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Part  Num ber CP248.758 
Part  Descr ipt ion At las Com posite Bridge Deck
Operator D. Crawford
Date Produced n/ a
Date Tested 3/ 18/ 14
Machine Calibrat ion Date 2/ 27/ 14
Crosshead Speed 0.0500 in/ m in
Tem perature (deg F) 73
Hum idity (% ) 50
ASTM Test ASTM D953
Specim en Or ientat ion Lengthwise

Pin Diam eter
[ in]

Thickness
[ in]

Area
[ in^ 2]

Bearing Load
[ lbf ]

Bearing St ress
[ psi]

1 0.37500 0.25850 0.09694 -5,669 -58,476
2 0.37500 0.25450 0.09544 -6,053.0 -63,427
3 0.37500 0.25450 0.09544 -5,825 -61,038
4 0.37500 0.25700 0.09638 -5,595 -58,050
5 0.37500 0.25750 0.09656 -5,918 -61,289
6 0.37500 0.25850 0.09694 -5,661 -58,401
7 0.37500 0.25500 0.09562 -5,962 -62,350
8 0.37500 0.25550 0.09581 -5,821 -60,759.0
9 0.37500 0.25600 0.09600 -5,455 -56,825

10 0.37500 0.25450 0.09544 -5,328 -55,832
11 0.37500 0.25450 0.09544 -5,391 -56,488
12 0.37500 0.25550 0.09581 -5,595 -58,397

Mean 0.37500 0.25596 0.09598 -5,690 -59,278
Standard deviat ion 0.000 0.002 0.001 231.3 2,437.5
Coefficient  of variat ion 0.00 0.60 0.60 -4.0650 -4.1121
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Part  Num ber CP248.758
Part  Descr ipt ion At las Com posite Bridge Deck
Operator D. Crawford
Date Produced n/ a
Date Tested 3/ 21/ 14
Machine Calibrat ion Date 2/ 27/ 14
Crosshead Speed 0.0500 in/ m in
Tem perature (deg F) 73
Hum idity (% ) 50
ASTM Test ASTM D953
Specim en Or ientat ion Lengthwise

Pin Diam eter
[ in]

Thickness
[ in]

Area
[ in^ 2]

Bearing Load
[ lbf ]

Bearing St ress
[ psi]

1 0.62500 0.25350 0.15844 -6,375 -40,240
2 0.62500 0.25450 0.15906 -8,520 -53,560
3 0.62500 0.25350 0.15844 -8,404 -53,040
4 0.62500 0.25550 0.15969 -8,261 -51,730
5 0.62500 0.25050 0.15656 -7,746 -49,480
6 0.62500 0.25500 0.15937 -8,102 -50,840
7 0.62500 0.25750 0.16094 -8,207 -51,000
8 0.62500 0.25500 0.15937 -8,980 -56,340
9 0.62500 0.25450 0.15906 -8,815 -55,420

10 0.62500 0.25350 0.15844 -9,352 -59,030
11 0.62500 0.25450 0.15906 -8,793 -55,280
12 0.62500 0.25450 0.15906 -9,062.0 -56,970

Mean 0.62500 0.25433 0.15896 -8,385 -52,740
Standard deviat ion 0.000 0.002 0.001 780.002 4,856.783
Coefficient  of variat ion 0.00 0.64 0.64 -9.30 -9.21
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The New and Improved Pultex® Pultrusion Global Design Manual 

Chapter 3 
3

MATERIAL PROPERTIES 
 

Pultex® Fiber Reinforced Polymer Structural Profiles 
Rectangular Tubes, Channels, Angles, Square Tubes, Round Tubes 

1500 Series - Thermoset Polyester – Olive Green 

1525 Series - Thermoset Polyester Class 1 FR – Slate Gray (Dark Gray) 

1625 Series - Thermoset Vinyl Ester Class 1 FR – Beige  

 

The following data was derived from ASTM coupon and full section testing.  The results are average values 

based on random sampling and testing of production lots.  Composite materials are not homogeneous; and therefore, 

the location of the coupon extraction can cause variances in the coupon test results.  Creative Pultrusions publishes 

an average value of random samples from production lots. 

 

Property 
(coupon values) 

 

ASTM Test 

 

Units 

 

1500/1525 Series 

 

1625 Series 

Mechanical     

Tensile Strength (LW) D638 psi 33,000 37,500 

Tensile Strength (CW) D638 psi 7,500 8,000 

Tensile Modulus (LW) D638 106 psi 2.5 3.0 

Tensile Modulus (CW) D638 106 psi 0.8 1.0 

Compressive Strength (LW) D695 psi 33,000 37,500 

Compressive Strength (CW) D695 psi 16,500 20,000 

Compressive Modulus (LW) D695 106 psi 3.0 3.0 

Compressive Modulus (CW) D695 106 psi 1.0 1.2 

Flexural Strength (LW) D790 psi 33,000 37,500 

Flexural Strength (CW) D790 psi 11,000 12,500 

Flexural Modulus (LW) D790 106 psi 1.6 2.0 

Flexural Modulus (CW) D790 106 psi 0.8 1.0 

Modulus of Elasticity Full Section2 106 psi 2.8-3.2 2.8-3.2 

     (Channels) Full Section2 106 psi 2.8 2.8 

     (Square and Rectangular Tubes) Full Section2 106 psi 3.2 3.2 

Shear Modulus Full Section2 106 psi 0.42 0.42 

Interlaminar Shear (LW)3 D2344 psi 4,500 4,500 

Shear Strength By Punch (PF) D732 psi 5,500 6,000 

Notched Izod Impact (LW) D256 ft-lbs/in 28 30 

Notched Izod Impact (CW) D256 ft-lbs/in 4 5 

Maximum Bearing Strength (LW) D953 psi 30,000 30,000 

Maximum Bearing Strength (CW) D953 psi 18,000 18,000 

Poisson’s Ratio (LW) D3039 in/in 0.35 0.35 

Poisson’s Ratio (CW) D3039 in/in 0.15 0.15 

In-plane Shear (LW) Modified D23444 psi 7,000   7,000  

LW = lengthwise   CW = crosswise   PF = perpendicular to laminate face 
  

 

  

 

Additional properties located on page 4 

Includes all angles except 4” x 1/4”, 4” x 3/8”, 6” x 3/8” and 6” x 1/2”, which are SuperStructurals. 
 Please consult the Pultex

®
 Fiber Reinforced Polymer SuperStructural Profiles Angles Material Properties 
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The New and Improved Pultex® Pultrusion Global Design Manual 

Chapter 3 
4 

MATERIAL PROPERTIES 
 

Pultex® Fiber Reinforced Polymer Structural Profiles 
Rectangular Tubes, Channels, Angles, Square Tubes, Round Tubes 

 
 

Property 
(coupon values) 

 

ASTM Test 

 

Units 

 

1500/1525 Series 

 

1625 Series 

Physical     

Barcol Hardness1
 D2583  45 45 

Water Absorption D570 % Max 0.6 0.6 

Density  D792 lbs/in3 0.060-0.070 0.060-0.070 

Specific Gravity D792  1.66-1.93 1.66-1.93 

Coefficient of Thermal Expansion (LW) D696 10-6in/in/°F 4.4 4.4 

Thermal Conductivity (PF) C177 BTU-in/ft2/hr/°F 4 4 

     

Electrical     

Arc Resistance (LW) D495 seconds 120 120 

Dielectric Strength (LW) D149 KV/in 40 40 

Dielectric Strength (PF) D149 volts/mil 200 200 

Dielectric Constant (PF) D150 @60Hz 5.2 5.2 
1 Pultex� uses a synthetic surface veil that reduces the Barcol Hardness, but does not reflect lack of cure. 
2 Full section testing based on a 3-point bend with simply supported end conditions (Reference The New and  Improved  

  Pultex® Pultrusion Global Design Manual, Appendix B, for details). 
3 Tested on a 3:1, span to depth ratio. 
4Follow ASTM D2344, but rotate coupon 90° (cut section of coupon length faces up). 
5 In-plane Shear (CW) values for square tubes and rectangular tubes = 2,500 psi; angles = 3,800 psi 
 

 
 ASTM Test Value Value 

Property  1525 1625 

Flammability Classification  UL94 (VO) (VO) 

Tunnel Test ASTM E-84 25 Max 25 Max 

Flammability Extinguishing ASTM D635 Self extinguishing Self extinguishing 

NBS Smoke Chamber ASTM E662 650 650 

 
 

UNC 13 UNC 11 UNC 10 UNC 8 UNC 

 

  

 

 

 

 

 

 
 

Creative Pultrusions, Inc. believes the information put forth in this property sheet to be as accurate and reliable as of the date of publication.  

However, we assume no obligation or liability, which may arise as a result of its use.  While Creative Pultrusions, Inc. has no knowledge that the 

information put forth infringes any valid patent, it assumes no responsibility with respect thereto and each user must satisfy oneself that one’s 

intended application process or product infringes no patent.  

Includes all angles except 4” x 1/4”, 4” x 3/8”, 6” x 3/8” and 6” x 1/2”, which are SuperStructurals. 
 Please consult the Pultex

®
 Fiber Reinforced Polymer SuperStructural Profiles Angles Material Properties 
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TENCATE GEOSYNTHETICS 
Americas 

365 South Holland Drive Tel   706 693 2226  Fax 706 693 4400 
Pendergrass, GA 30567 Tel   888 795 0808  www.tencate.com 
 
FGS000531 
ETQR17 

 
Miragrid

®
 5XT           

 
Miragrid® 5XT geogrid is composed of high molecular weight, high tenacity polyester 
multifilament yarns which are woven in tension and finished with a PVC coating.  
Miragrid® 5XT geogrid is inert to biological degradation and resistant to naturally 
encountered chemicals, alkalis, and acids. 
 
TenCate Geosynthetics Americas is accredited by a2La (The American Association for 
Laboratory Accreditation) and Geosynthetic Accreditation Institute  Laboratory 
Accreditation Program (GAI-LAP).   NTPEP test data. 
 

Mechanical Properties Test Method Unit 

Minimum Average 
Roll Value 

Machine Direction 

Tensile Strength (at ultimate) ASTM D6637 lbs/ft (kN/m) 4700 (68.6) 

Tensile Strength (at 5% strain) ASTM D6637 lbs/ft (kN/m) 1740 (25.4) 

Creep Reduced Strength ASTM D5262 lbs/ft (kN/m) 2975 (43.4) 

Long Term Allowable Design Load
1
 GRI GG-4(b) lbs/ft (kN/m) 2575 (37.6) 

 
1
 NOTE:  Long Term Allowable Design values are for sand, silt and clay 

 

Physical Properties Unit Typical Value 

Mass/Unit Area (ASTM D5261) oz/yd
2
 (g/m

2
) 9.8 (332) 

Roll Dimensions (width x length) ft (m) 12 x 150 (3.6 x 46) 
Roll Area yd

2
 (m

2
) 200 (165) 

Estimated Roll Weight lbs (kg) 130 (59) 

 
 
 
 
 
 
 
 
 
 
 
 
  
© 2012 TenCate Geosynthetics Americas 
Miragrid

®
 is a registered trademark of Nicolon Corporation 

 
Disclaimer:  TenCate assumes no liability for the accuracy or completeness of this information or for the ultimate use by the purchaser.  TenCate 
disclaims any and all express, implied, or statutory standards, warranties or guarantees, including without limitation any implied warranty as to 
merchantability or fitness for a particular purpose or arising from a course of dealing or usage of trade as to any equipment, materials, or information 
furnished herewith.  This document should not be construed as engineering advice. 
 
Creep Reduced Strength (ASTM D5262), and Long Term Allowable Design Load (GRI GG-4(b)) is not covered by our current A2LA accreditation. 
 

 

 
 

Testing Lab 1291.01 & 1291.02 GAI-LAP-25-97 
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APPLICATIONS

Miragrid® geogrids can be used in most MSE 

applications for soil reinforcement including 

internally reinforced soil walls, segmental 

retaining wall reinforcement, steep reinforced 

slopes, and reinforcement in a variety of landfill 

applications including potential voids bridging 

and veneer stability. When a project specifies for 

long-term design strength for structure stability 

use Miragrid® geogrids.

INSTALLATION GUIDELINES 

Before placing Miragrid® geogrids, the surface 

should be cleared of all debris and the foundation 

base proofrolled. The grids should be rolled out, 

cut to length, thus eliminating field connections 

and laid at the proper elevation, location and 

orientation. Since geogrids vary in strength with 

roll direction, Miragrid® geogrids should be laid 

in the direction of main reinforcement.

After rolling out, the geogrid should be  

tensioned by hand until it is taut, free of 

wrinkles, and lying flat. Adjacent geogrid rolls may 

be butted together side-by-side without overlap. 

Splices in the main reinforcement direction should 

be avoided.

Miragrid® Geogrids 
for Soil Reinforcement

TenCate develops and produces materials that 

function to increase performance, reduce costs 

and deliver measurable results by working with 

our customers to provide advanced solutions.

The Difference Miragrid® Geogrids Make:

    

    Miragrid® geogrids have more than 100,000      

    hours of tension creep testing performed   

    at an independent test laboratory. Credible,    

    dependable long term strength assured.

fibers

    provide higher allowable tensile strength,   

    minimizing the required number of geogrid 

    layers. Wide rolls significantly reducing  

    placement time, lowering cost.

    No sharp edges.

   soil structure.

meet      

    your specific project requirements.

Miragrid® geogrids provide the widest 

    strength range, and are the highest strength       

    geogrid material in the market today.

Aerospace Composites

Armour Composites

Geosynthetics

Synthetic Grass

Certain fill placement procedures may require 

the reinforcement to be held in place by stakes, 

sandbags, or fills, as directed by an engineer. 

A razor blade, sharp knife or scissors may be 

follow the standard practice, or as defined in the 

project specifications or directed by the Engineer. 

Care should be taken to prevent wrinkles and/or 

slippage of reinforcement during fill placement 

and spreading. 

These guidelines serve as a general basis for installation. 

Detailed instructions are available from your TenCate 

representative.

 Miragrid® 5XT
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Miragrid® Geogrids
for Soil Reinforcement

Property*

Polymer

Tensile Strength @

     Ultimate

     Strength  

     Strength

Test Method

 –

 

ASTM D5262

   

2XT2 3XT2 5XT2 7XT2 8XT2 10XT 20XT 22XT 24XT

 12 12 12 12 12 12 12 12 12

150 150 150 200 200 200 200 200 200

Packaging

Area

Units

ft 

ft 

lbs 

yd2 
2

365 South Holland Drive

Pendergrass, GA 30567

Tel   800 685 9990

Tel   706 693 2226

Fax   706 693 4400

www.mirafi.com

1 ® products are machine direction only.
    2

implied, or statutory standards, warranties or guarantees, including without limitation any implied warranty as to merchantability or fitness for a particular purpose or arising from a course of dealing or usage of trade 

as to any equipment, materials, or information furnished herewith. This document should not be construed as engineering advice.

Proposed wast e

Veneer cover
soilAnchor trench

Geomembrane

Mirafi geosynthetic
reinforcement

Resisting force

Compacted
drainage fill

excavation
 line

Collection drain

Collection drain

Wall
Height

(H)

Mirafi filtration
geotextile

compacted native
fill

Mirafi geosynthetic
reinforcement

surcharge

embedment length

1

1

Movement and tensio n
Develop Along Plane of

Failure

  Failure
Plane

Mirafi Geosynthetic
Reinforcement

Center fo r
Potentia l
Rotation
Failure Plane

Soil Shearing
Resistance

Mirafi Geosynthetic
Reinforcement

Veneer Reinforcement Retaining Wall Steepened Slope

Miragrid® Geogrids Typical Applications

Mirafi® is a registered trademark of Nicolon Corporation.                                      © 2014 TenCate Geosynthetics Americas

PDS.GRID(M)0114
Q

UALITY

 

A

S
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E
 

ACCREDITED

LABORATORY

   GAI-LAP-25-97

Units 2XT1  3XT 5XT 7XT 8XT 10XT 20XT 22XT 24XT

   
–

 PET PET PET PET PET PET PET PET PET

lbs/ft
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Simplified Modeling to Assess Soil-Structure Interaction Effects 
 

 
Prepared for: 

 

 
AEWC Report Number 

 

 
 
 
 
Prepared by:      Reviewed by: 
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Simplified Modeling to Assess Soil-Structure Interaction Effects 

 

I. INTRODUCTION 

K oK
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II. FINITE ELEMENT MODEL 

Figure 1 – Schematic 3D View of FE Mesh (Coarse Mesh Shown for Clarity) 

I. Arch and Longitudinal Decking Elements 
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II. Transverse Decking Elements 
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Figure 2 – Definition of Local Coordinate System for Transverse Decking Elements 

III. Soil Spring Elements 

springF hA
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KAF vhspring

v K
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Figure 3 – Lateral Earth Pressure Coefficient as a Function of Relative Movement 

after NCHRP (1991) for Medium-Dense Backfill 
 

 

III. CONSIDERATION OF STAGED CONSTRUCTION 
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IV. CONSIDERATION OF LIVE LOADS 
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V. SPECIFIC PARAMETERS USED FOR ANALYSES 
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Table 1 – Specific Parameter Values for Analyses  

 
Description Variable Units 

Decking 
Concrete FRP 
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Figure 4 – Geometric Configurations for Analyses 

VI. RESULTS: EFFECT OF STAGED BACKFILLING 
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Table 2 Matrix of Analyses to Examine the Effect of Staged Backfilling 

Arch Bending Stiffness Decking 
Backfill Depth Above 

Centerline of Arch Crown (ft) 
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I. Envelope Arch Moments 

Figure 5 – Backfilling Envelope Arch Moment for Various Arch Bending Stiffness 
Relationships, Concrete Deck 
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Figure 6 – Backfilling Envelope Arch Moment for Various Arch Bending Stiffness 
Relationships, FRP Deck 

K oK

0 5 10 15 20 25 30
-1000

-800

-600

-400

-200

0

200

400

600

800

1000

Average Backfill Elevation (ft)

E
n
v
e
lo

p
e
 A

rc
h
 M

o
m

e
n
t 

(k
ip

*i
n
)

 

 

Linear, Uncracked Arch, FRP

Nonlinear Arch, FRP

Linear Cracked Arch, FRP

Calculations Package Page 102



a) First Lift                  b)   Backfill to Crown  

c) 3 ft. Above Crown (Typical)                   d)   12.5 ft. Above Crown 

Figure 7 – Deflected Shape of the Arch at Various Backfill Levels, Nonlinear Arch 

Bending Stiffness, Concrete Deck 
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II. Outward Foundation Thrust 

Figure 8 – Backfilling Envelope Outward Thrust for Various Arch Bending 
Stiffness Relationships, Concrete Deck 
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Figure 9 – Backfilling Envelope Outward Thrust for Various Arch Bending 
Stiffness Relationships, FRP Deck 
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III. Envelope Arch Axial Load 

Figure 10 – Backfilling Envelope Arch Axial Load for Various Arch Bending 
Stiffness Relationships, Concrete Deck 

0 5 10 15 20 25 30
-200

-180

-160

-140

-120

-100

-80

-60

-40

-20

0

Average Backfill Elevation (ft)

E
n
v
e
lo

p
e
 A

rc
h
 A

x
ia

l 
F

o
rc

e
 (

k
ip

)

 

 

Linear, Uncracked Arch, Concr.

Nonlinear Arch, Concr.

Linear Cracked Arch, Concr.

Calculations Package Page 106



Figure 11 – Backfilling Envelope Arch Axial Load for Various Arch Bending 
Stiffness Relationships, FRP Deck 

VII. RESULTS: EFFECT OF ARCH GEOMETRY 
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Table 3 Matrix of Analyses to Examine the Effect of Arch Geometry 

Arch Geometry Decking 

 

I. Envelope Arch Moments 

Figure 12 – Backfilling Envelope Arch Moments for Various Geometric 
Configurations, Concrete Deck, 12.5 ft of Total Fill Above the Crown 
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Figure 13 – Backfilling Envelope Arch Moments for Various Geometric 
Configurations, FRP Deck, 12.5 ft of Total Fill Above the Crown 
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II. Outward Foundation Thrust 

Figure 14 – Backfilling Envelope Outward Thrust for Various Geometric 
Configurations, Concrete Deck, 12.5 ft of Total Fill Above the Crown 
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Figure 15 – Backfilling Envelope Outward Thrust for Various Geometric 

Configurations, FRP Deck, 12.5 ft of Total Fill Above the Crown 
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III. Envelope Arch Axial Load 

Figure 16 – Backfilling Envelope Arch Axial Load for Various Geometric 
Configurations, Concrete Deck, 12.5 ft of Total Fill above the Crown 
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Figure 17 – Backfilling Envelope Arch Axial Load for Various Geometric 
Configurations, FRP Deck, 12.5 ft of Total Fill above the Crown 

VIII. RESULTS: EFFECT OF LIVE LOADING 
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Table 4 Matrix of Analyses to Examine the Effect of Arch Geometry 

Truck and Position 
of Front Axle Maximizes Arch Geometry Decking 

I. Envelope Arch Moments 

Figure 18 – Backfilling and LL Envelope Arch Moment for Arc and ConSpan 
(Bebo) Geometries (All 4 LL Analyses Shown for Each), Concrete Deck 
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Figure 19 – Backfilling and LL Envelope Arch Moment for Arc and ConSpan 
(Bebo) Geometries (All 4 LL Analyses Shown for Each), FRP Deck 
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II. Outward Foundation Thrust 

Figure 20 – Backfilling and LL Envelope Outward Thrust for Arc and ConSpan 
(Bebo) Geometries (All 4 LL Analyses Shown for Each), Concrete Deck 
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Figure 21 – Backfilling and LL Envelope Outward Thrust for Arc and ConSpan 
(Bebo) Geometries (All 4 LL Analyses Shown for Each), FRP Deck 
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III. Envelope Arch Axial Load 

Figure 22 – Backfilling and LL Envelope Arch Axial Load for Arc and ConSpan 
(Bebo) Geometries (All 4 LL Analyses Shown for Each), Concrete Deck 
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Figure 23 – Backfilling and LL Envelope Arch Axial Load for Arc and ConSpan 
(Bebo) Geometries (All 4 LL Analyses Shown for Each), FRP Deck 

IX. RELATIVE EFFECT OF SOIL SPRINGS 
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I. Envelope Arch Moment 

Figure 24 – Effect of Soil Springs on Backfilling and LL Moment, Concrete Deck, 3 
ft of Backfill above the Crown 
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Figure 25 – Effect of Soil Springs on Backfilling and LL Moment, FRP Deck, 3 ft of 
Backfill above the Crown 

Table 5 Peak Moment Magnitudes and Relative Differences Due to the 
Consideration of Nonlinear Soil Springs, 3 ft of Backfill above the Crown 

Arc Bebo 
Deck Param Nonlinear K = Ko Diff. Nonlinear K = Ko Diff. 

 

0 2 4 6 8 10 12 14 16 18
-1000

-800

-600

-400

-200

0

200

400

600

800

1000

Average Backfill/Wearing Surface Elevation (ft)

E
n
v
e
lo

p
e
 A

rc
h
 M

o
m

e
n
t 

(k
ip

*i
n
)

 

 

Arc, FRP

Arc, FRP, K=Ko

Bebo, FRP

Bebo, FRP, K=Ko

Calculations Package Page 121



 
Figure 26 – Effect of Soil Springs on Backfilling and LL Moment, Concrete Deck, 

12.5 ft of Backfill above the Crown 
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Figure 27 – Effect of Soil Springs on Backfilling and LL Moment, FRP Deck, 12.5 ft 
of Backfill above the Crown 

Table 6 Peak Moment Magnitudes and Relative Differences Due to the 
Consideration of Nonlinear Soil Springs, 12.5 ft of Backfill above the Crown 

Arc Bebo 
Deck Param Nonlinear K = Ko Diff. Nonlinear K = Ko Diff. 
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II. Envelope Outward Thrust 

Figure 28 – Effect of Soil Springs on Backfilling and LL Thrust, Concrete Deck, 3 ft 
of Backfill above the Crown 
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Figure 29 – Effect of Soil Springs on Backfilling and LL Thrust, FRP Deck, 3 ft of 
Backfill above the Crown 

Table 7 Peak Outward Thrust Magnitudes and Relative Differences Due to the 
Consideration of Nonlinear Soil Springs, 3 ft of Backfill above the Crown 

Arc Bebo 
Deck Param Nonlinear K = Ko Diff. Nonlinear K = Ko Diff. 
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Figure 30 – Effect of Soil Springs on Backfilling and LL Thrust, Concrete Deck, 
12.5 ft of Backfill above the Crown 
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Figure 31 – Effect of Soil Springs on Backfilling and LL Thrust, FRP Deck, 12.5 ft 
of Backfill above the Crown 

Table 8 Peak Outward Thrust Magnitudes and Relative Differences Due to the 
Consideration of Nonlinear Soil Springs, 12.5 ft of Backfill above the Crown 

Arc Bebo 
Deck Param Nonlinear K = Ko Diff. Nonlinear K = Ko Diff. 

 

III. Envelope Arch Axial Load 
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Figure 32 – Effect of Soil Springs on Backfilling and LL Arch Axial Loads, Concrete 
Deck, 3 ft of Backfill above the Crown 

0 2 4 6 8 10 12 14 16 18
-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

Average Backfill/Wearing Surface Elevation (ft)

E
n
v
e
lo

p
e
 A

rc
h
 A

x
ia

l 
F

o
rc

e
 (

k
ip

)

 

 

Arc, Concr.

Arc, Concr., K=Ko

Bebo, Concr.

Bebo, Concr., K=Ko

Calculations Package Page 128



Figure 33 – Effect of Soil Springs on Backfilling and LL Arch Axial Loads, FRP 
Deck, 3 ft of Backfill above the Crown 

Table 9 Peak Arch Axial Force Magnitudes and Relative Differences Due to the 
Consideration of Nonlinear Soil Springs, 3 ft of Backfill above the Crown 

    Arc Bebo 
Deck Param Nonlinear K = Ko Diff. Nonlinear K = Ko Diff. 

 

X. SUMMARY AND CONCLUSIONS 
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I. Staged Backfilling 

 

 

 

 

 

 

 

 

II. Arch Geometry 
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III. Live Loading 

 

 

 

 

IV. Relative Effect of Soil Springs 
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XII. APPENDIX A – SCOPE OF WORK OF ORIGINAL PROPOSAL 
FROM UMAINE AEWC CENTER to AIT 

Task 6: Simplified Modeling to Assess Soil-Structure Interaction Effects 

Task 6.1: Develop FE Model of Arch Bridge to Simulate Staged Backfilling 
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Deliverable: 

Task 6.2: Simulate the Effect of Staged Backfilling 

Deliverable:

Task 6.3: Explore the Effect of Arch Geometry 

Deliverable: 

Task 6.4: Effect of Live Loading 
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Deliverable: 

References 
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XIII. APPENDIX B – SOFTWARE PROGRAMMING SUMMARY 

 

 
 

 

 

 

 

 

 

 

    
 

a) Nodes          b) Elements 

Figure B1 Example of Numbering Method, numels = 60, num_deck = 4 (Not to 
Scale) 
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Table B1 – List of MATLAB Analysis Functions (Original AIT Functions Shown in 
Black Text, Underlined Functions have been Modified, and New Functions are 
Shown in Blue Text). 
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Table B2 – Hierarchy of Functions used to Perform Backfilling and Live Load 
Analyses 

DRIVER_MAIN_3D

 perform_3D_backfill_analysis  
 Inputs_Ellsworth_3D Inputs_ConSpan_3D

 apply_3D_boundaries

 get_self_weight_nodal_force_vector

  

 distribute_F_to_decking_elements

 generate_soil_lifts

 generate_F_soils 
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 get_nodal_loads_for_soils

generate_F_soils
 generate_T_beam_3D

 newton_solver_3D
 compute_residual_3D

 get_cross_vector_for_decking

 assemble_stiff

 beam_stiff_2D
 beam_stiff_3D

 get_equivalent_arch_M_EI

 get_M_and_EI_given_phi_axial
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 soilspring_stiff_3D

 get_soil_spring_force

 get_K_given_deltaUx

 deck_stiff_3D

 get_cross_vector_for_decking  
 generate_T_beam_3D 
 add_element_k

 apply_boundaries

 compute_member_forces_3D

 get_el_displ

 generate_T_beam_3D 
 get_cross_vector_for_decking 
 beam_stiff_3D 
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 deck_stiff_3D 
 get_equivalent_arch_M_EI  

 get_M_and_EI_given_phi_axial  
 get_soil_spring_force 

 compute_residual_3D 
 get_envelope_results_for_current

 update_spring_props

 perform_3D_LL_analysis

 apply_loads   
 distribute_F_to_decking_elements 
 eliminate_horizontal_components

 compute_live_load_force_vector

 compute_LL_nodal_force_3D
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Table B3 – Summary of hard-wired parameters in new functions 

span
rise spacing

Inputs_X, X Ellsworth_3D

rho depth_crown Inputs_X, X Ellsworth_3D

vehicle
axle_space

Inputs_X, X Ellsworth_3D

numels
num_deck

Inputs_X, X Ellsworth_3D

E_deck A_deck I_deck
Inputs_X, X Ellsworth_3D

E_deck A_deck I_pos I_neg
Inputs_X, X Ellsworth_3D

t_deck
Inputs_X, X Ellsworth_3D

H_effective
Inputs_X, X Ellsworth_3D

Ka Ko Kp
delta_Ka delta_Kp get_K_given_deltaUx 

lane_AASHTO get_soil_spring_force 

num_axles axle
axle_spacing compute_live_load_nodal_force_vector 

get_M_and_EI_given_phi_axial 
 

newton_solver_3D 
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Table B4 – Things to be aware of 

 

 

 

 

 

Calculations Package Page 143



Table B5 –Ideas to improve run-time efficiency 
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XIV. APPENDIX C – SUPPORTING CALCULATIONS 
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