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RC2 — Reinforced Concrete Slab Example

Introduction — Elevation and Typical section

RC2 - Reinforced Concrete Slab Example
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sacrificial wear thickness
l—1.5" clr. / #5
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2.0" el #5

Top Row: 27-#5's @12"
Bottom Row: 54-#9's @ 6"

A 4

A

Typical Section

Material Properties
Slab Concrete: Class A (US) f'c = 4.0 ksi, modular ration = 8
Slab Reinforcing Steel: AASHTO M31, Grade 60 with Fy = 60 ksi

Parapets
Weigh 300 Ib/ft each. If slab cross section entered as 12" wide strip, member load due to parapets will be
(2*300 Ib/ft)/27' = 22 Ib/ft.
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RC2 — Reinforced Concrete Slab Example

BrDR Training

RC2 - Reinforced Concrete Slab Example

Topics Covered

o Single span reinforced concrete slab description
e  Sacrificial wear thickness for a slab
e Cross-section based member alternative

e Schedule based member alternative

Single span reinforced concrete slab description.

From the Bridge Explorer create a new bridge and enter the following description data:

u AASHTOWare Bridge Design and Rating ? = m} X

ERIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW HELP

lj L__—_j é Import @é : .—b 'ﬁ Override System Theme

MNew | Cpen © Batch v Find Copy Copy Delete
Tov
Bridge Manage Appearance
}‘--J' Favorites Folder BID Bridge ID Bridge Name
| -E2 Recent Bridges 1 TrainingBridgel Training Bridge 1(LRFD) a
~ ¥ Al Bridges 2 TrainingBridge2 Training Sridge 2(LRFD)
. - @8 Templates 3 TrainingBridge3 Training Bridge 3(LRFD)
@ Deleted Bridges 4 PCITrainingBridge] PCI TrainingBridgel(LFR)
5 PClTrainingBridge2 PClTrainingBridge2(LRFD)
6  PClTrainingBridge3 PCl TrainingBridge3(LFR)
7 PCITrainingBridged PCITrainingBridge4(LRFD)
8 PClTrainingBridge5 PCI TrainingBridge5{LFR)
9 PCITrainingBridged PCITrainingBridge6(LRFD)
10 Example? Example 7 PS {LFR) .
S R S .

Total Bridge Count: 31
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RC2 — Reinforced Concrete Slab Example

M RCSlabTrainingBridge

Bridge ID:  RCSlabTrainingBridge NEI structure ID (8): RCSlabTrainingB

Description Description (cont'd) Alternatives Global reference point

Marne: RC Slab Training Bridge

Reinforced concrete slab example bridge
Single span, girderline

Description:

Location:
Facility carried (7):
Feat. intersected (6):

Default units: US Customary e

5]
]

Bridge association... BrR

Template

Bridge completely defined

Traffic Custom agency fields

Year built:

Length:
Route number: -1

Mi. post:

CK

Bridge Workspace View
n Superstructures
Culverts

Substructures

Apply Cancel

Close the window by clicking OK. This applies the data and closes the window.
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Bridge Materials
To enter the materials to be used by members of the bridge, click on the Components tab of Bridge Workspace, and
expand the tree for Materials. The tree with the expanded Materials branch is shown below:

Workspace — 0O x

Eridge Components
2 B Companents
- [ Appurtenances
[ Beam Shapes
[?J Connectors
. [P) Factors
- [ LRFD Substructure Design Settings
- &) Materials
@ Aluminum
- [a Concrete
- Ej Prestress Bar
- EJ Prestress Strand
E? Reinforcing Steel
- [ Soil
- [ Structural Steel
B [ Timber

I —— i

To add a new concrete material, click on Concrete in the Components tree and select New from the Manage group

of the WORKSPACE ribbon (or right mouse click on Concrete and select New).

r |
u Bridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS ? = [m] X

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

. e T
Save Close Export Refresh New

EBridge Manage

"

Workspace = X Schematic X Report

L]
x

Eridge Companents
=0 Compaonents
- 7 Appurtenances
- [ Beam Shapes
[ Connectors
[ Factors
- [ LRFD Substructure Design Settings
2 3 Materials
) Mluminum

Analysis Erlib s

- [ Concret-

Prestre: ]

B Prestre:

New

l
} ~ [ Reinfor Analyze
{ B0l (B View summary Report

- [ Structw

& & Timber View Detailed Report

{2k General Preferences

EJ Close Eridge Workspace
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RC2 — Reinforced Concrete Slab Example

Add the concrete material by selecting from the Concrete Materials Library by clicking the Copy from Library

button.
4D Bridge Materials - Concrete = m] X

MName: |

i Description:

|

| Compressive strength at 28 days (f'c): ksi

i Initial compressive strength (f'ci): ksi

: Compasition of concrete: Normal ~
Density (for dead loads): ket
Density (for modulus of elasticity): kecf
Poisson's ratio: 0.2
Coefficient of thermal expansion (o):  0.000006 1F

| Splitting tensile strength (fct):
LRFD Maximum aggregate size: in

Compute

Std modulus of elasticity (Ec): ksi
LRFD modulus of elasticity (Ec): ksi
Std initial modulus of elasticity: ksi
LRFD initial modulus of elasticity: ksi
Std modulus of rupture: kesi
LRFD modulus of rupture: ksi
Shear factor: 1

L Copy to library.. QK Apply Cancel
The following window opens:
D Library Data: Materials - Concrete = [} X
Nome Deserimtion Lbre nite e lral  aora DL Modulus | Std modulus of LRFD modulus of | Poissor's Std Modulus  LRFD |
P o P density  density elasticity elasticity ratic  of rupture of r
Class A Class A cement concrete | Standard | SI / Metric 28 00000108 2400  2320| 254260823 27730359798 02
> ClassA(US) | Class A cement concrete | Standard | US Customary | 40. 0000006 015 0145 3644749254 3086543657 02
Class Class B cement concrete | Standard | SI/ Metric 7 00000108 2400  2320| 198118437 23520226422 02
Class B (US) | Class B cement concrete | Standard | US Customary | 24... 0000006 05| 0145 2822746208 3368115517 02
Class Class C cement concrete | Standard | SI/ Metric 28 00000108 2400  2320| 254260823 27730359798 02
Class C (US) | Class C cement concrete | Standard | US Customary | 4.0.. 0000006 05| 0145 3644149254 3986.54846 02
a4 »
oK Apply Cancel

Select the Class A (US) material and click OK.
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The selected material properties are copied to the Bridge Materials — Concrete window as shown below.

™ Bridge Materials - Concrete = O X

ass A (US)

(@]

Marme:

Description:  Class A cement concrete

Compressive strength at 28 days (f'c):  4.0000006 ksi
Initial compressive strength (f'ci): ksi
Compaosition of concrete: Normal W
Density (for dead loads): 0.15 kcf
Density {for modulus of elasticity): 0.145 kcf
Poisson's ratio: 0.2

Coefficient of thermal expansion (a):  0.000006 1F

Splitting tensile strength (fct):

LRFD Maximum aggregate size: in
Compute
Std modulus of elasticity (Ec): 3644,149254 ksi
LRFD modulus of elasticity (Ec): 3086.548657 k=i
Std initial modulus of elasticity: ksi
LRFD initial modulus of elasticity: ksi
Std modulus of rupture: ksi
LRFD madulus of rupture: 0.479857 ksi
Shear factor: 1
Copy to library... Copy from library... oK Apply Cancel

L

Click OK to apply the data and close the window.
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Add the following reinforcement steel in the same manner.

M Eridge Materials - Reinforcing Steel = O *

Mame: Grade 60

Description: 60 ksi reinforcing steel

Material properties

Specified yield strength (fy): 60.0000087 ksi
Maodulus of elasticity (Es): 29000.004206 ksi
Ulimate strength (Fu): 90.0000131 kesi
Type
O riain
Epoxy
Galvanized

Epoxy and zinc dual-coated

Copy to library... Copy from library... oK Apply Cancel

Since a reinforced concrete slab is used, beam shapes need not be defined. The slab will be entered later using two

different methods, as a cross section and as a schedule based member alternative.

Reinforced concrete slabs may be entered as Girderline Superstructure Definitions in BrDR or as slab systems. This

example uses the girderline option. Since a Structure Typical Section is not defined for girderline structures,

appurtenances are not defined. The dead load due for the appurtenances will be entered later as member loads.

The default impact factors, standard LRFD and LFD factors will be used so the next step will be to define a

Superstructure. Bridge Alternatives will be added after a superstructure is defined.
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Superstructure Definition

Navigate back to the Bridge tab of the Bridge Workspace. Double click on SUPERSTRUCTURE DEFINITIONS
(or click on SUPERSTRUCTURE DEFINITIONS and select New from the Manage group of the WORKSPACE
ribbon or right mouse click on SUPERSTRUCTURE DEFINITIONS and select New from the popup menu) to
create a new structure definition.

Select Girder line superstructure and click OK. The Girder Line Superstructure Definition window will open.
Enter the data as shown below:

i M MNew Superstructure Definition *
|

Girder system superstructure
| o Girder line superstructure Superstructure definition wizard
| Floor system superstructure

Floor line superstructure

Truss system superstructure

Truss line superstructure

Reinforced concrete slab system superstructure

Concrete multi-cell box superstructure

Advanced concrete multi-cell box superstructure

QK Cancel
™ Girder Line Superstructure Definition = o X
Definition | Analysis  Engine
Name: Single Span Slab Structure Deck type:
Description: Concrete ~
For PS/PT only
Average humidity:
%
Default units: US Customary
Member alt. types
Referance line length: ft .
Stee
Live load lanes LRFD fatigue ors
© Multi-lane Truck lanes: RIC
Single lane Override Timber
/T

oK Apply Cancel

Click OK to apply the data and close the window.
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The partially expanded Bridge Workspace tree is shown below:

Workspace — O X

Bridge Components

- @M RCSlabTrainingBridge
-- [} Compenents
| 7 Diaphragm Definitions
I [ Lateral Bracing Definitions
- |} SUPERSTRUCTURE DEFIMITIONS
=l gl Single Span Slab Structure
} — % Impact/Dynamic Load &Allowance
} T 2 cad Case Description
} - Superstructure Loads
-- Ej' Shear Reinforcement Definitions
} Ej' Bar Mark Definitions
" [T MEMBERS
.. |53 BRIDGE ALTERNATIVES

Last Modified: 6/4/2025 9
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BRIDGE ALTERNATIVES

Navigate to the BRIDGE ALTERNATIVES node in the Bridge Workspace tree and create a new bridge
alternative by double-clicking on BRIDGE ALTERNATIVES (or click on BRIDGE ALTERNATIVES and
select New from the Manage group of the WORKSPACE ribbon).

r 3
u Bridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS ? — a x

BRIDGE WCRKSPACE WORKSPACE TOOLS WVIEW HELP DESIGN/RATE REPORTING

= o [
4 PRevert
Save Close Export Refresh MNew

Bridge Manage

4
x

Workspace X Schematic 4 Report

Bridge Companents

B M RCSIabTrainingBridge

- Eﬂ{:omponenu

. Diaphragm Definitions

- [ Lateral Bracing Definitions

B [ SUPERSTRUCTURE DEFINITIONS

= ot Single Span Slab Structure
| _11 Impact/Dynamic Load Allowance
} w4 Load Case Description
| - o Superstructure Loads
-- B Shear Reinforcement Definitions
|
|

4
x

- [ Bar Mark Definitions Analysis
----- 7 MEMBERS
----- |3 BRIDGE ALTERNATIVES

View Summary Report

View Detailed Report

i} General Preferences

B close Bridge Workspace
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Enter the following data.

&M Eridge Alternative = O
|

Alternative name: Bridge Alternative 1

Description Substructures

Description:
f
[
!
i Haorizontal curvature Global positioning
| Reference line length: ft Distance: 0 ft
|
| 0 Start bearing End bearing Offset: 0 ft
| Starting station: ft Elevation: ft
Bearing: N O~ 0 0.00" E

Eridge alignment

Superstructure

) Culvert wizard...
wizard...

oK Apply | Cancel

Click OK to apply the data and close the window.
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Expand the Bridge Alternative 1 node in the Bridge Workspace tree by clicking the I* button. Double-click on the
SUPERSTRUCTURES node (or select SUPERSTRUCTURES, click New from the Manage group of the
WORKSPACE ribbon) and enter the following new superstructure.

r 7
u Eridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS 7 — (m} X

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

= P .
4 Revert
Save Close Export Refresh MNew

Bridge Manage

N

Workspace X Schematic & X Report

L]
x

Eridge Components

8 M RCSlabTrainingBridge
- WComponents
[ Diaphragm Definitions
- [ Lateral Bracing Definitions
& [E) SUPERSTRUCTURE DEFINITIONS
- ﬁ Single Span Slab Structure
g _¥ Impact/Dynarmic Load Allowance
- 3+ Load Case Description
2 Superstructure Loads
. EJ Shear Reinforcement Definitions
. @ Bar Mark Definitions
- B MEMBERS
=[5 BRIDGE ALTERNATIVES
Ié T Bridge Alternative 1 (E) (C)
L 7 SUPERSTRUCTURES

-

Ll
>

Analysis

| Mew

i5é General Preferences

B Close Bridge Workspace

% Superstructure = O X

Superstructure name:  Structure 1
Description Alternatives Vehicle path Engine Substructures

Description:

Reference line

Distance: 0 ft
Offset: 0 ft
Angle: 0 Degrees

Starting station: 0 ft

oK Apply Cancel

Click OK to apply the data and close the window.
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Expand the Structure 1 node in the Bridge Workspace tree by clicking the button. Double-click on the
SUPERSTRUCTURE ALTERNATIVES node (or select SUPERSTRUCTURE ALTERNATIVES and click
New from the Manage group of the WORKSPACE ribbon) and enter the following new superstructure alternative.

r 9
u Bridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS ? — o X

BRIDGE WCRKSPACE WORKSPACE TOOLS WVIEW HELP DESIGN/RATE REPORTING

=] 'x P L]

Save @ Revert Close Export Refresh Mew
Bridge Manage
Workspace & X Schematic X Report 4
Bridge Companents
B M RCSlabTrainingBridge
B [PJComponenB
- B Diaphragm Definitions
- [ Lateral Bracing Definitions
=[5 SUPERSTRUCTURE DEFINITIONS
B ﬂ Single Span Slab Structure
} _‘f Impact/Cynamic Load Allowance
l &k Load Case Description
} - oM Superstructure Loads
-- EJ Shear Reinforcement Definitions
} [a Bar Mark Definitions
L [ MEMBERS i
) Analysis e X
= &) BRIDGE ALTERNATIVES
B- {M Bridge Alternative 1 (E) (C)
B- |3 SUPERSTRUCTURES
B T Structure 1
L [ SUPERSTRUCTURE ALTERNATIVES
| MNew
ew Sum Repor
View Detailed Report
13} General Preferences
[Ed Close Bridge Workspace
L 4
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Select the Superstructure definition Single Span Slab Structure as the current superstructure definition for this

Superstructure Alternative.

M Superstructure Alternative = O X
| Alternative name: Structure Alternative 1

Description:
I Superstructure definition: Single Span Slab Structure w

Superstructure type:

Number of main members:

OK Apply Cancel

The partially expanded Bridge Workspace tree is shown below.

Workspace — 0 x

Bridge Components

= M RCSlabTrainingBridge

" [ Companents
| [£? Diaphragm Definitions
| [ Lateral Bracing Definitions
-- [ SUPERSTRUCTURE DEFINITIONS
2 3 BRIDGE ALTERNATIVES
= My Bridge Alternative 1 (E)} {C)

= [ SUPERSTRUCTURES

B T Structure 1
- 3 SUPERSTRUCTURE ALTERNATIVES
----- T Structure Alternative 1 (E) (C) (Single Span Slab Structure)
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Load Case Description
Navigate back to the superstructure definition Single Span Slab Structure. Double click on the Load Case
Description node in the Bridge Workspace tree to open the Load Case Description window and define the dead load

case as shown below. The completed Load Case Description window is shown below.

| M Load Case Description = O *
Load case name Description Stage Type L
P g e (days)
» | Parapets Compasite (long term) (Stage 2) ~ | D,DC ke

Add default load

- New Duplicate Delete
case descriptions

*Prestressed members only

OK Apply Cancel

e _—

Click OK to apply the data and close the window.
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Member

Example

Open the Member window by selecting Member in the Bridge Workspace tree and clicking on New from the

Manage tab of the WORKSPACE ribbon (or by double clicking on Member in bridge workspace tree).

-
= ] Bridge Workspace - RCSlabTraining Bridge
BRIDGEWORKSPACE ~ WORKSPACE  TOOLS  VIEW  HELP
H: @& C
A la—4
Save & Revert Close Export Refresh
Bridge
Workspace £ X | Schematic
Bridge  Components
B @ RCSlabTrainingBridge
gBridg
B [ Components
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
- [ SUPERSTRUCTURE DEFINITIONS
B 4§ Single Span Slab Structure
-~} Impact/Dynamic Load Allowance
Analysis

t

} T,':f Load Case Description

|-+ s Superstructure Loads

B [ Shear Reinforcement Definitions
|-+ 2 Bar Mark Definitions

" [ MEMBERS

& [ BRIDGE ALTERNATIVES

¥

ANALYSIS REPORTS
DESIGN/RATE REPORTING
Manage
& X Report

B

(]

~

X

L
x

Fill in the window with the following information. If F1 is selected while this window is active, the Help topic for

the Member window will be displayed. This help topic describes that the girder spacing, and member location are

not required for a slab member so no data will be entered for those items.

The first Member Alternative that is created will automatically be assigned as the Existing and Current member

alternative for this member.

4 Member

Member name:  Typical Span Member

Description:

Member alternative name

Existing = Current

Number of spans: e
v

Medeling

o Open girder

Description

Deck concrete crack

MCB

Frame member simplified definition

e ‘::;?h control parameter (Z): kipfin
Girder spacing: ft e (ft) Deck exposure factor:
? 1 30 Member location
© interior
Exterior
oK Apply Cancel
Last Modified: 6/4/2025 16
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Member Loads

Expand the newly added member node. Double-click on Member Loads in the Bridge Workspace tree to open the
Girder Member Loads window. This structure has 2 parapets each weighing 300 Ib/ft. A 12” wide strip of slab is
defined as the member, and the width of the bridge cross section is 27 ft. So, the parapet load applied to this member
will be (2*300 1b/ft)/27” = 22 1b/ft.

M Girder Member Loads = O *

Y Y v v v v v v v v v

Dle—

Pedestrian load: Ib/ft
Uniform Distributed Concentrated Settlement
Load case Span Uniform load WS field Description
name P (kip/ft) measured® P
> | Parapets ~ | All 5pans 0.022
*DW=1.25 if checked New Duplicate Delete
oK Apply Cancel
h d

Click OK to apply the data and close the window.
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Cross Section Based Member Alternative

This portion of the example describes the creation of a cross-section based member alternative.

Defining a Member Alternative:
Select MEMBER ALTERNATIVES in the Bridge Workspace tree and click on New from the Manage group of
the WORKSPACE ribbon (or double-click MEMBER ALTERNATIVES in the tree) to create a new alternative.

r

-
: Bridge Workspace - RCSlabTrainingBridge AMALYSIS REPORTS ? = [m] X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

o x P XS

Save @ FRevert Close Export Refresh
Bridge Manage

Workspace X Schematic X Report & X

EBridge Components
= M RCSlabTrainingBridge
- [ Components
- [ Diaphragm Definitions
= [a Lateral Bracing Definitions
Bl 2} SUPERSTRUCTURE DEFINITIONS
& 4 Single Span Slab Structure
. | Impact/Dynamic Load Allowance
—Dﬁ Load Case Description
2Hr Superstructure Loads
B Shear Reinforcement Definitions
@ Bar Mark Definitions
- 9 MEMBERS
B I Typical Span Member
24 Member Loads
} P Supports
L [ZF MEMBER ALTERNATIVES

i [ BRIDGE ALTERNATIVES

s
e

Analysis

The New Member Alternative window shown below will open. Select Reinforced Concrete for the Material type

and Reinforced Concrete Slab for the Girder type.

dml- NEW Member Alternative >
| Matenal type: Girder type:
| Post tensioned concrete 1 Advanced Concrete RC
| Prestressed (pretensioned) concrete Reinforced Concrete |
Reinforced concrete | Reinforced Concrete Slab
Steel ¥  Reinforced Concrete Tee

+ N

oK Cancel
L J

Click OK to close the window and create a new member alternative.

The Member Alternative Description window will open. Enter the data as shown below.
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M Member Alternative Description = 0O *

Member alternative: 12" Wide RC 5Slab

Description Specs Factors Engine Import  Control options
Description: Material type:  Reinforced Concrete
Girder type: Reinforced Concrete Slab

Madeling type: Open Girder

Default units:  US Customary e

Girder property input method End bearing locations

Schedule based Left: 9 in
o Cross-section based Right: 9 in
Sustained medular ratio factor

2
Self load Default rating method:
Load case: Engine Assigned v LFR v
[ Additional self load: 0.00625 kip/ft
Additional self load: %
Crack control parameter (Z) Exposure factor
Bottom of beam: kip/in Bottom of beam:
oK Apply Cancel

Sacrificial wear thickness for a slab

In this example, '5” of the slab is to be a sacrificial wear thickness. When the cross-section properties are entered
later, the effective slab thickness will be entered. An Additional self load is entered here on the member alternative
window to account for the %" sacrificial wear.

(27)/12 x 0.150 kef = 0.0063 k/ft
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AASHTO Article 3.24.4 states that concrete slabs designed in accordance with AASHTO Article 3.24.3 shall be

considered satisfactory in bond and shear so navigate to the Control options tab select the Ignore shear checkbox

under the LFR group of the Control options tab.

— —_— — — — — — —_—
M Member Alternative Description - O
Member altermative: 12" Wide RC Slab
Description Specs Factors Engine Import | Control options
LRFD LRFR
- - - . . -
(£ Points of interest (31 Points of interest

ﬂ Generate at tenth points except supports
Generate at support points

ﬂ Generate at support face & critical shear points
n Generate at section change points

Generate at user-defined points
Shear computation method

o Ignore

General procedure

General procedure - Appendix B3
Simplified procedure

Simnlified nrocedure - Vel Virw A

LFR

@ Points of interest
Generate at tenth points except supports

ﬂ Generate at support points

Generate at support face & critical shear points

ﬂ Generate at section change points

Generate at user-defined points

ﬂ Ignore shear

31 Distribution factor application method

| By axle

Q &0

ﬂ Generate at tenth points except supports
Generate at support points

ﬂ Generate at support face & critical shear points
ﬂ Generate at section change points

Generate at user-defined points
Shear computation method

o Ignore

General procedure
General procedure - Appendix B3

Simplified procedure

Simnlified nrocadure - Vel Wews A

ASR
(21 Points of interest
Generate at tenth points except supports
ﬂ Generate at support points
Generate at support face & critical shear points
ﬂ Generate at section change points

Generate at user-defined points
[ Shear computation method

Ignore

Use AASHTO 1973 or earlier code
Use AASHTO 1974 interim

Use current AASHTO

0K Apply Cancel

Click OK to apply the data and close the window.

Last Modified: 6/4/2025
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RC2 — Reinforced Concrete Slab Example

Expand the newly added member alternative. The partially expanded Bridge Workspace tree is shown below.
Workspace — 0O X

Bridge Components

= M RCSlabTrainingBridge
-- [ Companents
} [ Diaphragm Definitions
| [ Lateral Bracing Definitions
& 3 SUPERSTRUCTURE DEFINITIONS
- ﬂ Single Span Slab Structure
} _'% Impact/Dynamic Load Allowance
} Eﬁ' Load Case Description
} 2 Superstructure Loads
*-- [Ej' Shear Reinforcement Definitions
} EZT Bar Mark Definitions
= 3 MEMBERS
= I Typical Span Member
| & Member Loads
} " Supports
B =3 MEMBER ALTERMATIVES
= T 12" Wide RC Slab (E} ()
- LT Default Materials

=L |mpact/Dynamic Load Allowance
[ Cross Sections

+

|

|

|

| - &4 Cross Section Ranges

} re Effective Supperts

} - gi¢ Hinge Locations

} - B2 Shear Reinforcement Ranges
} - B2 Bracing Ranges

|

[

;';'.'.'T, Live Load Distribution

----- E’J Points of Interest

- [ BRIDGE ALTERNATIVES
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Cross Sections

New cross section can be defined by double-clicking on Cross Sections in the Bridge Workspace tree. Enter the
data as shown below. The completed Cross Sections window is as follows. Note that the effective slab thickness is

entered here.

M Cross Sections = ] X

Name: Standard Section Type: Reinforced Concrete Slab

Dimensions Reinforcement

Concrete material:  Class A (US) o

Madular ratio:

P
5

OK Apply Cancel

Last Modified: 6/4/2025 22



RC2 — Reinforced Concrete Slab Example

— .
M Cross Sections

Name: Standard Section

Diztance from top

l_oF =lab

Dimensions Reinforcement

Flreerrr e
+

Distance from bottom
of =lab

Type: Reinforced Concrete Slab

Row

Top of Slab e

# | Bottom of Slab -

Std

bar count

¥ Distance from
the Top of Slab is
measured from the
top of the effective

slab thickness.

1
2

LRFD
bar count

1
2

- 1
= a *
Bar size Dlsi.:ance Material By spacing
(in) (in}

5 ~ 19375 | Grade 60 ™

9 ~ 3.189 | Grade 60

New Duplicate Delete
oK Apply Cancel

Switch to the Reinforcement tab of this window. The reinforcement for the section is shown below.

Click OK to apply the data and close the window.

Last Modified: 6/4/2025
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Cross Section Ranges

Open the Cross Section Ranges window from the Bridge Workspace tree. The cross section defined in the previous

step is now applied over the length of the member as shown below.

| I Cross Section Ranges = O K
ZL; Start Distance . Length M
# by |
Start End
Section Sectian
Start End
Start section End section vat:.raili:on itﬁnpt?er: distance Leﬁth distance
(ft) (ft)
» | Standard Section ~ | Standard Section | Mone ™~ |1 ™ 0 30 30
|
New Duplicate Delete
0K Apply Cancel

Shear Reinforcement Ranges and Bracing Ranges are not applicable to this member so no data will be entered in

these windows.
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Live Load Distribution

Double click on Live Load Distribution on the Bridge Workspace tree to open the Live Load Distribution window.

Standard:
Enter values as shown below and Click Apply to apply the standard live load distribution factors and keep the window
open.

D Live Load Distribution = a X

Standard LRFD

Distribution factor input method

0 Use simplified method Use advanced method

Allow distribution factors to be used to compute effects of permit loads with routine traffic

Distribution factor

o= (wheels)
loaded
Shear Szl Moment = Deflection
supports
1 Lane 0172 0.167
Multi-lane 0.172 0.167

OK Apply Cancel

The Standard distribution factor for a slab member is computed as follows:

AASHTO Article 3.24.3.2

Distribution width, E, for a wheel is 4 + 0.06S but shall not exceed 7’.
S = span length = 30’

E=4+006%30 =58 <7

1 wheel

Moment DF = ————
5.8’

= 0.1724 wheel/ ft
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The cross section that will be entered for this member alternative is 12” wide so the wheel distribution factor is per

foot. If the cross section were 24” wide, the distribution factor would be computed as 2*0.1724=0.3448.

The deflection distribution factor is calculated as the number of lanes divided by the number of girders. For a
reinforced concrete slab bridge, the number of girders is taken as the lane width divided by the strip width. Our lane

width is 12 feet, and our strip width is 12” or 1 foot.

1 lane * 2 wheels /lane

(12'/19

Deflection DF = = 0.1667 wheel / ft

LRFD:
Navigate to the LRFD tab of the Live Load Distribution window and check the Allow distribution factors to be
used to compute effects of permit loads with routine traffic box. Click the Compute from typical section button

and enter the values shown below in the pop up window.

. S —— — _ . S S
| # Live Load Distribution = O
Standard LRFD
| Distribution factor input method
o Use simplified method Use advanced method
Allow distribution factors to be used to compute effects of permit loads with routine traffic ’n
Action: Deflection
Start ) Distribution factor
Support distance Length | End distance (lanes)
number it (ft) (ft)
(ft) 1lane | Multi-lane
M Girderline RC Slab Width x
Overall slab width: 27 ft
MNumber of lanes: 2
Slab width: 12 in
Skew: 0 Degrees
i Contnuee Cancel
|
Cﬂ’.“pLItE frpm View calcs New
typical section...
oK Apply Cancel
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Click the Continue button, BrDR will compute LRFD live load distribution factors. Click OK on the LRFD
Distribution Factor Progress window to close this progress window. The Live Load Distribution window will be

populated as shown below.

S - - S — S -
| ¢y Live Load Distribution = a X
Standard LRFD
| Distribution factor input method
o Use simplified method Use advanced method
Allow distribution factors to be used to compute effects of permit loads with routine traffic
Action: Deflection  ~
Start ) Distribution factor
Support distance Length | End distance (lanes)
number - (ft) (1)
() Tlane | Multi-lane
1 e 0 30 30 0.1 0.0833333
|
C::ur_npute frpm View calcs New Duplicate Delete
typical section...
OK Apply Cancel
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Moment and shear have the same distribution factors. The moment distribution factor is shown below.

S — — S —_—

| M Live Load Distribution = ] X

Standard LRFD

Distribution factor input method

o Use simplified method Use advanced method

Allow distribution factors to be used to compute effects of permit loads with routine traffic

Action:  Moment N

5 _ Distribution factor
Support distance Length | End distance {lanes)
number i {ft) (ft)

(ft) 1lane Multi-lane

1 o 1] 30

(o]

0 00787906 | 0.096013

Compute from

typical section.. View calcs Mew Duplicate Delete

QK Apply Cancel

Drop down options for Action can be used to verify the computed distribution factors for each action (Deflection,

Moment, and Shear). Click OK to apply the data and close the window.

The live load distribution factors for LRFD analysis are calculated as shown below.
AASHTO Article 4.6.2.3

Equivalent width of strip per lane, E, for both shear and moment single lane:
Single lane

E =10.0+5.0,/L,W;
L, = span length < 60’ = 30’
W, = modified edge — edge width of bridge < 30'for single lane = 27’

E=10+5.0%* 1/ (30)(27) = 152.302"
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1 lane
Moment and Shear DF = 152302 — 0.0066 lane/inch

For single lane, the moment and shear distribution factor = 12” member * 0.0066 lanes/inch = 0.079 lanes.

Multi lane
12.0Ww
N,
L; = span length < 60" =30’

E =840 + 1.44,/L,W, <

W, = modified edge — edge width of bridge < 60'for multi lane = 27’
W = width edge — edge of bridge = 27’

N, = number of lanes

12(27)
E = 84.0 + 1.44./(30)(27) = 124.983 < = 162"
Moment and Shear DF = — ™ _ 0.008 lane /inch
oment an ear = 124983 = L. ane/lnc

For multi lane, the moment and shear distribution factor = 12” member * 0.008 lanes/inch = 0.096 lanes.

Deflection distribution factor:

# lanes
D jon DF = Multi P F
eflection (Lane width / Strip width) * Multiple Presence Factor
Single lane Deflection DF = —"°_(12) = 0100 |
ingle lane Deflection = aznP =0 anes
Multi lane Deflection DF = ——""%5__(1.0) = 0.0833 1
ulti lane Deflection =z 0 =0 anes

There is no requirement to define any points of interest since none of the information entered will be overridden in
this example.

The description of this structure is complete.
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LRFR Analysis

The member alternative created can now be analyzed. To perform an LRFR rating, select the Analysis Settings

button on the Analysis group of the DESIGN/RATE ribbon to open the window shown below.

BRIDGE WORKSPACE WORKSPACE

&

Analysis
Settings

Analysis
Events

Analysis

Bridge Workspace - RCSlabTrainingBridge

TOOLS WIEW

g

Engine
COutputs

Results

ANALYSIS REPORTS

HELP DESIGN/RATE REPORTING

2

a X

Click the Open Template button and select the LRFR Design Load Rating to be used in the rating and click OK.

M Open Template

Templates Description
HL 93 Design Review HL 93 Design Review LRFD
HS 20 LFR Rating HS 20 LFR Rating LFR
> LRFR Design Load Rating | LRFR
LRFR Legal Load Rating LRFR Legal Load Rating LRFR

Delete

Analysis QOwner
Public
Public
Public

Public

Public / Private

Open

The Analysis Settings window will be updated as shown below.

x

Cancel

B Analysis Settings

Design review () Rating

Analysis type: Line Girder
Vehicles | Output  Engine  Description
Traffic direction: ~ Both directions

Vehicle selection

- Vehicles

B3 Standard
EV2
Ev3
H15-44

HS 20 (51
HS 20-44

Lane-Type Legal Load
LRFD Fatigue Truck (51}
LRFD Fatigue Truck (US})

su7
Type3
Type3-3
Type 352
Agency
User defined

Temporary

Reset Clear Open template

Remove from |

Save template

Add to

Rating methad: LRFR

Apply preference setting:  None

Refresh Temperary vehicles

Vehicle summary

E} Rating vehicles
EHLRFR
Design load rating
Inventory
L HL-92 (US)

Operating
? "-HL-93 (US)
) Fatigue
" LRFD Fatigue Truck (US)
Legal load rating
|Routine
.Specialized hauling

Permit load rating

<<

oK

Advanced

Apply

Cancel
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Tabular Results

Next with the member alternative selected, click the Analyze button on the Analysis group of the DESIGN/RATE

ribbon to perform the rating.

u Bridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS ? - a X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGMN/RATE REPORTING
a—
& = ho g
Analysis| Analyze [Analysis Engine
Settings Events Outputs
Analysis Results

When the rating is finished results can be reviewed by clicking the Tabular Results button on the Results group of

the ribbon.
u Eridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS ? = o X
BRIDGE WORKSPACE WORKSPACE TOOLS WVIEW HELP DESIGN/RATE REPORTING
3% - [5= 5 ~
= s =l = S e A
Analysis Analyze Analysis| Tabular |Specification Engine Results Save
Settings Events | Results |Check Detail Outputs Graph Results
Analysis Results
The window shown below will open.
M Analysis Results - 12" Wide RC Slab = O
=
Print
Print
Report type: Lane/Impact loading type Display Farmat
Rating Results Summary ~ o As requested Detailed Single rating level per row ~
. Live Load . Rating Load Rating - Location Location .

Live Load Te Rating Method Level (Ton) Rating Factor ) Span-(%) Limit State Impact Lane
HL-93 {US) Truck + Lane LRFR | Inventory 40.02 1112 18.00| 1-(60.0) | STRENGTH-| Concrete Flexure | As Requested | As Requested
HL-93 (US) Truck + Lane LRFR | Operating 51.88 1441 18.00 | 1-(80.0) | STRENGTH-| Concrete Flexure | As Requested | As Requested
HL-93 {US) | Tandem + Lane LRFR | Inventory 34.62 0.962 15.00 | 1-(50.0) STRENGTH-I Concrete Flexure | As Requested | As Requested
HL-93 (US) | Tandem + Lane LRFR | Operating 44.88 1.247 15.00 | 1-(50.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested

I Analysis LRFR. Engine Version: 7.7.0.3001

| Analysis preference setting: None

Last Modified: 6/4/2025
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Schedule Based Member Alternative

This portion of the example describes the creation of a schedule based member alternative. Create a new reinforced
concrete member alternative (as per the steps shown in the previous section) for the member Typical Slab Member

and enter the following data.

% Member Alternative Description = [m] *
Member alternative: Schedule Based 12" Wide RC Slab
Description Specs Factors Engine Impaort Control options
Description: Material type:  Reinforced Concrete
Girder type: Reinforced Concrete Slab
Modeling type: Open Girder
Default units: US Customary e
Girder property input method End bearing locations
Left: 9 in
Right: 9 in
Sustained modular ratio factor
Self load Default rating method:
Load case: Engine Assigned v LFR W
Additional self load: 000625 kip/ft
Additional self load: %
Crack control parameter (Z) Exposure factor
Bottom of beam: kip/in Bottom of beam:
OK Apply Cancel
[

Since a slab member is described and since shear will be ignored using a control option, ignoring the shear in the slab
in the following discussion does not affect this example. However, it is an important item to be aware of when

considering shear in the member so it will be reviewed now.

For a schedule based reinforced concrete member, it is important to enter a value for the End Bearing Locations in
the Member Alternative Description window shown above. This data describes the distance from the physical end
of the beam to the centerline of the end bearings. It is important to enter this value here so that when assigning bar
mark definitions to the reinforcement profile, we can start our bars to the left of the first support line and to the right

of the last support line.
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If the bars start to the left of the first support line and to the right of the last support line, BrDR will consider the bars
to be partially developed at the centerline of the bearing. Then the analysis engine will be able to compute the d
distance from the extreme compression fiber to the centroid of the tension reinforcement. This d value is required to
compute the shear capacity of the section. If the rebar starts at the centerline of the bearing, it will be considered as

zero percent developed at this point so a d distance cannot be computed, and the shear capacity of the beam will be

Z€ro.

Bar Mark Definitions

Before defining the girder and reinforcement profile for the member alternative, Bar Mark Definitions need to be
defined. Bar Mark Definitions are used to define the longitudinal flexural reinforcement in schedule based reinforced

concrete members. Select Bar Mark Definitions from the Bridge Workspace tree and click the New button from the

Manage group of the WORKSPACE ribbon.

r
u Bridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

& Revert

Save Close Export Refresh New

Bridge Manage

Workspace & X X

EBridge Components
B ™ RCSlabTrainingBricge
- @ Components
- Dizphragm Definitions
B Lateral Bracing Definitions
£l (£ SUPERSTRUCTURE DEFINITIONS
= ﬂ Single Span Slab Structure
. _} Impact/Dynamic Load Allowance
- 3% Load Case Description
- ¢ Superstructure Loads
. [Pj Shear Reinforcement Definitions
[Z7 Bar Mark Definitions
- 3 MEMBERS
= I Typical Span Member
} & Member Loads
}-- P Supports
=] |3 MEMBER ALTERMNATIVES
#- I 12" Wide RC Slab £} (€
R I Schedule Based 12" Wide RC Slab

B~ [ BRIDGE ALTERNATIVES
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This bridge uses the following bar mark definitions. Add these definitions one by one.

™ Bar Mark Definition

— [m] X
Name: #5 Material  Grade 60
Bar types:
e Barsize: 5 ~
a
Tupe: Strsight Bar type: Straight e
Dimension
23 4 Head at start Head at end
LG
A )| ft
Type: 1
B
o /S%/
AT o
Type: 2
c
i E— Ne
A a2
2y k—E—
Type: 3
|
|
L QK Apply Cancel
— —— — - - ———— - -
™ Bar Mark Definition = O X
Name: #9 Material: Grade 60
Bar types:
e Barsize: 9 ~
A
Type: Shaight Bar type:  Straight w
| Dimension
—2= 4 Head at start Head at end
LS—
A £} ft
| Type: 1
B
. k—vg%/
& w2
Type: 2
[ Y
% a2
[ — —Ey
Type: 3
|
oK Apply Cancel

Last Modified: 6/4/2025

34




RC2 — Reinforced Concrete Slab Example

The Girder Profile can now be defined. Expand the Schedule Based 12” Wide RC Slab member alternative on the

Bridge Workspace tree, double click on Girder Profile to open the Girder Profile window and enter the data on

each tab as shown below:

Girder Profile - Section
D Girder Profile

Type: Reinforced Concrete Slab

Section Web Reinforcement

Material:

Modular ratio:

]
5

Sacrificial wear thickness:

[a)

a:

05

sz A (US) ™

QK Apply

Cancel

Girder Profile - Web

™ Girder Profile

Type: Reinforced Concrete Slab
Section Web Reinforcement
Begin End Sta End
depth | Depthvary | depth iuu?npkz: distance Le?%th distance
(in) {in) (ft) (ft)
¥ 18 MNone v 18| 1 - 0 30 30

Duplicate

CK Apply

Delete

Cancel
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Girder Profile - Reinforcement

M Girder Profile = (] X

Type: Reinforced Concrete Slab
Section Web Reinforcement
Bar Measured Distance Std LRFD Ba_r Fiz Support — S Srereli E S end
Set " Invert § (in) b numb spacing | cover b Direction | distance  length | distance fully fully
| mar} rom in| number umber (in) (in) eET () (Ft) {ft) developed | developed
1 |#5 v Top of Slab ~ 1.9375 1 1 12 1 ~ | Left v 05 3 305
2 2 v Bottom of Slab 3189 2 2 6 1 wo| Left v 05 3 305

¥ Distance from
the Top of Slab is

measured from the

New Duplicate Delete

top of the effective

OK Apply Cancel

slab thickness.

The BrDR export to the analysis engine will compute the required development lengths for the reinforcing steel based
on the data entered in this window. These required development lengths are considered when the girder profile is
exported to the analysis engine. In the export, BrDR transforms the schedule-based definition of the concrete member
into a list of cross sections and assigns these cross sections to ranges along the length of the member. Cross sections

are cut where the reinforcing steel is developed.

BrDR assumes that the user has described the schedule of reinforcement as it physically exists in the bridge. BrDR
considers the required development length of the reinforcement when it exports cross sections for use by an analysis
engine. If the user does not want BrDR to consider the required development length, either the Fully Developed box
for the range of reinforcement on the Girder Profile: Reinforcement tab should be checked or the Fully Developed
box on the Point of Interest: Development tab needs to be checked. Checking either of these Fully Developed
boxes means that the reinforcement as entered is fully developed and the full length of the bar will be included in the

generated cross sections.

The following shows the cross sections and cross section ranges that are generated for this example when the member

alternative is analyzed.

BrDR computes the development length of the bars as ;. The bars are fully developed at the ¢; distance from the end

of the bar.
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o 1.25"  2.66' 27.34" 28.75 30.00°
Range L1 .. 2 .| 3 ! 4 15|
| | | I I I
| | | —i5 1 1 1
| | | ¥ 1 1 1
| | | I I I
| | | I I I
b de do - o ob d
i | | —3m 1 1 ﬁl,
175"
——
éd for #5

3.1625'
o for #0

Exported Cross Section Ranges

{ ® ®

q L N | o0
Section 1 Section 2 Seclion 3
0.286 #5 1.085 1.0 #5
0.316 #9 1.107 #9 2.0 #9

Exported Cross Sections

BrDR assumes the reinforcement develops in the bar in a linear fashion, starting with 0% development at the bar end

and 100% development at the point of full development (14)

Three cross sections are generated in this example. At 0.0°, the #5 bar is 28.6% developed and the #9 bars are 15.8%
developed. These percentages are found as follows (note that the bars start 6 to the left of the centerline of the
bearing):

#5bar 0.5°/1.75” =0.286* 1 bar = 0.286 bar

#9 bar 0.5°/3.1625° =0.158 * 2 bars = 0.316 bars

This cross section is applied from the 0.0° start of the member alternative to 1.25° where the #5 bar is fully developed.
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A similar procedure is followed at 1.25° which is where the #5 bar is fully developed and at 2.66° which is where the
#9 bars are fully developed.

If F1 is selected while the Reinforcement tab is open, the BrDR help topic for this window will open as shown
below. This help topic contains important information regarding the data on this window and it should be thoroughly

reviewed prior to using the schedule based reinforcement features in BrDR.

2 AASHTOWare BrDR - Help - o X
=
Show Print | Options

Girder Profile: Reinforcement A~

The Reinforcement tab of the Girder Profile window allows you to describe the reinforcement profile for a reinforced
concrete member. The reinforcement is described over ranges, with each range being defined by a start distance and a
length.

The export to the analysis engine will compute the required development lengths for the reinforcing steel based on the
data entered in this window. These required development lengths are taken into account when the girder profile is
exported to the analysis engine. Refer to Export of Schedule Based Reinforced Concrete Members for more detailed
information regarding the export of schedule based reinforced concrete members. Enter the required information and click
another tab or the OK button.

Engine Related Help

Set
Displays the set number assigned to the reinforcement set.

Bar Mark
Select the bar mark definition corresponding with this reinforcement set, as entered in the Bar Mark Definition window.

Invert

Check this box if the bar mark definition is inverted or "flipped upside down" from the display shown on the Bar Mark
Definition window.

Measured From

Select whether the reinforcing steel described in this row is measured from the top of girder or bottom of girder. Top of
girder is the top of the structural top flange. For a reinforced concrete slab beam, the selections are either top of slab or
bottom of slab. Top of slab is the top of the structural slab thickness.

Distance

Enter the distance from the centroid of the reinforcing steel described in this row to the location selected in the "Measured
From” column. The reinforcing steel is assumed to be parallel to the location selected in the "Measured From" column as
shown below. Distance for Type 3 bars is measured from the end portion of the bar and for Type 2 bars from the middle
portion.

w,_

Distance measured Distance measured
from bottom of girder from bottom of girder

Bar mark definition inverted and
[ Distance measurad from top of girder

TU 17 N\

l— Distance measured from tog of girder

This help topic contains links to several other useful topics that should be reviewed prior to defining schedule-based

reinforcement in BrDR.
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The Export of Schedule Based Reinforced Concrete Members topic contains the rules and assumptions BrDR uses

when exporting schedule based reinforced concrete members to the analysis engine.

%' AASHTOWare BrDR - Help - ] X

EH OoeE 5 B

Show Back Prirnt  Options

Export of Schedule Based Reinforced Concrete Members A

This topic contains a description of the procedures used by BrR/BrD to export schedule-based reinforced concrete
members into cross-section based data for use by analysis engines. This BrR/BrD export transforms the schedule-based
definition of the concrete member into a list of cross sections and assigns these cross sections to ranges along the length
of the member.

BrR/BrD assumes that the user has described the schedule of reinforcement as it physically exists in the bridge. BrR/BrD
takes into account the required development length of the reinforcement when it exports cross sections for use by an
analysis engine. If the user does not want BrR/BrD to take into account the required development length, the user should
either check the "Fully Developed” box for the range of reinforcement on the Girder Profile: Reinforcement tab or check
the "Fully Developed” box on the Point of Interest: Development tab. Checking either of these "Fully Developed” boxes
means that the reinforcement as entered is fully developed and will be included in the generated cross sections.

The BrR/BrD export will also check the actual lap lengths of schedule based reinforcement against required lap lengths
and present this information to the designer for their evaluation. The results of the development length calculations and
lap length checks are presented in a log file which can be accessed from the Analysis Output window.

Engine Related Help

Assumptions

Tension vs Compression Development Length

The development length of reinforcement is dependent on whether the reinforcement is in tension or compression. At the
time of export to an analysis engine, BrR/BrD does not know which portions of the member are in tension or compression
since that determination relies on an analysis of the member. Since BrR/BrD does not know which portions of the member
are in tension or compression, the export conservatively computes only the tension development length for the
reinforcement.

Hooked Bars

BrR/BrD assumes all hooked bars meet the detailing requirements of the AASHTO Standard and LRFD specifications and
are considered to be "standard” hooks.

When BrR/BrD computes the percent development of a hooked bar at a peint within the development length of the bar,
BrR/BrD assumes the bar is developed 0% at the start of the bar and 100% at the end of the development length. Hooked
bars are actually developed more than 0% at the start of the bar due to the hook, but this percentage of development is
not computed by BrR/BrD.

Sloped Bars

Users may describe a reinforcement bar mark in BrR/BrD that slopes across the beam depth so that the bar is used in
both tension and compression regions of the member. The sloped portion of the reinforcement is included in the
reinforcing steel area of the exported cross sections, and it contributes to the flexural and shear resistances.

AASHTO Standard Specification Reinforcement Development Lengths
AASHTO LERFD Specification Reinforcement Development Lengths

AASHTO Standard Specifications Reinforcement Development Length

The following section illustrates which AASHTO Standard Specifications for Highway Bridges articles are considered by
the BrR export when computing the reinforcement development length.

< >

The BrDR export will also check the actual lap lengths of schedule-based reinforcement against required lap lengths
and present this information to the designer for their evaluation. BrDR considers bars to be lapped if the vertical
distance to their centroids is equal or if their clear cover is equal and the bars overlap along the length of the member.

This example does not have any lapped bars .
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Live Load Distribution

Double click on Live Load Distribution on the Bridge Workspace tree to open the Live Load Distribution window.
Enter data on each tab as shown below:

(Note: In Standard tab of this window, if the standard live load distribution factors are not entered, the values can be
copied from the cross-section member alternative to the schedule-based member alternative. To copy, right click the
Live Load Distribution label under the cross-section member alternative and select Copy from the menu. Then right
click the Live Load Distribution label under the schedule-based member alternative and select Paste. If the Standard

factors are not entered for the cross-section based member alternative, then, enter the following distribution factors

manually.)
T T
= Bridge Workspace - RCSlabTrainingBridge ANALYSIS reporTs | OB Bridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTINC BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTIMN!
o 3 — o 3 il — dy [
= | BSC & [0 (=] BSeC & [k
swe € P Bport Refresh | Open Copy save B B e Bxport Refresh  Open Copy Paste
Bridge Manage Bridge Manage
Workspace # X | Schematic b Workspace # X | Schematic 2 X
Bridge  Components Bridge  Components
- () MEMBERS n = [} MEMBERS .
2 T Typical Span Member 2 T Typical Span Member
Hr Member Loads 2Hr Member Loads
| & Supports } @ Supports
- | MEMBER ALTERNATIVES B (& MEMBER ALTERMATIVES
=8 T 12" Wide RC Slab (E) (C) B T 12" Wide RC Slab (B) (C)
&1 Default Materials BT Default Materials
4 Impact/Dynamic Load Allowance Y Impact/Dynamic Load Allowance
Bl &) Cross Sections - & Cross Sections
" 3 Standlard Section ' [ Standard Section
=1 Cross Section Ranges 1 Cross Section Ranges
. Effective Supports - HF Effective Supports
- 2 Hinge Locations - 4z Hinge Locaticns
- 2 Shear Reinforcement Ranges - X Shear Reinforcement
- 1 Brocing Ronges Analysis - E Bracing Ranges Open
k- Live Load Distributior ~ iy Live Load Distributio [l Copy
[ Points of Interest = Open 7 Points of Interest Paste
& I Schedule Based 12" Wic — & I Schedule Based 12" Wid
- &I Default Materials - ST Default Materials ] Analyze
— impact/Dynamic Loz #Y Analyze - Aimpact/Dynamic Loa ® View Summary Report
B Girder Profile B View Summary Report =1 Girder Profile B
&y Effective Supports &hfy Effective Supports View Detailed Report
“ gty Hinge Locations ew Detalled Report * wpHinge Localions % Ganeral preferences
2 Shear Reinforcemen 35 Goneral Preferences + B Shear Reinforcement
- 24 Bracing Ranges - X Bracing Ranges Close Bridge Workspace
&k Live Load Distributic £ Close Bridge Workspace &k, Live Load Distribution
[ Points of Interest I [ Points of Interest
B [ BRIDGE ALTERNATIVES - [ BRIDGE ALTERNATIVES
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Standard:
™ Live Load Distribution - [} x
Standard LRFD
Distribution factor input method
o Use simplified method Use advanced method
Allow distribution factors to be used to compute effects of permit loads with routine traffic
Distribution factor
Lanes [wheels)
loaded
Shear Szl Moment = Deflection
supports
1 lane 0.172 0.167
Multi-lane 0.172 0167
QK Apply Cancel
_ _d

Enter values as shown above and Click Apply to apply the data and keep the window open.

The Standard distribution factor for a slab member is computed as follows:
AASHTO Article 3.24.3.2

Distribution width, E, for a wheel is 4 + 0.06S but shall not exceed 7°.

S = span length = 30’

E=44006%30" =58 <7

1 wheel
Moment DF = —<g - 0.1724 wheel/ ft

The cross section that will be entered for this member alternative is 12” wide so the wheel distribution factor is per

foot. If the cross section were 24” wide, the distribution factor would be computed as 2*0.1724=0.3448.
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The deflection distribution factor is calculated as the number of lanes divided by the number of girders. For a
reinforced concrete slab bridge, the number of girders is taken as the lane width divided by the strip width. Our lane

width is 12 feet, and our strip width is 12” or 1 foot.

1 lane x 2 wheels/lane

Deflection DF = az/ 1

= 0.1667 wheel / ft

LRFD:
Open the Live Load Distribution window, LRFD tab. Click the Compute from Typical Section button and enter

the values as shown below in the pop up window.

- - S _ S S
| ) .
Standard LRFD
| Distribution factor input method
o Usze simplified method Use advanced method
Allow distribution factors to be used to compute effects of permit loads with routine traffic p
Action: Deflection
[ ) Distribution factor
Support o e length | Enddistance (lanes)
number (ft) {ft)
(i) 1lane  Multi-lane
& Girderline RC Slab Width X
Qverall slab width: 27 ft
Mumber of lanes: 2
Slab width: 12 in
Skew: 0 Degrees
Conti nueOCancel
| H
C te fi )
ompute from View calcs New
typical section...
oK Apply Cancel
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Click the Continue button, BrDR will compute the LRFD live load distribution factors. Click OK to close the analysis

window. Live load distribution factors will be calculated as shown below.

Deflection distribution factors.

- S . — S _— S _
| ™ Live Load Distribution - =] X
Standard LRFD
| Distribution factor input method
o Use simplified method Use advanced method
|
Allow distribution factors to be used to compute effects of permit loads with routine traffic
Action: Deflection
S . Distribution factor
Support distance  Length End distance (lanes)
number " (ft) (ft)
(f) 1lane  Multi-lane
1 v 0 30 30 0.1 0.0833333
Compu!e frvom View calcs New Duplicate Delete
typical section...
oK Apply Cancel
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Moment and shear have the same distribution factors. The moment distribution factor is shown below.

_ S S - - S _—
| é Live Load Distribution - (=] X
Standard ~ LRFD
|
o Use simplified method Use advanced method
|
Allow distribution factors to be used to compute effects of permit loads with routine traffic
Action: Moment
Start ) Distribution factor
Support diboce Length = End distance (lanes)
number & (ft) (f)
) 1lane Multi-lane
1 0 30 30 0.0787906 | 0.096013
Compute from View calcs New Duplicate Delete
typical section...
OK Apply Cancel

The live load distribution factors for LRFD analysis are calculated as shown below.

AASHTO Article 4.6.2.3

Equivalent width of strip per lane, E, for both shear and moment single lane:
Single lane

E =10.0 + 5.0 /L, W,

L, = span length < 60" = 30’

W, = modified edge — edge width of bridge < 30'for single lane = 27’
E =10+5.0* /(30)(27) = 152.302"

1 lane

Moment and Shear DF = 152302 — 0.0066 lane/inch
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For single lane, the moment and shear distribution factor = 12” member * 0.0066 lanes/inch = 0.079 lanes.

Multi lane

12.0W
N,

L, = span length < 60’ = 30’

E =840+ 1.44,/L,W, <

W, = modified edge — edge width of bridge < 60'for multi lane = 27’
W = width edge — edge of bridge = 27’

N, = number of lanes

12(27)
E = 840 + 1.44./(30)(27) = 124.983 < = 162"
Moment and Shear DF = — ™ _ 0.008 lane /inch
oment an ear = 124983 = L. ane/lnc

For multi lane, the moment and shear distribution factor = 12” member * 0.008 lanes/inch = 0.096 lanes.

Deflection distribution factor:

# lanes

Deflection DF = Multiple P Fact
eflection (Lane width / Strip width) * Multiple Presence Factor
Single Deflection DF = 1 lane (1.2) =0.1001!
ingle lane Deflection = azm =0 anes
Multi l Deflection DF = 2 lanes (1.0) = 0.08331
ulti lane Deflection = azezmy PO =0 anes
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LRFR Analysis
The member alternative can now be analyzed. To perform an LRFR rating, select the Analysis Settings button from

the Analysis group of the DESIGN/RATE ribbon to open the Analysis Settings window as shown below.

[~ | Bridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS 7 = ] X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING:

E LR
Analysis Analysis Engine
Settings Events Cutputs
Analysis Results

Click the Open Template button and select the LRFR Design Load Rating to be used in the rating and click OK.

& Open Template x
Templates Description Analysis Owmer Public / Private
HL 93 Design Review HL 93 Design Review LRFD Public
HS 20 LFR Rating HS 20 LFR. Rating LFR Public
» LRFR Design Load Rating | LRFR Public
LRFR Legal Load Rating | LRFR Legal Load Rating | LRFR Public
Delste Open Cancel

The Analysis Settings window will be updated as shown below.

B Analysis Settings - o 4 ]
Design raview () Rating Rating method LRFR
Analysis type: Line Girder
Apply preference setting:  None
Vehicles  Output  Engine  Description
Traffic direction: Both directions Refrash Temporary vehicles Advanced |

WVehicle selection

2 Vehicles

S Standard

EV2

EV3

H 1544

H 20-44

HL-93 (S1)

HL-93 {US)

H5 15-44

HS 20{51)

HS 20-44

Lane-Type Legal Load
LRFD Fatigue Truck (1)
LRED Fatigue Truck (US)
NRL

sS4

Sus

U6

T

Type 3

Type 3-3

Type 352

Agency

User defined

Ternporary

Reset Clear QOpen template

Vehicle summary

& Rating vehicles
S LRFR
& Design load rating
S Inventory
] '-HL-83 (US)
Addto = Opersting
HL-83 (U5)
Fatigue
" LRFD Fatigue Truck (US)
< Lagal load rating
|- Routine
" Specislized hauling
" Perenit laad rating

Remove from

Save template: oK Apply
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Tabular Results

With the schedule based member alternative — Schedule Based 12” Wide RC Slab selected, click the Analyze button
from the Analysis group of the DESIGN/RATE ribbon to perform the rating.

(m}
X

= Bridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS 7

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

*T| e |32
ax | & |8 o
Analysis| Analyze [Analysis Engine
Settings Events Qutputs
Analysis Results

When the rating is finished the results can be reviewed by clicking the Tabular Results button on the Results group

of the ribbon. The window shown below will open.

M Analysis Results - Schedule Based 12" Wide RC Slab — a x
=
Print
Print
Report type: Lane/Impact loading type Display Format
Rating Results Summary © #s requestes Detailed Single rating level per row
. Live Load Rating  Load Rating Location Location .

Live Load T Rating Method Level Ton) Rating Factor ) Span-(%) Limit State Impact Lane
HL-93 (US) Truck + Lane LRFR| Inventory 39.62 1.100 18.00| 1-(80.0)  STRENGTH-I Concrete Flexure | As Requested | As Requested
HL-93 (US) Truck + Lane LRFR | Operating 3136 1427 18.00| 1-(60.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
HL-93 (US) | Tandem + Lane LRFR| Inventory 3425 0951 15.00 | 1-(50.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
HL-93 (US) | Tandem + Lane LRFR | Operating 4440 1233 15.00| 1-(50.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested

| Analysis LRFR Engine Version: 7.7.0.2001

| Analysis preference setting: None

| Close

Engine Outputs

When an analysis or design review is run, a file is created that contains the input and output of the calculations BrDR
performed to compute the required development lengths and to check the lap lengths. This file can be accessed from

the Engine Outputs button on the DESIGN/RATE ribbon.

. @M RCSlabTrainingBridge - O X

-RCSlabTrainingBridge

E--Single Span Slab Structure
EI--T}'picaI Span Member

=-Schedule Based 12" Wide RC Slab

| }er'd Reinf Dev Length Calcs Log File (Wednesday Jun. 04, 2025 15:15:17)

- AASHTO_LRFR

}""Stage 3 Spec Check Results

'-Log File

| ——— ‘A“—M-"JMN‘H‘M
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Schematic

A schematic view of the reinforcement profile is available while the Girder Profile label is selected on the Bridge

Workspace tree.

r al
] Bridge Workspace - RCSlabTrainingBridge ANALYSIS REPORTS ? - o X

BRIDGEWORKSPACE ~ WORKSPACE ~ TOOLS  VIEW  HELP  DESIGN/RATE  REPORTING
Lz s ﬁ 73 o
= “ =

Save B RO e Eeport Refiesh | Open

Bridge Manage

Workspace # X || Schematic % X || Report X

Bridge Components
o [ Components n
[ Diaphragm Definitions
[ Lateral Bracing Definitions
- (&) SUPERSTRUCTURE DEFINITIONS
4 Single Span Slab Structure
Y Impact/Dynamic Load Allowance
&k Load Case Description
#r Superstructure Loads.
[ Shear Reinforcement Definitions
7 Bar Mark Definitions
(3 MEMBERS
& T Typical Span Member
2 Member Loads
|- & supperts
B B3 MEMBER ALTERNATIVES Analysis
T 12" Wide RC Slab (E) (C)
& T Schedule Based 12" Wide RC Slab
| &T Defauit Materials Info-TR*

4 @ Analysis Event
=3 Impact/Dynamic Load Allowance & Analysis Ever lngn—Pn]
|- = Girder Profiic ] (@ Schedule Based 12" Wide RC Slab Efg . gg}
= g Effective Supports Info - An

2z Hinge Locstions

-

b
X

Analysis - Schedule Based 12" Wide RC Slab

EX Shear Reinfarcement Ranges
= .
- 4 Bracing Ranges

& Live Load Distribution
[ Points of Interest

7
B (2 BRIDGE ALTERNATIVES ee

i @ Errors

Close

r

Schematic — 0O x
Reinforcement Plan

i Q4 B e

RCSlabTrainingBridge

RC Slab Training Bridge - Single Span Slab Structure - Typical Span Member
6/4/2025

41

Blrﬂ SUI_UII Ell
Layer 1:
2" from top| #5
5] >| — 30-0 |« 6
Layer 2 _ _ _
3 1/4" from bottom #9

CL Brg CLBrg
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LRFD Design review
An LRFD design review of this girder for HL93 loading can be performed. To perform an LRFD design review,

enter the Analysis Settings window as shown below.

M Analysis Settings - [m] X 1
© Design review Rating Design method: LRFD “
Analysis type: Line Girder -
Lane / Impact loading type:  As Requested v Apply preference setting:  None v
Vehicles | Output  Engine  Description

Traffic direction:  Both directions ~ Refresh Temporary vehicles Advanced
Vehicle selection Vehicle summary
EHVehicles [5-Design vehicles
B Standard Design loads
|- Alternate Military Loading [‘Ia ' HL-92 (US)
|-Ev2 |--Permit loads
|-Evz 2 Fatigue loads
| HL-03 s Add to ' LRFD Fatigue Truck (US)
|-HL-03 Us)
|-Hs 20 (s1)
|-Hs 20-44
| LRFD Fatigue Truck (1)
' LRFD Fatigue Truck (US)
Agency Remove from
User defined
Temporary <<
|
Reset Clear Open template Save template oK Apply Cancel

Engine Outputs
LRFD analysis will generate a spec check results file. Click on the Engine Outputs button on the Results group of
the Design/Rate ribbon to open the following window. To view the spec check results, double click on the Stage 3

Spec Check Results in this window.

M RCSlabTrainingBridge = a X

E}-RCSlabTrainingBridge
E--Single Span Slab Structure
E--Typical Span Member
ESchedule Based 12" Wide RC Slab
} Lrid Reinf Dev Length Calcs Log File
-AASHTO_LRFD
}----Stage 3 Deflections Infl Lines Span Model
~Stage 3 Deflections Infl Lines Span Medel Actions
-5Stage 3 Deflections Span Model Actions

}----Stage 1 Deflections Span Model
}----Stage 1 Deflections Span Model Actions
!

- AASHTO_LRFR
}----Stage 3 Spec Check Results
----- Log File

Y A--J\M_Aﬂﬁwﬂ‘w‘m,
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The Spec Check Results match the following results from the cross section based member alternative.

M Stage 3 Spec Check Results = ] X
Bridge ID : RCSlabTrainingBridge NEI Structure ID : RCSlabTrainingB ~
Bridge : RC Slab Training Bridge Bridge Alt :

| Superstructure Def - Single Span Slab Structure
Member : Typical Span Member Member Alt - Schedule Based 12" Wide RC Slab

Analysis Preference Setting :

AASHTO LRFD Specification, Edition 10, Interim 0

Specification Check Summary

Article Status
Flexure (5.6.3.2,5.6.3.3) Fai
Crack Control (5.6.7) Pass
Shear (5.7.3.3.5.7.2.5.5.7.26,5.7.3.5) | Ignore by User
Fatigue (5.53.2) Pass
Deflection (2.5.2.6.2) Fail

Girder Positive Flexure Analysis

L“'[:;;i“'“ LS (I:“::Ji (lr?irﬁ} (kﬁ“ﬂ] Design Ratio Mr/Mu | Code
0.000| STR-I 1 2462 0.00 99.000| Pass
1.222| STR-I 1 78.85 18.65 4.228| Pass
2.122| STR-I 1 116.22 32.38 3.590| Pass
3.000| STR-I 1 116.22 45.78 2.539| Pass
6.000| STR-I 2 116.22 79.70 1.458| Pass
9.000| STR-I 2 116.22) 103.77 1.120| Pass

12.000| STR-I 2 116.22) 11731 0.991| Fai
15.000| STR-I 2 116.22) 120.34 0.966| Fai
18.000| STR-I 2 116.22) 11731 0.991| Fai
21.000| STR-I 2 116.22 103.77 1.120| Pass
24.000| STR-I 2 116.22 79.70 1.458| Pass
27.000| STR-I 1 116.22 45.78 2.539| Pass
27.878| STR-I 1 116.22 32.38 3.590| Pass
28.778| STR-I 1 78.85 18.65 4.228| Pass
30.000| STR-I 1 2462 0.00 99.000| Pass
NR = Spec check not required at this location v
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