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Construction Stage Analysis for
FSM (Full Staging Method)
using general functions
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Construction stage analysis for FSM using general functions

Outline

FSM (Full Staging construction Method) is a very basic method in constructing post-
tensioned concrete bridges. Dead weight of concrete, formwork and falsework are fully
shored over the full spans of a bridge until the concrete gains a certain level of strength.

FSM can be economical if the horizontal alignment of a bridge is curved or the width of
the bridge deck widens, provided that the height of the piers are not too high.

In the case of a bridge with long spans, the use of continuous tendons can be limited,
thereby requiring construction joints. Each segment may be constructed sequentially
span by span. Structural analysis is carried out on the basis of construction stages
defined by the construction joints. Although a bridge is supported by shoring, FSM is
generally analyzed with the assumption that effect of support is negated by the effect of
prestressing.

When FSM is applied to a bridge with continuous spans, the first stage is a simple span,
and it becomes continuous with the progress of the construction stages. In comparison
with an analysis that does not consider construction stages, the construction stage
analysis results in lower negative support moments higher positive span moments. As
such, a bridge constructed by FSM needs to be analyzed with construction stages
reflecting both the change in structure, element load and boundary conditions as well
as time-dependent material properties, including creep, shrinkage and modulus of
elasticity.

Figure 1. Bridge to be analyzed



ADVANCED APPLICATIONS

Bridge profile and general section

This example has been simplified from an actual project for the purpose of illustrating
construction stage analysis using FSM.

The bridge profile is defined as follows:

Structure type: 3 continuous span PSC Box girder bridge (F.S.M)
Spans: L =40.0 + 45.0 + 40.0 = 125.0m

Bridge width: 8.5m

Skew angle: 90°
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Figure 2. Longitudinal Section
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Figure 3. Cross Section



Construction stage analysis for FSM using general functions

Materials & Strength

» Concrete
1) Specified Strength: fy, =45MPa
2) Modulus of Elasticity: E, =3.0124x10*MPa

» PS Steel Tendons
1) Yield Strength: fpy =1580MPa
2) Tensile Strength: fp, =1860MPa
3) Nominal Sectional Area: A, =100cm?
4) Modulus of Elasticity: E, =1.95x10°MPa
5) Initial Prestressing Force: fpj =0.75f,, =1395MPa
6) Anchorage Slip: As=6mm
7) Coefficient of Curvature Friction : x#=0.25/rad
8) Coefficient of Wobble Friction: k =0.0066/m

Loads

» Primary loads and special loads pertaining to the primary loads
1) Dead Loads
A. Reinforced Concrete: 24.52kN /m?
B. Asphalt Concrete: 22.56kN /m?
C. Barriers and safety fences
D. Prestress, creep, shrinkage
2) Live Loads
A. Vehicle Loads: Types HA and HB Loading
3) Differential settlements
: The worst combination of each pier settlement of 20mm

» Secondary loads
1) Temperature
A. For total deformation (£15°)
B. Temperature differential between top & bottom chords (+5°)
2) Wind



ADVANCED APPLICATIONS

Composition of the Construction Stages

This figure below represents the entire construction stage process. Construction

stages are generated excluding the erection of the shoring
themselves, which have no effect on the structure.
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Figure 4. Construction Stage Chart
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Construction stage analysis for FSM using general functions
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Figure 5. Tendon Placement Layout



ADVANCED APPLICATIONS

Work Environment Settings

For FSM construction stage analysis, open a new file, (E New Project), and save as
(HE| save) ‘FSM.mcb’.

Select ‘kN’ and ‘m’ for the unit system. The unit system can be conveniently changed
at any time later depending on your preferred types of input data.

(A / O] New Project
(] / & save (FSMm)

Tools / Unit System ©
Length>m ; Force>kN

€ The unit system

can be changed by | oumtsystem %

clicking “Unit
Selection” (ﬂ) on Length Force (Mass) Heat
the Status Bar at - 0 Mo (kg cal
the bottom of the cm & kN {ton) ® kecal
screen. kgf kgl
mm J
tonf (ton)
f bt (Ib) 4
in kips (kips/g) Btu
Termperature
@ Celsius Fahranheait
Mote : Selected units are displaved in relevant
dialog baxes, Walues are NOT changed with
units,
Set/Change Default Unit System
0K Apply Cancel

Figure 6. Unit System Setting



Construction stage analysis for FSM using general functions

Definition of Properties

Definition of Materials

Define the material of the PSC box by selecting one from the built-in database. The
material for tendons can be defined using the User Defined function.

Properties / Material Properties

Click

pdd |

€ Thetendon
weight is
automatically

accounted for after

grouting.

Type>Concrete ; Standard>BS(RC)
DB>C45
Apply

Name>Tendon ; Type>User Defined
Modulus of Elasticity (1.95e8)

Weight Density (78.5) %

‘ General

Material | Section | Thickness

Material ID 2 Mame  |Tendan
D Mame Type Standard DE -
1 Cd5 Concrete  BS(RCY ci5 — Elasticity Data T
2 Tendon  User De. e Type of Desian [User Defined v | | oo oe :
o = | Standard [None =)
i DB -
Lopy = =
User Concrete
Jrpott Defined Standard =
Renumber Type of Matetial Code 7]
@ Isotropic Orthatropic DB =
User Defined
Modulus of Elasticity : 1,888+ ki/m:
Polsson's Fiao 0
Thermal Cosfiicient : | 0.0000e+000] 1/[C]
% Weight Density B 8| Kil/me
Use Mass Density: ki/me/a
Close.
Cancrete
Modulus of Elasticity : kN/m2
Polsson's Ratio
Thermal Caefficient 17121
Weight Density B kN/me
K /mesa
Plasticity Data
Plastic Material Name  NONE v
Thermal Transfer
Specific Heat 0 keal/kN-[C]
Heat Conduction 0 keal/m hr-[C]
Damping Ratia |0
=3 Cancel Apply

Figure 7. Material Data Input Dialog Box



ADVANCED APPLICATIONS

Definition of Section

Refer to the cross section dimensions in Figure 8 to define the section of the PSC box.

Properties / Section Properties

Click Add | J

PSC tab
Section ID (1) ; Name (Span)

PSC-1CELL, 2CELL
Joint On/Off>JO1 (on), JI1 (on), JI3 (on), JI5 (on)
Web Thick> for Shear t1 (on), t2 (on), t3(on), for Torsion(min) (on)
Offset>Center-Top
Outer
HO1 (0.2) ; HO2(0.3) ; HO2-1(0); HO3(2.5)
BO1(1.5) ; BO1-1(0.5) ; BO2(0.5) ; BO3(2.25)
Inner
HI1(0.24) ; HI2(0.26) ; HI2-1(0) ; HI3(2.05) ; HI3-1(0.71)
HI4 (0.2) ; HI4-1(0) ; HI5(0.25)
BI1(2.2) ; BI1-1(0.7) ; BI2-1(2.2) ; BI3(1.932) ; BI3-1(0.7)

Or click Table Input.. | to enter the input data in a table.

0.2t

" 0.24
|

0.26
L

Figure 8. Input Data for the Cross Section



Construction stage analysis for FSM using general functions

€ Checking on
“Mesh Size for
Stiff Calc.”
enables us to
define a maximum
size of mesh,
which is used to
calculate the
section properties.

§¢ “Consider Shear
Deformation”
accounts for shear
deformation.

% Section Size
—

% Section Data o | & PSC Viewer x
|- o
DBJUser | Value | SRC | Combined | PSC |Tapersd | Composits +
Ell-1
S | SOF PSC-ICELL 2CELL o e g —
R izl
Mame Span Mesh Size for Stif, Calc, m HO2 hons i3 [ma
Joint On/o Outer L .
@401 @ O | wor [2 Im Bol [15 m poi-l Bzl -
J0z Cd2 @5 wop 3 m BOI-IE m o | ET e B3 A
J03 w3 Hoz-1 [0 m  Bol2 m %
Section Type HoZ-2 m Bz 5 m =
o 1Cel Ho3 (25 |m  BOZ m T wE o af ‘%%gg
2 Cel HO3-1 m 803 (2B |m 5021
(o BO1 BOZ BOS
HI [Z |m B [Z2_m
Shear Check 4
@il —— | G ‘[,ZE m BT m Fr—
i o g || M-t m B2 m
22+ Conioid Hi2-2 m B2l 22 |m
entrol H3 205w BB [LEE _m
& mo e [T m B [T m
— Hig Dz m B3R m
for Shearftatal) Auwto | HI4-1 m B4 m
W m || He2 m
HE .2
©: m @ m
3 m @ # Consider Shear Deformation.
for Tarsioncmin,)
n @

Offset : Center-Top

2 Change Dffset

Change Offset ... Table Tnpu... Display Centroid Offset : v | CenterLoc. | @ Centroid Center of Section
Horizontal offset © @ to Extreme Fiber ] moJ m
Show Caleulation Resuits.. ok Cancel Apply Wertical offset: @ to Extreme Fiber User |: moJ: m
User Oftset Reference :
Display Gffsat Point 0K Cancel
Figure 9. Section Input Dialog Box

Joint On/Off
JO1 [ZE r
Jo3 r Ji =2
JiZ r s F
JI4 | JI5 =2
Outer {m)
HO1 0.2000/BO1 1.5000
HO2 0.3000 BO1-1 0.5000
HO2-1 0.0000/BO1-2 0.0000
HOZ-2 0.0000 BO2 0.5000
HO3 25000 BO2-1 0.0000
HO3-1 0.0000 BO3 2, 2500
HIt 0.2400/BI1 22000
HIZ 0.2600BI1-1 0.7000
Hi2-1 0.0000 BI1-2 0.0000
Hiz-2 0.0000 Bl2-1 2,2000
HIZ 2.0600/BI3 1.8320
HI3-1 0.7100/BI3-1 0.7000
Hi4 0.2000 BI3-2 0.0000
Hid-1 0.0000/Bl4 0.0000
Hi4-2 0.0000
HIS 0.2500

3 Cancel

Figure 10. Table Input

(PSC)

Cross sectional dimensions can be entered via a

table upon clicking Table Input... | for the

PSC section.

This is faster than directly entering the data in the
dialog box for a large amount of dimensional
data.

The table is compatible with Excel. Frequently
used cross sectional dimensions can be saved
to copy & paste later.

The table becomes compatible with Excel by
entering “0” for Check Off (™) and “1” for Check
on (I¥).



ADVANCED APPLICATIONS

Shear Check

Assign the locations for shear calculations on the PSC section. Numerical data can be
entered manually, or if “Auto” is selected, shear calculations take place at the top and
bottom of the web(s). The shear results are displayed in no. 5~10 of the Beam Stress

(PSC).
Shear Check ~ Wiewer
Auto
£ m
22 Centroid
£3: m
Web Thick.
Web Thick, for Shear(total)

for Shear(total)  &uto | Enter the thicknesses to be used for shear calculations
at the locations defined for Shear Check at Z1 through

1 mm i
Z3. Enter the sum of web thicknesses at a given
12 m o location. Check on “Auto” for automatic calculations.
e __m - for Torsion(min.)
for Tarsion(min, ) Enter a minimum thickness for torsion calculation.
m Ll

10



Construction stage analysis for FSM using general functions

Definition of Time-dependent Material Properties

Define the time-dependent properties of the concrete (creep coefficients shrinkage and
strength).

Properties / |[Z] Time Dependent Material / Creep/Shrinkage
Click Add | ; Name>C45 ; Code>CEB-FIP(1990)
Compressive strength of concrete at the age of 28 days (45000)
Relative Humidity of ambient environment (40-99) (70)
Notational size of member (0.364)

Type of cement>Normal or rapid hardening cement (N, R)
Age of concrete at the beginning of shrinkage (3) 4

Properties / Time Dependent Material / Comp. Strength

Click Add | : Name>C45 ; Code>CEB-FIP
Mean compressive strength of concrete at the age of 28 days (53000)
Type of cement>N, R: 0.25

Mame : |[oEk Code : | CEB-FIP{1830) -
(CEB-FIP{1330)

Characteristic compressive strength of concrete 45000

3tihe age of 20 days ok - LAY
Fielative Humidity of ambient environment (40 - 89) m %
Notational size of member : 0,364 m

h=2+Ac/u (Ac: Section Area, u i Perimeter in contact with atmosphere)
Type of cement
Fapid hardening high strength cement (RS}
© Normal o rapid hardening cement (N, R)

Slovely hardening cement (SL) Add/Modify Time Dependent Material (Comp. Strength)
Age of concrete at the beginning of shrinkage :
Name Scale Factor Graph Optons
c45 10 [ %-ands log scale [ ¥-axis log scale
Show Re|
Type
(@) Code O User
33000
Development of Strength so000
Code: |CEBFIP(1590) ~ men
o5 0000
I(I)*(Ick*Al)kexp(‘sx[]-(? Bt ]) o
Mean compressive strength of concrete 20000
at the age of 28 days (fck+delta_f)
25000
53000 Kijm
20000
CementType(s) =000
N,R:0.25 - 10000
s000
W 3 2 e 5 1o iz 13 le i 20 23 24 26 28 30
Tire (day)
Redraw Graph Cancel

Figure 11. Time Dependent Material Data
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ADVANCED APPLICATIONS

12

Link the time dependent material properties to the material properties. The creep
coefficients, shrinkage and concrete strength curves defined earlier need to be linked to
the corresponding material property in order to carry out construction stage analysis
reflecting their effects.

Properties/ Time Dependent / Material Link
Time Dependent Material Type
Creep/Shrinkage>C45
Comp. Strength>C45
Select Material for Assign>Materials>

1:C45 >| Selected Materials Add / Modify |

Time Dependent Material Link _

Time Dependent Material Tvpe
Creep/Shrinkage | C45 v | ..

Comp, Strength | C45 v | ..

Select Material to Assign

Materials Selected

Materials

1:C45
2:Tendon

>

S
Operation

Add / Modify Delete

Mo  Mat Creep/Shr Comp. Skr

1 Cdg Cdh Cdb

Close

Figure 12. Linking Time Dependent Material Property to the Material Property.



Construction stage analysis for FSM using general functions

Structural Modeling

Element Generation

Generate a girder using the “Extrude” function.

Node/Element / .~ Create Nodes
Coordinates (x, Y, z) (0,0,0)  Apply | A

Node/Element/ 1™ Extrude
® Select All
Extrude Type>Node -> Line Element
Element Attribute
Element Type>Beam
Material>1: C45
Section>1: Span
Translation > Unequal Distance
AXxis>X
Distances (16@2.5, 5@2, 14@2.5, 5@2, 12@2.5)  Apely | A

Zoom Fit

B atomech

PR g N Kok hwm 80| | s 2y o S W
v 8 N L -0 A G 2 B P,
Gadte Tanle Dk W 7 ot ome T e B o o s 008 0 s Ekents
ks E i s | e s o

90,00 AR08 08 €28 088 S0

Figure 13. Girder Generation
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ADVANCED APPLICATIONS

Support Generation

Considering the spans (40+45+40), create nodes to which boundary conditions will be
assigned.

Node/Element/ -~ Create Nodes
Start Node Number .| .
Node Numbering Option>User-Defined Number
Newly Created Number (61) Ok, J

ince the depth .
@ Since the dept Coordinates (x, y, z) (0, 1.5, -3) ¢

of the girder is 3m,

and the distance Copy
between the Number of TimeS (1)
bearings is 3m with Distances (dx, dy, dz) (0, -3, 0) _ Zpply |
the working point
being Center-Top, Node/Element / 3 Translate Node
the supports are *1 Select Recent Entities
created at Z=-3m & Mode>Copy
Y=1.5m. .

Translation

Unequal Distance

AXis>X
Distance (40, 45, 40) _ fpply |

&
S EEITVEE®IEAN QS ®

B =1k

b
4
}

»E@0O00I08 AR OFEF0

B 00,0 5

ﬂ\ [FT5 | Communt esssge [ sz |

Figure 14. Generation of Support Nodes
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Construction stage analysis for FSM using general functions

§¢ Tendon Group is
not used for
composing the
construction stages,
but is defined to
check the results for
each group.

¢ Refer to the name
assignment of the
“Tendon Profile” to
see the items of the
Tendon Group.

Group Definition

Refer to “Construction Stage Configuration” on Figure 4 for the list of the groups to be

defined.

Structure / Group / = Structure

Name (SG)

; Suffix (1to3)

sdd |

Structure / Group / B/LIT / & Define Boundary Group

Name (BG)

Structure / Group / B/L/T/ ¥

e

; Suffix (1to3)

_add |

Define Load Group

Name (Dead) ; Add | Jd

Name (Superimposed Dead) ; Add | |

Name (PS) ; Suffix (1to3); Add | |

Name (Diaphragm) ; Suffix (1to3); Add | |

Structure / Group / B/L/T / % Define Tendon Group #
; Suffix (1to4) Add A
; Suffix (1to4) Add A
;  Suffix (1to4) Add |

Name (A)
Name (B)
Name (C)

|
0,000 P ~PPO0 00 €22 00850

Figure 15. Group Generation
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ADVANCED APPLICATIONS

16

Structure Group Assignment

Assign the elements, which will be activated at each stage, to SG1~3 respectively.
Assign the elements to Structure Group by using “Drag & Drop,” or by right-clicking and
selecting “Assign”.

M Elements Numbers ; [d Front View

Group Tab in the Tree Menu

Type the numbers of nodes and elements as below
Select Nodes : 61to64 &

- "% [1to20 I=]” Elements : 1t020
Structure Group > SG1

" Gltogd

Drag & Drop or (Context Menu) Assign

Select Nodes : 65t066 & Elements : 21t039
Structure Group > SG2 Drag & Drop or (Context Menu) Assign

Select Nodes : 67t068 & Elements : 40to52
Structure Group > SG2 Drag & Drop or (Context Menu) Assign

Ji, Eemecun Fude Bt orsm o g A ek ks S
M spwan by F FHEe O Tows Mo TRCREREN S fEac  LEAT" (Do ren Ebece -
TN | ) Catin Stayed Bitige [ MSS ke 25 Gelage Modkl FICEO | e e 3] Chinge * | 4% Check Bement Loca e

[SG1] Node : 61t064 & Element : 1t020

[SG2] Node : 65t066 & Element : 21to39
. .Di‘.a.g&‘br'dp”. B e I e LT C L P PP

,.-
a
@)
)
Lz
“O
SeN
@
()]
N
S
o
o))
100
R0
.M
X0}
3
<D
]
=3
N
O
Q
O
Fan
5N
0,000 QAPI>PEE60I0E €25

Cammare Wessaga R W ]




Construction stage analysis for FSM using general functions

Boundary Conditions Input

Rigid Links

Considering the centroid of the cross section of the PSC Box, rigid links are connected
to the supports.

@| Iso View

Boundary / [j+] Elastic Link

Boundary Group>BG1
Link Type>Rigid Type
2Nodes (1,61) ; (1,62) ; (18,63) ; (18,64)

Boundary Group>BG2
2Nodes (37,65) ; (37,66)

Boundary Group>BG3
2Nodes (53, 67) ; (53,68)

Turn on the node number if necessary when picking up nodes

R P P o
vew vew O

@000 0B €28 D& D

sk [0
Sy 0
SRz [0

Shear Sping Lecaon '

Bets age: 0 [n] [dsa]

2Nodes
Cooy Enstc Link

e
po i
s % =
kN myTrad) T = ~ —_— -

Wimtradl
hn/Tead) i

=—= Section Offset
—B— Rigid Link

Figure 17. Rigid Links
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ADVANCED APPLICATIONS

18

Supports Input

Considering the construction stages, the supports are defined as below.

[@ Top View ;

Redraw

Boundary/ £ Define Supports

Boundary Group>BG1

2| Select Single (Node : 61) ; Support Type>Dy (on), Dz(on) .1
2| Select Single (Node : 62) ; Support Type>Dz(on)

2| Select Single (Node : 63) ; Support Type>Dx(on), Dy(on), Dz(on)
2| Select Single (Node : 64 ) ; Support Type>Dx(on), Dz(on)
Boundary Group>BG2

2| Select Single (Node : 65) ; Support Type>Dy(on), Dz(on)
2| Select Single (Node : 66) ; Support Type>Dz(on)
Boundary Group>BG3

2| Select Single (Node : 67) ; Support Type>Dy(on), Dz(on)
2| Select Single (Node : 68) ; Support Type>Dz(on)

(] Sy *
8 & &

Boundary Group Name
B33

Opfons
8 O Peplace 0 Delete

Support Typa {Local Diection

Fag ¥

S Eounvixy g
1 o5 Einew Cosrarts T Eflecthe With 7
bx 0 v b B Emom I 9
T I e O e o L s T -
b Besm JIG g
¢
1
B
=
- @
( =)
e . [ ST I SPRPTPrITY I
L & o L A
G
BG1 BG1 BG2 BG3 |
o
o
&

\ Comemand Wessage { Envas Ressmge J

5 LS B0 - R

Figure 18. Boundary Condition Input



Construction stage analysis for FSM using general functions

Construction Stage Loads Input

Define Load Conditions
Define load cases for analysis.

We take the time to define the load “Type” then we can take advantage of the ability to
automatically generate load combinations using the "Auto Generate” function. Using
these Types of load case we may generate the load combinations after application of
the load factors as per the design standard.

Redraw

Load / Static Load Cases

Name (Self Weight) ;  Type>Construction Stage Load (CS) J
Name (Non-Structure Dead) ;  Type>Construction Stage Load (CS) d
Name (Prestress) ;  Type>Construction Stage Load (CS) J
Name (Superimposed) ;  Type>Construction Stage Load (CS) J
Name (Wind) ;  Type>Wind Load on Structure (W)
Name (Temperature (+)) ;  Type>Temperature (T) J
Name (Temperature (-)) ;  Type>Temperature (T) J
Name (Top-Bot Temp Diff(+)) ;  Type>Temperature Gradient (TPG)
Name (Top-Bot Temp Diff(-)) ;  Type>Temperature Gradient (TPG)
< Static Load Cases X
Marne : | Top-Bot Temp Difft-) add
Case &l Load Case A Modify
Type Temperature Gradient (TPG, TG) v Delete
Description @
No Name Type ‘ Description
1[Self Weight |Construction Stage Load (
2|Non-Structu Construction Stage Load (
3|Prestress  Construction Stage Load (
4| Superimpos Construction Stage Load {
5] 'Wind Wind Load on Structure {
B| Temperatur Temperature (T, TU}
7| Temperatur Temperature (T, TU)
8] Top-Bot Te  Temperature Gradient (TP
il 9| Temperature Gradient (TP
K3

Cose

Figure 19. Load Cases Definition
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ADVANCED APPLICATIONS

Self Weight

Enter the self weight.

Define the structure’s self weight and activate it at the first construction stage. Then
the self weights of the elements activated in the subsequent construction stages will
automatically be applied.

Load/ % Self Weight
Load Case Name>Self Weight
Load Group Name>Dead
Self Weight Factor>Z (-1)  Add | J

@008 00 € A0S0

@l G|

3 0.0,0,

Figure 20. Self Weight Input
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Construction stage analysis for FSM using general functions

Dead Load

Enter diaphragms and construction joint blocks, as loads as they have not been reflected
in the model.

() Front View
Load / ™ Element Beam Loads

SAER -] Select Elements by Identifying (1, 52) .
Load Case Name>Non-Structure Dead
Direction>Global Z
Relative
x1(0) ; x2(1) ; w(-220.34) &pply | A
Zimimea -] Select Elements by Identifying (19t021, 38t040) .1
Relative
x1(0) ; x2(1) ; w(-63.0) _Apply |
44 [BES -] Select Elements by Identifying (16, 35)
Absolute
x1(1.5) ; x2(2.5) ; w(-220.34) _&pply |
Zi7® = Select Elements by Identifying (17, 36)
Absolute
x1(0) ; x2(1) ; w(-220.34) _dpply | A

il Mo ey
L v

o E Tie vty
m | Maw o w
B Grens B Coexe

PI0F €0 R BAASD

50,00, R0 FEDO

Figure 21. Miscellaneous Dead Loads
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ADVANCED APPLICATIONS

Construction Joint Block

Diaphragm m m
j=—— ——
HBYE ey —pp == Y ®
Construction Joint Construction Joint
Direction of

Construction

Figure 22. Dead Load Layout

The diaphragms at the supports and the construction joint blocks have not been
considered as structural elements in this longitudinal analysis and are thus treated as
loads. Their cross sectional areas are calculated and converted into Beam Load over
the corresponding lengths. Other additional dead loads may exist, but are ignored in
this Tutorial.

Diaphragm (End: 2m, Intermediate Support: 2.5m)

Area = 9.941m? — 0.955m? = 8.986m>
P =8.986m?2 x 24.52kN /m® = 220.34kN /m

Construction Joint Block

Area =1.288m? x 2EA = 2.576m?
P = 2.576m? x 24.52kN /m® = 63kN /m

j l.ZBBm2
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Construction stage analysis for FSM using general functions

We need to assign the loads to Load Groups and activate the Load Groups in the
corresponding construction stages.

Because the magnitudes of the Beam Loads are the same, setting the Load Group to
Default is convenient for input. We will now see how to modify the Load Group using
the Table Tab.

By selecting the desired columns, we can adjust the locations in Beam Load Table.
The row column containing the Group information is located at the end of the Table.
For convenience, we will select the entire column, and move it next to the Element
numbers.

Assign Load Group: Diaphragm1 to 3 to the loads in order to activate them in Stages 1
through 3.

Load / Load Tables / Static Load / | Beam Loads
Assign
Element 1~20> Diaphragm1
Element 21~39>Diaphragm?2
Element 40~52>Diaphragm3

Note that the Group column is found at the last column in the table as shown
in the first figure of the three figures below. In the second figure, the Group
column was relocated to the front for convenience. The third figure depicts
how Diaphram is applied to the elements.

&% Boam Load

Projection

Load Type . | Ece. Din.
Mon-Struct  Distributed Forces Local y 0.00 Global Z
Mon-Struct  Distributed Forces No  Localy 0m 0.00 Global 2
Mon-Struct  Distributed Forces o Local y 000 000 Glabal 7
Mon-Struct  Distributed Forces No  Localy 0.0 0.00 Global £
Mon-Struct  Distributed Forces Local y 0.00 Global Z
MNon-Struct _ Distributed Forces Local 0.00 Global £

==L
Element Group BM LD Type | Load Case Load Type Ecc. Dir Disti(m) | Disi-Jm) | Direciio
1 Diaphragm?1 Beam Load Non-Struct  Distributed Forces Local y 0.00 0.00 Global Z
16 Diaphragm!  Beam Load  NonSiruct  Distributed Forces Mo Localy Mo 0m 0,00 Global Z
17 Diaphragmi  Beam Load  Non-Struct  Distributed Forcos No  Localy Mo 000 0,00 Global Z
19 Diaphragm1 Beam Load MNon-Struct  Distributed Forces No Local y No 0.00 0.00 Global Z
< 20 Diaphragm?1 Beam Load Non-Struct — Distributed Forces No Local y No 000 0.00 Global 7
21 Disphragm2  Beam Load  Non-Siruct  Distriuted Forces Mo Localy Mo 0w 0,00 Global Z
35 Disphragm2  Beam Load  Non-Struct  Distrbuted Forcos No  Localy Mo 0 0.00 Global 2
36 Diaphragm2 Beam Load Non-Struct  Distributed Forces No Local y No 0.00 0.00 Global Z
3 Disphragm2  Beam Load  Non-Siruct  Distributed Forces Mo Localy Mo 0m 0,00 Global Z
39 Disphragm2  Beam Load  Non-Struct  Distrbuted Forcos No  Localy No 000 0,00 Global Z
n-Struct  Distributed Forces No Local y No 0.00 0.00 Global Z
7 Default jon-Struct  Distributed Forces No  Localy No 0 0.00 Global Z
LJ Dead =
< | i3

Superimposed Dead
31
FS2

FS3
Diaphragm1

D\aEhra§m2

Figure 23. Changing Load Group using Table
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ADVANCED APPLICATIONS

(%} Relaxation
Coefficient can be
defined by selecting
Magura equation,
JTGO04 or CEB-FIP
Code.

@ If “Unbonded”
is selected, the
section stiffness is
calculated on the
basis of the net
cross section.
“Bonded” reflects
the composite
stiffness reflecting
the tendons.

24

Tendon Prestress Load

Define the properties of the Tendon related to the material, strength, losses. etc

Load / Temp./Prestress / Tendon Property

Click Add | J

Tendon Name (Tendon)

Tendon Type> Internal(Post-Tension)

Total Tendon Area> 0.0016112

or Strand Diameter> 12.9mm(1x3) ;

Duct Diameter (0.1)

; Material> 2: Tendon

Number of Strands> 19

Relaxation Coefficient> CEB-FIP(2.5%) %

Ultimate Strength> (1860000) ;
Curvature Friction Factor> (0.25)

Bond Type> Bonded ¥

Yield Strength> (1580000)

; Wobble Friction Factor> (0.0066)
Anchorage Slip(Draw in)> Begin(0.006) , End(0.006)

&

Tendon Type
Tendon Mame Tendon

Tendon Type

Material 2 2t Tendon

Tatal Tendon Area Jomenz

Duct Diameter 1

| Relaxation Coefficient CEB-FIP v |
Ultimate Strength 1860000

Yield Strength 1580000

Curvature Friction Factor .25

Wobble Friction Factor 0,006
Ex=ternal Cable Mornent Magnifier
&nchorage Slip{Draw in} Band Type
Begin (0,006 m @ Bonded
End © | 0,008 m Unbonded
oK Cancel

Internal(Post-Tension)

Strand Diameter 12.9mm(l><3):v_l
Number of Strands L] 2

Cancel

=

-
- 0K
x|
me

m
25 %

ke
ke

1/m
kM /rnz

Apply

Figure 24. Tendon Property Dialog



Construction stage analysis for FSM using general functions

The Tendon Profile can be defined in many ways such as defining the inflection points,
but this example uses a common approach often used in practice, using the Tendon
ordinates from drawings.

Referring to the values in the attached Excel file (TD profile.xls), prepared on the basis
of the tendon drawings the ordinates of the tendon at every 2m are pasted into the
software.

Load / Temp./Prestress / Tendon Profile
Tendon Name (A1L) ; Group (Al)
Tendon Property> Tendon ; Assigned Elements (1t020)
Input Type>3-D ; Curve Type> Spline
Profile
§¢ Copy & Paste the 1> x (0), y (0)’ z (_1) [

values from the 2> x(2),y(0),z (-1.2590)

Excel file to enter
the Profile. We
may also copy the
Profile after
creating an MCT

25> x (48),y (0), z (-1.25)
Profile Inserton Point> End-Il of Elem.1
x Axis Direction> I->J of Elem.1 ; xAxis Rot. Angle (-11.3)
Offsety : (2.666)

file.
£ Add:Modlli Tendon, Profile X
§ Transfer Length Tendon Name © [BIC Grown : [AT [z e
. Tendon Property | Tendon vl
may be SpeCIfIEd Azgigned Elements @ | to20
H Input Type Straight Length of Tendon
to consider the =g et .
Curve Tupe '
unstressed length R End: 0 "
of the anchorage. Typical Tendon =
Transfer_Length
User defined Length | | Beain : |0 End: |0 m
Profile
FReference Axis H Straight Curve @ Element
¥ o aoesass |
€ Checking on e L LTI TTTI
o s 0z s 4

“Typical Tendon”

and entering the [SPT T S s S

S 1w e w w
number of =
tendons can b xim) | yim) | 2tm) |fix] Ryldeg]| Raldes]| 1%
enaons can be T 0000 -10000 000 000

2,0000) 00000 -1,2890 " 0,00 0,00
40000 0,000 -1.5352|C 0,00 0,00
56,0000 00000 -1,7722 /" 0,00 0,00
00000 -1,9613|C 0,00 0,00
10,0000 00000 -2.1028 0,00 0,00
12,0000 0,0000 -2,1970 0,00 0,00
14,0000 0,0000] -2,2441 /T 0,00 0,00
16,0000 00000 -2.2500 " 0,00 0,00
18,0000 00000 -2,2500 " 0,00 0,00 |~

used to represent
anumber of
tendons of the
same profile.

This is also handy
when preliminary
analysis is

ENENEEARNE

Point of Sym,: © First ® Last | Make Symmetric Tendon
Profile Insertion Point : ® End-I End-J of Elern, |1
x Axis Direction ¢ ®1->J ©J->lofElem, |1
¥ fuis Rot, Angle © 1.3 [deq] @ Projection
Offset v 2069 m z: 0 m

oK Caneel Apply

Figure 25. Tendon Profile Input Dialog

25



ADVANCED APPLICATIONS

From the tendon profile drawings, x-z coordinates are obtained at every 2m. The result
(TD Profile.xIs) contains the values as if the tendons were placed in the centroidal 2-D
plane, each side. We need to translate the layout using y-Offset and rotate the layout
using x-Rotation to properly position them in the webs of the PSC section.

y=2.666m y=-2.666m

l& Y ~
=< 4

T e e

z

|

6=-11.31 ©=11.31

Figure 26. 3-Dimentional Tendon Profile Input

Copy and paste the values of x, y and z from the Excel file as below, and position the
tendons in the webs by y-Offset and x-Rotation depending on the “left” or “right” tendon.

(=] o= - TD profilexis [Compatibility Mode] - Microsoft Excel - = ox
/| Home | Imset  Pagelayout  Formuias  Data  Review  View  Addins  CommunityClips  Aciobat @ -2 x
BRI S0 -|A W | S | Genenal - =| ), (g aemsetr | = A?

sa Kix = |= Elg o 3% Delete - | (3]~ 7 }a
" g |l E A 18 ol A e oo - s~ | EdFomat= | B+ Fie* Seieat-
Clipboard Font & Alignment o Number = styles cells Editing
[ c13 - £ | A11
A B G D E F G H | J K L M N (o) P Q R | |
1
2
3 000000
4 -0,500000
5 1000000
6 -1,500000
7 -2.000000
8 -2,500000
9 ~3,000000
10
11
Total

15 Lenath x oy z x v z Xy z x v z

13 ] ALl 00 ~1.000000 0 0 -1smm[ A3l 0 o 2000m| A1 0 0 2500000

14 2 A2 2 o ~1,250975 2 0 -lesiee| A2 2 o 213059| A2 2 0 2560000 ||

15 4 A3 40 -1.535230 4 0 -1eseets| A3 4 0 221427 A4-3 4 0 2841513

186 5 Al-4 & 0 -1.772186 6 0 2osiom| A3-4 B 0 -2me6Te| -4 6 O 2710811

17 8 A5 & 0 -1,961274 8 0 221087| A5 8 D -243802| A45 8 0 -2,765505

18 10 Al-6 10 0 2102814 1m0 -2m6s| A6 w0 -257185 | Ad-6 10 0O -2.506833

19 12 AT 12 10 -2.187042 120 2sna083| AT 12 0 -2621873| AT 12 0 -2.834482

20 1 A8 140 2200117 oo 2ass| A8 140 2500875 | A48 14 O 2808276

21 16 A9 15 0 -2.250000 16 0 245000 A39 16 0 265000 | A4-9 15 0 -2,850000

22 18 Al-I0 18D ~2.250000 180 245000 A3-10 18 D 265000 | A4-10 18 O ~2.850000

23 ) Al-T1 2 0 -2.250000 w0 -2500m | A3-11 o 25000 | Ad-11 2 0 -2.850000

24 2 Al-l2 2 1D ~2,250000 2 0 245000 | A3-12 2 0 265000 | A4-12 2 0 -2,850000

25 2 A3 2 0 ~2.250000 n 0 -a5000| A3-13 24 0 2650000 | A4-13 M 0O ~2850000

26 % Al % 0 2237823 % 0 2ame| A4 % 0 265000 | A4-14 % 0 2837023

27 28 Al-15 28 D -2.140277 % 0 2300277 A3-15 28 D 2500277 | A4-15 28 O 2740277

28 1l A6 D 0 ~1,990484 W 0 21| A6 2 0 23| 16 30 0 2544004

29 2 AT 21 -1.643018 2 0 -1paq018| A3-17 2 0 209018 A4-17 2 0 -2.243018

30 El Al-18 30 -1.251675 u 0 151675 | A3-18 3. 0 1851675 | A4-18 w0 -1.851675

31 * Al-18 B D -0,760867 ® 0 09057 A3-18 % D 1160567 | A4-13 3 0 ~1,360567

32 B Al20 3B 0 -0.41400 B0 10| A3-20 3B 0 05100 | Ad-20 3 0 ~1.014004

33 0 Al-21 @ 0 -0,300000 w0 050000 | A3-21 @0 0 0700000 | A4-21 40 0 -0,500000

34 ® A2 2 1 -0.360862 © 0 -0ssmi2s| A3-22 &2 0 -07RITE| Ad22 42 0 ~1.000251

36 au Al-23 a0 -0.543321 w0 0822075 | A3-23 a4 0 59| A4-23 M 0 -1.304080

36 % A2 B D -0,850033 % 0 1230678 | A3-24 % 0 1361023 A4-24 45 0 -1771236

37 8 Al-25 @ 0 -1,250000 8 0 175000 As-25 43 0 -l750000] A4-25 48 0 -2,260000

38 au B3l 0 0 -L7oom| B4l 0 0 2250000

39 % B32 2 1 20444 BA-2 2 0 2414040

40 8 Bl-1 1 @0 ~1.250000 00 -17s00m| B33 4 0 -227978| B4-3 4 0 2577985 |

W > n| Profile /73 AN e ) B[ | T D

Select destination and press ENTER or choose Paste Average: 747963656 Count: 100 Sum: 560976492 |[E5 0 003 (=) v
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Construction stage analysis for FSM using general functions

The Name and the Assigned Elements for all Tendon Profiles are as follows:

Ex) A1L = X coordinate (A, B, C), Z coordinate (1, 2, 3, 4), Y coordinate (Left, Right)

%&.L‘ IR, : Iga@q\_\ T E ) _,.,,:-'-=* L 'JJL%
A B Cc
I;‘“\ — /—I
A "
2\ ® .
3l e .
4l e .
LEFT Right

Figure 27. Name Assignment for Tendon Profile

Tendon Profile Assigned Element Tendon Profile Assigned Element
Al, A2 1~20 A3, Ad 1~20
B1, B2 21~39 B3, B4 19~39
C1, C2 40 ~ 52 C3, C4 38 ~ 52

& o7 ’L/ * 9 e Dot Tathe o Moss Srmary Tatko | T e i
- N P Somert Cotl T 4 Lo surmimary Tabe

Wl e | Gomsn o s |

S e =
R = e T U S = =SS TR S |

»E@O006I03 €34 00850

55,9,0, @@

Frnn r—

Figure 28. Result of Tendon Profile Input
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ADVANCED APPLICATIONS

$® Prestress is
applied one stage
after the stage at
which the load is
entered.

28

After defining all the Tendon Profiles, assign the Load Groups (PS1~3) and then apply
prestress loads so that the defined Tendon Profiles can be applied to each construction
stage.

x

Load / Temp.Prestress/ 5 Tendon Prestress Loads
Load Case Name> Prestress
Load Group Name> PS1
Select Tendon for Loading
Tendon> A1L~A4R 3|
Stress Value
Begin (1395000) ; End (0)
Grouting: after (1) Stage @ Add | 4

Load Group Name> PS2
Select Tendon for Loading
Selected> A1L~A4R <| ; Tendon>B1L~B4R >| _ Add | .

Load Group Name> PS3
Select Tendon for Loading
Selected> B1L~B4R <| ; Tendon>ClL~C4R >| _ Add | .

2 (@] @ Oymaric * (G ew pont - I LR = | [lS uesjacs - [ Gose - 5 The Moty
= X zoom + 78 Hamed View ® - - et [ Tie vertcaly
R DU OWOS y - e Gerevous | B cascase

]
Tendon Preciress Loads o
Load Case Name =
Prestrass
Load Group Hame X
o
Salect Tendon for Loading ¥
Tendon Selected =
eme+] W]~
AL CiL [
Al Sl AT WU PPMPENIPNNRRMB RN BB N 2N MBHNBIA L0 M G %4 &P @
WA S e § e Ml e [ R =
-
< B < 5]
5]
Svess Value r
® Stress Force B
It Jacking ¢ |Beain 1=
Bagin ¢ |13 | iy/ms d
End 1[0 i/ g
Grouting : after [0 -3 Stage e
Tondon__Tipe___Lood Case [+ ©
Ba Shess  Fuesh, &
ER  Siess  Prest
BL Stess  Prestr,,,
ER  Swess st
B2 Sress  Prestr,, ™
< >
MM Moky | Deee

Chae

Tlal |

Commsnamessage [ rmE T ]

Figure 29. Loading Tendon Prestress



Construction stage analysis for FSM using general functions

Superimposed Dead Loads

Superimposed Dead Loads are applied as Beam Load onto the superstructure.

Barriers (0.3075m? +0.4975m?) x 24.52kN /m®  19.74kN/m
Safety Fences 1kN /m
Asphalt concrete pavement 75mx8cmx22.56kN/m3 13.5861 n
Noise barriers 1.52kN /m
Total 35.796kN /m
Load / Static Loads / Beam Loads/ ™ Element

® Select All

Load Case Name>Superimposed

Load Group Name> Superimposed dead

Load Type>Uniform Loads

Value

Relative ; x1(0) ; x2(1) ; w(-35.796) Apply | 4

-

ke &8

() sesmic (2) Settement/Etc. ® Self Weight & Mocd Body Force | [T Bement 5 Pressure Loads = bt Forees ~

(©) Construction Stage: (5 Load Tables Noddloads @ ModdMasses | Mine | B Hycrostatic Pressure | (5] Assign oo Loads -
= Static Loa Usingoad | 1 % 8
(2) Heat of Hyckation Ceer " Combotons |~} Specfied Depl. 1 Loxds toMassas | B Typeal & tssign Plane Loacs

Load Tiee Gate Load Lt Suucture Lows | s Beam Load Pressurs Load il Pt e

1 Gl 010515 5% 6

clie]

Dglions:
®Add © feplace o Delete

Load Type
Uniform Loads:

Eccenticity

AR08 NH[R 22 A8

Direction :  [Globsl 2 |w
Projection Yes @ No
Vaiue

® Relafve  © Absoluse o
A w[-575% N
Pl N
3 Al
8 '\, Model view/ 3

>
[T Command Messaoe  Frvives iesesse |

Figure 30. Loading Superimposed dead Loads
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ADVANCED APPLICATIONS

Loading Input on the Completed Structure

Wind Loading

wind loading of 3 kN/m?2

H 3 kN/m?2
-«
T

Figure 31. Wind Load Distribution

Total Height = Section Depth + Barriers + Noise barriers =3+ 1 + 2.5 = 6.5m
Wind Pressure= 3kN /m?

Wind Load = 6.5mx3kN/m? =19.5kN /m (Horizontal Load)
= 19.5kN/mx—1.46m =-28.47kN - m/m (Eccentricity Moment)

30



Construction stage analysis for FSM using general functions

€ Loading
pertaining to the
Load Groups,
which are not
activated during
the construction
stages, are
loaded in
PostCS.

Enter the wind loads.

Load / Static Loads/ Beam Loads / # Element

®| SelectAll @/ Iso View
Load Case Name>Wind
Load Group Name>Default ¢
Load Type>Uniform Loads
Direction>Global Y
Value
Relative
x1(0) ; x2(1) ; w(19.5) Apply | 1

®) Select All
Load Type>Uniform Moments/Torsion
Direction>Global X
Value
Relative
x1(0) ; x2(1) ; w(-28.47) Apply | A

) saismic (2) SetdementjEt:. @ [,5 (¥ SeffVieight @ Nodal Body Force. | [T Blement /3 Pressure Loards =2 Initial Forces ™
@ (%) Construction Stage (&) Load Tabks: o Lot LL[“ (s hodd Loacs (2% Nodal Masses Miire B, Hydhostatc Pressure [ Assgn Floor Loads ~
@mwngloxt (8 Heat of Hyckation e e e, “lpedfied Dl 1 Loack toMasses | BiTypicd & AssgnPane Loads ~
Load Thpe Greate Load Casee Struciure Loads f Masses | Beamioad ‘Presae Load Tl ForcesfEfE. |

®IEHILE

g

Elemen Beam Loads &
Load Case Name 2
Wind T |-
Load Group Hame g
Default T [- &
Opsons $

© Add © Replace © Delele

Value
© Relaive  © Apsolute

Load Typa
Unifarm Moments/ Torsions v | EI
» =i
M, fy He [
s :
Wz
A
=
3

Direction [ Giabal X_[v
Projection = © Ves @ No o
o
=

310 M -2847
x2[l

]

b

Tlel | |
W [xfm [l 5 4 p nonx] 2T 2 2

Figure 32. Wind Loading Input
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ADVANCED APPLICATIONS

32

Temperature

Specify the temperature loading acting on the entire structure.

The System Temperature function allows us to specify strain, & =a(To —T;), over the
entire structure as temperature loads.

Load / Temp./Prestress / Temperature Loads / §* System Temp.

| Redraw

Load Case Name>Temperature (+)

Load Group Name>Default

Temperature > Final Temperature (15) Add | J

Load Case Name>Temperature (-)
Load Group Name>Default
Temperature > Final Temperature (-15) Add | J

Pus

3 Sekiic Settiement/Etc. D c c jc 4° System Temp, B 3¢ I prestress Boam Loads
< 2 ] § E ! < =
[ Tore o] O Coretnsige Otowraes =0 B0 B T-ﬁ m%t # Nagd Temo, Trd]l 7;? =)t e
= cLoad Using ment Temp. Sectin endn Tedon Tendm g .
(©mingLoad  (2) Heat of Hydration Cxes  Combibors | Temp. Gkt Temp Property Drofle  Prestress = Externd Tipe Loadcase
Load Tice (reste Load Cases Temperature Loack | Prestress Loads |
®IEHIFEE
a
Sysiem Temperaiure k2 a
Load Case Hame =
Temgersse - [v.
Load Graup Name (e
Daaut e [ o
Temperature ¥
Iniil [0 o .
Final Temperawe: -5 [C] 0
lowdCase  Temperstwre  Load & &
Tempera,. 15
Tempera.. 15 a
5]
&
A
< 3 =
Operation G
A tedy | Dedis |
e <
a
o
&
<\ Model view
Command Message f_Aralysis Message | It |

RS CEEY EAnEtan IEUEE

Figure 33. Temperature Loading Input



Construction stage analysis for FSM using general functions

Specify the differential temperature between the top and bottom chords.

The Beam Section Temperature function generates a temperature differential between
top and bottom chords on a part of a rectangle. Since PSC sections are not rectangular
sections, they need to be converted into equivalent rectangular sections to be able to

specify temperature differential loads.

Where temperature differentials exist as shown below, the parts experiencing the
temperature differentials are converted into a rectangle defined by dotted lines having

the same area and centroid.

Section [test =l

Base Material |

Value [Length-Unitm] | =
Area 2696000
SAx 2.033214
SAy 0502343
boc 0.044395
lyy 16593738
Doy -0.000000
J 0.142504
{+)Cx 4.250000
0)Cx 4.250000
(+)Cy 0187023
()Cy 0.312977|~|
‘ List Ordler ICreatan hd ‘
Modify | Close I

Figure 34. Section Properties
calculated by SPC

IH=2*(')CV

Beam Section Temperature can be defined as
either General Type or PSC Type. General
Type assumes the section as a rectangle.
When PSC Type is specified, the sections
defined as PSC Type in defining Section Data
are automatically converted into rectangles and
loaded on the parts experiencing temperature
differentials.

Although the Beam Section is defined as PSC
Type in this example, which results in a simple
input process for loading for a temperature
differential between the top and bottom chords,
input is carried out as General Type after
converting into a rectangle.

Figure 34 shows the calculations for cross
sectional area and centroid of the top part of the
PSC Box section using SPC (Section Property
Calculator). The instruction for using SPC is
separately documented in user’s manual.
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ADVANCED APPLICATIONS

34

Using the above calculation results in conversion into an equivalent rectangle, which will
be loaded, as follows:

Area = 2.896m?
H= 2x0.312977m = 0.625954m

~B= Area  28% _ 4.626m
H 0.625954

Load / Temp./Prestress / Temperature Loads/ 4% Beam Section Temp.

Load Case Name> Top-Bot Temp Diff (+)

Load Group Name>Default

Direction > Local-z ; Ref. Position > Centroid

B(4.626) ; H1(0.71) ; H2(1.336) ; T1(5) ; T2(5) _add | 4
®)| SelectAll _#pply | 1

Delete the defined Section Temperatures (select (Dand delete)

Load Case Name> Top-Bot Temp Diff (-)

B(4.626) ; H1(0.71) ; H2(1.336) ; T1(-5) ; T2(5) _&dd | .
®)| SelectAll _#pply |

mic. ) Settlement fEtr. @ % w ic g ¥ System Temp. | By At I3 Prestress Beam Loads
> 3 P & 3 S
%) construction Stage () Load Tables Ty rﬁ el #° hogd Temp. T;d] T"—’] T"—’] = Pretenson Loads
=3 ate g ment Temp.  Beam Section cn Tendn Terdn g ;
D EEREE Csss  Combnators | Terp Gadent  Temp Property Profle Presiress <= Xl TipeLoaicae

Load Ty Create Load Cases ‘Temperatire Loack Brestress Loads |

SEBESDE A EAGEE(N R

ol
Section Type - cY
® General 0 PSC/Composite a
Diection
| o Loeay
o Localz [+
Fel, Fosition o
® Centroid
+ End(Top) &
- End(Bat )
Section Temperaiures O
ingal | €1 i
Meteriel @ Element © input sy
Elast, Hifme =
Therm, /101
A
. o 5
" W o0 |m ]
He sRIETL
T i |l
A Modfy Dekete
\ Model Wiew |

Jlel | B
W m o] & v fone) TR 2 5

Figure 35. Input for Temperature Differential between Top & Bottom Chords



Construction stage analysis for FSM using general functions

£ Sincethis
example bridge is
straight and
symmetrical, only
the wind loading in
the +Y direction has
been applied. For
the worst condition,
only the eccentric
live load in the +Y
direction is entered.

Live Load

The sequence of defining the live load is as follows:

Select a Code defining live load: Define Moving Load Code
Define lanes: Traffic Line Lanes

Define vehicles: Vehicles

Define live load cases: Moving Load Cases

» Select a Code, which specifies live load

The input process and the parameters are tailored to the selected Code.

Load / Moving Load Load Type / @ Moving Load Code

Moving Load Code>BS

» Define traffic lanes

Eccentric and symmetrical loading can be considered for the transverse position of
traffic lanes. In this tutorial, we specify only a symmetrical loading case as described

below.

The eccentricity is positive (+) if the traffic lane (center) is on the right side of the
elements in the direction of traffic, and vice versa.

Lanel = Lane2 =
:{Zzzé -1.75m 1.75m
Lanel = Lane2 f
-2m =1.75m

Figure 36. Traffic Lanes & Eccentricities

Symmetrical

Loading

eccentric

loading
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ADVANCED APPLICATIONS

€& When a traffic lane
is curved or when the
lane data entry with 2
Points becomes
awkward due to
discontinuity, select
“Number” and
directly type in the
element numbers. (In
this case, even if you
select “Number” and
input “1 to 53", the
same traffic lanes are
selected)

36

Refer to the Figure 36 for the traffic lanes and eccentricities to define 2 traffic lanes.

[ Top View

Load / Moving Load / == Traffic Line Lanes

Click R
Lane Name (Lane 1 left)
Traffic Lane Properties
Eccentricity (-1.75) ; Wheel Spacing (1) ; Lane Width(3.5)
Vehicular Load Distribution > Lane Element
Selection by > 2 Points ((0, 0, 0)(125, 0, 0))
Click OK

Click add | 4

Lane Name (Lane 2 right)
Traffic Lane Properties
Eccentricity (1.75) ; Wheel Spacing (1) ; Lane Width(3.5)
Vehicular Load Distribution > Lane Element
Selection by > 2 Points ((0, 0, 0)(125, 0, 0))
Click OK

Dsttcioas (D) sesme (%) settiement/ete. - - & (i1 Corcurent Reaction Growp
@ Tamp restress (8} Corstruction Stage (©) Lo T |20 Load Cocs — — & @
(@ o] (@ et o bickien s o et Traffic  Vehides Mowg
Lne Lnes Surface Lanes Loud Cases
Moving Load fode | Wiowng Load Arclyss Data
Lane Nome : Lane 2 ight
Trathc Lane Properies HI% 5% ® - ¥ s CEESPE A IO EER
E o " 8
= o &
a & Eecentricity g
Eccenticay :|0 m Q
Whes| Spacing: || m o
Lane Width |16 m P
Vehicular Load Distrbaion O
® Lane Elemer © Cioss Beam i 0
Cross Beam Group e =
=]
Shew B
Sl % [l Sl(de) 5]
=]
&
Seleciion b <t
® ZRalms o Picking = Number il
T Jr Lenth0 L Lenthn — L [
W b o
oo m ¥ el
Opratons Sl o
M e | Ddme o
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Figure 37. Traffic Lane Input Dialog & Input Result



Construction stage analysis for FSM using general functions

» Definition of Vehicle Loads

Define the vehicles for live loads.

Load / Moving Load Analysis Data / &= Vehicles

¢ MIDAS/Civil Standard Name > BD 37/01 Standard Load ®
g?:;:;g t\Teehicle Vehicular Load Name > HA & HB(Auto)
Vehicular Load Type > HA & HB(Auto) OK | 4

loads such as BS
5400, BS BD 37/01,
AASHTO Standard,

AASHTO LRFD, e —

Caltrans, etc.

‘tehicle Mame Type Add standard
HA & HE(Auto) Standard

Add User Defined
Modify

Delete

Close

Figure 38. Definition of Vehicle Loads

Standard Name

[BD37/01 Standard Load [+

Wehicular Load Properties

Vehicular Load Name : HA & HE(Auto)

Vehicular Load Type ©

HA Loading

HE Loading

H& Lane Factor

@ BD 30
User-defined

[ 1 |
[ [
/OO km L es m

BT gem (80 el <= 1600

m
KR/ 1600 oL m
kM po= 10

m Mo, of Units |30
m d= |5 m
D3= D2ed = |11 m D5= Dzedd = 21 m
D4 = D2+2d = m  DB= D2+dd = |26 m

oK cancel Apply

Figure 39. Definition of BD37/01 Standard Vehicular Load
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ADVANCED APPLICATIONS

$¢  Load factors for
HA loading for ULS,
SLS, Combination 1
and Combinations 2
& 3 are taken from
Section 6.2.7 of BD
37/01. Load factors
for HB loading for
ULS, SLS,
Combination 1 and
Combinations 2 & 3
are taken from
Section 6.3.4 of BD
37/01. These load
factors are
automatically
incorporated into
moving load analysis
results. Therefore, to
avoid duplication, the
user should not apply
the load factors for
moving loads while
generating the Load
Combinations.
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» Conditions for applying live loads

To consider Load Cases, which combines the effects of HA and HB vehicle, Load case
name MV U1, MVU23 MVS1andMVS 2 3 are created as below.

Type of Design Combination Factor

L N : —_—
oad Case flame Ultimate Limit State @ | Serviceability Limit
State
Combination Combination 1 MV U1 MV S 1
o Lol Combination 2 & 3 MvU23 MV S23

Table 1. Definition of Load Case Name

Load / Moving Load Analysis Data / @ Moving Load Cases

Click pdd |

Load Case Name (MV U 1)
Check on Auto Live Load Combination
Type of Design Combination Factor>Ultimate Limit State
Combination of Loads>Combination 1 #dd J

Load Case Data
Scale Factor field (1) ; Number of Loaded Lanes (2)
Vehicle>HA & HB (Auto)

Assignment Lanes
List of Lanes (Lane 1 left, Lane 2 right) -_>| Selected Lanes
0K J

Apphy o
Load Case Name (MV U 2 3)

Type of Design Combination Factor>Ultimate Limit State
Combination of Loads>Combination 2 or 3 Apply J




Construction stage analysis for FSM using general functions

Load Case Description A Load Case Mame : MW 323

Add

Modify

&) Auto Live Load Combination
Delete

~ Type of Desian Cormbination Factar

@ Ultimate Limit State
0 Serviceability Limit State

Close -~ Combination of Loads

© Combination 1
@ Combination 2 or 3

~Sub-Load Cases

Loading Effect
[ © Combined @ Independent

vehicle Scale Lanel Lansz2
Ha&aH.. 1 Lane ... Lane

Add Modify Delete

Canesl Apply

~Load Case Data
Scale Factor D
MWumber of Loaded Lanes : |2

Vehicle : [HA & HE(Auto) v | ...

—Assign Lanes
. HE Straddling
List of Lanes Selected Lanes Twao Lanes
Lane 1 left
Lane 2 right
- =
<= s
oK Cancel Apply

Figure 40. Definition of Live Load
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ADVANCED APPLICATIONS

Differential Settlement

» Definition of Differential Settlement Groups

Select the nodes, which can settle simultaneously, representing the abutments and piers,
to individually define them as a Settlement Group.

Load / Settlement/Etc. / % Settlement Group
Group Name > Al ; Settlement Displacement (-0.01)
4 Select By Window (61, 62) Add |
Group Name > P1 ; Settlement Displacement (-0.01)
[ Select By Window (63, 64) Add |
Group Name > P2 ; Settlement Displacement (-0.01)
4 Select By Window (65, 66) Add A
Group Name > A2 ; Settlement Displacement (-0.01)
4 Select By Window (67, 68) Add A

borT i
TEHiEE: O - 5=n|z' at Settement  Co Inm P te Load S

z R et ment  Conoure e-composite Load Sequence
@ mwngload  (5) Heat of Hychation Gup  Lood Caes Reactonbrop | Sect :

Load Type: Settlement Analysis Data | 3 |

RETT
i

I e IE g

Setfemeat Group O
Seffemert G 2
eftlernant Group
Group Name :[2
Seflement Displacement Q
-0 ™ o
Hode List £
6768
Were  Cel ) Moselst

20 51 62
B0 5388
Pz 00 B
.t} G

< 5
Operafions
& Modly Dokt

s

9,990 6@ O008 08

W [elm o] < [noe] T2/ 2 2

Figure 41. Definition of Differential Settlement Groups
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Construction stage analysis for FSM using general functions

& Sincethe
magnitude of the
settlements of all 4
groups is identical,
only a maximum of
3 combinations is
used.

» Conditions for Differential Settlement Loads
Using the data for differential settlement groups, the loading condition is defined.
Maximum/Minimum numbers of differential settlement groups are specified. Min: 1

support and Max: 3 supports are specified to investigate all the possible combinations
of simultaneous settlements from which Min/Max results are produced.

Load / Settlement/Etc. / ‘@ Settlement Load Case

Load Case Name (SM)
Select Settlement Group
Settlement Group (A1, P1, P2, A2) —_>| Selected Group

Smin (1) ; Smax (3) ¢ Add |

@stateLs e A f i =]
(@) Temp.Prestress (%) Canstruction Stage (0) Load Takles + dic 111 S’
S Se—— Settiement Settlement  Concurent  Precomposte Load Sequence
e g i e Goup Lo Cases ReacbonGroup  Secton o Norinear
o Trpe Seftement Arakyss Data E |
o
Setfement Load Cases &
a
Seftement Load Case
Laad Case Hame : [SH
Select Sesement Group 3
Sefemen Selected p
it Grous
A £ 4
il
>
0
.
< : @
=]
o
Smin: [1 2] Sman3 =
= < =
Scale Factor : 1 A
Desciplon -
B =
|
loeiCe Gl =]
ALPLPZAZ e
o
o
o
B B
Operations.
Al sy Dl 4 Mol view,

Command Message | Jndyisessae |

b))+

Wi e [m [x] < 4 (0 [ron) 2T 2

Figure 42. Definition of Loading Conditions for Differential Settlements
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ADVANCED APPLICATIONS

Definition of Construction Stages

We refer to the composition of construction stages outlined earlier to define the stages.

Load / Construction Stage / [ﬁ% Define C.S
Add |

Name> CS1
Duration>30
Element tab
@ Concrete Group List>SG1 ; Activation>Age (5) ® | Add
maturity (age) of 5 Boundary ta.b
days is activated. Group List>BG1
Activation>Spring/Support Position>Deformed (on) Add
Load tab
Group List>Dead, PS1, Diaphragm1
Activation>Active Day>First Add | J

Stage (days) Element Boundary Load
CS1 30 SG1 BG1 Dead, PS1, Diaphragm1
Cs2 30 SG2 BG2 PS2, Diaphragm2
Cs3 30 SG3 BG3 PS3, Diaphragm3
Cs4 10,000 - - Superimposed dead
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Construction stage analysis for FSM using general functions

Stage
— hidfuna Spe Stge: (€SI
. . TR Name csi
= 0z Ouraton: |
(Bamde: 13700 ) Mt Gex .
v Fosl
a6l = . el Seps
Septurber T B Curren Soe FFoman..
et | Boundary | Load
Gz
— Group List
- Deartfvaiion.
Bement Fuce -
= dayls) | Redisnibaton: 110 % o
Group L
Add Foify | Del= Al Modfy  Delte
o Concel Aaoly
Stage
Sage:  [CST
Neme:  (cSI
Durston ;30
Save flasult
# Shage padiionl Sieps
Cument S0 Infcrmaton.

Benant | Boursy | Load
S L.
il
BEan

bidtional Steps
Day : [0 ikl el
( Evample: 13,7, 18 ) Moy | gew
s S
S0 | Ganeraion
Step Number <0 (9]
Gererate Sas
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Sugpar / Soring Postion
© Original @ Distarmed
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Bal Oetormed
At || vodky | ovken i Deiets
£ Cancel sty
Addianal Sieps
Doy [3 s || oo
| C Exampies 137,14 3 Eodfy || geor
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Inactiva Day : [First_|w |dayts)
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name Hisme Dy,
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201 | mosty | Duets 201 | mosty | pete
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Figure 43. Dialog Boxes for defining Construction Stages
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ADVANCED APPLICATIONS

Performing Structural Analysis

Select the analysis options for construction stage analysis and moving load analysis and
perform analysis.

Construction Stage Analysis

All the dead loads applied during the construction stages are included in CS:Dead Load.
If results for other Load Cases need to be separated from CS:Dead Load, such Load
Cases need to be selected in “Load Cases to be Distinguished from Dead Load for C.S.
Output”. Separate results are then produced in CS:Erection Load.

Analysis / Construction Stage Analysis Control

Load Cases to be Distinguished from Dead Load for C.S. Output
Load Case>Superimposed Add |
§@ Check on “Save Save Output of Current Stage(Beam/Truss) (on) # i
Output of Current
Stage (Beam

[Truss)” to produce , E > E ;

member forces

Final Stage Cable-Pretension Force Control
generated only from ]
© Last Stage Other Stage v @ Internal Force Exzternal Farce
each (current) —
stage. Thatis, not = - Initial Force Contral
! Festart Construction Stage Analysis  Select Stages for Restart... Convert Final Stage Member Forces to Initial Forces for Post C,5,

the member forces -
&nalysis Option

accumulated up to Include Monlinear Analysis  Nonlinear Analysis Control Change Cable Element to Equivalent Truss Element for PostCS
that (Currem) stage. Apply Initial Member Force to C,5,
Initial Tangent Displacement for Erected Structures
Include P-Delta Effect Only P-Delta Analysis Control 8 :

¥

« Include Time Dependent Effect Time Dependent Effect Control
v

Load Cased 10 be Distnguished frarm Dead Load 1of C. 5, OUpu

Load Case Consider Stress Decrease at Lead Length Zone by Post-tension

Superimposed |» | ., | Load Case

- Add
Superimposed

Delsts Beam Section Property Changes

Congtant @ Change with Tendon

Load Type for C.5, (Erection Load) @ | Dead Load of Wearing Surface v |
Frame Output

Calculate Concurrent Forces of Frame

1% Checking on « Calculate Output of Each Part of Compasite Section
« ;
Change with « Save Dutput of Current Stage(Beam,/Truss) |
e
Tendon” in “Beam Remove Construction Stage Analysis Control Data O Cancel

Section Property
Change” will reflect
the effect of Figure 44. Construction Stage Analysis Control Data
tendons for

calculating section

properties by

construction

stages.
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Construction stage analysis for FSM using general functions

€ Specify the
number of points
per beam element
on which influence
line is calculated.
A number between
1to 10 can be
specified.

£ “Concurrent
Force” will generate
member forces,
which take place
simultaneously
under the same
loading.

€ Checkon
“Combined Stress”
to generate
combined stress
results.

£ A substantial
amount of results
are generated from
moving load
analysis. Only the
desired parts
should be selected
in groups for output
generation.

Moving Load (Live Load) Analysi

S

Select the method of influence line calculation and the options for generation of analysis

results.

Analysis / Moving Load Analysis Control

Influence Generating Method > Number/Line Element (2) ¢

Analysis Results

Frame>Normal + Concurrent Force #
Combined Stress Calculation (off) ¥

R

Influence Generation Method

|9 Mumber/Line Element :

7 L2 |

~ Distance between Points

Analysis Results

Plate
Center

Framne
Maormal

® Center + Nodal

® Mormal + Concurrent Force||

Stress Calculation

Calculation Filters
+ Reactions
o All

+ Displacermnents
o All

v Forces/Moments
o Al

Cornbined Stress

Calculation
Group : [v ]
Graup : [
Group : [
oK Cancel

Figure 45. Moving Load Analysis Control Dialog

Execution of Structural Analysis

We have completed the process of structural modeling and defining the analysis options,

so analysis can begin now.

Analysis / B Perform Analysis
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ADVANCED APPLICATIONS

Checking Analysis Results

46

Construction stage analysis results will be reviewed via the versatile functionality of
midas Civil.

Element Properties & Section Properties for each Construction
Stage

The properties of each element used during the construction stages are produced in a
table.

Select a stage to see the corresponding data; initial (Start) age, final (End) age, initial
(Start) modulus of elasticity, final (End) modulus of elasticity, shrinkage accumulated up
to the end of the corresponding stage and creep coefficient.

When a construction stage is selected, only the results pertaining to the corresponding
stage are produced. The Post CS construction stage is selected followed by pressing
the Apply button to change the result values as below.

Results / Result Table / Construction Stage / Element Properties at Each Stage

PostCS (Post construction stage)

g fisveses - E BeamEement - | G Moceshosst | fhhulnesc | b Teuts | UG Contl -

e * i D 0, Suatsces < | [k, TH GapnTest = | | CanterResctin *

oo WForces T Y Remts * < Redhction Marment 2 Mavrg Tracer - R Tendon Loss Gragh
Hargiod |

<]+ J\Flement Propertie:

Ll
W T Tl A 8 ol 2

Figure 46. Element Properties at each Construction Stage



Construction stage analysis for FSM using general functions

& In the *.out file,
we can see the
section properties
for all the stages in
addition to those for
the final stage.

Transformed section properties used in the last stage of the construction stage analysis
The properties may change with change in modulus of

are produced in a table.

elasticity (if a time dependent material is used).

And if tendons are included in sections,

the tendon properties and the timing of grouting will affect the section properties.

* In order to reflect the
Tendon in  section
property calculations,
“Change with Tendon”
needs to be selected in
Construction Stage
Analysis Control.

* |f “Change with Tendon” is selected, and “Bonded”

type in “Tendon Property” is selected, the Tendon
the section
Otherwise

will be reflected in

calculations.

Beamn Section Property Changes
’7 ~ Constant {= Change with Tendon

Bond Type
& Bonded
¢ Unbonded

property
(in  case of

“Unbonded”), the Tendon is excluded and the net
section is used in the calculations.

The section properties at the last stage are used for calculating stresses due to
additional loads applied at the completed stage such as moving load, temperature load,

wind load, etc.

Results / Result Table / Construction Stage / Beam Section Properties at Last

Stage

Translational Distance &
Iax lyy lzz Cyp Cym Czp Czm Whrea
') 3 ) m (m} (m m () Localy | Localz
m m

12 T 557 ] 7250 1550 [EE] RE] G208 0000 -0.008%
1 159795 a5 2sean 42500 42500 12154 1.7546 62087 00000 -0.0060
153795 7055 esgam 4.2500 22500 12154 1,784 62087 o000 0,006
159798 7stes  eeesss 42500 42500 1217 1,728 62087 00000 -0.0077
15379 Tstes  zsaz 42500 42500 1217 1.7528 6.2087 00000 -0.007T
159795 Ts5  zsoieh 42500 2500 12164 1.7516 62087 00000 -0.0080
159798 o35 easiel 42500 42500 12184 1.7516 62057 00000 -0.0080
15979 Tea2 2aen 42500 42500 12198 1,708 62087 00000 -0.0088
15,979 sz zaein 42500 42500 1215 1.7508 6,208 00000 -0.00
15979 Tese  zsone 42500 42500 12198 1.7201 62087 00000 00105
159798 7555 2aene0 42500 42500 12168 1.7801 62087 00000 00105
15979 Tesss zesnm 42500 42500 1220 1.7798 62087 o000 -0.0107
15979 sses  zsenm 42500 42500 12220 1.7788 62087 o000 0107
159798 7S5 esgo 42500 42500 1,226 1,758 62057 o000 -o0i07
15979 = 42500 42500 1.2201 1,779 62087 o000 00107
153795 Tees  zsenm 22500 42500 1.220 17798 6.2087 00000 -0.0107
15979 Tses zsonm 42500 42500 1220 1,779 62087 00000 00107
159798 =TI 42500 42500 1.22m1 1,779 62087 o000 00107
15979 essi zesnm 42500 42500 1.2200 1,779 62087 o000 -0.0107
15979 Tssa1 esomes 42500 42500 1220 1,778 62087 o000 0107
153795 Tsss7  esoues 4.2500 22500 1.22m 1,775 62087 o000 00107
15979 Teis  eegie 42500 42500 1216 1.7805 62087 ooo0 00101
15379 Teims  zesi 42500 42500 12185 1.7505 6.2087 ooo0 00101
159795 Ts2s  zseum 42500 2500 1217 1.7523 62087 o000 -0.0083
159798 Ts25  eaeams 42500 42500 12177 1.7823 62057 o000 -0.0083
159798 e zesEm 42500 42500 12188 1,750 62087 o000 -0.0052
15,979 oo 2sean 42500 42500 1214 1.7654 6,208 o000 0.0z
15979 Tees  zaonm 42500 42500 12102 1,755 62087 00000 -0.0008
159798 ] 42500 42500 12102 1,708 62087 00000 -0.0008
15379 o5 zases 42500 42500 1.2060 1.7340 6.2087 0.0000 00034
159795 oS zseas 42500 2500 1.2060 1.7540 62087 0.0000 0.0034

1R S74R 7 42500 12045 17488 A2NAT AR nnda; £

TN at Last Stage / < >

EEIEREgP, R esult-[Beam Section Properties at Last Stage], b

Figure 47. Section Property Data at the Last Stage
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ADVANCED APPLICATIONS

48

Checking Construction Stage Member Forces & Stresses

Member forces can be checked in a diagram using the Beam Diagram function. If a
beam element is selected after invoking Quick View, member forces at any particular
point on the selected element can be checked in detail.

Results / Forces / 4 Beam Diagrams...
Cs4
Load Cases/Combinations>CS:Summation ;
Components>My
Display Options> Solid Fill
Type of Display
Contour (on) ; Legend (on) Apply A

Step>Last Step

Type of Display>Quick View

G Hrexios ftstess Zeamnec Lo & pfu lnes | B THRests~ | 2 Gt Contal - B =
] Dsfamsiins ~ 1§ Dagran ~ ocal Diectin } & I, Surfaces ~ | [E THGephyTest * | [ CamberfReaction * . ) e
-mL;;atim Vifwest Y Reats & Moving Teacer * | [ Stage/Step Graph | 1 Tendan Less Greph Bgﬁ;;‘ﬂg C\‘j:,n "T':S”ﬁ -
d — Fomaload Tretst | ET Tedt | TS|

- PEESPEIADIOEE MR

. N BIDaS/Civil a
= imat. . [ s 1k posT-sencesson |-
Load Cases/Combinalions B
C§: Summation [ N
Sten |Last Step . - a

5 R LN a

o

Components b
Par [Totl . -4
Fe e Element |31 ¢

FoooR ofe Select Load/Step/Comp. =

oM oM oM Load Case [C5: Sunmaton [,

Step LastStop = (5]

Componert. My v @
Display Opians Jix]

© SPOiNts | g Ljne Al ]
Type ofDisplay Fesut Value I}
 Contowr | el . Vol [5e0B | < =}
Valoes .| legend ... JEnd 110200 Hm DATE: 0%ziz0lz |t
primate . Undefommed Max 150008 P eee— :31
bl [ SETY R
Ou\umsm‘wm Veke [FBEE [ [1F o = o
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Figure 48. Checking Member Forces at CS4



Construction stage analysis for FSM using general functions

£ Top-Bot chord
stresses for each
construction stage
can be also
checked in Bridge
Girder Diagram. In
case of a PSC
section, Beam
Stresses (PSC) can
be used to check
Contour in the
Model View state.

Using the Beam Stresses(PSC) function, the stresses in a PSC section can be checked
in a diagram. Atotal of 10 locations, Top/Bot vetices (1 to 4), Center (7 & 8) and shear
checking points (5, 6, 9 & 10) defined at the time of defining the PSC section, can be
checked.

Let us check the bottom chord stress for CS:Summation at the last construction stage.

Results / Stresses / Eff| Beam Stresses(PSC)...
cs4 @
Load Cases/Combinations>CS:Summation
Section Position>Position 3
Components>Sig-xx(Summation)
Type of Display
Contour (on) ; Legend (on)

;  Step>Last Step

¥4 Siresses
¥ Diagram ~
£ Y Resits -

T peanyBerment = | & Moge Shages ~ A b nes ™ | b THResuts - m ﬁ @

o gk & il Surfaces | [B THGaphText - - “’m <y o
5 oy Tracer - | 5, Stzpettep Graph 1 Tendon Loss Gragh ’gim Soh| Grae
Momgload | Timebtory Bridge et [T |

Max,Min Abs Max
Companents.
Si

Sig-Is{shear=torsion)

SgPsl 0 SigPe? o——
Disolay Options £5: Swascion 4
Scale Facioe [1.00000 lesuStm |4
Fill Tyve e o
Mo ®lne o Sold m:n B
= FILE: 14 e

Tvpe of Display IT:
%/Contowr ., CDelarm nm: o P
IAE: Wj2a0l2 |
Vahies ... @ Legend .. TERIGETIN | -
frimate ... ) Undefomed : 2l
Mirored .. 1‘ &
Walue Quiput Location a0

4 ', Model View,
apply  Cose

ITUTAL SOLUTION TIEE..:  695.67 [SEC]
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Figure 49. Bottom Chord Stresses at the Last Stage
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ADVANCED APPLICATIONS

Using User Defined Diagram, different results (displacements / member forces /
stresses) for different elements/groups can be produced.

We will generate results for displacements in the left span, bending moments in the
middle span and stresses in the right span in a single diagram simultaneously. Let us
check displacements / member forces / stresses for CS:Summation at the last
construction stage.

Results / Diagram / Define Diagram...

_ Ccs4 @
§  Combined .
results can be Element>1to16 ;  Type of Result>Displacement
produced only in Component>DZ  ; Group Name>Disp Add |
the same Element>17to35 ; Type of Result>Beam Force/Moments
construction stage. Component>My  ; Group Name>Force Add | J
Element>36to52 ; Type of Result>Beam Stresses(PSC)

Section Position>Abs Max ; Components>Sig-xx(Summation)
Group Name>PSC Stress _ Add | |

€ Output option
can be selected in
Results / Diagram / Plot Diagram...
Load Cases/Combination>CS: Summation
Diagram Group>Disp(on), Force(on), PSC Stress(on)

o rws = B TH Rt < | % Cabke Corl ™
4 i, Sufaces * | |5 TH GraphiTest ~ | = CanborfReaction *
8 Mawng Tracer | & Staga/Ston Graoh | B, Teron Lo sth. T iigns  oumet | T -
ok staoe v Lo T ey | Freis Tt | e |

RN

Grder  TEmt  Reaits

- HE=SPMIE A6

Losd Cases/Cambinatians
CS: Summation
Stog Lust S

b
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Moy Display Option
Scala Factor
® A |
Ref, Value
Scale Facwr
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Diagram Option
color [N - ® N

Scale 2 Solid

g
)
AU >B008I00 5

« Display Values

Decimal Palnts 3 =

Set Orientation
Output Section Locatlon

Abs Max & Min/Max
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Construction stage analysis for FSM using general functions

€& If “Multi LCase”
is selected, the
results history of
the component of
the corresponding
element for a
number of Load
Cases can be
checked.

Checking Results using Graphs

The change in stresses with the progress of construction stages in the support element
(No0.36) will be checked in a Graph.

Results / Stage/Step History Graph

Cs4

Define Function>Beam Force/Stress Add New Function | 4
Name(36_ax) ; ElementNo.(36) ; Stress
Point>I-Node ; Components>Axial

Name(36_b(+y)) ; Components>Bend(+y) J
Name(36_b(-y)) ; Components>Bend(-y) .
Name(36_b(+z)) ; Components>Bend(+z) .J
Name(36_b(-z)) ; Components>Bend(-z)

Mode >Multi Func. ®
Step Option>All Steps
Load Cases/Combinations>Summation .

“?Jj 9% Stresses = | I BeamjBlment © . Mods Shapes & Infu. Lines [t T H Resuits = % Cable Contral E] Ej
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Check Functions Ta Plat

Moy Delste

Load Cases/Combinafions
Summtion

Gragh Tidle : |Summation
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Figure 51. Change in Stresses with Construction Stages
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ADVANCED APPLICATIONS

52

Checking Results using Tables

Tables are also useful in checking construction stage analysis results. Tables can be
manipulated in various ways by right-clicking on the tables.

From “Records Activation Dialog”, tables can be generated by selecting elements to be
checked for stresses, load cases, construction stages (steps), elements on which points
of stress output are required, load cases, construction stages (steps), stress output
locations on elements, stress output locations on a section, etc.

The Sorting Dialog allows us to sort/arrange the data based on the sorting criteria. The
Style Dialog allows us to change the data type and produce results.

Let us check top vertex stresses for CS:Summation at the last construction stage.

Results / Result Tables / Beam / ¥z | Stresses(PSC)

2 Records Activation Dialog
Element Loadcase/Cambination Stage/Step Part Number | Section Pasition
Al Nore Inverse Prev [Dead Load(CS) CJCS1:002(1ast) VPart i mPos-1
Erection Load(CS) CCS2:m0201ast) Pt 174
[ [z [MtoB2 | CTendan Primany(Cs) CCS3M2Alast) CRan 24
[Tandan Secondary(CS) OS2 ast) Part 34
[Creep Primary(C3) [ Min/Maximan

[ T ad | | Ocreep Secondan(CS) CMin/Max:min
[JShrinkage Primary(CS)
Delete []Shrinkage Secondary(CS)

Replace

Intersect

oK Cancel

I s = B TH RS < U Gl ot
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1 Tendan Loss Grah

it C5€
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Figure 52. Checking Top Chord Stresses using Table




Construction stage analysis for FSM using general functions

In “Construction Stage Analysis Control” dialog box, if “Save Output of Current Stage
(Beam/Truss)” [ Save Output of Current Stage(Beam/Tiuss)  option has been checked on, we can
generate the member forces resulting only from the corresponding construction stage

(not the member forces accumulated up to that stage).

So in order to produce results

for the un-accumulated effects of one given construction stage, check “Current Step
Result” for all the stages.

Results / Result Tables / Beam / ¥z| Force

‘i Records Activation Dialog ‘

Mode or Elernent Loadcase/Combination Stage/Step Part Nurnber
all Nane Iriverse Prev [(Dead Load(CS) WS 100200 ast) pPart |
[JErection Load{CS) WICS2:002asth [Part 1/4
n |2 JTendon Primary(CS) CIPart 2/4
[(Tendan Secandary{CS) [IPart 3/4
Elaloet U [ICreep Primary(C3) WFart |
Elemnent Type [ Add [CICreep Secondary(CS)
TRUES = []5hrinkage Primary{CS)
BEAM Delete [CI5hrinkage Secondary(CS)
Etﬂg STRESS 5
PLANE STRAIN Genlas
ARISYMMETRIC
SOLD b Intersect
Current Step Result
0K Cancel
Axial Shear-y Shear-z Torsion Moment-y Moment-z
Flem | Load | stage | Step | Parl |y, ‘ (kN (kN) ‘ kil m) (kN m) ‘ (k- m)
b [ Summadti C51 00lasty  I[20] -10298,16 0,00 1802,79 0,00 -1447,4 0,00
20 Summati C32 00Zlasty  ([z0] -17587,13 -0,00 253,98 0,00 -1650,50 -0,00
20 Summati C53 00lasty  ([20] -17507,52 -0,00 319,25 0,00 -1514,36 -0,01
20 Summati 54 00lasty  ([20] -16088,57 -0,00 -485,95 0,00 -4533,07 -0,00
20 Summati Min/Max | max I[z0] -10296,16 0,00 1848,67 0,00 -1083.72 0,00
20 Summati Mindtax | min I[20] -17786,08 -0,01
Accumulated member forces
at each construction stage
Axial Shear-y Shear-z Tarszion Moment-y Moment-z
Elem | Load ‘ S || Sk ‘ Fart (e ‘ k) ‘ Cen ‘ (kN-m) (kN m) ‘ (kN-m)
» ] summati ©S51 00Zlasty  1[20] 97,94 0,00 -71,12 0,00 10,11 0,00
20 Summati C32 00lasty  I[20] 68,591 -0,00 -15,28 0,00 -104,60 -0,00
20 Summeadti C5 3 00lasty  1(20] 4,75 -0,00 -4,89 0,00 -92,17 -0,00
20| Summati CS 4 00Zlasty  1[20] 125,87 0,00 -21,88 -0,00 -43.4 0,00
20 Summati Min/Max | max Irz0l 0.00 0.00 0.00 -0.00 0.00 0.00
20 Summati Min/Max  min 1| 0,00 T T T T 0,00

Member forces solely due to

the corresponding stage

Figure 53. Member Forces due to the sole effect of Current Stage (below)
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ADVANCED APPLICATIONS

Prestress Losses

We can check the change in tendon tension at each construction stage due to prestress
losses.

In the “Tendon Time Dependent Loss Graph” dialog box, only the tendons included in
the stage selected in the “Stage” selection window can be checked. A Graph is
generated for selected tendons, selected Stage and selected Step. Click Animate
to check the results in an animation.

Results / Tendon Time-dependent Loss Graph

Tendon>A1L Animate J
& Tendon, Time endent Loss Graph
Tendon @ | A1L - Stage @ | CS1 |V] Step 1|La5t Step |V] Animate
Tendon:ATL Stage: C31 Step:Last Step

21z3.26

2023.26 =
—_ T
g 1923 .26 —
= 1523.26
§ 1mze.zs e~
o 1529.26 .
': 1523.26 e, S
S lazs.ze
= e |
5 1328.28 1
F o 1zes 26

1123.26

1023.26

i 10 12 15 zz H3 20 24 28 4z 46
Distance (m)
| Close
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Figure 54. Graph showing Loss of Prestress Forces




Construction stage analysis for FSM using general functions

Checking Tendon Information
The tendon information used in construction stage analysis can be produced in a table.

The coordinates of the tendons placed in elements are produced.

Results / Result Tables / Tendon / Tendon Coordinates...

¥ Y 2

Tendon Name Nao () | (m3 ‘ ) ‘
» 0, 00000 00000 0,0000
AL 1 00000 24660 -1,0000

&1L z| 06250 24502 -1,0780

A1 3 12500 24341 -1,1583

&1L 4| 18750 24176 -1.2420

A1 5| Z5000) 24004  -1,3281

A1l 6 51250 2,3828) 14157

&1L 7| 37500 23656 15018

A1 8 43750  2,3483] 15837

A1 9/ 50000 23340 106802

A1 10/ 56250 23187 -1,7318

A1 11 62500  2,5053 -1,7954

&1L 1z E8750 27933  -1,8607

Figure 55. Tendon Coordinates Table

Elongation of tendons is produced. Timing of tensioning each tendon, elongation of
tendons and elements at the start and end points of the tendons and their sum are
produced.

Results / Result Tables / Tendon / Tendon Elongations...

Tendon Elongation Element Elongation Summation
Tendon Name Stage Step Begin End Begin End Begin End
{m} {m) {m} {m} {m) {m}
oo1{first 0,2766 0,0000 0,0005 0,0000 02770 0,0000
0{first 02766 0,0000 0,0005 0,0000 02770 0,0000
oo1{first 02785 0,0000 0,0005 0,0000 0.27589 0,0000
oo1{first 02785 0,0000 0,0005 0,0000 0.27589 0,0000
oo1{first 02789 0,0000 0,0005 0,0000 0,25803 0,0000
oo1{first 02789 0,0000 0,0005 0,0000 0,25803 0,0000
oo1¢first 0,2525 0,0000 0,0005 0,0000 0,2529 0,0000
oo1{first 0,2825 0,0000 0,0005 0,0000 0.2529 0,0000
oo1{first 0,2569 0,0000 0,0004 0,0000 02573 0,0000
00{first 0,2569 0,0000 0,0004 0,0000 02573 0,0000
oo1{first 0,2509 0,0000 0,0004 0,0000 0.2513 0,0000
oo1{first 0,2509 0,0000 0,0004 0,0000 0.2513 0,0000
001¢ first 02818 0,0000 0,0005 0,0000 0,2822 0,0000
oo1{first 02815 0,0000 0,0005 0,0000 0.2522 0,0000
E4L C52 oo first 02545 0,0000 0,0005 0,0000 0,2853 0,0000

Figure 56. Tendon Elongation Table
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ADVANCED APPLICATIONS

The effective stresses and effective prestressing force in the tendons can be checked
by group and construction stage. Vertical and horizontal force components of the
tendons can be readily obtained from the distance from the centroid of the section to the
tendon group and the orientation of the tendon (direction cosine).

Results / Result Tables / Tendon Arrangement...

En Part ‘ Tendon p ‘ Zp Awerage Sin 8 Average Cos @ ‘ Average Stress | Average Force
Number {m} (m} ([degl} ([deqly (kNAme)
The arrangement data for tendon group [A1] at the stage of [CS1]
“ Select a au Stage Apply

construction stage [l 0 2 0,0000 0,2004 -0,1301 -0,9915 1140860,7579 1838,1548
1 ]J 2 00000 -0,1187 -0,1301 -0,8915 1166573,4564 1880,2275

and click = #mly | 1 z/l 2 00000 -0.1187 -01317 -0,8915 1166873,7852 1880,2262
1 z[J 2 00000,  -0,4507 -01317 -0,8915 1196465,5743 18277458

to produce the 1 3l 2 00000 -0.4507 -0.1028 -0,8047 1196466,5047 19277465
results 1 Bl 2 00000,  -0,7080 -0,1028 -0,9947 1226038,9033 1976,6163
1 41 2 00000  -0,7080 -0,0738 -0,9973 1226039,2614 1976,6169

corresponding to _ 40 2 00000,  -0,6934 -0,0738 -0,9973 1250906,0447 2015,4598
1 s[i 2 00000 -0,6934 0,042 -0,8990 1250306,3043 015,602

the stage. ] 5. 2 00000, -1,0039 -0,0482 -0,3990 1222161,0060 1968,1456
1 6l 2 00000, -1,0039 -0,0147 -0,9993 1222161,1722 1969,1461

1 6 J 2 00000,  -1,0408 -0,0147 -0,8988 1194626,3057 1824,7613

1 gill 2 00000,  -1,0408 0,0000 1,0000 1194626,3552 1824, 7620

1 7l 2 00000  -1,0405 0,0000 1,0000 1174713,4255 1592,6963

1 8/l 2 00000  -1,0405 -0,0000 -1,0000 1174713,4298 1892,6983

1 8 2 00000,  -1,0405 -0,0000 -1,0000 1155564,6599 1861,8458

1 all 2 00000,  -1,0408 0,0001 1,0000 1155564,6595 1861,6458

1 alJ 2 0,0000  —1,0404 0,0001 1,0000 1136158,1002 1830,5773

Figure 57. Tendon Arrangement Table

The effective stresses & forces in the table above are the results reflecting both
immediate and long-term losses of the tendon. If the effective prestress forces for the
immediate losses (friction, anchorage slip & elastic shortening) other than the long-term
losses are of interest, right-click on the table and check the forces from “Tendon
Immediate Loss Graph”.

¢ Tendon Immediate Loss Graﬁh b4
Tendon Group: | A1 + | Tendon Profile: | A1L v
Tendon Group:Al Tendon Profile: ATL
2250
TFL

z1s50 =TSL
E Z080
= 1950
u
O 1850
a
= 1750
2  1e50
b
= 1550
@
B 1las50

1380

i s e e e e O B Y B B |

o & & 1z 18 20 e4q 28 22 36 40 44 &8 52 56 &0
Distance (m)
Close

Figure 58. Tendon Force due to Immediate Loss
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Construction stage analysis for FSM using general functions

€ Selecta
construction stage
and click = amy |
to produce the
results
corresponding to
the stage.

For each tendon group, losses to due friction, anchorage slip, elastic shortening, creep,

shrinkage, relaxation, etc. are separately classified in a table.

Results Tab / Result Tables / Tendon Loss...

Stress Stress(Elasti
Elem | part | (After Immediate Elastic Deform. | = %/ 0 oy Creepﬁr;’;"kage Relaxalion Loss 5"53535;:;‘2&'!8‘;“3) R
L(Dkfws?n'-)A kN/me) S':f:f!’;:)e“ Ckh/me) biry Immediate Loss)
The Loss of tenden group [41] at the stage of [C51]
53] & T

] i 11619586511 267,150 ~13576,4332 ~7768,5808 08818 2,0000
1 s 1189638,2538 31571131 -15003,3760 ~7975,1385 09808 2,0000
1 2|1 1189638,2538 515, 7088 -15003,0450 ~7975.1345 09810 2,000
] 2 1219636,6206 386,7800 1,0003 ~15569,8327 ~8177.5930 09808 2,0000
1 all 1219636,6206 386,728 1,0003 -15569,4858 —8177.5930 09808 2,0000
1 34 1251591 3959 473,3410 1,0004 -15641,3815 -5390,4721 981z 2,000
] Al 1251581 3858 478,3338 1,0004 ~15640,8862 83804721 09812 2,0000
] 4 12742651848 54,6833 1,0004 ~15361,3604 ~8502,4736 09817 2,0000
1 51 12742851849 544,8572 1,0004 -15361,0938 -8542,4736 09817 2,000
] 5. 1244113,8475 52,5986 1,0004 ~14165,0863 ~6340,3438 09824 2,0000
] Al 1244113,8475 52,5843 1,0004 ~14164,8258 ~6340,3338 09824 2,0000
1 6 1215089,1930 521,4844 1,0004 -12818,7387 -5145,6330 0.9832 2,000
1 gl 12150691330 521,4831 1,0004 ~12618,6300 -8145,6330 0.9932 2,0000
] 74 1194131,5608 488,5435 1,0004 ~11801,7021 8005, 2724 09837 2,0000
1 il 1194131,8609 488,5435 1,0004 -11901,7022 -8005,2724 0.9857 2,000
1 a4 11744705756 4735575 1,0004 ~11515,2447 ~7873.5085 0,953 2,0000
] Bl 1174478 6756 4735575 1,0004 ~11515,2451 ~T673,5285 09838 2,0000
1 9y 1155088,5314 475,5742 1,0004 -11840,7201 ~7743,3852 0.9838 2,000
1 1001 1155088,6314 475,5740 1,0004 -11640,7152 ~7743,3852 0.9838 2,0000
] 10 1130187,6617 434,5087 1,0004 122653866 ~T603,1478 09528 2,0000
1 10 11361478817 434,8557 1,0004 -12265,6237 ~7603,1479 0.9528 2,000
1 1 1099335,9226 4851451 1,0004 -12557,5779 ~7369,7619 09823 2,0000
] 121 1098333 5226 4851616 1,0004 ~12558,2697 ~7368,7618 09823 2,0000
1 120 1084511,0072 567,9289 1,0003 -12444,9432 -7136,3145 0,9820 2,0000
1 131 1084511,0072 567,9462 1,0003 -12445,9457 -7136.3145 0.9520 2,0000
] 134 10315853112 262,178 1,0003 ~12472,6640 ~6315,4558 09815 2,0000
1 141 10315853112 262,1380 1,0003 -12474,1168 63154558 09815 2,0000
1 140 996379,1124 220,5014 1,0002 -13507,6980 -6652.9209 0.9800 2,000
] 151 896679,1124 2205053 1,0002 ~13508,0415 ~6662,8208 0,9800 2,0000
<[+ [\Tendon Loss (Suess) £ Tendon Loss (Force) [ E3

Figure 59. Tendon (Tension) Loss Table

Right-click on the table and select “Tendon Time-dependent Loss Graph” to check the

effective prestress forces after accounting for tension losses.

& Tendon Time-dependent Loss Graph

Tendon : |B3L v Stage ! | C5Z v | Step | Last Step v

Animate

Tendon: B3L Stage C52 Step:Last Step
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1z00 —
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¢ oz & &5 3 10 19 18 H zE 20 24 2z 9z
Distance (m)

Figure 60. Tendon Time-dependent Loss Graph
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ADVANCED APPLICATIONS

Tendon type, property and weight for each group can be tabulated.

Results / Result Tables / Tendon / Tendon Weight...

(4]
€ Tendon Weight PostCS

can be produced
only in the PostCS

stage. Tendon Area Length Weight/Length Weight Total Weight
g Tendon Name) ‘ (me) | (my ‘ e it ‘ W

» 1,00 0,001611 43,320353 0,126479 £,111520 £,111520
41R 1,00 0,001511 48,320358 0,125478 6111520 6111520

421 1,00 0,001511 48,345183 0125478 £,114560 £,114550
A2R 1,00 0,001511 48,345183 0125478 £,114560 £,114550

431 1,00 0,001511 48,282773 0,126478 £,105767 £,105767
43R 1,00 0,001511 48,282773 0125478 6105767 6106757

A4l 1,00 0,001511 48,323420 0125478 £,111808 £,111808
44R 1,00 0,001511 48,323420 01256473 £,111308 £,111908

B1L 1,00 0,001511 45,341275 0125473 5734728 5734728

E1R 1,00 0,001611 45,341275 0125473 5734728 5754728

B2l 1,00 0,001611 45,551107 0125473 5,739765 57397655

BZR 1,00 0,001511 45,351107 0,125473 5733765 5733765

B3L 1,00 0,001511 49,512943 0,125478 6,237062 6,237052

B3R 1,00 0,001511 48,512943 0125478 £,237062 6,237052

B4AL 1,00 0,001511 48,338207 0125478 £,240353 6,240353

B4R 1,00 0,001511 48,338207 0,126478 £,240353 £,240353

ciL 1,00 0,001511 32,158596 0125478 4,087520 4,067520
CiR 1,00 0,001511 32,159596 01256473 4,067520 4,067520

coL 1,00 0,001511 32,115616 01256473 4,061857 4061957
CZR 1,00 0,001511 32,115616 0125473 4,061857 4,061957

caL 1,00 0,001611 36,055159 0125473 4561572 4561572
C3R 1,00 0,001511 36,055159 0125473 4561572 4561572

caL 1,00 0,001511 36,026608 0,125473 4,556617 4,558617
CR 1,00 0,001511 36,026508 0,125478 4,556617 4,556617
S 24,00 = 1038,032491 0125479 = 131,289519

Figure 61. Tendon Weight Table
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Construction stage analysis for FSM using general functions

£ When Moment-y
is maximum, other
force components
occurring at the
same time are
produced.

Checking Moving Load Analysis Results

The member forces produced in moving load analysis are the results of maximum values
for each component in the corresponding element.
causing each maximum force component may be different.

As such, the locations of the loads

In order to obtain the concurrent member forces, right-click on the table and use the
We can then check the corresponding force

“View by Max Value Item” function.
components associated with one maximum force component.

Results / Result Tables / Beam / %31

Force

Loadcase/Combination>MV U 1(MV:min)

(Context Menu) View by Max Value ltem
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Figure 62. Moving Load Results
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ADVANCED APPLICATIONS

Checking Stresses due to Combined Loads

Create load combinations.

Results / 5 Combinations
PostCS
Name(Temperature) ; Type>Envelop
LoadCase> Temperature (+)(ST) ; Factor(1.0)
LoadCase> Temperature (-)(ST) ; Factor(1.0)
Name(Top-Bot Temp Diff) ; Type>Envelop

LoadCase> Top-Bot Temp Diff (+)(ST) ; Factor(1.0)
LoadCase> Top-Bot Temp Diff (-)(ST) ; Factor(1.0)

Name(ULS 1) ; Type>Add
LoadCase>Summation(CS) ; Factor(1.15)
LoadCase>Erection Load(CS) ; Factor(1.2)
LoadCase>SM(SM) ; Factor(1.2)
LoadCase>MV U1 ; Factor(1.0)

Name(SLS 2) ; Type>Add
LoadCase>Summation(CS) ; Factor(1.0)
LoadCase>Erection Load(CS) ; Factor(1.0)
LoadCase>Wind(ST) ; Factor(1.0)
LoadCase>SM(SM) ; Factor(1.0)
LoadCase>MV S23 ; Factor(1.0)

Name(SLS 3) ; Type>Add
LoadCase>Summation(CS) ; Factor(1.0)
LoadCase>Erection Load(CS) ; Factor(1.0)
LoadCase>Temperature(CB) ; Factor(1.0)
LoadCase>Top-Bot Temp Diff(CB) ; Factor(0.8)
LoadCase>SM(SM) ; Factor(1.0)
LoadCase>MV S 2 3(MV) ; Factor(1.0)

iLoedCorbinations —

General | SteelDesign | Concrete Deson | SRC Design
Load Combination List Losd Cases and Factors

g

Name | Active | Type | Description LoadCase | Factor
1| Temper Active _ Envelope ¥ 1.0000
2|Top-Bot | Active  Envelope 1.0000
SlULS 1 Active |Add 1,0000
4

SLS 2 Active  Add Top-Bot T 0.B000
5] Active | Add SHI(SM) 1.0000
MV S 23 1.0000

[*[]

ony trpat.. [ree— FrmeE—— Copy i Stael Design

File Mame: |CiWDocuments and SetingsWuserWHIE 2211 Browse Make Load Combinatian Sheet Clase.

Figure 63. Creating Load Combinations
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Construction stage analysis for FSM using general functions

Check stress results due to load combinations.

Results / Stresses / f&i Beam Stresses(PSC)...
Load Cases/Combinations>CBall:SLS 3
Section Position>Position 1
Components>Sig-xx(Summation)

Type of Display
Contour (on) ; Legend (on)

4 Reactions $istreses - T BeamfEement - L. Mode shaes - i nfs Lines ~ [ THReautts " Cable Control IQ @

L || § vefomations - §¥ Dagiam - | 3+ Loca Direction.. . GraphyTest = = Camber Reaction & =
Load | e - HY Resuts ~ | 2 Reduction Moment . St | T Terenloss gy TORSON | Ted | Realts
|combinaten || *2 a I o e =oGah B TendnlosGah “ropon”  oupat | Tabks -

Cambination Realts | Detal I TmeHstory | Eridge | Test | Tabes |

MDA /Cinl
sz mocessn |
Load Cases/Compinasons Er—— S
] S s. 3525800103 | &
E
Sep Lo 5.14354e+003
 Max/Min Disgram s.92853e2003 [ o
Section Position 2.70553e+003 f
OPositn |t L aseszeans|
Positon 2 st £
ety | . 0.00000e4000
Posiion 4 | S I | 5. 519364002
Pasiion § g p { 1 -2.170502£002 | 3
Posiion 6 Posian 7 -3 305101003 | =
Pusiion 8 © Pasiin 9 | o |
Position 10 pa TS B T LA -3.627528+003 B
Mak Min : @
Max/Min s Max ~Jogpgzest0 B
Components CFaLl 313 3 +
Sig-tAial) [ euy 4
Sig-ai(Moment-y) s =
Sig-i(Moment-2) I 1a v
Sig-ex(Bar) UHIT: 8/a* &
@ Sig-oi(Summation) DATE: 07/24/2012 +
VIZU-DIFECTION ‘:4
el &
&
S =
Sig-s(shearsiorsion)
Sig-Psl Sig-fis?
Displas Opions >
Seale Facar 1000000 )
Fill Type
Mo elne 0 Soid =
Tope of Display
wiu‘rwur E:wmj e 7 e B
faues || @legend || 0 W [fm =] B [oole] TEITE 22

dnimare lindeinrmad

Figure 64. Stress Results due to Serviceability Limit State Combination 3
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