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Train Load Analysis as per EN 1991-2

Part 1. Railway Actions

as per EN 1991-2
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Train Load Analysis as per EN 1991-2

1. Relevant Eurocodes for railway bridge

= EN 1991-2 Actions on structures — Traffic loads on bridges

= Section 6 Rail traffic actions and other actions specifically for railway bridges

= Annex C Dynamic factors 1+ for real trains

= Annex D Basis for the fatigue assessment of railway structures

= Annex E Limits of validity of load model HSLM and the selection of the critical universal trainfrom
HSLM-A

= Annex F Criteriato be satisfied if a dynamic analysis is not required

= Annex G Method for determining the combined response of a structure and track to variable actions

= Annex H Load models for rail traffic loads in transient situations

= EN 1990 - Annex A2 Basis of structural design— Application for bridges

= Section A2.2.4 Combination rules for railway bridges

= Section A2.4.4 \krifications regarding deformations and vibrations for railway bridges

MIDAS Information Technology Co., Ltd.




Train Load Analysis as per EN 1991-2

2. Railway Actions

= Actions due to railway operations:
= Vertical loads: Load Models 71, SW (SW/0 and SW/2), “unloaded train” and HSLM

= Dynamic effects

U Actions to be considered separately by the user
= \ertical loading for earthworks
= Centrifugal forces
= Nosing force
» Traction and braking forces
= Aerodynamic actions from passing trains
= Actions due to overhead line equipment and other railway infrastructure and equipment

= Actions for non-public footpaths

MIDAS Information Technology Co., Ltd.




Train Load Analysis as per EN 1991-2

3. \ertical loads — Load Model 71

@ vk=250kN  250kN 250KkN 250kN

g =80kN/m q . =80KN/m
flllllllll, e e
Key

(1) No limitation

» The characteristic values shall be multiplied by a factor a, on lines carrying rail traffic which is heavier or lighter
than normal rail traffic. When multiplied by the factor the loads are called "'classified vertical loads".
This factor o shall be one of the following:

0.75-0.83-091-1.00-1.10-121-1.33-1.46

* The actions listed below shall be multiplied by the same factor a:
—equivalent vertical loading for earthworks and earth pressure effects,
— centrifugal forces,

—nosing force (multiplied by a for a > 1 only),

— tractionand braking forces,

— combined response of structure and track to variable actions,

— derailment actions for Accidental Design Situations,

— Load Model SW/0 for continuous span bridges.

* For checking limits of deflection classified vertical loads and other actions enhanced by a shall be used (except
for passenger comfort where shall be taken as unity).
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Train Load Analysis as per EN 1991-2

4. \fkrtical loads — Load Model SW/0 and SW/2

L o il i o
f=t a e ¢ e a =
Load vk a c
Model [KIN/m] [m] [m]
SW/0 133 15.0 5.3
SW/2 150 25.0 7.0

» Load Model SW/0 represents the static effect of vertical loading due to normal rail traffic on continuous beams.
» Load Model SW/2 represents the static effect of vertical loading due to heavy rail traffic.

» Load Model SW/0 shall be multiplied by the factor a.
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Train Load Analysis as per EN 1991-2

5. Eccentricity of vertical loads (Load Models 71 and SW/0)

* The effect of lateral displacement of vertical loads shall be considered by taking the ratio of wheel loads on
all axles as up to 1,25:1,00 on any one track.

 Eccentricity of vertical loads may be neglected when considering fatigue.

91 R
Q.+ Qp
qw‘quﬂ 'O-ﬂ ’Q'.-Q = (0
qv1+ qu 'le+ Q'.-E = @
q'ﬂ‘ Oﬂ q*.rE‘ GVE 0
| e 92 =2 = 495
i"_. v Q'ﬂ
S B 3
' ro= (3
|
= L =

Key

(1) Unmiformly distributed load and pomt loads on each rail as appropriate
(2) LM 71 (and SW/0 where required)

(3) Transverse distance between wheel loads

Note: This eccentricity is not consideredin the program.
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e S el Train Load Analysis as per EN 1991-2

6. Distribution of axle loads by the rails, sleepers and ballast

1) Longitudinal distribution of a point force or wheel load by the rail

Ovl

Kev

0., 1s the point force on each rail due to Load Model 71 or a wheel load of a Real Train in accordance
" with 6.3.5. Fatigue Train or HSLM (except for HSLM-B)

a 1s the distance between rail support points

* A point force in Load Model 71 and HSLM (except for HSLM-B) or wheel load may be distributed over
three rail support points.
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Train Load Analysis as per EN 1991-2

6. Distribution of axle loads by the rails, sleepers and ballast (continued)

2) Longitudinal distribution of load by sleepers and ballast

M

7
ﬁ 2)

Note: Not considered in the program.

3) Transverse distribution of actions by the sleepers and ballast

[1
[0} <

2

nnnnnnnnn

G 1L

Note: Not considered in the program.

4) Equivalent vertical loading for earthworks and earth pressure effects

Note: Not considered in the program.
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e S el Train Load Analysis as per EN 1991-2

. Dynamic effects

* Factors influencing dynamic behavior

- the speed of traffic across the bridge,

- the span L of the element and the influence line length for deflection of the element being considered,
- the mass of the structure,

- the natural frequencies of the whole structure and relevant elements of the structure and the associated mode
shapes along the line of the track,

- the number of axles, axle loads and the spacing of axles,

- the damping of the structure,

- vertical irregularities inthe track,

- the unsprung/sprung mass and suspension characteristics of the vehicle,

- the presence of regularly spaced supports of the deck slab and/or track (cross girders, sleepersetc.),
- vehicle imperfections (wheel flats, out of round wheels, suspension defects etc.),

- the dynamic characteristics of the track (ballast, sleepers, track components etc.).

* The dynamic enhancement of load effects shall be allowed for by multiplying the static loading by the dynamic
factor @. If a dynamic analysis is necessary, the results of the dynamic analysis shall be compared with the results
of the static analysis enhanced by @ and the most unfavorable load effects shall be used for the bridge design.

» The dynamic effects of a Real Train may be represented by a series of travelling point forces. \ehicle/structure
mass interaction effects may be neglected. For spans less than 30 m dynamic vehicle/bridge mass interaction
effects tend to reduce the peak response at resonance. Account may be taken of these effects by:

— carrying out a dynamic vehicle/structure interactive analysis, (*Not available in the program)

— increasing the value of damping assumed for the structure (*Available in the program)

Note: This tutorial covers the static analysis enhanced by the dynamic factor ®.

11
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Train Load Analysis as per EN 1991-2

8. Dynamic factor @

* A static analysis shall be carried out with the load models (LM71 and where required Load Models SW/0 and
SW/2). The results shall be multiplied by the dynamic factor @ (and if required multiplied by a).

* The dynamic factor takes account of the dynamic magnification of stresses and vibration effects in the structure
but does not take account of resonance effects.

« Structures carrying more than one track should be considered without any reduction of dynamic factor ®.

» Generally the dynamic factor istaken as either 2 or 3 according to the quality of track maintenance as follows:

(a) For carefully maintained track: (b) For track with standard maintenance:
2,16
®, _ M o O, =—————+073
JL, 02 JL, -02
with: 1.00< @ < 1.67 with: 1.00= @3 <2.0

L : Determinant length

* The dynamic factor shall not be used with:
— the loading due to Real Trains,

— the loading due to Fatigue Trains,

— Load Model HSLM,

— the load model “unloaded train”.

Note: Dynamic factor can automatically be calculated using user-defined determinant length in the program.

12 MIDAS Information Technology Co., Ltd.




Train Load Analysis as per EN 1991-2

9. Determinant length

Structural element (Main girder) Determinant length
Simply supported girders and slabs Span in main girder direction
Girders and slabs continuous over n spans with Lyp=kx L,

but not less thanmax L; (i = 1..... nn)

Lm:”n (L1+Lg+..+Lﬂ)
n= 2 3 4 >5

k=12 13 14 15

Note: Determinant length needs to be defined by the user in the program.

10. Reduced dynamic effects

In the case of arch bridges and concrete bridges of all types witha cover of more than 1.00 m, @, and ®; may
be reduced as follows:

h-1.00
—_— 2

red ©,; = @), - 0

1.0
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Train Load Analysis as per EN 1991-2

11. Application of traffic loads on railway bridges

The required number and position(s) of the tracks may be specified for the individual project.

The minimum spacing of tracks and structural gauge clearance requirements may be specified for the individual
project.

The effects of all actions shall be determined withthe traffic loads and forces placed inthe most unfavorable
positions. Traffic actions which produce a relieving effect shall be neglected. The program provides an option for
this effect, which is called ‘Load Point Selection’ under the ‘Moving Load Analysis Control’ dialog.

Load Point Selection
’V {* Influence Line Dependent Paint £ all Painks

2222222 2222222222

+ -+

Influence line

‘Influence Line Dependent Point is selected.

222222222222 222222222222222

+ +

Influence line

‘All Points’ is selected.
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11. Application of traffic loads on railway bridges (continued)

Train Load Analysis as per EN 1991-2

e Load Model 71

—any number of lengths of the uniformly distributed load gvk shall be applied to a track and up to four of the

individual concentrated loads Qvk shall be applied once per track,

— for structures carrying two tracks, Load Model 71 shall be applied to one track or both tracks,
— for structures carrying three or more tracks, Load Model 71 shall be applied to one track or to two tracks or

0,75 times Load Model 71 to three or more of the tracks.

* Load Model SW/0

— the loading shall be applied once to a track,

— for structures carrying two tracks, Load Model SW/0 shall be applied to one track or both tracks,
— for structures carrying three or more tracks, Load Model SW/0 shall be applied to one track or to two tracks or

0,75 times Load Model SW/0 to three or more of the tracks.

The program applies Multiple Presence Factor to LM 71 and SW/0 only, which is consideredin the ‘Moving Load

Case’ dialog.
—Mutiple Presence Factar (LMF1 and 5400
Murn of Loaded Lanes Scale Factar
| 1 1
| 2 1
I 3 ar more IEI.?E

1.0

LM71

1.0 1.0

LM71 LM71

0.75 0.75 0.75
LM71 LM71 LM71

Transverse cross-section

15
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Train Load Analysis as per EN 1991-2

11. Application of traffic loads on railway bridges (continued)

* Load Model SW/2

— the loading shall be applied once to a track,
— for structures carrying more than one track, Load Model SW/2 shall be applied to one track only with Load

Model 71 or Load Model SW/0 applied to one other track.
* This application case can be considered by defining two sub-load cases and selecting ‘Combined’ option in a moving
load case. One sub-load case for assigning SW/2 with Max. Number of Loaded Lanes =1 and another sub-load case for
LM71 or SW/0 with Max. Number of Loaded Lanes = 1.

Step 1 Step 2 Step 3
>l | Sub-Load Cases
Sub - Load Case ~Loading Effect
ol Camn Bl ot o Bt {* Combined { Independent
Wehicle Yehicle | Scale |Lanel |Lan32 |

Wehicle WL:Load Model Sivf2 WL:Load Model 7
Seelle Beelar g |1 Scale Fackar |1 YLiLoad Model 5wz 1 Track 1 Track 2
YLiLoad Model 71 1 Track 1 Track2
Min. Mumber of Loaded Lanes : IU
|1

Max. Murnber of Loaded Lanes

Min. Mumber of Loaded Lanes : IU
|1

Mazx, Mumber of Loaded Lanes < i |

Add | Modify | Delete

—Assignment Lanes

—#Assignrment Lanes
Lisk of Lanes Selected Lanes List of Lanes Selected Lanes
Track 1 Track 1
Track 2 Track 2

Note: The ‘Independent’ option
gives the most critical effect among

=
il two sub-load cases.

(0] I Cancel ok I Cancel |

16 MIDAS Information Technology Co., Ltd.




Train Load Analysis as per EN 1991-2

11. Application of traffic loads on railway bridges (continued)

* Load Model “unloaded train”
—any number of lengths of the uniformly distributed load qvk shall be applied to a track,
— generally Load Model “unloaded train” shall only be considered in the design of structures carrying one track.

* All continuous beam structures designed for Load Model 71 shall be checked additionally for Load Model SW/0.

* Where a dynamic analysis isrequiredall bridges shall also be designed for the loading from Real trains and Load
Model HSLM where required.

* For the verification of deformations and vibrations the vertical loading to be applied shall be:
— Load Model 71 and where required Load Models SW/0 and SW/2,

— Load Model HSLM where required,
— Real Trains when determining the dynamic behaviour in the case of resonance or excessive vibrations of the deck

where required.

* For bridge decks carrying one or more tracks the checks for the limits of deflectionand vibration shall be made
withthe number of tracks loaded with all associated relevant traffic actions. Where required classified loads shall be
taken into account.

17
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or BridGE el Train Load Analysis as per EN 1991-2

12. Groups of Loads - Characteristic values of the multicomponent action

munber of | Groups of loads Vertical forces Horizontal forces
tracks on Reference EN 1091-2 632633 [633 634 653 651 652 Comment
stricture
= | mumber | Load Loaded |IM 71V SWi2 Unloaded | Traction. | Centrifogal | Nosing
1 3 | oftracks | Growp'™ | track SWipm @ | ME train Braking | force force
loaded HSLNm ) (4] (L
1 axll T; 1 1% 059 05% Max. vertical 1 with max.
longitudinal
1 gr 12 T; 1 0.50@ 1@ 1 Max. vertical 2 with max_
transverse
1 er 13 T, 1@ 1 059 0,59 Max_ longitudinal
1 or 14 T, 1@ 05" 1 1 Max. lateral
1 er 15 T, 1 19 v Lateral stability with
“unloaded train™
1 or 16 T, 1 10 030 0359 SW/Z with max_
longitudinal
1 or 17 T, 1 0,5 1 1 STW/2 with max. transverse
2 er 21 T, 1 1@ 059 05 Max. vertical 1 with max
T, 1 1& 0359 059 longitudinal
2 gr22 T, 1 0.5@ 1@ 1 Max. vertical 2 with max_
T, 1 059 19 19 transverse
2 er23 T, 1@ 1 059 059 Max. longitudinal
T, 16 1 0350 05
2 or 24 T, 13 050 1 1 Max_ lateral
T, 104 0,5 &) 1 1
2 or 26 T, 1 10 050 059 SW/2 with max.
T, 1 19 059 05% longitudinal
2 er 27 T, 1 059 19 1 SW/2 with max_transverse
T, 1 0.5 19 12
=3 or 31 T, 0.75 0.75% 0.75 ™ 075" | Additional load case

Horizontal forces need to be separately applied by the user.

18 MIDAS Information Technology Co., Ltd.




13. Load Combination

Train Load Analysis as per EN 1991-2

Ultimate Limit States - persistent and transient design situations

Persistent Permanent actions Prestress Leading Accompanying

and variable vaniable actions (*)
transient Unfavourable | Favourable action (¥) Main Others
design (1f any)

situation

(Eq. 6.10) Vi sup Gk sup ¥6,inf 0 e P Y10k Toai Qi
"{G,sup =1.35

7o = 1.45when Q represents unfavorable actions due to rail traffic, for groups of loads 11 to 31 (except 16, 17, 26
and 27), load models LM71, SW/0 and HSLM and real trains, when consideredas individual leading traffic actions.

7o = 1.20 when Q represents unfavorable actions due to rail traffic, for groups of loads 16 and 17 and SW/2

For rail traffic actions for groups of loads 26 and 27 yo = 1,20 may be applied to individual components of traffic
actions associated with SW/2 and yq = 1,45 may be applied to individual components of traffic actions associated

withload models LM71, SW/0 and HSLM, etc.

19
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13. Load Combination (continued)

Serviceability Limit States

Train Load Analysis as per EN 1991-2

Combination Permanent actions Gg Prestress WVariable actions Q_,i
Unfavourable | Favourable Leading Others

Charactenistic G sup G inf P Ox1 W Oks
Frequent G sup Guj inf P W10k Wa O 5
Quasi-permanent G up G ins P Y10k W

Mum of Loaded Lanes Y1 Fackaor

| 1 e

| 2 o7

I a3 oF more IEI.E-

[~ Ignore W1 Fackor

W0 is considered as 0.8 in the auko generation of load
combinations,

The yl factor varies depending on the number of loaded tracks, which can be consideredin the moving load analysis.
The 0 factor does not relyon the number of loaded tracks, which can be consideredinthe Load Combination.

20
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Train Load Analysis as per EN 1991-2

13. Load Combination (continued)

.

Actions W 1 I
grll (LM71 + SWiD) Max_ vertical 1 with max.
longitudinal
grl2 (LM71 + SW/0) Max_ vertical 2 with max.
transverse
grl3 (Braking/traction) Max. longrtudinal
grl4 (Centrifugal'mosing) | Max_ lateral 0.30 0.80 0
grl3 (Unloaded train) Lateral stabality with
“unloaded train”
erle (SWi2) SWi2 with max.
longitndinal
Main traffic erl7 (SWi2) SWi2 with max.
actions transverse
(groups of loads) | gr2l (LM71 + 5W/0) Max_ vertical 1 with max.
longitudinal
gr22 (LMT71 + SW/0) Max_ vertical 2 with max
transverse
gr23 (Braking/traction) Max_ longitudinal 0.80 0.70 0
gr24 (Centrifugal’nosing) | Max_ lateral
gr26 (SWi2) SWi2 with max.
longitudinal
gr27 (SW2) SWi2 with max.
transverse
gr3l (LM71 + SW/0) Additional load cases 0.80 0.60 0

21
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e and I Train Load Analysis as per EN 1991-2

14. Traffic loads for fatigue

1) For normal traffic based on characteristic values of Load Model 71, including the dynamic factor , the fatigue
assessment should be carried out on the basis of the traffic mixes, "'standard traffic', ""traffic with 250 kN-axles"" or
“light traffic mix” depending on whether the structure carries mixed traffic, predominantly heavy freight traffic or
lightweight passenger traffic in accordance withthe requirements specified.

2) Each of the mixes is based on an annual traffic tonnage of 25 x 106 ton passing over the bridge on each track.

3) For structures carrying multiple tracks, the fatigue loading shall be applied to a maximum of two tracks in the
most unfavorable positions.

4) The fatigue damage should be assessed over the design working life. 100 years is recommended.

5) \ertical rail traffic actions including dynamic effects and centrifugal forces should be taken into account in the
fatigue assessment. Generally nosing and longitudinal traffic actions may be neglected in the fatigue assessment.

22
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Train Load Analysis as per EN 1991-2

Part 2. Tutorial

23
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Train Load Analysis as per EN 1991-2

1. Bridge Overview

Pier 1 Pier 2 Pier 3
= Bridge type: Straight bridge : : el
= Span length: 2@24 m : ' | o2
=Carriagewaywidth: 9.3 m | | | -

e 24m »le 24m ol
= Spacing of cross beams: 4.8 m ' ' '
Span 1 Span 2
a) Plan view
89.3m

Y

Slab thk.=20cm

G4 G3 G2 1

0.6m 3@E.Tm _0.6m

1) Cross section

24 MIDAS Information Technology Co., Ltd.




Train Load Analysis as per EN 1991-2

2. Number and track gage of notional tracks

Carriageway

Number of

Track gage

width notional tracks Center to center
9.3m n.=2 1.5m
3. Moving Load Cases
No Moving Load Case Rail Traffic Load Load Combination w1 yQ
1 LM71_ULS uLS N/A 1.45
2 LM71 SLSC Load Model 71 SLS-Characteristic N/A N/A
3 LM71_SLSF SLS-Frequent (?_f tsvnoet:;ickks'ﬁ;‘;‘z% N/A
4 SW/0_ULS uLs N/A 1.45
5 SW/0_SLSC Load Model SW/0 SLS-Characteristic N/A N/A
6 SW/0_SLSF SLS-Frequent g_f tsvnoet:;ick';'m‘gz N/A
7 SW/2+LM71_ULS ULS N/A 11.4'125?_x/721
8 SW/2+LM71_SLSC Load Model SW/2 SLS-Characteristic N/A N/A
Load Model 71
9 SW/2+LM71_SLSF SLS-Frequent :;3 tanoet:;ickks'%ﬁi‘; N/A
10 SW/2+SW/0_ULS uLS N/A 11.425?_x/721
11 SW/2+SW/0_SLSC tgzg mgg:: gmg SLS-Characteristic N/A N/A
12 SW/2+SW/0_SLSF SLS-Frequent (;)_ f tsvnoet:;ckk;gi% N/A

25
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Train Load Analysis as per EN 1991-2

= 83 |E) 16, Euracade Train Load |v] & B ek E-
() Modified
(3 Rail Ioads Final
Gy
(®
[Rail loads Start =pl(1)]

Wiy Structure

(T) Static Loads

MNode/Element

O Seismic

Propertigs

O Settlement,/Etc,

() Temp. frrestress (C) Construction Stage O Load Tables
@ Mawing Load O Heat of Hydration

Boundary

Moving Load Code

1. Click E .

2. Select ‘Rail Loads_Start’.
3. Click [Open] button.

& This tutorial is intended to introduce the functions of
Moving load analysis. Therefore the procedures of creating
elements, assigning static loads and boundary conditions
are omitted here. Refer to the online manual for the

detailed usage.

|EurROCODE

Y|

1.
2.

Load > Moving Load > Moving Load Code
Moving Load Code: EUROCODE

Load Type

Maoving Load Code

26
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or BridGE el Train Load Analysis as per EN 1991-2

Step 3-1. Define Traffic Line Lane (Track 1)

1. Load > Moving Load > Traffic Line Lanes > Add
O o 2. Lane Name: Track 1
Linr:ﬁtagne Propetties 3. Eccentricity : -0.9 m, Wheel Spacing: 1.5m
I/y/ _?/ 4. \ehicular Load Distribution : Cross Beam
e e 5. Cross Beam Group: Cross Beam
a @ Becentricity 3 6. Selection by : 2 Points
Qi 7.Click (000).
© oovar ) & Wheel Spacing 8. Click (48,0,0).
e et s ean represrts hecenter- || 9, Click [OK] button
rass Beam Group to-center distan
<5>|E$f Beam =) t?azi nge. e

Start[0 5 End [0 ¥l[deq

Moving Direction

@ Both

¢ Lane Width is not

Forward Backward
election by . .
@s 2 Points  © Picking = Mumber used in the anaIySIS' @

0,00 m T
000 o i
Operations
Add Insert Delete
Mo|  Elem e ‘ & Cross Beamgroup
:lzl gg gg comprises of all the
3 B4 09 transverse elements. .
4 85 0.9 N I DI D DN D DV DN D VR DR DR DR DN DR DN DR DR DR DR D IR R IR D IR D IR R IR R R R R R IR AR D D

@ QK Cancel Apply
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Train Load Analysis as per EN 1991-2

Lane Mame :

Track 2 1
Traffic Lane Properties

TTILY.

a : Eccentricity

Start End

Wheel Spacing: | 1.5

Lane Width 3

Eccentricity m
8 2
m

‘ehicular Load Distribution
= Lane Element @ Cross Bea 3
Cross Bearn Group

@ |Cross Beam |+ |
Skew
’VStart 0 2 End[l [dea
Maving Direction
’7 © Forward  © Backward @ Both
Selection by
5 @ 2 Points  © Picking = MNumber
192, 54,0 m
45, 0.0 m
~Operations
Add Insert Delete
Mo Elern E%;e)n.
1 82 -39
2 83 -39
3 84 -3.9
1 % -39
@ [e]'¢ Cancel Apply

. Lane Name: Track 2

. Eccentricity : -3.9 m, Wheel Spacing: 1.5m
. \ehicular Load Distribution : Cross Beam
. Cross Beam Group: Cross Beam

. Selection by : 2 Points

. Click (0,0,0).

. Click (48,0,0).

. Click [OK] button.

o ~N oo o B W N B

@ Enter the eccentricity of a traffic line lane relative to a traffic line lane
element. Traffic line lane elements are defined as the reference frame
elements from which the eccentricity is measured.

& In this tutorial, the eccentricities are calculated as shown in the right
figure.

@L.LL.LLLLJ.L.LL.LLLLJ.L.LL.LL.LLLLJ.L.LL.LLLLJ.L.LL.LLJ.lJ.LlL.LLlLlLlLlLlLlLlLLLlLlLlLlLlLlLlLl @

28
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or Bridge and CivillSHIEE Train Load Analysis as per EN 1991-2

efine Standard ¥ehicular, Load : H
S0l C 1. Load > Moving Load > \ehicles > Add Standard
~ Standard MName ; ;
EN 1931-2:2003 - Rail Traffic Load |v@ 2. Standard Name : EN 1991-2:2003 — Rail Traffic Load
- vehlcular Load Properties 3. \khicular Load Type : Load Model 71
Wehicular Load Mame : |L0ad Maodel 71 | .
Vehicular Load Type : |Luad Model 71 |;L 4, Adjustment factor (OC): 1.33
(3/ 5. Click [Apply] button.
F1 Pz Pa P4
W1 l l l l Wz
U O e Duo Dz Dadbe DDz @ A pointforce in Load Model 71 and HSLM A(A1 to A10)
may be distributed over three rail support points as shown
;\Io Load(ggla Spacing(]mé beIOW
2 250 1B dwi B0 di/m
E] 260 1.6 Dot e m o
4 250 end A1 06 " vi
dwz |80 kI /i
pp2 e m
o o e
A
Adjustrnent factor (a) @ Q4 l Wyifa
nsider Longitudinal Distribution of Point Loads l 1
distance between Rail Support Points i
O, L

oK Cancel Apphy
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Train Load Analysis as per EN 1991-2

Step 4-2. Define Rail Traffic Loads (L.oad Model SW/0)

£ Define Standard ¥Yehicular Load

~Standard Mame

EM 1331-2:2003 - Rail Traffic Load

~“ehicular Load Properties

Vehicular Load MName : ||-UEIEI Model S¥W/0

adjustrnent factor (o)

Consider Longitudinal Distribution of Point Loads

w1 (a)
m

Distance between Rail Support Points

Wehicular Load Type |Luad Model W0 / 3 \
dT1 Az
e e 5 i
D1 dli DDz
Mo Load(kM) Spacingim;
dw1 [133 kM
DDl |15 m
dot |53 m
dawz 133 kM/m
ooz |15 m

©

QK Cancel

Apply

1. Load > Moving Load > \ehicles

2. Standard Name : EN 1991-2:2003 — Rail Traffic Load

3. \khicular Load Type : Load Model SW/0
4. Adjustment factor («): 1.33
5. Click [Apply] button.
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or B I W Train Load Analysis as per EN 1991-2

Step 4-3. Define Rail Traffic L oads (Load Model SW/2)

% Define Standard Yehicular Load

S—— 1. Load > Moving Load > \khicles
[EN 199172203 Rl Trffic Losd M@ 2. Standard Name : EN 1991-2:2003 — Rail Traffic Load
—%ehicular Load Properties 3 VehiCUIar Load Type : Load MOdeI SW/2

Vehicular Load Mame Load Model 5W/2 |
A 4. Click [OK] button.

Wehicular Load Type

Mo LoadikM) Spacing{m}
di1 |150 kM
oot |25 m
dbl |7 m
diw? 150 KM,/
pp2 |25 m

Adjustment factor (o) I:I
Consider Longitudinal Distribution of Point Loads
Distance between Rail Support Points & i
O,
oK Cancel apply
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Train Load Analysis as per EN 1991-2

Step 5-1. Define Moving Load Case - LM71 ULS

2 Define Moying Load Case,

Load Case Mame

Description : |

—Select Load Madel

LM7T1_LS

= LM 1, FLA 1
LM 234/ FLM 2.3.4 4 Footbridge
= LM 1 & 3 Multi
a ling}
@ Railway Bridge
—Fail Load
Murn of Loaded Lanes W1 Factor
| 1 0.8
2 07
Jor more 183

—

wilis considered as 0.8 in the auto generation of
load combinations,

0

kil o [ iy LA E=1tN]
(LW L0 = =) Loy Loy e 6 i)

& Murn of Loaded Lanes Scale Factar
I 1 1
I z 1
| 3 ar mare [0.75 |

~Sub-Load Caszes

’anading Effect ‘

~ Combined @ Independent
Yehicle Scale Lanel Lane2
i I

Madify Delete

[o]4 Cancel Apply

1. Load > Moving Load > Moving Load Cases > Add
2. Load Case Name: LM71_ULS

3. Select Load Model : Railway Bridge

4. Check on the ‘Ignore wl factor ‘option.(®)

5. Press [ADD].

To be continued...

@ The w1 factor is not applied to the results by checking on the
Ignore w1 Factor option. This load case will be used for the
ULS combination.

&% For the determination of the most adverse load effects from the
application of Load Model 71 and SW/0, these load models shall
be applied to any one track, any two tracks or 0.75 times the load
model to three or more tracks.
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Train Load Analysis as per EN 1991-2

Load Case Data

Q Yehicle

scale Factor

tin, Murnber of Loaded Lanes : D
2

Max, Mumber of Loaded Lanes

WLiLoad Model 71 v |
L [[1.45

List of Lanes

—&ssignment Lanes
selected Lanes@

Track 1
Track 2

@ (] 4 Cancel

6. Select the VL: Load Model 71

7. Scale Factor: 1.45 (@)

8. Specify the Min. no of lanes = 0 and Max. no of lanes = 2.
9.Select the Lanes Track 1 and Track 2 from the list of lanes.
10.Press [OK].

¢ Load factor yq to be used for the ULS combination may be
applied to the Moving Load Case or to the Combination. In this
example, the load factor yq is applied to the load case for all the
moving load cases and the factor will not be considered in the
ULS combination.

& The load factors yg are 1.45 for LM71 and 1.2 for SW/2 . These
different values cannot be considered in Load Combination in
the program. Therefore, these factors should be entered in the
Moving Load Case by using Scale Factor.
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Train Load Analysis as per EN 1991-2

Step 5-2. Define Moving Load Case - LM71 SLS C

2 Define Moving Load Case

P (2)

Description : |

~Select Load Model

LM 1. FLM A
LM 2,34/ FLM 2.3.4 / Footbridge
TOLM T & 3 Multi
LM & 3 Multi (Straddling)
| ® Railway Bridge

~ Fiail Load
Mum of Loaded Lanes w1 Factor
| 1 0.a

2 07

1. Load > Moving Load > Moving Load Cases > Add
2. Load Case Name: LM71 SLS C

3. Select Load Model : Railway Bridge

4. Check on the ‘Ignore wl factor ‘option.(®)

5. Press [ADD].

To be continued...

3 or more 0.6

@ | + lgnore w1 Factor |
wiis considered as 0.8 in the auto generation of

load combinations,
~Mutiple Presence Factar (LM71 and SW/0) ——

Mum of Loaded Lanes Scale Factor
I 1 1
I 2 1

| 3 or more 07

@ The w1 factor is ignored because this load case will be used for
the SLS characteristiccombination.

~3ub-Load Cases
Loading Effect
’7 ~ Combined @ Independent

Wehicle Scale Lanel LaneZ

—
@ Modify Delete

oK Cancel Apply
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Train Load Analysis as per EN 1991-2

Step 5-2. Define Moving Load Case — LM71 SLS C (continued)

% Sub - Load Case

@— Load Case Data
Vehicle WL:Load Model 71 v

@ Scale Factor | 1 |

tax, Mumber of Loaded Lanes

tin, Murnber of Loaded Lanes : D
2 |

—&ssignment Lanes

List of Lanes

selected Lane@

Track 1
Track &
-
&a
@ 4 Cancel

6. Select the VL: Load Model 71

7. Scale Factor: 1.0

8. Specify the Min. no of lanes = 0 and Max. no of lanes = 2.
9.Select the Lanes Track 1 and Track 2 from the list of lanes.
10.Press [OK].

& Scale Factor is set to 1.0 because this load case will be used for
SLS characteristic combination.
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Train Load Analysis as per EN 1991-2

Step 5-3. Define Moving Load Case - LM71 SLS F

% Define Moving Load Case.
Load Case Mame : 2
beecrtiion | | 1. Load > Moving Load > Moving Load Cases > Add
Select Load Model
SLMIFLM 2. Load Case Name: LM71 SLS F
LM 234/ FLM 2.3.4 / Footbridge
LM A3 Mul - 1 1
i 8 3wt (Stadling 3. Select Load Model : Railway Bridge
Rail Brid ¢ » .
([ Railway Bridse 4. Check off the “Ignore wl factor ‘option.(@)
Fail Load
MNum of Loaded Lanes w1 Factor 5. Press [ADD]
| 1
| 2 10 be continued...
[ 3 or more

| ! lgnore w1 Factor

wiis consjdered as 0.8 in the auto generation of
load combinations.

B e e @ The w1 factor is applied to the results by checking off the Ignore

| 1 i w1l Factor option. This load case will be used for the SLS

| ? L frequent combination.

[ 3 or more 0.7%

Sub-Load Cases & The w1 factor can take value as 0.8, 0.7 or 0.6 depending on the
e — number of loaded tracks. For the number of loaded tracks greater
—— —— than 3, a value of y1=0.6 is applied. The w1 value is reflected on

the vehicle loads while 0 value is reflected when the load
combination s are generated using Auto Generation function.
@ Modify Delete
[o]4 Cancel Apply
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Train Load Analysis as per EN 1991-2

Step 5-3. Define Moving Load Case — LM71 SLS F (continued)

% Sub - Load Case

Load Case Data
Yehicle

7 Scale Factor

\WLiLoad Model 71 v |

1

Min, Murnber of Loaded Lanes :

Max, Mumber of Loaded Lanes

—&ssignment Lanes

List of Lanes Selected Lanes 9
Track 1
Track 2
-
-
(0] 4 Cancel

6. Select the VL: Load Model 71

7. Scale Factor: 1.0

8. Specify the Min. no of lanes = 0 and Max. no of lanes = 2.
9.Select the Lanes Track 1 and Track 2 from the list of lanes.
10.Press [OK].

¢ Scale Factor is set to 1.0 because thisload case will be used for SLS
frequent combination.

37

MIDAS Information Technology Co., Ltd.




Train Load Analysis as per EN 1991-2

= Define Moving Load Case,

Load Case Mame S 0_ULS

Description |

~Select Load Model

LM 1L FLM T

LM 234/ FLM 2.3.4 / Footbridge
LM T & 3 Ml

LM & 3 Multi (Straddling)

@ Railway Bridge

—Rail Load
Murm of Loaded Lanes w1 Factor
| 1 0.8
2 07
3 or more 0.6

+ lgnore %1 Factar

Wi is considered as 0.8 in the auto generation of
load combinations,

~Mutiple Presence Factor (LM7T and SW/00 ———
Mum of Loaded Lanes Scale Factor

I 1 1
I 2 1
| 3 or mare 0,75

—Sub-Load Cases
’rLaading Effect ‘

~ Combined @ Independent
Wehicle Scale Lanel LaneZ
YL:Load Madel .., 1,45 Track 1 Trach
< I
Add Modify Delete
QK Cancel Apply

~Load Case Data
Wehicle \VLiLoad Model SW/0 | |

Scale Factor

Min, Mumber of Loaded Lanes ¢

bax, Mumber of Loaded Lanes

—&ssignment Lanes

List of Lanes selected Lanes
Track 1
Track
-
==
(0] 4 Cancel

38

MIDAS Information Technology Co., Ltd.




Train Load Analysis as per EN 1991-2

< Define Moving Load C

Load Case Mame SWAO_SLE C

Description @ |

~Select Load Model

o Lk 1L FLM A

LM 23,4 FLM 2.3.4 / Footbridge
LM & 3 Mult

o LMY & 3 Multi (Straddling?

@ Railway Bridge

~Rail Load
Murm of Loaded Lanes w1 Factor
| 1 0.8
| 2 07
| 3 ar mare 0.6

« lgnaore w1 Factor

wilig congidered as 0,8 in the auto generation of
load combinations,

~Mutiple Presence Factor (LM71 and SW 0 ——
Murn of Loaded Lanes Scale Factor

I 1 1
I 2 1
| 3 or more 0.7

~Sub-Load Cases
’rLDading Effect

~ Combined @ Independent
Wehicle Scale Lanel Lar
Wh:Load Model 5, 1 Track 1 Tr:
i
Add Modify Delete
oK Cancel Apply

—Load Casge Data
Vehicle \WLiLoad Model SW/0 | |

Scale Factor |:|

Min, Murnber of Loaded Lanes :

Max, Mumber of Loaded Lanes

—&ssignment Lanes

List of Lanes Selected Lanes
Track 1
Track 2
-
.::_
o4 Cancel
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DA or Bridgeand Clvil SIRICHT Train Load Analysis as per EN 1991-2

< Define Moving Load Case

Load Cage Mame SWAO_SLS F
—Load Case Data
Description : | |
~Selact Load Madel YWahicle |UL:LDad Fodel SW0 |r]
o LM 1, FLA ,
oLk 234/ FLM 2.3.4 / Footbridge scale Factor |:|
LM & 3 Multi (Straddling) Min, Number of Loaded Lanes :
@ Railway Bridge Mawx, Mumber of Loaded Lanes
—FRail Load
Mum of Loaded Lanes w1 Factar — Assignment Lanes
1 0.8
Z 07 List of Lanes Selected Lanes
3 or mare 0.6 Track 1
< |lgnore w1 Factor Track 2
Wi is congidered as 0,8 in the auto generation of -
load combinations,
~Mutiple Presence Factor (LM71 and SW/0) ———
Murn of Loaded Lanes Scale Factor -
| ‘ ‘
| 2 1
| 3 or more 0,75
~Sub-Load Cases QF Cancel
Loading Effect = =
’7 © Combined @ Independent ‘
ehicle Scale Lanel LaneZ
WLiload Model ,,, 1 Track 1 Traclh
< I 1l
Add Modify Delete
[o]4 Cancel Apply
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Train Load Analysis as per EN 1991-2

Step 5-7. Define Moving Load Case — SW/2+L.M71 ULS

= Define Moving Load Case

Load Case Mame SWZHLMTT_ULS

Description : | r

~Select Load Model
= LM 1, FLM

LM 234/ FLM 23,4 / Footbridge
S LM 1 & 3 Multi
— LT & 3 bualti (Straddling)

r @ Railway Bridge

~Rail Load
Murn of Loaded Lanes w1 Factor
| 1 0.8
2 0r

3 or more 0.6
@ « lgnore w1 Factor
Yl is considered as 0.8 in the auto generation of

load combinations,
—Mutiple Presence Factor (LMY1 and SWA0) ——

Mum of Loaded Lanes Scale Factar
| ‘ ‘
I 2 1

| 3 or more 0.7

~Sub-Load Cases

Loading Effect
5 ~ Independent ‘

Wehicle Scale Lanel LaneZ

~ 4 | il
6 IModify Delete

(o] 4 Cancel Apply

1. Load > Moving Load > Moving Load Cases > Add
2. Load Case Name: SW/2+LM71_ULS

3. Select Load Model : Railway Bridge

4. Check on the ‘Ignore wl factor option.

5. Select ‘Combined’ for loading effect.

6. Press [ADD].

1o be continued...

& Two sub-load cases will be defined, one for SW/2 and another for
LM71. By selecting Combined option, the loading condition in
which SW/2 and LM71 are applied at the same time can be
considered. The Independent option does not consider two
different load models applied at the same time. The Independent
option tries one load model at a time and finds the most adverse
condition.
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Train Load Analysis as per EN 1991-2

Step 5-7. Define Moving Load Case — SW/2+L.M71 ULS (continued)

% Sub - Load Case

Load Case Data

Vehicle \WLiLoad Model SW/2 | |

8 ) Scale Factar : |1.2

Min, Murnber of Loaded Lanes :

Mazx, Mumber of Loaded Lanes

L
I

7. Select the VL: Load Model SW/2

8. Scale Factor: 1.2
9. Specify the Min. no of lanes = 1 and Max. no of lanes = 1.

10.Select the Lanes Track 1 and Track 2 from the list of lanes.

11.Press [OK].

—&ssignment Lanes

¢ Different load factor yq
can be applied to each
load model.

List of Lanes Selected Lanes 10
Track 1
Track 2
-z
.::_
@ oK Cancel

16.Press [OK].

12. Select the VL: Load Model 71
13. Scale Factor: 1.45
14. Specify the Min. no of lanes = 0 and Max. no of lanes = 1.

15.Selectthe Lanes Track 1 and Track 2 from the list of lanes.

—Load Case Data

Vehicle |'w"L:L|:|a|:| todel T1 |1r]

@ Scale Factor

Min, Murnber of Loaded Lanes :

Maw, Murmber of Loaded Lanes

I

— Assignment Lanes

List of Lanes

Selected Lane

Track 1
Track 2

(04 Cancel

12

14
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Train Load Analysis as per EN 1991-2

= Define Moring Load Case

>| +/lgnore w1 Factor

Sub-Load Caszes
= Loading Effect
5 ’VI ® Combimed I ~ Independent

Load Case Name : SW/2+LMTI_SLS C

Description : |

~Select Load Model
oL FLMA
oLk 234/ FLM 2,34 / Footbridge
Sl & 3 Mult

L1 & 3 Multi (Straddling)

@ Railway Bridge

~FRail Load
Murn of Loaded Lanes w1 Factor
| 1 08
2 07
3 ar maore 0.6

¥l is considered as 0.8 in the auto generation of
load combinations,

—Mutiple Presence Factor (LMT1 and SWA0) —

MNum of Loaded Lanes Scale Factor
I 1 1
I 2 1

| 3 or more 07

Wehicle Scale Lanel Lane2

I

1. Load > Moving Load > Moving Load Cases > Add
2. Load Case Name: SW/2+LM71 _SLS C
3. Select Load Model : Railway Bridge

4. Check on the ‘Ignore wl factor option.
5. Select ‘Combined’ for loading effect.

6. Press [ADD].

1o be continued...

@ The w1 factor is ignored because this load case will be used for
the SLS characteristiccombination.

;E) Modify Delete

QK Cancel Apply
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Train Load Analysis as per EN 1991-2

Step 5-8. Define Moving Load Case — SW/2+L.M71 SLS C (continued)

2 Sub - Load Case

Load Case Data

Vehicle \WLiLoad Model S¥W/2 | |

8 ) Scale Factar |1 |

Min, Murnber of Loaded Lanes @ | |1

Max, Mumber of Loaded Lanes |:|

7. Select the VL: Load Model SW/2
8. Scale Factor: 1.0

9. Specify the Min. no of lanes = 1 and Max. no of lanes = 1.

10.Select the Lanes Track 1 and Track 2 from the list of lanes.

11.Press [OK].

—&ssignment Lanes

List of Lanes selected Lane

Track 1
Track 2

¢ Scale Factor isset to 4 Sub - Load Case
1.0 because this load

—Load Case Data

case will be used for

Vehicle \WLiLoad Model 71 v

SLS characteristic
combination. @

Scale Factar |1

@)

@ O Cancel

Min, Murnber of Loaded Lanes :

Max, Mumber of Loaded Lanes

L
I

14

—&ssignment Lanes
List of Lanes Selected Lan@

Track 1
Track 2

12. Select the VL: Load Model 71
13. Scale Factor: 1.0

16.Press [OK].

14. Specify the Min. no of lanes = 0 and Max. no of lanes = 1.

15.Selectthe Lanes Track 1 and Track 2 from the list of lanes.

Cancel
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Train Load Analysis as per EN 1991-2

% Define Moving Load Case

Load Case Mame S 2L MTISLS F

Description : | |

~Select Load Model
LM 1, FLM A

o LM 234 S FLM 2,34 / Footbridge
oLk TA& 3 Mult

LM & 3 Multi (Straddling)

@ Railway Bridge

©

~Rail Load
Murn of Loaded Lanes W1 Factor
| 1 K]
z 07
3 or maore 05

! lanore w1 Factor

— Loading Effect
(5 | |
—

Wis consjdered as 0.8 in the auto generation of
load combinations,

~Mutiple Presence Factor (LM71 and SW/0 ——

Murn of Loaded Lanes Scale Factor
I 1 1
I 2 1

| 3 ar maore 07

~Sub-Load Cases

rrcu‘m‘m‘n‘e‘n] ~ Independent

Yehicla Scale Lanel LaneZ

L~
6 ) Modify Delete

\"

oK Cancel Apply

1. Load > Moving Load > Moving Load Cases > Add
2. Load Case Name: SW/2+LM71 _SLS F

3. Select Load Model : Railway Bridge

4. Check off the ‘Ignore w1 factor "option.

5. Select ‘Combined’ for loading effect.

6. Press [ADD].

1o be continued...

@ The w1 factor is applied to the results by checking off the Ignore
w1 factor option. This load case will be used for the SLS frequent
combination.
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e i Train Load Analysis as per EN 1991-2

Step 5-9. Define Moving Load Case — SW/2+L.M71 SLS F (continued)

7. Select the VL: Load Model SW/2
Load Case Data 8. Scale Factor: 1.0
Vehicle VL:Load Model SW/2 | ¥ | 9. Specify the Min. no of lanes = 1 and Max. no of lanes = 1.
8 ) Scale Factor : |1 | @ 10.Selectthe Lanes Track 1 and Track 2 from the list of lanes.

tin, Murnber of Loaded Lanes :

Max, Mumber of Loaded Lanes

|:| 11.Press [OK].
]

- Agsignment Lanes & Scale Factorissetto 1.0 & Sub - Load Case
Lt 5! Lams Selected Laneg because this load case will Load Case Data

Track 1
Track 2 &5 u;(?d f:_r S Yehicle V0i:Load Model 71 v @
compination. 4
- Scale Factor 1| |1 |
@ 14
Min, Murmber of Loaded Lanes : D
= Max, Mumber of Loaded Lanes |:|

—&ssignment Lanes
@ ok Cancel Lizt of Lanes Selected Lane( 15)

Track 1
Track 2

12. Select the VL: Load Model 71 -=
13. Scale Factor: 1.0

14. Specify the Min. no of lanes = 0 and Max. no of lanes = 1.

15.Selectthe Lanes Track 1 and Track 2 from the list of lanes.

16.Press [OK]. Ok Cancel
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DA or Bridgeand Clvil SIRICHT Train Load Analysis as per EN 1991-2

% Define Moring Load Case

& 5uby - Load Case

Load Case MName :
Description : [ | ~Load Case Data —Load Case Data

Bl Locd i) Vehicle [VL:Load Model SW/2 Vehicle \WLiLoad Model SW/0 |« |
LM 1L FLM O

o LM 2.3.4 / FLM 2.3.4 / Footbridge Scale Factor Scale Factor

2 LM T & 3 Mult
tin, Murnber of Loaded Lanes :

© LM & 3 Multi (Straddling) Min, Murmber of Loaded Lanes : D
Max, Mumber of Loaded Lanes |:|

@ Railway Bridge

|

Max, Mumber of Loaded Lanes

~FRail Load
Murn of Loaded Lanes w1 Factor .
| 1 08 ~Azzignment Lanes ~Assignment Lanes
| 2 07 List of Lanes Selected Lanes List of Lanes selected Lanes
0.6
| 3 or mare Track 1 Track i
+|lgnore w1 Factor Track & Track 2
w0 is considered as 0,8 in the auto generation of
load combinations, - -=
—Mutiple Presence Factor (LM71 and SWA0) ——
Mum of Loaded Lanes Scale Factor
I ] Il—l - -
| 2 1
| 3 ar mare 0.7

~Sub-Load Cases

Loading Effect (1] 4 Cancel (04 Cancel
’7 @ Combined “ Independent ‘
Wehicle Scale Lanel Lanez

V0iLoad Model .., 1.2 Track 1 Tracl
W0iload Model .., 1,45 Track 1 Tracl

Add Maodify Delete

[o] 4 Cancel Apply
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DA or BAEE . Train Load Analysis as per EN 1991-2

Load Case Mame SUWS2+SW0_5LE C
. —Load Case Data —Load Case Data
Cescription : | |
_Salact Load Madel Yehicle \WLiLoad Model SW/2 | | ehicle ["LLo
LM 1, FLM 1
< LM 234/ FLM 234/ Footbridge scale Factor Scale Factor |:|
LM T & 3 Mult ) )
~ LM1 & 3 Multi ¢Straddling) Min, Murnber of Loaded Lanes : |:| Min, Murnber of Loaded Lanes : D
@ Railway Bridge
Max, Mumber of Loaded Lanes Max, Mumber of Loaded Lanes |:|
~Rail Load
Mumn of Loaded Lanes w1 Factar .
1 0.8 —n":"-Sﬁlgl'll'l'IEI'lt Lanes —."E'.SSIQI'II'I'IEI'It Lanes
2 0 List of Lanes Selected Lanes Ligt of Lanes Selected Lanes
3 06
ar more Track 1 Track |
<! lgnore w1 Factor Track 2 Track 2
Yl is considered as 0.8 in the auto generation of
load combinations, - -
—Mutiple Presence Factar (LM71 and SW/00 —
Mumn of Loaded Lanes Scale Factor
| ‘ ‘ <- -
| 2 1
| 3 or mare 07
~Sub-Load Cases
Loading Effect o] ¢ Cancel oK Cancel
’7 @ Combined ~ Independent ‘
Vehicle Scale Lanel LaneZ
YL:Load Model .., 1 Track 1 Trach
YLiLoad Model .., 1 Track 1 Trach
£ | I}
Add Modify Delete
[0]4 Cancel Apply
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Train Load Analysis as per EN 1991-2

Load Case Mame S5 WD 5LS F
Description : | |
~Select Load Model
© LM 1, FLM 1
o LM 2.3.4 /FLM 2.3.4 / Footbridge
LM A 3 Mul
LT & 3 MUl (Straddling)
@ Railway Bridge
~Rail Load
Mum of Loaded Lanes w1 Factor
1 na
? 0y
3 ar more 0.6

+ lgnore %1 Factor

Yiis considered as 0,8in the auto generation of
load combinations,

~Mutiple Presence Factor (LM71 and SW/D) ———

Mum of Loaded Lanes Scale Factor

I 1 1
I 2 1
| 3 of more 0.7s

~Sub-Load Cases
’rLuading Effect ‘

@ Combined ~ Independent

Yehicla Sicale Lamel Lame2

YLiLoad Model ,,, 1 Track 1 Trach
YL:Load Model ,,, 1 Track 1 Tracl

Add Modify Delete

Ok Cancel Apply

~Load Caze Data
Yehicle

Scale Factor |:|

bin, Mumber of Loaded Lanes :

\WLiLoad Model SW/2 | |

]
]

Max, Mumber of Loaded Lanes

~Load Case Data

Wehicle \WLiLoad Model SW/0 v |

]

Min, Murmber of Loaded Lanes :

Scale Factor

(I
]

Max, Murmber of Loaded Lanes

~&ssignment Lanes

List of Lanes Selected Lanes

—&ssignment Lanes

List of Lanes Selected Lanes

Track 1
Track 2
-
==
Ok Cancel

Track 1
Track 2
-=
.q:_
I Cancel
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or Bridge and Civill IS Train Load Analysis as per EN 1991-2

Step 6-1. Railway Dynamic Factor

S 1. Load > Moving Load >&8 Railway Dynamic Factor
% Railway Dynamic Factor
2. Determinant Length: 28.8m
@ Auto Input
@Determinam Length (Lg) : = . 3. Quality of the Track Maintenance: Standard maintenance
Quality of Track Maintena(g) 4. Press [OK].
@ Carefully maintained
@ Standard maintenance
SonsideiHeduced Dynanic END) & This facifor ampllfle§ all the results based on the dy_namlc factor
|:| calculation which will be dependent on the determinant length

specified by the user. After the application of the global dynamic
factor, element specific dynamic factors can be applied to
|:| individual elements using the Railway Dynamic Factor by

) ) Element function in order to consider different determinant lengths
+ Dynarmic factor enhances the static load effects )
under Load Maodel 71, SW/0, and SW/2, for different elements.

Remove Railway Dynamic Factor Data

@

User Input

& Based on the quality of track maintenance the program calculates
the value of Dynamic Factor based on the following formulae:

& A reduced value of Dynamic factor can be used (a) For carefully maintained track:  (b) For track with standard maintenance:
for concrete bridges having cover > 1.0m
1,44 2,16
P, = ———+082 P, = ——=——+0,73
h-1,00 ¥% =02 Voo~ 0
;'I'Ed rj“'ﬂ] 3 = r!“.z 3 » _ : 2 1,[}
i i 10
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Train Load Analysis as per EN 1991-2

Step 6-2. Railway Dynamic Factor by Element

voving Loac! I

|Fiai|w5|'_\.I Dynarmic Factor by E|v _|

Option
@ add/Replace Delete

@ Auto Input
Determinant Length (La)

e m

Cluality of Track Maintenance
Carefully maintained
@ Standard maintenance

Feduced Dynamic Effect

User Input

Apply Close

& As the determinant lengths have various values based on
the type of structural element, the elements in one model
may have different determinant lengths. In such case a
dominant value of determinant lengths is specified for the
global analysis, which we specified previously and then
different determinant lengths can be specified using
“Railway Dynamic Factor By Element”. In this tutorial
only global Dynamic Factor is applied.

& The Railway Dynamic Factor by Element function will
amplify the element related results like forces and stresses
butwill not amplify the node specific results like
deformations and reactions, which are amplified using
global Railway Dynamic Factor.
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Step 7. Moving Load Analysis Option

Train Load Analysis as per EN 1991-2

& |Moving Load Analysis Control Data

— Truck/Train Load Control QOption

~Load Point Selection
@ Influence Line Dependent Point = All Pointg

~Influence Generating Points
Mumber/Line Element : 3

= Distance between Points : m

1. Analysis > Moving Load Analysis Control...
2. Frame : Normal

3. Reactions: All

4. Displacements : All

5. Forces/Moments: All

6. Click [OK] button.

—&nalysis Results

Flate
= Center

Frame
@ Maormal

@ Center + Modal = Mormal + Concurrent Force

stress Calculation + Combined Stress

Calculation

3 )Calculation Filters
« Reactions

« Displacements

5) e caw [ il

«| Forces/Morments

@ Al “~ Group : |:EJ

@ Number/Line Element : Assign the number of reference
points on a line element for moving loads and drawing
influence line in an influence line analysis. The accuracy
of results increases with the increase in the number, but the
analysis time may become excessive.

m (1] 4 Cancel
6
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or Bridge and Civill IS Train Load Analysis as per EN 1991-2

Step 8. Load Combination

Load Case Load Facj[or.
ULS SLS Characteristic | SLSFrequent
SW of Girders 1.35 1 1
SW of CFs 1.35 1 1
SW of Deck Slab 1.35 1 1
Permanentaction SW of Haunch 1.35 1 1
SW of Forms 1.35 1 1
SDL Parapets 1.35 1 1
SDL FWS 1.35 1 1
MV ULS 1 0 0
Railway action MVSLS C 0 1 0
MV SLSF 0 0 1

MV ULS: Envelope of the load cases, LM71_ULS, SW/0_ULS, SW/2+LM71_ULS and SW/2+SW/0_ULS
MV SLS C: Envelope of the load cases, LM71_SLS C, SW/0_SLS C, SW/2+LM71_SLS C and SW/2+SW/0_SLS C
MV SLS F: Envelope of the load cases, LM71_SLS F, SW/0_SLS F, SW/2+LM71_SLS F and SW/2+SW/0_SLS F
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or Bridge and Civill IS Train Load Analysis as per EN 1991-2

Step 8. Load Combination (continued)

There are two ways to define load combinations; they are auto-generation and manual input. For this
particular tutorial, we will manually input load combinations as shown below.

Results > Load Combination

Load Combination 1
Name (ULS), Active (ON), Type (ADD)

Fill out the Load Cases and Factors field as shown below

SW of Girders 1.35 LM71 ULS 1

SW of CFs 1.35 SW/0 _ULS 1

SW of Deck Slab 1.35 SW/2+LM71 ULS 1

SW of Haunch 1.35 SW/2+SW/0_ULS 1
SW of Forms 1.35
SDL Parapets 1.35
SDL FWS 1.35

B
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Train Load Analysis as per EN 1991-2

Step 8. Load Combination (continued)

Load Combination 2
Name (SLS C), Active (ON), Type (ADD)
SW of Girders 1
SW of CFs
SW of Deck Slab
SW of Haunch
SW of Forms
SDL Parapets
SDL FWS

1
1
1
1
1
1

Load Combination 3
Name (SLS F), Active (ON), Type (ADD)
3W of Girders 1
SW of CFs
SW of Deck Slab
SW of Haunch
SW of Forms
SDL Parapets
SDL FWsS

1
1
1
1
1
1

LM71 SIS C

SW/0 SIS C

SW/2+LM71 SLS C

SW/2+5W/0 SIS C

- e | e | e

LM71 SLSF

SW/0 SLSF

SW/2+LM71 SLSF

SW/2+SW/0 SLS F
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e S el Train Load Analysis as per EN 1991-2

Step 8. Load Combination (continued)

% Load Combinations

Steel Design | Concrete Design |SRCDesign |

—Load Combination List ~Load Cases and Factors
No Name | Active Type Description LoadCase Factor
LS Active | Add SW of Girders 1.0000
2|5L5 C Active Add Sh of CRs(ST 1.0000
i Active  Add SW of Deck SI 1.0000
* S of Haunc 1.0000
S of Farms( 1.0000
S0L Parapets 1.0000
SOL FWSEST) 1.0000
LM71_5LS F( 1.0000
S 0_SLS Fi 1.0000
S 2+ L7 _ 1.0000
i - 1.0000
#*
Copy Irnport. .. Auko Generation, ., Spread Sheet Form Copy into n
‘ File Mame: |C#Documents and SettingsWuserwHlEr 3|'Ejﬁ| Browse Make Load Combination Sheet ‘ Close
Step 9. Perform Analysis 1.Click By.
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Step 10-1. Shear Force Diagrams

& MVmin : The
minimum force
resulting from
the vehicle load
applied to the
structure.

& MVmax: The
maximum force
resulting from
the vehicle load
applied to the
structure.

% MVall: Both
maximum and
minimum force
resulting from
the vehicle load
applied to the
structure.

Load Cases/Combinations ———————
@anu: 7t ssc (@) | ool

=1

IBeam Diagrams

Skep I LI
¥ Max/Min Diagram
—iComponents
Part ITDtaI ;I
Py M

" Fy * Fz " Fyz
My = Mz  Myz

[~ show Truss Forces
[~ Only Truss Forces

— Display Options

{" Exact
(¥ S Points

Scale: |1 000000

" Mo Fill

i Line Fil
i+ Salid Fill

[~ anmate .| [ Undefarmed
[~ Mirored ... Quickview ..

[~ Current Step Force

—Qukput Section Locakion

|_ I |_ Center |_ ]
W absMax [T i TMa [ al

@ Apply I Close |

Train Load Analysis as per EN 1991-2

1. Results > Forces > Beam Diagrams...

2. Load Cases/Combinations : Mvall: LM71_SLS C
3. Components : Fz

4. Display Options : Solid Fill

5. Check on Legend.

6. Click [Apply] button.

-~ Twpe of Display
v Conkour _| I~ Defarm _|
[~ wales .. Wleeend [L]( 5

H’x Base

MIDAS/Civil

R PUST-PROCESSOR.

_ FEMLDLAGRAM
SHEAR-z
2.03224e4003
16628724003
1.29350e+003
9.24127e+002
5. 5475424002
1.85361e+002
0.00000e+000
-5, 5336424002
-9.22737e4002
-1.29211e+00%
-1.66148e+003
-2.03085e+003

Mvall: LEIL 513 C

Wz 182

MIN @ 183

FILE: Rail loads-

UNIT: kN

DATE: 07/26/2012

VIEW-DIRECTION

L

Z: 0,258
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or Bride et Train Load Analysis as per EN 1991-2

Step 10-2. Bending Moment Diagrams

[Bam Diagrams =l 1. Results > Forces > Beam Diagrams...
[ oeX SesesfCombinatins 2. Load Cases/Combinations : MVall: LM71_SLS C
@ [Mval: L7t _sLS € Elim
ste | =] 3. Components : My
il 4. Display Options : Solid Fill

—i_omponenks

pat 1ot 3 5. Check on Legend.

"  Mx 6. Click [Apply] button.

" Fy i Fz i Fyz

@ o My i~ Mz i Myz
[~ show Truss Forces

[" | Only Truss Forces b ame R

—Display Options

" Exat " MaFil
* 5 Paints  Line Fil
Scale: [ gooogn | Zalid Fil
— Type aof Display

W Contour .| [~ Deform ...
[ values .| | Legend
[ Animate _| [ Undeforrmed

[~ Mirrored ...| Guick view ...

[T Current Step Force

—ioukput Section Locatian

I [T center | I
¥ obsMax [ MingMasx [~ al

MIDAS/CLvil
POST-PROCESSOR
BEAH DIAGRAN

noMENT-3

7.56115e+003 ||
6.07651e003
45915724003 ||
3.107232+003
16225304003 ||
0.000002+000
-1.326702+003
-2.83134e+003
-4. 315852003
-5.500622+003
-7.285268+003

-8.76990e+003

Myall: 1M71_5LS C 1

e

MIN : 101

FILE: Rail loads~ ]

UNIT: EN'mw

DATE: 07/26/2012
VIEW-DIRECTION

L

2: 0.259

@ Apply | Close |
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DA o Bridge and Clvil SUUCHE Train Load Analysis as per EN 1991-2

Step 10-3. Reactions

[Freaction Forces/Moments | J 1. Results > Reactions > Reaction Forces /Moments...
Lo (CemmelEe e e 2. Load Cases/Combinations : Mvall: LM71_SLS C
@W“ﬂ'“ LM71_5L5 C | el 3. Components : FXYZ
Skep I ;I
4. Check on Values.
— Components
" Fi CFY FZ % FXyZ @ 5. Check on Legend.
S @I @ W 6. Click [Apply] button.

[ Local (if defined)

— Type of Display

@ v walues .| | Legend .| F 8o Sk e

REACTION FORCE

arrow Scale Factor; Il 0a0ooo mim:z;m

NODE= 42

.......................... FX:  0.0000E+000

i Ff:  0.0000E+000

@ : 'ﬁ'ppll:'ll | ClDSE | FZ:  1.4868E+003
FXYZ: 1,4888E+003

MAX. REACTION
NODE= 103

Fé: 0.0000E+000
F¥:  0.0000E+000

FZ:  3.7216E+003
FATZ: 3. 7216E+003

HVall: LM7L_SLS C

WX : 103

HIN : 42

FILE: Rail loads-

UNIT: kN

DATE: 07/26/2012
VIEW-DIRECTION

X:-0.483 i

L 4

70 0.259
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or Bridge and Civill IS Train Load Analysis as per EN 1991-2

Step 10-4. Moving Load Tracer

The moving load tracer is used to display
the vehicle position corresponding to the
maximum negative moment at the i-end of 2. Moving Load Cases: MVmin: LM71_SLS C

element 102. 3. Key Element: 102
4. Parts: i

1. Results > Moving Load Tracer > Beam Forces/Moments...

|Beam Farces/Moments l»] ..

5. Components: My

Mowving Load Cases

@ Mymin: LM71_SLS C [+ ] 6. Check on Contour, Legend and Applied Loads.
Key Element: (3) 7. Click [Apply] button,
Scale Factor: 1. 000000
Parts
@ i i 1..'" d- [ 1,'" 2 K Base -k Fé{sl'rnisnfucclgsjslnk
@ 2w = e
Components o onmgesann
~  Fx ® Fy ® Fz sttt
(5: N S i
Type of Display fifi;‘iiigif,ii
< Contaur |,,, |« Legend I
(6: ~ &pplied Loads e or
Maximurm Yalug ;| —5 76339e+003 W
Write Min/Max Load to File w“+

I 0,259

@ apply Close
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Train Load Analysis as per EN 1991-2

This is the end of this tutorial.

Reference: 1. EN 1991-2
2. EN 1990 Annex A2

Any guestions or comments? esupport@midasuser.com

MIDAS Information Technology Co., Ltd.




