Liquid-Solid 
Ratio

Volume Water 
(mL)

Florida RDF Facility 1
Florida Mass Burn 

Facility 1
Control

k (cm/s) k (cm/s) k (cm/s)

0.5 600.0 9.06E-05 8.61E-05 1.29E-04

1.0 1000.0 9.83E-05 9.06E-05 1.37E-04

1.5 1000.0 9.82E-05 9.04E-05 1.48E-04

2.0 1000.0 1.10E-04 9.05E-05 1.54E-04

4.5 5000.0 1.17E-04 1.09E-04 1.70E-04

5.0 1000.0 1.23E-04 1.16E-04 1.83E-04

9.5 9000.0 1.32E-04 1.10E-04 1.91E-04

10.0 1000.0 1.37E-04 1.08E-04 1.97E-04
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Modified Permeability Results: Hydraulic 
Conductivity (k) at 8% Air Voids

Liquid-Solid 
Ratio

Volume Water 
(mL)

Florida RDF Facility 1
Florida Mass Burn 

Facility 1
Control

k (cm/s) k (cm/s) k (cm/s)

0.5 600.0 5.20E-04 3.20E-04 2.99E-04

1.0 1000.0 5.65E-04 3.24E-04 3.03E-04

1.5 1000.0 5.71E-04 3.40E-04 3.23E-04

2.0 1000.0 6.08E-04 3.53E-04 3.37E-04

4.5 5000.0 5.90E-04 3.60E-04 3.60E-04

5.0 1000.0 7.03E-04 3.85E-04 4.19E-04

9.5 9000.0 8.12E-04 4.12E-04 4.39E-04

10.0 1000.0 8.55E-04 3.90E-04 4.95E-04
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Kantipong et al. Hydraulic Conductivity 
Data Compared to Perm Results



EPA LEAF Method 
1315:

Monolith Test
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EPA Method 1315 Results: Bottom 
Ash Amended HMA

Cummulative # of Days pH Al Conc. (mg/L) Sb Conc. (mg/L) Pb Conc. (mg/L)

0.08 7.005 <0.023 <0.003 <0.004

1.04 6.13 0.0375 <0.003 <0.004

2 6.415 <0.023 <0.003 <0.004

7 7.535 0.03345 <0.003 <0.004

14 6.805 0.0316 <0.003 <0.004

28 7.065 0.0571 <0.003 <0.004

42 7.82 0.036 <0.003 <0.004

49 7.8 0.03085 0.0033 <0.004

63 7.92 0.0467 <0.003 <0.004

RDF Facility 1 Bottom Ash Amended HMA
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EPA Method 1315 Results: 
Bottom Ash Amended HMA
Mass Burn Facility 2 Bottom Ash Amended HMA

Cummulative # of 
Days

pH Al Conc. (mg/L) Sb Conc. (mg/L) Pb Conc. (mg/L)

0.08 7.08 <0.023 <0.003 <0.004

1.04 6.04 0.0667 <0.003 <0.004

2 7.04 0.02815 <0.003 <0.004

7 8.215 0.1095 <0.003 <0.004

14 7.515 0.0741 0.0032 <0.004

28 7.165 0.06075 <0.003 <0.004

42 8.11 0.0751 0.00335 <0.004

49 8.05 0.0249 <0.003 <0.004

63 8.22 0.0522 0.00305 <0.004
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EPA Method 1315 Results: 
Bottom Ash Amended HMA

Control HMA

Cummulative # of 
Days

pH Al Conc. (mg/L) Sb Conc. (mg/L)
Pb Conc. 
(mg/L)

0.08 6.56 <0.023 <0.003 <0.004

1.04 6.495 0.0331 <0.003 <0.004

2 7.41 <0.023 <0.003 <0.004

7 8.515 0.0445 <0.003 <0.004

14 7.585 <0.023 <0.003 <0.004

28 7.325 <0.023 <0.003 <0.004

42 8.195 <0.023 <0.003 <0.004

49 7.95 <0.023 <0.003 <0.004

63 8.28 <0.023 <0.003 <0.004
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Mass Release of Aluminum in 
Monolith Testing



Summary of Environmental Evaluation of 
WTE Ash Amended Concrete and Asphalt

• At typical aggregate replacements percentages, most 
elements will be below risk thresholds for residential 
direct exposure.
• The elements possibly above risk thresholds are the ones 

most likely reduced in future ash streams.

• Leaching results demonstrate minimal risk posed by 
leaching. 
• Aluminum exceeds secondary drinking water standard but is 

below human health based risk thresholds.
• In concrete, newly crushed concrete may leach lead on 

occasion, but with aging, leaching diminishes rapidly.
• In asphalt, small concentrations of antimony may be 

observed.
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New research areas
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New Hinkley Center 
Research Project

• Research Advances on 
the Use of Solid Wastes 
in Concrete and Asphalt

• Major Topics
• Recycling of WTE ash 

(and benefits/necessity 
of treatment)

• Recycling of post-
consumer glass

• The synergy of these 
two
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Background and Motivation

• Research in Florida, couple with existing body on 
knowledge, supports that WTE ash can be recycled 
as aggregate.

• Ash treatment or processing should be able to 
provide higher quality aggregates.

• Recent research suggests that the use of recycled 
glass as a pozzolan may prove beneficial to WTE ash 
when used as aggregate in concrete. 
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Processing Ash to 
Make a Better 
Aggregate Product

• Advanced metals 
recovery is of growing 
interest in North 
America.

• The recovery of metals 
such as aluminum, 
copper and lead should 
make better 
aggregates.

Advanced Metals Recovery Operation

Concentrated “Ore”
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Processing Ash to 
Make a Better 
Aggregate Product

• Ash treatment through 
washing has been 
demonstrated to improve ash 
quality for some uses.

• Washing:
• Water
• Sodium hydroxide
• Other chemicals

• Could lead to better 
environmental characteristics 
(e.g., removal or fixation of 
problematic chemicals) and 
better aggregate properties 
(e.g., less aluminum, chloride, 
fines)

Ash Washing
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Use of Incinerator 
Bottom Ash in 
Concrete, Pera et al. 
(1997)

• French research team poured 
concrete with bottom ash 
instead of gravel as a coarse 
aggregate

• They noted a high gaseous 
emission leading to a porous 
material and very low strength

• Cracks at 28 days and destroyed 
concrete at 90 days

• Reaction between metallic 
aluminum present in bottom 
ash and portlandite produced in 
the hydration of Portland 
cement

• Washed in sodium hydroxide 
bath until all hydrogen was 
produced 

• Reaction completely avoided 
because of the wash. Bottom 
ash can replace natural gravel 
with no negative effects on 
durability 153



Sustainable High Quality 
Recycling of Aggregates from 
Waste to Energy, Treated in a 
Wet Bottom Ash Processing 
Installation, for Use in 
Concrete Products, Van den 
Heede et al., (2015)

• Concrete cast with WTE ash 
replacement of coarse 
aggregate showed 
increased expansion in all 
specimens

• Reactive washing of 
aggregates with 1 M NaOH
eliminated expansion issues 
completely and resulted in 
significant decrease in Al 
reactivity

• Strength after washing not 
an issue

• Researchers noted that this 
could get expensive
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Research Efforts

• Expand on previous research regarding the use of GP as 
replacement for Portland cement by examining the 
combined use of GP and WTE ash in concrete mixes.  A 
specific focus will be on the necessary mitigation for 
ASR through the use of GP (so both of these 
components can be beneficially utilized).

• Conduct research on the benefits of WTE ash washing 
as a pretreatment step to create products to be used as 
concrete aggregate and asphalt pavement aggregate.

• Examine the infrastructure needs and associated costs 
for the implementation of glass recycling to SCM and 
WTE ash recycling for aggregate, as well as the 
combined beneficial use of these materials.
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Is Glass Recycling as a Pozzolan Viable?
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Using Glass to 
Mitigate ASR 

when WTE Ash 
Used as PCC 
Aggregate
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Ground Glass Pozzolan

• Crushed and finely ground glass is 
a well known supplementary 
cementitious material

• Finely ground and processed to 
produce highly reactive product 
that behaviors similar to silica 
fume or metakaolin 

• Passes No. 325 Mesh (0.044 mm)



Market demand for post 
consumer glass is low

Much of glass recovered at 
Florida MRFs is landfilled

Post consumer glass requires a market 
to make recycling economically viable

Reductions in use of coal 
for energy production

Shortage of coal fly ash for 
concrete production

Gap in SCM production needs to be 
filled

Ground 
Glass 

Pozzolan
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Benefits

New market for post 
consumer glass

Reduced necessity for 
mining virgin materials

Addresses coal fly ash 
shortage

Landfill space

Reduced GHG emissions 
compared to PC production

160



ASTM 1293
• Determination of the 

susceptibility of an aggregate or 
combination of an aggregate 
with pozzolan or slag for 
participation in expansive alkali 
silica reaction by measurement 
of length change prisms

• Longer term test to “back up” 
the indication given by shorter 
ASTM 1260

• Concrete instead of mortar

• Concrete bars mixed with high 
alkali cement and NaOH included 
in mix water, suspended in 
sealed containers at 38  C and 
measured for length change 161



ASTM 1293

162

Coarse Aggregate Treatment Cementitious

100% Limerock (Control) None 100% HA Portland Cement

30% WTE Bottom Ash (3 Facilities)
70% Limerock

None 100% HA Portland Cement 

30% WTE Bottom Ash (3 Facilities)
70% Limerock

None 20% Ground Glass Pozzolan
80% HA Portland Cement

30% WTE Bottom Ash (3 Facilities)
70% Limerock

None 20% Class F Fly Ash
80% HA Portland Cement

30% WTE Bottom Ash (3 Facilities)
70% Limerock

Tap Water 
Washed BA

100% HA Portland Cement

30% WTE Bottom Ash (3 Facilities)
70% Limerock

Extensive 
metals 
recovery BA

100% HA Portland Cement

30% WTE Bottom Ash (3 Facilities)
70% Limerock

Washed & 
Metals 
Recovered

100% HA Portland Cement
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Additional Research Needs
Hinkley Center

 Application of LEAF for 
Beneficial Use

 Issues Regarding Ash
in Concrete

Palm Beach County
 Bottom Ash Recycling

as Aggregate

Miami-Dade County
 Bottom Ash Recycling

as Cement Kiln Feed

Pasco County
 Bottom Ash Recycling
 Monofill Ash Recycling

Hillsborough County
 Combined Ash Recycling
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Discussion and Next Steps
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