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Topics Covered

e  Analysis Methods
e Slab Reinforcement Data Entry
e  Stirrup Wizard

e Web analysis

The data entry for a reinforced concrete multicell box superstructure is very similar to that for a post-tensioned

multicell box. Example “MCB1-PT MCB Example” describes in detail the process to define a PT multicell box. This

example will focus on a few details for data entry.

Analysis Methods

Reinforced concrete multicell box (MCB) superstructures can be analyzed in the following manners:

e LRFD, LRFR and LFR

e  Full box section including each individual webline

e Single webline
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Slab Reinforcement Data Entry

From the Bridge Explorer, click on the bridge BID 27 MultiCell Box Examples in the sample database and select
Open from the Bridge group of the BRIDGE ribbon to open this bridge as shown below.

E AASHTOWare Bridge Design and Rating ? = (] x

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW

N~ &5 5 5 B

O Batch

MNew| Open Find Copy Copy Delete
Tov
Eridge Manage
iy §_Open ([Ctrl+0) BID Bridge ID Bridge Name D
@ Recent BI’idgES ££ LRFL 3UDSTIUCTUME EXamMpIe 5 LAFL DUDSTFUCTUNE EXaMpIs & Y
-1 i All Bridges 23 LRFD Substructure Example 4 | LRFD Substructure Example 4 (NHI Hammer Head)
i Templates 24 Visual Reference 1 Wisual Reference 1 Un
""" ¥ Deleted Bridges 25 | Culvert Example 1 Culvert Exarnple 1
26 Curved Guide Spec Curved Guide Spec Example(LFR)
» 27 MultiCell Box Examples Multi Cell Box Examples
28 Gusset Plate Example Gusset Plate Example Un
29 | Splice Example Splice Example
30 Simple DL-Cont LL-Splice Simple DL Splice Un
31 MetalCulvertExamplel MetalCulvertExample 1 =
4 »

Total Bridge Count: 31

Concrete Multi-Cell Box Superstructure Definition

Double click on SUPERSTRUCTURE DEFINITIONS folder in the BWS tree to start creating a new MCB (Multi-
Cell box) superstructure definition. Select Concrete multi-cell box superstructure and click OK. Be sure to leave
Post-tensioned unchecked.

M Mew Superstructure Definition et

Girder system superstructure

o
1
m
f
F
[
[

[=]

Girder line superstructure =
Floor system superstructure
Floor line superstructure
Truss system superstructure
Truss line superstructure
Reinforced concrete slab system superstructure
0 Concrete multi-cell box superstructure

Advanced concrete multi-cell box superstructure

-

Y i P U Ry S S WY

Last Modified: 2/9/2024 2
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Enter span lengths along the referance line:

£ Concrete Multi-Cell Box Superstructure Definition
Definition ~ Analysis ~ Specs  Factors  Engine  Control options
Name: RC MCB Sample
Description:
Default units: US Customary Span lengths
Number of spans: 10
Number of cells: P Length
Span
(ft)
> 1 50
Structure model for LLDF computation
Standalone ~

End projections
left: 12 in

Right 12 in

Average humit

Structure type

Frame structure simplified definition

Integral with substructure

o Not integral with pier

Post-tensioned

Analyze webs only

P e P AUy e P P WO

Navigate to the Control options tab of this window and uncheck the LRFR Ignore shear checkboxes.

4™ Concrete Multi-Cell Box Superstructure Definition

Definition Analysis Specs Factors Engine

LRFD
21 Points of interest

Generate at tenth points except supports

Generate at support points
Generate at support face & critical shear points
ﬂ Generate at section change points
ﬂ Generate at user-defined points
1 shear computation methad
Ignore
o General procedure
General procedure - Appendix B5
Simplified procedure
Simplified procedure - Vi, Vow

Crncidar inclinad flavoral farrac

LFR
Points of interest
Generate at tenth points except supports

Generate at support points

Generate at support face & critical shear points
Generate at section change points
ﬂ Generate at user-defined points
[ Shear computation method
Ignore Shear
Distribution factor application method
By axle

Q o

Ignore flexure

Control options

LRFR

Generate at section change points
- Generate at user-defined points
2 Shear computation method
Ignore
o General procedure
General procedure - Appendix B3
Simplified procedure

Ignore design & legal load shear

Ignore permit load shear

" Consider permit load tensile steel stress

Ignore long. reinf. in rating

ASR

Points of interest

Generate at tenth points except supports
Generate at support points

Generate at support face & critical shear paints

Generate at section change points
- Generate at user-defined points
[ Shear computation method
Ignore
Use AASHTO 1973 or earlier code
Use AASHTO 1974 interim
o Use current AASHTO

Ignore flexure

OK

Apply

]

Cancel

*

Click OK to apply the data and close the window.
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Load Case Description

Expand the newly added superstructure definition RC MCB Sample folder in the BWS tree and double click on the
Load Case Description node. Use the Add default load case descriptions button to create the following load cases.

Click OK to apply the data and close the window.

Structure Cross Sections

Double click on the Structure Cross Sections folder in the BWS tree and enter the following data.

™ Load Case Description - O it
. Time*
Load case name Description Stage Type (days)
D1 DC acting on non-compasite section Non-composite (Stage 1) ~ | DDC v
DC2 DC acting on long-term composite section | Composite {long term) (Stage2) ~ | DDC
oW DW acting on long-term composite section | Compaosite {long term) (Stage 2) ~ | DDW
» | SIP Forms Weight due to stay-in-place forms MNon-composite (Stage 1) ~ | DbDC v
A N S S o Y. P e B e s B - - L

M Structure Cross Sections - [m| X
Name:  Section Number of cells:
Input method
o Simple Advanceg | 1oP slab concrete: Class A (US) w Other parts concrete:  Class A (US)
Entry methad
Q width  Siope
28 ft |
y | ¢RT1
[] RT2
; L
0 in 7 -
[
. Ry D
i / RW1
0 in $ i
i /
s2 b i, s
w2 i _1_ Rw2 .
Overall Cells Fillets
Properties
() (in) Compute properties
LT1 10
D i Area:
o 112 14
e
w1 4 RT1 10
W2 6 » | RT2 14 by
I
RW1 4
» | RW2 6
LV
RV
W2:
0K Apply Cancel
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Overall Cells Fillets

Top left web thickness: |1 2 in W2:

Bottom left web thickness:

Top right | Bottom right

cell | 5| web web t:jifkil::s
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Click on the Compute properties button. The updated Structure Cross Sections window is shown below.

M Structure Cross Sections - m] X
MName: Section Number of cells:
Input method
o Simple Advanceq 0P slab concrete: Class A (US) ™ Other parts conerete:  Class A (US) ~
Entry method
Q width  Siope
| 28 ft |
| e > J'RT«
J’ I ¥ |
112 ¥ [] Rz &
—— + —_—
- ] 10 in -
WT-T LV i , ot o
L i i RW1
il 10 in ¢ ;
v I I
WT-B
L st 52 Ao os1
Lw2 l< w2 - | Rz
I I
Overall Cells Fillets
Properties
(ft) ) Compute properties
m 10
v 8 Area:  52.1762 ftr2
o L2 14
o 4
oA 4 RT1 10
W2 6 > | RT2 14 R -
J 04804787 4
RW1 4
v
RV
W2:
QK Apply Cancel
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Click OK to apply the data and close the window.

Structure Cross Section — Schematic
With Section selected in the BWS tree, click on the Schematic button from the WORKSPACE ribbon (or right

click and select Schematic) to view the cross section as shown below.

Schematic -0 x

Structure Cross Section
mEaas BE - 0w i

MultiCell Box Examples
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Cross Section Ranges
Double click on the Cross Section Range Properties node in the BWS tree and assign the cross section to the length

of the superstructure as shown below.

M Cross Section Ranges - [u] X
Cross sections Effective supports
Start
Start section End section Depth vary SR | s | I e
section number (f)
(ft) (ft)
Section ~ | Section ~ | Nene e 1 v 0 3 3
Section ~ | Section ~ | Nene e 1 v 3 44 47
3 | Section | Section ~ | None v 1 v a7 3 50
Mew Duplicate Delete
oK Apply Cancel

Click OK to apply the data and close the window.
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Structure Typical Section
Double click on the Structure Typical Section node in the BWS tree and locate the superstructure definition

reference line as follows.

M Structure Typical Section - Segment 1

[Diistance from left edge of deck ta i
_ superstructure definition ref. line

|
L_ Superstructure D efinition
| Reference Line

N\ e

Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position Striped lanes Wearing surface
Superstructure definition reference line i To the Right of ~  fhe left edge of deck.

== End
Distance from left edge of deck to 14 i 14 &

superstructure definition reference line:

I o tnstll T Pt it [T s o p

Navigate to the Generic tab and enter the barriers.
M Structure Typical Section - Segment 1

lg—— Generic Shape

Back Front
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position Striped lanes Wearing surface
Edge of deck = Distance at | Distance at Front face
Name Load case = Measure to = dist. measured start end - .
orientation
from (ft) (ft)
> | 12" Barrier ~ | DC1 v | Back v | leftEdge 0 0| Right
12" Barrier ~ | DC1 v | Back | RightEd.. 0 0] Left hd

P N Y N R N N o WU SRR I S SNy e P
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In the Lane position tab, use the Compute button to enter the lane positions.

M Structure Typical Section - Segment 1

. (2] 5

[B] — Superstructure Definition Reference Line

Travehway 1 " Travelway 2 _J

Deck Deck (cont'd) Parapet Median

]
B
=1

=]

Generic Sidewalk Lane position Striped lanes Wearing surface

Distance from left edge of = Distance from right edge of | Distance from left edge of = Distance from right edge of
travelway to superstructure = travelway to superstructure = travelway to superstructure = travelway to superstructure

T;zvnil::ry definition reference line definition reference line definition reference line definition reference line
at start (A) at start (B) at end (A) atend (B)
@ ) (ft) )
> 1 -13 13 13 13
LRFD fatigue

Lanes available to trucks:

OwerrideTruck fraction:
hev.l Duplicate

oK

Apply

Delete

Cancel

Click OK to apply the data and close the window.
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Slab Reinforcement

Slab reinforcement can be located in several ways for multi-cell boxes. One way is for the user to create user defined

transverse reference lines from which to locate the reinforcement. A user defined reference line is shown in the
following sketch.

Framing Plan
B QQe B s

MultiCell Box Examples
Multi Cell Box Examples - RC MCE Sample

120132023
. S *
~ 200" ~ Refarence Line A
M- 9010 deg e

10°-0 Rebar

Open the Slab Reinforcement window and enter the following reinforcement in the Transverse reference lines and
Cells-bottom slab of the box.

{D Slab Reinforcement

Type:  Multi Cell Box

Transverse reference lines Cells-top slab Cells-bottom slab Overhangs

Input method

0 Distance Percentage

Ny e TN

4
Measured Distance Dlstan!ce {
Reference along left | along right +

. from
line supmort edge deck  edge deck /

°F (ft) (fo) .
» | Line A 1 ~ 20 20
4
&

e e pon o
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0 Slab Reinforcement

Type: Multi Cell Box

Transverse reference lines

Cells-top slab

Cell Material

~ | Grade 60

Cells-bottom slab

Reference
point

Line &

Overhangs

Start.
Direction  distance

(fe)
Left 10

Length | =™ | Number
| dstence P
(ft)
20 10 1

Number
bars for
left
web

05

[m]
Clear Bar Side Start End
Bar Measured !
caver — spacing | cover  fully fully
SZE fin) (i) | (in) developed | developed
1 v 2| Bottomo... ™

e e AP _‘_‘_‘_,‘"H“,.,_L___“).— PO J»‘_)'*J /-Af‘-b Y W S A

The start distance for this bar is located 10’ to the left of the reference Line A.

Another way to reference reinforcement in a MCB is from the middle of a span:

D Slab Reinforcement

[m] ped
Type:  Multi Cell Box
Transverse reference lines Cells-top slab Cells-bottom slab Qverhangs
Number
) Reference o | EEE e B2 | e || 2 | S e 27 EES | EEE thd
Cell Material N Direction | distance distance A cover spacing | cover fully fully
point (fty of bars left size " from N N
( s (in) (in) (i) developed  developed
2 ~ | Grade 60 ~ | Line A | Left v 10 20 10 1 05|11 v~ 2| Bottomo... ™
X | All Cells ~ | Grade 60 ~ [ Midspan 1 Left 2525 50.5 2525 14 7M1 2| Bottomo...
Support 1
Support 2
Midspan 1 I,\\,
Line A

SR,

e o “—\J'“"J*M o —— e

Y = _,-...l it — — ,‘-"- / L

D Slab Reinforcement

- m] x
Type: Multi Cell Box
Transverse reference lines Cells-top slab Cells-bottom slab QOverhangs
Number
i Reference I o | EE | e | B | S Measured Lr | S EmU el
Cell Material N Direction = distance distance . caver spacing | cover fully fully
point (i of bars left size ’ from > >
) (in) (i) | (i) developed  developed
web
>|2 ~ | Grade 60 ~ | Line A v | Left ¥ 10 20 10 1 05|11 v 2| BottomofSlab
All Cells ~ | Grade 60 ~ | Midspan1 v | Left 2525 50.5 2525 14 71 v 2| Bottom of Slab

—  amn ", ———

J“" /' Y NPT J,_“J_.uh-_- j“f’“—"’ PR

Click OK to apply the data and close the window.
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Stirrup Wizard

Shear Reinforcement Definition - Vertical

Open the Vertical Shear Reinforcement Definitions window and create the following stirrup definition.

M Shear Reinforcement Definition - Vertical — | X
MName: #5
P
Material: Grade 60 v
Bar size: 3 o
Number of legs: 2
] Inclinaticn (alpha): 90 Degrees

Wertical

Shear

Reinforcement

.........................

oK Apply Cancel

Click OK to apply the data and close the window.
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WEB1 — Shear Reinforcement Ranges

Expand WEBS folder -> WEBL1 and double click on the Shear Reinforcement Ranges node. Select the input
reference type as Voids. Click the Stirrup wizard button and enter the following data. Open the WEB1 Shear

Reinforcement Ranges window and use the Stirrup Wizard to enter the following data.

M Stirrup Wizard

I

Right Start
Distance

-
Left Start
Distance

Maximum inferior Spacing

Input reference type

Spam: 1w Maximum interior spacing: 24

Measured from left end of span
Start distance: 0

Start distance: 0 in

MNumber of | Spacing

spaces {in) plane

Name
3 #5

#5

Click the Apply all button, the stirrup ranges will be created as follows

a set of design drawings.

Measured from right end of span

Number of | Spacing
spaces (in})

. Consider the following typical sketch from

500"

i | 3'solid section (typ)
I

6 spa @ 12" bspa @ 12"
5spa @ 15" 5spa @ 15"

#5 stirrup spacing | | | 24" max spacing | | | |
e e e
| |
i i
| |
X :
i i
! !

|
i
|

ICL Brg

During construction the region for the interior stirrups may have been divided into a number of equal spaces each less
than 24” or the stirrups may have been placed at 24” max with one spacing less than 24”. Since the actual stirrup
placement is not known for sure, the conservative approach is taken to locate the stirrups. The stirrups are placed at

the 24 max with an odd space less than 24” placed at the center of the span where the shear is the lowest.

Span length between void faces L = 50° — 2(37)-2(0.25) = 43.5’
Interior Range L =43.5" — 2*(6(1.0”) + 5(1.25”)) = 19.0°

Number spaces at max spacing = int(19.0°/2” max spacing) = 9.5

Last Modified: 2/9/2024 12
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0Odd space = 19.0° —9*2> = 1.0°

Odd space is positioned near the middle of the span.

WEB2 - Shear Reinforcement Ranges

Expand the WEB2 folder and double click on the Shear Reinforcement Ranges node. Select WEBL in the Linked
with field. The data from WEBL will appear in this window as read only. If data is changed in the WEB1 Shear
Reinforcement Ranges window in the future, those changes will be reflected in this window. Do the same for WEB3,
linking it to WEBL.

#™ Web Shear Reinforcement Ranges - WEB2 - O et

Start | Spacin I
pacing

Distance

Input reference type

Linked with: WEE1 e
Span ranges
Span: 1 w
Name diitt::ce Number of Spa_lcing Length diSE:aiCE
) spaces (in) (ft) ()
> | #5 o 0 1 0 0 0
#5 hd 0 6 12 & 6
#5 hd 6 5 15 6.25 12.25
25 hd 12.25 4 24 8 20.25
#5 hd 20.25 1 18 1.5 21.75
#5 hd 21.75 5 24 10 31.75
25 hd 31.75 5 15 6.25 38
#5 hd 38 6 12 & 44
oK Apply Cancel
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Web Analysis

To run an LRFR analysis on WEBL, click on the Analysis Settings window from the Analysis group of the
DESIGN/RATE ribbon.

E Bridge Workspace - MultiCell Box Examples ANALYSIS REPORTS 7 — | et
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
" —
ﬂ:ﬁa 8= R g

Analysis Analysis Engine
Settings Events Outputs

Analysis Results

Click on the Open template button in the Analysis Settings window, select the LRFR Design Load Rating from
the analysis templates and click Open. The full multi-cell box width is analyzed for flexure and shear and then each

webline is analyzed for shear.

™ Open Ternplate X
Templates Description Analysis Owner Public / Private
HL 93 Design Review HL 93 Design Review LRFD Puklic
HS 20 LFR Rating HS 20 LFR Rating LFR Public
| ¥ | LRFR Design Load Rating LRFR Design Load Rating LRFR Public
LRFR Legal Load Rating LRFR Legal Load Rating LRFR Public

Delete Cancel
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The updated Analysis Settings window is shown below.

M Analysis Settings

Design review o Rating

Analysis type: Line Girder
Wehicles Qutput Engine Description
Traffic direction: Both directions

Vehicle selection

EHVehicles
=-Standard

-~HS 20 (51)
--HS 20-44
-Lane-Type Legal Load
~LRFD Fatigue Truck (S}
-~LRFD Fatigue Truck (US)
~MRL
~5U4
-5U5
-5U6
-5U7
~Type 3
~Type 3-3
- Type 352
- Agency
User defined
Temporary

Resat Clear Open template

Rating method: LRFR i

Analysis option: DL LL and Spec-Checking W

Apply preference setting: None w
Refresh Termnporary vehicles Advanced

Vehicle summary

E}-Rating vehicles
~LRFR
~Design load rating
~Inventory
L.-HL-93 (US)
-Operating
Add to ' HL-93 (US)
Fatigue
"--LRFD Fatigue Truck (US)
-Legal load rating
--Routine
--Specialized hauling

- Permit load rating
Remove from

L4

Save template QK Apply

Cancel

Click OK to apply the settings and close the window.

With WEBL selected in the BWS tree, click on the Analyze button from the Analysis group of the DESIGN/RATE

ribbon.
E Bridge Workspace - MultiCell Box Examples ANALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
;.g = S
Analysis| Analyze Engine
Settings Outputs
Analysis Results

Last Modified: 2/9/2024
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Tabular Results

Once the analysis is complete, click on the Tabular Results button from the Results group of the DESIGN/RATE
ribbon. The Analysis Results window shows the critical rating factors considering the full box and each webline.

Em Bridge Workspace - MultiCell Box Examples ANALYSIS REPORTS 7 — O

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGM/RATE REPORTING

& o [ =] = x H

Analysis Analyze Analysis| Tabular [pecification Engine Results Save

Settings Events | Results [Check Detail Outputs Graph Results
Analysis Results
£ Analysis Results - WEB1 - O X
=
=1
Print
Print
Report type: Lane/Impact loading type Display Format
Rating Results Summary ~ O As requested Detailed Single rating level per row ~
Live Load Rating Load Rating . Location Location
Live Load Ts Rating Method Level (Ton) Rating Factor ) Span-(%) Limit State Impact Lane
HL-93 (US) Truck + Lane LRFR Inventory 81.75 2271 44.00 1-(88.0) STRENGTH-I Concrete Shear| As Requested | As Requested
HL-93 (US) Truck + Lane LRFR Operating 111.67 3.102 44.00 1-(88.0) STRENGTH-I Concrete Shear| As Requested | As Requested
HL-93 (US) Tandem + Lane LRFR Inventory 97.26 2702 44,00 1-(880)| STRENGTH-I Concrete Shear | As Requested | As Requested
HL-93 (US) Tandem = Lans LRFR Operating 13212 3.670 44.00 1-(880) STRENGTH-I Concrete Shear| As Requested | As Requested

AASHTQ LRFR Engine Version 7.5.0.3001

Analysis preference setting: Mone

Close
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