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CAPITALIZING
on

WHAT WE HAVE LEARNED
from

50 YEARS OF EXPERIENCE
with

LIGHTWEIGHT BRIDGE DECK PAVEMENTS
to make

NORMAL WEIGHT CONCRETE PAVEMENTS 
MORE DURABLE, ECONOMICAL, AND 

SUSTAINABLE WHILE REDUCING CARBON 
FOOTPRINTS.



Curing is one of seven essential 
procedures “that make concrete 
capable of providing decades of 

service with little or no 
maintenance.”

[ACI 201 2R-08, Guide to Durable Concrete]

Concrete is used because it is durable; better curing makes it more so.



Without adequate curing it is 
impossible to obtain 
adequate, much less 

optimum, results.  

Concrete is used because it is durable; better curing makes it more so.



Quality and Sustainability 
in the 21st Century 

will come from 
High Performance Concrete 

and Internal Curing

Internal curing Improves the performance of high performance concrete.



Internal Curing with 
High Performance Concrete

Eliminates Problems
Autogenous Shrinkage • Cracking • Reinforcement Corrosion

Provides
Early and Later age Strength Gain 

Lower Permeability
More Complete Hydration

Providing
Quality             Durability        Sustainability



WHAT IS INTERNAL CURING (IC)?

Internal curing refers to the process by which the hydration of cement occurs 
because of the availability of additional internal water that is not part of the 
mixing water. (ACI-308)

Lightweight aggregate contains many small to microscopic pores. This 
enables the aggregate to absorb between 15% and 25% of its weight with 
water prior to its introduction into the concrete mix. 

Water within these pores desorbs as the cement/mortar paste begins its 
initial set. Figure 1 is a three dimensional x-ray microtomography, showing a 
one day hydration view.  The initial microstructure showing water filled pores 
that have emptied during internal curing. (4.6 mm on a side)

For many years we have cured concrete from the outside in; internal curing 
cures concrete from the inside out.  Internal Curing is supplied via internal 
reservoirs, such as absorbent lightweight aggregate, which has been pre-
saturated.



Figure 1: THREE-DIMENSIONAL X-RAY MICROTOMOGRAPHY
1-Day Hydration



HOW DOES INTERNAL CURING WORK?

Research and development has shown that lightweight aggregate sand 
(LWAS) at Saturated Surface Dried (SSD) distributes the extra curing water 
uniformly throughout the entire concrete microstructure.  Figure 2 shows a 2-
Day image with water-evacuated regions (pores) overlaid on original 
microstructure. (4.6 mm by 4.6 mm)

It is now possible to maintain adequate saturation of the cement paste during 
hydration.  This prevents self-desiccation, micro cracking and autogenous 
shrinkage.  It also improves the later age characteristics of the concrete by 
keeping the internal relative humidity high.  This increases early and later age 
strength and improves dimensional stability through reduced shrinkage and 
warping.

Internal curing is not a substitute for external curing.  Moisture loss (after set) 
must still be prevented using conventional external measures e.g. (blanketing, 
misting, fogging and curing compound)



Figure 2: THREE-DIMENSIONAL X-RAY MICROTOMOGRAPHY
2-Day image with water evacuated regions 



High Performance Concrete

HPC together with IC  

Internal Curing
• Reduces Autogenous Shrinkage
• Reduces Cracking
• Hydrates more of the cement
• Increases strength from first 24 h and beyond
• Keeps Relative Humidity High
• Reduces Self Desiccation
• Reduces Chloride Permeability
• Improves Durability



Mixture Proportions of the Fine Aggregate
In a Yard of Concrete

Natural Sand

10-25% LWAS 75-90% Natural Sand 

For Internal Curing
Replace a Portion of Natural Sand

With Lightweight Aggregate Sand (LWAS)

LWAS



Comparison by Size

Coarse Aggregate LWAS



Comparison by Size

Coarse Aggregate and
LWAS

LWAS



Nickel Bridge Deck
3500 psi all lightweight constructed 

without air entrainment

Wearing Surface
After 43 Years Reinforcement

Coulomb
Permeability

1985



Permeability of Normal Weight Concrete
Compared to Internally Cured Concrete and

40 year-Old Lightweight Concrete

Time
Normal Weight

Concrete

Normal Weight 
Concrete Internally 
Cured With LW Agg 
Sand Replacement 
Per cu. Yd.

43 Year Bridge 
Deck (section 
salted in service 
each winter)

84 days 2458 1823
108 days 1744

43 years 1985

Permeability (Coulombs)

Charge Passed (Coulombs) Chloride Permeability

>4000 High
2000-4000 Moderate
1000-2000 Low
100-1000 Very Low
< 100 Negligible

AASHTO T 277 Classification of Chloride Ion Permeability



Lightweight Concrete Bridge Pavements 
of the Mid Atlantic

WILLIAM PRESTON LANE MEMORIAL BRIDGE
(Chesapeake Bay Bridge) East Routes 50 & 301
Spans Chesapeake Bay – Annapolis, Maryland

SOUTH CAPITOL STREET BRIDGE
Spans Anacostia River – Washington, DC

ROUTE 522 BRIDGES (2)
Spans Potomac River and C & O Canal – Hancock, MD.

ROUTE 11 BRIDGE
Spans Potomac River – Williamsport, Maryland

EAST CAPITOL STREET BRIDGE
Spans Anacostia River – Washington, DC

CHAIN BRIDGE – Route 123
Spans Potomac River – Washington, DC

ROUTE 140 BRIDGE
Spans Route 127 – Westminister, Maryland

ROUTE 210 BRIDGE
Spans Piscataway Creek – Charles County, Maryland

ROUTE 83 BRIDGES (4)
Spans Gunpowder Falls – Hereford, Maryland

NEW YORK AVENUE BRIDGE – Route 50
Spans Anacostia River – Washington, DC

FRANKLIN STREET BRIDGE
Spans Metro System – Washington, DC

ROUTE 4 BRIDGES (2)
Spans Route 301 – Upper Marlboro, Maryland

ROUTE 29 BRIDGE
Spans Patuxent River – Columbia, Maryland

ROUTE 118 BRIDGE
Spans Route 270 – Germantown, Maryland

AMERICAN LEGION MEMORIAL BRIDGE COMPLEX
@ CABIN JOHN – Interstate 495 (3)
Spans Potomac River – Cabin John, Maryland

DULANEY VALLEY ROAD BRIDGE
Spans I-695 Beltway – Baltimore, Maryland

PROVIDENCE ROAD BRIDGE
Spans I-695 Beltway – Baltimore, Maryland

ROUTE 404 BRIDGE
Spans Choptank River – Denton, Maryland

ROUTE 258 BRIDGE
Spans Route 4 – Bristol, Maryland

GOVERNOR HARRY NICE BRIDGE – Route 301
Spans Potomac River – Dahlgren, Virginia

ROUTE 301 BRIDGE
Over Western Branch – Upper Marlboro, Maryland

BURHANS BOULEVARD BRIDGE
Over Washington Avenue – Hagerstown, Maryland

BURHANS BOULEVARD BRIDGE
Over N & W Railroad – Hagerstown, Maryland

ROUTE 173 BRIDGE
Over Stoney Creek - Orchard Beach, Maryland

ROUTE 313 BRIDGE
Over Choptank River Headwater – Greensboro, Maryland

EDMONDSON AVENUE BRIDGE
Over I-695 – Baltimore, Maryland

CENTRAL AVENUE BRIDGE
Over Route 301, Charles County – near Hall, Maryland

JONES FALLS EXPRESSWAY BRIDGE
Baltimore, Maryland

MILLARD E. TYDINGS MEMORIAL BRIDGE (I-95)
Spans Susquehanna River
Havre de Grace, Maryland
Bridge Deck Rehabilitation

ROUTE 295 BALTIMORE-WASHINGTON PARKWAY BRIDGE
Passes over Little Patuxent River – Ft. Meade, Maryland

I-70 BRIDGE
Passes over Pennsylvania Avenue –Hancock, Maryland

RIVA ROAD BRIDGE
Over South River – Edgewater, Maryland

ROUTES 29 AND 103 BRIDGES
Ellicott, Maryland

CLARA BARTON PARKWAY BRIDGE
Cabin John, Maryland

ROUTE 81 BRIDGE
Over Salem Avenue – Hagerstown, Maryland

ROUTE 32 BRIDGE
Over Liberty Reservoir – Gamber, Maryland

JOHN PHILLIP SOUSA BRIDGE
(Pennsylvania Avenue) Washington, DC
Spans Anacostia River



Francis Scott Key Bridge



Woodrow Wilson Bridge



Chesapeake Bay Bridge 

Chesapeake Bay Bridge, Annapolis, Maryland
Eastbound span 1952
Westbound span 1975



Susquehanna Bridge 

Widened with lightweight concrete in 1989



Normal Weight Concrete Problems
that Internal Curing can Benefit

Concrete pavements subject to severe weather
Propensity of HPC (low w/c) for autogenous

shrinkage and microcracks
Chloride penetration and corrosion 
Permeability extending to reinforcement
Durability less than design expectations



IC Sands (ASTM C-330) are 
Complimentary to C-33 Sands

Sieve Sizes

ASTM 33
Normal Weight

Fine
Aggregate
% Passing

ASTM C-330
Lightweight 

Fine
Aggregate
% Passing

3/8”    (9.5mm)
#4    (4.75mm)  
#8    (2.36mm)

#16    (1.18mm)
#30    (0.59mm)
#50    (300um)

#100    (150um)

100
95-100
80-100
50-85
25-60
5-30

0 

100
85-100

40-80

10-35
5-25



Contact Zone
Lightweight 
Concrete
W.P. Lane Memorial Bridge 
Over Chesapeake Bay

Annapolis, Maryland –
Constructed in 1952
Compressive Strength 3500 
psi
Equilibrium Density 105 pcf



Relationship 
Time / Rate of Absorption

30
Min

4
hrs

8
hrs

12
hrs

16
hrs

20
hrs

24
hrs

32
hrs

40
hrs

2
days

Quick Absorption
Means Early Water Release



Mix Quantities
with w/c Ratio of .434

Stone and Sand
(1 Mix)

Lightweight
Replacement (6 Mixes)

588 lbs
255 lbs

1900 lbs
1257 lbs

Identical except that 3 mixes 
had stone replacement  with 
3/8” to #8 lightweight and 3 
mixes had sand replacement 
with lightweight sand.

Cement
Water
57 Stone
Sand

5 oz. Per 100 lbs cement
1 oz. Per 100 lbs cement 
1.5 - 2 inches
5.5 - 6.1%

Pozzolith 322N
Micro Air
Slump
Air Content

100#,   200#,   300#



Improvement Using IC 
as a Replacement for 

Natural Sand
Parameter % Improvement

84 Day Permeability (Coulombs)

3 Day Flexural Strength

28 Day Compressive Strength

28 Day Tensile Strength

Durability Factor

25

14

10

6

2

IC Compared To Natural Sand



Effect of Internal Curing
on Strength and Shrinkage

Water / Cement Ratio of 0.395

Age
Day In.            (mm) In.            (mm) In.            (mm)

1 .06           (1.52) .003          (.076) .002         (.050)
3 .06           (1.52) .003          (.076) .002         (.050)
7 .06           (1.52) .003          (.076) .002         (.050)
28 .06           (1.52) .003          (.076) .002         (.050)

Shrinkage 
Length Change

ASTM 1090

Age
Day

Control
1360 pounds
(618 kg) sand
psi           (MPa)

Hydrocure®

200 pounds
(90 kg)
psi            (MPa)

Hydrocure®

350 pounds
(159 kg)
psi           (MPa)

1 2760         (19.0) 3210         (22.1) 2920         (20.1)
3 3620         (25.0) 5230         (36.1) 4670         (32.2)
7 4780         (33.0) 5410         (37.3) 4860         (33.5)
28 5510         (38.0) 6100         (42.1) 5760         (39.7)

Compressive 
Strength



Effect of Lightweight Fines on 
Modulus of Elasticity

4

4.5

5

5.5

6

0 100 200 250 300

Lb/Cu Yd

Plant S

Plant B

Lightweight 
Replacement

Modulus 
of 

Elasticity

Normal 
Weight 
(4.78)

59 119 149 178

GPa

41.4

34.5

27.6

Kg/m3



Mortar Test
ASTM C 109/C 109M-02

2 day avg 3390 (23.4) 2790 (19.2)
7 day avg 5500 (37.9) 4430 (30.6)
28 day avg 8580 (59.2) 6050 (41.7)

Test
Hydrocure®

Lightweight Aggregate
Standard Graded

Sand

Compressive Strength, psi (Mpa)
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Mortar Strength Provides 
Resistance to Cracking

Cracking Tendencies

Stress > Strength – Cracking Occurs Stress < Strength – No Cracking

Time Time

Stress / Strength

Stress / Strength

Cracking
occurs



Minimize Shrinkage and Cracking
Through Internal Curing with Saturated Aggregate

Bentur, A., Igarashi, S., and Kovler, K, “Prevention of autogenous shrinkage in high-strength 
concrete by internal curing using wet lightweight aggregates,” Cement  and Concrete Research, 
Vol. 31, No. 11, November 2001, pp. 1587-1591.
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Effect of LWAS amount on risk of cracking
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HIGHWAY CONSTRUCTION APPLICATIONS
WHICH CAN BE BENEFITTED BY INTERNAL CURING

BRIDGE DECKS         PAVEMENTS        WHITE TOPPING

HIGH PERFORMANCE CONCRETE

• HYDRATION OF THE CEMENT NOT HYDRATED BY 
THE MIXING WATER

• HIGHER 24-48-72 HOUR COMPRESSIVE STRENGTHS
• HIGHER 28 DAY STRENGTHS
• REDUCES AUTOGENOUS SHRINKAGE AND CRACKING
• REDUCES PERMEABILITY
• REDUCES CORROSION OF THE STEEL REINFORCEMENT
• INCREASES INTERNAL RELATIVE HUMIDITY
• IMPROVES POZZOLANIC ACTIVITY
• SLIGHTLY INCREASES MODULUS OF ELASTICITY
• IMPROVES DURABILITY

THE BENEFITS INCLUDE :





Texas DOT SH121
Experienced • Fewer Cracks • Smaller Cracks

Number
of Cracks

Width of Cracks
Less than 0.10 mm

Control 52 37%

Internally Cured 12 10%



QUALITY Greater
Durability

SUSTAINABILITY

Early-age
Compressive

Strength

Later-age Compressive
Strength

Earlier Flexural Strength

ITZ
More Solid

Lower Creep Greater Mortar Strength

Low 
Shrinkage

Reduced Cracking Lower Permeability

What Does All This Mean?



OHIO DEPARTMENT OF TRANSPORTATION
PROJECT 562-05   ROUTE 84 BISHOP ROAD OVERPASS OF I-90 SPUR
ODOT DISTRICT 12   CLEVELAND, OHIO

Job Report

DESCRIPTION: This short span interstate 
highway overpass bridge was being widened
and re-decked to accommodate higher vehicular
gross load limits and to provide pedestrian 
access in an area of marked urban growth.

HYDROCURE® was selected for this bridge 
due to the overwhelming positive results from 
extensive research performed at the nearby 
Cleveland State University which was funded 
by the Ohio Department of Transportation.  
The job was internally promoted by the ODOT 
District 12 Resident who felt strongly that 
internal curing would eliminate cracking 
problems in high performance microsilica 
enhanced deck concrete.  Backed up by the 
earlier research, he made the decision to include 
HYDROCURE® in the deck concrete. PLACING  HYDROCURE® CONCRETE



OHIO DEPARTMENT OF TRANSPORTATION
PROJECT 562-05   ROUTE 84 BISHOP ROAD OVERPASS OF I-90 SPUR
ODOT DISTRICT 12   CLEVELAND, OHIO

Job Report

PREPARING FOR THE POUR: Three days prior to the actual placement, the local ready mixed concrete 
producer, Tech Ready Mix, ordered 2 truckloads of pre-saturated HYDROCURE® from the Kentucky Solite 
Plant in Brooks, KY.  At the Kentucky plant, HYDROCURE® is stored on concrete slab and is subject to an 
effective water spray system to ensure a continuous thorough saturation of the product prior to shipment.
Upon arrival at Tech Ready Mix in Cleveland, the material was discharged into a familiar open bunkered bin 
surrounded by concrete blocks.  The material was handled and treated no differently than coarse lightweight 
aggregate utilized in other applications.

The HYDROCURE® stockpile was sprinkled continuously up until two hours prior to batching to allow 
excessive free moisture to drain. After the free water was allowed to drain from the stockpiled material, the 
HYDROCURE® moisture contents were measured for free moisture and for the internally absorbed 
moisture that would later provide internal curing after 
placement, consolidation and finishing operations had 
ceased.  Once calculated, batching adjustment were 
made to compensate for the free moisture content. After 
the mix adjustments were made, the material was picked 
up by a front end loader and loaded into an empty 
overhead bin for batching.

HYDROCURE® BUNKER AFTER THE POUR



400 Cement, Lafarge TYPE I

170 slag cement

25 micro silica

1321 #57  (3/4”-#4) stone

364 #  8  (3/8” -#8) stone 

1007 natural sand

200 HYDROCURE®

250 water (30 gallons)

6% air 

high range water reducer

THE MIX: ODOT MIX HPC#4 modified was utilized.  This is the usual high performance silica fume design 
called for in most of ODOT’s decks that require low permeability for protection from heavy applications of 
de-icing salts.  A portion of natural sand was replaced by an equivalent  amount of HYDROCURE®.   
The per cubic yard mix components and ssd weights were targeted as follows: 

A LOADED TECH READY MIX 
TRUCK PULLING OUT FROM 
UNDER THE PLANT

MEASURING THE AIR CONTENT 
WITH A PRESSURE METER

OHIO DEPARTMENT OF TRANSPORTATION
PROJECT 562-05   ROUTE 84 BISHOP ROAD OVERPASS OF I-90 SPUR
ODOT DISTRICT 12   CLEVELAND, OHIO

Job Report



OHIO DEPARTMENT OF TRANSPORTATION
PROJECT 562-05   ROUTE 84 BISHOP ROAD OVERPASS OF I-90 SPUR
ODOT DISTRICT 12   CLEVELAND, OHIO

Job Report

PHYSICAL PROPERTIES:
• 138.2 pcf plastic unit weight
• 6.0” slump after the addition

of high range water reducer
• 6.8% air content

PLACEMENT: All of the concrete was pumped with an articulated 40 meter 
boom pump.  The pump was positioned in such a manner that it had to be moved 
only once during the pour.  The mix pumped without incident.



FINISHING OPERATIONS: Once placed and consolidated with hand 
held vibrators, a Bidwell Paver was utilized to provide final consolidation.  
After the Bidwell passing, the top of the concrete surface was dragged 
(broomed) to provide the desired textured finish.

BIDWELL PAVER DOING THE JOB  IT 
WAS INTENDED  TO DO WITHOUT 

ANY  MODIFICATIONS

EXTERNAL CURING: Utilizing traditional curing methods, the entire deck surface was covered with burlap 
and misted to provide surface curing.  Although internal curing is necessary to eliminate cracking for w/c ratio 
concrete mixtures of .43 and less, the slab surface still needs to be cured from externally provided water to 
hydrate and protect the top 3-4 cm of its depth.

OHIO DEPARTMENT OF TRANSPORTATION
PROJECT 562-05   ROUTE 84 BISHOP ROAD OVERPASS OF I-90 SPUR
ODOT DISTRICT 12   CLEVELAND, OHIO

Job Report

TRADITIONAL  METHODS OF EXTERNAL  
CURING ARE RECOMMENDED IN ADDITION TO 
INTERNAL CURING.   EXTERNAL  METHODS 
WILL KEEP THE CONCRETE’S SURFACE MOIST, 
WHILE  INTERNAL CURING WILL MAINTAIN THE 
CONCRETE’S OVERALL RELATIVE HUMIDITY 
HIGH FOR MORE COMPLETE  HYDRATION OF 
CEMENT PARTICLES



OHIO DEPARTMENT OF TRANSPORTATION
PROJECT 562-05   ROUTE 84 BISHOP ROAD OVERPASS OF I-90 SPUR
ODOT DISTRICT 12   CLEVELAND, OHIO

Job Report

COMPRESSIVE STRENGTH RESULTS:
ASTM C 39

7 days 5580 average
28 days 7542 average (high break = 7930)

Usual non-IC 28 day breaks = 5500-6500 psi per ODOT

SHRINKAGE/CRACKING RESULTS 
RESTRAINED RING TEST:

28 days No cracks reported.

CLEVELAND STATE/ODOT/FHWA REPORT COVER 
ILLUSTRATING A RING TEST APPARATUS



SUMMARY
By releasing absorbed water to hydrate more of 

the cement in low w/c ratio concretes

Internal Curing provides:
• Enhanced resistance to cracking.
• Greater early age (0-72h) strength-flex and compressive.
• Reduction in curling and warping
• Improved durability.

The utilization of Internal Curing:
• Can improve normal weight S&MS concrete bridges.
• Is a state-of-the-art procedure for HPC.
• Is an optimum emerging procedure, because it makes 

normal weight concrete more predictably durable and 
economical reducing maintenance costs over its service 
life.



Predictability
Reliability

Quality
Durability

Performance
Sustainability

Internal Curing is 
a Shovel Ready Technology That 

Provides Greater
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Treat Island
Freeze-Thaw Test Site
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