n DAVID EVANS

ANEASSOCIATES 'NE

2D Grillage Analysis of Curved Steel Box
Girders

Presented by
Tim Link, PE




Use of 2D grillage models as a refined
analysis method when AASHTO LLDF can’t
be used
Use of Midas MCT Command Shell tool to
automate the creation of large complicated
bridge models
Use of Excel workbooks w/ macros to
streamline and simplify data input
* Functioned as the central tool
Export/import data from Cad files
« Export data into Midas (create MCT files)
* Import girder force effects from Midas
and compute rating factors
Ways to reduce analysis run time of complex
Midas Civil Models
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Project Overview

The work I’'m presenting was part of two separate projects for ODOT
Rated 26 steel box girder (SBG) bridges in Oregon
* Included bridges with curved girders, large skews, splayed/flared
girders, bifurcated/splitting girders, splitting decks, and even two
railroad car bridges
« The bridges were split into 3 groups
Developed SBG load rating procedures and tools for ODOT
» Will be included in the next version of the ODOT LRFR manual
Involved a large project team
» Project managers:
 Lwin Hwee, PE, PMP
« Joel B. Tubbs, PE, SE
« Matthew D. Harland, PE, ENV SP
« Special recognition to Eric Ferluga, PE
 Significantly contributed to the development of the Excel
workbooks and macros used to generate the MCT files




Load Rating Overview

Topics:
General load rating process
ODOT LRFR procedures
SBG load rating process
SBG live load distribution factors (LLDF)
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Load Rating Overview

General Load Rating Process

Evaluates the bridge capacity (moment, shear, bearing, WEIGHT
and service limits) to carry current vehicles (design,
legal, permit) LIMIT
» Calculates a rating factor for each vehicle rather 13
than a design ratio (capacity/demand)
Accounts for the current bridge condition TONS
Used to identify the need for load posting or
strengthening and make overweight-vehicle permit
decisions
Used in bridge management systems to prioritize WEIGHT
bridge repairs and replacements LIMIT
S 13T

RF = Available Load Capacity “ 20T
Load of Vehicle Considered '- 26T

C = (voc J(DC) = (yow J(DW) £ (v, )(P)

(yo)(LL+1M)




Load Rating Overview

ODOT LRFR Procedures

ODOT LRFR Load Rating Manual
outlines procedures for seven unique
structure types, pin and hanger
connections, and crossbeams

Current manual version does not cover
steel box girders

BRASS is used as the primary
analysis software

Midas Civil is used for structure types
not applicable to BRASS to determine
load effects and Excel workbooks are
used to calculate capacities and rating
factors




Load Rating Overview
ODOT LRFR Procedures

Rating factors are computed for the design load, legal vehicles, and permit vehicles
«23-24 live load definitions
Design Load e
e S é (!) é
ODOT Legal Trucks :
*Used to base posting decisions o
‘type 3, type 3S2, type 3-3, legal lane and comblnatlons
*ODOT type 3S2 is heavier than the vehicle in the MBE manual
Specialized Hauling Vehicles (SHVS) _
-SU4, SU5, SU6, and SU7 -
ODOT Continuous Trip Permit (CTP) Trucks ————
*OR-CTP-2A, OR-CTP-2B, and OR-CTP-3 -~
ODOT Single Trip Permit (STP) Trucks
*OR-STP-3, OR-STP-4A, OR-STP-4B, OR-STP-4C, OR-STP-4D, OR-STP-4E,
and OR-STP-5BW

Type OR-STP-4B

9 Axle Vehicle
Gross Weight = 185 k

Representative Sample of
Long Single Trip Permit
in Weight Table 4

{Similar to "Permit-7= in Tier-1)




Load Rating Overview

SBG Load Rating Process

Bridge Inspection Report and SI&A Sheet + Bridge Plans == m

L

Excel Workbooks

MCT Shell Files

ODOT Load Rating
Summary Worksheet

LR0895BB.xism - Excel
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Load Rating Overview
SBG Live Load Distribution Factors — AASHTO LRFD

« Special restrictions per sections 4.6.2.2 and 6.11.2.3
Bridge shall not be curved
*Bearing lines shall not be skewed
Bridge shall consist of two or more single-cell box sections
*The distance c-t-c (w) of the top flanges of individual tub girders shall be the same
*The inclination of the web shall not exceed 1 to 4 (horizontal to vertical) to a plane
normal to the bottom flange
*Must be within a/w ratio limits

*Deck overhang cannot exceed 60% of the average “a” distance nor 6ft
*Deck width must be constant*
*Beams have approximately the same stiffness

a
0.8wto 1.2w




Load Rating Overview

SBG Live Load Distribution Factors — Project Application

The 26 SBG bridges in the project were split into 3 groups

Criteria Model Description Live Load Application

-slight to no curvature -single straight girder line models -AASHTO LLDF
-parallel girders -span length = arc length for slight -Lever Rule when AASHTO LLDF
-up to approx. 10° skew curvature girder spacing limit was exceed

-curved bridges -single curved girder line models -Lever Rule
-parallel girders -model captured torsional effects due to
-slight variable skews (11° max) | the curvature

-highly complex -2D grillage models -Multiple lanes defined within
-curved girders the 2D grillage model
-splayed/flared girders
-bifurcated/splitting girders
-skews greater than approx. 10°
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Main span crosses the Willamette River in downtown Portland, Oregon
Built in 1973

Important structure Wlth hlgh traffic routes (122,400 ADT)

Maln Span e i S
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Fremont Bridge Overview

General Bridge Information

» Approach spans:
Steel box girders and reinforced concrete
box girders
15 different bridges
East approach ramps connection I-5 and city
streets to 1-405
West approach ramps connection Highway
30 to 1-405
DEA load rated all of the approach bridges
and inspected the East approach bridges




Fremont Bridge Overview

Primary East Approach Ramps:

Bridge Numbers 08958 and 08958B
Double deck structures

Up to six girder lines per deck
Curved girders

Splayed/flared girders
Bifurcated/splitting girders

Tapering web depths

Many cross-section changes
Skewed supports

Splitting decks

In-span pin and hanger expansion joints




Midas Modeling

Topics:

2D grillage models

Model creation using Midas MCT command shell files
Model analysis
MOdel Verification Civil 2016 - [C:\Users\tbl\Desktop\Midas Web:

Structure MNode/Element Properties Boundary Load Analysis Results PSC Pushaver Design Rating Query

M d | t t 2 Dynamic - [Q) view Point - ‘¥, Select - D. — | L5 vessees -
O e O u p u lzoom~ {5 Named View ¥ Unselect - 53E Grids ~ 7] Mext
. i Adive Tnactive All  Inverse New |
[] select Previous - = = Window [ Previl

| Base

" Analysis Control Data
" Moving Load Analysis Data [ Method=Guick |
ructures
o Nodes : 1138
> ents - 1854

ic Load Case 1[SW ; Primary Member Seff Wei
ic Load Case 2 [DC1 Loads ; XF, Floor Beams,

ic Load Case 4 [DW Loads ; ACWS And Lhilitit
By Moving Load Analysis
- By Moving Load Code [ AASHTO LRFD ]



Midas Modeling

2D Grillage Models

» Refined analysis method used to determine load effects
for the bridges in Group C
* 9 unique 2D grillage models were created
« 3 complex double-deck bridges — Fremont ramps
» 3 heavily skewed bridges
« 2D model — All elements modeled about their centroid
on a horizontal x-y plane




* Bridges 08958 and 08958B were modeled together
* Using two separate models would require applying dead and live load reactions to the
supporting pin and hanger span
« Two spans of three additional approach ramp bridges included
* 1,138 nodes, 1,835 elements, and 1,352 sections

« Multiple traffic line lanes applied for each girder — LL applied to crossbeams
» Almost all model data was defined using MCT files
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Midas Modeling

2D Grillage Models — Lower 08958 / 08958B Model

* Individual girder lines are connected with interior transverse composite deck

elements at floorbeam and pier nodes
« Cantilever transverse deck only elements are used to model the deck overhang

» Longitudinal bridge rail elements connect free end of cantilever transverse elements

Cantilever transverse :
deck onlv element Interior transverse
y composite deck element

Longitudinal
bridge rail
element

Offset: |CenterCenter |

Longitudinal composite
SBG element Align Top of Beam Section with Center Line (X-Y Plane) for Display




Midas Modeling

Model Creation Using Midas MCT Command Shell Files

Topics
« MCT command shell overview

General procedure B S —
Initial model setup e et ST

USER=Antonio Mit

Nodes Address=D

*UNIT :
:; FORCE, LENGTH, HEAT, TEMPER

Composite box girder sections and elements mass', o, st ¥

*STRUCTYPE Structure Type

Boundar deflnltlons : 1S5TYP, 1MAS SMAS, DMASSOFFSET, SELFWEIGHT, GRAV, TEMPER, bALIGNBEAM, bALIGNSLAB, bROTI
0, 1, 1, WO, WO, 32.1719, 0, YES, NO, NO
*MATERTAL ; Material
ransverse eC e el I len S iMAT, TYPE, MNAME, SPHEAT, HEATCO, PLAST, TUNIT, bMASS, DAMPRATIO, [DATA1]
iMAT, TYPE, MNAME, SPHEAT, HEATCO, PLAST, TUNIT, bMASS, DAMPRATIO, [DATA2), [DATAZ]

Longitudinal bridge rail elements e
Dead loads

. IA ) Select * Dta p, p. +—+ | 5 ucssecs - = Tile Horizontally

Ur lect ~ @ac Grids ~ MNext Verticall
Live loads 3 [ s | APV | v | e v
Vi T = Active

PYY New
[ setect Previous - £ snap « P | o [ previous | [ cascade

i Base

Supersinucture [ Node=’
08358_F Gir_B [ Nodk
A[ Node

8_H_Gir_A[ Node

B [ Node

e popchelok:

%%1
-
g10a

Do
AVAYAYAYa
VATALYY

B
g

i
L

our maintenance period expires in 138 day(s).
No selected objects exist!!!

For Help, press F1 None! U: 1.730975+007, 6297742,0 | G: 1.730975€+007, 8297742, 0




Midas Modeling

MCT Model Creation = MCT Command Shell Overview

Allows the use of text commands to create the model data instead of
creating the data within the GUI environment
Speeds up model data creation for repetitive definitions
Valuable tool for complex models where defining model data in the GUI
environment or Bridge Wizard is not practical
Can reduce errors in model data

» Less buttons to click

» Avoids accidently element/node selections

« Can use checked developed workbooks to automate the creation of

the MCT shell files

Almost everything can be defined with MCT files
ODOT has several MCT files available to use to define live load
definitions, analysis options, dynamic report data, etc.




Midas Modeling

MCT Model Creation = MCT Command Shell Overview

Inserting a command within the MCT Command Shell window populates
the text command AND a description of the command parameters
e Can create MCT file from model data defined within the GUI environment
« Very helpful for getting familiar with the format of different commands

*5ECTICN H

; iSEC, TYEPE,

; i5EC, TYPE, SNAME,
RRER, ASy, A
CyP, CyM,
Yi, Y2,
TYPE, SNAME,
D1, D2, [SRC]
TYFE, SHARME,
TYPE, SNAME,
TYPE, SMAME,
DB, NAMEl, NAMEZ
[DIM1], [DIM2]
pi1, D12, D13, D14, D15, Dis,
LRER]1, ASvyl, AR3zl, Ixxl, Iyvl,
CcyBl, CyM1, CzP1, CzM1i,
Yii, ¥iz2, ¥13, ¥i14, Z1i1,
D21, D22, DZ3, D24, D25,
LRERZ, ASy2, ASz2Z2, Ixx2,
cyP2, CyM2, CzP2, CzM2,
Y21, YZZ, Y23, Y24, IZ2
©OPT1, OPT2, [JOINT]
ELAST, DEN, BOIS,
bSHEARCHE, [SCHK-I], [5CHE-J],
bSHERRCHE, bSYM, bLHUNCH,
bUSERDEFMESHSIZE,
[SIZE-R]-i
[SIZE-B]-i
[SIZE-C]-i
[SIZE-D]-i
[SIZE-A]-3
[SIZE-B]l-3J
[SIZE-C]-3

Section
SNAME, [OFFSET], bSD,
[DOFFSET], bSD,
Iyy,

CzP, CzM, QuE, QzB,
[OFFSET], bSD,
[OFFSETI,
[OFFSET],
[OFFSET2],

bSD,
bSD,

ziz,

PERI_CUT, PERI_IN,
¥3, Y4, z1, 22, Z3, I4,
bWE,

v
LYY,

DWE,
BWE,
bSD, bWE,

D17,

QuBl, QzBI,
z13,

POIC, THERMAL

[WI-II1,
[CMPWEB-I],
MESHSIZE, bUSERINPSTIFF,

- Insert Command Insert Data Delete Data

SHAPE, [DATA1], [DATAZ]
SHAPE, BLT, D1, , D8, iCEL
Cy,

Zzz
SHAPE, ELAST, DEN, POIS, POIC,
SHAPE, 1, DB,
SHAPE, 2, D11,
SHAPE, ivVAR,

NAMEl, NAME2, D1, D2
D12, D13, D14, D15,
VAR, STYPE

Dig

PERI_OUT1, PERI_INI, Cyl,

[WI-J1,
[CMPWEB-J]
[STIFF-I],

WI, WJ, b5YM, b5SIDEHOLE

[STIFF-J]

D21,

DB/USER
VALUE

line
line
2nd line
3rd line
4th line
1=t line
2nd line
1st line
D23, D24
1st line - TAPERED
2nd line (STYPE=DB)
2nd line (STYPE=USER)
2nd line (STYPE=VALUE)
3rd line (STYPE=VALUE)
4th line (STYPE=VALUE)
5th line (STYPE=VALUE)
6th line (STYPE=VALUE)
T7th line (STYPE=VALUE)
8th line (STYPE
3th line (STYPE=VALUE)
line (STYPE
line (STYPE
line (5TIYF
line (STYPE=]
line (5TYF

SRC

COMEINED

D22

22,

line (STYPE=]
line (STYPE
line (STYPE
line (STYPE=]
10th line (STYPE:
11lth line (STYPE:

‘I

Goto Line :




Midas Modeling

MCT Model Creation = MCT Command Shell Overview

 MCT File Quick Reference
* http://manual.midasuser.com/EN_TW/Civil/820/Start/14 Appendix/M
CT _File_Quick Reference.htm
Describes common command parameters in a more use friendly
manner

MCT File Quick Reference S Z idas Civil

*COMMAND

Brief descriptions of the Commands

Description of each variable (method of expression) {initialized value}
=X 2 axis: Basis of Global coordinates

x.y,Z axis: Basis of nodal or element local coordinates

*VERSION

Shows the version of midas Civil




Midas Modeling

MCT Model Creation — General Procedure

1) Create Excel workbook to input model data parameters

2) Create macros within the workbook to transform the input data into the
appropriate MCT command shell format

3) Open and run the created MCT file in Midas

Start End Length Along | Length Along g g g Start
Station Station Flange 1 Flange 2 g just. s ness Station

4|
1

2

3_
47
57
67
7_
8_
9

o o] suicox

--—
[ 2493030 | | 23zaoel | 1eoo0 ™ 700l 1e00] [ 2493030

OIS [ = S

) Ele Edit View Insert Format Debug Run Tools Adddns Window Help

Sub CreateSeperatelCIFiles ()
SetVariabl
SetDirectory

MegBoxString = "Files Saved:" & Chr(13)

If Directory Location = "" Then Exit Sub
Application.StatusBar = "Creating Setup.mct..." .

Output_File = Direc ocation & "\" & BRIDGE & "_" & GIRDER & "_Setup.mot"
MsgBoxString a5 ng & Chr(13) & Output_File
Open Output_File For Output As #1
CreateSetup
Close #1




Midas Modeling

MCT Model Creation — General Procedure

1) Use a workbook to create MCT files for each girder line of each bridge
« MCT files creates initial model setup, nodes, supports, sections, elements,
loads, and structure groups for each span
2) Use a workbook to create MCT files for the interior transverse deck
elements
 MCT files creates modified concrete material property, composite/noncomposite
deck sections, interior deck elements, and structure groups

Use a workbook to create MCT files for the exterior transverse deck
elements and longitudinal bridge rail elements
« MCT files create edge of deck nodes at each floorbeam/pier, cantilever deck
section, stiffness scale factors, bridge rail elements, and structure groups
Use a workbook to create MCT files for the moving load definitions
 MCT files create moving load code, vehicles, moving load cases, moving load
sub cases, and traffic line lanes




Midas Modeling

MCT Model Creation — Initial Model Setup

|T|'ee Menu

Project info (*PROJINFO) aoles T Group _Report
Units (*UNIT) 3
Structure type (*STRUCTYPE) - Stlc Loads

[L]! Static Load Case 1 [SW ; Primary Member Seff Weight (SW Factor will be applied)]
[L]
[]
[L]

Static Load Caze 2 [DC1 Loads ; XF, Foor Beams, Stingers, Buildup, etc]
Static Load Case 3 [DC2 Loads ; Rails, Sidewalks, etc]
Static Load Caze 4 [DW Loads ; ACWS And Lhiltiteg]

Material properties (*MATERIAL) — Steel only

Static load cases (*STLDCASE)

Selfweight definition (*USE-STLD & *SELFWEIGHT)
Load combinations (*LOADCOMB)

Boundary groups (*BNDR-GROUP) tructure Type
Custom dynamic report tables (*DYNAGEN-TABLE) o o

@ 3D  (%-ZPlane (71 ¥-Z Plane (7 %Y Plane () Constraint RZ

Mass Control Parameter
@ Lumped Mass
Consider Off-diagonal Masses
Considering Rotational Rigid Body Mode for Modal Participation Factor

(") Consistent Mass

~weight into Masses

(@ Convertto X, Y, Z Convert to X, ¥ Convert to 7

Gravity Acceleration 32,1712 infsec~2

Initial Temperature : 0 [F]

—_—= Align Top of Beam Section with Center Line (%-Y Plane) for Display
General

Align Top of Slab(Plate) Section with Center Line (%-¥ Plane) for Display
Project Mame : BR. 08958 / 089588 Lower Deck
User Mame Tim Link, EI

Address : David Evans and Assodates, Inc.




Midas Modeling

MCT Model Creation — Nodes

Defining nodes in the GUI environment for complicated curved geometry is not practical
Can also directly copy and paste an Excel nodal coordinates table directly into the Midas

Node Table

@ —
View Structure Mode/Element Properties Boundary

e_l ;{ N ¥ X Delete 0|0 Mirror i --j X

® 7' F .:) Rotate T scale | | o - iy - o o

Create Tlanslaie Divide Merge &

R T Create | Translate Divide Merge . 9 Commandor Data:  “NODE
Modes 2 : Nu-fe.-

|_;!t' Base

= —

Start Mode Mumber  : 1 E]

inates (x,v,2)

et 2 o
Copy —
: S [oR
|t
n.,_
: o[ semm]

MNumber of Times :

GotoLine :

Distances (dx,dy,dz) :
0,0,0 mlmm-lm-m
B [ | e i ae]
O T ) R ) R T B
7| Merge Duplicate Nodes R A 1 T

ntersect Frame Elements aes
¢ [NETECN P ) ETRTd EET
m-m




Midas Modeling

MCT Model Creation — Nodes

Steps:

iy
2)

3)
4)

5)
6)

Create bridge alignments and framing plans in CAD

Create Excel workbook to combine and sort all of the analysis and
additional geometry nodes

Use the workbook to export the node station and offsets into CAD
Export the node global coordinates from CAD back into the workbook
and calculate node local axes

Use created macro in workbook to create the node MCT file

Open and run the node MCT file in Midas Civil




10958 - 089588 Lower TBL_no nodes.dgn 30 - V8 DGN] - MicroStation V8i (SELECTseries 3) =

AR Y NI L S L

T o ‘000 W
0 o0

Hle Edt Hemen Setings Tooks Utiiies Workspace Appications Window Help

1B bR e @I @ 5 | @ ~ | [Defout -
=5 = B 2 03 [ - A v N |E+ K vl

{ Pier 12
{,Pier 13 !

343+63.50

£ Defauit b | K= 1]

Pan Vies

Select View Successful completion & | Default




Midas Modeling

MCT Model Creation — Nodes

Step: 2) Create Excel workbook to combine and sort all of the analysis and
additional geometry nodes

| G | H
Import 8',;3"' from | Reset Coordinates |

Midas Coordinate Table

Midas Bridge set fram . - R " MNode
Station Station Alignment MNode Coordinates (from CAD) Local Axis

W | w | W ange
e s [ [ T omw T T
IE T I Y I I I I R R B

I N N . | o |

0:2370 I | |

31041772 Insert Row Delete Row

W] ewo| [ [ | | Bridge Station and Ofset Table
Description

FIEZE Y I N I I B B

o0 | eireme | wewate| o] | | |
oo | wiotos | weerrse| ere0] [ |

[em | foeraes [ weweter| eseo| | | |
| 5034 | 1465719( 30944684 g@ee [ [ | ]| endofdivide (11" before FB3) 538.099 | 310+24.80
A09+62.65

030 309+01.88 | 5.67
w8075 | 940
W | 4%
5509760 306x0743] 240

Station Station Alignment
(in) (ft) (ft)




4 Files to Process =)

Model

# “ File

1 \08358 - 089588 Lower_TBL_. Default

Microsoft Excel

Files Saved:
PACNODOTO0000898\0600INFONIB10 Load Rating
Folder\08358_08958B"_Lower',
Files\08958_ Gir_B_StaOffset.bd

Vorksheets\08958 Gir B MCT Shell

| Pier 14

Filename:

Accuracy:
Separator

343+63.50

Single

Format:

View:

Prefix

Order:

Suffic:

_Gir_B_CogoPoints bt

XYZ
Sub

v Export Coordinates =

= =

Browse

B4 [untitled] - Bate
File  Edt

N

1234

Comma

1

Fence

_'" Bentley InRoads V8i (SELECTseries 2)

EHle Suface Geometry

Command File

Initial Model

ch Process

B X3

Frocsss Selection Only

08958 Gir_B_StaOffset.bd

All Models

{20

Apply to Selection

Model

Name
& SE-West

. WE-West

Type

Default

Drainage Evalugtion Modeler Drafting Quantities Tools Help

Description

M Select Command File - PAO\ODOTO0000898\0600INFO40610 Load Rating Folder\08958_08958B"_Lowe

Look in: CAD - @ F (g
MName Date modifi... Type Size
g (08358_FB3_Barrier Terminatio... 6/26/20171... TXT File 1KB
RecentiBlaces 08958_Gir B_CogoPoints.ttt  6/25/20171.. TXT File 3KB
’ 2 08958_Gir B_StaOffset.bxt 6/25/20171.. TXI File 2KB |
— 08932 B FR1S Borier Termin, 6252017 1 TxT File 1 Kp




Midas Modeling

MCT Model Creation — Nodes

Step: 4) Export the node global coordinates from CAD back into the workbook
and use the workbook to calculate node local axes

| G | H | | | J | K | L |
Import Coord. from Find Node Local Axis
B | ———
rdinate Table

5 L OOl

Offset fram . " R - MNode
Station Station | Alignment Mode Coordinates (from CAD) L ocal Asis

(in) (®) (’) Angle ()

310+54.30 4810 | 1442137192 691,128.351 0.000 | 17.305,646.308 | §.293.540.207 0.000
| 5025 | 367.362 [ 310+39.00 4794 | 1442129231 | 691,115.259 0.000 | 17.305,560.766 | §.293.383.106 0.000
551.099 | 310+23.70 4790 | 1442121191  691,102.204 0.000 | 17.305.454.286 | 8,293.226 448 0.000

691,035 161
442,073 564
e
5.292.135.214




Midas Modeling

MCT Model Creation — Nodes

Step: 5) Use created macro in workbook to create the node MCT file
* Node coordinates (*NODE)
Node local axis (*LOCALAXIS)

A-O B = 08958_Gir_B.xlsm - Excel O x|

Insert Page Layout Formulas Data Review View Developer BELUEBEAM g Tim Link ,C_’,_ Share

_--

@ File Edit View Inset Format Debug Run Tools Add-Ins Window Help
PORVEAPGE | [Tigenerar 7] [cremtetoaes ]

B 025

End Sub
Sub CreateNodes ()

= =}

=
g
o

L
EIEIEIE
222

Print #1, "*ONIT £
Print #1, "; FORCE, LENGTH, HEAT, TEMPER™
Print #1, " XIPS , IN, BIU, E"
Print #1, "
Print #1, "*NODE ; Nodes"
Print #1, "; iNO, X, ¥, Z"
i = 1: Do While Coord Node(i)
Print #1, Spc(3): Coord Node(i) & ", " & Format(Coord Xm(i), "0.000") & ", " & Format (Coox
i=1+1: Loop
Print #1, "

i

Print #1, "*LOCALAXIS : Node Local
Print #1, "; NODE_LIST, iMETHOD, ANGLE-x, ANGLE-y, ANGLE-z ; METHOD=1"
Print #1, "; NODE_LIST, iMETHOD, POX, POY P1X, P1Y, , P2X, P2Y, METHOD=2"
Print #1, "; NODE_LIST, iMETHOD, VIX, V1Y X, V2Y, vz ; iMETHOD=3"
i = 1: Do While Midas_Node (i) "

Print #1, Spc(3); Coord Node(i) & ", 1, 0, 0, " & Coord Angle (i)
i=1+1: Loop

Print #1, "

End Sub
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MCT Model Creation — Nodes

Step: 6) Open and run the node MCT file in Midas Civil

G Eeesen

Wiew Structure Node/Element

Civil 2016 - [C:\Users\tbl\Desktop' Midas \

test file] - [MIDAS/ Civil]

yperties Boundary [LEL] Analy Results

% @ [M] Bill of Material

yn— Data Generator =

Unit es | |MCT C Sectional

System Shell

perty Tendon Profile General Section

Calculator Generator Designer Convert Meta Files to DXF Files

Pushover Design Rating
ﬁ Dynamic Report Generator

% Dynamic Report Image
% Dynamic Report Auto Regeneration

B MCT Command Shell

Command or Data :

=]

(=]

*NODE

+ [ isertCommand |[ InsertData || DeleteData |

#TUNIT 7 Unit System
: FORCE, TLENGTH, HFAT,
KIPS , IN, BIU, F

*NODE ; Hodes

; iWC, X, ¥, Z
5022, 17305741.136,
5023, 17305735.187,
5024, 17305646.308,
5025, 17305550.766,
5026, 17305454.286,

TEMPER

8293697.281,
B293687.418,
8293540.207,
8293383.106,
8293226.448,

][ Clear

Goto Line :

-

@

pad

Query ifl- Help

& £

Text Graphic | Customize Full
Editor Editor ~ Screen

Structure Tables
Result Tables
Design Tables
Query Tables

& mmas/civil

3 RIEEI>EE06
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MCT Model Creation — Composite Box Girder Sections & Elements

_ 2 |
!I m k

J;pc?ce
'G bar (see tobl/p .u‘ '

. ZPls ZIyxIE
473 rs’xd' 2PIs 18x 18 2 Pis 21518 zm:z-#z : 2

| o
:.f \4]/ grooye
Flange Af

ab thickness beiween

9e Al and B/ shall be 85
’F ;5 22 to Expansion

el

'PI (agar)

__ll—_——__—" L
— | { | Y ’I. :
r B a8t ‘r I=78 45;:! L, Pl #8x2" <t Pl 48t P2kl ;P‘a‘ﬁ;i ~f 2. 48}

Scale g=/0"
location of Section A-A,

Excel workbook allows for cross-section components to be entered
individually
Streamlines process
Reduces errors and makes QC easier for complex girders
Reduces the number of duplicate sections
Eliminates the need to manually calculate component dimensions
along a tapering element




a [
1 C JU
-
- ) - - ) " - -a
00 allo Ompo =)0 0 O S
Bridge Length Calculations and Web Thickness Deck Thickness & Uniform Loads
Span Start End Length Along Length Web Start End Deck Deck to
Na Station Station Length Along Flange 1 Flange 2 Along CL | Thickness Station Station Description Thickness |top of web
% (in) % (in) Ls {ft-in) Lo (ft-in) L (in) ty (in) ¥ (in) X (in) t (in) tr {in)
1 0.000] 183.375 15°- 3 318 157~ 3 3% 183.375 0.438 0.000 183.375 | Bear. Exp. Joint 12 to Pier 12 8750 [ 16.250
2 B 6736 | 6717 SRS 0435 183.376 | 538.099 | Pier 12 to end of divide 8.750 | 16.250
Top Flange Bottom Flange
Start End Length Along | Length Along Average | Length | Flange Flange Flange Start End Length Along Average Length Flange Flange
Sﬁz” Station Station Flange 1 Flange 2 Length | Adjust. [ Width |[Extension | Thickness SE:” Station Station CL Girder Length Adjust. |Extension | Thickness
] % (in) % (in) L (ft-in) Lz (ft-in) L {in) Lag (in) | B (in) Y (in) t; (in) ] ¥ (in) ¥ (in) Ley (f-in) L (ft) Lasi(in) | Y:(in) ty (in)
1 0.000 183375 | 15 -3 38 15'- 3 38" 183.375 15.000 7.500 0.750 | 0.000] 1 0.000 183375 | 15 - 1718 183.375 1.500 1.000 0.750
2 183.375 622906 | 36 -7 9M16° -7 439.531 15.000 7.500 0.750| 0000 2 183.375 622,906 | 36 -8 916" 439.531 -1.032 1.000 0.750
2 622.906 862.906 [ 20"- 0" 200- 00 240.000 15.000 7.500 1125 | 0.000f 2 622.906 862.906 [ 20'- 1" 240.000 -1.000 1.000 1.125
Overall Girder Geometry
Station Web Height | Web Height Web Slo Slope Angle| Web Spa. | Web Spa. | Tributary Tributary Eff. Deck
Description {along web) | (vertical) pe from Vert. | at Bottom at Top Width Left | Width Right Width
- X(iny [ H(in) [~| H,(in) ~ #VAH [~| (degrees~| B,,(in)/~| B,(in)/~ B (in) | ~ Bp(in) v| Beglin)~
Bearing Expansion Joint 12 0.000 113.000 109.626 4.000 14.036 46.000 100.813 83.407 95 656 179.063
Pier 12 183.375 113.000 109.626 4.000 14.036 46.000 100.813 83.407 95719 179.125
Midas Sections Girder | Deck Tapered Sections
Top Flange Web Bot. Flange Top Flange Bot. Deck Slab Area Area Midas | . d end
. i-en -en
ID Bf, tf, Hy, ty Bf, tf; Bf, B, B, B. t. H,+f, AG An Section | o SJection
(in) (in) (in) (in) (in) (in) (in) (in) (in) (in) (in) (in) (in?) (in?) ID
5013 | 15.000| 0.750(109626| 0438| 1000| 0750| 7.500| 85813 | 46.000|179.065| 8750 | 7.500| 157.4|1,566.8 5611 5013 5014
5014 | 15.000| 0.750(109626| 0438| 1000| 0750| 7.500| 85813 | 46.000|179.096| 8750 | 7.500| 157.4|1,5671 5612 5014 5015
5015 | 15.000| 0750 (109626| 0438| 1000| 0750| 7.500| 85813 | 46.000|179.060| 8750 | 7.500| 157.4|1,566.8 5613 5015 5016
0 DOC O O CO DIIE J al 1 cdlc C
omposite sectia O ges tap
) -
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MCT Model Creation — Boundary Definitions

« Excel workbook includes inputs for supports and expansion joints
* Workbook macro creates MCT file

« Supports (*CONSTRAINT)

« Expansion joints (*FRAME-RLS) — beam end release

=] A-O B - 08958 Gir |

File Insert Page Layout Formulas Data Review View Developer BLUEBEAM C R
Command or Data : *NODE - Insert Command Insert Data Delete Data
=
ER
»

=CONSTRAINT ; Supports
; NODE_LIST, COMNST (Dx,Dy,Dz,Rx,Ry,Rz), GROUE
5024, 111000, pinned
5047, 111000, pinned
5074, 111000, pinned
5093, 111000, pinned

~n

Span Goto Line :

Station
Fraction

4.80
481
478
551.099 310+23.70

001 ] 521
0 A
0.021 917.978 5
0026 10100 | a7
00 izies| e | A aher 7B 15 941
7] a7l rea | 01
0042 [ 1647331 Foo 4.150.285 | 307+23.80 | 4.95
007[ 1928679 rano 2%
240
240

‘a“‘m @ N‘m‘m‘h‘m‘m

2= =
= =
T ]
R - [
& i
=) —
= @




Multiple transverse elements defined - interior deck elements

Composite floorbeam w/ trib deck width
Composite cross-girder w/ trib deck width
Deck only — used at splitting deck locations

Bridge1:

Cant Deck ¥ byy Siifiness Mod Factor

Steel S Factal

Concrete Material Praperty #

DeckCo

Deck Canerate Poisson's Ratio:

[ Top—

Rstio of theimal cosflicients (TsTc]

Deck Concrete nit Weight.

DeckC:

Fiatio of madulus of

Patio of unit

First Deck Crossbeam Seation #:

First Deck

Dok Crosshe sm Strusture Group: | 05266_ Girder 5-C O
T

Cant Deck C

First Cant Deck Cr

First Cant Oeck Crassheam Sestion #:

First Cant Diack C

Create Interior Deck Elements MCT File]  output File Na

Banier Element Section #

First Barrer Element #

CL oflastFB o CL of Exp )

Create Cantilever Deck Elements MCT ‘ Output File Na

LL Girder:

08958_Gir_A

des

Girder.

Girder 1N;
B

Cant (Y/N] NO

NO

Gider

Interior deck
element

Tidas Station
(]

0.000

CL B=aring Pier 21/
&l

7.7

FEz

355,463

Fidas
NodelD

ModelX(r) | Modelw (n] | Deck | Trbutary
Thickness | Width Left,

il B fin)

283 580,174 | 5.268 069.851

283 460573 | 8,267,956.397 1. ]
7 283,340,960 | 8.267.626.936] _7.50 117267

FE Size H (in]

Composite | Sections
tf1(in)

tw [in) B2 lin)

30'wWF103 28.300

0.760

0.548 10,484

FEWF135 33.962

0.734

0.538 11,945

2WF 34 25.416

0.747

0.430 9.930

I9266_KB_2! 93.134

1.000

0.500 1z2.000

Trbutary
Width Fight.
Bl

6564

T6.536

Flidas Station | Mida

()

Composite cross-girder
interior deck element

Composite floorbeam
interior deck element

CLE=aringPiz1 2
FE

0.000

RG]

FE2

355,463

Composite Box Sections

Eflin tHlin)

Bi2 lin)

12 lin)

09268_%B_1

1.750 5.000

1.750

3.000

03265N_HE_

1.750 1625

1.750

1625

09265E_HB_:

1.750 1750

1.750

1750

09265N_~B_

1.750 1375

1.750

1375

[09265E_~5_4

1.750 1750

1.750

1750

Deck Oy

RPanIon JOmt

16,562

03265 _¥E_2| |

16542

|

T6.521

30WE T8
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MCT Model Creation — Transverse Deck Elements

Multiple transverse elements defined - exterior deck elements

Used to model deck overhang

Placed at floorbeam and pier nodes

Oriented normal to the exterior girder

Section is deck only with a 50% increase in flexural stiffness
to account for the actual location of the exterior web

Cantilever
deck element

Edge of deck node at

floorbeam/pier locations

Bridge rail
element




Midas Modeling

MCT Model Creation — Longitudinal Bridge Rail Elements

Section Data

DB/User Value

Section ID 1 ? General Section -

Name  Barrier Right Built-Up Section

Section Properties

A D e ;:-Dmmngmm rlUri?‘UuUUZ

WY iet Avvctae P = -
- ® o . o 14?0?“002
D R [ = m 1683364004 [ind |
B - . i o o = iy [ 2rarssesoo fove |
(o Gy IR Ao F B secch B 5 File Edit erty Vi i in*
Draw = - :;-
Barrier_Right.dxf*

[~1[Top)l2D Wireframe]

be 106_4_-2? in"2
25260
e CE.

" CIVIL MCT File

" Gen MGT File

* MIDAS Section File
" AutoCAD DXF File
" Text File

AXes 5| 45 «=t b Sopo0E|

)

Modeled the concrete bridge rail as a longitudinal beam element

Connects adjacent cantilever transverse deck elements at the free end —
Used as the reference beam element for exterior girder live load lane definitions  E
Utilized the Midas Section Property Calculator tool with the AutoCad import features n
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MCT Model Creation — Dead Loads
Applied loads

Mode Element Boundary Mass QEEL
« SW factor
« Conservatively set as 15% ond Cace Name
« Accounts for stiffeners, splice plates, bolts, welds, and (=)

miscellaneous steel components other than the primary SBG Load Group Name
steel elements efaut (-]

« Applied to only steel elements — use modified concrete density pbei
« Composite SBG — steel weight only (Set Ds/Dc=0)
» Deck — transverse deck elements

&

Z Group
-1 Default

Selfweight

*Loads are applied to SBG elements and nodes

Operation

*Primary expansion joint components selfweight

’TOp ﬂange bU||dUp Load Cases and Factors

“Wearing surface | LoadCase | Factor |
«Additional bridge rail components — metal rall, A sw(sT)
fence, etc | [DC1loads | 1.0000]
Utilities ] [ ]




Midas Modeling

MCT Model Creation — Live Loads

P LL demands were determine by defining multiple lanes for each girder
Taficane ropees Excel workbooks were created to allow for quick definitions of moving
y load parameters and to determine lane locations

Workbook macro created MCT files do define LL parameters
*  Moving load code i, Moving Load Analysis

21 vehicles B Moving Load Code [ AASHTO LRFD |
Lane Width ¢ i 1 vehicle class B= Traffic Line Lanes : 5

Eccenticty | Multiple traffic line lanes with span start locations PR S e e

n . . e Soppnte Fenchone - 5
e 20 moving load cases with sub load cases ﬁ ,“,E:? de';“_“; Srheactions

-y Vehicle Classes - 1
Vehicular Load Distribution Alal s | c | | | |6 | | || K | | o > | o | R | 5 | | u | v . )
() Lane Element Cross Beam = T El) Moving Load Cases : 20
o =

| <- Can be placed on either side of the Analysis Girder CL
Cross Beam Group Yes < Can be placed on either side of the Analysis Girder CL
Yes < - Must be placed left of the Analysis Gir L
[ALL mﬂm y] o < - Must be placed right of the Analysis Girder CL
< - Must be placed left of the Analysis Girder CL
SkEW o < - Must be placed right of the Analysis Girder CL 2500

- - Distance beween adjacent elements: 38 Min Width betw adje elements
Start 0[S End 0 [2[deg] ncsotore @i T
10 2tones
First Reference Element &: 2 3 Lanes
Momng nrechm Last Reference Element #: 34 4 Lanes
Reference Element Range for Midas Input: to 46 5 Lanes Right (+X)
) Forward  (7) Backward Both 58

6Lanes n | looking ahead on station §

Start

a =

Traffic Lane Optimization

Selection by
2Points () Picking () Number
0, 0]’ 0 . Lane 6CL

000 7.00 000

0,0,0

Operations | | ‘

000t | 000 | 000t | 0007 | 4007 | 3007 | 300t | 200f | 3007 | 3.00%t | 3007 | 3007 200 | 300t || 300ft | 4007 | 0007t | 000ft | 0.00ft | 0.00f | 0.00f | 0.00ft | 000ft | 0.007
A v v

A
[ Add ] [L"SE”] [DdEtE] 7 G i Y i . it 7 G i i Y L
600 ft 6.00ft 6.00ft 6.00ft 6.00ft 6.00ft

0.00 ft 12.00ft 12,00 ft 12.00ft 0.00 ft 0.00 ft
0.00 ft 12,00 ft 12,00 ft 12,00 ft 0.00 ft 0.00 ft
Eccen. Span

Mo

{in) 19001 10001

-81
Check Reactions
-81 Total Applicd Load: 3
a4 Check Reactions: 0K
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MCT Model Creation — Live Loads

Exterior Girder Live Load
Lanes were shifted as close as possible to face of the barrier (2ft)

Longitudinal bridge rail element was used as the reference beam

element for lane eccentricity inputs

our Loaded Girder Lane Name:

[ Descripon | LaneName [StanElement#[nd Element[ Eccentricity | Start Element # Ind Element | Eccentricity | Stant Flement# nd Element| Eccenticity | Stant SpanElement#s |
[ Lanel ] 0 [ eme T T r r 0 ]

[ %e0es | femse | | (¢ - [ "’ 1
e e e S I S e R— — —
Yindow _ Help

11, Colt

@ Bk g few puet Fomat Qg Bn Jeoh

#filenunber, *; Define Venicle Moving Load Cases
#r11enunpe:
#filenunber, "sMVLDCASE ; Moving Load Cases®

e Bt
A Lo 1=1
5 8§ VeAprapec (14 lacemerts Do Wnile LL Vehicles.Offser(s, 0) <> **
1f Gir_Type.Offset(0, 0) = "Exterior® The
1€ Max_Lanes.Offset(0, 0) = 1 Then
_13.0ffser(0, 0)
nes.Offsec(0, 0) = 2 Then
Exc_L1.0ffset(0, 0)
et (0, 0)
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MCT Model Creation — Live Loads

Interior Girder Live Load |

* Moving load sub-load cases were defined to allow for different lane |[EESE=I=SE
combinations (odd/even) Descrpton
Up to 9 unique lanes were defined for some interior girders Lo e rPemi e

Multiple Presence Factor

Splitting decks required multiple lane reference elements (both BEREEEE SR
bridge rail elements and SBG elements) for a single lane definition

[y Moving Load Code [ AASHTO LRFD |
Traffic Line Lanes : 9

B Traffic Line Lane 1[ Five Lanes L1]
B Traffic Line Lane 2 [ Five Lanes L2 ]
B Traffic Line Lane 3 [ Five Lanes L3 ]
E=E Traffic Line Lane 4 [ Five Lanes L4 ]
Bk Traffic Line Lane 5[ Five Lanes L5 ]
EEE Traffic Line Lane & [ Four Lanes L1] 2, S Y%

B2 Traffic Line Lane 7 [ Four Lanes L2 ] " N L P\ Sub- oad Cases
EEE Traffic Line Lane & [ Four Lanes L3 ] 7 Loading Effect

.. Traffic Line Lane 9 [ Four Lanes L4 | © Combined @ Independent

1

Vehide dass Scale Lanel

WCiHLS3 1 Four La...
WCiHLS3 1 Five La...

DN X

Lane Segment A Lane Segment B Lane Segment C

Lane Name Start Element # | End Element # Eccentricity Start Element # | End Element # Eccentricity Start Element # End Element # Eccentricity
Five Lanes L1 94,000 94,081 -6.75 ft 5033 5,043 -5.00 ft 5,045 5,002 -5.00 ft
Five Lanes L2 94,000 94,081 -18.75 ft 5,033 5,043 -17.00 ft 5,045 5,002 -17.00 ft
Five Lanes L3 95,000 95,024 6.75 ft 5,033 5,043 5.00 ft 5,045 5,002 5.00 ft
Five Lanes L4 95,000 95,024 18.75 ft 5,033 5,043 17.00 ft 5,045 5,092 17.00 ft
Five Lanes L5 94,000 94,081 -30.75 ft
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Model Analysis

Running the analysis can take a very long time (hours)
Run analysis on local hard drive
Create copies of base model for each girder w/ unique lane locations
Enable GPU acceleration
Adjust Moving Load Analysis Control Data
* Use the Quick Analysis method
« Significant reduction in runtime with limited loss of
accuracy
Can use the Quick Analysis option for preliminary results
then use the Exact method after results have been
confirmed
Use Calculation Filters to limit analysis to structure group
(girder) of interest and only the desire result type (reactions,
displacements, force/moments)

Analysis Options
Equation Saolver
yline

Multi Frontal Sparse Gaussian

Multi Processor :
]

Enable GPU Acceleration

Memory for Analysis

@) Auto @ User: |32471 | MByte

Moving Load Analysis Control Data

Truck/Train Load Control Option
Analysis Method
@) Exact () Pivat
Load Point Selection
@) Influence Line Dependent Point () All Points
Influence Generating Points
mber/Line Element :

tance between Points

Analysis Results

Plate Frame

() Center () Normal
@ Mormal + Concurrent
~ Force/Stress

Combined Stress Calculation

@ Center +Nodal

Stress Calculation

IE‘CaIcuIaﬁon Filters
Reactions
@Al
Displacements
@ Al
Forces/Moments
) Al
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Model Verification

HTJLI 3 3089
gs 0% o

ign
Assign Plus

Assign Minus

Select
Unselect

MIN : 3071

Active

Inactive

Delete

cooossoosanls's
‘n ‘n ‘n ‘n ‘n ‘n ‘b ‘b ‘b ‘b ‘EB ‘EB ‘m

Rename

o @ 0 o oo o o0 0 en oo oo o o

CAMBER TABLE
F. 5.
- a7
[N v 3 . o

||__J:J.N__ " g _;_-.ﬂ_‘!"" __’:'lu
wl-ige ar - —r |-
a [ 2

T T e e
¥ '&l’u' B v i (30
_*Tn__- .. - 7 o i

easily view individual girder lines
« Check beam diagrams to insure appropriate shear and moment shapes
» Check dead load deflections against as-built camber tables

Enod or

Yerf . corvaifure
Dagd Faad
|5k i nkage

Fara)

[Hor iz curvafure
PErs . cur vefure

Ehb‘b’hlh 9!.-2'5




Max Moment

Set Moment Thl

Axial Shear-) Shear-z Torsion Moment- Moment-z

Elem Load Part Component (kips) (km}y (kips) (in*kips} (in‘kips;‘r (in*kips}

5022 | HL93(ma| I[5022] Moment-y 0.00 0.00 0.00 0.00 0.00 0.00
5022 | HLS3(ma | J[5023] Moment-y 0.00 -7.55 -26.31 -1137 .80 303.10 19299
5023 | HL93(ma | I[5023] Moment-y 1.88 -0.66 -16.61 101.35 323.69 17.47
5023 | HL93(ma | J[5024] Moment-y 273 -1.96 -22.14 701.34 4057.08 136.33
5024 [HL93(ma | I[5024] Moment-y 4.07 -0.90 -41.95 4594 46 5434.16 -271.67
5024 | HL83(ma | J[5025] Moment-y 6.38 -1.82 -121.52 4784 54 2559799 -190.99
5025 | HL93(ma | I[5025] Moment-y B8.42 -0.71 -£6.08 5453.74 25383.81 -310.88
5025 | HL93(ma | J[S026] Moment-y 8.06 -0.93 -103.48 240351 41194.36 -116.89
5026 | HLS3(ma| I[5025] Moment-y -1.45 0.26 437 1812 50 41278 43 156.51
5026 | HLS3(ma | J[5027] Moment-y -1.45 0.26 437 1812.87 40964.07 138.11
5027 | HL93(ma| I[5027] Moment-y -1.45 0.25 437 1948.47 40957.85 138.11
5027 | HL93(ma | J[=028] Moment-y 2Mm 0.27 -5.05 2825.18 40841.93 62.75
5028 | HL93(ma | I[5028] Moment-y -171 011 -5.35 3006.13 40838.62 4398
5028 | HL93(ma | J[5029] Moment-y -1.80 0.05 -1184 261870 41853.76 24.50
5028 | HL93(ma | I[5029] Moment-y -1.80 0.05 -11.64 2758.01 41844.80 24.50
5029 | HL93(ma | J[=030] Moment-y -1.76 -0.01 -29.33 207418 43023.75 19.19
5030 | HL83(ma | I[5030] Moment-y -1.56 -0.2% -28.04 3003 .66 42985.25 0.25
5030 | HL93(ma | J[5031] Moment-y -1.58 -0.31 -31.99 304821 48826.58 54.91
5031 [ HL93(ma | I[5031] Moment-y -1.54 -0.37 -29.32 319168 48773.22 32.62
5031 | HLS3(ma | J[5032] Moment-y -165 -0.39 -30.73 330223 54303.63 9820
5033 | HL93(ma| I[5033] Moment-y 0.60 -1.08 -£4.50 3833.31 100843.25 -26.70
5033 | HL93(ma | J[5034] Moment-y 0.60 -1.08 -66.14 3729.69 112342.29 168.55
5034 |HL93(ma | I[5034] Moment-y 0.39 -0.53 7126 1221.08 111966.86 121.28
5034 | HL93(ma | J[5035] Moment-y 0.49 -0.67 -0.68 137564 10587227 23893
5035 | HL93(ma| I[5035] Moment-y 0.44 -0.34 79.44 4428 105670.58 156.16
5035 | HL93(ma | J[S036] Moment-y 0.48 -0.46 32.19 519.15 98338.07 208.50
5036 | HL93(ma| I[5035] Moment-y 0.50 -0.45 3219 82939 98336.94 209.80
5036 | HL83(ma | J[5037] Moment-y 0.51 -0.4% 16.03 1444 87 97755.59 242.05
5037 | HL93(ma | I[5037] Moment-y 0.38 -0.26 116.20 -89.19 97552.64 158.57
5037 | HL93(ma | J[5038] Moment-y 0.46 -0.35 56.48 43093 82292.15 22246
5038 | HLS3(ma| I[5038] Moment-y 020 -0.15 121.16 -5099 43 B2004.75 143.05
5038 | HL93(ma | J[5039] Moment-y -0.12 -0.22 4237 -584.29 6844487 89.73
5038 | HL93(ma| I[5039] Moment-y -0.28 -0.07 114.03 582.30 66532.34 51.38
5039 | HL93(ma | J[=040] Moment-y 027 -0.07 111.41 348.98 60418.45 54.88
5040 | HLS3(ma  I[5040] Moment-y -0.27 -0.07 111.41 551.50 60416.97 54.88

Aple 10 g OpYy and paste re

Moment- | Moment-
Axial Shear.y | Shear-z | Torsion y z
Elem ™ Load ~| Part *|Component| (kips) (kips) (kips) [ (in-kips) | (in-kips) | (in-kips)
5022(HL93{max] 1[5022] |Moment-y 0 0| 0 0| a 0|
5022[HL93{max] J[5023] |Moment-y 0 0| 0 0| a 0|
5023|HL93(max] 1[5023] Moment-y 4.72 -3.89 -11.19 473.55 104.28( -276.63
5023[HL93{max] J[5024] |Moment-y 539 -5.44 -17.33 47.11) 3082.91 615.3
5024|HL93(max] 1[5024] Moment-y 5.1 0.65 -43.91 4445.24| 4780.26 122.48
5024[HL93{max] J[5025] |Moment-y 7.06 -0.47 -122.5( 4635.36 25453 -73.72
5025|HL93(max] 1[5025] Moment-y 8.59 0.07 -67.08 5310.4| 25241.04 -161.57
5025[HL93{max] J[5026] |Moment-y 8.22 -0.09| -104.11| 2280.08| 41301.7) -106.79
5026|HL93(max] 1[5026] Moment-y -1.56 0.35 4.33| 1757.49( 41399.84 169.57
5026[HL93|max) J[5027] |Moment-y -1.56 0.35 4.33| 1757.45( 41088.61 144.68
5027|HL93(max) 1[5027] Moment-y -1.57 0.34 4.33| 1893.47( 41082.56 144.68
5027[HL93{max] J[5028] |Moment-y -2.12 0.36 -5.08| 2769.04| 40975.04 59.29|
5028|HL93(max] 1[5028] Moment-y -1.84 0.11 -5.29| 2953.28| 40976.17 41.74]
5028[HL93{max] J[5029] |Moment-y -1.93 0.06 -11.57| 2562.87| 41989.89 21.86|
5029|HL93(max] 1[5029] Moment-y -1.93 0.05 -11.57( 2702.62| 41981.13 21.86
5029(HL93{max] J[5030] |Moment-y -1.91 -0.01 -29.28( 2914.91| 43161.81 16.16
5030|HL93(max] 1[5030] Moment-y -17 -0.31 -27.89 2942.55| 43122.68 -2.37
5030{HL93{max] J[5031] |Moment-y -1.7 -0.32 -31.84 2985.93| 48935.41 54.39]
5031|HL93(max] 1[5031] Moment-y -1.67 -0.38 -29.08 3124.26| 48884.08 31.94
5031[{HL93({max] J[5032] |Moment-y -1.78 -0.39 -30.45| 3235.85| 54369.57 99.14]
5033|HL93(max] 1[5033] Moment-y 0.52 -1.11 -64.42( 3789.42| 100805.1 -34.84
5033[HL93(max] J[5034] |Moment-y 0.53 -1.11 -66.06| 3685.76| 112459.4 164.23
0fe 0 C




Conclusion

2D grillage models are an effective refined analysis option for complex
bridges and when live load distribution factors are not applicable

Using MCT command shell files to create large and/or complex models
can save time and reduce errors

Excel spreadsheets and macros can be used to create MCT files to

stream line the process
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