
1

S
TG

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

o
b

er
 1

7-
20

, 2
0

22

Evaluation of Box Culvert 
Differential Settlements Subject to 

Highway Embankment Load

Produced by:
Bon Lien, PE, PhD / Sr. Vice President / Principal Geotechnical Engineer,  WSP USA

Chien-Ting Tang, PE, PhD / Sr. Geotechnical Engineer, WSP USA
Justin Cook, PE / Assistant Vice President/Geotechnical Engineer, WSP USA

September 18, 2025

Presented by:
Naim Muhammad, PE, PhD / Vice President /  Geotechnical Engineer,  WSP USA

Charlotte, NC



2

S
TG

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

o
b

er
 1

7-
20

, 2
0

22

Fish Passage Concrete Culvert
(Example)

Image from: https://abc-utc.fiu.edu/mc-events/precast-concrete-culvert-standards-for-wsdot-fish-passage-projects/?mc_id=727
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Box Culvert Design
General Considerations

 Consider the box culvert as a beam in structural design.
 Design against At-Rest lateral earth pressures .
 Design groundwater at 100-yrs flood elevation . 
 Place Drainage Coarse Aggregate Below Base Slab and 

a min, 3-ft Thick on Both Sides of the Culvert.
 Reduce Differential Hydrostatic Pressure between 

Outside & Inside of the Culvert 
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Box Culvert Design
Settlement Criteria

 WSDOT 2015 GDM (Geotechnical Design Manual) 
requires.

where ∆H100 is differential settlement over 100 feet 
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Mitigating Total & Differential Settlements
(Structurally)

 Structure to be designed to tolerate min. 2-inch 
per 100ft differential displacement (WSDOT)

 Precast box culvert units with greater tolerance 
of differential settlement / angular distortion

 Enhance reinforcing steel (esp. base slab) to 
increase structural rigidity

 Optimize construction joint locations
 Install “Bond Beam/Link Slab” over joints of box 

culvert sections (FDOT Practice)

Reference: https://abc-utc.fiu.edu/mc-events/precast-concrete-culvert-standards-for-wsdot-fish-passage-projects/?mc_id=727
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FDOT (2008) 
“Bond Beam” over joints of box culvert 

sections
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FDOT (2009 - 2024) 
“Link Slab” over box culvert sections
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FDOT (2024) 
Q: When the Link Slab is required?

Refrence: https://abc-utc.fiu.edu/mc-events/precast-concrete-culvert-standards-for-wsdot-fish-passage-projects/?mc_id=727



10

S
TG

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

o
b

er
 1

7-
20

, 2
0

22

Reference: https://abc-utc.fiu.edu/wp-content/uploads/2022/03/2022-03-17_WSDOT-Precast-Culvert-Standards-for-Fish-
Passage-Projects.pdf

Mitigating Total & Differential Settlements
(Structurally)
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Mitigating Total & Differential 
Settlements

(Geotechnically)
 Undercut of localized soft/loose 

compressible soils
 Limited undercut by placing heavy-duty 

geotextile over foundation subgrade
 Camber be placed over the bearing 

subgrade to compensate for settlement 
(NCDOT Practice)
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Mitigating Total & Differential 
Settlements

(Geotechnically)
 Use of lightweight (0.7-2.5 pcf) Geofoam 

Expanded Polystyrene (EPS) block fill
 Along section having greater embankment 

height or soft/loose compressible subgrade
 Wrapped/Encapsulated with geomembrane
 w/ Overburden resisting potential buoyancy
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NCDOT Practice (2025)
 Camber be placed over the bearing subgrade 

to compensate for settlement (NCDOT Practice)
“Where pipe culverts are placed on compressible material, 
camber should be placed in the grade of the pipeline to 
compensate for settlement. The amount of camber used 
depends on the load imposed on the foundation materials and 
the compressibility of the material. Since these factors vary, 
judgement is required in selecting the amount of camber to be 
used. In an effort to provide some guidance in the selection 
of values for camber, a chart (Camber Table) of these values 
is included in Appendix D of this Manual. Unless more 
precise information is available, the values taken from the 
chart should be used.”

Ref: https://connect.ncdot.gov/resources/Materials/Pages/Drainage-User-Manual-Text.aspx?Method=DM-08-
A#APPENDIX%20D%20CAMBER%20DETERMINATION
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 For continuous culverts beneath the entire 
width of the embankment, multiply the 
selected factor by the length of the culvert (L) 
to determine the midpoint camber.

Camber for Box Culver 
Camber Table

(Appendix D, NCDOT Drainage User Manual)

Ref: https://connect.ncdot.gov/resources/Materials/Pages/Drainage-User-Manual-Text.aspx?Method=DM-08-
A#APPENDIX%20D%20CAMBER%20DETERMINATION
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Camber for Box Culver 
(Appendix D, NCDOT Drainage User Manual)
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Case Study – WSDOT I-405
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Case Study
Fish Passage Box Culvert, WSDOT I-405

EPS Geofoam 
Lightweight 
Fill

Max. Embankment Ht. 26-ft

3-Phase Staged-Construction Total Length 
335ft



18

S
TG

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

o
b

er
 1

7-
20

, 2
0

22



19

S
TG

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

o
b

er
 1

7-
20

, 2
0

22

Box Culvert Settlement Analysis

 Performed settlement analysis using Settle3 (developed by 
RocScience) computer software.

 Set up 3-D soil profile & design soil parameters,
 Consider staged-construction sequence (excavation unloading & 

loading), w/ planned limited undercut.
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Results of Settlement Analysis
Final Total Settlement Profile

 To meet the Action requirement, Lightweight 
Geofoam Embankment Fill is used to reduce the total 
settlement.
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Results of Settlement Analysis
3-Phase Staged-Construction Settlement Profiles

Structural Engineer Tasks

 Determine Design Subgrade Modulus (K=P/) based on the incremental settlement 
() and Service Limit Design Loading (P),

 Design reinforcing steel of cast-in-place (CIP) box culvert sections.
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 Staged Construction (3-Phases) w/ Monitoring  

Temporary Structural Earth Wall (SEW)
during Staged-Construction
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Temporary Structural Earth Wall (SEW)
during Staged-Construction
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Temporary Culvert Bulkhead
during Staged-Construction
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 Given the nature of the delivery method (design-build), 
expeditious communication among geotechnical, structural, 
contractor, and the DOT was necessary. Within a narrow 
timeframe, the group addressed differential 
settlement/angular distortion issues and facilitated 
construction within critical weekend closure periods.

 Soil-Structure Interactions
When subject to embankment loading, pressures acting on 
the box culvert roof slab could be different from those 
experienced at the base of the culvert. 

(Reference: Section 12.2.2 in Soil-Structure Interaction. The real behaviour of structures. The Institution of 
Structural Engineers, March 1989)

Summary and Future Questions
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Thank you

wsp.com


