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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, GTS NX, 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 basis of the
program and become familiar with the user manuals. The user shall also independently verify the results
produced by the program.
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Chapter 1 Introduction

The PSC design function can be applied to non-composite and composite prestressed concrete girders
and can be used to check if the PSC section satisfies AS 5100.5: 2017 requirements. It does not provide
an automatic optimization of tendon arrangement/profile.

In the design of prestressed concrete girders, the program calculates the design moment, shear and
torsion using load combinations. These are compared with the bending and shear strength combined
with torsion at the ultimate limit state based on AS 5100.5: 2017.

For the design of crack control, the incremental stresses in the tendon or reinforcement are calculated
based on decompression force and compared with the limit value specified in the code.

Input and output data can be presented graphically on the model, in tables, or on the Excel sheet
prepared for each section of the element.

The design algorithm of the PSC design function refers to AS 5100.5: 2017 and RMS Amendments to
Clause 8 of AS5100.5-2017 - November 2018.

Organization

This guide is designed to help you quickly become productive with the design options of AS 5100.5-
2017.

Chapter 1 provides the introduction and organization of this book.
Chapter 2 describes the input data of prestressed concrete girders for design to AS 5100.5-2017.

Chapter 3 describes the design algorithm and design outputs of prestressed concrete girders for strength
and serviceability to AS 5100.5-2017.

Objective

This design guide aims to outline the design algorithms applied in the 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 deliver relevant references to
the clauses in the design standards.

The design guide covers prestressed box girder and precast composite girder as per AS 5100.5-2017.
It is recommended that you read this guide and review corresponding tutorials found on our website,
http://www.MidasUser.com, before designing. Additional information can be found in the online help
available in the program’s main menu.
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Chapter 2 Input Data for Design

This chapter provides an overview of the basic assumptions, design preconditions, and some of the
design parameters that affect the design of prestressed concrete girders.

Load Combinations
The load combinations are used for defining the various combinations of the load cases for which the
prestressed concrete girders need to be checked.

2.1

To perform the PSC design function, load combinations should be defined in the Concrete Design tab.
The load combinations defined in the General tab can only be used to view the analysis results.

Design load combinations can automatically be generated based on AS 5100.2: 2017 for the roadway
and pedestrian bridge type. The user can modify load factors and load cases if the auto-generated load
combinations are inappropriate for a specific project.

General | Steel Design  Concrete Desgn | SRC Design | Composite Steel Grder Design | m Reglace
Load Combnaton List
Code Selection
No | Name | Acive | Type |E| n O e
1]cLCB1 | Strengt |Add | |ULS A 1.35(cD)+1.2 Design Code : A5 5100.2:17
v 2 Strengt | Add | |ULS B: 18M[1}+1.2
3[clCB3  Strengt | Add | |ULS B: 1.8M[2}+1.21 Manipulation of Construction Stage Load Case
4|cLCB4 [Strengt |Add |” |uLS B: 1.8M[3]+1.2 O stonty ) 5 Only OsT4cs
5/cLCB5 [Strengt [Add [ JuLs B: 1.8m[1}+1.0 | ST:StbcloadCase G5 : Construction Stage
E|cLCBE | Strengt | Add I [ULS B: 1.8M[1]+1.0 Shrinkage Secondary{CS) 1.2000
?L:LCET |Strengt | Add [ luLs B 1.8m[1}1.0 1 Bridge Type  Roadway
8/cLCBS [Swengt |Add | [ULSB: 1L8M[1j+1.0 [Stoad Factors for Pemanent Loads
3lcLCBY  [Strengt  |Add I [ULS B 1.8M[2}+1.0 Type of Load Losd Factor
10]cLCB10 [Strengt  |Add I [ULS B: 1.8M[2}+1.0 RS 15 B
11]cLCB11 |Strengt |Add [T |uLs B 18Mp2p1.0 =l 01200 0850
12|cLCB12 |Strengt  |Add (I |ULS B: 1.8M[2}+1.0 Supermposed Dead Load 0 200 O 080 C
13]cLCB13 [Stengt  |Add I |uLs B 1eM3)s1.0 5ol Load 0 1% 0 0mC
M4[cLCB14 [Strengt  |Add | JuLs B 18M[3}+1.0 Groundwater Load © 100 O 100 C
15[cLCB1S [Strengt  |Add | |uLs B: 18MB3}+1.0
chCEIG Strengt  |Add ™ |ULS B: 1.8M[3}+1.0 R.S : Redhuce Safety
17|cLCBAT [Strengt  |Add ™ [ULS E: 1.0M[1}+1.20 LS : Increase Safety
ﬂcLCﬁls |Strengt | Add [T |uLsE 1.0M2]+1.2 Fatigue Load Conbination
19]cLCB19 |Strengt  |Add " |ULSE 1.0M[3}+1.2
20[cLCB20 [Strengt |Add [T |uLs J: 10T+ 1,01 I 00
21[cLCB21 [Strengt  |Add ™ [ULS J- 1.0T[1}+1.0m Losd Case add
Delete
Copy Import... Austo Generation. .. Spread Sheet Form
File Name: Cr\Users\Anju\OneDrive - Midas RED Center India Pvt. L Browse Make Load Combination Sheet Close oK Cancel
-0

Figure 2- 1 Load Combination
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Auto-generation is performed based on the load type defined in the Static Load Cases dialog box.

s F= 1
| Nare : Seif weight
Case : Al Load Case Modfy
Type @ Construction Stage Load (CS) Delete
Descarpton :
No I Name Type [ Description

UECIATE U Construction Stage Load (C

2{SIDL-WC _ |Construction Stage Load (C |asphait 22 kN/m3 across 7.5m car
3/SIDL-CB __ |Construction Stage Load (C |0.5m wide crash Bamer

4 |Prestress | Construction Stage Load (C |

§/Temp Rise |Temperature (T)

6Temp Fall | Temperature (T) |

7 Pos Temp GqTemperature Gradient (TPG) |

8|Neg Temp Gq Temperature Gradient (TPG) |

CENENEREE

Figure 2- 2 Load Type

For the load cases whose type is Construction Stage Load (CS), the load type will be further divided
into CS: Dead Load, CS: Erection Load, CS: Tendon Primary, and CS: Tendon Secondary. When a
load case, Self Weight, is defined as Construction Stage Load (CS) and activated in a construction stage,
the program automatically produces CS: Dead Load, which includes the effects of the load case, Self

Weight.
Reactions Deformations RIHOY Stresses

Beam Diagrams

Load Cases/Combinations

[CS: Summation
CS: Dead Load

|CS: Erection Load 2

|CS: Tendon Primary

iCS: Tendon Secondary
|CS: Creep Secondary
|Cs: Shrinkage Secondary
{CS: Summation

'CS: Creep Primary

|CS: Shrinkage Primary

Omy DMz OMyz

Figure 2- 3 Construction Stage Load Cases

If another superimposed dead load case, SIDL-WC, defined as Construction Stage Load (CS), is
activated in a construction stage, the effects of the load case will also be included in CS: Dead Load.
To separate the effects of the two load cases, i.e. Self Weight, SIDL-WC and apply different load
factors for the auto-generation of load combination, the program provides CS: Erection Load so that
the user can assign the load case, SIDL-WC as CS: Erection Load 1 and define the load type using the
Load Cases to be Distinguished from Dead Load for C.S. Output option in the Construction Stage
Analysis Control Data dialog box.
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Final Stage
© Last Stage ) Other Stage

_ Restart Construction Stage Analysis
Analyzs Opton
Anaysis type  Linear Analysis
) independent Stage

Select Stages for Restart...

© Accumuative Stage
() Include P-Delta Effect

(8 inchude Time Dependent Effect Time Dependent Effect Control

Cable Pretension Force Control
© Internal Force O External Force
Intial Force Control

) Convert Final Stage Member Forces to Inital Forces for Post C.5.

() Change Cable Blement to Ecuivalent Truss Element for Post C.S.
() Acoly Initial Member Force o C.S.

Intial Dsplacement for C.S.

() inital Tangent Displacement for Erected Structures

Load Cases 1o be Distngushed from Dead Load for .S, Ouf Ak S
i (L) Acoly Camber Displacement to C.5. (if Defined)
No Load Case Name Type Casel Cas  add
(0) Consider Stress Decrease at Transfer Length Zone by Post-tension
[: Erection Load 1 oW sowe | : :
Modify near Interpolatir nstant : Stress *
Delete Beam Secton Property Changes
— © Constant ) Change with Tendon
Frame Output

() Calautate Concurrent Forces of Frame
{8 Caicuiate Output of Each Part of Composite Secton
_) Self Constrained Forces & Stresses

(8 Save Output of Current Stage(Beam/Truss)
Remove Construction Stage Analysss Control Data

o Cancel

,,,,,

Figure 2- 4 Erection Load Case

Load Case Name Erection Load 1 |
| Load Type for C.S.
[ Assignment Load Cases

Load Case

Dead Load of Wearing Surfaces and Uti v |

List of Load Case Selected Load Case

Self Weight SIDL-WC
| |SIDL-CB
| |Prestress
| |Temp Rise
Temp Fall
Pos Temp Grad > |
Neg Temp Grad

OK Cancel H

R—————

Figure 2- 5 Load Type of Erection Load Case

When a moving load case is included in the load combination, the program automatically produces
sub-combinations using maximum, minimum, and absolute maximum values of moving load analysis
results. Load Combination (max) is the sum of the results of static load cases and the maximum results
of moving load cases. Load Combination (min) is the sum of the results of static load cases and the
minimum results of moving load cases.
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2.2 ldentifying Girders

Any elements created on the global XY plane are taken as a girder by default. If an element is vertically
inclined and has a significant slope, the element will not be designed. In this case, the element can be
designed by assigning the member type as Beam using the Modify Member Type function.

» Design > Common Parameter > Modify Member Type

Modify Member Type

Option

© Add/Replace Delete
Member Type

OBeam O Coumn Brace

Apply Close

Figure 2- 6 Modify Member Type

2.3 PSC Design Parameters
In the PSC Design Parameters, the user selects a design code and design outputs for which PSC Design
will be performed. Also, the maximum nominal aggregate size needs to be entered. See AS 5100.5-
2017 Clause 8.2.4.2 for more details. The user can input the maximum increment of steel stress for
crack control based on Clause 8.6 of AS 5100.5-2017.

» PSC > Design Parameter > Parameters

Design Code : AS 5100.5:17
Input Paramaters
Maxdmum nominal aggregate size (8.2.4.2) Crack Control
Mandmum Increment of Steel Stress
dg: 16 mm 160 Mjfmmz
Output Paramaters
Uttmate imit states Serviceability mit state
8 Transfer Check I8 Control of Cracking

B Fiexural resistance
8 Shear resistance

8 Torsional resistance

Select All Unselect Al

Figure 2- 7 PSC Design Parameters

2.4 PSC Design Material

The design strength of concrete and reinforcement materials can be defined or modified here. This is
explained in detail in Chapter 3 Section 3.5, Material Properties for Design.

» PSC > PSC Design Data > PSC Design Material
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2.5  Design/Output Position
By default, the program performs PSC design and produces an Excel report for all the elements. The
positions and number of elements for PSC design and excel report output can be selected separately to
reduce the waiting time in case a lot of elements are included in the model.

» PSC > PSC Design Data > Design/Output Position

General Steel Concrete SRC EJ& CPG Ra
Position for PSC Output
General Steel Concrete SRC Il CPG

Position for PSC Design il .. Option
© AddReplace (O Delete
Spean N Moment Resistance
O Add/Replace O Delete Positive Moment
ONone O1 O3 O18)
Moment Resistance
OnNone O1 O3 O1s) Negative Moment
Onone O1 O3 O18)
Shear Resistance
ONone  O1 O3 Q183 Shear Resistance
OnNone O1 O3 183
Apply Close = = z o
Torsional Resistance

ONone O1 O3 0182

Apply Close

Figure 2- 8 Design/Output Position

2.6 Exposure Class
Exposure classification can be defined for top and bottom of each element to check crack control.

» PSC > PSC Design Data > Exposure Class

General Steel Concrete SRC Ej@ CPG

Exposure Class
Option
© AddReplace O Delete
.Both end parts(i &) have the same
Exposure Class

Figure 2- 9 Exposure Classification
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2.7 Preference

Default design code for PSC design and material code of reinforcement can be defined from the
Preference dialog box.

» Tools > Setting > Preferences

Preferences x

= Environment Steel Cm’poshe | soo |
General Concrete
View RC PSC Rebar
Data Tolerances Desian Code : Design Code : Material Code :
Property AASHTOLRFD12(l v AS 5100.5:17 v AS17(RC) v
;:d‘ts National Annex : Natonal Arnex : Material DB :
Recommended Recommended DS0ON
Notice & Help Report Lanquage: Report Lanquage:
Graphics Engish v Engish v

= Output Formats ting Report Unit:
Formats - Dim, & Others SI
Formats - Forces Rating Code :
Formats - Loads AASHTOARFR19

8 ave Changes Upon OK Defauit Al setefat [ ok ] cancel

Figure 2- 10 Preferences

The type of reinforcement diameter in Section Manager can be set or changed to Australian standard
by selecting AS17(RC) for the Rebar Material Code in Preferences dialog box.

— -

| Section Manager X
| ™ode N el « |s . l
@& ag® () eig: 100 mm B0 £y
| Rivlorchmnts | | 5= e 8 Same Reber Data at | &j-end
Target Section & Element Coordinate OcCentod O Leftottom
5 X Secton: 11 O Guide Line : 0
X 1:Md Section 1| o3|
X 2:Sup Section .
3: Diaphragm ~
I O pont O e Onc
| P ) O Cirde O Poly Line
X 5:Swp-Md
X 6:MdSwp! O lroutMetrod A O lnout Method B
X 7:MdSp2 Ref.Y Centrod v Y O o ‘
I 8:MdSwp3 |
T 5. SupMdt Ref.Z Top v [WZ80 0 P \
X 10: SupMd2 Num 0 ;
X 11:SupMd3 Spadng
Dia |
|
|
|
|
| Reference for Tapered
| As
Add
cTC
Type l Num I I Dia l
I ,
Copy Reinforcements to... Md Secton [6:-1600.0, 4300.0 SELECT [

Figure 2- 11 Reinforcement of Section Manager
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2.8

Design of Girders
In the design of PSC girders, in general, the program calculates and reports the ratio of demand and
strength for flexure, shear, and torsion and limit stress for crack control based on the user-defined input
data such as cross-section, tendon profile, and reinforcement. The code check results are provided for
the user-defined number of elements along the span.

All girders are designed for major direction flexure, shear, and torsion only. Effects resulting from any
axial forces except prestress are taken into account for the shear and torsion design and crack control,
but not for the flexural design. Effects resulting from minor direction bending that may exist in the
girders must be investigated independently by the user.

In checking the stresses during transfer, the maximum compressive stress at the top and bottom of the
girder is checked against 0.5fc,.

In checking the flexural strength for the major moment, the steps involve the determination of the
maximum factored moments and the determination of the design bending strength. The beam section
is designed for the maximum positive and maximum negative factored moment envelopes obtained
from all the load combinations.

In checking the shear strength for the major shear, the steps involve the determination of the factored
shear force, the determination of the shear force that can be resisted by concrete, the determination of
shear force that can be resisted by reinforcement steel, and the determination of vertical component of
prestress force to carry the balance.

In checking the combined shear and torsion strength for the major shear and torsion, the steps involve
the determination of the factored concurrent shear force and torsion, the determination of the shear
force that can be resisted by concrete, the determination of shear force that can be resisted by
reinforcement steel, the determination of vertical component of prestress force, and the determination
of torsion that can be resisted by transverse reinforcement.

For the crack control of the cracked section, the steps involve the determination of effective prestress,
decompression force, and the determination of the location of neutral axis and section properties of the
cracked section, and the incremental stress in the tendon.

2-7






Chapter 3 Design Algorithm

3.1

Assumptions / Limitations

The following general assumptions and limitations exist for the current implementation of AS 5100.5-
2017 within the program. Limitations related to specific parts of the design are discussed in their
relevant sections.

3.2

The design for fatigue is not supported.

Shear design for the regions near discontinuities and interface regions is not supported. Shear
design is provided only for the flexural regions based on the sectional design method (AS 5100.5-
2-2017 Clause 8.2.3).

Longitudinal shear in composite and monolithic beams is not supported.

Deflection of beams is not supported.

Vibration of beams is not supported.

Slenderness limits for beams is not supported.

The design value of the modulus of elasticity of steel reinforcement, Es, is assumed to be 2x10°
MPa (AS 5100.5-2017 Clause 3.2.2).

Design Load Combinations

The program creates a number of default design load combinations for a prestressed concrete girder
design. Users can add their own design load combinations as well as modify or delete the program
default design load combinations.

AS 5100.2-2017 specifies load combinations to be considered for ultimate analysis in Clause 23.3 and
for serviceability analysis in Clause 23.4.

3.2.1 ULS Load Combinations
The following load combinations are considered in the program.

(@) Minimum strength and stability.(AS 5100.2-2017 Clause 23.2).
(b) PE + road traffic loads.

(c) PE + pedestrian, cyclist path and maintenance traffic loads.

(e) PE + collision load.

(9) PE + earth pressure from traffic load.

(h) PE + earthquake effects.

(i) PE + water flow forces.

(j) PE + wind load.

(K) PE + thermal effects

The load combinations (d) PE + minimum restraint load, (f) PE + road traffic barrier load, (I) PE + fire
effects are not considered in the auto-generation of load combinations.

For minimum strength and stability [Item (a)], the following load combination is considered in the
program.

o 1.35dead load + 1.35 superimposed dead load

3-1
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For PE + road traffic loads [Item (b)] and for PE + wind load [Item (j)], the thermal effects shall be
included in these combinations with a load factor of 1.0 if they produce a more severe loading. The
program generates the following four combinations.

PE + road traffic loads

PE + road traffic loads + 1.0 thermal effects
PE + wind load

PE + wind load + 1.0 thermal effects

For PE + road traffic loads [Item (b)], the wind load shall be included in the combination using a design
wind speed of 35 m/s in all locations. The program generates the following two combinations. The
program does not identify the wind load whose wind speed is 35 m/s and hence the wind load case
should be modified by the user.

e PE + road traffic loads
e PE + road traffic loads + wind load

For PE + collision load [Item (e)], the road traffic loads shall be included in the combination with a
load factor of 1.0 if they produce a more severe loading. The program generates the following two
combinations. The traffic loads will be added regardless of vehicle type and hence it should be modified
by the user when the vehicle type is not SM 1600.

e PE + collision load
e PE + collision load + 1.0 traffic loads

For PE + water flow forces [Item (i)] and for PE + thermal effects [Item (Kk)], the road traffic loads shall
be included in these combinations with a load factor of 1.0 if they produce a more severe loading,
unless it can be demonstrated that the structure will be closed to traffic under ultimate conditions. The
program generates the following four combinations. The traffic loads will be added regardless of
vehicle type and hence it should be modified by the user when the vehicle type is not SM 1600.

e PE + water flow forces

e PE + water flow forces + 1.0 traffic loads

e PE + thermal effects

e PE + thermal effects + 1.0 traffic loads

Table 3- 1 ULS Load Combinations Generated by Program
No. Load Combination Tglilézog?zcg‘lés

cLCB1 1.35cD+ 1.35¢EL1 A M:;'dmsutr;bﬁﬁ;”gth
cLCB2 1.2cD+2.0ceEL1+1.0cTs+1.2cCR+1.2cSH+1.5STL+1.8M B Road Traffic
cLCB3 1.2cD+2.0cEL1+1.0cTs+1.2cCR+1.2cSH+1.5STL+1.8M+1.0T+1.0TPG B Road Traffic
cLCB4 1.2cD+2.0céL1+1.0cTs+1.2cCR+1.2cSH+1.5STL+1.8M+1.0W B Road Traffic
cLCB5 1.2cD+2.0cEL1+1.0cTs+1.2cCR+1.2cSH+1.5STL+1.8M-1.0W B Road Traffic
cLCB6 1.2cD+2.0cEL1+1.0cTs+1.2cCR+1.2cSH+1.5STL+1.0W JWind
cLCB7 1.2cD+2.0cEL1+1.0cTs+1.2cCR+1.2cSH+1.5STL-1.0W JWind
cLCBS8 1.2cD+2.0cEL1+1.0cTs+1.2cCR+1.2cSH+1.5STL+1.0W+1.0T+1.0TPG JWind




cLCB9 1.2cD+2.0cEL1+1.0cTs+1.2cCR+1.2cSH+1.5STL-1.0W+1.0T+1.0TPG JWind
cLCB10 1.2cD+2.0cEL1+1.0cTs+1.2cCR+1.2cSH+1.5STL+1.25T+1.25TPG K Thermal
cLCB11 | 1.2cD+2.0cEL1+1.0cTs+1.2cCR+1.2cSH+1.5STL+1.25T+1.25TPG+1.0M K Thermal
Note:

cD: CS: Dead Load representing self-weight of the structure.

CEL1: CS: Erection Load 1 representing superimposed dead loads.

cTs: CS: Tendon Secondary representing secondary effects of prestress.
cCR: CS: Creep Secondary representing secondary effects of creep.

cSH: CS: Shrinkage Secondary representing secondary effects of shrinkage.
STL.: Settlement

M: Traffic load

T: Temperature load

TPG: Temperature Gradient load

W: Wind

Concurrent Forces and Concurrent Reactions of Moving Load Analysis

By default, the moving load analysis provides maximum and minimum member forces for a cross-
section of each element considering all possible combinations of vehicle positions applied on the bridge.
For beam elements, six maximum beam forces and six minimum beam forces can be checked by MV
load case (max) and MV load case (min), respectively as shown below. These values are the most
critical force for each component but not the concurrent forces. They cannot happen at the same time.
The design results based on these non-concurrent forces would be conservative but not economical.

Axial Shear-y Shear-z Torsion Moment-y Moment-z
Elem Load Part (kN) | (kN) (kN) I (kN-m) (kN-m) | (kN-m) |
4 7|M1600(max) | 7] 0.00] 1.58] _68.98| 1369.76 9515.23 | §5.77|
7 |M1600(min) | 7] 0.00| -1.31] -2188.22 -2639.70 -70.64 | -46.31 1

Figure 3- 1 Beam Forces of Moving Load Analysis

By selecting the Normal + Concurrent Force/Stress option in the Moving Load Analysis Control Data
dialog box, the program provides concurrent forces.
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|
Truck/Train Load Control Option |

Analysis Method
Obxact
Load Point Selection
© Influence Line Dependent Pont O AlPonts
Influence Generating Points ;
© Number Line Element : 3 e
(O Distance between Points :
Analysis Results
Plate Frame
ormal + Concurrent’
0w el
[Ostress
8 Combined Stress
{_J Concurrent Force

{8 Conaurent Force of Elastic/General Links

Hcakatation Fiters
B Reactons

oa OGrowp :
{8 Displacements

Ooa OGrow:
8 Forces Moments

Ooa (O Growp :
8 Elastc/General Links

Ou Otrow:

oK Cancel

Figure 3- 2 Moving Load Analysis Control

The concurrent forces can only be viewed in a table format. In the Beam Force result table, right-click
the mouse and select View by Max Value Item.

Copy Load Cases to Display
Find... () Temp Rise(ST)

(] Temp Fall(ST)
Sorting Dialog... [ )Pos Temp Grad(ST)

[ Neg Temp Grad(ST)
Style Dialog... (JM1600(MV:al)
Show Graph... &M 1600(MV:max)

@M 1600(MV:min)
Activate Records... I:lSIGOO(MV:aI)

[ ]S1600(MV:max)
Export to Excel... (7)51600(MV:min)
View by Load Cases... (LJM1600 no udi(v:al)

()M1600 no udi(MV:max)
View by Max Value Item... b | {[1M1600 no udiMV:min)
Dynamic Report Table... oK Cancel

Figure 3- 3 View by Max Value Item

A total of twelve sets of concurrent forces can be viewed. If the Normal + Concurrent Force/Stress
option is selected, these concurrent forces will be used for the PSC design. Otherwise, non-concurrent
forces will be applied.



Axial Shear-y Shear-z Torsion Moment-y Moment-z

Elem | Load | Part | Component I (kN) | (kN) | (KN) | (kN-m) l (kN-m) ] (kN-m) |

| 7 [141600(max) (U] Axial 0.00| 0.11 971.73) 73194 8506 .42 4.04|
1 7|M1600(max) | 7]  Shear-y| 0.00] 158 950.10| 82039 446851 | 5577
7|M1600(max) | 71|  Shear-z| 0.00| -0.10] 66.96| 3337 236084 -382|

= 7|M1600(max) | 7]  Torsion| 0.00 045 118581 | 136976 6219.04 571
7|M1600(max) | (7] Momenty| 0.00] 0.04] 2010.83| 73460 951523 -1.50|

| 7|mi600(max)| 71| Momentz| 0.00| 158]  9s0.10] 82039 446851 5577
= 7/M1600(min) |  K7]] Axial| 0.00] 0.08| “1.78| 783 5285| -1.96
] 7|M1600(min) |  {7]]  Sheary| 0.00] EE| 952.32| 56410 458554 4631
] 7|M1600(min) | 71|  Shear-z| 0.00] 0.02| 218822 -806.30 | 9299.49 0.83|
T 7|M1600(min) | 71|  Torsion| 0.00] 0.28] 118581 -2639.70| 6219.04 9.82|
] 7[M1600(min) | {7]| Womenty| 0.00 0.00| oooz 0.00| 70864 0.00|
= 7|W1600(mn) | 71| Moment-z| 0.00 131 95232 564.10| 458554 2031

Figure 3-4 Cdncurrenf Beam Forces

3.2.2 SLS Load Combinations
The following load combinations are considered in the program.

PE + (serviceability design load for one transient load or thermal effect)
+ k (serviceability design load for one or more other transient load or thermal effect)

where,
k = 0.7 for one additional effect
= 0.5 for two additional effects
The load factors to be applied to the SLS design loads shall be in accordance with the relevant clauses

of this Standard.

Table 3- 2 SLS Load combinations Generated by Program

No. Load Combination Type

CLCB1 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0M+0.7W

cLCB2 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0M-0.7W

cLCB3 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0M+0.7T+0.7TPG
cLCB4 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0W+0.7M

cLCB5 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH-1.0W+0.7M PE+TL1
cLCB6 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0W+0.7T+0.7TPG +0.7TL2
cLCB7 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH-1.0W+0.7T+0.7TPG
cLCB8 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0T+1.0TPG+0.7M
CLCB9 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0T+1.0TPG+0.7W
cLCB10 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0T+1.0TPG-0.7W

cLCB11 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0M+0.5T+0.5TPG+0.5W
cLCB12 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0M+0.5T+0.5TPG-0.5W
cLCB13 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0W+0.5T+0.5TPG+0.5M PE+TL1

cLCB14 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH-1.0W+0.5T+0.5TPG+0.5M | +0.5(TL2+TL3)
cLCB15 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0T+1.0TPG+0.5W+0.5M
cLCB16 | 1.0cD+1.3cEL1+1.0cTp+1.0cTs+1.0cCR+1.0cSH+1.0T+1.0TPG-0.5W+0.5M

Note:

cD: CS: Dead Load representing self-weight of the structure.

CEL1: CS: Erection Load 1 representing superimposed dead loads.

cTp: CS: Tendon Primary representing primary effects of prestress.
cTs: CS: Tendon Secondary representing secondary effects of prestress.
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cCR: CS: Creep Secondary representing secondary effects of creep.

cSH: CS: Shrinkage Secondary representing secondary effects of shrinkage.
M: Traffic load

T: Temperature load

TPG: Temperature Gradient load

W: Wind

PE: Permanent loads

TL: Transient loads

3.3 Loss of Prestress in Tendons

Immediate loss of prestress
The calculation of immediate loss of prestress is different between pre-tension and post-tension.

- Pre-tension type
The immediate loss is calculated only from the elastic deformation of concrete at transfer.
Immediate loss due to curing conditions such as steam curing of a prestressed member is not
handled.

- Post-tension type
The immediate loss consists of the losses due to friction and anchorage slip. The loss due to elastic
deformation of concrete is only calculated from each stage of stressing for multi-stage stressing.

S — e —

Tendon Type
Tendon Name Strand
Tendon Type Internal(Pre-Tension)
Material 2 2: Tendon
Total Tendon Area 140 mm?
Strand Diameter 13.35116247 mm
8 Relaxation Coefficient AS 5100.5-2017 Rb(%) 5
Characteristic Value of Strength (fpb) 1800 N/mm?
Yield Strength (fpy) 1500 N/mm?
Curvature Friction Factor
External Cable Moment Magnifier N/mm2
Anchorage Slip(Draw in) Bond Type
Begin - mm §
End - mm

oK Cancel Apply

r—
b

Figure 3- 5 Tendon Property (Pretension Type)
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Tendon Type

Tendon Name Tendon
Tendon Type Internal(Post-Tension)
Material 2 2: Tendon
Total Tendon Area 2080.5 mm?
Duct Diameter 110 mm
8 Relaxation Coefficent AS 5100.5-2017 ~ Rb(%) 7
Characteristic Value of Strength (fpb) 1830 N/mm?
Yield Strength (fpy) 1500.6 N/mm2
Curvature Friction Factor 0.17
Wobble Friction Factor 2e-06 1/mm
External Cable Moment Magnifier J N/mm2
Anchorage Skp(Draw in) Bond Type
Begin : 6 mm © Bonded
End : 6 2 O Unbonded
oK Cancel Apply
L p|

Figure 3- 6 Tendon Property (Post-tension Type)

Loss of prestress due to elastic deformation of concrete
Calculation of the immediate loss of prestress due to elastic deformation of the concrete at transfer is
based on the value of modulus of elasticity of the concrete at that age. The development of modulus of
elasticity of the concrete can be defined using the Time Dependent Material (Comp. Strength) function.

Name Scale Factor Graph Opbons
c50 1.0 [ x-amis log scale () ¥-axis log scale
Type
O Code User 78
70
Development of Strength s
€0
Code: AS 5100.5-2017 v ss
50
48
40
as
Concrete Compressive Strength at 28 Days (f28) : 30
as
50 Njmm?2 204
154
10
s
[] LU B B S S B S s D B B B B B S B S B |
100 200 200 400 800 €00 700 800 $00 1000
Time (day)
Redraw Graph (@) oK Cancel

 Figure 3- 7 Time Dependent Material (Comp. Strength)

The modulus of elasticity of concrete (Egj) at the age j, in days, is taken from AS 5100.5-2017 Clause
3.1.2 as follows:

(i) E;;(28) = (p'5) x (0.043/fom;) (in MPa) when f,; < 40 MPa or
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(i) E;;(28) = (p*5) x (0.12 + 0.024\/f;) (in MPa) when f.,,; > 40 MPa

The development of compressive strength of concrete at the age t, in days, is taken from AS 3600-2009

as follows:
0.75 !
o 1.452 x t075 x f
t) =
t075 +5.5
Mame Scale Factor Graph Options
C50 1.0 [ X-axis log scale [ -axis log scale
Type
0O Code (O User 0
554
Development of Strength 50
Code: GILBERT AND RANZI - 51
05 a0
f(t)= fomi xexp(s><[1—(28,-"teq) ’ ]) a5
Mean in-situ compressive strength of concrete (fcmi) 20
254
53 Nfmmz2
S — 204
154
Cement Type(s)
104
Ordinary Portland Cement : 0.38 e
s
) ; 0
Veight Density 2549, 2305324 kgffm3 b = & & 5 1o iz 14 1c 1s 2o 22 24 2e 2@ a0
Time (day)
Redraw Graph E] OK Cancel

Figure 3- 8 Time Dependent Material (Comp. Strength)

when the user selects “GILBERT & RANZI” is selected, the development of modulus of elasticity with
time, is given by,

E.(t) = (es(l-Jm)o'5 X E,;(28)

where s depends on the type of cement. Take s as 0.38 for Ordinary Portland Cement and 0.25 for High
Early Strength Cement.

Loss of prestress due to friction
The stress in the tendon at a distance (a) measured from the jacking end (opa) is taken as

0.

va — O—p}.e _li(a'tot"'ﬁpl'pa)

The Unintentional Angular Displacement gp in the equation above can be entered using Wobble
Coefficient (k =ugp) based on Clause 3.4.2.4 of AS 5100.5-2017

Loss of prestress during anchoring
In a post-tensioned member, allowance is made for loss of prestress when the prestressing force is
transferred from the tensioning equipment to the anchorage. For the details of calculation method, the
p. 364 Loss due to anchorage slip in the Analysis Reference manual should be referenced.
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Time-dependent losses of prestress
Prestress loss due to creep and shrinkage can be taken into account by defining Time Dependent

Material (Creep / Shrinkage).

Name : C50 Code : AS 5100.5-2017
AUSTRALTA
Compressive strength of concrete at the age of 28 days : 50 Njmm2
Exposure Environment
Oanid O interior © Temperate Inland (O Tropical or Near Costral
Hypothetical Thickness : 1000 mm

h = 2 Ag fu (Ag : Section Area, u : Perimeter in contact with atmosphere)

Drying Basic Shrinkage Strain (10°-6) :
0 800.0 (Sydney, Brisbane) )500.0 (Melbourne) © 1000.0 (Elsewhere)
(O User Define

Age of concrete at the beginning of shrinkage : 3 = day

Show Result... oK Cancel Apply

Figure 3- 9 Time Dependent Material (Creep/Shrinkage)

Creep Function Data Type Graph Options
© Creep Coeffident () X-axis log scale [ Y-axis log scale
(O shrinkage Strain
Start Loading : 10 Day =
End Loading : 10000 Day 1.¢€9
Num. of Steps : 24 1.4l
Time e 1. 24
(day) Value E

3.34006-02 d

17.78| 6.4711e-02

1
2

3 23.71| 9.9905e-02
4 31.62] 1.4064e-01
5 4217, 1.8816e-01 0.49
6 56.23| 2.4357e-01
7

8

9

n

Creep Cowff

7499| 3.0777e-01
100.00] 3.8138e-01 Ot T T

T T T T T T T T T T T T
0 1000 2000 2000 4000 S000 €000 7000 @000 S000 1050

133.35| 4.6464e-01 Time (day)
4 477 02 E E77%A N4
Redraw | Close

Figure 3- 10 Creep Coefficient

Loss of prestress due to shrinkage of the concrete

The loss of prestress in the tendon due to shrinkage of the concrete is taken as Epscs, Where &cs is
determined in accordance with AS 5100.5-2017 Clause 3.1.7.2. The shrinkage restraint effects of the
reinforcement can be calculated using the “Consider Re-Bar Confinement Effect” option. The restraint
force/stress can be viewed using CS: Shrinkage Secondary. However, the effects of reinforcement on
the loss of prestress are ignored. The loss of prestress will not change regardless of the option. It should
be noted that the restraint effect of the reinforcement will only be working when the “Consider
Reinforcement for Section Stiffness Calculation ” option is turned on.



Time Dependent Effect
| (@ Creep & Shrinkage
Type
Ocreep (O shrinkage © Creep & Shrinkage
Creep
Convergence for Creep Iteration
Number of Iterations: S ¥ Tolerance : 0.01

() Only User's Creep Coefficent
[ Internal Time Step for Creep : 2
{8 Auto Time Step Generation for Large Time Gap

T : Time Gap T>10 2 = T >100 5

“r

T >1000 7 T>5000 10

T >10000 20

“r 4«

8 Tendon Tension Loss Effect ( Creep & Shrinkage )
8 Consider Re-Bar Confinement Effect

[T variation of Comp. Strength

ffect Elastic Modulus to Post
8 Tendon Tension Loss Effect ( Elastic Shortening )
© Change with Variation of Tendon Force

O Constant {

Apply Time Dependent E

OK Cancel

Figure 3- 11 Time Dependent Effect Control

Main Control Data

B Auto Rotational DOF Constraint for Truss/Plane Stress/Solid Elements

8 Auto Normal Rotation Constraint for Plate Elements
Tension / Compression Truss Element (Elastic Link / Inelastic Spring)

Number of Iterations/Load Case 20 v

Convergence Tolerance 0.001

[C) Consider Section Stiffness Scale Factor for Stress Calculation

[ Transfer Reactions of Slave Nodes to the Master Node

[C) Calculate Equivalent Beam Stresses (Von-Mises and Max-Shear)
8 Consider Reinforcement for Section Stiffness Calculation

() Change Local Axis of Tapered Section for Force/stress Calculation

OK Cancel

Figure 3- 12 Main Control Data

Loss of prestress due to creep of the concrete
The loss of prestress due to creep of the concrete is calculated from an analysis of the creep strains in
the concrete. The design creep coefficient pccis determined in accordance with AS 5100.5-2017 Clause
3.1.83.

Loss of prestress due to tendon relaxation
The current version supports the calculation of relaxation loss to AS 5100.5-2017 Clause 3.3.4.3. The
basic relaxation of a tendon, Ry can be input from Table 3.2 of AS 4672.1-2007. However, it can be
also defined by the user-defined relaxation function.
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Time Dependent Material (Creep/Shrinkage/Relaxation) Function ®

Creep | Shrinkage Strain  Relaxation

Modify//Show

§

Close

Figure 3- 13 Time Dependent Material (Relaxation)

Add/Modify/Show Time Dependent Material Function

X
Function Name Scale Factor Graph Options
Steam Cured 1 () x-axis log scale [0 ¥-axis bog scale
Option for Relaxation Time
O Howr =T
B e
Opay ———
Lt
] -
- ?
— P
i,
Time Value -
(day) (%) o
1| 000 1.0000e-02 i
2 1.00| 7.0000e+00 L
3| 10950.00| 1.0000e+01
4 1
o ’ lan‘ 2800 4000 aloo‘ i 7000 8800 10000 lll"Uo
Time (day)
Desaription (@) o Cancel  Apply

Figure 3- 14 User-defined Relaxation Function

After analysis, the prestress losses can be found in the Results > Results Tables > Tendon > Tendon

Loss.
Stress ” Stress(Elastic
em | pant | (Aerimmedate &‘1::':"\ Loea)/L 1] CreepIShvbaage Loby i Rewxatior Lose msvm:ﬂ:r i Effective Num.
Loss) A (Nimm?) Stress(immediaf (N/mm?) (N/mm?®) Loss)
(bl £10s5)
The Loss of tendon group [A1L] at the stage of [CS3 - 30 year creep)]
AL €S3-30 Apply
» | 12237504 -3.0192 08975 -47.2562 -107.8545 0.8708 1.0000
1) 12244563 31185 0.9975 473248 -108.0716 0.8705 1.0000
2]i 12244563 31184 0.8975 473248 -108.0716 0.8705 1,0000
203 12251618 32455 0.9974 475888 1082888 08701 1.0000
ali 12251618 53671 09848 -56.9265 -108.2888 0.8500 1.0000
3 1227.9802 -7.0933 09942 58013 -109.1582 0.8581 1.0000
4l 12279802 7.0922 0.9942 580124 -109.1562 0.8581 1.0000
o 12327917 7.8769 0.9936 58 6881 ~110.6490 0.8563 1.0000
s 12327917 78758 0.9938 586850 ~110.64%0 0.8563 1.0000
sy 12355677 87304 0.9929 -59.0106 115222 08549 1.0000
8|1 12355977 87039 0.9930 593311 11522 0.8547 1.0000
6/J 12429230 -10.5486 09815 61.1781 1138182 0.8507 1.0000
71 12429230 -10.4948 0916 61953 1138152 0.8501 1.0000
71 12457011 127833 0.9897 64.0208 1146898 0.8463 1.0000
8l 12457011 126963 0.9898 65,1069 1146898 0.8455 1.0000
8[J 1253 9881 157037 0.9875 67.8615 117.315%6 08398 1.0000
sli 1253 9891 -12.0249 0.9904 645768 1173156 0.8454 1.0000
9l 1256.7372 -12.7360 0.9899 636257 -118.1817 08452 1.0000
10]i 1256.7372 127979 0.9898 626979 1181917 0.8451 1.0000
100 1264.9422 134822 0.5893 627472 -120.8235 0.8442 1.0000
4]+ |\ Tendon Loss (Stress) {Tendon Loss (Force) / |

Figure 3- 15 Tendon Loss Table
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3.4  Material Properties for Design
Concrete and reinforcement

The material properties of various concrete grades used in the program based on Table 3.1.2 of

AS5100.5-2017 are as shown below.

Table 3- 3 Material Properties of Concrete

C20 C25 C32 C40 C50 C65 C80 C100
El(ﬁtllag)ty 24,000 | 26,700 30,100 32,800 34,800 37,400 39,600 42,200
Poisson’s Ratio 0.2
Coefficient of thermal expansion (1/°C) 10 x 10°®
Weight Density(KN/m?) 23.54

These values such as modulus of elasticity or weight density can be modified by the user after changing
Standard from AS17(RC) to None in the Material Data dialog box.

General General
Material ID 1 Name Cs0 Material ID 1 Name Cs0
Elastidty Data Elasticty Data
Typeof Design  Concrete S Typeof Design  Concrete s
Standard Standard
DB 08
V Concrete W Conarete
o o —  —
Type of Material Code Type of Material = Code
© 1sotropic o = © Isotropic (O Orthotropic e
Steel Steel
Modulus of Elasticity : 00e+00  Njmm? Modulus of Elastity :  0.0000e+00 Njmm?
Poisson's Ratio Poisson’s Ratio 0
Thermal Coefficent : 0e+00 1/[C] Thermal Coeffident : 00 1[q]
Weight Density 0 Njfmm? Weight Density 0 Njfmm?
0 Nfmm3/g 0 N/jmm3/g
E]Conaem ECmcretz
Modulus of Elasticity : 3.4800e+04  Njmm? Modulus of Elasticity : 3.4800e +04 | Njmm2
Poisson’s Ratio 2 Poisson’s Ratio % 0.2
Thermal Coefficent : Thermal Coefficent : 1.0000e-05 § 1/[C]
Weight Density Weight Density 2.354¢-05 | Njmm?
(0 Use Mass Density: 9 Njmmfg () Use Mass Density: 2905 Nmmfg
|
Plastidity Data Plastiity Data
Plastic Material Name NONE Plastic Material Name NONE
Inelastic Material Properties for Fiber Model Inelastic Material Properties for Fiber Model
| Concrete None Rebar  None Concrete None Rebar  None
Thermal Transfer Thermal Transfer
Spedfic Heat : 0 3] B (e} Spedific Heat : 0 KINC]
| Heat Conduction 0 k3 fmenhe+[C] Heat Conduction  : 0 K3 fmenhe+[C]
] Damping Ratio 0.05 Damping Ratio 0.05
oK Cancel OK Cancel

Figure 3- 16 Material Data

The material properties of reinforcement (D500L/D500N/D500E/D500LP) used in the program are as
shown below. In the current version, these properties cannot be modified by the user.
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Table 3- 4 Material Properties of Reinforcement

Coefficient of thermal expansion (1/°C) 12 x 10°©
Modulus of Elasticity 200,000 MPa

The design strengths of concrete and reinforcement to be used in PSC design can be entered or
modified from the PSC > PSC Design Data > PSC Design Material. The strength can be checked for
the selected material grade according to the selected material code. When “None” is selected in Code
field, the strength of concrete and reinforcement can be directly entered. The compressive strength at
transfer,fc, can be input for stress check at transfer.

Material List

D MName felfdk R Chk Lambda  Main-bar Sub-bar
1 50 50 X 1 D500M D500

Concrete Material Selection

Code :| AS17(RC) I I Grade: CS0 I

Spedfied Compressive Strength (fc|fdk) |5 Njmm2
Compressive Strength at Transfer, fo N

| - (Pre-tension) %0 Mjwm? |

Rebar Selection

Code : ASI7(RC)

Grade of Main Rebar : D500N Fy : 500 Nfmm?

Grade of Sub-Rebar : DS00N Fys : 500 Nfmm2

Modify Close

VFigure 3-17 Modify Concrete Material (Non-composite Box Section)

For the composite type of PSC sections, the Design Material window changes to allow users to define
the material properties of the slab. The concrete and rebar material properties entered for slab are used
for every calculation such as the neutral axis calculation.
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Modify Composite Concrete Materials X

Material List
D Name Conc.(Girder) Main-bar(Gi... Sub-bar(Gir... Conc.(Slab) |
1 50 cs50 |
2 c40 c4 !
Girder
Concrete Material Selection
Code : AS17(RC) v Grade: (C50 y 1
Spedfied Compressive Strength (fc|fik) 1 50000 kMN/m2 :
Compressive Strength at Transfer, fd |
@ (Pre-tension) 40000 kN/m?

[ Light Weight Concrete Factor (Lambda)

| Rebar Selection
Code : AS17(RC)
Grade of Main Rebar : D500N ~  Fy : 500000 KNjmz2

Grade of Sub-Rebar : D500N v Fys: 0000 kh/m2

Slab
Concrete Material Selection

Code : AS17(RC) v Grade: C40

Spedfied Compressive Strength (fclfck) : 40000 kiN/m2 )
[_Light weight Concrete Factor (Lambda) : 1 L . ; i
Rebar Selection .

Code : AS17(RC)

Grade of Main Rebar : DS00N ~ Fy : 500000 ki/m2 |
Grade of Sub-Rebar ; DS00N v| Fys : 500000 KNfmz2 |
1

Modify Close

Figure 3- 18 Modify Concrete Material (Composite Section)

The development of compressive strength of concrete at the age t, in days, is taken from AS 3600-2009
as follows:

1.452 x t°75 x f/!
t075 4+ 5.5

f@® =

Tendon
The modulus of elasticity of the tendon can be defined by selecting material for tendon from the Tendon

Property dialog box. The characteristic tensile strength and yield strength of the tendon can also be
defined here.

3-14



| Add/Modify Tendon Property

Tendon Type

Tendon Name Tendon

Tendon Type Internal(Post-Tension) v
Material 2: Tendon v
Total Tendon Area 2080.5 mm3

Duct Diameter 110 mm

{8 Relaxation Coefficent AS 5100.5-2017 v Rb(%) 7

Steam Cured

Characteristic Value of Strength (fpb) 1830 N/mm?
Yield Strength (foy) 15006 Njom?
Curvature Friction Factor 0.17

Wobble Friction Factor 20406 ymm
External Cable Moment Magnifier 0 Njmm?2
Anchorage Skip(Draw in) Bond Type

Begn : 6 e © Bonded
el 6 o O Unbonded
oK Cancel Apply |

Figure 3- 19 Tendon Property

3.5 Strength of Beams in Bending

3.5.1 Reinforcement and Tendon profile
Input reinforcements to be used in the calculation of resistance in the dialog box below.

» Properties > Section Manager > Reinforcements

Q& a&® G 500 B0
Reeinfiorcements = (B Same Rebar Data at | & j-end
Tarpet Secton & Bement Coordrate @ Centod O Left-Bottom
X Secton: 1 () Guidie Line : 0
X 1 Md Section 1 | 3
X 2:50p Section
X 3: Diphragm Lo
. O pont OLne Oare
§ s:m O Orde O Poly Line:
| I 6 Masol OrroutMetod A O lrout Method B
I 7:MdSp2 Ref.Y Centrod ~ ¥ O -
T 8 mdsed
I s:&n—tlﬂ Ref.Z Teo w2 80 -
I I 10: Sz Mum 3
X 11 Sup-Mdl Spacng %0 =
Da D20
| Reference for Tapered Section
eft Top
A5 47%L8 -t
Add Modify Delete
Mt Add
Type | Num c1C Dia
|
| 1] Line -|D20 |
2| Line 23| -|032
B - sl Tran
Copy Renforcements to... M Secton G:-3948.2,-226.11 SELECT
Aoply Close:

Figure 3- 20 Longitudinal Reinforcement
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Once reinforcement is entered for the PSC section, the rebar which is placed at the closest position to
the extreme compression fiber will be used to calculate the strain. In short, the rebar at the bottom is
used under the sagging moment. And the rebar at the topmost is used under the hogging moment.

Input tendon profile to be used in PSC design in the dialog box below.

» Load > Temp./Prestress > Prestress Loads >Tendon Profile

| Add/Modify Tendon Profile X

Tendon Name : Group: AL ~| ..

Tendon Property Tendan v (e
| Assigned Elements : 1043
| InputType Straight Length of Tendon

[@F)] [+ k5]

Begn: 0 mm
Curve Type

| O splne O Round End: O mm

[ Typical Tendon 1 0
Transfer_Length
| user defined Length ~ | Begin: 0 End: O mm

Debonding Data

0 0
| Profie —~ —~
| Reference axis Ostaight Ocurve O Element
¥ sasa.onT !
288,077 |
—a701.
o sooo 15000 | ssooo  ssooo
= s230.00
m,m}
-a701.
o so00 1000 23000 3m000
| xmm) | ymm) | zmm) R(mm)
| 1 [JEGEEE) 2666.00 [ -1000.0 0.0000
| 2| 2000.00 | 2666.00 | -1259.0 0.0000
| 3| 4000.00| 2666.00 | -1535.2 0.0000
| 4| 6000.00| 2666.00( -1772.2 0.0000
5| 8000.00| 2666.00 | -1961.3 0.0000
6| 10000.0|2666.00( -2102.8 0.0000
7| 12000.0| 2666.00 | -2197.0 0.0000
8| 14000.0| 2666.00 -2244.1 0.0000
| o] 16000.0| 2666.00 | -2250.0 0.0000
|
| Pontofsym: OFist © Last Make Symmetric Tendon
| profie Insertion Paint : @ End4  (JEnd-J of Elem. 1
| x Axis Direction ©1->1 O1->IofElem. 1
| S
x Axis Rot. Angle : 1155 [deg] @ Projection
Offset  y: 0 mm z: 0 mm

| oy

Figure 3- 21 Tendon Profile
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3.5.2 Neutral Axis Depth at Ultimate Strength
The neutral axis depth at the ultimate strength is determined by the iteration approach as shown in the

figure below.

. Initial c = H/2
Assume neutral axis depth, ¢ (H=Section Height)

4

Calculate C, (Concrete) (1)

Calculate T, C, (Reinforcement) (2)
4

Calculate Ty (Tendon) (3)

4
=

YES

Get neutral axis depth, c

Figure 3- 22 Flow chart to calculate neutral axis depth, ¢

(1) Calculate compressive force of concrete, C.
In the program, the relationship between stress and strain of concrete is considered as the equivalent
rectangular concrete compressive stress block. The compressive strain limit of concrete, &c is 0.003,
and a uniform compressive stress on the concrete is o2fc’. The neutral axis is located at a distance yk,d

from the extreme compressive fiber.

cu afc
A, d, s
/. & - _._I.:-__.__t_.___.:___._._. . .
W/ ¢ i | C -
/ 1l v/ ¢
d, d, e
ps
RPN 4 N A S
As ! g
“““ L S T == _.'];

Figure 3- 23 Calculate force of concrete, Cc
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C.= azfc,Ac
where,

f/ : Specified compressive strength of concrete for design. Compressive strength to be used in PSC
design is defined in PSC Design Material dialog box.

a, = 1.0 — 0.003f; (within the limits of 0.67 < a, < 0.85)
y = 1.05 — 0.007f, (within the limits of 0.67 <y < 0.85)
A.: Concrete area of compressive zone

When the neutral axis of a composite section under positive moment is located below the slab, the
lower value of f,/ between slab and beam is applied for the calculation of a2 and y.

(2) Calculate force of reinforcement, Ts, Cs.

Tensile stresses in the longitudinal reinforcement (Ts) and compressive stresses in the compression
reinforcement (Cs) are calculated as shown in the following equation.

Ts = Asfs, Cs = A{sfs,

where,
As, As’: the cross-sectional area of tensile and compressive reinforcement
It is entered in Section Manager>Reinforcements as shown in the Fig 3.9.

fs, fs’: the stress of tensile and compressive reinforcement

In order to calculate the tensile stress of reinforcement, the program calculates the corresponding strains

as per the strain compatibility condition. And then the related tensile stresses are calculated by the
stress-strain relationship. The equation is as follows.

= Strain
d¢—c ' c—d.
E. =——¢& Ec=——€¢
S c cur S c cu
where,

&s : the strain of tensile reinforcement.

&s’ o the strain of compressive reinforcement.

&cu © the ultimate compressive strain in the concrete. (ecu = 0.003)

¢ : the neutral axis depth.

d: : Distance from the compression fiber of concrete to the extreme tensile fiber of reinforcement

dc : Distance from the compression fiber of concrete to the extreme compressive fiber of reinforcement

3-18



= Stress

If the tensile stress of reinforcement reaches its yield stress limit, tensile stress will be applied as yield
stress. If not, the tensile stress will be calculated as “gs Es”.

f:{gsEs forfssfy f,:{gs‘Es fOT'fS'Sfy
Uy forfs>f," 7 fy forfs'>fy

where,

Es : Modulus of elasticity of reinforcement
fy: Yield tensile stress of reinforcement

(3) Calculate force of tendon, Tps.
Tensile stress in the prestressing steel, Ty, is calculated as shown in the following equation.

Tps = Z Apfps

where,

A, : the cross-sectional area of tendon.
fps : the stress of tendon.

» Load >Temp./Prestress > Prestress Loads >Tendon Property

Tendon Type

Tendon Name Tendon

| Tendon Type Internal(Post-Tension) v J
Material 2

2: Tendon

Total Tendon Area 2080.5 mm2

Duct Diameter 110 mm

B Relaxation Coefficent AS 5100.5-2017 Rb(%) 7
Characteristic Value of Strength (fpb) 1830 Njmm?
Yiekd Strength (foy) 1500.6 Njmmz
Curvature Friction Factor 0.17
Wobble Friction Factor 2.04e06 L/men
External Cable Moment Magnifier 0 Njmm?2
Anchorage Sip(Draw in) Bond Type

Begn : & mm Osonded

End : & mm Unbonded

L oK Cancel Apply

Figure 3- 24 Tendon Property Dialog box

= Tendon Type
Internal (Pre-Tension)
Internal (Post-Tension)
External
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= Bond Type

Bonded: Section properties reflect the duct area after grouting.

When tendon type is specified as Internal (Pre-Tension), bond type will be taken as Bonded Type.
Unbonded: Section properties exclude the duct area.

When tendon type is specified as external, bond type will be taken as Unbonded Type.

Table 3- 5 Applicable Bond Type by Tendon Types

Tendon Tvpe Bond Tvpe
Internal (Pre-tension) Bonded
Internal (Post-tension) Bonded
Unbonded
External Unbonded

= Total Tendon Area

Enter the tendon area (Ap). Click - to select the number of strands and diameter in order to calculate
the tendon area automatically. Tensile stress of prestressing steel fys is calculated as follows.

= Stress in bonded tendons at ultimate strength

When bending strength is calculated, the stress in the prestressing tendon is calculated by the stress-
strain relationship which is represented by bilinear curve.

A

v

Strain

Figure 3- 25 Stress-Strain Relationship of Tendon

The maximum stress that would be reached in bonded tendons at ultimate strength oy, is taken as

Opu = fon (1—222) (AS 5100.5 8.1.7(1))
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where,
ki =04 if f,,/fpp <09 or

ky = 0.281f f,/fpp = 0.9

1
ko = berdpf; [Aptfpb + (Ast - Asc)fsy]

= Stress in unbonded tendons at ultimate strength

G = Gpey + 6200 (d”;ﬂ) (AS 5100.5 8.1.8(1))

pc

(4) Determination of neutral axis depth

In order to find the neutral axis, the iteration analysis will be performed until compressive strength
(C=C.+C;) becomes equal to the tensile strength (T=Ts+Ts).

The convergence criterion is applied as shown in the following equation.

* Convergence condition:

|% = 1.0| < 0.001 (Tolerance)

3.5.3 Calculate ultimate bending strength M,
Once the neutral axis is determined, the ultimate bending strength is calculated by multiplying the
distance from the neutral axis.

M, = C.a. + Csal + Tsas + X(Tpsap:)

where,
ac, as ,as’, ap : the distance from neutral axis depth, ¢ to concrete, reinforcement rebar, tendon.

; G,
o A,
e E =
<
» mn
m©

Ap Tos
[ ) —— ——>
0 A T_>

S

Figure 3- 26 Forces and Distances from Neutral Axis Depth for M,
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If a tendon is located at the upper part of the neutral axis under the positive moment, the bending
strength will have (-) sign and it will reduce the total moment resistance.

M, = Cca. + Csa; + Tsas + Z(Tpsapi - TI;Sa;?i)

3.5.4 Design Strength in Bending
The design strength in bending of a section shall be taken as not greater than ¢Myo. My is the ultimate
strength in bending and ¢ is the capacity reduction factor and determined as follows:

0.6 < =(1.19—13k,,/12) < 0.8 (AS 5100.5 Table 2.3.2)

According to AS 5100-2017 Clause 8.1.5, sections with kuo greater than 0.36 and M *> 0.6Muo shall be
used only when—

(2) the structural analysis is carried out in accordance with Clauses 6.2 to 6.6; and

(b) compressive reinforcement of at least 0.01 times the area of concrete in compression is used and
restrained by fitments as specified in Clause 10.7.4.

The current version of the program does not check this requirement.

3.5.5 Minimum Strength Requirements
The ultimate strength in bending (Muw) at critical cross-sections shall be not less than (Muo)min, the
minimum required strength in bending at a critical cross section, and calculated using the following
equation:

(Myuo)min = 1.2[Z(fle s + Po/Ag) + Pee] (AS 5100.5 8.1.6.1(1))

where

Z = section modulus of the uncracked cross-section, referred to the extreme fiber at which flexural
cracking occurs

ferr = characteristic flexural tensile strength of concrete at 28 days

Pe = total effective prestress force allowing for all losses of prestress

e = eccentricity of the prestressing force (Pe), measured from the centroidal axis of the uncracked
section

3.5.6 Check Design Moments
In the program, factored moment is obtained from load combinations specified in the Load
Combinations dialog box. In AS 5100.5-2017 specification, load combinations need to be generated as
shown below.

(@) Minimum strength and stability.
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(b) PE + road traffic loads.

(c) PE + pedestrian, cyclist path and maintenance traffic loads.
(e) PE + collision load.

(9) PE + earth pressure from traffic load.

(h) PE + earthquake effects.

(i) PE + water flow forces.

(j) PE + wind load.

(K) PE + thermal effects

In the program, load combinations can be automatically generated by clicking [Auto Generation...]
button. The load combinations need to be generated in concrete design tab. The most critical load
combination among Strength type load combinations will be used to obtain factored moment, factored
shear force, and factored torsional moment to verify ultimate limit state. The Service type load
combinations will be used to verify the serviceability limit state or crack control.

P Results > Load combinations > Concrete Design tab
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ype | E] Description

v uummumanmwucu
- 1.8M[2]+1.2(cD)+2 O(cEL1)+1.0(cTs)+1.2(cCR}+1.2(cSH)
- 1.8M[3}+1 2(cD)+2 O{cEL1)+1.0(cTs)+1.2(cCR}+1 2(cSH)
- 1.8M[1]+1.0T[1]+1.0TPG[1]+1 2(cD)#2 O(cEL1)+1.0(cTs)#+1. 2(cCR}+1 2(cSH)
> 1141 1.2(cD)+2 0(cEL1)+1 0{cTs)+1.2(cCR)+1 2(cSH
- 1.8M[1]+1.07[2]+1.0TPG{1]+1.2(cD)+2 0(cEL1)+1 0(cTs)+1 2(cCR)+1.2(cSH
- 1.8M[1]+1.07[2]+1.0TPG[2]+ 1.2(cD)+2.0(cEL1)+1.0(cTs)+1.2(cCR)+1.2(cSH
1. 1]+1.0TPG[1}+1.2(cD}+2.0(cEL1}+1 0(cTs}+1 2(cCR)+1 2(cSH
- 1.8M[2]+1.07]1]+1.0TPG[2]+1.2(cD)+2 O(cEL1)+1 0(cTs)+1 2(cCR)+1.2(cSH
8M[2]+1.0T[2]+1.0TPG{1]+1 2(cD)+2.0(cEL1)+1 0{cTs)+1 2(cCR)+1.2(cSH
ULS B: 1.8M[2]+1.0T[2]+1.0TPG[2]+1.2(cD)+2 O(cEL1)+1 0(cTs)+1 2(cCR)+1 2(cSH
1.8M[3]+1.0T[1}+1.0TPG{1}+1.2(cD}+2.0(cEL1)+1.0(cTs}+1 2(cCR}+1.2(cSH)
% - ! +1.2(cD)+2 0(cEL1)+1.0(cTs)+1.2(cCR}+1.2(cSH)
- 1.8M[3]+1.07[2]+1.0TPG[1]+1.2(cD}+2 0(cEL1)+1.0(cTs)+1.2(cCR)+1.2(cSH)
- 1.8M[3]+1.0T[2]+1 0TPG[2]+1 2(cD)+2 O{cEL1)+1.0(cTs)+1 2(cCR)+1 2(cSH)
~1.0M[1]+1 2(cD)+2 O(cEL1)+1.0(cTs)+1 2(cCR}+1 2(cSH)
1.0M[2]+1.2(cD)+2 O(cEL1)+1 0{cTs)+1 2(cCR)+1 2(cSH)
- 1.0M[3]+1.2(cD)+2 0(cEL1)+1.0(cTs)+1.2(cCR}+1 2(cSH)
1.0T[1]+1.0TPG[1]+1.2(cD)+2 0{cEL1)+1.0(cTs)+1.2(cCR)+1.2(cSH)
OT[1}+1.0TPG[2}+1 2(cD)+2 0(cEL1)+1.0(cTs)+1 2(cCR)+1.2(cSH)
OT[2]+1.0TPG[1]+1.2(cD)*2.0(cEL1)+1.0(cTs)+1.2(cCR)+1.2(cSH)
OT[2}+1.0TPG[2]+1 2(cD)+2 O(cEL1)+1.0(cTs)+1 2(cCR)+1 2(cSH)
K- 1.25T[1]+1 25TPG[1}+1 2(cDp+2 O(cEL1)+1 0(cTs)+1 2(cCR)+1 2(cSH)
K- 1.25T[1]+1.25TPG[2}+1 2(cD}+2 O(cEL1)+1.0(cTs)+1 2(cCR)+1. 2(cSH)
- 1.25T[2}+1 25TPG[1]+1.2(cD)+2 0(cEL1)+1.0(cTs}+1.2(cCR}+1 2(cSH)
1.25T[2]+1.25TPG[2]+1.2(cD)+2 O(cEL1)+1.0(cTs)+1.2(cCR}+1.2(cSH)

LS

LS

LS
{ULS K: 1.25T[1]+1.25TPG[1]+1.0M[1]+1.2(cD)+2 0(cEL1)+1.0(cTs)+1.2{cCR)+1.2(cSH)
ULS

JLS

JLS

a2

e
=

YR
=
I

1.26T[1]+1 26TPG[2}+1 OM[1]+1 2(cD)+2 O(cEL1)+1 0(cTs)+1 2(cCRI+1 2(cSH)
1.25T[2]+1 25TPG(1]+1 OM[1}+1 2(cD)+2 O(cEL1)+1 0(cTs)+1 2(cCR}+1 2(cSH)
1.25T[2)+1.25TPG[2}+1.0M[1]+1.2(cD)+2 O({cEL1)+1 0(cTs)+1 2(cCR)+1 2(cSH)
- 1.25T[1]+1.25TPG(1]+1.0M[2}+1.2(cD)+2 O{cEL1)+1.0(cTs)+1 2(cCR)+1 2(cSH)
- 1.25T[1]+1 25TPG{2]+1.OM[2]+1 2(cD}#2 OCEL1}#1 0(cTs)+1 2(cCR)+1 2(cSH)
1.25T[2+1.26TPG[1}+1.0M[2}+1 2(cD)+2 O(cEL1)+1 0(cTs)+1 2(cCR}+1 2(cSH)
ULS K- 1.25T[2]+1.25TPG(2]+1 OM[2]+1.2(cD)+2 O(cEL1)+1 0(cTs)+1 2(cCR}+1 2(cSH)

1.25T[1]+1.25TPG[1}+1 OM[3}+1.2(cD)+2 0{cEL1)+1 0(cTs)+1 2(cCR)#1 2(cSH)
ULS K. 1.25T[1]+1.25TPG{2]+1.0M[3]+1 2(cD)+2 O(cELT)+1 0(cTs)+1 2(cCR)+1.2(cSH)
ULS K- 1.25T[2)#1. &qqu Msta gcotz O{cELT)+1.0{cTs)+1. g(ocnm gcsn)
ULSK: 1 +1. 7 :

1}#+1.0(cTP)+1.0(cTs)+1.0(cCR)+1.0(cSH)
(CEL1}+1.0{cTP)+1 0(cTs)+1.0{cCR}+1 0{cSH)
PG[1]+1.3(cEL1}+1.0(cTP)+1.0(cTs)+1.0(cCR}+1...
PG[2]+1.3(cEL1)+1.0(cTP)+1.0{cTs)+1.0{cCR)+1...
PG[1]+1.3(cEL1)+1.0(cTP)+1.0(cTs)+1.0(cCR)+
1.3(cEL1)+1.0(cTP)}+1.0(cTs)}+1.0{cCR)+1..
PG[1]+1.3(cEL1)+1 0(CTP)+1 0(cTs}+1 0{cCR)+
PG{Z}+1 JCEL1)+10(CTP)+1 O(Ts)+1 O(cCRI1 .
PG[1]#1.3{cEL1)+1.0(cTP}+1.0(cTs)+1.0(cCR)*+1...
PG[2]+1.3(cEL1)+1.0(CTP)+1.0(cTs}+1.0(cCR)+1...
PG[1]+1.3(cEL1}+1.0(cTP)+1.0{cTs)+1.0{cCR)#1...
PG[2]+1 3(cEL1)+1.0(cTP)+1.0{cTs)+1.0(cCR)+1 .
PG[1}+1.3(cEL1)+1 0(cTP)+1 0{cTs}+1.0{cCR)+1.
PG[2]+1.3(cEL1)+1.0(cTP}+1.0(cTs)+1.0(cCR)#1...
. 3(cEL1)+1.0(cTP)+1.0(cTs)+1.0(cCR)+1.0(cSH
. 3(cEL1)+1.0(cTP)+1.0(cTs)+1.0{cCR}+1.0(cSH
A(cEL1)+1.0{cTP}+1.0(cTs)+1.0(cCR)+1.0(cSH
3(cEL1)+1 0(cTP}+1.0(cTs)+1 0(cCR)+1.0(cSH
emp: 1.07[1]+1.0TPG[1]+0. TM[}+1.3(cEL1)+1 0(cTP)+1 0(cTs)+1 0{cCR)+1
‘emp: 1.0T[1}+1.0TPG[2}+0. TM[1]+1 3(cEL1}+1.0(cTP)+1 0(cTs}+1 0(cCR)+
‘emp: 1.0T[2]+1.0TPG[1]+0.7M[1}+1.3(cEL1)#1.0(cTP)+1.0(cTs)+1.0{cCR)+1.0...
‘emp: 1.0T[2}+1.0TPG[2}+0.7M[1]+1.3(cEL1)+1.0(cTP)+1.0(cTs)+1.0(cCR)+1.0...
> Temp: 1.0T[1]+1.0TPG[1]+0.7M[2]+1.3(cEL1)}+1.0(cTP)}+1.0(cTs)+1.0{cCR)+1.0...
‘emp: 1.0T[1]+1.0TPG[2]+0.7M[2]+1.3(cEL1)+1.0(cTP)+1.0(cTs)+1.0(cCR)+"
‘emp: 1.0T[2}+1.0TPG[1]+0.7M[2]+1.3(cEL1)+1.0(cTP)+1.0(cTs)+1.0(cCR)+
S Temp: 1.0T[2]+1.0TPG[2]+0.7M[2]+1.3(cEL1)+1.0{cTP)+1.0(cTs)+1.0{cCR)+1.

KK

Si¢ <
F3FZFFFFS m

=

13

emp: 1.0T[1}+1.0 Eﬂl‘_{! [3]#1.3(cEL1)+1.0(cTP)}+1.0(cTs)}+1.0(cCR}+1.0...
> Temp: 1.0T[1]+1. . TM[3]+1.3(cEL1)+1.0(c] .0{cTs)}+1.0(cCR}#1.0...

‘emp: 1.07[2]+1.0 Egﬂ:OTMg [+1.3(cEL1)+1.0(cTP)+1.0(cTs)+1.0{cCR)+1.0...
Temp: 1. 1.4 1.3(cEL1)+1.0(cTP)+1.0(cTs)+1.0(cCR)+1.0..
Wind: 1 I:EL1 1 1 (cTs)+1.0(cCR}+1.0(cSH)

HHEHEHHEHHNEEENNENEHENHEEEEH RS BN RN NN R

ldidididnddldddddddddnaddldildellnneey B nntninnnnnnnnnnmn

*

Figure 3- 27 Load Combinations dialog box
3.5.7 Post-processing for Bending Strength Verification

3571 Result Tables
The results can be checked as shown in the table below.

» Design > PSC Design > PSC Design Result Tables > Check Flexural Strength...

3-24



Positive/ LCom L Phildu Muo)min As,min As
Bem | Pat | jegatve | name [ TPE [ K kh-m) kN-m) Mo oem () (™)

» L8] Negative cLCB1 = oK 0.0000 26483.8746 0.0000 32717.1094 0.0042 0.0104
9191 Positive cLCB6 MY-MAX  |OK 51559.1021 90870.2252 0.5674 60441.9210 0.0043 0.0370

9 J[10] Negative cLCB1 - 0K 0.0000 25104.5292 0.0000 31397.3965 0.0042 0.0104
91J[10] Positive cLCB6 MY-MAX |OK 57270.4397 92220.5976 0.6210 61876.0870 0.0043 0.0370

10 (1[10] Negative cLCB1 - 0K 0.0000 25104.4729 0.0000 31397.7802 0.0042 0.0104
10110] Positive cLCB6 MY-MAX  |OK 57208.8596 92220.5976 0.6203 61869.9792 0.0043 0.0370

10 |J[11] Negative cLCB1 - 0K 0.0000 23912.5072 0.0000 30239.2403 0.0042 0.0104

10 (1] Positive cLCB6 MY-MAX  |OK 62425.5871 '93400.05%4 0.6684 63262.1481 0.0043 0.0370
11[[11] Negative cLCB1 - 0K 0.0000 23912.4654 0.0000 30239.7911 0.0042 0.0104
11)011] Positive cLCBE MY-MAX  |OK 62363.8214 '93400.05%4 0.6677 63255.7193 0.0043 0.0370
11J[12) Negative cLCB1 - 0K 0.0000 22901.9521 0.0000 29237.8192 0.0042 0.0104

11 J[12] Positive cLCBE MY-MAX  |OK 67021.7293 '94408.6106 0.7089 543743694 0.0043 0.0370
12|112) Negative cLCB1 - 0K 0.0000 22901.9254 0.0000 29238.4594 0.0042 0.0104
12|[12] Positive cLCB6 MY-MAX  |OK 66965.2201 34408.6106 0.7083 64368.2538 0.0043 0.0370

12 J113] Negative cLCB1 - 0K 0.0000 22065.5729 0.0000 28391.5598 0.0042 0.0104

12 |J[13] Positive cLCB6 MY-MAX  |OK 71280.4612 95249 8950 0.7484 65434.5036 0.0043 0.0370
13|113] Negative cLCB1 - 0K 0.0000 22065.5560 0.0000 28392.3243 0.0042 0.0104
13[[13] Positive cLCB6 MY-MAX |OK 712235759 95249 8950 0.7478 65428.1357 0.0043 0.0370

13 |J[14] Negative cLCB1 - 0K 0.0000 21491.3239 0.0000 27709.7905 0.0042 0.0104

13 J014] Positive cLCB6 MY-MAX  |OK 75339.8944 95923.9124 0.7854 66221.8062 0.0043 0.0370

14 [[14] Negative cLCB1 - 0K 0.0000 21481.3165 0.0000 27710.5844 0.0042 0.0104
14]114] Positive cLCB6 MY-MAX  |OK 75287.5904 95923.9124 0.7849 66215.7989 0.0043 0.0370

14 |J[15] Negative cLCB1 - 0K 0.0000 20954.1242 0.0000 27186.1068 0.0042 0.0104

14 J015] | Positive cLCBE |MY-MAX |OK 78845.2784 96428.7380 0.8177 66927.3651 0.0043 0.0370

« | » |\ Flexure Strength I

Figure 3- 28 Result Table for Bending Strength

Elem : Element number

Part : Check location (I-End, J-End) of each element.
Positive/Negative : Positive moment, negative moment.
LCom Name : Load combination name.

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

CHK : Flexural strength check for element

M* : Design moment

PhiMu : Design bending strength

M*/ PhiMu : Bending resistance ratio, the verification is satisfied when it is less than 1.0.
(Muo)min : Minimum required strength in bending

3.5.7.2 Excel Report
Detail verification results can be checked in MS Excel report as shown in the figure below.

» Design > PSC Design > Excel Report...
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3.Flexure design for a section

W Moment Direction : Positive
Mestod of calcudariion < Strain compestility
Manirnum strengé limit load combiresion : clCBA
Mansirnum strengé limit laad combiresion type : MY-MAX
Manirnum faciored marmest (M) - BISHES (kN m)
1) Depth of neutr. t facs (g} (see £13)
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c=kd amye A A i Co=azf A (KN} Cofca) (kN m
166280 116382 | M 4204294 450153
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sl zone comgressive zone
i TAL,(d-c) (kN m) {kN )
5074247 42250
o Aorial farce in fencons| Bond) by
fa fa (MPa) {kN) 2) (N m)
1 0086514 165223 34746 75027
2 0050632 185223 MIT4E 853778
3 0054363 165223 343746 2535
4 s/ 0054383 185223 MI748 922525
5 5_A3R 0.050632 165223 343746 853776
& 5 AR 00883914 1685223 MI7.4 785027
7 5 AL 0043210 165223 343746 TiE278
a 5 AR 0043210 165223 T4 716278
I 74 6555212
o | |
[ Terdon e L, LoPs |
Talerace
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166280 100043

) Flaxural resistancs
= Nomina resistncs (M),

My = Tl DA (o T

(522812

RIS ody) = 12126802 (kN m)

Figure 3- 29 Excel report for moment resistance



3.6  Strength of Beams in Shear

3.6.1 General
Shear resistance can be checked according to the following steps:

1) Calculate the ultimate shear strength excluding shear reinforcement (Vyc).

2) Compare the factored shear force (V*) with the limit in order to decide whether the transverse
shear reinforcement is required or not.

3) Calculate the ultimate shear strength (1, = V,,. + V,,x + B,)

4) Calculate the ultimate shear strength limited by web crushing failure (Vymax)

5) Determine the final design shear strength and compare it with V",

6) Check minimum transverse shear reinforcement.

7) Check maximum longitudinal spacing of transverse shear reinforcement.

8) Proportioning longitudinal reinforcement on the flexural tension side.

9) Proportioning longitudinal reinforcement on the flexural compression side.

The design shear strength of a beam without consideration of effects of torsion shall satisfy the
following condition.

oV, = V* (AS 5100.5 8.2.3.1(1))

where, capacity reduction factor for shear, $=0.7.

Refer to the clause 3.8 Strength of Beams in Shear and Torsion for the verification of shear resistance
where the effects of torsion are required to be considered.

3.6.2 Parameters for shear

3.6.2.1 Effective Web Width
Effective web width b, is taken as the minimum web width in a horizontal plane across the web. For
PSC single or multi-cell box girders, the web width is automatically taken as a summation of the widths
for all webs. When determining the effective web width, the presence of prestressing ducts is not
accounted for. This value can be entered by the user directly as shown in the figure below.

» Properties > Section Properties > Section > PSC
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1) When the user directly enters values for web thickness
Apply the minimum value among the entered web thickness values.

DBjUser  PSC |

Section ID 1

Name Mid Section

Joint On/Off
@01 @m Dins
Doz Oun2 @us
o3 @u3
Section Type
Oicel

O2cel

Shear Check

Auto
Z1: 25 m
Z2: Centroid
z3: 045 n @
Web Thick.

for Shear(total)  Au
t1: 11 m

g

t2: 0.816Zm
t3: 0.815%

]
[
[
0007691y, @
Offset: Center-Top
Change Offset.

F Psc-1ceLL, 2cELL

[_J Mesh Size for Stiff. Calc.

Outer

Ho1 0.2
Hoz 0.3
Ho2-1 O
Hoz2 O
HO3 25
HO3-1 O

BO1
BO1-1

BO2

33333 3

BO3

Inner

HI1 0.24
HI2 0.26
HI2-1 0
HI22 9
HI3 2.05
HI3-1 0.71
HI4 0.2
HI4+1 9
HI42 O
HI5 0.25

BI1
BI1-1
BI1-2
BI2-1
BI3
BI3-1
BI3-2
BI4

3333333333

go12 O

Bo2-1 O

2.2
0.7

2.2
1.932
0.7

@ Consider Shear Deformation.

(] Consider Warping Effect(7th DOF)

Table Input...

33333 3

33333333

Display Centroid

Show Calculation Resuits...

Figure 3- 30 Consideration of Effective Web Width

OK Cancel

2) When “Auto” option is selected

Apply the minimum web thickness among t1, t2, and t3. These values are automatically taken as a

wor], ol

~°| HO:

BOI-1

BOl-2

HOZ l‘hp‘:‘:f‘\’oz

Viewer

summation of thickness for both webs at the vertical position of Z1, Z2, and Z3.

3.6.2.2

The effective shear depth d, shall be taken as the distance between the resultants of the tensile and
compressive forces due to flexure but not less than the greater of 0.72D or 0.9d, where d is taken as the
distance from the extreme compression fiber to the centroid of the longitudinal tension reinforcement
in the half-depth of the section containing the flexural tension zone.

Effective Shear Depth

In the program, the effective shear depth d, is calculated as shown in the equation below.

d, = min(

where,

Asfs+Apsfps

Mn 072D, 0.9d>

D : Overall depth of a cross-section
d : Distance from the extreme compression fiber to the centroid of the longitudinal tension
reinforcement in the half-depth of the section containing the flexural tension zone.
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— Apsfpsdp + Asfsds

Apsfps + Asfs
d, : Distance from extreme compression fiber to the centroid of the prestressing tendons
ds : Distance from extreme fiber to the centroid of non-prestressed tensile reinforcement

d

_Ic — +—C
X
Neutral
axis d, d,
>T

Figure 3- 31 Effective Shear Depth

Requirements for transverse shear reinforcement
The transverse shear reinforcement is provided in all regions where:

V* > 0.5¢(V,. +P,) (AS 5100.5 8.2.1.6(a))

3.6.3 Ultimate Shear Strength
The ultimate shear strength of a beam V, shall be determined as the lesser of:

V, = Vo + Vs + P, (AS 51005 8.2.3.1(2))
Vumax = 055/ byd, (S22 4 p, (AS 5100.5 8.2.3.3(1))

1+cot?0,

where,

Ve : ultimate shear strength excluding shear reinforcement.

Vs : contribution by shear reinforcement to the ultimate shear strength

Py : vertical component of prestress crossing the section under consideration. In the program, shear
resistance due to prestressing force, Py, includes primary prestress force. The secondary effects from
prestressing shall be included in the design shear force obtained from the load combinations.

Vumax : Ultimate shear strength limited by web crushing failure.

by: Effective web width taken as the minimum web width within the depth.

dv: Effective shear depth

6\ : angle between the axis of the concrete compression strut and the longitudinal axis of the member
oy . angle between the inclined shear reinforcement and the longitudinal tensile reinforcement
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3.6.3.1 Ultimate shear strength by concrete
The shear strength by concrete is determined by the equation below.

Vie = ko fl byd,y (AS 5100.5 8.2.4.1)

Where \/f; shall not exceed 8.0 MPa and k, shall be determined in accordance with either general or
simplified procedure based on modified compression field theory. The simplified procedure is for the
non-prestressed components and thus the general procedure is applied in the program.

where,
by: Effective web width taken as the minimum web width.
dv: Effective shear depth

Determination of ky and 6,
The value of ky is calculated as follows:

(a) For sections with transverse reinforcement less than minimum shear reinforcement (Asv < Asv.min)

k,,=[ o4 [ 1300 ] (AS 5100.5 8.2.4.2(1))

(1+1500&,)] | 1000+kq4dy

where

(i) f/ <65MPa

32

kag = Tordy) but not less than 0.80

where dy = maximum nominal aggregate size
(i) f/ > 65 MPa

kdg =2.0

Provided the maximum nominal aggregate size (dg) is not less than 16 mm, kqg may be taken as 1.0. In
the program, the value of kqy can automatically be calculated using the value of dy entered by the user
in the PSC Design Parameters dialog box. kqy can be taken as 1.0 by entering 16 mm for d,.
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DesignCode :  AS 5100.5:17

Input Paramaters

Maximum nominal aggregate size (8.2.4.2) Crack Control
Maximum Increment of Steel Stress
dg: 16 mm 160 Njmm2
Output Paramaters
Ultimate limit states Serviceability limit state
8 Trensfer Check 8 Control of Cracking

Flexural resistance
Shear resistance

Torsional resistance

Select All Unselect All
oK Cancel
Figure 3- 32 PSC Design Parameter

(b) For sections with transverse reinforcement equal or greater than minimum shear reinforcement
(Asv> Asv.min)

0.4

ko = [ireeses (AS 5100.5 8.2.4.2(4))

The angle of inclination of the concrete compression strut and the longitudinal axis of the member (6.)
is calculated as follows:

0, = (29 + 7000¢,) (AS 5100.5 8.2.4.2 (5))

Longitudinal strain in concrete for shear
The longitudinal strain &, in the concrete at the mid-depth of the section is calculated as follows:

_ IM*/dy+V*|=Py+0.5N"—Ap¢ fpo
. =
2(EsAst+EpApt)

(AS 5100.5 8.2.4.3(1))

ex shall be taken within the following the limits:
& =20

£, < +3.0x 1073

In the program, where exis negative (i.e., tension), exis taken as zero.
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where

(a) V-and M- are absolute values and M-> (V-— P.)d..

(b) N-is taken as positive for tension and negative for compression.

(c) Astand Aptare the areas of reinforcing bars and prestressing tendons in the half-depth of the section
containing the flexural tension zone.

In the program, fpo is taken as 0.7fpb for bonded tendons and op for unbonded tendons.

For sections closer than doto the face of the support, the value of excalculated at do from the face of the
support may be used in evaluating 6v and kv. There is no consideration about this in the program.

If the axial tension is large enough to crack the flexural compression face of the section, the resulting
increase in exshall be taken into account. In lieu of more accurate calculations, ex calculated from the
equation shall be doubled. There is no consideration about this in the program.

6vand kv may be determined from AS 5100.5-2017 Clause 8.2.4.2 using a value of exthat is greater than
that calculated from the equation in this Clause. &x shall be taken as not greater than 3.0 x 103, The
user-defined value of &x is not available in the program.

In order to apply concurrent moment M* and shear V" for the calculation of e, the concurrent force
option should be selected in the Moving Load Analysis Control Data dialog box.

3.6.3.2 Ultimate Shear Strength by shear reinforcement
The contribution to the design shear strength (V) by shear reinforcement in a beam (Vys) shall be
determined from the following equations:

For perpendicular shear reinforcement:

Vis = (Aspfoy.fdy/s)cOtO, (AS 5100.5 8.2.5.2(1))

For inclined shear reinforcement:

Vus = (Asufsy rdy/s)(sina, cotb,, + cosa,,) (AS 5100.5 8.2.5.2(2))

where

av = angle between the inclined shear reinforcement and the longitudinal tensile reinforcement

The transverse reinforcement for shear can be defined from Section Manager.

» Properties > Section Manager > Reinforcements
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[ [ Made Longitudinal Reinforcement  Shear Re\nfﬂrcemantl

Reinforcements v |‘ CRICIT D 100 Snap

| Same Rebar Data ati &j-end
Target Section & Element ER ‘

= X Section: 11
I 1:Mid Section
X 2: Sup Section Pitch 150 mm
I 3:Diaphragm Angle 90 [deg]
I 4 Mdsw — 1256.8 D
I 5:SupMid
I 6: Mid-Supt (0 Steel Bar for Web
I 7:Mid-Sup2
I 8:Mid-Sup3
X 9: Sup-Mid1
X 10: Sup-Mid2
I 11:Sup-Mid3

8 Dizgonal Reinforcement

8 Torsional Reinforcement
Pitch 150 mm
Awt 3142 mm?
Alt 8042 mm2

(O Endosina Stirup

Copy Reinforcements to... Mid Section G : 4700.0, 4300.0 VIEW

Apply Close

Figure 3- 33 Transverse Reinforcement

The required input data for transverse reinforcement are as follows:

- Pitch: Enter the longitudinal spacing of transverse shear reinforcement.

- Angle: Enter the angle of inclination of transverse shear reinforcement.

- Aw: Enter the area of transverse shear reinforcement within distance pitch crossing all the webs in a
cross-section

3.6.3.3 Vertical component of prestress
Where the vertical component of the prestressing force (Py) at the section under consideration is greater
than the minimum design shear force (V"min), the following additional design action shall be considered:

V* = 1.2P, — Vi (AS 5100.5 8.2.1.3)

where
V' min = minimum design shear force for all load combinations

In this case, Pvshall be taken as zero for the determination of the shear capacity.
The current version does not take this provision into account. The vertical component of the

prestressing force (CS: Tendon Primary) either increases or decrease the shear strength of a beam
depending on the direction of the vertical component of the prestressing force.
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3.6.4 Proportioning Longitudinal Reinforcement

3.64.1 Flexural Tension Side
Additional longitudinal reinforcement and tendons on the flexural tension side of a beam section shall
be proportioned such that the additional force is greater than or equal to A4Fy, calculated as follows:

[Shear without torsion]

AFg = [(V* —y,B,) — 0.5¢V;5]coth, (AS 5100.5 8.2.7(2))

where V" is the absolute value of shear force.

Additional reinforcement (44s) and/or additional tendons (44,) shall be fully anchored and
proportioned such that the following is satisfied:

AAfsy + DAp0oyy = AFq /P (AS 5100.5 8.2.7(3))

where ¢ = 0.7

In the program, the additional force AFy, is calculated and additional reinforcement (44s) is provided
assuming that additional tendons (44,) is zero using the equation below.

AAsf:sy 2 AFtd/¢

At simply supported end supports, the longitudinal reinforcement and tendons on the flexural tension
side of the beam shall be capable of resisting a tensile force of (4F + 0.5N")/¢ . There is no
consideration about this in the program.

3.6.4.2 Flexural Compression Side
Additional longitudinal reinforcement on the flexural compression side of the beam section shall be
proportioned such that the additional force is greater than or equal to the force 4F, calculated as
follows:

[Shear without torsion]

AF.; = [(V* = ypP,) — 0.5¢V,s|cotd, — F; (AS 5100.5 8.2.8(2))
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where F is the absolute value of the design force in the compressive zone due to flexure and axial
actions.

Additional reinforcement (44s) and/or additional tendons (44) shall be anchored and proportioned
such that the following is satisfied:

Mg foy + AAyayy, = AFoq /¢ (AS 5100.5 8.2.8)

where ¢ = 0.7

In the program, the additional force A4Fcq, is calculated and additional reinforcement (44s) is provided
assuming that additional tendons (44,) is zero using the equation below.

AAsty = Ach/(P

3.6.5 Extension of longitudinal reinforcement and tendons

At every section, the longitudinal reinforcement and tendons shall be designed to resist the flexural
design force determined in AS 5100.5-2017 Clause 8.1.5 and additional longitudinal forces caused by
shear and torsion as specified in AS 5100.5-2017 Clause 8.2.7, Clause 8.2.8

For members not subjected to significant direct tension or torsion, these requirements may be satisfied
by extending the flexural tension reinforcement and tendons to develop the flexural tensile force beyond
the location required by flexure alone as follows:

(a) Where transverse reinforcement is not required, a distance D.

(b) Where transverse reinforcement is required, a distance docozé..

where D and d, are taken at the section under consideration.

In the program, the required longitudinal reinforcement and tendons are determined only to resist
flexural design force determined in AS 5100.5-2017 Clause 8.1.5. The additional longitudinal
reinforcement required by shear and torsion as specified in AS 5100.5-2017 Clause 8.2.7, Clause 8.2.8
is only provided but not used to check the strength of the cross-section.
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3.6.6 Detailing for Transverse Shear Reinforcement

3.6.6.1 Maximum Spacing for Transverse Shear Reinforcement
Shear reinforcement shall be spaced longitudinally not further apart than 0.5D or 300 mm, whichever
is less.

3.6.6.2 Minimum Transverse Shear Reinforcement
The cross-sectional area of minimum shear reinforcement (Asvmin) provided in a beam shall be
calculated from the following equation:

Aspmin = 0.08\f/b,s/fsyr = 0.35b,5/fey s (AS 5100.5 8.2.1.7)

where
s = center-to-centre spacing of shear reinforcement, measured parallel to the longitudinal axis of
the member

3.6.7 Check Design Shear Forces

The program checks the shear strength limit state for the Vmax and Vmin cases among the active strength
load combinations, which are defined in the Load Combinations dialog box.

3.6.8 Post-processing for Shear Strength Verification

3.6.8.1 Result Tables
The results can be checked as shown in the table below.

» PSC > PSC Design Results > Result Tables > Check Shear Strength...

LCom N e v PhiVu Vuc Vus
gem | Pat | o0 Type | CHK o0 ) 0 ) VePhVu &) o0

» L)) cLCBS FZ-MIN 0K 3566.4482 50575.1231 -6643.0177 16555.0402 0.4013 4664.9507 17893.7537

91J[10] cLCBS FZ-MIN OK 3566.4482 55839.8033 -£242.1588 16251.5347 0.2841 4337.7781 17784.3566

101[10] cLCBS FZ-MIN 0K 3508.7345 55778.2232 -£242.2898 16268.5382 0.3837 4349.9124 17796.6707

10 J[11] cLCBS FZ-MIN 0K 3508.7345 60472.9507 -5842.0710 15766.7708 0.3705 4055.8097 17645.6211

11][11] cLCBS FZ-MIN 0K 3450.8715 60411.1850 -5841.9896 15782.4795 0.3702 4066.2775 17657.7157
11J012] cLCBS FZ-MIN 0K 3450.8715 64537.6627 -5442.4110 15612.5442 0.3486 3892.5801 17586.3096|

12|12] cLCBS FZ-MIN 0K 3397.9095 64481.1535 -5442.5329 15626.1483 0.3483 3901.2458 17597.1920

12J013] cLCBS FZ-MIN 0K 3397.9095 68041.5124 -5043.5935 15231.6007 0.3311 3725.9342 17478.9430

13]I[13] cLCBS FZ-MIN OK 33446192 67984.6271 -5043.5170 15244 6416 0.3208 3733.8435 17489.7416

131J[14] cLCBS FZ-MIN OK 33446192 70980.5788 -4645.2175 15146.8750 0.3067 3638.7865 17443.5896

14 [14] cLCBS FZ-MIN OK 3295.5953 70928.2748 -4645.3181 15158.4956 0.3064 3645.6390 17453.4108

14 J[15] cLCBS FZ-MIN OK 3295.5953 73361.9204 -4247 6587 14817.6070 0.2867 3535.2580 17354.5413
15|I[15] cLCBS FZ-MIN 0K 3245.5770 73308.5273 -4247.5954 14829.1292 0.2864 3541.8259 17364.4712|

15 |J[16] cLCB7 FZ-MIN 0K 32455770 75181.6218 -3850.5753 14775.1380 0.2606 3494.6258 17333.8529

16 [16] cLCB7 FZ-MIN 0K 3200.0551 75133.0555 -3850.6668 14785.4558 0.2604 3500.4242 17342.8284

16 J[17] cLCB7 FZ-MIN 0K 3200.0551 764476761 -3454.2870 14520.5361 0.2379 3439.3187 17269.9853
17|17] cLCB7 FZ-MIN 0K 3154.8123 76399.3845 -3454.2473 14530.6562 0.2377 3444.8989 17278.8666|

17 J[18] cLCB7 FZ-MIN 0K 3154.8123 77303.6659 -3068.1041 14502.8952 0.2116 3427.6750 17256.3673

181[18] cLCB7 FZ-MIN OK 3113.6107 77259.7054 -3068.1835 14512.0601 0.2114 3432.7098 17264.4291

18J[19] cLCB7 FZ-MIN OK 3113.6107 T7784.4748 -2692.2769 14481.4013 0.1859 3428.1287 17259.5874

19|1[19] cLCB7 FZ-MIN OK 3079.8133 T7748.4123 -2692.3452 14488.9212 0.1858 3432.2578 17266.2010

191J[20] cLCB7 FZ-MIN OK 3079.8133 77924.3882 -2326.6757 14517.5898 0.1603 34480429 17291.3712

20 |1[20] cLCB7 FZ-MIN 0K 30546142 77897.5039 -2326.7660 14523.2246 0.1602 3451.1535 17296.3102
20J[21] cLCB7 F"Z-Mﬂ oK 30546143 77755.3947 -1971.3328 14580.8947 0.1352 3483.1435 17346.7060|

« [+ |\ shear strength / il

Figure 3- 34 Result Table for Shear Resistance
Elem : Element number

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

N* :Axial force for the LCom which has Vu

M* : Bending moment for the LCom which has Vu

V* : Maximum shear force among Strength/Stress load combinations

PhiVu : Nominal Shear resistance.

V*/PhiVu

Vuc : Shear resistance of concrete.

Vus : Shear resistance of shear reinforcement.

Pv : Shear force of the effective prestressing force.

3.6.8.2 Excel Report

The detailed results, which contain the calculations, are produced in the Excel Report.

» PSC > PSC Design > Excel Report...
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3.7
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Figure 3- 35 Excel Report for Shear Resistance

Strength of Beams in Shear and Torsion

3.7.1 General
For sections subjected to combined shear and torsion, the transverse reinforcement that is provided
shall be at least equal to the sum of that required for shear and that required for the coexisting torsion.
Combined shear and torsional resistance can be checked according to the following steps:

1)
2)

3)

Calculate the torsional cracking moment (Ter).

Compare the factored torsional moment (T) with the limit in order to decide whether the effect
of torsion should be considered or not.

In case where the torsional effect should be considered, calculate the design shear strength and
compare it with V",

Calculate the design torsional strength and compare it with T".

Check minimum torsional reinforcement.

Check web crushing due to combined shear and torsion.

Proportioning longitudinal reinforcement on the flexural tension side.

Proportioning longitudinal reinforcement on the flexural compression side.



3.7.2 Dimension of section for torsion
The dimensions of section that are required for checking torsion are as follows:

A, : Area enclosed by the shear flow path, including any area of holes therein

midas Civil uses the area of the closed section enclosed by the torsion reinforcement, instead of the
shear flow path.

pn : Perimeter of the centerline of the closed transverse torsion reinforcement

A : Total area enclosed by outside Perimeter of the concrete section

pe : The length of the outside perimeter of concrete section

Acp(pc)

/
.

Figure 3- 36 Dimension of Section for Torsion

**Additional information for the torsional area A, and circumference pn calculation of the composite
section.

In the program, when A, is applied for the composite section, the girder and slab sections are calculated
separately and then added. The value of pn is calculated based on the same approach but the value of
2by is substracted in order to consider the contact area between the girder and slab.

Figure 3- 37 Composite Section
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3.7.3 Condition for Torsion Design

3.7.3.1 Condition
Except for slabs less than 300 mm thick, walls and footings, transverse shear reinforcement shall be
provided in all regions where:

T* > 0.25¢T,, (AS 5100.5 8.2.1.2(1))

where,
¢ = capacity reduction factor for torsion (= 0.7)

3.7.3.2 Torsional Cracking Moment (T)

2
T, =0.33 fg%” (AS 5100.5 8.2.1.2(2))

where,

Acp: total area enclosed by outside perimeter of concrete section.

Ter: torsional cracking moment

pe: the length of the outside perimeter of concrete cross-section

ocp: average intensity of effective prestress in concrete at the centroid, or at the junction of the web
and flange when the centroid lies inside the flange.

where T"is calculated on an uncracked sectional analysis.

For cellular structures:

2
‘:ﬂ < 24,b, (AS 5100.5 8.2.1.2(3))

where,
Ao area enclosed by shear flow path, including any area of holes therein.
by: effective width of the critical web

3.7.4 Ultimate Shear Strength

The ultimate shear strength of a beam V, is determined as follows:

Vu=Vue +Vus + P, (AS 5100.5 8.2.3.1(2))
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where,

Vi : ultimate shear strength excluding shear reinforcement

Vs : contribution by shear reinforcement to the ultimate shear strength

Py : vertical component of prestress crossing the section under consideration. In the program, shear
resistance due to prestressing force, Py, includes primary prestress force. The secondary effects from
prestressing shall be included in the design shear force obtained from the load combinations.

3.7.4.1 Ultimate Shear Strength by Concrete

The shear strength is determined by the equation below.

Vue = ky/ fe bydy (AS 5100.5 8.2.4.1)

where /£, shall not exceed 8.0 MPa and k, shall be determined in accordance with either general or
simplified procedure based on modified compression field theory. The simplified procedure is for the
non-prestressed components and thus the general procedure is applied in the program.

where,
by: Effective web width taken as the minimum web width.

d.: Effective shear depth

Determination of k, and 6,
The value of ky is calculated as follows:

a) For sections with transverse reinforcement less than minimum shear reinforcement
(Asv < Asv.min)

kv=[ 04 ][ 1300 ] (AS 5100.5 8.2.4.2(1))

(1+1500&,)] [1000+kggdy

where,

i) f! < 65MPa
32

kag = (Tordy) but not less than 0.80

where dy = maximum nominal aggregate size
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i) f! > 65 MPa
kdg =2.0

Provided the maximum nominal aggregate size (dg) is not less than 16 mm, kqq may be taken as 1.0.
In the program, the value of kqy can automatically be calculated using the value of dq entered by the
user in the PSC Design Parameter dialog box. kqg can be taken as 1.0 by entering 16 mm for dg.

Figure 3- 38 PSC Design Parameter

b) For sections with transverse reinforcement equal or greater than minimum shear reinforcement
(Asv=> Asv.min) —

0.4

ey = [—(msoogx) (AS 5100.5 8.2.4.2(4))

The angle of inclination of the concrete compression strut and the longitudinal axis of the member (6,)
is calculated as follows:

6, = (29 + 7000¢,) (AS 5100.5 8.2.42(5))

Longitudinal strain in concrete for combined shear and torsion
The longitudinal strain &, in the concrete at the mid-depth of the section subjected to shear and torsion
shall be calculated as follows:
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* 2
. " 0.9T*u .
M /dU+J(V —Pv)2+[ 7 h] +0.5N"=Apt fro

Exy =

(AS 5100.5 8.2.4.4(1))

2(EsAst+EpApt)

ex shall be taken within the following the limits:
& =0
& < +3.0x1073

In the program, where exis negative (i.e., tension), exis taken as zero.

where
(a) V*and M" are absolute values and

* 2
M >d, J W* =B + [ (AS 5100.5 8.2.4.4(3))

24,

(b) N"is taken as positive for tension and negative for compression.
(c) Astand Apt are the areas of reinforcing bars and prestressing tendons in the half-depth of the
section containing the flexural tension zone.

In the program, fy, is taken as 0.7f,, for bonded tendons and o, for unbonded tendons.

For sections closer than d, to the face of the support, the value of & calculated at d, from the face of
the support may be used in evaluating 6, and k. There is no consideration about this in the program.

If the axial tension is large enough to crack the flexural compression face of the section, the resulting
increase in & shall be taken into account. In lieu of more accurate calculations, e calculated from the
equation shall be doubled. There is no consideration about this in the program.

6, and k, may be determined from AS 5100.5-2017 Clause 8.2.4.2 using a value of & that is greater
than that calculated from the equation in this Clause. & shall be taken as not greater than 3.0 x 1073,
The user-defined value of & is not available in the program.

In order to apply concurrent moment M” and shear V" for the calculation of &, the concurrent force
option should be selected in the Moving Load Analysis Control Data dialog box.

3.7.4.2 Ultimate Shear Strength by shear reinforcement

The contribution to the design shear strength (V.) by shear reinforcement in a beam (Vys) shall be
determined from the following equations:

For perpendicular shear reinforcement:
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Vis = (Aspfoy.rdy/s)cOtO, (AS 5100.5 8.2.5.2(1))

For inclined shear reinforcement:

Vs = (Asvfsy_fdv/s) (sina,cotd, + cosa,,) (AS 5100.5 8.2.5.2(2))

where,

av = angle between the inclined shear reinforcement and the longitudinal tensile reinforcement

3.7.5 Ultimate Torsional Strength
The ultimate torsional strength shall be determined from the following equation and should meet the
condition T" <4 T

Tus = 24 221 cotd, (AS 5100.5 8.2.5.6)
where,
Ao: 0.85 Ao

The reinforcement data used for the torsion check are as follows:

» Properties > Section Manager > Reinforcements
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Figure 3- 39 Reinforcement Input for Torsion

f 0/
. ¥ cover

Thickness,/

Figure 3- 40 Reinforcement Close against Outer Closed Stirrup

- Pitch : longitudinal spacing of transverse reinforcement for torsion
- Awt : area of transverse reinforcement for torsion crossing a single web within distance pitch.

- A : area of longitudinal torsional reinforcement. The area of all reinforcing steels ® which are close
against the outer closed stirrups. In the current version, this data is not used in the design checks.
However, the program provides the required area of longitudinal reinforcement due to torsion.

3.7.6  Minimum torsional reinforcement
Minimum torsional reinforcement shall consist of the following:
(a) Closed tie reinforcement, satisfying the lesser of—
(i) Tys = T, and

i\ Asw 0.2y,
n—z_—
( ) S Fsy.f

where y; is the larger dimension of the closed tie.

(b) Longitudinal reinforcement in accordance with Clauses 8.2.7, 8.2.8 and 8.2.9.
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In the program, additional longitudinal reinforcement in accordance with AS 5100.5-2017 Clauses
8.2.7, 8.2.8 is provided. However, the comparison with the area of longitudinal reinforcement entered
by the user is not performed.

3.7.7 Web crushing due to combined shear and torsion

The wall thickness (tw) to avoid crushing from combined shear and torsion shall be calculated as
follows:

(a) For box sections:
(i) Where wall thickness tw > Aon/Un

V*-pP, T*uh < OV max
byd, = 174% — byd,

(AS 5100.5 8.2.4.5(1))

(ii) Where wall thickness tw < Aon/Un

V*_P‘U T* < Q)Vu.max
bydy, = 1.7twAon — bydy

(AS 5100.5 8.2.4.5(2))

(b) For other sections:

) 2 T*up 2 DVyumax
j [ - dv] + [Lmih] < S (AS 5100.5 8.2.4.5(3))

where

Aon: area enclosed by centreline of exterior closed transverse torsion reinforcement, including
area of holes (if any)
un: perimeter of the centreline of the closed transverse torsion reinforcement.

Vumax: Ultimate shear strength limited by web crushing failure, in accordance with Clause
8.2.33
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In the program, the user can define the distance from outer surface to the centerline of exterior closed
transverse torsion reinforcement using the Enclosing Stirrup option in Section Manager.

3.7.8 Proportioning longitudinal reinforcement

3.7.8.1 Flexural Tension Side
Additional longitudinal reinforcement and tendons on the flexural tension side of a beam section shall
be proportioned such that the additional force is greater than or equal to A4Fi, calculated as follows:

[Shear with torsion]

¥ 2
L2t cotd, (AS 5100.5 8.2.7(1))

AF,q = J[(V* —VpPy) — 050V + | i

where

Yp = 0.9 when Pvreduces the shear.
= 1.15 when Pvincreases the shear.

Additional reinforcement (44s) and/or additional tendons (44,) shall be fully anchored and
proportioned such that the following is satisfied:

AAgfsy + DAp0oyy = AFq /¢ (AS 5100.5 8.2.7(3))

Where ¢ = 0.7

In the program, the additional force 4Fy, is calculated and additional reinforcement (AAs) is provided
assuming that additional tendons (44,) is zero using the equation below.

AAsfsy 2 AFtd/¢

At simply supported end supports, the longitudinal reinforcement and tendons on the flexural tension
side of the beam shall be capable of resisting a tensile force of (A4Fwu + 0.5N")/ ¢ . There is no
consideration about this in the program.

3.7.8.2 Flexural Compression Side
Additional longitudinal reinforcement on the flexural compression side of the beam section shall be
proportioned such that the additional force is greater than or equal to the force 4F, calculated as
follows:
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[Shear with torsion]

0.45T*uh]2

AF,; = \/ [(Vv—y,P,) — O.quVus]Z + [ — cotd, — F (AS 5100.5 8.2.8(1))

but not less than zero.

Where E; is the absolute value of the design force in the compressive zone due to flexure and axial
actions.

Additional reinforcement (44;) and/or additional tendons (44,) shall be anchored and proportioned
such that the following is satisfied:

Mg foy + DApay, = AFoq/d (AS 5100.5 8.2.8

Where ¢ = 0.7

In the program, the additional force AFcq, is calculated and additional reinforcement (44s) is provided
assuming that additional tendons (44,) is zero using the equation below.

AAsf:sy 2 Ach/d)

3.7.9 Check Design Shear and Torsion Forces
The program checks the combined shear and torsional strength limit state for the concurrent shear and
torsion forces among the Active: Strength/Stress load combinations, which are defined in Fig.3-4 Load
Combinations dialog box. The following three cases are reviewed and the most critical case is provided
in the design report.

1) Vimax, and co-existing T
2) Vmin and co-existing T
3) Tmax and co-existing V

3.7.10 Check the Combined Shear and Torsion Design Results

3.7.10.1 Result Tables
The results can be checked as shown in the table below.

» PSC > PSC Design Results > Result Tables>Check Combined Shear and Torsion Strength...
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Figure 3- 41 Result Table for Combined Shear and Torsion

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

3.7.10.2  Excel Report
Detail verification results can be checked in MS Excel report as shown in the figure below.

» PSC > PSC Design > Excel Report ...
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Figure 3- 42 Excel Report for Combined Shear and Torsion
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3.8

3.8.

Crack Control for Flexure in Prestressed Beams

1 General

Flexural cracking in a prestressed beam shall be deemed to be controlled if, under SLS load
combinations, the resulting maximum tensile stress in the concrete does not exceed 0.25\/ﬁ and
O.ZSJF , or, if this stress is exceeded, by providing reinforcement or bonded tendons, or both, near
the tensile face with a centre-to-centre spacing not exceeding 200 mm and limiting either

(@) the calculated maximum flexural tensile stress under SLS load combination, including transfer
limited to 0.5,/f; and 0.5,/f7,; or

(b) the increment in steel stress near the tension face must be limited to 160 MPa, as the load increases
from its value when the extreme concrete tensile fiber is at zero stress to the SLS load combinations
values.

In the current version, the crack control at transfer is supported and the stress limit in the concrete and
steel can be modified. The crack control of the precast composite section under negative moment is not
supported.

Procedure to calculate incremental stress:

- Non-composite section.
1. Calculate the effective stress in the tendon after losses, f,,1 = fpe-

fpl = fpe = Pe/Ap

2. Find the increase in stress in the tendon f;,, as the member passes to a decompression stage.

_ _Pe e? _
Ep2 = v (1 + r_2) foz = Ep&pa

3. Determine decompression force F needed to produce the decompression stage.

F= Ap(fpl + fpz)
4. Apply an equal and opposite force F to the member, in combination with the moments due to dead
and live loads. The resultant force R=F has an equivalent eccentricity.

e =(M;—Fe)/R
Where Me.is the external moment due to self-weight, superimposed dead loads and live loads
excluding Tendon Primary.
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5. Assume the neutral axis depth y of the cracked section.
6. Calculate the stress at the neutral axis due to R.

oo, — R4 RE=Ciop)
NA 4 Ict

7. Repeat steps 5 and 6 until the stress at the neutral axis is zero.
8. Find the section properties A, I, ¢¢op Of the cracked section.
9. Determine incremental stress f,3 in the tendon.

_ R Re*(dp—cz‘op)
fp3 = Act + Ict

Worked example 1: Non-composite section
Reference: Flexural stresses after cracking in partially prestressed beams by Arthur H. Nilson in PCI
Journal /July-August 1976

Data
The partially prestressed T-beam shown in the figure below is subjected to superimposed dead and
service live load moments of 52 kN-m and 259 kN-m in addition to a moment of 113 kN-m due to its
own weight.

An effective prestressing force of 547 kN is applied using six 12.7 mm diameter strands which are
lumped into one tendon in this example (A, = 556.77 mm?). Two nonprestressing steel #8 bars are
located close to the tension face of the beam.

The elastic moduli for the concrete, tendon steel, and bar steel are, respectively 24,900, 186,000, and
200,000 N/mm?. The modulus of rupture of the concrete is 3.5 N/mm?.
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Figure 3- 43 Cross-Section

Required
Find the stress in the concrete, prestressing steel, and bar reinforcement at the full-service load.

Solution
First, the tensile stress in the concrete at the bottom of the beam will be checked, assuming the member
is uncracked. The properties of the uncracked section are

Ac = 1.368x10° mm? Cip = 332.74 mm
Stop = 2.727x10" mm?®  Cyor = 429.26 mm
Spot = 2.114x10" mm® r? = 66451.5 mm?
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Figure 3- 44 Uncracked Cross-Section

Then the tensile stress in the concrete at the bottom of the beam fyqt iS

Pe €Cpot M,
=——1+ + = 8.177 MP

where e is the eccentricity of the prestressing force, r is the radius of gyration of the concrete section.

This stress greatly exceeds the modulus of rupture, indicating that the section has indeed cracked. The
effective stress in the tendon when Pe acts alone is

fo1 = fpe = P./A, = 985.95 MPa

The change in strain in the tendon as the section is decompressed is the same as that in the concrete at
that level and can be calculated on the basis of the uncracked concrete section properties.

_ fe 1+e2 = 0.0004
sz—ACEC rz)

Thus, the corresponding increase in the tendon is

To obtain decompression of the concrete, the fictitious external tension F = Ap(fp1 + fpz) =
591.6 kN must have been applied to the tendon. This is now cancelled by applying an equal and
opposite force F. This force acting together with the total moment of 424 kN-m, is equivalent to a
compressive force R=591.6 kN applied with eccentricity & = (M; — Fe)/R = 412.75 mm above the
centroid of the uncracked concrete, or 80 mm above the top surface of the member.
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With n,, = 186000/24900 = 7.48 and ng = 200000/24900 = 8.03 the transformed areas of the
tendon and the bars are, respectively, 4167.7 and 8135.5 mm?. The effective cross section of the cracked
beam, with neutral axis dimension y still unknown is shown in the figure below.

R

*®

e
Y cracked

conc. centroid

cracked
neutral axis

——— I'IpApz 4167.7 mm?
—— nSA‘S: 8135.5 mm?2

Figure 3- 45 Transformed Cracked Cross-Section

The stress at the neutral axis should be zero.

_£+Re*(y_6;"l’) _

0
Ace Iee

Through the iteration, the neutral axis depth y = 340.36 mm is obtained.

With y known, the location of the centroid of the cracked transformed section is a routine matter. Taking
moments of the partial areas about the top surface locates the centroid c;,,=193.55 mm from the top

of the section. Section properties of the cracked section are

A = 858063 mm I, = 3.843 x 10°mm*

The eccentricity of the force R with respect to the centroid of the cracked transformed section is

e* =273.56 mm

Now the incremental stress in the concrete and steel can be found as follows:

- Concrete (top)

—_—— 15.0 MP
i T 2
- Tendon
R Re*(d, — ¢
fos =1y [—— el = cion)) _ g7 6 ps
At Lot
- Bar reinforcement
R Re*(d. — ¢/
foz =g [—— + M] = 111.0 MPa
Act Ict
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- Composite section
For composite sections, the situation is more complicated. The prestress and some dead load bending

are usually applied to the bare non-composite beam. This creates stress in the bare beam, but not in the
composite slab. This causes a discontinuity in stress and strain at the interface and this discontinuity
remains while additional loads are applied to the composite beam.

How does one find a section property of a cracked composite section when some of the forces and
moments were applied to a different bare beam section? The solution is to work with section properties
of the composite beam and apply all forces and moments to the composite section. This requires
modifying the forces and moments applied to the bare beam to an equivalent force and moment applied
to the composite beam. This equivalent force and moment must produce stresses in the bare beam
portion of the composite beam that are equal to the actual stresses in the bare beam.

Worked example 2: Composite Section
Reference: Analysis of Cracked Prestressed Concrete Sections: A Practical Approach by Robert F.

Mast PCI Journal July-August 1998

Consider a 305 x 610 mm beam shown in the figure below, subjected to a prestress force P of 1281 kN
at an eccentricity of 203 mm, and a bare beam bending moment My, of 195.3 KN-m.

305

152

1
: Composite Slab
1

Bare Beam

610

® P=1281 kN

101.6

Figure 3- 46 Composite Section

This produces stresses in the bare beam as shown in the figure a below. The beam is then made
composite with a 152 mm slab of 305 mm width of the same concrete strength. It is now necessary to
find the equivalent forces and moments applied to the composite section that will produce the same
stresses in the bare beam portion of the composite beam.

This operation may be accomplished by extending the stress diagram for the bare beam up through the
composite slab, as shown in figure a. This produces a fictitious force F in the slab, as shown in figure
b. This fictitious force is combined with the prestress force P to produce the equivalent force P. at a
resultant location to be applied to the composite section. The magnitude and location of P. combined

3-56



with Mgy, produce the desired stress in the composite section, as shown in figure c. In this explanation,
the increase in stress in the tendon f,,, for the bare beam as the member passes to a decompression
stage is ignored for simplicity, but the program includes it in the calculation of decompression force.

The stresses shown in figure ¢ is then combined with the stresses shown in the figure d due to moments
M, applied to the composite beam. The fictitious stresses in the composite slab are subtracted in order
to obtain the true stress in the composite slab. The final stresses are shown in figure e, and they are
identical to stresses calculated in the usual manner.

Composite

Slab
- 172

| | 172 12.07 12.07
i\ F=120kN Y ;

| L |

13.45 tta4s5 1345 7.24

7.24 10.69

152
84.6

My,=195.2 kN-m
M,,=355.9 kN-m

C.g.
My:=195.2 kN-m g > '9.}' ) o

]
c.g 5

P=1281 kN

0

610
Bare Beam

230,

203.2

P.=1401 kN

139.5

/

4 10.34 -12.07 -1.72

101.6

10.3
a. P and Mbb applied b. Fictious Force c. Equivalent Force on d. Stresses due to Mcb applied €. Final Stresses
to Bare Beam in Slab Composite Section to Composite Section Stresses in MPa

Figure 3- 47 Incremental Stress of Composite Section

The analysis of a cracked composite beam is similar to that of a cracked non-composite beam, with the
additional step of including the fictitious force in the composite slab due to bare beam stresses.

Procedure to calculate incremental stress:
- Cracked composite section

1. Calculate the stresses of the bare beam for the moments applied to that beam.

2. Extend the stress gradient in the bare beam upward to the top of the future composite slab.

3. Find the magnitude and location of the fictitious force F.

4. Determine the magnitude and location of the equivalent force P by combining the fictitious force F
and the decompression force P.

5. Assume the neutral axis depth y of the cracked composite section.

6. Calculate the stress at the neutral axis which is the sum of the stress of the bare beam due to P, and
Mob and the stress of the composite section due to M. Where My.is the external moment due to self-
weight acting on the bare beam and Mg, due to superimposed dead loads and live loads acting on the
composite section.

7. Repeat steps 5 and 6 until the stress at the neutral axis is zero.

8. Find the section properties A, I, ¢¢op Of the cracked composite section.

9. Determine incremental stress in the tendon.

3.8.2 Segmental members at unreinforced joints

Under all SLS load combinations, the residual compression at the joint shall be not less than 1.0 MPa.
In the program, there is no consideration about this requirement.
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3.8.3 Prestressed members in exposure classification B2, C1, C2 or U

For exposure classifications C1, C2 or U, the concrete at the level of each tendon shall be in
compression under a SLS load combination that comprises permanent effects plus 50% of the transient
serviceability load(s).

For exposure classification B2, the concrete at the level of each tendon shall be in compression under
a SLS load combination that comprises permanent effects plus 25% of the transient serviceability
load(s).

In the program, the reduction of the transient serviceability load is automatically taken into account.

3.8.4 Crack control in the side face of beams
For crack control in the side face of beams where the overall depth exceeds 750 mm, longitudinal
reinforcement, consisting of 12 mm bars at 200 mm centers or 16 mm bars at 300 mm centers, shall be
placed in each side face.

In the program there is no consideration about this requirement.

3.8.5 Crack control at openings and discontinuities
Reinforcement shall be provided for crack control at openings and discontinuities in a beam.

In the program there is no consideration about this requirement.

3.8.6 Check the Crack Control Design Results

3.8.6.1 Result Tables
The results can be checked as shown in the table below.

» PSC > PSC Design Results > Result Tables > Check Crack Control for Flexure at Service Loads...

m 25 ifc' Ly (fc’ f (!
ot Ir-jfnc Type il (Nimm#} [rl.'?;'l?:- ¢ 2.'M:2-:F_.U ! qu::tr-_;w :n:r; al__rr'::j( |N|'r:rr-'; r.h.'::rﬁ:-
Baotiom cLCB4d MY-MaX |OK =3.8537 1.4801 1.7T6T8 3.5358 200.0000 200.0000 0.0000 160.000
[Top cLCBED |MY-WN  |OK -1.4757 11457 | 1.7678 3 5355 Z50.0000)  200.0000 0.0000 160.000
IEOIIMH cLCB44 M MLAX IDK -4 2700 E.DSJB- 1.76T8 3.5355 Z‘HD.DMO- 200.0000 18.5581 160.000
[Top cLCBE0 |MY-MN  |OK -1.6843 -0.5008| 1.7678 35355 250.0000)  200.0000 0.0000 160.000
IEOIIIH'H cLCBad M =LA IDK -4 2650 2.0378] 1.76T8 3.5355 200.0000] 200.0000 183251 160.000
[Top cLCBED [MY-MN__ 0K -1.8842 05179 1.7678 35355 2500000 200.0000 0.0000 160.000
_Eaﬂnm cLCB44 M LA _DK -4.6573 Z.SIGB_ 1.7&T8 3.5355 ZﬂD.DDﬂD_ 200.0000 30,7837 160.000

Figure 3- 48 Result Table for Crack Control

3.8.6.2 Excel Report
The detailed results, which contain the calculations, are produced in the Excel Report.

» PSC > PSC Design > Excel Report...

3-58



6.Crack check

W Top

- Girder
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= Maxirmum sirees arslysis o sorfsos (see BA2T)
birtea| = 854 (MPa) | » Q250 = 177 | (MPa)
o Sinoe mandrmum lersile siess s aeocseded, specng check conmideraiion is needed.
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5 = 20000 fmml | S = 20000 {mm}
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= Sirescs limitadion check

frtcs| = 554 (MPa) = Q5fc = 154 (MPa) cor
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* iy i e il siress of Ban{ererme flre ot surksos) under servioe imid ste

Em| = #2817 (mm} distance from evireme compression Sher o neural aos
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Figure 3- 49 Excel Report for Crack Check
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