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DISCLAIMER

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.
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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.

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.
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Chapter 1.
Prestressed Box Girder Design (EN 1992-2)

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

Ultimate Limit States

Moment Resistance

Shear Resistance

Torsion Resistance

Serviceability Limit States

Stress for cross section at a construction stage

Stress for cross section at service loads

Tensile stress for Prestressing tendons

Principal stress at a construction stage

Principal stress at service loads

Check crack width




Chapter 1. Prestressed Box Girder Design: EN1992-2

Ultimate Limit States

1. Moment resistance

Limit state of moment resistance should satisfy the condition, Mgg<Mgg.
Moment resistance, Mgy, is calculated using the strain compatibility method as shown below.

1.1 Design strength of material
(1) Design compressive strength of concrete
EN1992-1-1:2004
(1.1) 3.1.6(1)

fcdzacc ck/j/c

where,

o..: The coefficient taking account of long term effects on the compressive strength and of unfavourable
effects resulting from the way the load is applied.

e - The characteristic compressive cylinder strength of concrete at 28 days.

v.: The partial safety factor for concrete.

(2) Design yield strength of reinforcement
(1.2) EN1992-1-1:2004
’ 3.2.7(2)

fydzfyk/ys

where,
Ju The characteristic yield strength of reinforcement.

ys - The partial safety factor for reinforcement or prestressing steel

(3) Design tensile strength of tendon.
EN1992-1-1:2004
(1.3) 3.3.6(6)

fpdzfpo,lk/ys

where,
Joo,1k- The characteristic 0.1% proof-stress of prestressing steel.

ys  The partial safety factor for reinforcement or prestressing steel.

e Partial factors for materials vy, vs
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
. . . ys for reinforcing  y; for prestressing
Design Situations vy for concrete steel steel EN1992-1-1:2004
3 B Table 2.1N
Persistent & Transient 1.5 1.15 1.15
Accidental 1.2 1.0 1.0

Chapter 1. Prestressed Box Girder Design: EN 1992-2



[ Partial safety factory,, y; / Coefficient for long term a.., a

Main design parameters for materials can be entered in Modify Design Parameters dialog box.
Among the input values, o, 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...
Modify Design Parameters (mE3a]
Eurocode2-2:05  / Recommended

Partial factars for materials ( Utimate limit states 3

Persistent & Transient Accidental Ve Vs
Concrete [lB | Conerste: e
Reinforcing steel : l”Ei Reinforcing steel “7
Prestressing steel 1.15 Prestressing steel : ’17

Partial factors for materials  Serviceability limit states )

Concrete : |1 Reinforcing/Prestressing steel © |1

Coefficient for long term effects
Qecy Olet
Alpha_cc : |0.85 Alpha_ct : |1
Stress limitation
Concrete
kit 08 kit 08 et [T kG : [07

Prestressing steel
ki :[08 k2:[08 k5 [0.78 k7: [0 kg 088

Reducing factor for Principal stress

Construction stage Serviceability limit states
Comp, @ |1 Tens, |1 Comp, @ |1 Tens, :|1
Crack width

[SHEE] kd o [0.425

0K Cancel
[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”
Load combination include following load case type,
Live Load Impact (IL, IM)
Accidental 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...

Static Load Cases =
Name  : [Felf Add
Case : [All Load Case | Modify
Type . [Construction Stage Load (CE) 2| Delete
Descriptian : [ISgF efinad Coad (ISER)
oad of Lomponent an
Ead Load of Wearing Surfaces and Ut\lmes (oW
No Downdrag (DD} Ll fo
I3 Earth Pressure (EP)
11S€Harizontal Earth Fressure (EH)
2| All ¥ertical Earth Prassure (EV.
Earth Surcharge Load (ES)
3| Telocked in Erection Stresses (EL)
P TELive Load Surcharge (LS}
Live Load (L, LL)
5| BeOverload Live Load (LP')
Live Load Impact (1L, IM)
8] W Querinad Live Load Impact (LP)
* Centrifugal Force (CF. CE) =

Braking Load (BRK_ ER)

Langitudinal Force from Live Load

Crowd Load, Pedestrian Live Load (CHL PL}

Prestress( )

Buuyanw )

Groond Water Pvessuve (P, W)

Fluid Pressure (FP)

Stream Flow Pressure (SF)

iave Pressure (WPR, WHY

Wind Load on Stucture (W WS)

‘ind Load on Live Luad ( L)

Sen\emenltSTL 50, s i

Tk Creep (CA) .
Shnnkage (5H)
Ternperature (T, TUY
Ternperature Gradient (TPG, TG) Close
Collizion Load (COY

Uakirlzr Callicinn Freea (0T

[Fig. 1.2] Static Load Cases Input Dialog
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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

Meodify Concrete Materials

Material List

fie | k| B Main-bar Sub-bar
000

Cancrete Material Selection

Code : |EMO4RC) 2 Grade @ |C40/50 -

Spacified Compressive Strengﬂ‘l (felfck) 40000 M A |
Febar Selection

Code : |EMO4(RCY =

Grade of Main Rehar : [Class & || Fy : [400000 kh/mz
Grade of Sub-Rebar : ‘Class & ﬂ Fys : [400000 kM /mz

Modify Cloge

[Fig. 1.3] Define fq, fyi, fywk

fy k

fvw k

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

Add/Modify Tendon Property

(]

Tendon Type

TProp_Post_Ten_Bond

InternaltPost-Tension) =

Tendon Mame

Tendon Type

Material 3 3UVIBR0STIT. 3mm) - J
Total Tendon Area 0,00408 me ]
Duct Diameter 01 m

[ Felaxation Coefficient Magura >4 -

Ultirmate Strength [TEE3Z6e-00 KN7m:
Yield Strength [TE6806e+006  kh/me
urvature Friction Factar 03
‘Wabble Friction Factor [ooes— t/m
External Cable Moment Magnifier lﬂi M/
Anchorage SliptDraw in) Bond Type
Begin ’W -  Bonded
End :[0006 m ¢ Unbonded
’T‘ Cancel Apply

[Fig. 1.4] Define fy, 0.1k

fpk

pr,lk

Chapter 1. Prestressed Box Girder Design: EN 1992-2



1.2 Calculate neutral axis depth

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

. Initial x = H/2
Assume neutral axis depth, x (H=Section Height)
A
Calculate F. (Concrete) (1)
A
Calculate F, F;" (Reinforcement) (2)
A
Calculate F, (Tendon) (3)
4
=
YES

Get neutral axis depth, x

[Fig. 1.5] Flow chart to calculate neutral axis depth, x
(1) Calculate force of concrete, F..
Fo=nfq)/x (1.4)

where,

A: The effective height of the compression zone factor.
n: The effective strength factor.

EN1992-1-1:2004
Condition A n (3.19)~(3.22)
f. < 50MPa 0.8 1.0
50 < fy £ 90MPa 0.8-(f,-50)/400 1.0-(f4-50)/200
fa > 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 g.,= €.3)

n fa
-
— F.
— EN1992-1-1:2004
Figure 3.5
F.
R —

[Fig. 1.6] Rectangular stress distribution
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(2) Calculate force of reinforcement, F, F,.
Fs:Asfs9 Fs':As'fs' (15)

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

In order to calculate the stress of reinforcing steel, f;and fJ/, 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
€..3 at the extreme fiber of the concrete in compression.

o=t m =L (1.6)

where,

&, . The strain of tensile reinforcement.

&, : The strain of compressive reinforcement.

&’ The ultimate compressive strain in the concrete. (€., = €.3)

x : The neutral axis depth.

d, : Distance from the tensile rebar to the extreme top fiber of the element

d. : Distance from the compressive rebar to the extreme top fiber of the element

(1- &2/gan)h

(1- &alzaa)h

EN1992-1-1:2004
Figure 6.1

i & 0 £z G
(65) (&)

- reinforcing steel tension strain limit

- concrete compression strain limit

- concrete pure compression strain limit

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

e Calculate the reinforcement stresses appropriate to the calculated reinforcement strains.
(from the stress-strain idealizations)

B &E, (gsﬁgyd) . &'E, (&' yd) )
’ fyd (gs >gyd), ’ fyd (gs'> gyd) .

gyd zfyd /Es (18)

fyd:fyk/ys (19)

Chapter 1. Prestressed Box Girder Design: EN 1992-2



where,

E; : The design value of modulus of elasticity of reinforcement.
Jva : The design yield strength of reinforcement. (See 1.1(2))
&y - The yield strain of reinforcement.

G
Kol ommmmmmemm e ! Kt
o e = kful%
Y - i
e |
foa=ful o 17" 1 ‘ ;
5 k=G
i Idealised
% Design
fyd/l E. ‘Eud Euk &

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

(3) Calculate force of tendon, Fp.

Fp - ZApifpi

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

EN1992-1-1:2004
Figure 3.8

(1.9)

In order to calculate the stress of tendon, f,;, 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

€..3 at the extreme fiber of the concrete in compression.

d-x O
£, L

& =Ag +¢ =
0
p p p(0) u X E

P

where,

Ae, : The change in strain in prestressing steel.

ey The initial strain in prestressing steel.

ooy The stress under the effective prestress, P,

E, : The design value of modulus of elasticity of prestressing steel.

(1- &2/eaa)h

(1- &algaa)h

T T O T T &

Eud & 0 ez Ecuz
(65) (8aa)

- reinforcing steel tension strain limit

- concrete compression strain limit

[c]- concrete pure compression strain limit

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

Design Guide for midas Civil
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e Calculate the reinforcement stresses appropriate to the calculated reinforcement strains.
(from the stress-strain idealizations)

g
fo | T Ze=EEm
froml - a—ﬂ-"'____ﬂ-dif.,k/;fs
Fa-Fooad 35 |- ’-—”7:_,( EN1992-1-1:2004
Idealised Fleare 340
E ' Design
fpu/: E Fug Ew €
[Fig. 1.10] Idealized and design stress-strain diagrams for prestressing steel
[Table 1.3] Stress of tendon, f,
Tendon Type Bond Type fo ;’\1125.989(22-)1-1:2004
Internal (Pre-tension) Bonded S, =¢€,E, =(Af9p+f9p<0))Ep < fpa
) Bonded Jw 28,5, :(Agp+gp(0))Ep < Spa
Internal (Post-tension) Unbonded J = fou MG, iy = foo +100MPa
External Unbonded o =Jpe t A0, y1s = fre +100MPa

where,
Aoy, yrs : 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=F.+F,’) and tensile strength (T=F.+F,) become identical. In midas Civil,
convergence condition for “C = T” is applied as follows.

¢ Convergence condition :

|%—1.0 <0.001 (Tolerance) (1.11)
where,
C=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
C
Converge T 1.0 < 0.001

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.

Not converge

Chapter 1. Prestressed Box Girder Design: EN 1992-2



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

@ Load > Prestress Loads > Tendon Property

Add/Modify Tenden Property [=3a]
Tendon Type
Tendon Name [TProp_Post_Ten Bond
ITendun Type [InteraltFost-Tension) ﬂl | Intermal(Post-Tension) = f
Material T |3 Vil K ammy o] .| | poemalfre-Tension
Total Tendon Area [ooaoe me L
Duct Diameter [
[V Relazation Coefficient lm 45 -
Ultirnate Strength [T E63260+006  hpyyme
Yield Strength 1, Bi806e +005 K/
Curvature Friction Factar N
“Wobble Friction Factar [oO066— 1/m
External Cable Moment Magnifier lﬂi EM/mnz
Anchorage SlipDraw in) Bond Type
Begin : [J006 & Bonded
End  : [00E m ¢ Unbonded
’T‘ Cancel | Apply ‘

[Fig. 1.11] Tendon Property Input Dialog
1.3 Calculate moment resistance Mgy

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

My =Fa, +F'a'+Fa, +3 (F.a,) (1.13)

where,
a., ag a’, ay : The distance from neutral axis depth, x to concrete, reinforcement rebar, tendon.

I']fcd ‘

, A Fs
o A vy
S IS
& <
T Y
. @
©
Ao Fo
(] — —>
o A F—)
S

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

1.4 Check moment resistance

M,, <M,, (1.14)

where,
Mg, : Design value of the applied internal bending moment.

Mpg : 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.

Design Guide for midas Civil



@ Results>Load Combinations...

[ By Result Tables

Elem : Element number

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

Positive/Negative : Positive moment, negative moment.

LCom Name : Load combination name.

Load Combinations o |[=@ ] =]
General | Steel Desig' SRC Desion |
~Load Combination L ~Load Cases and Factars
No Name | Active | Type E Description | LoadCase Factor =
7 1]eLCB1 | Stren | Add ™ [1.5W[1]+1 35SM[1]+1 35(c » [wisT) 1.5000
2]cleB2 linactive ™ | 1.5W[1]+1.0SM[1]+1.35(cC ST(SM) 13500
El FEGERR | Stendih/St I~ | 1.5W[1]+1.355M[1]+1.35( Dead Load 1.3500
4|cLcBa [ T [-A5W[1+1.0SM[1]+1.35(c Creep Sec 1.3500
5)clcBs | Stren | Add ™ | 1.38SM[1]+1.6T[1]+1.35(cC Shrinkage 1.3500
G|cLCBE |Stren | Add I~ [ 1.35SM[1] 1.5T[1}+1.35(cD Tendon Se 1.3000
7|cLCB7 |Stren |Add [ [ 1.35SM1}+1.5T[21+1.35(cL *
8|clCB8 [Stren |Add ™ | 1.38SM[1]-1 5T[2]+1.35(cD
9]cLCBY |Stren | Add I~ | 1.0SM[1]+1.5T[1]+1.35(cD)
10| cLCB10 |Stren | Add T~ | 1.0SM[1]-1.5T[1]+1.35(cD}-
11]cLCB11 |Stren | Add ™ [ 1.0SM[1]+1 5T[2]+1 35(cD) E
12| cLCBA2 |Stren | Add I~ | 1.0SM[1]-1.5T[2]+1.35(cD)-
13| cLCB13 |Sevi | Add T~ | Ch: 1.0W[1]+1.0SM[1]+1.0
14 | cLCB14 | Semi Add [ Hich -1OW[+1.0SM[1]+1.(_ |
15| cLCB15 |Sevi | Add ™ | Ch: 1.0SM[1]+1.0T[1]+1.00
16| cLCB16 | Seni | Add I~ | Ch: 1.0SM[A-1.0T[1]+1.0(c
17| cLCB17 [Semi | Add T~ | Ch: 1.0SM[1]+1.0T[2]+1.0(
18| cLCB18 |Sevi | Add ™ | Ch: 1.0SM[1}-1.0T[2]+1 .0fc
19| cLCB19 |Seni | Add I~ | Fr 0.2W[1}+1.0SM[1]+1.0{
20| cLCB20 [Seni | Add T |Fr. -0.2WH+1.0SM[1]+1.0
21]clCB21 [Seni | Add ™ | Fr 1.0SM[1[+0 6T[1+1.0(c - B
< M | b -
Copy Irnport,,, Auto Generatlon,,, | Spread Sheet Form |
‘ File Marme: |D:WDI Project®Civil_ECZWECZ-PSC-Recom-C  Brawse | Make Load Combination Sheet || Close
[Fig. 1.13] Load Combinations Input Dialog
1.5 Verification of moment resistance
The design results can be checked as shown in the table below.
4 . . .
@ Design>PSC Design>PSC Design Result Tables>Check Flexural Strength...
4 & ModelVlew/ﬁ Check Flexure Strength I
Posttive/ LCom Design W_Ed W_Rd Aps
Elem Part Negative Name Situations Type CHK (kN-m) (kN-m) W_Ed_Rd ()
3 7
1] Posttive cLCB7 | Persistent& |FX-MN | OK 49.8349 94832365 0.0053 0.0162
el Negative clCB1 | Persistent& | FXMN | OK 0.0000 12440.4482 0.0000 0.0162
e Posttive cLCB7 | Persistent& | FX-MAX | OK 15561181 12359.1870 0.1259 0.0162
10 [[10] [ Negative clCB1 | Persistent& | FXMN | OK 5108.7398 13809.4738 -0.3700 0.0162
10 [[10] | Postive cLCB7 | Persistent& | FX-MAX | OK 49372958 21750.3838 0.2270 0.0162
10 [J[11] [ Negative clCB1 | Persistent& | FXMN | OK 6650.9174 17046.3183 -0.3925 0.0162
10 [Jj11] | Postive cLCB7 | Persistent & | FX-MAX | OK 44724522 19225.4072 02326 0.0162
[Fig. 1.14] Result table for moment resistance

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.

Chapter 1. Prestressed Box Girder Design: EN 1992-2
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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...

AB/ CIDE/FIGH I|[JKIL MNIOPIQR|S|T|UV WX Y|ZAAABACADAEAFAG
a8 M Positive Moment

39 1 Check Moment Resistance, Mg 4

40 - Design Load

41 Load Combination Name : ¢cLCBT

42 Design Situations : Persistent & Transient

43 Load Combination Type - FX-MIM

44 Meg | = 49835 KN - m

45

46 - factor A, and factor n

A7 A= 0.800 ( fa = 50 MPa)

48 n = 1.000 ( fo = 50 MPa)

49

50 - Design strength of concrete

51 fea = Qoo Tl e = 22667 MPa

52

53 - Design strength of Reinforcement rebar

54 fya| = fyk / Vo_rebar = 347.826 MPa

55

56 - Calculate Neutral Axis

57 1) Assume neutral axis depth.

58 2) Calculate the strain of steel and tendon.

59 3) Calculate the stress of steel and tendon.

;0] 4) Calculate the axial force in concrete, steel, and tendon.

61 5) Check if the resultant force of cross-section is zero.

62 6) Repeat step 1 through 5 until the resultant force becomes zero.
63

64 - Calculate Fe, Fe, Fp

65 x = 500.000 mm

66 Fo = (A-x)-(n-fa) = 8522.666 kN

67 Fe = fo Ag = 2643652 kN

68 Fo = A = 881217 ki

69 Fp| = |5Fpi = 17341849 kN

70 where, x is neutral axis depth

71

72 - Calculate moment resistance, Mgs

73 Mrs = Forac+Fe-ac+3(Fpiau) = 9483.236 KN - m
74 = Mgy = 49835 kN-m ... oK
75 where, ac, as, 8y is the distance from neutral axis depth, x to concrete, reinforcement rebar, tendon

[Fig. 1.15] Excel report for moment resistance

11 Design Guide for midas Civil



2. Shear resistance
Limit state of shear resistance should satisfy the condition, Vg<Vgg.

Shear resistance, Vgg, is calculated as follows.

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

fcd :acc ck /7/(, (115)

Using a.=1.0 for shear regardless of input value.

(2) Design yield strength of reinforcement.

Soa=Fu 7, (1.16)
(3) Design tensile strength of tendon.

fpd = pr,lk 1y, (1.17)
Refer to the clause 1.1 for detail explanation of material strength.

2.2 Calculate shear resistance Vgq

Is flexural tensile
stress > fey 0.05/Yc?

Calculate Vgq, using EQ(6-2a) Calculate Vg, using EQ(6-4)
Required shear reinforement. Not Required shear
Calculate VRd,s. reinforement.
Vra=Vrds- Vra=Vrd,c

[Fig. 1.16] Flowchart to calculate Vgq

(1) Calculate Vgq

[Table 1.5] Shear strength by concrete, Vg .

Flexural tensile stress VRd,c
1
VRd,c = |:CRd,ck(100p1fck )5 + klo-cp :|bwd

VRd,c 2 (vmin + klo—cp %wd
Ib
=4

2
< fctk,0.0S/Vc VRd,c = S fctd ) + alacpfctd

2 e 0.05/Ve

Chapter 1. Prestressed Box Girder Design: EN 1992-2
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EN1992-1-1:2004
(6.4)

12



13

where,

Viae : The design shear resistance without shear reinforcement.

b, : 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 [d,,, d, 0.85h].

: Distance from the centroid of tendon to the extreme fiber of cross-section

. Distance from the centroid of tensile rebar to the extreme fiber of cross-section

h  : Height of section.

db

[Fig. 1.17] Parameters to calculate d

o.0s - The characteristic axial tensile strength of concrete (5% fractile).
. The ch teristi jal tensile strength te (5% til

fctk,0.0S = 0.7 fom (1.18)

Sferm - The mean value of axial tensile strength of concrete

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

Condition fetm
< C50/60 0.3f,**
> C50/60 2.12 In(1+(fun/20)), fom=fut8MPa
Cra _0.18 (1.19)
k=1++4200/d <2.0 (1.20)
A i
=—><0.02 (1.21)
P bwd
k, =0.15 (1.22)
N
o,=—2<02f, (1.23)
AC
v, =0.035k2f, "7 (1.24)
fctd _ actfck (1_25)
Ve

*% In midas Civil, the value of “a;” is applied as “1.0” regardless of the tendon type.

Design Guide for midas Civil
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(2) Calculate Vgg 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, Aswmax

Type Vertical shear reinforcement Inclined shear reinforcement
4 A EN1992-1-1:2004
VRd,s 2 cotd 2 2f wd (cot 0 + cot a)sin a (6.8), (6.13)
s s (6.9), (6.14)
a,.b zv a,.b. zv .12), (6.1
VRd max GebuP e —aw e lred ;f”d (cot @+ cotar) (6.12), (6.15)
’ cotd +tan g 1+cot= @
Asw,maxf ywd < 1 Asw,maxf ywd < 1 (22931 f‘cd
Asw,max -, = _acwvlfcd = .
b,s 2 b,s 2 sina
where,

Vias - The design value the shear force which can be sustained by the yielding shear reinforcement.

©  : The angle between the concrete compression strut and the beam axis perpendicular to the shear
force.
o . The angle between shear reinforcement and the beam axis perpendicular to the shear force.

V(cot @- coter)

2 g .
; £ i - _7
: L : Yz N M
BONS SN
1 I AN Y 1/22_‘_ Y
g s

Fa

. EN1992-1-1:2004
[A]- compression chord, [B]- struts, [C]- tensile chord, [D]- shear reinforcement Figure 6.5

by

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

Ay, - The cross-sectional area of the shear reinforcement.

s . The spacing of stirrups.

z  :Inner lever arm, z=0.9d.

Jowa © The design yield strength of the shear reinforcement.

vy : Strength reduction factor for concrete cracked in shear:

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

fywd< 0-8fywk

National Annex fowa 0.8wk

fu < 60MPa fy > 60MPa
Sk j Sek :
Recommended 0.6(1—L 0.6 09-2% 505 EN1992-1-1:2004
250 200 (6.10.aN),(6.10.bN)
Sek Sek
0.6| 1 -2k 0.54(1-0.5 0.84 — 2<% |(1-0.5cos @) > 0.5
UK ( 250 U=0Fesne] 200 ) )
Se 0.9 Lok
Italy 0.7(1— " 0.7 200
— 200 505
250 0.85

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

Chapter 1. Prestressed Box Girder Design: EN 1992-2
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[Table 1.9] Coefficient a.,,

Condition Olew
0<0¢, < 0.25f 1+0¢p/feq
0.25 feq <0, < 0.5fy 1.25
0.5 foq <0, < 1.0fy 2.5(1-0¢p/fca)

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

(3) Calculate shear resistance Vgg.
¢ The shear resistance of a member with shear reinforcement.

Vie =Vias ¥ Veea Va (1.26)

where,

Veea : The design value of the shear component of the force in the compression area, in the case of an
inclined compression chord.

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

- Ve

\T\H\Vm

[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.

Via = Rd s
¢ In regions of the member where Vg4<Vrq no calculate shear reinforcement is necessary.

Vie =Via c

1 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.
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@ Model>Properties>Section Manager...

Section Manager ===
Mode Longftudinal Reinforcement Sheat Reinfarcemant
[Femfarcements =] @Eaals5] B B i

Bt SR pars (&)1 have
' he same reinforcement

Target Section & Element |

20 3CELL 2

21 : Tap_3CELL

22 nCELL_1

23:nCELL-2 m
241 Tap_nCELL -

26 nCELLZ.1

26 nCELL? 2 LI R T I N T I I I I I

27 ¢ Tap-nCELL: _

| I
Copy Reinforcements to,,, ||| [Tap-MidF G ¢ 070232 076431 VIEW

[~ Enclosing Stirup

[
= T Section: 40 =]

T 1 : T-Beam Sect I I N I I @ Diagonal Reinforcement s
T 2:T-Beam Sect
T 3:Tapd a
T 4:TEET
T 5:TEE2 Agw
T 6:TapT % Steel Bar for Web
I 7:MDF1
T 8:MiDP2 Piteh [T m
T 9: TapMidP Angle [0 [deg]
T 10:PLATPI ap [0 me
T 11:PLATP2 Pe [MI3E [0
T 12: Tap_PLATF
T 13 ICELL.I Shear Reduction Factor [0.6

141 ICELL 2
i B TopoaglL % Torsional Reinforcement
T 161 2CELL | Pitch [I15 m
iﬂ 2CELL2 Awt [LO00TZET mo

18 Tap_2CELL _| M TR me
T 19:3CELL_ = L
I
I
I
I
I
I
I
I

[Fig. 1.20] Input shear reinforcement

[ Strut angle for shear resistance, 6

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...

PSC Design Parameters [= |.

Design Code @ |Eurocode2-2:05 - Mational Annex @ [Recommended -

Input Parameters
Design Parameters (Ultimate limit states)

Moment resistance
¢+ Consider tendons in tensile zone ¢ Consider all tendons

Shear resistance

| Strut angle for shear resistance @ 218 (Degrea) | [¢]

[Fig. 1.21] Input strut angle for shear resistance, 6

1 Smallest width of the cross-section, b,,
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).

Chapter 1. Prestressed Box Girder Design: EN 1992-2 16
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@ Model>Properties>Section...>PSC tab

Section Data ===
DBfUser P3C |
Sewin ) | [ |7 Psc-tceLL zceLL -
Mame[ICELL.T [ Mesh Size for St Cale. | m
Joint On/Off Quter

CHTE T T o T2 m oBot T m
CJo T eS| oz B2 m B0 m
[ Jo3 I~ J3 Hoz-1 [0 m  BoI-2[0 m
Section Type Hoz-2 [0 m BOZ [03  m
& 1 Cell Ho3 |16 mo BOZ-1|0 m
2cel Ho3-1 [0 m BO3 [T m

Inner

HE 02 m B [0 m
Shear Checle o He 02 @ BU-1 [T o

TE Hi2-1 [0 mo B2 [0 m

Al ™ P e m Bl [0 m
Z2 ¢ Centroid HI3 [T m 813 7 m
i m e T m B [T m
o T Ha 02 m BB2 [0 m
IurShEar((nla\) Auto || HI4=1 |0 m Bl4 U m
Wi m || H4z [0 m

HE 02
2 [lfEm
B0 m W ¥ Consider Shear Deformation,

far Torsiantmmin, }
032359162 ™
Oftset : Center-Top
Change Offset.. | Tablelnput.. |  Display Centroid |

=

Show Caleulation Results, | a Cancel ‘

[Fig. 1.22] Input b, for shear resistance

2.3 Check shear resistance

VEd < VRd

where,

Via : Design value of the applied shear force.

Vra - 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.

SW

Py =

sb, sina

0.08,/ 1,

pw,min -
fyk

S8 e =0.75d (1 + cot @)

Design Guide for midas Civil
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2.5 Verification of shear resistance

1 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...

k| & Model View rﬁ

Check Combined Shear and Torsion Strength /ﬁ Check Shear Strength I

LCom | Design V_Ed V_Rd V_Rde | VRds | V_Rdmax
Bem | Part [ wwawin [ R | PR | Taee ELE ) () TNy M) Ny | V-EdV_Rd

1|01 Max cLCB1 Persistent & | FX-MIN OK -293.1098 535.2654 535.2654 1651.6443 1651.6443 0.5476

1|01 Min cLCBT Persistent & | FX-MAX OK -851.0322 | 16516443 5321827 1651.6443 1651.6443 0.5153

1421 Max cLCB1 Persistent & | FX-MIN OK -145.8806 571.1089 571.1089 1758.6953 1758.6953 02554

1421 Min cLCBT Persistent & | FX-MAX OK -703.8030 | 17586953 587.9218 1758.6953 1758.6953 0.4002

10 | [10] Max cLCB3 Persistent & | FX-MIN OK 7708107 | 12707025 1270.7025 | 23799263 | 4083.1376 0.6066

10 | [10] Min cLCBT Persistent & | FX-MAX OK 2126846 | 1269.0556 1269.0556 | 23799263 | 40824858 0.1676

10 | J[11] Max cLCB3 Persistent & | FX-MIN OK 905.0585 | 1321.9133 13219133 | 26443626 | 45557988 0.6347

» [

[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

Excel Report.

& Design>PSC Design>PSC Design Calculation..

be found in the

A/BICIDIE/IFIGIH|I|JIKIL|IM/N|/O P QIRIS|T|U|VW X|Y ZAAABAGCADAEAFAG

134 3 Shear Resistance
135 W Maximum Shear Force

- Shear reinforcement is not required

136 1 Check shear resistance of Concrete, Veg.c

137 - Design Load

138 Load Combination Name - cLCB1

139 Design Situations - Persistent & Transient

140’ Load Combination Type - FX-MIN

141 Nes = 8339 kN

142 Ves = -293.110 kN

143 Mgs = 0049 kN m

144

145 - Design strength of concrete

146 fos = Qoo fax/ Yo = 26667 MPa

147

148 - Design strength of Reinforcement rebar

149 fya = fyud Vo _resar = 347.826 MPa

150

151 - Design value for the shear resistance Vago

152 Vegmin = Omin k- Og) - by-d = | 134400 KN

153 Vege = (12 by/S) 4 ({foaf + @1 Oop * fora ) = (vin # kit * Og) by d
154, = 535265 kN = Vgg = -293.110 kN
169

170 2 Check shear resistance of Shear Reinforcement, Vg

171 - Design Parameters

172 a = 90.000 -

173 L] = 21800 = (1=cotB=25 218 =08=45)
174 z =09-d = 1620.000 mm

175 Aoy = 253400 mm?

176! Puymn = 008 yfulfu = 0.00126

182

183 - Design value for the shear resistance Vess

184 Skip checking shear resistance, Vrq < by shear reinforcement steel
185

186 - Check ratio of shear reinforcement

187 P = A. /(s b, sing) = 0008 = pymin =
188

189 - Check Spacing of stirups

190 Simex = 075.d-(1+cota) = 1350.000 mm

191 s = 160000 mm = Sipwe = 1350.000 mm
192 where, s is the spacing of the stiups

0.001

0K

[Fig. 1.24] Excel report for shear resistance

0K

Chapter 1. Prestressed Box Girder Design: EN 1992-2
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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.

Ty, " Via <1.0 (1.29) EN1992-1-1:2004
= : (6.29)
T Rd ,max VRd ,max
3.1 Design strength of material
(1) Design compressive strength of concrete.
EN1992-1-1:2004
fcd =k /7c (1'30) 3.1.6(1)

% Using a..=1.0 for torsion regardless of input value.

(2) Design yield strength of reinforcement.

_ EN1992-1-1:2004
fyd - fyk /73 (131) 3.2.7(1)

(3) Design tensile strength of tendon.

_ EN1992-1-1:2004
fpd = pr,lk 1y, (1.32) 3.3.6(6)

% 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

EN1992-1-1:2004

Closed Section Type Open Section Type 63.1(3)
sub-sections.
(2) Calculate the torsional moments over the sub-sections. (Only “Open” section type)
T = Ixx,i T 133 EN1992-1-1:2004
Ed,ji — 7 Ed (1.33) 6.3.1(3), (5)

XX

Design Guide for midas Civil



where,

Tra; : The torsional moments of sub-section.

1. : The uncracked torsional stiffness of whole section.
L. : The uncracked torsional stiffness of sub-section.

(3) Calculate the transverse reinforcement required.

A T,
st,req — Ed (134)
s, 24, f,, cotd

where,

Ag : The cross sectional area of longitudinal reinforcement.

s, The spacing of transverse reinforcement for torsion.

Ay : The area enclosed by the centre-lines of the connecting walls, including inner hollow areas.

uy : The perimeter of the area A,.

X i Cover
\ Thickness/
~ 1
[Fig. 1.24] A, ui in closed section
(4) Calculate the longitudinal reinforcement required.
A T
1J ya T. u
Z TN H oot S Ay ., =———cot @ (1.35)
u, 24, 24, f
where,

Ay : The cross sectional area of longitudinal reinforcement.
u; : The perimeter of the area A,.
Ay The area enclosed by the centre-lines of the connecting walls, including inner hollow areas.

(5) Calculate design torsional resistance moment.

Ty max =2V, [ Ayt sin O cos @ (1.36)
- centre-line
- outer edge of effective cross-
section, circumference v,
- cover
[Fig. 1.25] Notations and definition for torsion
where,

v : Strength reduction factor for concrete cracked in shear.

Chapter 1. Prestressed Box Girder Design: EN 1992-2
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[Table 1.11] Strength reduction factor for concrete cracked in shear, v

National Annex v

Recommended 0.6(1— ng" j 2?29(962):?&%0)04
UK 0.6(1— zfslz) ]
Italy 0.7(1— ZdeE)j

0y - Coefficient taking account of the state of the stress in the compression chord.

[Table 1.12] Coefficient ay,,

Condition Oy EN1992-1-1:2004
(6.11.aN)~(6.11.cN)
0<O'Cp <0.25f 4 1+0cp/fcd
0.25 o <O¢p < 0.5fq 1.25
0.5 fcd <O¢p < 1-0fcd 2-5(1'0cp/fcd)

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

B A EN1992-1-1:2004
Ly =— (1.37) 6.3.2(1)

A : The total area of the section within the outer circumference, including inner hollow areas.
u : The outer circumference of the section.
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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
PSC-1CELL - Closed
PSC-2CELL - Closed
PSC-3CELL - Closed
PSC-nCELL - Closed

PSC-nCELL2 - Closed
None Open

PSC-MID Circle Open
Polygon Open

PSC-I - Open
None Open

PSC-HALF Circle Open
Polygon Open

PSC-TEE - Open
Half Open

PSC-PLAT 1Cell Closed
2Cell Closed

T1>0 and HT>0 Closed

T1>0 and T2>0 Open

PSC-VALUE T1>0 and T2=0, Open

T1=0and T2>0
T1=0 and T2=0 Open
PSC-CMPWEB - Closed
e PSC Section Type

T

T PSC-3CELL
W PEC-nCELL
WY PSCnCELL?
I PSC-MD
I psc

. PSC-HALF

T PSC-TEE

T PeC-PLAT

@ PsCvalue

L PSC-CMPWEB

[Fig. 1.26] PSC section type list in program

No of divisions

W NN W W NN W w w o !

Chapter 1. Prestressed Box Girder Design: EN 1992-2
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* Sub type of each section type.

Section Data [=£34] | | section Data =3
DB/User | ¥alus | SRC | Comhined PSC | Tapered | Composite | DB/User | ¥alue | SRC | Combined PSC | Tapered | Composite |
Section 1D [41 |I PEC-MID j Section D [41 ‘t BEC-HALF j
MName [~ Mesh Size for Stiff, Calc, m Name [~ Mesh Size for Stiff, Cale, m
e Symmetry Left Right Joint On/Off Outer
T HE [T m CJO1 AT g [0 m  Bol [0 m
i Ht o [0 m HR1 [0 m I Joz U2 Jis || oz [0 m o BoI-1 [0 m
rae - He [0 moHRe [T m ) JE |m| I Ho2-1 [0 m  Boi-2[0 m
[ HL2-1 [0 m || HA2-1[0 m H02-2 0 m B0z |0 m
B8 I L2 [0 m w2l m o3 0 m 80210 m
Cell Type B30 m W2 T m HO3-1 [0 m Bo3 [0 m
Left Wgnn “llHe [ m w0 m [
Hight L4-1 [0 mo | HRa-1 [0 m Wi @ m B[O m
Shepnl gon L4-2 |0 m HRa-2 |0 m HI2 o m Bl1-1 [0 m
. ulo T HLS o m HRS |0 m 20 m Hiz-1 [0 m Bin-2 |0 m
2 m m Hiz-2 [0 m o Bl-1 [0 m
: BLI [0 m BRI [T m 22 Centrald
Z2 ¢ Centroid Be I BR2 [T HIZ o m BI3 o m
30 m @ - m i m M [0 m o BiF [0 m
BLz-1 [0 m BRZ-1 [0 m
Web Thi . Hl4 [ m B3z [0 m
el ick, BLe-2 [0 o BRz-2 [0 i ‘eb Thick, —
for Shear(total)  Auto i 5 for Shearttotal) Auto || HI4-1 m
M Bl m el [T m O o i - O
BL4-2 |0 m BR4-2 |0 m HIS [ m
t2: |0 mo 2|0 m I
30 mo v Consider Shear Deformation, 130 m ¥ Consider Shear Deformatian,
far Tarsion{min,} for Torsion(min,
i mo 0 m O
Offzet : Center-Center Offset | Center-Centar
Change Offset ... | Table Input,.. | Display Centroid | Change Offset ., ‘ Table Input,.. | Display Centroid ‘
Show Calculation Results, ., ‘ QK Cancel | Apply ‘ Show Calculation Results,., | oK Cancel ‘ Apply |
Section Data [=E3a] | | section Data [=£3a)
DE/User | Walue | SRC | Combined PSC | Tapered | Composite | DB/User| Value | SRC | Combined PSC | Tapered | Composite |
Section 1D [41 |n PRC-PLAT j Section D [41 ‘ @ BEC-Value j
Narne [~ Mesh Size for Stiff, Calc, m Marne r T
Section N i
T Ir—— i by Compines. N
H1
I~ Symmetry O " Section Data - Calc. Section Properties
Joint On/Off e L " A 0.00000e+000 [ m?
HoLt [0 m | HORI [T m J=== o=
"L R Asy 0.00000e+000 | m?
= HoLz |0 M Homrz2 |0 m Param, for Design =
ection Type Asz 0.00000e+000 | m?
HoLs [0 m | |HoR3 [0 m nom
 Half |Left ‘ i bax 0.00000e+000 [ m*
=||soL1 |0 m EOR1 |0 m o
& 1Cell|Polygon ~ | gLz [T m BoR2 I m T2 |0 m Iyy 0.00000e+000 | m'
ircle lzz 0.00000e+000 | m* m
Clecel goLs [0 m | BoR3 [0 m BT [0 ™ e 0.0000 [m
Sheat Check HOLI-1{0 m HOR1-1]0 m HT |0 m I 070000
futn S [— BoR-IT m i Y
Z1:]0 m W BoLI- " Thk, for Torsion(min,)- | | €z 0.0000 [ m
2 Centroid HIL1 0 m HIR1 0 m 0 Auto Czm 0.0000 | m
73T m m |[H2 [0 m | HR2 [T m m Qyb 0.0000 | m?
L1 [0 m | BIR1 [0 m Conszider Qzb 0.0000 | m* 2
Web Thick, - W Shear Deformation, - - -
for Shearfiotal) Auto || BIL2 [0 m BRZ |0 m
0 m [ [P m e " SheaPr C"}ECK Q Autn Thi, for Shear(total)  Auts
tZ:’I]im - BIL4 ’U—m osition Y uto . for Shearitotal uto
g ) - Z1:]0 m [0 ms [~ |0 m r
fm-TmSiDH(;ﬁm )r ¥ Consider Shear Deformation, 75 Centrold [ m 0 o r
C— r z3: [0 m [0 me [ [0 m r
Offset : Center-Center Offzet : Center-Center
Change Offset ... | Table Input... | Display Centroid | Change Offset ., ‘ Digplay Centroid
Show Calculation Results, . ‘ (0] Cancel | Apply ‘ | (o] Cancel ‘ Apply |

[Fig. 1.28] Sub type of section

3 Parameters for torsion

In midas Civil, when calculating A, and uy, 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 * %",

Transverse and longitudinal reinforcement for torsion can also be defined.

Design Guide for midas Civil



Model>Properties>Section Manager...>Reinforcements

Section Manager ===
Made Longiudinal Reinforcement Shear Reinforcament
1| OGRS B o v
24 {8 e e
Target Section & Element | R
=T Section : 40 |
I 1 :T-Beam Secl LA A S A A A R A A A R S ¥ Diagonal Reinforcernent
| 29 T S Pitch [115 m
i 3%;‘ Angle |30 [deg]
T 5:TEE2 pw LN me
i 5:473; 7 Steel Bar for Web
I 5:MiD_P2 Piteh [T m
T 9: TapMidP : : : : : Angle [0 [deq]
I 10:PLATPI Ap o OOT me
I 11:PLATP2 Pe  [WE0335 kN
X 12: Tap_PLAT_F
T 13 1CELL_! Shear Reduction Factar (08
X 14:1CELL2 " N
T 05 Tan i CELL % Torsional Reinforcement s
T 06 2CELL | : : : : : Pitch [0.15 m t
I 17:2CELL2 Awt (00001267 m . A
T 18:Tap2CELL | At [0omzeE  me |
T 19:3CELL. ASI
L @:XCEL2 . . . . . 7 EnEIGEn SHFE C thick
ig; Kp Ik for Enclosed Section #rea over thickness
S CELL )
T 2 nceLLe Conver Thickness [0 m for Ay, U
24 Tap_nCELL [~ Include Fl ‘Cantil .
I : : . . : nelude Flangz/Contiever (at Center line)
T 2 :nCELL22 A
I 27: Tap_nCELL:
Ul I O
Copy Reinforcements ta,,, [Tapd— [G: 08583 01218 VIEW
[Fig. 1.29] Section Manager Dialog
3.3 Check torsional moment resistance
T <T (1 38) EN1992-1-1:2004
Ed — © Rd,max : (6.29)
7 + Vb <1.0 (1.39)

Rd ,max VRd ,max

where,
Try : The design torsional moment.
Via : The design transverse force.

Tramax - The design torsional resistance moment.

Vidmax - 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 — “7sl
. EN1992-1-1:2004
&, = b [”/8 >8I max ] (1.40) 9.2.3(3)
where,
Ay The cross sectional area of longitudinal reinforcement.
u : The outer circumference of the section.

S : The longitudinal spacing.
Stmax < The maximum longitudinal spacing between shear assemblies.

= 0.75d(1+cota) (1.41)

Sl,max
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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...

4 & Model V\ew/ﬁ Check Combined Shear and Torsion Strength

LCom Design T_Ed T_Rd, max V_Ed V_Rd,max
Elem Part | MaxMin | oo Sllua(lzns Type CHK (kN-m) Tam) (kN) ) Ratio
i 1
] 11 V-Max | clCB1 | Persistentd | MZ-MAX oK -199.5308 905.7455 2931098 16516443 03798
1 [m V-Min | clCB7 | Persistent& | MZ-MIN oK 1083841 905.7455 8510322 16516443 06252
1[J@  [TMax  |clCB1 | Persistent& | MZ-MN oK 2000295 931.2917 517.4153 1758.6853 04818
1[J@  [VMax  |clCBY | Persistent& | MZ-MAX oK 1995308 931.2917 ~145 8806 1758.6853 02801
1[J@  [VMin [clCB7 | Persistent& | MZ-MIN oK 1083841 931.2917 7028030 1758.6853 05073
10 [[10] | T-Max | cLCB3 | Persistent& | MZ-MAX oK 737545 9708.2704 3991352 4082 6981 0.1054
10 [[10] | V-Max | cLCB3 | Persistentd | MZ-MIN oK 715761 97103156 7708107 40831376 0.1862
10 [[10] | V-Min | cLCB7 | Persistent& | MZ-MAX oK 313918 9708 7656 2126846 4082 4858 0.0553
10 [JF1] | T-Max | cLCB3 | Persistent& | MZ-MAX oK 737545 10202.6439 5333830 42516325 01327
10 [J[11] | V-Max | cLCB3 | Persistentd | MZ-MIN oK 715761 10203.7150 905 0585 4555 7988 02057
10 [JF1] | V-Min | cLCB7 | Persistent& | MZ-MAX oK 313918 10202.1266 3469323 42514169 0.0847

[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 Tey/Try, 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...

ABICIDIE[FIG[H[IJK[L M[N[O[PTQ[R]S[T[ulv W/ x[Y|Z[AABACADAEAFAG
292 4 Torsional Resistance
293 M Maximum Shear Force
204 1 Design Load

295 Load Combination Name - cLCBA
296 Design Situations Persistent & Transient

297 Load Combination Type : MZ-MAX

298 Nes = 8.339 kN

299 Ves = 203110 kN

300 Tes = 199591 kN m

301 Meg = 0.049 kN - m

302

303 - Design strength of concrete

304 fur = oo fucl Vo = 26.667 MPa

305

308 - Design strength of Reinforcement rebar

307 foa = T/ Vs robar = 347.826 MPa

308

309 2 Check Torsional Resistance

310 M Top Flange

31 - Design Parameters

312 tri = Adlu = 100.767 mm

313 Asclse = Teail (2 Au - farcoth) = 0.076 | mm%mm

314 Aals = Teaircotd/ (2 Au fa) = 0.474 | mm?mm

315 where, Tesi | = Tes-bou/ix = 45218 kN - m

316 bei | = 5.6992E+09 mm*

37 lex = 2.5156E+10 mm*

318 u = 3403900 mm

319 Ag = 343000.000 mm?

320 to;is the effective wall thickness

321 u; is the outer circumference of the cross-section

322 Aqis the area enclosed by the centre-lines of the connecting walls, including inner hollow areas
323

324

325 - Calculate maximum torsion resistance, Trs max

326 Trams = 2V Coy - Tos - Ay Lery - SING - COSB = 320347 KN m = Tes, 0K
327 where, v = 06-(1-fx/250) = 0.504

328 . 1.0 = 1000 (for non-prestressed structures )
329 O = NealAc = 0.009 MPa

330 Neg = -8.339 kN (if compression, Neg > 0)

331 A = 886000.000 mm?

[Fig. 1.31] Excel report for torsion resistance
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Chapter 1. Prestressed Box Girder Design: EN1992-2

Serviceability Limit States

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 : 6.< o,

The most critical tensile stress during the construction stage < Allowable tensile stress of
concrete before losses : 6;< 0,

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

[Table 1.14] Allowable compressive stress of concrete, o,

Tendon Type Oca
Post-tension kqfei(t)
Pre-tension Kefek(t)

where,

kg, kg : If “User Input Data” option is checked on, the coefficients of “k;” and “ks” 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 k4, ke

National Annex kq ke
Recommended 0.6 0.7
UK 0.6 0.7
Italy 0.65 0.65
t : The age of concrete in days.

fer(?) : The concrete compressive strength at time t for a number of stages.

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

Condition ful(t)
3<t<28days fem(t) — 8MPa
t > 28days fo

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

Son@® =B (O], (1.43)

Jfem : The mean compressive strength at 28 days.

fcm = fck +8MPCI (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

Chapter 1. Prestressed Box Girder Design: EN 1992-2
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ﬂw0)=emasl—[%§

1/2 EN1992-1-1:2004
j (1.45) (3.2)

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

[Table 1.17] Coefficient s

Cement Class S EN1992-1-1:2004
3.1.2(6)
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, o,

Tendon Type Ota
Post-tension kifeem(t)
Pre-tension Kifeem(t)

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

EN1992-1-1:2004

Fom @ =B D) frm (146) (4

Sfeum © The mean value of axial tensile strength of concrete.

[Table 1.19] Mean value of axial tensile strength, f.m

Condition fetm EN1992-1-1:2004
< C50/60 0.30f,. 3 Table 3.1
> C50/60 2.12 In(1+(f.m/10))

Pec(t) o A coefficient which depends on the age of the concretet.
a : A coefficient for f,.(t)

[Table 1.20] Coefficient a

Condition a EN1992-1-1:2004
t < 28 days 1 3:210)
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.
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& Design>PSC Design>PSC Design Parameters...

PSC Design Parameters =
Design Code © [Eurorodez-205  ~|  National Annex : [Fecommended <]
~Input P
Design Parameters (Ultimate limit states
’7(-‘ Cansider tendons in tensile zone © Consider all tendons ‘
Shear

’;trm angle for shear resistance @ |21.6 (Degree) ‘

Cement Class |7 User Input Data
’V Class A (s=020) =] I WModify design parameters |

[Fig. 1.32] Input Cement Class

1 Coefficient k;, kg for Concrete

@ Design>PSC Design>PSC Design Parameters>Modify Design Parameters...

Modify Design Parameters ==
Eurocode2-2:05  / Recommended { Update by Code’
Partial factors far materials ( Ultimate limit states
Persistent & Transient i
Concrete | 15 Concrete 1.2
Reinforcing steel : 115 Reinforcing steel : !
Prestressing steel & 115 Prestressing steel : T
Partial factors far materials ( i ility limit states
{Concre(e il Reinforcing/Prestressing steel : |1 |

’—Cwﬂicient for lang term effects

Alphace @ (0.8 Alphact: |1 ‘

- Stress limitati
I 1

ki : [0 ka: 08 kil 161 [0 |
P tesl

’Vk|:|nﬂ ke:[08 kg [0.75 K7 : [078 kg : [086 |

~Reducing factor for Principal s

limit stat
(Cumﬂ. Hl Tens, i1 ‘[Cumu. [T Tens, [T ‘

Crack widih

[ki:ad It 1 |0.425 |
Ok Cancel

[Fig. 1.33] Input coefficient k4, kg for stress limitation

1 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

Compose Construction Stage =3
-~ Stage Additional Step:
Stage Csor e :II By lD— Add Delete
Mame:  [Gs0T [ Example: 13,7, 14 ) _Modity | Clear

Duration = [30 = day(s)l [Step  [Day |

Auto Generation

Gave Result
Step Mumber :[1 =]
[ W Stage v Addiional Steps g

Generate Steps

Current Stage Infarmation... |

Element | Boundary | Load |

Group List ... I - Activation ———————————————— ~Deactivation
507 Element Force
Al bge 1 [0 =1 dayis) | Redistibution : [T00 =] o
Group List Group List
Mame | Age [ Mame [ Redist,
csm 7
add | Modify | Delete | Add | Modify | Delete |

Close |

[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 (147)

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...
4 & Model View/'ﬁ Check stress for cross section at a construction stage }
FT FB FTL FBL FTR FBR FMAX ALw
Eew || bR EmpiEE || £Ee || G (immE) (i) (i) (i) (i) (i) (i) (i)

1{J2] Compression C502 0K 16.5726 B8.4235 10.1651 5.5420 23.3872 7123 23.3872 24.0000
10 | I[10] Compression C504 0K 9.4801 19.4527 9.2955 19.2807 96715 19.6316 19.6316 24.0000
10 [ J[11] Compression C502 0K 17.0273 12,6948 15.3387 11.1208 18.7778 14.3306 18.7778 24.0000

[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 M, and axial force at Top fiber

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

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

FBL : Combined Stress due to M,, M, and axial force at Bottom Left fiber
FTR : Combined Stress due to M,, M, and axial force at Top Right fiber
FBR : Combined Stress due to M,, M, 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 : 0.< 0,
Maximum tensile stress of concrete after losses < Allowable tensile stress of concrete : 6, < 0y,

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

[Table 1.21] Allowable compressive stress of concrete, o,

Tendon Type Oca
Post-tension k1fek
Pre-tension kefex

(2) Allowable tensile stress of concrete

[Table 1.22] Allowable tensile stress of concrete, o,

Tendon Type Ota
Post-tension Kifetm
Pre-tension Kifeem

’¢ Refer to the clause 1.1 for the detailed explanation.

2.2 Check stress for cross section at a service loads

(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...

4/ Model View ” T Check stress for cross section at service loads |

£l Part e I LCom T CHK FT FB FTL FBL FTR FBR FMAX ALW
e i Tl Name b= NPy (Nimn) (Nmey (Nim) NPy (Nim) Ny (Nimn)
3 1[0 Compression clCBIT FH-MIN NG 14.4088 09619 -12.9861 -11.3459 43.5907 15.0566 43.5907 24.0000

1] Compression | clCB17 | FX-MAX |NG 15.2667 02215 7.5950 -10.5029 39.5812 11.5127 39.5812 24,0000
10 [1[10] Compression clCB17 FX-MAX NG 17.4530 -3.2880 10.1903 -10.0674 24.9881 37438 24.9881 24.0000
10 [J11]  [Compression | clCB17 | FXMAX | NG 16.6431 24812 8.3472 -10.1939 252430 55755 252430 24,0000

[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 M, and axial force at Top fiber

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

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

FBL: Combined Stress due to M,, M, and axial force at Bottom Left fiber
FTR: Combined Stress due to M,, M, and axial force at Top Right fiber
FBR: Combined Stress due to M,, M, 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
EN1992-1-1:2004

Oy = MIN [klfpk, kapO.lk} (1.49) 5.10.2.1(1)

where,
ky, ks : If “User Input Data” option is checked on, the coefficients of “k;” and “k,” 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 k4, k,

National Annex kq k,

Recommended 0.8 0.9
UK 0.8 0.9
Italy 0.8 0.9

Jor - Characteristic tensile strength of prestressing steel.
Jpo.1x - Characteristic (.1% proof-stress of prestressing steel.

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

. EN1992-1-1:2004
O o (X) = min ':k7fpk > ksfpo.w] (1.50) 5.10.3(2)

where,
k7, kg : If “User Input Data” option is checked on, the coefficients of “k;” and “ks” 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 k;, kg

National Annex ks ks

Recommended 0.75 0.85
UK 0.75 0.85
Italy 0.75 0.85

Jor - Characteristic tensile strength of prestressing steel.
Joo.1x - Characteristic (0.1% proof-stress of prestressing steel.

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

EN1992-1-1:2004
o, =ksf (1.51) 7.2.(5)

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

National Annex ks
Recommended 0.75
UK 0.75

Italy 0.6

Jor - Characteristic tensile strength of prestressing steel.

1 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...

Partial factors for materials { Serviceability limit states )

Concrete : |1 Reinforcing/Prestressing steel : |1

Coefficient for long term effects

Alpha_ce : [0.85 lpha_ct : |1

Stress limitation
Concrete
ki@ [05 k3: [0 kol k62 [07

Modify Design Parameters ==
Eurocodez-2:05  / Recommended {Undate by Code
Partial factors for rmaterials { Ultimate limit states )
Persistent & Transient Accidental
Concrete © 1.5 Cancrete T2
Reinfarcing steel : 1.75 Reinforcing steel : 1
Prestressing steel 115 Prestressing steel 1

resfressing steel
ki ¢ 08 ke :[0.9 kG ¢ [0.75 k7:[0.75 kA [0.85

Reducing factor for Principal stress
Construction stage Serviceability limit states

Comp, @ |1 Tens, |1 Comp. @ |1 Tens, :|1

Crack width

k3|34 led : [0.425

Ol Cancel

[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.

Add/Modify Tendon Property [
Tendon Type

TProp_Post_Ten_Bond

Tendon Name

Tendon Type ’W
Materil F [EvEmEram <] ..
Total Tendon érea 000405 e |
Duct Diameter T

¥ Relaxation Coefficient [Magura  ~|[45 <]
Ultimate Strength [1. 883262 +006 kM /ms fpk
Vield Strength |1,5680z +I06 Kh/ms
Curvature Friction Factor ]

Wobble Friction Factor [DO0EE i/m
External Cable Moment Magnifier ’07 kM /2
Anchorage SlipDravw ind Bond Type

Begin : [0.006 m + Bonded
End : [0.006 m  Unbonded

[ ok | Cancel | Apply ‘

[Fig. 1.38] Input tendon strength, f,y, o0 1k

foo,1k
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3.2 Check tensile stress for prestressing tendons
(1) Post-tension tendon
e Stress in tendon at anchorages < min[kifuy, Kafo.1x]
e Maximum tress in tendon along the length of the member away from anchorages
< minfksfok, Kefpo.1k]
* Maximum stress in tendon after all losses at the last stage < ksfy

(2) Pre-tension tendon

e Stress in tendon < min[kyfyy, Kafpo k]
e Stress in tendon after all losses at the last stage < ksfp

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 ...

4 (Y Mnde\wew/%\ Check tensile stress for Prestressing tendons I

FOL1 FOL2 FLLY AFDL1 AFDL2 AFLLY
(Himm) (NimmE) (i) (i) (Himm?) (NfmmE)

N1-1 1189.1527 12858753 1175.5123 1255.2512 1178.7980 1178.7980

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

Tendon

]

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

a = ktfctm (t) (152)

where,

k, = If “User Input Data” option is checked on, the coefficient of “k,” will be applied as the user defined
value. However; if the option is checked off, “0.6” will be applied.

fem(?) - The mean compressive strength at an age of t days. Refer to the clause 1.1 for the calculation of

Tem(®)”.

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

o =% (O'X+O'Z)i\/(0'x—0'z)2+4<TS+Tt+Tp)2 (1.53)

where,

o, - Sum of axial stresses in ECS x-direction
o, : Sum of axial stresses in ECS z-direction
7, . Shear stress due to shear.

7, - Shear stress due to torsion.

7, : 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)...
4/m

[ooicst] oz | E
ooy o e St s bt TSm0 citat e[St Soseas 1 ecsor| pmasl o]
[Sumat G302 |G| 12| Pos8 | 8790-00 | 7 483002 | 117520000 557880100 5313000 | S41exG0 [ 56750002 33289000 85Tstewto Soises0r E
el S e e o e e e ey | 77T6ex00| 7778000 88030000
[sessfersez | 1.752m00] [ sdtersn | soezrescz |

[Summat | 6502 | abist| 3| _pos-o | 2 708e-00 | [-33285e-00| 85151000 -150128+00 | 6205000 [ 6 20850001 -

[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

Chapter 1. Prestressed Box Girder Design: EN 1992-2
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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

Gps S Gta = ktﬂtm (t)

4.4 Verification of principal stress at a construction stage

1 By Result Tables
The design results can be checked as shown in the table below.

(1.54)

& Design>PSC Design>PSC Design Result Tables>Principal stress at a construction stage ...

I % Model V\ew/ﬁ Principal stress at a construction stage I

Elem Part

Comp.Ten
s

Sig_P1 Sig_P2 Sig_P3 Sig_P4 Sig_PS Sig_P§ Sig_P7 Sig P8 Sig_P9

Stage | CHK | e (kb (ki) (kN (kN (kb (ki) (k) (kN

Sig_P10
(kb

Sig_MAX
(ki)

1[0 Tension | CS02 |[NG | 22022.845 | -312.0054 | 739.4461 | -13230.135 | 4314.0122 [ 1085.0335 | -5140.8831 | -1368.9156 | -4585.9602 | -1188.4212 | -22022.845
11 J[2] Tension |CS02 | 0K -985.3343 | -462.7667 | -873.7914 | -1543.1593 1006736 |  421.2502 -50.1476 | 477.7564 -62.0946 | -1543.1593

-1245.4446 | 12454446 | 4563434 | 4663484 | 306.0943 | 306.0943 | -227.0447 | -227.0447 | -1245.4445 | 2114.8326

Sig_AP
(kM)
2114.8326
21146326

[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:
Sig_P2:
Sig_P3:
Sig_P4:
Sig_P5:
Sig_Pé6:
Sig_P7:
Sig_P8:
Sig_P9:

Principal Stress at the left top of top flange.

Principal Stress at the right top of top flange.

Principal Stress at the right bottom of bottom flange.
Principal Stress at the left bottom of bottom flange.
Principal Stress at the top of left web.(at Z1 Level)

Principal Stress at the top of right web.(at Z1 Level)
Principal Stress at the neutral axis in left web.(at Z2 Level)
Principal Stress at the neutral axis in right web.(at Z2 Level)
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

o = szctm (1.55)

ca

where,
k; :1f “User Input Data” option is checked on, the coefficient of “k,” will be applied as the user defined
value. However, if the option is checked off, “0.6” will be applied.

Jfem - The mean compressive strength at 28 days. Refer to the clause 1.1 for the calculation of “f..,”

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

o, :% (0x+0'z)i\/(0'x—az)2+4(rs+rt+rp)2 (1.56)

where,

o, : Sum of axial stresses in ECS x-direction
o, . Sum of axial stresses in ECS z-direction
7, . Shear stress due to shear.

7, : Shear stress due to torsion.

7, : 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)...
4G ModelView ) B Result-[Beam Stress(PSC)] |

L e T e Ty pet
mm———
1| e oo |£osetcn | oo | s ettt et oot [0 ot 45
m—m Toteo:

oo aorecis 21
i -m—— E
I~ oo et st 316200 35100 4zt 1t 1 et 450w

¥

[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

0, <0, =k [ (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 ...

48 Model View / & Principal stress at service loads |

Lcom Sig_P1
Eem | Pat |compsmens. L0 | Type | cHK

Sig_MAX
(ki)
7817.3764
28642.3578
186744 | 122444707 | 21052928

1[I0 [Tension [cLcH13 [FXMAX |OK  [-a7817.a7e4
1[92 [Tension [clCBI3 [PXMIN _|OK | -286423678 | 2325405
10 [[10]  |Tension [cLCHI3 |FXMIN |OK | -122444707

Sirasis

[ —ooo01 ]

[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, w, < Crack width limit, Wy

6.1 Calculate crack widths
(1) Determine gm-€cm

Jorar

o, —k T (1 +a,0, 4 ) " (E7l\.l;)992-1—1:2004
£, —&,, = LAl > 0.6 (1.58)
E E

where,

&m - 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.
eom - The mean strain in the concrete between cracks.
oy : The stress in the tension reinforcement assuming a cracked section.
0. . The ratio of EJE,,,.
. The design value of modulus of elasticity of reinforcing steel.
E.,, : The secant modulus of elasticity of concrete.

EN1992-1-1:2004
Jerog = Jom (1.59) (7.10)
_4+§@'
Prar === (1.60)
c,eﬁ

A," : The area of pre or post-tensioned within A, .

Ao - The effective area of concrete in tension surrounding the reinforcement of prestressing tendons of

[ 'I

c) Member in tension

surface, Acpett

depth, h, .
. h—x h EN1992-1-1:2004
h,,=min| 2.5(h-d), . = (1.61) 7.3.2(3)
’ 3 2
g
n d
Frrrrsss - level of steel centroid
sl f® @
T” Iy - effective tension area, A e
1
a) Beam
Xy | | 5
TL e L e g EN1992-1-1:2004
d H 5
h } e 3 : Figure 7.1
1:7/3’//:/‘/‘:‘f;{/‘/'z77
v .- 1 5
Ic.ef E
- effective tension area, Acent
b) Slab
e . - effective tension area for upper
f : I+ 2 surface, Acen
" t_/_{t'ﬁ/_/_f.z LiilL i'a/_/.{'J)j_
h A FprezrrmT s 7”-% - effective tension area for lower
51

[Fig. 1.44] Effective tension area (typical cases)
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If only prestressing steel is used to control cracking, &=vV¢

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

[Table 1.26] Ratio of bond strength,

§
Prestressing Steel ; Bonded, post-tensioned
Pre-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
@, : The largest bar diameter of reinforcing steel.
¢, : The equivalent diameter of tendon.
k, : A factor dependent on duration of the load.
[Table 1.27] Factor k
Condition ke
Short term loading 0.6
Long term loading 0.4
e 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

(1.62)

EN1992-1-1:2004
Table 6.2

EN1992-1-1:2004
7.3.4(2)

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

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.

Long term load case

Short term load case Load cases other than long-term load cases
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(2) Determine s; max
The maximum crack spacing, S, max is calculated as shown in the table below.

[Table 1.30] Maximum crack spacing, s; max

Condition Sr,max
kikyky @
Spacing < 5(c+/2) ket =2
Pp.ey
Spacing > 5(c+d/2) or 1.3(h - x)

No bonded reinforcement

- Neutral axis

- Concrete tension surface

- Crack spacing predicted by
Expression (7.14)

- Crack spacing predicted by
Expression (7.11)

[E] - Actual crack width
5o+ 412)

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

where,

¢ : The bar diameter. Where a mixture of bar diameters is used in a section, an equivalent diameter, @,

should be used.

For a section with n, bars of diameter ¢, and n, bars of diameter ¢,.

b = ”1¢12 + ”2¢22
“ mé, +n,g,

¢ : The cover to the longitudinal reinforcement.

k; : A coefficient which takes account of the bond properties of the bonded reinforcement.

[Table 1.31] Coefficient k;

Condition kq
High bond bars 0.8
Bars with an effectively plan surface 1.0

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

[Table 1.32] Coefficient k,

Condition ky
Bending 0.5
Pure Tension 1.0

ks, ky : If “User Input Data” option is checked on, the coefficient of “ks; and k;” will be applied as the
user defined value. However, if the option is checked off, it will be applied as the following value.

k3 =34
ky=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, wy

Wk = Sr,max (gsm - gcm )
[ Coefficient ks, k, for crack

& Design>PSC Design>PSC Design Parameters...

Modify Design Parameters

Eurocodez-2:06  / Recommended

Persistent & Transient

Reinforcing steel : 115

Prestressing steel

Coefficient for long terrn effects

Concrete 15
115

Partial factors for materials ( Ultimate limit states )

Accidental

Concrete © I
Reinforcing steel : l]i
Prestressing steel ,17

Partial factors for materials ( Serviceability limit states )

Concrete @ |1 Reinforcing/Prestressing steel : |1

Alpha_ce : [055 Alpha_ct: [T
Stress limitation
Concrets
ki ¢ [0E k3 [0.8 e K6 : [0.7
Prestressing steel
ki |08 k2 {09 kg [0.78 k71 0.7 ko [0.85

Reducing factor for Principal stress
Construction stage

Cormp, : [1 Tens, i1

Crack width

K3 (34 k4 @ |0.425

Serviceability limit states

Comp, : |1 Tens, |1

Ok Cancel

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

1 Prestressing steel type for §

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

When the material properties of tendon is specified

as follows:
Strands

Standard = ENO5(S)

DB =Y1670 Series, Y1770 Series, Y1860 Series

@ Load>Prestress Loads>Tendon Property...

Add/Modify Tendon Property
Tendon Type

Tendon Name

Tendon Type

Internal{Fost-Tension) =

Material B [3: viseos i Lamm) ~| .||

Total Tendon Area

Duct Diameter

¥ Relaxation Coefficient
Ultimate Strength

Yield Strenath

Curvature Friction Factar
Wobble Friction Factor

External Cable Marnent Magnifier

Anchorage SlipiDraw in)

Begin : |0.00B m
End @ [0.006 m

[ ok ] Cancel ‘ Lpply

s v
[ —
Moo =][® =
[ Y
[TEBI0ER 006 s
I —
[oO0EE i/m
P kyme
Eond Type
= Bonded
 Unbonded

[Fig. 1.47] Define material of tendon
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& Model>Properties>Material...

Material Data (=5
General
’VMaterial D 3 Mame  [V1BE0ST(1T,3mm; ‘
~Elasticity Data
-~ Gteel
Type of Design [Steel 2
o m | B = Shandard [N -
DB 718 3mim)
—Cnncrete—sg%g H
5355
Standard gggg "
Type of Material SN/
& |sntropic ¢ Orthotropic DB S420M ML
AE0N T S
~Steel gggg 5 L L
Modulus of Elasticity : [ 17.9500e+008 kN,/m? SA20MML
Foisson's Ratio : 0.3 g%gg L
H3EW
Thermal Coefficient @ [ 1.2000e-005 1/[C] &

Welght Density T ke
[~ Use Mass Density: 5 KkN/mafg
~Concrete
Modulus of Elasticity ! lm kN2
Poiszon’s Ratio 8 l—D

Thermal Coefficient lm 1/IC]
Weight Density T T kgme
[T Use Mass Density: I—EI kN /msfg

’rP\asticity Data

I e e R e
=5
7
1=
o
=
2

Plastic Material Mame [NOMNE -]

22
171
=
=
i
El
2.
T

- Thermal Transfer
Specific Heat [0 keal k- [C]
Heat Conduction |0 keal/m-hr[C]

Damping Ratio : |0.05
0K | Cancel | |

[Fig. 1.48] Steel material list of “ENO5(S)” standard

[ Duration of load (Short/Long term)

& Design>Common Parameter>Short/Long term Load Case

short/Long term Load Case
Long—tarmn Short-term
Self Temper -
AD DL BeamSeclTemp9|j
Tendon WL
j RS(RS)

rY 1

ST -

4 n 3

OK | Close |

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

[Table 1.34] Limiting crack width, W«

Exposure Unbonded Bonded
- - Others
Class Quasi Frequent Quasi Frequent
X0
03 Not Not 02 Not
XC1 Checked Check Check
XC2 0.0 Not
XC3 (Decgm- 0.2 Checked
XCa 0a Not Pression)
XD1 ' Checked
XD2 Not Decom— Not
Check pression Checked
XD3
XS1
0.0
Not Not Not
X52 03 Checked Checked (Decc?m- Checked
XS3 pression)
XF1*
XF2*
XF3*
Not Not Not
*
XF4 03 Checked Checked 0.3 Checked
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”.

1 Exposure Class

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

& Design>PSC Design>Exposure Class...

Design Guide for midas Civil

Gen Steel | Con

Exposure Class - J

Option

 Add/Replace ¢ Delete

v Both end partsti &) have the
saMme exposure class

| | J

Exposure Class

Top
Bottarn

|

o

SRC PSC| €76

[Fig. 1.50] Define exposure class for crack
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6.3 Check crack width at service loads

W, Sw (1.65)

max

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...
4 & Moda\waw/ﬁ Check crack width at service loads }

LCom Serviceabil M_Ed Sig_T Sig_B Wk Wmax
Elem | Part | Topotiom | ,me Load Typ;y Type CEI (kN-m) (kNgt_mZ) (kNgtTnZ) (m) (m)
» 1

10 Top cLCB13 | Frequent FX-MAX | 0K 0.0371 0.0000 -0.0000 0.0000 0.0002
1]J2 | Botiom cLCBIT | Frequent FX-MAX | 0K 1126.6860 12.0763 279111 0.0000 0.0002
103 [Top cLCB13 | Frequent FX-MAX | 0K 880.0597 0.0000 -0.0000 0.0000 0.0002
10 [[10] | Botiom cLCBI7 | Frequent FXMAX__|NG 34412994 13.1802 28.7671 0.0000 0.0000
10010 |Top cLCB13 | Frequent FXMN_ | 0K -3752.3265 -36.5008 14.2238 0.0000 0.0002
10 [J[11] | Botiom cLCBI7 | Frequent FXMAX__|NG 30729755 121664 29.0184 0.0000 0.0000
10 [J1] | Top cLCB13 | Frequent FXMN_ | 0K 4919.9422 461173 16.2866 0.0000 0.0002

[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:0OK/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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Chapter 2.
Composite Steel Box Girder Design (EN 1994-2)

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

Ultimate Limit States

Bending Resistance

Resistance to Vertical Shear

Resistance to Longitudanal Shear

Resistance to Fatigue

Serviceability Limit States

For Quasi-permanent, Characteristic

Stress limitation for concrete Load Combination
.. . . . For Quasi-permanent, Characteristic,
Stress limitation for reinforcing steel Frequent Load Combination

Stress limitation for structral steel For Characteristic Load Combination

Resistance to Longitudinal Shear For Quasi-permanent, Characteristic,
Frequent Load Combination




Chapter 2. Composite Steel Box Girder Design: EN1994-2

Ultimate Limit States

1. Bending resistance

Limit state of Bending Resistance will satisfy the condition, Mgg<Mgg.
Moment resistance, Mgg, 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

EN1994-2:2005

Materials Condition Partial Factor 2412
Persistent & Transient vc=1.5
Concrete
Accidental Ve=1.2
. . Persistent & Transient ys =1.15
Reinforcing steel
Accidental vs=1.0
Cross-sections Ymo = 1.0
Structural steel
Members to instability assessed ym1 = 1.0
Shear connection members to instability yv = 1.25
Fatigue verification Strength Yme = 1.0
of headed studs Strength of studs in shear Ywmis = 1.0

(2) Design compressive strength of concrete.

fcd = fck /7/C (2.1) 531;394—2:2005

where,
fer - The characteristic compressive cylinder strength of concrete at 28 days.
v : The partial safety factor for concrete.

(3) Design yield strength of steel reinforcement.

Jsa =T 7s (2.2)

where,
s+ The characteristic value of the yield strength of reinforcing steel.
ye : The partial factor for reinforcing steel.

Chapter 2. Composite Steel Box Girder Design: EN 1994-2
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(4) Design yield strength of

fyd:fy/7Mo

where,

Jy - The nominal value of

structural steel.

the yield strength of structural steel.

(2.3)

yuo © The partial factor for structural steel applied to resistance of cross-sections.

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

Nomunal thickness of the element t [mm]
Standard
and t< 40 mm 40 mm <t <80 mm
steel grade - -
£, [N/mm-] £, [N/mm’] f, [N/mm’] |ﬂl [N/mm-]

EN 10025-2

8235 235 360 215 360
S275 275 430 255 410
S$355 355 510 335 470
S 450 440 550 410 550
EN 10025-3

S 275 N/NL 275 390 255 370
S 355 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 N/NL 460 540 430 540
EN 10025-4

§ 275 M/ML 275 370 255 360
S 355 M/ML 355 470 335 450
S 420 M/ML 420 520 390 500
S 460 M/ML 460 540 430 530
EN 10025-5

S235W 235 360 215 340
S355W 355 510 335 490
EN 10025-6

S 460 Q/QL/QL1 460 570 440 550

[Fig. 2.1] Nominal values of yield strength f, and ultimate tensile strength f,

[ 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 partia

| factors are defined as “1.0”.

@ Design > Composite Steel Girder Design>Design Parameters -

Compaosite Steel Girder Design Parameters. @
Code g
Fartial Factar
Concrete{Gamma_C) 1
Reinforcing Steel{Gamma_5) 1
Structural Steel(Gamma MO} 1
Structural Steel(Gamma_M1} 1

Shear Resistance of a Headed Stud{Gamma V) 1

Equivalent Constant &mplitude Stress Range(Gamma_Ff) 1

Design Guide for midas Civil

Fatigue Strength{Gamma_hf) “7
Fatigue Strength of Studs in Shear{Gamma_Mf s} “7
Stress in Structural Steel{(GammaM.ser) “7
T Damage eqUIVAIENE e Taciorstiar Nes stance 1o Tangues
Design life of the bridge in year(t_Ld} 100
Stress Limitation
ki@ [0E k@ [0.45 ki [08

Shear Resistance Reduction Factar of Stud Cannector (for SLS)

kS H ’0757
[Fig. 2.2] Design Parameters Dialog

EN1993-1-1:2005
Table 3.1



[ Design strength of materials

Design strength of concrete, reinforcement, and steel can be defined in “Modify SRC

|II

Material” dialog box.

In Steel Design Selection field, when Code is entered as “ENO5”, F; is tensile strength of
the steel for which the thickness is less or equal to 40mm and F,;, is tensile strength of the

steel for which the thickness is larger than 40mm.

& Design > Composite Steel Girder Design>Design Material...

Modify SRC Material ==
Material List
I [ Mame | Steel | Concrete | Main-bar | Sub-bar |
1 C4n/50 5450 C4n/s0 Class & Class A
SRC Material Selection
Steel Material Selection
g - Grade : |5450 ha
Es : [ZT0000 N/mm:  Fu o B0 N/mme
Fyl : [440 M/mme Fy2 o [410 M/mmz
Concrete Material Selection
Code : |ENM(RC) ~ Grade : |C40/50 -
Specified Compressive Strangth (f'e/fck) @ |40 e
Reinforcement Selection
Code : |ENM(RC) =
Grade of Main Fiebar : [Class & > | Fyr: [300 H/mme
Grade of Sub-Aebar: [Class &  ~| Fys: [d00 M/mmz
Modify Close

[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

EN1993-1-1:2005
5.5.2

Class Defined as

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

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

in which the stress in the extreme compression fibre of the steel member
3 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.

e 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

49

Moment  Position Class of compression flange
o A steel compression flange that is restrained from buckling by
Positive P effective attachment to a concrete flange by shear connectors
Flange .
may be assumed to be in Class1.
Composite-1 : Check for outstand flanges in Fig.2.4.
Negative Bottom  composite-Box : Check for outstand flanges and internal
Flange compression part in Fig.2.5.
Outstand flanges EN1993-1-1:2005
c c c Table 5.2
i I i éﬁ
t t th t =
[
Rolled sections ‘Welded sections
Class Part subject to compression Part subject to bending and ml_ppressiuﬂ
Tip 1 compression Ti1p 1n tension
Stress ac oc
. . P —
distribution __
v T [+ Ea
(compression k—-l i : s _
positive) | ! | c | | [
9e 9e
1 c/t=9% cltE— e/t —
o oA/ oL
10e 10
2 c/t<£10e e/t e/t ——
o oo
Stress /
distribution 7, _ _J;“ |+
(cclrigrael;fion | !)-;-l ‘ | c | ! C
posttive) I ‘ '
3 c/t<lde o/t 2leyk,
For k; see EN 1993-1-5
e_ 357F | t, [ 235 | 275 | 355 | 420 | 460
Ny £ | 100 | o092 | o8t | o075 | o071

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

Internal compression parts EN1993-1-1:2005
——— e Table 5.2
__H_IC _ _ jc - ¢ - _ c __  Axis of
bendin
t) . t{f- t ’
t
L] i 1

R v e ft [ “t| Cc-lw Axis of

—_— - - - - - - == bending
. . A e L
Class Part subject o Part subject to Part subject to bending and compression
bending COMPression
f f f
Stress
distribution + + | e
} in parts ! c c c
compression
positive) — !
f}' f)' f}’
when e >0.5: ¢/t S%
1 c/t<72e c/t<33e 36[;7
when €t £0.5: ¢/t <—
a
456¢
when o> 0.5: ¢ tS13 1
o —
2 c/t=83e c/t=38e
41.5¢
when e £0.5: ¢/t <
o
f f,
Stress g f g
distribution
in parts c . c c
(compression 8 c/2
0sitive;
P ) f, i,
42e
when y>-1: ¢/t<——
3 c/t<124e c/t<42e 0.67+0.33y
when y < 17 c/t<62e(1 —w}J(—w)
e— 35/f | £ [ 235 | 275 [ 355 [ 40 | 460
Ny e | 1,00 | 092 | 031 \ 0,75 \ 0,71

*) y < -1 applies where either the compression stress @ < f; or the tensile strain &, > £/E

[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 EN1993-1-1:2005
favorable) class of its compression parts as follows. 5.5.2(6)

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

Class of Section

1 2 3 4

1 1 2 3 4

Class of 2 1 2 3 4
Web 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, EN1993-1-1:2005
6.2.2.4. (This clause is applied to box girder.) Sezibey
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1.3 Calculate plastic bending resistance, Mg r4.
¢ 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.

[

I T

EN1993-1-1:2005
fya Figure 6.2

g M
—

—

Mﬁ

Eyd Aﬁ_) DMFLR.,

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

1.4 Calculate elastic bending resistance, Mg rq

M, (2.4)

[

1rd =My pa + kM, gy

e

@
Crc

ANNNN

N\'
T

M,e, + M.gq =

[Fig. 2.7] Calculation of Mg rq

where,

M, rq : 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.

M, gq : 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

X fyd _Ma,Ed(Za/Iy,a) fyd _Ma,Ed(Za/Iyﬂ)

Steel Girder 0= a=
Mc,Ed(Zc/Iy,c) MC,Ed(Zc/Iy,c)
7
Slab k, = z )
Mc,Ed (Zc,slab /Iy,c,slab)
S

k =

51

Reinforcement -

min[k,, k]

s
Mc,Ed (Zc,bar /Iy,c,bar)

min[k,, k]
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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 A should be determined assuming that the cross section is subject only to
stresses due to uniform axial compression.

G centroid of the gross cross
[ | G’secf;oﬁd ; . EN1993-1-5:2006
[ 2 c‘eln 01 af he effective Figure 4.1
cross section

G ° 1 centroidal axis of the gross
_i_ cross section

[

~ .
‘ 3 2 centroidal axis of the
effective cross section

Gross cross section Effective cross section 3 non effective zone

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

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

—— ——
/3
1
G ) 2
G
— 1 | S— EN1993-1-5:2006
Figure 4.2
|
:T: G centroid of the gross cross
! section
1 | G centroid of the effective
G — 1. 2 cross section
| G'| 1 centroidal axis of the gross
! ! cross section
1 1 2 centroidal axis of the
| | effective cross section
Gross cross section Effective cross section 3 non effective zone

[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 EN1993-1-1:2005
moment due to the different gravity center between gross area and effective area is taken into 6.2.2.5(4)
account in the design moment.

AAlEd :NEdeN:NEd(Cz,c_Cz,c,eﬁ) (25)

where,

ey : Eccentricity between the gross area and effective area
C.. : Gravity center of the gross area

C. .o - Gravity center of the effective area
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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 :

Aoy = PA. (2.6)

where,

Aoy The effective cross sectional area.

A, : The gross cross sectional area.

p  : The reduction factor for plate buckling.

(1) Effective width b
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 | Web
element Box Web / Flanges between web
Outstand | Flange
element Box Outstand flange which is the outside of webs

{_' :Internal element
QO :Outstand element

[Fig. 2.10] Internal and outstand element

e For internal compression elements

[Table 2.7] Internal compression elements

Stress distribution (compression positive) Effective” width b
=1:
B =
bet bez bg=p b
b
bey = 0,5 begr b2 =0,5 begr
1>y>0:
o 1] v
oz bg=p b
o = P
bes bea )
b = 2 =bg-
b, sy bz ba=bu-ba

M . " y=0:

bo by
Oy | j]:[
Ibu Sez | 02
—
Y =0,/0; | 1 ‘ 1>y>0 ‘ 0
Buckling factork,| 40 | 82/(105+y) | 781

ber=pb.=p b/ (1)

Doy = 0.4 bege b2 =0,6 berr
0>y >-1 [ ] 1y=>3
781-629¢+978y" | 239 | 598(1-y)’
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e For outstand compression elements

[Table 2. 8 ] Outstand compression elements

Stress distribution (compression positive) Effective” width bug EN1993-1-5:2006
| Loyzo Table 4.2
o Dﬂlﬂ]]]ﬂl:lm ba=pe
—

w0
beg=pbe=pec/(1y)

==

c
by be
Oy
b,
S
1 | 1 |

¥ = 0o 0 [ 1 ] 12y>-3
Buckling factor k, | 043 | 057 | o085 | 0,57 - 021y +0,07y”
[ 5 " 1>y>0
>y >0
“[MIr—.. e
P
- w0
Hmmlﬂmﬂ]@ bur=pb.=pc/(1y)
be by
v = G5/0; 1 ] 1>y>0 I 0 | 0> y>-1 [ 1
Buckling factork, | 043 | 0578/(y+034) | 170 | 17-5y+171y° | 238
(2) Reduction factor p
[Table 2.9] Calculation of reduction factor p
Type Condition o
2, <0.673 1.0
Internal — — EN1993-1-5:2006
A —0.0553+
clement 7,>0673 , _25( v)_ Lo 4.4(2)
where, (3 +y)>0 2,
2,<0.748 1.0
Outstand -
— A,—0.188
element ,>0.748 r——=<
)“p
where,
— |/ b/t
lp = == # (2.7)
o, 28.4e\k,
b The appropriate width to be taken as follow.
by : For webs
b : For internal flange elements.
¢ : For outstand flanges.
QOutstand flanges
< FSn r e
t o T#ﬁ'—_' th s EN1993-1-1:2005
Table 5.2
—t—
Rolled sections Welded sections
[Fig. 2.11] Dimension of outstand flanges
¥ : The stress ratio.
ko : The buckling factor corresponding to the stress ratio w and boundary conditions.
t : The thickness.
o, - The elastic critical plate buckling stress.
235

fy[N/mmZJ
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1.7 Stiffened plate elements with longitudinal stiffeners

The effective section area of each subpanel should be determined by a reduction factor in EN1993-1-5:2006
accordance with 1.6 to account for local buckling. The stiffened plate with effective section area 43

for the stiffeners should be checked for global plate buckling and a reduction factor p should be

determined for overall plate buckling.

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

Ac Leff = pcAc eﬁ"loc+z dgeojft (29)
EN1993-1-5:2006
(4.5), (4.6)
Ac,ejf,loc = Asl,e]f + Zplocbc,loct (210)
c
where,

Aeepioc - 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
bedg&f?.//;
Y applies to the part of effective section of all longitudinal stiffeners with gross area Ay located in the
" compression zone.
beoc - The width of the compressed part of each subpanel.
Pioc - The reduction factor for each subpanel.

'5‘1 1 Aeetio D3 edgo o

bl .adge.

e~
. |
g1 SO I AN A

[Fig. 2.12] Stiffened plate under uniform compression

EN1993-1-5:2006
Figure 4.4

[

(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 o, for stiffened web.
¢ with single stiffener in the compression zone
Ocp Can be calculated as follows ignoring stiffeners in the tension zone :

EN1993-1-5:2006
Oer.p = Ocr,si (2.11) A2.2(1)

[Table 2.10] Calculation of o,

Condition Ocrsl
N 1.05E /1,6 5:11?93»1-5:2006
aza 4 _
‘ AY[,I ble
EZEISII N Ef’ba?
as<a 4,8 47 (1-v?) 4, b7}
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where,

212
o, = 4334 Ltabib2 (2.12)
‘ t;b

Ag; : The gross area of the column.
Iy, The second moment of area of the gross cross-section of the column.
by, by : The distances from the longitudinal edges of the web to the stiffener.

1= Gy,
(5w
be EN1993-1-5:2006
o
a & 04b Figure A.2

é el
rv

b. c.

__by]

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

e with two stiffeners in the compression zone

Ocp Should be taken as the lowest of those computed for the 3 cases using equation (2.13)
with b;=b; , b,=b, , b=B . The stiffeners in tension zone should be ignored.

Gcr,p =min |:o-cr,xl,l s O-cr,xl,II > Gcr,sl,lumped ] (2 13) ZN212(973)_1—5:2006

y F
b

Y
! A

{ p+ | B¥

EN1993-1-5:2006
v Figure A.3
Stiffener | Stiffener 1l Lumped stiffener
Cross-sectional area A A, A +AL,

Second moment of area 1., Iia Lig+L,

[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 | 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.

e with at least three stiffeners in the compression zone

Curp =Ko, 0% (2.14) EN1993-1-5:2006
A.1(2)
where,
202
Et
O-E: z PN (215)
120-v*)b
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ks, : The buckling coefficient.

b is defined in Fig. 2.15.

t  : The thickness of the plate.

E : The modulus of elasticity of structural steel.
v : The poisson s ratio

w
~

[N}

b, plating

&
[

o
(VN

BN

4 }

a

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

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

[Table 2.11] Calculation of k, ;

Condition Ko,p
2
az(t// + l)(l + 5)
asiy 41++2)
(y+1)1+06)
where,
w=22>05
0

7= lel

IP
5 — ZA?[
AP
a=2>05
b

YLy : The sum of the second moment of area of the whole stiffened plate.
> Ay : The sum of the gross area of the individual longitudinal stiffener.
I

", : The second moment of area for bending of the plate.

3
G=—117—
12(1-0%)

Ap - The gross area of the plate = bt.
o, : The larger edge stress.

0, : The smaller edge stress.

a, b, t : As defined in Fig. 2.16.
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centroid of stiffeners
centroid of columns =
stiffeners + accompanying

subpanel
stiffener
plate thickness t

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

EN1993-1-5:2006
FigureA.1

EN1993-1-5:2006
(A.2)



Ibs
b\. if
D) b
K b2
e=max (e , &) ﬁth,,r
- EN1993-1-5:2006
b3 s
) Figure A.1
]
width for pross width for Eﬂjectn-‘e
e area according to | condition for y;
area Table 41
Drme W, b, o by ‘4‘1:0““ >0
5-wy, S-wy, Ceup
2 2 o,
Dre 5-y, b S’Vzb:ﬁ ‘lj:iﬁa:r,l >
3-w, 3—
Dot 57‘:; 2 57$; ) ff Yy, >0
o,
b 0.4 by 0.4 b enr v; = G_ <0
[Fig. 2.16] Notations for longitudinally stiffened plates (2)
(3) Plate type behavior.
* The relative plate slenderness 4, of the equivalent plate
— | Bact,
A, = == (2.21) EN1993-1-5:2006
Oer,p 4.5.2(1)
where,
AC €]
_ “eseff'loc
Bio=—"""— (2.22)
AC
A, . The gross area of the compression zone of the stiffened plate except the parts of subpanels

supported by an adjacent plate.

Acefioc - 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 p

[Table 2.12] Calculation of p

EN1993-1-5:2006

Element C_ondition p 4.4(2)
,<0.673 10
Internal — -
A,—0.0553
element 4, >0.673 pfzs(ﬂy)sl.o
where, (3 +y)>0 A,
2,<0.748 1.0
Outstand . 2.-0.188
element 2 >0.748 ——=—=<10
14 /1,7

Chapter 2. Composite Steel Box Girder Design: EN 1994-2

58



59

(4) Column type behavior.
e The elastic critical column buckling stress o,

2,2
n Et
a) Unstiffened plate : G, =——————
@) ! 2 ‘< 12(1-v?)d?
- bC
(b) Stiffened plate : Ocre = Ucr,sl_b“
where,

a : Length of a stiffened or unstiffened plate.

7°El,,

O =
cr,sl 2
Asl ,1 a

L1 : The second moment of area of the stiffener, relative to out-of-plane bending of the plate.
Ag 1: The gross cross-sectional area of the stiffener and the adjacent parts of the plate.

e The relative column slenderness 4,

(a) Unstiffened plate : /1_p > 0.673
. ﬂ,_ _ ﬂA,cfy
(b) Stiffened plate : c o
where,
_ Asl,l,eﬁ"
IBA @ — ASZ’I

Ay 1050 The effective cross-sectional area of the stiffener with due allowance for plate buckling.

* The reduction factor x.

1

== /——
T2
<I>+\/<I> -4

(a) Unstiffened plate :

<1.0

where, a = 0.21
. —2
(b) Stiffened plate : D= 0.5[1 + ae(Z—O.Z)-r 2 }
where,
0.09
a, =0 +—
ile
— Isl,l
Asl,l

®- 0.5[1 +alt,-02)+ ZQ}

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

e = max(el, 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.

o.= 0.34 (for closed section stiffener), 0.49 (for open section stiffener)
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(5) Final reduction factor p. from interaction between plate and column buckling.

pe=(p-2.XE2-&)+ 2.

where,
o
E=—DF
G 0<£<1.0

0 - The elastic critical plate buckling stress.
Occ - The elastic critical column buckling stress.

Xe - The reduction factor due to column buckling.

1 Longitudinal stiffener

(2.34) EN1993-1-5:2006
4.5.4(1)

(2.35)

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...

Section Manager

Mode
[Sfenes ] ™

Targat Section & Element

-+ L Section:25
XL 1 SECTION]
12

example

section _ examp

3-0002000

Comp 2 boxes

SECTION!

2

; example

t section _ exam z

0w @ e s

=3

+ 3-0002000
: Comp 2 boxes # T hs
1 section for stiffr

+with Stiffners in

 pered section

1 3 parts

+inclined slab

1 3000200

i section2

: section 3

: sectiond

‘ssection &

+ section B

i section 7

+ section 8

= = B = B B B B B
BExIsm=0

SR ]
NERRRIERDR

<

W Snap

Both end parts (i & j} have
W the same Sifeners

D P
Lenaitudinal Stiffener

Fef, Paint Center -

| 3
Copy Stitfeners to,,, 2 G : B4E,35, 231,23

SELECT

Position Left -
Nurnber 2
ETE W mm
Siifener Type [Flat .|

Add \ Modify | Delete |

HetPuim‘Position‘ i (mm)‘ Hum ‘ i
__[Start vl|Left 100
T ZlStet ight 100 2
" 3|Center Leit 100 2

=

< | )

Apply Close

[Fig. 2.17] Section Manager, Longitudinal stiffener Dialog

1.8 Calculate bending resistance, Mgq

Bending resistance, Mggq, 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.

e General case : Mgy =My

(2.36)
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e For the structural steel grade S420 or S460, Mgy is calculated as shown in the table below.

[Table 2.13] Calculation Mggq

Condition Mgqg
EN1994-2:2005
Xp < 0.15h M ra 6.2.1.4(6)
0.15h < Xp S 0.4h BM 4 ra
N,
NEN g M, g+ (Mel,Rd ~M g )75
! Nc,el
Xpl > 0.4h
M (M M ) Nc - Nc,el
N er<NcSN ¢ et.kd V\M p1pa =M oy gy |
’ ’ Nr,f - Nc.el
where,
M, ra : Design value of the plastic resistance moment of the composite section with full shear
connection.

M, ra : Design value of the elastic resistance moment of the composite section.

S . The reduction factor.

N.  : Design value of the compressive normal force in the concrete flange.

N, : Compressive normal force in the concrete flange corresponding to M, .

N.; : Design value of the compressive normal force in the concrete flange with full shear connection.

PR, N

M
0,85 fea Nt pl,Rd 10

|
B vl "Ma) 085
BEED
B y

‘

— =

Ta 015 04
[Fig. 2.18] Reduction factor B for M gq

(2) Class 1 and 2 + Negative Moment.
¢ The strength of the concrete in tension is neglected.
¢ Bending resistance

My =M gq (2.37)
(3) Class 3
¢ Bending resistance

Mg =My pg =M, gy +kM, g, (2.38) 2 e 0

(6.4)

(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

EN1994-2:2005

Mg =M g =M, gy + kM, g, (2.39) (6.4)

Design Guide for midas Civil



1.9 Check bending resistance

M gy < My, (2.40)

where,
Mgy : Design bending moment.
My, : 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...

4T Model View ” [ Bending Resistance |

Fositivellie| Web Sect. Wa,Ed Me Ed plRd MelRd H_Rd
gem | Posiion | Do

= Type | TopClass| BotClass| cpgs | Ciass (kN-m) (k-m) (kN-m) (k-m) (K-m)
3 2] Negative |sLCBT |- T z q 2 364051 | A2408507 | 14706.4069 6211622 | 14706.4069
2 [ Posiive |- = = = 5 B B B - B
2[m Negative |-

2[13 Positve |-

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.

Ale|C[D|E[FIG[H|T[J|K[LIM[N|O|P|QIR[S|T|[U|V|W]|X|Y]|Z|ANABACADIAEIAFAG]
44 2 Bending Resistance

45 2.1 Negative Moment

E - Design load

F Load combination name : sLCB1

a3 | Moga | = 0.000 kN

m Megs = 2000000 kN

50| Mags = 36405 KN - m

51| Mg = 1240851 WM. m

52

; - Stress

54| Top Flange

55 | 200 000 jmm 607 710 ;mm 23487 MPa
56 | 457000 mm 807,710 mm 53487 TPa
57| 200.000 :mm 607.710 ‘mm 23487 MPa
“5a | 15,000 'mm 607 710 ‘mm 23487 ‘WPa
59

E - Classification of sections

|

72|

E

74|

75 |

76

? - Plastic resistance moment, Mg ps

73| PlasticNA = 613.574 mm

79

80| Newo | = 0.000 kN

81 | Noggar = 2895.429 kN

82| Nywp = 14168536 kN  (Upper side of PNA)

83 | Mgoor =  17053.964 kN (Lower side of PNA)

‘84|

85 | Myps = 14706407 kN-m

86 | Mag = Maps = 14706.407 kN - m

87|

88 | Mes = 14706407 kN-m | > Megs =  -1277.25 kN-m 0K
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2. Resistance to vertical shear
Limit state of vertical shear resistance will satisfy the condition, V., <V, .

Shear resistance, V,,, will be determined as smaller value between Vg4 and Vygq when
considering shear buckling. When the shear buckling is not considered, Shear resistance, V;,,
will be determined as V,rq. The plastic resistance and buckling resistance are calculated as

follows.

2.1 Plastic resistance to vertical shear

AP

Vpl,Rd = Vpl,a,Rd =
Ymo

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

4,=nY(h,t,)

h,, : The depth of the web
t, : The web thickness
n : The coefficient that includes the increase of shear resistance at web slenderness

[Table 2.14] Coefficient n

Steel Grade n
$235 to S460 1.20
Over S460 1.00

2.2 Shear buckling resistance

(2.41)

(2.42)

Plates with hy >Bg for an unstiffened web, or L >£g\/k_ for a stiffened web, should be
t t n

T

n

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

the supports.

it
Vora =Viwra + Vor,pa < ‘/i
371

(1) Contribution from the web Vy,rq

P
bw,Rd ﬁyMl

where,

Jyw - Yield strength of the web.

h,, : Clear web depth between flanges.

t . Thickness of the plate.

yup - Partial factor for resistance of members to instability assessed by member checks.

Xw - Factor for the contribution of the web to the shear buckling resistance.

(2.43)

(2.44)

EN1994-2:2005
6.2.2.2
EN1993-1-1:2005
(6.18)

EN1993-1-1:2005
6.2.6(3)-d)

EN1994-2:2005
6.2.2.3
EN1993-1-5:2006
(5.1)

EN1993-1-5:2006
(5.2)
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[Table 2.15] Contribution from the web xw

EN1993-1-5:2006

Condition Rigid end post Non-rigid end post Table 5.1
A,<083/7 n n
0.83/7<A,<1.08 0.83/4, 0.83/4,
2,>1.08 137/0.7+4,) 0.83/4,
bs - r_g_

b ! EN1993-1-5:2006
‘ I ‘ Figure 5.1

R

Cross section notations a) No end post b) Rigid end post ¢) Non-rigid end post

[Fig. 2.19] End supports

Aw : Slenderness parameter.

[Table 2.16] Calculation of A,

EN1993-1-5:2006

Condition A, 5.3(3)
Transverse stiffeners at supports only. 1o h,
(In midas Civil, when longitudinal stiffener exists only) Y 86.4t
Transverse stiffeners at supports and intermediate transverse _ h
or longitudinal stiffeners or both (In midas Civil, except for the Ay ==
" R . 374te\k,
condition when longitudinal stiffener exists only)
For webs with longitudinal stiffeners,
T> hwi
S — EN1993-1-5:2006
37.4te k, (2.45) 5.3(5)
h,,; and k; refer to the subpanel with the largest slenderness parameter A, of all subpanels within the web
panel under consideration. (k. = 0)
o= |22 (2.46)
fy ’
k; : The minimum shear buckling coefficient for the web panel.
[Table 2.17] Calculation kt
No. of longitudinal Condition K EN1993-1-5:2006
stiffeners B A3
a/h,21.0 k, =5.34+4.00(h,/a)* +k
=0or>2 5
a/hy<1.0 k, =4.00+534(h, /a)* +k,
a=a/h,, 2 3.0 k, =5.34+4.00(h,/a)’ +k,
lor2 6.3+0.1831i

a=a/h, <3.0 k. :4'1+—2thw+2'23 fs,
a t'h,
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(2.47)

n, :Z ! A-‘-l IISBt
PAEEN 3 i 11, 1 EN1993-1-5:2006
+ j=—B * N i Ilm Figure 5.3
> | ¢
. B-B
(a) ] (b)

1 Rigid transverse stiffener
2 Longitudinal stiffener
3 Non-rigid transverse stiffener

[Fig. 2.20] Web with transverse and longitudinal stiffeners

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

[Table 2.18] Calculation n

Steel Grade n
S235 to S460 1.20
Over S460 1.00

(2) Calculation of the shear stress in the flange Teg max

e Structural steel box section

_ VEd,a Qf,a
Praa =7 T, (2.48)
a tf
e Composite box section
_ VEd,c Qf,c
Thie = 7 — (2.49)
c tf
TEd,max = Z-Ea',a + Z-Ea',c (250)
;a[yf
Tpd =7 — (2.51)
‘/§7M1
where,

Ora : Geometric moment of area in flange before composite
Oy : Geometric moment of area in flange after composite
1, : Second moment of area in flange before composite

1. : Second moment of area in flange after composite
fiy  : Yield strength of the flange.

Viaa : Shear force of girder before composite

Viae : Shear force of girder after composite

yui - Partial factor for resistance of members to instability assessed by member checks.
x  :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, Tggmax to the shear resistance, Tgg.

[ Transverse stiffener
Transverse stiffeners can be specified by members.

& Design>Composite Steel Girder Design>Transverse Stiffener...
Ge..] St...| Co...[ SRC | PSC CPGlF.E

Transverse Stiffener - J

Qptian
& Add/Replace  Delete
Both end partsti & i) have the
M game siifiener
R A
Jv Rigid Transverse Stiffener
¢+ One stiffener
" Two stiffener
ht: [0 T mm
t: [0 mrm
Pich « [0 mm| . ..
— a: Spacing of rigid transverse
r— Intermediate rigid .
transverse stifiener stiffeners

—

r Intermediate non-rigid
transverse stiffener

0
Apply Close

[Fig. 2.21] Transverse stiffener

1 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...

Transverse Stiffener of End Support ===
Select Support

& t Type of end support
[mF .
03 ¢ Mon-Fiigid end post (See Fig. 2.17)
(m] ¢ Mo end post
5
B
- ht: |0 mm
ti |0 mm
e |0 mm
Mode
é Eigig Eng post
igid end post
2 Eigig eng post ﬂ
igid end post =
g E‘g‘g E“g post Mlodify
igid end post
Delete

Cloze
[Fig. 2.22] Transverse Stiffener of End Support
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2.3 Resistance to vertical shear
Vg is calculated depending on the value of h,/t as shown in the table below.

[Table 2. 19] Calculation of Vgq
Condition Virdg
h, 172
< —s Ve, =V,
t Rd =V pI.Rd
Unstiffened
h, 72
- >—¢ Via = V;:,Rd
t n
h, 31
e = 75 \/Z Vea =V pi.ra
Stiffened
h, 31
7>75\/Z Vea =V ra
where,

Vyira - The plastic resistance to vertical shear:
Vira - 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  £n1994-2:2005

verified. 6.2.2.4(1)
—
s =Vi>0~5 (2.52)
bw,Rd

where,

Vea  : The design shear force including shear from torque.

Viwra : 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-p)f,q in the shear area. It is not considered in midas
Civil.

Wy )
p =[—Ed—1] (2.53)
Via
bes
! | 0.85 fea
| 11T -
m— EN1994-2:2005
v 6.2.2.4(2
(1- P)‘;d l Ed‘) Ves Figure é;
Fra

[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

. 77_330.5 : MRgg, Nrg need not be reduced.

. 77_3>0.5: The combined effects of bending and shear in the web of an | or box girder should
satisfy.

— M — EN1993-1-5:2006
f.Rd

m 1{1 - j(z;h “1f <10 (2.54) 7.0
pl.Rd

where,
— M M
= > TR (2.55)
Mpl,Rd Mpl,Rd
7
= Vb—E"M (2.56)

2.5 Check resistance to vertical shear

Vea <Vra (2.57)
where,

Via : Design value of the shear force acting on the composite section.

Vra : Design value of the resistance of the composite section to vertical shear.

2.6 Verification of vertical shear resistance

1 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...

B Model View /&3 Resistance to Vertical Shear |

web | Sect N_Ed W_Ed V_Ed VplRd Vb,Rd
Cass | ciass () (-m) () (k) (k)
2 2] slcat |- 1 1 2 2 -2000.0000 31842313 | 469656208 | 485609168 0.0000
2 [JB] = = = = =

Eem | Postion | Lcom Type [ Top Class| Bot Class|

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.

[ ]alB|c|D|E|F[G[H|I[J|K|L[M[N|O|P|Q|R[S|T[U|V|W|X|Y]|Z|AAABACADAEAFAC
93 | 3 Resistance to Vertical Shear

94 | - Design load

95 Load combination name :  sLCB1

96| Neg | = 2000000 kN

o7 | Moz = 804.929 kN . m

‘o8| Megs | = 1848218 kN - m

99| Vess | = 12488.720 kN

100| Ve = 32497101 kN

101| Ve | = 46985821 kN

102

E - Plastic resistance moment, Mg gy

137] PlasticNA | = 1343.878 mm

138

139| Nuw = 0.000 kN

140| Nygp | = 73162.780 kN

141] Nypor = B1270.695 kN

142

143| Mygs = 115704166 kN . m

144)

145 - Calculation. Vi re

148 Web(Web_R)

147| a =ah, = 0.14607076

148| ke = 414634018 - L hu))/ @+ 22 (- ha)"® = 306.7841206
149| ly | = 167648996696 mm*

150) v = 50.000 mm

151]

152 Vars = Av- (fy /403) /v = 24308.110 kN

153 Veg | = 24308.110 kN

154 Ves = Veg/Num. of Web = 23492910 kN

185

156| Ves I Vag = 0966 = 1.0 . 0K
187

E Interaction M-V

159 For the section class 1 or 2, M-V interaction should be checked separately by the user.
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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.

Vi Ed SViRd

Vi ra» Vira Shall be calculated as follows.

3.1 Design shear resistance of headed stud

EN1994-2:2005

Pyy = min[Peyy, Pegs | (2.58) 6.6.3.1(1)
0.8f,d* /4

P, = 28Lm 4 (2.59)

Yy
0.29ad>[f,E,,
2 s Vi (2.60)
Yy
where,

yy - The partial factor.

d : The diameter of the shank of the stud.

fu - The specified ultimate tensile strength of the material of the stud.

Jfex = The characteristic cylinder compressive strength of the concrete at the age considered.
hy. : The overall nominal height of the stud.

EN1994-2:2005

[Table 2.20] Calculation of a (6.20),(6.21)
3<hy/d<4 he/d >4
h
azO.Z(?HJ a=1

1 Shear connector
For shear connectors, enter the number of connectors, tensile strength, dimension, height (h,),
transverse spacing (s;), and longitudinal spacing (s.).

Lo

il

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

Gen... | Steel | Con... | SRC | PSC  CPG
Shear Connectar = J
QOptian

+ Add/Replace  Delete

Both end parts(i & j) have the
¥ same shear connector
| ‘J

f» Shear Connector Detail

Connectars

0
Tensile Strengthtfu) @

0 M/mmz
Diameter(Ds) :

[ mm

Overall heightthsc)

m  mm
Center-to—center(St) :

0 mm
Spacing(Sc) ¢

0 mm

Apply Close
[Fig. 2.25] Shear connector Input Dialog

3.2 Bearing shear stress of shear connector, v gq

ViRd = (2.61)

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

3.3 Shear stress at the connection between girder and deck, v, g4
(1) Beams with cross-sections in Class 1 or 2 and under the sagging moment and inelastic
behavior (Mgg > Mej ra)

v,
Vi Ed = zEd (2.62)
where,
Nc - Nc el M _Mel d EN 1994-2: 2005
Viea = (e e ) (Mo =M (263) 6522

pl,Rd — M, el,Rd

L, : Length of shear connection. (L, = by = B,)

(2) Other cases

VE d. Qs
1

y

Vi Ed = (2.64)

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

Condition Q,
Gravity center of composite section Calculate the geometric moment of area
< Height of girder with slab
Gravity center of composite section Calculate the geometric moment of area
> Height of girder with girder

3.4 Check resistance to longitudinal shear

Vi gd SVird (2.65)

where,
vy gq - Design longitudinal shear force per unit length at the interface between steel and concrete.
vy ra - 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...

4 [ Model View /[ Resistance to Longitudinal Shear |

V_LEd v_LEd P_RS v_LRd v_Ed
(k) (khjmm) (k) (NJmm) (k)
3 [E] SLCB1 |- ~24510.9529 19.5158 1005310 06702 0.0390
FEE] = = = = = =

Elem | Poston | Leom Type

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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1 By Excel Report

AlB|CIDIE|F|GIH|I|J|K[L[M[N[O|P|Q|R[S|T|U[V|W|X|Y|Z AAABACADIAEAFIAG

6 Resistance to Longitudinal Shear

- Design load

Load combination name - sLCB1
Nea 0.000 kN
Neg = 0.000 kN
Meg = -1234 865 kN - m
Vea = -24510.953 kN
Meipa = 13217.334 kN -m
Maps = B780.518 kN -m

- Shear resistance of a single connector

Pras = 08 f,-m  -d®/d/y, = 100531 kN
Praz = 029 @ d® dffu Eew) /vy = 137.253 kN
Pra = Min(PRdl] . Pmlz} = 100631 KN
where, f, = 400.000 MPa
a =1 for heofd > 4
Mum. = 2
d 20.000 mm
heg = 100.000 mm
Space = 300.000 mm
- Verification
vigs = Ve (A-z/l) = 19515.797 kN/m
vipd = Pra Num./Space = 670206 kN/m
ViEd ¥ VLR4 NG
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Chapter 2. Composite Steel Box Girder Design: EN1994-2

Serviceability Limit States

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 Ogg er

_ Y
O—Ed,ser £ Oallow = (266)
M ,ser

e Stress in girder, Ogqer, 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 . . .
. Girder Sagging moment : Deck concrete + Girder
Properties
Member . . N .
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 Teq ser

/ EN1993-2:2006
TEd, ser S Uty = £ (2.67) (7.2) '
\/gyM,ser
where,
V,
2-Ea',ser =Aid (268)

v

Viq : Shear force after composite action
A, : Shear area. For I-girder, A, = h,t,. For the other sections, A, =Y A,ep-
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(3) Combined stress Ogg comser

_ Yy
O-Ed,cnm,ser < O-allow - (269)
M ser

where,

_ [ 2 2
GEd,com,ser - O-Ed,ser +3TEd,ser (270)

1 Stress limitation parameters

& Design > Composite Steel Girder Design > Design Parameters...

Compasite Steel Girder Design Parameters @
Code : |EN 1994-2 -
Partial Factar
Caoncrete(Garnrna_C) !
Feinforcing Steel(Gamma_S) !
Structural Steel{Gamma_MO) 1
Gtructural Steel{Gamma_M1) !

Shear Resistance of a Headed Stud(Gamma_V} 1
Equivalent Constant &mplitude Stress Range{Gamma_Ff |1

Fatigue Strenath{Gamma_if) "7
Fatigue Strenath of Studs in Shear(Gamma_Mf,s) "7
I Stress in Structural Steel(Gamma M. ser) I | Ym,ser
Damage equivalence factors(for Resistance to fatigue)
Design life of the bridge in vear(t_Ld) “[”]7
Stress Limitation
[ J0E k2 [0.45 | Lks: 08 ] ki, ks, ks
Shear Fiesistance Reduction Factar of Stud Connector (for 5LE)
N I\
Ultirate Limit States Serviceability Limit State
Jv Bending Resistance v Stress Limitaion
|v Resistance to Verical Shear v Longitudinal Shear (SLS)

[¥ Resistance to Lateral-torsional Buckling
Jv Resistance to Transverse force
¥ Resistance to Longitudinal Shear

¥ Resistance to Fatigue

Cance

[Fig. 2.26] Composite Girder Design Parameters

1.2 Stress limitation for concrete of slab

o SO-allow =lg(yk (271)

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

[Table 2.23] Recommended value of k for concrete

Serviceability Load k

combination Type Applied Recommended
Characteristic ky 0.6

Quasi-permanent ky 0.45

fer - 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

O = O aliow = k3fsk

where,

ks : It is used as the user defined value.

[Table 2.24] Recommended value of k for reinforcement

(2.72)

EN1994-2:2005

Serviceability Load k 7.2.2(4
combination Type Applied Recommended
Characteristic ks 0.45

Jfsr - 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 -

4/ Model View /&1 Stress Limitation |

Top and Bottom Flange of Structural Steel
Elem

Conerete Deck

Reinforcement in Deck

Sigma_Ed,ser
()

ALW
WmmE)

Leom

Type

oum) | qumr) Leom

Tau_Edser| ALW | SQRT(sigma"2+3tau’2)

Type

Sigma_c
(U

2[i2]  |slcB2 | Charactens|

156.4094 | 254.0341 276.0178,

440.0000 | SLCE2

Sigma_s | kfsk
(imn) | (Wi

EE

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.

1 By Excel Report

AlB[c|D|E[F|G|H[1]J[K[L[M[N|O|P|Q|R[S[T[U|V|W]X]|Y|Z|paABACADIAEAFAG

8 Stress Limitation
- In the structural steel

Characteristic load combination name :  sLCB3
Oggeer = 65343 MPa (Bottom-right fiber in the flange)
Tedser | = 612 898 MPa (Meutral axis in the web)
OEd.ser = fy / Yiaser
65.343 MPa = 440.000 MPa
Ted ser = I (43 Ywser)
612,899 MPa > 254034 MPa
i H 2
V(oEazer + Izazer) = Ty f Vinser
1063.582 MPa = 440.000 MPa

- In the concrete of the slab
Quasi-permanent load combination name : sLCB2
0y = kafy
0.000 MPa < 18.000 MPa

- In the reinforcement
Load combination name :  sLCB3
Os < ks fa
19.995 MPa < 320.000 MPa

. OK

.. NG

. NG

. OK

0K
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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.

Vi Ed SViRd
Vi ra» Vira Shall be calculated as follows.

2.1 Design shear resistance of headed stud

Pra = min[PRdI’ PRdZ]

(2.73) EN1994-2:2005
6.6.3.1(1)
0.8f,d* /4
Py = 2804 (2.74)
Tv
0.290d | f.4E.,,
pay = ———— (2.75)
v
where,

yy - The partial factor.
d : The diameter of the shank of the stud, 16mm <d <25mm.
fo - The specified ultimate tensile strength of the material of the stud, < 500N/mm’.

e - The characteristic cylinder compressive strength of the concrete at the age considered.
hy. : The overall nominal height of the stud.
o : Refer to Table 2.20.

EN1994-2:2005
(6.20),(6.21)

[ 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, v, rq

k Py, N,
_ "s* Rd*Yconn
Vira == (2.76)
SCD}'["[
where,
ks : Reduction factor for shear resistance of stud connector.

Neonn © The number of the shear connector:

Scomn - The space of the shear connector:

79 Design Guide for midas Civil



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

Composite Steel Girder Design Parameters. @
Code
Partial Factor
Concrete{Gamma_C) 1
Reinforcing Steel{Gamma_5) 1
Structural Steel(Gamma M0} !
Structural Steel(Gamma M1} 1

Shear Resistance of a Headed Stud{Gamma V) 1

Equivalent Constant &mplitude Stress Range(Gamma_Ff) 1

Fatique StrengthiGamma_hf) 1
Fatigue Strength of Studs in Shear{Gamma_Mf s} 1
Stress in Structural Steel(Gamma_h.ser) 1
Damage equivalence factorsifor Resistance to fatigue)

Design lite of the bridge in year(t_Ld} 1od

Stress Limitation
ki@ [0B k2 : [0.45 ki: [08

Shear Resistance Reduction Factar of Stud Connector (for SLS)

| ke: 075 |

[Fig. 2.27] Composite Girder Design Parameters

2.3 Shear stress at the connection between girder and deck, v, g4
(1) Beams with cross-sections in Class 1 or 2 and under the sagging moment and inelastic
behavior (Mgg > Mg ra)-

V
ViEd = ZvEd (2.77)
where,
= (Nc’f i )(MED _Mel’Rd) (2.78) EN 1994-2: 2005
L,Ed .
Mpl,Rd _Mel,Rd 6.6.2.2

L, : Length of shear connection. (L, = b,y = B,)

(2) Other cases

_ VEdQS
VL,Ed T (2.79)
y
where,

Oy : 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

Vi Ed SVLRd (2.80)

where,

vy £q - Design longitudinal shear force per unit length at the interface between steel and concrete.

v ra - 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...

4 /& Model View / [ Longitudinal Shear(Ls) |

3 - 7 . V_cEd v_LEd P_Rd_ser v_LRd

em | Positen com = () (K/mm) (k) (Kmm)
3 7] SLCB3 | Characteristic 21604 7029 172018 755962 05027
2[1p] - = = = =

V ¢ 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

AlB|C|D|E|F|G|H|1|J|K|L[M|N[O|P|Q|R[S|T|U|V|W|X]|Y|Z |AsABACIADAEIAFAG]
9 Longitudinal Shear for SLS(Serviceability limit state)

- Shear resistance of a single connector

Load combination name - sLCB3

Pegr =08 f,.m d/4/y = 100.531 kN

Praz = 029 o o iffuc B /v = 137.253 kN

Prs = Min{Pras . Praz) = 100,531 kN

Proser = ks Pro = 75.398 kN

where, f, = 400.000 MPa

a =N for he/d > 4
Num. = 2
d = 20000 mm
hse = 100.000 mm
Space = 300.000 mm
ke| = 0.750

- Verification

ves = Ve (A z/l) = 17201.820 kN/m

Vird = Praser - Num./Space = 502 655 kN/m

WLEd 7 VLRd ... NG
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Chapter 3.
Composite Plate Girder Design (EN 1994-2)

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

Ultimate Limit States

Bending Resistance

|

Resistance to Vertical Shear

|

Resistance to Lateral-Torsional Buckling

|

Resistance to Transverse Forces

|

Resistance to Longitudanal Shear

|

Resistance to Fatigue

Olny check for
Steel-ISection

Serviceability Limit States

.. . For Quasi-permanent, Characteristic
Stress limitation for concrete Loa&omg’maﬁon
.. . . . For Quasi-permanent, Characteristic,
Stress limitation for reinforcing steel Frequent Load Combination

Stress limitation for structral steel For Characteristic Load Combination

Resistance to Longitudinal Shear For Quasi-permanent, Characteristic,
Frequent Load Combination




Chapter 3. Composite Plate Girder Design: EN1994-2

Ultimate Limit States

1. Bending resistance

Limit state of Bending Resistance will satisfy the condition, Mgg<Mgg.
Moment resistance, Mgg, 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

EN1994-2:2005

Materials Condition Partial Factor 2412
Persistent & Transient vc=1.5
Concrete
Accidental Ve=1.2
. . Persistent & Transient ys =1.15
Reinforcing steel
Accidental vs=1.0
Cross-sections Ymo = 1.0
Structural steel
Members to instability assessed ym1 = 1.0
Shear connection members to instability yv = 1.25
Fatigue verification Strength Yme = 1.0
of headed studs Strength of studs in shear Ywmis = 1.0

(2) Design compressive strength of concrete.

— EN1994-2:2005
fcd - fck /]/c (3.1) (2.1)

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

(3) Design yield strength of steel reinforcement.

Jsa =T 75 (3.2)

where,
Jfsr - The characteristic value of the yield strength of reinforcing steel.

ys : The partial factor for reinforcing steel.
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(4) Design yield strength of structural steel.

fyd :fy/J/Mo

where,

v« The nominal value of the yield strength of structural steel.

yao © The partial factor for structural steel applied to resistance of cross-sections.

The nominal values of the yield strength f, and the ultimate strength f, for structural steel

shall be obtained by using the simplification given in Fig. 3.1.

p Nominal thickness of the element t [mm]
and t< 40 mm 40 mm < t < 80 mm
steel grade " N
£, [N/mm-] £, [N/mm?] f, [N/mm’] |ﬂl [N/mm-]

EN 10025-2

S 235 235 360 215 360
S275 275 430 255 410
S 355 355 510 335 470
S 450 440 550 410 550
EN 10025-3

S 275 N/NL 275 390 255 370
S 355 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 N/NL 460 540 430 540
EN 10025-4

8275 M/ML 275 370 255 360
S 355 M/ML 355 470 335 450
S 420 M/ML 420 520 390 500
S 460 M/ML 460 540 430 530
EN 10025-5

S235W 235 360 215 340
S355W 355 510 335 490
EN 10025-6

S 460 Q/QL/QL1 460 570 440 550

[Fig. 3.1] Nominal values of yield strength f, and ultimate tensile strength f,

[ 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...

Design Guide for midas Civil

Cempasite Steel Girder Design Parameters. @
Code

Partial Factar

Concrete{Gamma_C) 1
Feinforcing Steel{Gamma_5) 1
Structural Steel(Gamma M0 1
Structural Steel(Gamma M1} 1
Shear Resistance of a Headed Stud{Gamma_V) 1

Equivalent Constant &mplitude Stress Range(Gamma_Ff) 1

Fatigue StrengthtGamma_f) 1
Fatigue Strength of Studs in ShearlGamma_hi.s) 1
Stress in Structural Steel(Garnrna_M,ser) [
Uarmnage EIJUI\E‘EI‘IEE Tactorsiior HES\MQUEJ

Design life of the bridge in year(t_Ld) 100
Stress Limitation

kl: [0B k2 [0.45 k3: [0

Shear Fesistance Feduction Factar of Stud Connector (for SLS)

ks i [0.7R

[Fig. 3.2] Design Parameters Dialog

EN1993-1-1:2005
Table 3.1



[ 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”, F; is tensile strength of the

steel for which the thickness is less or equal to 40mm and F,;, is tensile strength of the steel for
which the thickness is larger than 40mm.

& Design > Composite Steel Girder Design>Design Material...

Modify SRC Material =3
Iaterial List

I0 [ Mame [ GSteel [ Concrete | Main-bar | Sub-har |
1 C40/50 5450 C40/50 Class A Class A

SRC Material Selection
Steel Material Selection

Code : |EREETEN ~ Grade ¢ 54850 hd

Es  [2T0000 N/mme Fu : [580 Némme

Fyl : [440 /mme Fy2 : [410 /mme

Concrete Material Selection

Code : |ENO4RC) = Grade : |C40/50 -

Specified Compressive Strength (Fo/fck) @ [40 N/mimz

Feinforcement Selection

Code : |ENO4(RC) -

Grade of Main Rebar : [Class & ~| Fyr: 300 H/mms

Grade of Sub-Rebar : [Class & ~| Fys: [i00 M/mmz
Modify Close

[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 EN1993-1-1:2005
5.5.2
1 which can form a plastic hinge with the rotation capacity required from plastic
analysis without reduction of the resistance
5 which can develop their plastic moment resistance, but have limited rotation

capacity because of local buckling

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

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

Chapter 3. Composite Plate Girder Design: EN 1994-2 84
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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
To A steel compression flange that is restrained from buckling by
Positive FIanF;e effective attachment to a concrete flange by shear connectors
may be assumed to be in Class1.
-Composite-I: Check for outstand flanges in Fig. 3.4.
Negative Bottom  _composite-Box : Check for outstand flanges and internal
Flange compression part in Fig. 3.5.
Qutstand flanges
c c c '
i T .
t t 3y 2
Rolled sections Welded sections
Class Part subject to compression - Part subject fo bending and cm._npl_'ession_
Tip in compression Tip in tension
Stress oc ac
— —
distribution __
e ] =1
(compression G0 : i _
positive) ' i c | i [
9e 9e
1 c/t<9e c/t<— c/t€—
o O L
10
2 c/t<10e crsE c/ts E_
o oA L
Stress /
distribution - + _ 1+
(com s A | = I
compression E C E C
posttive)
21e.fk
3 c/t<1de oft= 2k,
For kg see EN 1993-1-5
e— 35/f | £ [ 235 1 275 [ 355 | 420 [ 460
N 3 [ 100 | 092 | 081 [ o075 | 071

[Fig. 3.4] Maximum width-to-thickness ratios for compression parts - Outstand

Design Guide for midas Civil
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e Classification of Class in web: check for internal compression part in Fig. 3.5.

Internal compression parts

—— — —
_H_IC - - _TC - c - - ‘ c ‘ __  Axisof
bending
t J t fl todle t-‘t ‘
i
t
— 4 4 i
e —'_‘t = '_vt { t LTJ Axis of
- - - - -— bending
C
Class Part subject to Part subject to Part subject to bendmng and compression
bending Compression
f, f f,
Stress m—
distribution + e
’ 1n parts ! c c c
compression
positive) —= !
f, f, f,
when ot >05: ¢/t< %
1 c/t<72e c/t<33e 36:7
when 0 £0.5: c/t<—
o
4568
when o >0,5: ¢/t< TGl
2 c/t<83e c/t<3se 4127
when 00 £0,5: ¢/t <228
o
f, i
Stress g f ¥
distribution
n parts c . c c
(compression - c/2
ositive)
? g ¥
42e
when y>—1: ¢/t <——
3 c/t<124e c/t<42e 0.67+0.33y
when y<—17: c/t<62e(1— q!}\,w'r(—\u)
e h35/f | £ [ 235 | 275 | 355 | 420 | 460
v Y] 3 [ 100 ] os2 | 081 [ o075 | 071

*) y < -1 applies where either the compression stress @ < £, or the tensile strain £, > f/E

[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 Flange

Class of Section

1 2 3 4

1 1 2 3 4

Class of 2 1 2 3 4
Web 3 2% 2% 3 4
4 4 4 4 4

*. Cross-sections with webs in Class3 and flanges in Classl 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.

e Effective Class 2 cross-section

The proportion of the web in compression should be replaced by a part of 20¢et,, adjacent to
the compression flange, with another part of 20¢t,, adjacent to the plastic neutral axis of the

effective cross-section in accordance with following figure.

EN1993-1-1:2005
Table 5.2

EN1993-1-1:2005
5.5.2(6)

EN1993-1-1:2005
5.5.2(11)

EN1993-1-1:2005
6.2.2.4(1)

Chapter 3. Composite Plate Girder Design: EN 1994-2
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EN1993-1-1:2005
Figure 6.3

Toet. -]
3 TZO:(W B

2 f

compression
tension

plastic neutral axis
neglect

[Fig. 3.6] Effective class 2 web

W

1.3 Calculate plastic bending resistance, Mg gq.
e 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.

EN1994-2:2005
Figure 6.2

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

For I-shape girder under sagging moment, M, 4 can be calculated depending on the position of
plastic neutral axis.

(1) Located in the slab depth for positive moment

Bc

|

o [ | i 0.85f¢q
Bl —— | 2 0]
s . T
T & —_— Natop

2z = Nauen (+)

—» b le— )
5 —_— Napot —
T ‘ Byt fya

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

[Table 3.5] My, rq in the slab depth for positive moment

Part Force Distance
Slab N, =0.85/,4B.x, -
Top Flange Notop=Syabitiy Gyop =t +Hy +0.51, —0.5x,,
Web Ny web = Fyatuh yep =t + Hy +1, +0.54,-0.5x
Bottom Flange Navor = Syabsrtor Aoy =t +Hy +tp+1,+0.5,,—0.5x
Mo rd M 1 Ra = Natopiop + Naywetftwed + Naporbot

Design Guide for midas Civil



(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] My, rq in the web of steel girder for positive moment

Part Force Distance
Slab N.=0857,8.1, -
Top Flange Nysop = Srdbifty Gyop = 0.51, + Hy, +0.5,
Web (Comp) Nowebe = Fyatwp —tc —Hy —ty) Ao =0.50xp + Hy +1,7)
Web (Tens) Noweby = Jyatwe + Hy + 1,0+ by —X,) ey =0.5(xp; + Hyy + 1y +hy)
Bottom Flange Nopor = Syaburter Ay =05 + Hy + 10 +1,+ 0.5,
Mol rd M 1 ra =—Na jopiop = NawebcQebe T Nawebi@es  Napobor

For I-shape girder under hogging moment, when plastic neutral axis is located in the web, Myrq
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

—

Bc ‘
\

fs
. © 0o © © 06 0 0 0 0 [P :dl
- N . (+)
I T b,
T o S — Ny
g +
_> Na,web,c UI L ( )
J— X e = — s —_ s — . J—
£ TU. é fyd
N t l— ‘ - Na,weh,t < T‘;? (_)
5 | I <_ Na,bot
T Byt fya
[Fig. 3.10] PNA in the web of steel girder for negative moment
[Table 3.7] My rq in the web of steel girder for negative moment
Part Force Distance
Slab Rebar Nsi = f:vdAsi A :xpl _dsi
Top Flange Na,top = ydBtfttf Qop =Xpi —I _Hh _O'Sttf
Web (TenS) Na,web,t =fyd(xpl _tc _Hh _ttf)tw Ayebr = O'S(xpl +tc +Hh +t[f)
Web (Comp) Na,web,c zfyd(tc +Hh +ttf +hw _xpl)tw aweb,c :O'S(IC +Hh +ttf +hw _xpl)
Bottom Flange Navor = JyaBertyy Apoy =t +Hy +t,+h, +0.50, —x
IvlpI,Rd Mpl,Ra' = ZNsiasi + Na,topatap + Na,web,taweb,t + Na,web,caweb,c + Na,batabat

Chapter 3. Composite Plate Girder Design: EN 1994-2
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1.4 Calculate elastic bending resistance, Mg rq

Mg =My g +kM, gy (3.4)

g™

P o,
UC‘ZJ : 2 T
g:s
+ =
——— 1 { 7
ay’ 5;“'23 Tai
g
ME.EC += Mch = Msu

[Fig. 3.11] Calculation of Mg g4

where,
M, gy : Design bending moment applied to structural steel section before composite behavior. Bending
moment obtained during the construction stage analysis is used in midas Civil.

M. gq: 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

Sva =M pa(z,/1,,) Sra=Mapa(z,/1,,)

Steel Girder k, = . Q= -
Mc,Ed(Zc /Iy,c) Mc,Ed(Zc/Iy,c)
Je

Slab k. = - -

Mc,Ed (Zc,slab /Iy,c,slab)

Soa
Reinforcement - ky = -
Mc,Ed (Zc,bar /Iy,c,bar)
k min[k,, k] min[k,, k]

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 A should be determined assuming that the cross section is subject only to
stresses due to uniform axial compression.

3 | G centroid of the gross cross
I/ ‘ I section
i G’ centroid of the effective
I

I cross seciion

TG G 1 centroidal axis of the gross
_i_ cross section
! 2 centroidal axis of the
‘ effective cross section
Gross cross section Effective cross section 3 non effective zone

[Fig. 3.12] Class 4 cross-sections - axial force

Design Guide for midas Civil
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¢ The effective section modulus W should be determined assuming that the cross section is
subject only to bending stresses.

——
/3
1
G | 2
G
—— — 1 EN1993-1-5:2006
Figure 4.2
Vs
H . G centroid of the gross cross
! section
1 ‘ ) G’ centroid _uf the effective
G f— ! _Z cross section
G" 1 centroidal axis of the gross
! ! cross section
I I 2 centroidal axis of the
‘ ‘ effective cross section
Gross cross section Effective cross section 3 non effective zone

[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.

EN1993-1-1:2005
6.2.2.5(4)

AM ;= Ngsey = NEd(Cz,c - Cz,c,ejj") (3.5)

where,

ey - Eccentricity between the gross area and effective area
C.. : Gravity center of the gross area

C. .o - 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 EN1993-1-5:2006
elements and Table 2.9 for outstand elements. The effective area of the compression zone of 4.4
plate should be obtained from :

A. o = PA. (3.6)

where,

Ao Effective cross sectional area.

A, : The gross cross sectional area.

p  : The reduction factor for plate buckling.

Chapter 3. Composite Plate Girder Design: EN 1994-2
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(1) Effective width b

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 I Web
element Box Web / Flanges between web
Outstand I Flange
element Box Outstand flange which is the outside of webs

1 :Internal element
: Outstand element

[Fig. 3.14] Internal and outstand element

¢ For internal compression elements
[Table 3.10] Internal compression elements

Stress distribution (compression positive) Effective” width b
=1:
o [T =
bet bez ber=p b
5
De1 = 0,5 begr by =0,5 begr
1>y=0:
[T
o2 bg=p b
bet bez =P 5
b b, = — b ba=Deg-ba
be ¥ b w<0:
L] —
ber=pbe=p b/ (1-y)
be be Oz
R — De1 = 0,4 begr be2 = 0.6 b
v = oy/a; [ 1 [ 1=y>0 | 0>y>-1 | -1 | -1>y>-3
Buckling factork, | 40 | 82/(1.05+v) | 7.81 781-629y +978y" | 239 | 598(1-y)
¢ For outstand compression elements
[Table 3.11] Outstand compression elements
Stress distribution (compression positive) Effective’ width b
[ b ] 1>y >0
% Eﬂﬂﬂ]]]]lj - ber=pc
y ey
S be f <0
Ty
ber=pbe=pc/(1-y)
G2 ) ber
Y = 0/0 | 1 | 0 | -1 | lzy=-3
Buckling factor k, [ 043 | 0,57 [ 085 | 0,57 - 0,21y + 0,07y”
b
il 1>y>0
=«
Oz bag=pc
P
bes
w<0:
(e
] o, ber=pb.=pec/(l-y)
be | b
Y = Gloy ‘ 1 | 1>y>0 | 0 ‘ 0>y>-1 ‘ -1
Buckling factork, | 043 | 0578/(y+034) | 170 | 17-5¢+171y° | 238
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(2) Reduction factor p
[Table 3.12] Calculation of reduction factor p

Type Condition p
2, <0.673 1.0
Internal — -
A, —0.0553+
element 4, > 0673 pfzs(vj)sl.o
where, (3 +y)>0 2,
2, <0.748 1.0
Outstand - 1 -0.188
element 4, >0.748 ———=<
A
where,
—_ 5 bt
A==
" Vo. 284sk, (3.7)
b . The appropriate width to be taken as follow.
b,, : For webs
b : For internal flange elements.
¢ : For outstand flanges.

Outstand flanges

i 1 | ——t—
t i o tf s

———

Rolled sections Welded sections

[Fig. 3.15] Dimension of outstand flanges

V' : The stress ratio.

ko : The buckling factor corresponding to the stress ratio w and boundary conditions.
t : The thickness.

o, The elastic critical plate buckling stress.

[ 235
= fy[N/mmz] (3.8)

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 p
should be determined for overall plate buckling.

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

Acroff = PeAeef toc + 2bedge.opt (3.9)
Ac,ejf,loc = Asl,ejf + Zplocbc,loct (310)
where,

Aeepioc - 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,e[/‘

Chapter 3. Composite Plate Girder Design: EN 1994-2
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2 applies to the part of effective section according to 1.6 of all longitudinal stiffeners with gross area
Ay located in the compression zone.

be o - The width of the compressed part of each subpanel.
Pwe - The reduction factor from 1.5 for each subpanel.

b 4
bl,edge.eﬁ = ITPI c.effloc b3.edge,eﬁ

A

B 0

- ) f? FHr Y

(]

B bs

|
b | by

[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 o, for stiffened web.
¢ with single stiffener in the compression zone
Ocp Can be calculated as follows ignoring stiffeners in the tension zone :

o-cr,p = O-cr,sl (3 11)

[Table 3.13] Calculation of o
Condition Ocrsl

1.05E \J1,,,t'b
az dc -

A&‘/,l blbz
7°El,, . Et’ba’
a<ac Ap@® 4z (1-v2) 4, bb;

where,

Ivl 1b12b22
a =4.334f~—
: b (3.12)

Ag; : The gross area of the column.
Ly, : The second moment of area of the gross cross-section of the column.

by, by : The distances from the longitudinal edges of the web to the stiffener.

——1
o
o
1= (3
b
(v 1
be a
a & 0,4 b,
t
|
———————————— é _u_ —— —1
a b. c.

[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

Ocp 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.

O-cr,p =min I:O-cr,sl,l > O-cr,sl,ll > O-cr,sl,lumped ]
N
b
x
A
' « | B¥
\ b 2
v
Stiffener | Stiffener 1l Lumped stiffener
Cross-sectional area A A, Ay +A,,
Second momentofarea I, Lis I, +0,,

[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.

(3.13) EN1993-1-5:2006
A.2.1(7)

EN1993-1-5:2006
Figure A.3

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 I; 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.

e with at least three stiffeners in the compression zone

Gcr,p = ka',po-E
where,
o = 7Ef
-

ks, : The buckling coefficient.

b is defined in Fig. 3.19.

t : The thickness of the plate.

E : The modulus of elasticity of structural steel.
v The poisson s ratio

w
~

centroid of stiffeners
centroid of columns =
stiffeners + accompanying
plating

subpanel

stiffener

plate thickness ¢

(¥}

w

Ca
[N

5y

*

a

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

k,, may be approximated as in the following table.

Chapter 3.

EN1993-1-5:2006
(3.14) A1(2)

(3.15)

EN1993-1-5:2006
FigureA.1
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[Table 3.14] Calculation of k, ,

EN1993-1-5:2006

Condition Ko,p (A2)

<§‘/_ 2[(1+a2)2+y—1j

a<fily N T

a?(y +1)1+6)
\ 4!1 )
= (w+1)1+5)
where,
w=22205 (3.16)

0

(3.17)
1,
YA
== (3.18)
4,
a
a=;20.5 (3.19)
> I : The sum of the second moment of area of the whole stiffened plate.
> Ay : The sum of the gross area of the individual longitudinal stiffener.
I, : The second moment of area for bending of the plate.
;o bt
7 120-0%) (3.20)

Ay : The gross area of the plate = bt.
o, : The larger edge stress.

0, : The smaller edge stress.

a, b, t : as defined in Fig.3.20.

I
h1
P LIPS
JI P b,
¥ bZ
e=max (e, e) ﬁb;“,,
—
J
b EN1993-1-5:2006
U - r FigureA.1
f—
I
widih for eross width for effective
areagr area according to | condition for y;
Table 4.1
3- 3- O
b ibl 4 b g v =0
5-w, 5-w Oerp
2 2 o 0
b, oF Yo = >
B 5-vy, 5-v, sl
33—y, 33—y,
2 ~b = 5
Dot 5y, s—y, F Va0
o
b 0,4 b 0,4 b e vy =—2<0
G,

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

¢ The relative plate slenderness /1_1, of the equivalent plate

7o |Pacty EN1993-1-5:2006
» (3.21)
Oer 4.5.2(1)
where,
A
_ “e.eff loc

fue =t (3:22)

A, . The gross area of the compression zone of the stiffened plate except the parts of subpanels

supported by an adjacent plate.
Acepioc - 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 p

[Table 3.15] Calculation of p

Element Condition [0}
— EN1993-1-5:2006
ﬂ,p <0.673 1.0 4.4(2)
Internal — -
A —0.0553+
element Ay >0.673 ”ff(l//)sl.
where, (3 +y)>0 A,
2, <0.748 1.0
Outstand . 1 —0.188
element 2, >0.748 —+——<10
ﬂp

(4) Column type behavior.
* The elastic critical column buckling stress o,

272
r°Et
a) Unstiffened plate: o, . =———
(a) P e = vy (3.23)
(b) Stiffened plate : o, . :o-m,b—c (3.24)
ki EN1993-1-5:2006
4.5.3(2),(3)
where,
a : Length of a stiffened or unstiffened plate.
ﬂ-zElel
o, = :
cr,sl A l’laz (325)

1

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 2,

i — / EN1993-1-5:2006
(a) Unstiffened plate : 4. = O_y (3.26) 4.53(4)
(b) Stiffened plate : A, = ﬂ;’“fy (3.27)
where,
_ Axl,l,ejf
Bie ST, (3.28)

Ag 105 - The effective cross-sectional area of the stiffener with due allowance for plate buckling.

* The reduction factor x.

1 EN1993-1-1:2005
=—<1.0
& T /‘Dz 2 (3.29) 6.3.1.2
= —2
(a) Unstiffened plate : ® = 0.5[1 + a(ﬂc - 0.2)+ 2. } (3.30)
where, o = 0.21
= =7
(b) Stiffened plate : @ = 0.5[1 + ae(/lc = 0.2)+ A } (3.31)
where,
a, :a+& (332) EN1993-1-5:2006
ile 4.5.3(5)
. Isl,l
. N (3.33)

e = max(el, 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.

o = 0.34 (for closed section stiffener), 0.49 (for open section stiffener)

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

EN1993-1-5:2006

pe=lp-2.)2-&)+ 7. (3.34) 4.5.4(1)
where,
— O-cr,p
E=—P 1, 0<£<10 (3.35)

cr,c

0O The elastic critical plate buckling stress.
0. - The elastic critical column buckling stress.
Xe - 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)...

Longitudinal Stiffener @

Longitudinal Stiffener ‘

Section List

10 [ Name [ reinfarcement | Stiffener [
[6] a

5 Carmpo_|

Section Shape

Copy Reinforcement & Stiffener.,,

Longitudinal ‘Stiffenar"

[ Both end parts (i &) have the same stiffener.
by
Width T z Spacing B
(mm) mm) [ Number | Refz (mm) (mm)
1 200.00 20.00 2| Top 100.00 300.00
2
Add/Replace ‘ Delata ‘ Close

[Fig. 3.21] Longitudinal stiffener Dialog

1.8 Calculate bending resistance, Mgq
Bending resistance, Mggq, 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: My, =M, z, (3.36)

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

[Table 3.16] Calculation Mggq

Condition Mgg
Xpl <0.15h Mpl,Rd

0.15h < x5 < 0.4h PM 4 ra

EN1994-2:2005
Ne 6.2.1.4(6)
NNl M ra +(Me1,Rd *Ma,Ed)m
Xpi> 0.4h
Ne=Neu
Nee<NEN ¢ My ga + (Mpl,Rd M )m
where,

M, ra : Design value of the plastic resistance moment of the composite section with full shear
connection.

M, ra : Design value of the elastic resistance moment of the composite section.
p : The reduction factor.
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N.  : Design value of the compressive normal force in the concrete flange.
N, : Compressive normal force in the concrete flange corresponding to M, gy
N.s : Design value of the compressive normal force in the concrete flange with full shear connection.

B
|
R 1,0
I 111 055
h
| -
0,15 04
[Fig. 3.22] Reduction factor B for Mg
(2) Class 1 and 2 + Negative Moment.
* The strength of the concrete in tension is neglected.
* Bending resistance
Mpg =My pa (3.37)
(3) Class 3
* Bending resistance
Mpq =M, g =M, gq+kM, g, (3.38)

(4) Class 4

e 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

Mpg =My gy =M, g+ kM, g4 (3.39)

1.9 Check bending resistance

Mgy <My (3.40)

where,
Mg, : Design bending moment.
Mg, : 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...

4_/Bh Model view /[ Bending Resistance |

PositiverNi] Web Sect Wa,Ed Mc Ed MplRd Wel,Rd W_Rd

Bem | Positon | “ogive | Leom | Type [TopClass|BotClass| ey | cuss arm (kH-m) carm) (kHm) carm)
3 2] Negative | sLCB1 - 1 2 1 2 -36.4051 -1240.3507 14706.4069 T821.1822 14706.4069
2@ Posiive |- - - - - - - - - - -

BEE] Negative |-

HEE] Positive

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

1 By Excel Report
Detail results with applied equations and parameters can be checked in the Excel Report.

A|B|C|D|E|F|G|H|I|[J|K|L|M|N|O|P|Q|R|S|T|U|V|W|X]|Y|Z|saABAC/ADJAE|AFAG]
44 2 Bending Resistance
a5 | 2.1 Negative Moment
E - Design load
? Load combination name : sLCB1
a3 | Nags = 0.000 KN
a9 | Negs = 2000.000 iy
50| Moz = -36.405 KN . m
51 | Mogs = 1240851 kN - m
52
? - Stress
; Top Flange
E (= i -200.000 imm  |zq 607.710 ‘mm |oy 23.487 iMPa
56 2 15.000 imm  [zp 607 710 imm  |og 23 487 iMPa
E gt ¥4 200.000 imm  [z4 607.710 :mm |gy 23.487 :MPa
58 vz 15.000 imm |zz 607.710 ‘mm |oz 23.487 :MPa
59
? - Classification of sections
? Part Class
? Top flange 1
73 Web 1
T Bottom flange 2
75 | Section 2
76
? - Plastic resistance moment, Mg rg
78 PlasticNA = 6135674 mm
79
‘80 | News, | = 0000 KN
81| [T—— 2895.429 kN
8z | Nysp = 14158536 kN (Upper side of PNA)
83| Nogor = 17053964 kN (Lower side of PNA)
84
85| Myrs = 14T0B.407 &N - m
6| Mes = Mggs = 706407 kN - m
87
a8 | Mpa | = 14706407 kN - m > Mg = 277256 kN - m LOK
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2. Resistance to vertical shear

Limit state of vertical shear resistance will satisfy the condition, V,, <V, .
Shear resistance, V,,, will be determined as smaller value between Vrq and Vygq when
considering shear buckling. When the shear buckling is not considered, Shear resistance, 7;,,

will be determined as V,rq. The plastic resistance and buckling resistance are calculated as
follows:

2.1 Plastic resistance to vertical shear

A,(f,143)
Voi.ra =Vpia,ra :;—Mo (3.41)

where,

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

A, =03 (k1) (3.42)
h,, : The depth of the web
t,, - The web thickness

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

[Table 3.17] Coefficient n

Steel Grade n
$235 to S460 1.20
Over S460 1.00

2.2 Shear buckling resistance

. h 72 . h, 31 .
Plates with TW >—¢ for an unstiffened web, or f >—g,/kT for a stiffened web, should
n n

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

1t
Vora =Vowra ¥ Vir,ra < é (3.43)
M1

(1) Contribution from the web Vi rq

Vv _ Zvvf-)whvvt
bw,Rd ﬁyMl (344)

where,

Jyw - Yield strength of the web.

h,, : Clear web depth between flanges.

t . Thickness of the plate.

ya - Partial factor for resistance of members to instability assessed by member checks.
xw - Factor for the contribution of the web to the shear buckling resistance.
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[Table 3.18] Contribution from the web ¥,,

Condition Rigid end post Non-rigid end post 5?;213_11_5:2006
A,<083/7 U U
0.83/7<A,<1.08 0.83/4, 0.83/4,
A,>108 137/0.7+A,) 0.83/4,
b . B
. |
; ; | EN1993-1-5:2006
N ‘ i ‘ Figure 5.1
Cross section notations a) No end post b) Rigid end post c) Non-rigid end post
[Fig. 3.23] End supports
Ay - Slenderness parameter.
[Table 3.19] Calculation of A,,
Condition A, 5%12)93'1'5:2006
Transverse stiffeners at supports only. T - h,
(In midas Civil, when longitudinal stiffener exists only) Y 86.4te
Transverse stiffeners at supports and intermediate
transverse or longitudinal stiffeners or both Z __h
(In midas Civil, except for the condition when longitudinal 37.4t.9\/z
stiffener exists only)
For webs with longitudinal stiffeners,
" o EN1993-1-5:2006
> — 5.3(5)
37.41¢[k, (3.45)

h,i and kg refer to the subpanel with the largest slenderness parameter A, of all subpanels
within the web panel under consideration. (k. = 0)

oo (239 (3.46)
fy '

k; : The minimum shear buckling coefficient for the web panel.

[Table 3.20] Calculation k,

ITongltudlnaI Condition ke EN1993-1-5:2006
stiffeners num. A3
a/hy > 1.0 k, =5.34+4.00(h,/a)’ +k,,
=0or>2 5
a/h, <1.0 k, =4.00+5.34(h, /a)" +k
a=a/h, > 3.0 k, =5.34+4.00(h,/a)* +k,,
lor2 6.3+0.183Ii

a=a/hw < 30 kz- :4.1_,’_ 5 t hw +2.23 {Sl
a t°h,
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(3.47)

[ .

1 1 h, I:I: - T I”’“
+ rd ™ EN | + N 1 s
- |
. B

( 2N et B EN1993-1-5:2006
Figure 5.3
2, a, a
a,
(a) (b)
1 Rigid transverse stiffener
2 Longitudinal stiffener
3 Non-rigid transverse stiffener
[Fig. 3.24] Web with transverse and longitudinal stiffeners
L : The second moment of area of the longitudinal stiffener about z-axis. The value of I; will be
multiplied by 1/3 when calculating k..
n : The coefficient that includes the increase of shear resistance at web slenderness
[Table 3.21] Calculation n
Steel Grade n
$235 to S460 1.20
Over S460 1.00
(2) Contribution from the flange Vy¢ra
b 2f " 2 EN1993-1-5:2006
t M 5.4(1)
_ S Ed
Vrra = po- ! [M _ ] (3.48) EN1993-1-5:2006
M1 f.Rd (5.8)
where,
byand trare taken for the flange which provides the least axial resistance.
by being taken as not larger than 15¢, on each side of the web.
Sy Yield strength of the flange.
1.6, 1,
c=a 0.25++fy/ (3.49)
thwfyw

yu - Partial factor for resistance of members to instability assessed by member checks.
Mg, : Design bending moment.
M;q : 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 M gq
Condition M rq

Neg =0 M¢rq is calculated as M, rg but neglecting the web contribution.

It is calculated by multiplying the reduction factor from the value

of Mgrg When Ngg=0.

Neqis present - Ny EN1993-1-5:2006
(Ap+A4,)fy (5.9)
Ymo

[ Transverse stiffener
Transverse stiffeners can be specified by members.

& Design>Composite Steel Girder Design>Transverse Stiffener...
Ge..| 5t...| Co...| SRC | PSC CPGlRE

Transverse Stiffener - J

Option
& &dd/Replace  Delete
W Eg$8928 E?Iret?(i & i) have the
I CR
[v Rigid Transwerse Stiffener
= One stiffener
" Twn stiffener
e[0T mm
te[@d mm
ﬂ a: Spacing of rigid

Inmermedate rigid transverse stiffeners
r transwerse stiffener

o

Intermediate non-rigid
transverse stiffener

0
Apply Close

[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...

Transverse Stiffener of End Support [=E3a)
Select Support

o Rigid end post
Eg ¢ Mon-Rigid end post Type of end support
4 Mo end post (See Fig. 3.23)
3
o ht: |0 mm
tejo mm
ed o mm
Hode
é Eigig eng post
igid end post
3 Eigig eng post ﬂ
igid end post A
E Eigig eng post Modity
igid end post
Delete
|

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

[Table 3.23] Calculation of Vg4

Condition Virdg
W 72 —
e < 75 Via =V pi.ra
Unstiffened
h, 72
—>—¢ Vea =Vi ra
t n
h, 31
e = ;‘9\/Z Vea =V pi,ra
Stiffened
1
h—w>3—5 k. Vea =Vo ra
t n ’
where,

Vyira: The plastic resistance to vertical shear.
Vira : 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.

— 7
73 =—£

= >0.5
Ve (3.50)

where,
Via : The design shear force including shear from torque.
Viwra : 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-p)f,q in the shear area.

2
Wy, ]
p=|—5-1 3.51
[ Ve, (3.51)
b
: | 0,85 feq
11 _
(1- Pl l*’ﬁ) Ves

[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

o ESO.S: Mgy, Nrg need not be reduced.

. ;3>0.5: The combined effects of bending and shear in the web of an | or box girder should

satisfy.
_ M _
o+ 1-—L2 on, —1) <1.0
1 3
M pl,Rd
where,
=M M ra
1
M pl,Rd M pl.Rd
— )
7 =—+
V;?W,Rd

2.5 Check resistance to vertical shear
Via <Vra

where,

Viq : Design value of the shear force acting on the composite section.
Vra : 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.

(3.52)

(3.53)

(3.54)

(3.55)

& Design>Composite Steel Girder Design>Design Result Tables>Resistance to Vertical Shear...

i Model View ” 1 Resistance to Vertical Shear |

Web | Sect N_Ed M_Ed V_Ed VplRd Vb,Rd
Elem | Postion | Lcom Type |TopClass| BotClass| o0 | (o i wm ™ ) iy

2[Jp]

2[12 sLCB1 |- 1 1 2 2 -2000.0000 31842313 | 469858208 48560.9168 0.0000

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.

[]A[B|C|D|E|F|G[H| 1 |J|K[L|M|N|O|P|Q|R|S|T|U|V|W|X]|Y|Z|AABACADAEAFAG
93] 3 Resistance to Vertical Shear
94 | - Design load
95| Load combination name :  sLCB1
96 | Nes = -2000.000 kN
97 | Maga | = -804.929 kN - m
98 Megs = -1848.218 kN - m
‘g | Vess = 14488.720 kN
100 Vess = 32497101 kN
101] Ves = 469856821 kN
102|
136 - Plastic resistance moment, My rg
137 Plastic NA = 1343.878 mm
138
139 Newy, | = 0.000 kN
140 Ngtwp | = 73162 780 KN
141 Ngpot = 81270.695 kN
142|
143| Mers = 115704.166 kN - m
144
145 - Calculation. Vi g
146 Web(Web_R)
147 a = ah, = 0.14607076
148| ke = 414634018 - It - hy))/ @® + 2.2 - (1t - ha))"® = 306.7841206
149 Iy = 167648996.696 mm*
150| t = 50000 mm
151|
152 Vors = Av- (fy (430 v = 24308110 kN
153 Ve | = 24308.110 kN
154 Vesi = Ve /Num. of Web = -23492 910 kN
155
156| Vesi/ Vrs = 0.966 = 1.0 oK
157
158| Interaction M-V
159| For the section class 1 or 2, M-V interaction should be checked separately by the user.
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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.

Mgy <My gy

h+ﬂ <1.0
Nyra My pa

Ny ra» My s shall be calculated as follows.

3.1 Design buckling resistance moment My gq

M. =y M EN1994-2:2005
b,rd = XLrM Ra (3.56) 6.4.2(1)

where,

xir - The reduction factor for lateral-torsional buckling corresponding to the relative slenderness Ayr

My : The design resistance moment at the relevant cross-section.
(1) The reduction factor ¥t

1
Tir = <1.0 EN1993-1-1:2005
T (3.57) 6.3.22

, =2
O+ Ppy —Arr

where,

~ —2
D, =0.5I:1+aLT(lLT—0.2)+/1LT:| (3.58)

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

EN1993-1-1:2005

Cross section Limits Buckling Curve Table 6.4
h/b<2 c
Welded I-Section
h/b>2 d
In midas Civil, plate I- girder is considered as welded section. Rolled section is not considered.
o7 : An imperfection factor.
[Table 3.25] Imperfection factor for lateral torsional buckling curves
Buckling Curve ot EN1993-1-1:2005
Table 6.3
a 0.21
b 0.34
o 0.49
d 0.76
ELT = 1.103£ L l+ﬂ (3.59) Designers’ Guide to
b\ Em 3A/- EN1994-2, (D6.14)
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L : The span length between the rigid supports.

B : The width of the compression flange.

Ay : The area of the compression zone of the web.
Ay : The area of the compression flange.

m =min[m,, m,]

3+20

my =1.0+0.44(1+ u)d" + ———
! (+ujo 35050y

(3.60)

my =1.0+0.44(1+ x )" + [0.195 +(o.05 +ﬁj®jy°5 (3.61)

_ et

7—E (3.62)

c=—2 (3.63)

C, : The spring stiffness.
L : The distance between the springs.

—ﬁ V, <V
H Vi 2 <"

’

[Table 3.26] Calculation of @
Bending moment (0]

Change sign O=—-—

Not change sign == M;<M,

(2) The design resistance moment Mgq

[Table 3.27] Design resistance moment for section class

Section Class Mgg
1,2 Moi,rd
3 Meird = Mo ed + KM gq

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>Late

ral Torsional Buckling Data(Plate Girder Only)...

SRC | PSC CPG | Ra

Ge..| 5t
Lateral Torsional Buckling Da + J

Option
& Add/Replace " Delete
Both end parts(i & j) have the
M same data
S CR
¥ Lateral Torsional Buckling

Distance between
the springs(l) :

1] ]
Spring stiffness(Cd) ¢

1] kh/m
Alphatfor k1)

o
Spacing between
the parallel beamia) :

0 m

Apply Close
[Fig. 3.28] Lateral torsional buckling data

3.2 Axial buckling resistance of the cracked composite cross-section Ny rqg

Ny ra = X17Nga (3.64)

where,
xur - The reduction factor for lateral-torsional buckling corresponding to the relative slenderness Ay r
Nga : The design resistance moment at the relevant cross-section.

(1) The reduction factor ¥+

The reduction factor, X7, is calculated as per the clause 3.1. When the reduction factor due to

axial force, y.r, is calculated, m=1.0 will be applied.

(2) The design resistance axial Ngq
Nia=Afya (3.65)

where,

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

3.3 Check resistance to lateral-torsional buckling

My <M, gy (3.66)

h+ﬂsl.0 (3.67)
Nb,Rd Mb,Rd :

Chapter 3. Composite Plate Girder Design: EN 1994-2
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3.4 Verification of lateral-torsional buckling resistance

1 By Result Table
Verification results can be checked in the table below.

& Design>Composite Steel Girder Design>Design Result Tables>Resistance to Lateral-Torsional

q / B wodel view / [ Resistance to Lateral-Torsional Buckling |
Eem | Postion | Leom Type é;zs 'E;NEf (:w_;?m N[:‘,ﬁd [:"Nh"::' [kmfn'm) Interaction Ratio
¥ @ I 4| 20000000 | 12343653602 | 304994800 | 87605182553 | 1150073408255 02062
2 - - - - - - - -

Elem: Element

Position: 1/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: Ngy/Ny pat+Mgs/Mppa<1.0

1 By Excel Report

AlB|c|p|E|F|G|H|1]J|K|L|M|n|Oo|P|@|R|S|T|U|Vv|w]|X]Y]|Z|aaaBACIADAEAFAG
4 Resistance to Lateral Torsional Buckling

- Design load

Load combination name - sLCB1
Neg = -2000.000 kN
Mgs = -1234.865 kN -m
Vi = 26252 848 kN

Vz = -8388.655 kN

My = -1276.082 kN - m
Mz = 15544669 kN - m
Mpira | = 13217334 kN -m
Meips = 8780518 kM -m

- Mg, rs Buckling resistance moment

L = 1000.000 m
c = Call = 0.100
v =c-L*IE-I) = 0.000
p = \VaiVy = 0.332
@ = 2. (1-MgMy) f (14p) = 1.501
mi = 14044 - (14+p) - @FH{F42 - @) (35050 - p) = 2078
my = 1+0.44 - (1+p) - OVEH0.195+{0.05+p/100) - @) - P = 2.080
m = Min(my, mg) | = 2078
ar = 0.490
Ar = 1103 - Ub - offfy/En) - (1443 - Ag)) = 0.056
@7 = 0.5 (4w (h7- 020N = 0.466
r
Xr o = I — 1
D7+ (D - Ar)
Mag | = 8780.518 kN . m
Mpra = X+ Mpg = 8780.518 kN . m

- Ny pg Buckling resistance moment

Xrn | = 1.000

Negs = Xir-Area - fq = 30499.480 kN

Combined Ratio | = —=0_ + _Me0 _ (506911845
Ne. ra Mg, rs
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4. Resistance to transverse force

Resistance to transverse force can be verified for plate I-girder.
The following condition must be satisfied.

17,<1.0
17,+0.8np,<1.4

n, 1, shall be calculated as follows.

4.1 Type of load application

Type (a) Type (b) Type (c)
s A
*Vz s fhw " = " =k * Vs

il

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

1 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)...

Ger Steel | Co

Steel | Con SRC | PSC CPG
Types of Load Application = J
Option
& &dd/Replace  Delete
Both end partsii &j) have the
¥ same type

I CR

Jv_Tupes of Load Application

@ Typeia) .

£ Typetb) Type of loading
" Typeich (See F|g.2.25)

a0 mm
3s: |0 i
0

Apply Close
[Fig. 3.30] Type of load application Input Dialog

4.2 Design resistance to local buckling under transverse forces Fgq

f €] 'tw
Fra = reley

Y

where,
Jfow © The yield strength of the web.

Ly : The effective length for resistance to transverse forces.
t, - The thickness of the web.

vui - The partial factor for resistance of members to instability assessed by member checks.

EN1993-1-5:2006
Figure 6.1

EN1993-1-5:2006
(6.1)
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(1) Effective length Lek
Lejf :ZFly

where,
L, : The effective loaded length.
xr - The reduction factor due to local buckling.

(2) Effective loaded length |,

[Table 3.28] Calculation of |,

Type of loading g
(a), (b) 1, =s,+2t, 1+ Jm ;)
(c) [, =mi lyl’lyZ’leJ
where,

sy - The length of stiff bearing.
h,, : Clear web depth between flanges.

‘%l,:f/ \'::IF/S// 1Fs Fs 1Fs
T X [ ez

b=} b= =k k=) ¥os.=o
[Fig. 3.31] Length of stiff bearing

ty: The thickness of the flange

Sy

S

1

BY —
~ o.oz[TWJ iy > 0.5)

m2 =
0 (A4r <0.5)

2
In midas Civil, only m, :O.OZ(hTWj is applied.

Design Guide for midas Civil

(3.69)

(3.70)

(3.71)

(3.72)

(3.73)

(3.74)

EN1993-1-5:2006
(6.2)

EN1993-1-5:2006
6.5(2),(3)

EN1993-1-5:2006
Figure 6.2

EN1993-1-5:2006
6.5(1)

EN1993-1-5:2006
6.5(3)



(3) Reduction factor for effective length for resistance ¢

0.5
Xr === <1.0 (3.75)
F
where,
— it f
D= 25w
a F, (3.76)
13
1= 0-9kFEh—W (3.77)

kr : The buckling coefficient for concentrated load.

b; : The depth of the loaded subpanel taken as the clear distance between the loaded flange and the
stiffener.

3
I
7, =10.9hL‘3 313[]1&] +210(o.3—ﬁj (3.78)

wow w a

L ; : The second moments of area of the stiffener closest to the loaded flange including contributing
parts of the web.

[Table 3.29] Calculation of ke

Type of loading Condition ke
0.05 < by/h,<0.3 h Y b
kp=6+2 544—-021}
and b;/a<0.3 A a s

(a)

Others
a

2
kp =35+ 2[ﬁj

2
kp= 6+2(EJ

(b) -

a

kF=2+6[SSh”J36

(c) -

W

4.3 Verification for transverse force

F,
7, =L <1.0
Fra

(3.79)

where,
Fg, : The design transverse force.
Fry: The resistance to transverse force.

4.4 Verification for uniaxial bending

= de o Mgy + Npgey <1.0
Sy Aoy S Wy (3.80)

Ymo Ymo

where,
Ngq: The design axial force.

EN1993-1-5:2006
6.4(1)

EN1993-1-5:2006
6.4(2)

EN1993-1-5:2006
6.6

EN1993-1-5:2006
4.6
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Mgy : The design bending moment.

ey - The shift in the position of neutral axis.

fy : The yield strength of girder.

Ay o The effective cross-section area.
Wy The effective elastic section modulus.

vuo - The partial factor.

4.5 Check resistance to transverse force

4.6 Verification of transverse force resistance

17, <1.0

n, +0.87, <14

[ By Result Table
Verification results can be checked as shown in the table below.

(3.81) EN1993-1-5:2006

6.6 and 7.2

(3.82)

& Design>Composite Steel Girder Design>Design Result Tables>Resistance to Transverse
Force...

4

[& Model view [ Resistance to Transverse Force |

on | rosion | Leom | Twe | =
3 [E] sLCB1 - -25252 8476 -2000.0000
FNE] - - - .

|

Iy Ed
(kN-mm)

Mz Ed F_Rd
(kiN-mm) (kN)

Eta2

Etal

Interaction Ratio

Lcom: Load combination

Type: Load combination type (Fxx-max, Fxx-min, ..

F_Ed: Design transverse force

12760817352

0.0000 5279.8608

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

27213

. Mzz-min)

0.1162

F Rd: Design resistance to local buckling under transverse forces

Eta2: FEd/FRd < 1.0

Etal: Member verification for uniaxial bending (EN 1993-1-5, (4.14))

Interaction Ratio: 1,+0.8n; < 1.4

By Excel Report

28142

A|B|C|D|E|F|G[H|I|J|K|L|M|N|O|P|Q|R|S|T|U|V|W X]|Y|Z |[saABACADAEIAFAG

5 Stress Limitation
- In the structural steel

o £ kqfy
0.000 MPa

- In the reinforcement

0. = kafu
6.564 MPa

Design Guide for midas Civil

Load combination name :

Characteristic load combination name :

- In the concrete of the slab
Characteristic load combination name -

z

=

sLCB2

sLCB2

24.000 MPa

sLCB2

320.000 MPa

Ofsser = 30 087 MPa (Bottom-right fiber in the flange)
Tegeer = 168 409 MPa  (Neutral axis in the web)
O, ser < Ty / Yiser

30.087 MPa < 440.000 MPa
Teg.zer < iy /(43 Yo ser)

158.409 MPa < 254.034 MPa
V(Ogse + 3Teaea’) S Ty / Vbt zer

276.018 MPa < 440.000 MPa

.. OK

oK

oK

Ok

. 0K



5. Resistance to longitudinal shear

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

<

ViEd SV Rd

Vi ras Vi.ra Shall be calculated as follows.

5.1 Design shear resistance of headed stud

Pra :min[PRdl’PRdZ] (3.83)
0.81,md*/4
Py =—"—— (3.84)
Yy

0.290d> [ f,E.,,

Prpp=—""""— (3.85)
Yv

where,

yy - The partial factor.

d : The diameter of the shank of the stud.

fu : The specified ultimate tensile strength of the material of the stud.

fex - The characteristic cylinder compressive strength of the concrete at the age considered.
hy. : The overall nominal height of the stud.

[Table 3.30] Calculation of a

3<hy/d<4 he/d >4
h
a=0.2(§+1) a=1

1 Shear connector

For shear connectors, enter the number of connectors, tensile strength, dimension, height (h,),
transverse spacing (s;), and longitudinal spacing (s.).

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

[Fig. 3.32] Notation of shear connector

Chapter 3. Composite Plate Girder Design: EN 1994-2
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& Design>Composite Steel Girder Design>Shear Connector...

Ger Steel | Con SRC | PSC CPG
Shear Connector - J
Qption

&+ &dd/Replace  Delete

Both end partsti & j) have the
¥ same shear connector

IR A
v Shear Connector Detail

Connectors

—
Tensile Strengthifu) :

0 M/mmz
Diameter(Ds) :

0 mm

Overall heightthsc) @

0 mm
Center-to-center(St)

U mm
Spacing(Sc) ¢

U mm

Apply Close
[Fig. 3.33] Shear connector Input Dialog

5.2 Bearing shear stress of shear connector, v, gq

Py N EN 1994-2:2005
(3.86) 6.6.2.2

ViRd =
c

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

5.3 Shear stress at the connection between girder and deck, v q

(1) Beams with cross-sections in Class 1 or 2 and under the sagging moment and inelastic
behavior (Mgg > Mg ra)-

Vo= 3.87
L (3.87)
where,
(Nc,f “Neu )(MED —M, py )
Viea = (3.88)
M pl,Rd -M, el,Rd
L, : Length of shear connection. (L, = by = B,)
(2) Other cases
— VEdQs
L (3.89)
v
where,

Oy : Geometric moment of area at the shear connector position (contact point between girder and slab)

Design Guide for midas Civil



[Table 3.31] Calculation of Qg

Condition

Q,

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

Viga S

where,

VL.Rd

(3.90)

vy £q - Design longitudinal shear force per unit length at the interface between steel and concrete.

vyra - Resistance to longitudinal shear.

5.5 Verification of longitudinal shear resistance

2 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...

4~y Model View [ Resistance to Longitudinal Shear |

Elem | Position

Leom

Type

V_LEd
)

v_LEd F_Rd

(kNmm), (k)

v_LRd
(Kh/mm)

v_Ed
(KNImTE)

3 2

SLCBI

245109529

19,5158 1005310

06702

0.0390

2@

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

1 By Excel Report

AlB|c|D|E|F|G[H|1]J|K|L|M[N|O|P|Q|R[S|T|U|V|W|X]|Y|Z|AsABACADAEAFAG

6 Resistance to Longitudinal Shear
- Design load
Load combination name *

Mo
Net
Meq
Ves
MD\ Rd
M

- Shear

= 0.000
= 0.000
= -1234.865
= -24510 953
= 13217 334
= 8780.518

sLCB1

kN
kN

KN -

kN

kN -
kN -

m

m
m

resistance of a single connector

Proi = 0.8 fom d/dly = 100.531 kN
Proz = 029 a & dffa Eem)/py = 137.263 kN
Prs = Min(Pras . Prsz) = 100531 kN
where, f, = 400000 MPa
a =N for heo/d > 4
Num. = 2
d = 20000 mm
hee | = 100,000 mm
Space = 300.000 mm
- Verification
e = Vest(A-z/l) = 19515.797 kM/m
Vigs = Pra-Num/Space = 670.206 kN/m

VLEd

> ViRa

N

G

Chapter 3. Composite Plate Girder Design: EN 1994-2
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6. Resistance to fatigue

Resistance to fatigue should satisfy the following condition.

VErATg, <
Vmf,s

Atg,, Az, will be calculated as follows.

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

[Table 3.32] Recommended values for partial factor

Consequence of failure

EN1993-1-9:2005

Assessment Table 3.1
Method Low consequence High consequence
Damage tolerant 1.00 1.15
Safe life 1.15 1.35

(2) Partial factor for fatigue loads yg;
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.

Compasite Steel Girder Design Parameters. @
Partial Factar
Concrete{Gamma_C} 1
Reinforcing Steel{Garnma_5) 1
Structural Steel(Gamma_M0} 1
Structural Steel(Gamma_M1} 1
Shear Resistance of a Headed Stud{Gamma_t) [

Equivalent Constant Amplitude Stress Range(Gamma_Ff) |1
Fatigue StrengthiGamma_f) 1

Fatigue Strength of Studs in Shear{Gamma_kif,s) 1

Stress in Structural Steel(Gamma_.ser) 1

Damage equivalence tactorsitor Besistanca to fatigne)
I Design life of the bridge in year(t_Ld) 1og I
Stress Limitation

ki : [0E k2 [0.86 k3 [0

Shear Resistance Reduction Factor of Stud Connectar (for SLS)

ks ¢ 078

Ultimate Limit States
[¥ Bending Resistance

Serviceability Limit State
[ Stress Limitaion

[V Resistance to Vertical Shear i Longitudinal Shear (SLS)
Jv Resistance to Lateral-torsional Buckling

Jv Resistance to Transverse force

[¥ Resistance to Longitudinal Shear

[v¥ Resistance to Fatigue

Carcel

[Fig. 3.34] Composite Steel Girder Design Parameters

Design Guide for midas Civil
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6.2 Equivalent constant range of shear stress for 2million cycles Ate;

EN1994-2:2005
Atp,=AAT (3.91) eal65(1)

where,

Ay :The damage equivalent factor depending on the spectra and the slope m of the fatigue strength
curve.

At : The range of shear stress due to fatigue loading.

(1) Damage equivalent factor A,

A =Aidat A (3.92) EN1994-2:2005
6.8.6.2(3)~(5)
where,
A1 o The factor for the damage effect of traffic and depends on the length of the critical influence line or
area.

A2 : The factor for the traffic volume.
A3 © The factor for the design life of the bridge.

1/5
( EN1993-2:2006
A= (—moj (3.93) 9.5.2(5)

t1a - The design life of the bridge in years.
Ava o The factor for the traffic on other lanes.

In midas Civil A, ; is applied as “1.55” and t 4 for calculating A, ,, A, 4, and A3 can be entered by
the user. Refer to the clause 6.1 for the input parameter.

(2) Range of shear stress At
Calculate the shear stress per a shear connector.

1 Damage equivalent factor
The values for A,; and A, 4 can be specified by the members as shown in the figure below.

Ge...|st...| Co...| SRC | PSC CPG ‘ Ra
Damage Equivalence Factors « J

QOption
& add/Replace  Delete
Both end parts(i & ) have the
¥ same dala
L A
[w Damage Equivalence Fact

Factor for the traffic
valumetlamda_v2) :

—

Factor for the Traffic on other
lanes(Lamda_vd)

——

Apply Close

[Fig. 3.35] Damage Equivalence Factors

Chapter 3. Composite Plate Girder Design: EN 1994-2 120
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6.3 Reference value of fatigue strength at 2 million cycles At,
The value of At is applied as 90 N/mmz.

6.4 Check resistance to fatigue

VirATg, < (3.94)

ny,s

where,
ver - The partial factor for fatigue loading.
Yugs - 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...
4/ [h wodel view ” [ Resistance to Fatigue |

detta Tau detaTauE2 | detaTauc
Elem | Posion | Lcom Type lamda_v i) Nm) Py Ratio
7] SLCB1 |- 0.0000° 93181 0.0000° 0.0900 0.0000°
2 [ = = = = = = =

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_FE,2/ delta Tau_c

1 By Excel Report

AlB|c|D|E|F|G|H|1]|J|K|L|M|N|O|P|Q|R|S|T|uU|V|w| X|Y]|ZAsABACADAEAFAG
T Resistance to Fatigue
- Design load
Load comisLCB1
M, = 1276.082 kN - m

- Shear stress range for the connector

Ar| = |Foe/Ase | = 9318.107 MPa
where, Fyc = Vs space of stud / number of stud | = 2927370 kN
A = 314159 mm?

- Damage equivalent factor

A = At Mz Aa Ay = 0.000
where, Ay q = 1.550
M2 |= 0.000
Az | = 1.000
A = 0.000

- Equivalent constant amplitude range of shear stress related to 2 million cycles

Mgz = Ay AT = 0.000 MPa
- Verification
yre - Bres d (Do / yues) | = 0.000 = 1

Design Guide for midas Civil
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Chapter 3. Composite Plate Girder Design: EN1994-2

Serviceability Limit States

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 O ser

EN1994-2:2005

- 7 7.2.2(5)
OFd.ser =Oallow = (395)
Moser EN1993-2:2006
(7.1)
e Stress in girder, Ogqser, 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 Girder Sagging moment: Deck concrete + Girder
Properties Hogging moment: Deck rebar + Girder
Member . . S .
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 Teq ser
< __ 5 EN1993-2:2006
z-Eaf,se/f = z-allow - J— (396) (7 2)
7/M,ser ’
where,
V
TEd,Ser :% (397)

4

Veq : Shear force after composite action
A, : Shear area. For I-girder, A, = h,t,. For the other sections, A, =Y Ayep-

Chapter 3. Composite Plate Girder Design: EN 1994-2
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(3) Combined stress Ogg comser

fy
O-Ed,com,ser < O-allow = (398)
M ,ser

where,

_ ' 2 2
O—Ed,com,ser - O—Ed,ser +3TEd,ser (399)

1 Stress limitation parameters

& Design > Composite Steel Girder Design > Design Parameters...

Composite Steel Girder Design Parameters [E==]
Code @ |EN 1934-2 -
Partial Factar
Concrete(Gamma_C} 1
Reinforcing Steel{Gamma_5) 1
Structural Steel{Gamma_M0} 1
Structural Steel{Gamma_ M1} 1

Shear Fiesistance of a Headed Stud{Gamma_V) 1
Equivalent Constant dmplitude Stress RangeiGamma-Ff) 1
Fatigue Strength{Gamma_Mf) 1

Fatigue Strength of Studs in Shear(Gamrma_hdf s) 1
| Stress in Structural Steel{Gamma_ serd |] | Ym,ser

Damage equivalence factors(for Resistance to fatigue)

Design lite of the bridge in year(t_Ld) 100
Stress Limitation
[ [oe K2 (045 | Les: od ] k1, k2, ks
Shear Resistance Reduction Factor of Stud Connector (for SLS)
ket 075
Ultimate Limit States Serviceability Limit State
¥ Bending Resistance W Stress Limitaion
[¥ Resistance to Verical Shear ¥ Longitudinal Shear (SLS)

[v Resistance to Lateral-torsional Buckling
¥ Resistance to Transverse force
Jv Resistance to Longitudinal Shear

|v Resistance to Fatigue

Cancel

[Fig. 3.36] Composite Girder Design Parameters

1.2 Stress limitation for concrete of slab

O, < O allow = Mz‘k (3100)

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

[Table 3.34] Recommended value of k for concrete

Serviceability Load k

combination Type Applied Recommended
Characteristic ky 0.6

Quasi-permanent k, 0.45

fex - The characteristic value of the cylinder compressive strength of concrete at 28 days.

Design Guide for midas Civil
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1.3 Stress limitation for reinforcement of slab

O = O aliow = k3.ka

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

[Table 3.35] Recommended value of k for reinforcement

Serviceability Load k
combination Type Applied Recommended
Characteristic ks 0.45

fsi - Characteristic value of the yield strength of reinforcing steel.

1.4 Verification of stress limitation resistance

1 By Result Table
The verification results can be checked as shown in the table below.

(3.101)

EN1994-2:2005
7.2.2(4)

& Design>Composite Steel Girder Design>Design Result Tables>Stress Limitation...

4B Model View ” B Stress Limitation |

Top and Bottom Flange of Structural Steel Concrete Deck Reinforcement in Deck
Elem
. N Sigma_Edser| ALW | TauEdser| ALW | SORT(sigma2-3taw2)|  ALW . N Sigma_c | Kok . . Sigma_s | kfsk
o b () oumre) | oumee) | oumoe) (tumne) (umne) con P2 | ume) | umme) o ¥oe | oume) | umme)
2|12 sLCB2 Characteris| 30.0868 440.0000 158.4094 254.0341 276.0178 440.0000 | 5LCB2 Characteris| -0.0000 24.0000 | sLCB2 Characteri 6.5638 | 320.0000
» 2B |- - - - - - - -[- - - -[- - -

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

AlB|C|D|E|F|G[H|I[J|K|L|M[N|O|P|Q|R[S|T|u|v|wW|X]|Y|Z|saABACADIAEAFAG
8 Stress Limitation
- In the structural steel

Characteristic load combination name - SLCB3
P 65343 MPa (Bottom-right fiber in the flange)
Tesser = 612.699 MPa (Neutral axis in the web)

Odser S Yuser
65343 MPa < 440.000 MPa OK
Tesse < fy /(03 - Vuser)
612.899 MPa > 254.034 MPa NG
V(Osssel + FTease’) | € fy / Yonser
1063582 MPa > 440,000 MPa NG

- In the concrete of the slab
Quasi-permanent load combination name : sLCB2
0y < kefu
0.000 MPa < 18.000 MPa oK

- In the reinforcement
Load combination name :  sLCB3
0y € kafu
19.995 MPa < 320,000 MPa OK

Chapter 3. Composite Plate Girder Design: EN 1994-2
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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.

Vi Ed SVird

Vi ras Vi.ra Shall be calculated as follows.

2.1 Design shear resistance of headed stud

Pyy = min[Peyy, Pegs | (3.102) 2\1;39?(13:2005
0.8f, /4
Prai :—fu (3.103)
V%

0.290d> | f.4E.,
g =————— (3.104)
Vd%

where,

yy - The partial factor.

d : The diameter of the shank of the stud, 16mm <d <25mm.

fo : The specified ultimate tensile strength of the material of the stud, < 500N/mm’.

fex - The characteristic cylinder compressive strength of the concrete at the age considered.
hy. : The overall nominal height of the stud.

EN1994-2:2005
o : Refer to Table 3.30. (6.20),(6.21)

[ 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, v, rq

v — ks P Rd N, conn
LRE ST (3.105)
conn
where,
ks : Reduction factor for shear resistance of stud connector:

Neonn - The number of the shear connector.
Scomn - The space of the shear connector.
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2 Reduction factor k;
Reduction factor for stud, k;, can be entered in Composite Steel Girder Design Parameters
dialog box.

Composite Steel Girder Design Parameters @
Code ¢
Partial Factor
Concrete{Gamma_C) 1
Reinforcing Steel{Gamma_5) [
Structural Steel(Gamma D) 1
Structural Steel(Gamma_1) 1

Shear Resistance of a Headed Stud{(Gamma_} !

Equivalent Canstant Amplitude Stress Range(Gamma_Ft) |1

Fatigue Strengthl{Gamma_hf) “7
Fatigue Strength of Studs in Shear{Gamma_Mf,s) “7
Stress in Structural Steel(Gamma-M.ser) "7
Damage equivalence factors(for Resistance to fatigue)

Design life of the bridge in vear(t_Ld} mui
Stress Limitation

k@ [0 k2: [0.45 k3: [08

Shear Reslstance Reduction Factar of Stud Cannector (for 5LS)

[Fig. 3.37] Composite Girder Design Parameters

2.3 Shear stress at the connection between girder and deck, v, g4

(1) Beams with cross-sections in Class 1 or 2 and under the sagging moment and inelastic
behavior (Mgg > Mg ra)

v
Vi = (3.106)
where,
(Nc,/' _Nc,el)(MED _Mel,Rd)
Viea = Y (3.107)
pl.Rd el,Rd

L, : Length of shear connection. (L, = by = B,)

(2) Other cases

v _ VEdQs
LE =T (3.108)
y

where,

Oy : 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

Vi Ed SViRd (3.109)

where,
vy gq - Design longitudinal shear force per unit length at the interface between steel and concrete.

vy ra - Resistance to longitudinal shear.

Chapter 3. Composite Plate Girder Design: EN 1994-2
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2.5 Verification of longitudinal shear in SLS

1 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...

4_Th wodel view ”Th Longitudinal Shear(sLs) |

o Post N . V_cEd v_LEd P_Rd_ser v_LRd

=|| BT £ vpe (kNy (idmm) (kNY (idmm)
3 ] SLCB3 | Characteristic 216047028 172018 753962 05027
HEE] = = B - - -

V ¢ 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

AlB|c|D|E[F|G[H|I[J|K|L|M[N|O|P|Q|R[S|T|U|v|W|X]|Y|Z|sABACADAEAFAG
9 Longitudinal Shear for SLS(Serviceability limit state)

- Shear resistance of a single connector

Load combination name sLCB3

Prai = 08 foom ¥ /dly = 100.531 kN
029 a- & o Eom) /e | = 137.253 kN
Min(Prg.1 . Praz) = 100.531 kN

Prise = ke Pg = 75398 kN

where, f, = 400.000 MPa

a =N for hegfd » 4
Num. = 2
d = 20.000 mm
hee = 100.000 mm
Space = 300000 mm
ke = 0.750

- Verification

Vg = Vs (A z/l) = 17201.820 kN/m

VLri = Praser Num./Space = 502.655 kN/m

Vigs > VLRg NG
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Chapter 4.
Steel Frame Design (EN 1993-2)

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

Classification of Cross Section

Ultimate Limit States

Torsion

I

Compression

I

Bending Moment

I
Shear

I

Bending and Shear

I

Bending and Axial Force

I

Bending, Shear, and Axial Force

I

Buckling Resistance of Members

Serviceability Limit States

Vertical Deflection

Horizontal Deflection




Chapter 4. Steel Frame Design: EN1993-2

Classification of Cross Section

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] dasses of cross-sections

Class Definition

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

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

in which the stress in the extreme compression fibre of the steel member
assumingan elastic distribution of stresses canreach the yield strength, but

3 local bucklingis liable to prevent assumingan elastic distribution of stresses
can reach theyield strength, but local bucklingis liable to prevent
development of the plastic momentresistance

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] dass ofsectionaccording to dass of compression parts

EN1993-1-1:2005

Class of Flange 5.5.2
Class of Section
1 2 3 4
1 1 2 3 4
Class of 2 1 2 3 4
Web 3 3 3 3 4
4 4 4 4 4

Chapter 4. Steel Frame D esign: EN 1993-2 128
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Outstand flanges

———

Rolled sections Welded sections
Class Part subject to compression _ Part subjec.t 1o bending and compression
Tip in compression Tip in tension
Stress oc
distribution
+
s - s
(compression | | |~—~| i :
positive) ' U c
9e
1 c/t=9e c/t<—
10e
2 c/t<10e citE—
Stress
distribution — /{
in parts | e “i i?‘
(compression | |-—-| ! c
positive) '
1< 2lefk,
3 c/t<lde ¢ Vo
For k; see EN 1993-1-5
&= ‘.'W f, 235 275 355 420 460
e e 1,00 0,92 0,81 0,75 0,71

[Fig.4.1] Maximum width-to-thickness ratios for compression parts —OQutstand

Angles
h
t Does not apply to angles in
Refer also to “Outstand flanges™ b continuous contact with other
(see sheet 2 of 3) components
Class Section 1 compression
Stress
distribution f
across S N
section
(compression \
positive)
b+h
3 h/t<15e: ——<11,5¢
2
Tubular sections
t-
'\‘r\ d
Class Section in bending and/or compression
1 d/t <508
2 d/t<70¢’
. d/t <00e’
2 N
NOTE For d/t >90e’ see EN 1993-1-6
. f, 235 75 355 420 460
€:\‘-'335'f‘. £ 1,00 0,92 0,81 0,75 0.71
¢ 1.00 0.85 0,66 0,56 0,51

[Fig.4.2] Maximum width-to-thickness ratios for compression parts - Outstand
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¢ Classification of web: Check for internal compression partin Figure 1.3.

Internal compression parts
— — C—y— 1
_H ¢ - _ _[C _ ¢ _ _ ‘ ¢ ‘ __ Axisof
bending
tﬁg t Tl t tﬂt ‘
A
t
C ‘n C ‘\ "
- It — *t t (-] Axis of
Cc Cc c .
- - - - - - — bending
AL eedJ U
Class Part subject to Part subject to Part subject to bending and compression
bending COMPress1on
f, f, 1,
Stress
distribution + ac)
’ n parts ! c c c
COompression
positive) — !
fy fy f}'
when ot >0.5: ¢/t £ 1';9681
1 c/t< 72 ¢/t<33e 36?7
when t £0.5: ¢/t £—
o
456¢
when 0> 0.5: ¢/t < o1
2 c/t<83e c/t<38e 410_:’
when 00 <0.5: ¢/t <20
o
f, f,
Stress g f 4
distribution
in parts [= + c c
(compression _ cf2
ositive
posiave) | ¢ &
42e
whenwy>-1: ¢/t<——
3 c/t1<124e c/t<42e 0.67+0.33y
when <-17: ¢/t< ﬁletl—w)w-‘r(—\y)
e [235/f | £, [ 235 [ 275 [ 355 [ 40 | 460
v Y B | 100 | o092 [ 081 | 075 | 071

#) Y < -1 applies where either the compression stress G < £, or the tensile stram ¢, > f/E

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

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

Section Element
Web
T
Section
Flange
Inverted ER
Flange

Ratio
Checked

h/t
(b+h)/2t

c/t

h/t
(b+h)/2t

c/t

Class 1

Not
applicable
Same as |
shape web

Not
applicable

Same as |
shape web

Class 2

Not
applicable
Same as |
shape web

Not
applicable

Same as |
shape web

Class 3

15¢
11,5¢
Same as | shape
web

15¢
11,5¢

Same as | shape
web

Chapter 4. Steel Frame D esign: EN 1993-2
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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 A should be determined assuming that the cross section is subject only
to stresses due to uniform axial compression.
_ | _ 3 H G centroid of the gross cross
‘ I/ I section
G’ centroid of the effective

1 T_* e - cross section

e y G N 1 centroidal axis of the gross
T E—— cross section
i Ta 2 centroidal axis of the
| effective cross section
Gross cross section Effective cross section 3 non effective zane

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

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

—— ——
/3
1
G : z_
G
L1 L1
| /°
H T G centroid of the gross cross
! section
1 | G centroid of the effective
-5 _ 2 cross section
| G'| 1 centroidal axis of the gross
! ! cross section
1 1 2 centroidal axis of the
| | effective cross section
Gross cross section Effective cross section 3 non effective zone

[Fig.4.5] dass 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 centroid between gross section
and effective sectionis added in design moment.

AMgy = Ngg€y = Ngg (Cz,c _Cz,c,eﬁ) (4.1)

where,
ey : Eccentricity between centroid of gross section and centroid of effective section

C,¢ : Centroid of Gross Section
C,ceff - Centroid of Effective Section

Design Guide for midas Civil
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3. Plate elements without longitudinal stiffeners EN19934.5.2004
The effective areas of flat compression elements should be obtained using Table 4.4 for 4.4
internal elements and Table 4.5 for outstand elements. The effective area of the compression
zone of plate should be obtained from :

A = PR (4.2)

where,

A o . €ffective cross sectional area

A, : thegross cross sectional area

p : 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 ofinternal and outstand element

Type Shape Defined as
Internal | Web
element Box Web / Flanges between web
I Flange
Outstand :

Outside parts of flange

element Box . : o
with referring to the web position

273 ¢ Internal element
O :Outstand element

[Fig.4.6]Internal and outstand element

¢ For internal compression elements

EN1993-1-5:2004

Stress distribution (compression positive) Effective® width b
B Table 4.1
=1:
N = =
be1 bez bug=p b
b
b = 0,5 Degt bay = 0,5 Degr
1>w>0:
o 1
o2 ba=p b
bes bez x =P 5
b bel = = beﬁ‘ b2 =Dbeugr- bay
¢ be ¥ be y < 0:
[ _
o - o beg=pb.=p b/(1-y)
—* b=t
%'( be1 = 0.4 bogr be2=0,6 begr
W =0y0y 1 1>y>0 0 0>y>-1 -1 1=y>3

Buckling factor k.| 4,0 8.2/(1,05+y) | 781 7,81 -6.29y + 9,?8\.}11 239 5,98 (1 - w)1

[Fig.4.7] Internal compression elements
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e For outstand compression elements

Stress distribution (compression positive) Effective® width b
| ber 1>w=0
o WWW/ o be=pc
1 b be v <0
,mﬂm/ o
bee=pbe=pc/(1-y)
Y =020, 1 0 -1 12w>-3
Buckling factor k, 0,43 0,57 0,85 0,57 - 0,21y + 0,0?\p"
b
il 1>y>0:
,
I MIHD Gz br=pc
S
beﬂ -
v 0:
0y
HMI]]AWGQ beg=pb.=pc/(ly)
be b
Yy =agy/a; 1 1=>y>0 0 0zwy>=-1 -1
Buckling factor k; 043 0,578/ (y + 0,34) 1,70 1,7 -5y + 17, 1y" 23.8
[Fig.4.8] Outstand compression elements
(2) Reduction factor p
[Table 4.5] Galculation of reduction factor p
Type Condition p
2, <0.673 1.0
Internal — —
-0. +
element Ap> 0673 w <1.0
where, (3+y)>0 Ay
2, <0.748 1.0
Outstand =
_ )),p —-0.188
element A, >0.748 ——¢
}“p
where,
— |f b/t
ﬂ‘p I (4.3)
Oy 284e,k,
b the appropriate width to be taken as fol low.
by, : for webs
b : for internal flange elements.
c: for outstand flanges.
Qutstand flanges
L 5 e
t th t! e
o
Rolled sections Welded sections

[Fig.4.9] Dimension of outstand flanges
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¥ : the stress ratio.

K, : the buckling factor corresponding to the stress ratio y and boundary conditions.
t: the thickness.

o - the dastic critical plate buckling stress.

235
&= |———- (4.4)
f,[N/mm?]
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Chapter 4. Steel Frame Design: EN1993-2

Ultimate Limit States

1. Tension

The design value of the tension force Ngg at each cross section shall satisfy:
N EN1993-1-1:2005
—H.<10 (45) 623

t,Rd

For sections with holes the design tension resistance Nt,Rd should be taken as the smaller of
N, rg = Min(N olRd s Nurda) (4.6)

1.1 Design plastic resistance of the gross cross-section

Af,
NpI’Rd = (4.7)

MO

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

Nyre = 09A Ty (4.8)
Vw2

midas Civil does not consider fastener holes.

2. Compression

. . . . EN1993-1-1:2005
The design value of the compression force Ngy at each cross section shall satisfy: 6.2.4

Ney. <1.0 (4.9)

c,Rd

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

Af
Nc —_ y For class 1, 2 or 3 cross-sections (4.10)
VMo
A f
Nc Rd = eff Y For class 4 cross-sections (4.12)
VMo

Design Guide for midas Civil



3. Bending moment

The design value of the bending moment Mgq at each cross section shall satisfy: EN TGO PO0s

6.2.5
M
Bd_<1.0 (4.12)
M c,Rd
where, M¢rq 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
Moy =M oy = oty for class 1 or 2 t (4.13)
erd =M pa = or class 1 or 2 cross sections .
MO
Wel min
— _ . y .
Mc’Rd = Mel,Rd == Y for class 3 cross sections (4.14)
Vmo
W, f
M,y = __&fminy for class 4 cross-sections (4.15)
Ymo
wher e, Wy min and Wi min COrresponds to the fiber with the maximum elasti ¢ stress.
4. Shear
Resistance to vertical shear needs to satisfy the following condition:
Veg <Vrg (4.16)
Shear resistance, Vg, is applied as Vj o, when shear buckling is considered. Otherwise, it is
applied as Vi re-
4.1 Plastic resistance to vertical shear
vV = M (4.17) EN1993-1-1:22005
RS (6.18)

VMo

where,

ymo: the partial factor for resistance of cross-sections whatever the classis.

A, : Refer to the table below

h,, : the depth of the web.

tw . the web thickness.

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

Chapter 4. Steel Frame D esign: EN 1993-2
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[Table 4.6] Contribution from the web yw

Section Av EN1993-1-1:2005
Rolled I, H, Load parallel to web A-2bt; +(t, +2r)t; =7yh,t 6.260)
Rolled channel sections, load parallel to web A-2bt, +(t, +1)t,
Rolled T-section, load parallel to web 0-9(A_ btf )
Welded I, H and box sections, load parallel to web 772 (h,t,)
Welded I, H channel and box sections, load A— Z(hwtw)

Parallel to flanges

Rolled rectangular hollow sections of uniform

thickness: Ah/(b+h)
load parallel to depth Ab/(b+h)
load parallel to width
cnfcular hollow sections and tubes of uniform 2A
thickness
[Table 4.7] Coefficient n
Steel Grade n
S$235 to S460 1.20
Over S460 1.00
4.2 Shear buckling resistance
72 31
Plates with %>75 for an unstiffened web, or %>;s\/z for a stiffened web, should be FNEEE e TR
5.1(2)

checked for resistance to shear bucklingand should be provided with transverse stiffeners at
the supports. In midas Civil, longitudinal stiffener is not considered.
e Limitation

1. For Channel, H, B, and double Channel sections, shear bucklingis 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.

nfwvh,vt
Vi rg =V Vi < '

b,Rd = Vow,Rd + Vbr,Rd \/§7M1 (et EN1993-1-5:22004

(5.1)

(1) Contribution from the web Vpyrqg
ot
Vow,rd :M (4.19)

V371 EN1993-1-5:2004

(5.2)

where,

fyw © yield strength of the web.

hy, : clear web depth between flanges.

t : thickness of the plate.

ym1: partial factor for resistance of members to instability assessed by member checks.

xw - factor for the contribution of the web to the shear buckling resistance. In midas Civil, itis calculated
by assuming the end support as non-rigid end post.

AW : slender ness par ameter.
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[Table 4.8] Contribution from the web x,,
Condition Rigid end post Non-rigid end post
4, <083/ 7 7
0.83/5< A, <1.08 0.83/4, 0.83/4,
2, >1.08 1.37/(0.7+ 4,) 0.83/ 1,
be . By
|
A

T 1

a) No end post
[Fig.4.10] End supports

Cross section notations

[Table 4.9] Calculation of A,

L. | f

b) Rigid end post

¢) Non-rigid end post

Condition

Transversestiffeners atsupports only.

Transversestiffeners atsupports and intermediate

transverse or longitudinal stiffeners or both

A
—__h
A= 86.4ts

- h,
AT 37.4ts k.

For webs with longitudinal stiffeners,

o
R 37.4tsJk;

EN1993-1-5:2004
Table 5.1

EN1993-1-5:2004
Figure 5.1

EN1993-1-1:2004
5.303)

(4.20)
EN1993-1-1:2004
5.35)

hwi and ky refer to the subpanel with the largest slenderness parameter Aw of all subpanels

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

k, : theminimum shear buckling coeffi cient for the web panel.

[Table 4.10] Calculation k.

(4.21)

Longitudinal

stiffeners num. Condition
a/hy21.0
=0or >2
a/hy<1.0
a=a/h,, >3.0
lor2
a=a/hy <3.0

ke

k. =5.34+4.00(h,/a)> + Kk
k =4.00+5.34(h,/a)* + k4
k. =5.34+4.00(h,/a)* + k.

s

63+018 ;- |
k=alt— ooy ls
a t°h,

EN1993-1-1:2004
A3

Chapter 4. Steel Frame D esign: EN 1993-2
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a: the distance between transver se stiffeners

lg : the second moment of ar ea of the longitudinal stiffener about z-axis.

When calculating k, , |4 isreplaced as 1/3 | 4.

7 : the coefficient that includes the increase of shear resistance at web slender ness

z

W, : Lot IISBt
+ e N . N T *I h § |--|Iljst
> 5 :
( f b BB
@ ) (b

1 Rigid transverse stiffener
2 Longitudinal stiffener
3 Non-rigid transverse stiffener

[Fig.4.11] Web with transverse and longitudinal stiffeners

[Table 4.11] Galculation n

Steel Grade n
S235 to S460 1.20
Over S460 1.00

(2) Contribution from the flange Vptrqg

be,Rd =

2 2
byt fy [1_[ M gq ]

Crm1 { M g

where,

brand t; are taken for the flange whi ch provides the least axial resistance.
br being taken as not larger than 15¢¢ on each side of the web.

fyr : vield strength of the flange.

1.6bt? f
c=a{0.25+#]
thef,.,

ym1 : partial factor for resistance of members to instability assessed by member checks.
Megq : design bending moment.

(4.22)

EN1993-1-1:2004
Figure 5.3

(4.23) EN1993-1-1:2004
5.4(1)
EN1993-1-1:2004
(5.8)

(4.24)

M, Ry : the moment of resistance of the cross section consisting of the area of the effective flanges onl y.

[Table 4.12] Calculation of Mf,Rd

Condition Mtrd
Neg =0 Migg is calculated as My rq but neglecting the web contribution. EN1993-1-1:2004
M¢rq is calculated by multiplying the reduction factor to the value of (5.9)

Mtrg When Ngg=0.
5 :FL
Neqgis present (A + A fy

Ymo
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(3) Transversestiffener
Transversestiffener is specified by parts in the dialog box below.

P Design>Composite Steel Girder Design>Transverse Stiffener...

. .

Section List
D Name itode  mdde  jhode @ All section have the same stiffener
2 C X B B -Nade
E E ) E E E bt oo 100 mim
12 C-Thin X b b
13 H-Thin ® A ® t Bl o
N L
o Pitch ¢ 300 m a = Space of rigid transverse stiffener
< *
Section Shape
Add/Replace Delete: Cancel

[Fig.4.12] Transverse stiffener

4.3 Resistance to vertical shear
Vrgis calculated in accordance with the value of h,/t as written in the table below.

[Table 4.13] Galculation of Vgg

Condition VR4
72
&3—8 Ved =V rd
t 7
Unstiffened
&>Eg Ved =Vo.rd
t 7
1
%33—5,/[ Vag =V rg
n
Stiffened
31
ﬁ>—8\/E Ved = Vo ra
t n
where,

Vpi,ra - the plastic resistance to vertical shear.
Vira - 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.

Ta=—es 05 (4.25)
wa,Rd

where,

Vgq : thedesign shear forceincluding shear from torque.

Viowrd : the design resistance for shear of contribution from the web.

Chapter 4. Steel Frame D esign: EN 1993-2
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(2) For cross-sections in Class1 or 2

Apply the reduced design steel strength (1-p)f,q in the shear area.

2
_| PVea
p_[ e 1} (4.26)

0.85 fea

(1- Pl l”Ed) My

f,
yd
[Fig.4.13] Plastic stress distribution modified by the effect of vertical shear

/A

(3) For cross-sections in Class3 and 4

. 77_33 0.5: MRy, Ngg need not be reduced.

. 77_3 >0.5: The combined effects of bending and shear in the web of an | or box girder should

satisfy.
_ M —
m+|1- —~ (2773—1 <10 (4.27)
M pl,Rd
— M M
M pl,Rd M pl,Rd
o= —te (4.29)
VbW,Rd
4.5 Check resistance to vertical shear
Vig <V (4.30)
where,

Veq : Design value of the shear force acting on the composite section.
VR : Design value of the resistance of the composite section to vertical shear.

Design Guide for midas Civil
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5. Bending and shear

() If Vg < O-5Vp| rq » the effect of shear on moment resistance may be neglected.

(2)If Vgy 2 O.5Vp|’Rd,YieId strength should be reduced (1-p)fy for the shear area EN1993-1-1:2005
6.2.8
where,
2
_ Z\/Ed . )
P = and Vpl ra IS calculated based on the equation (4.17).
VpI,Rd -1 ’

(3)if Vgy 2 0_5\/pl rq » foranlsection with equal flange and bending about major axis

PA,
=y

VMo

M y,v,Rd = ut, M y.V,Rd < M y,c,Rd (4'31)

A,=hL,
If A, cannotbe calculated, itis applied as A,(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 resistanceis 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

Mgy <M gy ForClass 1and Class 2 Cross sections (4.32)

EN1993-1-1:2005
. . 6.2.9
MN’Rd =M pldel_]_—(NEd / NpI,Rd )ZJ For a rectangularsolid 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.

Nz, <0.25N pl.Rd (4.34)
0.5h,t,, f
gy <———~ (4.35)
Ymo
(2) Along Z-Z axis
t f
M (4.36)

Ngy <
Ymo
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I and Hsections (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 | or H sections and for welded | or H sections
with equal flanges:

Myyra =M, re@=N)/A-05a) but My o <M, o 4.37)
for n<a:
My zrd =My SR (4.38) EN1993-1-1:2005
(6.36)
for n>a:
n—a 2
M N,zRd — M pl,z,Rd 1_[1_ aj (4.39)
where,
N=Ngy /N g
a=(A-2bt,)/ A buta <05
(4) For rectangular structural hollow sections of uniform thickness and for welded box sections
with equal flanges and equal webs:
M N.y,Rd = M oly.Rd (1-n)/(1-0.5a,) but M Ny.Rd = M oly.Rd (4.40)
Myyra =My ra@—N)/A-05a;) but M, <M, n (4.41)
where,
a, = (A—2bt)/ A butaw < 0.5for hollow sections
a, =(A—-2bt,;)/ A butaw < 0.5 for welded box sections
a; =(A-2ht)/ A butaf < 0.5for hollow sections
a; =(A-2ht,)/ A butaf < 0.5 for welded box sections
(5) For bi-axial bending the following criterion may be used:
a B
M M
LA N s 4 RS (4.42)
M N,y,Rd M N,z,Rd
where
| and H sections :
a=2 . =5nbut g>1 EN1993-1-1:2005
; (6.41)
circular hollow sections:
a=2 . p=2
rectangular hollow sections:
oy 1.66
=P =55 ;but = <
1-1.13n2 a=£<6
N=Ng, /N g
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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

f

y (4.43) EN1993-1-1:2005

o <
x,Ed Yo 6.2.9.2,629.3

where, o, gy isthedesign valueof thelocal longitudinal stress due to moment and axial force.

For Class 4 sections, effective cross sections are applied for cal culating stresses.

NEd + My,Ed + I\IEdeNy + |vlz,Ed + NEdeNz Sl (444)
Abﬂ fy/yMO Weﬁ,y,min fy/yMO Weﬂ ,z,min fy/yMO 56'\112?3_1_1:2005
where,

A is the effective ar ea of the cross-section when subjected to uniform compression.

Werr,min IS the effective section modulus (corresponding to the fiber with the maximum elastic stress) of the  £y19931-1:2005
cross-section when subjected only to moment about the relevant axis. 6.2.10
evis the shift of the relevant centroidal axis when the cross-section is subjected to compression only.

7. Bending, shear and axial force

(1)1f Vg < 0.5\/p|’Rd , Theeffect of shear on moment resistance may be neglected

(2)1f VEd > 0.5\/p|,Rd, Yield strength should be reduced (1-p)fy for the shear area

where,

Ve |
p= and V ry arecalculated based on the equation (4.12).

VpI,Rd -1

(B)If Vg 2 0_5\/pI ry » foranisection with equal flange and bending about major axis

PA
i

Ymo

ut M YV Rd <M y.c.Rd (4.45)

If A, cannotbe calculated, itis applied as Asz(shear area)as per Eurocode3-1.

For equal flange H, T, B, P, SR, SB, 2Land 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

EN1993-1-1:2005

(1) Buckling resistance
6.3.1.1

1) Acompression member shall be verified against bucklingas follows:

h <1 (4.46)

where N gq 1S thedesign value of the compression force

N, rq isthedesign buckling resistance of the compression member.

2) The design buckling resistance of a compression member

_ A,
Ym1

for Class 1, and 3 cross-sections (4.47)

Nb,Rd

_ ATy
Ym1

for Class 4 cross-sections (4.48)

Nb,Rd

where, X isthereduction factor for therelevant buckling mode

(2) Buckling curve
1) For axial compression in members the value of x for the appropriate non-dimensional

slenderness A should be determined from the relevant buckling curve according to: EN1993-1-1:2005
6.3.1.2

1 <1.0 (4.49)

T oor 2

® =051+ (7 -0.2)+ 72
Af

ﬂ_, = Y for Class 1, 2 and 3 cross-sections

cr

_ / f
A= As Y for Class 4 cross-sections
NCr

@ is an imperfection factor

NCr is the elastic critical force for the relevant buckling mode based on the gross cros

where

sectional properties.

[Table 4.14]: Imperfection factors for buckling curves

Buckling curve ao a b c d

Imperfection 0.13 0.21 0.34 0.49 0.76 EN1993-1-1:2005
Table 6.1

factor
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- N
2) Forslenderness A <0.2orfor —E9 < (0.04the buckling effects may be ignored and
cr
Only cross sectional checkapply.

[Table 4.15] Selection of buckling curve

Buckling curve

Limit S235 EN1993-1-1:2005
imits i
Cross section Buckli ng. S 275 Table 6.2
(mm) about axis S 460
S 355
S420
- a a
tf<40 v 0
z-z b ag
y-y b a
h/b>1,2 40 <tf <100
z-z c a
- b a
RoII'edI <100 Y-y
sections z-2 C a
h/b<1,2 d
- c
tf >100 vy
z-z d c
- b b
tf <40 vy
Welded | sections z-z c c
- C c
tf >40 vy
z- d d
Hollow sections: circular,
any a ao
square, rectangular
Generally (except
as below) any 2 2
Thick welds:
Welded box sections
a>0,5 tf
any C c
b/ tf<30
h/tf <30
Channel, T, Solid an c c
Rectangular, Solid circular y
Angle section any b b
(3) Slenderness for flexural buckling
1) The non-dimensional slenderness
_ Afy L. 1 .
A= |—L=—5%_" forClass 1,2 and 3 cross-sections (4.50)
Ncr L4 EN1993-1-1:2005
6.3.1.3

%
q= Abﬁ_fy = ﬁ_A for Class 4 cross-sections (4.51)

NCT i 21

where, LCr is the buckling length in the buckling plane considered

i istheradius of gyration about the rel evant axis, determined using the
properties of the gross cross-section

A =r /E =93.9¢
fy
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&

E (fyin N/mmz)
fy

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

_ , Af
1. = Y for Class 1, 2 and 3 cross-sections (4.52)
N, EN1993-1-1:2005

6.3.1.4
_ Ay f, ]
/Lr = for Class 4 cross-sections (4.53)
NCI’
where N =N, ¢ but N <N ;
N, ¢ istheelastic torsional -flexural buckling force
N isthedastictorsional 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) Alaterally unrestrained beam subject to major axis bending shall be verified against
lateral-torsional buckling as follows:
M

—FE <10 (4.54)
M, g EN1993-1-1:2005

' 6.3.2
where M gq 1S thedesign value of the moment

My rg isthedesign buckling resistance moment.
2) The design buckling resistance of a compression member
_ y
Mpra = 20W, —— (4.55)
M1

where Wy is the appr opriate section modulus as follows:

- Wy =Wpl,y for Class 1, 2 cross-sections
- Wy :Wei,y for Class 3 cross-sections

- Wy =Weff,y for Class 4 cross-sections

ZLT i the reduction factor for lateral-torsional buckling.
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(2) Lateral torsional buckling curves —General case
1) The non-dimensional slenderness

1

Xir = <10 (4.56)
D +\/CDLT — At EN1993-1-12005
6.3.2.2
® ; =051+ (A —0.2)+ A7
where @+ =0U. o\ Ay —U LT
A1 is an imper fection factor
— |w T,
A=,
cr
M o Isthedasticcritical moment for lateral-torsional buckling
2) |\/|Cr 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 EN1993-1-1:2005
Table 6.3

[Table 4.17] Selection of buckling curves for cross sections

Cross section limits Buckling curve
Rolled I sections h/b<2 a
/o2 : s as
Welded | sections h/b<2 C
h/b>2 d
Other cross sections d

3) For slenderness A ; <0.2 or M, /M, <0.04 Iateral torsional buckling effects

may beignored and only cross sectional checks apply.

8.3 Uniform members in bending and axial compression

EN1993-1-1:2005

(1) Members which are subjected to combined bending and axial compression should satisfy: 6.33
NEd +k My,Ed +AM y,Ed +k MZ,Ed +AM z,Ed <10 (457)
X Np 7 M, R ¥z M, - EN1993-1-1:22005
= = T 2R (6.61)
Vw1 Vm1 Vw1
M, g +AM M, +AM
NEd n kzy y,Ed y,Ed + kzz z,Ed z,Ed <1.0 (4.58)
ZZNRk M y,Rk M z,Rk
X~ -
Vm1 Vw1 Vw1
where

N e Myggand M, g, arethedesign values of the compression force and the maximum moments
about the y-y and z-z axis along the member, respectively

Chapter 4. Steel Frame D esign: EN 1993-2
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AM AM, ¢, 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.

y,Ed

Xy, X, arethereduction factors dueto flexural buckling from 6.3.1
XLt isthereduction factors dueto lateral torsional buckling from 6.3.2

kyy, kyz , kzy, kzz arethe interaction factors

% If flexural buckling check is determined as NG, the verification above will not be applied.

[Table 4.18] Values for Ng = fyAlMi,Rk = nyVi and AMi,Ed
Table 6.7
A A A A Ay
Wy WP':Y WP':Y Wd,y WEffvy
WZ Wpl,z Wpl,z We|,z Weff,z
AM y,Ed O O O eN,yNEd
AM z,Ed O O O eN,ZNEd
kyy’kyz’kzyikzz depend on one method between Annex Aand B.

[Table 4.19] Interaction factors Kj

EN1993-1-1:2005

Design assumptions

Annex A, Table A.1

Interaction elastic cross-sectional . . .
. plastic cross-sectional properties
factors properties | R,
Class 3, class 4 SEESErh
H H 1
ccCc. . C,Copp—t——
kyy my ~mLT L NEd my ~mLT a NEd ny
Ncr,y NCfvy
H H 1 /W
C g C Y~ 0,6 [—=%
kyz mzl_ Neg mzl_ Neg Cyz W,
NCI’,Z Ncr,z
C,.C, . —te cc.—t Lgg/™
kzy my ~mLT 1 NEd mz ~mLT l_ NEd Czy y ]
NCFvy Ncr,y
U u, 1
C —fz c 2
ku mzl_ NEd mzl_ NEd sz
Ncr,z Ncr,z
where,
1_ NEd 1_ NEd
U, = oy u, = Ncr,z
vy N, 72 N
1_Xy Ed 1_Xz Ed
Ncr,y Ncr,z
W W,
w, =2 <15w,=—LP2<15
Wd,y Wel,z
n = Neg
o NRk/yMl, C,, SeeTable A2

149
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. =1—:—TZO

W,
CW=1+<wy—1>H2‘l—6CZ Ao = chz ﬂw]”m ba} W
y y pl.y

with Q_T=0,5aLTZ§ My,Ed M, e

pl.y,Rd M pl,z,Rd

C2 /lmax W. Wel
C,=1+(w,-1)|| 2-14—"=—|n, —C Zoyef_z_’z
: {[ WE J ’ Wy Wpl,z

—2
Ao M y.Ed
—2

5+, CmyXLTNI pl,y,Rd

C, =1+(w,-1)|| 2- 14(:2’1”"ax n —d.. |>0,6 | Vay
zy y W\E/) pl LT | =™ w, Wpl,y

zo IVly,Ed Mz,Ed
0,1+/_1§ CmyXLTM pl.y.Rd CM pl.z,Rd

CZZ:1+(WZ—1)|:[ ]’6(:%% leczzmaxjn eLT}zWe"Z

with CLT zloaLT

with dLT = 2aLT

z z Wpl,z
P M
with e, =172, /10—4 L
0,1+ Az Cm_,/XLTNI pl,y,Rd
_ Ay
/1max =maxq _
Az

Ao = non-dimensional slenderness for lateral-torsional buckling due to uniform bending moment. i.e.
¥, =10 inTableA2 > In Gen, calculated like 7.

Aur = non-dimensional slender ness for lateral-torsional buckling

It 7o<0,2Csf| 1- e |11 Nes
Noo \' New) Cp=Cno Cr=Cno Cur=10
>y &
It Ado> 0, 2\/611\1/(1—:\\:—&1} [l_ﬁj Cmy — Cmy,o + (1_ Cmyo) \/TaLT

o,z Ncr TF 1+ \/;yaLT

sz = sz,o
Cour =C2, b >1

1_ NEd 1_ NEd

Ncr,z Ncr T
M y,Ed A
&y = for class 1,2 and 3 cross-sections

Ed e,y

N
M,
y = N Weff,y for class 4 cross-sections

N, , = eastic flexural buckling force about the y-y axis
N, , = eastic flexural buckling force about the z-z axis
N, ; = dastic torsional buckling force

I, = S. Venant torsional constant

I, = second moment of area y-y axis
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C, . see EN 1993-1-1:1992 Table F1.1 and F1.2

[Table 4.20] Equivalent uniform moment factors Cmi,O

Moment Diagram Ciio EN1993-1-1:2005
Annex A, Table A2
N ;
O I — Crio=0.79+0,21y,+0,36(y; - 0,39 =
-1<y <1

cr,i

2
Co =1+ fE'i|5*| g | Neg
' L |Mi,Ed(X)| Ncr,i

A /iMoo M 4 () is the maximum moment My or M. e

| X| is the maximum member displacement along th
member.

N Ed

Cno=1-018

cri

~— C..,=1+0,08 e
: N

cri

If All Moments are zero, assumed that ¥; =1.0

2 2 2
N,, :%[—” Bla 7F, EIW+GIt]
1 ETERT

S

(4.59)

where:

22 i2 2

Ig =iy +i; +a

o=y

I, iswarping constant.

l, is &. Venant torsional constant.

Yo, 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; thenyo = 0andzo= 0

E
G =
21+v)

vV is Poisson’s ratio.
L,. MaqL,L,] for Column.

Ly for beam.

L,,L, isunbraced lengths.
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Chapter 4. Steel Frame Design: EN1993-2

Serviceability Limit States

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
Omax =01+ 0, —

where,
o)

max 1S the sagging inthefinal statereativeto the straight line joining the suppor ts.

&,  isthepre-camber (hogging) of the beam in the unloaded state, (state0).

(4.60)

o, isthevariation of the deflection of the beam due to the permanent loads immediately after loading,

(statel).
52
deformations due to the permanent load, (state2).

CL

I

I
(0)”‘__i——_\\\ A<
/// ' 51 ~ 50

JASRN®) ! E7AN
~ e —— vV _——- _

~@ i - bo)
~ ' - mi
\\‘l—7£2// b

-~

L
I

[Fig.4.14] Vertical deflections to be considered

[Table 4.21] Recommended limiting values for vertical deflections

is the variation of the deflection of the beam due to the variable loading plus any time dependent

Conditions

-Roofs generally

-Roofs frequently carrying personnel other than
maintenance

-Floors generally

for

-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 limitstate)

-where &, canimpair the appearance of the building
where, L is the span of the beam.

L/200
L/250

L/250
L/250

L/400

L/250

Limits
52
L/250
L/300

L/300
L/350

L/500

=>» In midas Civil, only 6, is verified.

Chapter 4. Steel Frame D esign: EN 1993-2
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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 h/150
-Other single storey buildings h/300
-In a multistory building

-In each storey h/300
-On the structure as a whole h0/500

where h is the height of the column or of the storey
And hO0 is the overall height of the structure.

153 Design Guide for midas Civil



Chapter 5.

Reinforced
Concrete
Frame Design

EN 1992-2




Chapter 5.
RC Frame Design (EN 1992-2)

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

Ultimate Limit States

Moment Resistance

Shear Resistance

Serviceability Limit States

Stress of Cross Section

Crack Width

Deflection




Chapter 5. RC Frame Design: EN1992-2

Ultimate Limit States

1. Moment resistance

Limit state of moment resistance should satisfy the condition, Mgg<Mgg.
Moment resistance, Mgy, is calculated using the strain compatibility method as shown below.

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

EN1992-1-1:2004
fa =ac fu /7. (5.1) 3.1.6(1)

where,

ac.: The coefficient taking account of long term effects on the compressive strength and of unfavorable
effects resulting from the way the load is applied.

fox - The characteristic compressive cylinder strength of concrete at 28 days.

¢ - The partial safety factor for concrete.
(2) Design yield strength of reinforcement

foq="F,/ (5.2) EN1992-1-1:2004
yd vk Vs 3.2.7Q)

where,
fy: The characteristic yield strength of reinforcement.
ys - The partial safety factor for reinforcement or prestressing steel.

¢ Partial factors for materials y., ys / Coefficient for long term agc, ot

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

ys for reinforcing

Design Situations v for concrete teel
Stee EN1992-1-1:2004
Persistent & Transient 1.5 1.15 Table 2.1N
Accidental 1.2 1.0

[ Partial safety factor y,, ys / Coefficient for long term a

Main design parameters for materials can be entered in Partial Safety Factor for Material

properties dialog box. Among the input values, a. is considered when calculating moment
resistance in Ultimate Limit State and itis applied as 1.0 for shear and torsional resistance.

The coefficient for long term, o, is considered during calculating moment resistance in
Ultimate Limit State design. It is applied as 1.0in the calculation of shear resistance.
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@ Design > RC Design > Partial Safety Fa

ctor for Material p roperties ...

Design Code @
Partial Safety Factors for Material Properies

Eurocode2-2:05, Recommended | Update By Code

Concrete (Garmma_c)
- Fundamental
- &ccidental (except Earthquakes)
- Serviceability Limit State (515
Steel (Gamma_s)
- Fundamental
- Accidental (except Earthquakes)
- Serviceability Limit State (5L5)

Coefficient

&lpha_co

for Long Term Effects

QK

1.5 Yc
1.2
1
Vs
1.15
1
1
0.85 Qec
Close

[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] dassification of design situations

Design situations

Persistent & Transient

Accidental

Description

Load combination not “Accidental situation”

Load combinationinclude 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...

Design Guide for midas Civil

Static Load Cases

Name [

Self

Case [

All Load Case |

Type ]

Construction Stage Load (CE) |

Add

=

Modify

Delete

Description :

User Defined Coad (USER)

oad of Component an
ead Load of Wearing Surfaces and Llﬂhnes (D)

No

Dowindrag (|

Earth Pressure (EP)
Horizontal Earth Pressure (EH)

‘ertical Earth Pressure (EY)
Earth Surcharge Logd (ES)

;‘J’Sﬂ

]

Locked in Erection Stresses (EL)
Live Load Surcharge (LS)
Live Load (L.

]

Overload Live Load (LP)

S (1 1
=

Live Load Impact (IL.
Overload Live Load Imuacl (ILF)
Centrifugal Furce (CF

EBraking Load (B

Lanaitodinal Furce Imm Live Load (B}
owd Load, PEdESh’\aH Live Load (CRL, PL)

Frestress (

Bunyanw BP)

Ground Water Pressure (WP, WA)

Fluid Pressure (FP}

Stream Flow Pressure (5F)

Wave Pressure (WPR,

‘Wind Load on Structure (%, WS)

‘Wind Load on Live Load [

Sen\ement(‘STL 5D, 5E)

Creep (CFY

Shrinkage (8H)

Temnaratura (T, T
Temperature Gr%dcl)e)nt (TPG. TG)

CDHlslun Luad 1
r Erren (04

cription

I

[Fig.5.2] Static Load Cases Input Dialog
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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

e

Material List

o] Mame felfck|R Main-bar Sub-bar

1 cz7 27 s0400 =D400

Caoncrete Materlal Selection
Code : EMO4(RC) |:| Grade :  C30/37 |:|
Specified Compressive Slrengtl (fclfck) : MN/mm? |

FRebar Selection

Code : ENDNAC)  [+]
Grade of Main Rebar @ Class B |L| Fy N/mmz
Grade of Sub-Rebar : + || Fys: MW/mmz

Modfy Closs:

[Fig.5.3] Define fq, fyi, fyw

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 (f.,) in concrete is limited 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

Chapter 5. RC Frame Design: EN 1992-2
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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.

Initial x = H/2

Assume neutral axis depth, x (H=Section Height)

F

Calculate C, (Concrete)

(1)

(2)

Calculate T, (Reinforcement)

3)

e

YES

Get neutral axis depth, x

[Fig.5.4] Flow chart to calculate neutral axis depth, x

(1) Calculate force of concrete, C..

Cc ancd J.dA/IX (5.3)

where,

A: The effective height of the compression zone factor.
n: The effective strength factor.

x: The neutral axis depth.

[Table 5.4] Effective heightand strength factor by compressive strength

Condition A n
fe < 50MPa 0.8 1.0
50 < fx <90MPa 0.8-(f,x-50)/400 1.0-(f«-50)/200
foc > 90MPa 0.7 0.8

¢ In midas Civil, a rectangular stress distributionis used as shown in the figure below.
(Ultimate strain of concrete €.,= €c41)

[Fig.5.5] Rectangularstress distribution
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(2) Calculate force of reinforcement, Ts.
1T =1 i (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.

e Calculate the strains of reinforcement by assuming a linear strain distribution and the strain
of €.,3 at the extreme fiber of the concrete in compression.

e =t ", (5.5)

where,
& - The strain of tensile reinforcement.
&cu- The ultimate compressive strain in the concrete. (ecy = &cu1)
EN1992-1-1:2004

[Table 5.5] Effective heightand strength factor by compressive strength Table 3.1
Condition Ecut
foe <50MPa 0.0035
50 < f <90MPa [2.8+27{(98-fcm)/100}4]/1000, fem=fex+8 MPa
foc > 90MPa 0.0028

X : The neutral axis depth.
d, : Distance from the tensile rebar to the extreme top fiber of the element
d. : Distance from the compressive rebar to the extreme top fiber of the element

(1- s2/ea)lt

(1- &/ gaa)h

EN1992-1-1:2004
Figure 6.1

i & 0 G2 ez
(65) (&)

- reinforcing steel tension strain limit

- concrete compression strain limit

- concrete pure compression strain limit

[Fig.5.6] Possible strain distributions in the ultimate limitstate

¢ Calculate the reinforcement stresses appropriate to the calculated reinforcement strains.
(from the stress-strainidealizations)

2 Es (gs S‘S‘yd)

=4 (5.6)
fyd (85 > gyd )
ey = Fq 1 Eg (5.7)
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fyd = fyk /75 (58)

where,

Es : The design value of modulus of elasticity of reinforcement.
fyq - The design yield strength of reinforcement. (See 1.1(2))
&yq - The yield strain of reinforcement.

G
kfpd----mmmemeeeo- ,,,,,,,,,,,,,,::,_,,_,,_,,J_,lkf,k
2 B [ - kfud 4
e ] i
[ Y5 : : |
o A
i : 3 Idealised
E § Design
fyd/IEs ‘gud Euk g;"

[Fig.5.7] Idealized and design stress-strain 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
compressivestrength (C=C.) and tensile strength (T=T;) become identical.

In midas Civil, convergence condition for “C=T"is applied as follows.
¢ Convergence condition :

Error! Bookmark not defined. ‘9—1 0
=L

<0.01 (Tolerance) (5.9)

c=C, T=T (5.10)

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

[Table 5.6] Stop condition foriterative approach

Stop condition  Description
C
Converge ?—1.0 <0.01

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.)

Not converge

] Beam Section 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.

Design Guide for midas Civil

EN1992-1-1:2004
Figure 3.8



@ Design > RC Design > Beam Section for Design

Section List .. | Section Shape
jin] Mame Bar -
op ala =
[ Top Slab G2.2 *
il Bl Slab S
9 Bl Mid Slab ®
11 Bl G_2 * v
13 Bottomn Slab S
15 Bottorn Slab G122 X
19 Bottorn Slab G2.3 X
~ Section Data ——— ~ Stirrups Data
| Shape [Rectangle Size
S Murnber :
I
TP B || 2 BT
YA Jm || Db b

He
RN -

[

AddjReplace Delete Cancel

[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

Section List Section Shape
D Mame  iMode middle  jMode | .
1 iect 4] [4) [4)
¥
~ Section Data itlode | midds | pisde |
~ Fiebar Data
Shape |Rectangle

0.0017613 Top Layer [1 |
[He 00 _m }TTBOD |ul0019355\m2 _Layer| Num | Sizel| Size2| D |
L]oe sBot |1 m# ayer| um ize ize C
TFT Bl Im || ] SM s
Hc LJ Y \hf i . -~ otirrup:
b 5
N |

g Spacing m =
Bottom Layer |1
~Crack Checking ’mp—‘ _

‘Layerl Num | Sizel SizeZl Dc |
® Dry | 5 G
“ Hurmnidity

Redraw

Add/Replace Delete Cancel

[Fig.5.9] Beam Section for Design Dialog
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1.3 Calculate moment resistance Mgy

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

Mg =C.a, +T.a, (5.11)

where,
a., &, : The distance from neutral axis depth(or centroid), x to concrete, reinforcement rebar.

n fcd

o A/’ <
= = . Cc

as

0 A T_>
S

[Fig.5.10] Forces and distances from neutral axis depth for Mgy

In midas Civil, singly reinforced beam design method is applied for conservative design.

Flexural momentis calculated from C. and T, which generate the same amount of moment
about neutral axis. Theoretically the flexural moment will beidentical at any position of the
cross section. In midas Civil, flexural momentis calculated at the centroid of the cross section.

1.4 Check moment resistance
Mg <My (5.12)

where,
Meq : Design value of the applied internal bending moment.
Mgq : Design moment resistance.

¢ Designload combination

Load combinations usedin 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 limitstate design.

Design Guide for midas Civil



@ Results>Load Combinations...

Load Combinations = |[= ] =]
General | Steel Deaig| SRC Design |
Load Combination L Load Cases and Factors
No Name | Active | Type E Description ' LoadCase Factor Gl
7 1]cLCB1 | Stren ~[[Add ™ [1.8W[1]+1.355M[1]+1.35(c » JwiisT) 1.5000
2|cLCB2 lnactive [ | 1.5W[1]+1.0SM[1]+1.35(cC ST(SM) 1.3500
3| cLCB3 eng B [ | 15W[1]+1.368M[1]+1.35( Dead Load 1.3500
4|cLcpa [oemiceability | [T T 5W[1]1 0SM[A]+1 35(cl Creep Sec 1.3500
5|clcBs |Stren | Add I~ [1.358M[1[+1.5T[1]+1.35(cL Shrinkage 1.3500
6|cLCBE |Stren | Add [ | 1.358M[1]-1.5T[1]+1.35(cD Tendon Se 1.3000
7|cLCB7 |Stren |Add [ | 1.358M[1]+1.5T[2]+1.35(cL - *
8|clcBs |Stren | Add ™ | 1.36SM[1]-1 5T[2]+1.35(cD
9| cLCBY |Stren | Add [ | 1.08M[1]+1.5T[1]+1.35(cD)
10| cLCB10 | Stren | Add ™ | 1.08M[1]-1.5T[1]+1.35(cD})-
11| cLCB11 |Stren | Add ™ [ 1.0SM[1]+1.5T[2]+1.35(cD) £
12| cLCB12 | Stren | Add [ | 1.08M[1]-1.5T[2]+1.35(cD})-
13| cLCB13 |Senvi | Add [~ | Ch: 1.0W[1]+1.0SM[1]+1.0
14 | cLCB14 | Semi Add ™ |ch: -1OW[+1.0SM[1]+1.0_ |
15| cLCB15 |Seni | Add [ | Ch: 1.0SM[1]+1.0T[1]+1.0(
16| cLCB16 |Seni | Add [ | Ch: 1.0SM[1]-1.0T[1]+1.0(c
17| cLCB17 [Sani | Add ™ [ Ch: 1.0SM[1]+1.0T[2]+1.0(
18| cLCB18 |Seni | Add [ | Ch: 1.0SM[1]-1.0T[2]+1.0(c
19| cLCB19 |Senvi | Add [ | Fr: 0.2W[1]+1.0SM[1]+1.0(
20| cLCB20 | Senvi Add ™ | Fr: -0 2W[1]+1.0SM[1]+1.0
21]cLcB21 [Seni | Add ™ [Fr 1.0SM[1]20.6T[1]+1.0(c ~ B
< [ | r -
Copy Import,.. Auto Generation,., ‘ Spread Sheet Form |
File Name: |D:WDI ProjectiCivil _EC2WEC2-PSC-Recom-C Brawse ‘ Make Load Combination Sheet | Close

[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 reinforcementis applied as shown below.

A in = Min 0.26ffﬂbtd, 0.00130,d

where,

b, : The mean width of the tension zone. For T-shape beam when top flange is in compression, by is

applied as web width.

The verification of minimum rebar ratio can be selectively performed based on the optionin

yk

Limiting Maximum Rebar Ratio dialog box.

@ Design>RC Design> Limiting Rebar Ratio ...

(2) Maximum rebar ratio

Design Code @ Eurocode2-2:05, Recommended

Maximurn Rebar Ratio
Shear Wall Design (Rhow)
Calumn Design (Rhoc)
Brace Design (Rhor)

¢ {004

| Beam

Consider Minimum Rebar Fatio

oK Close

[Fig.5.12] Limiting Maximum Rebar Ratio Dialog

In midas Civil, maximum rebar ratiois applied as below.

A ax =0.04A

EN1992-1-1:2004
9.2.1.1(1)

EN1992-1-1:2004
9.2.1.13)

Chapter 5. RC Frame Design: EN 1992-2
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2. Shear resistance
Limit state of shear resistance should satisfy the condition, Vgg<Vgg.

Shear resistance, Vgq, is calculated as follows.

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

fo = foc l7e (5.15)
Using a..=1.0 for shear regardless of input value.
(2) Design yield strength of reinforcement.
fa=Tuly, (5.16)
Refer to the clause 1.1 for detail explanation of material strength.

2.2 Calculate shear resistance Vg

Calculate Vgq, using EQ(6-2a)

S

Required shear reinforement. Not Required shear
Calculate VRd,s. reinforement.
Vrg=VRas- Vrd=VRd,c

[Fig.5.13] Flowchart to calculate Vgq
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 Vgg

1 EN1992-1-1:2004
VRd,c =|:CRd,ck(100pl fck )3 +klacp}bwd (5.17) 6.2.2(1)
(6.3N)
VRd,c 2 (Vmin + klo-cp })wd (518)
where,

Vra : The design shear resistance without shear reinforcement.

b, : 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.

ocp - Neg /Ac, In beam design, o, is applied as zero since axial force is not considered.
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0.18

Crae =— (5.19)

k=1++/200/d <2.0 (5.20)

o= t:i'j <0.02 (5.21)

v, =0.035k*2f, ! (5.22)

foa _ Zafo (5.23)
e

(2) Calculate Vgg s

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

type of shear reinforcement.

[Ta ble 57] VRd sand VRd maxs Asw max

Type Vertical shear reinforcement
VRds Mzfywd cotd
’ s
vV AoV feg
e cotd +tan@
Asw max fywd 1
— <=,V f
Asw,max bWS 2 cw 1 fed
where,
VRras : The design value the shear force which can be sustained by the yielding shear reinforcement.
@  : The angle between the concrete compression strut and the beam axis perpendicular to the shear
force.

o : The angle between shear reinforcement and the beam axis perpendicular to the shear force. In
midas Civil, a is always applied as 90 degree.

’/ .f . R W(cot 8- cota)
: ‘ : -
| * PR ANy
dl ‘ -——2 2= 09d ‘ﬁ
3 v 1%z v
| I AN -

5 = R

b,

[Fig.5.14] Truss model and notation forshear reinforced members

Aqy - The cross-sectional area of the shear reinforcement.

s : The spacing of stirrups.

z  :lInner lever arm, z=0.9d.

fywa - The design yield strength of the shear reinforcement.

vy 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

Chapter 5. RC Frame Design: EN 1992-2
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[Table 5.8] Strength reduction factor for concrete cracked in shear, v;

fywd< 0 -Sfywk

National Annex fywa> 0.8¢ywk

f.c< 60MPa f.=60MPa
Recommended 0.6 1—i 0.9—i>0.5
250 0-6 200
f f
iti 0.6/ 1-—% 0.54(1-0.5 0.84-—% |(1-0.5cos ) > 0.5
British ( 250] ( cosa) 200 ( )

[Table 5.9] Strength reduction factor for concrete cracked in shear, v,

fywg= 0.8 fuwg< 0.8
National Annex e L7 e s
f.c<70MPa  fy >70MPa f.c<<60MPa  f,=>60MPa
f _ fac
Italy 0.5 0.7]1—— 0.7 09200 05
250 0.85 ’

aqy - Coefficient taking account of the state of the stress in the compression chord. o, is always applied
as 1.0 in beam design.

[Table 5.10] Coeffident ag,

Condition Oew
0<0¢p < 0.25f4 1+0cp/feq
0.25 foq <Ocp < 0.5f g 1.25
0.5 feg <Ogp < 1.0f g 2.5(1-0cp/fea)

oep - The mean compressive stress, measured positive, in the concrete due to the design axial force. In
beam design, o, is applied as zero since axial force is not considered.

(3) Calculate shear resistance Vgg.
* The shear resistance of a member with shear reinforcement.

Vied =Vras +Vea Vg (5.24)

where,
Veeq : The design value of the shear component of the force in the compression area, in the case of an
inclined compression chord.

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

-— Ve

\ﬁ;\w

[Fig.5.15] Shear component for me mbers with indined chords

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

Ved =Vras (5.25)

* In regions of the member where Vgg<Vgq no calculate shear reinforcement is necessary.

Design Guide for midas Civil

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
6.2.16)



V.. =V 526 EN1992-1-1:2004
Rd Rd,c ( ) 6.2.1(3)

1 Shear reinforcement

Angel between concrete compression strut and beam axis, 8, is entered in Concrete Design
Code dialog box.

@ Design>RC Design> Design Code ...

Design Code : | Eurocode?-2:05 v]

National Annex : |Recommended |+

Strut Angle for Shear Resistance ! 45 Deg |
torment Redistribution Factor for Bearn D
oK Close

[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 ...

Section List .. | Section Shape
jin] Mame Ear z
op ola ~
g Top Slab G2.2 *
a3 B15lab *
] B1 tid Slab #
11 B1G.2 b ¥
13 Bottorn Slab ¥
15 Bottorn Slab G1_.2 X
13 Bottorn Slab G233 X
~ SectionData ————————————————— | Stirups Data ———————————
|Shape Rectangle Size v

Z_ iz Im Number: 2|
o Lt
Tm B[l Jm |0t [0 m
Me=r=i-Y [ Jm || Db (002 Jm
I A

AddiReplace Delete Cancel

[Fig.5.17] Input shear reinforce ment

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

Chapter 5. RC Frame Design: EN 1992-2
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2.3 Check shear resistance

Veg <Vigg (5.27)

where,

Veq : Design value of the applied shear force.
Vrq : Design shear resistance.

e Designload 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 limitstate 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 “s| " for the shear rebar

verification.
Asw 008 fck EN1992-1-1:2004
Pw = b_si Z Pw,min :f— (5.28) (9.4),0.5N)
sh,, sina "
EN1992-1-1:2004
(9.6N)
S<S, max =0.75d (1 + cotx) (5.29)

where, a is always applied as 90 degree.
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3. Verification of moment and shear resistance

1 By Result Tables
The design results can be checked as shown in the table below.

& Design>RC Design> Concrete Code Design > Beam Design ...

Code @ AASHTO-LRFDOZ Unit: kM . m Primary Soring Option
Sored| byl ® Menjher SECT @ MEMB
Section
MEMB Section fc' &
sECT|seL| Be | He | v |pos| MO fice| astop| BEY |LcB| asgot| wu |LcB| av | stmups
Span bt | hi | tys
10 Bottom Slab 270000 | | | 937,551 3 00038 444,907 38+ 00028 8265646 38+ 00016 20-D16 @250
13 | [ |71.0001,100| 300000 M 110094 3 00045 256583 38+ 00028 782,953 38+ 00016 20-D16 @250
0,9380 0,000 0,000 300000 J 118605 3 00045 000000 16 00000 695563 38 00016 20-D16 @250
1 Bottom Slab| 270000 | | 119106 3 00049 000000 16 00000 469,330 38+ 00016 20-D16 @250
13 | [T [1.000/1100| 300000| M 120789 3 00050 000000 16 00000 425634 38+ 00007 20-D16 @600
0,9380 0,000| 0,000 500000| J 121871 3 00050 000000 16 00000 335244 38 00007 Z0-D16 @600
12 Bottom Slab 270000 | | 121871 3 00050 000000 16 00000 315672 3 00007 Z0-D16 @600
13 | [ [1.000/1,100| 300000 M 117274 3 00045 000000 16 00000 328975 35— 00007 Z0-D16 @600
0,6050 0,000 0,000 300000 J 108166 5 00044 000000 16 00000 358216 38 00007 Z0-D16 @600
13 Bottom Slab| 270000 | | | 105754 3 00042 000000 16 00000 434570 3 00018 20-D16 @250
13 | [ [1.000/1.100| 300000 M | 963165 3 00039 000000 16 00000 488559 3 00016 20-D16 @250
0.6050 0000|0000 300000| J | #17.267| 3§ 00036 000000 16 00000 476025 3 00018 2.0-D16 @250
14 Bottom Slab 270000 | | | 745744 3 00036 000000 16 00000 677205 3 0006 Z0-D16 @250
13 | [ |1.0001,100| 300000 M B43,791 3 00036 712699 3%+ 00028 B70824 3 00016 20-D16 @250
0,6050 0,000 0,000 300000 J 524063 38- 00031 156538 3%+ 00023 EE3261 12 00016 20-D16 @250
15 Bottom Slab| 270000 | | | 481,739 36~ 00023 239,613 38+ 00028 864,312 3 00016 20-D16 @250
13 | [ [1.000)1,100| 300000 ¢4 | 478,666 36~ 00028 418,577 38+ 00028 858031 3 00016 20-D16 @250
0,6050 0,000| 0,000 300000| J | 309,711| 36- 00025 S14.467 36+ 00031 872584 12 00016 20-D16 @250
16 Bottom Slab 270000 | | | 243,825 36~ 00026 614951 36+ 00036 105713 3 00016 20-D16 @250 [w
Connect Model Yiew Fesult Yiew Option
Select Al Unselect all Re-calculation e Al 0K NG
Graphic... Detail... SUMMary. ., e
Option for Detail Print Position Summary By LCB Copy Table
< End I, [ Mid, End J. Close
[Fig.5.18] Result table formoment resistance
1 By Report

Design results can be verified in Graphic Report, Detail Report, and Summary Report.

& Design>RC Design> Concrete Code Design > Beam Design ...

- I

No:7 x| & Print & Print Al $E] Close @ Save
Lad
1. Design Information
Member Number 7
Design Code AASHTO-LRFDOZ
Unit System kN, m
Material Data fc' = 27000, fy =300000, fys=300000KPa
Beam Span 0938m
Sedion Property Bottom Slab (No - 13)
2. Section Diagram
ENDT pacy END-R
ToR anr ToR ot ToRonr
sorooisszanr soroomeszr e soTiootzennr
sRRURE 20-018 @100 smRRURE 20018 @110 smRRURE z0-D1B @120
3. Bending Moment Capacity b4
< >

[Fig.5.19] Graphicreportforbeam design
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[Fig.5.20] Detail and Summary report for beam design
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Chapter 5. Concrete Bridge Design: EN1992-2

Serviceability Limit States

1. Stress for cross section

Stress verification will be performed for the concrete and reinforcement at the top and bottom
fiber. EN1992-1-1:2004

3.1.8(1)
0.<0¢, 0550,

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
sectionis 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 combinationis quasi=-permanent live load,
the ratio of short term s applied.

2 Short/Long Term Elasticity

@ Design > RC Design > Modify Concrete Material

“i Mod'ﬁ Concrete Materials ‘

Material List
) Hame fe|FeklR Main-har Subebar
1 cev 2 SD400 50400
Ratio of Modulus of Elasticity
n {Short Term) : | B 24290752035544
Concrete Material Selection ntLong Term) ! 12,48558150407769
Code ! [ENMMGRC) [ Grade ! [CA/A |w I:l
Specified Compressive Strength (fclfck) 8 N/mmz 0K Close
Rebar Selection
Code : END4(RC) |r
Grade of Main Rebar : | Class B [+ Fy N/mme
Grade of Sub-Rebar : M /mmz
Maodify Close

[Fig.5.21] Short/Long Term Elasticity

Default value of ratiois 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

O, =max( fy,, (1.6—h/1000)f, ) (5.30)

ctm?

where,
h : The total member depth
fom : The mean value of axial tensile strength of concrete.
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[Table5.11] Mean value of axial tensile strength, fg,

Condition fetm
<C50/60 0.30f, "
>C50/60 2.12 In(1+(f./10))

fem - The mean compressive strength at 28 days.

f., = f +8MPa (5.31)
Oom =K, fiy (5.32)
where,

fek - The concrete compressive strength
k1,~ k4 is applied as shown in the table below. The user can directly enter the values for k;~k,.

[Table5.12] Coeffident k;~ k,
k1 k k3 ks
0.6 0.45 0.8 1.0

1 Coefficient k;~ k, for Concrete
@ Design>RC Design> Serviceability Para meters ...

Tree Menu

-

Option

@ Add/Replace Delete
Selection Type

All @ By Selection
Exposure Class
Class : | ¥D1 =)
Stress Parameters
ki 0.5

Apply Close

[Fig.5.22] Input coeffident k;~ k, for stress limitation

1.2 Allowable tensile stress of reinforcement

O =k fyy (5.33)

where,
fyi: The characteristic yield strength of reinforcement.
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2. Crack width

Crackingshall belimited to satisfy the following condition.
Crack width, wy < Crack width limit, Wy

2.1 Calculate crack widths

(1) Determine g5m-€cm

fct,ef‘f
Gs kt P (1+ aepp,ef‘f )
£y —Eqp = ”“E >0.6—° (5.34)
where,

&sm - 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.
gem - The mean strain in the concrete between cracks.

: The stress in the tension reinforcement assuming a cracked section.
0e : Theratio of E/Ey.

E; : The design value of modulus of elasticity of reinforcing steel.

Ecm : The secant modulus of elasticity of concrete.(MPa)
£ 03

E,, =22| - (5.35)
10

fct,eff = fctm (5'36)
CAHEAT A
pp,eff -

= (5.37)
A:,eff A%,eff

Ay’ - The area of pre or post-tensioned within A; ¢ In midas Civil, A, is applied as zero since tendon is
not considered.

A o - The effective area of concrete in tension surrounding the reinforcement of prestressing tendons of
depth, he er.

Do =min[2.5(h—d), % 2} (5.38)

EN1992-1-1:2004
(7.9)

EN1992-1-1:2004
Table 3.1

EN1992-1-1:2004
(7.10)

EN1992-1-1:2004
7.3.28)
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EN1992-1-1:2004
- level of steel centroid Figure 7.1

- effective tension area, Acer

|
o
FIPIIIISSS ST 7
Y
1 |

hest I .

- effective tension area, Acer

b) Slab

- effective tension area for upper
surface, Acien

hiees

¥

| |
TR
" (SLLLOSLLLLT L L LI IS

d
_%ff/77ff/7777/777f}’]
L o, W T W
t =
he I 1 £

¢) Member in tension

] !

=

- effective tension area for lower
surface, Acper

[Fig.5.23] Effective tension area (typical cases)

ky : Afactor dependent on duration of the load.

[Table5.13] Factor k

Condition ke
" EN1992-1-1:2004
Short term loading 0.6 7.3.4Q)
Long term loading 0.4

e Definition of Short and Long term loads

[Table5.14] Definition of duration of the load
Condition Description

Load combinations

Long term loadin
8 & composed of long-term load cases only

Load combinations
Short term loading Other than long-term loading

evcenting for the lano-term lnading

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] dassification for duration of the load

Duration of the load Description

Followingstatic 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.

Long term load case

Short term load case Load cases other than long-term load cases
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[ Duration of load (Short/Long term)

& Design>Common Parameter>Short/Long term Load Case

Long-term Short-term
Ordinary_Case 1 Ordinary_Case 2
Ordinary _Case 3 <= | | Ordinary _Case 4 =
Ordinary_Case & Ordinary_Case 6

Qrdinary _Cage 7 R Ordinary _Case 8
* Ordinary_Case 9
QOrdinary _Case 1

0K Close

[Fig.5.24] Define short/long termload case

(2) Determine spmax
The maximum crack spacing, S;mais calculated as shown in the table below.

S, max = KsC+ kkokyg (5.39) EN1992-1-12004
r.max ~— 3 (7.11)
pp,eff
.......... @
- Neutral axis
- Concrete tension surface EN1992-1-1:2004
Figure 7.2

- Crack spacing predicted by
Expression (7.14)

[D] - Crack spacing predicted by
Expression (7.11)

]E - Actual crack width

[Fig.5.25] Crack width, w,at concrete surface relative to distance from bar

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

For a section with n; bars of diameter ¢, and n, bars of diameter ¢,.

2 2
¢eq = M (5.40) EN1992-1-1:2004
7.12
n¢, +n,9, (7.12)
¢ : The cover to the long itudinal reinforcement.
k; : A coefficient which takes account of the bond properties of the bonded reinforcement
(=0.8 for high bond bars)
k, : A coefficient which takes account of the distribution of strain. ( = 0.5 for bending)
k3 = 3.4 (recommended values)
k4 = 0.425(recommended values)
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(3) Calculate the design crack width, w
Wk = Sr,max (Ssm
2.2 Get a limiting calculated crack width, wax

(1) Recommended values of Wya (mm)

_gcm)

(5.41)

For reinforced members without prestressing tendon, a limiting crack width, wp,a, are given

in the table below.
[Table5.16] Limiting crack width, wWay

Exposure

Class

Serviceability Load combination Type

Quasi

Frequent Characteristic

X0
XC1

0.4

XC2
XC3
Xca

03

XD1
XD2
XD3

03

XSs1
XS2
XS3

0.3

XF1*
XF2*
XF3*
XF4*
XAL*
XA2*
XA3*

Not
Checked

Not
Checked

User defined

0.2

(*) For “Freeze/Thaw attack class(XF1~XF4) and Chemical attack class(XA1~XA3)”, midas Civil

applies the limiting crack width as 0.2mm under the characteristicload combinations.
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] Exposure Class
Exposure class can be defined by members in the following dialog box.

@ Design>RC Design> Serviceability Parameters ...

Tree Menu

@ Add/Replace Delete

Selection Type
All @ By Selection

Exposure Class

Class : [%D1 [r]

Stress Parameters
ki 06

Apply Close

[Fig.5.26] Input Exposure dass

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.

Serviceability Quasi-permanent
seryl
-
-
Frequent
Serv?
B

Characteristic

oK Close

[Fig.5.27] Serviceability Load Combination

2.3 Check crack width at service loads

Wi < Wina (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 limit
value is specified by the user in Serviceability Parameter dialog box.

Cuasi-permanent Deflection Ctrl

L/ 500

@ L/ 2a0
User: L/

Characteristic Deflection Control
Limit: L/ 260

Deflection &mplification Factor
1

[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 ...

4 AASHTO-LRFDO2 RC-Beam Design Result Dialog _ X
Code ! AA5HTO-LRFDO2 Unit: kM . m Primary Sorting Option
Sarted by © Mermber SECT  ® MEMB #
Section
MEMB Section fo’ o
sECT|seL| Be | He |t |pos| M) fics| astop| RS |LcB| astot| wu |LcB| av | stmups
Span bi | hi | tys
10 Bottom Slab| 270000 | | 937,531 3 00035 4440907 35+ 000258 826645 35+ 00016 20-D16 @250
13 | [T |1.000 1,100, 300000 M 110094 3 00045 286,583 35+ 00028 V82953 35+ 00016 20-D16 @250
0,9380 0,000 0,000 300000 J 118605, 3 00048 000000 16 00000 B95563 38+ 00016 20-D16 @250
1 Bottom Slab| 270000 | | |1191.06| 3 00043 000000 16 00000 469,330 38+ 00016 2.0-D16 @250
13 | [T [71.0001,100| 300000 #4 120788 3| 00050 000000| 16 00000 425634 S8+ 00007 2.0-D16 @600
0,3360 0,000 0,000 300000( J 121871 3 00050 000000 16 00000 338244 S8+ 0,0007 | 2.0-D16 @600
12 Bottom Slab| 270000 | 1 121971 3 00050 000000 16 00000 313672 3 00007 | 20-D16 @E00
13 [T [1.000|1,100| 500000 M 117274 3 00045 000000 16 00000 329975 35 00007 2,0-D16 @600
0,6050 0,000 0,000 300000 J  1051,66 S 00044 000000 16 00000 355218 35 00007 Z0-D16 @E00
13 Bottom Slab| 270000 | | | 103754 S 0004z 000000 16| 00000 @ 494570 5 0006 | &-D16 @250
13 | [T |1.000|1,100| 500000 M | 963,165 S 00039 000000 16| 00000 @ 455559 5 0006 | &-D16 @250
0,6050 0,000| 0,000 300000 J 817,267 S 00036 000000 16| 00000 @ 476025 3 00018 | & -D16 @250
14 Bottom Slab| 270000 | | 745,744 3 00036 000000 16 00000 677205 3 0006 | &0-D16 @250
13 | [T |1.000|1.100| 300000 M 643,791 3 00036 7F7.2689 35+ 00028 670,924 3 0006 | 20-D16 @250
0.6050 0,000 0,000 300000 J 524063 35 00031 156538 3&+ 00025 ©65261| 12 0006 20-D16 @250
15 Bottorn Slab| 270000 | | | 451,738 35— 00029 239613 386+ 000258 3864312 3 00016 | 20-D16 @250
13 | [T |1.000]1.100) 300000 M 4280668 36~ 00025 418577 36+ 00025 855031 3 00016 | 20-D16 @250
0,6050 0,000 0,000 300000| J | 309,711| 38- 00028 514,467 3% 00031 872584 12 00016 2.0-D16 @250
18 Bottom Slab 270000 | | | 243,825 38- 00028 614951 3% 00036 105213 3 00016 20-D16 @250 [
Connect Model View Fesult Yiew Option
Selact All Unselact Al Re-calculation o Al 0K NG
Graphic... Detail... Summary. .. s
Option for Detail Print Position Summary By LCB Copy Table
w End I [ Mid, End .. Close

[Fig.5.29] Result table for moment resistance
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1 By Report

Design results can be verified in Graphic Report, Detail Report and Summary Report.

& Design>RC Design> Code Check > Beam Checking ...

J No:7 [ ]| & Piint & Print 4l Close B Save
(o]

1. Design Information

Member Number = 7

Design Code AASHTO-LRFDOZ

Unit System kN, m =

Material Data = 27000, fy=300000, fys=300000KPa

Beam Span 0936m

Sedtion Property : Bottom Slab (No : 13)
2. Section Diagram |

Eron paz Eron

i

S

T

!
- -
N N

ETRRUPE 2001 @100 ETRRUPE 20010 @110

p—

.
S

EoT:0012z0NT

emRAUFE Z0D1E @120

3. Bending Moment Capacity
A m— nent Capac

[Fig.5.30] Graphic report for beam design
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[Fig.5.31] Detail and Summary report for beam design
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