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ADVANCED APPLICATIONS

Overview
Design procedure for PSC section is as follows.

‘ Modeling ‘

‘ Structural Analysis ‘

‘ Define design parameters

Generate load combination

{ Modify material properties ‘

‘ Select location for PSC design ‘

‘ Perform PSC section design ‘

Fig.1 Procedure for PSC section design

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

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

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

In this tutorial, we first open FSM bridge and add reinforcement. Then we will perform

PSC section design for the construction stage and the service state.



Prestressed Box Girder Design

Bridge specification and Cross-Section

Bridge type: 3-span continuous PSC Box Bridge (FSM)
Bridge length: L = 40.0+ 45.0 + 40.0 = 125.0 m
Bridge width: B = 8.5 m (2 lanes)

Skew: 0°(No skew)
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Fig. 3 Typical cross section Unit: m
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I #4 N=19 C.T.C 250

5019 14@250=5,500 9 50
153 153

Fig.5 Reinforcement Unit: mm
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Material Properties and Allowable Stress

» Concrete properties for superstructure
ASTM Grade: C5000

» Tendon Properties
P.C Strand: ®15.2 mm (0.6"strand)
Yield Strength: f,, = 1600 N/mm?
Ultimate Strength: f,, = 1900 N/mm?
Cross Sectional area: A, = 2635.3 mm?
Modulus of Elasticity: E,s = 2.0 X 10° N/mm®
Jacking Stress: f,; = 0.7f,, = 1330 N/mm®
Curvature friction factor: x = 0.3 /rad
Wobble friction factor: k = 0.0066 /m
Anchorage Slip: 4s = 6 mm (At the Beginning and at the End)

Check cross section dimensions of the girder
(AASHTO-LRFD 5.14.2.3.10)
»  Check the thickness of flanges
- Top flanges:
Clear span between webs, lw = 4400 mm
Minimum thickness = 4400/30 =146.667 mm
Top flange thickness = 240 mm. OK.
- Bottom flanges:
Clear span between webs, lw = 3864 mm
Minimum thickness = 3864/30 =128.8 mm
Bottom flange thickness = 250 mm. OK.

»  Check whether transverse prestressing is required or not
Iw=4.400 m <4.57 m( =15 feet) Transverse prestressing not required.

» Check web thickness
Minimum thickness, tyi, = 304 mm ( = 12 inches)
Web thickness, tw = 318 mm. OK.

»  Check the length of top flange cantilever
The distance between centerline of the webs: I, = 4950 mm
I, X 0.45 =2228 mm > 1500 mm. OK.

» Check overall cross-section dimensions
Maximum live load plus impact deflection: 6.433 mm
Deflection limit, L/1000 = 45000/1000 = 45 mm. OK.



Prestressed Box Girder Design

Load
> Dead Load
Self weight

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

»  Prestress
Strand ($15.2 mm><19 ($0.6"- 19))
Area: A, = 2635.3 mm®

Duct Size: 103 mm
Prestressing force: 70 % of ultimate strength.  f,; = 0.7f,, = 1330 N/mm?
Prestressing losses after the initial loss (automatically calculated by program)
Friction Loss: Py =P, -e 0
1 =0.3/rad, k=0.006 /m
Anchorage Slip Loss: Al = 6 mm
Elastic Shortening Loss: APg = Afp.Agp
Final Loss (automatically calculated by program)
Relaxation (CEB-FIP)
Creep and Shrinkage Loss (CEB-FIP)

» Creep and Shrinkage
Code: CEB-FIP (1990).
Characteristic compressive strength of concrete at the age of 28 days :
34.474 N/mm?.
Relative Humidity of ambient environment: 70%
Notational size of member: 364 mm.
Type of cement: Normal or rapid hardening cement (N, R).
Concrete age when subjected to long term loads: t, =5 days
Age of concrete at the beginning of shrinkage: 3 days
Air temperature or curing temperature: T = 20°C
Creep Coefficient: Automatically calculated within the program
Shrinkage Coefficient: Automatically calculated within the program
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> Live loads

Condition
A. Vehicle Load : HL-93TDM, HL-93TRK
B. Dynamic Allowance : 33%

»  Support Settlement
Consider each pier undergoing the support settlement of 10 mm under unfavorable
condition.

»  Temperature Loads
Temperature Range for Procedure A (assuming Moderate climate)
10 degree to 80 degree F
Temperature Gradient (assuming Zone 2)
-Positive temperature value
T1=46°F
T2=12°F
-Negative temperature value
T1=-0.3X46°F=-13.8°F
T2=-03X12°F=-3.6°F
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Fig. 6 Positive Vertical Temperature Gradient

10



Prestressed Box Girder Design

> Wind Loads

Wind Load: 3 kN/m?

Istribution

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

Wind Pressure = 3 kN/m?

Wind Load = 6.5 X 3 kN/m? = 19.5 kN/m (Horizontal Load)
=19.5 kN/m X -1.46m =-28.47 kN.m/m (Moment)

11
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Open model file and Save

For construction stage analysis of FSM bridge, open (& Open Project) ‘FSM’ file,
and then save the file as ‘PSC Design’

/ & Open Project
/ Save As...(PSC Design)

12
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Check the model data

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

Fig. 8 FSM model used for section check
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Reinforcement Input

€ In this tutorial,

the arrangement
of longitudinal
rebars has been
simplified for
convenience.

14

Enter longitudinal reinforcement, shear reinforcement and torsion reinforcement data
of the PSC section. The reinforcement data of the PSC box is as follows. ¢

5@250 18@250=4,500 31,5@250
51,250 #4 N=35 C.T.C 250 [0 259

50H1M 7@250 WHW
708 =1,750 41

#4 N—IQ C.T.C 250

5019 14@250=3,500 9 50
153 153
Fig. 9 Reinforcement in longitudinal direction Unit: mm

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

Table 1. Shear/torsion reinforcement data

Pitch 0.15m
Shear reinforcement Angle 90°

Alt 0.0015484 m? (4-#7)

. Pitch 0.15m

Torsion
. Awt 0.0003871m?* (1-#7)
reinforcement

Alt 0.0078554m? (62-#4)

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

We can enter the longitudinal reinforcement and shear reinforcement data by selecting
all the elements at a time, because there is same reinforcement throughout the bridge.
Aw is the area of vertical re-bars which are placed in the web and Awt is the area of one
leg of outermost closed stirrups (Eig. 9 ) of the closed stirrups placed towards the
exterior.

Alt is the total area (Fig 9. 1 ~_"_1) of longitudinal torsion reinforcement distributed
around the perimeter of the closed stirrups.
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Properties / Section Manager / & Reinforcement of Section
Section List> 1:Span
Longitudinal reinforcement

1. Dia (#4), Number (35), Ref. Y (Centroid), Y (0), Ref. Z (Top), Z
(0.06), Spacing (0.25).

2. Dia (#4), Number (19), Ref. Y (Centroid), Y (0), Ref. Z (Bottom),

Z (0.06), Spacing (0.25)

Shear Reinforcement

Diagonal Reinforcement>Pitch (0.15), Angle (90), Aw (0.0015484)
Torsion Reinforcement >Pitch (0.15), Awt (0.0003871), Alt (0.0078554)

ection Mansger
Made e (e
e —— = YA S O T 7o
Tarpet Secton & Element Coordnate w Crnodt Fu-_r!mr-_-m
T e I Guide Livw : I
$® By checking on b
“Same Rebar Data oot a
at (i & j) end”, the " Cucle 7 Pely Lw
reinforcement data -" nT-m-ms
Bef.Y [Conbod »| ¥ |0 -
of one part will be itz 2 oo
copied to another. m s
spacrg |o.zs n
ba I

Reinforcement Multi Add

@ 1.4000, 2.2000 |EcT

Aty Cote

Fig. 10.1 Longitudinal Reinforcement of PSC section

Type ‘Line (Input Method A) j
Type Input Method | Refy RefZ Y z Num | Spacing| Dia Part RefY RefZ
1] Line Method A Top 0 0.06 35 0.25 [#4 Left Top
2| Line Method A Centroid Bottom 1] 0.05 19 0.25 |#4 Left Top
3
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Mode

Section Manager

T I Y Y S Y

Target Section & Element:

Copy Reinforcements to...

==

Longitudinal Reinforcement] - Shear Reinforcement }

[¥ Same Rebar Data ati &j-end

N ER

¥ Diagonal Reinforcement
Pitch |0.15 m
Angle |30 [ded]
Aw  [0.0015484 m2

I~ Steel Bar for Web

—

i
If

IV Torsional Reinforcement:

Pitch |0.15 m

Awt 0.0003871 m?
Alt 0.0078554 m2

T~ Endosing Stirrup

R[]

—

|Span G : 4.7000, -4.4000 VIEW

$ Consider the
reinforcement

entered into the
PSC section for
the calculation of
section properties.
If this option is
checked off, the
reinforcement  will
not be considered
for calculation of
section properties.
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Fig. 10.2 Shear Reinforcement of PSC section
Modify Construction Stage Analysis Control Data to take into account the effect of re-
bars in creep and shrinkage restraint. In case of a PSC section, we can consider rebars
for the calculation of section properties of PSC Box.
We are now ready to perform the structural analysis.

~Z
Analysis / %" Construction Stage Analysis Control... / Time Dependent Effect

Control
Consider Re-Bar Confinement Effect (on) J

Analysis / Main Control Data
Consider Reinforcement for Section Stiffness Calculation (on) “A

Analysis / @ Perform Analysis
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Construction Stage Analysis Control Data

Final Stage Cable-Pretension Force Control
’V ¥ LastStage " Other Stage cs1 - ’V @ Internal Force " External Force Add " Replace
Initial Force Control
‘ [ Restart Construction Stage Analysis Select Stages for Restart. | | Convert Final Stage Member Forces to Initial Forces for Post C.5.
~Analysis Option [ Truss " Beam
[~ Indude Nonlinear Analysis Monlinear Analysis Contral Time Dependent Effect Control
% Independent Stage € Accumulative Stage ~Time Dependent Effect
™ Include Equiibrium Element Modal Forces [V Creep & Shrinkage
| Type
[~ Indude P-Delta Effect Only P-Delta Analysis Contral | ( - creen PEy— PEye——— ‘
¥ Include Time Dependent Effect | Time Dependent Effect Control —
~Load Cases to be Distinguished from Dead Load for C.S. Output |—r- (e ‘
Number of Iterations: = Tol : oot
Load Case 1 |self ;I ... | | Load Case add = oerence
2nd Dead I Only User's Creep Coefficient
Delete I I™ Internal Time Step for Creep : 2 _‘:j[
[ [¥ Auto Time Step Generation for Large Tme Gap
Time Gap T> 10 2 = r>um0 5 =
Load Type for C.5, (Erection Load) : IDEEd Load (D) -l == ==
w00 [7 = Teso [© _4:[
20

T > 10000 =

v Tendon Tension Loss Effect { Creep & Shrinkage )
| | Consider Re-Bar Confinement Effect |

=

v Variation of Comp. Strength
I~ Apply Time Dependent Effect Elastic Modulus to Post C.5

[¥ Tendon Tension Loss Effect ( Elastic Shortening )
%" Change with Variation of Tendon Force
" Constant

Cancel

ELIJLJLIL T LI g

Fig.11 Input window of the Construction Stage Analysis Control Data

Main Control Data

[¥ Auto Rotational DOF Constraint for Truss/Plane Stress/Solid Elements
| Auto Normal Rotation Constraint for Plate Elements

~Tensian | Compression Truss Element (Elastic Link / Inelastic Spring)

Mumber of Iterations/Load Case 20 =

I Convergence Tolerance |H.un1 I

[~ Consider Section Stiffness Scale Factor for Stress Calculation

[¥ Transfer Reactions of Slave Modes to the Master Node

[¥ Consider Reinforcement for Section Stiffness Caloulation

[~ Change Local Axis of Tapered Section for Force/stress Calculation

O I Cancel I

17
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PSC Section Design

18

In this tutorial, we will learn how to check the stresses and the strengths of the PSC
sections, using the analysis results.
In midas Civil, the PSC section check is performed after a series of tasks such as
defining design parameters, load combinations, modifying material properties, selecting
locations for the section check etc.

Define Design Parameters

Define the design parameters such as design standards, tendon type, bridge type, type
of construction, corrosive condition and the method to compute flexural strength of
PSC box girder.

In the case of “Flexural Strength”, if ‘Code’ is selected, the design standard is used
to determine of flexural strength of PSC Box girder (AASHTO-LRFD 12, Clause
5.7.3.2). ‘Strain Compatibility’ method is provided for more precise calculation of
flexural strength using strain compatibility approach.

The user can select different options in the “Output Parameters” depending upon the
requirement.

PSC / Design Parameters / B8 PSC Design Parameters...
Input Parameters
Design Code: AASHTO-LRFD 12
Tendon Type: Low Relaxation Tendons (on)
Construction Type: Segmental (on)
Corrosive Condition: Severe (on)
Flexural Strength: Code (on)
Exposure Factor for Crack Width: Class I (1.0)
Output Parameters
Select All J
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PSC Design Parameters

Design Code : AASHTO-LRFD12 7

Input Paramaters
Tendon Type

{* Low Relaxation Tendons
(" Stress Relieved Tendons

" Prestressing Bars

Construction Type
{+ Segmental " Mon-Segmental

Qutput Paramaters
At Construction Stage/Service Loads
[v¥ Stress by Construction Stage
Iv Stress by Service Load Combinations
¥ Stress in Prestressing Tendons
[v Principal Stress by Construction Stage

I¥ Principal Stress by Service Load Combinations (Max
Shear)

I¥ Principal Stress by Service Load Combinations (Max
Torsion)

Iv Crack Chedk

Corrosive Condition
{* Severe {~ Moderate Mild

Flexural Strength
{* Code ™ Sirain Compatibility
Exposure Factor for Crack Width

{* ClassI (1.0)
" ClassII (0.75)

" User

At Factored Loads
[v Flexural Strength Check

[¥ Shear Strength Check
[ Combined Shear and Torsion Chedk

Select Al |

=l

Unselect Al |

oK |

Cancel |

Fig. 13 Defining design parameter
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Load Combination

We can generate load combinations for the PSC design based on Bridge Design
Specification (AASHTO —-LRFD 12),

In midas Civil, ‘Auto Generation’ function automatically generates load combinations
for ULS and SLS according to the design standard of user’s requirement.

In this tutorial we will generate load combinations based on the Bridge Design
Specification (AASHTO-LRFD 12). ¢

Results / 4 Load Combination / Concrete Design/ ___Auto Generation... ]

@ 1f “CS only” is Input parameter of the design calculation
selected, the Design Code > AASHTO-LRFD 12
g;(:irrzzs load Manipulation of Construction Stage Load Case> CS Only*®
combinations after Condition for Temperature > All Other Effects

construction stage
analysis and it

includes on Iy Automatic Generation of Load Combinations @
construction stage

9 Load Combinations Option
load cases. = Add (" Replace

General | Steel Design  Concrete Design WSRC Desian |

Load Combination List Code Selection

cLCB7 |Stren | Add
cLCB8 |Stren |Add
cLCBY |Stren | Add
cLCB10 |Stren  |Add
cLCB11 |Stren  [Add
cLCB12 | Stren | Add
cLCB13 |Stren  [Add
cLCB14 | Stren | Add
cLCB15 [Seni | Add
cLCB16 [Seni | Add
cLCB17 [Seni | Add

Strength-l
Strength-I
Strength-| L
Strength-I i
Strength-!
Strength-
S L Load Modifier : 1
trength-
Strength- EHLoad Factors for Permanent Loads (Yp)
Senvice--1
Senvicel:] LoadFactor for Setdement : L
Sewice-'] [~ Structural Plate Box Structures(Metal Box Culverts)
cLCB1§ | Sewi Add Senvice--1 Condition for Temperature

cLCB19 | Semi Add Semvice-|:1
[ i 1Ol
<LCB20 | Seni Add Senviced { Deformation Chedk * All Other Effects
cLCB21 | Semi Add Semvice-I:1
d U OK I Cancel |

Copy Import... K Auto Generation. .. ; Spread Sheet Form

File Name: | C:\Jsers\Abhishek Das\Deskioplaork\Civi 2013 vL1r  Browse | MakeLoad Combination sheet | Close |

[ Consider Losses for Prestress Load Cases

() ¥ Concrete @} &
No Name | Active Type . 4 AASHTOLRFD12
: -
¥ 1 Sten | Add Strengthd| | Desion Code
i Ctggi :"eﬂ igj :treﬂgt:—: Manipulation of Construction Stage Load Case
l tren trength-|

" ST Onl & C50nl " ST+CS
4|clcBa [Stren | Add Strength-l = B
5 cLCB5 |Stren | Add Strength | 5T : Static Load Case CS : Construction Stage
6[cLCB6 |Stren |Add Strength-l| [~
7
8

w

=3

S

[

=

o

=

=

=

©

o
T T T T T T e

N

Fig.14 Load combination using Auto Generation

Tendon Primary load is not included in the flexural strength check. It is because Tendon
Primary is considered while computing the nominal strength. Creep Secondary & Shrinkage
Secondary are used for member force calculation. In midas Civil, Creep & Shrinkage Primary
are used for finding displacement.
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Modify material properties

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

In this design example, concrete material is same i.e. C5000, we only need to specify
the grades of Main rebar i.e. longitudinal steel and sub-rebar i.e. steel used for shear

reinforcement.

PSC / PSC Design Data/ B PSC Design Material...

Material List> ID1

Concrete Material Selection
Code>ASTM (RC)
Grade>C5000

Rebar Selection
Code> ASTM (RC)

Grade of Main Rebar>Grade 60; Grade of Sub-Rebar>Grade 60

Modify J

Modify Concrete Materials

Material List

D Mame
i Grade C5000

Concrete Material Selection

Code : |ASTM(RC) -

Spedfied Compressive Strength (fc|

Rebar Selection

Code :  |ASTM(RC) -

Grade of Main Rebar :

Grade 60 MR e

fe|fck]R

Main-bar
Grade 60

Sub-bar
Grade 60

34473.8

Grade C5000 -

33473.797197) kiujma

Grade :

fdd)

413685.56637 kNfm2

Grade of Sub-Rebar : |GradE

60 ﬂ Fys :

| 413685.56637 kNfm2

Modify ‘ Close

Fig. 15 Modify concrete and steel materials for design
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Select Locations for PSC Design

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

PSC / PSC Design Data/ & Design/Output Option / &8 Design Position...
Option>Add/Replace
& Select Elements by Identifying... (Element: 16, 17, 26, 27)
Moment> | &J (on)
Shear> None (on)
¥ Select Elements by Identifying... (Element: 1to2)
Moment> None (on)
Shear>1&J (on)

 Positian for PSC Design,|

o | Command Wessage fanaiyss Wessage | ILe

Fig.16 PSC Design option
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@ Itis co

nvenient if

we select ‘PSC
Design Option’ of
‘PSC Design’ from
‘Table Tab’ in ‘Tree

View'.

$& Delete
“Delete”
Keyboard

using
Key in the

We can check selected elements and locations in the Table and it is also possible to add,
modify, and delete in the Table.

In the table, delete all elements which are selected for the check.
As mentioned, if location for the moment and shear check is not specified by the user,
the program will automatically check I & J ends of all the elements.

PSC / PSC Design Data/ & Design/Output Option / # Design Position... ¥
Then click on the square box El just to the right of Position for PSC Design as shown Fig. 16
Select All> “Delete” ™

5t e atue
2 vessnjcum pasmon -
L T ——

AASHTOARIDIZ =
B raanaten

15 | commant esauge { sz 7 10

=l =] ] ] T WESE S

Fig. 17 PSC Design Option Tablé i
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Select location for output

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

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

PSC / PSC Design Data/ & Design/Output Option / & Output Position...
Option>Add/Replace
& Select Elements by Identifying... (Element: 16, 17, 26, 27, 35, 36)
Moment Strength> M (+) >1 &J (on)
Moment Strength> M (-) >1 &J (on)
Shear Strength>1 &J (on)
Torsion Strength>1 &J (on) A

s
b
B0 >ECO8 00 €54 DAFER

el i
pi =l =] ] el ST

Fig. 18 PSC Print Option dialog box

We can check the selected elements and locations in the table and it is possible to add,
modify and delete data in the table

If no element is selected in PSC Print Option, we won’t get the flexural strength, shear
strength and torsion strength of any element in the PSC Design Calculation report.
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PSC/PSC Design Data /E Design/Output Option | 5o Output Position...
Then click on the square box = just to the right of Position for PSC Design as shown Fig.

18

5E Desgn i Concrete Alowable Stress Load Case =
T B esc e Hataral B concrute Mlowable Stress Loa E FR Resut Tabies
B Desgn/Output Pastion
8 Paameten S PSC Segment Amignmant ':“ k] =
 Gasgn Paranater | P Dasign Data WSt heign | PSCDesgn feads |
— SRR ‘ -
Elem | Momont+) | Momemi) |  Shear |  Torsion | T
_ILI :Il.l IILI
LS L] Lk
18 :Iﬂ..l IIi'i..l
Ll ] 1L
&) :ES-J I|ﬂ--|
| L

Positian for PSEC Output,

>
4] 4] 3]\ Command message £ =naies uessape [
Mol 1: 10, 0, 0

KON = =
coes e LS A e | =

Fig. 19 PSC Output Position Option Table
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PSC Segment Assignment

This feature enables the user to provide the location of joints for design. One segment
consists of consecutively selected elements. | and J ends of each segment are
considered as joint locations. Segment assignment is ignored if non-segmental option is
selected in PSC Design Parameters. If the modeling is such that a segment is
represented by single element, then no need to use this feature.

Concrete Allowable Stress Load Case

Using this option we can select which service load combinations to choose for stress
checks in concrete. Compression in prestressed concrete segments is investigated using
Service | loads and Service Ill loads are used to investigate tensile stresses in
prestressed concrete components. We can assign various load combinations under
Service | and Service 111 based on the stress check to be performed.

PSC / PSC Design Data / BE Concrete Allowable Stress Load Case

Select the load combinations cLCB15~cLCB22 and assign them under Service Limit |
by clicking on the | button just to the left of the Service Limit | box.

Select the load combinations cLCB25~cLCB28 and assign them under Service Limit
Il by clicking on the = | button just to the left of the Service Limit 111 box.

Concrete Allowable Stress Load Case @
Service Limit(5L) Service Limit1
d.CB23 cLCB15 o
d.CB24 cLCBE16
dCE29 cLCB17
d CE30 < | |<LcB18 -
dCE31 a [P n
Service Limit3
cLCB25
cLCB26
cLCB27
< | |cceas
oK | Cancel

Fig. 20 Concrete Allowable Stress Load Case
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PSC Section Design

Perform the PSC Design

PSC / PSC Design / 2% PSC Design .J

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

o [l >

>>

| [ 4] > [¥]\ command Message f_Analysis Message el |
Fig. 20 Message after completing PSC Design
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Design Results

28

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

PSC Design Calculation Excel Report

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

This sheet can be generated in Post CS stage and if the number of selected elements is
larger, it takes longer time to generate the sheet.

The excel sheet is saved in the saved folder of model files (*.mcb).

PSC / PSC Design / Excel Reportd

Check Design Result Tables

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

In the first category we can check the stresses at construction stages and at service load.
The second category corresponds to ultimate limit state check. Here we can perform
Flexural strength check, Shear strength check and Combined Shear & Torsion Check at
factored loads.

Check stress for cross section at a construction stage...

Check tensile strass for Prestressing tendons...

Check stress for cross section at service loads...

Principal stress at a construction stage...

Principal stress at service loads (excluding torsional shear stress)...
Principal stress at service loads...

Check crack width at service loads...

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

(ot ef] ] o] ] ] o] ) e

Fig. 21 PSC design result tables

Following sign convention is used for stresses
- Compression: (+)
- Tension: (-)
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1.

Check Stress for Cross Section at a Construction Stage
It checks the compression and tensile stresses for cross section at a construction
stage. The checks are made as per the clauses 5.9.4.1.1 and 5.9.4.1.2 of AASHTO
LFRD 12. Max/Min stress are shown for each part (I, J) of the elements, at the
construction stages for which the stresses at that part are maximum.

FT F8 FTL FBL FTR FER FMAX ALW

Elem | Part| Comp.Tens. | Stage | CHK (kipsin?) (kipsfin) (Kipsfin®) (kipsfin?) (kipsin?) (Kipsfin®) (kipsifin®) (kipsfin?)
1([) Compression cs1 OK 0.2623 0.9761 02623 0.9761 0.2623 0.9761 0.9761 2.6266
1[I | Tension EIES 02623 05761 02623 08761 02623 05761 02623 ~5.0000
1[J21 | Compression |CS1 | OK 03160 05272 0.3160 08272 0.3160 05272 08272 26266
1321 | Tension cs1 oK 03160 05272 0.3160 08272 0.3160 05272 03160 0.0000
2 [z | Compresson _[CS1 | OK 03160 8272 0.3160 08272 0.3160 08272 08272 26266
2 (2] |Tension cs1 OK 0.3160 09272 0.3160 0.9272 0.3160 09272 0.3160 0.0000
% [JBI | Compresson €51 | OK 03266 015466 03266 09468 03266 05466 05468 36268
2 [J31 | Tension cs1 oK 03266 0.5466 0.3266 0.9466 0.3266 0.5466 03266 0.0000
3131 | Compression | CS1 | OK 03266 0.5466 0.3266 0.5466 0.3266 0.5466 05466 26266

Description of each item in the above table is as follows

Elem : Element No.

Part : Location(1, J)

Comp/Tens : Compression, Tension

Stage :Critical Construction
Stage
OK :Stress check result,

FT

FB

whether section is ‘ok’ or
‘Not good’

:Combined Stress due to
bending moment about
major axis (My) and axial
force at Top fiber.

: Combined Stress due to
bending moment about
major axis (My) and axial

force at Bottom fiber.

FTL

FBL

FTR

FBR

FMAX

: Combined Stress due to bending
moment about major axis (My),
minor axis (Mz) and axial force at
Top Left fiber.

: Combined Stress due to bending
moment about major axis (My),
minor axis (Mz) and axial force at
Bottom Left fiber.

: Combined Stress due to bending
moment about major axis (My),
minor axis (Mz) and axial force at
Top Right fiber.

: Combined Stress due to bending
moment about major axis (My),
minor axis (Mz) and axial force at
Bottom Right fiber.

: Maximum combined stress out

of the above six.

: Allowable stress of cross section
at construction stage as per
AASHTO LRFD 12 5.94.1.1 &
5.9.4.1.2 clause.

29



ADVANCED APPLICATIONS

30

2. Check Tensile Stress for Prestressing Tendons
It checks the tensile stresses for prestressing tendons. The check is made as per the
clause 5.9.3 of AASHTO LRFD 12. The table presents the stresses according to
Tendon Groups.

ens FOL1 FDLZ FLL1 AFDL1 AFDLZ AFLL1
Encen (kipsfin®) (kipsfin®) (kips/in®) (kipsfin®) (kipsfin®) (kipsfin)

» 158.7288 175.3581 150.1238 192.9001 203.9230 185.6482

AR 1587288 175.3581 1501238 192.5001 203.9230 185.6482

AL 159.3690 176.0727 150 5707 192.9001 203.9230 185.6452

AZR 159.8690 176.0727 150.5707 192.9001 203.9230 185.6482

A3l 160.9504 176.8609 1511673 192.5001 203.9230 185.6482

AR 160.9504 176.8609 1511673 192.9001 203.9230 185.6452

AdL 1622412 177.5549 151.7947 192.9001 203.9230 185.6482

AR 1622412 177.5543 151 7947 192.5001 203.9230 185.6452

BIL 152.5057 172.2120 143.0084 192.9001 203.9230 185.64582

B1R 152.5057 1722120 148.0084 192.9001 203.9230 185.6482

B2l 1405745 166.7164 143 7241 192.5001 203.9230 185.6452

B2R 1405745 166.7164 1432241 192.9001 203.9230 185.64582

B3L 157.7343 175.0276 150.0857 192.9001 203.9230 185.6482

B3R 1577343 175.0276 150.0857 192.5001 203.9230 185.6452

BAL 160.1953 176.1858 1511967 192.9001 203.9230 185.64582

B4R 160.1953 176.1858 151.1967 192.9001 203.9230 185.6482

ciL 1525037 172.2350 147 7836 192.5001 203.9230 185.6452

CiR 152.5037 172.2350 147.7836 192.9001 203.9230 185.64582

c2L 140.6066 166.7164 142.8821 192.9001 203.9230 185.6482

C2R 140.6066 166.7164 142 8821 192.5001 203.9230 185.6452

caL 157.7309 175.0243 149.8191 192.9001 203.9230 185.64582

C3R 157.7309 175.0243 149.8191 192.9001 203.9230 185.6482

caL 160.1953 176.1859 150.8616 192.5001 203.9230 185.6452

CR 160.1953 176.1859 150.8616 192.9001 203.9230 185.64582

Description of each item in the above table is as follows
Tendon : Tendon profile names. AFDL1 Allowable Stress in Tendon
immediately after anchor set at
anchorages.

FDL1 : Maximum stress in tendon along AFDL2 Allowable stress in tendon
the length of the member away immediately after anchor set
from anchorages, immediately elsewhere
after anchor set..

FDIL2 : Stress in tendon immediately AFLLI1 Allowable stress in tendon at
after anchor set, elsewhere along service limit state after losses
the tendon length.

FLL1 : Maximum stress in tendon after

all losses at the last stage..
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Check Stress for Cross Section at Service Loads

It checks the compression and tensile stress for cross section at service loads. This
check is made as per the clause 5.9.4.2.1 and 5.9.4.2.2 of AASHTOLRFD 12. The
table shows maximum compression and tensile stresses for each part of the
elements along with the critical load combination (causing that stress).

LCom FT FB FTL FBL FTR FBR FMAX ALW
Elem | Part | CompfTens. | oo Type CHK | fipsfin®) | (kipsio®) | (kipsfin®) | (kipsfin®) | (kipsiin®) | (kipstin?) | eipsind) | (kipsiind)
3 [Jm Compression cLCB20 FH-MAX 0K 0.9389 0.2346 0.9263 02780 0.9514 02913 09514 22500
8 [Jo] Tension clLCB25 FX-MAK NG 07787 -0.0315 0.7787 -0.0315 0.7787 -0.0315 -0.0315 -0.0000
8181 Compression cLCB20 FY-MAX | OK 08389 0.1257 0.9263 0.1181 0.8514 0.1324 0.8514 2.2500
9 (8] Tension cLCB25 FY-MAX [ NG 0.7787 -0.0315 0.7787 -0.0315 0.7787 -0.0315 -0.0315 -0.0000
9o Compression cLCB20 FY-MAX | 0K 0.9333 0.1109 0.8225 0.1052 0.9440 0.1165 0.9440 2.2500
9 [Jrio] Tension cLCB25 FY-MAX | NG 0.7565 -0.0224 0.7565 -0.0224 0.7565 -0.0224 -0.0224 -0.0000
10 | [10] Compression cLCB20 FX-MAX 0K 0.9333 0.2697 0.9225 02641 0.9440 0.2754 0.9440 2.2500
10 | 0] Tension cLCBzs FX-MAX NG 0.7565 -0.0224 0.7565 -0.0224 0.7565 -0.022¢4 -0.0224 -0.0000
10 (J[11] Compression cLCB20 FXAMAX 0K 0.8942 0.2990 0.8861 0.2947 0.9024 0.3033 0.9024 2.2500
Description of each item in the above table is as follows
Element : Element number. FB : Combined Stress due to bending
moment about major axis (My) and
axial force at Bottom fiber
Part : Check location (I-End, J- FTL : Combined Stress due to bending
End) of each element. moment about major axis (My),
minor axis (Mz) and axial force at
Top Left fiber
Comp./Tens : Compression or Tension FBL : Combined Stress due to bending
Stress. moment about major axis (My),
minor axis (Mz) and axial force at
Bottom Left fiber
Type : Member force due to FTR : Combined Stress due to bending
moving load, which causes moment about major axis (My),
the maximum stress. minor axis (Mz) and axial force at
Top Right fiber
LCom : Load Combination Name FBR : Combined Stress due to bending
Name moment about major axis (My),
minor axis (Mz) and axial force at
Bottom Right fiber
CHK : Combined stress check for FMAX  : Maximum combined stress out of
Service loads the above six.
FT Combined Stress due to ALW : Allowable stress in concrete at

bending moment about major
axis (My) and axial force at
Top fiber.

service limit state as per AASHTO
LRFD 12 59421 & 59422

clause
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4. Principal Stress at Construction Stage
It checks the principal tensile stresses in the PSC section at a construction stage at
which the Sig_Max is maximum at the given element. The allowable stresses are
@ The  checking calculated as per table 5.14.2.3.3-1 of AASHTO-LRFD 2012.

Comp./Te
ns

location (Z1 & Z3) of sig_P1 | Sia P2 | Sig_P3 | sig_P4 | Sia PS5 | Sio_Pe | SigP7 | Sig_re | sio_P9 | sio_Pi0 | Sig_max| sig_aAP

the shear stress in Ele: Fart (kips/in®) | (kips/in®}| (kips/in®}| (kips/in®)| (kips/in®}| (kips/in¥}| (kips/in®}| (kips/in¥)| (kips/in¥}| (kips/in®}| (kips/in?)| (kipsJin®)

Stage | CHK

I1] [Tension |CS4 |[OK | -0.0000 | -0.0000 | -0.0000 | -0.0000 | -0.0350 | -0.0350 | -0.0513| -0.0518 | -0.0213 | -0.0213 | -0.0518 | -0.2450

the web can be JI2] |Tension |CS4 |[OK | -0.0000| -0.0000| -0.0000| -0.0000| -0.0068 | -0.0068 | -0.0116 | -0.0116 | -0.0052 | -0.0052 | -0.0116 | -0.2460

2 Tension |CS4 OK | -0.0000| -0.0000 | -0.0000 | -0.0000| -0.0068| -0.0068 | -0.0116| -0.0116| -0.0052 | -0.0052 | -0.0116| -0.24560

specified under !
J[3] |Tension |CS4 OK | -0.0000 | -0.0000 | -0.0000 | -0.0000| -0.0034 | -0.0034 | -0.0062 | -0.0082 | -0.0029 | -0.002% | -0.0062| -0.24580

‘Shear Check’ while [31 |Tenson |[CS54 |OK | -0.0000 | -0.0000 | -0.0000 | -0.0000 | -0.0034 | -0.0034 | -0.0062 | -0.0062 | -0.0029 | -0.0029 | -0.0062 | -0.2460

defining PSC Ji4] |Tension |CS4 |[OK | -0.0000 | -0.0000| -0.0000 | -0.0000| -0.0025| -0.0025| -0.0047 | -0.0047 | -0.0023 | -0.0023 | -0.0047 | -0.24560

I4] |[Tension |CS4 |[OK | -0.0000 | -0.0000 | -0.0000 | -0.0000 | -0.0025| -0.0025 | -0.0047 | -0.0047 | -0.0023 | -0.0023 | -0.0047 | -0.2450

Jis] |Tension |CS4 |[OK | -0.0000 | -0.0000| -0.0000| -0.0000| -0.0019 | -0.0019 | -0.0038 | -0.0038 | -0.0019 | -0.0019 | -0.0033 | -0.2460

sections. And, if we
5] Tension |CS4 OK | -0.0000 | -0.0000 | -0.0000 | -0.0000| -0.0019| -0.001S | -0.0038| -0.0038 | -0.0019 | -0.001%| -0.0038| -0.24560

check AUTO, the =
Ji6] |Tension |CS4 OK | -0.0000 | -0.0000 | -0.0000 | -0.0000| -0.0017 | -0.0017 | -0.0034 | -0.0034 | -0.0019 | -0.001% | -0.0034 | -0.2450

the level Z1 and Z3 J[7] |Tension |CS2 |[OK | -0.0000 | -0.0000| -0.0000 | -0.0000| -0.0016 | -0.0016 | -0.0030 | -0.0030 | -0.0014 | -0.0014 | -0.0030 | -0.2460

. I7] |[Tension |CS2 |[OK | -0.0000 | -0.0000 | -0.0000 | -0.0000 | -0.0016 | -0.0016 | -0.0030 | -0.0030 | -0.0014 | -0.0014 | -0.0030 | -0.2450
automatlcally. JI8] |Tension |CS2 |OK | -0.0000 | -0.0000| -0.0000| -0.0000| -0.0002 | -0.0002 | -0.0004| -0.0004 | -0.0002| -0.0002 | -0.0004| -0.2450

8] |[Tension |CS2 |[OK | -0.0000 | -0.0000 | -0.0000 | -0.0000 | -0.0002| -0.0002 | -0.0004 | -0.0004 | -0.0002 | -0.0002 | -0.0004 | -0.2450

Ji%] |Tension |CS4 |[OK | -0.0000 | -0.0000| -0.0000 | -0.0000| -0.0007 | -0.0007 | -0.0015| -0.0015 | -0.0010 | -0.0010 | -0.0015| -0.2460

%] [Tension |CS4 |[OK | -0.0000 | -0.0000 | -0.0000 | -0.0000 | -0.0007 | -0.0007 | -0.0015| -0.0015| -0.0010 | -0.0010 | -0.0015 | -0.2480

J[10] |Tension |CS4 |[OK | -0.0000 | -0.0000| -0.0000 | -0.0000| -0.0033 | -0.0033 | -0.0072| -0.0072 | -0.0044 | -0.0044 | -0.0072| -0.24560

I10] [Tension |CS4 |[OK | -0.0000 | -0.0000 | -0.0000 | -0.0000 | -0.0033 | -0.0033 | -0.0072| -0.0072 | -0.0044 | -0.0044 | -0.0072 | -0.2450

1
1
2
z
3
3
4
4
5
5
program will decide 6|61 |Tenson |[CS4 |OK | -0.0000 | -0.0000 | -0.0000 | -0.0000 | -0.0017 | -0.0017 | -0.0034 | -0.0034 | -0.0019 | -0.0019 | -0.0034 | -0.2460
B
7
7
B
B
9
B
0
0

3
10 |J[11] | Tension |(CS4 |OK | -0.0000| -0.0000 | -0.0000 | -0.0000| -0.0085| -0.0085| -0.072 | -0.0172 | -0.0097 | -0.0097 | -0.0172 | -0.2450

Description of each item in the above table is as follows.

Elem : Element Number Sig_P5 : Principal stress at the top of
left web (at Z1 level).
Part : Check location (I-End, J- Sig_P6 : Principal stress at the top of
End) of each element right web (at Z1 level).
Comp/Tens. : Compression or Tension Sig P7 : Principal stress at the
Stress neutral axis in left web (Z2
level).
Stage : Construction Stage Sig_P8 : Principal stress at the
neutral axis of right web (at
72 level).
CHK : Principal stress check for Sig_P9 : Principal stress at the
construction stages bottom of left web (at Z3
level).
Sig_P1 : Principal stress at top-left of ~ Sig_P10 : Principal stress at the
top flange bottom of right web( at Z3
level)
Sig_P2 : Principal stress at top-right Sig MAX  : Maximum of P1-P10
of top flange
Sig_P3 Sig_AP : Allowable principal tensile

: Principal stress at bottom- L.
. stress at neutral axis in the
right of bottom flange b

we

Sig_P4 : Principal stress at bottom-
left of bottom flange
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§@ The elements,
for  which the
stress value is
higher than the
allowable stress,
are shown in red
colour.

5. Principal Stress at Service Loads (excluding Torsional Shear Stress)
It checks principal tensile stresses in the PSC section at service loads (excluding
shear stress due to torsion). The allowable stresses are calculated as per clause

5.9.4.2.2 of

AASHTO-LRFD 2012.

cienl par | CoTP/Te|  LCom T ||Em Sig P1 [ sig P2 | Sig P3 | Sig P4 | Sio PS | Sig P6 | Sig P7 | Sin P8 [ Sig P9 | Sig_P10 | Sia MAX] Sig AP
ns. Name (kips/in®) | (kips/in®)| (kips/in®)| (kips/in®}| (kips/in®)| (kips/in®)| (kips/in®}| (kips/in®}| (kipsfin®}| (kips/in®)| (kips/in®)| (kipsfin=}

1(Mm Tension | cLCB16 FZ-MIN oK -0.0034 | -0.0034 | -0.0037 | -0.0037 | -0.0644 | -0.0984 | -0.1859 | -0.2247 | -0.0251 | -0.0820 | -0.2257 | -0.2460
1[J2] [Tension |clLCB16 FZ-MIN oK -0.0016 | -0.0016 | -0.0035 | -0.0035 | -0.0239 | -0.0441 | -0.0962 | -0.1345 | -0.0091 | -0.0499 | -0.1345 | -0.2460
2|2 Tension | cLCB16 FZ-MIN oK -0.0016 | -0.0016 | -0.0035 | -0.0035 | -0.0239 | -0.0441 | -0.0960 | -0.1343 | -0.0065 | -0.0386 | -0.1343 | -0.2460
2 [J3] |[Tension |clCB31 FX-MAX 0K -0.0021 | -0.0021 | -0.1255 | -0.1255 | -0.0013 | -0.0062 | -0.0057 | -0.0204 | -0.0960 | -0.1036 | -0.1255 | -0.2460
33 Tension | cLCB31 FX-MAX 0K -0.0021 | -0.0021 | -0.1255 | -0.1255 | -0.0013 [ -0.0062 | -0.0057 | -0.0204 | -0.0960 | -0.1036 | -0.1255 | -0.2460
3 |J4] [Tension |clCB31 FX-MAX 0K -0.0013 | -0.0013 | -0.1617 | -0.1617 | -0.0004 [ -0.0052 | -0.0015 | -0.0221 | -0.1210 | -0.1291 [ -0.1617 | -0.2460
4|14 Tension | cLCB31 FX-MAX OK -0.0013 | -0.0013 | -0.1617 | -0.1617 | -0.0004 [ -0.0052 | -0.0015 | -0.0221 | -0.1210 | -0.1291 | -0.1817 | -0.2460
4 [J[5] [Tension |clCB31 FX-MAX oK -0.0008 | -0.0009 | -0.1895 | -0.1686 | -0.0000 [ -0.0052 | -0.0035 | -0.0250 | -0.1405 | -0.1486 | -0.1896 | -0.2460
5 (5] Tension | cLCBH31 FX-MAX oK -0.0008 | -0.0009 | -0.1895 | -0.1685 | -0.0000 [ -0.0052 | -0.0035 | -0.0250 | -0.1405 | -0.1486 | -0.1895 | -0.2460
S |J[6] [Tension |clLCB31 FX-MAX oK -0.0008 | -0.0008 | -0.2096 | -0.2086 | -0.0001 [ -0.0060 | -0.0080 | -0.02%1 | -0.1548 | -0.1653 | -0.2086 | -0.2460
6| 1[6] Tension | cLCB31 FX-MAX OK -0.0008 | -0.0008 | -0.2096 | -0.2086 | -0.0001 | -0.0080 | -0.0080 | -0.0291 | -0.1548 | -0.1653 | -0.2096 | -0.2460
6 [J[7] |Tension |clLCB31 PX-MAX oK -0.0007 | -0.0007 | -0.2218 | -0.2218 | -0.0003 | -0.0070 | -0.0125 | -0.0333 | -0.1634 | -0.1755 | -0.221& | -0.2460
7(MA Tension | cLCB31 PX-MAX oK -0.0007 | -0.0007 | -0.2218 | -0.2218 | -0.0003 | -0.0070 | -0.0125 | -0.0333 | -0.1634 | -0.1755 | -0.2218 | -0.2460
7 [JB] |[Tension |clCB31 FX-MAX oK -0.0007 | -0.0007 | -0.2251 | -0.2252 | -0.0008 | -0.0085 | -0.0171 | -0.0377 | -0.1655 | -0.1796 | -0.2252 | -0.2460
LG Tension | cLCB31 FX-MAX oK -0.0007 | -0.0007 | -0.2251 | -0.2252 | -0.0008 | -0.0085 | -0.0171 | -0.0377 | -0.1655 | -0.1796 | -0.2252 | -0.2460
8 [JO] |Tension |clCB31 FX-MAX 0K -0.0007 | -0.0007 | -0.2217 | -0.2217 | -0.0015 | -0.0104 | -0.0218 | -0.0423 | -0.1626 | -0.1790 | -0.2217 | -0.2460
EALE Tension | cLCB31 FX-MAX 0K -0.0007 | -0.0007 | -0.2217 | -0.2217 | -0.0015 [ -0.0104 | -0.0218 | -0.0423 | -0.1626 | -0.1790 | -0.2217 | -0.2460
9 [J[10] [Tension |clLCB31 FX-MAX 0K -0.0007 | -0.0007 | -0.2108 | -0.2108 | -0.0025 | -0.0128 | -0.0264 | -0.0470 | -0.1541 | -0.1737 | -0.2108 | -0.2460
10 [[10] | Tension | cLCB31 FX-MAX OK -0.0007 | -0.0007 | -0.2108 | -0.2108 | -0.0025 [ -0.0128 | -0.0264 | -0.0470 | -0.1541 | -0.1737 | -0.2108 | -0.2460
10 [J[11] | Tension | cLCBH31 FX-MAX oK -0.0008 | -0.0008 | -0.1821 | -0.1822 | -0.0038 [ -0.0461 | -0.0310 | -0.0517 | -0.1388 | -0.1635 | -0.1822 | -0.2460

Description of each item in the above table is as follows

Elem

Part

Comp/Tens.

LCom.

Name

Type

CHK

Sig_P1

Sig_P2

Sig P3

: Element Number

Principal stress check for
construction stages
Compression or Tension

Stress

: Load combination name

Member

moving load, which causes

force due to

the maximum stress.

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

: Principal stress at top-left of
top flange

: Principal stress at top-right
of top flange

: Principal stress at bottom-
right of bottom flange

Sig_P4

Sig P5

Sig_P6

Sig_P7

Sig_P8

Sig_P9

Sig_P10

Sig. MAX

Sig_AP

: Principal stress at bottom-
left of bottom flange

: Principal stress at the top of
left web (at Z1 level).

: Principal stress at the top of

right web (at Z1 level).

Principal stress at the
neutral axis in left web (Z2
level).

Principal stress at the
neutral axis of right web (at
Z2 level).

Principal stress at the
bottom of left web (at Z3
level).

Principal stress at the
bottom of right web( at Z3
level)

: Maximum of P1-P10

: Allowable principal tensile
stress at neutral axis in the

web
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6. Principal stress at service loads
It checks principal tensile stresses at service loads.

Elem | Part Comp.Ten| LCom Type | cHK Sig_P1 | Sig_P2 | Sig_P3 S.\g_l.'—‘l S.\g_l.'—‘S S.ig_l.i‘ﬁ E.Iig_l.:'T E.Iig_PS Sig_P9 | Sig_P10 S\.g_M.AX S.ig_{lP
L Name (kips/in®) | (kips/in®}| (kips/in®)| (kipsfin®)] (kipsfin®)| (kips/in®}| (kips/in®)| (kips/in®)| (kips/in®)| (kips/in¥)| (kips/in¥)| (kips/in®)|

1|1[1] | Tension clLCB16 [FZ-MIN | OK -0.0034 | -0.0034 | -0.0037 | -0.0037 | -0.0644 | -0.0964 | -0.1859 | -0.2297 | -0.0251 | -0.0820 | -0.2297 | -0.2460
1 ]J[2] | Tension cLCB16 |FZ-MN |OK | -0.0016 | -0.0016 | -0.0035 | -0.0035 | -0.0235 | -0.0441 | -0.0862 | -0.1345 | -0.0091 | -0.0459 | -0.1345 | -0.2460
2 |1I[2] | Tension cLCB16 [FZ-MIN | OK -0.0016 | -0.0016 | -0.0035 | -0.0035 | -0.0239 | -0.0441 | -0.0860 | -0.1343 | -0.0069 | -0.0386 | -0.1343 | -0.2460
2 |J[3] | Tension clLCB31 | FX-MAX | OK -0.0021 | -0.0021 | -0.1255 | -0.1255 | -0.0013 | -0.0062 | -0.0057 | -0.0204 | -0.0960 | -0.1036 | -0.1255 | -0.2460
3 |I3] | Tension cLCB31 | PX-MAX|OK | -0.0021 | -0.0021 | -0.1255 | -0.1255 | -0.0013 | -0.0062 | -0.0057 | -0.0204 | -0.0960 | -0.1036 | -0.1255 | -0.2460
3 |J[4] | Tension CcLCB31 | FX-MAX | OK -0.0013 | -0.0013 | -0.1817 | -0.1617 | -0.0004 | -0.0052 | -0.0015 | -0.0221 | -0.1210 | -0.1291 | -0.1617 | -0.2460
4|41 | Tension clLCB31 | FX-MAX | OK -0.0013 | -0.0013 | -0.1617 | -0.1617 | -0.0004 | -0.0052 | -0.0015 | -0.0221 | -0.1210 | -0.1291 | -0.1617 | -0.2460
4 | J[5] |Tension cLCB31 | PX-MAX|OK | -0.0008 | -0.0009 | -0.1885 | -0.1896 | -0.0000 | -0.0052 | -0.0035 | -0.0250 | -0.1405 | -0.1456 | -0.1896 | -0.2460
5 |I[5] | Tension CcLCB31 | FX-MAX | OK -0.0008 | -0.0009 | -0.1895 | -0.1695 [ -0.0000 | -0.0052 | -0.0035 | -0.0250 | -0.1405 | -0.1496 | -0.1895 | -0.2460
5| JI6] | Tension clLCB31 | FX-MAX | OK -0.0008 | -0.0008 | -0.2096 | -0.2096 | -0.0001 | -0.0060 | -0.0080 | -0.0291 | -0.1548 | -0.1653 | -0.2096 | -0.2460
6 | I[6] | Tension cLCB31 | PX-MAX | OK | -0.0008 | -0.0008 | -0.2095 | -0.2096 | -0.0001 | -0.0060 | -0.0080 | -0.0281 | -0.1543 | -0.1653 | -0.2096 | -0.2460
6 | J[7] | Tension CcLCB31 | FX-MAX | OK -0.0007 | -0.0007 | -0.2218 | -0.2218 | -0.0003 | -0.0070 | -0.0125 | -0.0333 | -0.1634 | -0.1755 | -0.2218 | -0.2460
7 |71 | Tension clLCB31 | FX-MAX | OK -0.0007 | -0.0007 | -0.2218 | -0.2218 | -0.0003 | -0.0070 | -0.0125 | -0.0333 | -0.1634 | -0.1755 | -0.2218 | -0.2460
7 | J[8] | Tension clLCB31 | FX-MAX | OK -0.0007 | -0.0007 | -0.2251 | -0.2252 | -0.0008 | -0.0085 | -0.0171 | -0.0377 | -0.1855 | -0.1796 | -0.2252 | -0.2480
8 |I[8] | Tension CcLCB31 | FX-MAX | OK -0.0007 | -0.0007 | -0.2251 | -0.2252 | -0.0008 | -0.0085 | -0.0171 | -0.0377 | -0.1655 | -0.1796 | -0.2252 | -0.2460
8 |J[9] | Tension clLCB31 | FX-MAX | OK -0.0007 | -0.0007 | -0.2217 | -0.2217 | -0.0015 | -0.0104 | -0.0218 | -0.0423 | -0.1626 | -0.1790 | -0.2217 | -0.2460
9 |I[9] | Tension clLCB31 | FX-MAX | OK -0.0007 | -0.0007 | -0.2217 | -0.2217 | -0.0015 | -0.0104 | -0.0218 | -0.0423 | -0.1628 | -0.1780 | -0.2217 | -0.2480
9 | J[10] | Tension CLCB31 | FX-MAX | OK -0.0007 | -0.0007 | -0.2108 | -0.2108 | -0.0025 | -0.0128 | -0.0264 | -0.0470 | -0.1541 | 01737 | -0.2108 | -0.2460
10 | I[10] | Tension clLCB31 | FX-MAX | OK -0.0007 | -0.0007 | -0.2108 | -0.210& | -0.0025 | -0.0128 | -0.0264 | -0.0470 | -0.1541 | -0.1737 | -0.2108 | -0.2460
10 | J[11] | Tension clLCB31 | FX-MAX | OK -0.0008 | -0.0008 | -0.1921 | -0.1922 | -0.0039 | -0.0161 | -0.0310 | -0.0517 | -0.1353 | -0.1835 | -0.1922 | -0.2480

Description of each item in the above table is as follows.

Elem

Part

Comp/Tens.

LCom.

Name

Type

CHK

Sig_P1

Sig_P2

Sig P3

: Element Number

Principal stress check for
construction stages
Compression or Tension

Stress

: Load combination name

Member

moving load, which causes

force due to
the maximum stress.

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

: Principal stress at top-left of
top flange

: Principal stress at top-right
of top flange

: Principal stress at bottom-
right of bottom flange

Sig_P4

Sig P5

Sig_P6

Sig_P7

Sig_P8

Sig_P9

Sig_P10

Sig. MAX

Sig_AP

: Principal stress at bottom-
left of bottom flange

: Principal stress at the top of
left web (at Z1 level).

: Principal stress at the top of

right web (at Z1 level).

Principal stress at the
neutral axis in left web (Z2
level).

Principal stress at the
neutral axis of right web (at
Z2 level).

Principal stress at the
bottom of left web (at Z3
level).

Principal stress at the
bottom of right web( at Z3
level)

: Maximum of P1-P10

: Allowable principal tensile
stress at neutral axis in the

web
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7. Check Flexural Strength

It checks and compares flexural strength of the PSC section against the factored
moment. Flexural strength is calculated as per the clause 5.7.3.2 of AASHTO
LRFD 12, given by the formula:

a

a

My = Apcfoe (dp = 5) + Acfy (ds—5) = A'f'y (@' = 5) + 0857c(b— bk, (g —};

The rebars in the compression zone are also considered for the calculation of
flexural strength. Depending upon the user’s input in PSC Design Parameters for

flexural strength, strain compatibility method can also be used

calculation of flexural strength.

for precise

Positive/ LCom Mu Mer Mn: PhiMn; Ratio PhiMny/

Elem | Part | yoiatve | Name Type [ CHK (in-k;s} (in-kips) (m-ki;s) (m-k\p:) (MuyiPhiting)|  mingt .33|.||Kc,|.|cr}
T[] |Negatve |clcBe  |FAMAX |OK 27076053 | 4936820073 3569698621 3560608621 = 1820
T[] |Postve |clcBl _ |[FZMAX |OK 0.0000 5113891288 567769.8004 5677696004 0.0000 | 13485239426.1951
1 J[2) Negative cLCBs FX-MIN oK -153954 3021 455830.2332 287685.5127 2876855127 0.5351 1.4050
T]J@ |Postive  |clCBI |FXMAX |OK 132144 4025 S60731.9023 640127.0759 640127.0759 0.206¢ 3642
2|[@  [Negatve |clCB6  |FXMN | OK 153854 5191 4556302911 2676655127 207605.5127 05351 1.4050
2 12] Positive cLCB1 FX-MAX oK 132144 4026 560732.1665 B40127.0759 B640127.0759 0.2064 38422
2|JB] |Negave |clCBB  |FXMN | OK 1255936033 | 4162875052 217597.9401 217507.941 05836 12883
2|Jp] [Postve  |clCB1  |FXMAX |OK ZaTazoe4 | 6140610123 714689.2130 714699.2130 0.3319 22652
3 (3] |Negatvs |clcBe  |PMN | OK 1269939267 | 4162875207 217597.9401 2175979401 05636 12883
303 |Postive  |clCBI  |FXMAX |OK 2372307654 | 6143513618 7126992130 7146002130 03315 27652
3 )l |Negatve |clCBE  |FxMN | OK 105187913 3836100755 163728.0522 1637280522 0.6750 11138
3[J[_ |Postve  |clcBl  |PXMAX |OK 3229935015 | 6636456034 7730943744 7730943744 04174 16015
2[4 [Negatve [clCBB  |FXMN | OK 1105181136 383610 0665 163728.0522 1637280622 06750 11139
4]1a [Postve  |clCB1  |FXMAX |OK 3229935015 | 6636450315 7735043744 773504 3744 0.4174 1.8015
4|5 [Negatve _|clCBE _|FXWN__[NG 991764777 369339 7835 1266812240 1268812240 07816 08613
4 |J[5) Positive cLCB1 FX-MAX oK 389587.4583 7030012748 816132.4850 816132.4850 04774 1.5751
5[05] |Megatve |cicee XN NG 901767447 3593397611 1268812240 1268312240 07817 08619

Description of each item in the above table is as follows.

Elem
Part
Positive/
Negative

LCom

Name

Type

CHK

: Element number

: Check location (I-End, J-
End) of each element.
: Positive/Negative Moment
:Load combination name
corresponding to maximum
and minimum value

Member

moving load, which causes

force due to

the maximum stress.

: Flexural strength check for

element.

Muy

Mcr

Mny

PhiMny

PhiMny
/1.33Mu
y

PhiMny
/1.2Mcr

Factored moment acting at
section about y axis

Cracking moment of the
section
: Nominal moment of resistance
of section about y axis
: Factored moment of resistance
of section about y axis. (Phi
assumed as 1.0)
:Ratio of factored moment of
resistance to 1.33 times factored
moment acting on the section
about y axis
: Ratio of factored moment of
resistance to 1.2 times cracking

moment of the section.
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8. Check Shear Strength
It checks the shear strength of the PSC section. Shear resistance is computed as per
the section 5.8 of AASHTO LRFD 12.
Shear stress on concrete is determined by:

IV, — oVpl

T

Nominal Shear resistance is calculated as:
i) For post-tensioned segmental box girder bridges:
Vn is given by lesser of the two (Clause 5.8.6.5):

LV, =V, +V

where,
V. = 0.0632K+/f’ b, d,

” A,f,d,(cot + cota) sina

N

S
2.V, = 0.379\/f b, d,

Note: Check for appropriate concrete section dimension (Eg. 5.8.6.5-5, AASHTO-
LRFD 12) is not done as this doesn’t correspond to strength of the section.

ii) For non-segmental bridges:
Vn is given by lesser of the two (Clause 5.8.3.3):

1V, =V +V+V,
where,

V. = 0.03168/f".b,d,

2., = 0.25f'.b,d, +V,

m
w

Max| Leom [ | e Mu Vn o Ve Vs vp | Paivn| de dv thet avs| ast] ar| bv [avs|avs| AL | bv_min
Min | Name [ TYP® (kips} | (in-kis| (kips) | kips) | (kips) [ ckips) | ckips) [ am) | ) a ()| )| n=)| qnp | _min] _reqf min | Gin)

[1] |Max [cLCB2 |[FZ-MAX |NG |-9749 |0.0000|778.71)|05000 | 42887 (00000 |34873|700.83 68282 |94438)| 00| 00( 00| 00) 00| 00|32126)| 0.0 0.0) 0.0 (13480

[1] [Min_|cLCB1 | FZ-MIN NG | -1518. | 0.0000 | 778.71(0.9000 | 428.97 [ 0.0000 | 349.73 [700.83 | 89.282 | 94.488| 0.0 | 0.0| 0.0 0.0( 00| 0.0 32.126 0.0| 0.0 ) 0.0 [19.167

J[2] | Max | cLCB6 | FX-MIN 0K | -4300 | -1539 | 826.16 | 0.9000 | 42887 [ 0.0000 | 39718 | 743.54 | 42921 |94438| 00| 00| 00| 00| 00| 00 |32126| 0.0 | 0.0| 0.0 (87540

J2] [Min_|cLCB1 [FZ-MIN NG | -1192. [87471.| 826.18 [ 0.9000 [ 428.97 | 0.0000 [ 397.18 | 743.54 | 77.194 |94.488 | 0.0 0.0 0.0 0.0[ 0.0[ 0.0[32128] 0.0[ 0.0 0.0[16.203

2] |Max [cLCBE | FX-MIN 0K | -480.0 | -1539 | 826.16 | 0.9000 | 428.97  0.0000 | 397.18 | 743.54 | 42921 |94.488| 00| 0.0 0.0 | 0.0| 0.0 | 0.0 |32.126| 0.0 [ 0.0 | 0.0 [ 8.7540

[2] |Min [cLCB1 |FZ-MIN NG | -1192. | 87471. | 826.16 | 0.9000 | 42887 [0.0000 | 39718 | 743.54 | 77184 |94438| 00| 00( 00| 00) 00| 00 |32126)| 0.0 0.0 0.0 (16203

JI3] | Max | cLCB6 | FX-MIN OK | -3309 | -1269 | 785.43 | 0.9000 | 428.97 | 0.0000 | 356.45 [ 706.88 | 34.668 | 94.488| 0.0 00| 0.0 0.0 00| 0.0|32.126| 0.0| 0.0| 0.0 [6.8131

J[3] [Min_[cLCB1 | FZ-MIN NG | -1023. | 15473 | 785.43 | 0.9000 | 42887 [ 0.0000 | 35645 | 706.88 | 85424 |94438| 00| 00( 00| 00) 00| 00 |32126)| 0.0 0.0 0.0 (14046

Max | cLCBB | FX-MIN OK | -330.9 | 1269 | 785.43 | 0.9000 | 428.97 | 0.0000 | 356.45 | 706.83 | 34.668 |94.483| 0.0 0.0| 0.0 | 0.0[ 0.0 0.0[32126| 0.0 0.0 | 0.0[6:8131

[3] |Min [cLCB1 |FZ-MIN NG | -1023. | 15473 | 785.43 | 0.9000 | 428.97 [ 0.0000 | 356.45 | 708.88 | 85424 |94.488| 00| 0.0 0.0 | 0.0 00| 0.0 |32.126) 0.0 [ 0.0 0.0 [14.048
J[4] | Max | cLCB6 | FX-MIN 0K | -279.0 | -1105 | 703.54 | 0.9000 | 42887 [ 0.0000 | 27457 |633.19 | 32154 |94.438| 00| 00| 00| 00| 00| 00 |32126| 0.0 | 0.0 | 0.0 (54385

Ji4] [Min_|cLCB1 | FZ-MIN NG | -855.0 | 20940 | 703.54 | 0.9000 | 428.97 [ 0.0000 | 274,57 [633.19 | 91.982 | 94.488| 0.0 | 0.0| 0.0 ) 0.0[ 00| 0.0 32126 0.0| 0.0 0.0 [11.017
4] |Max [cLCB6 | FX-MIN 0K | -279.0 | -1105 | 703.54 | 0.9000 | 42887 [ 0.0000 | 27457 |633.19 | 32154 |94.438| 00| 00| 00| 00| 00| 00 |32126| 0.0 | 0.0 | 0.0 (54385

14 [min_[cLcB1 [Fzmm NG | -855.0 | 20940 | 703.54 [ 0.5000 [ 428.97 | 0.0000 [ 274.57 |633.19 [91.982 |94.488 | 0.0 0.0 0.0 | 0.0 [ 0.0 0.0[32128] 0.0 0.0 0.0 [11.017

JI5] | Max | cLCBE | FX-MIN 0K | -239.3 | -9917 | 616.34 | 0.9000 | 428.97  0.0000 | 187.35 | 554.71 | 26.597 |94.488| 0.0 | 0.0 0.0 | 0.0| 0.0 | 0.0 |32.126| 0.0 [ 0.0 | 0.0 (42642

JI5] |Min | cLCB1 | FZ-MIN NG | -6389 | 25148 | 626.08 | 0.9000 | 438.71 [ 0.0000 | 18735 | 563.47 | 96669 |96632| 00| 0.0( 00| 00| 00| 00 |32126)| 0.0 [ 0.0 0.0 (81440

en|on| o[ | | o] el o e momo | ma| o] = | <[ = [<| 2
&l

5] |Max | cLCB6 | FX-MIN OK | -239.3 | -9917 | 616.34 [ 0.9000 | 428.97  0.0000 | 187.36 [ 554.71 | 26.597 | 94.488| 0.0 | 0.0| 0.0 0.0( 00| 0.0 32.126| 0.0 | 0.0 | 0.0 |4.2642

I[5] |Min [cLCB1 |FZ-MIN NG | -6389 | 25148 | 626.08 | 0.9000 | 438.71 [ 0.0000 | 18735 | 563.47 | 96669 |96632| 00| 0.0( 00| 00| 00| 00 |32126)| 0.0 [ 0.0 0.0 (81440
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Description of each item in the above table is as follows.

Elem

Part

Max/Min

LCom
Name

Type

CHK

Vu

Mu

Vp

PhiVn

: Element number

: Check location (I-End, J-End)
of each element
Maximum shear, minimum

shear
:Load combination name
corresponding to maximum

and minimum value

: Member force due to moving
load, which
maximum stress.

causes the

Shear strength check for
element.

: Factored shear at section

:Factored moment at the
section

:Nominal shear resistance at
section
:Resistance Factor

:Nominal shear resistance of
concrete

: Shear resistance provided by
transverse (shear)

reinforcement.

:Component of the effective
prestressing force in the
direction of applied shear,
positive if resisting shear

:Factored shear resistance

de

dv

X

theta

beta

Avs

Ast

Al

bv

Avs_min

Avs_reqd

Al_min

bv_min

:Effective depth from extreme
compression fiber to centroid of
the tensile force in the tensile
reinforcement

:Effective shear depth

:Longitudinal strain in the web of
the member

:Angle of inclination of diagonal
compressive stresses

:Factor relating effect of the
longitudinal strain on the shear
capacity of the concrete, as
indicated by the ability of
diagonally cracked concrete to
transmit tension

:Area of transverse reinforcement
within distance s

:‘Total area of longitudinal mild
steel reinforcement

:Area of longitudinal torsion
reinforcement in the exterior web
of the box girder

:Width of web adjusted for the
presence of ducts

:Minimum area of the transverse
reinforcement required within
distance s

:Area of transverse reinforcement
required within distance s
:Minimum area of longitudinal
torsion reinforcement in the
exterior web of the box girder
required

:Minimum width of the web
adjusted for the presence of the

ducts required
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9. Check Combined Shear and Torsion Strength
It checks the combined shear and torsion strength of the PSC section. Combined
Shear and Torsion check is done as per Clause 5.8.6.4 for Segmental box girder
bridges and Clause 5.8.3.6.2 for other bridges.

. . . 24A0Atfy
Nominal torsional resistance, T,, = ——=cot 8
Area of additional longitudinal reinforcement, A Tybh
g y A =
2¢Aofy
Elem| part Max/Mi| LCom Type CHK| Vu Mu Tu \..rn n pni | Phi_t Ve Vs Vp pn.wn PhiLET[ de ‘?V ox thet betal Avs| ;.ut .A\ k?v Avs_| Avs. A\Tmin
n Hame (kips) | (in-kip| (in-kip| (kips)| (in-k| “*| tkips)| (kips)| (kips)| (kips)| ™ any | i) a @n2y| )| x| i) | min [ rea | (in3)
1|[1] |T-Max |cLCB2|MX-MIN NG |-1463.8 [0.000| -243 |778.7| 0.0 | 0.9 | 0.900 | 423.9 | 0.000 | 349.7 | 700.8 | 0.000 (69.28 (94.48| 00| 00| 0.0| 0.0 | 0.0 | 0.0 | 321260 | 0.00 | 0.00 | 76575
1| [1] |V-Max | cLCB2| MY-MAX |NG |-974.92 | 0.000 | 2435 [778.7| 0.0 | 0.8 | 0.900|428.9 | 0.000 | 349.7 | 700.8 [0.000 | 69.28 |94.48| 0.0 0.0 0.0 0.0 | 0.0 | 0.0 |32.1260 | 0.00 | 0.00 | 7.6575
101 V-Min | cLCB1| MY-MIN NG |-15189 |0.000 | -243 [778.7| 0.0 | 0.9 |0.900|428.9|0.000 | 343.7 | 700.8 | 0.000 |69.28 ([94.48( 00| 00| 0.0| 0.0 | 0.0 | 0.0 |32.1260 | 0.00 | 0.00 | 76575
1 |J[2] |T-Max | cLCB2|MY-MIN NG |-11376 | 8204 | -222 |826.1| 0.0 | 0.9 | 0.900|423.9|0.000 | 3971 |743.5[0.000 7719 |(94.48| 00| 00| 0.0| 00| 0.0 | 0.0 |321260 | 0.00 | 0.00 | 7.0101
1| J2] | V-Max | cLCBE| MZ-MAX NG |-480.02 | -153 | -614 |826.1| 0.0 | 0.9 | 0.900 | 428.9|0.000 | 397.1 | 743.5[0.000 | 42.92 |94.48| 0.0| 00| 0.0| 0.0 | 0.0 | 0.0 |32.1260 | 0.00 | 0.00 | 1.8311
1|J[2] |V-Min |cLCB1|MZ-MIN NG [-11827 | 8747 | 222 [825.1| 0.0 | 0.9 |0.900 [428.9 [0.000 | 397.1 | 743.5(0.000 | 7719 |94.48| 0.0 | 0.0 0.0 0.0| 0.0 | 0.0 |32.1260| 0.00 | 0.00 | 7.0101
2 [[2] |T-Max | cLCBZ| MY-MIN NG |-11376 | 8204 | -222 |826.1| 0.0 | 0.9 | 0.900|428.9|0.000|397.1 |743.5[0.000|77.19(94.48| 00| 00| 00| 00| 0.0 | 0.0 321260 |0.00 | 0.00 | 7.0101
2| 2] V-Max | cLCB6 | MZ-MAX NG | -480.02 | -153 | -614 [826.1| 0.0 | 0.9 |0.900|428.9(0.000 [ 397.1 | 743.5)|0.000 | 4292 (94.48( 00| 00| 00| 0.0 | 0.0 | 0.0 |32.1260 | 0.00 | 0.00 | 13310
2|2 |V-Min |cLCB1|MZ-MIN NG 11927 | 8747 | 222 [825.1| 0.0 | 0.9 | 0.900 [428.9 [0.000 | 397.1 | 743.5|0.000 | 7719 |94.48| 0.0 | 0.0 0.0| 0.0| 0.0 | 0.0 |32.1260| 0.00 | 0.00 | 7.0101
2 |J[3] |T-Max | cLCB2Z| MY-MIN NG |-967.85 | 1438 | -203 | 785.4| 0.0 | 0.9 | 0.900 | 428.9|0.000 | 355.4 | 706.8 | 0.000 [ 85.42 (94.48| 0.0| 0.0| 0.0| 0.0 | 0.0 | 0.0 |32.1260 | 0.00 | 0.00 | 6.3819
2 |J[3] |V-Max | cLCB6| MZ-MAX NG |-33099 | -126 | -526 |785.4| 0.0 | 0.9 |0.900|428.9|0.000 | 356.4 | 706.8|0.000 | 3466 (94.48( 00| 00| 00| 0.0 | 0.0 | 0.0 |32.1260 | 0.00 | 0.00 | 16537
2 [J[3] |[V-Min | cLCB1|MZ-MIN NG |-1023.0 | 1547 | -203 |785.4| 0.0 | 0.9 |0.900|428.9|0.000|355.4 |706.8|0.000 (8542 (9448| 00| 00| 00| 00| 0.0 0.0 321250 | 0.00 | 0.00 | 63819
3 |[13] |T-Max |cLCB1|MY-MAX |NG |-615.44 | 2372 | 2030 |785.4| 0.0 | 0.9 | 0.900 | 428.9 [ 0.000 | 356.4 | 706.8 | 0.000 | 85.42 |94.48| 0.0| 0.0| 0.0 | 0.0 | 0.0 | 0.0 [32.1250 | 0.00 | 0.00 | 6.3819
3 |3] |V-Max | cLCBS| MZ-MAX NG |-33099 | -126 | -526 |785.4| 0.0 | 0.9 | 0.900 | 423.9 | 0.000 | 355.4 | 706.8 | 0.000 | 3466 (94.48| 00| 00| 0.0| 0.0 | 0.0 | 0.0 | 321260 | 0.00 | 0.00 | 1.6549
3|03 |[V-Min |cLCB1|MZ-MIN [nG [ -1023.0 | 1547 | 203 [785.4| 0.0 | 0.9 |0.900 | 428.9 [0.000 | 356.4 | 706.5 | 0.000 | 85.42 |94.48| 0.0 | 0.0 | 0.0 0.0| 0.0 | 0.0 |32.1260 | 0.00 | 0.00 | 6.3819
3 [Ji4] |T-Max | cLCB2|MY-MIN NG |-799.89 | 1931 | -183 [703.5| 0.0 | 0.9 |0.900|428.9|0.000 | 274.5|633.1|0.000 | 9198 (94.48( 00| 00| 0.0| 0.0 | 0.0 | 0.0 |32.1260 | 0.00 | 0.00 | 5.7729
3 | J[4] | V-Max | cLCBE| MZ-MAX NG |-279.02 | -110 | 438 |703.5| 0.0 | 0.9 | 0.900|423.9|0.000 | 2745|6331 |0.000 (3215 (94.48| 00| 00| 00| 0.0| 0.0 | 0.0 | 3212560 | 0.00 | 0.00 | 1.3777

Description of each item in the above table is as follows.

Elem
Part

Max/Min

LCom
Name

Type

CHK

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

:Maximum/Minimum
torsion/shear
:Load combination
corresponding to maximum
and minimum value

Member force due to
moving load, which causes the
maximum stress.

Shear strength check for
element.

: Factored shear at section

: Factored torsional moment
at section.
:Factored moment
section

at the

:Nominal shear resistance at
section

Phi-tTn
de

dv

€X

theta

beta

Avs

Ast

Al

bv

: Factored torsional resistance
:Effective depth from extreme
compression fibre to centroid of
the tensile force in the tensile
reinforcement

:Effective shear depth

:Longitudinal strain in the web
of the member

:Angle of inclination of diagonal
compressive stresses

:Factor relating effect of the
longitudinal strain on the shear
capacity of the concrete, as
indicated by the ability of
diagonally cracked concrete to
transmit tension

:Area of transverse
reinforcement within distance s
Total area of longitudinal mild
steel reinforcement

:Area of longitudinal torsion
reinforcement in the exterior
web of the box girder

:Width of web adjusted for the
presence of ducts




Prestressed Box Girder Design

Tn : Nominal torsional resistance
at section.

Phi :Resistance Factor

Phi-t : Resistance factor for torsion.

Ve :Nominal shear resistance
provided by tensile stresses in
concrete

Vs :Shear resistance provided by

shear stresses in concrete

Vp :Component in the direction
of applied of the
effective prestressing force,

shear

positive if resisting shear

PhiVn :Factored shear resistance

Avs_min

Avs_reqd

Al_min

bv_min

At

At _req

:Minimum area of the transverse
reinforcement required within
distance s
:Area of
reinforcement required within
distance s

:Minimum area of longitudinal
torsion reinforcement in the
exterior web of the box girder
required

:Minimum width of the web
adjusted for the presence of the
ducts required

‘Total area of transverse torsion
reinforcement in the exterior
web of cellular members

‘Total area of transverse torsion
reinforcement in the exterior
web of cellular members
required

transverse
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PSC Design Forces

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

PSC / PSC Design Results / Design Forcesd

LCom Fx F: Fz M I Mz
Een | Name Type {kips) (ki:s) {kips) (in-kips) (in-k‘fps} (in-kips)
T CLCE1 | FX-MAX 0.0748 D.0496 | -1030.0746 | 243586040 D.0000 | 257281
a0 CLCB1 | FXN 06503 | -0.0407 | 14638488 | 243586043 D.0000 | 257281
a0 CLCB1 | FY-MAX 0.0748 0.0436 | -1030.0746 | 243586040 D.0000 | 257281
a0 cLCB1 | FY-MIN 06503 | -0.0407 | 14638488 | 243586043 D.0000 | 257281
a0 cLCB1 | FZ-MAX D372 0.0496 | 9740317 | 243586040 D.0000 | 257281
a0 cLCB1 | FZ-MN 05878 | -0.0487 | -1518.9916 | 243586043 D.0000 | 257281
a0 CLCB1 | MX-MAX 0.0748 0.0436 | -1030.0746 | 243586040 D.0000 | 257281
a0 CLCB1 | WX 06503 | -0.0407 | 14638488 | 243586043 D.0000 | 257281
a0 CLCE1 | WY-MAX D372 0.0496 | 9740317 | 243586040 D.0000 | 257281
a0 CLCB1 | WY-MIN 05878 | -0.0487 | -1518.9916 | 243586043 D.0000 | 257281
a0 cLCB1 | MZ-MAX D.0862 0.0496 | 10112174 | 243586040 D.0000 | 257281
a0 cLCB1 | MZ-WN 06290 |  -0.0407 | 14827050 | 243586043 D.0000 | 257281
a0 CLCE2 | FX-MAX 0.0748 0.0496 | -1030.0722 | 243586040 D.0000 | 257281
a0 cLCBZ | FXMN 06503 | -0.0407 | 14638464 | 243586043 D.0000 | 257281
a0 cLCB2 | FY-MAX 0.0748 0.0496 | -1030.0722 | 243586040 D.0000 | 257281
a0 cLCE2 | FY-MIN 06503 | -0.0407 | 14638464 | 243586043 D.0000 | 257281
a0 cLCE2 | FZ-MAX D372 0.0496 | 9740294 | 243586040 D.0000 | 257281
a0 cLCB2 | FZMN 05878 |  -0.0407 | -1518.9892 | 243586043 |  —0.0000|  -257261

Description of each item in the above table is as follows.

Elem

Part

LCom

Name

Type

Fx

: Element number

: Check location (I-End, J-
End) of each element
Load Combination
corresponding to maximum
and minimum value
Member force due to
moving load, which causes
the maximum stress.
: Design axial force at the

element end

Fy

Fz

Mx

My

Design Shear force at the
element end along y axis

Design Shear force at the
element end along z axis
: Design torsional moment at

the element end

: Design moment at the element

end due to bending about y axis.

: Design moment at the element

end due to bending about z axis.
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Prestressed Box Girder Design

$& There is only ‘All
COMBINATION' in
case of PSC

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

PSC Design Result Diagram

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

PSC / PSC Design Results/ =5 PSC Result Diagramd
Load Cases/Combinations> All COMBINATION®
Option>Force®
Components> Flexure-y
Max, Min
Diagram Option

Scale Factor > 2
Fill Type > Solid

Design Results
-
|P5C Design Result Diagram j J

Load Cases/Combinations
ALL COMBIMNATION | ..

Option
f* Force " Safety Factor

Criteria Line L0
Components

{* Flexure-y

{" Shear

" Torsion (Vmx)

™ Torsion {Tmx)

V¥ Max ¥ Min

Ultimate Force/Criteria Diagram
color [M|~| Thck |2
Diagram Option
Scale Factor 2
Fill Type
" No " Line (s Solid
Direction

 Global {* Major Axis
&+ Local ™ Minor Axis

Type of Display
W Contour .. [ Legend ..

[~ values ..

Value Output Location

r r r
v r r

Apply Cloze il

4 N *

Fig. 22 PSC Design Result Diagram Dialog
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Fig. 23 PSC Design Result Diagram
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