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Developers and distributors assume no responsibility for the use of MIDAS Family Program (midas Civil, midas 
FEA, midas FX+, midas Gen, midas Drawing, midas SDS, midas GTS, SoilWorks, midas NFX ; hereinafter referred 
to as “MIDAS package”) or for the accuracy or validity of any results obtained from the MIDAS package.

Developers and distributors shall not be liable for loss of profit, loss of business, or financial loss which may be 
caused directly or indirectly by the MIDAS package, when used for any purpose or use, due to any defect or 
deficiency therein. Accordingly, the user is encouraged to fully understand the bases of the program and 
become familiar with the users manuals. The user shall also independently verify the results produced by the 
program.

DISCLAIMER



This guide is designed to help you quickly become productive with
the design options of EN 1992-2, EN 1993-2 and EN 1994-2.

Chapter 1 provides detailed descriptions of the design parameters, 
ULS/SLS checks, design outputs used for prestressed box girder design to 
EN 1992-2.
Chapter 2 provides detailed descriptions of the design parameters, 
ULS/SLS checks, design outputs used for composite steel box girder 
design to EN 1994-2.
Chapter 3 provides detailed descriptions of the design parameters, 
ULS/SLS checks, design outputs used for composite plate girder design to 
EN 1994-2.
Chapter 4 provides detailed descriptions of the design parameters,
ULS/SLS checks, design outputs used for steel frame
design to EN 1993-2.
Chapter 5 provides detailed descriptions of the design parameters,
ULS/SLS checks, design outputs used for RC frame
design to EN 1992-2.

Although there is a huge overlap between Chapter 2 and Chapter 3 due 
to the similarity of structural types, the composite steel box girder and 
the composite plate girder are explained in two separate chapters for the 
convenience of the readers.

As the table of contents is printed on the folded flap, the readers can 
access the table of contents easily from any page of the book.

Organization

The objective of this design guide is to outline the design algorithms 
which are applied in midas Civil finite element analysis and design 
system. The guide aims to provide sufficient information for the user to 
understand the scope, limitations and formulas applied in the design 
features and to provide relevant references to the clauses in the Design 
standards. 

The design guide covers prestressed box girder, composite steel box 
girder, composite plate girder, steel frame and RC frame as per Eurocode.

It is recommended that you read this guide and review corresponding 
tutorials, which are found on our web site, http://www.MidasUser.com, 
before designing. Additional information can be found in the online help 
available in the program’s main menu.
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Prestressed Box Girder Design (EN 1992-2)
Chapter 1.

Prestressed box girder needs to be designed to satisfy the following limit states.

Ultimate Limit States

Serviceability Limit States

Moment Resistance

Shear Resistance

Torsion Resistance

Tensile stress for Prestressing tendons

Stress for cross section at service loads

Stress for cross section at a construction stage

Principal stress at a construction stage

Principal stress at service loads

Check crack width
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Ultimate Limit States 
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1. Moment resistance   
Limit state of moment resistance should satisfy the condition, MEd≤MRd. 

Moment resistance, MRd, is calculated using the strain compatibility method as shown below. 

 

1.1 Design strength of material 
(1) Design compressive strength of concrete 

 

  cckcccd ff  /   (1.1) 

 
where, 
αcc: The coefficient taking account of long term effects on the compressive strength and of unfavourable 

effects resulting from the way the load is applied. 
fck : The characteristic compressive cylinder strength of concrete at 28 days. 
γc : The partial safety factor for concrete. 

 

(2) Design yield strength of reinforcement 

 

  sykyd ff /   (1.2) 

 
where, 
fyk: The characteristic yield strength of reinforcement. 
γs : The partial safety factor for reinforcement or prestressing steel. 

 

(3) Design tensile strength of tendon. 

 

  skppd ff /1,0   (1.3) 

 
where, 
fp0,1k: The characteristic 0.1% proof-stress of prestressing steel. 
γs  : The partial safety factor for reinforcement or prestressing steel. 

 

• Partial factors for materials γc, γs 

If  “User  Input  Data”  option  is  checked  on,  the  partial  factors will  be  applied  as  the  user
defined value. However, if the option is checked off, the values in Table 1.1 will be applied. 

 

[Table 1.1] Partial factors for materials for ULS 

Design Situations  γc for concrete 
γs for reinforcing 

steel 
γs for prestressing

steel 

Persistent & Transient  1.5  1.15  1.15 

Accidental  1.2  1.0  1.0 
 

   

EN1992‐1‐1:2004 
3.1.6(1) 

EN1992‐1‐1:2004 
3.2.7(2) 

EN1992‐1‐1:2004 
3.3.6(6) 

EN1992‐1‐1:2004 
Table 2.1N 
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  Partial safety factor γc, γs    / Coefficient for long term αcc, αct

Main design parameters for materials can be entered  in Modify Design Parameters dialog box. 
Among the input values, αcc is considered when calculating moment resistance in Ultimate Limit
State and it is applied as 1.0 for shear and torsional resistance.   

 

  Design > PSC Design > PSC Design Parameters…>Modify Design Parameters… 

 
[Fig. 1.1] Modify Design Parameters Input Dialog 

 

When  defining  partial  factors  for  materials,  Persistent  &  Transient  and  Accidental  design 
situations can be specified as shown in Table 1.2. 

 
[Table 1.2] Classification of design situations 

Design situations  Description 

Persistent & Transient  Load combination not “Accidental situation” 

Accidental 

Load combination include following load case type, 
Live Load Impact (IL, IM) 
Collision Load (CO) 
Vehicular Collision Force (CT) 
Vessel Collision Force (CV) 

 

Load case type need to be specified in Static Load Cases dialog box. 

  Load>Static Load Cases… 

 
[Fig. 1.2] Static Load Cases Input Dialog 

 

   

γc, γs 

αcc, αct 
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  Strength of Concrete/Reinforcement 

Define the material strengths of concrete and steel in PSC Design Material dialog box. 

 

  Design > PSC Design > PSC Design Material 

 
[Fig. 1.3] Define fck, fyk, fywk 

 

Select 'None' in the Code field and enter the name of the material to be used in the Name field. 
Then, each data field is activated and the strength of materials can be entered. 

 

  Strength of Tendon 

Define the strength of tendon in Tendon Property dialog box. 

 

  Load > Prestress Loads > Tendon Property 

 
[Fig. 1.4] Define fpk, fp0.1k 

 
 

fck 

fpk 

fp0,1k 

fyk 

fywk 
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1.2 Calculate neutral axis depth 
Calculate the position of neutral axis by iterative approach as shown in the figure below. 

 

 
[Fig. 1.5] Flow chart to calculate neutral axis depth, x 

 

(1) Calculate force of concrete, Fc. 

 

  
dAcdc xfF    (1.4) 

 
where, 
λ: The effective height of the compression zone factor. 
η: The effective strength factor. 

 

Condition  λ  η 

fck ≤ 50MPa  0.8  1.0 

50 < fck ≤ 90MPa  0.8‐(fck‐50)/400  1.0‐(fck‐50)/200 

fck > 90MPa  0.7  0.8 

 
x: The neutral axis depth. 

 

• In midas Civil, a rectangular stress distribution is used as shown in the figure below.   

(Ultimate strain of concrete εcu= εcu3) 

 

 
[Fig. 1.6] Rectangular stress distribution 

 

 

 

 

   

EN1992‐1‐1:2004 
Figure 3.5 

EN1992‐1‐1:2004 
(3.19)~(3.22) 
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(2) Calculate force of reinforcement, Fs, Fs’. 

 

  ''', ssssss fAFfAF    (1.5)     

 
where, 
As, As’: The cross sectional area of tensile and compressive reinforcement. 
fs , fs’ : The stress of tensile and compressive reinforcement. 

 

In order to calculate the stress of reinforcing steel, fs and fs’, calculate the appropriate strain by 
the strain compatibility condition. And then calculate the corresponding stresses in the stress‐
strain diagram.   

Calculation method of strain and stress is as follow. 

 

• Calculate the strains of reinforcement by assuming a linear strain distribution and the strain of 
εcu3 at the extreme fiber of the concrete in compression. 

 

 
cu

t
s x

xd



 ,  cu

c
s x

dx



'   (1.6) 

 
where, 
εs : The strain of tensile reinforcement. 
εs’: The strain of compressive reinforcement. 
εcu: The ultimate compressive strain in the concrete. (εcu = εcu3) 
x  : The neutral axis depth. 
dt : Distance from the tensile rebar to the extreme top fiber of the element 
dc : Distance from the compressive rebar to the extreme top fiber of the element 

 

 
[Fig. 1.7] Possible strain distributions in the ultimate limit state 

 

• Calculate the reinforcement stresses appropriate to the calculated reinforcement strains.   

(from the stress‐strain idealizations) 

 

  







)(

)(

ydsyd

ydsss

s f

E
f




, 









)'(

)'('
'

ydsyd

ydsss

s f

E
f




  (1.7) 

 

  sydyd Ef /     (1.8) 

 

  sykyd ff /   (1.9) 

 
 

EN1992‐1‐1:2004 
Figure 6.1 
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where, 
Es : The design value of modulus of elasticity of reinforcement. 
fyd : The design yield strength of reinforcement. (See 1.1(2)) 
εyd : The yield strain of reinforcement. 

 

 
[Fig. 1.8] Idealized and design stress‐strain diagram for reinforcing steel 

 

(3) Calculate force of tendon, Fp. 

 

   pipip fAF   (1.9) 

 
where, 
Api : The cross sectional area of tendon. 
fpi : The stress of tendon. 

 

In order to calculate the stress of tendon, fpi , calculate the appropriate strain by the strain 
compatibility condition. And then calculate the corresponding stresses in the stress‐strain 
diagram.   

Calculation method of strain and stress is as follow. 

 

• Calculate the strains of reinforcement by assuming a linear strain distribution and the strain of 
εcu3 at the extreme fiber of the concrete in compression. 

 

  p

eff
cuppp Ex

xd 
 


 )0(   (1.10) 

 
where, 
Δεp : The change in strain in prestressing steel. 
εp(0): The initial strain in prestressing steel. 
σeff : The stress under the effective prestress, Pe 
Ep : The design value of modulus of elasticity of prestressing steel. 
 

 
[Fig. 1.9] Possible strain distributions in the ultimate limit state 

EN1992‐1‐1:2004 
Figure 3.8 

EN1992‐1‐1:2004 
Figure 6.1 
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• Calculate the reinforcement stresses appropriate to the calculated reinforcement strains. 
(from the stress‐strain idealizations) 

 

 
[Fig. 1.10] Idealized and design stress‐strain diagrams for prestressing steel 

 
[Table 1.3] Stress of tendon, fp 

Tendon Type  Bond Type  fp 

Internal (Pre‐tension)  Bonded    pdpppppp fEEf  )0(

Internal (Post‐tension) 
Bonded    pdpppppp fEEf  )0(

Unbonded  MPafff peULSppep 100,  

External  Unbonded  MPafff peULSppep 100,  

 
where, 
Δσp,ULS : The increase of the stress from the effective prestress to the stress in the ultimate limit state. The 
recommended value is 100MPa. 

 

(4) Check if resultant force is zero. 

Determine the neutral axis position by iterative approach of the clause (1) to (3) until the 
compressive strength (C=Fc+Fs’) and tensile strength (T=Fs+Fp) become identical. In midas Civil, 
convergence condition for “C = T” is applied as follows.   

 

• Convergence condition :   

 

 

1.0 0.001 ( )
C

Tolerance
T
    (1.11) 

 
where, 

  ',c s s pC F F T F F      (1.12) 

 

• Reassume neutral axis depth by “Bisection method (Numerical analysis)” before meet 
following stop condition. 

 
[Table 1.4] Stop condition for iterative approach 

Stop condition  Description 

Converge  001.00.1 
T

C

 

Not converge 

Repeat count > 20 
  → Output “Not converge” in Message window. 
→ Need to modify model as following. 
    ‐ Increase section size. 
    ‐ Modify prestressing forces in tendons. 
    ‐ Modify the position of tendons. 

 

EN1992‐1‐1:2004 
Figure 3.10 

EN1992‐1‐1:2004 
5.10.8(2) 
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  Tendon Type 

Define the tendon type and bond type in Tendon Property dialog box.   

 
  Load > Prestress Loads > Tendon Property 

 
[Fig. 1.11] Tendon Property Input Dialog 

 

1.3 Calculate moment resistance MRd 
Once the neutral axis is calculated, moment resistance can be calculated by multiplying the axial 
forces and eccentricity from the neutral axis.   

 

 
  pipissssccRd aFaFaFaFM ''   (1.13) 

 
where,  
ac, as, as’, api : The distance from neutral axis depth, x to concrete, reinforcement rebar, tendon. 

 

 
[Fig. 1.12] Forces and distances from neutral axis depth for MRd 

 

1.4 Check moment resistance 
 

  RdEd MM    (1.14) 

 
where, 
MEd : Design value of the applied internal bending moment. 
MRd : Design moment resistance. 

 

• Design load combination 

In midas Civil, load combination to be used in PSC design can be defined in Results>Load 
combinations>Concrete Design tab. Moment resistance is verified with the most critical positive 
and negative design moment among the load combinations specified as “ Strength/Stress” in 
Active column.   
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  Results>Load Combinations… 

 
[Fig. 1.13] Load Combinations Input Dialog 

 

1.5 Verification of moment resistance 
 

  By Result Tables 

The design results can be checked as shown in the table below.   

 

  Design>PSC Design>PSC Design Result Tables>Check Flexural Strength… 

 
[Fig. 1.14] Result table for moment resistance 

 

Elem : Element number 

Part : Check location (I‐End, J‐End) of each element. 

Positive/Negative : Positive moment, negative moment. 

LCom Name : Load combination name. 

Type : Displays the set of member forces corresponding to moving load case or settlement load case for 
which the maximum stresses are produced. 

CHK : Flexural strength check for element 

M_Ed : Design moment 

M_Rd : Moment resistance. 

M_Ed/M_Rd : The ratio of design moment to moment resistance. 

Aps: Cross sectional area of tensile tendons. 
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  By Excel Report 

Detail design results including applied equations and design parameters can be found in the 
Excel Report. 

 

  Design>PSC Design>PSC Design Calculation… 

 

 
[Fig. 1.15] Excel report for moment resistance 
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2. Shear resistance 
Limit state of shear resistance should satisfy the condition, VEd≤VRd. 

Shear resistance, VRd, is calculated as follows. 

 

2.1 Design strength of material 
(1) Design compressive strength of concrete. 

 

  cckcccd ff  /   (1.15) 

 

Using αcc=1.0 for shear regardless of input value. 

 

(2) Design yield strength of reinforcement. 

 

  sykyd ff /   (1.16) 

 

(3) Design tensile strength of tendon. 

 

  skppd ff /1,0   (1.17) 

 

Refer to the clause 1.1 for detail explanation of material strength. 

 

2.2 Calculate shear resistance VRd 
 

 
[Fig. 1.16] Flowchart to calculate VRd 

 

 

(1) Calculate VRd,c 

 
[Table 1.5] Shear strength by concrete, VRd,c 

Flexural tensile stress  VRd,c   

≥ fctk,0.05/γc 
  dbkfkCV wcpcklcRdcRd 







   13

1

,, 100
   dbkvV wcpcRd 1min, 

< fctk,0.05/γc    ctdcplctd
w

cRd ff
S

Ib
V  2

,

 
 

   

EN1992‐1‐1:2004 
3.1.6(1) 

EN1992‐1‐1:2004 
3.2.7(1) 

EN1992‐1‐1:2004 
3.3.6(6) 

EN1992‐1‐1:2004 
(6.2.a), (6.2.b) 

EN1992‐1‐1:2004 
(6.4) 
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where, 
VRd,c : The design shear resistance without shear reinforcement. 
bw  : The smallest width of the cross-section in the tensile area. When the user specifies the web 

thickness directly in PSC tap of Section Data dialog box, the minimum value among the specified 
values will be applied. When “Auto” option is selected in “Web Thick.” Field, the program can 
automatically calculate the section size and apply the minimum value. 

d   : The effective depth of cross-section. In midas Civil, the value of “d” is calculated as the maximum 
value of [dp, ds, 0.85h]. 

dp  : Distance from the centroid of tendon to the extreme fiber of cross-section 
ds  : Distance from the centroid of tensile rebar to the extreme fiber of cross-section 
h  : Height of section. 

 

 
[Fig. 1.17] Parameters to calculate d 

 

fctk,0.05 : The characteristic axial tensile strength of concrete (5% fractile). 

 

  ctmctk ff 7.005.0,                    (1.18) 

 

fctm : The mean value of axial tensile strength of concrete 

 

[Table 1.6] Mean value of axial tensile strength of concrete, fctm 

Condition  fctm 

≤ C50/60  0.3fck
2/3

> C50/60  2.12 ln(1+(fcm/10)), fcm=fck+8MPa

 

  c
cRdC


18.0

,    (1.19) 

 

0.2/2001  dk   (1.20) 
 

02.0
db

A

w

sl
l     (1.21) 

 

15.01 k   (1.22) 
 

cd
c

Ed
cp f

A

N
2.0   (1.23) 

 

2/12/3
min 035.0 ckfkv    (1.24) 

 

c

ckct
ctd

f
f




   (1.25) 

 

※In midas Civil, the value of “αl” is applied as “1.0” regardless of the tendon type. 

EN1992‐1‐1:2004 
Table 3.1 

EN1992‐1‐1:2004 
Table 3.1 

EN1992‐1‐1:2004 
6.2.2(1) 
(6.3N) 
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(2) Calculate VRd,s 

Shear resistance of members with shear reinforcement can be calculated depending on the type 
of shear reinforcement.   

 

[Table 1.7] VRd,s and VRd,max, Asw,max 

Type  Vertical shear reinforcement  Inclined shear reinforcement 

VRd,s  cotywd
sw zf
s

A
     sincotcot ywd

sw zf
s

A
 

VRd,max  


tancot
1


cdwcw fzvb

   



cotcot

cot1 2
1 


cdwcw fzvb

 

Asw,max  cdcw
w

ywdsw fv
sb

fA
1

max,

2

1
 




sin2

1 1max, cdcw

w

ywdsw fv

sb

fA


 
where, 
VRd,s : The design value the shear force which can be sustained by the yielding shear reinforcement. 
Θ   : The angle between the concrete compression strut and the beam axis perpendicular to the shear 

force. 
α   : The angle between shear reinforcement and the beam axis perpendicular to the shear force. 

 

 
            [Fig. 1.18] Truss model and notation for shear reinforced members 

 

Asw : The cross-sectional area of the shear reinforcement. 
s   : The spacing of stirrups.  
z   : Inner lever arm, z=0.9d. 
fywd : The design yield strength of the shear reinforcement. 
ν1  : Strength reduction factor for concrete cracked in shear. 
 

[Table 1.8] Strength reduction factor for concrete cracked in shear, v1 

National Annex  fywd≥ 0.8fywk 
fywd< 0.8fywk 

fck ≤ 60MPa  fck ≥ 60MPa 

Recommended  






 
250

16.0 ckf
  6.0   5.0

200
9.0  ckf

 

UK  









250
16.0 ckf

   cos5.0154.0    5.0)cos5.01(
200

84.0 







 ckf

 

Italy  









250
17.0 ckf

  7.0   5.0
85.0
200

9.0


 ckf

 

 

αcw : Coefficient taking account of the state of the stress in the compression chord. 
 
 
 

EN1992‐1‐1:2004 
(6.8), (6.13) 
(6.9), (6.14) 
(6.12), (6.15) 

EN1992‐1‐1:2004 
Figure 6.5 

EN1992‐1‐1:2004 
(6.10.aN),(6.10.bN) 
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[Table 1.9] Coefficient αcw 

Condition  αcw 

0<σcp ≤ 0.25fcd  1+σcp/fcd 

0.25 fcd <σcp ≤ 0.5fcd  1.25 

0.5 fcd <σcp ≤ 1.0fcd  2.5(1‐σcp/fcd) 

 

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

 

(3) Calculate shear resistance VRd.   

• The shear resistance of a member with shear reinforcement. 

 

  tdccdsRdRd VVVV  ,                   (1.26) 

 
where, 
Vccd : The design value of the shear component of the force in the compression area, in the case of an 

inclined compression chord. 
Vtd  : The design value of the shear component of the force in the tensile reinforcement, in the case of an 

inclined tensile chord. 
 

 
[Fig. 1.19] Shear component for members with inclined chords 

 

In midas civil, inclined chord is not considered. Therefore the shear resistance is calculated using 
shear reinforcement only.   

 

sRdRd VV ,
 

 

• In regions of the member where VEd≤VRd,c no calculate shear reinforcement is necessary. 

 

cRdRd VV ,  

 

  Shear reinforcement 

In midas Civil, shear reinforcement information can be defined in Section Manager. 

When  the  shear  rebar  angle  is  entered  as  “90”  degree,  it  is  considered  as  vertical  shear 
reinforcement.  For  the  angle  other  than  90  degree,  it  is  considered  as  inclined  shear
reinforcement. 

 

 

 

 

 

 

 

 

 

 

 

EN1992‐1‐1:2004 
(6.11.aN)~(6.11.cN) 

EN1992‐1‐1:2004 
(6.1) 

EN1992‐1‐1:2004 
Figure 6.2 

EN1992‐1‐1:2004 
6.2.1(3) 
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  Model>Properties>Section Manager… 

 
[Fig. 1.20] Input shear reinforcement 

 

  Strut angle for shear resistance, θ 

The angle between  the  concrete  compression  strut and  the beam axis perpendicular  to  the 
shear force can be entered in PSC Design Parameters dialog box. 

 

  Design>PSC Design>PSC Design Parameters… 

 
[Fig. 1.21] Input strut angle for shear resistance, θ 

 

  Smallest width of the cross‐section, bw 

Shear forces are calculated at the parts critical to shear in the PSC section.   

The user can directly enter the position.  If the Auto option  is checked on, the program checks
shear at the top and bottom ends of the webs (Z1 and Z3 in the PSC Viewer dialog).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Asw 

s 
α 

θ
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  Model>Properties>Section…>PSC tab 

 
[Fig. 1.22] Input bw for shear resistance 

 

2.3 Check shear resistance 
 

RdEd VV   

 
where, 
VEd : Design value of the applied shear force. 
VRd : Design shear resistance. 

 

• Design load combination 

In midas Civil, load combination to be used in PSC design can be defined in Results>Load 
combinations>Concrete Design tab. Shear resistance is verified with the most critical minimum 
and maximum design shear force among the load combinations specified as “ Strength/Stress” 
in Active column.   

 

2.4 Check the ratio and spacing of shear reinforcement 
When no shear reinforcement is required, minimum shear reinforcement should be provided. 

 

  yk

ck
w

w

sw
w f

f

sb

A 08.0

sin min,  


   (1.27) 

 

 
 cot175.0max,  dss l   (1.28) 

 

 

 

 

 

 

 

 

 

EN1992‐1‐1:2004 
(9.4),(9.5N) 

EN1992‐1‐1:2004 
(9.6N) 
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2.5 Verification of shear resistance   
 

  By Result Tables 

The design results can be checked as shown in the table below. 

 

  Design>PSC Design>PSC Design Result Tables>Check Shear Strength… 

 
[Fig. 1.23] Result table for shear resistance 

 
Elem : Element number 

Part : Check location (I‐End, J‐End) of each element 

Max./Min. : Maximum shear, minimum shear 

LCom. Name : Load combination name. 

Type : Displays the set of member forces corresponding to moving load case or settlement load case for
which the maximum stresses are produced. 

CHK : Shear strength check for element 

V_Ed : Maximum shear force among Strength/Stress load combinations 

V_Rd : Shear resistance. 

V_Rd,c : Shear resistance of concrete. 

V_Rd,s : Shear resistance of shear reinforcement. 

V_Rd,max : Maximum V_Rd,s 

V_Ed/V_Rd : The ratio of shear force to shear resistance. 

 

  By Excel Report 

Detail design  results  including  applied  equations  and design parameters  can be  found  in  the
Excel Report. 

 

  Design>PSC Design>PSC Design Calculation… 

 
[Fig. 1.24] Excel report for shear resistance



 

Design Guide for midas Civil 19 

3. Torsion Resistance 
The maximum resistance of a member subjected to torsion and shear is limited by the capacity 
of the concrete strut.  In order not to exceed this resistance the following condition should be 
satisfied. 

 

 

0.1
max,max,


Rd

Ed

Rd

Ed

V

V

T

T
                  (1.29) 

 

3.1 Design strength of material 
(1) Design compressive strength of concrete. 

 

  cckcccd ff  /                   (1.30) 

 

※ Using αcc=1.0 for torsion regardless of input value. 

 

(2) Design yield strength of reinforcement. 

 

  sykyd ff /                   (1.31) 

 

(3) Design tensile strength of tendon. 

 

  skppd ff /1,0                   (1.32) 

 

※ Refer to the clause 1.1 to see the detail explanation of material strength.   

 

3.2 Calculate torsional resistance 
(1) Check section type for torsion.   

If  the  section  is  complex  shapes,  such  as  T‐sections,  it may  be  divided  into  a  series  of  sub‐
sections.   

 

[Table 1.10] Section type for torsion 

Closed Section Type  Open Section Type 

 
 

sub‐sections. 

 

(2) Calculate the torsional moments over the sub‐sections. (Only “Open” section type) 

 

 
Ed

xx

ixx
iEd T

I

I
T ,

,                    (1.33) 

 
 
 

   

EN1992‐1‐1:2004 
(6.29) 

EN1992‐1‐1:2004 
6.3.1(3) 

EN1992‐1‐1:2004 
6.3.1(3), (5) 

EN1992‐1‐1:2004 
3.1.6(1) 

EN1992‐1‐1:2004 
3.2.7(1) 

EN1992‐1‐1:2004 
3.3.6(6) 
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where,  
TEd,i : The torsional moments of sub-section. 
Ixx  : The uncracked torsional stiffness of whole section. 
Ixx,i : The uncracked torsional stiffness of sub-section. 

 

(3) Calculate the transverse reinforcement required. 

 

 
cot2

,

ydk

Ed

t

reqst

fA

T

s

A
   (1.34)

 

 
where, 
Asl : The cross sectional area of longitudinal reinforcement. 
st  : The spacing of transverse reinforcement for torsion. 
Ak : The area enclosed by the centre-lines of the connecting walls, including inner hollow areas. 
uk : The perimeter of the area Ak. 

 
[Fig. 1.24] Ak, uk in closed section 

 
(4) Calculate the longitudinal reinforcement required. 

 

 

cot
2 k

Ed

k

ydsl

A

T

u

fA


  →  cot
2,

ydk

kEd
reqsl fA

uT
A    (1.35) 

 
where, 
Asl : The cross sectional area of longitudinal reinforcement. 
uk  : The perimeter of the area Ak. 
Ak  : The area enclosed by the centre-lines of the connecting walls, including inner hollow areas. 

 

(5) Calculate design torsional resistance moment. 

 

 
 cossin2 ,max, iefkcdcwRd tAfT    (1.36) 

 

 
[Fig. 1.25] Notations and definition for torsion 

 
where,  
ν : Strength reduction factor for concrete cracked in shear. 

 
 
 
 

EN1992‐1‐1:2004 
(6.28) 

EN1992‐1‐1:2004 
(6.30) 

EN1992‐1‐1:2004 
(6.8),(6.26), (6.28) 
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[Table 1.11] Strength reduction factor for concrete cracked in shear, v 

National Annex  ν 

Recommended  









250
16.0 ckf

 

UK  









250
16.0 ckf

 

Italy  









250
17.0 ckf

 

 
αcw : Coefficient taking account of the state of the stress in the compression chord. 

 

[Table 1.12] Coefficient αcw   

Condition  αcw 

0<σcp ≤ 0.25fcd  1+σcp/fcd 

0.25 fcd <σcp ≤ 0.5fcd  1.25 

0.5 fcd <σcp ≤ 1.0fcd  2.5(1‐σcp/fcd) 

 
Ak : The area enclosed by the centre-lines of the connecting walls, including inner hollow areas. 
tef,i : The effective wall thickness 

 

  u

A
t ief ,   (1.37) 

 
A : The total area of the section within the outer circumference, including inner hollow areas. 
u : The outer circumference of the section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EN1992‐1‐1:2004 
(6.11.aN)~(6.11.cN) 

EN1992‐1‐1:2004 
6.3.2(1) 

EN1992‐1‐1:2004 
6.2.2(6), (6.6N) 
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  Section Type for torsion 

In midas Civil, closed type and number of division  for PSC DB sections are shown  in  the  table
below.  Closed  type  section  has  zero  number  of  divisions  since  it  is  considered  as  a  unified 
section. 

 

[Table 1.13] Section type and sub‐sections for torsion 

Section Shape  Closed Type  No of divisions 

PSC‐1CELL  ‐  Closed  ‐ 

PSC‐2CELL  ‐  Closed  ‐ 

PSC‐3CELL  ‐  Closed  ‐ 

PSC‐nCELL  ‐  Closed   

PSC‐nCELL2  ‐  Closed  ‐ 

PSC‐MID 

None  Open  0 

Circle  Open  3 

Polygon  Open  3 

PSC‐I  ‐  Open  3 

PSC‐HALF 

None  Open  2 

Circle  Open  3 

Polygon  Open  3 

PSC‐TEE  ‐  Open  2 

PSC‐PLAT 

Half  Open  3 

1Cell  Closed  ‐ 

2Cell  Closed  ‐ 

PSC‐VALUE 

T1>0 and HT>0  Closed  ‐ 

T1>0 and T2>0  Open  3 

T1>0 and T2=0, 
T1=0 and T2>0 

Open  2 

T1=0 and T2=0  Open  0 

PSC‐CMPWEB  ‐  Closed  ‐ 

 

• PSC Section Type 

 

 
[Fig. 1.26] PSC section type list in program 
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• Sub type of each section type. 

 

 

 
[Fig. 1.28] Sub type of section 

 

 

  Parameters for torsion 

In midas  Civil, when  calculating Ak  and  uk,  section  area  and  perimeter  of  closed  section  are 
calculated based on the cover thickness entered in Section Manager. In order to calculate them 
based on the center  line as specified  in Eurocode, enter the cover  thickness value as “section 
thickness * ½”.   

Transverse and longitudinal reinforcement for torsion can also be defined. 
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  Model>Properties>Section Manager…>Reinforcements

 
[Fig. 1.29] Section Manager Dialog 

 

3.3 Check torsional moment resistance 
 

  ,maxEd RdT T   (1.38) 

 

 

0.1
max,max,


Rd

Ed

Rd

Ed

V

V

T

T
  (1.39) 

 
where, 
TEd     : The design torsional moment. 
VEd     : The design transverse force. 
TRd,max : The design torsional resistance moment. 
VRd,max : The maximum design shear resistance. 

 

• Design load combination 

In midas  Civil,  load  combination  to  be  used  in  PSC  design  can  be  defined  in  Results>Load 
combinations>Concrete  Design  tab.  Torsional  resistance  is  verified  with  the  most  critical
minimum  and  maximum  design  torsional  force  among  the  load  combinations  specified  as 
“ Strength/Stress” in Active column.   

 

3.4 Check reinforcement 
 

,sl req slA A  

 

  ,maxmin 8 ,t ls u s      (1.40) 

 
where, 
Asl   : The cross sectional area of longitudinal reinforcement. 
u     : The outer circumference of the section. 
st     : The longitudinal spacing. 
sl,max : The maximum longitudinal spacing between shear assemblies. 

 

 
 cot175.0max,  dsl   (1.41)

 

Asl 

st 

Cover thickness 

for Ak, uk. 
(at Center line) 

Ast 

EN1992‐1‐1:2004 
(6.29) 

EN1992‐1‐1:2004 
9.2.3(3) 
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3.5 Verify torsional resistance 
 

  By Result Tables 

The design results can be checked as shown in the table below.   

 

  Design>PSC Design>PSC Design Result Tables>Check Combined Shear and Torsion Strength… 

 
[Fig. 1.30] Result table for torsion resistance 

 
Elem : Element number 

Part : Check location (I‐End, J‐End) of each element 

Max./Min.: Maximum torsion/shear, minimum torsion/shear 

LCom Name: Load combination name. 

Type: Displays the set of member forces corresponding to moving load case or settlement load case for 
which the maximum stresses are produced.   

CHK: Shear and torsion strength check for element 

T_Ed: Maximum torsional moment among Strength/Stress load combinations 

T_Rd,max: Design torsional resistance moment. 

V_Ed: Maximum shear force among Strength/Stress load combinations 

V_Rd,max: The maximum shear resistance of the section. 

Ratio: The ratio TEd/TRd, max + VEd/VRd,max 

 

  By Excel Report 

Detail design  results  including  applied  equations  and design parameters  can be  found  in  the 
Excel Report. 

 

  Design>PSC Design>PSC Design Calculation… 

 
[Fig. 1.31] Excel report for torsion resistance 
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Serviceability Limit States
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1. Stress for cross section at a construction stage 
For stress verification in the construction stage, the following condition should be satisfied.   

The most  critical  compressive  stress during  the  construction  stage  ≤ Allowable  compressive 
stress of concrete before losses : σc ≤ σca 

The most  critical  tensile  stress  during  the  construction  stage  ≤  Allowable  tensile  stress  of   
concrete before losses : σt ≤ σta 

 

1.1 Allowable stress of concrete 
(1) Allowable compressive stress of concrete 

 

[Table 1.14] Allowable compressive stress of concrete, σca 

Tendon Type  σca 

Post‐tension  k1fck(t) 

Pre‐tension  k6fck(t) 

 
where,  
k1, k6 : If “User Input Data” option is checked on, the coefficients of “k1” and “k6” will be applied as 

the user defined value. However, if the option is checked off, the values in Table 1.15 will be 
applied.  

 

[Table 1.15] Coefficient k1, k6 

National Annex  k1  k6 

Recommended  0.6  0.7 

UK  0.6  0.7 

Italy  0.65  0.65 

 
t      : The age of concrete in days. 
fck(t) : The concrete compressive strength at time t for a number of stages. 

 
[Table 1.16] Concrete compressive strength at t, fck(t) 

Condition  fck(t) 

3 < t < 28 days  fcm(t) – 8MPa 

t ≥ 28days  fck 

 
fcm(t) : The mean concrete compressive strength of concrete at an age of t days. 

 

  cmcccm fttf )()(    (1.43)
 

 
fcm : The mean compressive strength at 28 days. 

 

  MPaff ckcm 8   (1.44) 

 

   

EN1992‐1‐1:2004 
3.1.2(5) 

EN1992‐1‐1:2004 
Table 3.1 

EN1992‐1‐1:2004 
(3.1) 

EN1992‐1‐1:2004) 
Table 3.1 
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2/1
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1exp)(
t

stcc
 

(1.45)
 

 
s : A coefficient which depends on the type of cement. 

 
[Table 1.17] Coefficient s 

Cement Class  s 

Class R  0.20 

Class N  0.25 

Class S  0.38 

 

(2) Allowable tensile stress of concrete 

 

[Table 1.18] Allowable tensile stress of concrete, σta 

Tendon Type  σta 

Post‐tension  k1fctm(t) 

Pre‐tension  k1fctm(t) 

 
where, 
fctm(t) : The mean concrete tensile strength of concrete at an age of t days. 

 

 
  ctmccctm fttf  )()(    (1.46)

 
 

fctm : The mean value of axial tensile strength of concrete. 
 

[Table 1.19] Mean value of axial tensile strength, fctm 

Condition  fctm 

≤ C50/60  0.30fck
2/3 

> C50/60  2.12 ln(1+(fcm/10)) 

 
βcc(t) : A coefficient which depends on the age of the concretet. 
α     : A coefficient for fctm(t) 

 

[Table 1.20] Coefficient α 

Condition  α 

t < 28 days  1 

t ≥ 28 days  2/3 

 

• If both post‐tension and pre‐tension type tendons are assigned in a cross‐section, the tendon 
type will be determined as the type which has larger tendon area.   

 

  Cement Class 

Cement class can be defined in PSC Design Parameters dialog box. 

 

 

 

 

 

 

 

   

EN1992‐1‐1:2004 
(3.4) 

EN1992‐1‐1:2004 
Table 3.1 

EN1992‐1‐1:2004 
3.2.1(9) 

EN1992‐1‐1:2004 
(3.2) 

EN1992‐1‐1:2004 
3.1.2(6) 
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  Design>PSC Design>PSC Design Parameters…

 
[Fig. 1.32] Input Cement Class 

 

  Coefficient k1, k6 for Concrete 

 

  Design>PSC Design>PSC Design Parameters>Modify Design Parameters… 

 
[Fig. 1.33] Input coefficient k1, k6 for stress limitation 

 

  Age of concrete 

Age of concrete, t, will be applied as the day in the duration field in Compose Construction 
Stage dialog box. 

 

  Loads>Construction Stage Analysis Data>Define Construction Stage…>Compose Construction 
Stage 

 
[Fig. 1.34] Input age of concrete 
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1.2 Check stress for cross section at a construction stage 
 

  c ca 
,  t ta 

  (1.47)
 

 

1.3 Verification of stress for cross section at a construction stage   
 

  By Result Tables 

The design results can be checked in the table below. 

 

  Design>PSC Design>PSC Design Result Tables>Check stress for cross section at a construction 
stage… 

 
[Fig. 1.35] Result table for stress at a construction stage 

 
Elem : Element number 

Part : Check location (I‐End, J‐End) of each element 

Comp./Tens.: Compression or Tension Stress 

Stage : Construction stage at which stresses are maximum at the corresponding section. 

CHK : Combined stress check for construction stages 

FT : Combined Stress due to My and axial force at Top fiber 

FB : Combined Stress due to My and axial force at Bottom fiber 

FTL : Combined Stress due to My, Mz and axial force at Top Left fiber 

FBL : Combined Stress due to My, Mz and axial force at Bottom Left fiber 

FTR : Combined Stress due to My, Mz and axial force at Top Right fiber 

FBR : Combined Stress due to My, Mz and axial force at Bottom Right fiber 

FMAX : Maximum combined stress out of the above six components.   

ALW : Allowable stress of cross section at construction stage. 
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2. Stress for cross section at service loads 
Stress due to service load combinations after losses should satisfy the following conditions:   

Maximum compressive stress of concrete after losses ≤ Allowable compressive stress of   
concrete : σc ≤ σca 

Maximum tensile stress of concrete after losses ≤ Allowable tensile stress of concrete : σt ≤ σta 

 

2.1 Allowable stress of concrete 
(1) Allowable compressive stress of concrete 

 

[Table 1.21] Allowable compressive stress of concrete, σca 

Tendon Type  σca 

Post‐tension  k1fck 

Pre‐tension  k6fck 

 

(2) Allowable tensile stress of concrete 

 

[Table 1.22] Allowable tensile stress of concrete, σta 

Tendon Type  σta 

Post‐tension  k1fctm 

Pre‐tension  k1fctm 

 

※  Refer to the clause 1.1 for the detailed explanation. 

 

2.2 Check stress for cross section at a service loads 
 

  c ca 
,  t ta 

  (1.48)
 

 

2.3 Verification of stress for cross section at a service loads 
 

  By Result Tables 

The design results can be checked as shown in the table below.   

 

  Design>PSC Design>PSC Design Result Tables>Check stress for cross section at service loads… 

 
[Fig. 1.36] Result table for stress at a service loads 

 

Comp./Tens.: Compression or Tension Stress 

Type: Displays the set of member forces corresponding to moving load case or settlement load 
case for which the maximum stresses are produced 

FT: Combined Stress due to My and axial force at Top fiber 

FB: Combined Stress due to My and axial force at Bottom fiber 

FTL: Combined Stress due to My, Mz and axial force at Top Left fiber 

FBL: Combined Stress due to My, Mz and axial force at Bottom Left fiber 

FTR: Combined Stress due to My, Mz and axial force at Top Right fiber 

FBR: Combined Stress due to My, Mz and axial force at Bottom Right fiber 

FMAX: Maximum combined stress out of the above six components.   

ALW: Allowable stress in concrete at service limit state. 
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3. Tensile stress for Prestressing tendons   
Verify the induced stress and allowable stress of tendon by tendon groups. 

Before losses, tendon stress at the anchor right after grouting ≤ Allowable stress   

After immediate losses, maximum tendon stress ≤ Allowable stress 

After all losses, maximum tendon stress ≤ Allowable stress 

 

3.1 Allowable stress of tendon 
(1) Allowable stress in tendon immediately after anchor set at anchorages 

 

  ,max 1 2 0.1min ,p pk p kk f k f       (1.49)
 

 
where,   
k1, k2 : If “User Input Data” option is checked on, the coefficients of “k1” and “k2” will be applied as the 
user defined value. However, if the option is checked off, the values in Table 1.23 will be applied.  

 

[Table 1.23] Coefficient k1, k2 

National Annex  k1  k2 

Recommended  0.8  0.9 

UK  0.8  0.9 

Italy  0.8  0.9 

 
fpk   : Characteristic tensile strength of prestressing steel. 
fp0.1k : Characteristic 0.1% proof-stress of prestressing steel. 

 

(2) Allowable Stress in Tendon immediately after anchor set elsewhere 

 

  0 7 8 0.1( ) min ,pm pk p kx k f k f       (1.50)
 

 
where, 
k7, k8 : If “User Input Data” option is checked on, the coefficients of “k7” and “k8” will be applied as the 
user defined value. However, if the option is checked off, the values in Table 1.24 will be applied.  

 

[Table 1.24] Coefficient k7, k8 

National Annex  k7  k8 

Recommended  0.75  0.85 

UK  0.75  0.85 

Italy  0.75  0.85 

 
fpk   : Characteristic tensile strength of prestressing steel. 
fp0.1k : Characteristic 0.1% proof-stress of prestressing steel. 

 

(3) Allowable stress in tendon at service limit state after losses 

 

  pkp fk 5   (1.51) 

 
where, 
k5 : If “User Input Data” option is checked on, the coefficient of “k5” will be applied as the user defined 
value. However, if the option is checked off, the value in Table 1.25 will be applied.  

 
 
 

   

EN1992‐1‐1:2004 
7.2.(5) 

EN1992‐1‐1:2004 
5.10.3(2) 

EN1992‐1‐1:2004 
5.10.2.1(1) 
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[Table 1.25] Coefficient k5 

National Annex  k5 

Recommended  0.75 

UK  0.75 

Italy  0.6 

 
fpk : Characteristic tensile strength of prestressing steel. 

 

  Coefficient for tendons 

Parameters used  in calculating  tendon  stress  can be defined  in PSC Design Parameters dialog
box.   

 

  Design>PSC Design>PSC Design Parameters>Modify Design Parameters… 

 
[Fig. 1.37] Input coefficient of prestressing steel in SLS 

 

  Strength of tendon 

 

  Load > Prestress Loads > Tendon Property 

Tendon strength can be entered in Tendon Properties dialog box.   

 

 
[Fig. 1.38] Input tendon strength, fpk, fp0,1k 

 

fp0,1k 

fpk 
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3.2 Check tensile stress for prestressing tendons 
(1) Post‐tension tendon 

• Stress in tendon at anchorages ≤ min[k1fpk, k2fp0.1k]   
• Maximum tress in tendon along the length of the member away from anchorages   

≤ min[k7fpk, k8fp0.1k] 

• Maximum stress in tendon after all losses at the last stage ≤
 
k5fpk 

 

(2) Pre‐tension tendon 

• Stress in tendon ≤ min[k1fpk, k2fp0.1k]   
• Stress in tendon after all losses at the last stage ≤

 
k5fpk 

 

3.3 Verification of stress for cross section at a service loads 
 

  By Result Tables 

The design results can be checked as shown in the table below. 

 

  Design>PSC Design>PSC Design Result Tables>Check tensile stress for prestressing tendons … 

 
[Fig. 1.39] Result table for tensile stress for prestressing tendons 

 

Tendon: Tendon profile name. 

For Post‐tensioned: 

FDL1: Stress in tendon at anchorages. 

FDL2: Maximum stress in tendon along the length of the member away from anchorages, 
immediately after anchor set. 

FLL1: Maximum stress in tendon after all losses at the last stage. 

AFDL1: Allowable stress in tendon immediately after anchor set at anchorages. 

AFDL2: Allowable stress in tendon immediately after anchor set elsewhere. 

AFLL1: Allowable stress in tendon at service limit state after losses. 

For Pre‐tensioned: 

FDL1: Stress in tendon. 

FDL2: ‐ 

FLL1: Maximum stress in tendon after all losses at the last stage. 

AFDL1: Allowable stress in tendon prior to transfer. 

AFDL2: ‐ 

AFLL1: Allowable stress in tendon at service limit state after losses. 
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4. Principal stress at a construction stage 
Verify  the  principal  stress  during  the  construction  stage  at  the  stress  verification  point  1~10
defined in Section Manager dialog box.   

Maximum principal stress during the construction stage ≤ Allowable stress 

 

4.1 Allowable tensile stress 
 

  )(tfk ctmtca    (1.52) 

 
where, 
kt = If “User Input Data” option is checked on, the coefficient of “kt” will be applied as the user defined 
value. However, if the option is checked off, “0.6” will be applied.  
fctm(t) : The mean compressive strength at an age of t days. Refer to the clause 1.1 for the calculation of 
“fctm(t)”. 

 

4.2 Maximum principal stress 
Maximum  principal  stress  during  the  construction  stage  can  be  calculated  as  the  following
equation.   

 

       221
4

2ps x z x z s t p                  
(1.53) 

 
where, 
σx : Sum of axial stresses in ECS x-direction 
σz : Sum of axial stresses in ECS z-direction 
τs : Shear stress due to shear.  
τt : Shear stress due to torsion. 
τp : Shear stress due to shear reinforcement. 

 

  Beam stresses of PSC 

Stress component to calculate the maximum principal stress can be checked in the table below. 

 

  Results>Result Tables>Beam>Stress(PSC)… 

 
[Fig. 1.40] Result table for beam stress 

 

Sig‐xx (Axial): Axial stress due to the axial force (Fx) in the ECS x‐direction   

Sig‐xx (Moment‐y): Stress due to My (moment about the ECS y‐axis) in ECS x‐direction 

Sig‐xx (Moment‐z): Stress due to Mz (moment about the ECS z‐axis) in ECS x‐direction 

Sig‐xx (Bar): Axial stress due to shear steel bars in the ECS x‐direction 

Sig‐xx (Summation): Sum of the axial stress in the ECS x‐direction and the axial stress due to 
shear steel bars in the ECS x‐direction 

Sig‐zz: Stress in the ECS z‐direction 

Sig‐xz (shear): Sum of shear stresses due to shear force and shear steel bars 

Sig‐xz (torsion): Shear stress due to torsion 

Sig‐xz (bar): Shear stress due to shear steel bars 
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Sig‐Is (shear): Diagonal stress due to shear force 

Sig‐Is (shear+torsion): Diagonal stress due to torsion and shear force 

Sig‐Ps(Max): Maximum principal stress 

Sig‐Ps(Min): Minimum principal stress 

 

4.3 Check principal stress at a construction stage 
 

  ( )ps ta t ctmk f t     (1.54) 

 

4.4 Verification of principal stress at a construction stage 
 

  By Result Tables 

The design results can be checked as shown in the table below. 

 

  Design>PSC Design>PSC Design Result Tables>Principal stress at a construction stage … 

 
[Fig. 1.41] Result table for principal stress at a construction stage 

 

Elem: Element number. 

Part: Check location (I‐End, J‐End) of each element. 

Comp./Tens.: Compression or Tension Stress. 

Stage: Construction stage. 

CHK: Principal stress check for construction stages. 

Sig_P1: Principal Stress at the left top of top flange. 

Sig_P2: Principal Stress at the right top of top flange. 

Sig_P3: Principal Stress at the right bottom of bottom flange. 

Sig_P4: Principal Stress at the left bottom of bottom flange. 

Sig_P5: Principal Stress at the top of left web.(at Z1 Level) 

Sig_P6: Principal Stress at the top of right web.(at Z1 Level) 

Sig_P7: Principal Stress at the neutral axis in left web.(at Z2 Level)   

Sig_P8: Principal Stress at the neutral axis in right web.(at Z2 Level) 

Sig_P9: Principal Stress at the bottom of left web.(at Z3 Level) 

Sig_P10: Principal Stress at the bottom of right web.(at Z3 Level) 

Sig_MAX: The maximum Principal stress among P1‐P10. 

Sig_AP: Allowable principal stress at neutral axis in the web. 
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5. Principal stress at service loads   
Verify  the  principal  tensile  stress  at  the  stress  verification  point  1~10  defined  in  Section
Manager dialog box.   

Maximum principal stress under the serviceability load combination ≤ Allowable stress 

 

5.1 Allowable tensile stress 
 

  ca t ctmk f    (1.55) 

 
where, 
kt  : If “User Input Data” option is checked on, the coefficient of “kt” will be applied as the user defined 

value. However, if the option is checked off, “0.6” will be applied.  
fctm : The mean compressive strength at 28 days. Refer to the clause 1.1 for the calculation of “fctm” 

 

5.2 Maximum principal stress 
The maximum principal stress at the service state can be calculated as the following equation.   

 

       221
4

2ps x z x z s t p                  
(1.56) 

 
where, 
σx : Sum of axial stresses in ECS x-direction 
σz : Sum of axial stresses in ECS z-direction 
τs : Shear stress due to shear.  
τt : Shear stress due to torsion. 
τp : Shear stress due to shear reinforcement. 

 

  Beam stresses of PSC 

Stress components to calculate the maximum principal stress can be checked in the table below. 

 

  Results>Result Tables>Beam>Stress(PSC)… 

 
[Fig. 1.42] Result table for beam stress 

 

Sig‐xx (Axial): Axial stress due to the axial force (Fx) in the ECS x‐direction   

Sig‐xx (Moment‐y): Stress due to My (moment about the ECS y‐axis) in ECS x‐direction 

Sig‐xx (Moment‐z): Stress due to Mz (moment about the ECS z‐axis) in ECS x‐direction 

Sig‐xx (Bar): Axial stress due to shear steel bars in the ECS x‐direction 

Sig‐xx (Summation): Sum of the axial stress in the ECS x‐direction and the axial stress due to 

shear steel bars in the ECS x‐direction 

Sig‐zz: Stress in the ECS z‐direction 

Sig‐xz (shear): Sum of shear stresses due to shear force and shear steel bars 

Sig‐xz (torsion): Shear stress due to torsion 

Sig‐xz (bar): Shear stress due to shear steel bars 

Sig‐Is (shear): Diagonal stress due to shear force   
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Sig‐Is (shear+torsion): Diagonal stress due to torsion and shear force 

Sig‐Ps(Max): Maximum principal stress 

Sig‐Ps(Min): Minimum principal stress 

 

5.3 Check principal stress at a service loads 
 

  ps ta t ctmk f     (1.57) 

 

5.4 Verification of principal stress at a service loads 
 

  By Result Tables 

The design results can be checked as shown in the table below.   

 

  Design>PSC Design>PSC Design Result Tables>Principal stress at a service loads … 

 
[Fig. 1.43] Result table for principal stress at a service loads 

 

Elem: Element number. 

Part: Check location (I‐End, J‐End) of each element. 

Comp./Tens.: Compression or Tension Stress. 

LCom. Name: Load combination name. 

Type  : Displays  the  set of member  forces  corresponding  to moving  load  case or  settlement
load case for which the maximum stresses are produced 

CHK: Principal stress check for service loads at maximum shear force. 

Sig_P1: Principal Stress at the left top of top flange. 

Sig_P2: Principal Stress at the right top of top flange. 

Sig_P3: Principal Stress at the right bottom of bottom flange. 

Sig_P4: Principal Stress at the left bottom of bottom flange. 

Sig_P5: Principal Stress at the top of left web.(at Z1 Level) 

Sig_P6: Principal Stress at the top of right web.(at Z1 Level) 

Sig_P7: Principal Stress at the neutral axis in left web.(at Z2 Level)   

Sig_P8: Principal Stress at the neutral axis in right web.(at Z2 Level) 

Sig_P9: Principal Stress at the bottom of left web.(at Z3 Level) 

Sig_P10: Principal Stress at the bottom of right web.(at Z3 Level) 

Sig_MAX: The maximum Principal stress among P1‐P10. 

Sig_AP: Allowable principal stress at neutral axis in the web. 
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6. Check crack width   
Cracking shall be limited to satisfy the following condition. 

Crack width, wk ≤ Crack width limit, wmax 

 

6.1 Calculate crack widths 
(1) Determine εsm‐εcm 

 

 

 ,
,

,
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ct eff
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p eff s
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     (1.58) 

 
where, 
εsm : The mean strain in the reinforcement under the relevant combination of loads, including the effect of 

imposed deformations and taking into account the effects of tensile stiffening. 
εcm : The mean strain in the concrete between cracks. 
σs  : The stress in the tension reinforcement assuming a cracked section. 
αe  : The ratio of Es/Ecm. 
Es  : The design value of modulus of elasticity of reinforcing steel. 
Ecm : The secant modulus of elasticity of concrete. 

 

  ,ct eff ctmf f   (1.59) 
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   (1.60) 

 
Ap’  : The area of pre or post-tensioned within Ac,eff. 
Ac,eff : The effective area of concrete in tension surrounding the reinforcement of prestressing tendons of 

depth, hc,ef. 
 

   , min 2.5 , ,
3 2c ef

h x h
h h d

      
(1.61) 

 

 

[Fig. 1.44] Effective tension area (typical cases) 

   

EN1992‐1‐1:2004 
(7.9) 

EN1992‐1‐1:2004 
(7.10) 

EN1992‐1‐1:2004 
7.3.2(3) 

EN1992‐1‐1:2004 
Figure 7.1 
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  1
s

p

 


   (1.62) 

 

If only prestressing steel is used to control cracking, ξ1=√ξ 

 

ξ : the ratio of bond strength of prestressing and reinforcing steel. 

 
[Table 1.26] Ratio of bond strength, ξ 

Prestressing Steel 

ξ 

Pre‐tensioned 
Bonded, post‐tensioned 

≤ C50/60  ≥ C70/80 

Smooth bars and wires  Not applicable  0.3  0.15 

Strands  0.6  0.5  0.25 

Indented wires  0.7  0.6  0.3 

Ribbed bars    0.7  0.35 

 
φs : The largest bar diameter of reinforcing steel. 
φp : The equivalent diameter of tendon. 
kt  : A factor dependent on duration of the load. 

 

[Table 1.27] Factor k 

Condition  kt 

Short term loading  0.6 

Long term loading  0.4 

 

• Definition of Short and Long term loads 

 

[Table 1.28] Definition of duration of the load 

Condition  Description 

Long term loading  Load combination composed of long‐term load cases only

Short term loading  Load combinations other than long‐term load combination 

 

When the user does not define the long‐term or short‐term load case, it will be classified as 
shown in the following table. 

           
[Table 1.29] Classification for duration of the load 

Duration of the load  Description 

Long term load case 

Following static load case 
D : Dead Load 
DC : Dead Load of Component and Attachments. 
DW : Dead Load of Wearing Surfaces and Utilities. 
L : Live Load. 
LR : Roof Live Load. 

Short term load case  Load cases other than long‐term load cases 

 

 

 

EN1992‐1‐1:2004 
Table 6.2 

EN1992‐1‐1:2004 
7.3.4(2) 
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(2) Determine sr,max 

The maximum crack spacing, sr,max is calculated as shown in the table below.   

 

[Table 1.30] Maximum crack spacing, sr,max 

Condition  sr,max 

Spacing ≤ 5(c+φ/2) 
effp

kkk
ck

,

421
3 


  

Spacing > 5(c+φ/2) or 
No bonded reinforcement 

 xh 3.1  

 

 
[Fig. 1.45] Crack width, w, at concrete surface relative to distance from bar 

 
where, 
φ : The bar diameter. Where a mixture of bar diameters is used in a section, an equivalent diameter, φeq, 
should be used. 

For a section with n1 bars of diameter φ1 and n2 bars of diameter φ2. 

 

 

2 2
1 1 2 2

1 1 2 2
eq

n n

n n

 
 



   (1.63) 

 
c : The cover to the longitudinal reinforcement. 
k1 : A coefficient which takes account of the bond properties of the bonded reinforcement. 

 
[Table 1.31] Coefficient k1 

Condition  k1 

High bond bars  0.8 

Bars with an effectively plan surface  1.0 

 
k2 : A coefficient which takes account of the distribution of strain. 

 
[Table 1.32] Coefficient k2 

Condition  k2 

Bending  0.5 

Pure Tension  1.0 

 
k3, k4 : If “User Input Data” option is checked on, the coefficient of “k3 and k4” will be applied as the 
user defined value. However, if the option is checked off, it will be applied as the following value. 
k3 = 3.4 
k4 = 0.425 

 

 

 

EN1992‐1‐1:2004 
(7.12) 

EN1992‐1‐1:2004 
(7.14) 

EN1992‐1‐1:2004 
Figure 7.2 

EN1992‐1‐1:2004 
7.3.4(2) 
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(3) Calculate the design crack width, wk 

 

   ,maxk r sm cmw s      (1.64) 

 

  Coefficient k3, k4 for crack 

 

  Design>PSC Design>PSC Design Parameters… 

 
[Fig. 1.46] Input coefficient k3, k4 for crack 

 

  Prestressing steel type for  ξ 

In midas Civil, the following prestressing steel types are available. 

 

[Table 1.33] Prestressing steel type supported in program 

Prestressing Steel  Description 

Smooth bars and wires  Other than Strands 

Strands 

When the material properties of tendon is specified 
as follows: 
Standard = EN05(S) 
DB = Y1670 Series, Y1770 Series, Y1860 Series 

 
  Load>Prestress Loads>Tendon Property… 

 

[Fig. 1.47] Define material of tendon 

EN1992‐1‐1:2004 
(7.8) 
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   Model>Properties>Material… 

 

            [Fig. 1.48] Steel material list of “EN05(S)” standard 

 

  Duration of load (Short/Long term) 

 

  Design>Common Parameter>Short/Long term Load Case 

 

          [Fig. 1.49] Define short/long term load case 
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6.2 Get a limiting calculated crack width, wmax 
(1) Recommended values of wmax (mm) 

 

[Table 1.34] Limiting crack width, wmax 

Exposure 
Class 

Unbonded  Bonded 
Others 

Quasi  Frequent  Quasi  Frequent 

X0 
0.3 

Not 
Checked 

Not 
Check 

0.2 
Not 
Check XC1 

XC2 

0.3 
Not 

Checked 

0.0 
(Decom‐ 
Pression) 

0.2 
Not 

Checked 
XC3 

XC4 

XD1 
Not 
Check 

Decom‐ 
pression 

Not 
Checked 

XD2 

XD3 

XS1 

0.3 
Not 

Checked 
Not 

Checked 

0.0 
(Decom‐ 
pression) 

Not 
Checked 

XS2 

XS3 

XF1* 

0.3 
Not 

Checked 
Not 

Checked 
0.3 

Not 
Checked 

XF2* 

XF3* 

XF4* 

XA1* 

XA2* 

XA3* 

 

(*) In midas Civil, the  limit value of “Freeze/Thaw attack class(XF1~XF4) and Chemical attack 
class(XA1~XA3)” is applied as “0.3mm”. 

 

  Exposure Class 

Exposure class can be defined by members in the following dialog box. 

 

  Design>PSC Design>Exposure Class… 

 
[Fig. 1.50] Define exposure class for crack 

 

 

 

EN1992‐1‐1:2004 
Table 7.1N 
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6.3 Check crack width at service loads 
 

  maxkw w   (1.65) 

 

6.4 Verification of crack width at service loads 
 

  By Result Tables 

The design results can be checked as shown in the table below.   

 

  Design>PSC Design>PSC Design Result Tables>Check crack width at service loads… 

 
[Fig. 1.51] Result table for crack width at service loads 

 
Elem: Element number 

Part: Check location (I‐End, J‐End) of each element 

Top/Bottom: At top of element, at bottom of element 

LCom. Name: Load combination name. 

Serviceability Load Type : Frequent/ Quasi‐Static 

Type: produce maximum and minimum member force components for the load combinations
including moving load cases or settlement load cases. 

Check:OK/NG 

M_Ed : Maximum Moment in the Section. 

Sig_T : Stress at the top. 

Sig_B : Stress at the bottom. 

wk : Crack width 

wmax : Allowable crack limit 
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Composite Steel Box Girder Design (EN 1994-2)
Chapter 2.

Composite steel box girder needs to be designed to satisfy the following limit states.

Ultimate Limit States

Serviceability Limit States
For Quasi-permanent, Characteristic
Load Combination

For Quasi-permanent, Characteristic,
Frequent Load Combination

For Characteristic Load Combination

For Quasi-permanent, Characteristic,
Frequent Load Combination

Bending Resistance

Resistance to Vertical Shear

Resistance to Longitudanal Shear

Resistance to Fatigue

Stress limitation for concrete

Stress limitation for reinforcing steel

Stress limitation for structral steel

Resistance to Longitudinal Shear
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Ultimate Limit States 
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1. Bending resistance 

Limit state of Bending Resistance will satisfy the condition, MEd≤MRd. 

Moment resistance, MRd, shall be calculated as follows: 

 

1.1 Design values of material 
(1) Partial factors for materials 

Partial factor for materials considered in ultimate limit states are shown in the table below. 

In midas Civil, partial factor for materials can be specified by the user in “Design Parameter” 
dialog box. The default values are determined as below as per Eurocode 4. 

 
[Table 2.1] Partial factor for materials 

Materials  Condition  Partial Factor 

Concrete 
Persistent & Transient  γc = 1.5 

Accidental  γc = 1.2 

Reinforcing steel 
Persistent & Transient  γs = 1.15 

Accidental  γs = 1.0 

Structural steel 
Cross‐sections  γM0 = 1.0 

Members to instability assessed  γM1 = 1.0 

Shear connection  members to instability γV = 1.25 

Fatigue verification 
of headed studs 

Strength  γMf = 1.0 

Strength of studs in shear  γMf,s = 1.0 

 

(2) Design compressive strength of concrete. 

 

  cckcd ff /
  (2.1) 

 
where, 
fck : The characteristic compressive cylinder strength of concrete at 28 days. 
γc : The partial safety factor for concrete. 

 

(3) Design yield strength of steel reinforcement. 

 

  ssksd ff /
  (2.2) 

 
where, 
fsk : The characteristic value of the yield strength of reinforcing steel. 
γs  : The partial factor for reinforcing steel. 

 

 

   
 
 
 
 
 
 
 
 
 
 
 
 
EN1994‐2:2005 
2.4.1.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EN1994‐2:2005 
(2.1) 
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(4) Design yield strength of structural steel. 

 

 
0/ Myyd ff 
  (2.3) 

 
where, 
fy   : The nominal value of the yield strength of structural steel. 
γM0 : The partial factor for structural steel applied to resistance of cross-sections. 

 

The nominal values of the yield strength fy and the ultimate strength fu for structural steel 
shall be obtained by using the simplification given in Fig. 2.1. 

 

  
    [Fig. 2.1] Nominal values of yield strength fy and ultimate tensile strength fu 

 

  Partial safety factor 

Parameters related to the material such as partial factors, damage equivalence factors, and 

shear  resistance  reduction  factor  can  be  defined  in  “Composite  Steel  Girder  Design 

Parameters”  dialog box. 

The default values of partial factors are defined as  “1.0”. 

 

  Design > Composite Steel Girder Design>Design Parameters… 

 
[Fig. 2.2] Design Parameters Dialog 

 

 

 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EN1993‐1‐1:2005 
Table 3.1 
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  Design strength of materials 

Design  strength  of  concrete,  reinforcement,  and  steel  can  be  defined  in  “Modify  SRC 
Material” dialog box. 

In Steel Design Selection  field, when Code  is entered as “EN05”, Fy1  is  tensile strength of 
the steel for which the thickness is less or equal to 40mm and Fy2 is tensile strength of the 
steel for which the thickness is larger than 40mm. 

 

  Design > Composite Steel Girder Design>Design Material… 

 
      [Fig. 2.3] Composite steel girder design material 
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1.2 Classification of cross‐section 
The  classification  system  defined  in  EN1993‐1‐1:2005,  5.5.2  applies  to  cross‐sections  of 
composite beams. 

 

[Table 2.2] Classes of cross‐sections 

Class  Defined as 

1 
which can form a plastic hinge with the rotation capacity required from 
plastic analysis without reduction of the resistance 

2 
which can develop their plastic moment resistance, but have limited 
rotation capacity because of local buckling 

3 

in which the stress in the extreme compression fibre of the steel member
assuming an elastic distribution of stresses can reach the yield strength, 
but local buckling is liable to prevent development of the plastic moment
resistance 

4 
in which local buckling will occur before the attainment of yield stress 
in one or more parts of the cross‐section 

 

(1) The  classification of  a  cross‐section depends on  the width  to  thickness  ratio of  the parts
subject to compression. 

 

• Classification of Class in flange 

Class of flange can be classified depending on the positive and negative moment. 

 

[Table 2.3] Class of compression flange 

Moment  Position  Class of compression flange 

Positive 
Top 

Flange 

A steel compression flange that is restrained from buckling by 
effective attachment to a concrete flange by shear connectors 
may be assumed to be in Class1. 

Negative 
Bottom 
Flange 

Composite‐I : Check for outstand flanges in Fig.2.4.
Composite‐Box  :  Check  for  outstand  flanges  and  internal
compression part in Fig.2.5. 

 

 
    [Fig. 2.4] Maximum width‐to‐thickness ratios for compression parts ‐ Outstand 
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• Classification of Class in web: Check for internal compression part in Fig. 2.5.

 
  [Fig. 2.5] Maximum width‐to‐thickness ratios for compression parts ‐ Internal 

 

(2) Classification of a cross‐section : A cross‐section is classified according to the highest (least 
favorable) class of its compression parts as follows. 

 

[Table 2.4] Class of section according to class of compression parts 

Class of Section 
Class of Flange 

1  2  3  4 

Class of 
Web 

1  1  2  3  4 

2  1  2  3  4 

3  3  3  3  4 

4  4  4  4  4 

 

* : Cross‐sections with webs in Class3 and flanges in Class1 or 2 may be treated as an 
effective cross‐sections in Class2 with an effective web in accordance with EN1993‐1‐1:2005, 
6.2.2.4. (This clause is applied to box girder.) 
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1.3 Calculate plastic bending resistance, Mpl,Rd. 
• For positive moment: Compressive rebar in the deck will be ignored. 

• For negative moment: Concrete area of deck will be neglected and only the tensile rebar in 
the deck will be considered. 

 

 
[Fig. 2.6] Plastic stress distributions for a composite beam 

 

1.4 Calculate elastic bending resistance, Mel,Rd 
 

  EdcEdaRdel kMMM ,,, 
  (2.4) 

 

 

[Fig. 2.7] Calculation of Mel,Rd 
 

where, 
Ma,Ed : The design bending moment applied to structural steel section before composite behavior. 

Bending moment obtained during the construction stage analysis is used in midas Civil. 
Mc,Ed : The part of design bending moment acting on the composite section. Bending moment obtained 

from the final construction stage is used in midas Civil. 
k   : The lowest factor such that a stress limit in EN1994-2:2005, 6.2.1.5(2) is reached. In midas Civil, 

the value of “k” is calculated as below. 

 

[Table 2.5] Calculation of k 

Type  For Positive Moment  For Negative Moment 

Steel Girder 
)/(

)/(

,,

,,

cycEdc

ayaEdayd
a IzM

IzMf
k


  

)/(

)/(

,,

,,

cycEdc

ayaEdayd
a IzM

IzMf
k


  

Slab  )/( ,,,, slabcyslabcEdc

cd
c IzM

f
k    ‐ 

Reinforcement  ‐  )/( ,,,, barcybarcEdc

sd
s IzM

f
k   

k  min[ka, kc]  min[ka, ks] 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
EN1993‐1‐1:2005 
Figure 6.2 
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1.5 Calculate effective cross‐section for Class 4 section 
(1) Calculate effective cross‐section 

For  cross‐sections  in  Class4,  the  effective  structural  steel  section  should  be  determined  in
accordance with EN1993‐1‐5, 4.3. 

In midas Civil, the effect of share lag is not considered in the calculation of effective area. Only
the plate buckling effect is considered. 

 

• The effective area Aeff should be determined assuming that the cross section is subject only to 
stresses due to uniform axial compression. 

 

 
[Fig. 2.8] Class 4 cross‐sections ‐ axial force 

 

• The effective section modulus Weff should be determined assuming that the cross section is 
subject only to bending stresses. 

 

 
[Fig. 2.9] Class 4 cross‐sections ‐ bending moment 

 

The calculation of effective area depending on the longitudinal stiffener will be explained in the 
clause 1.6 and 1.7 in this manual. 

 

(2) Consideration of additional moment due to the eccentricity of gravity center between the
gross area and the effective area 

 

In  case of  the  section with Class 4  classification under  the  compressive  force,  the  additional
moment due to the different gravity center between gross area and effective area is taken into
account in the design moment. 

 

 
 effczczEdNEdEd CCNeNM ,,, 

  (2.5) 

 
where, 
eN     : Eccentricity between the gross area and effective area 
Cz,c   : Gravity center of the gross area 
Cz,c,eff : Gravity center of the effective area 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EN1993‐1‐5:2006 
Figure 4.1 
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Figure 4.2 
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1.6 Plate elements without longitudinal stiffeners 
The effective areas of flat compression elements should be obtained using Table 2.7 for internal 
elements and Table 2.8 for outstand elements. The effective area of the compression zone of 
plate should be obtained from : 

 

  ceffc AA ,   (2.6) 

 
where, 
Ac,eff : The effective cross sectional area. 
Ac   : The gross cross sectional area. 
ρ   : The reduction factor for plate buckling. 

 

(1) Effective width beff 

Refer  to  the  following  table and  figure  to see  the definition of  internal element and outstand
element in midas Civil. 

 

[Table 2. 6] Definition of internal and outstand element 

Type  Shape  Defined as 

Internal 
element 

I  Web 

Box  Web / Flanges between web 

Outstand 
element 

I  Flange 

Box  Outstand flange which is the outside of webs 

 

 
[Fig. 2.10] Internal and outstand element 

 

• For internal compression elements 

 

[Table 2.7] Internal compression elements 
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• For outstand compression elements 
 

[Table 2. 8 ] Outstand compression elements 

 
 

(2) Reduction factor ρ 
 

[Table 2.9] Calculation of reduction factor ρ 

Type  Condition  ρ 

Internal 
element 

673.0p   1.0 

673.0p  
where,   03   

 
0.1

3055.0
2




p

p




 

Outstand 
element 

748.0p   1.0 

748.0p   0.1
188.0

2




p

p




 

 

where, 

  28.4
y

p
cr

f b t

k


 
    (2.7) 

 

b  : The appropriate width to be taken as follow. 

bs : For webs 
b : For internal flange elements. 
c : For outstand flanges. 

 

 
[Fig. 2.11] Dimension of outstand flanges 

 

Ψ : The stress ratio. 
kσ : The buckling factor corresponding to the stress ratio ψ and boundary conditions. 
t  : The thickness. 
σcr : The elastic critical plate buckling stress. 

 

  2

235

yf N mm
 

  
  (2.8) 

 
 
 
 
EN1993‐1‐5:2006 
Table 4.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EN1993‐1‐5:2006 
4.4(2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EN1993‐1‐1:2005 
Table 5.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

55  Design Guide for midas Civil 

1.7 Stiffened plate elements with longitudinal stiffeners 
The  effective  section  area  of  each  subpanel  should  be  determined  by  a  reduction  factor  in 
accordance with 1.6 to account for local buckling. The stiffened plate with effective section area 
for the stiffeners should be checked for global plate buckling and a reduction factor ρ should be 
determined for overall plate buckling. 

 

The effective area of the compression zone of the stiffened plate should be taken as : 

 

   tbAA offedgeloceffcceffc ,,,, 
  (2.9) 

 

  , , , ,c eff loc sl eff loc c loc
c

A A b t    (2.10) 

 
where, 
Ac,eff,loc : The effective section areas of all the stiffeners and subpanels that are fully or partially in the 
compression zone except the effective parts supported by an adjacent plate element with the width 
bedge,eff. 

applies to the part of effective section of all longitudinal stiffeners with gross area Asl located in the 
compression zone. 

bc,loc : The width of the compressed part of each subpanel. 
ρloc  : The reduction factor for each subpanel. 

 

 
[Fig. 2.12] Stiffened plate under uniform compression 

 

(1) Effective width and reduction factor for individual subpanels between stiffeners. 

Calculate the effective width of subpanels between stiffeners as per the clause 1.6. 

The value of  b is taken as the smaller value between the follows: 

‐Clear spacing between flange and stiffener 

‐Clear spacing between stiffeners 

 

(2) Elastic critical plate buckling stress σcr,p for stiffened web. 

• with single stiffener in the compression zone 

σcr,p can be calculated as follows ignoring stiffeners in the tension zone : 

 

  slcrpcr ,,  
  (2.11) 

 
[Table 2.10] Calculation of σcr,sl 

Condition  σcr,sl 

a ≥ ac

  3
,1

,1 1 2

1.05 sl

sl

I t bE

A b b
 

a < ac

 

 
2 3 2

,1

2 2 2 2 2
,1 ,1 1 24 1

sl

sl sl

EI Et ba

A a A b b
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where, 

 
4

3

2
2

2
11,33.4
bt

bbI
a sl

c 
                         

 
Asl,1  : The gross area of the column. 
Isl,1   : The second moment of area of the gross cross-section of the column. 
b1, b2 : The distances from the longitudinal edges of the web to the stiffener. 

 

 
[Fig. 2.13] Notations for a web plate with single stiffener in the compression zone 

 

• with two stiffeners in the compression zone 

σcr,p should be taken as the lowest of those computed for the 3 cases using equation (2.13) 
with b1=b1

*, b2=b2
*, b=B*. The stiffeners in tension zone should be ignored. 

 

  , , , , , , ,min , ,cr p cr sl I cr sl II cr sl lumped                                
 

 
[Fig. 2.14] Notations for plate with two stiffeners in the compression zone 

 

It is assumed that one of stiffeners buckles while the other one acts as a rigid support. 

Buckling of both the stiffeners simultaneously is accounted for by considering a single lumped 
stiffener that is substituted for both individual ones such that : 

(a) its cross‐sectional area and its second moment of area Ist are respectively the sum of for 
the individual stiffeners. 

(b)  it  is positioned at the  location of the resultant of the respective  forces  in the  individual
stiffeners. 

 

• with at least three stiffeners in the compression zone 

 

  Eppcr k   ,, 
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kσ,p : The buckling coefficient. 
b is defined in Fig. 2.15. 
t   : The thickness of the plate. 
E  : The modulus of elasticity of structural steel. 
ν  : The poisson’s ratio 

 

 
                              [Fig. 2.15] Notations for longitudinally stiffened plates (1) 

 

kσ,p may be approximated as shown in the following table. 

 

[Table 2.11] Calculation of kσ,p 

Condition  kσ,p 

4    
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∑Isl  : The sum of the second moment of area of the whole stiffened plate. 
∑Asl : The sum of the gross area of the individual longitudinal stiffener. 
Ip   : The second moment of area for bending of the plate. 

 

  )1(12 2
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bt
I p

                         
 

Ap : The gross area of the plate = bt. 
σ1 : The larger edge stress. 
σ2 : The smaller edge stress. 
a, b, t : As defined in Fig. 2.16. 
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[Fig. 2.16] Notations for longitudinally stiffened plates (2)   

 

(3) Plate type behavior. 

• The relative plate slenderness  p   of the equivalent plate 
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where, 
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Ac    : The gross area of the compression zone of the stiffened plate except the parts of subpanels 
supported by an adjacent plate. 

Ac,eff,loc : The effective area of the same part of the plate with due allowance made for possible plate 
buckling of subpanels and/or of stiffened panels. 

 

• The reduction factor ρ 

 

[Table 2.12] Calculation of ρ 

Element  Condition  ρ 

Internal 
element 

673.0p   1.0 

673.0p  
where,   03   
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Outstand 
element 

748.0p   1.0 

748.0p   0.1
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(4) Column type behavior. 

• The elastic critical column buckling stress σcr,c 
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where, 
a : Length of a stiffened or unstiffened plate. 
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Isl,1 : The second moment of area of the stiffener, relative to out-of-plane bending of the plate. 
Asl,1: The gross cross-sectional area of the stiffener and the adjacent parts of the plate. 

 

• The relative column slenderness  c  
 

                                            673.0p                          
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Asl,1,eff : The effective cross-sectional area of the stiffener with due allowance for plate buckling. 
 

• The reduction factor χc 
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where, α = 0.21 
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e = max(e1, e2) is the largest distance from the respective centroids of the plating and the one-sided 
stiffener (or of the centroids of either set of stiffeners when present on both sides) to the neutral axis of 
the column. 
α = 0.34 (for closed section stiffener), 0.49 (for open section stiffener) 
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(b) Stiffened plate : 

(a) Unstiffened plate : 
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(b) Stiffened plate : 

(2.23) 

(2.24) 

(2.25) 

(2.26) 

(2.27) 

(2.28) 

(2.29) 

(2.30) 

(2.31) 

(2.32) 

(2.33) 



 
60Chapter 2. Composite Steel Box Girder Design: EN 1994‐2

(5) Final reduction factor ρc from interaction between plate and column buckling.

 

      ccc   2                          
 

where, 

 
1

,

, 
ccr

pcr





,  0.10                            

 
σcr,p : The elastic critical plate buckling stress. 
σcr,c : The elastic critical column buckling stress. 
χc  : The reduction factor due to column buckling. 

 
 

  Longitudinal stiffener 

Longitudinal stiffeners of box girder need to be entered by section properties. Flat, Tee, U‐Rib 
type stiffener can be defined. 

 

  Design>Composite Steel Girder Design>Longitudinal Stiffener… 

 
[Fig. 2.17] Section Manager, Longitudinal stiffener Dialog 

 

1.8 Calculate bending resistance, MRd 
Bending resistance, MRd, can be calculated as follows based on its class. 

Class 1 or 2 cross‐sections can be checked by using the plastic or elastic bending resistance. 

Class 3 cross‐sections are checked with the elastic bending resistance, or possibly reclassified as 
effective Class 2 cross‐section and then checked with the plastic bending resistance. 

Class  4  cross‐sections  are  also  checked with  the  elastic  bending  resistance  but  by  using  the
effective cross‐section, reduced to take account of buckling. 

 

(1) Class 1 and 2 + Positive Moment. 

• The strength of the reinforcing steel bars in compression is neglected. 

 

• General case :  RdplRd MM ,
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• For the structural steel grade S420 or S460, MRd is calculated as shown in the table below. 

 

[Table 2.13] Calculation MRd 

Condition  MRd 

xpl ≤ 0.15h  RdplM ,

0.15h < xpl ≤ 0.4h  RdplM ,

xpl > 0.4h 

Nc≤Nc,el   
elc

c
EdaRdelEda N

N
MMM

,
,,,   

Nc,el<Nc≤Nc,f   
elcfc

elcc
EdelRdplRdel NN

NN
MMM

,,

,
,,, 


  

 
where, 
Mpl,Rd : Design value of the plastic resistance moment of the composite section with full shear 

connection. 
Mel,Rd : Design value of the elastic resistance moment of the composite section. 
β    : The reduction factor. 
Nc   : Design value of the compressive normal force in the concrete flange. 
Nc,el  : Compressive normal force in the concrete flange corresponding to Mel,Rd. 
Nc,f   : Design value of the compressive normal force in the concrete flange with full shear connection. 

 

 
                                                  [Fig. 2.18] Reduction factor β for Mpl,Rd 

 

(2) Class 1 and 2 + Negative Moment. 

• The strength of the concrete in tension is neglected. 

• Bending resistance 

 

  RdplRd MM ,
                             

 

(3) Class 3 

• Bending resistance 

 

  EdcEdaRdelRd kMMMM ,,, 
                         

 

(4) Class 4 

•  Section properties  should be  calculated by  considering  the  effective  area.  If  the  section  is
under  the  compression,  the  additional  moment  must  be  taken  in  to  account  due  to  the
eccentricity between the gravity center of gross section and effective section. 

Refer to the clause 1.5 to see how to calculate the effective area and additional moment. 

 

• Bending resistance 

 

  EdcEdaRdelRd kMMMM ,,, 
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1.9 Check bending resistance 
 

  RdEd MM                           
 
where, 
MEd : Design bending moment. 
MRd : Design moment resistance. 

 

• Load combination 

In midas  Civil,  bending  resistance will  be  verified  for  the  load  combinations  that  the  Active
column is specified as Strength/Stress in Results>Load combinations>Steel Design tab. 

 

1.10 Verification of Bending Resistance 
 

  By Result Table 

Bending resistance can be verified in the table format as shown below. 

 

  Design>Composite Steel Girder Design>Design Result Tables>Bending Resistance… 

 
 

Elem: Element 

Position: I/J‐end 

Positive/Negative: Positive/Negative moment 

Lcom: Load combination 

Type: Load combination type (Fxx‐max, Fxx‐min, ... Mzz‐min) 

Top Class: Class of top flange 

Bot Class: Class of bottom flange 

Web Class: Class of web 

Sect. Class: Class of cross section 

Ma,Ed: The design bending moment applied to structural steel section before 

composite behavior 

Mc,Ed: The part of the design bending moment acting on the composite section 

Mpl,Rd: Design value of the plastic resistance moment of the composite section 

Mel,Rd: Design value of the elastic resistance moment of the composite section 

M_Rd: Design value of the resistance moment of a composite section 
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  By Excel Report 

Detail results with applied equations and parameters can be checked in the Excel Report. 
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2. Resistance to vertical shear 
Limit state of vertical shear resistance will satisfy the condition,  RdEd VV  . 

Shear  resistance,  RdV ,  will  be  determined  as  smaller  value  between  Vpl,Rd  and  Vb,Rd  when 

considering shear buckling. When the shear buckling  is not considered, Shear resistance,  RdV , 

will  be  determined  as  Vpl,Rd.  The  plastic  resistance  and  buckling  resistance  are  calculated  as 
follows. 

 

2.1 Plastic resistance to vertical shear 
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RdaplRdpl
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where, 
γM0 : The partial factor for resistance of cross-sections whatever the class is. 
Av  : The shear area. In midas Civil, only welded I, H and box sections are considered.  

 

    wwv thA                             
 

hw : The depth of the web 
tw  : The web thickness 
η  : The coefficient that includes the increase of shear resistance at web slenderness 

 
[Table 2.14] Coefficient η 

Steel Grade  η 

S235 to S460  1.20 

Over S460  1.00 

 

2.2 Shear buckling resistance 

Plates with  

72


t

hw for an unstiffened web, or  


k
t

hw 31
   for a stiffened web, should be 

checked for resistance to shear buckling and should be provided with transverse stiffeners at 
the supports. 
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(1) Contribution from the web Vbw,Rd 
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where, 
fyw : Yield strength of the web. 
hw : Clear web depth between flanges. 
t  : Thickness of the plate. 
γM1 : Partial factor for resistance of members to instability assessed by member checks. 
χw  : Factor for the contribution of the web to the shear buckling resistance. 
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[Table 2.15] Contribution from the web χw 

Condition  Rigid end post  Non‐rigid end post 

 /83.0w        

08.1/83.0  w   w/83.0 w/83.0

08.1w   )7.0/(37.1 w w/83.0

 

 

[Fig. 2.19] End supports 
 

λw : Slenderness parameter. 

 

[Table 2.16] Calculation of λw 

Condition 
w

Transverse stiffeners at supports only. 
(In midas Civil, when longitudinal stiffener exists only)  


t

hw
w 4.86
  

Transverse stiffeners at supports and intermediate transverse 
or longitudinal stiffeners or both (In midas Civil, except for the 

condition when longitudinal stiffener exists only)  


kt

hw
w

4.37
  

  
For webs with longitudinal stiffeners,  

 

  i

wi
w

kt

h




4.37


                         
 

hwi and kτi refer to the subpanel with the largest slenderness parameter λw of all subpanels within the web 
panel under consideration. (kτst = 0) 

 

  yf

235


                         
 

kτ : The minimum shear buckling coefficient for the web panel. 

 
[Table 2.17] Calculation kτ 

No. of longitudinal 
stiffeners 

Condition  kτ
 

= 0 or >2 
a/hw ≥ 1.0  stw kahk   2)/(00.434.5  

a/hw < 1.0  stw kahk   2)/(34.500.4  

1 or 2 

α=a/hw ≥ 3.0  stw kahk   2)/(00.434.5

α=a/hw < 3.0  3
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a : The distance between transverse stiffeners. 
 

 

[Fig. 2.20] Web with transverse and longitudinal stiffeners 

 

Isl : The second moment of area of the longitudinal stiffener about z-axis. The value of Isl will be 
multiplied by 1/3 when calculating kτ. 
η  : The coefficient that includes the increase of shear resistance at web slenderness  

 
[Table 2.18] Calculation η 

Steel Grade  η 

S235 to S460  1.20 

Over S460  1.00 

 

(2) Calculation of the shear stress in the flange  τEd,max   

 

• Structural steel box section 
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• Composite box section 

  f

cf

c

cEd
cEd t

Q

I

V ,,
, 

                         
 

  cEdaEdEd ,,max,  
                                                                                           

 

  13 M

yf
Rd

f




 
                                                                                                         

 
where, 
Qf,a  : Geometric moment of area in flange before composite  
Qf,c  : Geometric moment of area in flange after composite 
Ia    : Second moment of area in flange before composite 
Ic    : Second moment of area in flange after composite 
fyf    : Yield strength of the flange. 
VEd,a : Shear force of girder before composite 
VEd,c : Shear force of girder after composite 
γM1  : Partial factor for resistance of members to instability assessed by member checks.  
χ   : Apply the value of “1.2”. 
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In  case  of  box  girder,  shear  resistance  verification  in  flange will  be  done  by  comparing  the

maximum shear force,  τEd,max, to the shear resistance,  τRd. 

 
  Transverse stiffener 

Transverse stiffeners can be specified by members. 

 

  Design>Composite Steel Girder Design>Transverse Stiffener… 

 
[Fig. 2.21] Transverse stiffener 

 

  Transverse stiffener of end support 

Transverse stiffener of end support can be entered from the following dialog box. End support 
type by nodes and related parameter can be defined. 

 

  Design>Composite Steel Girder Design>Transverse Stiffener of End Support… 

[Fig. 2.22] Transverse Stiffener of End Support 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of end support 
(See Fig. 2.17) 

a: Spacing of rigid transverse 
stiffeners 
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2.3 Resistance to vertical shear 
VRd is calculated depending on the value of hw/t as shown in the table below.   

 

[Table 2. 19] Calculation of VRd 

Condition  VRd 

Unstiffened 



72


t

hw

  RdplRd VV ,  



72


t

hw

  RdbRd VV ,
 

Stiffened 




k
t

hw 31


  RdplRd VV ,
 




k
t

hw 31
   RdbRd VV ,  

 
where, 
Vpl,Rd : The plastic resistance to vertical shear. 
Vb,Rd : The shear buckling resistance. 

 

2.4 Interaction bending and vertical shear 
(1) Verification condition of interaction between sear force and bending moment   

When  the  following condition  is satisfied, combined effects of bending and shear need  to be 
verified.   

 

 
5.0

,
3 

Rdbw

Ed

V

V


                         
 

where, 
VEd   : The design shear force including shear from torque. 
Vbw,Rd : The design resistance for shear of contribution from the web. 

 

(2) For cross‐sections in Class1 or 2 

Apply the reduced design steel strength (1‐ρ)fyd in the shear area. It is not considered in midas 

Civil. 

 

 

2

1
2











Rd

Ed

V

V
                         

 

 

                          [Fig. 2.23] Plastic stress distribution modified by the effect of vertical shear 
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(3) For cross‐sections in Class3 and 4 

•  5.03  : MRd, NRd need not be reduced. 

•  5.03  : The combined effects of bending and shear in the web of an I or box girder should 

satisfy. 

 

 
  0.1121

2

3
,

,
1 










 

Rdpl

Rdf

M

M

                         
 
where, 

  Rdpl

Rdf

Rdpl

Ed

M

M

M

M

,

,

,
1 

                         
 

  Rdbw

Ed

V

V

,
3 

                         
 

2.5 Check resistance to vertical shear 
 

  RdEd VV                           
 

where, 
VEd : Design value of the shear force acting on the composite section. 
VRd : Design value of the resistance of the composite section to vertical shear. 

 

2.6 Verification of vertical shear resistance 
 

  By Result Table 

The verification results can be checked in the table below.   

 

  Design>Composite Steel Girder Design>Design Result Tables>Resistance to Vertical Shear… 

 
 

Position: I/J‐end 

Lcom: Load combination 

Type: Load combination type (Fxx‐max, Fxx‐min, ... Mzz‐min) 

Top Class: Class of top flange   

Bot Class: Class of bottom flange   

Web Class: Class of web   

Sect. Class: Class of cross section 

N_Ed : Design value of the compressive normal force 

M_Ed: Design bending moment 

V_Ed : Design value of the shear force acting on the composite section 

Vpl,Rd: Design value of the plastic resistance of the composite section to vertical shear 

Vb,Rd: Design value of the shear buckling resistance of a steel web 
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  By Excel Report 

Detail results with applied equations and parameters can be checked in the Excel Report. 
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3. Resistance to longitudinal shear 
Resistance to longitudinal is verified only for the plate I‐girder and the following condition must 
be satisfied.   

 

RdLEdL ,,      

 

RdLEdL ,, , 
 
shall be calculated as follows.   

 

3.1 Design shear resistance of headed stud 
 

   21,min RdRdRd PPP                           
 

  V

u
Rd

df
P


 4/8.0 2

1 
                         

 

  V

cmck
Rd

Efd
P


 2

2

29.0


                         
 

where, 
γV  : The partial factor. 
d  : The diameter of the shank of the stud. 
fu  : The specified ultimate tensile strength of the material of the stud. 
fck  : The characteristic cylinder compressive strength of the concrete at the age considered. 
hsc : The overall nominal height of the stud. 

 
[Table 2.20] Calculation of α 

3 ≤ hsc/d ≤ 4  hsc/d > 4 







  12.0

d

hsc
 

α =1 

 

  Shear connector 

For shear connectors, enter the number of connectors, tensile strength, dimension, height (hsc), 
transverse spacing (st), and longitudinal spacing (sc). 

 

 
                                                [Fig. 2.24] Notation of shear connector 
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  Design>Composite Steel Girder Design>Shear Connector…

 
[Fig. 2.25] Shear connector Input Dialog 

 

3.2 Bearing shear stress of shear connector, νL,Rd 
 

  c

Rd
RdL s

NP
,

                         
 

where, 
N : The number of the shear connector. 
sc : The space of the shear connector. 

 

3.3 Shear stress at the connection between girder and deck, νL,Ed 
(1)  Beams with  cross‐sections  in  Class  1  or  2  and  under  the  sagging moment  and  inelastic
behavior (MEd > Mel,Rd) 

 

  v

EdL
EdL L

V ,
, 

                         
 
where, 

 
  , , ,

,
, ,

c f c el ED el Rd

L Ed
pl Rd el Rd

N N M M
V

M M

 


                                

 
Lv : Length of shear connection. (Lv = beff = Bc) 

 

(2) Other cases 

 

  y

sEd
EdL I

QV
,

                         
 

where, 
Qs : Geometric moment of area at the shear connector position (contact point between girder and slab) 
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[Table 2.21] Calculation of Qs 

Condition  Qs 

Gravity center of composite section   
< Height of girder 

Calculate the geometric moment of area 
with slab 

Gravity center of composite section   
  ≥ Height of girder 

Calculate the geometric moment of area 
with girder 

 

3.4 Check resistance to longitudinal shear 

 

  RdLEdL ,,  
                         

 
where, 
νL,Ed : Design longitudinal shear force per unit length at the interface between steel and concrete. 
νL,Rd : Resistance to longitudinal shear. 

 

3.5 Verification of longitudinal shear resistance 
 

  By Result Table 

Verification results can be checked as shown in the table below. 

 

  Design>Composite  Steel  Girder  Design>Design  Result  Tables>Resistance  to  Longitudinal
Shear… 

 
 

Elem: Element 

Position: I/J‐end 

Lcom: Load combination 

Type: Load combination type (Fxx‐max, Fxx‐min, ... Mzz‐min) 

V_L,Ed: Longitudinal shear force acting on length    of the inelastic region 

v_L,Ed: Design longitudinal shear force per unit length at the interface between steel and concrete 

P_Rd: Design value of the shear resistance of a single connector 

v_L,Rd:   

v_Ed: Design longitudinal shear stress 
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  By Excel Report 
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Serviceability Limit States
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1. Stress limitation 

For the stress limit check of box girder, the following stress will be calculated and compared to
its allowable stress: Normal stress of girders, Shear stress of girders, Combined stress of girders, 
stress in slab, and stress in rebar. Each stress can be calculated as follows. 

 

1.1 Stress limitation for girder 
(1) Normal stress σEd,ser 

 

  serM

y
allowserEd

f

,
, 

 
                         

 

• Stress in girder, σEd,ser, is calculated by the stresses summation of before composite and after 
composite state at 4 different points. Member forces and section properties are calculated as
shown in the table below.     

   

[Table 2.22] Member forces for calculating girder stress 

Type  Before composite  After composite 

Section 
Properties 

Girder  Sagging moment : Deck concrete + Girder 

Member 
Force 

Calculate using girder only  Calculate considering deck concrete and girder 

 

In midas  Civil,  applied  section  properties  can  be  verified  in  the  excel  report.  The  section
properties of before composite action is shown as “Before”, after composite action is shown
as “After”, negative moment with considering cracked section is shown as “Crack”.   

 

(2) Shear stress τEd,ser 

 

  serM

y
allowserEd

f

,

,
3

 

                         
 
where, 

  v

Ed
serEd A

V
,

                         
 

VEd : Shear force after composite action 
Av  : Shear area. For I-girder, Av = hwtw. For the other sections, Av = ∑Aweb. 
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(3) Combined stress σEd,com,ser 

 

  serM

y
allowsercomEd

f

,
,, 

 
                           

 
where, 

 
2

,
2

,,, 3 serEdserEdsercomEd  
                           

 

  Stress limitation parameters 

 

  Design > Composite Steel Girder Design > Design Parameters… 

 
[Fig. 2.26] Composite Girder Design Parameters 

 

1.2 Stress limitation for concrete of slab 
 

  ckallowc kf                            
 

where, 
k : It is used as the user defined value. 

 
[Table 2.23] Recommended value of k for concrete 

Serviceability Load 
combination Type 

k 

Applied  Recommended 

Characteristic  k1  0.6 

Quasi‐permanent  k2  0.45 

 
fck : The characteristic value of the cylinder compressive strength of concrete at 28 days. 
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1.3 Stress limitation for reinforcement of slab 
 

  skallows fk3                            
 

where, 
k3 : It is used as the user defined value.  

 
[Table 2.24] Recommended value of k for reinforcement 

Serviceability Load 
combination Type 

k 

Applied  Recommended 

Characteristic  k3  0.45 

 
fsk : Characteristic value of the yield strength of reinforcing steel. 

 

1.4 Verification of stress limitation resistance 
 

  By Result Table 

The verification results can be checked as shown in the table below.   

 

  Design>Composite Steel Girder Design>Design Result Tables>Stress Limitation… 

 
 

Sigma_Ed,ser, Tau_Ed,ser: Nominal stresses in the structural steel from the characteristic   

load combination. Refer to EN 1993‐2 7.3. 

ALW: Stress limit. 

Sigma_c: Stress in the concrete deck. 

k*fck: Stress limit. 

Sigma_s: stress in the reinforcement. 

k*fsk: stress limit. 

 

  By Excel Report 
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2. Longitudinal shear in SLS (Serviceability Limit States) 

Resistance to longitudinal shear can be verified for the I‐girder and following condition must be 
satisfied.   

 

RdLEdL ,,      

 

RdLEdL ,, , 
 
shall be calculated as follows.   

 

2.1 Design shear resistance of headed stud 

 

   21,min RdRdRd PPP                           
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where, 
γV : The partial factor. 
d  : The diameter of the shank of the stud, 16mm ≤ d ≤ 25mm. 
fu  : The specified ultimate tensile strength of the material of the stud, ≤ 500N/mm2. 
fck : The characteristic cylinder compressive strength of the concrete at the age considered. 
hsc : The overall nominal height of the stud. 
α  : Refer to Table 2.20. 

 

  Shear connector parameters 
Shear connector is entered by members. Refer to the clause 3.1 for the input method. 

 

2.2 Bearing shear stress of shear connector, νL,Rd 
 

  conn

connRds
RdL s

NPk
,

                         
 

where, 
ks    : Reduction factor for shear resistance of stud connector. 
Nconn : The number of the shear connector. 
sconn  : The space of the shear connector. 
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  Reduction factor ks 

Reduction factor for stud, ks, can be entered in Composite Steel Girder Design Parameters dialog
box.   

 
[Fig. 2.27] Composite Girder Design Parameters 

 

2.3 Shear stress at the connection between girder and deck, νL,Ed 
(1)  Beams with  cross‐sections  in  Class  1  or  2  and  under  the  sagging moment  and  inelastic
behavior (MEd > Mel,Rd). 

 

  v

EdL
EdL L

V ,
, 

                         
 

where, 

 
  , , ,

,
, ,

c f c el ED el Rd

L Ed
pl Rd el Rd
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V
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Lv : Length of shear connection. (Lv = beff = Bc) 

 
(2) Other cases 

 

  y

sEd
EdL I

QV
,

                             
 

where, 
Qs : Geometric moment of area at the shear connector position (contact point between girder and slab). 

Refer to Table 2.21 to see the calculation method.  

 

2.4 Check resistance to longitudinal shear in SLS 
 

  RdLEdL ,,  
                         

 
where, 
νL,Ed : Design longitudinal shear force per unit length at the interface between steel and concrete. 
νL,Rd : Resistance to longitudinal shear. 
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2.5 Verification of longitudinal shear in SLS 
 

  By Result Table 

Verification results can be checked as shown in the table below.   

 

  Design>Composite Steel Girder Design>Design Result Tables>Longitudinal shear in SLS… 

 
 

V_c,Ed: Vertical shear force acting on the composite section. 
v_L,Ed: Longitudinal shear force per unit length in the shear connector. 
P_Rd_ser: Shear resistance of a single shear connector for SLS. 
v_L,Rd: Longitudinal shear resistance per unit length for the shear connector. 

 

  By Excel Report 
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Chapter 3.

Composite Plate needs to be designed to satisfy the following limit states.

Ultimate Limit States

Serviceability Limit States
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Ultimate Limit States 
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1. Bending resistance 

Limit state of Bending Resistance will satisfy the condition, MEd≤MRd. 

Moment resistance, MRd, shall be calculated as follows: 

 

1.1 Design values of material 
(1) Partial factors for materials 

Partial factor for materials considered in ultimate limit states are shown in the table below. 

In midas Civil, partial factor for materials can be specified by the user in “Design Parameter” 
dialog box. The default values are determined as below as per Eurocode 4. 

 
[Table 3.1] Partial factor for materials 

Materials  Condition  Partial Factor 

Concrete 
Persistent & Transient  γc = 1.5 

Accidental  γc = 1.2 

Reinforcing steel 
Persistent & Transient  γs = 1.15 

Accidental  γs = 1.0 

Structural steel 
Cross‐sections  γM0 = 1.0 

Members to instability assessed  γM1 = 1.0 

Shear connection  members to instability γV = 1.25 

Fatigue verification 
of headed studs 

Strength  γMf = 1.0 

Strength of studs in shear  γMf,s = 1.0 

 

(2) Design compressive strength of concrete. 

 

  cckcd ff /
                                                                                                                   

 
where, 
fck : The characteristic compressive cylinder strength of concrete at 28 days. 
γc : The partial safety factor for concrete. 

 

(3) Design yield strength of steel reinforcement. 

 

  ssksd ff /
                             

 
where, 
fsk : The characteristic value of the yield strength of reinforcing steel. 
γs  : The partial factor for reinforcing steel. 
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(4) Design yield strength of structural steel. 

 

0/ Myyd ff 
                                                                                                             

 

where, 
fy  : The nominal value of the yield strength of structural steel. 
γM0 : The partial factor for structural steel applied to resistance of cross-sections. 

 

The nominal values of the yield strength  fy and the ultimate strength  fu  for structural steel 
shall be obtained by using the simplification given in Fig. 3.1. 

 

 
[Fig. 3.1] Nominal values of yield strength fy and ultimate tensile strength fu 

 

  Partial safety factor 

Parameters  related  to  the material  such  as partial  factors, damage  equivalence  factors,  and 
shear  resistance  reduction  factor  can  be  defined  in  “Composite  Steel  Girder  Design 
Parameters” dialog box.   

The default values of partial factors are defined as “1.0”. 

 

  Design > Composite Steel Girder Design>Design Parameters… 

 
[Fig. 3.2] Design Parameters Dialog 
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  Design strength of materials 

Design strength of concrete, reinforcement, and steel can be defined in “Modify SRC Material”
dialog box.   

In Steel Design Selection  field, when Code  is entered as “EN05”, Fy1  is tensile strength of  the 
steel for which the thickness is less or equal to 40mm and Fy2 is tensile strength of the steel for 
which the thickness is larger than 40mm. 

 

  Design > Composite Steel Girder Design>Design Material… 

 
[Fig. 3.3] Composite steel girder design material 

 

1.2 Classification of cross‐section 
The  classification  system  defined  in  EN1993‐1‐1:2005,  5.5.2  applies  to  cross‐sections  of
composite beams. 

 

[Table 3.2] Classes of cross‐sections 

Class  Defined as 

1 
which can form a plastic hinge with the rotation capacity required from plastic 
analysis without reduction of the resistance 

2 
which can develop their plastic moment resistance, but have limited rotation 
capacity because of local buckling 

3 
in which the stress in the extreme compression fibre of the steel member assuming 
an elastic distribution of stresses can reach the yield strength, but local buckling is 
liable to prevent development of the plastic moment resistance 

4 
in which local buckling will occur before the attainment of yield stress in one or 
more parts of the cross‐section   
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(1) The  classification of a cross‐section depends on  the width  to  thickness  ratio of  the parts
subject to compression. 

 

• Classification of Class in flange 

Class of flange can be classified depending on the Positive and negative moment. 

 

[Table 3.3] Class of compression flange 

Moment  Position  Class of compression flange 

Positive 
Top 

Flange 

A steel compression flange that is restrained from buckling by 
effective attachment to a concrete flange by shear connectors 
may be assumed to be in Class1. 

Negative 
Bottom 
Flange 

‐Composite‐I: Check for outstand flanges in Fig. 3.4.
‐Composite‐Box  :  Check  for  outstand  flanges  and  internal
compression part in Fig. 3.5. 

 

 
[Fig. 3.4] Maximum width‐to‐thickness ratios for compression parts ‐ Outstand 
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• Classification of Class in web: check for internal compression part in Fig. 3.5.

 
[Fig. 3.5] Maximum width‐to‐thickness ratios for compression parts ‐ Internal 

 

(2) Classification of a cross‐section 

A cross‐section  is classified according to the highest  (least  favorable) class of  its compression 
parts as following table. 

 

[Table 3.4] Class of section according to class of compression parts 

Class of Section 
Class of Flange 

1  2  3  4 

Class of   
Web 

1  1  2  3  4 

2  1  2  3  4 

3  2*  2*  3  4 

4  4  4  4  4 

 

*:  Cross‐sections  with  webs  in  Class3  and  flanges  in  Class1  or  2 may  be  treated  as  an 
effective cross‐sections in Class2 with an effective web in accordance with EN1993‐1‐1:2005, 
6.2.2.4. This clause is applied to I‐shape section only. 

 

• Effective Class 2 cross‐section 

The proportion of the web in compression should be replaced by a part of 20εtw adjacent to 
the compression flange, with another part of 20εtw adjacent to the plastic neutral axis of the 
effective cross‐section in accordance with following figure. 
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[Fig. 3.6] Effective class 2 web 

 

1.3 Calculate plastic bending resistance, Mpl,Rd. 
• For positive moment: Compressive rebar in the deck will be ignored.   

• For negative moment: Concrete area of deck will be neglected and only the tensile rebar  in
the deck will be considered. 

 

 
[Fig. 3.7] Plastic stress distributions for a composite beam 

 

For I‐shape girder under sagging moment, Mpl,Rd can be calculated depending on the position of 
plastic neutral axis.   

 

(1) Located in the slab depth for positive moment 

 
[Fig. 3.8] PNA in the slab depth for positive moment 

 
[Table 3.5] Mpl,Rd in the slab depth for positive moment 

Part  Force  Distance 

Slab  plccdc xBfN 85.0   ‐

Top Flange  tftfydtopa tbfN ,   pltfhctop xtHta 5.05.0   

Web  wwydweba htfN ,   plwtfhcweb xttHta 5.05.0   

Bottom Flange  bfbfydbota tbfN ,   plbfwfhcbot xtttHta 5.05.0   

Mpl,Rd  botbotawebwebatoptopaRdpl aNaNaNM ,,,,   
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(2) Located in the web of steel girder for positive moment

 

 
[Fig. 3.9] PNA in the web of steel girder for positive moment 

 
[Table 3.6] Mpl,Rd in the web of steel girder for positive moment 

Part  Force  Distance 

Slab  cccdc tBfN 85.0   ‐

Top Flange  tftfydtopa tbfN ,   tfhctop tHta 5.05.0   

Web (Comp)  )(,, tfhcplwydcweba tHtxtfN    )(5.0, tfhplcweb tHxa   

Web (Tens)  )(,, plwtfhcwydtweba xhtHttfN  )(5.0, wtfhpltweb htHxa 
 

Bottom Flange  bfbfydbota tbfN ,   bfwtfhcbot tttHta 5.05.0   

Mpl,Rd  botbotatwebtwebacwebcwebatoptopaRdpl aNaNaNaNM ,,,,,,,,,   

 

For I‐shape girder under hogging moment, when plastic neutral axis is located in the web, Mpl,Rd

can be calculated as follows. The moment is calculated based on the position of plastic neutral axis. 

 

(3) Located in the web of steel girder for negative moment 

 

 
[Fig. 3.10] PNA in the web of steel girder for negative moment 

 

[Table 3.7] Mpl,Rd in the web of steel girder for negative moment 

Part  Force  Distance 

Slab Rebar  sisdsi AfN    siplsi dxa   

Top Flange  tftfydtopa tBfN ,   tfhcpltop tHtxa 5.0  

Web (Tens)  wtfhcplydtweba ttHtxfN )(,,    )(5.0, tfhcpltweb tHtxa   

Web (Comp)  wplwtfhcydcweba txhtHtfN )(,,  )(5.0, plwtfhccweb xhtHta 
 

Bottom Flange  bfbfydbota tBfN ,   plbfwtfhcbot xthtHta  5.0  

Mpl,Rd  botbotacwebcwebatwebtwebatoptopasisiRdpl aNaNaNaNaNM ,,,,,,,,,   
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1.4 Calculate elastic bending resistance, Mel,Rd 
 

EdcEdaRdel kMMM ,,, 
   

 

 

[Fig. 3.11] Calculation of Mel,Rd 
 

where,  
Ma,Ed : Design bending moment applied to structural steel section before composite behavior. Bending 

moment obtained during the construction stage analysis is used in midas Civil. 
Mc,Ed : The part of design bending moment acting on the composite section. Bending moment obtained 

from the final construction stage is used in midas Civil. 
k    : The lowest factor such that a stress limit in EN1994-2:2005, 6.2.1.5(2) is reached. In midas Civil, 

the value of “k” is calculated as below. 

 

[Table 3.8] Calculation of k 

Type  For Positive Moment  For Negative Moment 

Steel Girder 
)/(

)/(

,,

,,

cycEdc

ayaEdayd
a IzM

IzMf
k


  

)/(

)/(

,,

,,

cycEdc

ayaEdayd
a IzM

IzMf
k


  

Slab  )/( ,,,, slabcyslabcEdc

cd
c IzM

f
k    ‐ 

Reinforcement  ‐  )/( ,,,, barcybarcEdc

sd
s IzM

f
k   

k  min[ka, kc]  min[ka, ks] 

 

1.5 Calculate effective cross‐section for Class 4 section 
(1) Calculate effective cross‐section 

For  cross‐sections  in  Class4,  the  effective  structural  steel  section  should  be  determined  in
accordance with EN1993‐1‐5, 4.3. 

In midas Civil, the effect of share lag is not considered in the calculation of effective area. Only
the plate buckling effect is considered. 

 

• The effective area Aeff should be determined assuming that the cross section is subject only to 
stresses due to uniform axial compression. 

 

 
[Fig. 3.12] Class 4 cross‐sections ‐ axial force 
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• The effective section modulus Weff should be determined assuming that the cross section  is 
subject only to bending stresses. 

 

 
[Fig. 3.13] Class 4 cross‐sections ‐ bending moment 

 

The calculation of effective area depending on the longitudinal stiffener will be explained in the
clause 1.6 and 1.7 in this manual. 

 

(2) Consideration of additional moment due to the eccentricity of gravity center between the 
gross area and the effective area 

In case of  the  section with Class 4 classification under  the compressive  force,  the additional
moment due to the different gravity center between gross area and effective area is taken into
account in the design moment. 

 

 effczczEdNEdEd CCNeNM ,,,   

 
where, 
eN : Eccentricity between the gross area and effective area 
Cz,c : Gravity center of the gross area 
Cz,c,eff : Gravity center of the effective area  

 

1.6 Plate elements without longitudinal stiffeners 
The effective areas of flat compression elements should be obtained using Table 2.8 for internal 
elements and Table 2.9 for outstand elements. The effective area of the compression zone of 
plate should be obtained from :   

 

ceffc AA ,  
 

where,  
Ac,eff : Effective cross sectional area. 
Ac  

: The gross cross sectional area. 
ρ
   

: The reduction factor for plate buckling. 
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(1) Effective width beff 

Refer to the following table and figure to see the definition of  internal element and outstand
element in midas Civil. 

 

[Table 3.9] Definition of internal and outstand element 

Type  Shape  Defined as 

Internal   
element 

I  Web 

Box  Web / Flanges between web 

Outstand   
element 

I  Flange 

Box  Outstand flange which is the outside of webs 

 

 
[Fig. 3.14] Internal and outstand element 

 

• For internal compression elements 

[Table 3.10] Internal compression elements 

 
 

• For outstand compression elements 

[Table 3.11] Outstand compression elements 
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(2) Reduction factor ρ 

[Table 3.12] Calculation of reduction factor ρ 

Type  Condition  ρ 

Internal 
element 

673.0p   1.0 

673.0p  
where,   03   

 
0.1

3055.0
2




p

p




 

Outstand 
element 

748.0p   1.0 

748.0p   0.1
188.0

2




p

p




 

 
where,

 




k

tbf

cr

y
p

4.28

/


 
 

b  : The appropriate width to be taken as follow. 

bw   : For webs 
b  : For internal flange elements. 
c  : For outstand flanges. 

 

 
[Fig. 3.15] Dimension of outstand flanges 

 

Ψ : The stress ratio. 
kσ : The buckling factor corresponding to the stress ratio ψ and boundary conditions. 
t  : The thickness. 
σcr : The elastic critical plate buckling stress. 

 

]N/mm[

235
2

yf


   
 

1.7 Stiffened plate elements with longitudinal stiffeners 
The  effective  section  area  of  each  subpanel  should  be  determined  by  a  reduction  factor  in 
accordance with 1.6  to  account  for  local buckling.  The  stiffened plate with  effective  section
area  for  the  stiffeners  should be  checked  for  global plate buckling  and  a  reduction  factor  ρ
should be determined for overall plate buckling. 

The effective area of the compression zone of the stiffened plate should be taken as: 
 

 tbAA offedgeloceffcceffc ,,,, 

 


c

loccloceffslloceffc tbAA ,,,, 
(3.10)

 

where, 
Ac,eff,loc : The effective section areas of all the stiffeners and subpanels that are fully or partially in the 

compression zone except the effective parts supported by an adjacent plate element with the 
width bedge,eff. 
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applies to the part of effective section according to 1.6 of all longitudinal stiffeners with gross area 
Asl located in the compression zone. 

bc,loc : The width of the compressed part of each subpanel. 
ρloc  : The reduction factor from 1.5 for each subpanel. 

 

 
[Fig. 3.16] Stiffened plate under uniform compression 

 

(1) Effective width and reduction factor for individual subpanels between stiffeners. 

Calculate the effective width of subpanels between stiffeners as per the clause 1.6.   

The value of  b   is taken as the smaller value between the follows:   

‐Clear spacing between flange and stiffener 

‐Clear spacing between stiffeners 

 

(2) Elastic critical plate buckling stress σcr,p for stiffened web. 

• with single stiffener in the compression zone 

σcr,p can be calculated as follows ignoring stiffeners in the tension zone : 

 

slcrpcr ,,  

 
[Table 3.13] Calculation of σcr,sl 

Condition  σcr,sl 

a ≥ ac

  3
,1

,1 1 2

1.05 sl

sl

I t bE

A b b
 

a < ac

 

 
2 3 2

,1

2 2 2 2 2
,1 ,1 1 24 1

sl

sl sl

EI Et ba

A a A b b


 




 

 

where, 

4

3

2
2

2
11,33.4
bt

bbI
a sl

c 

   
 

Asl,1  : The gross area of the column.
 

Isl,1   : The second moment of area of the gross cross-section of the column. 
b1, b2 : The distances from the longitudinal edges of the web to the stiffener. 

 

 
[Fig. 3.17] Notations for a web plate with single stiffener in the compression zone 
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• with two stiffeners in the compression zone

σcr,p should be taken as the lowest of those computed for the 3 cases using equation (3.13)
with b1=b1

*, b2=b2
*, b=B*. The stiffeners in tension zone should be ignored. 

 

, , , , , , ,min , ,cr p cr sl I cr sl II cr sl lumped      

 

 
[Fig. 3.18] Notations for plate with two stiffeners in the compression zone 

 

It is assumed that one of stiffeners buckles while the other one acts as a rigid support. 

Buckling of both the stiffeners simultaneously is accounted for by considering a single lumped
stiffener that is substituted for both individual ones such that : 

 

(a) Its cross‐sectional area and its second moment of area Ist are respectively the sum of for the 
individual stiffeners. 

(b)  It  is positioned  at  the  location of  the  resultant of  the  respective  forces  in  the  individual
stiffeners. 

 

• with at least three stiffeners in the compression zone 

 

Eppcr k   ,, 

 
where, 

22

22

)1(12 b

Et
E 






   
 

kσ,p : The buckling coefficient. 
b is defined in Fig. 3.19. 
t  : The thickness of the plate. 
E  : The modulus of elasticity of structural steel. 
ν  : The poisson’s ratio 

 

 
[Fig. 3.19] Notations for longitudinally stiffened plates (1) 

 

kσ,p may be approximated as in the following table. 
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[Table 3.14] Calculation of kσ,p 

Condition  kσ,p 

4    
 
  










 

11

112

2

22

 

4    
 

  




11

14
 

 

where, 

5.0
1

2 




 

   

 

p

sl

I

I
   

 

sl

p

A

A
 


 
(3.18)

 
 

5.0
b

a

 

∑Isl : The sum of the second moment of area of the whole stiffened plate. 
∑Asl : The sum of the gross area of the individual longitudinal stiffener. 
Ip   : The second moment of area for bending of the plate. 

 

)1(12 2

3




bt
I p

   
 

Ap : The gross area of the plate = bt. 
σ1 : The larger edge stress. 
σ2 : The smaller edge stress. 
a, b, t : as defined in Fig.3.20. 

 

 
[Fig. 3.20] Notations for longitudinally stiffened plates (2) 
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(3) Plate type behavior. 

• The relative plate slenderness  p   of the equivalent plate 

 

pcr

ycA
p

f

,

,




 

   
 
where, 

c

loceffc
cA A

A ,,
, 

   
 

Ac    : The gross area of the compression zone of the stiffened plate except the parts of subpanels 
supported by an adjacent plate. 

Ac,eff,loc : The effective area of the same part of the plate with due allowance made for possible plate 
buckling of subpanels and/or of stiffened panels. 

 

• The reduction factor ρ 

 

[Table 3.15] Calculation of ρ 

Element  Condition  ρ 

Internal 
element 

673.0p   1.0 

673.0p  
where,   03   

 
0.1

3055.0
2




p

p




 

Outstand 
element 

748.0p   1.0 

748.0p   0.1
188.0

2




p

p




 

 

(4) Column type behavior. 

• The elastic critical column buckling stress σcr,c 

 

(a) Unstiffened plate :  22

22

,
)1(12 a

Et
ccr 





 

 

(b) Stiffened plate : 
1,

,,
sl

c
slcrccr b

b 

   
 

where, 
a : Length of a stiffened or unstiffened plate. 

 
2

,1
, 2

,1

sl
cr sl

sl

EI

A a


 

   
 

Isl,1  : The second moment of area of the stiffener, relative to out-of-plane bending of the plate. 
Asl,1 : The gross cross-sectional area of the stiffener and the adjacent parts of the plate 
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• The relative column slenderness  c  
 

(a) Unstiffened plate : 
ccr

y
c

f

,
 

   
 

(b) Stiffened plate : 
ccr

ycA
c

f

,

,




 

   
 
where, 

1,

,1,
,

sl

effsl
cA A

A


   
 

Asl,1,eff : The effective cross-sectional area of the stiffener with due allowance for plate buckling. 

 

• The reduction factor χc 

 

0.1
1

22






c

c




 

 

(a) Unstiffened plate :   



 

2
2.015.0 cc 

 
where, α = 0.21 

 

(b) Stiffened plate :   



 

2
2.015.0 cce 

 
where, 

eie /

09.0


 
 

 

1,

1,

sl

sl

A

I
i 

 

 

 
e = max(e1, e2) is the largest distance from the respective centroids of the plating and the one-sided 
stiffener (or of the centroids of either set of stiffeners when present on both sides) to the neutral axis of 
the column. 
α = 0.34 (for closed section stiffener), 0.49 (for open section stiffener) 

 

  (5) Final reduction factor ρc from interaction between plate and column buckling. 

 

    ccc   2    

 
where, 

1
,

, 
ccr

pcr




 ,  0.10    
 

 
σcr,p : The elastic critical plate buckling stress. 
σcr,c : The elastic critical column buckling stress. 
χc  : The reduction factor due to column buckling. 
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  Longitudinal stiffener 

Longitudinal  stiffeners  of  plate  girder  need  to  be  entered  by  section  properties.  Flat  type 
stiffener can be defined.   

 

  Design>Composite Steel Girder Design>Longitudinal Stiffener(Plate Girder Only)… 

 
[Fig. 3.21] Longitudinal stiffener Dialog 

 

1.8 Calculate bending resistance, MRd 
Bending resistance, MRd, can be calculated as follows based on its class.   

Class 1 or 2 cross‐sections can be checked by using the plastic or elastic bending resistance.   

Class 3 cross‐sections are checked with the elastic bending resistance, or possibly reclassified
as effective Class 2 cross‐section and then checked with the plastic bending resistance.   

Class 4  cross‐sections  are  also  checked with  the elastic bending  resistance but by using  the
effective cross‐section, reduced to take account of buckling. 

 

(1) Class 1 and 2 + Positive Moment. 

• The strength of the reinforcing steel bars in compression is neglected. 

 

• General case :  RdplRd MM ,
   

 

• For the structural steel grade S420 or S460, MRd is calculated as shown in the table below. 

 

[Table 3.16] Calculation MRd 

Condition  MRd 

xpl ≤ 0.15h  RdplM ,

0.15h < xpl ≤ 0.4h  RdplM ,

xpl > 0.4h 

Nc≤Nc,el   
elc

c
EdaRdelEda N

N
MMM

,
,,,   

Nc,el<Nc≤Nc,f   
elcfc

elcc
EdelRdplRdel NN

NN
MMM

,,

,
,,, 


  

 
where, 
Mpl,Rd : Design value of the plastic resistance moment of the composite section with full shear 

connection. 
Mel,Rd : Design value of the elastic resistance moment of the composite section. 
β    : The reduction factor. 
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Nc    : Design value of the compressive normal force in the concrete flange. 
Nc,el  : Compressive normal force in the concrete flange corresponding to Mel,Rd. 
Nc,f   : Design value of the compressive normal force in the concrete flange with full shear connection. 

 

 
[Fig. 3.22] Reduction factor β for Mpl,Rd 

 

(2) Class 1 and 2 + Negative Moment. 

• The strength of the concrete in tension is neglected. 

• Bending resistance 

 

RdplRd MM ,
 

 

(3) Class 3 

• Bending resistance 

 

EdcEdaRdelRd kMMMM ,,,   

 

(4) Class 4 

•  Section properties  should be  calculated by  considering  the effective area.  If  the  section  is 
under  the  compression,  the  additional  moment  must  be  taken  in  to  account  due  to  the
eccentricity between the gravity center of gross section and effective section. 

Refer to the clause 1.5 to see how to calculate the effective area and additional moment. 

 

• Bending resistance 

 

EdcEdaRdelRd kMMMM ,,, 
 

 

1.9 Check bending resistance 
 

RdEd MM     

 
where, 
MEd : Design bending moment. 
MRd : Design moment resistance. 

 

• Load combination   

In midas Civil, bending resistance will be verified for the  load combinations that the Active
column is specified as Strength/Stress in Results>Load combinations>Steel Design tab. 
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1.10 Verification of bending resistance   
 

  By Result Table 

Bending resistance can be verified in the table format as shown below.   

 

  Design>Composite Steel Girder Design>Design Result Tables>Bending Resistance… 

 
 

Positive/Negative: Positive/Negative moment 
Lcom: Load combination 
Type: Load combination type (Fxx-max, Fxx-min, ... Mzz-min) 
Top Class: Class of top flange  
Bot Class: Class of bottom flange  
Web Class: Class of web  
Sect. Class: Class of cross section 
Ma,Ed: The design bending moment applied to structural steel section before composite behavior 
Mc,Ed: The part of the design bending moment acting on the composite section 
Mpl,Rd: Design value of the plastic resistance moment of the composite section 
Mel,Rd: Design value of the elastic resistance moment of the composite section 
M_Rd: Design value of the resistance moment of a composite section 

 

  By Excel Report 

Detail results with applied equations and parameters can be checked in the Excel Report. 
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2. Resistance to vertical shear 

Limit state of vertical shear resistance will satisfy the condition,  RdEd VV  . 

Shear  resistance,  RdV ,  will  be  determined  as  smaller  value  between  Vpl,Rd  and  Vb,Rd  when 

considering shear buckling. When the shear buckling is not considered, Shear resistance,  RdV , 

will be determined  as Vpl,Rd.  The plastic  resistance  and buckling  resistance  are  calculated  as
follows:   

 

2.1 Plastic resistance to vertical shear 
 

0
,,,

)3/(

M

yv
RdaplRdpl

fA
VV




   
 

where, 
γM0 : The partial factor for resistance of cross-sections whatever the class is. 
Av : The shear area. In midas Civil, only welded I, H and box sections are considered.  

 

  wwv thA 
 

 
hw : The depth of the web 
tw  : The web thickness 
η  : The coefficient that includes the increase of shear resistance at web slenderness 
 

[Table 3.17] Coefficient η 

Steel Grade  η 

S235 to S460  1.20 

Over S460  1.00 

 

2.2 Shear buckling resistance 

Plates with  

72


t

hw

 
for an unstiffened web, or  


k

t

hw 31
   for a stiffened web, should 

be checked for resistance to shear buckling and should be provided with transverse stiffeners 
at the supports. 

 

1
,,,

3 M

wyw
RdbfRdbwRdb

thf
VVV






   

 

(1) Contribution from the web Vbw,Rd 

 

1

,
3 M

wyww
Rdbw

thf
V






   

 

where, 
fyw : Yield strength of the web. 
hw : Clear web depth between flanges. 
t  : Thickness of the plate. 
γM1 : Partial factor for resistance of members to instability assessed by member checks. 
χw  : Factor for the contribution of the web to the shear buckling resistance. 
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[Table 3.18] Contribution from the web χw 

Condition  Rigid end post  Non‐rigid end post 

 /83.0w        

08.1/83.0  w   w/83.0 w/83.0

08.1w   )7.0/(37.1 w w/83.0

 

 

[Fig. 3.23] End supports

 λw : Slenderness parameter. 

 

[Table 3.19] Calculation of λw 

Condition 
w

Transverse stiffeners at supports only. 
(In midas Civil, when longitudinal stiffener exists only)  


t

hw
w 4.86
  

Transverse stiffeners at supports and intermediate 
transverse or longitudinal stiffeners or both 

(In midas Civil, except for the condition when longitudinal 
stiffener exists only) 




kt

hw
w

4.37
  

 

For webs with longitudinal stiffeners,   

 

i

wi
w

kt

h




4.37


   

 

hwi  and  kτi  refer  to  the  subpanel with  the  largest  slenderness parameter  λw of  all  subpanels 

within the web panel under consideration. (kτst = 0) 

 

yf

235


 
 

 
kτ : The minimum shear buckling coefficient for the web panel. 
 

[Table 3.20] Calculation kτ 

Longitudinal 
stiffeners num. 

Condition  kτ
 

= 0 or >2 
a/hw ≥ 1.0  stw kahk   2)/(00.434.5  

a/hw < 1.0  stw kahk   2)/(34.500.4  

1 or 2 

α=a/hw ≥ 3.0  stw kahk   2)/(00.434.5

α=a/hw < 3.0  3
32

3

2.2

18.03.6

1.4
w
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a : The distance between transverse stiffeners. 
 

 

[Fig. 3.24] Web with transverse and longitudinal stiffeners

  

Isl : The second moment of area of the longitudinal stiffener about z-axis. The value of Isl will be 
multiplied by 1/3 when calculating kτ. 

η  : The coefficient that includes the increase of shear resistance at web slenderness  
 

[Table 3.21] Calculation η 

Steel Grade  η 

S235 to S460  1.20 

Over S460  1.00 

 

(2) Contribution from the flange Vbf,Rd 
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where, 
bf and tf are taken for the flange which provides the least axial resistance. 
bf being taken as not larger than 15εtf on each side of the web. 
fyf : Yield strength of the flange. 

 
















yww
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γM1 : Partial factor for resistance of members to instability assessed by member checks.  
MEd : Design bending moment. 
Mf,Rd : The moment of resistance of the cross section consisting of the area of the effective flanges only. 
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[Table 3.22] Calculation of Mf,Rd 

Condition  Mf,Rd 

NEd = 0  Mf,Rd is calculated as Mpl,Rd but neglecting the web contribution.
 

NEd is present 

It is calculated by multiplying the reduction factor from the value 

of Mf,Rd when NEd=0. 

0

21 )(
1

M

yfff

Ed

fAA
N




  

 

  Transverse stiffener 

Transverse stiffeners can be specified by members. 

 

  Design>Composite Steel Girder Design>Transverse Stiffener… 

 
[Fig. 3.25] Transverse stiffener 

 

  Transverse stiffener of end support 

Transverse stiffener of end support can be entered from the following dialog box. End support
type by nodes and related parameter can be defined. 

 

  Design>Composite Steel Girder Design>Transverse Stiffener of End Support… 

 
[Fig. 3.26] Transverse Stiffener of End Support 
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2.3 Resistance to vertical shear 
VRd is calculated depending on the value of hw/t as shown in the table below. 

 

[Table 3.23] Calculation of VRd 

Condition  VRd 

Unstiffened 



72


t

hw

  RdplRd VV ,  



72


t

hw

  RdbRd VV ,
 

Stiffened 




k
t

hw 31


  RdplRd VV ,
 




k
t

hw 31
   RdbRd VV ,  

 
where, 
Vpl,Rd : The plastic resistance to vertical shear. 
Vb,Rd : The shear buckling resistance. 
 

2.4 Interaction bending and vertical shear 
(1) Verification condition of interaction between sear force and bending moment   

When the following condition  is satisfied, combined effects of bending and shear need to be 
verified.   

 

5.0
,

3 
Rdbw

Ed

V

V


   

 
where, 
VEd : The design shear force including shear from torque. 
Vbw,Rd : The design resistance for shear of contribution from the web. 

 

(2) For cross‐sections in Class1 or 2 

Apply the reduced design steel strength (1‐ρ)fyd in the shear area. 

 
2

1
2











Rd

Ed

V

V
   

 

 

[Fig. 3.27] Plastic stress distribution modified by the effect of vertical shear
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(3) For cross‐sections in Class3 and 4 

•  5.03  : MRd, NRd need not be reduced. 

•  5.03  : The combined effects of bending and shear in the web of an I or box girder should 

satisfy. 
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2.5 Check resistance to vertical shear 
 

RdEd VV     
 

where, 
VEd : Design value of the shear force acting on the composite section. 
VRd : Design value of the resistance of the composite section to vertical shear. 

 

2.6 Verification of vertical shear resistance 
 

  By Result Table 

The verification results can be checked in the table below.   

 

  Design>Composite Steel Girder Design>Design Result Tables>Resistance to Vertical Shear… 

 
 

 
Position: I/J-end 
Lcom: Load combination 
Type: Load combination type (Fxx-max, Fxx-min, ... Mzz-min) 
Top Class: Class of top flange  
Bot Class: Class of bottom flange  
Web Class: Class of web  
Sect. Class: Class of cross section 
N_Ed : Design value of the compressive normal force 
M_Ed: Design bending moment 
V_Ed : Design value of the shear force acting on the composite section 
Vpl,Rd: Design value of the plastic resistance of the composite section to vertical shear 
Vb,Rd: Design value of the shear buckling resistance of a steel web 
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  By Excel Report 

Detail results with applied equations and parameters can be checked in the Excel Report. 
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3. Resistance to lateral‐torsional buckling 

Resistance  to  lateral‐torsional  buckling  is  verified  only  for  the  plate  girder.  The  following
conditions must be satisfied.   

 

RdbEd MM ,
 

0.1
,,


Rdb

Ed

Rdb

Ed

M

M

N

N

 
 

RdbRdb MN ,, ,
 
shall be calculated as follows.  

 

3.1 Design buckling resistance moment Mb,Rd 
 

RdLTRdb MM ,    
 

where, 
χLT  : The reduction factor for lateral-torsional buckling corresponding to the relative slenderness λLT 
MRd : The design resistance moment at the relevant cross-section. 

 

(1) The reduction factor χLT 

 

0.1
1

22





LTLTLT

LT




 
 

 
where, 

  



 

2
2.015.0 LTLTLTLT 

   

 
[Table 3.24] Lateral torsional buckling curve for cross‐section 

Cross section  Limits  Buckling Curve 

Welded I‐Section 
h/b ≤ 2  c 

h/b > 2  d 

 

In midas Civil, plate I‐ girder is considered as welded section. Rolled section is not considered. 

 

αLT : An imperfection factor. 

 
[Table 3.25] Imperfection factor for lateral torsional buckling curves 

Buckling Curve  αLT 

a  0.21 

b  0.34 

c  0.49 

d  0.76 
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L : The span length between the rigid supports. 
B  : The width of the compression flange. 
Awc : The area of the compression zone of the web. 
Af  : The area of the compression flange. 

],min[ 21 mmm 
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Cd : The spring stiffness. 
L  : The distance between the springs. 
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[Table 3.26] Calculation of Φ 

Bending moment  Φ 

Change sign  


1

2
 

Not change sign 
 





1

/12 12 MM

, 
12 MM   

 

(2) The design resistance moment MRd 

 

[Table 3.27] Design resistance moment for section class 

Section Class  MRd 

1, 2  Mpl,Rd 

3  Mel,Rd = Ma,Ed + kMc,Ed 

 

In midas Civil, the verification of  lateral‐torsional buckling for Class 4  is done by applying the
identical equation as Class 3.   
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  Lateral torsional buckling data 

Parameters  required  for  the  verification  of  lateral  torsional  buckling  can  be  entered  in  the 
following dialog box.   

 

  Design>Composite Steel Girder Design>Lateral Torsional Buckling Data(Plate Girder Only)… 

 
[Fig. 3.28] Lateral torsional buckling data 

 

3.2 Axial buckling resistance of the cracked composite cross‐section Nb,Rd 
 

RdLTRdb NN ,    
 

where, 
χLT : The reduction factor for lateral-torsional buckling corresponding to the relative slenderness λLT 
NRd : The design resistance moment at the relevant cross-section. 

 

(1) The reduction factor χLT 

The reduction factor, χLT, is calculated as per the clause 3.1. When the reduction factor due to
axial force, χLT, is calculated, m=1.0 will be applied.   

 

(2) The design resistance axial NRd 

 

ydRd AfN 
   

 
where, 
A  : Cross-sectional area of the effective composite section neglecting concrete in tension. 
fyd : The design value of the yield strength of structural steel. 

 

3.3 Check resistance to lateral‐torsional buckling 
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3.4 Verification of lateral‐torsional buckling resistance 
 

  By Result Table 

Verification results can be checked in the table below. 

 

  Design>Composite Steel Girder Design>Design Result Tables>Resistance to Lateral‐Torsional 
buckling… 

 
 

 
Elem: Element 
Position: I/J-end 
Lcom: Load combination 
Type: Load combination type (Fxx-max, Fxx-min, ... Mzz-min) 
Sect. Class: Class of cross section 
N_Ed: Design value of the compressive normal force 
M_Ed: Design bending moment 
Nb,Rd: Design buckling resistance of the compression member 
Mb,Rd: Design buckling resistance moment 
Interaction Ratio: NEd/Nb,Rd+MEd/Mb,Rd ≤1.0 

 

 By Excel Report 

 

 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

112Chapter 3. Composite Plate Girder Design: EN 1994‐2

4. Resistance to transverse force 
Resistance to transverse force can be verified for plate I‐girder.   

The following condition must be satisfied.   

 

0.12     

4.18.0 12    
 

21,   shall be calculated as follows.   

 

4.1 Type of load application 
 

 
[Fig. 3.29] Buckling coefficients for different types of load application 

 

  Types of load application 

Types of load application and the related parameters can be specified as follows.   

 

  Design>Composite Steel Girder Design>Type of Load Application (Plate Girder Only)… 

 
[Fig. 3.30] Type of load application Input Dialog 

 

4.2 Design resistance to local buckling under transverse forces FRd 
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where, 
fyw : The yield strength of the web. 
Leff : The effective length for resistance to transverse forces. 
tw  : The thickness of the web. 
γM1 : The partial factor for resistance of members to instability assessed by member checks. 
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(1) Effective length Leff 

 

yFeff lL 
   

 
where, 
ly  : The effective loaded length. 
χF : The reduction factor due to local buckling. 

 

(2) Effective loaded length ly 

 

[Table 3.28] Calculation of ly 

Type of loading  ly 

(a), (b)   2112 mmtsl fsy   

(c)   eyyy llll ,,min 21  

 

where, 
ss  : The length of stiff bearing. 
hw : Clear web depth between flanges. 

 

 

[Fig. 3.31] Length of stiff bearing
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(3) Reduction factor for effective length for resistance χF
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kF : The buckling coefficient for concentrated load. 
b1 : The depth of the loaded subpanel taken as the clear distance between the loaded flange and the 

stiffener. 
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Isl,1 : The second moments of area of the stiffener closest to the loaded flange including contributing 

parts of the web. 

 

[Table 3.29] Calculation of kF 

Type of loading  Condition  kF 

(a) 

0.05 ≤ b1/hw ≤ 0.3 
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4.3 Verification for transverse force 
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where, 
FEd : The design transverse force. 
FRd : The resistance to transverse force. 

 

4.4 Verification for uniaxial bending 
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where, 
NEd : The design axial force. 
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MEd : The design bending moment. 
eN  : The shift in the position of neutral axis. 
fy   : The yield strength of girder. 
Aeff : The effective cross-section area. 
Weff : The effective elastic section modulus. 
γM0 : The partial factor. 

 

4.5 Check resistance to transverse force 
 

0.12     
 

4.18.0 12    

 

4.6 Verification of transverse force resistance 
 

  By Result Table 

Verification results can be checked as shown in the table below.   

 

  Design>Composite  Steel  Girder  Design>Design  Result  Tables>Resistance  to  Transverse
Force… 

 
 

Lcom: Load combination 
Type: Load combination type (Fxx-max, Fxx-min, ... Mzz-min) 
F_Ed: Design transverse force 
N_Ed: Design value of the compressive normal force 
My,Ed: Design bending moment applied to the composite section about the y-y axis 
Mz,Ed: Design bending moment applied to the composite section about the z-z axis 
F_Rd: Design resistance to local buckling under transverse forces 
Eta2: FEd/FRd ≤ 1.0 
Eta1: Member verification for uniaxial bending (EN 1993-1-5, (4.14)) 

Interaction Ratio: η2+0.8η1 ≤ 1.4 

 

  By Excel Report 
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5. Resistance to longitudinal shear 

Resistance  to  longitudinal  shear  is  verified  only  for  the  plate  I‐girder  and  the  following 
condition must be satisfied.   

 

RdLEdL ,,      

 

RdLEdL ,, , 
 
shall be calculated as follows.   

 

5.1 Design shear resistance of headed stud 
 

 21,min RdRdRd PPP     
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where, 
γV : The partial factor. 
d  : The diameter of the shank of the stud. 
fu  : The specified ultimate tensile strength of the material of the stud. 
fck : The characteristic cylinder compressive strength of the concrete at the age considered. 
hsc : The overall nominal height of the stud. 
 

[Table 3.30] Calculation of α 

3 ≤ hsc/d ≤ 4  hsc/d > 4 







  12.0

d

hsc
 

α =1 

 

  Shear connector 

For shear connectors, enter the number of connectors, tensile strength, dimension, height (hsc), 
transverse spacing (st), and longitudinal spacing (sc). 

 

 
[Fig. 3.32] Notation of shear connector 
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  Design>Composite Steel Girder Design>Shear Connector…

 
[Fig. 3.33] Shear connector Input Dialog 

 

5.2 Bearing shear stress of shear connector, νL,Rd 
 

c

Rd
RdL s

NP
,

 
 

 
where, 
N : The number of the shear connector. 
sc : The space of the shear connector.

 

 

5.3 Shear stress at the connection between girder and deck, νL,Ed 
(1)  Beams with  cross‐sections  in  Class  1  or  2  and  under  the  sagging moment  and  inelastic 
behavior (MEd > Mel,Rd). 
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Lv : Length of shear connection. (Lv = beff = Bc)

 

 

(2) Other cases 
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where, 
Qs : Geometric moment of area at the shear connector position (contact point between girder and slab) 
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[Table 3.31] Calculation of Qs 

Condition  Qs 

Gravity center of composite section   
< Height of girder 

Calculate the geometric moment of area 
with slab 

Gravity center of composite section   
  ≥ Height of girder 

Calculate the geometric moment of area 
with girder 

 

5.4 Check resistance to longitudinal shear 
 

RdLEdL ,,  
   

 
where, 
νL,Ed : Design longitudinal shear force per unit length at the interface between steel and concrete. 
νL,Rd : Resistance to longitudinal shear. 

 

5.5 Verification of longitudinal shear resistance 
 

  By Result Table 

Verification results can be checked as shown in the table below.   
 

  Design>Composite  Steel  Girder  Design>Design  Result  Tables>Resistance  to  Longitudinal
Shear… 

 
 
Elem: Element 
Position: I/J-end 
Lcom: Load combination 
Type: Load combination type (Fxx-max, Fxx-min, ... Mzz-min) 
V_L,Ed: Longitudinal shear force acting on length of the inelastic region 
v_L,Ed: Design longitudinal shear force per unit length at the interface between steel and concrete 
P_Rd: Design value of the shear resistance of a single connector 
v_Ed: Design longitudinal shear stress 

 

 By Excel Report 
 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(3.90) 



 

119  Design Guide for midas Civil 

6. Resistance to fatigue 

Resistance to fatigue should satisfy the following condition. 

 

sMf

c
EFf

,
2, 

 


 
 

cE   ,2,  
will be calculated as follows.   

 

6.1 Partial factors for fatigue 
(1) Partial factor for fatigue resistance γMf 

 

[Table 3.32] Recommended values for partial factor 

Assessment 
Method 

Consequence of failure 

Low consequence  High consequence 

Damage tolerant  1.00  1.15 

Safe life  1.15  1.35 

 

(2) Partial factor for fatigue loads γFf 

Recommend value = 1.0 

 

  Design parameters for fatigue 

Partial  factor and design  life of  the bridge  in year can be entered  in Composite Steel Girder 
Design Parameters dialog box. 

 

 
[Fig. 3.34] Composite Steel Girder Design Parameters 
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6.2 Equivalent constant range of shear stress for 2million cycles ΔτE,2 
 

  vE 2,  
 

 
where, 
λv :The damage equivalent factor depending on the spectra and the slope m of the fatigue strength

curve. 
Δτ : The range of shear stress due to fatigue loading. 

 

(1) Damage equivalent factor λv 

 

4,3,2,1, vvvvv  
   

 
where, 
λv,1 : The factor for the damage effect of traffic and depends on the length of the critical influence line or

area.  
λv,2 : The factor for the traffic volume. 
λv,3 : The factor for the design life of the bridge. 

 
5/1

3, 100







 Ld
v

t
 

 

 
tLd : The design life of the bridge in years.

 

λv,4 : The factor for the traffic on other lanes. 

 

In midas Civil λv,1 is applied as “1.55” and tLd for calculating λv,2, λv,4, and λv,3 can be entered by 
the user. Refer to the clause 6.1 for the input parameter.   

 

(2) Range of shear stress Δτ 

Calculate the shear stress per a shear connector. 

 

  Damage equivalent factor 

The values for λv,2 and λv,4 can be specified by the members as shown in the figure below.   

 

 
[Fig. 3.35] Damage Equivalence Factors 
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6.3 Reference value of fatigue strength at 2 million cycles Δτc 
The value of Δτc is applied as 90 N/mm2. 

 

6.4 Check resistance to fatigue 
 

sMf

c
EFf

,
2, 

 


   

 
where, 
γFf  : The partial factor for fatigue loading. 
γMf,s : The partial factor for head studs in shear. 

 

6.5 Verification of fatigue resistance 
 

  By Result Table 

The verification results can be checked as shown in the table below.   

 

  Design>Composite Steel Girder Design>Design Result Tables>Resistance to Fatigue… 

 
 

 
Elem: Element 
Position: I/J-end 
Lcom: Load combination 
Type: Load combination type (Fxx-max, Fxx-min, ... Mzz-min) 
lamda_v: Damage equivalent factors 
delta Tau: Range of shear stress for fatigue loading 
delta Tau_E,2: Equivalent constant amplitude range of shear stress related to 2 million cycles 
delta Tau_c: Reference value of the fatigue strength at 2 million cycles 
Ratio: delta Tau_E,2/ delta Tau_c 

 

  By Excel Report 
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Serviceability Limit States
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1. Stress limitation 

For the stress limit check of plate girder, the following stress will be calculated and compared to
its allowable stress: Normal stress of girders, Shear stress of girders, Combined stress of girders,
stress in slab, and stress in rebar. Each stress can be calculated as follows. 

 

1.1 Stress limitation for girder 
(1) Normal stress σEd,ser 

 

serM

y
allowserEd

f

,
, 

   

 

• Stress in girder, σEd,ser, is calculated by the stresses summation of before composite and after
composite state at 4 different points. Member  forces and section properties are calculated as
shown in the table below.     

   

[Table 3.33] Member forces for calculating girder stress 

Type  Before composite  After composite 

Section 
Properties 

Girder 
Sagging moment: Deck concrete + Girder 
Hogging moment: Deck rebar + Girder 

Member 
Force 

Calculate using girder only    Calculate considering deck concrete and girder   

 

In midas  Civil,  applied  section  properties  can  be  verified  in  the  excel  report.  The  section
properties of before composite action is shown as “Before”, after composite action is shown
as “After”, negative moment with considering cracked section is shown as “Crack”.   

 

(2) Shear stress τEd,ser 
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f

,

,
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where, 
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V
,

 
 

 
VEd : Shear force after composite action 
Av : Shear area. For I-girder, Av = hwtw. For the other sections, Av = ∑Aweb. 

 

 

   
 
 
 
 
 
 
 
 
 
 
 
EN1994‐2:2005 
7.2.2(5) 
 
EN1993‐2:2006 
(7.1) 
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  (3) Combined stress σEd,com,ser 

 

serM

y
allowsercomEd

f

,
,, 

 
 

 

 
where, 

2
,

2
,,, 3 serEdserEdsercomEd  

 
 

 

  Stress limitation parameters 

 

  Design > Composite Steel Girder Design > Design Parameters… 

 
[Fig. 3.36] Composite Girder Design Parameters 

 

1.2 Stress limitation for concrete of slab 
 

ckallowc kf    
 

where, 
k : It is used as the user defined value. Refer to 3.1.1.1 for the input parameter of k1, k2. 

 

[Table 3.34] Recommended value of k for concrete 

Serviceability Load 
combination Type 

k 

Applied  Recommended 

Characteristic  k1  0.6 

Quasi‐permanent  k2  0.45 

 
fck : The characteristic value of the cylinder compressive strength of concrete at 28 days. 

 

 

 

 

 

   
 
 
 
 
 
 
 
 
EN1993‐2:2006 
(7.3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EN1994‐2:2005 
7.2.2(2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

γM,ser 

k1, k2, k3 

(3.98) 

(3.99) 

(3.100) 
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1.3 Stress limitation for reinforcement of slab 
 

skallows fk3    
 

where, 
k3 : It is used as the user defined value.  
 

[Table 3.35] Recommended value of k for reinforcement 

Serviceability Load 
combination Type 

k 

Applied  Recommended 

Characteristic  k3  0.45 

 
fsk : Characteristic value of the yield strength of reinforcing steel. 

 

1.4 Verification of stress limitation resistance 
 

  By Result Table 

The verification results can be checked as shown in the table below.   

 

  Design>Composite Steel Girder Design>Design Result Tables>Stress Limitation… 

 
 

Sigma_Ed,ser, Tau_Ed,ser: Nominal stresses in the structural steel from the characteristic load
combination. Refer to EN 1993-2 7.3. 
ALW: Stress limit. 
Sigma_c: Stress in the concrete deck. 
k*fck: Stress limit. 
Sigma_s: stress in the reinforcement. 
k*fsk: stress limit. 

 

  By Excel Report 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
EN1994‐2:2005 
7.2.2(4) 
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2. Longitudinal shear in SLS (Serviceability Limit States) 
Resistance to longitudinal shear can be verified for the I‐girder and following condition must be 
satisfied.   

 

RdLEdL ,,      

 

RdLEdL ,, , 
 
shall be calculated as follows.   

 

2.1 Design shear resistance of headed stud 
 

 21,min RdRdRd PPP     
 

V

u
Rd

df
P


 4/8.0 2

1 
 

 

 

V

cmck
Rd

Efd
P


 2

2

29.0


 

 
where, 
γV : The partial factor. 
d  : The diameter of the shank of the stud, 16mm ≤ d ≤ 25mm. 
fu  : The specified ultimate tensile strength of the material of the stud, ≤ 500N/mm2. 
fck : The characteristic cylinder compressive strength of the concrete at the age considered. 
hsc : The overall nominal height of the stud. 
α  : Refer to Table 3.30. 

 

  Shear connector parameters 

Shear connector is entered by members. Refer to Fig. 3.33 for the input method. 

 

2.2 Bearing shear stress of shear connector, νL,Rd 
 

conn

connRds
RdL s

NPk
,

 
 

 
where, 
ks   : Reduction factor for shear resistance of stud connector. 
Nconn : The number of the shear connector. 
sconn : The space of the shear connector. 
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  Reduction factor ks 

Reduction  factor  for  stud,  ks,  can  be  entered  in  Composite  Steel Girder  Design  Parameters
dialog box.   

 

 
[Fig. 3.37] Composite Girder Design Parameters 

 

2.3 Shear stress at the connection between girder and deck, νL,Ed 
(1)  Beams with  cross‐sections  in  Class  1  or  2  and  under  the  sagging moment  and  inelastic
behavior (MEd > Mel,Rd) 

 

v

EdL
EdL L

V ,
, 

 
 

 
where, 

  , , ,

,
, ,

c f c el ED el Rd

L Ed
pl Rd el Rd

N N M M
V

M M

 


  
 

 
Lv : Length of shear connection. (Lv = beff = Bc) 

 

(2) Other cases 

 

y

sEd
EdL I

QV
,

 
 

 
where, 
Qs : Geometric moment of area at the shear connector position (contact point between girder and slab).
Refer to Table 3.31 to see the calculation method.  

 

2.4 Check resistance to longitudinal shear in SLS 
 

RdLEdL ,,  
   

 
where, 
νL,Ed : Design longitudinal shear force per unit length at the interface between steel and concrete. 
νL,Rd : Resistance to longitudinal shear. 
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2.5 Verification of longitudinal shear in SLS 
 

  By Result Table 

Verification results can be checked as shown in the table below.   

 

  Design>Composite Steel Girder Design>Design Result Tables>Longitudinal Shear in SLS… 

 
 

 
V_c,Ed: Vertical shear force acting on the composite section. 
v_L,Ed: Longitudinal shear force per unit length in the shear connector. 
P_Rd_ser: Shear resistance of a single shear connector for SLS. 
v_L,Rd: Longitudinal shear resistance per unit length for the shear connector. 

 

  By Excel Report 

 

 



EN 1993-2

Chapter 4.
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Steel Frame Design (EN 1993-2)
Chapter 4.

Steel girder and column need to be designed to satisfy the following limit states.

Classification of Cross Section

Serviceability Limit States

Horizontal Deflection

Vertical Deflection

Ultimate Limit States

Torsion

Compression

Bending Moment

Shear

Bending and Shear

Bending and Axial Force

Bending, Shear, and Axial Force

Buckling Resistance of Members
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1. Classification of cross sections  
For classes of cross-sections are defined in EN1993-1-1:2005, 5.5.2 as follows: 
 
[Table 4.1] Classes of cross -sections 

Class Definition 

1 which can form a plastic hinge with the rotation capacity required from 
plastic analysis without reduction of the resistance 

2 which can develop their plastic moment resistance, but have l imited 
rotation capacity because of local buckling 

3 

in which the stress in the extreme compression fibre of the steel member 
assuming an elastic distribution of stresses can reach the yield strength, but 
local buckling is liable to prevent assuming an elastic distribution of stresses 
can reach the yield strength, but local buckling is liable to prevent 
development of the plastic moment resistance 

4 in which local buckling will  occur before the attainment of yield stress 
in one or more parts of the cross-section 

 
A cross-section is classified according to the highest (least favorable) class of its 
compression parts as following table. 

 
[Table 4.2] Class of section according to class of compression parts 

Class of Section 
Class of Flange 

1 2 3 4 

Class of  
Web 

1 1 2 3 4 

2 1 2 3 4 

3 3 3 3 4 

4 4 4 4 4 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
EN1993-1-1:2005 
5.5.2 
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[Fig. 4.1] Maximum width-to-thickness  ratios  for compression parts  – Outstand 

 

 
[Fig. 4.2] Maximum width-to-thickness  ratios  for compression parts  - Outstand 

 
 
 
 
 
 
 
 
 
 
 

 
EN1993-1-1:2005 
Table 5.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EN1993-1-1:2005 
Table 5.2 
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• Classification of web: Check for internal compression part in Figure 1.3. 

 
[Fig.4.3] Maximum width-to-thickness ratios for compression parts - Internal 

 
[Table 4.3] Section types  which are not provided in Eurocode specification 

Section Element Ratio 
Checked Class 1 Class 2 Class 3 

T 
Section 

Web h/t 
(b+h)/2t 

Not 
applicable 

Not 
applicable 

15ε 
11,5ε 

Flange c/t Same as I 
shape web 

Same as I 
shape web 

Same as I shape 
web 

Inverted 
 

Web h/t 
(b+h)/2t 

Not 
applicable 

Not 
applicable 

15ε 
11,5ε 

Flange c/t Same as I 
shape web 

Same as I 
shape web 

Same as I shape 
web 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
EN1993-1-1:2005 
Table 5.2 
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2. Calculate effective cross-section for Class 4 section 
 

(1) Calculate effective cross-section 
For cross-sections in Class4, the effective structural steel section should be determined in 
accordance with EN1993-1-5, 4.3. 
In midas Civil , effective cross-section is determined by considering plate buckling effect without 
shear lag effect.  
 
• The effective area Aeff should be determined assuming that the cross section is subject only 
to stresses due to uniform axial compression. 

 
[Fig.4.4] Class 4 cross -sections - axial force 

 
• The effective section modulus Weff should be determined assuming that the cross section is 
subject only to bending stresses. 

 
[Fig.4.5] Class 4 cross -sections - bending moment 

 
 

(2) Additional moment due to eccentricity of center of effective section under compression 
In the section Class 4, additional moment due to changes of c entroid between gross section 
and effective section is added in design moment.   
 

( )effczczEdNEdEd CCNeNM ,,, −==∆            (4.1) 

 
where, 
eN : Eccentricity between centroid of gross section and centroid of effective section 
Cz,c : Centroid of Gross Section 
Cz,c,eff : Centroid of Effective Section 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
EN1993-1-5:2004 
Figure 4.1 
 
 
 
 
 
 
 
 
 
 
 
 
EN1993-1-5:2004 
Figure 4.2 
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3. Plate elements without longitudinal stiffeners 
The effective areas of flat compression elements should be obtained using Table 4.4 for 
internal elements and Table 4.5 for outstand elements. The effective area of the compression 
zone of plate should be obtained from :  
 

ceffc AA ρ=,           (4 .2) 
 
where,  
Ac,eff : effective cross sectional area 
Ac : the gross cross sectional area 
ρ : the reduction factor for plate buckling 

 
(1) Effective width beff 

Internal element and outstand element are determined as shown in the table below.  
 

[Table 4.4] Definition of internal and outstand element 

Type Shape Defined as 

Internal  
element 

I Web 

Box Web / Flanges between web 

Outstand  
element 

I Flange 

Box Outside parts of flange  
with referring to the web position 

 

: Outstand element
: Internal element

 
[Fig.4.6] Internal and outstand element 

 
• For internal compression elements  

 
[Fig. 4.7] Internal compression elements 

 
 
 
 
 

 
EN1993-1-5:2004 
4.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EN1993-1-5:2004 
Table 4.1 
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• For outstand compression elements  

 
[Fig. 4.8] Outstand compression elements 

 
(2) Reduction factor ρ 
 

[Table 4.5] Calculation of reduction factor ρ 

Type Condition ρ 

Internal 
element 

673.0≤pλ  1.0 

673.0>pλ  
where, ( ) 03 ≥+ψ  

( )
0.1

3055.0
2 ≤

+−

p

p

λ

ψλ
 

Outstand 
element 

748.0≤pλ  1.0 

748.0>pλ  0.1
188.0

2 ≤
−

p

p

λ

λ
 

 
where, 

σεσ
λ

k
tbf

cr

y
p

4.28
/

==
 

           (4.3) 

 

b : the appropriate width to be taken as follow. 

bw : for webs 
b : for internal flange elements. 
c : for outstand flanges. 

 
[Fig. 4.9] Dimension of outstand flanges 

 

 
 
EN1993-1-5:2004 
Table 4.2 
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4.4(2) 
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Ψ : the stress ratio. 
kσ : the buckling factor corresponding to the stress ratio ψ and boundary conditions. 
t : the thickness. 
σcr : the elastic critical plate buckling stress. 
 

]N/mm[
235

2
yf

=ε

          
(4 .4) 
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Ultimate Limit States 
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1. Tension 
The design value of the tension force NEd at each cross section shall  satisfy: 

0.1
,

≤
Rdt

Ed

N
N

                                                                 (4.5)  

 
For sections with holes the design tension resistance Nt,Rd should be taken as the smaller of 

),min( ,,, RduRdplRdt NNN =                                                   
(4.6) 

 

1.1 Design plastic resistance of the gross cross-section 
 

0
,

M

y
Rdpl

Af
N

γ
=                                                                (4.7) 

 

1.2 Design ultimate resistance of the net cross-section for fasteners 
 

 
2

,
9.0

M

unet
Rdu

fAN
γ

=                                                          (4.8) 

midas Civil  does not consider fastener holes. 
 

2. Compression  
 

The design value of the compression force NEd at each cross section shall  satisfy: 

 0.1
,

≤
Rdc

Ed

N
N

                                                                 (4.9) 

 

2.1 Design resistance of the cross-section for uniform compression Nc,Rd 
      

0
,

M

y
Rdc

Af
N

γ
=        For class 1, 2 or 3 cross-sections                             (4.10) 

 

0
,

M

yeff
Rdc

fA
N

γ
=      For class 4 cross-sections                                  (4 .11) 

 

  
 
 

EN1993-1-1:2005 
6.2.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EN1993-1-1:2005 
6.2.4 
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3. Bending moment 
The design value of the bending moment MEd at each cross section shall  satisfy: 
 

0.1
,

≤
Rdc

Ed

M
M

                                                                (4.12) 

 
where, Mc,Rd is determined considering fastener holes, see EN 1993-1-1:2005 (4) to (6). midas Civil does  
not consider fastener holes. 
 
(1) The design resistance for bending about one principal axis of a cross-section 
 

0
,,

M

ypl
RdplRdc

fW
MM

γ
==        for class 1 or 2 cross sections                  (4.13) 

 

0

min,
,,

M

yel
RdelRdc

fW
MM

γ
==      for class 3 cross sections                      (4.14) 

 

0

min,
,

M

yeff
Rdc

fW
M

γ
=              for class 4 cross-sections                      (4.15) 

 
where, Wel,min and Weff,min corresponds to the fiber with the maximum elastic stress. 

 
 

4. Shear 
Resistance to vertical shear needs to satisfy the following condition:  
 

RdEd VV ≤                                                                   (4.16) 

 

Shear resistance, RdV , is applied as ,b RdV  when shear buckling is considered. Otherwise, it is 

applied as Vpl,Rd.  
 

4.1 Plastic resistance to vertical shear 
 

0
,

)3/(

M

yv
Rdpl

fA
V

γ
=

         
 (4 .17)

 
 

where, 
γM0 : the partial factor for resistance of cross-sections whatever the class is. 
Av : Refer to the tab le below 
hw : the depth of the web. 
tw : the web thickness. 
η : the coefficient that includes the increase of shear resistance at web slenderness 

 
 
 
 
 

 

  
 
EN1993-1-1:2005 
6.2.5 
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[Table 4.6]  Contribution from the web χw 

Section Av 

Rolled I, H, Load parallel to web thtrtbtA wfwf η≥++− )2(2  

Rolled channel sections, load parallel to web fwf trtbtA )(2 ++−  

Rolled T-section, load parallel to web )(9.0 fbtA−
 Welded I, H and box sections, load parallel to web ∑ )( wwthη

 Welded I, H channel and box sections, load  
Parallel to flanges 

  

∑− )( wwthA
 

Rolled rectangular hollow sections of uniform 
thickness: 
 load parallel to depth 
 load parallel to width 

)/( hbAh +
 )/( hbAb +
 

circular hollow sections and tubes of uniform  
thickness π/2A

  
[Table 4.7] Coefficient η 

Steel Grade η 

S235 to S460 1.20 

Over S460 1.00 
 

4.2 Shear buckling resistance 

Plates with ε
η
72

>
t

hw

 
for an unstiffened web, or τε

η
k

t
hw 31

>  for a stiffened web, should be 

checked for resistance to shear buckling and should be provided with transverse stiffeners at 
the supports. In midas Civil , longitudinal stiffener is not considered.  
• Limitation 

1. For Channel, H, B, and double Channel sections, shear buckling is verified only for internal 
parts.  
2. For Box section, shear buckling is provided for both major and minor direction.  
3. For Box and double channel section, if any of the part among webs and flanges satisfies 
the condition for shear buckling verification, shear buckling verification will  be performed 
for entire parts.   
4. For box sections which have different flange thickness, shear buckling verification will  be 
performed only for major axis.  
 

1
,,,

3 M

wyw
RdbfRdbwRdb

thf
VVV

γ

η
≤+=

      
    (4 .18)

 

 

 (1) Contribution from the web Vbw,Rd 

 

1
,

3 M

wyww
Rdbw

thf
V

γ

χ
=

      
 (4.19)

 
 
where, 
fyw : yield strength of the web. 
hw : clear web depth between flanges. 
t : thickness of the plate. 
γM1 : partial factor for resistance of members to instability assessed by member checks. 
χw : factor for the contribution of the web to the shear buckling resistance. In midas Civil, it is calculated 
by assuming the end support as non-rigid end post. 
λw : slenderness parameter. 

 
 
EN1993-1-1:2005 
6.2.6(3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EN1993-1-5:2004 
5.1(2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EN1993-1-5:2004 
(5.1) 
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[Table 4.8]  Contribution from the web χw 

Condition Rigid end post Non-rigid end post 

ηλ /83.0<w  η  η  

08.1/83.0 <≤ wλη  wλ/83.0  wλ/83.0  

08.1≥wλ  )7.0/(37.1 wλ+  wλ/83.0  
 

 

[Fig.4.10] End supports 

 
[Table 4.9] Calculation of λw 

Condition wλ  

Transverse stiffeners at supports only. 
ε

λ
t

hw
w 4.86
=  

Transverse stiffeners at supports and intermediate 
transverse or longitudinal stiffeners or both τε

λ
kt

hw
w

4.37
=  

 

For webs with longitudinal stiffeners,  

 

i

wi
w

kt
h

τε
λ

4.37
≥

       
 (4.20)

 

 

hwi and kτi refer to the subpanel with the largest slenderness parameter λw of all  subpanels 

within the web panel under consideration. (kτst = 0) 

 

yf
235

=ε
        

(4.21) 

 
kτ : the minimum shear buckling coefficient for the web panel. 

 
[Table 4.10] Calculation kτ 

Longitudinal 
stiffeners num. Condition kτ

 

= 0 or >2  
a/hw ≥ 1.0 stw kahk ττ ++= 2)/(00.434.5  
a/hw < 1.0 stw kahk ττ ++= 2)/(34.500.4  

1 or 2 

α=a/hw ≥ 3.0  stw kahk ττ ++= 2)/(00.434.5  

α=a/hw < 3.0  
3 32

3
2.2

18.03.6
1.4

w

slw

sl

ht
Iht

I

k +
+

+=
ατ  

 
 
 
EN1993-1-5:2004 
Table 5.1 
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Figure 5.1 
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34

3

3

2 1.29
w

sl
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slw
st h

I
tht

I
a
hk ≥
















=τ

       
 (4.22) 

 
a : the distance between transverse stiffeners 
Isl : the second moment of area of the longitudinal stiffener about z-axis. 
When calculating kτ , Isl is replaced as 1/3 Isl.  
η : the coefficient that includes the increase of shear resistance at web slenderness  

 

[Fig. 4.11] Web with transverse and longi tudinal  sti ffeners 
 

[Table 4.11] Calculation η 

Steel Grade η 

S235 to S460 1.20 

Over S460 1.00 
 

(2) Contribution from the flange Vbf,Rd 
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(4 .23)

 
 
where, 
bf and tf are taken for the flange which provides the least axial resistance. 
bf being taken as not larger than 15εtf on each side of the web. 
fyf : yield strength of the flange. 
 














+=

yww

yfff

fth
ftb

ac 2

26.1
25.0

          
(4 .24) 

 
γM1 : partial factor for resistance of members to instability assessed by member checks.  
MEd : design bending moment. 
Mf,Rd : the moment of resistance of the cross section consisting of the area of the effective flanges only. 
 
[Table 4.12] Calculation of Mf,Rd 

Condition Mf,Rd 

NEd = 0  Mf,Rd is calculated as Mpl,Rd but neglecting the web contribution. 

NEd is present 

Mf,Rd is calculated by multiplying the reduction factor to the value of 
Mf,Rd when NEd=0. 

0

21 )(1

M

yfff

Ed
fAA

N

γ
+

−  
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Figure 5.3 
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(3) Transverse stiffener 
Transverse stiffener is specified by parts in the dialog box below.  
▶ Design>Composite Steel Girder Design>Transverse Stiffener… 

 
[Fig. 4.12] Transverse s tiffener 
 

 

4.3 Resistance to vertical shear 
VRd is calculated in accordance with the value of hw/t as written in the table below. 
 
[Table 4.13] Calculation of VRd 

Condition VRd 

Unstiffened 

ε
η
72

≤
t

hw
 RdplRd VV ,=  

ε
η
72

>
t

hw
 RdbRd VV ,=  

Stiffened 

τε
η

k
t

hw 31
≤  RdplRd VV ,=  

τε
η

k
t

hw 31
>  RdbRd VV ,=  

 
where, 
Vpl,Rd : the plastic resistance to vertical shear. 
Vb,Rd : the shear buckling resistance. 

 

4.4 Interaction bending and vertical shear 
(1) Consideration of interaction bending and vertical shear 

If the following condition is satisfied, the interaction of bending and vertical shear will  be 
verified.  
 

5.0
,

3 >=
Rdbw

Ed

V
V

η
          

(4 .25)
 

 
where, 
VEd : the design shear force including shear from torque. 
Vbw,Rd : the design resistance for shear of contribution from the web. 
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(2) For cross-sections in Class1 or 2 

Apply the reduced design steel strength (1-ρ)fyd in the shear area. 

 
2

12








−=

Rd

Ed

V
Vρ

          
(4 .26)

 
 

 

[Fig. 4.13] Plastic stress  distribution modi fied by the effect of vertical shear
  

 (3) For cross-sections in Class3 and 4 

• 5.03 ≤η : MRd, NRd need not be reduced. 

• 5.03 >η : The combined effects of bending and shear in the web of an I or box girder should 
satisfy. 
 

( ) 0.1121
2

3
,

,
1 ≤−










−+ ηη

Rdpl

Rdf

M
M

          
(4 .27)

 
 

Rdpl

Rdf

Rdpl

Ed

M
M

M
M

,

,

,
1 ≥=η

          
(4 .28)

 
 

Rdbw

Ed

V
V

,
3 =η

          
(4 .29)

 
 

4.5 Check resistance to vertical shear 
 

RdEd VV ≤           (4 .30) 
 
where, 
VEd : Design value of the shear force acting on the composite section. 
VRd : Design value of the resistance of the composite section to vertical shear. 
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5. Bending and shear 
 

(1) If RdplEd VV ,5.0< , the effect of shear on moment r esistance may be neglected. 

(2) If RdplEd VV ,5.0≥ , Yield strength should be reduced (1-ρ)fy for the shear area 

 
where, 

2

, 1
2












−
=

Rdpl

Ed

V
Vρ

 

and
 RdplV ,  is calculated based on the equation (4.17). 

 

(3) if RdplEd VV ,5.0≥  , for an I section with equal flange and bending about major axis 

 

0

2

,

,,

4

M

y
w

w
ypl

Rdvy

f
t
AW

M
γ

ρ








−

=  but, RdcyRdVy MM ,,,, ≤                     (4.31) 

 

w w wA h t=  

If wA  cannot be calculated, it is applied as Asz(shear area) as per Eurocode3-1.  

For equal flange H, T, B, P, SR, SB, 2L and 2C sections, verify the bending and shear. If the 
reduced moment resistance is calculated as negative value, the resistance will  be applied as 
very small value and the results will be determined as NG. Torsion is not considered in midas 
Civil . 

 
 

6. Bending and axial force 
 

RdNEd MM ,≤
   

For Class 1 and Class 2 Cross sections 

                          

(4.32) 

 

( )[ ]2
,,, /1 RdplEdRdplRdN NNMM −=     For a rectangular solid section            (4.33) 

 
If the reduced moment resistance is calculated as negative value, the resistance will  be applied 
as very small value and the results will  be determined as NG. Doubly symmetrical I, H and other 
flanged sections, allowance for axial force need not be made if, 
 

(1) Along Y-Y axis : must be satisfied both following two equations. 
 

RdplEd NN ,25.0≤
                                                  

  (4.34) 

 

0

5.0

M

yww
Ed

fth
N

γ
≤

                                                     

  (4.35) 

 
(2) Along Z-Z axis 
 

0M

yww
Ed

fth
N

γ
≤

                                                     

     (4.36) 
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I and H sections (fastener holes are not considered) 
 

(3) For cross-sections where bolt holes are not to be accounted for, the following 
approximations may be used for standard rolled I or H sections and for welded I or H sections 
with equal flanges: 
 

)5.01/()1(,,,, anMM RdyplRdyN −−=
  

but   RdyplRdyN MM ,,,, ≤           (4.37) 

 

for  n≤a:  

RdzplRdzN MM ,,,, =                                                        (4.38) 

 
for  n>a:  




















−
−

−=
2

,,,, 1
1

a
anMM RdzplRdzN

                                        (4.39) 

 
where, 

RdplEd NNn ,/=
         
AbtAa f /)2( −=

 
but a ≤0.5

 
 

(4) For rectangular structural hollow sections of uniform thickness and for welded box sections 
with equal flanges and equal webs: 
 

)5.01/()1(,,,, wRdyplRdyN anMM −−=
  

but   RdyplRdyN MM ,,,, ≤           (4.40) 

 
)5.01/()1(,,,, fRdyplRdyN anMM −−=

  

but   RdzplRdzN MM ,,,, ≤             (4.41) 
 
where, 

AbtAaw /)2( −=  
but aw ≤ 0.5 for hollow sections  

AbtAa fw /)2( −=
 
but aw ≤ 0.5 for welded box sections

 
AhtAa f /)2( −=

 
but af ≤ 0.5 for hollow sections

 
AhtAa wf /)2( −=

 
but af ≤ 0.5 for welded box sections

 
 

(5) For bi-axial bending the following criterion may be used: 
 

 1
,,

,

,,

, ≤











+












βα

RdzN

Edz

RdyN

Edy

M
M

M
M

                                           (4.42) 

 
where 
I and H sections : 

2=α  ; n5=β  
but 1≥β   

circular hollow sections: 

2=α  ; 2=β  
rectangular hollow sections: 

213.11
66.1

n−
== βα

 
; but

 
6≤= βα   

RdplEd NNn ,/=
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(6) For Class 3 and Class 4 cross-sections 
In the absence of shear force, for Class 3 cross-sections the maximum longitudinal stress shall 
satisfy the criterion 
 

0
,

M

y
Edx

f
γ

σ ≤                                                                (4.43) 

where, Edx,σ
 
is the design value of the local longitudinal stress due to moment and axial force. 

For Class 4 sections, effective cross sections are applied for calculating stresses.  
 

, ,

, ,min , ,min

1y Ed Ed Ny z Ed Ed NzEd

eff y MO eff y y MO eff z y MO

M N e M N eN
A f W f W fγ γ γ

+ +
+ + ≤                                    (4.44) 

 
where, 
Aeff is the effective area of the cross-section when subjected to uniform compression. 
Weff,min is the effective section modulus (corresponding to the fiber with the maximum elastic stress) of the 
cross-section when subjected only to moment about the relevant axis. 
eN is the shift of the relevant centroidal axis when the cross-section is subjected to compression only. 

 

7. Bending, shear and axial force 
 

(1) If ,  The effec t of shear on moment resistance may be neglected 

(2) If , Yield strength should be reduced (1-ρ)fy for the shear area 

where, 

 

and 
 
are calculated based on the equation (4.12). 

(3) If  , for an I section with equal flange and bending about major axis 

 

0

2

,

,,

4

M

y
w

w
ypl

Rdvy

f
t
AW

M
γ

ρ








−

=  but   RdcyRdVy MM ,,,, ≤                     (4.45) 

 
If wA  cannot be calculated, it is applied as Asz(shear area) as per Eurocode3-1.  

For equal flange H, T, B, P, SR, SB, 2L and 2C sections, verify the bending and shear.  
If the reduced moment resistance is calculated as negative value, the resistance will  be 
applied as very small value and the results will  be determined as NG. 
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8. Buckling resistance of members 
 

8.1 Uniform members in compression
 

(1) Buckling resistance
 

1) A compression member shall  be verified against buckling as follows: 
 

1
,

≤
Rdb

Ed

N
N

                                                                (4.46) 

 

 where
 EdN  is the design value of the compression force 

RdbN ,  
is the design buckling resistance of the compression member. 

 
2) The design buckling resistance of a compression member  

 

1
,

M

y
Rdb

Af
N

γ
χ

=      for Class 1,  and 3 cross-sections                          (4.47) 

 

1
,

M

yeff
Rdb

fA
N

γ
χ

=    for Class 4 cross-sections                                 (4.48) 

 
where,

 
χ  is the reduction factor for the relevant buckling mode 

 

(2) Buckling curve
 

1) For axial compression in members the value of χ for the appropriate non-dimensional 
slenderness λ should be determined from the relevant buckling curve according to: 

 

0.11
22
≤

−Φ+Φ
=

λ
χ                                                  (4.49) 

 

where ( )[ ]22.015.0 λλα +−+=Φ  

      cr

y

N
Af

=λ  for Class 1, 2 and 3 cross-sections

 

      cr

yeff

N
fA

=λ
 

for Class 4 cross-sections

 
      α   is an imperfection factor 

    
  crN  is the elastic critical force for the relevant buckling mode based on the gross cross 

sectional properties. 
 

[Table 4.14]: Imperfection factors  for buckling curves 
Buckling curve a0 a b c d 

Imperfection 
factor 

0.13 0.21 0.34 0.49 0.76 
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2) For slenderness 2.0≤λ or for  04.0≤
cr

Ed

N
N

the buckling effects may be ignored and 

Only cross sectional check apply. 
 

[Table 4.15] Selection of buckling curve  

Cross section 
Limits 
(mm) 

Buckling 
about axis 

Buckling curve 
S 235 
S 275 
S 355 
S 420 

S 460 

 
 
 
 

Rolled I 
sections 

 
 

 
 

h/b>1,2  

tf≤40  
y-y a a0 
z-z b a0 

40 <tf ≤100  
y-y b a 
z-z c a 

h/b≤1,2  
tf ≤100 

y-y b a 
z-z c a 

tf >100 
y-y d c 
z-z d c 

Welded I sections 
 

tf ≤40 
y-y b b 
z-z c c 

tf >40  
y-y c c 
z-z d d 

Hollow sections: circular, 
square, rectangular  any a a0 

Welded box sections 

Generally (except 
as below) any b b 

Thick welds: 
a>0,5 tf 
b/ tf<30  
h/tf <30  

any c c 

Channel, T, Solid 
Rectangular, Solid circular  any c c 

Angle section  any b b 
 

(3)  Slenderness for flexural buckling  
1) The non-dimensional slenderness 

1

1
λ

λ
i

L
N
Af cr

cr

y ==  for Class 1, 2 and 3 cross-sections                      (4.50) 

   

1λ
λ A

A

i
L

N
fA

eff

cr

cr

yeff ==  for Class 4 cross-sections                         (4.51) 

   

where, crL  
 is the buckling length in the buckling plane considered 

        i   is the radius of gyration about the relevant axis, determined using the 
            properties of the gross cross-section 

     επλ 9.931 ==
yf

E  
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yf
235

=ε  (fy in N/mm2) 

2) For flexural buckling the appropriate buckling curve should be deter mined from Table 4.15. 

(4) Slenderness for torsional and torsional-flexural buckling  
1) The non-dimensional slenderness 
 

cr

y
T N

Af
=λ  for Class 1, 2 and 3 cross-sections                              (4.52) 

  

 
cr

yeff
T N

fA
=λ  for Class 4 cross-sections                                    (4 .53) 

 

   where
 TFcrcr NN ,=  but

 Tcrcr NN ,<  

         TFcrN ,   
is the elastic torsional-flexural buckling force

 

         TcrN ,    
is the elastic torsional buckling force

 
2) For torsional or torsional-flexural buckling the appropriate buckling curve may be 

determined from Table 4.15 considering the one related to the z-axis. 
 

8.2 Uniform members in bending
 

(1) Buckling resistance
 

1) A laterally unrestrained beam subject to major axis bending shall  be verified against 
 lateral-torsional buckling as follows: 
 

0.1
,

≤
Rdb

Ed

M
M

                                                              (4.54) 

  

where EdM  
is the design value of the moment 

RdbM ,  
is the design buckling resistance moment. 

 
2) The design buckling resistance of a compression member 
 

1
,

M

y
yLTRdb

f
WM

γ
χ=                                                       (4.55) 

 

where
 yW  is the appropriate section modulus as follows: 

- yply WW ,=
 for Class 1, 2 cross-sections 

- yely WW ,=
 for Class 3 cross-sections 

- yeffy WW ,=
 for Class 4 cross-sections 

     LTχ is the reduction factor for lateral-torsional buckling. 
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(2) Lateral torsional buckling curves – General case  
1) The non-dimensional slenderness 
 

 0.11
22
≤

−Φ+Φ
=

LTLTLT

LT
λ

χ                                         (4.56) 

 

where ( )[ ]22.015.0 LTLTLTLT λλα +−+=Φ  

      LTα   
is an imperfection factor 

      cr

yy
LT M

fW
=λ

  

crM  
is the elastic critical moment for lateral-torsional buckling  

 

2) crM is based on gross cross sectional properties and takes into account the loading 
conditions, the real moment distribution and the lateral restraints. 

 
[Table 4.16] Imperfection factors for lateral torsional buckling curves 

Buckling curve a b c d 

Imperfection factor 0.21 0.34 0.49 0.76 

 
[Table 4.17] Selection of buckling curves  for cross sections   

Cross section limits Buckling curve 
Rolled I sections      h/b≤2  a 

h/b>2  b 
Welded I sections h/b≤2  c 

h/b>2  d 
Other cross sections  d 

 

3) For slenderness 2.0≤LTλ  or 04.0/ ≤crEd MM
 

lateral torsional buckling effects 

may be ignored and only cross sectional checks apply. 
 

8.3 Uniform members in bending and axial compression  
 

(1) Members which are subjected to combined bending and axial compression should satisfy: 
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                  (4.58) 

 
where  

EdN ,
 EdyM , and

 EdzM ,  
are the design values of the compression force and the maximum moments  

about the y-y and z-z axis along the member, respectively
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EdyM ,∆ , EdzM ,∆
 
are the moments due to the shift of the centroidal axis according to 6.2.9.3 for  

class 4 sections, see Table 4.18. 

yχ , zχ  are the reduction factors due to flexural buckling from 6.3.1 

LTχ  is the reduction factors due to lateral torsional buckling from 6.3.2 

yyk , yzk , zyk , zzk  are the interaction factors 
 
※ If flexural buckling check is determined as NG, the verification above will not be applied.  

 

[Table 4.18] Values for ,,Rk y i i Rk y iN f A M f W= =  and ,i EdM∆  
Class 1 2 3 4 

iA  A  A  A  effA  
yW  ,pl yW  ,pl yW  ,el yW  ,eff yW  
zW  ,pl zW  ,pl zW  ,el zW  ,eff zW  

,y EdM∆  0 0 0 ,N y Ede N  
,z EdM∆  0 0 0 ,N z Ede N  

 
, , ,yy yz zy zzk k k k  depend on one method between Annex A and B. 

 
 

[Table 4.19] Interaction factors  ijk  

Interaction 
factors 

Design assumptions 
elastic cross-sectional 

properties 
Class 3, class 4 

plastic cross-sectional properties 
Class 1, class 2 

yyk  
,

1

y
my mLT

Ed

cr y

C C N
N

µ

−
 ,

1

1

y
my mLT

Ed yy

cr y

C C N C
N

µ

−
 

yzk  
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y
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Ed

cr z

C N
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µ

−
 ,

1 0,6
1

y z
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Ed yz y

cr z

wC N C w
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µ

−
 

zyk  
,

1
z

my mLT
Ed

cr y

C C N
N

µ

−
 ,

1 0,6
1

yz
mz mLT

Ed zy z

cr y

w
C C N C w

N

µ

−
 

zzk  
,

1
z

mz
Ed

cr z

C N
N

µ

−
 ,

1

1
z

mz
Ed zz

cr z

C N C
N

µ

−
 

 
where, 

, ,

, ,

1 1
,

1 1

Ed Ed

cr y cr z
y z

Ed Ed
y z

cr y cr z

N N
N N

N Nx x
N N

µ µ
− −

= =
− −

   
, ,

, ,

1,5, 1,5pl y pl z
y z

el y el z

W W
w w

W W
= ≤ = ≤

 

1/
Ed

pl
Rk M

Nn
N γ

=
,     myC see Table A.2.
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1 0T
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y

Ia
I

= − ≥
 

2 ,2 2
max max

,

1,6 1,61 ( 1) 2 el y
yy y my my pl LT

y y pl y

W
C w C C n b

w w W
λ λ

  
= + − − − − ≥        
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, , , ,

0,5 y Ed z Ed
LT LT

LT pl y Rd pl z Rd

M M
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x M M
λ=

 
22
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5
,

1 ( 1) 2 14 0,6 el zmz z
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WC wC w n c
w w W
λ  

  = + − − − ≥
      

     with

 

2
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4
, ,

10
5

y Ed
LT LT

my LT pl y Rdz

M
c a

C x M
λ

λ
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+  
22
max ,

5
,

1 ( 1) 2 14 0,6my y el y
zy y pl LT

y z pl y

C w W
C w n d

w w W
λ  

  = + − − − ≥
  
    

     with

 

0 , ,
4

, , , ,

2
0,1

y Ed z Ed
LT LT

my LT pl y Rd mz pl z Rdz

M M
d a

C x M C M
λ

λ
=

+  
2 ,2 2

max max

,

1,6 1,61 ( 1) 2 el z
zz z mz mz pl LT

z z pl z

W
C w C C n e

w w W
λ λ

  
= + − − − − ≥  

    

     with 0 ,
4

, ,

1,7
0,1

y Ed
LT LT

my LT pl y Rdz

M
e a

C x M
λ

λ
=

+  
 

     
max max

y

z

λ
λ

λ

= 
  

0λ   = non-dimensional slenderness for lateral-torsional buckling due to uniform bending moment. i.e.
 1,0yΨ =  

in Table A.2  In Gen, calculated like LTλ . 

LTλ  = non-dimensional slenderness for lateral-torsional buckling 
 

If  40 1
, ,

0, 2 1 1Ed Ed

cr z cr TF

N NC
N N

λ
  

≤ − −    
   ,  ,0 ,0 1.0my my mz mz mLTC C C C C= = =    

If  40 1
, ,

0, 2 1 1Ed Ed

cr z cr TF

N NC
N N

λ
  

> − −    
   ,  

,0 ,0(1 )
1

y LT
my my my

y LT

a
C C C

a

ε

ε
= + −

+  

       ,0mz mzC C=  

       

2

, ,

1

1 1

LT
mLT my

Ed Ed

cr z cr T

aC C
N N
N N

= ≥
  
− −    

     
,

,

y Ed
y

Ed el y

M A
N W

ε =
  

for class 1,2 and 3 cross-sections
 

,

,

y Ed eff
y

Ed eff y

M A
N W

ε =
  

for class 4 cross-sections
 

,cr yN  = elastic flexural buckling force about the y-y axis 
,cr zN  = elastic flexural buckling force about the z-z axis  
,cr TN  = elastic torsional buckling force 

TI    = St. Venant torsional constant 

yI    = second moment of area y-y axis 
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1C  ; see EN 1993-1-1:1992 Table F.1.1 and F.1.2 
 

[Table 4.20] Equivalent uniform moment factors  ,0miC  
Moment Diagram ,0miC  

1M
1Mψ

1 1ψ− ≤ ≤  
,0

,

0,79 0,21 0,36( 0,33) Ed
mi i i

cr i

NC
N

ψ ψ= + + −
 

( )M x

( )M x

 

2

,0 2
,,

1 1
( )

i x Ed
mi

cr ii Ed

EI NC
NL M x

π δ 
= + −  

   
 

, ( )i EdM x  is the maximum moment ,y EdM  or ,z EdM  

xδ  is the maximum member displacement along the 
member. 

 

,0
,

,0
,

1 0,18

1 0,03

Ed
mi

cr i

Ed
mi

cr i

NC
N
NC
N

= −

= +
 

If All  Moments are zero, assumed that 1.0iψ =  
 

22 2

2 2 2

1 wz
crT t

s t t

EIEI aN GI
i L L

ππ 
= + + 

                                                
(4 .59) 

 
where: 

2 2 2 2
s y zi i i a= + +

 
2 2 2

0 0a y z= +  

wI  
is warping constant.

 
tI  

is St. Venant torsional constant.
 

0 0,y z are the coordinates of the shear centre with respect to the centroid (see Figure 2.1). For a doubly 
symmetric cross-section, the shear centre coincides with the centroid; then yo = 0 and zo = 0

 

2(1 )
EG
ν

=
+  

ν  is Poisson’s ratio.  

tL ; [ , ]y zMax L L  
for Column.

 

yL  
for beam.

 
,y zL L  

is unbraced lengths.
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Serviceability Limit States 
 

 

152 Chapter 4. Steel Frame D esign: EN 1993-2 

 

1. Deflection 
Steel structures and components shall  be so proportioned that deflections are within the limits 
agreed between the client, the designer and the competent authority as being appropriate to 
the intended use and occupancy of the building and the nature of the materials to be 
supported. 

 

1.1 Limiting values 
 

max 1 2 0δ δ δ δ= + −                                                               (4.60) 
 
where, 

maxδ  is the sagging in the fina l state relative to the straight line joining the suppor ts. 

0δ    is the pre-camber (hogging) of the beam in the unloaded state, (state0). 

1δ    is the variation of the deflection of the beam due to the permanent loads immediately after loading, 
(state1). 

2δ    is the variation  of the deflection of the beam due to the variable loading plus any time dependent 
deformations due to the permanent load, (state2). 

1δ

2δ

0δ

maxδ

(0)

(1)

(2)

L

C.L

 
[Fig. 4.14] Vertical deflections  to be considered 

 
[Table 4.21] Recommended limiting values  for vertical deflections 

Conditions 
Limits 

maxδ  2δ  
-Roofs generally 
-Roofs frequently carrying personnel other than for 
maintenance 
-Floors generally 
-Floors and roofs supporting plaster or other brittle finish or 
non-flexible partitions 
-Floors supporting columns (unless the deflection has been 
included in the global analysis for the ultimate limit state) 

L/200 
L/250 
 
L/250 
L/250 
 
L/400 

L/250 
L/300 
 
L/300 
L/350 
 
L/500 

-where maxδ  can impair the appearance of the building L/250 - 
where, L is the span of the beam.  
 In midas Civil , only maxδ  is verified. 
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-For buildings the recommended limits for horizontal deflections at the tops of the columns are 
as follows. 

 
[Table 4.22]  Recommended limiting values for horizontal deflections 

Conditions Limits 
-Portal frames without gantry cranes 
-Other single storey buildings 
-In a multistory building 
-In each storey 
-On the structure as a whole 

h/150 
h/300 
 
h/300 
h0/500 

where h is the height of the column or of the storey 
And h0 is the overall  height of the structure. 
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1. Moment resistance  
Limit state of moment resistance should satisfy the condition, MEd≤MRd. 
Moment resistance, MRd, is calculated using the strain compatibility method as shown below. 

 

1.1 Design strength of material 
(1) Design compressive strength of concrete 

 

 cckcccd ff γα /=           (5.1) 

 
where, 
αcc: The coefficient taking account of long term effects on the compressive strength and of unfavorable 

effects resulting from the way the load is applied. 
fck : The characteristic compressive cylinder strength of concrete at 28 days. 
γc : The partial safety factor for concrete. 

 
(2) Design yield strength of reinforcement 

 

 sykyd ff γ/=           (5.2) 

 
where, 
fyk: The characteristic yield strength o f reinforcement. 
γs : The partial safety factor for reinforcement or prestressing steel. 

 
 
• Partial factors for materials γc, γs  / Coefficient for long term αcc, αct 
Default values of partial factors for materials are shown in the table below. The values can be 
entered by the user.  

 
[Table 5.1] Partial factors for materials for ULS 

Design Situations γc for concrete γs for reinforcing 
steel 

Persistent & Transient 1.5 1.15 
Accidental 1.2 1.0 

 

 
 Partial safety factor γc, γs  / Coefficient for long term αcc 

Main design parameters for materials can be entered in Partial Safety Factor for Material 
properties dialog box. Among the input values, αcc is considered when calculating moment 
resistance in Ultimate Limit State and it is applied as 1.0 for shear and torsional resistance.  
The coefficient for long term, αcc, is considered during calculating moment resistance in 
Ultimate Limit State design. It is applied as 1.0 in the calculation of shear resistance. 

 

  

EN1992-1-1:2004 
3.1.6(1) 

EN1992-1-1:2004 
3.2.7(2) 

EN1992-1-1:2004 
Table 2.1N 
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 Design > RC Design > Partial Safety Factor for Material properties … 

 
[Fig. 5.1] Modify Design Parameters Input Dialog 

 
Partial factors for materials for ‘persistent & transient’ and ‘Accidental’ design situations are 
given in the table 5.2. 
 
[Table 5.2] Classification of design situations 

Design situations Description 

Persistent & Transient Load combination not “Accidental situation” 

Accidental 

Load combination include following load case type,  
Live Load Impact (IL, IM) 
Collision Load (CO) 
Vehicular Collision Force (CT) 
Vessel Collision Force (CV) 

 
Load case type need to be specified in Static Load Cases dialog box. 

 
 Load>Static Load Cases… 

 
[Fig. 5.2] Static Load Cases Input Dialog 

 
 
 
 
 
 
 
 

γc 
 
  

γs 

αcc 
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 Strength of Concrete/Reinforcement 

Define the material strengths of concrete and steel in Modify Concrete Material dialog box. 
 

 Design > RC Design > Modify Concrete Material  

 
[Fig. 5.3] Define fck, fyk, fywk 

 
Select 'None' in the Code field and enter the name of the material to be used in the Name 
field. Then, each data field is activated and the strength of materials can be entered. 
In midas Civil , characteristic strength (fck) in concrete is l imited by national annex as shown 
below. If the strength of the material exceeds the permitted range, the corresponding 
members are excluded in concrete code design.  

 
[Table 5.3] Limit strength of fck ( MPa) 

National Annex Min Max 
Recommended 30.0 70.0 

UK 25.0 70.0 

Italy 25.0 60.0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

fck 

fyk 
fywk 
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1.2 Calculate neutral axis depth 
Calculate the position of neutral axis by iterative approach as shown in the figure below.  
In midas Civil , singly reinforced beam design method is applied in the calculation of neutral axis 
and flexural strength for conservative design.  
 

Assume neutral axis depth, x

Calculate Cc (Concrete)

Calculate Ts (Reinforcement)

Cc - Ts=0?

Get neutral axis depth, x

YES

NO

(1)

(2)

(3)

Initial x = H/2 
(H=Section Height)

 
[Fig. 5.4] Flow chart to calculate neutral axis depth, x 

 
(1) Calculate force of concrete, Cc. 

 

 c cd dA
C f xη λ= ∫           (5.3) 

 
where, 
λ: The effective height of the compression zone factor. 
η: The effective strength factor. 
x: The neutral axis depth. 

 
[Table 5.4] Effective height and strength factor by compressive s trength 

Condition λ η 

fck ≤ 50MPa 0.8 1.0 

50 < fck ≤ 90MPa 0.8-(fck-50)/400 1.0-(fck-50)/200 

fck > 90MPa 0.7 0.8 
 

 
• In midas Civil , a rectangular stress distribution is used as shown in the figure below.  

(Ultimate strain of concrete εcu= εcu1) 

 
[Fig. 5.5] Rectangular stress distribution 
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(2) Calculate force of reinforcement, Ts. 
 

 s s sT A f=           (5.4) 

 
where, 
As,: The cross sectional area of tensile reinforcement. 
fs ,: The stress of tensile and compressive reinforcement. 
 
In order to calculate the stress of reinforcing steel, fs , calculate the appropriate strain by the 
strain compatibility condition. And then calculate the corresponding stresses in the stress-
strain diagram.  
Calculation method of strain and stress is as follow. 
 
• Calculate the strains of reinforcement by assuming a linear strain distribution and the strain 
of εcu3 at the extreme fiber of the concrete in compression. 

 

 
cu

t
s x

xd
εε

−
=           (5.5) 

 
where, 
εs : The strain of tensile reinforcement. 
εcu: The ultimate compressive strain in the concrete. (εcu = εcu1) 
 
[Table 5.5] Effective height and strength factor by compressive s trength 

Condition εcu1 

fck ≤ 50MPa 0.0035 

50 < fck ≤ 90MPa [2.8+27{(98-fcm)/100}4]/1000,  fcm=fck+8MPa 
fck > 90MPa 0.0028 

x  : The neutral axis depth. 
dt : Distance from the tensile rebar to the extreme top fiber of the element 
dc : Distance from the compressive rebar to the extreme top fiber of the element 

 

 
[Fig. 5.6] Possible s train dis tributions in the ul timate limit s tate 

 
• Calculate the reinforcement stresses appropriate to the calculated reinforcement strains.  

(from the stress-strain idealizations) 
 

 



>
≤

=
)(
)(

ydsyd

ydsss
s f

E
f

εε
εεε

                   
                         (5.6) 

 

 sydyd Ef /=ε            (5.7) 

EN1992-1-1:2004 
Table 3.1 

EN1992-1-1:2004 
Figure 6.1 
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 sykyd ff γ/=           (5.8)   
 

 
where, 
Es : The design value of modulus of elasticity of reinforcement. 
fyd : The design yield strength of reinforcement. (See 1.1(2)) 
εyd : The yield strain of reinforcement. 

 

 
[Fig. 5.7] Idealized and design s tress-s train diagram for reinforcing steel 

 
 

(4) Check if resultant force is zero. 
Determine the neutral axis position by iterative approach of the clause (1) and (2) until  the 
compressive strength (C=Cc) and tensile strength (T=Ts) become identical.  
In midas Civil , convergence condition for “C = T” is applied as follows.  
 
• Convergenc e condition :  
 
 Error! Bookmark not defined. 1.0 0.01 ( )C Tolerance

T
− <

 
        (5.9) 

 
 ,c sC C T T= =          (5.10) 

 
• Reassume neutral axis depth by “Bisection method (Numerical analysis)” before meet 
following stop condition. 
 
[Table 5.6] Stop condition for i terative approach 

Stop condition Description 

Converge 1.0 0.01C
T
− <  

Not converge 

Repeat count > 20 
 → Output “Not converge” in Message window. 

→ Need to modify model as following. 
  - Increase section size. 
  - Modify the rebar information (position, numbers, 

spacing, etc.)  
 

 Beam Sec tion Data for Design 

Define the section and stirrup data to be applied in concrete code design. In 

midas Civil, rebar ratio is determined in between minimum and maximum rebar 

ratio.  

 
 

EN1992-1-1:2004 
Figure 3.8 
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 Design > RC Design > Beam Section for Design 

 
[Fig. 5.8] Beam Section for Design Dialog 

 
Where, Dt and Db represent the distance from the rebar center to top and bottom fiber 
respectively.  

 
 Rebar Input for Beam Section for checking 

Define rebar data for concrete code checking. In midas Civil , both top and bottom rebar must 
be defined to perform concrete code checking.  

 
 Design > RC Design > Beam Section Data for Checking  

 
[Fig. 5.9] Beam Section for Design Dialog 
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1.3 Calculate moment resistance MRd 
Once the neutral axis is calculated, moment resistance can be calculated by multiplying the axial 
forces and eccentricity from the neutral axis.  
 

 Rd c c s sM C a T a= +          (5.11) 

 
where,  
ac, as, : The distance from neutral axis depth(or centroid), x to concrete, reinforcement rebar. 

 

As’

As

Cc

Ts

ηfcd

λxx

a s

a c

 
[Fig. 5.10] Forces and distances from neutral axis depth for MRd 

 
In midas Civil , singly reinforced beam design method is applied for conservative design.  
Flexural moment is calculated from Cc and Ts which generate the same amount of moment 
about neutral axis. Theoretically the flexural moment will  be identical at any position of the 
cross section. In midas Civil , flexural moment is calculated at the centroid of the cross section. 

 

1.4 Check moment resistance 
 

 RdEd MM ≤          (5.12) 

 
where, 
MEd : Design value of the applied internal bending moment. 
MRd : Design moment resistance. 
 
• Design load combination 
Load combinations used in concrete code design are generated from Results>Load 
combinations>Concrete Design tab. Load combinations specified as “Strength/Stress” in Active 
column are applied for ultimate limit state design.  
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 Results>Load Combinations…  

 
[Fig. 5.11] Load Combinations Input Dialog 

 

1.5 Verification of rebar ratio 
 

(1) Minimum rebar ratio 
In midas Civil , minimum rebar ratio of longitudinal reinforcement is applied as shown below.  
 

,min 0.26 , 0.0013ctm
s t t

yk

fA Min b d b d
f

 
=   

 
         (5.13) 

 
where, 
bt : The mean width of the tension zone. For T-shape beam when top flange is in compression, bt is 
applied as web width.  
 
The verification of minimum rebar ratio can be selectively performed based on the option in 
Limiting Maximum Rebar Ratio dialog box.  
 

 Design>RC Design> Limiting Rebar Ratio …  

 
[Fig. 5.12] Limiting Maximum Rebar Ratio Dialog 

 (2) Maximum rebar ratio 
In midas Civil , maximum rebar ratio is applied as below. 
 

,max 0.04s cA A=          (5.14) 

 

EN1992-1-1:2004 
9.2.1.1(1) 

EN1992-1-1:2004 
9.2.1.1(3) 
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2. Shear resistance 
Limit state of shear resistance should satisfy the condition, VEd≤VRd. 
Shear resistance, VRd, is calculated as follows. 

 
2.1 Design strength of material 

(1) Design compressive strength of concrete. 
 

 cckcccd ff γα /=          (5.15) 

 
Using αcc=1.0 for shear regardless of input value. 

 
(2) Design yield strength of reinforcement. 

 

 sykyd ff γ/=          (5.16) 

 
Refer to the clause 1.1 for detail  explanation of material strength. 

 

2.2 Calculate shear resistance VRd 

VEd>VRd,c?

Required shear reinforement.
Calculate VRd,s.

VRd=VRd,s.

Not Required shear 
reinforement.

VRd=VRd,c

Calculate VRd,c using EQ(6-2a)

YES NO

 
[Fig. 5.13] Flowchart to calculate VRd 

 

When design shear reinforcement is not required in the verification of shear, shear resistance is 
calculated by concrete only. If design shear force exceeds shear resistance calculated from 
concrete, the shear resistance is calculated by shear reinforcement only. 

 
(1) Calculate VRd,c 

( ) dbkfkCV wcpcklcRdcRd 






 += σρ 13
1

,, 100
 

        (5.17) 

 
( ) dbkvV wcpcRd σ1min, +≥          (5.18) 

 
where, 
VRd,c : The design shear resistance without shear reinforcement. 
bw  : The smallest width of the cross-section in the tensile area. 
d   : The effective depth of cross-section.  
ds  : Distance from the centroid of tensile rebar to the extreme fiber of cross-section  
h  : Height of section. 
σcp : NEd /Ac, In beam design, σcp is applied as zero since axial force is not considered.  

  

EN1992-1-1:2004 
6.2.2(1) 
(6.3N) 



 
164 Chapter 5. RC  Frame Design : EN 1992-2 

 

 c
cRdC

γ
18.0

, =          (5.19) 

 

 0.2/2001 ≤+= dk          (5.20) 

 

 
02.0≤=

db
A

w

sl
lρ           (5.21) 

 
2/12/3

min 035.0 ckfkv =          (5.22) 

 

 c

ckct
ctd

f
f

γ
α

=          (5.23) 

 

(2) Calculate VRd,s 

Shear resistance of members with shear reinforcement can be calculated depending on the 
type of shear reinforcement.  

 
[Table 5.7] VRd,s and VRd,max, Asw,max 

Type Vertical shear reinforcement 

VRd,s θcotywd
sw zf
s

A  

VRd,max θθ
α

tancot
1

+
cdwcw fzvb  

Asw,max cdcw
w

ywdsw fv
sb
fA

1
max,

2
1α≤

 
 
where, 
VRd,s : The design value the shear force which can be sustained by the yielding shear reinforcement. 
Θ   : The angle between the concrete compression strut and the beam axis perpendicular to the shear 

force. 
  α   : The angle between shear reinforcement and the beam axis perpendicular to the shear force. In 

midas Civil, α is always applied as 90 degree.  

 
      [Fig. 5.14] Truss model and notation for shear reinforced members 

 
Asw : The cross-sectional area of the shear reinforcement. 
s   : The spacing of stirrups.  
z   : Inner lever arm, z=0.9d. 
fywd : The design yield strength of the shear reinforcement. 
ν1  : Strength reduction factor for concrete cracked in shear. 
 

EN1992-1-1:2004 
(6.8), (6.13) 
(6.9), (6.14) 
(6.12), (6.15) 

EN1992-1-1:2004 
Figure 6.5 
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[Table 5.8] Strength reduction factor for concrete cracked in shear, ν1 

National Annex fywd≥ 0.8fywk 
fywd< 0.8fywk 

fck < 60MPa fck ≥ 60MPa 

Recommended 






 −
250

16.0 ckf  6.0  5.0
200

9.0 >− ckf  

British 






 −
250

16.0 ckf

 
( )αcos5.0154.0 −  5.0)cos5.01(

200
84.0 >−







 − αckf

 

 
[Table 5.9] Strength reduction factor for concrete cracked in shear, ν1 

National Annex 
fywd≥ 0.8fywk fywd< 0.8fywk 

fck ≤ 70MPa               fck > 70MPa fck < 60MPa               fck ≥ 60MPa 

Italy 0.5  0.7 1
250

ckf − 
 

 0.7  5.0
85.0
200

9.0
>

− ckf

 

 
αcw : Coefficient taking account of the state of the stress in the compression chord. αcw is always applied 

as 1.0 in beam design. 
 

[Table 5.10] Coefficient αcw  
Condition αcw 

0<σcp ≤ 0.25fcd 1+σcp/fcd 

0.25 fcd <σcp ≤ 0.5fcd 1.25 

0.5 fcd <σcp ≤ 1.0fcd 2.5(1-σcp/fcd) 
 
σcp : The mean compressive stress, measured positive, in the concrete due to the design axial force. In 

beam design, σcp is applied as zero since axial force is not considered.  
 

(3) Calculate shear resistance VRd.  
• The shear resistance of a member with shear reinforcement. 
 

 tdccdsRdRd VVVV ++= ,          (5.24) 

 
where, 
Vccd : The design value of the shear component of the force in the compression area, in the case of an 

inclined compression chord. 
Vtd  : The design value of the shear component of the force in the tensile reinforcement, in the case of an 

inclined tensile chord. 
 

 
[Fig. 5.15] Shear component for members  with inclined chords 

 
In midas civil , inclined chord is not considered. Therefore the shear resistance is calculated 
using shear reinforcement only.  
 

sRdRd VV ,=          (5.25) 
 
 

• In regions of the member where VEd≤VRd,c no calculate shear reinforcement is necessary. 

EN1992-1-1:2004 
(6.10.aN),(6.10.bN) 

EN1992-1-1:2004 
(6.11.aN)~(6.11.cN) 

EN1992-1-1:2004 
(6.1) 

EN1992-1-1:2004 
Figure 6.2 

EN1992-1-1:2004 
6.2.1(5) 
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cRdRd VV ,=          (5.26) 

 
 Shear reinforcement 

Angel between concrete compression strut and beam axis, θ, is entered in Concrete Design 
Code dialog box.  

 Design>RC Design> Design Code …  

 
[Fig. 5.16] Input shear reinforcement 

 
Stirrup data is entered in Beam Section Data for Design dialog box.  
 

 Design>RC Design> Beam Section for Design …  

 
[Fig. 5.17] Input shear reinforcement 

 
In midas Civil , the angle between shear reinforcement and the beam axis is always applied as 
90 degree.  
 
where, 
Size : Diameter of shear reinforcement 
Number : Leg number of shear reinforcement 
Dt : Distance from the center of top rebar to top fiber of the cross section  
Db : Distance from the center of bottom rebar to bottom fiber of the cross section 
 

 
 
 
 

EN1992-1-1:2004 
6.2.1(3) 
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2.3 Check shear resistance 
 

RdEd VV ≤          (5.27) 

 
where, 
VEd : Design value of the applied shear force. 
VRd : Design shear resistance. 
 
• Design load combination 
Load combinations used in concrete code design are generated from Results > Load 
combinations > Concrete Design tab. Load combinations specified as “Strength/Stress” in Active 
column are applied for ultimate limit state design.  
 

2.4 Check the ratio and spacing of shear reinforcement 
When no shear reinforcement is required, minimum shear reinforcement shall  be applied. In 
this case, “s” obtained from the equation (5.28) is compared to “sl,max” for the shear rebar 
verification. 
 

 yk

ck
w

w

sw
w f

f
sb

A 08.0
sin min, =≥= ρ

α
ρ          (5.28) 

 

 ( )αcot175.0max, +=≤ dss l          (5.29) 

  
where, α is always applied as 90 degree.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

EN1992-1-1:2004 
(9.6N) 

EN1992-1-1:2004 
(9.4),(9.5N) 
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3. Verification of moment and shear resistance 
 

 By Result Tables 
The design results can be checked as shown in the table below.  
 

 Design>RC Design> Concrete Code Design > Beam Design …  

 
[Fig. 5.18] Resul t table for moment resistance 

 

 
 

 By Report 
Design results can be verified in Graphic Report, Detail  Report, and Summary Report. 
 

 Design>RC Design> Concrete Code Design > Beam Design …  

 
[Fig. 5.19] Graphic report for beam design 
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[Fig.5.20] Detail and Summary report for beam design 
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Serviceability Limit States 
 

 

170 Chapter 5. RC  Frame Design : EN 1992-2 

 

 
 

1. Stress for cross section  
Stress verification will  be performed for the concrete and reinforcement at the top and bottom 
fiber.  
σc ≤ σca,  σs ≤ σsa 
Tensile stresses in concrete and reinforcement are calculated based on the centroid in the 
transformed section. The ratio of modulus of elasticity in uncracked section for transformed 
section is entered in Modify Concrete Materials dialog box. In midas Civil , the long-term ratio, n, 
is applied.  
When calculating stress in uncracked section, the ratio of modulus of elasticity is changed 
depending on the load combination. When the load combination is quasi=-permanent l ive load, 
the ratio of short term is applied.  

 
 Short/Long Term Elasticity 

 
 Design > RC Design > Modify Concrete Material  

 
[Fig.5.21] Short/Long Term Elastici ty 

 
Default value of ratio is entered as Es/Ec for short term and 2(Es/Ec) for long term respectively. 
The value can be specified by the user directly. 

 

1.1 Allowable tensile stress of concrete 
 

( )max , (1.6 /1000)ca ctm ctmf h fσ = −         (5.30) 
 

where, 
h : The total member depth 
fctm : The mean value of axial tensile strength of concrete. 
 
 
 
 
 

  

EN1992-1-1:2004 
3.1.8(1) 
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[Table5.11] Mean value of axial tensile strength, fctm 

Condition fctm 
≤ C50/60 0.30fck

2/3 

> C50/60 2.12 ln(1+(fcm/10)) 
 

fcm : The mean compressive strength at 28 days. 
 

 MPaff ckcm 8+=          (5.31) 
 

1cm ckk fσ =          (5.32) 
 
where,  
fck : The concrete compressive strength 
k1,~ k4 is applied as shown in the table below. The user can directly enter the values for k1~k4.  
 
[Table5.12] Coefficient  k1~ k4 

k1 k2 k3 k4 
0.6 0.45 0.8 1.0 

 
 Coefficient k1~ k4 for Concrete 

 Design>RC Design> Serviceability Parameters …  

 
[Fig.5.22] Input coefficient k1~ k4 for s tress limitation 

 

1.2 Allowable tensile stress of reinforcement 
 

3sa ykk fσ =          (5.33) 
 
where, 
fyk: The characteristic yield strength o f reinforcement. 
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2. Crack width  
 
Cracking shall  be limited to satisfy the following condition. 
Crack width, wk ≤ Crack width limit, wmax 

 

2.1 Calculate crack widths 
(1) Determine εsm-εcm 

 

 

( )

s

s

s

effpe
effp

effct
ts

cmsm EE

f
k

σ
ρα

ρ
σ

εε 6.0
1 ,

,

,

≥

+−

=−
                   

(5.34) 

 
where, 
εsm : The mean strain in the reinforcement under the relevant combination of loads, including the effect 

of imposed deformations and taking into account the effects of tensile stiffening. 
εcm : The mean strain in the concrete between cracks. 
σs  : The stress in the tension reinforcement assuming a cracked section. 
αe  : The ratio of Es/Ecm. 
Es  : The design value of modulus of elasticity of reinforcing steel. 
Ecm : The secant modulus of elasticity of concrete.(MPa) 
 

0.3

22
10

cm
cm

fE  =  
                                      (5.35) 

 

 ctmeffct ff =,                                     (5.36) 

 

 

2
1

,
, ,

's p s
p eff

c eff c eff

A A A
A A
ξ

ρ
+

= =
  

(5.37) 

 
Ap’ : The area of pre or post-tensioned within Ac,eff. In midas Civil, Ap’ is applied as zero since tendon is 

not considered.  
Ac,eff : The effective area of concrete in tension surrounding the reinforcement of prestressing tendons of 

depth, hc,ef. 
 

 
( ) 



 −

−=
2

,
3

,5.2min,
hxhdhh efc

                             
(5.38)
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[Fig.5.23] Effective tension area  (typical cases) 

 
kt  : A factor dependent on duration of the load. 

 
[Table5.13] Factor k 

Condition kt 
Short term loading 0.6 

Long term loading 0.4 
 
• Definition of Short and Long term loads 
 

[Table5.14] Defini tion of duration of the load 

Condition Description 

Long term loading Load combinations 
composed of long-term load cases only 

Short term loading 
Load combinations  

Other than long-term loading 
excepting for the long-term loading 

  
If the user does not specify the long-term or short-term load case, the load cases are 
classified as shown in the table below.  

      
[Table5.15] Classifi cation for duration of the load 

Duration of the load Description 

Long term load case 

Following static load case 
D : Dead Load 
DC : Dead Load of Component and Attachments. 
DW : Dead Load of Wearing Surfaces and Utilities. 
L : Live Load. 
LR : Roof Live Load. 

Short term load case Load cases other than long-term load cases 
 
 

EN1992-1-1:2004 
7.3.4(2) 

EN1992-1-1:2004 
Figure 7.1 
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 Duration of load (Short/Long term) 
 

 Design>Common Parameter>Short/Long term Load Case 

 

     [Fig.5.24] Define short/long term load case 
 
 

(2) Determine sr,max 
The maximum crack spacing, sr,max is calculated as shown in the table below.  

 

1 2 4
.max 3

,
r

p eff

k k ks k c φ
ρ

= +
                                         

(5.39) 

 

 
[Fig. 5.25] Crack width, w, at concrete surface relative to dis tance from bar 

 
where, 
φ : The bar diameter. Where a mixture of bar diameters is used in a section, an equivalent diameter, φeq, 
should be used. 

For a section with n1 bars of diameter φ1 and n2 bars of diameter φ2. 

 

 2211

2
22

2
11

φφ
φφ

φ
nn
nn

eq +
+

=
                                          

(5.40) 

 
c : The cover to the long itudinal reinforcement. 
k1 : A coefficient which takes account of the bond properties of the bonded reinforcement 

( = 0.8  for high bond bars) 
k2 : A coefficient which takes accoun t of the distribut ion of strain. ( = 0.5 for bending) 
k3 = 3.4 (recommended values)  
k4 = 0.425(recommended values) 

 
 
 
 

EN1992-1-1:2004 
(7.11) 

EN1992-1-1:2004 
Figure 7.2 

EN1992-1-1:2004 
(7.12) 
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(3) Calculate the design crack width, wk 
 

 ( )cmsmrk sw εε −= max,                                         (5.41) 
 

2.2 Get a limiting calculated crack width, wmax 

 
(1) Recommended values of wmax (mm) 

For reinforced members without prestressing tendon, a l imiting crack width, wmax, are given 
in the table below. 

[Table5.16] Limiting crack width, wmax 

Exposure 
Class 

Serviceability Load combination Type 

Quasi Frequent Characteristic 

X0 
0.4 

User defined 

 
 
 
 
 
 

Not 
Checked 

XC1 

XC2 
0.3 XC3 

XC4 

XD1 

0.3 XD2 

XD3 
XS1 

0.3 XS2 

XS3 

XF1* 

Not 
Checked 

 
 
 
 

0.2 

XF2* 
XF3* 

XF4* 

XA1* 

XA2* 

XA3* 
 

(*) For “Freeze/Thaw attack class(XF1~XF4) and Chemical attack class(XA1~XA3)”, midas Civil 
applies the l imiting crack width as 0.2mm under the characteristic load combinations.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EN1992-1-1:2004 
(7.8) 
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 Exposure Class 
Exposure class can be defined by members in the following dialog box. 
 

 Design>RC Design> Serviceability Parameters …  

 
[Fig.5.26] Input Exposure class 

 
 
Serviceability limit state is changed depending on the load combination type (Quasi-permanent, 
Frequent and Characteristic). The service load combinations can be classified in Serviceability 
Load Combination Type dialog box. Stress, Crack, and Deflection verifications are performed for  
the classified load combinations.  

  
[Fig.5.27] Serviceabili ty Load Combination 

 

 
2.3 Check crack width at service loads 
 

 maxwwk ≤                                                  (5.42) 
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3. Deflection 
Deflection verification is performed by comparing the deflection of the member to deflection 
limit. Deflection is verified for Quasi-permanent and Characteristic load combinations. The l imit 
value is specified by the user in Serviceability Parameter dialog box.  

 

 
[Fig.5.28] Defection Control 

 
 

4. Verification of Stress, Crack, Deflection 
 

 By Result Tables 
The design results can be checked as shown in the table below.  
 

 Design>RC Design> Concrete Code Check > Beam Checking …  

 
[Fig.5.29] Result table for moment resistance 
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 By Report 
Design results can be verified in Graphic Report, Detail  Report and Summary Report. 
 
 
 

 Design>RC Design> Code Check > Beam Checking …  

 
[Fig.5.30] Graphic report for beam design 

 
 

   
[Fig.5.31] Detail and Summary report for beam design 
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