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PRECAST CONCRETE BOX CULVERTS
DESIGN & DETAIL CHANGES
PAST PRACTICE – Contractor/Fabricator Design & Rating



NEW PROCESS
Nearing Completion for 3 Internal Projects

Full Design & Rating by EOR for Contract 
Plans

Design per AASHTO LRFD 9th Ed.
Utilizing Eriksson Culvert Design Software
Fill Ht. Range used for Design listed on the 
Plans
Design for Concrete f’c = 5 ksi

 Increase to 6 ksi if required for shear
Design utilizing WWR with fy = 65 ksi
Design for soil density = 120 pcf 

 Min EH = 30 pcf
 Max EH = 60 pcf
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NEW PROCESS
MnDOT & IaDOT used as References
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NDDOT BARREL 
DETAIL SHEET

Intend to continue to 
permit flexibility
Shop Dwg submittal 
still required
Deviations from Plan 
details will be handled 
with Shop Dwg review
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BARREL INFORMATION TABLE
Req’d Concrete Design Strength
Design Fill Height Range
Min Thickness of Top Slab, Bottom 
Slab, & Walls
Min Req’d Reinf Area & Length 
(WWR)
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BARREL NOTES
Reinforcement Requirements
Min Clear Cover = 1 ½” 
Substitution of Grade 60 rebar is 
permitted. 8% increase to area is 
required.
Use of Plain Wire or Deformed 
Wire WWR is currently permitted.
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WWR: PLAIN WIRE vs DEFORMED WIRE
Both are permitted to be used
Development Length and Lap Length are calculated differently for 
each
ACI 318 defines these lengths differently:

        Deformed Wire is defined to end of Line Wire
        Plain Wire is defined to center of outermost Cross Wire

This difference affects M-Dimension and length of AS1 reinforcement
Neither MnDOT nor IaDOT appear to address this distinction

NDDOT process is to calculate required M-Dimension for both wire 
types and show the largest on the plans. Will then provide detail to 
define how the M-Dimension is intended to be measured.
Will require adjustment to length of AS1 steel required if Plain Wire is 
used.
Open to feedback and suggestions from Fabricators.
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Box Culvert Tie Detail
Hidden Tie detail required for 
box culverts
Requirement for tack weld was 
eliminated
Requirement to provide lock 
washer or upset threads after 
installation will also be 
eliminated
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606 PRECAST SECTION DESIGN
Member thickness and/or 
reinforcement areas less than shown in 
the plans will not be permitted.
Use of reinforcement areas larger than 
shown on the plans will be permitted.
Use of member thicknesses larger than 
shown on the plans will be permitted 
with approval by the Engineer. May 
require additional steel to meet min 
reinforcement requirements.
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FLARED WINGS vs PARALLEL WINGS
NDDOT has already moved to use of parallel wings for most situations:

Easier to fabricate
Easier to install
Easier to extend in the future

Flared wings are still needed and specified for unique situations.
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END SECTION DESIGN
End sections with parallel 
wings will be designed and 
detailed in the plans.
Details similar to those 
provided for barrel 
segments.
Currently only provide 
details for square end 
sections.
Skewed end sections not 
currently being provided for 
NDDOT projects.
Deviations from any plan 
detail can be handled 
through Shop Dwg 
submittal.
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FLARED WINGS
Different Fabricators use different systems. 
This will still be permitted
Flared wings will not be designed and detailed in the Contract Plans
Fabricator design will still be required
Intend to develop a Special Provision to provide better design 
guidance to be followed in the future
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Use of embedded lift anchors is preferred
May be situations that still require the use 
of lift holes.
Use of holes cast through the box for 
lifting will still be permitted
In either case, steel components cast into 
the box culvert will need to be 
galvanized. 
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GENERAL TYPES
CONAC A-ANCHORS
CONAC DR-ANCHORS
Other systems available
Capacity appears to be limited by top slab 
thickness
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LIFT ANCHOR CAPACITY
Design guidance appears to 
assume 4 lift points, with only 3 
engaged and utilized for lift 
capacity check.
Varies by anchor – appears the 
SWL for many lift anchors installed 
into a 10” slab is generally 8 tons 
or less
NDDOT will NOT be providing 
design or details for lift anchors 
in the plans. SWL for any system 
utilized will have to be checked 
by Fabricator.
NDDOT intends to provide the 
plan note shown.
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LIFT HOLE REQUIREMENTS
Lift Holes to be plugged with 
polymer plugs
Install waterproof membrane 
after plugging
All components to be galvanized
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FUTURE STEPS
Provide Design Guide to 
Consultants for future 
NDDOT and Local Projects. 
Wish to standardize the 
process for all future projects.
Likely to see a mix of projects 
in future bid lettings until 
process is finalized and 
guidance can be distributed 
for use.
Ultimate goal is to develop 
standard designs for single 
cell precast concrete box 
culverts. No timeline for 
development.

PRECAST CONCRETE BOX CULVERTS
FUTURE CHANGES



PAST PRACTICE – Multi-Line Boxes
Show a precast double cell box in the Plans
Provide a note in the Plans permitting substitution of single 
cell boxes with no adjustment to bid quantity or prices
Provide detail in the Plan for backfill between barrels
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Future Projects
Will start requiring single line boxes on some 
projects - No substitution of doubles

Projects With:
Large Span Boxes – 14’ & 16’ Spans
• Limit size & weight for handling, shipping, 

installation
• Less prone to damage during installation
• Tighter joints after installation

Skewed Ends:
• Square end sections require stagger  

between adjacent lines of box
• Singled reduce stagger distance between 

adjacent lines
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GRAND FORKS DISTRICT
• Quad 10x6 precast box @ 30 degree skew
• Detailed and constructed as pair of double cell boxes
• Approx. 13 foot stagger at termination of end sections
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CONSTRUCTION
• Parapet skewed to match Roadway CL
• Didn’t allow for proper backfill along wing
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FINISHED STRUCTURE
• Parapet breaks to match end section
• Rock added to cover top of boxes



USE OF SINGLES
• Quad 16x10 precast box @ 15 degree 

skew
• Designed and detailed as 4-lines of 

single cell boxes
• Substitution of double cell boxes will 

not be permitted
• Stagger limited to 3 feet at 

termination of end sections
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PARAPET DETAILS
• Fabricated square to ends of barrels
• Contractor to construct concrete or 

CDF topping over roof after 
installation

• Topping not required for strength
• 7-day cure on topping not required
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CUTOFF WALL DETAILS
• Fabricated to match stagger of end 

sections
• Short segments required to be 

installed parallel to flow direction



NEW CDF DETAIL
1. CDF Between Barrels
2. Concrete Between Wings
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OLD CDF DETAIL
1. 12” End Cap – Non-Shrink Grout & Rebar 

Anchors
2. CDF Between Barrels
3. CDF or Class 41 between Wings
4. Concrete Cap – Top and Ends of Wings



NEW CDF MIX DESIGN      
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CURRENT DETAILS
Separate details for shallow and 
deep fill situations
At Contractor request, both 
details incorporate new Box 
Culvert Foundation Aggregate 
into the bedding detail
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ADDITIONAL GUIDANCE FOR CONTRACTORS 

PRECAST CONCRETE BOX CULVERTS
BACKFILL DETAILS

SHALLOW FILL BACKFILL 
DETAIL

Wish to provide a 3D model 
to better define limits of 
Foundation Fill and Bedding.
Model will be cut to Roadway 
Model Dirt Grade to 
accurately reflect 
construction limits and 
material quantities.
Working towards providing 
this model as part of 
Supplemental Design Data 
provided for a project.


