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PSC Design as per EN1992-2:05

Overview
Design procedure for PSC section is as follows.

‘ Modeling }

Structural Analysis

{ Generate load combination

‘ Define design parameters ‘

Modify material properties }

-

Select location for PSC design ‘

[ Perform PSC section design ‘

Fig.1 Procedure for PSC section design

There are some limitations of PSC design function in midas Civil.

1. Construction stage analysis should be performed because PSC section
needs to be checked during the construction stage and the service state.

2. PSC section design can be performed for the beam elements only. All the
elements which are on the X-Y plane are taken as Beam members and
those with some inclination to X-Y plane are designated as Column
members by midas Civil. However, these automatically assigned member
types to elements can be modified using Modify Member Type function
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(Path: Design> Common Parameters> Modify member Type).
3. Material definition should be from Eurocode database only.

4. Only PSC type section can be designed.

We will use an already modeled bridge. The bridge is a precast segmental
bridge which has been constructed by Full Staging Method.

Bridge specification and Cross-Section

Bridge type: 3-span continuous PSC Box Bridge (FSM)
Bridge length: L =40.0+ 45.0 + 40.0 =125.0 m

Bridge width: B =8.5 m (2 lanes)

Skew : 0°(No skew)
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Material Properties

> Concrete properties for superstructure

EC (RC) Grade: C40/50

» Tendon Properties

Material: EN 05(S) Y1770S7

P.C Strand: ®15.2 mm (0.6 strand)

Yield Strength: f,y = 1600 N/mm?

Ultimate Strength: fou = 1900 N/mm?

Cross Sectional area: Ap = 2635.3 mm?

Duct Diameter = 103 mm

Modulus of Elasticity: Eps = 1.95 X 105 N/mm?2
Jacking Stress: fpj = 0.7fpy = 1330 N/mm?
Curvature friction factor: y = 0.3 /rad

Wobble friction factor: k = 0.0066 /m
Anchorage Slip: As = 6 mm (At the Beginning and at the End)

Load
» Dead Load

Self-weight
Input Self-Weight
Superimposed dead load
w = 35.796 kN/m

Pre Stress
Strand (¢15.2 mmx19 (90.6™- 19))
Area: Ap = 2635.3 mm?

Duct Size: 103 mm
Prestressing force: 70 % of ultimate strength. fy = 0.7f,u = 1330 N/mm?
Prestressing losses after the initial loss (automatically calculated by
program)

Friction Loss: Py, =P, -e ")

u=0.3/rad, k =0.006 /m

Anchorage Slip Loss: Alc = 6 mm

Elastic Shortening Loss: APe = Afp.Asp
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Steel Relaxation (European)
Creep and Shrinkage Loss (European)

» Creep and Shrinkage
Code: European
Characteristic compressive strength of concrete at the age of 28 days :
48 N/mm?2,
Relative Humidity of ambient environment: 70%
Notational size of member: 364 mm.
Type of cement: Class N.
Type of code: EN 1992-2 (Concrete Bridge)
Concrete age when subjected to long term loads: to = 5 days
Age of concrete at the beginning of shrinkage: 3 days
Air temperature or curing temperature: T = 20°C
Creep Coefficient: Automatically calculated within the program
Shrinkage Coefficient: Automatically calculated within the program

» Liveloads

Condition

A. Vehicle Load : Load Model 1
B. Psi Factor : LM1 Tandem : 0.75
LM1 UDL: 0.4

> Distribution of Lanes

RA 1 Lane 1 Lane 2 RA 2

> € > € > €

Fig.5 Lane Distribution for Moving load
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150mm

250mim

100mm

» Support Settlement

Y

Heating

unfavorable condition.
Temperature Loads

Temperature difference (approach 2 in EN 1991-1-5)

Consider each pier undergoing the support settlement of 10 mm under

Cooling

T
1

3°C

25°C

Fig.6

13°C -8.4°C
\

-6.5°C

Vertical Temperature Difference
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> Wind Loads

Wind Load: 3 kN/m?2

3 kN/m?

Fig. 7 Wind Load Distribution

Total Height = Section Depth + Barrier + Noise barriers = 3+1+2.5=6.5m

Wind Pressure = 3 kN/m?

Wind Load =6.5 X 3 kN/m? =19.5 kKN/m (Horizontal Load)
=19.5 kN/m X -1.46m = -28.47 kN-m/m (Moment)
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Open model file and Save

For construction stage analysis of FSM bridge, open (% Open
Project) '20 PSC Design (Eurocode)_start model’.mcb.

File > # Open Project

10
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Check the model data

In this tutorial, the effects of reinforcement has been considered
for the calculation of the section property and creep restraint.

Fig. 8 FSM model used for section check

11
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Reinforcement Input

Enter longitudinal reinforcement, shear reinforcement and torsion
& mn wis woria, reinforcement data of the PSC section. The reinforcement data of
the arangement of  the PSC box is as follows. ¢

longitudinal rebar’s
has been simplified
for convenience.

35-P20, Distance from rebar center to the top surface=60mm

19-P20, Distance from rebar center to the bottom surface=50mm

Fig. 9 Reinforcement in longitudinal direction

The shear/torsion reinforcement data of the PSC box is as follows.
Table 1. Shear/torsion reinforcement data

Pitch 0.15m
Shear Angle 90°
reinforcement Alt 0.0015484 m? (4-
P12)
Pitch 0.15m
Torsion Awt 0.0003871m? (1-P10)
reinforcement Alt 0.0078554m? (62-
P12)

12
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Let's assume that the longitudinal reinforcement, shear
reinforcement, and torsion reinforcement are same throughout the
bridge.

We can enter the longitudinal reinforcement and shear
reinforcement data by selecting all the elements at a time,
because there is same reinforcement throughout the bridge.
Aw is the area of vertical re-bars which are placed in the web and
Awt is the area of one leg of outermost closed stirrups

Alt is the total area of longitudinal torsion reinforcement
distributed around the perimeter of the closed stirrups.

Properties > Section Manager > Reinforcements
Section List>Span
Longitudinal reinforcement
1. Type: Line, Input Method B, Starting Point (-4.19,
1.14941), End Point (4.19, 1.14941), Num. (35),
Check on (Edge Bar), Dia (P20)
Click [Add] button.
2. Type: Line, Input Method B, Starting Point (-2.2, -
1.74059), End Point (2.2, -1.74059), Num. (19),
Check on (Edge Bar), Dia (P20)
Click [Add] button
Shear Reinforcement
Diagonal Reinforcement>Pitch (0.15), Angle (90), Aw
(0.0015484)
Torsion Reinforcement >Pitch (0.15), Awt (0.0003871),
Alt (0.0078554) 4

13
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€ By checking on
“Both end parts (i &
j) have the same
reinforcement”, the
reinforcement data
of one part will be
copied to another.
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Fig. 10 Reinforcement of PSC section
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Construction Stage Analysis Control & Perform Analysis

§¢ Consider the
reinforcement
entered into the PSC
section  for the
calculation of
section properties.
If this option is
checked off, the
reinforcement  will
not be considered
for calculation of
section properties.

Modify Construction Stage Analysis Control Data to take into
account the effect of re-bars in creep and shrinkage restraint. In
case of a PSC section, we can consider rebars for the calculation
of section properties of PSC Box.

We are now ready to perform the structural analysis.

Analysis >Construction Stage Analysis Control...
Consider Re-Bar Confinement Effect (on) J
Analysis > Main Control Data
Consider Reinforcement for Section Stiffness
Calculation (on) ¢
Analysis > 5| Perform Analysis

Construction Stage Analysis Control Data

Final Stage Cable-Pretension Force Contral . ‘

@ Last Stage  Otherstege o1 @ Internf Time Dependent Effect Control [
Initial Ford) Time Dependent Effect
[ Restart Construction Stage Analysis I~ Convi [ Cresp & Shrinkage

Analysis Option = | Type
I~ Indude Nonlinear Analysis I Chang} " Creep " Shrinkage @& Creep &Shrinkage
S e I Apply Creep
| 1 Convergence for Creep Iteration
[~ Initial ]

[ Indlude P-Delta Effect Only - Number of Iterations: |5 = Tolerance:  [0.01

[¥ Incude Time Dependent Effe Time Dependent Effect Control L
T ! HEi= ! - I Lad Orlly User's Creep Coeffident
Internal Time Step for Creep : 2 =1

Load Cases to be Distinguished from Dead Load for C.5. Output 4 =
Ly ¥ Auto Time Step Generation for Large Time G
Load Case: [self ﬂ v | [ Load case add - ¥ Auto Time Step Generation for Large Time Gap
2nd Dead ] T : Time Gap T> 10 2 = rrw0 [ =
Delete - -
4 Beam Sect te1w00 [7 =] Teso0 [0 =
" Cons T> 10000 [0
Load Type for C.5. (Erection Load) : Dead Load (D) = Frame O
;m;‘ “I ¥ Tendon Tension Less Effect ( Creep & Shrinkage )
aicul
% Calc [ Consider Re-Bar Confinement Effect |
[V Variation of Comp. Strength
¥ Save Ouf
I~ Apply Time Dependent Effect Elastic Modulus to Post C.5
Remo!

¥ Tendon Tension Loss Effect ( Elastic Shartening )

{+ Change with Variation of Tendon Force

" Constant

Cance

Fig.11 Input window of the Construction Stage Analysis Control Data
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Main Control Data L&J

[v Auto Rotational DOF Constraint for Truss/Plane Stress/Solid Elements
[+ Auto Normal Rotation Constraint for Plate Elements

Tension f Compression Truss Element (Elastic Link f Inelastic Spring)

Number of Iterations/Load Case 20 _|:Y|
Convergence Tolerance 0,001

[ Consider Section Stiffness Scale Factor for Stress Caloulation
[ Transfer Reactions of Slave Modes to the Master Node
I [ Consider Reinforcement for Section Stiffness Calculation I

[~ Change Local Axis of Tapered Section for Forcefstress Calculation

oK | Cancel

Fig.12 Main Control Data dialog box

Load Combination
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In this tutorial we will generate the following load combinations
based on the Bridge Design Specification (EUROCODE).

ULS

1.35Gk + P + 1.35(TS+UDL) + 1.5(0.6Fwk)
1.35Gk + P + 1.5Tk + 1.35(0.75TS+0.4UDL)
1.35Gk + P + 1.5Fwk

SLS

Characteristic

Gk + P + (TS+UDL) + (0.6Fwk)
Gk + P + Tk + (0.75TS+0.4UDL)
Gk + P + Fwk

Frequent

Gk + P + (0.75TS+0.4UDL)+ (0.5Tk)
Gk + P + (0.6Tk)

Gk + P + (0.2Fwk)

Quasi-permanent
Gk + P + (0.5Tk)
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Tendon Primary load is not included in the load combinations for
ultimate limit state check. It is because Tendon Primary is
considered while computing the bending resistance of cross-
section. Creep Secondary and Shrinkage Secondary are used for
member force calculation. In midas Civil, Creep & Shrinkage
Primary are used for finding displacement.

Result > Combination > Concrete Design>
Define load combinations manually.

£ Load Combinations = X

General | Steel Design [Concrete Desi...[SRC Design | Composite Steel Girder Design

Load Combination List Load Cases and Factors
No Name Active| Type | E| Description J LoadCase Factor
LS Stren  Add r [ Dead Load( 1.3500
Stren  Add r ___|Erection Lo 1.3500
Stren | Add r Creep Seco 1.3500
Stren  Add r ___ | Shrinkage 1.3400
Stren | Add r | SM(SK) 1.3500
Stren  Add r ___|Tendon Se 1.0000
Seric | Add [™ | Characteristic M1 1.0TS 1.3500
Seric | Add [™ | Characteristic _|Wind(5T) 0.9000
Servic | Add ™ |Characteristic i
Servic | Add [™ | Characteristic
Servic | Add [™ | Characteristic
Servic | Add [™ | Characteristic
Seric | Add [ |Frequent
Servic | Add [ Frequent
Seric | Add [ |Frequent
Seric | Add [ |Frequent
Seric | Add [ |Frequent
Seric | Add [ |Frequent
Seric | Add [T | Quasi-permanent
Seric | Add [T | Quasi-permanent
r
£ >
Copy Import... Auto Generation. .. Spread Sheet Form
File Marme: D:\DEYSupportiRevised tubl20 PSC Design (Eurocode)_ Browse Make Load Combination Sheet Close

Fig.13 Load combination

17




ADVANCED APPLICATIONS

PSC Section Design (Procedure & Theory)

STEP 1
Input Design Parameters

PSC > Parameters...
Input Parameters
Design Code: EUROCODEZ2-2: 05
National Annex : Recommended (on)
Design Parameters (ULS), Moment Resistance:
Consider All Tendons (on)
4. Shear Resistance, Strut Angle for Shear : 45 (Degree)
Output Parameters
Select All 4

=

wmn

-
PSC Design Parameters ld:-i-J
Desian Code : Eurocode2-2:05 - National 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 : 45 (Dearee)

Cement Class [~ User Input Data

Class R {s=0.20) -

QOutput parameters

Ultimate limit states Serviceability limit states
[ Ultimate bending resistance [ Stress for cross section at a construction stage
[v Shear resistance [ Stress for cross section at service loads
[¥ Torsional resistance [+ Principal stress at a construction stage

[ Principal stress at service loads
[ Tensile stress for prestressing steel
[+ Crack control

{EEEAITY  Unselect Al
OK | Cancel

Fig. 14 Defining design parameter
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The Following National Annexes are incorporated in the program

a. Recommended
b. British
c. lItaly

For Moment of Resistance calculations, the tendons are to be considered only
in the Tensile Zone or all the tendons in the cross section. Consideration of all
the tendons will increase the resisting Moment and hence will make the design
less conservative.

The Strut Angle will be used in the Shear Resistance calculation.

Cement Class is used in calculation of compressive strength of Cement. We
have to select one of Class R, Class N, And Class S.

User Input: Check (on)

[Click] Modify design Parameters to be found in National Annex.

Design Parameters according to the code are default set in the calculations.
But the user has the option to edit them.

Modify Design Parameters

Eurocode2-2:05 { Recommended T lpRE Co

Partial factors for materials ( Ultimate limit states )

Persistent & Transient Accidental

Conaete : 1.5 Concrete : ,127
Reinforcing steel : ’1157 Reinforcing steel : ’17
Prestressing steel : 115 Prestressing steel : ,17

Partial factors for materials ( Serviceability limit states )

Concrete : 1 Reinforcng/Prestressing steel : 1

Coefficient for long term effects

Alpha cc: ‘0-35 Alpha ct: |1

Stress limitation
Concrete

ki: [0.8 k3: [0.8 ka: [1 ke: [0.7
Prestressing steel
k1: 0.8 k2: [0.8 ks: [0.75 k7: [0.75 ka: [0.85

Reducing factor for Prindpal stress

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

k3: |3.4 k4: |0.425

OK ‘ Cancel

Fig. 15 Defining design parameter
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STEP 2
Classify Load Cases

PSC > Short/Long Term Load Case

Long Term

Self-Weight and other permanent loads
Short Term

Wind, Temperature, Moving Loads etc.

£ Short/Long term Load Case

Long-term Short-term

Self fad Wind
Mon-Structure Dead | || =7 | | Temp Grad_H

P3 Temp Grad_C
2nd Dead - LM1_1.0T5+1.00DL
M LM1_0,75T54+0.4000

o]y Close

Fig. 16 Short/Long term Load Case

20



PSC Design as per EN1992-2:05

STEP 3

Classify Load Combinations

PSC > Serviceability Load Combination

Classify serviceability load combinations into sub-category,
i.e. Characteristic, Frequent, Quasi-permanent.

= Serviceability Load Combination 1.

Serviceahilicy Quasi-permanenk

5L5_01
| Sl5_qe

Frequent

5L5_Fi
.= | |sls_Fz
5L5_F3
5L5_F4

Characteristic
|
o | |85 cz
5LS_C3
e | |SLs_c4

O Close

M3

&]

(&) [w]>]

Fig. 17 Serviceability Load Combination Type
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STEP 4

Modify material properties

PSC > PSC Design Material...
Material List> ID1
Concrete Material Selection
Code> ENO0O4(RC)
Grade>C40/50
Rebar Selection
Code> ENO0O4(RC)
Grade of Main Rebar>Class A
Grade of Sub-Rebar>Class A
_ Modfy |

22
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Medify Concrete Maternials ﬁ
Material List
1D | Mame | f|fick|R. | Main-bar Sub-bar |
1 C40/50 40000

Concrete Material Selection

Code : |ENOHRC) - Grade : 4050 - J

Specified Compressive Strenath (fclfck) :  |40000 kN Jm?2

Rebar Selection

Code : |EMNO4RC) -
Grade of Main Rebar : Class A | Fy : (400000 kM m 2
Grade of Sub-Rebar *| Fys : 400000 kifm?2

Modify | Close

Fig. 18 Modify concrete and rebar materials for design

This function is used to modify the properties of the steel rebar
and the concrete material defined while creating analysis model.
This modification will be used only for the designing and strength
verification. The analysis results remain unaffected.

In this design example, concrete material is same i.e. C40/50, we
only need to specify the grades of Main rebar i.e. longitudinal steel
and sub-rebar i.e. steel used for shear reinforcement.

23
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STEP 5
Select Locations for PSC Design

Using this function we can select the elements and their ends (only I, only
J or both | & J) to be checked for moment or shear or both, for PSC. If we
do not select specific locations for check, both parts (1&J) of all the
elements will be checked for both moment and shear.

PSC > PSC Design Option...
Option>Add/Replace
® Select All
Moment> | &J (on)
Shear> 1 &J (on)
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STEP 6
Select location for output

Using this feature we can select the ends of elements for which flexural
and (or) shear and (or) torsion strength are to be produced in output report
(in excel sheet) generated from ‘PSC Design Calculation’ after PSC
Design. It is important to note that output can be produced only for those
elements which have been assigned PSC Design Option.

In the following example, we will print the flexure, shear and torsion
strength of the elements in the central span and at support.

PSC > PSC Print Option...
Option : Add/Replace
£ Select Elements by Identifying... (Element: 16, 26)
Moment Strength> M (+) >J (on)
Moment Strength> M (-) >J (on)
Shear Strength> J (on)
Torsion Strength> J (on)
Click [Apply]

Eurocode2-2:05 -

B
B Parameters 5 Design/Outout Postion ~

BB serviceabity Load Combination Type Jesign
Dasign Parameter PSC Desgn Data | PSCDesgn | PSCDesgn Resubs |
- —- EE|THEHE® EHSS D ', - ¥ 1626 B DACEE NN FEES DN E

Hi Base -1k a

Beped

»E0EOI08 €2 R

& &

>
Tras Man [ <]+ ]51\ Command Wessage £ Fnaiyen lessage 7

Sl = S
Fig. 19 PSC Print Option dialog box
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26

STEP 7

Exposure Class

This feature enables the user to provide exposure classes specific to each
element and at the Top and Bottom surface of a section. Like other
functions user can edit in tabular format also. By default if not assigned
the Class XC1 is applied at both top and bottom surfaces.

PSC > Exposure Class

Option: Add/Replace

® Select All
Top:XC1
Bottom:XC1
Click [Apply]

Tree Menu Elem | BothlJ Top - | Bottom - | Top -J Bottom - .J
Ge... Steel Co... SRC 21 I3 XC1 XC1 XC1 XC1
22 v XC1 XC1 XC1 XC1
Exposure Class j D 23 I3 XC1 XC1 XC1 XC1
— 24 I3 XC1 XC1 XC1 XC1
25 v XC1 XC1 XC1 XC1
{+ Add/Replace " Delete 26 2 ¥C1 ¥CA ¥CA ¥C1
s Both end parts(i &j) have the same i o e e e i
exposure dass 28 2 XC1 XCA XC1 XC1
1 l I ] 29 I3 XC1 XC1 XC1 XC1
30 I3 XC1 XC1 XC1 XC1
Exposure Class 31 I3 XC1 XC1 XC1 XC1
Top : XC1 - 32 3 XC1 XC1 XC1 XC1
Bottom: [xC1 - 33 I3 XC1 XC1 XC1 XC1
34 I3 XC1 XC1 XC1 XC1
35 I3 XC1 XC1 XC1 XC1
Apply | Close | 36 v XC1 XCA XC1 XC1
37 I3 XC1 XC1 XC1 XC1

Fig. 20 Exposure Class
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STEP 8
Perform the PSC Design

PSC > Perform Design

Message Window

Generating data for PSC design
Generation of data for PSC design has been successfully completed.
#%% Reading PSC Design Result

T

Fig. 21 Message after completing PSC Design

27



ADVANCED APPLICATIONS
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Design Results

We can see the design results in Tables (Design>PSC Design>PSC
Design Result Tables). We can also check the design calculation in
excel sheet format. This design result corresponds to the ‘Input’ and
‘Output’ parameters defined in ‘PSC Design Parameters’.

PSC Design Calculation

It produces PSC design results in excel format for the elements selected
in PSC Print Option.

This sheet can be generated in Post CS stage and if the number of
selected elements is larger, it takes longer time to generate the sheet.
The excel sheet is saved in the saved folder of model files (*.mcb).

PSC > PSC Design Calculations...
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Check Design Result Tables

The results that can be checked have been categorized into two.

In the first category we can check the stresses at construction stages and
at service load.

The second category corresponds to ultimate limit state check. Here we
can perform Flexural strength check, Shear strength check and
Combined Shear & Torsion Check at factored loads.

Check Flexure Strength...
Check Shear Strength...
Check Combined Shear and Torsion Strength...

Check stress for cross section at a construction stage...
Check tensile stress for Prestressing tendons...

Check stress for cross section at service loads...
Principal stress at a construction stage...

Principal stress at service loads...

(ef] (R o] o] ] ) ] ]

Check crack width at service loads...

Fig. 22 PSC design result tables
Following sign convention is used for stresses

Compression: (+)
Tension: (-)

29
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Check Flexure Strength

Positivel LCom Design h_Ed h_Rdl Lps
Elem Part ‘ Megative ‘ Marme Situations Type ‘ CHK ‘ (kM) ‘ [kMAm) ‘ M_Ed/M_Rd ‘ e
21 [21] MNegative LLS1 Persistent & T hY'-hik O -335.5608 56557 .3950 0.0092 0.0211
21 [21] Positive LLS3 Persistent & T MY-MAX  |OK 33140.4309 5145806611 053390 0.0211
21 J[22] MNegative LLS1 Persistent & T hY'-hik O 0.0000 277999524 0.0000 0.0211
2 |J[22] Positive LLS3 Perzistent & T MY-MAX |OK 40962 7556 TO397 5263 05519 0.0211
22 |[22] Megative LILSA Persistent & T hY'-hIk Ok 0.0000 277999524 0.0000 0.0211
22 |[22] Positive LLS3 Perzistent & T MY-MAX |OK 40963.2645 TO397 5263 05519 0.0211
221J[23] Megative LLS1 Perszistent & T hY-hIik Ok 0.0000 217419432 0.0000 0.0211
221J[23] Positive LLSE Perzistent & T MY-MAX | OK 49066 7172 770852359 0.B3E5 0.0211
23 [23] Megative LILSA Perzistert & T h%-MIN O 0.0000 29741 9677 0.0000 0.0211
23 [23] Piositive LLS3 Perzistert & T MY-MAX  |OK 49064 0545 770852359 06365 0.0211
23 J[24] Megative LILSA Perzistert & T h%-MIN O 0.0000 20344 E391 0.0000 0.0211
23 J[24] Positive LLS3 Perzistert & T MY-MAX  |OK 551989786 TE703.5402 0.7014 00211
24 [24] Megative LILSA Perszistert & T h%-MIN Ok 0.0000 20344 BI5E 0.0000 00211
24 [24] Positive LLS3 Perzistert & T MY-MAX  |OK 55197 4955 TE703.5402 07013 00211
24 J[25] Megative LLSA Perszistert & T hi'-hIb Ok 0.0000 203275936 0.0000 0.0211
24 J[25] Positive LLS3 Perzistert & T MY-MAX  |OK £9340.0080 TE715.5089 0.7539 0.0211
25 |I[25] Megsative ULSA Persistert & T/hY-MIN Ok 0.0000 20327 5931 0.0000 0.0211
25 |I[25] Positive ULS3 Persistert & T/MY-MAKX QK 503401390 F8715.5089 0.7539 0.0211
25 |J[26] Megsative ULSA Persistert & T/hY-MIN Ok 0.0000 20321 0688 0.0000 0.0211
25 |J[26] Positive ULs2 Persistert & T/MY-MAKX QK E22131703 8718073 0.7303 0.0211
26 |I[26] Megsative ULSA Persistert & T/hY-MIN Ok 0.0000 20321 0659 0.0000 0.0211
26 |I[26] Positive ULs2 Persistert & T/MY-MAKX QK 622139338 8718073 0.7303 0.0211
26 [J[27] Megsative ULSA Persistert & T/hY-MIN Ok 0.0000 203147214 0.0000 0.0211
26 [J[27] Positive ULs2 Persistert & T/MY-MAKX QK E3179.2081 FE717 4901 0.8026 0.0211
Elem Element number . Nominal moment
location of check (I-end, .
Part Mgy /Mgy | moment ratio
J-end)
Positive/ positive moment, As.mi minimum required
. . s,min . .
Negative negative moment reinforcing steel area
LCom Load combination name
Check OK/NG
Name
Type produce maximum and
minimum member force
components for the load
combinations including
moving load cases
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Calculations

Mg, , Bending resistance

(1) Determine the distance between the temporary neutral axis and the
extreme fiber of concrete that is in compression. When the strain of

compression extreme fiber is ¢, ore,;, calculate straing;and Ag, for

reinforced and Prestressing steel.

(2) Calculate F_(Concrete), F, (Steel) and F, (Tendon)

F, = Axxnf,
FS = fs& ) fs :gSES

F=fA , f,=¢,E

Ep = Agp + &5

Note: For Unbonded Tendons value of Ag, = 100/E,

3) C=T

F-(R+F)<A

(4) Determine depth of the neutral axis (x)
Repeat 1) ~2) to satisfy (3) (by trial and error)

(5) Mg, , bending resistance
From the determined neutral axis depth, calculate M,

My, =Fa +Fa + Fpap (a = distance from the neutral axis)
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ADVANCED APPLICATIONS

(1 - gEZ/EClQ)h
or
(1- aslexs)h

Eud & &2 Eeu2
(€c3 ) l[ga:u3 )
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PSC Design as per EN1992-2:05

Check Shear Strength

" LiCam Design W _Ed W _Rd W _Rdc YW _Rds W _Rdmax
Elem Part Maecmdin Matme ‘ Situations Type ‘ CHH () (R T ‘ o ) W _Edf_Rd
14 J[14] Maix ULs1 Persistent & T FZ-MAX (o124 ¥352.1371 9500.4433 5107.2419 9500.4433 157909180 07739
14 J[14] Min ULS3 Perzistent & T FZ-MIM QK 4047 9854 50282757 5028.2757 9532.7588 15777 7434 0.3050
15 1[15] Maix LS Persistent & T FZ-MAK (o34 ¥352.1502 9500.4433 50285214 9500.4433 15724 4635 07739
15 1[13] Min ULS3 Persistent & T|FZ-hiM (o124 4047 9955 4990.0067 49900067 9532.7588 157457032 ns112
15 J1E] LV LS Persistent & T/FZ-h2X (o34 8210.39584 9500 4433 5028 8005 9500 4433 15724 A74 08642
15 J[16] Min ULS3 Persistent & T|FZ-hiM (o124 4735.3554 4990.2454 49302454 9532.7588 157459023 09459
16 |I[1E] Mz LS Perzistent & T FZ-MAX QK 52101802 9500.4433 4992 7904 9500.4433 15694 6407 0.3642
16 I[1E] in ULE3 Persistent & T|FZ-hin (o34 47351280 4933 5905 4933 5905 9532 7588 15698 9159 0959358
16 JA7] Maix ULs1 Persistent & T/ FZ-MAH (o124 9364 8062 9500.4433 4932 5865 9500.4433 15694 7206 09357
16 |J[17] Min ULS3 Perzistent & T FX-MIM QK SE680.3663 9500.4433 1708 6603 9500.4433 15645 7687 0.5979
17 11[17] LV LS Persistent & T/FZ-h2X (o34 -5834 7048 9500 4433 4937 212 9500 4433 15648 6742 06142
17 1[17] Min uLsz Persistent & T|FZ-hir MG -3935.9365 9500.44353 4555 6545 93500.44353 15554 6061 1.0455
17 |J[18] Mz LS Perzistent & T FZ-MAX QK -5019.4743 9500.4433 4937 2112 9500.4433 15645 6742 0.5283
17 8] in uL=E2 Persistent & T|FZ-hin 834 -8947 8055 9500.4433 4858 6845 9500.4433 15554 BOE1 09418
18 1[18] Maix LS Persistent & T FZ-MAX (o124 -5019.5401 9500.4433 4559 6706 9500.4433 15555.4043 05253
18 |I[18] Min sz Perzistent & T FZ-MIM QK -8947 8676 9500.4433 4784 4385 9500.4433 15524 9753 09418
18 J[19] s L= Persistent & T/FZ-hLx 834 -4497 3779 4859 6506 4859 6596 9532 7588 15638 4086 09255
18 J[19] Min uLsz Persistent & T|FZ-wi (o124 -5256 6147 9500.4433 4784 2833 9500.4433 15524 5516 0.5691
19 1[19] Mz LS Perzistent & T FZ-MAX QK -4497 4735 SE72.6630 5672 6650 9532.7588 16354 01458 0.7928
19 1[19] Min UL=E2 Persistent & T|FZ-hiM [s]24 -B256 BI8T 9500.4433 SE32.9003 9500.4433 16261 1299 0.8691
18 J[20] Maix ULs1 Persistent & T FZ-MAX (o124 -3800.3374 S672.6500 S672.6500 9532.7555 16353.9975 06699
19 Ji20] Min sz Perzistent & T FZ-MIM QK -7395.7521 9500.4433 5632 6276 9500.4433 162608740 07785
20 1[20] Maix L= Persistent & T FZ-hAX [s]24 -3800.3419 SE35.8238 SE35.8238 9532 7588 16319.1948 0ET43
20 1[20] Min uLsz2 Persistent & T|FZ-wiM (o124 -7395.7557 9500.4433 S5620.7944 93500.4433 16249.7532 07735
maximum shear force
Elem Element number Vg, among Strength/Stress
load combinations

location of check (I-end, J- .
Part VRd shear resistance

end)

. maximum/minimum shear shear resistance of

Max/Min A

force ' Concrete
LCom Load combination name V shear resistance of

Rd,s i

Name shear reinforcement
Type produce maximum and Vegmx | maximum Vg ¢

minimum member force

components for the load

combinations including

moving load cases

\ the ratio of shear force to
Check OKI/NG .
Vg shear resistance
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ADVANCED APPLICATIONS
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Calculations

Shear resistance Vg,

Vigo =[Cre ok (100, £, ) +k0, |-b,d
With a minimum of

VRd c = (Vmin + klo-cp) : bwd

(Where the flexural tensile stress is smaller than f_, o5/ 7.)

Ib,
Vas.o = ?\/( foa )+ Tep fa
Shear resistance, Vg,

For members with vertical shear reinforcement

Vigs = % zf .4 COt &

V =a,b,zv,f, /(cotf +tan )

Rd, max cww

For members with inclined shear reinforcement

f
ASW,maX e < l acwvl fcd
b,s 2

Vg s = Aw zf ¢ (cot@ + cota)sina
s
and

\Y =a,b,zv,f, I(cot &+ cot ) /(L+ cot® )

Rd ,max



PSC Design as per EN1992-2:05

1
ASw,max nyd <2 AowVy fcd

b,s sina

Where « is the Angle of Diagonal reinforcement.
Where the web contains grouted ducts with a diameter ¢>b, /8

bw,nom = bW - 05Z¢

Where ¢ is the outer diameter of the duct and Zgb Is determined for

the most
Unfavorable level

For grouted metal ducts withg <b,/8, b b

w,nom — Mw

For non-grouted ducts, grouted plastic ducts and unbonded tendons

bw,nom = bw _122¢
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ADVANCED APPLICATIONS

Check Combined Shear and Torsion Strength

LCom Design T_Ed T_Rd max W _Ed W _Rd max
Elem Part ‘ Mazin Fame ‘ S'rtuatignns Type ‘ CHK ‘ (kﬁ*m) ‘ EkN*Im) ‘ (k_N) ‘ _(kI\II) ‘ Ratia
Hl [§ T-Wax LS Persistert & T MA-MIN Ok -3509.6248 356TS.E7T2 -6495.3461 159858743 04431
] 1011 W-Max  |ULST Persistent & T FZ-MAX oK -510.6050 95451 7684 -4705 4470 15953 4426 0.3003
] 1011 -hin LS2 Persistert & TFZ-MN oK 1699.2746 95675 2437 -7967 4529 15985 7691 05162
] 1d2) T-Max  |ULS1 Persistent & T WX-MIN OK 315938211 95675 3261 -5168.2195 160401581 0.3556
] 142] YMax  |ULST Persistert & TFZ-MAX OK -443.4623 95481 7213 33106241 16007 5398 02115
] 142] W-hin L2 Persistert & TFZ-MN OK 906.7708 95674 7274 63135978 160400577 0.4031
] 221 T-Max  |ULST Persistent & T WX-MIN Ok -3193.8008 954762459 -5169.0851 160738427 03549
] 221 YMax  |ULST Persistert & T FZMAX Ok -443.4418 55663 5412 33106458 16038.1523 02111
] 221 W-hin LS2 Persistert & TFZ-MN Ok 906.7505 55875 6301 63136200 160737394 04022
] 23] T-Max  |ULST Persistent & T WH-MIN OK 29121355 95875 6821 -4311.1390 160737481 02986
] 23] Y-Max  |ULST Persistent & T FZ-MAX OK 79.4224 95662 8925 25877213 160380735 01622
] 23] -hin LS2 Persistert & TIFZ-MN OK 727 9167 95750908 -5416.9948 160736490 0.3446
] 3[3] T-Max  |ULST Persistent & T WX-MIN OK -2913.4850 96095 0293 -4316.8232 16111 0251 02963
] 3[3] W-Max LSt Persistent & T FZ-MAX OK 78.0743 95664 4743 -2557 7077 16071 3691 01615
] 331 -hin LS2 Persistert & TFZ-MN oK 729.2651 96095 0293 -5416.9621 16111 0251 03438
] 34] T-Max  |ULST Persistent & T WX-MIN oK -2653.8099 96095 0293 -3464 9540 16111 0251 02427
] 3 4] W-Max  |ULST Persistert & T FZ-MAX OK 1528699 95864 4743 -1806 8140 16071 8691 01143
] 3] W-hin L2 Persistert & TFZ-MN OK 5566014 56055 0293 -4534 3355 16111 0251 02872
] 4[4 T-Max  |ULST Persistent & T WK-MIN OK -2653.8099 96295 1284 -3454 9434 16144 5721 02422
] 4[4 YMax  |ULST Persistert & T FZ-MAX Ok 182.3699 96056 2497 -1806.8034 16109.0502 01141
] 4[4] W-hin LS2 Persistert & TFZ-MN Ok 5566014 596255 1284 -4534 3248 16144 5721 02866
] 48] T-Max  |ULST Persistent & T WX-MIN Ok 24161252 56255 1284 -2619.5755 16144 5721 01873

Table Parameters

maximum torsional moment
Elem Element number Teq among Strength/Stress load
combinations
location of check (I- Design torsional resistance
Part Trg max
end, J-end) ’ moment
Check for three cases, maximum shear force among
Max/Min T-Max, V-Max and V- \ Strength/Stress load
min. combinations
LCom Load combination V shear resistance of shear
Name name Rd.s reinforcement
Type Produce maximum and | Viy o maximum Ve ¢
minimum member force
components for the
load combinations
including moving load
cases
Check OK/NG
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PSC Design as per EN1992-2:05

Calculations

Y V, =a,b,zv,f, l(cot @+ cot ) /(L+cot® §)

Rd,max * Rd ,max

The maximum resistance of a member subjected to torsion and
shear
For solid cross-sections:

<1.0

Tey /T, +Veg Vg mx <

Rd ,max

T, Is the design torsional moment
Vg, Iis the design transverse force

Tramex 1S the design torsional resistance moment according to
Tramex = 2V, T Al sin@cos 6
ty, =Alu

For box sections

Each wall should be designed separately for combined effects of shear
and torsion. The ultimate limit state for concrete should be checked with
reference to the design shear resistance.
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ADVANCED APPLICATIONS

Check Stress for cross section at a construction Stage

er | port ‘ S ‘ e || @ ‘ FT ‘ FE ‘ FTL ‘ FEL ‘ FTR ‘ FER ‘ Pl ‘ ALy ‘
(kM) (KMY2) (kMiZ) (khimZ) (kM) (Nim?Z) (kMiZ) (kM)
N O Compression | CS1 oK 17048206 BG36OGEA | 17044206 6O360308| 17044208 GGA60SGE|  GA3G0358, 240000000
] 1021 Compression | CS1 oK 22174463 62157768 22174463 62157768 22174463 62157768 62157768, 240000000
] 202 Compression | CS1 oK 22174463 B2157768 | 20174483 G62157768| 20174463 G257768|  E2157768 240000000
] 23 Compression | CS1 oK 23411375 626090623 23411374 62699823 23411376 62699630  G269.9330 240000000
] 3 3] Compression | C=1 oK 23411375 B2600623| 23411374 62699828 23411376 G26A9G30|  G260GA30 240000000
] a 4] Compression | CS1 oK 24455512 BA737404 24455511 G3737403| 24455513 6737404 GA737404) 240000000
] 4014] Compression |CS1 oK 24455512 BI737404| 24455511 63737403 24455513 737404 B3737404| 240000000
] 4ug] Compression | CS1 oK 25504620 64402072 25504618 64402071 | 25504621 64402073 G4402073 240000000
] 5 i8] Compression |CS1 oK 25534620 B4402072| 29564618 64402071 | 29584621 64402073 64402073 240000000
] 5G] Compression | CS1 oK 27235804 GOS80513 27235002 6050.9512| 27235006 60509514  GOSGG514) 240000000
] 8 I] Compression | CS1 oK 27235804 BOSBOS13| 27235802 EOSB.9513| 27235806 60589514  BOSRSSI4| 240000000
] & J7] Compression | CS1 oK 29501313 54970029 29501311 54970927 | 29501315 54970030 54970930 240000000
] 7 I7] Compression | C=1 oK 29501313 54970828 29501311 S497.0937 | 29501315 54970830 54970930 240000000
] 7 i8] Compression | CS1 oK 31194684 50710441 31104681 S071.0433| 31194887  G0710442| 50710442 240000000
] a Il Compression | CS1 oK 31194684 50710441 31194681 S071.0433| 1194667  SO0710442| 50710442 240000000
] & Jg] Compression | C=1 oK 31426768 46744200 1426766 48744198 1426771 48744202 48744202 240000000
] EIE) Compression | CS1 oK 31426763 46744200 1426765 40744133 1426771 46744202 48744202 240000000
] 9J10] | Compression  |CS1 oK 30225822 4894 0487  G023SA1B 40949435 30205325 48949488 48940488 240000000
] 10110 |Compression  |CS1 oK 0225822 4A9404B7 | O0225GM8 40949485  G0225025 40949480 48949480 240000000
] 10 J11]  |Compression  |CS1 oK 27501157 S1270056| 27501153 §127.0054| 27501161 51270058 S127.0058 240000000
] 11[11]  |Compression  |CS1 oK 27501157 S1270056| 27501153 51270054 27501161 51270058 51270058, 240000000
] 11.J17)  |Compression  |CS1 oK 26204747 49805494 26204743 498006491 |  2A204751 49306496 49806496 240000000
] 12[12]  |Compression |51 oK 26204747 40805434 26204743 408006491 | 26204751 40306436 49806496 240000000

Table Parameters

Elem Element number FTL Combined stress at left top

Part Check location (l-end, J- | FBL Combined stress at left bottom
end)

Comp/Tens Compression, Tension FTR Combined stress at right top

Stage Construction stage FBR Combined stress at right bottom

CHK Combined stress check for | FMAX max/min combined stress
construction stages

FT Top fiber stress ALW allowable stress

FB Bottom fiber stress

38

Calculations

Calculate allowable stress
The concrete compressive stress in the structure
o0, <0.6f,(t)
For pretension elements, k,f, (t)

Tensile strength

fctm (t) = (ﬂcc (t))a ’ fctm




PSC Design as per EN1992-2:05

Check tensile stress for Prestressing Tendons

FOL1 FOL2 FLL1 AFDLY AFDL2 BFLLA
Tendon ‘ [KMAT™2) | (KMAm™2) ‘ [KMAT™2) | [KMAT2) | (KM 2) ‘ [KMAT™2) |

10943985390 1208052 2576 954511 5651 1440000.0000 13600000000 14250000000
1094396.5390 1209052 2376 954911 5704 1440000.0000 1360000.0000 14250000000
1102258.1209 12139791022 957521 4157 1440000.0000 13600000000 14250000000
1102258.1209 12139791022 957521 4150 1440000.0000 1360000.0000 14250000000
1108714.5195 12159413 4261 9515592095 1440000.0000 13600000000 14250000000
1109714.5195 1218413 4261 9516592122 1440000.0000 1360000.0000 14250000000
1118614.0702 1224198 5514 955551 537 1440000.0000 1360000.0000 14250000000
111 5614.0702 1224195 6514 955551 5352 1440000.0000 13600000000 14250000000
1051494 3813 1187364 3771 9441555492 1440000.0000 1360000.0000 14250000000
1051494.3513 1187364 3771 9441555456 1440000.0000 1360000.0000 14250000000

9E3323 7490 1143468 2452 921317 3359 1440000.0000 1360000.0000 1425000.0000

SE9323.7490 1143458 2452 921917 3855 1440000.0000 1360000.0000 14250000000
1087539.5609 1205773 2524 9534455410 1440000.0000 13600000000 14250000000
10587539.5609 1208773 2524 953445 6370 1440000.0000 1360000.0000 14250000000
1104508.0195 1214758 7081 9593585474 1440000.0000 1360000.0000 14250000000
1104508.0195 1214758 7081 959358 5436 1440000.0000 13600000000 14250000000
1051571 9323 1187442 0506 943541 2557 1440000.0000 1360000.0000 14250000000
1051571 9323 11874420506 943541 2607 1440000.0000 13600000000 14250000000

9E3497 2101 1143469 4502 921414 4347 1440000.0000 1360000.0000 1425000.0000

9E5497 2101 1143459 4502 971414 4366 1440000.0000 1360000.0000 14250000000

Table Parameters

Tendon | Tendon Profile name

FDL1 Stress in tendon at | AFDL1 | Allowable stress in tendon at
anchorages anchorages

FDL2 Maximum stress in tendon | AFDL2 | Allowable stress in tendon
along the length of the along the length of the member
member away from the away from the anchorages
anchorages immediately immediately after anchor set
after anchor set

FLL maximum stress in tendon | AFLL allowable stress after all losses
after all lossess at the last at the last stage
stage
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ADVANCED APPLICATIONS
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Calculations

Maximum stress applied to the tendon (AFDL1)

Op,max — min {klfpk . szpo,lk}

Prestressing tendons (AFDL2)
o,=ksf

pk

k, The recommended value 0.75



PSC Design as per EN1992-2:05

Check Stress for cross section at Service Loads

g - LCom 3 - FT FB FTL FBL FTR FBR FhiAx
m a OmeTENS. 1 pame e (kNiT2) (kim2) (kNim~2) (kim2) (kNim~2) (kin2) (kNim~2)
A 1 [{ Compression  SLE_C3  MY-MAX 0K 4336.1 560 Gi204.1633 4336.1 560 5284.1633 4336.1560 5264.1633 6284.1633
1 J[2] Compression SLS_C3 Fr-hl OK 9344 2575 4660 6552 3344 1505 46606174 I344. 3345 46606559 S344. 3345
2 2] Comprezsion SLE_C3 hY-hax | OR 93431561 46354114 93431127 4655.3674 9343.2034 4655.4335 9343.2034
23] Comprezsion SLE_C3 hY-hax | OR B370.2237 36221632 B370.1433 36221406 B370.3042 3622 2235 B370.3042
3 3] Compression SLS_C3 WY-MAX | OK B369.9043 36166183 B369.6552 36166095 5369.9204 36166269 5369.9204
3 4] Compression SLS_C3 MY-MAK | OR 70558.0789 28053600 70558.0531 28053464 70551046 28053736 70551046
4 1[4] Compression SLE_C3 MM | OR 7057 4072 27999208 70573815 27999089 7057 4330 27999342 7057 4330
4 .J15] Compression SLE_C3 MY-MAY | OR 7629.2329 21396202 76291964 21396099 76292693 21398485 76292693
5 5] Compression SLS_C3 MY-MAX | OR 7E29.5870 2136.1480 7E29.5506 21361287 7E29.6235 21361673 7E29.6235
5 J[E] Compression SLS_C3 MY-MAX | OR 8115.7122 13692677 8115.6641 1369.2622 81157604 1369.3132 81157604
G I[E] Compression SLS_C3 MY-MaX | OR 58117.5655 13655464 8117.5173 1365.5209 8117 6136 1365.5719 8117 6136
6 J[7] Compression SLS_C3 hY-bax | OR 9529.0974 643.2501 9529.0363 643.2179 952915683 643.2524 952915683
T [7] Comprezsion SLE_C3 hY-hax | OR 83302794 643.5346 8330.2183 6435026 8330.3403 643.5670 8330.3403
T Bl Compression SLS_C3 WY-MAX | OK 87807403 172.0731 87806656 175.0333 8780.8150 1731126 87808150
8 18] Compression SLS_C3 MY-MAX  OK 8781 9856 1758932 8781.9109 1758536 8752.0603 17589327 8752.0603
8 J9] Compression SLE_C3 MM | OR 8806.0954 29.4832 8806.0079 29.4369 88061529 295295 88061529
9 9] Compression SLE_C3 MM | OR 88079539 30.7404 8807 8964 30,6940 8308.0714 307867 8308.0714
9 Ji10] Compression SLE_C3 MY-MAY | OR 8607.9225 2001872 8607.8197 2001326 8605.0259 2002418 8605.0259
100 1010] Compression SLS_C3 MY-MAX | OR 86105647 201.8872 86104616 201.8326 8610.6673 201.9418 8610.6673
10J011] Compression SLS_C3 MY-MaX | OR 5179.6634 654.1104 5179.5436 6540470 8179.7631 641736 8179.7631
Elem Element number FTL combined stress at left top
Part Check location (I-end, J-end) FBL combined stress at left bottom
Comp/Tens Compression, Tension FTR combined stress at right top
LCom Name | load combination name FBR combined stress at right bottom
Type produce maximum and minimum | FMAX | max/min combined stress
member force components for
the load combinations including
moving load cases
FT top fiber stress ALW allowable stress
FB bottom fibre stress

Calculations
Calculate allowable stress

Allowable compressive stress
Jc = kl fck

Note: k,from National Annex. The recommended value is 0.6

Allowable tensile stress

Oy = fctm
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Principal Stress at Construction Stage

»

L

42

Sig_P1 Sig_F2 Sig_P3 Sig_P4 Sig_P3 Sig_P& Sig_PT Sig_PS
EEm || CEmpE. || =eER || @R (kllwgnﬁ"z) (kr‘\lg!;n"i) ‘ (kllwgn}"z) ‘ (kll\lglr_n"i) ‘ (klllg.fv;"z] ‘ (kllxlgrr_n"i) ‘ (klllg.n;’Q] ‘ (kl\‘ﬁr_n"Z) ‘
- 1] Tension CS4 Ok 0.0000 0.0000 0.0000 0.0000 -318.5700 -318.5700 -455.3353 -455.3353
1J[2] Tension CS4 K 0.0000 0.0000 0.0000 0.0000 -73.8203 -73.9203 -123.9642 -123.9642
2102 Tension CS4 Ok, 0.0000 0.0000 0.0000 0.0000 -74.0040 -74.0040 -126.0729 -126.0729
23] Tension CS4 K 0.0000 0.0000 0.0000 0.0000 -36.6498 38,6495 -T1.6128 -T1.6128
30[3] Tension CS4 Ok, 0.0000 0.0000 0.0000 0.0000 -38 6852 -38.6852 -71 BEEE -71 BEEE
3 4] Tension CS4 K 0.0000 0.0000 0.0000 0.0000 -26.5576 -26.3576 -32.3420 -32.3420
4 1[4] Tension CS4 Ok, 0.0000 0.0000 0.0000 0.0000 -26.5803 -26.5803 -523806 -523806
4 1J[3] Tension C34 K 0.0000 0.0000 0.0000 0.0000 -16.6369 -18.6363 -38.3872 -38.3972
505] Tension CS4 Ok, 0.0000 0.0000 0.0000 0.0000 -18 6481 -18.6481 -38.4150 -38.4150
5 J[6] Tension C34 K 0.0000 0.0000 0.0000 0.0000 -13.7209 -13.7208 -28.5209 -285209
E I[E] Tension CS4 Ok, 0.0000 0.0000 0.0000 0.0000 -13.7169 -13.7169 -29813 -29813
6 J[7] Tension C32 K 0.0000 0.0000 0.0000 0.0000 -11.3193 -11.3193 -21 1966 -21 1966
77 Tension Cs2 Ok, 0.0000 0.0000 0.0000 0.0000 -11.3179 -11.3179 -211945 -21 1945
7 e Tension CE1 K 0.0000 0.0000 0.0000 0.0000 -1 4456 -1.4456 -2.6034 -2.6034
g I[8] Tension CE1 Ok, 0.0000 0.0000 0.0000 0.0000 -1.4455 -1.4455 -2.8032 -2.8032
& J9] Tension C34 K 0.0000 0.0000 0.0000 0.0000 -6.6656 -6.6858 -16.2734 -16.2734
9/19] Tengion cs4 K 0.0000 0.0000 0.0000 0.0000 -6.8816 -£.8316 -16.2635 -16.2635
9J010] Tension C34 K 0.0000 0.0000 0.0000 0.0000 -30.0565 -30.0565 -G7 5660 -G7 8660
10010107 Tengion cs4 K 0.0000 0.0000 0.0000 0.0000 -30.0315 -30.0315 -B7 5144 -E7 5144
10J[11] Tension C34 K 0.0000 0.0000 0.0000 0.0000 -74 6054 -74.6054 -154 605G -154 6055
11 1111] Tengion cs4 K 0.0000 0.0000 0.0000 0.0000 -74.7142 -74.7142 -154.4411 -154.4410
11 112 Tension C34 K 0.0000 0.0000 0.0000 0.0000 -23.7404 -23.7404 -47 0323 -47 0323
12112] Tengion cs4 K 0.0000 0.0000 0.0000 0.0000 -23.7163 -23.7163 -46.9315 -46.9915
Table Parameters
Elem Element number Sig_P5 principal stress at the top of left
web
Part Check location (I-end, J-end) | Sig_P#6 principal stress at the top of right
web
Comp/T | Compression, tension Sig_P7 principal stress at the center of
ens left web
Stage construction stage Sig_P8 principal stress at the center of
right web
CHK principal stress check at a | Sig_P9 principal stress at the bottom of
construction stage left web
Sig_P1 principal stress at the left top | Sig_P10 principal stress at the bottom of
of top flange right web
Sig_P2 principal stress at the right | Sig_MAX | the maximum principal stress
top of top flange among P1~P10
Sig_P3 principal stress at the right Sig_AP allowable principal stress
bottom of bottom flange
Sig_P4 | principal stress at the left
bottom of bottom flange
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LU

Principal stress at service loads

L Sig_P1 Sig_P2 Sig_P3 Sig_P4 Sig_P5 Sig_PE Sig_PT
EEm || P ‘ Comp.ans. | el ‘ Tipe ‘ GHS ‘ (krilg.‘fv;"Qj ‘ (krllg#}w) ‘ (kr‘»lg.fr;"Q) ‘ (kII\ng\'_n"Q) ‘ (kr?rr_nnz) ‘ (krlfrrTnAQ) ‘ (krilg.‘fv;"Qj ‘
- 11 Tension SLS_C4 FH-bLH o8 -831.0679 -831.0679 0.0000 0.0000 -227.7018 -227. 708 -365.7545
1 1J[2] Tension SLE_C3 Fr-hA (o8 0.0000 0.0000 0.0000 0.0000 -160.5778 -160.5775 -185.9553
22 Tension SLS_C3 F-ha o4 0.0000 0.0000 0.0000 0.0000 -1E0.7726 -160.7726 -199.0281
23] Tension SLS_C3 Fr-hA O 0.0000 0.0000 0.0000 0.0000 -54.2143 -G4.2143 -121.5780
33 Tension SLS_C3 F-MA Ok, 0.0000 0.0000 0.0000 0.0000 -84.2774 -84.2774 -121.6047
3 J4] Tension SLS C3 FH-MAH OR 0.0000 0.0000 0.0000 0.0000 -56.8179 -56.8179 -91.9905
41[4] Tension SLS_C3 -l Ok 0.0000 0.0000 0.0000 0.0000 -56.8585 -5B6.8585 -92.0258
4 J[5] Tension SLS_C3 FH-bLH Ok 0.0000 0.0000 0.0000 0.0000 -39.8330 -39.8330 -70.3401
51[5] Tension SLS_C3 -l ok 0.0000 0.0000 0.0000 0.0000 -39.5414 -39.5414 -70.3435
5 J[E] Tension SLS_C3 FH-bLH Ok 0.0000 0.0000 0.0000 0.0000 -20.6742 -20.6742 -57.3981
6 [[6] Tension SLS_C3 Fr-hA O 0.0000 0.0000 0.0000 0.0000 -29.6546 -29 6546 -57 3643
E J[7] Tension SLS_C3 F-ha o4 0.0000 0.0000 0.0000 0.0000 -20.1850 -20.1850 -42 6873
7T Tension SLS_C3 Fr-hA O 0.0000 0.0000 0.0000 0.0000 -20.1754 -20.1754 -42 BETS
7 E Tension SLS_C3 F-MA Ok, 0.0000 0.0000 0.0000 0.0000 -1.4805 -1.4805 -3.3393
5 I[8] Tension SLS_C3 FH-MAH OR 0.0000 0.0000 0.0000 0.0000 -1.4799 -1.4799 -3.3381
5 JE] Tension SLS_CE -l Ok -0.0000 -0.0000 -0.0000 -0.0000 -7.3080 -6.50584 -17.3187
991 Tension SLS_CE FH-bLH Ok -0.0000 -0.0000 -0.0000 -0.0000 -7.3043 -B.5047 -17.3078
9 Jro] Tension SLS_CE -l ok -0.0081 -0.0075 -0.0185 -0.0217 -327378 -27 6469 -73.6447
10 1[10] Tension SLS_CE FH-bLH Ok -0.0091 -0.0078 -0.0194 -0.0217 -32.7093 -27 6249 -73.5838
10 |J[11] Tension SLS_CH Fr-hA O -0.0411 -0.0360 -0.0655 -0.0701 -51.4144 -6i8.7600 -166.7557
11111 Tension SLS_CE F-ha o4 -0.0411 -0.0359 -0.0854 -0.0701 -81.3114 -68.6792 -166.5760
11 [J12] Tension SLS_CH Fr-hA O -0.1043 -0.0952 -0.1356 -0.1407 -27.5447 -20.53113 -53.5197
121[12] Tension SLS_CE F-MA Ok, -0.1032 -0.0942 -01342 01392 -27.5004 -20.3045 -53.7440
Table Parameters
Elem Element number Sig_P4 principal stress at the left
bottom of bottom flange
Part Check location (I-end, J-end) | Sig_P5 principal stress at the top of
left web
Comp/Te | Compression, tension Sig_P6 principal stress at the top of
ns right web
LCom Load combination names of | sig_p7 principal stress at the center of
Name maximum and minimum cases left web
Type produce maximum and | sSig_P8
minimum  member  for B I
u embe orce principal stress at the center of
components for the load ioh
combinations including right web
moving load cases
CHK principal stress check at | Sig P9 principal stress at the bottom
service loads of left web
Sig_P1 principal stress at the left top of | Sig_P10 principal stress at the bottom
top flange of right web
Sig_P2 principal stress at the right top | Sig_ MAX the maximum principal stress
of top flange among P1~P10
Sig_P3 principal stress at the right | Sig_AP allowable principal stress

bottom of bottom flange
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Check Crack width at service Loads

LCom Serviceabilit M_Ed ht_Edl S_rmax Wik Wima
Elem Part ‘ Top/Bottom Name ‘ ez Typey ‘ Type ‘ CHE ‘ (k_N) (kb]*m) ‘ _[rln) ‘ Ep_sm-Ep_cm m ‘ (m)
I 16 J[17] Bottom SLE_F1 Frequent FR-maxy QK -134625322 166858117 0.0000 0.0000 0.0000 0.0002
] 16 | J[17] Top SLE_F2 Frequent R -BAIN el -13462 BE27 | -21897 3423 5982502 0.oois 0.0009 0.0002
] 17 | [17] Baottom SLE_F1 Frequent Fr-max QK -13488 3853 -3657 D556 0.0000 0.0000 0.0000 0.0002
] A7 |I[17] Top SLE_F2 Frequent Ry -hillt MG -13488.3853  -21594 6393 585.2502 0.0015 0.0009 0.0002
] A7 |J[18] Biottom SLS_F2 Freguent MY -MAH RG -12757 3084 53395120 45924817 0.00086 0.0003 0.0002
] 17 |J[18] Top SLS_F2 Freguent R =PI [yl -12757 3084 -12839.6900 508.2502 0.0009 0.0005 0.0002
] 18 |I[18] Bottom LS _F2 Freguent MY -RAAM NG -12763 2547 5392 7547 4924817 0.0008 0.0003 0.0002
I 18 18] Top SLE_F2 Frequent R -RIN NG -12761 7B88 | 128364173 598.2502 0.0009 0.0005 0.0002
] 18 | J[19] Bottom SLE_F1 Frequent MY -BAR NG -12077 B176 13580 3108 4921817 0.oo1s 0.0007 0.0002
] 18 | J[18] Top SLE_F2 Frequent R -balr PG -12077 3042 -BE72 0906 595 2502 0.0005 0.0003 0.0002
] 149 /I[19] Bottom SLE_F1 Frequent FR-Max Ok -20952.4174 -TT30 4267 0.0000 0.0000 0.0000 0.0002
] 19 /I[19] Top SLS_F1 Frequent FH-MAX Ok -20952.4174 -TT30 4267 0.0000 0.0000 0.0000 0.0002
] 19 | J[20] Bottom SLS_F1 Freguent FH-MAX 0K -20534 7161 -5094 3436 0.0000 0.0000 0.0000 0.0002
] 19 J[20] Top LS _F1 Freguent FR-MAX 0K -20534 7161 -5094 3436 0.0000 0.0000 0.0000 0.0002
I 20 I[20] Bottom SLE_F1 Frequent FR-max QK -20550.1440 -5730 9366 0.0000 0.0000 0.0000 0.0002
] 20 I[20] Top SLE_F1 Frequent Fr-max Ok -20550.1440 -5730 9366 0.0000 0.0000 0.0000 0.0002
] 20 J[21] Bottom SLE_F1 Frequent Fr-max O -20394 3506 -4620 2305 0.0000 0.0000 0.0000 0.0002
] 20 J[21] Top SLS_F1 Frequent FH-MAX Ok -203949.3506 -4620 2305 0.0000 0.0000 0.0000 0.0002
] 21 |I[21] Bottom SLS_F1 Frequent FH-MAX Ok -16436.7904 -016.6954 0.0000 0.0000 0.0000 0.0002
] 21 |I[21] Top SLS_F1 Freguent FH-MAX 0K -16436.7904 -816.6554 0.0000 0.0000 0.0000 0.0002
] 21 1J[22] Bottom LS _F1 Freguent FR-MAX 0K -16967 3068 8671413 0.0000 0.0000 0.0000 0.0002
I 21 J22] Top SLE_F1 Frequent Fr-maxy QK -1B967 3068 BET 1413 0.0000 0.0000 0.0000 0.0002

Table Parameters

produce maximum and minimum

member force components for

Elem Element number Type o ) )
the load combinations including
moving load cases

Part Check location (I-end, J-end) | Check OK/ING

Top/Botto . .

m P top fiber, bottom fiber W, crack

LCom load combination name Wi allowable crack

Name

Servicea

bility . .

Frequent/ Quassi-Static

Load a Q

Type
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Calculations

Wk = Sr,max (Esm - gcm)

fct,eff

Os— kt (1+ aepp,eff )

Stmex = kyC + klk2k4¢/pp,eff
¢ is the bar diameter.

2 2
¢ = N +n,p
N + Ny,

If, spacing>5(c+¢/2),

S.mex =1.3(N—X)

Check crack
W, <W,,

W, = Table 7.101N-Recommended value of w,, and relevant
combination rules
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PSC Design Forces

This feature returns the design forces for each element under different
load combination in spreadsheet format table. The table shows
concurrent member forces namely Fx, Fy, Fz, Mx, My and Mz for all the
elements under all load combinations.

Design>PSC Design>PSC Design Forces....|

LCom Fix Fy Fz b %
Blem | Part | ame ‘ Type ‘ o) (M) ‘ (kM) (khemm) k) (krem) ‘
> [ LS FA-MAK 2044 3052 26 5757 -TE62.4771 £52.7570 -259 4353 07412
1 LLE1 F-hird 20407232 2B 6424 -4705.4470 -510.6050 -2589 4353 -0.5552
1 LLE1 Py -hli 2042 7358 2668806 -6491.7938 -2B57. 7473 -259.4353 -29315
110 UL FY-mIk 20418932 266.4045 -5852.0940 1636.2354 -259.4333 18151
1 ULE1 FZ-tax 20407232 266 6424 -4705.4470 -210.6050 -289.4353 -0.2952
1 LLE1 FZ-hir 20432339 266.5795 -7867.4529 G75.0696 -259.4353 04117
1 LLE1 Pl -hA 20425819 266 4976 -B972.7349 24884199 -259.4353 17314
110 UL [ ] 20420262 2667577 -6496. 3461 -3509.6249 -259.4333 -2.5479
110 UL Pl b2 20407232 266 6424 -4705.4470 -510.6000 -259.4333 -0.5582
1 LLS1 Flv"-hdlr 20437742 2665629 -7404.6099 935.5509 -289.4353 0.6053
1 LLE1 P2 2042 6704 2B 45861 -B702.9955 2007 4519 -2589 4353 27198
1 LLE1 A Z-hIN 20432120 266.7992 -T167.3360 -3025 6869 -259.4353 -3.5364
110 LLsz2 FH-max 2044 3052 -266.7101 -7E62.4771 16739620 -259.4333 1.8576
1 LULS2 Fr-bird 20407232 -266 6434 -4705.4470 2106000 -289.4353 05552
1 LLS2 Fy-hlax 2042 7355 -266.4052 -6491.79356 -1636.5422 -259.4353 -1.5130
1 LLS2 F -k 20441 9932 -266.8812 -5852.0940 2657 4434 -259.4353 289315
10 LLS2 FZ-Max 20407232 -266.6434 -4705.4470 510.6000 -259.4333 0.5552
110 LLsz2 FZ-hdird 20432339 -266. 7063 -T967 4528 1699.2746 -259.4333 1.5281
1 LLS2 Pl -hA 20425519 -266.7552 -G872.7349 Fa09 6249 -289.4353 25478
Table Parameters
Elem Element number Fy Design Shear force at the element
end along y axis
Part Check location (I-End, J-End) of | Fz Design Shear force at the element
each element end along z axis
LCom Load Combination Mx Design torsional moment at the
Name corresponding to maximum and element end
minimum value
Type Member force due to moving | My Design moment at the element end
load, which causes the due to bending about y axis.
maximum stress.
Fx Design axial force at the element | Mz Design moment at the element end
end due to bending about z axis.
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& There is only ‘All
COMBINATION’ in
case of PSC

$ If ‘Safety factor’ is
chosen, the program
displays the ratio
diagram of design
forces to strengths.

PSC Design Result Diagram

This feature enables users to check result diagrams in contours.
We can see the member force diagrams along with the nominal
strength diagram.

PSC > PSC Design Result Diagram....
Load Cases/Combinations> All COMBINATION#®
Option>Force®
Components> Flexure-y
Max, Min
Diagram Option
Scale Factor > 2
Fill Type > Solid

‘PSC Design Result Diagram j J

Load Cases/Combinations
ALL COMBINATION | .

Option
{* Force " Safety Factor

Criteria Line 1.0

Components
(s Flexure-y
" Shear
" Torsion {¥mx)
" Torsion {Tmx)

[V Max ¥ Min
Ultimate Force/Criteria Diagram
color [M|~| Thick. |2
Diagram Option

Scale Factor 1

Fill Type

" MNo " Line  {+ Solid
Direction

" Global | * Major Axis

& Local " Minor Axis

Type of Display
v Contour J [ Legend J

[~ values .|

Value Qutput Location

r r r
= r I~

Fig. 23 PSC Design Result Diagram Dialog
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% Postcs
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Fig. 24 PSC Design Result Diagram
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Excel Report

MS Excel format report is generated for the engineer’s verification.

PSC > Excel Report ...d

I'ﬁ’-':-l = ¥ 20 PSC Design (Eurocode)_completed model-rev.xls [Compatibility Mode] - Micr... -
- Home Insert Page Layout Formulas Data Review View Add-Ins @ - =5 X
& || Arial -l -l General || A SeInsert - | I - % [ﬁ
Paste i ‘B = 'HAA Avl l : |$ ZLi ,l Styles ?‘Delete' IE' Sort & Find &
S %6 +%8 ~ | BiFormat~ || 2 Fiter~ Select~
Clipboard ™= Font F} Alignment (P Mumber T Cells Editing
| AES1 - £
A/B C/IDIE/IFIGH/I/JIKILIMN/O/PlQR S|TIU VW X|Y| ZAABACADAEAFAG B
1 i
2 Element Mumber 16
3 Position Information J
4
5 | 1.Design Condition
6 1.1 Design Parameters
7 - Partial factors for ultimate limit states (EN 1992-1-1:2004, 2.4 2.4)
8 Design Situations < for concrete v for reinforcing steel : . for prestressing steel
g Persistent & Transient 1.600 1.150 1.160
10 Accidental 1.200 1.000 1.000
11
12 - factor a.. oy - Coefficient for long term effects on Compression and Tensile Strength.
13 Qe = 0.850 (for the Compressive strength)
14 Qg = 1.000 (for the Tensile strength)
15
16 1.2 Sectional Information
17 be 8500.000 mm L 7.B668E+12 mm* A 5969.040 mm?
18 h 3000.000 mm I, 2 957T4E+13 mm* 2y 10995 600 mm?
19 de 60.000 mm C, 4250.000 mm As,, 1548400 mm?
20 dy 2950.000 mm = 1790.590 mm At 387100 mm?
21 A 6208720.000 mm? Ay TBA5.400 mm?®
22
23 1.3 Material Information
24 - Concrete Material Information
25 fox = 40.000 MPa E. = 35220.000 MPa
26
27 - Reinforcement Material Information
28 fye| = 400000 MPa E.| = 200000.000 MPa
W 16_1 .26 Bending Resistance Shear Resistance T I
Ready |[=mm U




