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Introduction to Culverts
 Governing Specifications

• AASHTO LRFD Bridge Design Specifications
 Section 1 Introduction
 Section 3 Loads and Load Factors
 Section 4 Structural Analysis and Evaluation
 Section 5 Concrete Structures
 Section 12 Buried Structures and Tunnel Liner

• ASTM
 C1577 Standard Specification for Precast Reinforced Concrete Monolithic

Box Sections for Culverts, Storm Drains, and Sewers Designed According to
AASHTO LRFD
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Structural Model
 Per Unit Length Basis



Structural Model
 Haunches in the Structural Model

• Allowed, but not required

• Redistributes forces in structure

• Can use the effects of haunches in
either or both the slabs and the walls

Node



Structural Model
 Boundary Conditions – Four-Sided Box Culvert



Structural Model
 Boundary Conditions – Type 1 and Type 2 Culverts



Structural Model
 Boundary Conditions – Three-Sided Culverts



Structural Model
 Bottom Slab



Structural Model
 Bottom Slab

• As per code, we can assume a linearly varying stress distribution



Structural Model
 Bottom Slab

• Implies a rigid foundation

• Probably OK for Precast Box Culverts of typical dimensions



Structural Model
 Bottom Slab

• We could also assume a flexible foundation



Demand Side

Demand ≤ Capacity



Demand Side
 Applied Loads

• LL + IM = Live Load + Impact

• EV = Vertical Soil Load

• DC = Self Weight

• DW = Wearing Surface

• EH = Horizontal Soil Load

• WA = Internal Fluid Pressure

• LS = Live Load Surcharge



Demand Side
 Self Weight (DC)

 Wearing Surface (DW)



Demand Side
 Vertical Soil Load (EV)



Demand Side
 Vertical Soil Load (EV)

• Embankment Installation

• Soil-Structure Interaction
Soil

Prism

Natural Ground

Frictional
Forces



Demand Side
 Vertical Soil Load (EV)

• Vertical Arching Factor



Demand Side
 Horizontal Soil Load (EH)



Demand Side
 Horizontal Soil Load (EH)

• Equivalent Fluid Pressure Method



Demand Side
 Horizontal Soil Load (EH)

• Equivalent Fluid Pressure Method

Average ‘k’ valuesSoil Condition

1/3Active

1/2At-Rest

3Passive



Demand Side
 Horizontal Soil Load (EH)

• Equivalent Fluid Pressure Method

• AASHTO recommends “at-rest” pressure
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Demand Side
 Internal Fluid Pressure (WA)



Demand Side
 Internal Fluid Pressure (WA)

• Weight of fluid running through box
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• Approaching Vehicle
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Demand Side
 Live Load Surcharge (LS)

• Approaching Vehicle

• Boussinesq distribution

• AASHTO allows uniform distribution



Demand Side
 Live Load + Impact (LL + IM)



Demand Side
 Live Loads (Moving Loads)



Demand Side
 Live Loads (Moving Loads)

• Distribution through earth fills

• LLDF (Live Load Distribution Factor or Slope Factor)
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Demand Side
 Live Loads (Moving Loads)

• Distribution through earth fills

• For < 2’ of fill we get to distribute the load through the top slab

• Don’t forget to add distribution steel in the top slab
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Demand Side
 Live Loads (Moving Loads)

• Distribution through earth fills

• For >= 2’ of fill the distribution equations are basically the same regardless of
traffic direction

• For traffic perpendicular to the span – number of lanes?

???



Demand Side
 Live Loads (Moving Loads)

• Skewed Culverts – 2 cases with one subcase

• Applicable up to 5’ of soil depth



Demand Side
 Live Loads (Moving Loads)

• Skewed Culverts – 2 cases with one subcase

• Case 1 – Only the exterior culvert is skewed



Demand Side
 Live Loads (Moving Loads)

• Skewed Culverts – 2 cases with one subcase

• Case 1a – Straight culvert with skewed roadway



Demand Side
 Live Loads (Moving Loads)

• Skewed Culverts – 2 cases with 1 subcase

• Case 2 – All culverts are skewed



Demand Side
 Live Loads (Moving Loads)

• Effect of moving load on bottom slab

• Two options available
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• Effect of moving loads on bottom slab

• Two options available



Demand Side
 Live Loads (Moving Loads)

• Truck Types

• Design – HL-93



Demand Side
 Live Loads (Moving Loads)

• Lane Loads



Demand Side
 Live Loads (Moving Loads)

• Truck Types

• Design – HL-93

• Permit

• Legal



Demand Side
 Live Loads (Moving Loads)

• Multiple Presence Factor (MPF)



Demand Side
 Live Loads (Moving Loads)

• Multiple Presence Factor (MPF)

• Impact Factor (IM) or Dynamic Load Allowance (DLA)



Demand Side
 Load Combinations

1. Maximum vertical + maximum horizontal
2. Maximum vertical + minimum horizontal
3. Minimum vertical + maximum horizontal
4. Minimum vertical + minimum horizontal (not checked)



Demand Side
 Load Combinations



Demand Side
 Load Combinations

• Achieved through use of AASHTO max/min load factors



Demand Side
 Load Combinations

• Special case for lateral earth loads on culverts



Demand Side
 Load Combinations

• Fatigue



Demand Side
 Load Modifiers



Demand Side
 Final Demand



Capacity Side

Demand ≤ Capacity



Capacity Side
 Critical Sections

• Flexure
• Typically checked at three places per member
• Determines amount of reinforcement

• Shear
• Typically checked at two places per member
• Determines member thickness



Capacity Side
 Critical Sections for Flexure (3 Locations)

Haunches not included
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Capacity Side
 Critical Sections for Flexure (3 Locations)

Haunches not included
Haunches  included

Critical Section Extended



Capacity Side
 Critical Sections for Shear (2 Locations)

Haunches not included



Capacity Side
 Critical Sections for Shear (2 Locations)

Haunches not included Haunches Included and
Critical Section Extended



Capacity Side
 Calculation of dv



Capacity Side
 Resistance Factors



Capacity Side
 Tension Zones



Capacity Side
 Tension Zones



Capacity Side
 Flexural Capacity Methods

• Two methods available



Capacity Side
 Flexural Capacity Methods

• P-M Diagrams
• Include axial loads in capacity



Capacity Side
 Flexural Capacity Methods

• Also allowed to use Section 12.10.4.2.4a



Capacity Side
 Flexural Capacity Methods

• Also allowed to use Section 12.10.4.2.4a
• Which send us to this equation (commonly referred to as the Pipe Equation)



Capacity Side
 Flexural Capacity Methods

• Maximum reinforcement ratio



Capacity Side
 Shear Capacity Methods

• Several methods available



Capacity Side
 Shear Capacity Methods

• Basic Shear Equation



Capacity Side
 Shear Capacity Methods

• Constant Beta (b) b = 2.0
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Capacity Side
 Shear Capacity Methods

• Interactive Beta (Modified Compression Field Theory)
• Direct Beta (Modified Compression Field Theory)



Capacity Side
 Shear Capacity Methods

• Special Provision for Box Culverts (Beta = 3.0)



Capacity Side
 Shear Reinforcement



Capacity Side
 Shear Reinforcement

• Stirrup spacing is important



Capacity Side
 Serviceability

• Crack Control



Capacity Side
 Serviceability

• Crack Control – Basic Equation



Capacity Side
 Serviceability

• Crack Control – bs Term

βs = a / b



Capacity Side
 Serviceability

• Crack Control – Stress Limits in Reinforcement



Capacity Side
 Serviceability

• Crack Control – Exposure Factor



Capacity Side
 Serviceability

• Top Slab Deflection
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 Minimum Reinforcement
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Capacity Side
 Minimum Reinforcement

• Temperature and Shrinkage Steel
• Circumferential Reinforcement
• Distribution Reinforcement
• Longitudinal Reinforcement



Capacity Side
 Maximums

• Steel yields
• Concrete Strengths



Load Ratings
 What is a Load Rating?



Load Ratings
 What is a Load Rating?

• “Units of live load that can be supported by a bridge or
structure before that structure reaches a defined limit state”



Load Ratings
 What is a Limit State?



Load Ratings
 What is a Limit State?

• (from LRFD) - “A condition beyond which the bridge or
component ceases to satisfy the provisions for which it
was designed.”



Load Ratings
 Simple Example
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Load Ratings
 Where are Load Ratings defined?



Load Ratings
 In simple terms, the rating equation is:

• RF = (C-DL) / LL
• C = Capacity of the bridge element
• DL = Dead Load Effects (all non-live load)
• LL = Live Load Effects (based on 1’ unit of LL)



Load Ratings
 In actuality, the rating equation is:

• RF = (C-DL) / LL



Load Ratings
 What control do you have?

• Flexure and shear critical sections (C)
• Flexure and Shear capacities (C)
• Rating Factors (applied to LL force effects)
• Load Factors (applied to DL force effects)



Advanced Topics
 Flexible Foundation

• Replace pin-roller with springs



Advanced Topics
 Flexible Foundation

• Loads on the bottom slab are removed



Advanced Topics
 Flexible Foundation

• Spring stiffness based on soil subgrade modulus
• Must account for the weight of the bottom slab

Spring Stiffness = k * s * b



Advanced Topics
 Seismic Analysis

• Base document from FHWA



Advanced Topics
 Seismic Analysis

• Base document from FHWA
• Horizontal and Vertical Components



Advanced Topics
 Seismic Analysis

• Horizontal component is a racking analysis



Advanced Topics
 Seismic Analysis

• Horizontal component is a racking analysis



Advanced Topics
 Seismic Analysis

• Vertical Component is much simpler



Advanced Topics
 Seismic Analysis

• Vertical Component is much simpler
• EQ = (EV + DC) * 2/3 * PGA



Advanced Topics
 Seismic Analysis

• Both horizontal and vertical components are
reduced based on the depth of the structure



Eriksson Culvert Design Example
 Box Culvert Design Requirements

• Single Cell Box Culvert

• 10’ Span x 10’ Rise

• 2’ – 5’ fill over box culvert

• HL93 Live Load



Thank you for the opportunity to present to you today!

Brian S. Jenner, P.E.
Project Engineer
Rinker Materials

brian.jenner@rinkerpipe.com


