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Condition of of Tollway Crack Resistant 
High Performance Concrete Bridge Decks

 In 2012, CTL Group Laboratories researched and developed 
Tollway specifications for crack resistant high performance 
concrete (HPC) bridge deck concrete using local materials in 
plant produced and lab produced mixes
 Enhances sustainability
 Minimizes cracking of the decks
 Improves the resistance to chloride penetration
 Provides adequate freeze thaw resistance



Performance Related Specifications That Allow 
SSD Lightweight Fines and/or SRA’s Require:

Mechanical 
Properties

ConstructabilityDurability

Sustainability



Test Method Performance Requirement Time, days

AASHTO T 22-10 4000 ≤ f’cr ≤  [f’cr + 1500] psi at 14 days 14

AASHTO T 119 Slump greater than 3" for 45 minutes 
after water added to cement 1

ASTM C1581-09a
Minimum 28 days with no cracking

Exempt when less than 600 lb/yd3 cementitious
and a minimum of 1.5 gal/yd3 SRA is used

28 (0)

AASHTO T 160-09 Maximum 0.03 percent after 
7 days curing and 21 days drying, zeroed at the start of drying 28

AASHTO T 161(A)-08
Minimum RDM of 80 percent after 300 cycles

Exempt if ASTM C457 requirements are met and
aggregate is IDOT Class A+

74 (7)

AASHTO T 303 Expansion less than 0.10% at 16 days
Exempt if total alkali content from cement is less than 4 lb/yd3 16 (7)

ASTM C457-11
Spacing factor not exceeding 0.008-in

Specific surface not less than 600 in2/in3

Total air content not less than 4.0%
7

AASHTO T 277-07 Max 1250 C after 28 day accelerated curing 28

Testing complete in 28 days!!
(if certain conditions are met)

Presenter
Presentation Notes
ASTM C1581, the restrained ring shinkage test is the most important test of the specification, and measures any mixes susceptibility to shrinkage cracking, which we don’t want.  As my upcoming slides will show, of the 28 bridge decks constructed on the Tollway in 2013 and 2014 with this HPC specification, not a single shrinkage crack has been found to date.

AASHTO T160 is for length change of hardened concrete.
AASHTO T161 is for freeze thaw durability.
AASHTO T303 is for Alkali reactivity potential in the coarse aggregate.
ASTM C457 is for the measurement of hardened air voids in the concrete.
AASHTO T277 is another important test to measure the Chloride penetrability of the concrete.  No more than 1250 Coulumbs is allowed at 28 days age.  This test will likely be replaced with a bulk resistivity test in the future.



Target Mixtures
Mix ID: BS OPT SLA SRA ULT
Material lb/yd3 (SSD)
Cement 515 375 409 403 313
Fly Ash 0 125 0 134 111
Slag 110 0 136 0 154
Coarse Aggregate (CM-11) 1875 1501 1714 1840 1245
Coarse Aggregate (CM-16) 0 391 0 0 325
Saturated Lightweight Fines 0 0 364 0 236
Fine Aggregate 1160 1370 986 1323 1039
Water 263 210 237 226 220
Total Cementitious Content 625 500 545 536 578
w/cm (including water in admixtures) 0.43 0.43 0.44 0.43 0.39

Reduce cementitious paste %, 
increase SCM%

Presenter
Presentation Notes
The last 3 mix designs are representative of the mixes used on the 28 bridge decks built the last 2 years on I-90.



Elastic modulus or “brittleness” is reduced, 
which reduced cracking in the ring test
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For HPC Decks, we NEED a Measurement of 
cracking tendency (T 160 is not enough!)
ASTM C1581

•Concrete shrinks around the steel ring causing tensile stress in concrete
•Stress relaxes due to tensile creep
•Strain measurements in steel are proportional to stress in concrete
•When tensile stress exceeds strength, cracking occurs
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Crack resistance is improved in Tollway HPC

BS - Three Rings Cracked
@ 12-16 days

OPT - One Ring Cracked

SLA - One Ring Cracked

SRA - None Cracked

ULT - None Cracked



2013 & 2014 I-90 Reconstruction / Widening 
Using Tollway HPC Specification (28 Bridges)
8 mainline 3 lane bridges constructed in 2013
7 crossroad 2 lane bridges constructed in 2013
4 mainline 3 lane bridges constructed in 2014
9 crossroad 2 lane bridges constructed in 2014
 11 constructed using HPC with SRA’s only
 5 constructed using HPC with lightweights only
 12 constructed using HPC with a combination of both

Presenter
Presentation Notes
Fill in the blanks for the cross roads approaches deck.




I-90 EB over Sleepy Hollow - 81’ 7 ¾” Total 
Length
Only a few restraint cracks
off steel beams near abutment.

No cracks in WB deck



I-90 EB Over Union Pacific Railroad - 184’ 
6” Total Length  
Only a few restraint cracks between 1 set of 

steel girders found.  No cracks in WB deck.



I-90 WB over U.S. Rt. 20 - 120’ Total 
Length
Only a few restraint cracks found off steel 

beams near abutments.  No cracks in EB deck.



I-90 WB over Cook Creek - 140’ Total 
Length
Numerous stress cracks found between only 2 

steel girders across longitudinal construction 
joint.  No cracks in EB deck.



I-90 WB over Mosquito Creek – ft. Total 
Length
Only one restraint crack
off precast beam near abutment.

No cracks in EB deck



I-90 EB over Kishwaukee River - 549’ Total 
Length
Numerous tension cracks with one span.  No cracks 
in WB deck.



Two hairline cracks in the 
southbound lane adjacent to 
south approach slab.

Bartlett Rd. 244’ 6 3/8” Total Length 



Powers Rd. 
Hairline crack in the northbound 
lane adjacent to north approach 
slab and southbound lane 
adjacent to south approach slab.

13”



Getty Rd. 
Two hairline cracks adjacent to 
north approach slab and one 
adjacent to south approach slab.



Genoa Rd.
Two hairline cracks adjacent to 
north approach slab and one 
adjacent to south approach slab.



Irene Rd. 233’ 8” Total Length
Multiple hairline cracks at south 
edge of deck adjacent to 
approach slab.



Mill Rd. 241’ 4 ¼” Total Length 
Three hairline cracks at north 
edge of deck adjacent to 
approach slab.



Success Of Tollway Crack Resistant 
HPC Mixes Developed Through Research
 Not a single shrinkage 

crack to be found in the 28 
I-90 bridge decks 
constructed in 2013 and 
2014 with Tollway HPC 
concrete

 Can we further improve it 
to produce 75 year life 
bridge decks without the 
need for stainless steel?

22

Presenter
Presentation Notes
A recent study of all of the mainline bridge decks constructed using the new Tollway specification for HPC concrete did not find a single crack that was clearly induced by shrinkage.  Only isolated cracks that were identified as restraint cracks off of steel girders or off the approach slabs were observed on some of the bridges and one area of extensive cracking was observed on just a single span of one of the Kishwaukee River bridges but these were identified as tension cracks induced by improper pour sequencing.

Corrosion inhibiting stainless steel reinforcement is being tested on a number of bridges with the large I-90 Fox River Bridges being the main one.  Yet stainless steel is costly and our future endevours will be to find ways in which our HPC mixes can be made to be more durable and restraint cracks removed to produce decks with the same life as adjacent newly constructed roadways, that being about 75 years life, which is nearly double the life span of our old bridges.



Thank you
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