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2 cell 3D Box Culvert 5.00 m X 3.50 m:

Specifications of the Bridge

* Clear Span of one Box =5.35m
* Thickness of Side walls =0.35m
* Clear Height of the Box =3.85m
* Thickness of deck slab =0.325m

Total Idealized Span
=[5350 + (350/2) + (350/2)] x2 =114m

Idealized Height

=(325/2) + 4012.5 =4.175 m
* Clear Carriageway Width =8.75m
*  Thickness of Crash Barriers =0.45m

Width of structure
= 8750 + 2x 450 =9.65m
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Step

01

Initial Setting — Units Preference

Units Preference

Invoke Midas Civil NX

Open New Project

Save as “Box Culvert using Wizard”
Go to > “Project” tab

Click “Unit System”

Select the desired unit system:
Length: m, Force: kN (ton),
Temperature: Celsuis

Click "OK"

Project

Length Force (Mass) Heat

Oom N (kg) cal
cm OKN (ton) kcal
mm kgf (kg) J
ft tonf (ton) kJ
in Ibf  (Ib) O Btu

kips (kips/g)
Temperature
O Celsius Fahrenheit

Mote : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
units.

Set/Change Default Unit System

Material

3-D Box Culvert
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Step

(0§ B Model Generation - Definition of Properties

Material Definition

O Go to “Properties” tab

@ Click “Material Properties”

@ Click “Add” to define materials
@ Define Material data:

Name > “Concrete”

Type of design> "Concrete"
Concrete Standard > "AS17(RC)”

DB > "C40”
@ Click "OK"
@ Click on "Close"

Properties

Material ~ Section  Thickness

ID Name Type Standard DB

.

" Close

Mavannnnrnnnnd]

Material Data

General

()

Material ID 1 Name Concrete

Elasticity Data
Steel
Type of Design Concrete
Standard v

DB

Concrete

Standard  AS17(RC)

Code v

Type of Material
DB ca0

© Isotropic
Steel
Modulus of Elasticity 0.0000e+00 kN/m?
Poisson’s Ratio 0
Thermal Coefficient 0.0000e+00 V/IF]
Weight Density 0 kN/m*

o kN/m¥*g

B Concrete

ST [T
Plastic Material Name NONE -
Inefastic Material Properties for Fiber Model
Concrete None v Rebar None
Confined Concrete for Columns None v
Thermal Transfer

Specific Heat 0 Btu/kN-[F]

Heat Conduction 0 Btu/m-hr-[F]

Damping Ratio 0.05 @

o ‘ -

Note: When it is required to change some properties of material, the required database is selected and then standard is again set to None

to alter the material Properties

3-D Box Culvert 5



Step

01 Model Generation — RC. Frame/Box Culvert Wizard

Structure

Longitudinal Tab

=]

Rail Track

St s v 0O " Co cBridge ) : " Bidgev  AnalysisModel
€@ Go to “Structure” tab i

€@ Click on “RC Frame/Box”
@ Goto “R.C. Frame/Box

Culvert Wizard” tab >

Go to “Longitudinal” tab
e Define data: ¢ Spanl w Span2

Structure Type > “3-Dimensional”

Type of Bridge > “Normal Type Frame”

Material > “Concrete”

Size of Plate Element > 0.2 m Structure Type 2-Dimensional © 3-Dimensional
: Type of Bridge

Span>5.35m

O Normal Type Frame Pi Type Frame Box Culvert
> 5
Skew Angle 0 (deg) Material 1 1 Concrete ~ Size of Plate Element 0.2 m i
Check off “Wing Wall” and “Radius” Span 5.35 m Wing Wall Thickness 0 m
© Define Dimension data: : e Radus (0 m:
Skew Angle O < | [deg]
Refer the drawingand enterthe | el e,
section dimension parameters Dimensicns
{0325 m t2 (0.7 m 13 0.35 m
t1:0.325m, t3:0.35m, al :0.3m,
a2||0.3 m a3 0 m a4 0 m
b1:0.3m, h1:4.175m, h2 : 0.065m, T e e
p :0.065m i h2/co65 |m  h3 |15 m A0 [deg]

Note: Click on 3 dots ”El" icon and define the new material property.

3-D Box Culvert | 6



Step

(0§ B Model Generation - RC. Frame/Box Culvert Wizard

Transverse Tab

@) Go to “Transverse” tab R TTTrTTTIIITTIT

©) select Type > “Type 1” K D 3

Size of Plate Element > 1m * !
Refer the drawing and enter the section _\— | .—[

dimension parameters

b3:0.45m, b4 : O0m, b5 :8.75m, ! e)

b6 :0m, b7 : 0.45m

Size of Plate Element 1 m
lype ‘ [ £ lypel ~
b1 ||0 m b2||0 m b3 0.45 m b4 |0 m
b5 875 m bG 0 m b/ 0.45 m D | 6.096 m
n |G
Supports of Pi Frame
Iransverse Fixed Support ~ | from left side
Supperts of Culvert
Spring Type General Compression Only
Modulus of Subgrade Reaction Lower 0 kN/m?
Lateral 0 kN/m?
Upper 0 kN/m?
Length of Elastic Link 0 m

3-D Box Culvert



Step

(0§ B Model Generation - RC. Frame/Box Culvert Wizard

R.C. Frame/ Box Culvert Wizard

Longitudinal Transver:

(ELRE])

Load Combinations AASHTO-Std2K ~ Factored Unfactored
© ) Go to “Load” tab Check on > “Shrinkage Strain”
. . . Shrinkage Strain > 0.00019997 B e
@) Define Load Combination : 1 )
ient > 1.26- :
Select code > “AASHTO-Std2K” Thermal Coefficient > 1.2e-005 1/[T] . @ Pavement Weight Density | |22 kN/m? Thickness = 0.065 m
Click >"Define Moving Load Code" o If required for further use, click i @sol Weight Density | 20 kN /m? shi 30 [deg]
Select Moving Load Code > “Australia” on Save As... to save the wizard Surcharge ] i
: X . . Submerged Weight Density 10.9961 kN/m?*
“ . ”
e Check on > “Self Weight file. This file saves data input oa Siope T w1 B
Check on > “Pavement” done in the wiza rd Underground Water GL- 0 m
Weight D ity > 22 kN/ 2 e Click on OK @ Barrier Self Weight | |11.25 kN/m Additicnal Load 0 kN/m
elg ensity m :
Median Strip 0 KN/m
Thickness >0.065m SideWalk Weight Density | 0 kN/m? Thickness | 0.3 m
Check on > “Soil” Crowd Load |0 kN/m?
Weight Density > 20 kN/m?
Live Load Class of Loading || H15-44 ~
Surcharge> 0 Eccentricity left right
Phi> 30 (deg)
Check on > "Barrier" Settlement ) m
Self Weight > 11.25 kN/m i
System Temperature T+ o] [T
Addltlonal Load > 0 kN/m Temperature Gradient DeltaT 145 [T]
Check off “Side Walk", "Settlement” :
Shrinkage Strain 0.000199 Thermal Coefficient 1.2e-05 [T

Check on > “System Temperature”

T[+/-] >0[T]

Check on > “Temperature Gradient”

Delta T>17.5 [T] Note: Assuming area of crash barriers as 0.45 m2 SW of CB = 0.45X 25 = 11.25 kN/m

3-D Box Culvert 11



Step
Model Generation — RC. Frame/Box Culvert Wizard

Generated Model

3-D Box Culvert | 12



Step

01

Model Generation — RC. Frame/Box Culvert Wizard

PLANE THICKNESS

Go to “View” tab
Click “Display”
Click “Display option”
Click “Draw”
Select “Hidden Option (Model)”
Check on “Plane Thickness”

Click “OK”

v
c
T

AV

View

Display Option

Color Print Color Size
Select item Option Value
Element Color Type
Fill
Wiref ti .
ireframe Option Outline

Snap/Select Option

Print Color Option : J}
Inactivated Object OFill and Outfhle
Beam/Wall Diagram

SRC/Compasition Line Width Thickness

Dynamic Label .

Fls:)or Load Color Frame Thickness

Element Line Width sansmsnsnsnnnnnnnnnnnl )

i @Plane Thickness

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

Default Item | Default All
Default All Options E OK ;‘ Cance ‘

3-D Box Culvert
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Model Generation — RC. Frame/Box Culvert Wizard
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3-D Box Culvert
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Step

(0§ B Model Generation - RC. Frame/Box Culvert Wizard

Loads generated by wizard

Pavement Loading = Weight Density x Area
Area of the loading = Thickness x width = 0.065 x 8.75

Hence intensity of Area or Pressure Load = Weight x Thickness =22 x 0.065 = 1.43 kN/m?

Similarly, for any additional load or, crash barrier or median if present;

loadings will be calculated in similar fashion.

Crash Barrier Loading intensity = Weight density x Crash barrier area

Intensity _11.25
Width of Crash Barrier ~ 45

Hence intensity of Area or Pressure Load = =25 kN/m?

3-D Box Culvert ‘ 17



Step

Copy Node & Element data

Go to “Node/Element” tab

Model Generation — convert into 2 cell Box

Click on “Translate” > “Translate
Element”
Select “Equal Distance” , then enter

5.7,0,0 in the dx, dy, dz field

Click all the checkboxes
Select all the elements

Click on “Apply”

=" Project View Structure Node/ EIement@Dropertie

y .z '%" :.: @ [D o?.

v
[] Create Translate Extrude Divide Merge Delete Rotate Mirror Nu

*% Translate Node eneral

“% Translate Element

Mode Element Boundary Mass Load

[ranslate Elements ~

Start Number

Node Number 1657
Element Number 1497
A I - R 9)
Mode : | -
O Copy Move :@ Copy Node Attributes

@ Copy Element Attributes

lranslaticn

Node Increment 0

Number of Times

© Egual Distance

(-

dy dydz 5700 m

Number of Times 1 o

‘ Close

3-D Box Culvert



Model Generation — RC. Frame/Box Culvert Wizard
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Step

(0§ B Model Generation - Definition of Properties

Material Definition

0) Go to “Properties” tab

@) Click “Material Properties”

@ Click “Add” to define materials
(4] Define Material Name:

Name > "Dummy”

o Define Material data:

Type of design> "Concrete"
Concrete Standard > "AS17(RC) "

DB > "C40”
Now select “None” in the
standard

Input Weight density as 0
e Click "OK“ and then “Close”

Properties

Material Section Thickness = eererereraeaak e

ID Name  Type Standard DB
1 C40 Concrete  AS17{RC) c40

o Property

Material ID
Elasticity Data

Type of Design

Standard
DB w
Concrete
Standard None v
Code w
Type of Material
DB -
O Isotropic Orhotropic
A steel
Modulus of Elasticity 0.0000e+00 kN
Poisson's Ratio
Thermal Coefficient 0.0000e+00 WIC]
Weight Density 0 kNm?

i Modulus of Elasticity 3.2800e+07 KN/?
E Poisson's Ratio 0.2
Thermal Coefficient 1.0000e-05 VIC]
E Weight Density 0 kN/m?
Use Mass Density 2.4 kNim'g
Plasticity Data
Plastic Material Name NONE

Themmal Transfer
Specific Heat 0 Bu/kN-[C]

Heat Conduction 0 Btufmhr{C]

Damping Ratio . 6

Note: When it is required to change some properties of material, the required database is selected and then standard is again set to None

to alter the material Properties

3-D Box Culvert ‘ 20



Step

01

Model Generation — Connect both box with center elements

Go to “View” tab > “View Point” >
“Front (-Y)”

Click on “Select Single” option
Drag from left to right as shown at
corner nodes where connection
needed

Click on “Active”

Go to Top view (Top (+2) )

Project View Structure

(O =N UIION

View  View
Point ~

[E]
Top (+2Z)

7 Bottom (-Z)
Left (-X)
Right (+X)
Front (-Y)

| 7 Rear (+Y)
&, Angle
D Rotate Left
¢. Rotate Right
Rotate Up

+ Rotate Down

Project View Structurf

wE e

View View Pan Zoom
Point ~ ©

] Iso
Top (+Z)
7 Bottom (-2)
Left ()
Right (+X)
Front (-Y)
I Rear (+Y)
% Angle

Tree Menu

lTables Workie

U Rotate Left

1. Rotate Right

Rotate Up
i+ Rotate Down

)

3-D Box Culvert
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Step

01 Model Generation — convert into 2 cell Box

Connect both cell

@ Go to “Node/Element” tab > Click
“Create” > “Create Element”

@ Select “Plate” from Element Type

© Choose material and thickness as
shown

O Click the Nodal Connectivity input
box and snap nodes 1 to 4 in order

© click “Close”

Structure Node/Element

[1] ch Yo’
— LY

Create Translate Extrude Divic

Tree Menu  Task Pane

Element Type

Plate

MNode Element Boundary Ma'°)

= A

3Nodes @ 4 Nodes

Type © Thick
With Drilling DOF

Thin

Material
No Name

2 2: Dummy
Thickness

No Thickness
1 1:0.6250

)

Orientation
© Beta Angle

Ref. Vector

0

v | [deg)

Nodal Connectivity

348, 852, 829, 337

Ortho

W o

-’
lete Rotate

il MIDAS CIY

3-D Box Culvert

22



Step

(0§ B Model Generation - RC. Frame/Box Culvert Wizard

Generated Model

3-D Box Culvert 23



Step

01 Model Generation — convert into 2 cell Box

Tree Menu

Tree Menu  Task Pane imli

Pinned support

Tables Works Group Report

@ |nthe Tree Menu > “Works” tab,

. . Lu ” . [Z] @@ 1:c40
right-click “Supports” and click on
[£] @ 2: dummy
{w »
Tables & Thickness 5 Start Page MIDAS CIVIL NX
O. Node | Dx | Dy | Dz |:Rx Group
< @ 1:0625
@ 'n the support table, change the 57701 | 1[4 E1 1140 Defaut
578/ 1|1 | 151 1] 1% 0 Defaut
< ) 2:055
579 1 | 1 | 1[i1 | 1| 1% 0 Defaul
value of RX, Ry, Rz from1to0 <@ 3:04 580 1 | 1 [ 1031 1|13 0 Default
b ’ 581 1 | 1 [ 131 | 1| 13 0 |Default
. <@ 4:0325 582 1| 1| 151 1] 1% 0 Defaut
e The updated values define the e 583 1| 1|1 i1 ] 1] 1% 0 |Defau
< @ 5:0.35 54| 11 [ 1 i1 1] 1 0 Defaut
; 585 1| 1| 151 1] 1% 0 Defaut
support as a Pinned Support £ Bourdaries IR S
587 1 |1 [ 151 1] 1% 0 Defaut
: £ Supports 48 588 1| 1| 151 1| 1% 0 Defaut
g 817 1 1 [ 1 i1 [ 1] 1% 0 Defaut
& Type i 11111101 818 1 | 1 | 131 | 1| 1% 0 |Defauk .
819) 1 | 1| 1 51| 1| 17 0 |Defaut Start Page
820 1 | 1| 10i1 ] 1] 1% 0 |Default Node Rx | Ry Rw; Group
8211 | 1| 1/i1 1| 1% 0 Default 577 1 | 1| 1]0 |0 0| 0 iDefaut
822 1 | 1| 1031 ] 1| 1% 0 |Defautt 576 1|1 /1,0 0 0| 0 {Defaut
823 1 | 1| 1]i1 | 1| 13 0 |Default 5799 1|1 /1 /00 0] 0 {Defaut
824 1 | 1| 1]i1 ] 1| 1% 0 |Default 5804 1 |1/ 1/0/ 0 0] 0 {Defaut
825 1 | 1| 1]i1 [ 1] 17 0 |Default 5819 1| 1 /1,0 0 0] 0 {Defaut
826 1| 1| 151 1] 1% 0 Defaut 562 1] 11,0 0 0] 0 Defaut
8271 1|1 i1 1] 1% 0 |Default 5639 1|1/ 1/0 0]0 0 Defaut
828 1 | 1 |1 i1 1] 1% 0 |Default 584311110 0]0 0 Defaut
1405 1 | 1| 1]51 1| 1] 0 Defaut 8% 1] 1/1,0 0 0] 0 Defaut
14060 1| 11 i1 1[ 1% 0 |Defaut 5669 11 1/1/0/0)0]0 iDefau
1407) 1 [ 1 [ 1 i1 [ 1] 1% 0 |Defaut 5619 11 1/1/0/0)0]0 iDefau
1408 1 | 1 [ 1 i1 | 1] 1] 0 Defaut 5684 11111101000 fDefaul
1anal 1 [ 1 [0 sl o Tnefant 813 111/ 1/0/0]0] 0 iDefaut
8189 1 [ 1 10 0|0 0 iDefaut
8199 1 [ 11,0 0|0 0 Defaut
8200 11,1 0[ 0|0 0 Defaut
8213 1|11 0[ 0] 0 0 Defaut
8220 1|11 0[ 0] 0/ 0 Defaut
83 11,10 0|0 0 Defaut
824 1 (11,0 0|0 0 Defaut
825 1|1 1,0 0|0 0 Defaut
8261 1 |1 1,0 0|0 0 Defaut
827 11,10 0|0 0 Defaut
8269 1|11, 0 0|0 0 Defaut
1405 1|11/ 0[ 0] 0/ 0 Defaut
1406y 1|11/ 0[ 0] 0/ 0 [Defaut
14074 1|11/ 0[ 0] 0/ 0 [Defaut
14081 1 (110 0| 0| 0 Defaut
1409 1 [ 11 0] 0| 0| 0 iDefaut
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Step

01 Model Generation — convert into 2 cell Box

Renumber the nodes Q

@ Select the nodes to connect as
shown
© In Node/Element tab, click on

“Numbering” > “Renumbering

Node” option to renumber the

selected nodes :

© start with any higher number i.e. TreeMeny Task fane

Node Element Boundary Mass Load

500 1 Project View Structure Node/Element Properties Boundary Load
' K . - e oy Renumbering Target
H “ ” s 9 @ W) eie P
CI|Ck on Apply . oS . . . d < O Node Element
Create Translate Extrude Divide Merge Delete Rotate Mirror :Numbering Edit Node
- - - - - - N ¥ Nodes Local Axis Node & Element

i™ Node Numbering

Selection Type
Element Numbering ¥

Renumbering Node o All O By Selection e

[ ——"a— A )
Vlenu Task Pane 9 .a\lE!w.- Start Number i
Compact Node Numbers ]

Node 5001 Element 1

5 Works GCroup

+= Compact Element Numbers
Renumbering Options
i Sorting Cocrdinates

: Cartesian Coordinate hd

: Sorting Preference

Qrder Global Axis
15T [+)Z ~
2ND )Y ~

3-D Box Culvert



Step

01

Model Generation — convert into 2 cell Box

Compression only Elastic Links

O Goto "Boundary” tab > click “Elastic

Link”

@ Set the Type to “Compression Only”
and enter 1000000 kN/m for SDx

© Click the blue input box, then select
node 5001 & 5002

O Click “Apply” to create a
compression-only elastic link

between the selected nodes

View Structure Node/

Pat
(=]

Define  Point Gener Elastic
Spring Spring~ Spring  Link

supports

D D@

Tree Menu Task Pane

Node Element Boundary Mass Load

Options
[ UL Delete 9'

Elastic Link Data

Type  CompressionOnly

Load

b, B

Rigid General Beam End Beam End Plate End

Link  Link~

Release

foss

Offsets  Release

Analysis Results

Lo

Forces-Defarmation
Function

——— K054

Time History

L

Rail-Track

Spring Interaction

\ ~——or4
5073

Query  Apj
&

Seismic  Linear Panel Zone Define  Boundary
Device- Constraints Effects LabelDir  Tables

~— hoos

~—foos
— ozt

paas

pood
01

ws

- b

&

3-D Box Culvert
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Step

01 Model Generation — convert into 2 cell Box

Tree Menu  Task Pane (imfin}

Compression only Elastic Links

Tables Works Group Report

1=1 Works
@ In the Tree Menu > “Works” tab, :
< @ 1:0.625
right-click “Elastic Links” and Select © @ 21055
< @ 3:04
“Tables” < @ 4:0.325
< @ 5:0.35
@ Copy the table to Excel, update the £ Boundares

Node 1 and Node 2 columns £ Suapors

£ Type 11110000 ]

sequentially up to 5455 and 5456,

e Delete
+» Static Loads

then paste the updated table back [ statc Loso RS

Undispla:
Static Load C]

into the Elastic Links table.

MIDAS CIVIL NX Elastic Link
Node1|Node2|  Type E([dAgé‘]l)e RIGID (:N?;) (:N%) (:N?;) (kN-smT[):ad]) (kN-smlj[{ad]) (kN-rsn'T[zrad]) o | Rt 'S0y Ree 85z Grou

5001 5002|COMP 0.00 1000000.00 E Defaul
5003 5004/COMP 0.00 1000000.00 = Defaul
5005 5006/COMP 0.00 1000000.00 = Defaul
5007| 5008|COMP 0.00 1000000.00 = Defaul
5000|  5010/cOMP 0.00 1000000.00 = Defaul
5011 5012/cOMP 0.00 1000000.00 = Defaul
5013 5014/coMP 0.00 1000000.00 = Defaul
5015 5018/COMP 0.00 1000000.00 = Defaul
5017|  5018|COMP 0.00 1000000.00 = Defaul
5019 5020/COMP 0.00 1000000.00 = Defaul
5021 5022|coMP 0.00 1000000.00 = Defaul
5023 5024|COMP 0.00 1000000.00 = Defaul
5025 5028/COMP 0.00 1000000.00 = Defaul
5027|  5028|COMP 0.00 1000000.00 = Defaul
5020 5030/COMP 0.00 1000000.00 = Defaul
5031 5032|coMP 0.00 1000000.00 = Defaul
5033 5034/COMP 0.00 1000000.00 = Defaul
5035 5038/COMP 0.00 1000000.00 = Defaul
5037 5038|COMP 0.00 1000000.00 = Defaul
5030| 5040/COMP 0.00 1000000.00 = Defaul
5041 5042/COMP 0.00 1000000.00 = Defaul
5043 5044|COMP 0.00 1000000.00 = Defaul
5045 5048|COMP 0.00 1000000.00 = Defaul
5047 5048|COMP 0.00 1000000.00 = Defaul
5049|5050/ COMP 0.00 1000000.00 = Defaul
5051 5052/COMP 0.00 1000000.00 = Defaul
5053  5054/COMP 0.00 1000000.00 = Defaul

<[+ \EInk {MEInk £ Rail-Track Interaction Link £ Rail-Track Interaction Link Type

3-D Box Culvert 27



Step

(0§ B Model Generation - RC. Frame/Box Culvert Wizard

Generated Elastic links

et a ]t ]t et md R ot ot Bl ] ] B mt h] Bl R 1

-
-
-
&

3-D Box Culvert 28



Step

01 Model Generation — convert into 2 cell Box

Plate End releases

@ Go to “Boundary” tab > click “Plate

End Release” option

MIDAS CIVIL NX

© Seclect all release options except Fx to B T

Node Element Boundary Mass Load

allow the transfer of axial force.

Boundary Group Name

© select the connecting plate elements

by dragging the cursor from right to O pee e

left using “Select Single” option, as

shown. |/ /

vy

O Click “Apply” e OJ
= Fx Fy Fz Mx My H
i
Y °
i oo
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Step

01 Model Generation — convert into 2 cell Box

Node/Elemeant

Rigid Links

@ Go to “Node/Element” tab > click

“Divide” > click “Divide Element”

© Click “Select Previous” option to

select the plate elements which

needs to be divided

@ Select “Planar” in Element type,

Tree Menu  Task Pane

Tree Menu  Task Pane lim]ini]
. Node Element Boundary Mass Loa
“Equal Distance” and set Number of R it h .
L. . . ivide Elements v Boundary Group Name t 5433 1 5468 Po5434
Divisionsto 2inxand 0iny StatHornbor .

Node Mumber

. Opt
O Click “Apply” o )
—

e Se|ect the nOdeS as Shown from E...‘ .............................. e) EMH“F'NGUE

Solid b e i

front view and activate them

Equal Distance

0 Go to “Boundary” tab > click “Rigid

Unequal Distance

Rigid Body

. Parametric Unequal Distance : .
Links” and select Node 5468 as - ; o | .
Master Node ' . o v
% Divide by Pattem :
@ Click “Rigid Body” in Typical Types g fmeretbmmony 25 goe @ e
i e Y L L

and enable “Copy Rigid Link” in y

Subdivide Frame Elements

9@ 0.97222, 0.45 i

opy Rigid Link
1 Axis x Qy z

axis and enter the distances as 0.45,

: Distances

Select slave nodes 5433 & 5434 as

Close

shown and click “Apply”
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Step

01 Model Generation — convert into 2 cell Box

Delete extra loads

© Go to “Load” > click “Hydrostatic
Pressure”

@ Select Load Case Name from the
list as “EP w/o Water” and
“Delete” in Options

© Click “Select Single”

@ Select all the inner wall elements
as shown

© Click “Apply”

Tree Menu  Task Pane

Node Element Boundary Mass Load

wio Water - H
g -2

= Load Group Name
H H 41.

ault ~ : g

Replace O Delete
ace QDo | s
Load Type
84

Linear Loads ~
2,

Element Types

Close

A =l —

aw - for 5t (e ] e N v m None

0.9.425, -1.906 N: 480, E: 440

None! 0.9.425, -1.906

For Help. press F1
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Step

)4 B Model Generation — Moving Load Definition

Activation of Slab Elements

O Click [&] to view the model in front

view

@ Click “Select Single” and select the
top portion as shown

© Click “Activate” button

O Click to view the model in top

view

Click “Display []” > “Node” tab > e e

Uncheck the "Node” option to

undisplay the nodes
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Step

)4 B Model Generation — Moving Load Definition

Traffic Surface Lanes

@ Goto “Load” tab > “Moving Load” >

Moving load code —”Australia”
@ Click “Traffic Surface Lanes”

© Click “Add”

@ Lane Name > “Lanel”

Lane Width > “3.2” m

Wheel Spacing > “2"” m

Offset Distance to Lane Centre > “0” m
@ Moving Direction > “Both “

Selection by > “ 2 points”

Click node 12 and 1176

@ Click “OK”

@ Similarly define remaining lanes as per

the table

L

Moving Load

Structure

Traffic Surface Lanes

Lane Mame

Node/Element

oad Code

Lanes~

Bound

Y

m &

Line Traffic
Lanes

o

‘ Close ‘

Lane Lane Wheel Offset
Name Width | Spacing | Distance
Lane 1l 3.2m 2m 2.05m
Lane 2 3.2m 2m 5.25m

[IGED

=h

urface Vehicles Mov

Load C:

Concurrent Vehicle

Group v

Cl

1176

A
L

Start
a: Offset
b : Lane Width

i B B
Lane Width 3.2 m
Wheel Spacing 2 m

Offset Distance

1
1
1
1
1
i
1 to Lane Center 0 m
1

1

1

1

1

1

1

Skew

Stat O = End O ~ [deg]

== Tiansverse Lane Opomization

__________________ﬂ-

1
1 Moving Direction :
1
|  Forward Backward  © Both :
1
i _ -
| Selection by I
1
1 O 2 Points Picking Number :
1
10,00 m o
! I
1000 m o
e |
Operations
EE
Offset Span
No MNode (m) Start I
1 12 205 @
2 24| 205
3 36| 205 T
4 4a 205 I

E_ oK IJCanceI ‘
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Step

01

Model Generation — Moving Load Definition

Define Vehicles

@ Go to “Load” tab > “Moving Load”
© Click “Vehicles”
© Click “Add Standard”

O sclect “Standard Name” > “AS 5100.2
— Road Traffic”

Select Vehicular Load Type >

“M1600”

Dynamic Load Allowance > 0.3
© Click “0.K”

O Click “Close”

Project View Structure MNode/Element
= Moving Load Code

=0 (Australia |

Moving Load

Add Standard

“@
[_Add User Defined_|
[ Modity |
[ Delete |

Vehicle Name Type

Add User Defined

Modify

=

Traffic Line Traffic Surface Vehicles Moving
Lanes~ X ses Group~ Cla

[IGET Analy Results Pus

Tttt
Concurrent Vel

Define Standard Vehicular Load

Standard Name

AS 5100.2 - Road Traffic

L&)

Vehicular Load Properties

Vehicular Load Name M1600
Vehicular Load Type M1800 ~
Dynamic Load Allowance 0.3
P1 P2 P3 P4 P5 P8 P7 P8 P9 PIOPNPI12
W L N J/ & \/ e J W L ¥ J L4
\L D1 D2 D3 D4 D5 D6~D7 D8 Dg2 D10 D1ID12 \L

Mo Load(kN) Spacing(m) w |8 kN/m
1 120 125
2 120 125
3 120 3.75
4 120 1.25
5 120 125
6 120 6.25
7 120 Infinite
8 120 125
9 120 1.25

[ e e e e

3-D Box Culvert
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Step

)4 B Model Generation — Moving Load Definition

=+ Project Structure Node/Element Properties

= @vimg Load Code

| Australia | .
Moving Load - " | Traffic Line Traffic Subface Vehicles Moving Concurrent Vehicle

Lty

Moving Load Case

Lanes+ Lan Load Cases Group Classes

© Go to “Load” tab > “Moving Load”

©) Click “Moving Load Cases”

|
e Click “Add" l.cad Case Name : Load Case Data :
1
bescription 11 vehicle Class VL:M1600 ~| |1
° Enter Load Case Name ”MLC 1” : Load Case for Permit Vehicle : : :
1 1 .
1 Moving Load Optimization 1 : Scale Factor 1 :
1 1 1
Select Load Model> General _o :E Seiect toad Moad I | Min. Number of Loaded Lanes 0 1
O General ] 1 1
Number of Loaded Lanes Load Case Description w ! Oraigu ! 1] e, Number of Lioadied] Lass 2 !
1>1 (Scale Factor) : Heavy Load Platform : : 1
1 Rail Traffic Load 1
2> 0.8(Scale Factor) I ooume o ; I Assignment Lanes
1 )
3 or more > 0.4 (Scale Factor) ' W Rating Vetice Grop1 | — R
. " " : WA Rating Vehicle Group2 : 1 Lane 1
6) Click “Add” under Sub-Load Cases H | Lane 2
i ! >
1
1 1
@ In Sub-Load Case i il
1 1 1
‘ Close ‘ 1 Accompanying Lane Factor 1 : 1
Select “Vehicle class” > VL:M1600 : Num of Loaded Lanes Scale Factor : : - :
1 1 [ 1
Enter “Scale Factor” >1 1 ' I 1
R — | i
Enter “Minimum Loaded Lanes” > 0 : —_— - : e S e
]

L ———————————————— ! ! S
Enter “Maximum Loaded Lanes” >2 Sub-Load Cases o 0K Cancel

Loading Effect

Under List of Lanes Select “Lanel” and © Combined Independent
“ ” Vehicle class Scale  Lanel Lane2 Lane!
Lanez VL:M1600 1 Lane 1 Lane 2

@ Click “oK”
@ Click “oK”

mﬁ

cane ‘-
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Step

‘0§ B Model Generation — Domain Definition

E‘- t t Node/Element

Domain for Slab

¢ y ® : 'X‘ :‘: (T (> : N C N

AR
[: Create Translate Divide Merge Delete Rotate Mirror Numbering Renumbering Compact

@ Go to "Node/Elements” tab >

“Domain” > “Define Domain"

o Domain Name > "Slab" Define Domain

E Domain
©) Click on "Select Single” E

m)
um|
%
=2

Name Slab

Auto-mes
@ Select top slab elements as shown in ElementType  Plate -
' { ElementList “noaos 749101056 149:10151]5
the image
i .............. —
@) clickon "Add" 9

MName Iype

Close

3-D Box Culvert
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Step

‘0§ B Model Generation — Domain Definition

Node/Element

Domain for Walls

—~

L W 5 ¢ = . ~ N N
e T O I R R

+

[:] Create Translate Divide Merge Delete Rotate Mirror Numbering Renumbering Compact
Fy

@) Go to "Node/Elements" tab>

“Domain” > “Define Domain"

@) DomainName > "wall"

m)
um|
%
=2

: Domain H .
H H Auto-mes|

o Click on "Select Single"

: Name wall

@) Sclectside wall elements as shown { ElementType | Plate .

! ElementList 30910748 1057101496

Click "Add" d
© cickon — T .

in the image

Name Type
Slab Plate

Close
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Step

()Y Analysis & Results — Analysis

Analysis

Moving Load Analysis Control

P-Delta Buckling Mo C Settlement Nonlinear

Force/Stress

Stress

Check on Stress and concurrent & Combined Stress

® Click on > “Activate All [= ”
o GO to "Iso ViEW" Moving Load Analysis Control Data
Truck/Train Load Control Option
e GO tO "AnalySiS" tab Analysis Method
© Exact
O ciick “Moving Load” Load Point Selection
© Influence Line Dependent Point All Points o
o In mov|ngLoadAna|ys|sContr0| Data L L L LR LY CT T LY TP ERERT TR TR AR J
a Influence Generating Points 1
Window: ; © Number/Line Element 3 - é
Cl Distance between Points 0 -
Enter Number/Line Elements >3 .
:An;llysis Results :
Under Analysis Results > Plate > Plate Frame g
Center Normal :
Select “Center + Nodal” and Cantar + Nadal ¢ Normal + Concurrent =

force
O CcClick “ok”

Concurrent Force of Elastic/General Links

=5 Calculation Filters

Reactions

© Al Group ~
Displacements

O Al Group ~
Forces/Moments

O Al Group ~
Elastic/General Links

O Al Group ~

Apply Multiple B-Double Trucks in the Same Lane

36)1

oK - Cancel
wl
CEEERRERRERRL
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@ Click on "Hidden"

t t tie Analysis
Perform Analysis B L 3 i $ B B

(2 Click “Perform Analysis” to Run

Analysis

- [~ L =2 = - i ] e O ot e S S My S —

] e T [ o S e e S e SN e v v N i O e W S e S e o

I iy ™= 1 ! o i e [ S o e ] e S
I e 0 - - - 1 = T T p S e e S e &
o | ) -] = T T [
| Dy S ™ T 4 [~ S - | T e N
e e ™ S o e S e M o e S —L T T
I e i e e S e e S e N e | -—d |
s e e —| e T L pae i ]
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(0P Analysis & Results — Results

Results

Auto Generation of LCB

Analysis result C R ¥ s Deforma Fo S g : Beam/Element

o Go to “Results” tab

o Click “Load Combinations”

5 ) Go to "Concrete Design"

Option

General  Steel Designa Concrete Desi esign Composite Steel Girder Design
o Click "A . a — 5000 O Add Replace
ic uto Generation Load Combination List Load Cases and Factors
5 5 Code Selection
o " P No Name Active Type E Descrip LoadC: . . ,
Select code > "AS5100.2:17” and select v | 1 e Streng! |Add FlusA 12 » [DEAIICEIWOWEIEHE 7= +v=r=e QR0 r il a e n a0
both in Load Factor for all load types 2|cLCB2 Strengt  |Add C|ULS A 1.2 EP wio Water(ST) z Desgn Cade = AS 5100.2:17 dl
3leLcma Strengt  |Add rlULSA 0c¢ ¥ ln.-'-----‘------------------------------é
© Click “OK” 4[cLcB4 Strengt  |Add r |uLs A o< S ' , )
5/cLCBS Strengt  |Add r |ULSB: 1.2 ’ o
6/cLCB6 Strengt  |Add r |ULSB: 1.2
7|cLCB7 Strengt  |Add r |ULS B: 0.£
8lcLCB8 Strengt |Add r ULs B-0£ Bridge Type ,
9/cLCBY Strengt  |Add r (ULsSB:- 1% - EENEEEEEE R AR ERAEAEEEEAEEEEAEEEREREEEE
. Load Factors for Permanent Loads "
10{cLCB10 Strengt  |Add I |ULsS B 12 a E
11|cLCB11 Strengt  |Add r|ULSB 12 s Type of Load Load Factor 3
12[cLCB12 Strengt  |Add r|uss 12 : RS 1S Both =
13/cLCB13 Streng! |Add r usB ot % DeadLosd 120 0850 *
14|cLCB14 Strengt  |Add C uLsB:0¢ h z
15/cLCB15 Strengt  |Add r lusB o¢ Ai{Suparaposed Desd Lo 2.00 )i §10-80 Q=
16|cLCB16 Strengt  |Add r |ULS B: 0.£ E Soil Load 1.50 070 © E
17]cLCB17 Strengt |Add I |ULSE: 1.2 . Groundwater Load 1.00 1.00 © .
18/cLCB18 Strengt |Add r |ULSE: 12 i &
19/cLCB19 Strengt _|Add CULSE 0¢ ERRE stk N
20|cLCB20 Strengt  |Add I |ULSE: 0¢ 1.S : Increase Safety
21|cLCB21 Strengt  |Add rjuLs J: 1.2
22|cLCB22 Strengt  |Add r|usJ 12 Fatigue Load Combination
23|cLCB23 Strengt  |Add rjuLsJ: 1.2 Road Traffic Case MLC1 -
24|cLCB24 Strengt  |Add rjuLsJ: 1.2
25/cLCB25 Strengt |Add rjusJos Load Gase [ Add |
26lal CROA Ctrannt | AdA rline 1-rna

’ Cancel ‘
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Step

0V Analysis & Results — Results

Results

Reaction

Analysis result Load ult t s =Deform 3 Diagram L
Combination Tables

Go to “Results” tab

(-

Tree Menu  Task Pane imjim)

Click “Reactions” > “Reaction

Reactions Deformations Forces Stres

” Node or Element mlLoadcase/Combination
FOI‘CES/M0mentS Reaction Forces/Moments ~ .
oot )
Temp. Gradient(+)(ST)
e Select “Load Cases/COmbinations" > Load Cases/Combinations Node - %Temp. Gradient(-)(ST)
EP w/o Water(ST)
ST: Dead Load w/o Water ~ ~)shrinkage Load(ST)
MLC 1(MV:all
ST:Dead Load w/o Water step - Select Type | lement Type ) EEMEE Avarmn
TRUSS Add o_|MLC 1(MV:min)
Select Components > "Fxyz" comeree PLAN - cicenicad
PLANE STRESS c
p y FX FY FZ OFXYZ PLATE (TJcLCB3(CBC)
PLANE STRAIN - \ )cLCB4(CBC)
Select Type of Display > “Values” W e e AXISYMMETRIC e 1. CES{CECn
Mb SOLID %ctgg:ggg&m??)
TENS-TRUSS c min
Click ”Apply" Local (if defined) COMP-TRIISS 4 )cLCBB(CBC:all)
i ual @9 Y
Type of Display
: H Val d
@ To View resultsin Tabular format, Go ales Legen
Arrow Scale Factor 1.000000
to “Result” > “Results Tables”>

“ H ”
Reactions T = T =
P (k) (k) ) (kN m) i m) (kN m)
e [ | 821 Dead Load wio Water 0.000000 7 3553 66245675 0000000 D.OBOODO| 0000000,
“« H H ” 825 Doad Load wio Water | 0.000000 | 2249364 65038770 0000000  0.0DOODD| 0000000
SeleCt Load caseslcomblnatlon “‘{i‘\{{{&&{: 26| Dead Load wio Water 0.000000 0382167 6313173 0.000000|  0.000000 0.000000,
e = 527 Daad Load wio Watar 0.000000 7240154 54723414 0000000 0.0DOODO[ 0000000,
=§\\§§'tt\\\\t\\t:\\:§\\\\\§ || 828 DeadLoad wio Water | 0.000000 1571507 25 340131 0000000 ©.00000D 0000000
e Click “OK =§§§\\§§\\\\\\\\\\\Q§ | %45 Dead Load wio Water | 0000000] 11679607 25340131 0000000 0000000 0000000
IC §§§§§\\\\\\\t\\_\\ 1406 Dead Load wio Water 0.000000 7240154 54723414 0.000000|  0.0D000O[ 0000000,
§§§\\§\\\\§\\\\\ [ | 1407 Dead Load wio Water | 0.000000 0 382187 6313173 0000000 D.0D0ODO| 0000000,
$§§E$$Es\\:;: 1408 Dead Load wio Water 0.000000 | 2249364 6503570 0.000000|  ©.0DOO0O| 0000000,
H H S 1409 Dead Load wio Water 0.000000 2345536, 66246075 0.000000  0.0D0000| 0.000000,
Check the values in new window §$$$$s§§§ Vo] DeadLont o v | 0000|380 seTsras|—wos0] oo 5 om0
§§§§§\\§§ 1411| Dead Load wio Water | 0.000000 [E 66757213 0.000000|  D.0DOODO| 0000000,
§§§\\§§§t || 1412 Dead Load wio Water | 0.000000 | 234553 66246975 0.00000| 0000000  0,000000,
“ . ” *\\§§§§§§ 1413 Dead Load wio Water 0.000000 2249364 65039770 0.000000  D.0D000O| 0.000000,
Result-[Reaction] SSSSSSSS mEET T e B fEe e e
\\§\\§§ 5 1415 Dead Load wio Water | 0.000000 7240154 54723414 0.000000|  0.0D000O|  0.000000,
0 % fﬁ\§§§§= 6 ’gs 1416 Dead Load wio Water 0.000000 1571807 25340131 0.000000 0000000  0.000000.
\\§§= . || 1645] Deod Load wio Water | 2610637 | 10.007479 22033203 0000000  ©.0DOODD|  0.000000
2 ggi )220 | | 1646 Dead Load wio Water 3213312, 6040425 7822659 0.000000  0.0D0000| 0.000000,
&l 47.8 [ | 1647] Dead Load wio Water | 3497672 0760679, 56231621 0.000000  D.0DOODO| 0000000,
1648 Dead Load wio Water 3381740 2281123 56792977 0.000000  D.0DOO0D| 0000000,
| 1649| Dead Load wio Water | -21men| -2 199582 57806691 0.000000| 0 000000 0 000000
[ | 1650] Dead Load wio Water 3132639 0819578, 58251504  0.000000|  D.0DO00O|  0.000000,
[ | 1651 Dead Load wio Water | 3132839 0819578 5251584 0.000000  D.0DOODO| 0000000,
1652| Doad Load wio Water aziran| 2 199582 57606691 0000000  00DOODD| 0000000
|| 1653 Dead Load wio Water 3381740 2381123 56792077|  0.000000|  D.0D0000| 0.000000,
[ | 1654] Dead Load wio Water | 3497672 0.760679 55231621 0000000 DODOODO| 0000000,
1655 Dead Load wio Water 3213312, 6040435 47822858 0.000000  D.0DOODO| 0000000,
|| 1656 Dead Load wio Water 2610637 10 007473 22033203 0.000000| 0000000 0000000,
- I Load I FYiki) (k)
[ Dead Load wio Water 0.000000 0000000 2556.108508|

Reaction(Locall  Reaction{Local-Surface Spring)
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Results

Displacement Contour

Analysis result

@ Go to “Results” tab

.T78603=2-04

@) Click “Deformations” > [ESNESRE D
Reactions Deformations Forces Stresses Strains MIDAS CIVIL NX
- P N, i i e e end] __ POST-PROCESSCR _
Displacement Contour H Deplecement Comtour . o) DISELACEMENT
5 RESULTANT
@) sclect “Load Cases/Combinations” > i Load Cases/Comonatons 5.20586e-04
E ST: Dead Load w/o Water ~ H .T32608-04
ST:Dead Load w/o Water P step v ~25934e-04

.31282e-04

Select Components > “DXYZ”

.83956=2-04

Type of Display > “Contour” and

4
4
3
3
2
2.36630e-04
1
L
9
4
a

Plate Cutting Diagram

DRTE: 07/22/202&
WVIEW-DIRECTION

X:-0.483 f

Z: 0.259

-

.893048-04
.418782-04
“Legend” -465192-05 @
Components .73260=-05 H .
. E | ODx oY Dz .000002+00 E E
Click “Apply” PR RY RZ : .
@) sce the Contour diagram in the P o o : :
: S S :
. ) ! ooxvz - B =0 -
“Model View” window £ [ Local (if defined) : §§ E§ §§E :
: RS Hos
RS - 5 S
Type of Display H §E EE EE Esi .
@ Contour Deform . =§ §§ §= §§ H
ST: DEAD LOZD - HES S SN =N SN
= S SR
Values ® Legend _ H §§ Eg \§E H
Animate Undeformed : ﬁi ;g; E *E §§ E
Mirrored : FILE: TUT, BOK C- & 3 gj H
H TNIT: m H N H
. :

.

Note: By Invoking” " the tables of any component of result and load cases can be checked.
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Results

‘ Plate Forces/Moment

O Go to “Results” tab

Beam/Element

o Click “Forces” > “Plate

Tree Menu  Task Pane i | i

Reactions Deformations Forces Str
fPiste Forces/Moments - o)

: Load Cases/Combinations

Forces/Moments”

(3) Select “Load Cases/Combinations” >

£ | ST: Dead Load w/o Water ~

ST: Dead Load w/o Water

Plate Force Options

© Local e
Select Components > “Mxx” s - J
H “« .
Type of Display >“Cutting ot s
Diagram”
Components
Fxx Fyy Fxy
H ({4 - n Fmax Fmin FMax
O Click on “Top View o vy v
Mmax Mmin MMax
@) Select desired portion using “Select A S e
Fvector Mvector
Single “
Vector Scale Factor
Length 1.000000

@ Click on “Activate ” and Thickness (2
“Display Node Numbers”

Type of Display

cdou m

1«@\@}%@
Values “ILegend s S@@&L =~ -
. “« . 2 Animate [ T ng@ﬁa% :
@) Click on “Iso view e =~ 3
Mirrored [ t. ~T N -
Ny =
Cutting Diagramfn J *-l:
s, - = \::: =
~I N
nEE S 8 -
™~ .
~ \‘\': ~
Y
S =~
= NN
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)Y Analysis & Results — Results

Plate Cutting Diagram

@ Click on [Jand go to Cutting Diagram
Tab

Enter Name: 1
Click in Pnt1 text box
Click node 6 then 342 in model
Click on Add

Enter Name: 2

Click in Pnt1: text box

Click node 342 then 822 in model
Click on Add

Enter Name: 3

Click in Pnt1: text box

Click node 6 then 582 model
Click on Add

@ Click > “Reverse”
@ Click > “Apply”
© click on “Front View”
See the cutting diagram in the “Model

View” window

Tree Menu  Task Pane im]imi|
Reactions Deformations Forces St £ Citing Diagram Mode """ " o
E © Cutting Line () Cutting Plane
O Local
: Defined Cutting Lines
UCS | Current UCS ~ 5
: @ Cut-Line #1
- @ Cut-Line #2
: @ Cut-Line #3
O Element Avg. Nodal i
Cutting Line Detail
Components : Name Cut-Line #4
F F F
o L4 i Pnil 0, 5.311111, -0.40125
Fmax Fmin FMax
Pnt2
O Mxx Myy Mxy
Mmax Mmin MMax e P .
Vi Vyy VMax © Nomal In Plane
Wood Armer Moment Scale Factoro 1
Fvector Mvector Reverse - Graph

Value Output MinMax

Vector Scale Factor

Length 1.000000

1Bl

Thickness 2

Type of Display

Contour
Values Legend
Animate Undeforrfed
Mirrored Disp.

Cutting Diagram 2 i i
Close ‘ .
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0V Analysis & Results — Results

Moving Load Tracer

(1] Click on “Activate All”

@) Click on “Iso view”

© clickon >“Display node numbers”

© Go to “Results” tab

o Click “Moving Load Tracer” > “Plate
Forces/Moments...”

© Go to Tree Menu

Select Moving load case >“ MVmax :

Mvmax:MLC 1”

Select Key Element >
“139” Select Part > “i”
Select Component > “Myy”
Click > “Apply”

See in “Model View” window the

Vehicle position

Analysis result

Tree Menu  Task Pane imjiny

Infl. Lines  Infl. Surf. MVL Tracer Batch Conv
Plate Forces/Moments v B
Moving Load Cases
MVmax: MLC 1 -

Key Element 139

Parts
cent. Qi j

k I

Components

Fxx Fyy Fxy
O Myy Mxy
Vxx Vyy

Type of Display
@ Contour .‘ Legend

@ Applied Loads

Maximum Value

Write Min/Max Load to File

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L T
E4
3
=

Results
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RC Design

Modify Concrete Material

Project Structure ies Boundary ] Ve Design ting Query
C RC Desic Bl BB
@ [As 5100.5:17 CIT C@ @E] @E Ez[
RC Design - ' Design Design Modify RC =~ Rebar Input Rebar Input Rebar Input = Parameter RC Code RC Code Section
~ Code Option Parameters~ = Materials | for Design~ for Checking~ for Plate ~ Tables~ Design~ Check v for Design

€@ Go to “Design” tab Table

@) Click “RC Design”
€ Sclect “AS 5100:5:17”

@) select “Modify Concrete Material” Modify Concrete Ma

. . Mat | List
©) Click on Material Name “C40” s
1D Name felfeklR Chk A Main-bar Sub-bar
Under Concrete Material Selection 1 Concrete 40000 X 1 D500 D500E
2 Dummy 0 X 1

Select Code: AS17(RC)

Select Grade: C40

Under Rebar Selection

Concrete Material Selection

Code AST/RC) ~ Grade C40 v

Select Code: AS17(RC)
Specified Compressive Strength (fclfck) 40000 kMN/m?

Select Grade of Main Rebar: DS00E

Light Weight Concrete Factor (Lambda)

Select Grade of Sub-Rebar: D500E

Rebar Selection

. . Code AST7(RC) v
@) Click Modify & Close
Grade of Main Rebar DR00E ~ Fy 500000 kMN/m?
Grade of Sub-Rebar DL00E v Fys 500000 kMN/m?

o e
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Design — Plate Beam Data for Design

Structure Node/Element Prope! Boundary Load Analys ] Design @Umg Query
Plate Beam Data for Design el 0B O 0 = g &

5:
RC Design - ) Design Desi Modify RC = Rebar Input Rebar Input Rebar Input, rameter | RC Code RC Code Section

“ . " v ~ Code Option Parameter Materials = for Design~ for Checking*- for Plate v ibles ~ Design~ Check v for Desi
@ Go to “Design” tab = 0) o e S . . N

@ sSelect “RC Design”

@®) select “AS 5100:5:17”

Tree Menu  Task Pane imfim]

@ Ssclect “Rebar Input for Plate”>"Plate e e e
Beam Data for DESign" ! Plate Beam Data for Design  ~
z|  Plate Member \
@) sub Domain Name > Mid Slabs § SubDomainName e)
E Mid Slabs . .
Plate Force Option > Element Pl e e
Main Rebar Direction > Dir. 1 O Element
H Avg. Nodal
Dt > 0.05 m : Main Rebar Direction
; ©Dir. 1
Dt>0.05 m w2
Click on > Add iff Stmpetiote
H Size D10 ~
@ Click on > Close Number 2
°_) Repeat Step 5 to add Side Slabs i o 0.05 m
! ob 0.05] m
Fpasssemmsmsssanssanssnssssos et e e

Close {
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Design — Plate Beam Design

Structure

Design
Plate Beam Design RC Design 2 4
g [As 51 [ D [E] C@ [ﬁtl}] Og
- Design y Modify RC = Rebar Input Rebar Input Rebar Input | Paramete RC Code LC Code
o RC COde Design N Plate Beam Design Code Option Parametersv =~ Materials | for Design~ for Checking~ for Plate ~ Tables Design~ >heck

e Select Mid slabs sub-Domain

@) Click on > Graphic

AS 5100.5:17 Amd 2.2024 Unit: kN, m/m
Sub-Domain | SEL | Major Dir | CHK
TETTTTTTTETYYT
3 Nid Slabs. v oK [ Preview Window — (m} X
- -
-
T F ==
c 0 o rint & Print &l 9] Close [ Save
Side Sbs r ¥t oK Name : Mid Slab:
1. Design Condition
Design Type : Plate Beam (1D}
Sub-Domain : Mid Slabs.

|  Design Code : AS 5100.5:17 Amd 2:2024 i
Unit System D kN, m I m |
Waterial Data : f = 40000, fsy = 500000, fsy.f= 500000 KPa |
Thickness. 10325 m
{2. Section Diagram |
. | | |
o | | ElementNo: 153 |
] |
° |
1 i i |
Rebar Pattern Top Required Rebar Area = 0.0006875 mi/m
| Bot Required Rebar Area = 0.00181543 mé/m
‘ Required Stirrups Spacing : No BarDist '
3. Bending Moment Capacity |
| Top(Megatve) Botomi Positive) |
< > Ys 7244 184.66 |

Connoct Model View

Parth\Acad iallat
v Y WG| §
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Step

03 Design — Plate Beam Design

Plate Beam Design

© RC Code Design > Plate Beam Design
@ Select Side slabs sub-Domain

@) Click on > Detail

100.5:17 Amd 2 2024 Unit: kN, m/m

Sub-Domain

SEL | MajorDir | CHK

Connect Model View

Detall

Graphic

‘ Close l

o @O

ption Parameters Materials = for D

MIDAS Information Techno

= MEMBER NAME : Side Slabs

1. Genersi Information

(1) Design Code = AS 5300517 Amd 22024
12} Code Unit. <N, mm
2. Material
(1) Conerete
t +40.00MPa
132,300
2 hentorcement
e 500wea
e 500wPa
) < 2000000MP
3. Design Data
1) Agrege sze "5.00mn

4 Reinforcement

—
et g i
[ ooy T Vake | Grecs | Gae | MNote
[ T w1 T ms T os | pocomo
| | w6 | 2w [ opn |
oo | von [ om |
Cameanee T vame | crnena | st T ore

Design

H 28

Design Design Modify RC = Rebar Input Rebar Input Rebar Input | Paramete RC Code LC Code
for Plate ~ Tables Design~ >heck

e | | w | im |
[Snear Strengeh (V=g gh) e [ s [ 0w |
6. Calculate Compression Stress Block Factor

facor
[ 3, T i T ry T ry
[ Yy I o7 I T I fren

- 10-000aF,

o acion
[ L T ™ T
L o I [T I [T I 5D

¥ = 108-0.007 ¢,

M Losa Combinstion
cLCB12 X { Bimen (01 787, Mode D 848 )

[ T v
L ESTTE I ETH]
(21 Search for peulral axes Gepth LK |
o TulEn) AT AT TIT
B8 e 7 138
4093 400 2 561
2045 Zpay i 2818
023 ) 7 )
G S 7 [Em
251 i 7 1087
G & e (3
a 70 719 [
5 335 718 1023
15 15 s I
1 m m §IT] [
2 75 s k) T3
1] nr 1 ne [T
3 18 T §IT] [E:
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Design — Plate Column Data for Design

Project v Structure Node/Element rc ies Boundary Load An tesults Ve Design @U ng Query

H RC Design (=] EE 7
Plate Column Data for Design 0 e g8 O i) A @ &
RC Design - 1 Design Design Modify RC = Rebar Input Rebar Input Rebar Ir'\put@'ameter RC Code RC Code Section

“ . m * Code Option Parameters~  Materials = for Design~ for Checking* for Plate ~ ibles ~ Design~ Check v for Design
o GO to DeSIgn tab Desig _.@ Desig e Desig Rebal Perf Desi

©) Select “RC Design”
©) select “AS 5100:5:17”

@ Seclect “Rebar Input for Plate”>"Plate
Column Data for Design” [ e Do

: Plate Column Data for Design =~

Plate Force Option > Element T

Sub-Domain Name

Main Rebar Direction > Dir. 1

inner wall ~
Dt>0.05m Plate Force Option
© Element
Dt>0.05m
Avg. Nodal
Click on > Add Main Rebar Direction

O Dir.1

Dir.2

@ Click on > Close

°_) Repeat Step 5 to add Outer walls

Stirrups Data

Size

Number 2

Dt 0.05 m

0.05

i Db m
o L on Lo |
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Step

03

Design — Plate Column Design

Plate Column Design

© RC Code Design > Plate Column Design
@ Select Inner walls sub-Domain

@) Click on > Graphic

5:17 Amd 22024

Sub-Domain | SEL '

iner wal v

< >

Connect Modal View
SelectAll UnselectAll Re-caiculation

m“ﬂtucudcmy tutorialiste

(@]

Design Design

Modify RC
Code Option Parameters¥ =~ Materials = for Design~ for Checking~

[®7 Preview Window

& Print & Frint &l 5] Close

Name : inner wal ~

Design

H 28

Rebar Input  Rebar Input  Rebar Input
for Plate ~

Paramete
Tables~

RC Code ILC Code
Design~ >heck v

H savwe

Section
for Design

1. Design Condition

Design Type : Plate Colurmn (10)

Sub-Domain : innerwall

Design Code : AS 5100.5:17 Amd 2:2024
Unit System kN, m, im
Material Data

: fd' = 40000, fsy = 500000, fey.f=500000KPa
Rebar Pattern Top Required Rebar Area = 0.00487935 m#/m

Bot Required Rebar Area = 0.00487935 nf/m

Required Stirrups Spacing : No BarDist
2 Bending Moment Capacity
Top(MNegatve)
Element No. 537
Load Combination cLCB1
Concentric Max. Axial Load (¢pNumax) 8504 27

Axial Load Ratio (N*/pNu) 0.00000/ 141738

Botlom{ Positive)
537

cLCB41+FX

8504.27

-106.79/-316.19

Moment Ratio (M*/phu) ‘0.00000 / 0.00000 101.369 / 300.144
Check Ratio 0.0000 04222
3. M-N Interaction Diagram
HEkR) MOk
15000 BNUkN) BMulkN-m) 15000 @HukH) ShMuikN-m)
13250 -1951.74 o.00 13250 185174 .00
11500 sz mizsa 11500 asooz 212
p— Ba1.a7  3s27s ors0 ss1.a7  3szas
154011 az0.00 az0.00
e 198280 4a3cs so00 aa308
ezs0 44 .as sas0 a4p.as
4500 449.39 4500 220.39
zrso aad.00 arse ass.10
43077 43077
o0 mi e i
o= I s7os.8 33509 T 3 s7onss 33588
= NOBOBOnO O so22.56 22308 = hOWOWLODLOB cozz.se 22308
cRBHGR D HO @ 250427 o0 cRbdorbaaNn® ssoszr .00
-~ MmMMng 00 0~ T MmMmT N0~
Topihegative) SottomiFozane)
4. Shear Capacity
Element No. 537
Load Combination eLCBAZ-FX
Applied Shear Force v =-637.80
Shear Strength (Qutof plane)  ¢Vu = 140.525
Required Stirrups Spacing 0.00000 m
Shear Ratio Vighu = -637.80/ 140.626 =4.535 >1.000 ..... N.G

3-D Box Culvert

56



Step

03 Design — Plate Column Design

tructure Node 0 / S r Design Ratir

Plate Column Design RC Design g @l O [ 2]

i Modify RC = Rebar Input Rebar Input Rebar Input | Paramete RC Code LC Code Section
. . r Materials | for Design~ for Che: g~ for Plate ~ Tables Design~ >heck for Design
€ RC Code Design > Plate Column Design _ _ , -

o Select Inner walls sub-Domain

@) Click on > Detail

Unit - kN, m/m

Sub-Domain | SEL | MajorDir | CHK
H
.
s iner wal v “y
s
MIDAS Inforn MIDAS Infe Technology Ca, Lt
# MEMBER NAME : inner wall
1. General nformation
1) Desion Cote A5 510057 Ama 22024
12) Cooe Lt ,mm
2. Material
1) Concrete
T s000uPa |
. 32,800MPa -
- e
o = o]
5 s Conmita zmcum
e 20000000 Gomtis rting — z T
P 1) Clcudate Mrimum Rsndorcerent fr Crack Cantal €1 24,321
sign Data Poera] B, = SODMATZ | 2,440M{T = 0.205 < 1,000  OK
1) Aggregate 1500
Aaregate size " R ST i | 2, A40mem = 0.206 < 1000 = DK
4. Analysis results for bending "\'"'W:m fm'"
m eLcBa1eR P = 5007 )
I [ T [ I 1 e 11221
[ ETT I Tl T ] B = 0.00800
Jrmonsn =05 By By = 1,400min
5. Reinforcement - Ao = 05 Bty By = 1,400mm
s .
1) Caculale o corcete campression stress
- Biea1- 0TI, - 0880
T = < am-0720
—_— I —_ Buam = 0850
1 )« M] Oy, M D1, Gimm )] = 0850
t T 2) Clcuate it sremg s cormpeession
Ao Ay A= 348,128
M = 0 Fy A = L7340
M = b A = Z440KN
f— < B, B M 70K
< >

Caonnect Mogel View

R g (e
m Parth\Academy tutorialiste;
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Design — Rebar Input for Beam

= Project Structure Node/Element Prop 5 0] ary Load esults 5| r i 2ating Query

@ [ Aésm 517 E\@ I @”\J D qu] C@ [ﬁ[l}] [@
Input

RC Design Design g Modify RC = Rebar Input Rebar Inp Parameter RC Code RC Code
“ . ~ Code Option Param Materials = for Design~ for Checking~ for Plate~ Tables~ | Designv Check v
@) Go to “Design” tab ) _ -

@) Select “RC Design”

Rebar Input for Plate Beam

©) Click “AS 5100 5:17” Nare [ e
o Select “Rebar Input for plate Beam” (e
©) Name > Mid Slabs : ém"_v : (?muv
. Layer | CTC Sizel | Size2 Dt Layer | CTC Size1
Under Main Rebar > CTC > Top . ST o | i . o B
CTC >0.1; Size 1 > D16; Size 2 > D16
Dt > 0.05 Bottom 7 “ E Bottom )
Bottom >CTC > 0.1; Size 1 > D20; Size 2 > | gl
D16 ;Dt > 0.05 T o Tow T P
Select “Stirrup” > size > D10; Spacing >
0.1 ; Number>2
@ Under Distribution Rebar > CTC >
Top
Stirup Stirup
CTC > 0.1; Size 1 > D20 — [
Spacing 0.1 m : Spacing 0.1 m
Bottom > i Number 2 Number o
IR R . m
CTC >0.1; Size 1 > D20 D | Name o hame
[ 7) Click on > Add
Close ‘ Close ‘
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Design — Rebar Input for Beam

€© Name > Side Slabs

9 Under Main Rebar > CTC > Top

CTC >0.1; Size 1 > D16; Size 2 > D16
Dt > 0.05
Bottom >
CTC > 0.1; Size 1 > D12; Size 2 > D16
Dt > 0.05
Under Distribution Rebar > CTC >
Top

CTC >0.1; Size 1 > D20

Bottom >

CTC >0.1; Size 1 > D20

Click on > Add

:Name Side slab

= Main Rebar Distribution Bar

ocTe
Top
As 0.002011
Layer 1 ~

Layer cTC Sizel

1 0.1016
! Botom
" 0.007571
Layer

Layer | CTC Sizel
1 0.1]082

= @ Stmup
I Size D8

i Spacing 01

Add

D Name
Mid slab

m3jm

Size2
D16

m

Size2
D16

0.0

Delete

Close

i Main Rebar _Distribution Bar

QcTe
Top
As 0.003142  mim
Layer 1 ~

Layer cTC Sizel

1 01020
Botiom
As 0.003142  mim
Layer

Layer | CTC Sized

1 0.1/D20
Stirrup
Size D6 ~
Spacing 0.1 m
Number 3

| I IS TN

D Name
Mid slab

Close
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Design — Rebar Input for Column

Top and Bottom Walls

@) Go to “Design” tab
@) Select “RC Design”
©) Click “AS 5100:5:17”
© select “Rebar Input for Plate Column”
© Name > Inner Walls
Under Main Rebar > CTC > Top
CTC >0.2; Size 1 > D16; Size 2 > D20;
Dt > 0.05
Bottom >CTC > 0.2; Size 1 > D16

Size 2 > D20; Dt > 0.05

Select “Stirrup” > size > D15; Spacing > 0.1 ;
Number>4

oj Under Distribution Rebar > CTC >
Top CTC >0.1; Size 1 > D16
Bottom CTC >0.1; Size 1 > D16
Click on > Add

: Name

i _Main Rebar_Distribution Bar

Documents)

Rebar Input for Plate Column

Inner wall

ocTc
Top
As 0.0025765  m¥m
Layer

Layer cTC Sizel Size2 Dt
1 D16 D20 00

Botiom
As 0.0025765 mim
Layer 1 ~

Layer  Sizei Size2 Db
1 D16 D20 005

Stirup
! sie
i Spacing 0.1 m

I Number 4

1 Layer

i  Bottom

Name Inner wall

E As 0.002011 mfm

Layer | CTC Size1

w o X

I Layer 1 ~

Layer CcTC Size1
1 0016

E @ Stimup
i Size
E Spacing 01 m

E Number 4

3-D Box Culvert

60



Design — Rebar Input for Column

Rebar Input for Plate Columr

Rebar Input for Plate Column

Name Outer wall
;M Distribution Bar E E"\:'.Jl.ﬂ. :i:t:a.r.m
o Name > Outer Walls He ocrc ] ocrc
P I
Under Main Rebar > CTC > i~ QRIS wim iR T
H Layer 1 - E I Layer 1 ~
TOp > CTC > 0 1 SiZe 1 > DZZ SiZe 2 > Layer CTC Sizel Size2 Dt Layer CTC Sizei
T ¢ : 1 Gilo2  [p20 oo | i 1 01518
D20; Dt > 0.05 : i
Bottom >CTC > 0.1; Size 1 > D16;
Size 2 > D20; Dt > 0.05
i Botom Botom
©) Under Distribution Rebar > CTC > Poas 00025765  mijm e 0002011 i
E Layer 1 ~ E E Layer 1 ~
Top > CTC > 0.1; Size 1 > D16 Layer | CTC | Sizel | Size2 | Db Layer | CTC | Sizel
: H 1 0.1 D168 D20 oo | : H 1 0.1/D18
Bottom >CTC >0.1; Size 1 > D16 ; :
®) cClickon>Add
Stirup Stimup
I size D15 - HE-= D15 ~
E Spacing 01 m E E Spacing 01 m
Number 4 i
o MName
nner wall 1 nner wall

Close ‘ Close |
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Design — Plate Beam Data Checking

Plate Beam Checking

@ Go to “Design” tab
© Select "RC Design”

o C||Ck ”AS 5100 5:17” Tree Menu Task Pane H_I H'[

General Steel Concrete SRC PSC CPG Rating

[ Select Rebar input data >

[5) Plate Beam Data for Checking

Plate Member
O select Mid Slabs-Domain, Rebar  SubDomsinName o)
data- Mid Slabs and Add e — -

Plate Force Option

Repeat same for Side slabs °
Element

Avg. Nodal
Main Rebar Direction

O Dir. 1

Dir. 2

Rebar Data e)

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

RN £

ID Sub-Domain Dir Rebar

I
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Design — Plate Column Data Checking

Plate Beam Checking

O coto “Design” tab
© Select "RC Design”

© Click “AS 5100 5:17” :
Tree Menu Task Pane ﬂ_l ﬂ_l
o Select Rebar input data for Plate General Steel Concrete SRC PSC CBG  Rating
© Plate Column Data for Checking Plate Column
@ sclect Inner walls —-Domain and Plate Member
T ——— @
Inner walls— Rebar data and Add inner wall - !

Plate Force Option

repeat the same for Outer walls
O Element

Avg. Nodal

Main Rebar Direction

Q Dir. 1
Dir.2

! RebarData

|\nner wall

O

ID Sub-Domain Dir Rebar

Close ‘
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Step

03 Design — Plate Beam Checking

Plate Beam Checking

€ Go to “Design” tab

@ Select “RC Design”

@) Click “As 5100.5:17”

@) Sclect Concrete Code Checking >
Plate Beam checking

@) Select The Mid Slab sub-Domain

@ ) Click on > Graphic

RC Design

Plate Beam Chi Result Dialog

AS 5100517 Ama 2:2024 Unit: kN, m/m

Resulls © Strength Serviceability
Sub-Domain | SEL CHK
ssssnssnnsndusnn
Mg Slabs r oK
PP —
< >

Connect Model View

T Qe e
[_Close ]

!

Design

5]
G

Rebar Input Rebar Input  Parameter RC

for Plate

(W7 Preview Window

J.Name -Mid Slab: ~ & Print & Print Al Close B Sawe

Check

1. Design Condition
Design Type Plate Beam (1D}
Sub-Domain Mid Slabs
Design Code AS 5100.5:17 Amd 2:2024
Unit System kN, m, I m
Material Data fc = 40000, fsy = 500000, fsy.f= 500000 KPa
Thickness 0.325 m
2. Section Diagram
o Element No 153
H
El
°
Rebar Pattern | Topi{Negative) | Botom( Positive ) |
| Layer 1 | D16,16@0.10 | D20,16@0.10 |
Total Rebar Area Ast=0.009175 mé/m
Using Stirrups Spadng : 2.0-D10 @0.100
3. Bending Moment Capacity
Top{MNegatve) Botom( Positive )
L 7244 18466
Element No. 153 153
Load Combination cLCB42-FX cLCB11+FX
pMu 209.32 26389
Check Ratio (M*/gphu) 0.3461 0.6998
Rebar Area(As) 0.0040 0.0052
4. Shear Capacity
Element No. 153
Load Combination cLCB11+FX
Applied Shear Force v = 646833
Shear Strength (Out of plane) oVu =432 280
Shear Ratio VgV u =64.6833/432.280 =0.150 <1.000 ... OK
5. Stress Check

Rebar Diameatar

Rebar Spacing
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Design — Plate Beam Checking

Plate Beam Checking

€ Go to “Design” tab
@ Select “RC Design”

@) Click “As 5100.5:17”

o Select Concrete COde Checking > Plate Beam Check Result Dialog
AS 5100.5:17 Amd 2:2024 Unit: kN, m/m

Plate Beam Check Results © Strength Seniceability

° Select The Mid Slab sub-Domain Sub-Domain cOir | cHK R R i
= e ———
H H ). Material 2133 400 Q0590
Click on > Detail M Sisbs P oo | oox P
: - . L
e socwa w w0 o
L s
200.0000P 8 " | T o T [ ]
o T \
o e o] \
J—
& ot Comprsson S B o
o i I Dine [
0480 0720 1 0230 DA%
i T e o i
e e e e e e
I (53 i 150 ¥

e 105-00071.

1) Man Rstiar

[ Top T Batom T Sime. e

[ Cira1sei T o016 1m0 1 T T o] T 0
] Disrbuton Rabar e

[ Top I Sogom

L 0208100 1 209150

5. Calculation Summary
i) Strangt

1) Load Combeason
- CLCHAEX | Element D 842 Node!D §31)

- |
3] Seanch fox neulal wis et {K.0)
Siep m | (AT { AT AT |
v 163 [y 425 [
Fl TS I I Y Y1 P
3 ave | ioee | e O
3) Shear Sirength Ltz 7] g FE TR ] T B3 1oos |

< >

Connect Mod:

g arthVAcademy tutorial\ste| i B
o e
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Step

03

Design — Plate Column Checking

Plate Beam Checking

€ Go to “Design” tab

@ Select “RC Design”

@) Click “As 5100.5:17”

@) Sclect Concrete Code Checking >
Plate Column checking

@) Select The inner Wall sub-Domain

@ ) Click on > Graphic

AS 5100.5:17
RC Design

Plate Column Ci

AS 51005117 Amd 2.2024 Unit: kN, m/
Results © Strength
Sub-Domain CHK
shosssnsnsnss
»
H nner wal oK
"
Herrwwrr v enww st t
outer wal W [+ 3] oK
< >

Connact Model View

SelectAll Unselect All Re-calculation
=

B Preview Window

I_Name:innerwal ~ & Print =]

Design

B H B

Print All Close [ Save

1. Design Condition

Material Data

Design Type Plate Colurmn (10)

Sub-Dorain inner wall 0
Design Code AS 5100.5:17 Armnd 2:2024 °
Unit System kN, m, /m

' = 40000, fsy =500000, fsy.f=500000KPa

Rebar Pattern [

‘ Top(Negative) ‘ ElDﬂnrn(F'usl(we)‘

| Layer 1 ‘ D1

6,20@0.10 ‘mﬁzo@o.w ‘

Total Rebar Area Ast=

Using Stirrups Spacing

]

Bending Moment Capacity

Element No.

Load Combination

Concentric Max. Axial Load (¢pNumax)
Axial Load Ratio (N*pMu)

Moment Ratio (M*phiu)

Shear Ratio V=igVu

0.0077295 riim

4.0-D15 @0.100

Top(Negatve) Botom(Positive)
537 537

cLCB12-FX L CB41+FX

8580.78 8580.78

329,954/ 437.371 -106.79/-332.12

-308.03 / 408.300 101.369/315.268

Check Ratio 0.0430 04019
Rebar Area(As) 258 5.15
3. M-N Interaction Diagram
o Hekr
15000 BHUKN) SMUCKN-M) 15000 DU BMUCKN-m)
12000 13000 200
11000 11000 21758
w000 2000 37223
7000 K 7000 42988
1e70.10 asz27o
sooa 2253.20 saoo 458.73
3000 2320.01 3000 45245
1080 2014.02 1080 asz.20
1000 = - 37747 1o00 - a37.3
- t330ia0mARN ) e - ) it
2eee sea1.50 “ees 3s0.25
GO00000O00O0O0 8971.67 po00O000OCOGQO 226.51
omBT UG DD T OO ssza.TE caDTHAAD T HG ssso7e .00
famiTLo e FanIibaNa
Topimegame) BamomEezne)
4. Shear Capacity
Element No. 537
Load Combination CLCB12-FX
Applied Shear Force v =-837.80
Shear Strength (Out of plane)  ¢@Vu =897.954

=-537.80/897.954 =0.710 < 1.000..... OK
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Design — Plate Column Checking

Plate Beam Checking

€ Go to “Design” tab

@ Select “RC Design”

@) Click “As 5100.5:17”

. AS 5100517 Amd 2:2024 Unit: kN. m/ ‘
@) Sclect Concrete Code Checking >
Results © Strength
Plate Column checkin I
g Sub-Domain | SEL 3jor Oir | CHK
Select The inner Walls sub-Domain :
° »  lner wal vV " ort oK
-
MIDAS Infermaton Technology C B MIDAS Ifarmation Techmology Co i nc varecounm
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