AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

AASHTOWare Bridge Rating and Design Training

CVT1 - Two-Cell RC Box Culvert Example (BrR/BrD 6.4)

Topics Covered

Enter culvert description
Perform AASHTO Culvert LRFR analysis and review results
Culvert Design Tool
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

BILL OF BARS
THE FIRST OR FIRST AND SECOND DIGIT OF THE MARK SIGNIFIES THE BAR SI7EJ
THE DIMEMSION |8 THE BENT COLUMN IS THE OUT TO OUT HORIZONTAL LEG
OF A "L SHAPED BAR.
NUMBER CUTTING
MARE REQD. LEMGTH BENT] DIAG. LOCATION

A [ BAGI 415 n-2 | 37| NOD CORMERS

A | BROZ 400 T-4 3-7 (iT] CORMERS

A | B9O3 76 3-0 | NO ] BOTTOM SLAB TRANS,

A | B304 T2 4-10 | NO M BOTTOM SLAB TRANS,

/[ BROS 124 25-10 | WO MO BOTTOM SLAB TRANS,

A [ B508 240 8-2 MO MO BOTTOM SLAE TRAMS.
B30T 2496 2-0 | MO ME WALLS-DOWELS WERT.
B40A 136 2-0 | WO MO WALLS-DOWELS WERT.
FEBE] 320 33-0 | WD MO TOPRBOTTOM SLAR & WALL
ES10 295 12-4 | WO MO WALLS WERT.

B4 136 13-4 1-0 | NO WALLS VERT.

A | BEIZ A4 25-10 | MO MO TOP SLAB TRANS.

A B3 B0 B-2 | WO WO TOP SLAE TRANS.

AJBT e 3-0 | MO HO TOF SLAE TRANS,

AJBTIS nz 4-10 | MO WO TOP SLAB TRANS,

B416 &4 33-0 | WD MO TOP SLAB LONGIT.
B417 q 25-4 | MO hE HEADERS HORIZ.
B319 7 3-] YES | WO HEADER STIRRUPS VERT.
B519 267 4-0 | MO O VERT.COMST, JOINT
A B801BARS MAY BE SUBSTITUTED FOR BBOZ? BARS
B903 BARS MAY BE SUBSTITUTED FOR B304 BARS
B3OS BARS MAY BE SUBSTITUTED FOR PAIRS OF BS0E BARS
B612 BARS MAY BE SUBSTITUTED FOR PAIRS OF BEI3 BARS
B714 BARS MmAY BE SUBSTITUTED FOR BTIS BARS,

Material Properties:
e  Culvert concrete — Class A, f’c = 3.5 ksi
e Reinforcing steel — Grade 60, Fy = 60 ksi
e Soil — 120 pef, ¢ =30 deg
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Enter culvert description

From the Bridge Explorer, select File | New | New Bridge to create a new bridge.

I3 virtis/Opis/Opissub - T

[I_-_lle] Edit View Bridge Tools Window Help

Mew

Open Ctrl+ 0
Close
Save Ctrl+5

Save As..,
Open Route...
Databaze Information

Import...
Export Systern Data...
Import System Data...

Batch Export...
Batch Impaort...

Print... Ctrl+P
Print Preview

Print Setup...

Exit

]

Mew Folder

Mew Bridge I

]

iy B & E

A2 BN B

rieved for the current folder, all rows
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Enter the following description data for the culvert. The Superstructures and Culverts checkboxes specify

the types of structures the bridge contains.

Workspace tree.

These checkboxes filter what to display in the Bridge

Close the window by clicking Ok. This saves the data to memory and closes the window.

4

[l

Terhy
Bridge I —ulvert Ex 1 NEI Structure ID (g): ZulvertEx] L gz

[7] Superstructures

[] Bridge Completely Defined Culverts

Description | Description [cont'd) | Alternatives I Global Reference Point I Traffic|

Wame: Culsert Example 1

‘r'ear Buil:

Description:  Two-cell reinforced concrete box culvert example

Location:

Facility Carried [7]:

Feat. Interzected [E]:

Default Urits: [US Customary -

Lenath:

Route Mumber: STHED

i, Post:

[ Bridgeiare Association... YWirtiz Opis Paontis

Ok,

|[ Apply H Cancel

The Bridge Workspace tree after the bridge is created is shown below.

P

Bridge Workspace - Culvert Ex1

=N [HCR (xS

Y Cuver 1

[ [ Materials

[ [ Beam Shapes

- [ Appurtenances

....... (L1 Diaphragm Definitions

------- j Impact / Dynamic Load Allowance
------- MFF LRFD Multiple Presence Factors
- [ Factors

------- (L1 LRFD Substructure Design Settings
....... EC Environmental Conditions

....... OF Design Parameters

....... (L CULVERT DEFIMNITIOMS

------- (L1 BRIDGE ALTERMATIVES

Last Modified: 7/26/2012

CVT -4

AASHTOWare BrR/BrD 6.4




AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

The tree is organized according to the definition of a bridge with data shared by many of the bridge
components shown in the upper part of the tree. A bridge can be described by working from top to bottom

within the tree.

To enter the materials for the culvert, expand the tree for Materials.

Double-click on the Concrete folder to create a new concrete material. Click on the Copy from Library

button to copy the Class A (US) concrete material to the bridge.

e

™ Bridge Materials - Concrete

[= ][O )

Compressive strength at 28 days (f'c) = 3.500

Initial compressive strength [f'oi] =

Density [for dead loads) = 0.150
Density (for modulus of elasticity) = 0.143
Modulus of elasticity (Ec] = 340873

Initial moduluz of elasticity =

Poiszon's ratio = 0.200

Coefficient of thermal expansion = 0.0000080000

Mame: Clazs & [LUS] D ezcription: Clazs & cement concrete

ksi
ki
1/F
kot
kit
ksi
ki

Composition of concrete = | Marrnal

boduluz of jupture = 0.443
Shear factor = 1.000

bz

Copy from Librany. . | [

1] 8

] | Apply | | Cancel

Last Modified: 7/26/2012 CVT-5
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on the Reinforcing Steel folder to create a new reinforcement material.

from Library button to copy the Grade 60 reinforcement material to the bridge.

Click on the Copy

™ Bridge Materials - Reinforcing Steel

E=NECh =<

Mame: Grade B0 Description: B0 ksi reinforcing steel
ki aterial Properties
Specified yield strength [Fy) = 50.000 ks
Modulus of elasticity (E<] = 23000.00 s
Eifimade st ol = 90.000 ksi
Tupe
@) Plain
Eposry
Galvanized
Dther
Copy from Library... | l ok | Apply | | Cancel

Double-click on the Soil folder to create a new soil material. Click on the Copy from Library button to

copy the Standard Soil 1 material to the bridge.

™ Bridge Materials - Soil

BN Nl =

Mame: Standard Sail 1 Dezcription;  Standard Soil 1
Soil unit load = 120000 ocf
Saturated zoil unit lnad = 125.000 pick
Atrest lateral earth pressure coefficient [LRFD/LRFR] = 050
Active lateral earth pressure coefficient [LRFD/LRFR] = 0.33
Passive lateral earth pressure coefficient [LRFD/LRFR] = 2.00
b aximum lateral soil pressure (LFD] = £0.000 pef
Minimurn lateral zoil pressure [LFD] = 30.000 pef
| Copy from Library. .. | | 0K | | Apply | | —

Last Modified: 7/26/2012 CVT-6 AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

The Bridge Workspace tree with the three materials to be used by the culvert is shown below.

P

Bridge Workspace - Culvert Ex1

E=N(ECh =

[ Y Cubvert Ex 1

e L] Materials
....... (L3 Structural Steel
=[] Cencrete
o T Class A (US)
= [ Reinforcing Steel

‘. @ Gradesd
....... (L1 Prestress Strand
- [ Timber
B [27 Soil

.. B8 standard Soil 1

[ [_] Beam Shapes

- [ Appurtenances

....... ([ Diaphragm Definitions

------- j Impact / Dynamic Load Allowance
------- HFF L RFD Multiple Presence Factors
- (L] Factors

------- ([ LRFD Substructure Design Settings
------- EC Environmental Conditions

------- OF  [Design Parameters

....... (L3 CULVERT DEFIMITIOMS

....... (L1 BRIDGE ALTERMATIVES

Last Modified: 7/26/2012 CVT-7
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on the CULVERT DEFINITIONS folder to create a new culvert definition. Enter the Culvert
Definition name as show below. The first Culvert Alternative that we create will automatically be assigned

as the Existing and Current Culvert Alternative for this Culvert Definition.

M Cubvert Definition

BN Nl =

M Culvert Def 1
ame
Dezcription:
Default units: [US Cuiztornary - ]

Existing | Current | Culvert Aternative Name | Description |

|

Apply ] [ Cancel

Expand the tree for Culvert Def 1.

Eridge Workspace - Culvert Ex1

[ & ]S

= #My Cubvert Ex1

i [ Materials

[ (] Beam Shapes

- [_] Appurtenances

....... (L] Diaphragm Definitions

------- j Impact / Dynamic Lead Allowance
------- MFF LRFD Multiple Presence Factors

i [ Facters

------- ([ LRFD Substructure Design Settings
....... EC Environmental Conditions

....... OF Design Parameters

= [3 CULVERT DEFIMITIONS

(O] Culvert Def 1

....... —1 Impact / Dynamic Load Allowance
- @l Default Materials

....... {1} Roadway Plan View

....... E Cubvert Loads

- 88 ] CULVERT ALTERMATIVES
....... ([ BRIDGE ALTERMATIVES

Last Modified: 7/26/2012
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on Culvert Loads in the tree to open the Culvert Loads window. Select the checkboxes to
apply soil pressure to both side of the culvert. These checkboxes are provided to allow for the case where a
culvert is widened by placing another culvert directly next to it so that side does not have lateral earth
pressure.

Click Ok to save the data to memory and close the window.

i )

M Cubvert Loads EI@

Soil material: | Standard Soil 1 -

Lateral Soil Pressure
Apply soil pressure to left side Water unit load =
Apply soil pressure to right side

62.40 ot

Ok |[ Apply H Cancel

Last Modified: 7/26/2012 CVT-9 AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on the CULVERT ALTERNATIVES folder to create a new culvert alternative for Culvert
Def 1. Enter the data as show below.

™ Culvert Alternative Description

oG]

Culvert Alternative: Culvert Alt 1

 Description }| Specs | Factors | Control Options
Description:  Two-cell reinforced concrete box culvert - RC Box
examgle Culvert type:
Construction Type
(@ Cast-in-place
Default units: |US Customary i
() Precast
Slab exposure factor: 0.75
Default rating method:  |LFD -
Soil
Installation method: |Embankment - LRFD EH Load Factor
Side Fill Condition @ Atrest (D) Active
@ Compact () Uncompact
LRFD/LRFR Earth Pressure Coeffident
(@ At-rest
Soil-structure interaction factor (LRFD): P
() Active
Soil-structure interaction factor (LFD): (7 Passive

[ Ok ] [ Apply ] [ Cancel

Select the Specs tab. AASHTO Culvert Engine is selected as the analysis module for LRFR analysis.
Click Ok to save the data to memory and close the window.

M Culvert Alternative Description EI@
Culvert Alternative: Culvert Alt 1
| Description |5DE'Z5| Factors I Contral Options

o aw:;—.g zoa Anatysis Module Selection Type Spec Version
LFD AASHTO Cubvert LFD | » || System Default | »||MBE 2nd 2011i, Std 17th ||| 2002 AAL
LRFDr AASHTO Cubvert LRFD ||| System Default || LRFD &th || 2012 AAL
LRFR AASHTO Culvert LRFR | » | System Default || MBE 2nd 2011i, LRFD Gth ||| Approvec

4| mn [ 3

[ Ok ] [ Apply ] [ Cancel
Last Modified: 7/26/2012 CVT-10
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Expand the tree for Culvert Alt 1.

Double-click on RC Box Culvert Geometry in the tree. Enter the data as shown below. Click Ok to save
the data to memory and close the window.

M RC Box Culvert Gearnetry EI@

™

Mumber of cells: 2 -
Bottom slab present

Cell height: 12009 ft 5.50 .
Horiz. construction joint height: lg]
Width
Cell
(ft)
1 12.000
2 12.000
[T Haunches
— Haunch Width .
Top haunch width: Lg]

K-hj}— Haunch Cepth .

Top haunch depth:

Cel Width Bottom haunch width: in
Cell Height Bottom haunch depth: in
ok | [ Apply ] [ Canicel

Last Modified: 7/26/2012 CVT-11 AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on the Bar Mark Definitions folder in the tree to create a new bar mark definition for Culvert

Alt 1.

Enter the data for B801 as shown below. Click Ok to save the data to memory and close the window.

MNUMBER ~ CUTTING
K TH
MAR BE0D. LEMNG _E-EENT DIAG. LOCATION
?Eﬂl | 416 =2 3T N CORNERS
M Bar Mark Definition o =[]
Mame; B8O
Bar Tupes:
A b aterial: [Grade G0 -
Bar size: [E vl
Type: Straight
Bar tupe: [Enrner Vl
5 Dirmenzion
- 0
= 7.5E3
Type: Hook s ft
B= 23583 it
B
A
Type: Corner
B
A
C
Type: C Bar
B
1 H
1
A L‘:
Type: Bent
£ oK [ Lpply ] [ Cancel
Last Modified: 7/26/2012 CVT-12 AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on the Bar Mark Definitions folder in the tree to create another bar mark definition.

Enter the data for B802 as shown below. Click Ok to save the data to memory and close the window.

ARk NUMBER

~ CUTTING
RE 0'0., LENUTH_E-SENT DIAG. LUCJ‘-‘LTI?N
BaOZ | 400 T-4 3-7 M CORMERS
M Bar Mark Definition o =[]
Mame; B902
Bar Tupes:
A b aterial: [Grade G0 -
Bar size: [E vl
Type: Straight
Bar tupe: [Enrner Vl
5 Dirmenzion
- 0
= 3750
Type: Hook s ft
B= 23583 it
B
A
Type: Corner
B
A
C
Type: C Bar
B
1 H
1
A L‘:
Type: Bent
£ oK [ Lpply ] [ Cancel
Last Modified: 7/26/2012 CVT-13 AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Repeat this process for the rest of the transverse bar marks.

mank NUMBER, rreTH CUTTING
BEOD. LEMGTH BENT| DIAG. LOCATION .
B903 76 3-0 MO NGO BOTTOM SLAB TRANS.
B304 T2 4-10 KO N BOTTOM SLAS TRANS,
BSOS 124 25-10 NO N BOTTOM SLAB TRANS.
B50& 240 B-2 O NQ BOTTOM SLAB TRANS.
B50T 296 2-0 NO NG WALLS=-DOWELS VERT.
B40a 136 2=0 O NO WALLS=DOWELS VERT.
B510 296 12 -4 Le] NQ WALLS VERT.
Bl 136 13-4 1-0 [L14] WALLS VERT.
B&12 B4 25-10 WD [ 18] TOP SLAB THAaNS.
B&13 16D B-2 RO NO TOP SLAB TRANS.
BT14 jh1=] 3-0 L] NQ TOP SLAB TRANS,
BT15 1z 4-10 | MO NQ TOP SLAB TRANS.,
M Bar Mark Definition (== |[=]
Mame: B303
Bar Types:
A b aterial: [Grade B0 s
Bar zize: [Et vl
Type: Straight
Bar type: [Straight Vl
B—-| Dimension
7
= 9.000
Type: Hook A f
- .
M Bar Mark Definition (== ]|[=]
Mame: B304
Bar Types:
A b aterial: [Grade G0 s
Bar size: [Et vl
Type: Straight
Bar type: [Straight vl
B—-| Dimension
7
= 4833
Type: Hook . t

Last Modified: 7/26/2012 CVT-14 AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

o

&M Bar Mark Definition o || = || 2
Mame; B505
Bar Types:
A b aterial: [Grade (=1 -
Bar zize: [5 vl
Type: Straight
Bar type: [Straight Vl
5 Dirmenzion
0
= 2h833
Type: Hook : f
&M% Bar Mark Definition = =] S
Mame: BS0G
Bar Types:
A b aterial: [Grade (=1} -
Bar size: [5 vl
Type: Straight
Bar tpe: [Straight v]
a Dimenzian
0
= BI1E7
Type: Hook : f
™ Bar Mark Definition o= |
Mame; BEO7
Bar Tupes:
A M aterial: [Grade G -
Bar size: [5 vl
Type: Straight
Bar type: [Straight v]
A Dimenzion
0
= 2000
Type: Hook : f
Last Modified: 7/26/2012 CVT-15 AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

o

% Bar Mark Definition (o=@ ][==]
Mame; B402
Bar Types:
A M aterial: [Grade (=1 =
Bar size: [4 vl
Type: Straight
Bar type: [Straight vl
B Dimenszion
-
= 2000
Type: Hook A ft
% Bar Mark Definition (o=@ ][==]
Mame; BS510
Bar Types:
A b aterial: [Grade (=1 -
Bar zize: [5 vl
Type: Straight
Bar type: [Straight vl
B Dimenzion
- 0
= 12333
Type: Hook s ft
™ Bar Mark Definition (=@ ][=]
Mame: B411
Bar Types:
A Material | Grade B0 -
Bar size: [4 vl
Type: Straighi
Bar type: [Enrner *l
B Dimenzion
I
= 12333
Type: Hook s ft
g= 1.000 it
T
Last Modified: 7/26/2012 CVT-16 AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

o

% Bar Mark Definition (o=@ ][==]
Mame; BE1Z
Bar Types:
A b aterial: [Grade (=1 -
Bar zize: [E vl
Type: Straight
Bar type: [Straight Vl
5 Dirmenzion
7
= 2h833
Type: Hook : f
™ Bar Mark Definition (== |[=]
Mame; BE13
Bar Tupes:
A M aterial: [Grade 1] -
Bar size: [E vl
Type: Straighi
Bar type: [Straight vl
B Dimenzion
7
= BI1E7
Type: Hook s ft
M Bar Mark Definition (== |[=]
Mame; B714
Bar Types:
A b aterial: [Grade =11] -
Bar zize: [? vl
Type: Straight
Bar type: [Straight v]
B Dirmenzion
7
= 9.000
Type: Hook s ft
Last Modified: 7/26/2012 CVT-17 AASHTOWare BrR/BrD 6.4
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o

&M Bar Mark Definition

Mame:

Bar Types:

BE715

A

Type: Straight

o

I |
Type: Hook

Last Modified: 7/26/2012

M aterial: [Grade B0

Bar size: [.‘-"

Bar type: [Straight

Dimenszion
A= 4833
CVT - 18

ft

AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on the CULVERT SEGMENTS folder to create a new culvert segment for Culvert Alt 1. A
culvert alternative may have one or more culvert segments. Enter the data as show below.

M Culvert Segment [E=N ES

Name: Culvert Seg 1

Description:

Material: ’CIBSS A (lUs) -

Location along Culvert Structure Definition Reference Line

Distance from left end of awlvert fo start of segment = ft

Length of segment = 134.00 ft

Distance to starl of

Left end of culvert Length of segment
segment
> > g
Looking Ahd STA
Ok { [ Apply l [ Cancel

Last Modified: 7/26/2012 CVT-19 AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Expand the tree for Culvert Seg 1.

P

Bridge Workspace - Culvert Ex1 E'@

= M Culvert Ex1
[ (L2 Materials
[#-- [_] Beam Shapes
H-- [ Appurtenances
------- (L1 Diaphragm Definitions
------- j Impact / Dynamic Load Allowance
------- HFF LRFD Multiple Presence Factors
[ [ Factors
------- (L1 LRFD Substructure Design Settings
------- Ec Envircnmental Conditions
....... OF  [esign Parameters
= L3 CULVERT DEFIMITIOMS
EI ..... @ Cubvert Def 1

....... j Irnpact / Dynamic Load Allowance

....... &1 Default Materials

....... £} Roadway Plan View

....... E Culvert Loads

EI ----- ([ CULVERT ALTERMATIVES

S (@) Culvert Alt1 (E) (C)
....... RC Box Culvert Geometry

: E End Conditions
..... (L Bar Mark Definitions
s | CULVERT SEGMENTS|

EI ..... @ Culvert Seg 1

....... :1.1 Irnpact / Dynamic Lead Allowance

@ RC Box Culvert Thickness
- @ RC Box Culvert Loads
------- RC Box Culvert Reinforcement
.. (I Points of Interest

Last Modified: 7/26/2012 CVT-20
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on RC Box Culvert Thickness in the tree.

below. Click Ok to save the data to memory and close the window.

Enter the slab and wall thicknesses as shown

M RC Box Cubvert Thickness

BN Nl =

Top Slab Bottom Slab wall Thickness

Cell Thickness Thickness (in}
(in} (in} 1 12.00
1 12.50 14.00 2 12.00
2 12.50 14.00 3 12.00

Ok ] ’ Apply ] [ Cancel
The following shows the components for a box culvert with n cells.
~—TopSlab 1. —- — —Top Slab 2 - —Top Slab n-1-- -—Top Slabn- —-

; : ! w
w | Cell w w A
A Height A A L
L Cell L Cell Cell L Cell L
L 1 L 2 n-1 L n

Cell | n
1 |« Cell Width(1)—»| 2 n Height | +
> [ | |[«——Cell Width(n) 1
1 | A
4—>XBottom Slab 1-- — Bottom Slab 2 Bottom Slab n-1- - Bottom Slab n--
Origin [0,0]
Last Modified: 7/26/2012 CVT-21 AASHTOWare BrR/BrD 6.4




AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on RC Box Culvert Loads in the tree. Enter the culvert loads for Culvert Seg 1 as shown
below. Click Ok to save the data to memory and close the window.

I

M RC Box Culvert Loads

Depth of fil at start edge = .00 ft

Depth of fill at end edge = 4.00 ft

Wearing surface unit load = pik Depth Q== SU"P“‘WE He?ghl
qu! [ " Equivalent Fluid Pressure -
Copy from Library... ™ [
Wearing Surface thickness = i » .

LRFD live load surcharge height = 2.20 ft

LFD live load surcharge height = 2.20 it jT—-
Wj— End Edge
Water height = ft Start Edge Surface Depth

|||I.‘

Water Height

vy . . e

G, = {Water Height + ' Bottomn Slab Thickness)
* Unit Weight of Water

Sta Ahead

[ oK ] [ Apply ] [ Cancel

Last Modified: 7/26/2012 CVT-22 AASHTOWare BrR/BrD 6.4



AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on RC Box Culvert Reinforcement in the tree. Enter the reinforcement data as shown below
for each location. Click Ok to save the data to memory and close the window.

&M RC Box Culvert Reinforcement

{ Top 5lab - Top Bar | Top Slab - Bot Bars | Bot Slab - Top Bars I Bot Slab - Bot Bars I Corner I wiall I Doweel |

——Straight Length
traight Length———

CL Wiall 1
I,/ Start
Distance l

I N N

o ¥ |- _._

!
!
! [ -—]—-‘
| .
| Pl : Start |
: Cover (Tygp.) i Distance CL Wall 4 ~]
. | | :
! CL Wall 2 —] [*— CLCulverl I CLWall3
’ B . I
Mota: Bars will always be placed in the orentation shown
Bar Clear Bar wall Start | Straight Fully Fully
Set Mark Cover | Spacing | Measured From Number Centered | Distance | Length | Developed | Developed
{in} {in) (ft) (ft) Start End
1|B714 |=| 200 14.00 |CLWall |2 5 4.50 9.00 [l |
2|B715 |=| 200 14.00 |CLWall >2 = 242 4.83 | [

Mew ][ Duplicate ][ Delete

Reinforcement Wizard. ..

[ QK ” Apply ][ Cancel
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

&M RC Box Culvert Reinforcement

{| Bot Slab - Top Bars I Bot Slab - Bot Bars I Corner I wall I Dowel |

Straight Starl —Straight Length
Length istance )
. - S raighit Len gt ——
i
| |
t ' .
I A L C >
Claar - =
Start
L LE] Start | Distance I
[—i' "j Dista nn:ei :
Left Face Wall Right Face Wall j#— CL Culvert [*+— CL Cell

Mote: Bars will always be placed in the orientation shown

Bar Clear Bar cell / Wall Start | Straight Fully Fully
Set Mark Cover | Spacing | Measured From T Centered | Distance | Length | Developed | Developed
{in} {in} (ft) [t} Start End
118512 |=| 2.00 2000 |CL Culvert || had 12892 | 2583 [ [
2 |B813 =] 2.00 20.00 |CL Cell =1 [ 4.08 8.7 [ |
3 (BB13 || 2.00 20.00 [CL Cell 2 hd

403 847 | [

Reinforcement Wizard. ..

I QK I[ Apply ][ Cancel
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

&M RC Box Culvert Reinforcement

Mote: Bars will always be placed in the crientation shown
| |

Left Face Wall  Right Face Wall re— L Cuiven {— CL Cell
I ! :
| ‘ | Straight |
— Length —* Start [
Clear :
R Cowver (Typ.) ! " Distance
Distance ¥p + '
] | I
! f | | 7

|
|~—S1raigm Length—»] ol —H | ————Straight Langth—s|
Distance

Bar Clear Bar cell / Wall Start | Straight Fully Fully

Set Mark Cover | Spacing | Measured From T Centered | Distance | Length | Developed | Developed
{in} {in} (ft) [t} Start End
1|B505 |- 2.00 13.00 [CL Culvert | ) had 12892 | 2583 [ [
2 |B506 = 2.00 13.00 |CL Cell =1 [ 4.08 8.7 [ |
3 |B506 x| 2.00 13.00 |CL Cell 2 hd 408 817 | [

Reinforcement Wizard. ..

[ QK ” Apply ][ Cancel
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

&M RC Box Culvert Reinforcement EI@
| Top Slab - Top Bars | Top Slab - Bot Bars | Bot Slab - Top Bars BotSIab—BotBars| Corner I wall I Dowel |

Mote: Bars will always be placed in the crientation shown

! I ! L J

| [ == CL Culvert [ CLWall3 CL Wall 4 ==

! CLWall 2 —* LT : !
— L Wall 1 | | Stant [*—Length I !

| Clear I DISI?HCE : I I

| Cover (Typ.) : - - I 1

i [\ A= | i i

Start
Distance
|-+———Siraight Length———|
Bar Clear Bar wall Start | Straight Fully Fully
Set Mark Cover | Spacing | Measured From Nurmber Centered | Distance | Length | Developed | Developed
{in} {in} (ft) (ft) Start End
1|B803 |»| 200 2200 |CL Culvert || =] 450 5.00 |:| |:|
2 (B304 || Z2.00 22.00 [CL Cubvert || R 242 4.33 |:| |:|
Mew ] [ Duplicate ] [ Delete
Reinforcement Wizard. ..
[ QK ] [ Apply ] [ Cancel
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

&M RC Box Culvert Reinforcement

| Top Slab - Top Bars | Top Slab - Bot Bars | Bot Slab - Top Bars I Bot Slab - Bot Bars |C m | wall I Dawel |
£ Bars Corner Bars
| | ¥¥all Clear Slab Clear 1 Slab Clear Wall Clear
Covear Cover [x/ CL Culvent | Cover Cover 4.| S
| L

=

!
— )

!‘E”“ CL Interior Wall =

Wall Clear
Covear

|
— o
I
i

| Wall Clear

|
i
i
|
Cover :

Mote: Bars will always be placed in the orientation shown

Bar Wall Clear | Slab Clear Bar wall Fully Fully

Set Mark quer Cl:r_'.rer Spgcing Location Number Developed | Developed
{in} (in} (in} Vert Horz
16801 || 200 200 16.00 |Top Left || hd = [
2|60 || 200 3.00 16.00 |Bottom Left [ I [ [
3 (Ba01 =) 200 200 16.00 |Top Right [ hd |
4 B8 || 200 3.00 16.00 |Bottomn Right || hd = [
5 (B411 =) 200 0.00 | 24.00 [Wall Top Left >z |- [ [
6 |B411 || 200 0.00 | 24.00 [Wall Top Right >z |= |
7|B802 || 200 3.00 16.00 |Top Left || hd = [
& |B802 || 200 3.00 16.00 |Bottom Left [ I [ [
9 |B802 || 200 3.00 16.00 |Top Right =] hd |
10 |B802 || 200 3.00 16.00 |Bottomn Right [ hd = [

[ Mew ][ Duplicate ][ Delete

Reinforcement Wizard. ..

i 0K I [ Apply ] [ Cancel
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

&M RC Box Culvert Reinforcement
Straight Straight Horizontal
Length Length Constructicn
g Joint
-‘\ Start
"
Starl _| GL Gulvert Distance|
Distance Claar
— |—
Cowver %
Bar Clear Bar Wall Start Straight Fully Fulhy
Set Mark Cover| Spacing | Location Number Weasured From| Centered | Distance | Length | Developed | Developed
fin} {in} (ft) (ft) Start End
18510 || 2.00 11.00 |Left | x|[3 > |[Horiz Const J x| | p.o0| 1233 | |
28510 |=| 2.00 11.00 |Right |=]|1 = ||Horiz Const J |« | [ 0.00 | 1233 | [
Mew H Duplicate H Delete
Reinforcement Wizard. ..
[ ok || apy || cancel
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

&M RC Box Culvert Reinforcement
| Top Slab - Top Bars | Top Slab - Bot Bars | Bot Slab - Top Bars I Bot Slab - Bot Bars I Corner I Wwall
iiraigml Horizontal Sitraight Harzanial
£ : Jcmsw‘:"'}“ Length Construction
oint ;
Slart ; Joint
Distance |
L Clear Start
L Covear Distance
Clear
—|
Cover %

Bar Clear Bar Wall Start Straight Fulhy Full
Set Mark Cover | Spacing | Location Number Weasured From Centered | Distance | Length | Developed | Develc
{in} {in} (1t} (ft) Start Em
1|B507 =] 200 11.00 |Right | |[1 = |[Horiz Const Joint | | 1.00 2.00 |:| |:|
2 |B408 |=| Z2.00 24.00 Left =2 = ||Horiz Const Joint || 1.00 2.00 D |:|
3 |B408 |=| 2.00| 2400 |Right =|[2 |=|/Horiz ConstJoint =) 1.00 2.00 [l [
4 (B507 |=| Z2.00 11.00 |Left |=|[3 = ||Horiz Const Joint || 1.00 2.00 D |:|

4 m | b

Mew ] [ Duplicate ] [ Delete
Reinforcement Wizard...
[ ok || aply || cancel
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Select Bridge | Schematic to review the reinforcement data.

e

M Schematics: RC Cross Section View EI@
By |[]® @ ¢ |E ™ — | 80% -
Culvert Ex 1
Culvert Example 1 - Culvert Def 1 -
072612
BE01 BE01
/:EIB[IE BEDZ2
T——
III\—EIE-1E. -BE12 ‘LEIEJB
k—B510 B510 —n
B50& -BEDE B50&
B5OY /r— B408 J' B408 /r— BEOT —
I
BE01 B204 BE01
BEDZ B9032 BEDZ2

The description of the two-cell reinforced concrete box culvert is complete.
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Perform AASHTO Culvert LRFR analysis and review results

To perform LRFR Design Load Rating, open the Analysis Settings window. Select LRFR as the Rating
Method and specify the HL-93 (US) vehicle for LRFR Inventory and Operating Design Load Rating.

o

% Analysis Settings

(= [@ =]

() Design Review @ Rating
Analysiz Type:
[Line Girder v]

Lanempact Loading Type:

Fiating Methad: |LRFR

)

[-":"-3 Requested "] Apply Preference Setting: [NDHE ']
Vehicles | Cutput | Engine I Descriptinn|
Traffic Direction: -
[Eh:uth dirsctions v] [ Refresh l [ Temporary Wehicles. . ] [ Advanced... ]
Wehicle Selection: Wehicle Summarny:
=) Standard .| Addio =) Rating Vehicles
- H 1544 | Operating & LRFR
- H 20-44 [=)- Design Load Rating
- HL-93 [51] | = Irrventory
- HL-93 [US] = i L HL-93 [US)
- HS 15-44 = = Dperating
- HS 20(51) A mee - HL93(US)
- HS 20-44 fem - Faigue
- Lane-Type Leqgal Load Analysis =~ L,agal Load Rating
- LRAFD Fatigue Truck [S1) ce Rautine
- LAFD Fatigue Truck [US) i Specialized Hauling
- MRL - Permit Load Rating
cild &
[ Feset ] [ Clear ] [ Open Template ] [ Save Template ] [ ak. J [ Apply ] [ Cancel

Click Ok to save the analysis settings to memory and close the window.

Select Culvert Seg 1 in the tree. Select Bridge | Analyze to start the rating process. Click Ok to close the
Analysis Progress window after the analysis is completed.
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Select Bridge | Tabular Report to open the Analysis Results window.

M Analysis Results - Culvert Seg 1 =N =R
Repart Type Lanefmpact Loading Type Dizplap Format
’ Fiating Results Summary - | @ AzPequested () Detailed Single rating level per row -
. Live Load Rating Rating | Load Rating . Location| Location -
Live Load T Method Level (Ton) Rating Factor | Component () (%) Limit State Impact Lane
HL-93 (US) Axle Load LRFR | Inventory 3215 1.288 | Top Slab1 8.40 64615 Flexure | Az Reguested | As Reguested
HL-83 (US) Axle Lead LRFR : Operating 4168 1,867 | Top Slab 1 2.40 §4.615 Flexure ; A5 Reguested | As Reguested
HL-83 (US) Tandem i LRFR | Inventory 28.00 1.120 i Top Slabk 1 8.40 54615 Flexure | Az Reguested | As Reguested
HL-53 (US) Tandem LRFR ; Operating 36.30 1.452 | Top Slab 1 g.40 54.615 Flexure ;| A5 Requested | As Requested

Analyzis Preference Setting: Hone

AASHTO Culvert LRFR Engine Version 6.4.0.2003

To review detailed rating results at the controlling location, select Bridge | Specification Checks to open the
Specification window. Expand the tree for Top Slab 1 and select the 8.40 ft. folder.

My Specification Checks for Culvert Seg 1 - 8 of 655 ==
E-{ Culvert Component Specification Reference L.. Flex. Sense  Pass/Fail
522 Bottom Slab 1 " 5.7.3.2 Flexural Resistance (Reinforced Concrete) N/A Passed
520 Bottom Slab 2 ' 5.7.3.3.2 Minimum Reinforcement /& Passed
gg z E:::; 5.7.3.4.BoxCulvert Control of Cracking by Distribution of Reinforcement /A General Comp.
-2 Int. Wall 1 " 5.8.3.3.BoxCulvert Nominal Shear Resistance N/A Paszed
23 Top Slab1 5.8.3.4 BoxCulvert Procedures for Determining Shear Resistance MN/A General Comp.
[ 0.00ft 4 6A.4.2.1 BoxCulvert.Concrete Flexure General Load Rating Equation - Concrete Flexure MN/A Passed
L3 076 +/ 6A.4.2.1. BoxCulvert.Concrete Shear General Load Rating Equation - Concrete Shear MN/A Passed
D 1.20 ft. Cracked_Moment_Of_Inertia_BoxCulvert Section Property Calculations M/A General Comp.
I 240t
- 360t
0 480 ft.
-0 6.00ft
W0 7201t
i3] 840 ft.
-] 960 ft
-1 1080 ft.
-0 1124t
I 1200 ft.
-2 Top Slab 2
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Double-click on the 6A.4.2.1 Concrete Flexure specification reference to open the Spec Check Detail
window.

- — ;
Spec Check Detail for 6A.4.2.1.BoxCulvert.Concrete Flexure General Load Rating Equaticn - Concrete F!exu?e-’ - -

6A Load and Resistance Factor Rating -
6L.4 Load Rating Procedures B
6h.4.2 General Load-Rating Equation
6R.4.2.1 Concrete Flexure General
{Extended for non DC and DW loading of Box Culverts)
{ARSHTO Manual for Bridge Evaluation, Second Edition with 2011 Interims)
Top Slab 1 - At Location = 8.4000 (ft) - Right
Input:
Condition Factor = 1.0000
System Factor = 1.0000
DC Moment = 0.6269 (kip-ft)
DN Moment = 0.0000 {kip-ft)
EV Moment = 2.0060 (kip-ft)
EH Moment = 0.1262 (kip-ft)
Limit Live Load Load Factora K
Load Vehicle State Effect DC DW LL EV EH IL Phi Mn (Mr/Mmin) RF Capacity
(kip-ft) (kip-ft) (Ton) A

DesignInv HL-33 (US) - ~ 5TR-I +LL Moment 1.25 1.50 1.75 1.30 1.35 4.13 0.30 14.27 1.00 1.29 32.15
DesignInv HL-93 (US) - ~ STR-I -LL Moment 1.25 1.50 1.75 1.30 1.35 -1.64 0.30 -8.94 1.00 4.04 100.99

| Design0p  HL-93 (US) - ~ S5TR-I +LL Moment 1.25 1.50 1.35 1.30 1.35 4.13 0.30 14.27 1.00 1.67 41.68
Deaign0p HL-93 (US) - ~ STR-I -LL Moment 1.25 1.50 1.35 1.30 1.35 -1.64 0.90 -8.94 1.00 5.24 130.92

W DesignInv HL-93 (US) - ~ STR-I +LL Moment 1.25 1.50 1.75 1.30 1.35 4.74 0.30 14.27 1.00 1.12 28.00
DesignInv HL-33 (U3) - ~ 5TR-I -LL. Moment 1.25 1.50 1.75 1.30 1.35 =L 2R 0.30 -&.94 1.00 2.99 T4.64
DesignOp HL-33 (US) - ~ S5TR-I +LL Moment 1.25 1.50 1.35 1.30 1.35 4.74 0.30 14.27 1.00 1.45 36.30

I Design0p HL-93 (US) - ~ 5TR-I -LL Moment 1.25 1.50 1.35 1.30 1.35 -2.22 0.30 -&.94 1.00 3.87 96.76
Legend:

NA - Resistance and live load are of opposite sign so rating factor is not applicable.

Controlling Rating Factors

Limit Design Im Design Op Legal Load:
State Vehicle RF Capacity Vehicle RF Capacity Vehicle RF
{Ton) {Ton)
STR-I HL-93 (US) - Tandem 1.12 28.00 HL-93 (US) - Tandem 1.45 36.30 B
< . C

To review engine outputs, select Bridge | Output. Double-click on the Summary or Detail Output will open
the engine output file in a separate window.

M Culvert Ex1 =] (5w

[=- Culvert Def 1
- Culvert Al 1
= Culvert Seg 1
- AA3HTO_Cubvert_LRFR
e Summany Dutput
- Detail Output
----- Log File
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Culvert Design Tool

Select the CULVERT ALTERNATIVES folder in the Bridge Workspace tree. Select Bridge | Curvert
Design Tool to open the RC Box Culvert Design Tool. Enter the data as shown below.

( - : ’ > ===
T S = B

Alternative name: Design Alt 1 Segmentname: Segl
Alternative description: Segment description:
Material: ’CIass A (US) v] [] consider haunches in design
Reinforcement: lGradE &0 "] Minimum wall thickness = 10,00 i
Clear cover = 200 i Minimurm slab thickness = 10,00 i
Bottom slab dear cover = .00 i Bottom slab present
| Epoxy Coated Rebars Mumnber of cells: 2 =
@) Mone
) Cell height = 12.00 ft
i Al
(") Top slab only Width
- Cell
(ft)
Design template: |HL 93 Design Revi | 1{ 1200
esign template: esign Review [ View. .. 2 | 1200

] [ Help
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Click Next and enter the data as shown below.

i ‘ . A '
EEET R S S

Depth of fil at startedge = 4.00 it rweaﬂ'ng surface :'
1 |
Depth of fil atend edge = 4.00 |
g ? f F Depth of fill
Wearing Surface
F
Copy from Library...
Wearing surface unit load = pcf End edge
of culvert
i Wearing surface thickness = fm —» -+
‘
i|  LRFD live load surcharge height = 2.2 it
| Roadway Sta Ahd
I Water —_—
i Water height = ft
Water unitload = 62,4 pcf End Conditions
[ Moment release at top of walls
Soil [ Moment release at bottom of walls
Soil material: [Siﬁndard Soil 1 T] [] Provide side sway support
Installation method: [Embanlu'nent v] [T Provide spring supparts
Side Fill Condition Subgrade modulus = pci
(@ Compact () Uncompact
LRFD Earth Pressure Coeffident
) ) ) (@ AtTest
Soil-structure interaction factor =
(™) Active
EH Load Factor . ]
_ N () Passive
| (@ Atrest () Active
< Back ]L Finish ,| [ Cancel ] [ Help
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Click Finish to start the design process. Click Ok to close the RC Box Culvert Design Tool Progress
window after the design is completed.

The Culvert Design Tool Results window is shown below. Click Apply to accept the design and click
Close to close the window.

-

Culvert Design Tool Results - -“

Last Modified: 7/26/2012

= =)

Wall thickness = 10.00 i
Top slab thickness = 10.00 i
Bottom slab thidmess = 10.00 in

AASHTO Culvert LRFD Engine - Version: 6.4.0,2003

7/26(2012 3:27:13 AM

UserInput:

Box Mumnber: Seg 1
Identification:

Mumber of cells: 2

Cell Width: 12,000 (Feet)
Cell Height: 12,000 (Feet)

Depth of Fill at Start: 4,000 (Feet)
Depth of Fill atEnd:  4.000 (Feet)

Run Type: LRFD

Design Yehide Option:  Envelope
Skew Angle: 0.0

Surcharge Height: 2.200 (Feet)
Water Height: 0.00 (Feet)

Minimum Slab Thickness:  10.0 (Inches)
Minimum Wall Thickness:  10.0 (Inches)
Pinned Top Slab: False
Subgrade Modulus: 0.0

Mo Haunches
Epoxy Bars: Mone

Vehides:

HL-93 (US) - Truck
Description: AASHTO LRFD Live Load - US unit system
Classification: Design

Axle Minimum Maximum Current

1 | 1

[ Apply ] [ Close
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

The Bridge Workspace tree with the Design Alt 1 is shown below.

P

Bridge Workspace - Culvert Ex1 E'@

= M Culvert Ex1
[ [ Materials
[ [_J Beam Shapes
- (] Appurtenances
....... (L] Diaphragm Definitions
------- j Impact / Dynamic Lead Allowance
------- MFF LRFD Multiple Presence Factors
- [ Factors
------- (L3 LRFD Substructure Design Settings
....... EC Environmental Conditions
------- OF Design Parameters
= L3 CULVERT DEFINITIOMS
- [O] Culvert Def1
....... j Impact / Dynamic Load Allowance
....... I.I Default Matenals
------- {11 Roadway Plan View
....... E Culvert Loads
= (23 CULVERT ALTERNATIVES
|_:_| ..... (@ Culvert Alt1 (E) (C)
....... RC Box Culvert Geometry
- % End Conditions
..... (L1 Bar Mark Definitions
= (23 CULVERT SEGMENTS
= FH Culvert Seg 1
....... j Irnpact / Dynamic Load Allowance
@ RC Box Culbvert Thickness
- @ RC Box Culvert Loads
------- RC Box Culvert Reinforcement
. [(7 Points of Interest
= (ol Design Alt1
RC Box Culvert Geometry
e E End Conditions
..... (L1 Bar Mark Definitions
= (I CULVERT SEGMENTS
El ..... @ Segl
j Irnpact / Dynamic Load Allowance
- @ RC Box Culvert Thickness
....... @ RC Box Culvert Loads
------- RC Box Culvert Reinforcement
- [L Points of Interest
- [ BRIDGE ALTERMATIVES
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AASHTOWare Bridge Rating and Design Training — CVT1 — Two-Cell RC Box Culvert Example

Select Design Alt 1 RC Box Culvert Reinforcement in the tree. Select Bridge | Schematic to review the
reinforcement data.

M Schematics: RC Cross Section View EI@
B+ B 8% -~

Culvert Ex 1
Culvert Example 1 - Culvert Def 1 -
07/26M2
B414
B414 BS15
B5OS BE18 BROT
\—EIE-EH \—EIEEIE
B509 —H b—B510
/—EIE-EIB /,—EIFEI4
B511 x B413 B413 z B512
\_5535 BS18 BSOS

BE17Y
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