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Concrete pavement is very rigid in comparison to the soil that is
placed upon. It is this rigidity that allows the pavement to

distribute a large gear load to the supporting medium with a
minimal pressure increase on the soil.



 A A veryvery thick pavement is very rigid, Therefore, thick pavement is very rigid, Therefore,
a load placed at the center of a panel will bea load placed at the center of a panel will be
distributed to the supporting medium over thedistributed to the supporting medium over the
entire bottom of the pavement. As an example,entire bottom of the pavement. As an example,
a thick pavement panel will distribute the loada thick pavement panel will distribute the load
over the soil in much the same fashion as doesover the soil in much the same fashion as does
the foundation of a building. A very thinthe foundation of a building. A very thin
pavement, with the same load, will upwardspavement, with the same load, will upwards
resulting in a smaller contact area with theresulting in a smaller contact area with the
supporting soil. The smaller contact areasupporting soil. The smaller contact area
results in higher deformation of the concrete.results in higher deformation of the concrete.



 The critical element in pavement performanceThe critical element in pavement performance
is the consistency of the supporting soil. Ais the consistency of the supporting soil. A
pavement that is designed for a stiff supportpavement that is designed for a stiff support
will have early failure in those areas wherewill have early failure in those areas where
the support is significantly less than thethe support is significantly less than the
design assumptions. It is for the purpose ofdesign assumptions. It is for the purpose of
attaining that continuity that pavements areattaining that continuity that pavements are
developed as layered construction.developed as layered construction.



 Therefore, most design standards include aTherefore, most design standards include a
minimum of a four-inch thickness of gravel orminimum of a four-inch thickness of gravel or
crushed stone as a crushed stone as a subbasesubbase for pavements 6 for pavements 6
inches and thicker. For granular materials, ainches and thicker. For granular materials, a
thicker thicker subbasesubbase results in increased uniformity results in increased uniformity
but the effective improvement in support isbut the effective improvement in support is
limited.  Figure 1.1 is  reproduced from thelimited.  Figure 1.1 is  reproduced from the
results of early testing of pavementsresults of early testing of pavements
constructed on granular material.constructed on granular material.



 A A subbasesubbase is the soil layer (or layers) is the soil layer (or layers)
between the between the subgradesubgrade and pavement. The and pavement. The
subbasesubbase improves uniformity of the improves uniformity of the
supporting medium, and it also provides asupporting medium, and it also provides a
firm surface that will support the operation offirm surface that will support the operation of
construction equipment. In some cases, theconstruction equipment. In some cases, the
weight and track characteristics of theweight and track characteristics of the
construction equipment may control theconstruction equipment may control the
thickness and quality of the thickness and quality of the subbasesubbase..



 There are numerous materials and combinationsThere are numerous materials and combinations
of material that can used to construct a of material that can used to construct a subbasesubbase
for airfield pavement.for airfield pavement.

 They Include:They Include:
 Open graded gravels and crushed stoneOpen graded gravels and crushed stone
 Dense graded gravels and crushed stoneDense graded gravels and crushed stone
 Sands and sandy claysSands and sandy clays
 Soil cementSoil cement
 Cement-stabilized sands, gravels andCement-stabilized sands, gravels and

crushed stonecrushed stone
 Asphalt-stabilized sands, gravels andAsphalt-stabilized sands, gravels and

crushed stonecrushed stone
 Lean concrete or Lean concrete or econocreteeconocrete
 FlowableFlowable fill, recycled, crushed and fill, recycled, crushed and

graded concrete pavementgraded concrete pavement



 The Federal Aviation The Federal Aviation AdminstrationAdminstration (FAA) requires a (FAA) requires a
stabilized stabilized subbasesubbase be used for those pavements that be used for those pavements that
support aircraft traffic greater than 100,000 poundssupport aircraft traffic greater than 100,000 pounds
(45,360 kg).(45,360 kg).

 CONCRETE STRENGTH : Flexural Strength ofCONCRETE STRENGTH : Flexural Strength of
ConcreteConcrete



 GRASP THE IMPLICATIONS OF THEGRASP THE IMPLICATIONS OF THE
ASSUMPTIONSASSUMPTIONS

 DO NOT MISTAKE SOPHISTICATED ANALYSISDO NOT MISTAKE SOPHISTICATED ANALYSIS
FOR THE TRUTHFOR THE TRUTH

 PAVEMENT MATERIALS PAVEMENT MATERIALS –– ITS MORE THAN ITS MORE THAN
JUST STRENGTHJUST STRENGTH

 NO PAVEMENT IS ANY BETTER THAN ITSNO PAVEMENT IS ANY BETTER THAN ITS
CONSTRUCTIONCONSTRUCTION



 DESIGN PHILOSOPHYDESIGN PHILOSOPHY

a.a. FLEXIBLE PAVEMENTSFLEXIBLE PAVEMENTS
b.b. RIGID PAVEMENTRIGID PAVEMENT

 BACKGROUNDBACKGROUND
a.a. VARIABLESVARIABLES

 DETERMINATION OF EQUIVALENTDETERMINATION OF EQUIVALENT
ANNUAL DEPARTURES BY THEANNUAL DEPARTURES BY THE
DESIGN AIRCRAFTDESIGN AIRCRAFT

a.a. CONVERSIONSCONVERSIONS



TO CONVERT FROM TO
MULTIPLY

DEPARTURES BY

Single wheel Dual wheel 0.8
Single wheel Dual tandem 0.5
Dual wheel Single wheel 1.3
Dual wheel Dual tandem 0.6

Dual tandem Single wheel 2.0
Dual tandem Dual wheel 1.7

Double Dual tandem Dual tandem 1.0

Double Dual tandem Dual wheel 1.7







New Runway 8L 26R

IAH EIS



Areas of Special Interest

 Wetlands
 Air quality
 Drainage and water quality
 Biotic communities



IAH EIS Findings-
“Preferred Alternative”

 Noise impacts – Noise levels decrease
 Land use – 1,685 acres of land to be acquired
 Social – One small subdivision relocated
 Air quality – All build alternatives reduce
   emissions when compared to “no-build”
 Historic/ archeological – No significant impacts



IAH EIS Findings-
“Preferred Alternative”

 Endangered/ threatened species – No Impacts
 Biotic communities – 2,896 acres affected
 Wetlands – 100 acres
 Floodplains – Detention required
 Farmlands – No impacts
 Hazardous materials – 1 abandoned land fill to
   be removed, no known hazardous materials



FAA Record of Decision

 Issued September 8, 2000
 Approved, with conditions, the decision to
   participate in the proposed Federal actions
 Completes the EIS process



Sustainable Airport
Development

Materials, Practices, and Principles
for Environmentally
Sustainable Airport

Development



Sustainable
Airport Development

Definition – Sustainable Development

“- - development that maintains or enhances economic
opportunity and community well-being  while protecting and
Restoring the natural environment upon which people and
economies depend.

Sustainable development meets the needs of the present
without compromising the ability of future generations to
Meet their own needs.



Sustainability Factors
to be Considered

 Site Planning and Design
 Construction Practices
 Water Resources
 Landscaping
 Building Material Selection
   Life Cycle Assessment



Sustainability Factors
to be Considered

 Building Materials
 Waste Reduction
 Energy Effiency
 Indoor Air Quality
 Chemical Use

Recommended reference
Leadership in Energy and Environmental (LEED),
US Green Building Council - www.usgbc.org



More than 200’ above ground

Above imaginary surface
 100:1 slope from runway > 3,200’
 50:1 slope from runway < or = 3,200’
 25:1 slope – heliports

Construction ON a public – use airport

Notify FAA -



FAR Part 77
Airport
Imaginary
Surfaces



Airport Imaginary Surfaces

Approach Surface
 Slopes: 20:1, 34:1, 50:1
 Length:  5000’, 10,000’, 50,000’

Primary Surface
 Runway Elevation, extends 200’ beyond
   runway end

Transitional Surface
 Slope 7:1 to Horizontal Surface

Apch Surface



Airport Imaginary Surfaces







































IAHIAH
FIVE RUNWAYS
8L/26R - 9000 feet by 150 feet, R/W 26 ILS Category III

8R/26L - 9,400 feet by 150 feet, R/W 26 - ILS Category I/III
9/27 - 10,000 feet by 150 feet, R/W 27 - ILS Category I/III
15L/33R - 12,000 feet by 150 feet - R/W 33 ILS Category I
15R/33L - 10,000 feet by 150 feet, R/W 15 - ILS Category I



IAHIAH
Navigational aids and other FAA-operated facilities which include:

• Instrument Landing System for each major runway

• Airport Surveillance Radar

• Other navigational aids and lighting systems for all runways

• Low Level Alert Wind Shear System

• Doppler radar to enhance weather prediction

• Aircraft rescue and firefighting facility

• Runway 8L/26R - utilizes LED Taxiway Edge Light Fixtures

• Three parallel Category III runways at IAH permit triple
independent simultaneous all-weather flight operations



ILS COMPONENTSILS COMPONENTS



ILS COMPONENTSILS COMPONENTS

  LOCALIZER AND GLIDE SLOPE LOCALIZER AND GLIDE SLOPE

►►Localizer Localizer –– indicates alignment w/ runway indicates alignment w/ runway

►►GlideslopeGlideslope  –– indicates correct descent indicates correct descent
pathpath



ILS COMPONENTSILS COMPONENTS

  OUTER AND MIDDLE MARKERS OUTER AND MIDDLE MARKERS

►►OM OM –– Denotes beginning of final approach Denotes beginning of final approach
segment (Final Approach Fix).segment (Final Approach Fix).

►►MM MM –– Denotes Missed Approach Point Denotes Missed Approach Point
(MAP)(MAP)

Usually placed at decision height onUsually placed at decision height on
glidepathglidepath..



ILS COMPONENTSILS COMPONENTS



ILS COMPONENTSILS COMPONENTS

1. Compass locators located at the Outer Marker (OM) or Middle
Marker (MM) may be substituted for marker beacons. DME, when
specified in the procedure, may be substituted for the OM.

2. Where a complete ILS system is installed on each end of a runway;
(i.e. the approach end of Runway 9 and the approach end of
Runway27) the ILS systems are not in service simultaneously.



ILS COMPONENTSILS COMPONENTS

  ILS LOCALIZER ILS LOCALIZER

LOCALIZER PROVIDES GUIDANCE
FOR HORIZONTAL POSITION



LOCALIZERLOCALIZER

1.  The localizer transmitter operates on one of 40 ILS channels
within the frequency range of 108.10 to 111.95 mHz. Signals provide
the pilot with course guidance to the runway centerline.

2. The approach course of the localizer is called the front course and
is used with other functional parts, e.g., glide slope, marker beacons,
etc.

3. The localizer signal is transmitted at the far end of the runway. It
is adjusted for a course width of (full scale fly-left to a full scale fly-
right) of 700 feet at the runway threshold.



ILS COMPONENTSILS COMPONENTS

  ILS GLIDE SLOPE ILS GLIDE SLOPE

GLIDE SLOPE AND GENERATOR ON
CONSTANT POWER RUNWAY



GLIDE SLOPEGLIDE SLOPE

1. The glide slope transmitter is located between 750 feet and 1,250
feet from the approach end of the runway (down the runway) and
offset 250 to 450 feet from the runway centerline. It transmits a glide
path beam 1.4 degrees wide. The signal provides descent information
for navigation down to the lowest authorized decision height (DH)
specified in the approved ILS approach procedure.

2. The glide path projection angle is normally adjusted to 3 degrees
above horizontal so that it intersects the MM at about 200 feet and
the OM at about 1,400 feet above the runway elevation. The glide
slope is normally usable to the distance of 10 NM.



ILS COMPONENTSILS COMPONENTS

  ILS MARKERS ILS MARKERS

INNER  AND MIDDLE MARKER



MARKERSMARKERS

1.  ILS marker beacons have a rated power output of 3 watts or less
and an antenna array designed to produce a elliptical pattern with
dimensions, at 1,000 feet above the antenna, of approximately 2,400
feet in width and 4,200 feet in length.

 2. Ordinarily, there are two marker beacons associated with an ILS,
the OM and MM. Locations with a Category II and III ILS also have
an Inner Marker (IM).



ILS COMPONENTSILS COMPONENTS
 OUTER MARKERSOUTER MARKERS

CAT III INSTRUMENT LANDING SYSTEM COMPONENT LOCATED 5
MILES OFF RUNWAY THRESHOLD DESIGNED TO MEET LOCAL
BUILDING AND ZONING CODES



MATERIALS LABOR EQUIP TOTAL

ITEM HOW UNIT TOTAL UNIT TOTAL UNIT TOTAL MAN
DESCRIPTION UNITS MANY COST COST COST COST COST COST DAYS
RUNWAY 35 $0 $0 $0 $0
LOC EA 1 $32,000 $32,000 $44,700 $44,700 $17,500 $17,500 $94,200
LOC equipment EA 1 $0 $0 $0 $0 $120,000 $0
GS EA 1 $18,900 $18,900 $38,750 $38,750 $0 $0 $57,650
GS Equipment EA 1 $0 $0 $0 $0 $45,000 $45,000 $45,000
MM EA 1 $7,500 $7,500 $10,500 $10,500 $3,500 $3,500 $21,500
MALSR EA 1 $365,000 $365,000 $435,000 $435,000 $22,000 $22,000 $822,000
MALSR Equipment EA 1 $0 $0 $0 $0 $735,000 $735,000 $735,000
PAPI EA 1 $8,900 $8,900 $11,385 $11,385 $1,500 $1,500 $21,785
PAPI Equipment EA 1 $0 $0 $0 $0 $10,500 $10,500 $10,500
Ductbank LOC to GS LF 9000 $12 $108,000 $13 $117,000 $2 $18,000 $243,000
Ductbank MALSR to GS LF 2500 $12 $30,000 $13 $32,500 $2 $5,000 $67,500
Shelter LOC EA 1 $0 $0 $0 $0 $30,000 $30,000 $30,000
Shelter GS EA 1 $0 $0 $0 $0 $25,000 $25,000 $25,000
Shelter MALSR/MM EA 1 $0 $0 $0 $0 $30,000 $30,000 $30,000
RUNWAY 17 $0
PAPI EA 1 $8,900 $8,900 $11,386 $11,386 $1,500 $1,500 $21,786
PAPI Equipment EA 1 $0 $0 $0 $0 $10,500 $10,500 $10,500

$0 $0 $0 $0
TOTAL $579,200 $701,221 $955,000 $2,235,421

TOTAL COST ESTIMATE FOR THIS SHEET IS $2,235,421

Material Tax 0.06 $34,752.00 $34,752.00
Laber Burden 0.12 $84,147 $84,147

TOTAL $2,354,320

CONSTRUCTION COSTSCONSTRUCTION COSTS



Pavement Types
Rigid – PCC
Joined Plain Concrete Pavement – JPCP (JCP)
Joined Reinforced Concrete Pavement – JRCP
Continuously Reinforced Concrete Pavement - CRCP
Prestressed Concrete Pavement - PCP

Flexible – ACP/HMA
Full Depth
Layered
    Granular
    Bound Layers
Surface Treatment

Composite



Pavement Types

Rigid Pavement
 Portland Cement Concrete Slab
 Base
 Subgrade

Flexible Pavement
 Layered System
 Asphaltic Wearing Surface
 Base
 Subbase
 Subgrade



Major Factors Affecting
Pavement Design

Types of aircraft, maximum loads and the anticipated
frequency
Type of facility considered
   Runway
   Taxiway
   Apron
   Hangar Floor
Supporting value of the subgrade
Principal characteristics of available construction
   Material
Gear configuration



Fundamental Design Concepts

Wheel Loading
   Pavement Thickness
   Pavement Stiffness

Environmental Loading – Temperature and
Moisture
   Joint Spacing
   Reinforcement
   HMA Stiffness





Fundamental Design Concepts
Application
Load and Environment
Principle of Superposition

Stress Dependent On:
    Gear Spacing
     Magnitude and tire pressure
     Number of wheels

Fatigue
Layered Concept















Example Design #1:Example Design #1:
New Rigid PavementNew Rigid Pavement

 Pavement Structure:
 PCC Slab (R = 700 psi)
 Econocrete (6 in. thick)
 Crushed Aggregate Base (6 in. thick)
 Subgrade (E = 15,000 psi)

 Traffic Mix:
 Washington Dulles RWY 1L
 14-Aircraft Mix includes B777, A340

January 21, 2007 73
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Traffic Mix, Dulles Airport RWY 1LTraffic Mix, Dulles Airport RWY 1L
No. Name Gross Wt.

lbs
Annual

Departures
% Annual
Growth

1 A340-300 std 621,000 1,239 0.00

2 A340-300 std Belly 621,000 1,239 0.00

3 B737-700 160,000 51,632 0.00

4 Sngl Whl-30 35,000 10,710 0.00

5 Adv. B727-200C
Basic 210,000 4,779 0.00

6 MD11ER 621,000 2,216 0.00

7 MD11ER Belly 621,000 2,216 0.00

8 Sngl Whl-60 55,000 98,759 0.00

9 B737-800 173,000 10,238 0.00
10 B757-200 250,000 13,212 0.00

11 DC8-63/73 355,000 156 0.00

12 B777-200
Baseline 634,499 6,661 0.00

13 B767-200 350,000 6,260 0.00

14 B777-200LR 750,000 597 0.00

15 B747-400 872,998 3,594 0.00
16 DC10-10 460,000 2,481 0.00
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Example Design #1: New Rigid PavementExample Design #1: New Rigid Pavement
Startup WindowStartup Window
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Example Design #1: New Rigid PavementExample Design #1: New Rigid Pavement
Structure WindowStructure Window
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Example Design #1: New Rigid PavementExample Design #1: New Rigid Pavement
5

3

4

6
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Example Design #1: New Rigid PavementExample Design #1: New Rigid Pavement
Final Final Structure WindowStructure Window
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Example Design #1: New Rigid PavementExample Design #1: New Rigid Pavement
FEDFAA Rigid Pavement ModelFEDFAA Rigid Pavement Model
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Example Design #1: New Rigid PavementExample Design #1: New Rigid Pavement
Final Thickness DesignFinal Thickness Design
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Example Design #2: Rigid on Rigid OverlayExample Design #2: Rigid on Rigid Overlay
Structure WindowStructure Window
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Example Design #2: Rigid on Rigid OverlayExample Design #2: Rigid on Rigid Overlay
FEDFAA Rigid Overlay ModelFEDFAA Rigid Overlay Model
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Example Design #2: Rigid on Rigid OverlayExample Design #2: Rigid on Rigid Overlay
Final Thickness Design (U.S. Units)Final Thickness Design (U.S. Units)



January 21, 2007 84

Example Design #2: Rigid on Rigid OverlayExample Design #2: Rigid on Rigid Overlay
3D FE Solution - Notes & Information3D FE Solution - Notes & Information
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Example Design #2: Rigid on Rigid OverlayExample Design #2: Rigid on Rigid Overlay
Additional Aircraft InformationAdditional Aircraft Information

No. Name CDF
Contribution

CDF Max
for Aircraft

P/C
Ratio

1 B737-700 0.24 0.24 3.69
2 Sngl Whl-30 0.00 0.00 5.87

3 Adv. B727-200C Basic 0.42 0.42 2.75

4 MD11ER 0.00 0.15 3.71
5 MD11ER Belly 0.00 0.55 3.04
6 Sngl Whl-60 0.00 0.00 5.54
7 B737-800 0.18 0.18 3.55
8 B757-200 0.00 0.00 3.95
9 DC8-63/73 0.01 0.01 3.38

10 B777-200 Baseline 0.00 0.11 3.91

11 B767-200 0.00 0.01 3.83
12 B777-200LR 0.00 0.17 3.90
13 B747-400 0.14 0.24 3.47
14 DC10-10 0.00 0.03 3.80
15 A340-300 std 0.01 0.08 1.88

16 A340-300 std Belly 0.00 0.18 2.86



George Bush Intercontinental
Airport Location

Ellington
Airport

William P. Hobby
Airport

George Bush
Intercontinental
Airport



George Bush Intercontinental Airport,
Houston, Texas



William P. Hobby Airport
Houston, Texas







15” Continuously Reinforced Concrete Pavement

2” Hot Mix Asphalt Bond Breaker

8” Econocrete Base

8” Lime-Fly Ash Stabilized Subgrade

Pavement Cross Section for Runway 4-22
at William P. Hobby Airport

















Aerial View of Runway Rehabilitation

George Bush Intercontinental Airport,
Houston, Texas



• 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

36" COMPACTED EMBANKMENT (1968)

1 1/2"  ASPHALT LEVELING COURSE 
5 1/2" ASPHALT OVERLAY (1987)

12" CONCRETE PAVEMENT (1968)

9" SOIL CEMENT SUB-BASE (1968)

19 1/2" CONCRETE PAVEMENT 
OVERLAY







Questions & Answers

Please visit us at
www.fly2houston.com


