BOX CULVERTS

ALABAMA VIRTUAL SERIES




BOX CULVERTS

ALABAMA VIRTUAL SERIES

Alec Parliament, P.E.
aparliament@foleyproducts.com

205.440.5775

AMmerican
Concrete Pipe
Association



BOX CULVERTS

Alabama Virtual Series

Learning Outcomes

Describe the basic fundamentals of precast drainage structures
Box Design-Example

List the necessary steps to properly install box culvert

Discuss the options available for box culvert end treatments

A

Describe how manufacturers are able to provide “specials”
6. Discuss the key tenants of Accelerated Precast Construction
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—unoamentals
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Plpg 4 Siaed Box = Sided Box

ASTM C76 ASTM C157F ASTM C1504
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<4 Sided Boxes
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Mownolithic Seqmented
Box Cullvert Clamshell
4 Sided Box Splitbox Culvert



3 Sided Boxes

177

3 Sided Box Hyspan Arch Bridge

3 Sided Bridge 3 Sided Bridge Conspan

Flat Top Bridge Areh Frame
CONCFELE Frameé
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Plpzf 4 Sided Box = .Sided Box

ASTM C76 ASTM C1577 ASTM C1504
4 Sided Boxes
Monolithic Segmented
Box Culvert Cclamshell
4 Sided Box s,nl[téwx Culvert
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32 Sided Boxes
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3 Siaed Box  HysSpan Arch Bridge

3 sided Bridge k3 .SLﬂ’t’ﬂ Eridge Conspan

Flat Top Bridge Arch Frame
Concerete Frame




Goals for Today




Let’s Put on Our “Thinking Caps”
about applying todays lesson
to current or future jobs
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Much has been said about:




*‘Today — we’ll be thinking
* About the Box itself




Why do we need to Replace & Add

Culverts:
* Alabama Facts:

* Total of over 100,900 miles of paved roadways

* Over 77,000 miles of rivers and streams
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Note: Box Culvert # RCP?

|

Box Culverts:

Standard, and Non-Std. uses

Beyond Bridges and Culverts:
Large Capacity Detention
Pedestrian, and Wildlife Tunnels
Junction Chambers:

Large Capacity Pump Stations —

» Vertical Application (we’ll see an example near the end )

Underground Conveyor Systems:

" Aggregate suppliers >

“Preppers” — Bomb Shelters

° (yup, where better to spend the rest
* of your days!)




Durable Reliable Infrastructure




Durable Reliable Infrastructure




DETENTION SYSTEMS: |

> Most efficient shape

> Large detention volumes
> Meets highway
loadings




Advantages

Activity Description

Excavation
Excavate Trench

op Slab
Install Boxes
Backfill
Backfill

Activity Description

Excavation
Excavate Trench

Base Slab - Form

Base Slab - Erect Steel

Walls - Erect Steel (Part 1)
elUl: 8 Base Slab - Pour/Cure

Base Slab - Strip

Walls/Top Slab- Form

Walls/Top Slab - Erect Steel (Part 2)
eIV 8 Walls/Top Slab - Pour/Cure

Backfill

1 Week 3 Week 4 Week 5 Week 6
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Precast VS cast-in-Place

> Cownsilstent dimension tolerance
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Everyday you’re near the creek
setting forms-tying steel — pouring concrete-

waiting for cure time-stripping- e SEsSSEEE
You expose yourselves to Env1ronmental ﬁlssﬁ'is' 3
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bpeed’, SatetyEEless
Environmental Impact ,
Less Liability— You Pick?




Advantages

* Controlled Curing
Enviromment

* Removal from the Critical Path

* Potential for Reduced Cost

* Lower Weather Depewdewcg

* Simpler Construction Methods

*  Accelerated Project Completion

®



OBAsICc Box (C1577): 3X2 UPTO 12Xx12

QCUSTOM SIZES ‘ =
OMULTICELL | 7~ 4
OLARGE SPANS =

QSHALLOW./ DEEP FILLS
(0 TO300FT)




Foley Concrete Products.

B OX D ES l G N : GUIDING DESIGN PUBLICATIONS

AASHTO: secTioN 12

LRFD BRIDGE DESIGN SPECIFICATIONS

ASTM C-1577







Box Culvert Sizing:

Determining required Waterway Area (sq. ft)

e -Estimate Peak Discharge 100yr flood using:

> 1)---Rationa| Method (most commonly used method)

* --Assumes Entire Basin has Uniform Constant Rainfall Intensity until the design discharge a the crossingis achieved.

* 2)---USGS Magnitude and Frequency Method

. equations developed from actual precipitation
. and runoff data collected

* 3)---Flow Transference Method:
* -Flow can be determined for streams that are nearby a
*  hydrologically similar watershed
-With a Long-Term gauging station.

B S

* 4)---Using FHWA Culvert Capacity Nomograph: s .
* -Sizing determined by calculated stream flow and headwater depth
* = (headwater / diameter) ratio.




Hydraulic Modeling w/HY-8-itsfree!

* Hydraulic computation Model for roadway stream
crossings (Culverts)

* Created and Provided Online by FHWA:

* https://www.fhwa.dot.gov/engineering/hydraulics/software/hy8/
* Allows users to:

| * Allows for multi-barrel crossings and multiple crossing in 1 project*
* Analyze roadway Overtopping (weir flow over road)
* Analyze the performance of culverts (velocities, water depths, flow profiles)

|« HEC-RAS




* Flow Controls:

* Inlet Control—
* Often w/Steep Slopes

e Outlet Control—

* Often runs full, or partially full




UNSUBMERGED INLET SUBMERGED INLET

Inlet Control:

oo

e Inlet Control:

* Culvert will convey more flow than the inlet will accept

* Parameters required to determine Dia. / End Area:
* Design Flow Rate
* Maximum Allowable Headwater Depth

Culvert Slope

Type of Inlet:
Type of Culvert Material: RCP, Box Culvert, Other.. **




Outlet Contro):

* Parameters required to determine Dia. / End Area:

* Design Flow Rate ‘ =,
* Maximum Allowable Headwater Depth “h
: -

* Culvert Slope
* Type of Culvert Material
* Type of Inlet




WHAT WE NEED TO DESIGN A BoX CULVERT?

0 REQUIRED “END AREA¥*” ~As DETERMINED BY ENGINEER

0 SPAN— RISE (BOTH IN FEET) (CAN BE DONE IN SMALLER INCREMENTS)

D (* = “NET”: LOST END AREA FROM 12’ X 12” “HAUNCHES” IN CORNERS)

O (EX: 8’ X 8’ Box = 63.1 sQ. FT)

QO FILL HEIGHT: ToP OF BOX TO TOP OF ROAD SURFACE
QLIVE LOAD -HL-93 OrR HL-93 MOD
O ANGLE OF BOX . ANGLE OF ROAD CROSSING



Loading Considerations:




C U IVe rt LOa d | ng .~ Historical Nomenclature: Truck Design

Historically called: HS-20 44 or (HS-25)

(where H stands for highway,

S for semi-trailer)
* 20 =20 ton weight of tractor

44=year adopted (1944)
Current Design Loading:
A) HL-93 Loading
(where H stands for highway
and L stands for Loading).
(developed in 1993)
B) HL-93 Mod

The design of this structure is based on 1.2
times the current AASHTO LRFD Bridge design
specification HL-93 loading with the exception
that the Design Tandem portion of the HL-93
Load definition shall be replaced by a single
60KIP axle load before application of this 1.2
];%c;‘ar ;the resulting factors is designated HL-

o

35000N 145000 N 145 000 N
|.4300mm__| 4300 to 9000 mm |

il

600mm General- o g -

1800mm
300mm Deck Overhang |_ el
Design Lane 3600 mm




AASHTO SEcTION 12.11.1

] I R ABUTION (H<2’; H>2?)

(MAX  FOR SAKD AND GRAVEL )

K AND K, =0.150

M e ,’ | (211221-) ) ADS FOR SOIL

(RO INARY MAX, FOR CLAY)
K, AND £, " =0,110

1
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[/ I e (12.112.2.1-2)
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VALUES OF LOAD COEFFICIENT Cq iz lf(l_jd/e)

El M Figure 12,11.2.2.1-3 Coefficient C, for Trench 'F _] — 0.74_*_0' 1(9!’ d) <09

QMINIMUM TOP SLAB CONCRETE COVER




BOXCAR orR ET CULVERT
SOFTWARE

QAASHTO / ASTM C1577 DESIGN
03D WIREFRAME GENERATION
QLOAD RATINGS PERC 1577 & SECTION 12



EXAMPLE: ASTM C1577

0 4’ SPAN X 4’ RISE (8” WALLS MINIMUM)
O LESS THAN 2’ OF COVER

0 HL-93 LIVE LOADING
0 5,000 Psi COMPRESSIVE STRENGTH CONCRETE

QODESIGN TABLES:
[ ]
4ftby4ftby 5in.
Design Circumferential Reinforcement Areas, in 2/t
Earth 2 3 s 7 “MM."
Cover, ft o o Be e e S S TABULAR DESIGNS IN
0<2 018 033 020 012 018 018 0.14 C1577 WERE PREPARED
=y B mlike e b »> ACCORDING TO AASHTO
21 .1 .1 .1
o e o LRFD BRIDGE DESIGN
15 012 019 020 0.12 38 SPECIFICATIONS
20 0.12 025 025 0.12 38
25 0.14 031 031 0.12 38
30 0.17 037 037 012 38




EXAMPLE. C1577:. A’XA’X8"’ o

—5 1 O 4’ SPAN, 4’ RISE,
0O 8” WALLS

. s Il ] i |
/. : ”_ 99
/\:Jrrwgmggsm )\ | O 1”-2” CoNc. COVER
As5 (bottom Distribution) : 0 5000 PSI CONCRETE

44" RISE |
=] J— 4\ ’ QO AS1 (sibeEwaLLOuTsiDE)
| O ASZ2 (Top SLABINSIDE)
O AS3 (Borrom SLAB INSIDE)
O AS4 (sipE WALL INSIDE)
rcover ||| |
—_— (TYP )\ ]
As! (SIDEWALL 08 Ni‘ O ASD (torsiLasInsiDE

Q DISTRIBUTION)

P
|
|
|
|
I
I

Ag4 (SIDE WALL INSIDE) -
A3 (BOTTOM SLAB INSIDE)
~ A8 (BOTTOM SLAB OUTSIDE)

N M o T o e e e s - O ASS8 (BorroMm SLAB oUTSIDE)

O AS7 (Top SLAB OUTSIDE)**







O’ COVER:

0 MAXIMIZES HYDRAULIC
CAPACITY

0 PLACE ROAD SURFACE
DIRECTLY OVER BOXES
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 TRENCH EMBANKMENT

CONCRETEPIPE.ORG



TLCZ88 PRO 2814./68./849 88 :489:36
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CULVERT LOADING

QEARTH

ALIVE
QOCONSTRUCTION

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

CONCRETEPIPE.ORG



INSTALLATION BEST PRACTICES

0 SCHEDULING & UNLOADING = PROJECT EFFICIENCY
0 DIVERT DRAINAGE
0 ESTABLISH A GOOD, LEVEL GRADE

0 USE FINE TO MEDIUM MATERIAL

0 LEVELING COURSE SHOULD BE 3” (MIN)




INSTALLATION KEYS

1-HANDLING 2-DEWATERING 3-BEDDING 4-PLACEMENT

5-JOINING 6-FINAL BACKFILL 7-END TREATMENTS 8-SPECIALS

CONCRETEPIPE.ORG



1-HANDLING



A100 HC




TRANSPORT:

LOADED ON THEIR SIDES AND

TRANSPORTED TO THE JOBSITE
 SPECIAL CARE MUST BE TAKEN DUE
TO THE LEGS
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TRANSPORT.
e EXERCISE CAUTION!

CONCRETEPIPE.ORG




2-DEWATERING



DEWATERING:

CONTROL SURFACE & GROUND WATER

O MAINTAIN DRY CONDITIONS DURING
INSTALLATION




DEWATERINGZ

% i <l Yo

CONCRETEPIPE.ORG



3-BEDDING



BEDDING:

CHECK LINE AND GRADE |&
FREQUENTLY AND EVENLY &%




BEDDING:

CHECK LINE AND GRADE
FREQUENTLY AND EVENLY

|
| 8o

Foundation
|




BEDDING: BEDDINGISKEYTO ASMOOTHINSTALLATION!

WBEST
C > PRACTICES _

~ . HIGHLIGHT

CONCRETEPIPE.ORG



4-PLACEMENT



PLACEMENT.:

SEQUENTIAL MARKING HELPS PROPER PLACEMENT ON
LARGE/ COMPLEX JOBS

CONCRETEPIPE.ORG



S5-JOINING



JOINING:

ASTM C1577:
O BOX JOINTS ARE TO BE TONGUE & GROOVE
0 MORTAR 3 e N4
O SEALANT
0 FABRIC WRAP

EEEEEEEEEEEEEEEE



JOINING:

VARIOUS JOINT MATERIALS ARE USED IN THE MARKET:
MASTIC

NEOPRENE CLOSED CELL SPONGE

BUTYL RUBBER SEALANT

BUTYL EXTERIOR JOINT WRAP

PROFILE RUBBER GASKETS
#) 1y N L.y
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JOINING:
0 PREVENT BEDDING MATERIAL ENTERING THE JOINT.

a SMOOT

CONCRETEPIPE.ORG



JOINING:

HOMING TECHNIQUES DRIVEN BY CAPABILITIES OF CREW,
EQUIPMENT & CONDITIONS.

C }EBRACTICES
~ HIGHLI

CONCRETEPIPE.ORG
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JOINING American

ADDITIONAL OPTIONS Conc s ot @

0 POCKET BOLTS




JOINING R

ADDITIONAL OPTIONS Cone e e @

i ol sl o

N POCKET BOLTS

CONCRETEPIPE.ORG



JOINING American

ADDITIONAL OPTIONS Conc s ot @

T =l - f=  EENANNEmE

N INDUSTRIES

CONCRETEPIPE.ORG



JOINING American

ADDITIONAL OPTIONS Con eSSt @

\ POST TENSIONING STRANDS




6-FINAL BACKFILL



O COMPACT BACKFILL IN LIFTS

O AVOID LARGE ROLLING COMPACTORS OVER
THE CULVERT




FINAL BACKFILL: MINIMUM COVER

PROVIDE WEARING SURFACE FOR
MINIMUM COVER




FINAL BACKFILL: MAXIMUM COVER

SPECIAL DESIGN IS
NEEDED FOR DEEP
COVER
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SUCCESSFUL 1ST INSTALLATION:

CONCRETEPIPE.ORG



7-END TREATMENTS



American
Concrete Pipe ()
—~7

PRECAST OPT[ONS Association

PRECAST END UNIT ADVANTAGES: IR —
 SAVE WEEKS OFF CONSTRUCTION SCHEDULE

e ALLOWS IMMEDIATE BACKFILL AND COVER

e GEOMETRIC FLEXIBILITY—DESIGNED TO FIT YOUR SITE

« AESTHETIC MOLDS ARE EASILY APPLIED



END TREATMENTS e
PRECAST OPTIONS concrsia e )

. il

/ L-WING END UNITS

L-WING WALLS ACT AS
CANTILEVERED WALLS WITH
WEIGHT OF SOIL BACKFILL




END TREATMENTS N
PRECAST OPTIONS concreic e ()




END TREATMENTS e
PRECAST OPTIONS concrsia e )

SOIL ANCHORS CAN
BE PRECAST TO
FUNCTION AS BIN
TYPE WALL SYSTEMS




END TREATMENTS e
PRECAST OPTIONS concrsia e )

HEADWALLS CAN BE

PRECAST & ATTACHED
IN THE FIELD \
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END TREATMENTS e
PRECAST OPTIONS concrsia e )

...OR PRECAST

WITH END UNIT \




END TREATMENTS
PRECAST OPTIONS




END TREATMENTS e
PRECAST OPTIONS concrsia e )

STRIP FOOTING CONTINUOUS
UNDER FLARED WINGWALLS




END TREATMENTS e
PRECAST OPTIONS ___conerBERE O)

b T

NATURAL FACADES CAN BE PRECAST OR CAST / T P VA
IN PLACE INTO WINGWALLS & HEADWALLS g ' ;
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END TREATMENTS
PRECAST PTIONS

CONCRETEPIPE.ORG



END TREATMENTS
PRECAST OPTIONS

CONCRETEPIPE.ORG



S8-SPECIALS



SPECIALS:

BENDS CAN SAVE MONEY &
ELIMINATE JUNCTION BOXES

CONCRETEPIPE.ORG



SPECIALS

MANUFACTURERS CAN
CUSTOMIZE ANY BEND
ANGLE

CONCRETEPIPE.ORG



SPECIALS:

LOGAN CANYON:

sr1.0 (s11). |+ LOTS OF CURVES

- WINTER HOUR
CONSTRUCTION (8
HOURS A DAY)

- NO ACCESS ROAD

- TRANSPORT UP TO
3,000 FT

- LEAK RESISTANT
JOINTS

5R3.0 (s64)

53,0 (s27) 506.0 (s31)

CONCRETEPIPE.ORG






Extending

@

existing
Boxes




MULTI BOXES:

MULTICELL VS
MULTIBARREL

CONCRETEPIPE.ORG



SKEWS ARE LIMITED
BY SIZE & GEOMETRY.

CONCRETEPIPE.ORG



LARGE BOXES:

T T e = —

20x12
ANIMAL CROSSING

Ci1577: 3x2 2> 12x12

TRANSITION

CONCRETEPIPE.ORG



PENETRATIONS:

0 PENETRATION ADDRESSED IN PLANT
0 CAN BE DESIGNED FOR FIELD PENETRATIONS
Q TOP, BOTTOM & SIDE PENETRATIONS

CONCRETEPIPE.ORG



CONCRETEPIPE.ORG



RESILIENCE




RESILIENCE.:

Tp Bae

CONCRETEPIPE.ORG



RESILIENCE.:

ADAPTIVE DRAINAGE INFRASTRUCTURE
DRY WEATHER INVERTS

CONCRETEPIPE.ORG
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