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Webinar Outline 

• Description of Buried Bridges and Design Input 
• Design of Concrete Buried Bridges – Philip Creamer 
• Design of Metal Buried Bridges – Joel Hahm 
• Questions 
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What is a Buried Bridge? 

• Buried bridges are arch, three-sided, or box-shaped 
structures with unsupported spans (bridge lengths) greater 
than 20 ft that rely on soils for support. 
 

• “Buried bridge” is distinguished from “bridge” to capture the 
need for design and analysis methods that consider  
soil-structure interaction. 
 

• “Buried bridge” is distinguished from “culvert” to describe the 
importance of these large structures for highway safety. 
 

• Addressed by Transportation Research Board (TRB) 
– Technical Committee AFF70 Culverts and Hydraulic Structures 
– Subcommittee AFF70-1 Buried Bridges 
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Buried Bridge Geometry 
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Applications of Buried Bridges 

• Bridge replacement or rehabilitation 
• Limited site access and remote locations 
• Staged construction 
• Accelerated Bridge Construction (ABC) alternative to  

Cast-in-place (CIP) reinforced concrete bridge components 
• Wildlife & aquatic crossings 
• Environmentally sensitive crossings 
• Canal / utility crossings 
• Pedestrian access 
• Emergency or temporary detours 
• Single span alternative to daylight multi-cell culverts 
• Extreme live loadings – Mines, runways, etc… 
• …any bridge project! 
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Double-cell Highway Stream Crossing 
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Railway Overpass with Cooper E-80 Loading 
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Airport Taxiway Grade Separation 
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Application: Preservation of Historical Stone 
Arch Bridge 

• Conventional bridge replacement 
estimate 
– $600k bridge 
– $1.4M shoring for historical bldgs 

• Custom fit metal buried bridge 
metal with grouted annular space 
– $260k 
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Application: Bridge Replacement  
• Steel girder overpass 

scheduled for replacement 
• Contractor proposed value 

engineering concrete buried 
bridge 
– Half construction time 
– Maintained 4 traffic lanes 
– No bridge deck maintenance 
– Est. $2.5M savings 
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Benefits of Buried Bridges – Design and Installation 

• Reduced engineering design time 
– Simple/standard designs – less than 1 week. 
– Designs including soil-structure interaction – 2 to 3 weeks. 

 
• Reduced fabrication and installation times (ABC) 

– Shop fabrication and relatively fast delivery. 
– Typical installation in 1-3 days reduces traffic impact. 
– Reduced manpower and equipment vs. conventional bridge installation. 
– Specialized labor skills are not required for installation. 

 
• Sustainability benefits: 

– Reduced materials shipment needs. 
– Use of recycled materials for backfill and structure fabrication. 
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Other Benefits of Buried Bridges 

• Reduced overall costs over conventional bridges. 
• Reduced cost to add shoulders, bike lanes, etc. to width. 
• Good seismic and blast performance due to soil embedment. 
• Designs are adaptable to site-specific requirements such as 

curves, skews, and slopes. 
• Aesthetics are easily adapted to fit local architecture or 

landscaping goals by using form liners, facades, and special 
end treatments. 

• Significant increased load capacity relative to conventional 
girder bridges due to load sharing with soil embedment. 

• No bridge deck or expansion joints significantly reduces 
common bridge maintenance needs. 

• Reduced structural components simplifies routine inspection. 
• Reduced cost to lengthen for future roadway widening. 
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Metal Buried Bridge Fabrication 
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Precast Concrete Buried Bridge Fabrication 
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Reduced Labor for Installation 
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Buried Utilities in Fill Over Bridge 
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Common End Treatments 
• MSE wire or block walls, geosynthetics 
• Corrugated metal faced walls 
• Vegetated or paved slopes 
• Cast-in-Place or Precast Concrete Walls 
• Stones or other architectural treatment 
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General Design Steps – Buried Bridges 

• Function 
– Determine buried bridge structure geometry 
– Hydraulics and special design (not discussed here) 

• Serviceability 
– Evaluate durability (not discussed here) 

• Safety 
– Structural design by soil-structure interaction (SSI) 
– Design foundation/bedding and backfill 

• Design end treatments 
• Specify product and installation requirements 
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Buried Bridge Structure Geometry 

• Span x rise determined by: 
– hydraulic opening based on design flood for stream crossing 
– roadway clearance envelope for grade separation 

• Scour depth may influence rise and foundation depth. 
• Bridge length determined by roadway geometry, 

embankment slopes, waterway channel alignment 
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Span 

Rise 

Length 



Corrugated Metal 
Structure Shapes 
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Precast Concrete Shapes 
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Hydraulic Design (not covered in this presentation) 

• AASHTO Drainage Guidelines 
• Considerations 

– Scour depth/limits 
– Alignment and end treatments 

• Special Case Considerations 
– Design for Aquatic Organism Passage (AOP) 
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Durability (not covered in this presentation) 

• AASHTO LRFD Sec 11.10 (from MSE Walls) to 
determine required steel protection based on soil 
corrosion potential. 

• Manufacturer will offer coatings and linings for metal 
based on soil and water chemistry effects on the 
structure and foundation. 

• Manufacturer will offer concrete mix designs for 
resistance to sulfates, if necessary. 
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AASHTO LRFD Structural Design 

• AASHTO LRFD Bridge Design Specifications 
– 3.4 Load Factors and Combinations 
– 12.4 Soil and Material Properties 
– 12.5 Limit States and Resistance Factors 
– 12.6 General Design Considerations 
– 12.7, 12.8, 12.8.9, 12.9 Metal Arches & Boxes, Long-span, Deep 

corrugated, Structural Plate Box 
– 12.11, 12.14 Reinforced Concrete Boxes & Arches, Precast 

Reinforced Concrete Three-Sided Structures 
• Design Live Loads: 

– AASHTO - HL-93 
– State-specific - HL-93  Mod; legal loads, overload trucks (load 

ratings) 
– Railroad - Cooper E-80 
– Runway - FAA Aircraft 
– Other - Owner specific special design loads 
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AASHTO Sec 3.4 Load Combinations & 12.5 
Limit States 
• 12.5 - Design for Service I, Strength I, and Strength II 
• C12.5.3 – Do not design for fatigue, seismic due to burial 
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AASHTO Sec 12.4.1 - Foundations and Soils 

• Arches and Three-sided Structures 
– AASHTO LRFD Bridge Design Specifications Section 10 

Foundations 
– Deep foundations (piles with pile cap) 
– Strip (spread) footings 

• Closed shapes include design of bedding 
• May require imported fill 
• Re-use excavated site soils for backfill where quality, 

consistency, and economics allow  
• Critical backfill around structure is engineered fill and 

includes specified material properties and specified 
compaction 

• Roadway subgrade requirements dictate fill above 
critical backfill zone 
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AASHTO Design for Different Structure Types 

• Sec 12.4.2 structure materials for buried bridges include: 
– Aluminum pipe and structural plate 
– Concrete, CIP and Precast 
– Steel pipe and structural plate 
– Deep corrugated structures 
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AASHTO Design Vehicular Live Load 
• HL-93 live load is the design truck or design tandem with 

the design lane load. 
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AASHTO Design Truck AASHTO Design Tandem 

Live Load Modifiers 
• Dynamic Load Allowance, IM 

• IM = 33 * (1 - DE/8) ≥ 0% 
• DE = Cover in ft 
• Apply to Load:  (1 + IM/100) 

• Multiple Presence Factor, m 
• For single lane, m = 1.2 
• For 2 lanes, m = 1.0 



Application of Live Load 

• Live Load Distribution 
– Wheel Area = a x b 
– Spread a = a + 1.15H 
– Spread b = b + 1.15H 
– Area at depth = Spread a x 

Spread b 
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Design Truck Load 
Total (Soil + Truck) 
Soil Load 



End Treatments 

• Site conditions influence end treatments (headwall, 
wingwall, spandrel wall) 
– Waterway hydraulic design and alignment 
– Roadway and embankment support 
– Economy 
– Aesthetics 
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Design of Concrete Buried Bridges 
Philip Creamer 

Contech Engineered Solutions LLC  
 
 
 

Design of Metal Buried Bridges 
Joel Hahm 

Big R Bridge 
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Advanced Analysis of Buried Bridges 
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Two-Dimensional (2D) Finite Element Analysis (FEA) 

• Many tools available for buried pipe structural design 
• FHWA Culvert ANalysis and DEsign (CANDE) 

– Free download - http://www.candeforculverts.com/home.html 
– Analysis of  buried bridges using soil-structure interaction (SSI). 
– Non-linear structure and material models. 
– Advanced soil model capabilities. 
– Ability to model backfill construction increments. 
– Can model single or multi-cell structures. 
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Sample 2D FEA Model 
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• Native (in situ) soil – Zones 1,3,4,5, and 6. 
• Concrete footings in Zone 2. 
• Backfill soil in Zones 7, 8, 9. 

– Placed in 12 in. lifts at specified compaction and unit weight. 
– Can simulate construction compaction loading. 



CANDE 2D FEA SSI Limitations 
• Requires knowledge of soil-structure interaction and 

finite element analysis methods. 
• Does not include dynamic loads. 
• Requires preprocessor to create input file (no 

automeshing) and has limited ability for error checking. 
• 2D, so must approximate 3D live load effects or 

nonuniform soil cover loadings. 
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Three-Dimensional (3D) FEA 

• Many tools available; common tools include Plaxis, Flac, 
Ansys, Abaqus, etc. 

• Additional information required for: 
– Material models for bridge structure. 
– Material models for native soil(s). 
– Backfill material properties and compaction levels. 
– Structure variation along length (bridge width). 

• Live load application and load spread using SSI. 
• Allows variable foundation support along bridge length. 
• Change structure geometry along bridge length. 
• Allows evaluation of sloped or otherwise nonuniform soil 

cover. 
• Computationally more expensive that 2D 
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Sample 3D FEA Model 
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Narrow bridge 
Span = 24 ft  
Rise = 12 ft 
 

Wide bridge 
Span = 33 ft  
Rise = 20 ft 
 

MSE face between wide 
and narrow bridges 



Sample 3D FEA Results 
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Questions? 
 

Introduction to Structural Design of 
Buried Bridges (Non-seismic) 

Jesse L. Beaver 
JLBeaver@sgh.com 
781-907-9272 
Simpson Gumpertz & 
Heger 

Philip Creamer 
PCreamer@conteches.com 
513-645-7340 
Contech Engineered Solutions 

Joel Hahm 
JHahm@bigrbridge.com 
970-347-2208 
Big R Bridge 
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Design of Concrete Buried Bridges 
 

Philip Creamer, P.E. – Contech Engineered Solutions 
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Concrete Buried Bridges 



 
  Concrete 

 
 Typical Compressive Strengths 4 ksi to 6 ksi 

 
  Higher if Necessary 

 
  Reinforcing 

 
  Welded Wire Reinforcing – 65 ksi 

 
  Conventional Reinforcing Bars – 60 ksi 

 
  Higher Strength Steel is becoming more common 

 
 

 
 
 
 
 
 

Material Components 
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 Strength Limit State 

 
 Flexure / Axial Effects 
 
 Shear Effects 

 
 Service Limit State 

 
 Crack Control 

 
 Deflections 

 
 Fatigue    
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 Resistance Factors for Buried Structures – 12.5.5 
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 Live Load Distribution – 12.14.5.2 and 12.11.2 
 
 Cover 2’-0” or Greater – 3.6.1.2.6 (All Buried Structures) 

 
 Distribution of Wheel Loads through Earth Fills 
 
 Live Load Distribution Factor (LLDF) = 1.15 

 
 Cover Less than 2’-0” – 4.6.2.10 (Concrete Specific) 

 
 Equivalent Strip Widths 
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Equivalent Strip Widths 
 
 Traffic Travels Parallel to Span 

 
 Distribution Perpendicular to Span 
 
E = 96 + 1.44 (S) 
 
  E = Equivalent Distribution Width for Axle Load, in. 
 
  S = Clear Span, ft 
 
 
 
 
  
 

 
 
 
 
 
 

E 

S 
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Equivalent Strip Widths 
 
 Traffic Travels Parallel to Span 

 
 Distribution Parallel to the Span 
 

 𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐿𝐿𝑡𝑡 + 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 (𝐻𝐻) 
 
  𝐿𝐿𝑡𝑡 = Tire Contact Length, in. 
 
  H = Depth of fill from top of structure to top of  
        pavement, ft 
 
  LLDF = Distribution Factor (1.15 or 1) 
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Soil Structure Interaction 
Factor, Fe and  Ft 

 
 Box Culverts 

 
 Small Buried 

Bridges/Culverts 
 

 Not Typically used for 
Larger Structures 
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Design Considerations 
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Design Example 
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Backfill Envelope 
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CANDE Soil Models 
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CANDE Model 
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ELEMENTS 
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CANDE Model 
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Thickness    As (I)          As (O)        Cover (I)  Covert (O) 
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CANDE Model 
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 Types 
 
 Spread Foundations 

 
 Driven Piles 

 
 Drilled Shafts 

 
 Micropiles 

 
 Concrete Slab 

 
 Rammed Aggregate Piers, Helical Piles etc… 
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Buried Bridge Foundations 
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End Treatments 
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TRB Webinar – Introduction to Design of Buried Bridges (non-seismic) 

Flexible Buried Bridges 
June 23, 2016 

Joel Hahm, P.E. 
Senior Engineer 

Big R Bridge 
Greeley, CO 

jhahm@bigrbridge.com 
www.bigrbridge.com 

Chair of TRB AFF70-1 



Outline 
 
•AASHTO LRFD Design Checks 
•Design Inputs & Considerations 
•Sample Design 
•End Treatments / Installation 
 



 
 

 

Property Aluminum (ALSP) Shallow Corrugated 
Steel 

Deep Corrugated 
Steel 

Geometry Types Small arch, box, closed 
shapes 

Arches, closed shapes Arch, box, pipe, multi-radius 
arches 

Corrugation Profile 9” x 2.5” 6” x 2” 15” x 5.5” 

Design Yield Strength  24 ksi 33 ksi 44 ksi 

Relative Stiffness  ~1.5 x shallow 1 (baseline) ~9 x shallow 
~6.25 x ALSP 

•Material properties provided in AASHTO M167 / ASTM A761 

•Design properties provided in AASHTO LRFD Section 12 (Appendix A12) 

•Thicknesses up to 0.380” thick. 

•Hot dipped galvanized with 3.0 oz/ft2 coating weight (50% more than CSP) 

•¾” or ⅞” diameter high strength bolts (ASTM A449) depending on design 

•24, 33, or 44 ksi design yield strength depending on material 

•Granular backfill with same electrochemical requirements as those in AASHTO 
LRFD Design Section 11.10.6.4.2 for MSE walls.  Considers pH, resistivity, 
chlorides, sulfates, organics. 

 

 

 

Material & Design Properties 



AASHTO LRFD Design Checks 
•Shallow Corrugated Arches – Design Based on Thrust Loads (Section 12.7) 

•Wall Area (12.7.2.3) 

•Buckling (12.7.2.4) 

•Seam Strength (12.7.2.5)   

•Flexibility for Installation (12.7.2.6) 

 

•Shallow Corrugated Boxes – Design Based on Flexure (Section 12.9) 
•Moment Capacity (12.9.4.2, 12.9.4.3) 

•Typically Includes Circumferential Reinforcing (Ribs) 

 



AASHTO LRFD Design Checks 
•Traditional Long Span Structures – Design Based on Thrust (Section 12.8) 

•Wall Area, Buckling, Seam Strength, Flexibility Same as Above 

•Additional Requirements Based on Geometric Limits (Table 12.8.3.1.1-1) 

•Requires Special Features (typically longitudinal stiffeners or ribs)  

 



AASHTO LRFD Design Checks 
•Deep Corrugated Structures – Design Based on Thrust and Flexure (Section 
12.8.9) 

•Requires Rigorous Analysis (typically FEA)  

•Wall Area, Seam Strength Same as for Long Span Structures 

•Check Flexure (includes reduction for connections) 

•Moment-Thrust Interaction Check (Eq. 12.8.9.5-1) 

•Global Buckling Check (Eq. 12.8.9.6-1) 

•Flexibility, Special Features, Shape Requirements for Long Span do not 
Apply (12.8.9.1) 

•Includes Requirements for minimum cover and backfill zone width (12.8.9.2 & 
12.8.9.4) 

 

 



Steel Corrugation Profiles 
 

 



General Design Inputs 
•Inputs for Shallow Corrugated Structures: 

•Span 

•Soil Cover  

•Wheel Loads (based on LL  design vehicle) 

•Plate Radii (for categorizing as arch, long span and box shapes) 

•Structure Section Properties – from Appendix A12 

•Inputs for Deep Corrugated Structures: 

•Structure Geometry (dimensions, shape, radii, etc.) 

•Soil Cover & Backfill Zone Width 

•Wheel Loads (based on LL  design vehicle) 

•Structure Section Properties – from Appendix A12 

•Soil Properties – foundation soils, backfill zone soils, site soils 

•Foundation Type & Approximate Dimensions 

 

 

 



Site Geometry Inputs 
•Inside clearance / end area 
•Hydraulic / environmental considerations – maximize span to eliminate multi-cell crossings / get out 
of water, outside limits of disturbance, etc. 
•Available distance from bottom of structure to top of road 
•Flexibility (raise road grade, lower foundations, encroach on clearance box, etc.) 

•Custom geometries are most cost effective – Don’t limit yourselves to what is in the brochure! 

 
 

 
 

 



Geometry Type (arch vs. box) 
•Determined by site limitations & end area / clearance requirements 

•2 ft min cover for box (1.5 ft for spans ≤ 25 ft 5 in), 3 ft min cover for arch 

•Arch geometries are lighter / more efficient / lower structure cost 

•No need to specify geometry type – can be determined by manufacturer based on project 
requirements & site limitations 

 
 

 
 

 



Site Soil Conditions & Backfill 
•Boring logs & historical site data 

•Local geology & experience 

•Classification & electrochemical tests of 
representative materials 

•Scour depth & other hydraulic concerns 

•Some geometries sensitive to FEA soil inputs 

 
 

 
 

 



Loading Requirements 
•HL-93 is AASHTO LRFD standard 

•U-80, mining vehicles, E-80 Cooper, heavy trucks (heavier than legal loads) 

•Special design loads require axle loads & spacing, tire size, vehicle specs (if available) 

•Design capacity is driven by axle loading rather than GVW – less impact on design than a traditional 
or rigid bridge.  As a result, buried bridges can generally carry higher loads. 

 



Other Considerations 
•Foundation types – design foundations based on settlement tolerance, consider foundation soil 
improvement to save on costs & improve quality.  Biggest project cost / time savings vs. traditional 
& RCBC/Precast bridges can come from foundations. 

•Modest investment in geotechnical engineering can pay off – have geotech consult with designer to 
make sure appropriate recommendations are provided.  FEA designs can be customized and 
optimized to site.  

•Look at project costs rather than only comparative structure costs.  Construction time & labor, 
foundations, grading, site access, equipment, maintenance, inspection, and other costs can be very 
different between flexible buried bridge & rigid / traditional bridge options. 

 
 

 
 

 



Box Shapes 



Simple Arches 



HP Arches 



LP Arches 



Design Example 

 

 

 



 

 

   

Load & Resistance Factors 



Design Example – Small Span Box 
27’3”span, medium dense granular foundation soils, A-1 backfill, silty/sandy site soils, HL93 
loading, 2’ cover, span/5 backfill zone, spread footings, 15x5.5 profile, 1 gauge 

 



Loads are applied incrementally… 

 

Dead Load only (last DL Step) 



Live load applied at last step – design governed by HL93 Tandem 

Moment diagram of all load steps (LL in pink) 



Obtain loads from FEA output 

Last Load Step (DL+LL)FEA 
output 



Obtain loads from FEA output 

Last Dead Load Step 
output 



Design loads obtained using FEA based on SSI & load factors applied 

Structure capacities calculated based on AASHTO LRFD Equations 

Check moment-thrust interaction: 









 



    
  

    



























Thank You! 
Joel Hahm, PE 

Senior Engineer 
Big R Bridge 
Greeley, CO 

jhahm@bigrbridge.com 
www.bigrbridge.com 
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