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ABSTRACT

Soils in the Houston Area have high plasticity and are considered less desirable when dealing with pavement and foundations because of their

swelling and expansive nature. However, with the application of innovative technologies, methods, and materials adopted at Houston Airport

Systems (HAS), such problems have successfully been addressed and overcome. Various studies on soils stabilization techniques at HAS have

indicated that these techniques are effective in reducing plasticity index, improving compaction characteristics, and increasing compressive

strength as well as resilient modulus, which are the key parameters in controlling airfield pavement design. Various advanced modern, and

innovative technologies that have been adopted at Houston Airport Systems (HAS) include:

Applications of New Concrete Technology:

•Novophalt Asphalt (Polymer Modified Asphalt) concrete technology.

•Stress Absorbing Membrane Interlayer (SAMI).

•Cement, Fly-ash & Blast Furnace Slag Concrete.

Various Soils Stabilization Techniques for Base, Sub-base and Sub-grade:

•Soil stabilization using Lime/Fly ash in slurry form.

•Soil stabilization using Cement/ Fly ash in slurry form.

•Soil stabilization using a Blend of Fly ash and Bottom ash.

•Lime/Cement/Fly ash/Crushed Concrete stabilized Base

•Cement /Fly ash Crushed Concrete Base.

These project applications have made the Houston Airport Systems one of the leaders in innovative technologies among airports in the United

States. The objective of this paper is to introduce some of the innovative pavement technologies used in pavement design at the Houston Airport

Systems. This paper will presents some of the innovative approaches regarding application of new concrete technology for pavement surfaces,

various soil stabilization techniques for base, sub-base and sub-grade that have using for last twenty-five years in all the three airports at Houston

Airport Systems. The outcomes of recent studies on Lime Fly Ash Stabilization in terms of compaction characteristics, strength development,

changes on Plasticity Index, and relationship between compressive strength of stabilized soils to the PI of Virgin Soils are also presented. Finally,

the outcomes of Finite Elemental analysis for the possible cause of slab cracking and delamination of pavement at TW-WA/WB in conjunction

with the operation of B-777 at different loading scenario, and the involvement of environmental factors are also discussed.
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Advanced, Innovative and Leading Edge Pavement 
Concrete Technologies at Houston Airport Systems:

• Novophalt Asphalt (Polymer Modified Asphalt) 
Concrete Technology 

• Stress Absorbing Membrane Interlayer(SAMI) for 
reflective cracking of pavements.

• New concrete  -Cement, Fly ash and Blast furnace slag.



Soils stabilization Techniques for Base, sub-base & Sub-
grade:

• Lime/Fly ash in the Slurry form.

• Cement /Fly ash in Slurry form.

• Blend of Fly ash and Bottom ash.

• Lime/Cement/Fly ash (LCF) Crushed Concrete 
Stabilized Base

• Cement/ Fly ash Crushed Concrete Base

These project applications in the real world have made 
the Houston Airport System one of the leading users of 
the leading edge of Technologies among Airports in the 
country.



Pavement Technology

(Innovative Sub-grade, Sub-base, and Surface 
Material)



New concrete Technology: Novophalt Asphalt   
(Polymer Modified Asphalt)

• Cement, Fly ash and Blast furnace slag

• SAMI: Stress Absorbing Membrane Interlayer (for  
reflective cracking of pavements)

• Stabilized Base and Sub-Base  



NOVOPHALT HOT MIX ASPHALTIC CONCRETE

(Polyethylene Additive)

Novophalt Asphalt improves the following properties of 
the  Hot  Mixed Asphaltic Concrete 

 Better Viscosity

 Improvement  in Temperature Susceptibility

 Higher Marshall Stability

 Higher Modulus of Elasticity

 Higher Tensile Strength 



NOVOPHALT HOT MIX ASPHALTIC CONCRETE
(Polyethylene Additive) Contd.

 Better Moisture Resistance

 Better Fatigue Resistance

 Better Resistance to Permanent Deformation

 Better dynamic Modulus, Creep Resistance, 
Resilient Modulus, Flexural Modulus

 Less Damage to Pavement

 Less Rutting

 Less Cracking 



NOVOPHALT HOT MIX ASPHALTIC CONCRETE

Resilient Modulus  and Thermal Stress VS Temperature



NOVOPHALT HOT MIX ASPHALTIC CONCRETE

Resilient Modulus VS Temperature 
Relationship





CEMENT, FLY ASH AND BLAST FURNACE SLAG



CEMENT, FLY ASH AND BLAST FURNACE SLAG



CEMENT, FLY ASH AND BLAST FURNACE SLAG



CEMENT, FLY ASH AND BLAST FURNACE SLAG



CEMENT, FLY ASH AND BLAST FURNACE SLAG





High plasticity soils are less desirable in the pavement 
sub-grade. Because of their swelling and expansive 
nature, proper compaction for the preparation of sub-
grade is difficult to achieve. Recent practice and research 
have shown that Millions of dollars can be saved by soil 
stabilization rather than cutting and replacing the 
unstable soil for sub-grade preparation of pavement. 

Soil Stabilization



 Lime-fly Ash Slurry

 Cement Fly Ash Slurry

 Lime-cement Fly Ash (Lcf) Crushed Concrete Base

 Cement/ Fly Ash Crushed Concrete Base

 Blend Of Fly Ash And Bottom Ash.

Soil Stabilization Techniques Adopted  at HAS



Lime Fly-ash  Stabilization 
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General Strength Response Behavior in Lime and Cement 

• High Plasticity  Soils  are Undesirable for Pavement
• Lime Fly Ash Stabilization gives the Economical, Structurally    and 

Environmentally Sound  Pavement Design



Long Term Reaction 
Chemical Reaction followed by 

Curing

Short Term 
Reaction 

Cat-ion Exchange

Hydration &Evaporation 

Flocculation, Agglomeration 
-Change in Index properties 

Decrease in PI

“Autogenous Healing” of 

Fly Ash Improves Long 
Term Strength Resulting 
Improved Foundation for 

Pavement Structures 

Improved 
Compaction 
Properties

Lime + Fly Ash

Soils   + Water

Cementitious & Pozzolanic
Reaction 

A Schematic Diagram for Lime Fly ash Stabilization Model

Lime fly-ash Stabilization Model



Lime fly-ash Stabilization Research 
R/W 4-22 Hobby Airport (2011)

Objective:

•To Evaluate the Change In Index Properties of Lime Fly-ash 
Stabilized soils.
•To Study the Compaction Behavior of Stabilized Soils.
•To Study the Development of Compressive Strength with the 
Stabilization.
•To Establish the Relationship Between Compressive Strength and  PI 
Of Virgin Soil.



 The addition of lime to clay soils initiates two reactions:

 Cat-ion exchange and Flocculation-Agglomeration 
Reaction – Rapid reaction- can produce immediate 
changes in soil plasticity, uncured strength and load 
deformation properties.

 Pozzolanic Reaction –long term reaction. This results in 
the formation of various cementing agents which 
increases strength and durability.

 Pzzolanic Reaction is time dependent reaction, therefore 
strength development is gradual but continuous for long 
period of time and some instances it can take several 
years.

LIME-FLY ASH



 In Houston, the great majority of the soil is 
montmorillionite clays with high organic, which are non 
reactive with lime. The addition of lime only lowers the 
plasticity index of the soils, while barely increases the 
compressive strength by 20-50 psi in twenty eight (28) 
days.

 The addition of Fly ash & lime in such soils helps to 
achieve extensive pozzolanic strength development in a 
long run.

 Lime-Fly ash used for the soil stabilization for Runway
4-22 at Hobby Airport in 1988 is probably the first 
runway in the world to use this technique.

LIME-FLY ASH







Lime fly-ash  Stabilization

Soil Sampling/ Test  Results Runway 4-22 Hobby Airport, 2011

Sample 

No.

Sample Description % Finer than 

#200 Sieve

LL PL PI Max Dry 

Density Pcf

Optimum 

Moisture %

1 Dark Gray Fat clay w/sand 85 63 25 38 97.5 22.4

2 Dark Gray Fat clay w/sand 85 68 25 43 99.9 22

3 Dark Gray Fat clay w/sand 84 70 26 44 96.8 23.1

4 Dark Gray Fat clay w/sand 85 66 24 42 97.8 23.4

5 Light Gray Reddish Brown Lean 

Clay w/sand 

76 40 19 21 106 18.4

6 Reddish Brown Lean Clay w/sand 75 40 18 22 110 16.2

7 Light Gray Reddish Brown Lean 

Clay w/sand

76 40 18 22 101.1 21.2

8 Reddish Brown Lean Clay w/sand 75 46 20 26 109.9 16.8



Sample 

No.

Soil Description PI of 

Virgin 

Soils

PI of 

Stabilize

d Soils

%

Compaction

Avg. Compressive

Strength, psi

7 

Days

28 

Days

90

Days

1 Dark Gray Fat 

Clay w/Sand

38 11 95 285 495 635

3 Dark Gray Fat 

Clay w/Sand

44 12 99 355 473 525

5 Light Gray 

Reddish Brown 

Lean Clay 

w/Sand

24 9 98 428 483 655

8 Reddish Brown 

Lean Clay 

w/Sand

26 11 100 450 615 723

4% lime and 8% of Fly ash: 90 Days  Compressive Strength, 2011

LIME-FLY ASH



Sample 

No.

Soil Description PI of 

Virgin 

Soils

PI of 

Stabilized 

Soils

%

Compaction

Avg. Compressive

Strength, psi

7 

Days

28 Days 90

Days

1 Dark Gray Fat Clay 

w/Sand

38 9 95 408 465 550

3 Dark Gray Fat Clay 

w/Sand

44 9 97 400 568 720

5 Light Gray Reddish 

Brown Lean Clay 

w/Sand

24 6 98 390 493 678

8 Reddish Brown 

Lean Clay w/Sand

26 9 98 453 523 675

6% lime and 8% of Fly ash: 90 Days  Compressive Strength, 2011

LIME-FLY ASH: Hobby Airport
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Moisture Density Relation-Sample 3

Original Sample

4% Lime and 8% 

Flyash

6% Lime and 8% 

Flyash
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Moisture Density Relation-Sample 8

Original Sample

4% Lime and 8% 

Flyash
6% Lime and 8% 

Flyash
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Moisture Density Relationship (Hobby Airport, 2011) 



Lime fly-ash  Stabilization
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Lime fly-ash  Stabilization
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Lime fly-ash  Stabilization
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Lime fly-ash  Stabilization



LIME-FLY ASH: (PI of Virgin Soils=44)
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LIME-CEMENT FLY ASH (LCF) CRUSHED 
CONCRETE 



LIME-CEMENT FLY ASH (LCF) 

LCF Stabilized Base - Runway 9-27 

LCF material mix proportions by weight: for construction



Pavement Cross-Section Runway 9-27 

14” Concrete Pavement (2009)



LIME-CEMENT FLY ASH (LCF) 

Compressive Strength LCF Stabilized Base - Runway 9-27 



LIME-CEMENT FLY ASH (LCF) 

Tensile Strength LCF Stabilized Base Runway 9-27 



LIME-CEMENT FLY ASH (LCF) 

 1987 1,200 psi 
 1993 2,200 psi
 1997 3,000 psi
 2001 3,200 psi 
 2008 3,500 psi 
 Long-term Strength 

Gain 
 Autogenous Healing of

Micro-cracks



LIME-CEMENT FLY ASH (LCF) - TAXIWAY WP

 As a part of improvement program at BIAH,  Runway 
15R-33L was upgraded

 Category I precision runway, 150 feet wide by 10,000 
feet long, capable of handling group V carrier aircraft.

 Approximately 6 miles of new taxiways were built 
including new parallel taxiway WP, total construction cost 
was approximately $81 Million. 



Improvement Layout Taxiway WP 15R -33L

LIME-CEMENT FLY ASH (LCF) - TAXIWAY WP



Preliminary Pavement Design 

 12-inches of PCC; 20-inches of LCF; 8-inches of CFA

 14-inches of PCC; 18-inches of LCF; 8-inches of CFA

 15-inches of PCC; 15-inches of LCF; 8-inches of CFA

 16-inches of PCC; 13-inches of LCF; 8-inches of CFA

 17-inches of PCC; 10-inches of LCF; 8-inches of CFA

LIME-CEMENT FLY ASH (LCF) - TAXIWAY WP



Summary of Load and Curling Stresses Induced in 
PCC from FEM Analysis 

LIME-CEMENT FLY ASH (LCF) - TAXIWAY WP



Final Pavement Cross Section LCFRCCB
Taxiway- WP

LIME-CEMENT FLY ASH (LCF) - TAXIWAY WP



 The targeted strength after 6-months of field cure was 
between 400 and 600 psi. This curing effect was 
modeled in the laboratory by curing the mixtures at 
1130F for 45-days. This correlation between laboratory 
and field curing was based on previous research and a 
literature review. 

 The target compressive strength after one-year of service 
was between 800 and 1,200 psi.

LIME-CEMENT FLY ASH (LCF) - TAXIWAY WP



 It is important to remember that a long, steady strength 
development that will continue well beyond one-year. 
Such a process will minimize volume change due to 
shrinkage and will maximize Autogenous healing, which 
will in turn limit fatigue-cracking damage.

 The goal for the LCF is to provide acceptable strength 
and load-carrying ability without becoming too rigid. A 
very rigid sub-base below the PCC slab exacerbates the 
edge and corner stresses induced by temperature curling 
and warping of the slab, whereas, a less rigid sub-base 
provides a “cushion” effect reducing such stresses.

LIME-CEMENT FLY ASH (LCF) - TAXIWAY WP



LIME-CEMENT FLY ASH (LCF) - TAXIWAY WP



Conclusion:

 A mixture of Lime, Cement, and Fly ash (LCF) was used as a sub base on 
taxiway WP to support a Portland cement concrete pavement surface. 

 The LCF layer was engineered to provide a target strength at the end of one 
year of service of about 1,000 psi and a concomitant resilient modulus of 
about 1,000,000 psi.

 The LCF was designed to gain strength in a slow, controlled manner in order 
to reduce shrinkage cracking and to optimize autogenous healing over the 
life of the pavement.

 Non destructive test at the end of one year life showed an E value of 
900,000 psi for LCF layer

 LCF mixture gained strength in accordance with the trend lines that predict 
strength gain based on laboratory testing

 The LCF uses recycled crushed concrete as the aggregate source and locally 
available, Class C fly ash. This was the first use of LCF as a sub base for a 
PCC pavement in the world.  

LIME-CEMENT FLY ASH (LCF) TAXIWAY WP



CEMENT AND SLAG: Composition & Ingredient



• When GGBFS is coupled with cement, a Synergistic combination 
is formed.

• Each products hydrates on its own, forming strength bearing 
Calcium 

• Silicate Hydrates (CSH).

• Excess Silica from GGBFS and the excess Calcium from Cement 
react to form additional strength bearing CSH in the pore space 
of concrete which makes stronger, denser and decreased 
permeability.

CEMENT AND SLAG: Composition &  Reaction



PORTLAND CEMENT: Composition & Reaction



CaO - Cementitious Materials

MgO

Al2O3

SiO2 - Pozzolanic Materials

Fe2O3

CaO+MgO+H2O+AI2O3/SiO2/Fe2O3 = Cementitious Paste + Ca(OH)2

Ca(OH)2+A12O3/SiO2/Fe2O3 = Cementitious Paste

Chemical Reactions: Cement and Fly Ash



CEMENT AND SLAG- Mixed Proportion



Runway 8L-26R Reconstruction
90 Days Concrete Summary



Runway 8L-26R Reconstruction



Runway 8L-26R - Reconstruction



NDT Evaluation Updated 2003

 IMPULSE STIFFNESS MODULUS

• 1998 ISM AVERAGED 4000 kips/inch

• 2003 ISM AVERAGED 3000 kips/inch

Rehabilitation of Runway 8R-26L



•NORMAL STRESS = 20.70 psi

• SHEAR STRESS = 8.2 psi

• PRINCIPLE STRESS = 22 psi

• DISPLACEMENT (DEFLECTIVE)  =  
0.05”

• NORMAL STRAIN = 0.0000067

• SHEAR STRAIN = 0.0000049

• PRINCIPLE STRAIN = 0.0000072

(ALL FOR X-AXIS)

OVERLAY  PAVEMENT CROSS SECTION



• Reduced affect on airport operations.

Total reconstruction would require the removal of 
1.25 million Tons of materials.

• Reduced construction costs.

Estimated construction cost of full depth 
replacement twice as much as rehabilitated. $65 
million versus $31 million. 

• Reduced construction schedule.

Estimated construction schedule was 12 months, 
versus 7 months for rehabilitation option.

Advantages of Overlay Solution:





Slab Cracking/ Delamination Study: TW- WB 



Finite Elemental Analysis: Delamination

Geometry and Weight from the
Main Gear







Curing Monitoring and Evaluation



Curing Evaluation Index





Possible Causes: 

•Dry and Windy Weather  Conditions
•Surface wetting behind the paver
•Quality of the Cure

•Compound
•Time of placing 
Configurations associated with an overlay

Assessment: 
•Structural Condition is ok.
•Grouting/Anchoring the interface can minimize  the 
potential problem
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For More Information Please Visit  us @

www.fly2houston.com


