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�  Migliorata l�analisi di ponti scatolari CAP

�  Migliorata l�analisi di ponti di funi

�  Numerose funzioni di analisi dinamica aggiunte

�  Migliorata la sezione calore di idratazione

�  Numerosi altri miglioramenti



Analisi di Ponti a cassone CAP

PSC Box Bridge Wizard Type II
� ����PSC Box Wizard Type II
      scatolari ad anima inclinata
  �  incremento della larghezza della sezione
  �  sezioni asimmetriche
  �  sezioni circolari cave
  �  input dei cavi di P.C. semplificato



PSC Box Bridge Analysis

PSC Wizard Type II - Section

Sezione predefinita richiamata dal box del wizard



PSC Box Bridge Analysis

PSC Wizard Type II - Section

� Tutte le sezioni modellabili con MI
DAS/Civil possono essere inserite
nel wizard PSC



PSC Box Bridge Analysis

FCM Wizard Type II - Tendon
� Layout dei cavi, curvatura, localizzazione degli ancoraggi, pendenze, etc.
direttamente inseribile dal wizard.

    ����  Accurati profili dei cavi modellabili dal wizard



PSC Box Bridge Analysis
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� PSTG: gruppo cavi superiori sopra appoggi

� PWTG: gruppo cavi d����anima sopra appoggi

� CSTG: gruppo cavi inferiori in campate interne

� CWTG: gruppo cavi d����anima in camp.int.

� ASTG: gruppo cavi inf. In campate laterali

� AWTG: gruppo cavi d����anima in camp. Later.

Input del numero di cavi diviso
per gruppi



PSC Box Bridge Analysis
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FCM Tendon Viewer

� ����Layout dei cavi può essere controllato in tempo reale con la funzione FCM Te
ndon Viewer ����  Errori di input minimizzati



Paste (Ctrl + V)

PSC Box Bridge Analysis

FCM Wizard Type II
� ����Profilo dei cavi definibile via MS Excel



PSC Box Bridge Analysis

Input barre in sezioni CAP – armatura lenta longitudinale

Display of long. rebars input

� ���� Inserimento di una armatura lenta in una sezione CAP
    ����  La rigidezza della sezione considera l����armatura lenta.

    ����  Viene considerato l����effetto dell����armatura lenta su creep e shrinkage.



PSC Box Bridge Analysis

Input barre in sez. CAP – barre a taglio e ad alta resistenza

� ���� Input

� ���� interasse barre

�  angoli inclinati

�  area sezione

�  input della effettiva pre-

tensione delle barre a tagli

o ad alta resistenza

� ����Armature a taglio lente e ad alta resistenza valutate nella rigidezza a taglio
                                              (nella prossima release: design dell����armatura a taglio)



PSC Box Bridge Analysis

Definizione di gruppi di cavi
� ����Definizione di gruppi di cavi relativamente alla collocazione e alla funzione
strutturale
�  Controllo del prestress effettivo e delle perdite effettuato per gruppi di cavi

�  PSC Bridge Wizard II ����  Nel wizard i gruppi di cavi vengono generati direttamente



PSC Box Bridge Analysis

Sezioni CAP asimmetriche

� Nuova sezione PSC-nCELL2 ����  sezione asimmetrica e sezione con anima cava definibile



PSC Box Bridge Analysis

Sezioni di taglio
� ����Definibile il punto per il controllo del taglio e lo spessore (ai fini di taglio e torsione)
delle anime di sezioni CAP



PSC Box Bridge Analysis

Trasferimento dello sforzo agli ancoraggi
�  Definizione della lunghezza di trasferimento della precompressione al termine dei cavi
   ����  Viene considerato l����effetto della compressione agli ancoraggi nella post-tensione

   ����  Effetto della lunghezza di trasferimento agli ancoraggi nella pre-tensione
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PSC Box Bridge Analysis

Output delle proprietà
�  Output ordinato per età dell����elemento, modulo E, coefficienti di
shrinkage & creep

� Lista degli output

�  Età alla attivazione

�  Età alla fine

�  Ec all����attivazione

�  Ec alla fine

�  Ritiro cumulativo

�  Coefficiente cumulativo di

fluage



PSC Box Bridge Analysis

Output dell����effettiva precompressione
� ����Tensioni e param. di sollecitazioni per construction stages e per gruppi di cavi

�  Distanza dal centroide della sezione al baricentro del gruppo di cavi

�  Coseno direttore del layout dei cavi
   ����  Componenti verticali e orizzontali delle forze nei cavi calcolabile facilmente

� ����Lista di output

�  Num.cavi in gruppo

�  Distanza del centroide della

sezione al centro del gruppo

�  Sin & Cos dell����angolo di inc

linazione dei cavi

�  Forze effettive di sollecitazi

one e presollecitazione



PSC Box Bridge Analysis

Output di perdite di precompressione
� ����Dettaglio della classificazione delle perdite di P.C. per construction stages e per gruppi
di cavi

� ����List of output

�  Losses due to anchorage draw-in

�  Losses due to elastic shortening

�  Friction losses

�  Losses due to creep

�  Losses due to shrinkage



PSC Box Bridge Analysis

Section properties output nell����ultimo construction stage
� Proprietà delle sezioni trasformate nell����ultimo construction stage

� Proprietà delle sezioni facilmente calcolabili in PostCS per il calcolo di stress
dovuti a carichi successivi (accidentali, termici, etc.)

� ����List of output

�  Transformed section area

�  Bending stiffness

�  Distances from the centroid to
   extreme points of section

�  Transformed section area for
   weight calculation

�  Distance of centroid movement



Stress output location on PSC section
� ����Possono essere generati sino a 10 locazioni sulle quali controllare gli stress
    (in forma di diagramma o tabellare)

Diagonal stress due to torsion and
shear force

Sig-Is
(shear + torsion)

Max. principal stressSig-Ps1

Diagonal stress due to torsion excl
uding shear stress

Sig-Is
(torsion)

Sum of shear stresses due to shea
r force and shear steel bars

Sig-xz
(shear)

Shear stress due to torsion
Sig-xz

(torsion)

Shear stresses due to shear steel
bars

Sig-xz
(bar)

Sum of axial stresses in ECS z-dire
ction

Sig-zz

Min. principal stressSig-Ps2

Sum of axial stresses in ECS x-dire
ction

Sig-xx

PSC Box Bridge Analysis



Cable Bridge Analysis
Configurazione iniziale di un ponte sospeso 3-D

� Analisi di configurazione iniziale - dopo analisi semplificata (Metodo di Ohtsuki), una
analisi di configurazione accurata è eseguita per il solo sistema di cavi (analisi nonlineare)

� Una accurata analisi di seconda configurazione è eseguita per ponti sospesi auto ancorati
e ponti con forma irregolare

Suspension Bridge Wizard



Cable Bridge Analysis

Initial configuration analysis of 3-D suspension bridge
� ����Analisi di configurazione iniziale semplificata per un ponte auto ancorato

�  Calcolo coordinate dei cavi e delle nuove geometrie dei cavi principali e dei pendini

Initial configuration of a self-anchored suspension bridge

Plan

Elevation



Cable Bridge Analysis

Initial configuration analysis of 3-D suspension bridge
� ���� nalisi di seconda configurazione (analisi accurata)
- Una accurata analisi di seconda configurazione è eseguita sulla base di coordinate dei cavi / lunghez
ze / tensioni orizzontali ottenute tramite la initial configuration analysis
 - Gli effetti sulle tori principali e le condizioni di vincolo sono inclusi ����
 Le lunghezze finali, la configurazione geometrica e le sollecitazioni sono così calcolate

Seleziona i load cases che
necessitano di essere
equilibrati con tensione
sui cavi



Cable Bridge Analysis
Backward construction stage analysis of suspension and cable stay
bridges

� ����Nonlinear backward construction stage analysis is performed using
     Equilibrium Element Nodal Force calculated from the second accurate analysis

Member force table at the co
mpleted state



Cable Bridge Analysis

Geometric nonlinear construction stage analysis for an accumulative
model

� ����Nonlinear analysis is performed by accumulating the results of construction stages

�  Time dependent effects (Creep/Shrinkage), tangential displacements
    (Lack of Fit Force included) can be calculated



Cable Bridge Analysis

Forward stage analysis of cable stayed bridge considering the tensions i
n the completed state
� ����Auto-calculation of cable tensions at the time of erection using unstrained cable lengths

   ����  applicable for both Linear / Geometric nonlinear analyses
�  Step1: Calculate initial tension forces at completed state using Unknown Load Factor

Analysis results of initial equilibriu
m state (completed state)

Unknown Load Factor



Cable Bridge Analysis
Forward stage analysis of cable stayed bridge considering the tensions in
the completed state
� ����Step2: Initial tension forces are entered in the construction stage model as pretension loads

    Then the construction stage pretension forces are automatically calculated
�  Construction stage pretension force = Initial pretension force (from step 1) + Lack of Fit

     Force (additional tension required to install a cable)

Displacements at the
completed state

Displacements of forward sta
ge analysis at the last stage
using Lack of Fit Force



Cable Bridge Analysis

Cable element detail information & analysis results output

� ����Cable Force: cable element tension forces and nodal forces occurring at each end



Cable Bridge Analysis

Cable element detail information & analysis results output
� ����Cable Configuration: Final shape information of cable elements tabulated

�  List of output: Final length, elongation, unstrained (unstressed) length, sag,

    horizontal/vertical lengths, slope, angles at each end



Various Dynamic Analysis Functionality Added

Nonlinear/Inelastic Time History Analysis Function improved

0.27

0.23

0.16

0.28

Inelastic time history analysis results
What is Nonlinear/Inelastic time
history analysis ?

It refers to dynamic analysis ref
lecting nonlinear/inelastic prop
erties of a structure.

Main parts of a structure are re
presented by nonlinear/inelasti
c elements, and the remainder i
s assumed to be linear elastic.

Inelastic elements are largely cl
assified into Element Type and
Force Type.  Element Type is o
ne in which inelastic properties
are directly considered by chan
ging the element stiffness.  For
ce Type is one in which inelasti
c properties are indirectly consi
dered by converting nodal mem
ber forces into loads without ch
anging the element stiffness.



Various Dynamic Analysis Functionality Added

Nonlinear/Inelastic Time History Analysis Function improved

Inelastic springs added
in inelastic time history
analysis

Spring elements are gener
ated in General Link.  And
Spring Type is selected fro
m Inelastic Hinge Propertie
s to define the spring prop
erties.



Various Dynamic Analysis Functionality Added

Inelastic Hinge hysteretic models added

Nonlinear/Inelastic Time History Analysis Function improved

Kinematic Hardening

Takeda Modified Taketa

Clough



Various Dynamic Analysis Functionality Added

Nonlinear/Inelastic Time History Analysis Function improved

Defining inelastic hinges in the shear directions

Previously Fx, My & Mz components only were permitted fo
r defining inelastic hinge properties.  Now inelastic propert
ies can be defined in the shear directions regardless of the
Beam Type.

Method of considering
initial stiffness improv
ed

Elastic Stiffness & Skelet
on Curve are used to con
sider initial stiffness



Various Dynamic Analysis Functionality Added

Inelastic dynamic analysis using Fiber Model
What is Fiber Model ?

Fiber model is a model in which the cross sections of beam elements are divided into fibers that undergo onl
y axial deformation.

Fiber model is premised on the stress-strain relationships of fiber materials.  It is based on the shape of strai
n distribution on a cross section.  The moment-curvature relationship of a cross section can be traced far mo
re accurately than using a hysteretic model of the member.  Especially, it offers the advantage of considering
translation (relocation) of neutral axes of the section due to axial forces.

Fiber Elements



Various Dynamic Analysis Functionality Added

Inelastic dynamic analysis using Fiber Model

Defining hysteretic model of Concrete
Stress-Strain Relation is defined by selecting a proposed model.

Kent & Park Model
Confinement Effect of laterally c
onstraining rebars considered

Japan Concrete Standard Specification
Model
Softening zone and residual plastic defor
mation beyond the maximum stress poin
t and stiffness reduction effect at unloadi
ng & reloading are reflected.

Japanese Roadway Specificatio
n Model

Trilinear Concrete Model
Model in which both tensile & compr
essive zones can be defined



Various Dynamic Analysis Functionality Added

Inelastic dynamic analysis using Fiber Model

Defining hysteretic model of Steel
Stress-Strain Relation is defined by selecting a proposed model.

Menegotto-Pinto Model
Menegotto and Pinto, which was
modified by Filippou et al

Bilinear Model
General symmetrical Bilinear
model for reinforcing steel

Trilinear Steel ModelAsymmetric Bilinear Steel Model
Derived from the general bilinear steel
model.  Stiffness after yielding can be fr
eely defined.  Buckling and rupturing of
reinforcing steel considered.



Various Dynamic Analysis Functionality Added

Inelastic dynamic analysis using Fiber Model

Section division for Fiber
Model definition

• Section divided by distinguis
hing cover concrete and core
concrete

• Reinforcing steel section defi
nition



Various Dynamic Analysis Functionality Added

Inelastic dynamic analysis using Fiber Model

Fiber Cell Result Plotting

• Function for simultaneously
tracing Table & cell state at e
ach step

• Tracing function of hystereti
c graph

• Display of max. values of X &
Y axes on the screen

• Various Animation functions
(total play, play for each Step,
play at a selected step and s
hift to the first or last Step)



Various Dynamic Analysis Functionality Added

Inelastic dynamic analysis using Fiber Model

Step 44 / 300 Step 100 / 300 Step 200 / 300

Step 270 / 300 Step 300 / 300

Fiber Cell Result Plotting

Status of fiber elements with the change in Steps



Various Dynamic Analysis Functionality Added

Time History Analysis Function Enhancements
Damping methods added
Damping methods are added to apply to time history analysis.  T
he applications differ depending on the Analysis Type and Analy
sis Method.
Direct Modal
User defines the damping ratio f
or each mode, which is used to
calculate the response of each
mode.

Mass & Stiffness Proportional
Damping coefficients are computed
for mass proportional damping and
stiffness proportional damping.

Strain Energy Proportional
Damping ratios for each mode are
automatically calculated using the
damping ratios specified for element
groups and boundary groups in Group
Damping, which are used to formulate
the damping matrix.

Element Mass & Stiffness Proportional
Rayleigh damping for each element is
calculated using damping ratios specified
for element groups and boundary groups in
Group Damping



Various Dynamic Analysis Functionality Added

Time History Analysis Function Enhancements

Initial loading input method improved

• A load case is defined or member forces are entered, which
precede time history analysis.

• While selecting a preceding load case, a time history
    load (TH) as well as a static load (ST) and the construction

stage load (CS) can be considered.

• While entering member forces due to a preceding load cas
e, the preceding loads are entered in the form of equilibriu
m forces in the case of changing boundary conditions suc
h as in an earthquake.



Various Dynamic Analysis Functionality Added

Response Spectrum Analysis Function Enhancements

Multiple spectrums input

• A number of response spectrum load cases are defined using different d
esign spectrums.

• Having the spectrum entered, spectrum values based on modal damping
ratios are used.

Modification of response spectrum reflecting modal damping ratios

Interpolation of response spectrum

• When one response spectrum is selected, modal damping is applied using t
he interpolation equation.

• When a number of response spectrums are entered, the spectrum load data
are interpolated and used.



Heat of Hydration Functionality improved

Initial temperature, selfweight & static load considered

Static load input
Load tap is added to th
e dialog box of Heat of
Hydration analysis con
struction stage, which
now allows to reflect st
atic load effect in heat
of hydration analysis.

Selfweight considered
Selfweight can be considered
in heat of hydration analysis.

Initial temperature can
be input
Initial temperature of n
ewly added elements c
an be specified at a cor
responding stage.



Heat of Hydration Functionality improved

Method of entering Heat Source function improved

User Type input method added

• Input method improved - user can
directly enter a heat source functi
on using a table.

• Input can be prepared in either ty
pe, Heat Source or Temperature.

Auto-calculation function using Concrete Da
ta added

• By entering concrete data, Maximum adiabatic te
mperature rise and Reactive velocity coefficient ca
n be auto-calculated.



Heat of Hydration Functionality improved
Input for Pipe Cooling time on the basis of construction st
ages

  Inflow Time input
  Method improved

  Pipe Cooling inflow  time can be
  specified relative to each constru
ction stage, not relative to the tota
l accumulative time.



Miscellaneous Analysis Functions En
hancements

� �Change of boundary conditions corresponding to different load cases

�  Self-restraint stress calculation due to nonlinear temperature gradient load

�  Plate element with Drilling DOF considered

�  Pretension load in truss element can be External Type

�  Plate/Solid element contour display improved

�  Generation of output at the current stage in construction stage analysis



Miscellaneous Enhancements

Change of boundary conditions corresponding to different  load cases
� ���� In a single model, different boundary conditions can be applied to different load cases.

�  Even when boundary conditions are different for static analysis and dynamic analysis,
a single model file can be used.

Using Boundary Groups, a nu
mber of Boundary Group Com
binations can be generated.

For each analysis type, a differ
ent Boundary Group Combina
tion can be applied.



Miscellaneous Enhancements
Self-restraint stress calculation due to nonlinear temperature gradi
ent load

� ����Self-restraint stress is calculated due to a temperature load acting nonlinearly
on a section.
�  In a simple beam, no stress in the section results from temperature loads, but
a  nonlinear gradient temperature load as below induces self-restraint stress.

Section
Temperature loa
d distribution



Miscellaneous Enhancements

Plate element with Drilling DOF considered

� ����Drilling DOF, which is a rotational DOF about the normal direction, is added.

�  Increase in accuracy of analysis results

Plate Element

No. of  Nodes =4

DOF=20

Mz2

Mz1

Mz3

Mz4

Plate Element with Drilling DOF

No. of  Nodes =4

DOF=24



Miscellaneous Enhancements

Pretension load in truss element can be External Type

� ����Pretension load in truss element in a general static analysis can be applied as External Type.

    (It was only possible in a construction stage analysis.)
�  After selecting a desired load case, apply load as External Type Pretension



Miscellaneous Enhancements

Plate/Solid element contour display improved
� ����Contours for plate/solid elements can be generated in User Coordinate System (UCS).

Based on element co
ordinate system

Based on UCS



Miscellaneous Enhancements
Generation of output at the current stage in construction stage analy
sis

� ����For a construction stage analysis using beam/truss elements, member forces a
nd stresses can be generated for the current stage.

   (Previously, only displacements at the current stage could be produced.)

Member forces at
current stage

Member force table
at current stage


