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How difficult is it to find pavements 
like these?
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Longitudinal Construction Joints

• Common Issues…
▪ Cannot achieve the same 

density at the joint as in the 
mat 

▪ Water and air intrusion 
accelerates damage

▪ One of the first areas 
requiring maintenance on a 
pavement

3



Air Voids from Joint Towards Center of Lane
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Longitudinal Construction Joints - Historical 
Methods

Mechanical methods to improve joint 

performance:

• Joint density requirements (typically 

target voids at 4” from joint to within 2% 

of center mat voids)

• Echelon paving (hot joint)

• Notched wedge joint

• Cut off lower density unconfined edge

• Mill and inlay (confined)
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Void Reducing Asphalt 
Membrane (VRAM)

“Bottom Up” “Top Down”

Two Material Approaches

Rapid Penetrating 
Emulsion (RPE) 6



Bottom-up Approach to 
Improve Joint Performance

Apply a heavy band 
of polymer-modified 

binder in the area 
where the new 

paving joint will be 
placed.

Place the first paving 
pass over half the 

width of the band of 
polymer-modified 

binder.

Fast acting, the road is 
ready for construction 

traffic, keeping the 
installation process 
efficient and traffic 

flowing.

Polymer-modified 
binder migrates into 
the HMA at the joint.
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Void Reducing Asphalt 
Membrane (VRAM)

• Thick application of hot-applied, polymer-
modified asphalt (~ 1 gal/sq yd for 1 ½” overlay)

• Application of an 18” band applied before
paving in the location of the new longitudinal 
joint

• Fills voids and reduces water intrusion at joint 
from the bottom up

• Protects underlying pavement layers

• Materials approach to improving joint 
performance
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• The VRAM will migrate into the available air voids with heat and compaction

• Example HMA @ 6.0% AC, @ 1.5” thick/square yard = 9.9 lb of AC from mix

• VRAM @ 18” with VRAM weight per SY and total asphalt in joint area:

Effect of VRAM on Voids and Asphalt at Joint

Mix with VRAM

1.5” thickness

VRAM
filling voids

Cross Sectional View at Longitudinal Joint

Mix without VRAM

Mix type VRAM rate, lb/ft VRAM, lb/SY Total asphalt in joint area, %

Coarse-graded 1.47 8.8 11.3

SMA/SP5 1.26 7.6 10.6

Fine-graded 0.95 5.7 9.6

• Finer mixes have less inter-connected voids than coarse-graded mixes
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VRAM Application

18” wide VRAM application or

9” wide mill and fill

Non-tracking < 30 min

Based on cooling time
1st HMA pass 

covering half VRAM 

width 
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VRAM Experimental Projects

IDOT US-51 VRAM 

section 15 yr old

IDOT IL-26 VRAM 

section 14 yr old

Control

IDOT IL-50 VRAM 

section 14 yr old

ControlControl

11



Current States* with VRAM Experience

•Pennsylvania

•Massachusetts

•Maryland

•Virginia

•Delaware

•South Carolina

•District of Columbia

•New York

•North Carolina

•West Virginia

•Nebraska

•New Mexico

•Illinois

•Indiana

•Ohio

•Iowa

•Michigan

•Missouri

•Wisconsin

•Minnesota

•Wyoming

•Montana

•Idaho

•New Jersey

Since 2002, 
VRAM has 
grown in 

popularity 
and is now 
found on 

roads across 
23 states and 
the District of 

Columbia.
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Void Reducing Asphalt 
Membrane (VRAM)

“Bottom Up” “Top Down”

Two Material Approaches

Rapid Penetrating 
Emulsion (RPE) 13



What is a Rapid Penetrating Emulsion (RPE)?

• Asphalt emulsion ~30 - 40% AC

• Designed to penetrate voids of 

bituminous pavement

• Reduces air and water intrusion while 

maintaining pavement texture

• “In” the pavement instead of “on” the 

pavement

• Quick resistance to water

• Most effective when applied in first 

year of pavement life
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Classification Test for RPE

Water on #500 sieve RPE on #500 sieve
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RPE Penetrating Capability

ONE RPE Application vs ONE Diluted SS-1H Application 

0.15 gal/sy 0.15gal/sy

Lab compacted 

slab
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RPE Penetrating Capability

FOUR RPE Application vs TWO Diluted SS-1H Application 

0.60 gal/sy 0.30 gal/sy

Same lab 

compacted slab as 

previous slide
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Testing Equipment

Measuring Texture and Permeability

Field Permeameter Circular Track Meter ASTM E-2157
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Hendricks County, IN 2016

RPE Effect on Permeability and Texture
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Hendricks County, IN CR 500E Cores

Air Permeability

Untreated 9.5mm 1” Surface RPE Treated Surface

20



Where is RPE used? 

Project Selection

• New Hot Mix Asphalt Pavement
• Centerline Joint

• Full Width

• Recycled Pavements
• Full Width

• Low density areas
• Spot Repair
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Centerline Joint Application
Centerline Application (No Rumble Strip)• Spray application by distributor ~24” 

wide at centerline

• Typical RPE-Centerline application

▪ ~0.15 gallons/square yard

▪ ~0.11 gallons/square yard – milled 
corrugations

• Pictures left to right:

• Time of application

• 15 minutes after

• ~1.5 yr review

• Penetrating surface = lasting 

permeability reduction

• Decrease dry time sustained
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Complimentary Joint Construction and 
Preservation

• VRAM: Protect joint, preserve rumble strips

• Rumble strips: reduce traffic fatalities

• RPE: Further joint protection and rumble strip preservation without compromising line 
striping adhesion, penetrates below surface (not worn off)

• Long-lasting traffic markings: long-term safety, higher retro reflectivity on darker 

contrasting RPE-treated surface

VRAM – Beneath The Joint RPE – Over The JointRumble Strips

23



Indianapolis 
Motor Speedway

• Last resurfaced in 2004 
using VRAM at the joints

• Prior resurfaced every 8 to 
9 years

• 2023 – No resurfacings

• RPE used for pavement 
preservation (2018, 
2019 and 2021)
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25 Improving HMA Pavements with a Void Reducing Asphalt Membrane

®

®

Questions?
kdecarlo@hrglab.com



J-Band
vs 

RPE

J-Band RPE

Non-flowing, hot-applied, polymer-modified 

binder

Low viscosity, neat asphalt binder emulsion 

(38% AC)

~1 gal/yd2 application ~0.15 gal/yd2 @ 38% AC = 0.06 gal/yd2 res

Applied at interface of new mix to existing 

surface

Applies to and penetrates pavement surface

Proactive treatment to reduce future costs (part 

of construction process)

Post construction treatment to extend 

pavement life by reducing permeability

Bottom half of HMA overlay is impermeable Reduces permeability but is not impermeable

Fill voids > 50% of overlay height (bottom up) Penetrates top ¼” of pavement, minimal 

change in texture

Imparts crack resistance of overlay Speeds snow/ice removal from darker surface 

color

Creates a bond to the existing surface with the 

new overlay

Allows pavement to dry faster after rain event 

(reduced permeability)

Extends pavement joint life 15+ years Pavement life extension to be determined

Topical treatment that may slow aging effect



Specifications – VRAM Example

• Existing

• INDOT Recurring Special 

Provision available and in 

use

• IL county use for full-width 

(case-by-case)

• IL use for remedial work?

• Proposed

• Specification draft guideline 

available for review (Full-

Width and Longitudinal 

Application versions)



InDOT Unique Special Provision (RPE)
Test on Emulsion Test 

Requirement

Test Method

Viscosity, Saybolt Furol at 25C 50 max AASHTO T 59

Sieve Test, % 0.10 max AASHTO T 59

Oil Distillate by Volume of Emulsified 

Asphalt, %

1.0 max AASHTO T 59

Identification Test, % 60 min Test Method A

Water Resistance Test, % 60 min Test Method B

Residue by Distillation (Note 1), % 30 min AASHTO T 59

Test on Residue Test 

Requirement

Test Method

Penetration (0.1 mm) at 25C, 100g, 5s 150 max AASHTO T 49

Ash Content, % 1.0 max AASHTO T 111
Note 1:       The minimum sample size shall be 300g

Contractor applied

• Centerline - 401-R-
736 211201

• Additional support

Agency in-house 

application


