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Pipe 4 Sided Box 3 Sided Box
ASTM C76 ASTM C1577 ASTM C1504
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Monolithic
Box Culvert
4 Sided Box

Segmented
Clamshell

Splitbox Culvert
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3 Sided Box
3 Sided Bridge
Flat Top Bridge
Concrete Frame

Arch Bridge
Arch Frame

HySpan
3 Sided Bridge
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Precast Structures:
Precast Vs Cast-in-Place
• Products are fully cured before 

delivery

• Backfill immediately

• Structure removed from critical 
path

• Cured in a controlled environment

• In-plant QC

• Decreased Traffic Risk

• Accelerated project completion

• Must reach 7 day strengths before 
stripping

• Backfill only after reaching strengths

• Form/steel/pour/cure/strip fully within 
critical path

• Pours are weather dependent

• Job site QC

• Fabrication & Public safety concerns

• Standard completion times



Precast Structures:
Precast Vs Cast-in-Place



Precast Structures:
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• Inspection

•Dimensions

•Reinforcement

•Climate

•Water/Cement Ratio



Precast Structures:
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➢ Agency approved in-plant 
Quality Control
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➢ Consistent dimension tolerance
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➢ Consistent engineered welded 
wire mesh – 65ksi min
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➢ Weather resilient 
construction



Precast Structures:
Precast Vs Cast-in-Place

➢ Consistent water/cement 
ratio



Precast Structures:
Precast Vs Cast-in-Place
Cast-in-place 8’ Section of 8x8:

➢ 9.5”x8”x9.5” = 2.01 tons/ft

Precast 8’ section of 8x8:

➢ 8”x8”x8” = 1.8 tons/ft 

Special Design Precast 8’ Section of 8x8:

➢ 8”x7”x7” = 1.63 tons/ft



Improved hydraulic capacity

Accelerated Construction

Minimal cover requirements

Resiliency of precast infrastructure

Elimination of weather sensitivity

Why Box Culverts?



Basic Box (C1577): 3x2 up to 12x12

Custom sizes

Multi-barrels

Deep fill (up to 

300 ft)

 Large Boxes

Why Box Culverts?



Trench

Embankment

Jacked

RCB Installation types:



AASHTO: M273

ASTM: C850

ASTM: C1433 (1999)

ASTM: C1577 (2005)

Cover: 0-2’ Cover: 2’+

AASHTO M259

ASTM C789

0-2’ 2’+

LRFD 
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BOXCAR OR      ET Culvert

AASHTO / ASTM C1577 design

3D wireframe generation

Load ratings per C1577 & Section 12



ASTM C1577

Single cell precast monolithic boxes

Standard sizes up to 12x12

HL-93 Live Loading

5,000 psi Compressive Strength Concrete

Design Tables:

Tabular designs in 

C1577 were prepared 

according to AASHTO 

LRFD Bridge Design 

Specifications



 4’ Span, 4’ Rise, 5” Walls

 5” Top and Bottom Slab

 1” Cover on reinforcing

 5000 psi Concrete

 As1 – 0.12 (Side Wall Outside)

 As2 – 0.18 (Top Slab Inside)

 As3 – 0.18 (Bottom Slab Inside)

 As4 – 0.12 (Side Wall Inside)

Example: C1577: 4’x4’x5’’ – 3’-5’ Cover



 4x4x5 Box

➢ 0-2’ of Cover:

➢ 5” Walls

➢ Top slab increases to 7.5”

➢ Bottom slab increases to 6”

➢ As5, As7 & As8 Required

➢ 2” Cover over As7

Example: C1577: 4’x4’x5’’ – 0’-2’’ Cover



 4’ Span, 4’ Rise, 5” Walls

 7.5” Top Slab

 6” Bottom Slab

 2” Cover On Top Slab Top Layer

 1” Cover on Other Reinforcing

 5000 psi Concrete

 As1 – 0.18 (Side Wall Outside)

 As2 – 0.33 (Top Slab Inside)

 As3 – 0.20 (Bottom Slab Inside)

 As4 – 0.12 (Side Wall Inside)

 As5 – 0.18 (Top Slab Inside Distribution)

 As7 – 0.18 (Top Slab Outside)

 As8 – 0.14 (Bottom Slab outside)

As5 (bottom Distribution)

Example: C1577: 4’x4’x5’’ – 0’-2’’ Cover

7.5”

6”

2”

…shall contain sufficient longitudinal wires extending through the box section to maintain the shape and position of the reinforcement. 



Installation



Trench

ASTM C1675

3” min bedding

6” min

Foundation

Side

Fill
Side

Fill

Embankment

6” min

HOverfill

Finished Grade

Span

R
is

e

Invert

Top Slab

0’ = Design Min.

3’ = Construction Min.



Unless designed for construction loading, RCB 
backfill should be placed 3’ above top of box to 
accommodate construction loads.

Culvert Loading

Earth

Live

Construction



Bedding:

Check line and grade 

frequently and evenly



Bedding:

Check line and grade 

frequently and evenly



Bedding: Bedding is key to a smooth installation!

Best 

Practices 

Highlight



Scheduling & Unloading = Project Efficiency

Divert drainage

Establish a good, level grade

 Use fine to medium material

 Leveling course should be 3” (min)

Installation Best Practices



 Install 1
st

& 2
nd

boxes accurately

Place joint materials

Properly align prior to pushing home

Keep weight of box off bedding

Pull home with winches or dozer

Installation Best Practices



Case  Studies



Case Study-16’ x 14’
University of Notre Dame



Rigid Rugged Resilient 39
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Rigid Rugged Resilient 43

Rieth-Riley Construction
South Bend Group
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Case Study- 9’ x 8’
Project Ocean-Lebanon,IN.



Rigid Rugged Resilient 56
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Rigid Rugged Resilient 59
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Rigid Rugged Resilient 61



Case Study- 13’ x 10’
IU Health-Bloomington,IN.



Rigid Rugged Resilient 63
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Case Study- 8’ x 8’
IMI- Stoney Creek Quarry
Noblesville,IN.
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Rigid Rugged Resilient 84



Will You Be Able to 

use this information?

Donald E. McNutt, pe

Great Lakes Region Engineer

American Concrete Pipe Assoc

dmcnutt@concretepipe.org


