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Introduction

This design example book provides a comprehensive guide for RC design as per Eurocode2-1-1:2002. Specifically,
this guide will review the design algorithms implemented in midas Gen, and go through design tutorials. This book is
helpful in understanding the Eurocode design conceptand verifying design results using midas Gen.

Why midas Gen

This chapter describes the main features and advantages of midas Gen and showcases
prominent project applications.

midas GEN
1

) RC Design Algorithms

This chapter discusses the general design concept of EN1992-1-1 and how it has been
implemented in midas Gen. This enables the user to understand the equations,
.. | formulas, program limitations and development scope of the midas Gen design
features.

NI

N RC Design Tutorial

This chapter enables the user to get acquainted with the RC design procedure in midas
Gen as per EN1992-1-1: 2004. It encompasses the overall design procedure, from
generating load combinations to checking design results with updated sections.
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/'/| Intuitive User Interface |'/. Advanced Analysis Features
The intuitive User Interface, contemporary Computer Graphics midas Gen offers conventional analysis capabilities as well as
and substantially fast Solver Speed are some of the highlights of other analyses such as Geometric Nonlinear Analysis reflecting
midas Gen. The user-oriented input/output features and significant Large Displacement, Boundary Nonlinear Analysis, Pushover
analysis capabilities enable the practicing engineers and re- Analysis, Construction Simulated Analysis reflecting time
searchers to readily undertake structural analyses and designs for dependent material properties, Heat of Hydration Analysis, etc.
all types of buildings and even complex and long-span structures.
2
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/5 Accurate and Practical Results /[4 Design Capabilities
Diverse ranges of specialty finite elements in conjunction with the midas Gen provides design capabilities using various standards
latest thearies of structural analyses render accurate and practical of different countries reflecting conventional as well as unusual
results. It is prominent for providing convenience, efficiency, design conditions, leading to Optimal Design. midas Gen has
versatility and productivity. been used for over 20 years and applied to over an uncountable
number of projects successfully, thereby, demonstrating its
credibility and stability.
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CHAPTER 1. Why midas Gen

Design Features

*RC Design:
ACI318, Eurocode 2 & 8, BS8110, 1S:456 & 13920,
CSA-A23.3, GB50010, AlJ-WSD, TWN-USD,
AIK-USD & WDS, KSCE-USD, KCI-USD

- Steel Design:

AISC-ASD & LRFD, AISI-CFSD, Eurocode 3,
BS5950, 1S:800, CSA-S16, GBJ17 & GB50017,
AlJ-ASD, TWN-ASD & LSD, AIK-ASD & LSD &
CFSD, KSCE-ADS, KSSC-ASD

+ SRC Design:
SSRC, JGJ138, CECS28, AlJ-SRC, TWN-SRC,
AIK-SRC2K, AIK-SRC, KSSC-CFT

* Footing Design: ACI381, BS8110
+ Slab & Wall Design: Eurocode 2
- Capacity Design: Eurocode 8, NTC2008

* General Section Designer: P-M & M-M Interaction
Surface, Moment Curvature Curve, Stress Contour

Wind & Seismic Loads auto-generation
» Wind Load:

IBC2000, UBC, ANSI, Eurocode 1, BS6399, 1S875,
NBC, GB, Japan, Taiwan & Korea

- Seismic Load:
I1BC2000, UBC, ATC 3-06, Eurocode 8, 151893,
NBC, GB, Japan, Taiwan & Korea

High-rise Specific Functionality
»3-D Column Shortening reflecting change in
modulus, creep and shrinkage

- Construction Stage Analysis accounting for
change in geometry, supports and loadings

» Building model generation wizard
* Automatic mass conversion
* Material stiffness changes for cracked sections

High-end Analysis Capabilities
» P-Delta & Large Displacement Analysis

- Dynamic Analysis (Time History, Response
Spectrum, etc.)

- Base Isolators & Dampers

* Pushover Analysis

- Inelastic Time History Analysis
- Staged post-tensioning

- Catenary Cable Structure
*Heat of Hydration Analysis

Intuitive User Interface

- Works Tree (Input summary with powerful
modeling capabilities)

»Models created and changed with ease

+Floor Loads defined by areas and on inclined plane

« Built-in Section Property Calculator

- Tekla Structures, Revit Structure & STAAD
interfaces

Why midas Gen? e

midas Gen is a Windows-based, general-purpose structural analysis and optimal

design system.

The intuitive user interface, contemporary computer graphics and substantially
fast solver speed are some of the highlights of midas Gen.

The user-oriented input/output features and significant analysis capabilities enable
the practicing engineers and researchers to readily undertake structural
analysis and design for even complex and large structures.

The fastest Multi-Frontal Solver and the latest analysis algorithms instantly bring

accurate and practical analysis results.

In addition, midas Gen provides design capabilities using various standards of
different countries leading to an optimal design solution.

High-end Analysis Features ®

Bl

[ Heat of Hydration Analysis ]

[ Pushover Analysis |

[ Detail Analysis ]
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Project Applications

Specialty Structures

USA Pavilion (Shanghai EXPO) German Pavilion (Shanghai EXPO) Japan Pavilion (Shanghai EXPO)

Tempietto di Villa Barbaro (Italy) Erdos Museum (Mongolia) Maritime Museum (China)

Jeongdongjin Resort Facilities (Korea) Saint Ignatius High School (Taiwan) Sungsanpo Marine Terminal (Korea)
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Project Applications

Buildings

Burj Khalifa (UAE) Guangzhou Twin Tower (China) Moscow City Palace (Russia)

Torre Eurosky (Italy) Rolex Tower (UAE) Taipei Twin Tower (Taiwan)

Hanoi Landmark (Vietnam) Omnix Tower (UAE) Gate of the Orient (China)
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Project Applications

Plant Structures

Campiche Power Plant (Chile) Nghi Power Plant (Vietnam) Angamos Power Plant (Chile)

Hadeed CCL Steel Plant (Saudi Arabia) TAVAZON Steel Plant (Iran) India [1SCO Steel Plant (India)

Gwangyang Steel Plant (Korea)

Pahang Steel Plant (Korea) Zhangjiagang STS Steel Plant {China)
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Project Applications

Spatial Structures

2008 Beijing Olympic Main Stadium {China) 2008 Beijing Olympic Basketball Arena (China) 2008 Beijing Olympic Badminton Arena (China)

FIFA WORLD CUP

FIFA World Cup Main Stadium (Korea) FIFA World Cup Daejeon Stadium (Korea) FIFA World Cup Jeonju Stadium (Korea)

Inchoen International Airport (Korea) Beijing International Airport (China) Seoksan Subway Station (Korea)
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Chapter 2.1 RC Design Algorithm: EN1992-1-1:2004

Overview

1.1 Design Scope

midas Gen provides automatic design of concrete beam, column, shear wall, meshed slab and
meshed wall. The program also supports section checking when relevant data is specified. With
respect to Eurocode, the major capabilities of the programcan be summarized as below:
e Ultimate Limit State and Serviceability LimitState design and checking
e Auto generation of load combinations as per Eurocode 1990:2002
e Auto generation of Static Wind Loads as per Eurocode 1991-1-4:2005
e Auto generation of Static Seismic Loads & Response Spectrum Functions as per Eurocode
1998-1:2004
e Capacitydesignas per Eurocode 1998-1:2004
e AvailableSectionshapes for design:
o Beam: Rectangle, T-shape
o Column: Rectangle, Circular,Hollowcircular
o Wall:Rectangle
e Designand checking of meshed slab and meshed wall
e Crackedsectionanalysis of slabs for serviceability checks

The followingshould betaken care of by the user:
e Torsioncheckis not provided by midas Gen.
e Irregularwallsuchas LorH shapecannotbe designed.
e |solatedfootingdesignis not supported as per EN 1992-1-1:2004.

This design guide covers the design of frame elements as per EN 1992-1-1:2004 for non-seismic
situations. Aspects of column design, beam designand wall design arediscussedin this guide.

For the purpose of component design, midas Gen interacts with midas Design+. midas Design+is a
collection of handy structural componentdesign and detailing tools, which areeasy to useand speed
up the day-to-day design process. midas Design+ is developed to be simple, fastand accurate. It

enables engineers to systematically and consistently managedesign reports. midas Design+supports
Column design, Wall Design and Strip Footing Design as per Eurocode.

[Table 1.1] Capabilities of midas Gen with respect to Eurocode

Ultimate Limit State Serviceability Limit State
Flexure | Shear | Axial | Torsion | Stress | Deflection | Crack Control
Beam v v va v v
Column v v v v
Wall 7 | 7 1 7
Meshed Slab v v v v v
Meshed Wall v v v

1.2 Materials

1.2.1 Concrete

EN 1992-1-1:2004 (Table 3.1) provides specifications about strength and deformati on characteristics
of concrete. midas Gen supports a material database as per the specifications. Any of the materials
canbe easily chosen for analysisas well asdesign. Thefollowingarethe strength classes of concrete
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as identified by the code:

e (C12/15
e C(Cl16/20
e (C20/25
e (C30/37
e (35/45
e (C40/50
e (C45/55
e (C50/60
e (C55/67
e (C60/75
e (C70/85
e (C80/95
e (90/105

Material name C40/50 implies thatthe cylinder characteristic strength (fck) at 28 days is 40 MPa and
cube characteristic strength (fck,cube) at 28 days is 50 MPa.

The material can be chosen in Material Data dialogBox as shown below. In dialog box, choose Type
of Design as “Concrete”. Standard as “ENO4(RC)”. Then from DB drop down list any of the above
materials can bechosen.

1.2.1.1 Modulus of Elasticity (E.)
For materials selected from EN 1992-1-1:2004, the modulus of elasticity is obtained using the
formula as specified by the code:

0.3
Eem = 22 (£2) (1.1)
Jem = fox + 8 (MPa) (1.2)

Note for Italian users

For Italian user, the program supports the UNI material database. The database includes the

following materials:
e Rckl0
e Rckl5
e Rck20
e Rck25
e Rck30
e Rck35
e Rck40
o Rck4s
e Rck50.

For these materials, the user needs to choose the Standard as “UNI(RC) ” and then select the desired
material.

1.2.1.2 Poisson’s Ratio
The defaultvalueof Poisson’s ratioisused as 0.2. For a different value of Poisson’s ratio user defined
material needs to be specified as per Section 1.2.1.4 of this guide.

1.2.1.3 Weight Density
The weight densityis used as 25 kN/m? for all the material fromthe database. For a different weight
density user defined material needs to be specified as per Section 1.2.1.4 of this guide.

EN1992-1-
1:2004
Table 3.1
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7

% Model > Properties > Material

Meaterial Data ==
General
Material ID 1 Name C40/50
Elasticity Data
R Steel
Type of Design Concrete 'l
Standard
DB
? Concrete
Standard  |ENO4RC) hd
Type of Material Code I—_|
{+ Isotropic {5
D8 <
Steel
Modulus of Elasticity : 0.0000e+000 N/mm2z

Poisson’s Ratio

Thermal Coefficient : 0.0000e+000 1/TF]

Weight Density 0 Nfmm3
e 5 N
Concrete
Modulus of Elasticity : 3.5220e+004 Njmmz
Poisson’s Ratio 0.2
Thermal Coeffident : 5.5556e-006 1/fF]
Weight Density 2.52-005 Njmm3
[ Use Mass Density: 2.549e-009 Nfmm3fg
Plasticity Data
Plastic Material Name m
Thermal Transfer
Speific Heat 0 B/ [F]
Heat Conduction 0 Btu/mmhr -[F]
Damping Ratio : 0.05
Lo ]

Cancel ‘ Apply

[Figure 1.1] Material Data dialog box

1.2.1.4 User Defined Materials
User defined Concrete Material can be specified. Type of Design should be used as Concrete,
otherwise the design cannot be performed for the specified material. Then select the Standard as
None to input the user defined material properties. Type of design should not be selected as User

Defined.

1.2.2 Reinforcement

The reinforcement material can be specified in Modify Concrete Materials dialog box as shown in
Section 1.2.3. Ifthe material is notspecified there, then the default material will betaken as specified
in Design/Load Code Environment in Tools > Preferences. Then under Concrete heading user can
specify the databasefor Rebar. The availablerebar materials as per Eurocode areas follow:

[Table 1.2] Available Rebar Materials as per EN 1992-1-1:2004

Rebar Material Yield Strength (f,) (MPa)
Class A 400
Class B 500
Class C 600

Note for Italian users

For Italian users, the programsupports the UNI database consisting of the following materials:

o [eB22k
o [eB32k
o [Feb38k
o [Feb44k

To select the above materials, we need to specify the Material Code as “UNI(RC) .
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K2

% Tools > Preferences

Preferences @
. General «  Design Code l Load Code ]
- View | Steel Concrete SRC
--Data Tolerances - . . .
- Property Design Code: Design Code: Design Code:
|Eurocode3:05 ﬂ |Eurocodez:04

- Load SSRCT79 -
- Results National Annex: National Annex:
. Design/Load Code |Recommended ﬂ |Recommended ﬂ Rebar
- Motice &Help E Rebar Material Code
- Graphics Material Code ASTM(RC) -

[ Output Formats Cutput Language END4(RC) -
- Di Material DB

'Eormatt: 'IZ:)lm. & Others — Material DB ;
- FOrmats - Forces Eng is| - Grade 60 -
- Formats - Loads Class A =
Default Al | Set Default | Ok I Cancel |

[Figure 1.2] Preferences dialog box

1.2.2.1 Modulus of Elasticity (E)

For all the reinforcing materials, modulus of elasticity is used as 200 GPa. Different value of Modulus
of Elasticity cannotbe specified for reinforcing materials.

1.2.3 Design Strength of Materials

1.2.3.1 Design compressive strength of concrete (f )
The code specifies the following equation for the calculation of the design compressive strength:

fea = —a“yfc" (1.3)
c

where,

fer: If standard material is used, the value is taken automatically as specified in the code. For a
user defined material, we need to specify the fo in Modify Concrete Materials dialog box shown
below.
oce: Coefficient to account for:

1. Long term effects on the compressive strength

2. Unfavorable effects resulting from the way the load is applied.
It can be specified in the Partial Safety Factor for Materials dialog box as shown in Section
1.2.34.

ve: The partial safety factor for concrete. It depends on the design situation. It can be specified in
the Partial Safety Factor for Materials dialog box as shown in Section 1.2.3.4.

1.2.3.2 Designyield strength of reinforcement (f,4)

The yield strength specified for reinforcing material will be used to calculatethe designyield strength

as per the following specification of code:
fyk
f_’;ld = — (1.4)
¥s

where,
Jok: The characteristic yield strength ofreinforcement.

ys . The partial safety factor for steel. It depends on the design situation. It can be specified in the
Partial Safety Factor for Materials dialog box as shown in Section 1.2.3.4.

EN1992-1-
1:2004
3.1.6(1)

EN1992-1-
1:2004
3.1.6(2)
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¢ Design > Concrete Design Parameter > Modify Concrete Materials

Modify Concrete Materials @
Material List
D | Name | fic|fick|R. | Chik | Lambda | Main-bar | Sub-bar |
1 C30/37 30 X 1 Class B Class A

Concrete Material Selection

Code :  [None - Name : J

Specified Compressive Strenath (fclfck) |30 Nfmmz2
[ Light Weight Concrete Factor (Lambda) : 1

Rebar Selection

Code : [ENO4{RC) -

Grade of Main Rebar : |C|ass B j Fy |E-:":- Mjmmz
Grade of Sub-Rebar : |Class A j Fys : |{"Il Njmm?2
Modify | Close |

[Figure 1.3(a)] Modify Concrete Material dialog box

Inthe abovedialogbox, the concrete and rebar material properties can be specified for design.

If standard material isused, the valueis taken as specified in the code. In that case, this step is nota
mandatory step. If material is user defined, then select 'None' in the Code field and enter the name
of material to be used in the Name field. Then, each data field is activated and the strength of
materials can beentered.

Lightweight Concrete Factor (Lambda): Thisis irrelevantfor design as per Eurocode.

Grade of Main Rebar: The material specified herewill be used for the longitudinal reinforcement.
Grade of Sub Rebar: The material specified here will be used for the stirrups.

¢ Design > Concrete Design Parameter > Modify Concrete Materials> ...
Short/Long Term Elasticity Ratio @

Ratio of Modulus of Elasticity

n (Short Term) : 6
n {Long Term) : 12

K | Close |

[Figure 1.3(b)] Short/Long Term Elasticity Ratio dialog box

1.2.3.3 Short/Long Term Elasticity Ratio

For serviceability check as per Eurocode 2, the ratios of the modulus of elasticity of reinforcement
to the modulus of elasticity of concrete for short-term and longterm can be entered.

The defaultvaluefor short-term ratiois Es/Ec and 2(Es/Ec) for long-term ratio.

The ratiocan be edited inthe Modify Concrete Materials DialogBox. The button next to the Name
field, provides access to the Short/Long Term Elasticity Ratio dialogbox.
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1.2.3.4 Partial Safety Factors for Materials
%+ Design > Concrete Design Parameter > Partial Safety Factors for Material Properties
Partial Safety Factors for Material Properties @

Design Code : Eurocode2:04, Recommended

Partial Safety Factors for Material Properties

Concrete (Gamma_c)

- Fundamental R
- Accidental (except Earthquakes) ;|12
Steel (Gamma_s)
- Fundamental ¢ | 115
- Accidental (except Earthquakes) ;|1
Coeffident for Long Term Effects
Alpha_cc ;|1

oK | Close |

[Figure 1.4 Partial Factors for Material Properties dialog box]

[Table 1.3] Recommended Values of Partial Safety Fa ctors for Materials

Design Situations Ye Vs
Persistent & Transient 1.5 1.15
Accidental 1.2 1.0

As per EN1990:2002, design situationsareclassified as:
a. Fundamental Design Situations:
1. PersistentDesignSituations
Relevant during design working life of structure
2. TransientDesign Situation
Relevant for a shorter duration. eg: execution or repair
b. Seismic Design Situation
Relevant duringthe earthquake
c. Accidental Design Situation
Exceptional conditions likefire events, explosions, blastetc.
Specification 5.2.4(2) of EN1998-1:2004 “If more specific data are not available, the values of the
partial factors y. and ys adopted for the persistent and transient design situations should be applied”.
midas Gen uses the samevalues of ycand ys for all three design situations i.e Persistent, Transient &
Seismic Design Situations.

The designsituationis identified automatically by the programas per the followingtable:
[Table 1.4] Classification of Design Situations

Design situations Description
Fundamental and Load combinations notcovered in “Accidental Situation”
Seismic
Accidental Load Combination including any of the following type of

load case, will beclassified in Accidental Situation:
Live Load Impact (IL)
Collision Load (CO)

Load Casetype is specifiedinthedialogbox below:



CHAPTER 2. RC Design Algorithm

< Load > Static Load Cases
Static Load Cases @

Mame WY Add

Tvoe  : |WindLoad on Structure (W) ~| Modify
— pee
Live Load (L)
Roof Live Load (LR) =
No Wind Load on Structure (W) Description
Earthquake (E)
Vertical Earthquake(EVT)
now Load (5)
Rain Load (R)
Ice Pressure (IP)
Earth Pressure (EP)
Horizontal Earth Pressure (EH)
Vertical Earth Pressure (EV)
ound Water Pressure (WF)
* Fiuid Pressure (FP)
Stream Flow Pressure (5F)
Buoyancy (B)
Creep (CR)
Shrinkage (SH)
Temperature (T)
Prestress (PS)
Construction Stage Load (CS)
Erection Load (ER)
Live Load Impact (IL)
Longitudinal Force from Live Load (BK)
\ind Load on Live Load (WL) <

=

=
c

-
oo fe W~
mim

m

] Centrifugal Farce (CF) o
Colision Load (CO)
Rib Shartening (RS)
Explosion Load(EX) Close

[Figure 1.5] Static Load Cases dialog box

After identifying the design situation respective partial safety factors for materials are used by the
programindesign.

1.3 Design Information

1.3.1 Member Assignment

The program offers to consider a number of line elements as a single member for the purpose of
design. The design forces and the section capacities will becalculated at the i, %, %5, %, j-point of the
member and not of the element. Also, the span for the design will be considered as per the
specifications of the member and not of the element.

The unbraced length will be taken on a member basis, instead of element basis. Laterally Unbraced
Length is taken from the member.

® 3
T
c4 = = Ao
4+ |ecs3 cé
® 9
Py Ay 1 o
c c2 c3

Unbracedlength ofacolumn @& - L,=L2 L,=L1
Unbraced length ofacolumn & - L,=L3 L,=L1
Unbraced length ofacolumn & - L,=L,=L1

[Figure 1.6] Unbraced Length for column

If the elements to be assigned to a member retain different material and section properties, or the
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directions of the node connections aredifferent, a member cannotbe assigned.

s Design > General Design Parameter > Member Assignment

Geneml‘ Steel | Concrete | SRC
|Memher Assignment j J

Option
* Add/fReplace ™ Delete

Member
[ allow Single Element Member
Assign Type
i Manual " Automatic

Selection Type

D) {&' By Selection
Index | Element List -
1 1, 509
2 2,518
3 3, 510
4 4,519 i
5 5,511 3
] 6, 520
7 7, 512
g 8, 521
9 9,513
10 10, 522
€ [0 3
Apply Cloze

[Figure 1.7 Member Assignment dialog box]

1.3.2 Unbraced Length
When members are defined by Member Assignment, unbraced lengths about the member’s strong
axis (y-Axis) and weak axis (z-Axis) are automatically calculated by the program considering the

connectivity of the members.
If members are not defined then the unbraced length is taken equal to the length of the element for

bending about both axis.

The unbraced length can also be specified by the user in Unbraced Length dialog box as shown
below. If unbraced length is specified as 0, then program will takethe unbraced length as the length
of the member orthe length of the element, whichever is applicable.

< Design > General Design Parameter > Unbraced Length

Geneml| Steel | Concrete | SRC
|Unbraced Length(L,Lb) j J
Option
+ Add/Replace i Delete

Unbraced Length

Ly : |0 mm

Lz : |0 mm
Laterally Unbraced Length

Lb = |0 mm

™ Do not consider

Apply Close

[Figure 1.8] Unbraced Length dialog box

1.3.3 Live Load Reduction Factor

When calculatingthe Forces for design, the effect of liveload can be reduced. Axial force, moments
andshear forces due to actions can be reduced. The reduction factor can be specified in the Modify
Live Load Reduction Factor dialog box. In order to specify the live load to be reduced to 80%, the
factor of 0.8 should be added for the respectiveforces.

0010
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D>

% Design > General Design Parameters > Modify Live Load Reduction Factor
General

|Modify Live Load Reduction Fact:rj |Z|

Option
(* Add/Replace (" Delete

Reduction Factor : 1

Applied Components
[~ Al Forces
[v Axial Force
[~ Moments
[ Shear Forces

Apply Close
[Figure 1.9 Modify Live Load Reduction Factor dialog box]

The liveload reduction factor needs to be calculated manually. Theformula specified by EN 1991-1-
1:2002is:

— 2+ (n+2)yy (1.5)

L n

where:
n is the number of storys (>2) above the loaded structural elements from the same category.
Yy is the factor for combination of variable actions. It is providedin EN 1990, Annex Al, Table
Al.l

1.3.4 Imperfections

Eurocode 1992-1-1:2004 specifies thatthe unfavorable effects of possible deviationsin the geometry
of the structureand the position of loads shallbetakeninto accountinthe analysis of members and
structures. The imperfections should be modelled manually by the user.

In order to consider the effect of these imperfections, the code provides equivalenttransverse forces
for these imperfections in Section 5.2 usingequations from 5.4 to equation 5.6. These forces need
to be calculated and applied manually by the user.

1.3.5 P-Delta Analysis

The amplification of the moments due to second order effects is specified by the code. Second order
effects due to both the change of geometry of structure (P-A) and the curvature of member (P-6)
need to be considered.

The second order effects can be easily considered in the program by performing P-Delta Analysis.
The program performs both P-A as well as P-§ analysis. The corresponding magnified moments can
be used for the design of the members. In casethe P-delta analysisisnotperformed, the provisions
of code will be used to obtain the second order moments. The method of moment magnification as
per Eurocode 2 will be discussedin Section 2.2.

EN  1991-1-
1:2002
6.3.1.2(11)
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< Analysis > P-Delta Analysis Control

1.3.6 Pattern Loading

At the moment, the programdoesn’t support the auto generation of the pattern load combinations.

P-Delta Analysis Control @
Control Parameters

Number of Tterations m
Convergence Tolerance: 1e-005

P-Delta Combination

Load Case : DL hd

Scale Factor : 1
cd
Modify
Delete
oK | Cancel |

[Figure 1.10] P-Delta Analysis Control dialog box

1.3.7 Selection of Design Code

The design code can be selected inthe Concrete Design Code dialogboxas shown below:

¢+ Design > Concrete Design Parameters > Concrete Design Code

Concrete Design Code @
Design Code : Eurocode2:04 A
National Annex : =
r NTC2012
[~ Apply EC8:04 Capacity Design
Strut Angle for Shear Resistance : 45 Deq

Slenderness Limit
Lambda lim = 20%A*B*C/fsartin)

A 0.7 Bis 1.1
c: |1 | Calculate by Program
r 1.2
Moment Redistribution Factor for Beam : 1
Consider Shear Strength of Concrete for Chedking
v wall [v Column/Brace
OK I Close |

[Figure 1.11] Concrete Design Code dialog box

In addition to the recommended values, the program supports the following National Annexes

for design:

Italy
Sweden

Singapore

0012



Chapter 2.2 RC Design Algorithm: EN1992-1-1:2004

Ultimate Limit State

2.1 Design for flexure without axial force
2.1.1 Requirements

Moment capacity of the section (Mrq) should be greater than the design moment for the section

(MEd).
To satisfy limitstate of moment resistancethe following condition should be met:
Med<MRd

2.1.2 Calculating the moment capacity, Mgq
The distribution of strainand stresses inthesectionis as follows:

{; d
° ] 2
¥ As, IF

neutral axis

A A

h d z
As st
YA A
\"i o 00 /1™ N
Section Strain Stress
[Figure 2.1] Distribution of strain and stresses in the section
where,

A: factor defining the effective height of the compression zone.
n. factor defining the effective strength of concrete.
x. distance of the neutral axis from the extreme compression fiber

To calculatethe moment capacity C,, Csand Ts arerequired. In order to determine all theseforces

depth of the neutral axis, x, needs to be calculated.
For this,aniterative process is used. The following steps areinvolvedintheiteration:

Initial value of x=d/2
(d = effective depth)

Assume neutral Axis depth, x |e——

| Calculate C. (concrete compression) |

l o

Calculate T, (tension in steel)
Calculate C, (compression in steel)

\4

| C.+C=C;T,=T;CT=0 —

Yes

A\ 4
|Assumed x is the depth of neutral axis |

Ref:
EN 1992-1-1:2004
Figure 3.5
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CHAPTER 2. RC Design Algorithm

[Figure 2.2] Flow chart to calculate depth of Neutral Axis
Note for design of flanged section
For a flanged section, we need to specify the shape of the section as “T-section” in the Section
Data dialog box.

1. Determination of A & n
[Table 2.1] Factor for effective height of compression zone and factor for effective strength of concrete

Condition A n
fe < 50MPa 0.8 1.0
50 < fek < 90MPa 0.8-(f«-50)/400 1.0-(fck-50)/200
fek >90MPa 0.7 0.8

2. Initial depth of the neutral axis.

Initial depthis assumed to be d/2, where d is the distance between extreme compression
fiber and center of tension reinforcement.

3. Calculateforceofconcrete, Cc

Co=1foq Joadx (2.1)

4. Calculateforceofreinforcement, Ts and Cs

C,= Ay for (2.2)
T = Ag for (2.3)
where,

Ase: The cross sectional area of compressive reinforcement.
fse: The stress at the center of the compressive reinforcement.
Asi: The cross sectional area of tensile reinforcement.

fs1: The stress at the center of the tensile reinforcement.

In order to calculate the stress of reinforcing steel, fst or fs., the appropriate strain is
calculated by the strain compatibility condition as follows:

a) At the extreme compression fiber of concrete, strain equal to ecyis assumed. Then the
strain is calculated at the center of reinforcement assuming a linear stress strain
distribution as per Figure2.1.

e =d’_xg (2.4)

s cu

X

where,

& . The strain at the level of the reinforcement.

ecu: The ultimate compressive strain in the concrete. (€cu = €cul)
x : Neutral axis depth.

d; : Distance of the rebar from extreme compression fiber

[Table 2.2] Ultimate Strain ( €c1) in Concrete

Condition Ecu1
foc <50MPa 0.0035
50 < fck < 90MPa [2.8+27{(98-fcm)/100}*1/1000, fem=fck+8MPa
fo > 90MPa 0.0028

EN1992-1-1:2004
3.1.7(3)

EN1992-1-1:2004
Table 3.1

“e14



CHAPTER 2. RC Design Algorithm

(1- &2l s)h

EN1992-1-1:2004

h Figure 6.1

Eyg & 0 Eez Eeuz
(5] (£4)

- reinforcing steel tension strain limit

- concrete compression strain limit

- concrete pure compression strain limit

[Figure 2.3] Possible strain distributions in the ultimate limit state

b)  Calculatethe reinforcement stresses corresponding to the calculated reinforcement
strains. (fromthe stress-strain idealizations)

r = &E, (e,5¢,)
° fyd (85 > gyd)

The forces of tensile reinforcement and compressive reinforcement are calculated in the
above manner.

(2.5)

5. Check if the assumed depth of neutral axis is suitable or not. For this purpose, the
convergence criteria is checked. If the following condition is met, then the assumed xis
used as depth of neutral axis:

|C;—T| < 0.01 (Tolerence)
If aforementioned conditionis notfulfilled then, new depth of neutral axis is assumed by
“Bisection Method (Numerical analysis)”.
Ifthe above criteriais not met after 20 iterations, then:
eWe get output “Not converge” in Message window.
eThe model needs to be modified as follows:

o Increasesectionsize.
o Modify the rebarinformation (position, numbers, spacing, etc.)

6. Calculatemoment resistance Mgy

Once the neutral axis is obtained, moment resistance can becalculated by multiplying the axial
forces with eccentricity from the neutral axis.

MRd = Ccac + Csasc + Tsast (2.6)

[Figure 2.4] Forces and distances from neutral axis depth for Mgrg

7. Check moment resistanceratio:

where,
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CHAPTER 2. RC Design Algorithm

MEa : Design bending moment is chosen for the load combinations which are available as per
Section 2.1.5.

Mra: Moment capacity of the section.
Depending on the ratio, the results aredisplayed in the various forms as mentioned in Section
2.4.

2.1.3 Design Criteriafor Rebars

To choose the size of the rebars which should be used for the reinforcement, the specifications
canbe providedin Design criteria for Rebars dialogbox as shown below.

The transversereinforcement data canalsobespecifiedin this dialogbox.

¢+ Design > Concrete Design Parameter > Design Criteria for Rebars
Design Criteria for Rebars @

For Beam Design

Main Rebar : m Rebar...
Stirrups : m Arrangement : m
Side Bar : m

L EE mm dg : |55 oo

[ Consider Spacing Limit for Main Rebar

Spliced Bars : (¢ MNone  50% (" 100%

For Column Design

Main Rebar : |p25,p32 Rebar...

Ties/Spirals : |P10 hd Arrangement : Y: |2
do : |55 mm Z: |2 -

[ Consider Spacing Limit for Main Rebar
SplicedBars: ~ * Mome 50% ( 100%

e

For Brace Design

Main Rebar : [p20 Rebar...
Ties/Spirals : |P10 - Arrangement : y: 2w
Z: |2 —

do :|D mm

[v Consider Spacing Limit for Main Rebar
Spliced Bars : (" None (% 50% ( 100%

For Shear Wall Design

Vertical Rebar . |P13 Rebar...

Horizontal Rebar : |P13 ~| EndRebar  From : |[P10 -
P -]
[0

de = [45 o de 2 45 mm

Input Additional Wall Data...

OK | Close |

[Figure 2.5] Design Criteria for Rebars dialog box

where,
dT represents the distance between center of top rebar and extreme top fiber
dB represents the distance between center of bottom rebar and the extreme bottom fiber
When the valueof dT and dB is specified as zero, then the defaultvalueis taken as minimum of:
l. max [H¢/10, B¢/10, 2.5”/63.5 mm]
. 3”/76.2 mm
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++ Design > Concrete Design Parameter > Design Criteria for Rebars > Rebar...

Rebar Size =30
KS s cns ASTM BS/EN UNI IS GB csa
= = = = [ P5 = r r r
| | | | [~ pe | r r r
I I I I [ p7 I r r r
= = = = [~ P8 = r r r
= = = = [~ Pg = r r r
= = = = [ P10 = r r r
| | | | [~ P11 | r r r
0 0 0 0 [~ P12 0 r r r
= = = = [~ P13 I r r
= = = = [C P15 = r r
= = = = v P20 = r r
| | | ¥ P25 | r r
0 0 0 [~ p32 0 r r
= [~ pPao I r
= I r
= r
-
OF Close

[Figure 2.6] Rebar Size dialog box

The following European rebar sizes areavailable:
P5, P6, P7, P8, P9, P10, P11,P12,P13, P16, P20, P25,P32, P40.
Maximum of 5 Rebar Sizes can be selected.

The data specified above will be applied to all the members of a model. If the user wants to
specify different rebar criteria for certain members then that can be specifiedin Design Criteria
for Rebars by Member dialog box. For that member, information provided here will override the
information defined in Design Criteriafor Rebar dialogbox.

%+ Design > Concrete Design Parameter > Design Criteria for Rebar by Member

General | Stee CDncrete|5R{

|Design Criteria for Rebars by Memlﬂ J

Beam | Calumn ] Brace ] wall |

Option
f+ Add/Replace ™ Delete

Main Rebar s |P20 -
Stirrups P10 il
Arrangement : m
Side Bar P12 A
dir = ’Ui mm
dg : |0 mim

Select Ductlity Class
(* DCH (High Ductiity)
" DCM (Medium Ductility)

[+ Consider Spacing Limit
Spliced Bars :
{* Mone (™ 50%  100%

Apply | Close

[Figure 2.7] Design Criteria for Rebars by Members dialog box

2.1.4 Concrete checking for beams

midas Gen is capable of both design and checking of sections. The difference in design and check
canbe explained as below:
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If the user performs the Concrete Code Design function then based on the section size and the
factored load, rebar data such asrebar sizeand spacing is determined by the program. Therefore,
the design can be performed when the sectionsizeis defined without rebar data.

If the user needs to perform the strength and serviceability check for the user specified rebar
data (rebar diameter, number of rebars and design parameters), then the user can perform the
Concrete Code Check function. The rebar data can be specified as mentioned in the section
below.

2.1.4.1 Rebar Input for Beam Checking

The rebar data for concrete code checking can be specified in the Modify Beam Rebar data. In
midas Gen, both top and bottom rebar must be defined to perform concrete code checking.

The data canbe entered for layer 1 andlayer 2 of the top and the bottom reinforcement.

The values of dT and dB need to be specified appropriately. dT and dB cannot be specified as
zero.

For transverse reinforcement the rebar size, number of legs and spacing of the stirrups can be
specified.

KD

*» Design > Concrete Design Parameter > Modify Beam Rebar Data

Modify Bearn Rebar Data @
SECT | Name Bar [ Create Sub Section
412 G2 In
413 G3 In Element List :
414 G4 In -
415 Bl n ‘HIIID 70to79 139t0143 2080217 |
421 WGl In
422 we2 In M Bean Property

i .
L g

" all Section " Both End & Center (¥ Each End & Center
Rebar Endil) Center End(J)
1 1 P& 1 P20 1 P25
M Top
a 2 0 P& 0 P20 1 P25
! 2 0 P20 1 P25 0 P20
n | Bot
1 0 P20 | 4 P25 1 P20
Stirup | P10 | 2 @| 70 | 2 @| 80 | 1 @ 70
Skin 0 0 0
Concrete Face to Center of Rebar(dT, dE): 55 .[55  wm
Hpetai Figure
Endl(T} Center End(1)
F4 F4 F4

L L
el L

[ Same Main Rebar Size at Top and Bottom

[~ Same Main Rebar Size at I, Mand 1
W Same Main Rebar Size at Each Layer

Add/Replace | Delete | Close |

[Figure 2.8] Modify Beam Rebar Data dialog box

2.1.5 Design load combinations

The load combinations specified as Strength/Stress in the Concrete Design tab of Load
Combinations dialog box will be used for concrete design. The program also supports the Auto
Generation of the load combinations as per EN 1990:2002. The limitations mentioned in the
Section 1.3.6 are applied to the auto generation of the load combinations.
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K2

< Results>Load Combinations

Load Combinations = |EH 2 |
General | Steel Design  Concrete Design |SRC Design | Footing Design |
Load Combination List Load Cases and Factors
No Name | Active Type Description s LoadCase Factor -
1|cLCB1 |Stren | Add 1.4D + 1.5(1.0LL) P |DL(ST) 1.4000
2|cLCB2 |Stren |Add 1.4D + 1.5(1.0LL) + 1.5(0_6)WX LL(ST) 1.5000
3|cLCB3 |Stren | Add 1.4D + 1.5(1.0LL) + 1.5(0.6)WY| WY(ST) -0.9000
4|cLCB4 |Stren | Add 1.4D + 1.5(0.7LL) + 1.5WX *
5|cLCB5 |Stren | Add 1.4D + 1.5(0.7LL) + 1.5WY
6|cLCBE |Stren | Add 1.4D + 1.5(1.0LL) - 1.5(0.6)WX
» 7| cLCB7 Slrenj Add 1.4D + 1.5(1.0LL) - 1.5(0.6)\WY =
3| cLCB8 |nactive 1.4D + 1.5(0.7LL) - 1.5WX
9| cLCBY SIS 1.4D + 1.5(0.7LL) - 1.5WY
10| cLcB10 ;ge"“;:lab"“y 1.0D + 1.0(0.3)L + 1.0EX )
T elCB hyorical 1.0D + 1.0(0.3)L + 1.0EY 3
12| cLCB12 1.0D + 1.0(0.3)L - 1.0EX
13| cLCB13 |Stren | Add 1.0D + 1.0(0_3)L - 1.0EY
14| cLCB14 | Seni Add SERV :1.0D + 1.0LL
15] cLCB15 | Senvi Add SERV :1.0D + 1.0LL + 0.6WX
16 cLCB16 | Seni Add SERV :1.0D + 1.0LL + 0.6\WY
17| cLCBAT | Senvi Add SERV :1.0D + 1.0LL - 0.6WX
18] cLCB18 | Senvi Add SERV :1.0D + 1.0LL - 0.6WY
19] cLCB19 | Seni Add SERV :1.0D + 1.0LL + 1.00\X
20| cLCB20 |Seni Add SERV :1.0D + 1.0LL + 1.0WY
21| cLCB21 | Seni Add SERV :1.0D + 1.0LL - 1.0WX -~
4 m » -
Copy | Import... Auto Generation... Spread Sheet Form
File Mame: |C:WUSErsWKapiIWDEsktUpWAppS_ECZ Design-Final m Browse ‘ Make Load Combination Sheet Close

[Figure 2.9] Load Combinations dialog box

2.2 Design for flexure with Axial Force

2.2.1 Requirements
For limitingthecompressivestrainin concrete, the following conditions need to be checked:

Check for Axial Force xﬂ

Check for Biaxial Moment
Check for Moment about major axis

Check for Moment about minor axis

<1

Rd
MEgqg <1
Mpg ~—

MEq;

<1

Rdy
MEdz

<1

MRdz
Ifany of the above ratios is notsatisfied then the sectionis reported to be Not Good.

2.2.2 Magnification of Design Moments

When an element is subjected to an axial load combined with a moment, itwill deflect. This
deflection will increase the moment at any section in the element by an amount equal to the
axial forcemultiplied by the deflection at that point. This extra moment will causetheresistance
of the element to be reduced below that calculated ignoring the deflections. In many practical
situations, the effect of deflections is sosmall thatit can beignored. So, the program compares
the slenderness ratio of the member with the allowable slenderness limitin order to determine
whether the magnification of moment is required or not.

2.2.2.1 Slendernessratio

The actual slenderness ratio of a member is calculated using:

A=1lo/1
where,

lois the effective length of the member.
i is the radius of gyration.

Effective Length will becalculated as:

|o,y = Ky X L
where,

(2.7)

(2.8)

EN1992-1-1:2004

5.8.3.2(1)
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L is theunbraced length as specified in Section 1.3.2.
K, is the effective length factor. The effective length factor can be specified as shown
below.

7

% Design > General Design Parameter > Effective Length Factor (K)

Genem||'::ee Concrete | SRC

|E1"Feu:ti\re Length Factor(K) j J

Option
fo Add/Replace i Delete

Factor
Ky: |1 J
2 F——

Apply | Close |

[Figure 2.10] Effective Length Factor dialog box

Effective Length factor can also be calculated by the program automatically depending on the
information provided in Definition of Frame dialogbox as shown below:
Refer to online help for the explanation of auto calculation.

<+ Design > General Design Parameters > Definition of Frame
Definition of Frame @

Definition of Frame
(" Unbraced | Sway

¥-Direction of Frame
{* Braced | Mon-sway

" Unbraced | Sway
{* Braced | Mon-sway

¥-Direction of Frame

Design Type

(* 3D " X-Z Plane
" ¥-Z Plane " X-Y Plane

W Auto Caloulate Effective Length Factors!

OK | Close

[Figure 2.11] Definition of Frame dialog box

2.2.2.2 Limiting value of slendernessratio

A.B.C
Amin =~ (27)
where,
A = 1/(1+0.2¢ey). It can be specified by user. Default valueis 0.7 (code recommendation)

B = V1+ 2w. It can be specified by user. Default valueis 1.1 (code recommendation)
C=17-rm.
rm = Mo1/Mo>
Mo and Mo2 are end moments of column. Mo is numerically greater of both. Moi/Mo2
> () for single curvature bending and less than 0 for double curvature bending.
Code recommends that If vn is not known, C=0.7 may be used. Constantvalue of C can be
specified. Also, the program can calculate the factor C and rm based on Mo; and Mo>.
n = NEa/Acfea. this is the normalized normal force.

EN1992-1-1:2004
5.8.3.1(1)
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K7

% Design > Concrete Design Parameter > Concrete Design Code

Concrete Design Code @
Design Code : |Eurncode2:D4 j
MNational Annex : |Ita|\,r j
[~ Apply NTC [rTc2008 ~]
[~ Apply EC8:04 Capacity Design
Strut Angle for Shear Resistance : 43 Deq

Slenderness Limit
Lambda lim = 20%A*B*C/sart(n)

A 0.7 E: 1.1
C: 1 [v Calculate by Program

o 1
Moment Redistribution Factor for Beam :

i

Consider Shear Strength of Concrete for Checking
v wall [v Column,Brace

OK

[Figure 2.12] Concrete Design Code dialog box

2.2.2.3 Magnification of Moments

The slenderness ratio, A (as obtainedin 2.2.2.1) is compared to limiting slenderness ratio, Amin. If
P-A Analysis has not been performed and A > Amin, then the moments are magnified as per the
specifications of the code in order to account for the second order moments. If A < Amin or P-A
Analysis has been performed, then the specifications of the code are not used to magnify the
design moments.

EN 1992-1-1:2004 specifies the following two methods of moment magnification.
i Based on Nominal Stiffness
ii. Based on Nominal Curvature

midas Gen uses Nominal Curvature Method.

EN1992-1-1:2004
As per Nominal Curvature Method, the overall design moment, Mgq is computed as: 5.8.8.2(1)

Med = Moed + M2 (2.8)
where,
Mogd = 0.6 Moz + 0.4 Mo1 2 0.4 Moz

Thisisvalidonlyif notransverseload exists between supports. In casethe transverseload exists
between the supports, Moed = Mo2. Inthat case,itis recommended to perform P- A Analysis.
M2 = Ned X €2 M2 is the additional second order moment.
where,
e; = (1/r)lo?/c e2 is the deflection.
lois effective length as specified in Section 2.2.2.1.
¢ depends on curvature distribution, program uses ¢ = 10 as recommended by code.
The value of ¢ cannot be changed by user.
1/r=K: K¢ 1/ro Curvature
Kr = (nu-n)/(nu-nbal)  Correction factor for axial load
n = Ned/Acfcd  Relative axial force.

Ny = 1+W
W =0.105. (Recommended) Different value cannot be specified.
Nbal = 0.4 (Recommended) Different value cannot be specified.
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Ko=1 (Factor for accounting creep)
1/ro=€yd4/(0.45d)
Eyd = fyd/Es

The above calculations are performed for major and minor directions separately.
For the wall the magnificationis performed for in-plane bending. If designis also performed for
out-of-planebending, then the above check will also be performed for out-of-plane bending. The
choiceof design for out-of-plane bending can be specified in Input Additional Wall Data dialog
box.

2.2.3 Determination of the Eccentric Axial Load Capacity
The following procedureis followed to determine the eccentric load capacity of the column:
1. Calculatethe eccentricities of bi-axially loaded column:

€cy = | MEdz/NEd I

€cz = | MEdy/NEd I

e = |Med/Ned |
Angle of axis of bending =tan™| Ec,/Ec; |

Angle of rotation of neutral axis atthe ultimatelimitstateis determined by the program.

[Figure 2.13] Forces and Moments on a member w ith eccentric axial load
where,

Meq = ’Mé'dy + M%’dz

2. Calculatethe axialload capacity for concentric loading

Maximum Axial Compression

Nrd = (N.fcd)-(Ag-Ast) + fya.Ast (2.9)
where,

Nrais Axial load (compression) capacity for concentric loading
n is the factor for effective strength of concrete

Jea is design strength of concrete as mentioned in Section 2.1.3
Ag is the gross area of column A =b . h

Aseis the total area of steel in column.

Jva is design yield strength of steel as mentioned in Section 2.1.3

Maximum Axial Tension
Nrdt = 'fyd . Ast (210)
where,

Nraris Axial Load (Tension) Capacity for concentric loading
Jfra design yield strength of steel
Ayeis the area of steel

3. Compute capacity of concrete stress block.

Height of compression zone

X is the height of the compression zone. For the firsttrial, the balanced failureis assumed hence
X=Cp.

b= ——d Ay (2.11)

Ecu+ Es
where,

cp is the depth of neutral axis for section failing in balanced condition
d is the distance of extreme compression fiber from farthest reinforcement
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Neutral Axis

[Figure 2.14] Stress strain distribution in concrete column w ith eccentric axial load

Effective height of compression zone
a=L.XAst (2.12)
where,

Ais the factor for effective height of compression zone.
Acomis the effective area of concrete in compression. Itis calculated based on a.

Compression Force in Concrete
Cc =N X fcd X Acom Ast (213)

Moment due to compression force

,\/IRdCy= Cc . Dccz (2.14)
MRgdcz = Ce . DCcy (2.15)
where,

Dcey is distance of centroid of compression zone from geometric center of

section along y-axis
Dce: is distance of centroid of compression zone from geometric center of

section along z-axis

4. Compute capacity of reinforcement
Fsiis force of the i" reinforcement
Fsi = Asi. fsi (2.16)
where,

fei is stress in the i'" reinforcement
_ 8SE.5‘ (85‘ = gyd)

’ S (E,>8,)

where,
&siis strain in the i reinforcement
At the extreme compression fiber of concrete, strain equal to ec is
assumed. Then the strain is calculated at the center of reinforcement
assuming a linear stress strain distribution as shown in Figure 2.14.
Ayiis the area of the i rebar

Moment due to force in rebar
i. About the element local y-axes

Mgdnyi = FsiX dzi (2.17)
ii. About the element local z-axes
MRdnzi = Fsi X dyi (2.18)
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where,
d.iis distance of i'" reinforcement from the geometric center of the section
in the element local z-axis (asshown in Figure 2.14)
dyiis distance of i'" reinforcement from the geometric center of the section
in the element local y-axis (as shown in Figure 2.14)

Cumulative axial force and moment resistance
Axial forceand the moment due to all therebars arecalculated as follows:
Ns = 2 (Fsi)
Mgrdny = Z (MRdnyi)
Mgrdnz =2 (MRdnzi)

5. Compute capacity (Nrd,Mrd) of the section

Nrd =Cc+Ns dyi (2.19)
Mgdy = MRrdcy + MRrdny

MRgdz = MRrdcz + MRdn:z

Mgd = M;dy + M}%dz
6. Compare the eccentricity with the actual eccentricity
Eccentricity
ec = MRd/Nrd
Actual eccentricity
e = Med/Ned

If ec = e, then X is the height of the compression zone. For the first trial ec = ep (balanced
eccentricity).

Otherwise new depth is assumed.

Then new valueof X is assumed as follow:

e < ep, then sectionis compression controlled and larger valueof xis assumed.

e >ep, then sectionis tension controlled and smaller valueofx is assumed.

Case 1: ¢ < ¢, Case 2: ¢ > g,

M>M, M
M . &
il Ci | S En |

ﬂ#ﬁﬂﬂff :
C30, £, <E I.= j1 CLCy —+E > & — f= j}_
Compression Failure T'ension Failure

[Figure 2.15] Comparison of Tension Controlled and Compression Controlled Column

7. Check P-M Curve
The P-M curve is generated for a fixed angle of rotation of neutral axis.
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Pure
compression

Balanced
failure

Pure
tension T [ | |  ATTTTTTT

Pure compression, point (@)

B=nf (4 -4+ 4.1,
[Figure 2.16] 2D PM Interaction Curve

3D PM Curve is generated by changing the angle of rotation of neutral axis as follows:

M-N Interaction Curve Dialog \EI
Unit: kN, m
Member No.
N 389 -
Section Type : RT
Hec = 0.7000
Bc= 0.6000

6-3P25
PM Curve Result :

MN_Rdmax =  21299.2
N_Ed = 254.606
N_Rd=  337.3589
RatM = 0.7547
M_Ed= 373.618
M_Rd = 506.228

Rat-M = 0.7380
Rat-My = 0.7523
Rat-Mz = 0.7313
- Eccentridity:  m

M EdN_Ed =  1.46744

Rotation : Deg.
M_Edz/M_Edy 54.966

M T Mz

Close

[Figure 2.17] 3D PM Interaction Curve

The output is given in the form of 2-D P-M Interaction Curve as well as 3-D P-M-M Interaction
Curve.
Check the ratio

The following ratios are checked to verify the capacity of the axially loaded member
(wall/column):

N
—£d 4
AI\/;Rd
—£d 1
Mpq
MEdy <1
MRdy B
Edz <1
MRdZ h

where,
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CHAPTER 2. RC Design Algorithm

MEa : Design bending moment is chosen for the load combinations which are available as per
2.1.5.

Mgra: Moment Capacity of the section.

Depending on the ratio, the results aredisplayed in various formats box as mentioned in Section
2.4.

2.2.4 Design Criteriafor Rebars

To choose the size of the rebars that should be used for providing the reinforcement, the
specifications can be provided in Design criteria for rebars dialogbox as shownin Section 2.1.3.

The stirrup data canalso bespecifiedinthis dialog box.
Data can be specified for both wall and column design.

For wall design the End rebar design method and the spacingofthe end rebar can be specifiedin
Input Additional Wall Data dialoghboxas shown below:

¢+ Design > Concrete Design Parameter > Modify Column Rebar Data
Input Additional Wall Data =]

v Desian of Dut-of-plane Bending:

Spacing of Wall Rebars

Spacding of Vertical Rebars ; | @100, @150, @200, @300, @400 Space...
Spacing of Horizontal Rebars : From 0.05 m

End Rebar Design Method
Not Used : " Method-1
Auto Calculation : " Method-2 {* Method-3 " Method-4

Spacing of End Rebar
End Rebar Q'ty = 4 End Rebar Q'ty =6 End Rebar Q'ty ==&

da da da
Ll LDhistl Ll Dist2 Ll L L lDist 3

Dist1: |0.3 m Dist2: |0.15 m Dist3: |0.1 m

OK | Cancel |

[Figure 2.18] Input Additional Wall Data dialog box

2.2.5 Concrete checking for columns & walls

Concrete Code Checking can be performed for column members & wall members as well. The rebar
data can be specified for axially loaded members and Ultimate Limit State and Serviceability Limit
State can be verified based on that rebar data.

2.2.5.1 Rebar Input for Column Checking

The rebar data for the column can be specified in Modify Column Rebar Data dialogbox as shown
below.
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<+ Design > Concrete Design Parameter > Modify Column Rebar Data

Medify Column Rebar Data

B

secT | Name | Bar | [~ Create Sub Section
106 C1 In
156 C1A In
206 C2 In Element List :
308 Cc3 -
206 ca ] | 45t 390by89 48t0393byE9 49t039
m Colunn/Brace Property
im do da
. 9
He
Rebar Data
4
) MNumbers P25
Main Rows 2
Corner r P25
¥ 2
] End(l &J) P10 200
Ties/ 4 2
Spirals 2
Canter(M) |—~ P10 0
z 2
Conarete Face to Center of Rebar(do) : 63.5 I
Type of Hoop Rebar : {* Ties {" Spirals
Elpetai Figure
End(I & 1) Center (M)
z z

]
1

=
N

Add/Replace | Delete | Close

[Figure 2.19] Modify Column Rebar Data dialog box

2.2.5.2 Rebar Input for Wall Checking

The rebar data for the wall can be specified in Modify Wall Rebar Data dialogbox as shown below.

%+ Design > Concrete Design Parameter > Modify Wall Rebar Data

Modify Wall Rebar Data [=23a]
Wall ID Wall Mark Start Story End Story Bar
1 W1 1F Roof =
2 w2 1F Roof -
3 w2 1F Roof -
4 w2 1IF Roof -
3 w1 1F Roof -
[ w2 1F Roof -
7 w2 1F Roof -
8 w1 F Roof -
[~ Create Sub Wall ID
Sstory:  [iF | ~ Jroof |
Rebar Data m Yall Property
vertical | P13 [@] 0 P i
—t—+—
Horizontal P13 d 0 t:@%
EESEEDCE
JU R B
BE Horizontal| P10 d 200 d WDt
Concrete Face to Center of Rebar(dw, de) : 00508  |0.0508 m
[¥ Use Model Thickness 0.000
Add/Replace | Delete | Close |

[Figure 2.20] Modify Wall Rebar Data dialog box

2.2.6 Design load combinations

The specificationsin Section 2.1.5 areapplied.

0027
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2.3 Design for Shear

2.3.1 Requirements
Shear resistance of the section (Vra) should be greater than the design shear force for the section
(Ved).
To satisfy Limitstate of Shear Resistancethe following condition should be met:
Ved<VRrd

2.3.2 Calculation of Shear Resistance (Vxg)
If Vea is smaller than the shear resistance of concrete, then shear reinforcement is not required

and shearresistanceis calculated by concrete only. If design shear force exceeds shear resistance
calculated fromconcrete then the shearresistanceis calculated by shear reinforcement only.

Calculate VR,

ot

y

Shear Reinforcement required. Shear Reinforcement not required.
Calculate VRra,s VRd = VRd,c
VRd = VRd.s VRd = VRd.s

[Figure 2.21] Flow chart to calculate Vrqg

2.3.2.1 Members not requiring design shear reinforcement

In member for which Veq<Vrd,, no shear reinforcement is required. In those members the program
provides the minimum specified shear reinforcementas per Section 4.1.2 and 4.2.2.

For suchsections, the shear resistance
VRd = VRd,c dyi (2.20)

For calculating the design shear resistance of concrete, larger of the following two values is
adopted:

Vea,c = [CRd,ck (100p, fox )1/3 + klo-cp]bwd (2.21)
Veae = [0.035 k3% £1/2 + ky0,] b,d (2.22)
where,
Crac=0.18/y.

k=1+ /200/d <2.0
p1 = Asi/(bwd) <0.02
0cp = NEa/Ac, In beam design, ocp is applied as zero since axial force is not
considered.
ki=0.15
Aq is the area of the tensile reinforcement, which extends > (lpg + d) beyond the section

considered. For beam section, program considers Ay as the area of the tensile reinforcement provided. For
columnsections, the Aqis used as the Ast/2i.e half of the area ofthe longitudinal reinforcement.

2.3.2.2 Members requiring design shearreinforcement

For the members for which the design shear force exceeds the shear resistance provided by
concrete, the shearresistanceis calculated as the resistance provided by shear reinforcement.

VRd = VRd,s + Veed + Vid d (2.23)
where,

Veed :shear component of the force in the compression area, in the case of inclined compression

chord.

Via : shear component of the force in the tensile reinforcement, in the case of inclined tensile chord.

EN1992-1-1:2004
6.2.2(1)

EN1992-1-1:2004
6.2.1(2)
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[Figure 2.22] Shear component for members w ith inclined chords

Since, inclined chord is not considered therefore the shear resistance is calculated using shear
reinforcement only.

VRd = VRd,s (2.24)

Design of shear reinforcement is based on truss model as specifiedin Section 6.2.3 of EN 1992-1-
1:2004

V(cot 8- coter)

. :
j £ i : < _7
. * ‘ 7 N | wM
9 | — ~%1z= 094 ‘ﬁ
N/ - v Yazy o %4
H » | I
§ s

Fa

s
- compression chord, - struts, - tensile chord, IE[ - shear reinforcement
[Figure 2.23] Truss model and notation for shear reinforced members

@ is the angle between the concrete compression strutand the beam axis perpendicular to the
shearforce. a is the angle between shear reinforcement and the beam axis perpendicular to the
shear force. The program provides the shear reinforcement perpendicul ar to the beam axis.So, a
= 90°. Any other value of a cannot be specified by the user.

6 can be specified by user in Concrete Design Code dialogbox as explained below:

7

% Design > Concrete Design Parameters > Design Code ...

Concrete Design Code @
Design Code : |Eurocode2:04 ﬂ
Mational Annex : |F‘.ecommended ﬂ
r |nrezo08 |
[~ Apply EC8:04 Capadty Design
Iih'ut Angle for Shear Resistance : | 45 Deg I

[Figuré '2.”24] Concrete Code Design dialog box

Shear resistance of members with shear reinforcement can be calculated depending on the type
of shear reinforcement as specified in the table below.

[Table 2.3] Vrgsand Vrd,max, Asw,max

Parameter Formula Remarks
VRds Agy, (0.94d) fywa A is cross-sectional area of the shear reinforcement.
s cotd s is the spacing of stirrups.
fywa is designyield strength of the shearreinforcement.
VRl max M Aoy U \y/ is Strength reduction factor for concrete crackedin shear. AP,
cot§ +tang VW ! ! : 6.2.3(4)
a.w is Coefficient taking account of the state of the stressin
Aswmax 05a.,v1fcad S the compression chord. acw is always applied as 1.0 in beam EN1992-1-1:2004
’ design. 6.2.3(3)
filwd o

Using, Vrd,s = VEd, Spacing s of the shear reinforcement is calculated.
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VRd,max is the design value of the maximum shear force which can be s
limited by crushing of the compression struts.
Asw/s is calculated and compared with Aswmax/s.

[Table 2.4(a)] Strength reduction factor for concrete crackedinshear, v

ustained by the member,

fywd< 0.8fywk
National Annex fywa 0.8fywk
fok< 60MPa fok> 60MPa
Jex .
0.6/ 1 —=—~ 0.9— 2k > 0.5
Recommended ( 250 0.6 200>
R - >
. fu 0.54(1-0.5 cosa) (0.84-f/200)(1-0.5 cosa) =
Singapore 0.6/ 1-— 0.5
250 =0.54
= (0.84-f/200) > 0.5

[Table 2.4(b)] Strength reduction factor for concrete cracked in shear, v1

0.5 fcq <0cp < 1.0fcq 2.5(1-0cp/fed)

fywa> 0.8fywk fywa< 0.8fywk
National Annex
fec< 70MPa fo>70MPa fek< 60MPa fo > 60MPa
f Jek
k 0.9 — =<~
Italy 0.5 0.7] 1—= 0.7 200
250 —0.85 >0.5
[Table 2.5] Recommended values of Coefficient olew
Condition ew
0<0cp S 0.25fcd 1+0cp/fcd
0.25 fcd <0'cp < 0.5fcd 1.25

ocp: The mean compressive stress, measured positive, in the concrete due to the design axial force. In

beam design, o.p is applied as zero since axial force is not consider

2.3.3 Design Criteriafor Rebars

red.

Size of the rebar to be used for providing the shear reinforcement can be specified in Design
Criteria for Rebars dialog box. The number of legs to be used for shear reinforcement can also

be specified.

7
EX4

Design>Concrete Design Parameter> Design Criteria for Rebar...

Design Criteria for Rebars

For Beam Design

-

=5

Rebar...

Main Rebar ~2U,F
| stirrups : P10 | Arrangement : |2 |
Side Bar : |P12 =~

do

)53 mm

dT 55 mm dB 55 mm

[ Consider Spadng Limit for Main Rebar

Spliced Bars : f* Mome  50% © 100%
For Column Design
Main Rehar : |P25,P32 Rebar...
Ties/Spirals : |P10 bl Arrangement : ¥: Iil

[Figure 2.25] Design Criteria for Rebars dialog box
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2.3.4 Shear in Concrete Code Checking

When Beam Checking or Column checkingis performed, then checks for shear arealso applied. The
data for the transverse reinforcement can be specified in the program. The data can be specified in
Modify Beam Rebar Data, Modify Column Rebar Data and Modify Wall Rebar Data dialog box. Refer
tosection2.1.4.1,2.2.5.1and 2.2.5.2 for the usage of these dialog boxes. The program allows the user
to specify rebarsize, rebarspacing and the number of legs for stirrup.

For beams thedata can bespecified for i-end, j-end andthe middle section.

For columns thesame data can bespecified for the two ends of the member and differentdata can
be specified for center of the column.

2.3.5 Design Load Combinations
The specifications of section2.1.5 are applied.

In casethe shear reinforcement is required, the governing Load combination for shear design is
not decided on the basis of the magnitude of the shear force. The governing load combination is
decided on the basis of the ratio of the shear forceand shear capacity.

Now, if there aretwo shear forces Veq1 and Veq2 such that Veq1>Ved2. Vra,s (Shear Strength provided
by steel) and Vrd,c (Shear Strength provided by concrete) will becalculated. If Ved1/Vra,s is less than
the Ved2/Vrd,c, then Veqz will be governingload combination for sheardesign, even if Vegz is smaller
of the two shear forces.

2.4 Verification of Design/Check Results

midas Gen provides the results of design/checkinvarious formats. The following design outputs
areavailable.

2.4.1 Design Result Dialog Box

The design results can be checked in Beam Design Result Dialog/Column Design Result Dialog/
Wall Design Result Dialog box as shown below.

s+ Design > Concrete Code Design >Beam Design...

Eurocode2:04 RC-Beam Design Result Dislog el & ==
Code : Eurocode2:04 Unt: N, mm Primary Sorting Option
cortedy (. Member = 2
ortedbY & property
MEMB Section fck .
SE PO| NG | LC P(+) | LC LG !
SECT L Bc | He fyk s | wedl| B xd | AsTop Rebar W_Ed| B x/d AsBot Rebar V_Ed ) Asw Stirrup
Span of | nf [ fw
0 Gl 300000 | |1.0E+08] 7| 043 | 43168 8820 | 23E+08| 3| 008 | 84511 P20 436322 7| 22380 | 2PI0@70
411 | [~ [4s0.0[700.0] soo.000 w [40e+08] 7| 042 | 1s33s P20 77E+08| 6| 026 | 33023 7-p2s 345950( 7 [ 17376 | 2-P10 @90
10200 0.000[0.000| 400.000| J [10E+08[ 3| o1 | ¢854a 73F25 | 226+08| 7| 008 | 84101 P20 434416 3 | 22027 | 2P0 @70
0 G2 300000 1 [33e+08] 7| 0.1 | 12%3 4P20 41E+07| 11| o008 | 38859 2-F20 163510 7 [ 809.80 [ 2-Pro @190 ||
412 | [~ [400.0[7000] 500000 W [s8£+07| 3| 008 | 38358 220 10E+08| 7| 008 | 38859 2.P20 123126| 3 | 609.80 | 2-P10 @250
7200.0 0.000[0.000| 400.000| J |3e6E+08] 3| 042 | 13868 325 26E+07| 13| 0.8 | 38859 2720 173040] 3 [ 857.00 [ 2Pl @180
0 G 30.0000[ | [&36+08] 6| 0.11 | 20504 7-P20 206+08] 2| 047 | 67326 P20 305920[ 6 [1311.7[ 2P10 @110
413 | [~ [eo0.0[a00.0] soo.000| W [1.3e+08[ 10| 0.07 | 67326 3P20 356+08] 2| 007 | 11240 4P20 230705 2| 88523 | 2-P10 @150
9000.0 0.000[0.000] 400.000] J [7.46+08] 2| 042 | 24689 8-P20 21E+08] 6| 0.7 | 683.56 P20 318334] 2 [1365.0 [ 2P10 @110
0 Ge 300000 | |3.E+08] 6| 0.08 | 10190 ap20 19E+08| 2| 006 | 60559 2720 156363| 6 | 670.46 | 2-P10 @230
414 | [~ [so0.0[e00.0] so0.000[ w [s.0e+07| 12| 0.6 | 56108 2-P20 236+08) 3| 007 | 7222 P20 113347 2 | 547.72 [ 2-P10 @280
9000.0 0.000[0.000[ 400.000| J [3E+08] 2| 008 | 10178 ap20 85E+07| 12| 006 | 561.05 2720 169623| 2| 727.32| 2-Pl0 @210
0 B1 300000 1 [3.86+08] 6| 0.23 [ 19254 4-P25 186+03| 2| 042 | 81959 P20 220673 6| 12934 | 2P0 @120
415 | [~ [3000[6000] 500000 M [35E+07| 3| 010 | 24626 2-P20 28E:08] 2| 018 | 13089 P28 155286 6 | 910.18 | 2-P10 @170
9000.0 0.000[0.000| 400.000| J [37es08] 2| 0.23 | 18484 51-P20 | 17E+08] 6| 042 | 78216 P20 218476 3| 1288.4 | 2-P10 @120
I™ Connect Model View Reesult View Option
SelectAl | UnselectAl | Recdldaton | G Ml ok Cne
wahic_| | sy <]
Option for Detail Print Position Update Rebar Copy Table
e I n Close

[Figure 2.26] Beam Design Result dialog box

Similarly, thedesign results can be checked for column and walls. Thedialog box for design results
of column members can be accessed from Design > Concrete Code Design > Column Design.
The dialogbox for designresults of wall can be accessed from Design > Concrete Code Design >
Wall Design.

2.4.2 Design/Check Reports
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The programprovides the results in the followingkind of report formats:

Graphic Report
ii. Detail Report
Summary Report

= | Preview Window
J No:415 & Print |§ Print Al | Close | H Sawe
1. Design Information
Design Code : Eurocode2:04 Unit System N, mm
Matenial Data : fok =30, fyk=500, fyw=400MPa
Sedtion Property  : B1(Ne:419) Beam Span 9000 mm
2_Section Diagram
Ero-n Dot [SE 3
£ T —w Eony
g g g
Ein B e 8 e
Tor: apes Tor: 2520 Tor: Be20 L4
soT: 320 sor: 3e2s sor: 320
amrRPe iz P10 @120 P T ) snRRUPe TR0 @120
3. Bending Moment Capacity
END-1 MID END-J
(-} Load Combination No. 5] 3 2
Moment (M_Ed) 381195334, 25 34999061 .16 368625857 . 29
Factored Strength (M_Rd) 413386354, 67 141850095, 28 396018617 .67
Check Ratio (M_EdiM_Rd) 0.59083 0. 2466 0.9308
Neutral Axis (x/d) 0.2344 0.1021 0.2266
(+) Load Combination No. 2 2 B
Moment (M_Ed) 181756459, 42 27838919110 173998613, 38
Factored Strength (M_Rd) 209455406, 56 318621526, 40 209455406, 55
Check Ratio (M_Ed/M_Rd) 0.8673 0.8737 0.8307 -
< . | r
[Figure 2.27] Graphic Report for Beam Design
5 MIDAS Tt Echtor - [Untited s FoFerTE) | (5 waas e stos - (wttted.scs] [E=3x5n~==]
(5 fe fdt Yew Window beip - & % | (5 e Bt ew Bindow bep e x
DEHSRE I BA = MA o AR AA GBS DCUSRE RS AA [0 B4R e E O
T T e B SE it G - Fi-Goon Deslan | Furocose? 04 | o 2014 -
+-nids: B — AC-BEMH dns el ses a0 Progros :"’j (1. Seurch for reutral wis Wit: K,
Z'&"E@m Gl TS - s LCCEN S L L S
e e Ly EAERBAEEE TRAR RS WY
+-[ESCRIPTION (F BEM DA (L d11) : o i 15 LI U TEEN B ZiSie 61 -1z B
i Gt 0., i b S e RE s SRR g
o0 Wi 6) | i onoAm el mliaer ag
MJ:’E(E‘SIE‘S‘ Lkiﬁ:j - Eg 121 B-th 62910 3B0%3 12 573U Sh FsiEiel 5.8
Bl il i i R ARl el SahmEe Wi
m.ki!:‘m firee 8o O s i BN ERE TRIREN 2%
r Far v 105345 LuE- 7 B«: - ﬁc - % % L{
* REINFORCERENT PATTERN 133 72) + Cosld oc)-l?NZ\QZZJSGNn
Caation 1 @) Febar R i) 12 3. gk raic o et ot et orcs
T U mm 3em umemm e TSR S0 < LI e 0k
Bot tom 2 B 000 2PN e 200 nsy (). Check ratio of neutra) miiz deth to effect(ve denth,
Stirnes ¢ Il i%‘é o T
TLIS111 AWALYZE POSITIVE GERDING WRENT CAPRCITY . WCTTIC TR =TT L 2 ) .
). Bt o oot s O TR e
ST g e I RSAR
: (e g 5 B, I B
- e+ fek / Gamme, 3 150 for meo\ or Bamuw)(esl
o f)k 2 g:lu’mmﬂ or hr(lm.nkzil ::; wwn_s * 783
(). Check are of tags | 12 relnforcement. (Rectanau/ar-beam), o "sﬁéfﬁoéi‘mm"m' W“’"““ o)
e PRETT lé a8, o mu-tm \ - 41630 w2
A gt oot |88 i = r
0754, Call i Raay 00724, Call A

[Figure 2.28] Detailed Report for Beam Design
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P2 MIDAS/ Text Editor - [Untitled.res] B2
[t File Edit View Window Help [ x
Ded&k B B2 @ A a A A FER PR TNER T

| TRET j
loo18a * MEMB = 10, SECT = 411 (G1, RECT), Span = 10.2000 =
00138 *.Bc 0.4500, He 0.7000

lno190 % fok 30000.0, fyk 500000, fyw = 400000 =
100191

00192 POS CHK | N-M Ed( LCB) RAsTop Rebar | P-M Ed{ LCB) AsBot Rebar | V_Ed{ LCB) Rsw  Stirrups

100153

00134 I OK | 375.841( 2) 0.0049 10-P25 | 47.4562( 3) 0.0009 3-P20 | 187.713( 2) 0.0022 2-P10 E70

00185 M OK | 0.00000( 13) 0.00068 2-P20 | 310.828( 2) 0.0034 7-P25 | 134.243( 2) 0.0020 2-P10 @80

00198 J OK | 346.5B86( 2) 0.0049 10-P25 | €3.1686( T7) 0.0009 3-P20 | 182.375( 2) 0.0022 2-P10 E70

00187

100192

00195

lon200 + MEMB = 11, SECT = 412 (G2, RECT), Span = 7.20000

jooza1 *.Bc 0.4000, Ho 0.7000

0202 +.fck = 30000.0, £yk 500000, £yw = 400000

00203

00204  POS CHE | N-M Ed( LCB) AsTop Rebar | E-M Ed({ LCB) AsBot Rebar | V_Ed( LCB) Bsw  Stirrups

100205

00206 I OK | 183.388( 9) 0.0015 3-P25 | 22.2076( 11) 0.0006& 2-P20 | 99.0871( 7) 0.0009 2-P10 @180

nozo7 M OK | 39.3944( 11) 0.000& 2-P20 | 43.9243( 2) 0.0006 2-P20 | 68.0898( 3) 0.0006 2-P10 @260

00208 J OK | 185.128( 5) 0.0015 3-P25 | 21.6764( 13) 0.00068 2-P20 | 99.6170( 3) 0.0009 2-P10 @180

100209

100210

100211

00212 12, SECT 412 (62, RECT), Span = 7.20000

0213 0.4000, He 0.7000

00214 %.fck = 30000.0, fyk = 500000, fyw = 400000

00215

00216 POS CHK | N-M Ed({ LCB) RAsTop Rebar | P-M Ed{ LCB) AsBot Rebar | V_Ed{ LCB) Rsw Stirrups

00217

00218 I OK | 297.775( 7) 0.0015 3-P25 | 1.09638( 11) 0.00068 2-P20 | 156.981( 7) 0.0009 2-P10 @180

00218 M OK | 49.6797( 5) 0.0006 2-P20 | 64.3412( &) 0.0006 2-P20 | 95.4280( 8) 0.0006 2-F10 @260

00220 J OK | 298.241( 3) 0.0015 3-P25 | 0.96975( 13) 0.0006 2-P20 | 157.110( 3) 0.0009 2-P10 @180

100221

bozzz . 5

100223

00224 midas Gen - RC-Beam Design [ Eurccode2:04 ] Gen 2014

Ln0 /3527, Col1

NUM

[Figure 2.29] Summary Report for Beam Design
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Chapter 2.3 RC Design Algorithm: EN1992-1-1:2004

Serviceability Limit State

The serviceability limitstateis verified only when we perform Concrete Code Check. Itis not verified
when Concrete Code Designis performed.

3.1 Serviceability Type Load Combination

Theload combinations specified as Serviceability in the Concrete Design Tab of Load Combinations
dialogbox will be used for serviceability limit state check. The program supports the auto generation of
the load combinations as per EN1990:2002.

3.1.1 Definition of Short Term and Long Term Load

For the purpose of crack control, the Load Cases need to be specified as either short term load or
longterm load.

Depending on the type of the load case, the program classifies the load cases automatically.
Information regarding the classification of load cases can be viewed /modified in Short/Long term
Load Case dialogbox as shown below.

[Table 3.1] Classification of load based on duration

Type of load Description

Long term Ifthe load caseis anyofthe followingtypes,itis classifiedas longterm:
D: Dead Load
L: Live Load.

LR: Roof Live Load.
IL: Live Load Impact

Short term Ifthe type of load caseis other than specified above, then itwill be
classified as shortterm load case

KD

<+ Design> General Design Parameter > Short/Long term Load Case

Short/Long term Load Case

Long-term

Short-term

X5

DL W
LL ﬂ E
EVT
IL j s
R

™
4 T

2

oK I Close

[Figure 3.1] Short/Long term Load Case dialog box

If aload combination consists of any of the shortterm load casethen the load combination will be
classified as shortterm type. Otherwise it will beclassified as long term type.

3.1.2 Classification of Serviceability type Load Combinations
EN 1990:2002 classifies the serviceability type load combinations in following three types:
i. Quasi-Permanent
ii. Frequent
iii. Characteristic
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The load combinations thatareauto generated areautomatically classified in the above types. The
information regarding the classification of the load combinations can be viewed/modified in
Serviceability Load Combination Type dialogboxas shown below.

*» Design> General Design Parameter > Serviceability Load Combination Type

Serviceability Load Combination Type @
Serviceability Quasi-permanent
cLCE29
| |acB30
<]
Frequent
L CE23 -
| |dcB24 =
cLCE25
< | [2E= <
4 L 3
Characteristic
dCB14 -
-= L CE15
dCB1o
< | |acBz 48
4 1 +

[Figure 3.2] Serviceability Load Combination Type dialog box

3.2 Serviceability Parameters

Various parameters should be specified for performing the serviceability limit state check. The
default parameters are known to the program. Depending on the national annex selected in
Concrete Design Code dialog box, the parameters are automatically updated. The parameters can
be viewed/modified in the program.

R

% Design> General Design Parameter > Serviceability Parameters
Tree Menu a

General | Stee Concrete|SRC

|Serviceabi|ity Parameters j J

Option
e Add/Replace " Delete

Selection Type
Al {+ By Selection

Exposure Class

Class:  |xD1 A

Stress Parameters

k1: 0.6 k2: 0.45
k3: 0.8 k4: 0.9

Crack Control
-

0
[~ Frequent
0.0004

[v Quasi-permanent

Limit : 0.0003 o

Quasi-permanent Deflection Cirl
{" L {500

+ L /250

" User: L/ 250

Characteristic Deflection Control
Limit: LjJ 250

Deflection Amplification Factor
[ 1

Apply Cloze

[Figure 3.3] Serviceability Parameters dialog box
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3.3 Stress Limitation

The compressivestress in concreteshould be limited to avoid:

i. formation of micro-cracks which mightreduce durability

ii. excessivecreep
The programapplies thestress checks for both situations. Thefirststepinapplyingthestress check
is to determine whether the section is cracked or uncracked for the applicable load cases. The
sectionis uncrackedifthe followingcriteriais fulfilled:

oc (tension) < oca (tension)
where,
oc (tension) = My Zpar /Ly, stress in extreme tension fiber
M, is the bending moment for a load combination.
Zparis the distance of Neutral Axis from extreme tension fiber.
Ly is the moment of inertia.

lyy and Zpar are calculated assuming elastic behavior of concrete in an uncracked transformed
EN1992-1-1:2004

section. 3.1.8(1)

Oca(tension) = max [fetm , (1.6-h/1000)fctm] (3.1)

[Table 3.2] Mean Value of Axial Tensile Stre ngth, fcm EN1992-1-1:2004
Condition e Table 3.1
<C50/60 0.30f?
> C50/60 2.12 In(1+(fem/10))

For column members oc(tension)is calculated consideringtheaxial load and the biaxial bending:
3. (tension) = Pu/Ac+ (Muy Zbar)/'yy"' (Muz Ybar) /122 (3.2)

If oc (tension) 2 oca (tension), then the sectionis cracked. For cracked sections, the program updates
the section properties for stress check.

3.3.1 Stress Verification to avoid micro cracking

EN 1992-1-1:2004 specifies “Longitudinal cracks may occur if the stress level under the characteristic =~ EN1992-1-1:2004
combination of loads exceeds a critical value. In the absence of other measures it may be appropriate  7-2(2)

to limit the compressive stress to avalue kifck in areas exposed to environments of exposure classes EN1992-1-1:2004
XD, XF and XS” and “Unacceptable cracking or deformation may be assumed to be avoided if, under 7 3(s)

the characteristic combination of loads, the tensile stress in the reinforcement does not exceed ksfy”.

Therefore, to fulfill these two specification, program applies the stress check for both reinforcement

as well as concrete.

The stress verification is performed for characteristic type of serviceability load combinations. After

determining that whether the section is cracked or not, the appropriate method is applied as

explained below:

3.3.1.1 Un-cracked Sections

Inorder to satisfy thestress check for concrete, the followingcriteria should be met:
oc (Comp.) £ 6ca(Comp.)

The stress is calculated atthe extreme compression fiber of the section.

oc (Comp.) = Mu*(H-Zvar)/lyy (3.3)
where,
M, is the bending moment for a load combination.
(H-Zpar) is the distance of Neutral Axis from extreme compression fiber.
1,y is the moment of inertia.

lyy and Zpar are calculated assuming elastic behavior of concrete in an uncracked transformed
section.
For column members o (Comp) is calculated consideringthe axialload and thebiaxial bending:
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Oc¢ (Comp.) = Pu/Ac+ Muy (H'Zbar) /|yy+ Mu: (B'Ybar) /lzz (3-4)
where,
H is the whole depth of cross-section along z-axis.
B is the whole width of cross-section along y-axis.

The limitingvalueofthe stressinconcreteis calculated as:
Oca (Comp) = klfck (35)

kicanbe specifiedinServiceability Parameters. The followingvalues areautomatically adopted:

[Table 3.3] Coefficient ki~ ka

k1 k2 k3 ka

Recommended 0.6 0.45 0.8 1.0
Italy 0.6 0.45 0.8 0.9
Singapore 0.6 0.45 0.8 1.0

The parameter ks is not used by the program.

Inorder to satisfy thestress check for reinforcement, the followingcriteria should be met:

Os < Osa
Stress inreinforcement is calculated as below:
0s = Mu*(d-zbar)*n/lyy (3.6)
nis the Long term ratio of modulus of Elasticity.
The limitingvalue of the stress in the reinforcement is calculated as:
0Osa = kafyk (3.7)
ks canbe specifiedin Serviceability Parameters as defined in Section 3.2.
For column members, the check is applied only for concrete. The stress in reinforcement is not
checked.

3.3.1.2 Cracked Sections

The stresses arecalculated for various load cases using the suitable modular ratio and then they are
added to get the stresses dueto the particularload combination.
The following components are used:
1. Dead Load Cases
Oc¢D = Mu_D*Zbar/lyy
05,0 = My_D *(d-zpar)*n/ler  (Long term ratiois used)
2. Liveload Cases
Oc,L = Mu_L*Zbar/lyy
05 = My_L *(d-zbar)*n/ler  (Long term ratiois used)
3. Other Load Cases
Oce = Mu_E*zbar/lyy
05t = My_E *(d-zbar)*n/ler (Short term ratiois used)
where,
M,_D is the bending moment for a load combination.
(Zpar) is the distance of Neutral Axis from extreme compression fiber.
Ier is the moment of inertia.

ler and Zpar are calculated assuming elastic behavior of concrete in a cracked transformed section.
The neutral axis islocated by equating moment of areas.Then the I is calculated aboutthe neutral
axis.

Then the stressin concrete arecalculated as:
Oc=0¢,D +0c,L+0cE
Os=0s,p +Os L+ Os ¢ EN1992-1-1:2004
7.2(3)
For concrete, oc < k1 x fek
For steel, 0s < k3 x fyk
Ifa column members is cracked, then this procedureis not carried outfor it.
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3.3.2 Check for linear Creep

EN 1992-1-1:2004 specifies “If the stress in the concrete under the quasi-permanent loads is less
than kxfe, linear creep may be assumed. If the stress in concrete exceeds kxfck, non-linear creep
should be considered. ” After determining whether the section is cracked or not under quasi-
permanent load combinations, the appropriate method is applied as explained below:

3.3.2.1 Uncracked Sections

Method specified in 3.3.1.1 is used to calculate the compressive stress and the allowable
compressivestress.

Quasi-Permanent type of combinations areused.

The allowablestress is calculated as oca (comp.) = k2 x fek.

If oc (comp.) £ 6ca(comp.) and os (comp.) < osa(comp.) then linear creep may be assumed.

3.3.2.2 Cracked sections

Method specified in 3.3.1.1 is used to calculate the compressive stress and the allowable
compressivestress.

Quasi-Permanent Type of combinations areused.

The allowablestress is calculated as oca (comp.) = k2 x fek.

If oc (comp.) £ 0ca(comp.) and os (comp.) < gsa(comp.) then linear creep may be assumed.

Ifthe column member are cracked, then this procedure is not carried outfor them.

3.4 Crack width

For beam sections, crackingshall belimited to satisfy the following condition.

Crack width, wk < Crack width limit, wmax
Crack width is only calculated if the stress in concrete at the extreme tension fiber exceeds the
allowabletension stress.

3.4.1 Calculate crack widths
The crackwidthis calculated usingthefollowing formula:

Wi = Spmax (Esm —Ecm) (3.8)

1. Determine &€sm-Ecm

£ —¢ = >0.6 2 (3.9)
: E

where,

esm The mean strain in the reinforcement under the relevant combination ofloads, including
the effect of imposed deformations and taking into account the effects of tensile
stiffening.

eem The mean strain in the concrete between cracks.

os The stress in the tension reinforcement.

0e Es/Ecm.

k(A factor dependent on duration of the load.

[Table 3.4] Factor k:
Condition k¢
Short term loading 0.6
Long term loading 04

As +§12Ap ' _ A

2 (3.10)
Ac,e]f Ac,ejf

pp,eff =

EN1992-1-1:2004

7.3.4(1)

EN1992-1-1:2004

7.3.4(2)
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Ap’: The area of pre or post-tensioned. Since the tendon is not considered in program, Ay’ =0.
Acefr: The effective area of concretein tension, by x he.ef.

8 h—-x h
he,err = min [Z-S(h —d), Tx;] (3.11)
] 4
R ‘
- !,:’fszzo
nl d /i
Frrrrssr / ' - level of steel centroid
1T° AT A
crre .t /o - effective tension area, Acern
! B
1

[Figure 3.5] Calculation of Effective tension area

2. Determine S;max
The maximum crack spacing, srmaxis calculated as shownin the table below.

kl k2 k4¢

= k3c b (3.12) EN1992-1-1:2004

7.3.4(2)

SV .max

Pp.afr
where,
¢ is bar diameter. In case different sizes are used, geq sShould be calculated as:
by = M’ + Ny
My + Ny,
The program uses the ¢ of the outer layer.
c is cover to the longitudinal reinforcement.
ki: A coefficient accounting the bond properties of rebar (0.8 for high bond bars)
k> : Coefficient accounting for distribution ofstrain. (0.5 for bending)
k3 : 3.4 (recommended values)
ks:0.425(recommended values)
These values can’tbe changed.

3.4.2 Limiting Crack Width, w,,.,
For reinforced members without prestressingtendon, limiting values of crack width, wmax, aregiven
inthe table below.

[Table 3.5] Limiting Crack Width, W max
Exposure Serviceability Load combination Type

Class Quasi-Permanent Frequent Characteristic

X0 0.4 User defined
XC1
XC2 0.3
XC3
XC4
XD1 0.3
XD2
XD3
XS1 0.3
XS2
XS3
XF1* Not Checked
XF2*
XF3*
XF4*
XA2*
XA3*

Not Checked
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3.4.2.1 Exposure Class
Exposure classcanbespecifiedin Serviceability Parameters as mentioned in Section 3.2.

3.5 Deflection Check

EN 1992-1-1:2004 specifies to apply deflection check for certain sections that do not meet the

depth/span ratio criteria. But midas Gen calculates the deflection for all the members and compares
the deflection with the allowablevalueirrespective of the span/depth ratio.

There is no deflection check for the complete structure. Deflection checkis applied for each member
separately.

Deflection verification is performed by comparing the relative deflection of the member to
deflection limit. Deflection is verified for Quasi-permanent and Characteristic load combinations.
The limitvalueis specified by the user in Serviceability Parameter dialogbox.

3.6 Verification of Results
The checking results can bechecked in various formats in midas Gen.

3.6.1 Check Result dialog box
The checking results can be checked in Beam Checking Result Dialog box as shown below.

s Design > Concrete Code Check > Beam Checking...

Eurocede2:04 RC-Beam Checking Result Dialog =] =2 =
Code : Eurocode2:04 Unt: N, mm Primary Sorting Option
cortedy  Member e © STEnGtn ¢ SECT & MEMB
OrtedBY - property S 2 Serviceability
MEMB Section fck Stress Control Deflection -
SE PO Crack Control
SECT| " [ B | He | fyk 5 | CHK Concrete Reinforcement Control
Span bfl hf fyw Top-s Top»ﬂ Bot-s | Bot-sa| Top-s Ta[}g Bots | Bot-sa| Top-w | Top-w | Botw | Botwa| Def Defa
366 G4 30.0000| | OK | 2.88775| 2.80647 | 0.24058 | 2.89647 | 30.3006| 400.000| 2.53088 | 400.000| 0.0376 | 0.3000 | 0.0030 | 0.3000
414 | [~ [s00.0]300.0] s00.000] W [ ok | 0.00000 0.00000] 1.48582| 2.89647  0.00000| 0.00000 | 15.6109] 400.000] 0.0000 [ 0.0000 [ 0.0214 | 0.3000 | 0.6243 | 36.000
5000.0 0.000{ 0.000| 400.000 0K [ 2.88825| 2.89847 ] 0.32663] 2.89647 | 30.3059| 400.000] 3.43613| 400.000 0.0351 | 0.3000 [ 0.0045 [ 0.3000

J

367 G4 30.0000 | | OK | 2.89492( 2 89647 | 0.31071| 2.89647 | 30 3758 | 400.000| 3.26874 | 400.000| 0.0352 | 0.3000 | 0.0043 | 0.3000

414 | [T [s00. DlBDDD 500.000 | W OK | 0.00000( 0.00000| 1.46162| 289647 | 0.00000 | 0.00000| 153567 | 400.000( 0.0000 | 0.0000 | 0.0211 | 0.3000 | 06042 | 36.000
J
|

2000.0 D.DDDlD.DOO 400.000 OK | 2.86882 | 2.89647 | 0.20980| 2.89647 | 30.1124| 400.000| 2.20717 | 400.000( 0.0381 | 0.3000 | 0.0026 | 0.3000
368 G4 30.0000 =C* | 7.23490( 18.0000| 0.52189| 2.89647 | 304.893  400.000| 5.48824 | 400.000( 0.3974 | 0.3000 | 0.0070 | 0.3000
414 | [T |s000 | 800.0( S00.000 | W OK | 0.00000( 0.00000| 2.49758| 2.89647 | 0.00000 | 0.00000| 26.2410 | 400.000| 0.0000 | 0.0000 | 0.0359 | 0.3000 | 1.4845 | 36.000

8000.0 0.000 | 0.000( 400.000 | J OK | 0.53498 | 2 89647 | 2.02508| 2 89647 | 561346 ( 400.000| 21.3041 | 400.000( 0.0063 | 03000 | 0.0281 | 0.3000

368 G4 30.0000 | | OK | 0.43612( 2.89647 | 2.10145| 289647 | 4 57611 | 400.000| 221075 | 400.000| 0.0051 | 0.3000 | 0.0302 | 0.3000

414 | [T [s00. Dl 800.0| 500.000| M OK | 0.00000( 0.00000| 2.54270| 2 89647 | 0.00000 | 0.00000| 267151 | 400.000( 0.0000 | 0.0000 | 0.0365 | 0.3000 | 15235 | 36.000
9000.0 D.DDDl 0.000| 400.000 | ) *C* | 7.26267 | 18.0000 | 0.53704 | 2.89647 | 306.104 | 400.000 | 584978 | 400.000| 0.3999 | 0.3000 | 0.0072 | 0.3000

370 G4 30.0000 | | OK | 2.87485( 2.89647 | 0.27203| 2.89647 | 30.1653 | 400.000| 2.86178 | 400.000( 0.0369 | 0.3000 | 0.0034 | 0.3000

414 | [T |s000 | 800.0( 500.000 | W OK | 0.00000( 0.00000| 1.48739| 2.89647 | 0.00000 | 0.00000| 156273 | 400.000| 0.0000 | 0.0000 | 0.0214 | 0.3000 | 06256 | 36.000
8000.0 0.000 | 0.000( 400.000 | J OK | 2.85877 | 2.89647 | 0.30135| 2 89647 | 29 9965 400.000| 317022 | 400.000( 0.0358 | 03000 | 0.0041 | 0.3000

a7 [ annnnn| 1 | ni [ 2 aanaal 2 rera7 023772l 2 reraz [ an 2244 ann nnn | 2 esann [ annnanl nnras [ nannn [ nonar [ n2nnn

[~ Connect Model View Result View Option
selectAl | UncelectAl | Recdladaton | & a ok e

Graphic... | Detail... ‘ Summary... | << |
Option for Detail Print Position Copy Table
W endl. [~ Md. [ Endl. Close

[Figure 3.6] Beam Checking Result dialog box

Similarly, the checking results can be checked for column sections and walls. The dialog box for
checking results of column members can be accessed from Design > Concrete Code Check > Column

Checking. The dialog box for checking results of walls can be accessed from Design > Concrete
Code Check > Wall Checking.

3.6.2 Design/Check Reports
The program provides the results in the following kind of report formats:
i. Graphic Report
ii. Detail Report
iii. Summary Report
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[Figure 3.7] Graphic Report for Beam Checking
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[Figure 3.8] Detail Report for Beam Checking
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Chapter 2.4 RC Design Algorithm: EN1992-1-1:2004

Detailing of Members

When the program provides the reinforcement to the section, then checks areapplied for minimum
and maximum allowable area of steel. Minimum areas of reinforcement are given in order to
prevent a brittlefailure, wide cracks andalsotoresistforces arisingfromrestrained actions. Along
with that the program also applies the checks for the spacing of the rebars. There should be
sufficient space between the resulting bars of members to allow access for vibrators and good
compaction of the concrete. The details of these checks arediscussed inthis section.

4.1 Detailing rules for Beam Design

4.1.1 Longitudinal Reinforcement

The following specifications of EN1992-1-1:2004 are considered by the programwhile providing the
reinforcement.

Maximum area of longitudinal reinforcement is calculated as:

As,max = 0.04 Ac (4.2)

Minimum area of longitudinal reinforcement is calculated as:

Asmin= 0.26 79 14 >0.0013b.d (4.2)
fyk
where,

b: denotes the mean width of the tension zone. For rectangular sections, b, is equal
to section width. For a T-beam width of web is used by the program.
ferm 1S taken as specified in 3.1.

For providing the adequate spacingin the bars, the program takes care of the following code
specifications:
The clear distance (horizontal and vertical) between individual parallel bars or horizontal layers of
parallel barsshould be not less than the maximum of:

i. ki-bardiameter

ii. (dg+ k2mm) where dgisthe maximum size of aggregate.

iii. 20 mm
The recommended values of ki1 and kz are used which arespecifiedas 1and 5 mm respectively.

4.1.2 Shear Reinforcement
Minimum required shear reinforcement is calculated by the programas below:

Pwmin = 0.08 1,f;‘k /f:;/k (43)
where,
pw is the shear reinforcement ratio

The maximum longitudinal spacing between shear assemblies istaken as the minimum of:

s;,max= 0.75d (1 + cot a)=0.75d (for a=90°) (4.4)
s=Asw/ (bw . Pwmin) (4.5)
where,

Asw is the area of shear reinforcement within length s

s is the spacing of the shear reinforcement

by is the breadth of the web of the member

o is the angle between shear reinforcement and the longitudinal axis. It is applied
as 90° in midas Gen.

To consider constructability, the programrounds off the required spacingto thelower 10 mm value.

EN1992-1-1:2004
9.2.1.1(3)

EN1992-1-1:2004
9.2.1.1(1)

EN1992-1-1:2004
9.2.2(5)

EN1992-1-1:2004
9.2.2(6)
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4.2 Detailing Rules for column design
4.2.1 Longitudinal Reinforcement
EN 1992-1-1:2004 specifies thatlongitudinal bars should have a diameter of not less than Qmin.

Varyingvalues of (min are specifiedin National Annexes. EN1992-1-1:2004
9.5.2(1
This needs to be taken careby the user. When specifyingthe design criteria for rebars in Design > W

Concrete Design Parameter > Design Criteria for Rebars, the bars bigger than Pmin in diameter

should be chosen by the user.

The minimum allowed amount of longitudinal reinforcement for a columnis specified as greater
of the two values.

i As min = 0.10 Neg/fyg EN1992-1-1:2004
ii. 0.002 Ac 9.5.2(2)

The maximum value of amount of longitudinal reinforcement is specified as Asmax. The EN1992-1-1:2004
recommended value of Asmax is 0.04 A.. 9.5.2(3)

The value of Asmax can be viewed/modified in Limiting Maximum Rebar Ratio dialogbox as shown
below:

KD

¢ Design > Concrete Design Parameters > Limiting Maximum Rebar Ratio
Lirniting Maximum Rebar Ratic @

Design Code : Eurocode2:04, Recommended

Rebar Ratio

Shear Wall Design (Rhow) = W
Column Design (Rhoc) : ’W
Brace Design (Rhor) : | 0,03

oK | [

[Figure 4.1] Limiting Maximum Rebar Ratio dialog box

4.2.2 Shear Reinforcement

For column members, the diameter of the transversereinforcementshould notbe less than, greater

of the two below: EN1992-1-1:2004
i. 6 mm 9.5.3(1)
ii.. % times the maximum diameter of the longitudinal bars

This needs to be taken careby the user. When specifyingthe design criteria for rebars in Design >

Concrete Design Parameter > Design Criteria for Rebars, the suitable bar diameter should be

chosen.

In casethe shear reinforcement is notrequired, the minimum reinforcement is provided as:

pw,min = 008 ﬂf;'k /f;lk (46)
S=Asw/ pw. bw.sina (47)

The s is calculated and used for maximum spacing.

The spacingofthe transversereinforcementalongthe column should not exceed s cl,tmax:
The recommended valueis the least of the following three distances:
i 20 times the minimum diameter of the longitudinal bars
ii. Lesser dimension of the column
iii. 400 mm
This specificationistaken carebythe programitself.
To consider constructability, the program rounds off the required spacingto thelower 10 mm value

“-43
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4.3 Detailing Rules for Wall design

4.3.1 Vertical Reinforcement SN;gf’lz)‘l'l:ZOO“
The maximum amount of the vertical reinforcement should be applied as: o

Asymax = 0.04 Ac (4.8)
The ratio can be viewed/edited in Limiting Maximum Rebar Ratio dialog box as shown in
previous section.

The minimum amount of vertical reinforcementshould be applied as:

Asymin = 0.002 Ac (4.9)
This is therecommended valueand itcannot be edited by the user.

4.3.2 Horizontal Reinforcement e

The minimum horizontal reinforcement is provided as per the following specifications: 9.6.3(1)

Pwmin = Max [0.25As /A, 0.001] (4.10)

The maximumspacingof the horizontal reinforcementshall be limited to minimum of the following: EN1992-1-1:2004
L 2*Asu/(Pwmin hw) 9.6.3(2)
. 400 mm

For wall design, the detailingrules for shear reinforcementare same as that of column design.

c*44
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CHAPTER 3. RC Design Tutorial

midas Gen Tutorial Eurocode Design of Multi-story RC Building

Eurocode Design of a Multi-story
RC Building

1 MIDAS Information Technology Co., Ltd.

midas Gen Tutorial Eurocode Design of Multi-story RC Building

Eurocode Design of Reinforced Concrete Building
as per EN 1992-1-1: 2004

Overview

= Eurocode Design of
Reinforced Concrete Building
= Model
- 6-story Reinforced Concrete
Building
- Element: Wall, Beam
= Load & Boundary Condition
- Self Weight
- Floor Loads
- Wind Loads
- Seismic Loads
- Supports
= Analysis

- Linear Static Analysis

2 MIDAS Information Technology Co., Ltd.
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midas Gen Tutorial Eurocode Design of Multi-story RC Building

Reinforced Concrete Design Features in midas Gen

Gen provides automatic design for beam, column and shear wall.
Section checking with the given data.

Ultimate limit state and Serviceability limit state design and/or checking.
Default load combinations as per Eurocode 2.

Static wind loads as per Eurocode 1-4: 2005

Static seismic loads and response spectrum function as per Eurocode 8-1: 2004

Capacity design as per Eurocode 8-1 can be applied by checking on “Apply ECS8:04
Capacity Design” option in Concrete Design Code dialog box.

®  Available Section shapes
v Column: Rectangle, Circular, Hollow circular
v Wall: Rectangle
v/ Beam: Rectangle, T-shape
Note:
Torsion should be checked by the user.

For meshed slab and wall design, we can use Meshed Slab/Wall Design function.

3 MIDAS Information Technology Co., Ltd.

midas Gen Tutorial Eurocode Design of Multi-story RC Building

Ultimate Limit State (ULS) Design

(1) Bending without axial force

=Assuming K and K’ have been determined:

where:
K=M/bd*f,
K'=0.5985—0.185 —0.21
where:

8 <10 =Moment Redistribution Ratio(Factor)

=If K <K' (singly reinforced)
A, =M/ fydz

where:
A, is area of compression steel (in layer 1).

fyd:fyk/7s

z=d[0.5+0.5(1—3.53K)**]< 0.95d

4 MIDAS Information Technology Co., Ltd.
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sIf K >K' (Doubly Reinforced)
A, =M ~MY f,(d~d,)
where:
4, is area of compression steel (in layer 2).

M'=K'bd’f,
S =700(x, —d,)/x,
o= fm

where:

d, is effective depth to compression steel.
x,=(6-04)d
Ay =M1 f 2+ Auf ) [

For Minimum and Maximum Required Rebar Area

A, =0.26(f.,,/ f,)b,d >0.0013h,d

's,min

5 MIDAS Information Technology Co., Ltd.

midas Gen Tutorial Eurocode Design of Multi-story RC Building

(2) Bending with axial force

Slenderness Ratio

Second order effects may be ignored if the slenderness / is below a certain value 4.
A=l /i

Ay =20-A4-B-C/~In

Design Bending moment
My, =max[M g, +M,, My, My +0.5M,]

=where:
M,, is design moment.

M ,;, is equivalent first order moment including the effect of imperfection(at about mid
height) and may be taken as = M,

where:
M,, = (0.6M,, +0.4M,)>0.4M,,
M,.M, s first order end moments at ULS including allowances for imperfections. [Mo|> |4, |
M,=Nge, ; nominal second order moment in slender column

6 MIDAS Information Technology Co., Ltd.
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Capacity - Axial force and uni-axial bending moment
=*The combinations of and that cause failure of a given column section are illustrated by an interact

ion diagram as shown below.
P —Anf.

s
P
c,.c,
Pure
@

compression

{

Balanced
failure

Pure
tension

7 MIDAS Information Technology Co., Ltd.

midas Gen Tutorial Eurocode Design of Multi-story RC Building

*Pure compression, point D
RJ = T]f;d (Ag - A:x) + A:zf;=d

Buckling failure is not considered.
*Pure tension, point @

P = _Ast f)l/d

o

*Balanced failure, point ®
The load and moment at balanced failure, F,and M, can be calculated by substituting /s = /i
and 71 =, into the above equations.
~ 0.003E,
" f.+0.003E,

Where, A=0.8 for f,, <50MPa
2=0.8-(£-50)/400  for 50 <f., <90MPa
7=0.7 for £, > 90MPa
8 MIDAS Information Technology Co., Ltd.
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*For symmetrically reinforced members, the loads and moments at the points @~ may be calcul
ated by the formula below.

P =nf,Axb+Af —Af.
M, - nf;dixb(g—o.sm v Af (g—d% Af —g)

(1- aalaa)h
or
(1- el )i

IE - reinforcing steel tension strain limit
- concrete compression strain limit

- concrete pure compression strain limit

9 MIDAS Information Technology Co., Ltd.
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(3) Shear
= Shear resistance of a member with shear reinforcement is equal to:
Vea = VRd,s

=In regions of the member where Vy, <V, .no calculated shear reinforcement is necessary.

=In regions where Vg, > Vg, . sufficient shear reinforcement should be provided in order that
Vea <Vra-

=Members not requiring design shear reinforcement
1/3
Veae =[Cra K(100p, f,)"" + k1O'Cp 1b,d

With a minimum of
Viete = Vo + klo-cp )b, d

=Members requiring design shear reinforcement
The shear resistance, Vj, is the smaller value of:
Vias = (4, /s)zfywd cotf
and
v, =a,b,zv f.,/(cotf + tan0)

Rd ,max ow

10 MIDAS Information Technology Co., Ltd.
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Serviceability Limit States (SLS) Design
(1) Stress Limitation

=The compressive stress shall be limited to a value k,f, in order to avoid longitudinal cracks und
er the characteristic combination of loads. A value of K; can be defined by the user and default v
alue is ‘0.6’

=If the stress in the concrete under the quasi-permanent loads is less than &f;;, linear creep may b
e assumed. If the stress in concrete exceeds k,f.,, non-linear creep should be considered. A valu
e of K, can be defined by the user and default value is ‘0.45’.

=Unacceptable cracking or deformation may be assumed to be avoided if, under the characteris
tic combination of loads, the tensile stress in the reinforcement does not exceed k5f),. A value of K
; can be defined by the user and default value is “0.8.

=Where the stress is caused by an imposed deformation, the tensile stress should not exceed k4fyk.
A value of K, can be defined by the user and default value is ‘1.0’

1 MIDAS Information Technology Co., Ltd.

Gen Tutorial B ode f | - RC Building

(2) Crack Control

=A limiting calculated crack width, wmax, taking into account the proposed function and nature of the
structure and the costs of limiting cracking, should be established.

X0,XC1 0.3 (Default value) 0.2
XC2,XC3,XC4 o4 0.2
XD1,XD2,XS1,X52,X53 :

Decompression

(3) Deflection Control
=The appearance and general utility of the structure could be impaired when the calculated sag of a be
am, slab or cantilever subjected to quasi-permanent loads exceeds span/250.

=For the deflection subjected to characteristic loads can be checked by user defined limit. Default limi
tis Span/250.

12 MIDAS Information Technology Co., Ltd.
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@ Beam detailing

The following data are required to be input for Beam design:

® Beam section size (b, h)
® Cover to rebar center default = min{max(h/ 1 0,63.5mm),76.2mm}
® Bar size

v Main rebar: Up to 5 sizes simultaneously selected, which GEN will use
to find the most appropriate.

v Stirrup/Link: One size can be selected.

v PS5, P6, P7, P8, P9, P10, P11, P12, P13, P16, P20, P25, P32, and P40 are
available.

® Arrangement (= Number of legs of the transverse or shear reinforcement)

v Only one case can be selected among the numbers from 2 to 20.

13 MIDAS Information Technology Co., Ltd.

midas Gen Tutorial Eurocode Design of Multi-story RC Building

@ Beam detailing

The following conditions are applied to Beam design:

® Maximum rebar ratio of main rebar, EN 1992-1-1 9.2.1.1
Ay e =0.044,
® Minimum rebar ratio of main rebar, EN 1992-1-1 9.2.1.1
A, o =max(0.26 £, / £, ,d,0.0013b,d )
® Minimum spacing (= clear distance) of bars, EN 1992-1-1 8.2
= max(Dba,,dg + 5mm,20mm)
® Maximum stirrup spacing, EN 1992-1-1 9.2.2

S = min{Aw/(bwpw,min 0.75d(1+ cota)}  Pumin =008 \/E/.fyk

14 MIDAS Information Technology Co., Ltd.
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@ Beam detailing
The following are the Design results provided by Gen:

Main rebar
©® Required rebar area satisfying minimum bar spacing
® Number of bars at top and bottom satisfying minimum bar spacing
® Capacity ratio at I-end, middle, and J-end of beam member
©® Up to two layers of rebar can be designed
Stirrups/Links
©® Required rebar area per unit length
® Spacing of stirrups
©® Capacity ratio at I-end, middle, and J-end of beam member

® Check for crushing of compression struts

15 MIDAS Information Technology Co., Ltd.
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@ Column detailing

The following data are required to be input for Column design:

® Column section size (b, h)
® Cover to rebar center default = min{max(h/ 1 0,63.5mm),76.2mm}
® Bar size

v Main rebar: Up to 5 sizes simultaneously selected, among which GEN
will find the most appropriate.

v Tie/Spiral: One size can be selected.

v PS5, P6, P7, P8, P9, P10, P11, P12, P13, P16, P20, P25, P32, and P40 are
available.

® Arrangement (= Number of legs of the transverse reinforcement)

v Different number of legs can be applied in the y and z direction.

16 MIDAS Information Technology Co., Ltd.
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@ Column detailing

The following conditions are applied to Column design:

® Maximum rebar ratio of main rebar, EN 1992-1-1 9.5.2
Ay ax = 0.034,, which can be modified.
® Minimum rebar ratio of main rebar, EN 1992-1-1 9.5.2
A, =max(0.10N,,/ ,,,0.0024,)
® Minimum spacing (clear distance) of bars, EN 1992-1-1 8.2
= max(Dbar,dg + 5mm,20mm)
® Maximum stirrup spacing, EN 1992-1-1 9.5.3 & 9.2.2
S sme = Min{20D,.,. b, 1, 400mm, A, /(b Py s )} Priin = 008+ foi [/
The maximum spacing is reduced by a factor 0.6 at the i and j-end

of the column.

17 MIDAS Information Technology Co., Ltd.
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@ Column detailing
The following are the design results provided by Gen:

Main rebar
® Number of bars satisfying minimum bar spacing

® Capacity ratio for the most critical part among I-end, middle, and J-end
of column member

® Biaxial P-M interaction diagram

Note. Two layers of rebar or bundle bars are not applicable.
Stirrup/Links

©® Required rebar area per unit length

® Spacing of ties/spirals

® Capacity ratio for the most critical part of column member (I-end,
middle, and J-end)

® Check for crushing of compression struts

18 MIDAS Information Technology Co., Ltd.
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@ Shear Wall detailing
The following data are required to be input for Shear Wall design:

®  Wall section size (L, h)
® Cover to rebar center default =50.8mm
® Bar size

¥’ Vertical rebar: Up to 5 sizes simultaneously selected, among which GEN
will find the most appropriate.

v End rebar: One size can be selected, then program will find the most
appropriate, greater than or equal to the one selected.

v Horizontal rebar: One size can be selected.

v PS5, P6, P7, P8, P9, P10, P11, P12, P13, P16, P20, P25, P32, and P40 are
available.

® Spacing of vertical rebar
v’ Select as many spacings as you want program to try
® Spacing of horizontal rebar

®  Design method

MIDAS Information Technology Co., Ltd.

midas Gen Tutorial Eurocode Design of Multi-story RC Building

@ Shear Wall detailing
The following conditions are applied to Shear Wall design:

® Maximum rebar ratio of vertical rebar, EN 1992-1-1 9.6.2
A max = 0.04.4_, which can be modified.
® Minimum rebar ratio of vertical rebar, EN 1992-1-1 9.6.2
A in = 0.0024,
® Maximum spacing of horizontal rebars, EN 1992-1-1 9.6.3
Spwe =min24,, /(p, .k )400mm}  p, . =max(0.254, ,/4.,0.001)

20 MIDAS Information Technology Co., Ltd.
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@ Shear Wall detailing

Followings are the design results provided by Gen:

Vertical rebar
® Spacing of vertical rebar
©® Capacity ratio for the most critical part among top and bottom of wall
©® Uniaxial P-M interaction diagram
Horizontal
©® Required rebar area per unit length
® Spacing of horizontal rebar
® Capacity ratio for the most critical part among top and bottom of wall

® Check for crushing of compression struts

21 MIDAS Information Technology Co., Ltd.
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The Model File

Performing the Analysis
Design Parameters

ULS Design

22 MIDAS Information Technology Co., Ltd.
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Typical Floor Plan
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23 MIDAS Information Technology Co., Ltd.
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Typical Sectional Elevation

4000 mm
| N

4000 mm

|«
o
-

| 5000 mm | 4500 nm | 4500 nm q 4000 mm

L1F

24 MIDAS Information Technology Co., Ltd.

oo 12



CHAPTER 3. RC Design Tutorial

as Gen Tutorial Eurocode ign of Multi-story RC Building

Opening the Pre-generated Model File

1. File > Open Project...
2. Select “EC2 Design”.
3. Click [Open] button.

Look in: |23 EC2 Design

& This tutorial is intended to illustrate
design procedure as per Eurocode2.

Therefore, the g 'y creation, b dary
ig load application will be skipped.
For the afor ioned, refer to “Seismi.

Flensme:  [ECZDesan Design for RC Building” tutorial.

Files of fype:  [MIDAS/Gen Files [“mab] | Cancel

& In this tutorial, slab is not included in the
model and considered as a rigid diaphragm.

Analysis

| 1. Analysis > Perform Analysis I

25 MIDAS Information Technology Co., Ltd.
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Parameters for ULS Design

* Load Combinations

* Design Code

* Sway Frame Definitions

* Member Assignment

» Live Load Reduction Factor Modifications
* Unbraced Lengths (L, Lb)

* Partial Safety Factors

* Concrete and Rebar Properties

26 MIDAS Information Technology Co., Ltd.
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Load Combinations

1. Results > Combinations...

2. Click on “Concrete Design” tab.

3. Click [Auto Generation...] button.
4. Option: Add

5. Code Selection: Concrete

6. Design Code: Eurocode2:04

7. Click |OK] Button.

8. Click [Close] Button.

s | Foning o |

Load Cases rd Factors

Option
4 ~ Agd

" Replace

- Code Selection
o © Concrete ¢ © o
Deesis e

g@‘ Eurocode2:0d K :
Scale Up of Response Spectum Load Cases
Seale Up Factor: [T [ =]
Factar

[~ Consider Othogonal Effect

No [Mame | Acive | Typo | Descripic® LondCass | Facor | A
cLCB1  Strength/Stress  Add 1.4D +15(1 0LL) » oL 1.4000 (o)
Strength/Stress  Add 1.4D +1.5(1.0LL) + LL(ST) 1.5000
StrengthiStiess  Add 14D +1.5(1.0LL) + * ¢ SASE(Squan i ~of e
StengiiSiess  Add 1404150710+
Strength/Stress  Add 14D +1507LL) + - Factors for variable actions
StengiSiess Add 14D+15(10L0)- 1 ;
Strength/Stress  Add 14D +15(1.000) -1 el il i
StrengthiStress Add. 14D +150711)-1 Live Load : [0.7 05 03
StengiSiess  (Add 14D+1507L0)-1
StengSiess  Add 100+1009L+1 [ R —y—
Strength/Stress  Add 100 +1003)L +1 Bl
- StengSiess  AdS 100+1009L- 10 i
@ The program [T liicets Swngsiess At 100+10031-11 Sty oz (] e be
! [T rdloucote senicesbity A SeRVAGD 1oL
automatically creates [T 15]cLcBi5 Seniceabllty  Ad  SERVA0D+10U Partial factor for actions
: [T tGlcicete senicesbly A3 SERVoD+ioLL - :
design load s coslonma B el e oo Gamma.G 1 [T4 Gamma 01T
combinations which [T tofcLcBi Sevceabity  Ads  SERV-10D+10LL -
. [1__ts|cLcais Seviceasiity  Add SERV 10D +1.0LL r Execute Comstructic s
can be also modified or [ 20cLcB20 Seniceabilty  Add SERV 10D +10L e i
[ 21lclcaa1 Seniceabiity Add SERV .00 +10LL v :
deleted by the user. - ! - "

(| spesshestrom

oy i 3 ) a0 ermran, |

(7)1 _coren

27
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Design Code

Concrete Design Co

Eurocods2:04 o

Struk Angle for Shear Resistance

Slenderness Limit
Lambda_fim = 20% A*E*Clsqrtin)
ar Jor B 11

= ¥ Calculate by Program

Design Code
Mational Annex Ttaly
I~ Apply ECE:04 Capacity Desian

Moment Redistribution Fag-—Sgr Beam
Close

Sway Frame Definitions

Definition of Frame

Definition of Frame
™ Unbraced | Sway

¥-Direction of Frame
% Braced | Mon-sway

° -Direction of Frame
o Desian Type

" 3D
7 ¥-Z Plane

 Unbraced | Sway
(& Braced | Mon-sway

" %-ZPlane
7 %-¥ Plane

e I lAiito Calcuiate Effective [ength Factors

RC Building

1. Design > Concrete Design Parameter > Design
Code...

2. Design Code: Eurocode2:04
3. Click |OK] button.

1. Design > General Design Parameter >
Definition of Frame...

2. X-Direction of Frame: Braced | Non-sway
3. ¥-Direction of Frame: Braced | Non-sway
4. Design Type: 3-D

5. Check off “Auto Calculate Effective Length
Factors”.

6. Click |OK] button.

& In the non-sway frame, applying 1 for the
effective length factor will give conservative
results.

28
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Member Assignment

Generdl | Steel | Conarete | SRC | 1. Design > General Design Parameter >

Member Assignment =] |8 Member Assignment...

Option 2. Assign Type: Automatic
@ hddReplace " Delete

3. Selection Type: All

~Member —————————————————
™ Allow Single Element Member 4. Click [Apply] button.
Assign Type .
C Manual & Automatic 5. Click [Close] button.
— Selection Type
3 o Al " By Selection
Index_| Element List A
11,509
2 zse
3 3510
4 4519
5 5511
& 6,520
7 7Sz
8 &5zt
9 9,513 =
10 10,522
(\ 0 70,481
3 7L 71,500 e
{72 724m B\‘l k oy
73 73,500 N | L ﬁ‘
74 74,493 B '/‘Nl L=
75 75,502 i ’\\'Il k\/ '
76 76,4% i : X £
77 77,503 g L L ‘l /
78 78,495 /
79 79,504 5
139 139,473 & A single Member can be
A gnedwhchldhelnont)
142 142 433 v is consisted of a number of
< [T beam elements.

29
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Live Load Reduction Factors (1)

General | Steel | Concrete | SRC |

1. Design > General Design
Modify Live Load Reduction Factor ] .| Parameter > Modify Live Load

Reduction Factor...
2. Option: Add/Replace
3. Reduction Factor: 0.82

option
& AddfReplace " Delete

Reduction Factor : 0.2

e G 4. Applied Components: All Forces
¥ all Forces
¥ fodal Force:

[¥ Moments 6. Select Type: Story

) heanforces 7. Select “IF”

8. Click [Add] button.

9. Click [Close] button.
10. Click [Apply] button.

5. View > Select > Identity...

T

Select Identity X

all Hane Inverse Prey

[¥ Nodes j28tosd
[V Elements  [41t069

Select Type

v/'

X

[

A
WA

€ 1. Reduction factor for Ist floor
columns and walls.

a =M=082

n
n

V

7

7
44
0

2\

A
i

2 Delete
L Replace.

I n=5 w,=07

¥ Intersect

© Floor & +Above  +Below  +Both

EN 1991-1-1 6.3.1.2 (11)

Close: 9

MIDAS Information Technology Co., Ltd.
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midas Gen Tutorial

4 v All Forces

Live Load Reduction Factors (2)

General | Steel | Concrete | SRC |

Wody Live Load Reduction Factar ] ...

Option

@« AddiReplace " Delate
Reduction Fackor © 0.85

Applied Components
~

I
I

Al Mone Inverse Prew

Select Identity

al Hone: Inwerse Prev

Delete

e
Replace
Inkersect

© Floor @ +fbove © +Below O +Both

~
v

[V Hodes 1027 Z40K0249 [V Modes
[ Elements  [1to27 32635 39 L10to138 S05ta ¥ Elements  [1100138
Select Type : Select Type :
| 8 Story - add

Replace
L | Intersect

* =1 (10)

Eurocode De

ign of Multi-story RC Building

1. Design > General Design
Parameter > Modify Live Load
Reduction Factor...

2. Option: Add/Replace

:@:1 3. Reduction Factor: 0.85

4. Applied Components: All Forces
5. View > Select > Identity...

6. Select Type: Story

7. Select “2F”.

8. Click [Add] button.

9. Select “Floor”.

10. Click [Delete] button.

11. Click [Close] button.

12. Click [Apply] button.

@ 1. Reduction factor for 2nd floor
columns and walls.

o 22t (=2W, oo
n

n

o & Floor " +dbove O +Below (" +Both

n=4
Close cose (11

v, =07

31 MIDAS Information Technology Co., Ltd.
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Live Load Reduction Factors (3)

[ All Forces
4

General | Steel | Conerete | SRC |

Modify Live Load Reduction Facter v .|

Option

1. Design > General Design
Parameter > Modify Live Load
Reduction Factor...

2. Option: Add/Replace

& AddiReplace  Delete oot
s 61 3. Reduction Factor: 0.9
Reduction Factor : 0.9

Applied Components

=
=
=

@ Apply Closs

~ Delete
Replace

Close

Replace:

Close

* = (10)

11

4. Applied Components: All Forces
5. View > Select > Identity...

6. Select Type: Story

7. Select “3F”.

8. Click [Add] button.

9. Select “Floor”.

10. Click [Delete] button.

Select Identity 3] Select Identity
Al Hone. Inwerse Prev al Hone: Inverse Prey 11. Click [Close] button.
Boreds  [eiomem e 12. Click | Apply] button.
¥ Elements 70t096 1010104 108 1790207 < ¥ Elements 179t0207
il . et Ly @ 1. Reduction factor for 3rd floor
Story - Add 3

columns and walls.

o 2 2t0=2W, oo

n
~ | Intersect 6F ¥ Intersect n
© Floor & +Above  +Below  +Both ° & Floor ¢ +above  +Below (" +Both
! ! ¢ n=3 v,=07

MIDAS Information Technology Co., Ltd.
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Unbraced Lengths (L, Lb)

1. Design > General Design Parameter > Unbraced G 1. If “0” is entered for Ly and Lz,
Length(L, Lb)... unbraced lengths will be calculated by the
program based on the nodal coordinates of
2. Option: Add/Replace the beam elements.
.3. Unbraced Length — Ly: 0 mm
4. Lz: 0 mm

5. Laterally Unbraced Length: Check on “Do not consider”.
6. View > Select > Select All

7. Click [Apply] button. . N
R -
/ ; L\/-‘_ \'\ Sl T
General ‘ Steel | Concrete | SRC | ‘v\\p‘\\ J}@ oS '}b\
e T T ‘ -
Unbraced LengthiL,Lb) - J
Option
@ & addjReplace " Delete
Unbraced Length
‘ o nm
Lz : 0 mm
Laterally Unbraced Length
Lb mm

MIDAS Information Technology Co., Ltd.

midas Gen Tutorial Eurocode Design of Multi-story RC Building

Partial Safety Factors

Partial Safety Factors for Material Properties

L 1. Design > Concrete Design Parameter > Partial
Design Code Eurocode2:04, Ttaly Update By Code Safety Factors for Material Properties...

2. Click [Update By Code] button.
3. Click [OK] button.

~Partial Safety Factors for Material Properties ———————

Concrete {Gamma_c)
- Fundamental

- Accidental {except Earthquakes)
Steel (Gamma_s)

- Fundamental o115

- Accidental (except Earthquakes)

ol

~Partial Safety Factors for Materisl Properties ———————

Alpha_cc 1 |0.85

( : Ok Close

MIDAS Information Technology Co., Ltd.
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CHAPTER 3. RC Design Tutorial

midas Gen Tutorial

Eurocode

Concrete and Rebar Properties

Madify Concrete Materials 1. Design > Concrete Design Parameter > Modify
Concrete Materials...

2. Select “C30/37” from Material List.

3. Rebar Selection — Code: EN04(RC)

4. Grade of Main Rebar: Class B

5. Grade of Sub-Rebar: Class A

e | | 6. crick [Modify] button.

| Material List

code  [emosee) o Grade: 3037 S | 7. Click |Close] button.

Specfied Compressive Strenath {fclfck) e Nimm?

Rebar Selection

Code © [END4(RC)

@9 Grade of Main Rebar ; Class B | B : [ M2
s

Grade of Sub-Rebar : |clzss & | ms o [0 Mz

@ ModiFy: Close ( )

MIDAS Information Technology Co., Ltd.

as Gen Tutorial Eurocode Design ¢ ory RC Building

Design Criteria for Rebar (1)

1. Tools > Preferences...

2. Click on “Design”.

3. Concrete — Design Code: Eurocode2:04
4. Rebar — Material Code: EN04(RC)

5. Click |OK] button.

]

General
View

|

Stesl Concrete [SRC

Data Tolerances i .
ssign Code:

Property Design Code: H Design Code:
Eurocode2:04 =

Load Eurocoded:05 * SSRC79 Fusk

Results Hational Aninex:
i~ Rebar -
Design Italy -

Hotice & Help : =\t | | Material code
Graphics @ Material Code | W
=} Qutput Formats - Dutput Language T | |EnosRa) -
Formats - Dim, & Others Material DB

Material DB

Formats - Forces English - r—ﬁdass & = Grade £0 -

Formats - Loads = L

o

I save changes Lpen ok Default Al | et Default oK cancel |

{E31

MIDAS Information Technology Co., Ltd.
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CHAPTER 3. RC Design Tutorial

Eurocode

For Beam Design

ain Reehar : [p20,p2s
| Option of Spliced Bars
o fionel " 50% € 100%
For Column Design
Main Rebar Fz0 Rebar..
TiesiSoirsls i |10 v srancement 1vi [z«
do i fo mm zlz =~
Option of Splced Bars - y
CMone G S0% O 100%
For Brace Design
Main Rebar : P20 Rebar...
Tiesispials  [p10 v amengement vz«
do o mm 2 o
Option of Spiced Bars
" Mone = 50% (0 100%
For Shear Wall Desian
Vertical Rebar : P2 Rebar...
Horizontal Rebar : [P10 52
EndRebar  Fram : P10 ~
de 1 [0 mm dw ¢ 0 m
Input Additional Wal Data.. |

RC Building

6. Design > Concrete Design Parameter > Design Criteria

for Rebar...

7. For Beam Design — Main Rebar: click [Rebar...| button.

8. Select P20 and P25.

9. Click |OK] button.

10. Stirrups: P10, Side Bar: P12
11. Arrangement: 2

12. dT: 55 mm, dB: 55 mm

13. Option of Spliced Bars: None

KS{a15 ChS ASTM BSIEN UMD 15 GB s
o I oy _ ) i, Wi r o jir
Im ol | 54 ro# I pe 54 I~ps r |5
] Foe |[Fe |Fe |IF = e |
o I~ ois I # I es o | i} rds I |7
I~ ol i r iee 2 e I du L
I o2 P r I~ pio 4 I rd 5=
ooz I~ oz r I o i r =
Fos |Foz |F Fe2 |Foes | T -
Fos | o Ces | Fes (e
I~ o3 | afier r I~ ri6 54 | o4 F daz
Fio I = v P20 I~z I” pa r
i I v Ps e izl r
1 |1 e 2l I &

I~ P4 4 r
£ r
i r
r

MIDAS Information Technology Co., Ltd.

14. For Column Design — Main Rebar: click

For Beam Design [Rebar...] button.
Main Rebar . [pz0,pzs Rebar..
15. Select P25 and P32.
Stirrups P10 e Arrangement : |2 o
Side Bar |z = 16. Click |OK] button.
ar ¢ s rom 4 ¢ fs5 mm . .
17. Ties/Spirals: P10
Option of Spiiced Bars
e e 18. Arrangement: X: 2, Z: 2
For Column Design 19. do: 55mm
Wi Rebar i psp Rebar.. X .
17 Ties/soirals s P10 - Arrancement v [z« 20. Option of Spliced Bars: None
 [5s m 2z =
Option of Spliced Bars
tem e e
For Brace Design 1 K15 s AsTH BSIEN UNE 15 B csh
OREEr ek _Rebar.. | Fos |(Fom |& re | I o I
Ties|Spirals P10 vl arenement 1w 2~ on | I r LMo = = r r
IE] Foe [ re |F i Fe |
i ¢ e 2l o = Fow |F# |Fes |Fe | & Fé |
Option of Spliced Bars ]C & ,’: ]': ]‘::’n F ,’: ! ]’: 4 1”:
" None 1% 50% 100% o oz r I eit r e r =
Fos |Foz |F iz ((Elra | E r rs
For Shear wall Design I 02 il I mf mEL I P o
e s Fos |[Flos (e | Cews | F = o
Wertical Rebar o - I sio Pl e - r
Harizontal Rebar ¢ |P10 o Ei o W s e r r
End Rehar From : |P10 - Ju I @ Fiks | T I I d
™ P40 4 r
de i o wm a0 wm r r
Input Addtional Wall Data... | ": r
"
38

MIDAS Information Technology Co., Ltd.
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CHAPTER 3. RC Design Tutorial

as Gen Tutorial Eurocode gn of | story RC Building

Design Criteria for Rebar (4) —Wall Design

21. For Shear Wall Design — Vertical Rebar: click

For Beam Design [Rebar...] button.
: |P20,P25 Rebar... .
e [ 22. Select P13 and Click |OK] button.
Stirrups P10 - Arrangement @ |2 -
Side Bar i [Pz - 23. Horizontal Rebar: P13, End Rebar From: P10
dr : 0.0sS dé : |0.0sS
H w 24. de: 45 mm, dw: 45 mm
Option of Spliced Bars
@ Hongl © 50% © 100% 25. Click [Input Additional Wall Data...] button.
For Calumn Design 26. End Rebar Design Method: Method-1
Main Rebar + |P25,P32 Rebar... .
] 27. Click [OK] button.
Ties/Spirals ¢ P10 = Arrangement : v |2 o
do i [0.055 m zfz = 28. Click |OK] button.
Option of Spliced Bars
(s None 50% 0 100% Input Additional Wall Data EI
For Brace Design X I~ Design of Out-of-plane Bending
I E——— Spacing of Wal Rebars
I:Ia\r)?eha‘r : [pr0 = —J Spacing of Vertical Rebars. ;| @100,@150,@200,@300,@400 Space...
3 2ptos GlIEERE G jv Spacing of Horizontal Rebars From 50 o
do i [0 m L |
End Rebar Design Methad
Option of Spiiced Bars 26 ) et s e —
€ None L  1o0% Auto Calculation " Methad-2 " Method-3 " Method-4
ForSHEsFwalTESET Spating of End Rebar
End Rebar Q'ty =4 End Rebar Oty =6 End Rebar Q'ty »=8
Vertical Rebar ;P13 Rebar...
Harizontal Rebar : P13 o
End Rebar From : [P10 = L, . by
24) : BE i | TEC S ivisn S piste S aists
Input Additional Wall Data. . (2_5 oist1 ;[0 o Dist2 mn Distd: mm
() e 7 = canc
39 MIDAS Information Technology Co., Ltd.

midas Gen Tutorial Eurocode ign of Multi-story RC Building

ULS Design

Concrete Beam Design
@ Section for Design

Concrete Column Design

Concrete Wall Design

@ 1. The “Section for Design” function provides Member
design of concrete sections based on the section data defined
by the user. It allows you to find the appropriate section
without re-analysis.

40 MIDAS Information Technology Co., Ltd.




CHAPTER 3. RC Design Tutorial

midas Gen Tutorial

Concrete Beam Design (1)

Eurocode D

1. Design > Concrete Code Design > Beam Design
2. Sorted by: Member

3. Click to expand the dialog box.

4. SEL: select MEMB “1”.

Eurocode2:04 RC-Beam Design Result Dialog,

Code : Eurocode2:04 Unit: W, m Primary Sorting Optian
Sorted by LoECT Rirema
 Property
MEMB Section | fek I
sECT[seL| Be [ He | wh |Pos MN(SH LCB| AsTop | Rehar n:(gu LcB| AsBot | Rebar | V_Ed |LGB| Asw | Stimup
Span RS - -
1 Gl 300000 | 373085 7 00014 745181 & 00004 137040 7 00009 2PI0 @160
A 4 oo etngn PP C DO S X0 St 5 00t Je8 ol 00007 2 B @ant |
10200 | 0000 400000 4 9IS 3 0O0MS BI8780 9 00004 192053 3 00010 2P0 @160
Gl 300000 | 330435 7 00015 625492 5 | 00004 191715 7 00009 2F10@M60 |
411 | [T 0400/0700) 500000 | M 000000 13| 0.0004 314822 7 |oomz | 138245 7 | 00007 | 2P10 @220 |
10200 | 0000|0000 400000 | J  3747E3| 3 | 00074 73773 9 00004 | 188254 3 00009 2.P10 @160 |
by &1 300000 | | | FOBS41| 7 | 00030 | 64F30 126649 3 | 00005 | 353184 7 | 00018 | 2-P10@E0
411 | [T |0.400/0700| 500000 | M 000000 13| 00004 | 2P20 | &EBM41 | 3 | 00028 2Ted8l | 3 | 00014 2PI0@ND
10200 | 0000|0000 400000 | J |754364| 3 | 00032 | 5-2-P25 100333 7 | 0.0004 | 31835 3 | 00018 2P10@80 |
4 eyl 300000 | | 754077 | 7 | 00032 | 5.2-P25 100436 3 | 0.0004 3183 7 00018 2P10@80
411 | [T 0400|0700 500000 | M 000000| 13 00004  2P20 668045 7 00035 | 278422 7 | 0.0014 |
10200 00000000 400000 | J (709286 | 3 | 0ODGD | 6-4-P20 126465 7 | 0.0005 353230 | 3 | 00018
5 | 1 300000 | | (612084 7 | 00025 | 6.3-P20 (144733 3 | 00005 | 323747 7| 00016 2-P10@90
411 | [T 0400/0700] 500000 | M 430305 11| 00004 | 2P20 617306 3 | 0.0025 5767 3| 00014 2P0 @100
10200 | 00000000 400000 | J | B40ADE| 3 | DOOST | 53-P2E 1051 13 00004 1G5 00019 2P0@E |
I Connect Madel Yiere Result Visw Cption
Select All Unselect @Al ok NG
5 ) Gaphic.. ||| petal.
- Option For Detail Prink Fesition opy Table
¥ EndL [ Md [ Endl. i

41

MIDAS Information Technology Co., Ltd.

story RC Building

Concrete Beam Design (2)

| 5. Click |Graphic...] button.

I preview Windov/

o 1 ] & Pit & pintal |40 Cose [ Sae |

y RC Building

Design Information
Mermber Nurber 1

Design Gode Eurecode204
Uni:Systern K, m

MaterialDats  fok=30000, fyk=503000, fyw =400000 KPa
Bezm Soan 102m

SedionProperty  G1 No:411)

2. Section Diagram

i

04

enmrre zriogise

0s

&

s zrugie

o 1 ~] & Pt |& Print Al |4F) Close |Bl Save |
3. Bending Moment Capacity g
ENoa o oy
© Losd Cormbination No. 7 13 3
Moment (M_Ed) 373.09 0.00 B1.72
Strength (M_Rd) 2.8 .72 406.21
Gheck Ratio (M_E4M _Re) 0.9765 0.0000 0.9643
# Loag Compination No. 5 4 9
Noment (M_Ed) 74.52 315.05 61.68
Strength (M_Rd) 170.72 30.46 170.72
Gheck Ratio (M_E4M _Re) 0.4365 0.954 0.3625
Required Rebar Top (4s_{op) 0.0014 0.0004 0.0015
Required Rebar Bot (As_bo) 0.0004 .00z 0.0004
4. Shear Capacity
Enos o N0y
Load Combination No. 7 3 3
Faclored Shear Force (V_Eq) 187,94 138.58 192.05
Shear Strength by Gone.(Ved) %.08 %.08 9.08
Redquired Shear Reir. (Asw) 0,000 0.0007 0.0010
Redquired Stimups Spacing 2-PI0 8160 2-PI0 6220 2-PI0 8160
CheckRatio 0.6386 0.5768 0.6526 4
< >

42

MIDAS Information Technology Co., Ltd.

21



CHAPTER 3. RC Design Tutorial

midas Gen Tutorial

Concrete Beam Design (3)

.] button.

| 6. Click |Detail

Eurocode Design of Mullti.

story RC Building

£5f MIDAS/Text Editor - [Untitled.rcs]

B Fie £k Yew Window Hep — o x| [Eire est vew wndow rep _& x
A == B ' tah A rE EROE | DedSRE BE L AL AR A FEEDDE
o0 T Gth  50.391 362012.50 -54202.70  266515.80 27310261 98.20 =
0001 = 0118 7-th  55.430 399093.75  7990.91  407084.66 273182.61 50.98
002 uidas Gen - RC-Beam Design [ Furocode2:04 ] Gen 2010 0120 8-th  52.910 380953.12 -40715.57  340237.55 273182.61 75.45
0003 19121 9-th  51.650 371882.81 -66850.76  305032.05 273182.61 88,34
on0a 0122 10-th  51.021 367347.66 -80402.34  286945.32 273182.61  94.96
o005 0123 Lloth 50706 365080.08 -£7304.38  277775.70 273lez.6l  96.32
i e lz-th 50,548 363946,29 -90787.66 273158.63 273182.61 99.99
0007 | MIDAS (Modeling, Integrated Design & Analysis Software) I 0125
onos | midas Gen - Design ¢ checking system for windows | ez
g 01 (1. Compute ultinate nonent of resistance.

0010 | BC-Meuber(Bean/Column/Brace/Wall] Analysis and Design | o128 A Lambda * X 0. 4385 .
o011 | Based On TUN-USDS2, GESODIO-02, ACISLE-0S, ACI31E-02, | 0120 e ctartcdscre 363546265 11,
0z I ACI318-93, ACI318-95, ACI318-89, B56110-97, I 0130 r. C8 = f = -30787.657 N.
0013 I Furocode2:04, Eurocode2, CSA-A23.3-94, | 0131 — M Rd Co#(d-a/2) + Ca®(d-de) -173821922.356 N-mm.
o014 I A13-0SD9S, KCI-USDOT, RCI-USDO3, KCI-USDSS, | o2
0015 I KSCE-USD9S, AIK-USD94, ATK-USDZK, 3456:2000 | 133 (). Check ratio of positive moment resistance.
o01e | | 0134 - Rat P - MEdMRd = 0.420 < 1.000
o017 | (c)sINCE 1988 | 0138
oma 0138
o019 | MIDAS Infornation Technology fo.,Ltd. (omoas 1T | 0137 [[[*1]]  ANALYZE NECATIVE BENDING MOMENT CAPACITY.
020 | MIDAS IT Design Development Team | o1
o021 0138
o2 | HonePage : www.MidasUser.con | o140 (3. Coupute design parameters.
sl I Tel i 360-753-5540, Fax i 360-753-5542 I 10191 - lambda = 0.8000 ( fck <= 50 MPa.)
0024 0142 eta 1.0000 ( fok <= S0 MPa.)
0025 | Gen 2010 | 0143 Gamna_c = 1.50 (for Fundemental or Earthquakes).
0025 0144 -, Alpha cc= 1,00 (Default or User Defined).
o027 0145 Ipha_cc * fok / Gammac = 20.000 WP,
o 014 15 (for Fundanentel or Earthquakes).
0029 +. DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 0147 = fyk / Gamma s = 434,783 MPa. -
om0 o1
o0 LB C  lLoadcase Neme(Factor) + loadcase Neue(Factor) + Loadcase Nane(Factor] 0143 (). Check area of tensile reinforcement (Rectangular-beau).
e i 500.0000 MPa.
0033 11 DL{ 1.400) + LL{ 1.500) 0161 .30 T fekr(2/3) 2.8965 MPa.
e 21 DL{ 1.400] + LL{ 1500 + w( 0.900) 0152 AX[ 0.26%(Ectu/fyk)*htid, 0.0015%hErd | - 437.1639 m2
0035 31 DL{ 1.400) + LL{ 1.500) + WY{ 0.300) 0163 0.04 * (Bc*He) = 12600.0000 nm*2.
0038 41 DL{ 1.400) + LL{ 1.050) + WH{ 1.500) 0164 1472.6100 mm*2.
007 s DL{ 1.400) + 1L L.osop + we( 1500 o155 ain € A5, proy < As. nix Gt
0038 6 1 DL{ 1.400) + LL{ 1.500) + WX(-0.300) 0158 %
0030 LY DL{ 1.400) + LL{ 1.500) + WY {-0.900) 0167
o 81 DL{ 1.400] + LL{ 1.050) + WX(-1.500] 015  midas Gen - RC-Beam Design [ Eurocode2:04 ] Gen 2010
0041 & 7L DL{ 1.400) + LL{ 1.050) + WY (-1.500) 0168
o ERaTri Y A wer 1 nnn "
> J_I LT J_I
Ikeady Ln0 /228, Col UM IREadv Ln0/228, Col UM
43

MIDAS Information Technology Co., Ltd.

midas Gen Tutorial

Concrete Beam Design (4)

IDAS/Text Editor - [Untitled.rcs]
Fle Edt View Window Help

AN = R

Eurocode Design of Multi-story RC Building

DEESRE e Ele%%

5520 | WIDAS IT Design Development Tean I
o021

o022 | e ¢ www. MidasUser. con |

HonePage
Tel : 360-753-5540, Fax : 360-753-5542 |

o025 | Gen 2010 !

o026

0027

o0ze

o020 *. DEFINITION OF LOAD CONBINATIONS WITH SCALING UP FACTORS.

00

0031 LCB € Loadcase Name(Factor) + Loadcase Name (Factor) + Loadcase Name (Factor)
o032

0033 11 DL( 1.400) + LL( 1.500)

o034 21 DL{ 1.400} + LL( 1.500) + wx( 0.900)
0035 51 DL( 1.400) + LL( 1.500) + wi( 0.300)
o030 41 DL( 1.400) + LL( 1.050) + WX( 1.500)
0037 51 DL( 1.400) + LL( 1.050) + wY( L.500)
o038 61 DL( 1.400} + LL( 1.500) + X(-0.900)
000 71 DL{ 1.400] + LL{ 1.500) + w¥(-0.500)
o040 81 DL{ 1.400) + LL( 1.050) + X(-L.500)
0041 5 1 DL( 1.400) + LL( 1.050) + Y (-1.500)
0042 101 DL( 1.000) + LL( 0.300) + EX( 1.000)
0043 no DL( 1.000} + LL( 0.300) + EY( 1.000)
0044 1z 1 DL{ 1.000} + 1L 0.300) + EX(-1.000)
0045 FE DL{ 1.000) + LL( 0.300) + E¥(-1.000)
o0se

0047 5

o045

0049 midas Gen - RC-Beam Design [ Ewrocode2:04 ] Gen 2010
o080

0052, PROJECT

0053 INIT SYSTEN : N, a
aoss

0055 [ Eurocode2:04 ] RC-BEAN DESTGN SUNMARY SHEET —-- SELECTED NEWSERS T AVALYSIS HODEL

aoss

acs7

oose

o060 tMEWP - 1, SECT. 4Ll (61, RECT), Spen = 10200.0

oo +lpe - 4s0.00,

o001 xlgck = 30.0000, £k a00.000

aoe2

o002 703 CHEC | NNEA( LCB) AsTop Rebar | P-ILEA( ICB) Ashor Rebar |  VEA(10B) As Scierups_|
aoes

0005 T 0K | S.76408( 7) 1415.1 325 | 7.55407( 5) 437.16 2220 | 187840( 7) $30.79 2-P10 Bls0
C085 W OK 1 0.00000( 13) 437.1s 2-P20 | 3.26408( 3) 1195.3 4-F20 | 138S02( 3) 686.35 2-P10 8220 o
‘

[Ready Ln0/69,Col1 NUM

MIDAS Information Technology Co., Ltd.
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CHAPTER 3. RC Design Tutorial

[ Connect Model Yiew
Select Al | tnselect Al

Code : Eurocodez:04 Unit: kN, m
 Member
SR
MEMB Section fck 5
SECT|SEL| Be [ He | wk |POS| CHK
Span bt [ hf [ few
o 1 |aooo00 1 |
411 | [~ |0400 0700| soo000 | M |
10200 | [0000 0.000| 400000 J |
o | [ ez [mooon| 1 |
412 | [ 0400 0700 S00000 M |
7.2000 0000 0.000| 400000 J
o | G3 200000 | |
413 | [~ |0600[0a00 so0000 | w |
‘90000 | [0.000 0000] 400000 U |
R e
414 | [ 05000600 S00000 M|
30000 0000 0.000| 400000 J |
0| | B z0000 1|
M5 | [T (0300 0.600 500000 | M
‘goooo | o000 o.ooo| o000 o -

| re-calcustion |

Graphic... | Dei

=

~ Option For Detail Prink Position

W Endl [ i

| Updats Rebar
| Close

RC Building

1. Design > Concrete Code Design > Beam Design...

2. Sorted by: Property

@ 1. Red N means that negative moment is larger than the
resistance for the given section .

& Red P means that the positive moment is larger than the
resistance for the given section.

45

MIDAS Information Technology Co., Ltd.

[ Shape [ Modfy

106
156
206
306
406
411

Resst

Reset All

RC Building

3. Design > Section for Design...
4. Select “413 G3” section.
5. Click [Modify] button.

6. Change H from 0.8m to 0.85m and Change B from
0.6m to 0.65m.

7. Click |OK] button.
8. Click [Close] button.

I~ Hide all the sections which are not modified or not used in design,

Section D

oofuser |
ety [ sodrectsnge -
Name [G3 Guer  CoOB

Sect, Name: -

¥ Consider Shear Deformation

Offset: Center-Center

e ot m

Show Caleuaton Results.

o

46

MIDAS Information Technology Co., Ltd.
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CHAPTER 3. RC Design Tutorial

Eurocode D ) ‘ory RC Building
9. SEL: select SECT “413”.
Cods : Euracode2:04 Units W, m Code | Euracode2:04 Units KM, m
10. Click [Re-calculation] button.
Sy U iy Ry
@ Praperty & Property
MEMB Sectian fek S MEMB Saction fok o
SECT|EL| Be [ He | mk |POS| GHK SECT |SEL| Be | He | #k |POS GHK
Span HEIET Span bt | ni | fw
o El 300000 1 | OK [ = 300000 | | OK
41 | [ [0400]0700] s00000 M | OK | #11 | [~ 04000700 so0000 | M| ok
10z00 | ooon|0oon | 40mon | J | Ok | 10,200 0000 0.000] 400000 J | OK @ 1. Check results of Section
o | 62 |300000 1| OK | 0 | G2 300000 1| Ok 413 GI change to OK.
#2 | [ oa4o0[o700 500000 M | OK 42 [ |0s00/0700 S00000 M | OK
| L gz0m ooon oo | 40000 | oK 7.2000 000D 0000 400000 J | OK
9) ] 63 300000 1 OK 0 G 000 | ok
N 413 | @ |oso0 oso sooooo mo P 413 | [V |0650 0850 500000 M Ok
9.0000 0000 0.000 400000 J ke 8.0000 0000 0000 400000  J I oK
0 G4 300000 | | OK | "o | | o4 |3oomoo| o | ok |
414 | [ 0500|0600 S00000 M| oK 414 [ 0500 0800 500000 M | OK
2.0000 | 00000000 400000 J | OK | .0000 |0000 0000 4oooon | 0 | Ok
o | B1  |300000 | | OK | [ I 00000 | | OK
415 | [ [0300]0600] s00000 0 M | OK | #15 | [~ |[0ao0/oeo0] soooon | M| ok
ao000 | 0000 0000| 400000 J | OK "v .0000 0000 0000 400000 4 | OK v
[~ Connect Madel View [~ Connect Mode Yiew
sclect Al | uwm@ Re-cakculation | selectl | Unselect Al | Recalculation |
craphic.., | | summary.., | = | araphic... | L
Option for Dekal Print Position Update Rebar ption for Detal Print Position Update Rebar
¥ (EndZ; [ Iy Close: I = Close
47 MIDAS Information Technology Co., Ltd.

Concrete Column DESl}In ( 1 ) 1. Design > Concrete Code Design > Column Design...
2. Sorted by: Member
3. Click to expand the dialog box.
0 wgq»
4. SEL: select MEMB “41”.
Code ; Eurocode2:04 Unt: kN, m Primary Sorting Option
& Member  SECT ' MEME
Sorted by © Property
MEMB Section fok k N_Ed | M_Ed W_Ed
~—v—[5EL [ [ L [LC ‘ - [ = [ Ast V-Rebar ;.—[ Asw-H | H-Rebar |
Tl [ He | Height | fow || RakN | Rath | Rat |
@ 300000 500000 221661 176034 524001 -
v - & — 0.0020 4-2.P25 - 00008 2-P10@180
406 50000 400000 0364 0373 0139
42 300000 500000 336405 193562 50.7405
r 3 0.0020 4-2P25 00008 2-P10 @180
308 0600|0700 50000 | 400000 0s0s | o497 | 013
@ 3 |so0u00 | soo000 | | 336352 | 192888 505602
B - T 0.0020 4-2P25 00003 | 2P0 @180
3068 0.600 0700 | 50000 & 400000 0505 0435 0134
44 C4 300000 500000 220497 177988 52,5987
I 3 00020 | 42825 00003 | 2.0 @180
ans 0600/ 0.700| 50000 | 400000 037 | 038 | 0138
45 c2 300000 | 500000 381502 | 261147 804511
B 7 0.0020 4225 00003 | 2-P10 @180
2068 0.600 0600 | 50000 & 400000 0703 0897 0242
48 <1 300000 $00000 51779 182446 $4.5237
I 6 00020 | 42825 00003 | 2.0 @180
108 0600/ 0500 50000 | 400000 oe76 | 08w | 0184 |
47 =i 300000 | 500000 551633 | 161.940 544415
r B 0.0020 4-2P25 00008 | 2-P10 @180
108 0.600 0600 | 50000 & 400000 0878 0889 0164
@ €2 |s00000 S00000| 380030 352866 304821
i lEsie 1 2 goo0 | 42635 L pooos | 2P0 @ie0
208 0600|0500 5.0000 | 400000 osw0 | 0703 | 0242 |
49 Cc2 300000 | 500000 370149 | 232625 709820
r ¥ p 0.0020 4-2P25 00008 | 2-P10 @180
208 0.600 0600 | 50000 & 400000 0663 0676 0214
B Cia | 300000 | 500000 isass 7018 11 8843
— - 1 — ~ 00020 | 4-2-P25 - 00008 | 2-P10 @180
156 0.500 0600 50000 400000 0316 037 | i 0074
™ Connect Mnde; View ‘ Result Visw Option
Select All Unselect Al Re-caleulation K3 () Ky
i | 3 Al Cok NG & 1. As with Beam we may check [Graphic...], [Detail...] &
a}gvapmc‘.. I =T [Summary...] results.
ranpM e, | NeRebar | ese Copy Table
{5]) I
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Concrete Column Design (2)

5. Click [Draw PM Curve...| button.
6. Click [Close] button.
M-N Inter: urve Dialog, &
Unit: k. m
Mernber Mo,
N 4
Section Type | RT
{ Ho= 07000
Bc= 0.6000
4- 2-P25
PM Curve Result :
N Rdmax = 7960.31
NEd= 2216.61
NRd= 6095.99
Rat-N= 0,363
MEd= 1785034
MRd= 472,550
Rat-M=  0.3725
Rat-My = 0.3726
Rat-Mz=  0,3725
Eccentriciky ! m
M EdiN Ed=  0.07942
Rotation : Deq.
M EdziM Edy = 52477
M Mz

MIDAS Information Technology Co., Ltd.

Concrete Wall Design (1)

1. Design > Concrete Code Design > Wall Design...
2. Sorted by: Wall ID + story

3. Click to expand the dialog box.

4. SEL: select WID “1” Story “1F”.

Primary Sorting Optian
WD+ Story
WD | ik |tk | Ratio| [ M_Ed [ V_Ed | AsV | V-Rebar | End-Rebar |~
N_Ed
story | Ly | HTw | hw | tw | Ratv] | LoB | LeB | AswH| H-Rebar | BarLaver |
i Wit 300000 500000 0326 TBOEG (B373s2 S84E7 PIA@E0  Notlse
" 2 i 328 | seazs| BRE0S : 13@R0 1 Tt
| 1 L 4 ) oo o0opo 400 ossz 1 11 G0B08 PI3@0  Double
e 500000 | 500000 06805 35Ee08 | 602691 | BO467 | FI3@A00| MotUse |
o |7 o000 | sooeo 20000 scoom ossa | 0 10 90894 PI3@20 Double
3| [ 30,0000 | 500,000 | 0516 [17€+09 | 408835 | 88467 | PI3@300  MotUse
|7 a0 | soooo | o000 ooowo | omo | TP 2 1 emen pro@an  Doe
N = w2 00000 500000 | 089 o [28E08 44851 GB4S7 PI3@ID  Metlse
i 30000 | 50000 | 20000 400000 0983 13 10 | 72484 PI3@30 | Doube
s [ | 30.0000 | se0.000 | 0231 31E+08| 505200 89467 |PI3 @300 MotUse
7| T [ #e000 | sooa0 | zmmoo o000 | ness | 18 13 | 66350 | PI3@400|  Double
5 wo 300000 500000 08s1 |22E400 9504 | EE4f7  PI3@E0D | Motlse
|7 wono | sooeo | 000 sseom omms | i 12 9533 PI3@M0 Doudle
7 w2 30.0000 | 500000 | 0775 226409 | 699964 | B0457 | P13 @300 Motlse
|7 a0 | soooo | 200 oo osss | TP 2 1 osies pro@am | ooe
I = 3 Wi 00000 S00000 023 o GSEWO G723 G4E7 M@0 Meklse
A ' 700 | s000 | 20000 400000 0745 | 15 | 1 | eeas0 Plagdon|  Doudke
= 300000 500000 | 0242 || 706409 164633 69457 | PI3@A0D | MetUse
* 72000 | 45000 | 20000 | 400000 | 0957 6 11 91210 PI3@0 | Double
2l e oo oo s s s s psew) o
2 ||| 30000 | 45000 | 20000 400000 | 0886 10| 80248 PI3@0| Dowbe | v
Cannect Mogel iew 5 5
L e G M e RESUI“t e @ 1. As with Beam we may check [Detail...] &
.@ N [Summary...] results.
e Sy o e
Draw Pl Curve.., || UpdsteRebar | close Copy Table & 2. As with Column we may Draw PM Curve.

MIDAS Information Technology Co., Ltd.
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Concrete Wall Design (2)

| 5. Click |Graphic... button. |

[EJE)E) = preview Window

[ F = & Pin_|& P Al |80 close | Save [ L =] & Pin_ |& Pint Al |4 Close | @ Save
1. Design Condition 4. M-N Interaction Diagram
F e — i g
Untsysiem P e
o Pee— Mbior e

2. Applied Loads

Lomd Compination © 13
sy =sos2es, NLE#: 000000 khm

)

3. Axial Forces and Moments Capacity Check
- N = 271400

Ry meteres
N_San_Ray ~0370 <1000.... oK
MRwy 247088 wem 5. Shear Force Capacity Check
R e = Applied Shear Strength ~ V_Ed =1687.38 KN (Load Combination  11)
- Design Shear Strength  V_Rdcw/_Rds =0.00000 +1650.18= 1650.18 KN (Asw-H_req =0.00091 i, P13 @290)
N_Sam_Raz %0000 <1000 .... oK Shear Ratio VFWR ol
Mo
M_SszM_Raz %0000 <1000 .... 0K - v

< o & >
51 MIDAS Information Technology Co., Ltd.

midas Gen Tutorial Eurocode Design of Multi-story RC Building

Manually Entering Rebar and ULS Checking

Enter Rebar Data using “Design > Concrete Design Parameter > Modify
Beam/Column/Wall Rebar Data” or “Design > Concrete Code
Design > Beam/Column/Wall Design > [Update Rebar| button”

@ 1. In this tutorial, “Modify Beam Rebar Data” will only be illustrated. In the same manner, Column and Wall
Section Data can also be defined.

@ 1. Rebar will be MANUALLY entered using “Design > Concrete Design Parameter > Modify
Beam/Column/Wall Rebar Data”

@ 1. Rebar can be AUTOMATICALLY entered using “Design > Concrete Code Design > Beam/Column/Wall
Design > [Update Rebar]| button” (this is illustrated later).

52 MIDAS Information Technology Co., Ltd.
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Modify Beam Section Data (1)

Madify. Beam Rebar.Data. 1. Design > Concrete Design Parameter > Modify Beam Rebar
I~ Create s Section Data...
W e - — —
— : : 2. SECT: check on ID “412”.
2 )us @ Element List :
aeoa :
de B, - s 3.Uncheck “Same Main Rebar Size at Top and Bottom” and
w2 W : 8 Bean Property “Same Main Rebar Size At LM and J” .

4. For Main Rebar at “End(I)”

5. For Top Rebar: in front of “Top” and “1” : “4” “P25”
6. Bottom Rebar: In front of “Bot” and “1” :“2” “P20”

7. For Main Rebar at “Center”

 allsedion @h End&Cent T @ 8. For Top Rebar: in front of “Top” and “1” : “2” “P20”

Rebar Nrdy [ afpter [ Endg) |
. “Bot” 19 iy «prsn
o _12 T g 2 el e B 9. Bottom Rebar: In front of “Bot” and “1” :“4” “P25
2 o e 8
. = = ; « »
s\ﬁ)m_ ? ] s [ 10.For Main Rebar at “Center
i P10 [ 2 J&d00 [ 2 (R a0i] 3 [ 100 &® 11.For Top Rebar: in front of “Top” and “1” : “4” “P25”
Skin 0 o o
- . “ 99 L R AR ”
e o [0 [57 12. Bottom Rebar: In front of “Bot” and “1” :“2” “P20
Eloetal Fiaure
Ende Center End(2)

z

1}
z
}y Hy ¥

[ same Main Rebar Size at Top and Battom

™ Same Main Rebar Size at 1, M and 3

AddfReplace | Delste Close

53 MIDAS Information Technology Co., Ltd.

as Gen Tutorial ] ory RC Building

Modify Beam Section Data (2)

Modify Beam Rebar Data 3 13. Stirrup in “End(I)”
[™ Create Sub Section .
a G E Ly
S 14. Arrangement: “2
:;i gi : Element List : 15 st. s . “100”
s - N 11£0356by5 1240357by63 13t03% . Stirrups Space: mm
@ wel ;
@ owe - R B 16. Stirrup in “Center”
:
{’ il 17. Arrangement: “2”
e 18. Stirrups Space: “200” mm
o
L 19. Stirrup in “End(J))”
20. Arrangement: “2”
Al section " Both End & Center & Each End & Center 21- stirrups space: ((100!) mm
Rebar End() | Center | Enowy |
T . 6 ”
[ ron 12 g oo ; 0 g o2 22.Stirrup: “P10
s
. : z (ﬂ“)@@ 23. dT, dB : 0.055m,0.055m
[su P02 @100 2 @200 2 @ 100 24. Click [Add/Replace] Button
Skin 0 0 o
Concrete Face to Center of Rebar(dT, dB): 0.055 , | 0.055 m
Elbetai Figure
End() Center End(1)

z z z
«H»y «@»y «@»y
[ Same Main Rebar Size at Top and Bottom

[~ Same Main Rebar Size at 1, M and

AddReplace Delete Close.
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ULS Beam Member Code Check

@6—1. Beam Code Checking I

@ 1. In this tutorial, only “Beam Code Checking” will be
illustrated. In the same manner, Column/Wall Code
Checking can be performed.

55 MIDAS Information Technology Co., Ltd.

1. Design > Concrete Code Check > Beam Checking.
2. Sorted by: Member

Beam Code Checking (1)

3. Results: Strength
4. Click to expand the dialog box.
5. SEL: MEMB “11”

Code : Eurocode2:04 0 Unit: kM, m Primary Sorting Option
Sorted by Resuls e L
& Property  Serviceabilty
WEMS Section |1k ~
sEcT | seL| Be | o | |Pos) o] astop | aseot | MO icel MO ratn| P ical PO | Rate| v ea | Loal v_Rac | Ratv
Span o | nt | w B B - B
5 11 G2 300000 I Ok 0.0020 O0000B 183388 9 510,105 036 222076 11 170404 043 99.0871 7 1373 012
412 | ¥ |0.400 0700 500000 M Ok 00008 00020 39.3944 11 170404 0.23 43.9243 2 510105 0.09 650838 3 136738 0.50
T?zaao | locoo oooo sooos o oK 00020 D00DS 185428 5 SI0ADS 036 206784 13 170404 043 906170 3 13673 03
12 G2 0000 | Ok 00020 | 0006 (207775 7 SI0A05 .58 100838 11 170404 .01 130488| 5 136738 095
412 | [ 0400(0700 50000 M | OK | D000 | 00020 49707 | 5 170404 020 643412) 6 S10105 043 110663 3 13673 081
72000 00000000 400000 J  OK 00020 | 0006 |288241| 3 SI005 058 008875 13 170404 001 130604 0 13673 096
13 G2 0000 || Ok | 0.0020 | 00006 158255 6 SI0.105 .31 081391 | 11 170404 0.01 834868| & 136738 0.6
412 | [ 0400[0700) 500000 | M | OK | 00006 | 00020 [16.0647| 13 170404 0.09 458231 | 6 510105 0.09 61.9396 6 13673 0.46
72000 0.000(0000] 400000 J | OK | 0.0020 | 00006 |154.334| 2 51005 030 | 204017 | 13 170404 001 | 923785| 2 13673 068
] 62 0000 | Ok | 00020 | 00006 (174498 @ SI0.105 0.34 322523 1) 170404 049 S57432| 7 167% 012
412 | [ [0400[0700) 500000 M | OK | 00006 | 0.0020 403631 11 170404 024 520411 2 S10105 00 604535 3 13673 050
72000 0.000(0000) 400000 J | OK | 00020 | 00006 177.574| 5 51005 036 | 313088| 13 170404 048 996807 O 13673 013
&1 G2 300000 I Ok | 0.0020 | 00006 | 282763 7 510105 0.55 142586 11 170404 0.08 130320 5 136733 0.95
412 | [T 0400|0700 500000 | M Ok | 0.0006 | 0.0020 | 414367 | 11 170404 | 0.24 794512 & 510105 046 110786 3 136733 0.81
7.2000 0.000|0000 400000 J Ok | 0.0020 | 00006 | 283573 3 510105 0.56 14.0731 | 13 170404 0.08 130521 9 136738 0.95
(3 =) annonn | 1 me | nonon | annne (1557RR0 7 SINAna| MR QGQRT1S| 41 17n4nd | A0k @deaaal 7 19R7eR | nRe | Y
[~ Connect Miodel Visw Result View Option
Select Al | Uinselect Al Cok C NG
- Copy Table
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Beam Code Checking (2)
| 6. Click [Graphic...| button.

EIEIR) | = Preview Window
o 11 <] & Pt [& Pint Al [$] Close [ Save ZHE =l & pin |& P |50 cose | s |
= |13 Bending Moment Capacity -
1. Design Information L = L
€ Load CombinationNo. s " s
Mernber Number 11 Moment (M_Ed) 18338 3838 185.43
Design Code Eurocode2:04 Strength (M_Rd) 51010 170.40 51010
Unit Systern kN, m Check Ratio (M_Ed/M_Rd) 03595 02312 03629
Material Data fek=30000, fyk="500000, fyw=400000 KPa
Beam Span 72m (4 Lond Combination N, " 2 s
Section Property G2 (No:412) Momant (W_Ed) 2221 4982 2168
B | ) 17040 s10.10 17040
2. Section Diagram Check Ratio (WM Ry 01308 ooset 01272
i il s Using Rebar Top (As_top) 00020 0.0006 0.0020
& == i Using Rebar Bat(3s_bob o000 00020 00006
. i s 4. Shear Capacity
& ° ° END4 Mo END-J
Load Combination o - s s
& s g shai e 250 w0
Loty Loy e i g ey Ry P, i, 12674
S e " Using Shear Reint (isw) ocote 00008 ooote
ser zr0 ser arze ser 2rz0 Using Stmups Spacing 2e10@100 2r10@200 2pr0@ic0
[E— smmnps zri0amn smenps 2rimaim P il . Hona
< T > h < >

57 MIDAS Information Technology Co., Ltd.

ory RC Building

Beam Code Checking (3)

7. Option for Detail Print Position: check on “End I.” “Mid.” “End J.”.
8. Click [Detalil...] button

B rie ti view window rep EIE3
DeEERE B & & ad LA -FE EBROBER| 2
oo | =
000t

0002 uidas Gen - RC-Beam Checking [ Furocode2:04 ] Gen 2010

000s

000s

0005

o0 L
ooo? | NIDAS(Modsling, Integrated Design « Aualysis Software) |

ooos | nigas Gen - Design ¢ checking systen for windows |

0000

o010 RC-Hember (Bean/Coluun/Brace all) Analysis and Design

o011 Based On TWI-USDS2, GBSODLO-02, ACI3L6-05, ACI315-02,

o012 ACT318-99, ACT316-95, ACI316-89, BS6110-97,

oots

| |
| 1
| |
| Furacodez:04, Euracadez, CSA-A23.3-94, |
o014 | AI3-USD93, KCI-USDO7, KCI-USDO3, KCI-USDSS, |
| 1
| |
| |

0015 RSCE-USDS6, ATK-USD34, AIR-WSDZK, 15456:2000
oots
0017 () SINCE 1989
oo
o01e | MIDAS Information Technology Co.,Ltd. (MIDAS IT) |
o020 | MIDAS IT Design Development Tean |
o021
o022 i HonePage : wrv.MidasUser.con |
o023 | Tel : 360-753-5540, Fax : 360-753-5542 |
o024
o025 | Gen 2010 |
onze
o027
e
o028 *. DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS.
oo
o031 LB € Loadcase Name (Factor] + Loadcase Name{Factor] + Loadcase Name(Factor)
o032
o033 11 DL( 1.400) + LL{ 1.500)
0034 2z 1, DL{ 1.400) + LL{ 1.500) +
o025 31 DL{ 1.400) + LL{ 1.500) +
one a1 DL{ 1.400) + LL{ 1.050] +
o037 51 DL{ 1.400) + LL{ 1.050] +
oose 61 DL( 1.400) + LL{ 1.500] +
o0z 71 DL( 1.400) + LL{ 1.500) +
o040 8 1 DL( 1.400) + LL{ 1.050) +
0041 5 1 DL( 1.400) + LL{ 1.050) +
0042 01 DL{ 1.000) + LL{ 0.300] +
11 1 + LL{ 0.300] +

7
B

Reat in0j 338, Coll M
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Beam Code Checking (4)

| 9. Click [Summary...] button. |
E59 MIDAS/Text Editor - [Unti [E3)
[ Fle Edi wview window Help x
DedESRE BEE A o H AR AR EBMER ?
o0 =
o001 5|
0002 uidas Gen - RO-Besn Checking [ Euresodez:od | Gen 2010
oc0s
o004
0005
ooos
0007 | MIDAS(Nodeling, Integrated Design « Analysis Software) |
o008 | midas Gen - Design & checking systen for windous
000
kb | RC-Mewber (Bean/Coluwn/Brace/Wall) Analysis and Design 1
0011 | Based On TWN-USD9Z, GB50010-02, ACI318-05, ACI318-02, 1
o0t | ACT316-90, ACT318-05, ACT318-89, BS6110-07, |
oors | Eurosodsz 04, Eurocede?, C3h-A25.3-94, I
i I ALI-U5DA3, KCI-USDO7, KCI-USDO3, KCI-USD9R, 1
o0t | KSCE-USDS%, AIR-SDSd, ATK-USDZK, 1545612000 |
oot | |
0017 | (c)STNCE 1989 |
oot
0018 | MIDAS Informatien Technology Co.,ltd. (HIDas IT) |
0020 | MIDAS IT Design Developuent Tean 1
o021 |
i I HomePage : www, MidasUser.con 1
0023 I Tel : 360-753-5540, Fax : 360-753-5542 1
o024
o02s | oen 2010 |
onze
o027
onas
ooz *. DEFTNITION OF 10AD CONBINATIONS UITH SCALINS U FACTORS.
ooss
0031 LGB C Loadcase Nawe(Factor) + Loadcase Naue(Factor) + Loadecase Naue(Factor)
o0
o0a3 f il 1400 + 1L 1.500)
oo 21 DL( 1a00) + LLi 1is00) + we( 0.300)
0035 3 Uy DL{ 1.400) + LL{ 1.500) + W¥( 0.900)
o i DL( 1400 + LL( os) + Wi 1.500)
0037 5 L DL 1.400) + LL{ 1.050) + WY({ 1.500)
0038 6 L DL{ 1.400) + LL{ 1.500) + WX{-0.800)
0038 % 4, DL{ 1.400) + LL{ 1.500) + WY {-0.900)
oos a1 Di( 100y + L os) + w1, 500)
0041 & DL( 1.400) + LL{ 1.050) + WY(-1.500)
0042 o 1 DL{ 1.000) + LL{ 0.300) + EX( 1.000)
0043 1 1 DL{ 1.000} + LL{ 0.300) + EY¥{ 1.000}
i e ey nom . eripiperiind Feic1 o _|;J
i
| = inojsL, Coll [ /
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RC Building

Parameters for SLS Checking

Concrete long-term and short-term Modulus of elasticity
Serviceability Load Combination

Enter Rebar Data using “Design > Concrete Design Parameter > Modify
Beam Rebar Data or “Design > Concrete Code Design > Beam
Design > [Update Rebar] button ”

Serviceability Limit Control Parameters

© 1. For serviceability check, entering rebar data is required.

60 MIDAS Information Technology Co., Ltd.
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1. Design > Concrete Design Parameter > Modify
Concrete Materials...

2. Select “C30/37” from Material List.
3. Click --| button.

4. Click |OK] button.

5. Click [Close] button.

|- Concrete Material Selsction

Code  |ENDHIRO) - Grade:  |canjar = E@

Specfied Compressive Strenath (Felfck N £ Nfmm?

- Rebar Selection Short/Long Term Elasticity Ratio
Code : |EMO4{RC) - - Ratio of Modulus of Elasticy ——————————
Gradeof MainRebar:  |ClassB B R Err— niShort Termd; | 6.26198262977898
Grade of Sub-Rebar : [class & | ms o [0 Mt nilonaTerml; | 12.523965247558

Close

ModiFy: Close ( : )

61 MIDAS Information Technology Co., Ltd.

midas Gen Tutorial pcode Design o ory RC Building

Serviceability Load Combination Type

X 1. Design > General Design Parameter >
Serviceability Load Combination Type...
Serviceability Quasi-permanent 2. Click [OK] button.
cLoBzs
& Once the load combinations are generated using
“Auto Generation” as per Eurocode2 as in Step 3-1,
i the program automatically assigns the “Quasi-
chzs permanent”, “Frequent” and “Characteristic” load
E o
Bl - combinations.
cLCB2s
o | |eucees
clCB27
Charackeristic
cLcB14 )
o= | |ccBis =
cLCBLE
< | |eemt? vl
A =

62 MIDAS Information Technology Co., Ltd.
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Code ; Eurocodez:04 Unit: kM, om 1. Design > Concrete Code Design > Beam Design...
St AL 2. SEL: click [Select All] button.

i+ Property
3. Click [Update Rebar]| button.

MEMB Section fek Lo
SECT|SEL| Bu [ He | fk |PoS|CHK 4. Click [Close] button.
Span b | hr | fw

o G1 300000 | OK

411 a 45E_[| 0700 500000
10,200 0,000 0000 400000

G 1. By clicking [Update Rebar] button, the rebars
designed in this dialog box will be automatically
entered into the selected sections.

G3
0600 0800

0.000 0000

0 B 30000.0
415 ¥ 0300 0600 500000
9.0000 0000 0000 400000 4 @ OK

|

I Connect Madel View

2 | selectal | unselectal | Re-calculstion |

Graphic... | Dt | Summary... | >>L
Update Rebar ( 3

()

FEndL [T tid. [~ End 3,

Option For Detail Print Position
[ ==

63 MIDAS Information Technology Co., Ltd.

[SEcT [Mame  J8w ] [ CreatesubSecton
o 1. Design > Concrete Design Parameter > Modify
Beam Rebar Data...

2. SEL: check on ID “413”.
3. Click [Close] button.

© 1. In this page, check the Rebar Data entered
using [Update Rebar] in the previous page.

 Alsecton BothEndaCenter (6 Each End & Center © 2. “In” signifies that Rebar are placed.
Rebar End(l) Center End{)) .
— i 5 | @ 3. The entered Rebar Data are displayed.
m | Top P25 |~ P20 |—— P25
a 2 0 o o
g 2 0 o 0 .
n | Bot P20 - P20 || P20
1 3 4 3
stiup | P10 | 2 l@ 120 2 @ 160 2 @ 120
skin [ T 0o
Concrete Face to Center of Rebar(dT, dB): 0055 ,[0.055 m
= ig.
endg) Conter Enci)

I Same Main Rebar Size at Top and Battom

I Same Main Rebar Size at 1, Mand 1 C

wipepoce | vdwe | cose |

64 MIDAS Information Technology Co., Ltd.
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Enter Serviceability Limit Control Parameters

1. Design > Concrete Design Parameter >
Serviceability Parameters...

2. Option: Add/Replace

3. Selection Type: By Selection

4. Exposure Class: XD1

5. Stress Parameters- k1: 0.6, k2: 0.45, k3: 0.8, k4: 1
6. Quasi-permanent — Limit: 0.3 mm

7. Quasi-permanent Deflection Ctrl: L/250

8. Characteristic Deflection Control — Limit: L/250
9. Deflection Amplification Factor: 1

10. View > Select > Identity...

11. Select Type: Section

12. Select “411: G17”, “412: G2”, “413: G3”, “414:
G47”, “415: B1”, “421: WG1”, “422: WG2”

13. Click |Add] Button.
14. Click [Close] Button.

15. Click [Apply] Button.

ign of Multi-story RC Building

General | Steel Concrete | SRC | Select Identity |§|
[Serviceahilty Parameters - J i I T I — I — I
‘Option I Nodes i—
& AddfReplacs  Delete
[V Elements 16027 320037 7by63 33t03Taby6:
Selection Type
oAl @ By Selection ( 3 Select Tvoe :

Exposure Class:

Class: [xD1 i : )
| Stress Parameters

Kl 06 k2: 0.45

k3t 0.8 ke: 1

[section

A

= Delete
| _Replace

22 WG2 | Intersect
o I~ Muliple

Vv Quasi-permanent

Limit : [

~Quasi-permanent Defiction Cirl
1500
@ Lj2s0
 Users L)

Characteristic Deflection Contral
Limit: L/ 250 ,

Defiection Amplfication Factor
— )

[ Crack Contral
Charatteristic
Close
it 0
Frequent
Limit ¢ 0.4 mm

65 MIDAS Information Technology Co., Ltd.

midas Gen Tutorial

Eurocode Design of Multi-story RC Building

SLS Checks

’Serviceability Checking for Concrete Beam

& 1. Serviceability check is provided for Beam members for the following limit states.

- Stress limitation
- Crack control

- Deflection control
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CHAPTER 3. RC Design Tutorial

Eurocode ory RC Building

Serviceability Checking (1)

1. Design > Concrete Code Check > Beam Checking...
2. Sorted by: Member

3. Results: Serviceability

4. Click to expand the dialog box.

5. SEL: select MEMB “1”

Eurocode2:04 RC-Beam Checking Result Dialog.

Code : Eurocads2:04 Unit: ko, mm ~ Primary Sorting Option
aortag by < Member  Strength " SECT (% MEMB
e e @ Serviceability 3
MEMB Section fek Top-5 = B
opw ot |0
SECT|SEL| Bo [ Ho | | Pos|cHk Tops Tops £
Span b | o | Top-s | Top-ca] Bute | Botsa| Top-s | Top-ca] Bote | Botea| Top-w ] Top-wal Botw | Bobwa| Der | Defa

1 003000

5 )7o00 oso000
0000 040000
G1 003000
™ 4000 7000 050000

| OK 000772 0.01500 000122 0.00280 0089080 035000 0.01316 035000 00590 03000 00103 03000
M OK 000000 000000 000755 0.01500 000000 000000 011845 035000 00000 00000 00849 03000 35724 40800
J 0K 000810 0.01500 000102 000280 008535 035000 0.01093 035000 DUOE36 03000 00036 03000
| | OK 000806 0.01500 000103 0.00290 009499 035000 0.01105 | 035000 | 00633 | 03000 00087 | 03000
M | OK 000000 0.00000 000755 0.01500 |0.00000 000000 011844 |035000 0.0000 | 00000 00848 | 03000 | 35703 40800
0000 0000 040000 J O | 000775 001500 |0.00121 0.00290 0.09121 035000 001302 | 035000 0.0583 | 03000 | 00102 0.3000
61 003000 | | OK | 001470 0.01500 | 000209 | 0.00290 0417233 035000 |0.02242 | 035000 | 04312 | 03000 | 0.0191 | 03000
[~ [400.0[7000 050000 | W | S* | 000000 |0.00000 |0.01580 | 0.01500 | 0.00000 | 000000 |0.24516 | 035000 | 0.0000 | 00000 | 02127 | 03000 | 7.3074 | 40800
J
|
[
J
|
[
J
v

0.000|0.000 | 040000 5* | 001564 |0.01500 | 0.00165 |0.00290 | 016342 | 0.35000 |0.01778 | 0.35000 | 01415 | 03000 | 0.0151 | 03000

61 003000 s |0.01563 |0.01500 | 0.00166 |0.00290 | 016335 | 0.35000 | 0.01780 | 035000 | 04415 | 03000 | 0.0151 | 03000
[T 4000 7000 050000 5* | 0,00000 | 0.00000 | 001550 | 9.01500 | 000000 | 0.00000 |0.24516 | 035000 | 0.0000 | 00000 | 0.2127 | 03000 | 7.3070 | 40800
0.000 0000 040000 OK | 001471 001500 | 000206 0.00290 017242 035000 0.02239 | 035000 01312 | 03000 00180 03000

Ll 0.03000 OK | 001269 001500 000239 000280 014880 035000 0.02566 | 035000 04107 | 03000 00224 | 03000
™ 4000 7000 050000 OK | 000000 0.00000 | 001456 0.01500 0.00000 000000 022696 | 035000 00000 | 00000 01541 | 03000 | 64912 40300
10200 0.000 0.000| 040000 S* 001739 | 0.01500 | 000049 | 0.00290 |0.20441 | 035000 0.00530 | 035000 01616 | 03000 | 00033 | 03000
- A R e A A R e e R ~
I Connect Model Yiew Result Yiew Option -
FAl ok Che
‘Option For Detail Print Position — : Copy Table
¥ End1. [~ tid. I EndJ 1 e |
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Serviceability Checking (2)

‘ 6. Click [Graphic...| button. I

[fre -l & Pint | & print Al [0 Close |H Save
3. Stress Check &
Ena o Enpy
Goncrete  Rebar Gonerwe Rebar Gonerste Rebar

) Load Combination No. 18 18 22 22 16 16
[ 002 025 000 000 ooz 025
Allowable Strass(aa) 001 L 00 035 0ot 035
Stress Ratio(sisa) 1.4081 07264 00812 00072 1.3000 07175
() Load Combination MNo. 16 16 16 16 13 18
Strasz(e) 000 ooa 002 028 oo 00s
Allowabla Sirass(zz) 000 oas 001 0as oo 035
Stress Ratio(siss) LER o.0856 11675 o023 osm57 0086

4. Crack Control

N0t o oy
) Load Combination No. 28 28 28
Grack idint) 022 om0 022
Allowabis Crask Wiaihwa) 030 0% 030
Che ok Ratatuina) oraze o003 oraze
() Load Combination MNo. 28 28 28
Crack it 031 oz o3t g
Ailowabia Crask Widin(wa) 050 050 050
Check Ratioguing) 10281 05043 1087
5. Deflection Control
L/250 = 40800000 > 8 8231 (LCE:16. FOS:5100.0rmm from END-D. OK o
<
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Serviceability Checking (3)

Click |Detail...] button.

DedEsR B

AL R A FEERNER 2

02z

[[[%]]] CHECK STRESS LIMITATION.

i ). Calculate stress of hottom.
B = 20

0.50000
0.70000

Uneracked fection )

51787.07 Kli-mn.
12.52397( Long Tern ).

0,30 * £kt (2/3)

(1.6 - H/1000) * form

= mAX( fetnm, f£rl ] =
311.00159 mm.

1.64568+010 mm*d.

= Mu* (H-z_har) /Tyy

Mu® (d-a_bar)n/Iyy =

<o

< K3tigks

gsstl

0.35000 kN /un?2.

(). Calculate stress of top.

kL =
k3

0.50000
0.70000

{ hssuned Uncracked fection |
260615, 65 kN-mu.
12.52397( Long Tern |.
= 0.30  £ok*(2/3)

(1.6 - H/1000) * ferm

Mu* {H-z_bar) /Tyy
> £r

0.

0.00290 Kll/aw 2.
0.00261 KN/um 2.
0.00280 Kl /ums2.

= 0.00122 KN/mm*2.
01316 XN/mm2.
0K !

EN.R

0.00280 kli/un 2.
0.00261 Kll/um 2.
0.00230 KN/am 2.

0.00493 kN/mn*2.

> Check Cracked Section !!!

L0 393, Col L [ M
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Serviceability Checking (4)
| 8. Click [Summary...] button. I

DEEERB  B@E | E Al A-rRE20EB 2
0050 18 2 DL( 1.000) + 1.000) + WY (-0.600)

0051 19 2 DL( 1.000) + 0.700) + W[ 1.000)

0052 20 2 DL( 1.000) + 0.700) + WY( 1.000)

0053 a1 2 DL{ 1.000) + 0.700) + WK(-1.000)

D054 22 2 DL{ 1.000) + 0.700) + WY(-1.000)

e P BI{ 10w + 0" 500

nes 21 2 DI{ 1om) + o300} + we( 0.200)

w5

e

005 uidao oen - FOmewn fhecking [ Burocode2:0d ] ben 2010

o

et

e 5 2 i 10wy + tLp .500) + wr( 0.200)

0063 26 2 DL( 1.000) + LL{ 0.300) + W{(-0.200)

0064 27 2 DL( 1.000) + LL{ 0.300) + WY (-0.200)

0065 28 z DL{ 1.000) + LL{ 0.300)

e

-

e

0088 nidas Gen - RC_ewn Checking [ Burecede2:0d ] Gen 2010

a

oo

G ——

0073 *,UNTT SYSTEM : KN, um

o7

0075 [ upecodez:0d | RC_BEAN CHECE SUMIART SHEET | SELECTED MEMBERS TH ANALYATS HODEL.

e

s

s

v R 1, SECT = a1l (61, RECT), spam = 192000

0080 *.Bc 400.00, 700,00

001 *.ick .03000, 0.50000, fyw = 0.40000

e

005 203 CHE AeTop Ashor Svetom{ L0B) Rarsi|Serdel| 10B) Racss| Crack( 1Bl Rart | Dasp. | 1B Rach
e

oe5 T 5339.6 942.45 17.7191( 15] 0.515190.797( 18) 0.25910.0580( 28) 0.137|

0086 " 628,32 3436.1 10.0000( 28) *****|0,0000( a8) *****|0.0000( 28) *****|3,5724( 16) 0.088
007 T 5399.6 942,48 |§.0961( 16) 0.540195.383( L6) 0.273|0.0636( 28) 0.212]

e

e

NRH—

Ready 089, Col1 [ oM |
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