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Crack Attenuating Mixes
Tom Scullion, Lubinda Walubita TTI

Magdy Mikhail TxDOT
Background

RBL Applications

CAM projects in 
Texas

Current Mix 
design Approach

Balancing Rutting and Reflection Cracking Requirements

Rutting test Reflection Cracking testStandard prep

IH-10 Type C (3/4 inch top size)

(PG76-22L), 4.4%AC

Hamburg Test@50C
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I-10 >20K>20KRutting
(Hamburg cycles to 0.5 
inch rut)

>3002Cracking
(overlay tester cycles to 
failure)

TargetResultProperties

Rut resistance mix (4 in thick) placed 
on IH 10 in 2002  very heavy traffic 

Reflection cracking in 2005

Balanced Mix Design Concept
Balancing Rutting and Cracking
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Balancing rutting and reflection cracking 
Tentative Design Criteria (2003)

>20K>20KRutting 
Hamburg*

(Cycles to 0.5 inch rut)

>750>300Cracking
(Cycles to failure in 

overlay test)

RBL/CAMDense and 
Performance 

Mixes

Specimens molded to 93% density

Criteria based on binder grade (> 10 K for 64-22)

Houston’s RBL Spec  (2003)
(Designed under TxDOT Item 344 SP D – RBL)

• Screenings Mix Type F approx (40%) and Screenings 
(60%) (no natural sand)  Class A aggregates recommended
– Sieve % Passing

• 3/8 100
• #4 90 min
• #10 55 min
• #40min 20 min
• #200   8 max

• Target AC content 7.0 to 8.5%
• Target lab density 98% at Ndes = 50 gyrations
• Minimum 750 cycles to failure in overlay tester
• Passes Hamburg criteria
• Max thickness  3 inches (RBL +  Type D (or PFC))
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FM 529  March 2005
1000 ft test section:   Houston District

RBL

Skid  30 – 31 – 36 

Type D
Skid 31- 47- 59

FM 529 looks like today after 2.5 years

No Cracks!!!!

SH 6  CRCP Spalling Problem
FM 529 mixes

2” PFC

1” RBL

Another Option….(IH 45)

FM 2920 near IH 45
2003

2007

Mill then 

RBL  +   PFC

Cost Analysis

$59.00$72.00AVG. COST

93.0098.00CurrentSH 61685-05-086

66.0072.00CurrentSH 61685-05-085
w/PFC68.00Nov ‘06IH 450500-01-130
w/PFC48.0055.00Oct ‘06IH 450500-03-518
w/PFC56.00Jan ‘06FM 29202941-02-043

52.2093.24Feb ‘05FM 5291006-02-025
37.0060.48July ‘04BU 2900050-05-064

CommentsTY D ($/Ton)RBL ($/Ton )CompletedRoadwayProject

25%
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SPECIAL SPECIFICATION  3138
CRACK ATTENUATING MIX (CAM)

• Placed as 1 inch wearing surface
• Surface Aggregate Class A only
• Design

– Superpave Gyratory Compactor
• 98% density 
• 50 gyrations

– Hamburg Requirement
– Overlay Tester Tx Method 248F   750 passes

• Construction Issues
– Placement temperature
– Compaction recommendations, etc

Existing use of CAM as 
Surface Layer

• Atlanta  (Miles Garrison) 2 projects
• Bryan  (Darlene – IH 45 Entrance ramps)
• Houston (IH 45 for 1 year)
• Childress (US 83 – Ron Hatcher)

Skid   00.089mi 33 at 49mph  
Skid   00.265mi 31 at 49mph  
Skid   00.352mi 33 at 50mph  
Skid   00.451mi 31 at 50mph
Skid   00.553mi 41 at 51mph  
Skid   00.689mi 32 at 49mph  
Skid   00.755mi 34 at 50mph  
Skid   00.880mi 44 at 50mph  
Skid   01.343mi 39 at 52mph  
Skid   01.400mi 32 at 50mph

Skid   00.469mi 40 at 49mph  
Skid   00.570mi 44 at 51mph  
Skid   00.662mi 44 at 49mph  
Skid   00.752mi 41 at 50mph  
Skid   00.863mi 37 at 50mph  
Skid   00.958mi 32 at 48mph  
Skid   01.380mi 32 at 50mph

IH 45 RBL as surface

Galveston 2006

.Business US 82 in 
Texarkana   

4 lanes, 0.6 miles long
TxDOT Type F (Hybrid) overlay; 
7.8%PG 70-22S +sandstone
HWTT = 6.78 mm & OT = 900+ 
cycles 

≅ 1″ thick HMA overlay 
Severely flushed surface
No major surface distresses 
after over 3 yrs of service
Field SN =36 (bald tire @ 40 
mph)

Field Demonstration Projects

• Designs completed for  Lufkin and Fort 
Worth - implementation studies underway
– Placement Summer 07

• Under Design  (local aggregates)
– San Antonio nominated a project on US 90 

near Uvalde  (trap rock)
– Austin US 281 Marble Falls (sandstone)
– Laredo 3 projects (gravel)

1” Thin overlay sections  summer 07  
(Project complete)

Pumphrey Street, Fort Worth
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Surface Preparation

Sounding bar used to mark problem areas

Loose concrete removed and patched with Type D 
hot Mix

Mix Designs
• Mill Creek Granite
• 55% F Rock 55 % + 45% 

screening
• PG 64-22 with 3% SBR 

Polymer
• OAC 6.8% for 3.5% AV
• Anti-strip 1% Liquid
• Hamburg 10.5mm @ 20K 

(@ 7% air voids)
• Overlay Tester > 1200

• Mill Creek Granite
• 55% F Rock 55 % + 45% 

screening
• PG 64-22 plus 7% Crumb 

Rubber
• OAC 6.8% for 3.5% AV
• No anti-strip
• Hamburg  9.5 mm @ 20K 

(@ 4% air voids)
• Overlay Tester > 1200

Pumphrey Drive   Placement

Emulsion Tack coat

Dumped directly into Paver

Only Non-vibratory steel wheel used for compaction

Pumphrey Drive   Placement

No major construction issues     Mix bonded very well to concrete

Field Skid Measurements..
Pumphrey street in Fort Worth 

Latex

Crumb 
rubber

Crumb 
rubber K1

K2
K7

K6

SN=30, 29 mph,           
H2O = 18 gpm SN=30, 30 mph,           

H2O = 19 gpm

SN=35, 27 mph,           
H2O = 19 gpm

SN=40, 25 mph,           
H2O = 18 gpm

1) Crumb rubber = 6.8%PG 64-22 + 7% rubber + Class A granites

2) Latex = 6.8%PG 64-22 + 3% latex + 1% Akzo + Class A granites
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Problem Area NB 
inside lane

AC thicker in this 
direction

BU59,Lufkin_Northbound Inside Lane (W1-W3)
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Lufkin  BU 59 NDT Lufkin’s Current Maintenance Mix 
Item 340 Type D  4.4AC 64-22

Hamburg  Failed 5,800 reps  
< 10k target

Overlay Tester 38 cycles

Lufkin’s proposed CAM Mix

Granite Aggregates  + 8.3% AC 76-22 

Hamburg - Passed

7.8 mm after 20000
Overlay Tester   - Passed

1510 cycles  > 750 criteria

TxDOT’s New Overlay Tester
4 additional units purchased

Twin Bladed saws

Research Mix-Design Approach.
Step 1: Review locally available aggregate sources

Recommend Class A (granite preferred)

Step 2: Mold specimens @ 50 gyrations
With at least 4 trial binder contents,( 7, 7.5, 8,  8.5 %)
Measure density; target: 98% to determine OAC
Cut samples to test in Hamburg & Overlay tests
Select target AC content

Step 3: Mold separate specimens
At balanced OAC & 93±0.5% density, & 

Then run Hamburg & Overlay tests to verify balanced OAC

 Direction of 
Compaction 

6 inch 

5 inch 

2.5 inch thick; 
Hamburg test specimen 

1.5 inch thick; 
Overlay test specimen 
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% A C Ham burg Pass es Overlay
6.50 6.40 20000 6.25 12.5 750 98 16 20000 16 451

7 7.3 20000 8.75 12.5 750 98 16 20000 16 658
7.5 9.8 20000 846

8 11.7 20000 900
8.5 13.2 18505 900

7.80 0 0 0 90 10 2
7.80 21000 14 900 100 30 3

Dens ity V M A
96.06 18.6
96.88 18.9
97.90 19.1
98.72 19.4
99.63 19.7

Ga Rice
2.318 2.413014
2.321 2.395811
2.329 2.378852
2.332 2.362131
2.337 2.345643

HAMBURG (RUT DEPTH < 12 .5  m m  )
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HAMBURG (TARGET LOAD PASSES)
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DENS ITY (TARGET =  98% @  50 GYRATIONS )
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Delta Sandstone CAM Mix Design.
CAM design 

PG 76-22S     Volumetric design  = 7.6 %  (98% @ 50 Gyrations)
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Hamburg_Rutting Overlay_Cracking

Window  of 
Acceptable OAC

Final OAC@ 93%

7.6  705 (OT)

10.7 mm (HWT)

7.8   836 (OT)

11.2 mm (HWT)

Laredo Gravel CAM Mix Design.

CAM design 
PG 70-22  Volumetric Design OAC = 8.3 % 
( 98% @ 50 gyration)

Final OAC@ 93%

7.3   900+ (OT) 
8.8 mm (HWT)

7.0   900+ (OT)
7.4 mm (HWT)
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Hamburg_Rutting Overlay_Cracking

Acceptable OAC 
Window of

Ohio Smoothseal SS 854

8.5% recipe      6.4% Marshall
76-22 Polymer Modified

High Quartz for skid resistance

• CAM  Early days  Time will tell

Questions
Overlay Tester
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FM 529   Type D Experimental Section
Item 340 spec for Type D  Jones Mill + 76-22S binder

Hamburg Results (20000 passes)
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