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1 SCOPE

Yi Bridge consists of a 52m span length steel truss bridge. Total length of the bridge is 634 m.

12*52,14m span

Picture 1, Yi bridge side view

This report describes the design criteria and capacity of the old structure. Also, the utilizations for the new structures
are shown. The chosen solution in pre-engineering is based on experience that the main trusses have capacity, but
the secondary structures (cross-girders and longitudinal beams) are problematic mainly in the capacity, fatigue, and
functionality of the joints. The known problems of these types of bridges are illustrated in document IRS 77802
(former UIC 778-2) Recommendations for determining the carrying capacity and fatigue risks of existing metallic
railway bridges.

This calculation report is a summary of the FEM-modelling and all calculations executed with Robot Structural Anal-
ysis. Its purpose is to show all selections made by the engineer and show the results of the analysis.

1.1 Lattice/truss bridge

The main goal of this calculation is to show that the old truss structures can be utilized from existing 52,0 m truss
sections of the bridge. The main load bearing lattice/truss will be saved as they are and cross beams and longitudinal
rail supporting beams will be renewed. There is a possibility to strengthen most critical profiles of truss if more
detailed calculations and decisions in the detailed design phase require more safety margins.

Picture 2, Yi Bridge
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FEM calculations was made with Autodesk® Robot™ Structural Analysis Professional, Version 30.0.0.5913.

2.1 Structure

Bridge super structure members are complicated profiles of angles and plates with rivet connection. For building a
FEM-model, simplified profiles were used. Simplifications were made so that function in FEM model equals actual
profiles. The simplifications are shown in pictures 3-12 in section 2.1.1.
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Picture 3,

2.1.1 Simplifications for sections
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Picture 4, Lower main girder
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Picture 5, Upper main girder, type 1
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Picture 10, Diagonals — 4 types
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2.2 Loads

2.2.1 Selfweight / dead load

The Robot Structural Analysis gives weights of structures according to cross sections and selected materials. For the
weight of steel is used 7850kg/m3. An additional 1kN/m2 was added for the whole bridge area to act as weight of
rails structures.

2.2.2 Train load

Train axle load is increased to 22,5 tons. Load is applied according to EN 1991-2, section 6.3.2, load model LM71.

Q vk=250kN 250kN 250kN 250kN

0
Qi =80KN/m G =8BOKN/m
-
r
T =

\

m nem! 1,6m 16m

Key
(1) No limitation

Picture 13, Train load model 71

In the calculations, the trains were placed on all locations on the bridge. The load can be anywhere on the bridge.
The most critical locations of the traffic load are in the middle of the span and at the ends.
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Picture 14, Load model 71 applications — side view

FZ=-125.00 FZ=-12500

pZ=40.00 pZ=-40.00

ey

Picture 15, Load model 71 application — front view

2.2.3 Wind load

The applied characteristic wind load is 1 kKN/m?.
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The wind effected area in truss bridges is minimal compared to the train area, so wind load is applied for the train

cars for the whole length of the bridge.

Jwind
Hecar

pZ=-7.80
wl

pY=500

1
Picture 16, Wind load

pZ=7 80

The most critical case for strains in structures is if bridge will be fully loaded at the same time with the wind. Struc-
turally there is no such change that would make bridge behave differently from the last 100 years.

2.3 Load Combinations and combination factors
Load combinations are applied according to EN 1990, table A2.4

|AC= Table A2.4{A) Design values of actions (EQU) (Set A)

Persistent and Permanent acfions Presiress Leading variable | Accompanying variable actions
transient design action (*) )
situation

Unfavourable [Rduourab\e Main (if any) tO‘Ihers
(Eq.6.10) 16,,5up Gk jsup [YG.J.IH!qu‘inf PP a1 Gkt [‘fo‘ﬂm%

(") Variable actions are those considered in Tables A2.1 to A2.3.

MNOTE 1 The y values for the persistent and transient design situations may be set by the National Annex.
For persistent design situations, the recommended set of values for y are:

Yasup=1.08

Yo = 0,851

Yo = 1,35 for road and pedestrian traffic actions, where unfavourable (0 where favourable)

Yo = 1,45 for rail traffic actions, where unfavourable (0 where favourable)

Yo = 1,60 for all other variable actions for persistent design situations, where unfavourable (0 where favourable).
Yp = recommended values defined in the relevant design Eurocode.

For transient design situations during which there is a nsk of loss of static equilibrium, C 5 represents the dominant destabilising variable action

and G, rep the relevant ying variable actions.

During execution, if the construction process is g y , the: set of values for y are:
Tasup=1,05

Yo =095

Yo = 1,35 for construction loads where unfavourable {0 where favourable)
o= ’#,50 for all other variable actions, where unfavourable (0 where favourable)

[ Where a counterweight is used, the variability of its characteristics may be taken into account, for example, by one or both of the following
recommended rules:

— applying a partial factor yg it = 0,8 where the self-weight is not well defined (e.g. containers);

— by considering a variation of its project-defined position specified proportionately to the dimensions of the bridge, where the magnitude of the
counterweight is well defined. For steel bridges during launching, the variation of the counterweight position is often taken equal to + 1 m

MNOTE 2 For the verification of uplift of bearings of continuous bridges or in cases where the venﬁr.a’lmn Df static equilibrium also involves the
resistance of structural elemenis (for example where the loss of static equili isp by systems or devices, e.g. anchors,
stays or auxiliary columns), as an alternative to two separate verifications based on Tab\es A2 4{A) and A2 4(B), a u:rrhned verification, based
on Table A2.4{A), may be adopted. The National Annex may set the y values. The following values of vy are recommend

Vasup= 1 35

Yo = 1.2

.35 for road and pedestrian traffic actions, where unfavourabie (0 where favourable)

45 for rail traffic actions, where unfavourable {0 where favourable)

}'D = 1,50 for all other variable actions for persistent design situations, where unfavourable (0 where favourable)

Yo = 1,35 for all other variable actions, where unfavourable (0 where favourabie) provided that applying yg iy = 1,00 both to the favourable part
and to the unfavourable part of permanent actions does not give a more unfavourable effect.

Combination factors according to EN 1990, Table A2.3.
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Tabia A2.3 Recommended valuas of v factors for railway bridges
Actions Yo kil w2
Main traffic actions | gri1 (LM71 + SWI0) Max. vertical 1 with max.
{groups of loads) longitwdinal
gri2 {LM71 + WD) Max. vertical 2 with max.
tranavarse
gr13 {Braking/ractiony Maot. longitudinal
gri4 {Cantrifugalimosing) Max_ |ateral 0,80 0,80 [}
gr15 {Unloaded train) Lateral stability with
“unloaded frain”
arlB (SWi2) SWIZ with max. longitudinal
gr17 (SWi2) SYW2 with max. transvarse
gr21 {LM71 + SWiD) Mo, vertical 1 with max.
longitwdinal
gr22 {LM71 + SWiD) Man. vertical 2 with max
tranaverse
grad (Braking/traction) IMax. longitudinal 0,80 0,70 L]
gr24 {Cantrifugalinosing) Max. |ateral
ar26 (SWiz) SWIZ with max. longitudinal
gra7 (SW2) SWI2 with max. transvarse
gral [LM71 + WD) Additional load cases 0,80 0,60 1]
Other oparating Aerodynamic efiects 0,80 0.50 1]
actions
General maintenance leading for non public footpaths 0,80 0.50 1]
Wind forces Fue 0,75 0.50 [}
™ 1,00 0 0
Thermal actions ¥ | 7, 0,60 0.60 0,50
Snow loads O (during execution) 08 - 0
Construction loads | Q; 1.0 L 10
1] 0,B 8 1 track only Is loaded
0,7 H 2 racks are simukanacusly lnaded
0,6 It 3 or more racks are simultanacusly lnaded.
) WWhen wind orces act simulteneausly with 1ramc actions, tha wind 1Ce iy F, Should De 12KEN B8 N0 greater Man Fy™ (568 EN 1981-1-4),
Sea A2.2.4(d).
) Sae EN 1981-1-5.
4] M paformalion |5 Deing conslmarad sor Persisient and Translent design sHuations, ys should De taken equal io 1,00 for 12l irEmc ections.
[For salsmic design sltualions, see Table A25.
5) MInimum coastant fevourabie vartical Ioad with Indhiduss components. of rall raskc actions (.g. cantrifugal, {raction o braking]
10,5 LMT1, alc.

MOTE § For specilic design siuations (e.. caiculation of briige camber for aestnetics and Grainaga
he requiremenis for the combinalions of BCNans 1o Be used may be desned for the INdvKILA! project.

NOTE B For ralhway bridges, the Infraquent vaiua of varala Betions ks not ralevant.

conshiaratian, caiculation of ckarance, aic.)

(2} JAC= Far railway bridges <AC], a unigue 1 value should be applied to ene group of loads as defined in EN 19081-2, and
taken as equal to the 1 value applicabls to the leading component of the group.

ULS Load combinations:

L1. Eq.610a

1,35*Seflweight
L2. Eq.610b/1
1,25*Seflweight+1,45*TrafficLoad+1,50*0,75*Wind
L3. Eq.610b/2
1,25*Seflweight+1,50*Wind+1,45*0,8*TrafficLoad

2.4 Materials

Steel Properties: Yield strength = 220 MPa
Ultimate tensile strength = 370 MPa

E =205 000 MPa

9(17)

Assumption is based on a UIC publication IRS 77802 “Assessment of Existing Steel Structures: Recommendations for

Estimation of Remaining Fatigue Life”.
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BAszessment of Existing Steal Sfructures, Remaining Fatigue Life First edition 2008
s Wrounght steel Mild steel Mild steel
Puddled steel (19th century) {20th century)
Sulphur- | Content of sulphur is
print depending on coke
{Banmann- | quality
print)
Slag segregation lines _JFL _
containing phosphorus | Core seereaation containing L mm.mli::i Ik
and sulphur phosphorus and sulphur P salselgho
Miero- L7 e o
structure LR PR
~1:400 o _11 T(’ 2
X5, Sy
G TR
¥ b B b !
s L -L.—i .““'Il‘fn.'_{' S L
Cast iron with Ferritic. Inhomoge- Ferritic-pearlitic, Increasing | Homogenous small grain
lamellar graphite NEous 2rain size grain size from the edee to
distribution, Oxide the core, Oxide and sulphsde
inchesions, Slag lines | melusions
Chemical |C=20-40% Very vaniable Bessemer / Thomas siecl Low-alloved stecl
analysis Mn=02-1.2% C<=0,08% C=0,02-0,1 % (T, SM)
51 +0,3-3,0% Mn <= 0.4% Mn = 0.3-0.5 % Ce01-02%
B<ell% 5<=0,04% 5<=0]% Mn = 0.4-0.3 %
P<=10% F<=06% Pl 04-0,0T4(B) -0, 12%%(T) Si=001 %
Siemens-Martin stecl
Co=0,05-0,15 %
Mn = 02-0.5 %
5= 0,02-0,15 %
P o= 0,03-0006 %
Blast Process: N>=0,01%. Hearth Process: N=<=0.01%
Bessemer steel: Si==0,08%, Thomas steel: Si<=0,08%
Tension Very bntile, almost| Mo local necking local necking Local necking and shear
test no plasticity lips
-
Tension | Old cast iron R = 220310 Nimm® | R, > = 220 N/mm® Low-alloyed steel
strength R =00-135" Nimnr® | R, = 280-400 Nimm® | R, = 370-440 Mimm’® R, = 240-280 N/mm’
e =0% =520 % g=e 0% Re = 370-450 N/mm’
£ = IS-'J_S i
Specimen No local necking Local necking
after
tension test ,',:-. ."_ e "‘“IE qm
T E— | i——

Table 3-2:
'! Literature [Lit. 96] gives also higher values up 10 260 M/mm?; "' elongation &t rupture

Picture 17, steel material properties

Information on matenial charactenstics of old iron and steels

10 (17)
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3 RESULTS
3.1 FEM Model

» Z=00m- Base [NE view

Picture 18, View of FEM model

3.1.1  SLSresults (Serviceability Limit State)

Total deflection of bridge is 6,7cm = L/776.
Deflection is less than allowed L/600 for railway bridges according to EN 1990-1, A2.4.4.2.3 (1), [1].

“Dis 2em
Max=6,7

Cases: 10 (SLS 1)
an Z=000m-Base |a]* Vi

Picture 19; Deflection
3.1.2  ULSresults (Ultimate Limit State)
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Picture 20, member numbers for profiles that will be utilized

After analysis, utilization ratio may be calculated for each member of the bridge truss.

3.1.2.1  Lower main girder utilization

The highest utilization ratio for the members is 0,44
The critical load combination was L2: 1,25*Seflweight+1,45*TrafficLoad+1,50*0,75*Wind, and the traffic load’s
point loads were placed at midspan.

—— 5
A [13:09:2017] : [13:54:36] SFS-EN 1993-1:2005/NA:2007/A1:2014 - Lower main girder l“":“’ = ﬂ]

Results | Messages| [ cale. rote Close

Member Section Material Lay Laz Ratio Case

130 Simple bar_1 [ | Loweer main gi STEEL 1929 2518 0.44) 6 L2 Eq510b/1-mids
44 Simple bar_44 [ | Loweer main gi STEEL 19.29 2518 0.44) § L2.Eq610b/1-mids
43 Simple bar_43 €] | Lower main i STEEL 19.29 25.18 0.40) 6 L2 Eq610bi1-mids
129 Simple bar_1 [ | Lower main i STEEL 1929 2518 0.40) 6 L2 Eq510bi1-mids Calculation points
122 Simple bar 1| | Lower main gi STEEL 19.29 25.18 0.37 | & L2 EqE10b/1-mids. Division: n=3
36 Simple bar_36| [ | Loweer main gi STEEL 1929 2518 0.37 | 6 L2 Eq510bi1-mids Extremes: none
35 Simple bar_35 | | Lower main gi STEEL 19.29 25.18 0.34] 6 L2.Eq610b/1-mids. Additional:  none
121 Simple bar_1 ! Lower main gi STEEL 19.29 25.18 0.33] 6 L2 Eq610b/1-mids
114 Simple bar_1 [ | Lower main i STEEL 1929 2518 0.28) 6 L2.Eq510bi1-mids
28 Simple bar_28 [58]| Loweer main i STEEL 19.29 2518 0.27 | § L2.Eq610b/1-mids
27 Simple bar_27| [5] | Lowver main gi STEEL 19.29 25.18 0.26) & L2.Eq810bi1-mids
113 Simple bar_1 [ | Lower main i STEEL 19.29 25.18 0.25) 6 L2.Eq510b/1-mids
88 Simple bar_88| [ | Lower main gi STEEL 19.88 2596 0.17 | & L2.Eq610bi1-mids

3 Simple bar_3 [ | Loweer main i STEEL 19.88 2596 0.16 6 L2 Eq510bi1-mids
91 Simple bar_81 [ | Lower main i STEEL 1828 25.18 0.16 6 L2.Eq810b/1-mids

2 Simple bar_2 €] | Lower main i STEEL 19.29 25.18 0.15] & L2 Eq610b/1-mids

1 Simple bar_1 [ | Lower main i STEEL 19.88 2596 0.15] 6 L2.Eq510bi1-mids

4 Simple bar_4 [ | Lower main gi STEEL 1929 2518 0.14) 6 L2.Eq610b/1-mids

90 Simple bar_%0 [ | Lower main gi STEEL 19.88 2596 0.14] 6 L2 Eq810bi1-mids
89 Simple bar_83 [ | Lowver main i STEEL 19.29 2518 0.13] 6 L2.Eq810b/1-mids

Table 1, Utilization of lower main girder in order of utilization ratio
3.1.2.2  Upper main girder utilization
The highest utilization ratio for the members is 0,86

The critical load combination was L2: 1,25*Seflweight+1,45*TrafficLoad+1,50*0,75*Wind, and the traffic load’s
point loads were placed at midspan.
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=@ =

|~

RESUE] Messages ‘

Calc. Note Close

Help

Member Section Material Lay Laz Ratio® Case

131 Simple bar_1 ] Upper main gir| STEEL 25.87 2537 0.85] 6 L2 Eg810b/1-mids
45 Simple bar_45 (] Upper main gir| STEEL 29.87 25.37 0.85| 6 L2 EgS810b/1-mids
48 Simple bar_48 =] Upper main gir| STEEL 25.87 25.37 0.83| 6 L2 Eg810b/1-mids
132 Simple bar_1 ] Upper main gir| STEEL 2587 2537 0.83| 6 L2 Eg510b/1-mids.
123 Simple bar_1 ] Upper main gir| STEEL 2587 2537 0.79| 6 L2 Eg810b/1-mids
37 Simple bar_37 ] Upper main gir| STEEL 29.87 2537 0.79| 6 L2.Eg510b/1-mids
38 Simple bar_38 ] Upper main gir| STEEL 29.87 2537 0.77| 6 L2.Eg510b/1-mids
124 Simple bar_1 =] Upper main gir| STEEL 26.87 25.37 0.77 | 6 L2.Eg5100/1-mids
115 Simple bar_1 ] Upper main gir| STEEL 29.87 2537 0.68] 6 L2.Eq610b/1-mids
259 Simple bar_2% ] Upper main gir| STEEL 29.87 2537 0.68] 6 L2.Eq610b/1-mids
30 Simple bar_30 ] Upper main gir| STEEL 29.87 2537 0.67| 6 L2.Eg810b/1-mids
116 Simple bar_1 ] Upper main gir| STEEL 29.87 2537 0.66| 6 L2.Eg810b/1-mids
93 Simple bar_93 (3] Upper main gir| STEEL 2887 2537 0.48| 6 L2 Eg810b/1-mids

8 Simple bar_8 (3] Upper main gir| STEEL 2987 25.37 0.48| 6 L2.Eg510b/1-mids

& Simple bar_& E] Upper main gir| STEEL 25.87 2537 0.48| 6 L2 Eg510b/1-mids
95 Simple bar_85 ] Upper main gir| STEEL 25.87 25.37 0.47 | 6 L2 Eg510b/1-mids.

7 Simple bar_7 (=] Upper main gir| STEEL 30.80 26.16 0.29] & L4.Eg610bi1-atsu
94 Simple bar_%4 ] Upper main gir| STEEL 30.80 2616 0.28| 6 L2 Eg510b/1-mids
92 Simple bar_92 ] Upper main gir| STEEL 30.80 2616 0.28| 6 L2 Eg510b/1-mids

5 Simple bar_5 ] Upper main gir| STEEL 30.80 26.16 0.27| & L4.Eg610bi1-atsu

Calculation pointz

Division: n=3
Extremes:  none
Additional:  none

Table 2, Utilization of upper main girder in order of utilization ratio

3.1.2.3

Cross beams’ utilization

The highest utilization ratio for the membersis 0,71

The critical load combination was L4: 1,25*Seflweight+1,45*TrafficLoad+1,50*0,75*Wind, and the traffic load’s

point loads were placed at support.

-
¥ [13:09:2017] ; [13:52:15] SFS-EN 1993-1:2005/NA:2007/A1:2014 - Cross girders

e

F=Ta

EUE Messages |

Calc. Note ] [ Close ]

Member Material Lay Laz Ratiod Case
10 Simple bar_10 [ | Cross girder STEEL 18.00 T4.45 0.71| & L4.Eg610bi1-atsu
97 Simple bar_97 [ | cross girder STEEL 18.00 74.45 0.65 | 6 L2.Eg610b/1-mids
11 Simple bar_11 [ | cross girder STEEL 18.00 7445 0.61| &6 L2.Eg510b/1-mids
98 Simple bar_93|[® | Cross girder STEEL 18.00 7445 0.61| & L2.Eg510b/1-mids
31 Simple bar_31 |8 | cross girder STEEL 18.00 7445 0.51| & L2.EgE10b/M-mids Division:
117 Simple bar_1 [ | cross girder STEEL 18.00 T4.45 0.51| 6 L2.Eqg610b/1-mids Extremes:
96 Simple bar_95 | | Cross girder STEEL 18.00 7445 0.49| 6 L2.Eg610b/1-mids Additional:
9 Simple bar_9 || cross girder STEEL 18.00| 7445 0.47 | 6 L2 Eq610b/1-mids
39 Simple bar_39 [ | Cross girder STEEL 18.00 T4.45 0.42 | 6 L2 Eq610b/1-mids
125 Simple bar_1 [ | cross girder STEEL 18.00 74.45 0.42| 6 L2.Eq610b/1-mids
47 Simple bar_47 [ | cross girder STEEL 18.00 T4.45 0.41| & L2.Eg510b/1-mids

Calculation points

Help

n=3
none
none

Téble 3, Utilization of cross beams in order of utilization ratio

3.1.24

Rail bearers’ utilization

The highest utilization ratio for the members is 0,27

The critical load combination was L4: 1,25*Seflweight+1,45*TrafficLoad+1,50*0,75*Wind, and the traffic load’s

point loads were placed at support.

13 (17)
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-
¥ [13:00:2017] : [13:50:44] SFS-EN 1993-1:2005/NA:2007/A1:2014 - Longitudinal F=nrEn

Results | Messages| [cactor | [ co= |
Member i Material Lay Laz Ratic Case Help

12 Simple bar_12 [E] Longitudinal gi STEEL 2214 11611 0.27 | 8 L4.Eg510b/1-atsu

14 Simple bar_14 | | Longitudinal gi STEEL 2214 11611 0.24| & L4 EgB10b/1-atsu

15 Simple bar_15 [E] Longitudinal gi STEEL 21.47| 11264 0.21| & L4.Eg510b/1-atsu

123 Simple bar_1 || Longitudinal gi|  STEEL 21.47| 11284 0.21 | 6 L2.Eq8100/1-mids Calculation points

45 Simple bar_48 | | Longtudinal gi]  STEEL 2147 112864 0.21 | 6 L2 Eq6106/1-mids e n=3

13 Simple bar_13 (=] Longitudinal gi STEEL 2147 11284 0.20| 8 L4.Eg510b/-atsu Extremes: none

101 Simple bar_1 || Longitudinal gi STEEL 2214 11611 0.19 | 6 L2 Eq510b/1-mids Additional:  none

102 Simple bar_1 || Longitudinal gi|  STEEL 21.47| 11264 0.1 | 6 L2.EqB106/1-mids

100 Simple bar_1 |8 | Longitudinal gi STEEL 2147 11284 0.19 | 6 L2 Eq610b/1-mids.

99 Simple bar_39 [E] Longitudinal gi STEEL 2214 11611 0.18 | 6 L2.Eq8100/1-mids

134 Simple bar_1 || Longitudinal gi| ~ STEEL 21.47| 11284 0.18 | 6 L2 Eq510b/1-mids

49 Simple bar_49 | | Longitudinal gif  STEEL 21.47| 11264 0.18 | 6 L2.Eq5100/1-mids

33 Simple bar_33 ] Longitudinal gi STEEL 21.47| 11284 0.16 | 6 L2.Eq510b/1-mids

119 Simple bar_1 |[® | Longitudinal gi STEEL 2147 11254 0.15] § L2.Eq810b/1-mids.

118 Simple bar_1 ] Longitudinal gi STEEL 21.47| 11284 0.14 | 6 L2.Eq510b/1-mids

126 Simple bar_1|[® | Longitudinal gi STEEL 2147 11254 0.13| 6 L2 Eq8100/1-mids.

32 Simple bar_32 ] Longitudinal gi STEEL 21.47| 11284 0.13 | 6 L2.Eq5100/1-mids.

40 Simple bar_40 [E] Longitudinal gi STEEL 2147 11284 0.13 | 6 L2 Eq510b/1-mids

41 Simple bar_41 ] Longitudinal gi STEEL 21.47| 11264 0.13 | 6 L2.Eq510b/1-mids |

127 Simple bar_1 || Longitudinal gi|  STEEL 2147 11284 0.13 | 6 L2.Eq8100/1-mids

Table 4, Utilization of rail bearers in order of utilization ratio

3.1.25

Diagonals’ utilization

The highest utilization ratio for the members is 0,59

The critical load combination was L2: 1,25*Seflweight+1,45*TrafficLoad+1,50*0,75*Wind, and the traffic load’s

point loads were placed at midspan.

" [13:09:2017] : [13:57:04] SFS-EN 1993-1:2005/NA:2007/A1:2014 - Diagonals 3} (=0T
Results | Messages | Calc, Note Close
Member Section Material Lay Laz Ratiod Case T
24 Simple bar_24 (] Diagonals/1 STEEL 6747 53.56 0.58) 6 L2.Eq610b/1-mids
110 Simple bar_1 [E] Diagonals/1 STEEL 5747 53.56 0.59] & L2.Eg810b/1-mids
108 Simple bar_1 |[# | Diagonalsi1 STEEL 8747 53.56 0.58| § L2 Eg610b/M1-mids
23 Simple bar_23 =] Diagonalsi1 STEEL 6747 53.56 0.57 | 6 L2.Eg610bi1-mids Calaulation points
26 Simple bar_26 |[# | Diagonalsiz STEEL 63.96 53.92 0.54| 6 L2 Eq610b/1-mids. Division: n=3
112 Simple bar_1 3] Diagonals/2 STEEL 63.96 53.92 0.54] 6 L2.Eg510b/1-mids Extremes: none
111 Simple bar_1 |[# | Diagonals/2 STEEL 63.96 53.92 0.54 | 6 L2 Eg610b/1-mids. Additional:  none
25 Simple bar_25 | | Diagonals/2 STEEL 63.96 53.92 0.53| § L2.Eg610b/1-mids
60 Simple bar_60 ] Diagonalsi3 STEEL B80.37 54.55 0.50) 6 L2.Eg610b/1-mids
141 Simple bar_1 (3] Diagonals/3 STEEL 80.37 54.55 0.49) 6 L2.Eg610b/1-mids
142 Simple bar_1 ] Diagonals/3 STEEL B80.37 54.55 0.49) 6 L2.Eg810b/1-mids
59 Simple bar_59 |[# | Diagonals/3 STEEL 80.37 54.55 0.45| § L2.Eg610b/1-mids
62 Simple bar_62 ] Diagonalsi3 STEEL B80.37 54.55 0.34| 6 L2.Eg610b/1-mids
143 Simple bar_1 ] Diagonals/3 STEEL 80.37 54.55 0.34) 6 L2.Eg810b/1-mids
144 Simple bar_1 [ Diagonals/3 STEEL 80.37 54.55 0.33) 6 L2.Eg810b/1-mids
61 Simple bar_81 ] Diagonals/3 STEEL 80.37 54.55 0.33] 6 L2.Eg810b/1-mids
64 Simple bar_54|[ | Diagonals/4 STEEL 9568 55.80 0.15] & L2 Eg610b/1-mids
145 Simple bar_1 ] Diagonalsi4 STEEL 95.68 55.80 0.15] 6 L2.Eg610b/1-mids
146 Simple bar_1 [ Diagonals/4 STEEL 9568 55.60 0.15) 6 L2.Eqg610b/1-mids |
63 Simple bar_§3 (] Diagonals/4 STEEL 9568 55.80 0.14] 6 L2.Eg810b/1-mids
55 Simple bar_65 [ | Flat diagonals STEEL 14876| 1078.50 0.00 5L1.Eg610a
66 Simple bar_66 ([ | Fiat diagonals STEEL 148.76| 1073.50 0.00 5L1.EgB10a
147 Simple bar_1 [ | Fiat diagonals STEEL 148.76| 1078.50 0.00 5 L1.Eg610a
148 Simple bar_1 [ | Fiat diagonals STEEL 148.76| 1078.50 0.00 5 L1.Eg610a
I

-

Table 5, Utilization of diagonals in order of utilization ratio

3.1.2.6

Columns’ utilization

The highest utilization ratio for the members is 0,66

The critical load combination was L2: 1,25*Seflweight+1,45*TrafficLoad+1,50*0,75*Wind, and the traffic load’s

point loads were placed at midspan.

14 (17)
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2 [13:09:2017] : [13:57:51] SFS5-
Results | Messages | [cacnoe | [ cose ]
Member Section Material Lay Laz Raticd] Case
135 Simple bar_1 [ | columniz STEEL 48.71 43.04 0.66| 6 L2.Eq610b/1-mids
22 Simple bar_22 [ | Columni STEEL 46.07 4561 0.65| & L2.Eq610b/1-mids
107 Simple bar_1 || columnit STEEL 468.07 4581 0.64 | & L2.EgB10b/1-mids
108 Simple bar_1 || Columnit STEEL 48.07 4561 0.64 | 8 L2 Egf10bi1-mids Calaation points
51 Simple bar_51 || Column/2 STEEL 4971|4304 0.64 | 6 L2 Eqf10bi1-mids B e
21 Simple bar_21 || columni1 STEEL 465.07 45.61 0.62 & L2.Eg610b/1-mids Extremes: none
52 Simple bar_52| [ | columniz STEEL 4971 43.04 0.62| & L2.Eg810b/1-mids Additional:  none
137 Simple bar_1 || columna STEEL 60.75 44.15 0.62| & L2.Eq610b/1-mids
136 Simple bar_1 [® | columniz STEEL 48.71 43.04 0.60 | 6 L2.Eq510b/1-mids
53 Simple bar_53| & | columniz STEEL 60.75 4415 0.60| & L2.Eq610b/1-mids
53 Simple bar_53 || Column/3 STEEL 60.75 4415 0.55| & L2.Eg610b/1-mids
140 Simple bar_1 || Columni3 STEEL 6075 4415 0.53 | 8 L2 Egf10bi1-mids
138 Simple bar_1 || Column/3 STEEL 6075 4415 0.38| 6 L2 EqB10b/1-mids
54 Simple bar_54 {8 | Columnia STEEL 60.75 4815 0.37 | 6 L2.Eqf10b/1-mids
57 Simple bar_57 8| Column/3a STEEL 60.75 4415 0.30| & L2.Eq610b/1-mids
139 Simple bar_1 8| Column/3 STEEL 60.75 4815 0.29| & L2.Eq510bs1-mids
55 Simple bar_55 (| columnia STEEL 60.75 44.15 0.22| & L2.Eq610b/1-mids
56 Simple bar_S6| & | columniz STEEL 60.75 4415 0.15| 6 L2.Eq610b/1-mids (]
— —

Table 6, Utilization of columns in order of utilization ratio

3.1.2.7  End columns’ utilization

The highest utilization ratio for the members is 0,53
The critical load combination was L4: 1,25*Seflweight+1,45*TrafficLoad+1,50*0,75*Wind, and the traffic load’s
point loads were placed at support.

" [13:09:2017) : [1:58:18) SFS-EN 1993-1:2005/NA:2007/A1:2014 - End columns B PSR
Resulls | Messages| . _ _ _ | cderote | | Close
20 Simple bar_20] | End coumn STEEL 26.73 3514 0.53] 8 L4.EqE100/1-atsu -
108 Simple bar_1 |8 | End column STEEL 2673] 35.14]  0.42| 6 L2.EqE100/-mas
18 Simple bar_12| 8 | End column STEEL 2673] 35.14]  0.38] 8 L4 Eqe10b/1-atsu
105 Simple bar_1 . End column STEEL 2673 3514 0.30 | 6 L2.Eq510b/1-mids Caleut 2 points
Division: n=3
Extremes: none

Table 7, Utilization of end columns in order of utilization ratio

3.1.2.8  Upper cross bracings’ utilization

The highest utilization ratio for the members is 0,12
The critical load combination was L2: 1,25*Seflweight+1,45*TrafficLoad+1,50*0,75*Wind, and the traffic load’s
point loads were placed at midspan.

2 [1309:2017) : [13:59:29] SFS-EN 1993-1:2005/NA:Z007/A1:2014 - Upper cross g i e e )
Results | Messages Calc, Note Close
Member Section Material Lay Laz Ratic| Case
120 Simple bar_1 . Upper cross by STEEL 2722 163.23 0.12) 6 L2.Eg610b/1-mids.
34 Simple bar_34 [E] Upper cross b STEEL 27.22| 163.23 0.12| 6 L2.Eq610b/1-mids
128 Simple bar_1 [E] Upper cross b STEEL 27.22| 16323 0.12| 6 L2.Eq810b/1-mids
42 Simple bar_42 || Upper cross b  STEEL 27.22| 18323 0.12 | & L2.Eq810b/1-mids Calculation points
87 Simple bar_57 |l | Upper End cro|  STEEL 18.45| 86568 012 | 9 L5 EqE10b/2-atsu D =3
50 Simple bar_50 (3] Upper cross b STEEL 27.22| 16323 0.12| 6 L2.Eg610b/1-mids Extremes: nong
17 Simple bar_17 [ | Upper cross b| STEEL 27.22| 16323 0.10| 6 L2.Eq610b/1-mids Additional:  none
104 Simple bar_1 E Upper cross b STEEL 2722 163.23 0.10) 6 L2.Eg610b/1-mids
169 Simple bar_1 . Upper End cro STEEL 18.45 86.68 0.09) 7 L3.Eg610b/2-mids.
103 Simple bar_1 [E] Upper cross b STEEL 27.22| 163.23 0.07| 6 L2.Eq610b/1-mids
16 Simple bar_16 (5] Upper cross b STEEL 27.22| 16323 0.07 | 6 L2.Eq810b/1-mids
Pl

Table 8, Utilization of upper cross bracings in order of utilization ratio
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4 CROSS GIRDER-RAIL BEARER JOINT

A connection verification was carried out for the cross girder-rail bearer joint of the 52-m span bridge. The result
shows (Appendix 2), that the connection’s resistance is not adequate against the design force. The basic require-
ment is that the resistance is greater than the forces, but analysis shows that (Ves/Vrg) = 1.194 > 1. In addition, the
there are many uncertainties to the calculation, since the condition of these joints, especially the main plates under
the cover plates is unknown and not visible.

The document IRS 77802 (former UIC 778-2) “Recommendations for determining the carrying capac-
ity and fatigue risks of existing metallic railway bridges” gives instructions for Fatigue Susceptible
Details, which generally have a more unreliable fatigue performance and experience indicates they
are more prone to fatigue cracking than or other typical design details in modem bridges.

Typlcally Fatigue Susceptible Details:
are subject to significant cycles of stress from short influence line length load effects that
are neglected at the ULS (for example rail bearer joints that are assumed to be pinned joints
at ULS subject to cycles of stress from passing individual axles) and or;
are subject to significant cycles of stress from the real “whole bridge” behavior or the real
distribution of stresses in complex details and or connections that is neglected at the ULS,
for example cross girder end joints that have additional stresses induced by the differential
global deflection of a bridge (particularly skew bridges) and / or;
have additional stress concentration features present that are not present in a similar detail
tested to establish the fatigue performance of the detail.

Examples of Fatigue Susceptible Details
An example of a Fatigue Susceptible Detail is a notched rail bearer to cross girder connec-
tion, especially where the notch has been flame cut:

Picture 37. Joint of typical cross girder connection, one example (IRS 77802).

Joints that are Fatigue Susceptible Details include:
joints with other geometrical stress concentration features,
misaligned load carrying parts
joints subject to multiple cycles of stress due to the passage of individual axles

An example of a fatigue susceptible joint is also a rail bearer to cross girder connection with flange
plates providing continuity between adjoining rail bearers. This arrangement results in these joints
being subject to multiple cycles of stress from the passage of individual axles as well as tension load-
ing effects arising from the floor of a bridge being located below the neutral axis of the bridge super-
structure.

Moreover, in case of a fatigue analysis wants to be performed, the dismantling of the joint is needed to gather
sufficient information on the existing structure (conditions, presence of cracks in web). To ensure the safety of the
structure, changing the critical fatigue sensitive connection parts (cross girders, rail bearers), is a suitable solution.
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5 CONCLUSIONS
52 m span

Deflection of the bridge is less than allowed L/600 for railway bridges according to EN 1990-1, A2.4.4.2.3 (1), [1].
Ultimate limit state verification shows that structures are feasible for higher loading.

Utilization of profiles for truss bridge are 86 % at the most critical section. The engineer has chosen all the assump-
tions with safety margins.

Joints of cross-girder — Rail bearer connection

For Cross beams and rail bearers it is recommended to be renewed for structural reasons due to rail system update,
even with results showing maximum utilization of 71%. However, the joints of these secondary girders are more
critical than the tension or stress of the girder materials.

Based on the studies and calculations, shows that the capacity of joints is not sufficient (Veq/Vrg) = 1.194 > 1. There
are many uncertainties to these calculations and to find a solution to save the secondary structures, more detailed
analysis is needed and the dismantling of the joint is needed to gather sufficient information on the existing structure
(conditions, presence of cracks in web). To ensure the safety of the structure, changing the critical fatigue sensitive
connection parts (cross girders, rail bearers), is a suitable solution.
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APPENDIX 1: N.A. (NOT APPLICABLE)
APPENDIX 2: CONNENCTION CALCULATION



APPENDIX 2

Connection Calculation Report - Crossqgirder-railbearer

Material:
Bolt class: 4.6 Ref. EN1993-1-8
| N _ N §3.1.1
fyp = 240 — fup = 400 - Table 3.1
mm mm

Steel grade: S235
Ref. EN1993-1-1

fy = 235V f, = 360 §3.2.3
mm mm-2 Table 3.1

Geometry of joint:

Connection between cross girder and railbearer
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d:= 22mm

2
Ap = % = 380-mm2 the gross cross section of the bolt

do =d + 2mm = 24-mm

pq = 89mm

is the transverse distance from the face of the supporting element to

Z:=68MM o centre of the bolt group

Np:=7
Partial safety factor for joint:
M2 = 1.25 Ref. EN1993-1-8 §2.2 Table 2.1
Mo =1 Ref. EN1993-1-1 §6.1 Note 2B
Supported beam side:

Shear resistance of bolts Basic requirement:  Vgq < Vpy

2Ny Fy Rd

. J(2+an)? + (Bnp)?

~ oy fup A Ref. EN1993-1-8
Fv.Rd = M2 Shea resistance per shear plane §3.6.1
Table 3.4
for classes 4.6~ 5.6 and 8.8:
av=0,6 =7 oy:=06
- for classes 4.8, 5.8, 6.8 and 10.9:
a.v=0,5

For a single vertical line of bolts:

a:=0
6-z
B ——
nl'(nl + 1)p1
Nq:=nNp= 7
= — %% _gos2

nl'(nl + l)pl



oy fup-Ap

FyRd = ———— = 72.985-kN
M2
2-np-F
R
Ve o = b v.Rd — 886.554-kN
v.Rd
2 2
J(1+a-nb) + (8np)

Bearing resistance of bolts on the angle cleats  Basic requirement: Vg4 < Vgy
2-nb
1+ (x-nb 2 Bnb 2
+
Fh.ver.Rd Fh.hor.Rd
The vertical bearing resistance of a single bolt on the angle cleat is as follows:
Ref. EN1993-1-8

VRd =

. ko fy acditye §3.6.1
b.ver.Rd ~
ver M2 Table 3.4
ey :=39mm eq = 34mm tyc = 11mm

e
: 2
Kq ver = mm[z.s-d—o - 1.7,2.5} =25

f.ac = f, = 360-MPa

e Pp 1 f
o yer = Min| ——,—— 2 M 4| 0472

K1 ver®.ver fu.acd-t

M2

& _ §2.28-kN

Fp.ver.Rd =

The horizontal bearing resistance of a single bolt on the angle cleat is as follows:

Ref. EN1993-1-8
ky-opfyacd-tac §3.6.1

F = —
.hor.Rd
b.hor M2 Table 3.4

€1 P1

k =min 28— - 1.7,14— - 1.7,25| = 2.267

1.hor d d
0 0



& T
Op hop = Min| ——,——,1 | = 0542
3dp fyac

k -QY -f -d-t
1.hor %p.hor fu.
Fb.hor.Rd = o & 85.571-kN

M2

2-I’1b
Vde = = 1009kN

1+ a-nb 2 . Bnb 2
Fp.ver.Rd Fh.hor.Rd

Bearing resistance of bolts on the beam web Basic requirement: Vg4 < Vgy

e\ = 50mm ty = 9.5mm

Mp

1+ 0L~nb 2 N Bnb 2
Fh.ver.Rd Fb.hor.Rd

The vertical bearing resistance:

VRd =

Kq-op-fuwd-ty

Fh.ver.Rd.2 = V2

e
. 2.wW
kl.ver.2 = mm[Z.S-—dO - 1.7,2.5} =25

fuw = fy = 360-MPa

u

e p f
O yer 2= Mi| ———— — = 1 |~ 0472
ver. 3dy 3dg 4 Ty

k -QY -f -d-t
l.ver.2®b.ver.2 'uw™ 'w
Fh.ver.Rd.2 = = 71.06-kN

M2

The horizontal bearing resistance:

Kp-op-fuacd-ty

Fb.hor.Rd.2 =
M2

Ref. EN1993-1-8
§3.6.1
Table 3.4

Ref. EN1993-1-8
§3.6.1
Table 3.4



€1 P1
k =min 28— - 1.7,1.4— — 17,25 | = 2.267
1.hor.2 d d
0 0

K1 hor.2"%.hor.2" fuw d-tw

Fh.hor.Rd.2 = - = 94.747-kN
n .
. b Multiplied by two,
VbRa2=2 > 5 914-kN because the bearing
1+ any B-ny resistance of the web
= E works against half of the
b.ver.Rd.2 b.hor.Rd.2 design shear force.

Supporting beam side:

Basic requirement:
VEd =FRd
Fpq = F if max(F <F
Rd b.Rd b.Rd .Rd
2 (Fora) <Fv Ref. EN1993-1-8

" - §3.7 (1)
ns'm'n(Fb.Rd) if m'”(Fb.Rd> <FyRd < max(Fb.Rd)

0.8ngFyrq if FyRrq < min(Fble)
Shear resistance of bolts:

FyRd = 73kN

Bearing resistance of bolts on the angle cleats
Ref. EN1993-1-8

. _ kpop Ty acditye §3.6.1
b.Rd ~ Table 3.4
M2 able 3
€2
For edge bolts: Kq{ gc = min 2.8-d— -17,25|=25
0
. (&1 Tup
For end bolts: Qp ac.end = Minf —,—,1| = 0472
3'd0 fu.ac



. P11 Tup
For inner bolts: Op ac.inn = Minf —— — —,L,l = 0.986
e 3do 4 fU.aC

Kq ot faadt
For end bolts: Fo Rdend = 1l.ac®*b.ac.end 'u.ac’™ ‘ac — 82.28.kN

M2

Ka - o o det
For inner bolts: Fo Rlinn = 1.ac’®*b.ac.inn"'u.ac aC:171.82-kN

M2

Fb.Rd.min = Min(Fp Rd.end- Fb.Rd.inn) = 82.28-kN

Fb.Rd.max = MaX(Fy Rd.end: Fb.Rd.inn) = 171.82'kN
Npo:=6  number of bolts on supporting beam side

Ng:= 2'”b.2 =12

FrRd = |Fo.Rd.end * Fb.Rd.inn T FhRdmax <Fv.rd = 701-kN
Ns'Fh Rd.min f Fb.Rd.min < Fv.Rd = Fb.Rd.max

0.8:ng-Fy rd if FyRd < Fb.Rd.min

Supported beam side:

Shear resistance of the angle cleats

Basic requirement: VEd < VRd.min

VRd.min = Min(Vrd.g:VRd.n: VRd.b)

Shear resistance of gross section

_ hactac fy.alc

V W L
RALG™ 127 Byyo

Note: The coefficient 1,27 takes into account the reduction in shear resistance
due to the presence of the nominal in-plane bending which produces tension in
the bolts

hac = 600mm tye = 11-mm fy.ac = fy = 235-MPa



h,.t f,
Vrag= 222 Y 4ok
127 \Bypo

Shear resistance of net section

f
u.ac
VRd.n = 2'Av.net'\/g
“TM2

2
A et = tac~(hac - nl-do) = 4752-mm

f
u.ac
VRdn = 2°Ay net 7= = 1580-kN

3YMm2
Block tearing resistance

0.5y acAnt fy.ac'Anv
V, =2 +
Rd.b
M2 V3 YMmo

Ant = tac'(ez - 05d0)

Any = tac'[hac - &1 (”1 - 0'5)'dO]

0.5fy acAnt fy.alc'Anv

+
M2 \/5"Y|v|o

VRd.b = 2'[
VRd.min = MiN(VRd.g-VRd.n: VRd.b) = 1309-kN

Supporting beam side:

Shear resistance of the angle cleats

Basic requirement: VEd < VRd.min

VRd.min = Min(Vrd.g:VRd.n: VRd.b)

Shear resistance of gross section

hactac fy.alc

V, = 2. .
RLG™ 7127 Bvyo

] = 1309-kN

Ref.
EN1993-1-8
§3.10.2 (2)



h,-t f,

ac’tac 'y.ac
V =2.—————.——— = 1410-kN
Rd.g.2
9 127 By
Shear resistance of net section
f
u.ac
VRd.n = 2"Ay.net’
\/5"Y|v|2
: h dq) = 5016-mm?
Avnet.2 = tac'( ac ~ "pb.2 0) = 5016-mm
_ fu.ac
VRd.n.2 = 2'Av.net.Z'\/— = 1668-kN
3YMm2
Block tearing resistance
05f ._.A f A Ref.
v _ ). u.ac’nt N y.acnv EN1993-1-8
Rd.b
M2 V3Ymo §3.10.2 (2)

Antz = tac'(ez - 05d0)

Anv.2 = tac'[hac 81 - (nb.2 - 0'5)'dO]

0.5, ,n A f an A
u.ac’"nt.2 y.acnv.2
VRd.b.2 = 2'[ +

= 1381-kN
M2 \/§'“{|\/|o

VRd.min.2 = min(VRd_g,z’VRd_nIQ,VRd.b_Z) = 1381-kN

Shear resistance of the beam web
Shear and block tearing resistance

Basic requirement: VEd < VRd.min

VRd.min = Mn(VRd.g-VRd.n- VRd.b)
Shear resistance of gross section

f
y.b
V, = A . —
Rd.g.wb v.whb
g \/5"Y|v|o

fy pi= fy = 235-MPa



hW = hac = 600-mm t, = 9.5mm

Ay b = Mty = 5700-mm”
fyb

VRd.gwb = Avwb = = 773.361-kN
3YMo

Shear resistance of net section

_ fub
VRd.n.wb - Av.wb.net'\/—
3YMmo

Aywb.net = Av.wb ~ Np-dotw

f,p:= f, = 360-MPa

f
u.b
VRd.nwb = Av.wb.net'\/— = 853-kN
3YMmo
Block tearing resistance
0.5-F, A f, A Ref.
v Y u.ac nt+ y.ac’nv EN1993-1-8
Rd.b
M2 V3mo §3.10.2 (2)

Antowb =t (€2, — 05:dg) = 361.mm’
Anvawd = tw[e1 + (1 — 1)-pg — (ng — 05)-dg] = 3914 x 10°mm”
0.5%, b Ant.wb fy.b'Anv.Wb

+
M2 V3 1m0

VRd.b.wb = 2'[ J - 1166-kN

VRd.minwb = MN(VRd.g.wh VRd.nwh: VRd.b.wb) = 773 kN



Summary of design checks:

Shear resistance:

Bolt group design
Supported beam side

Shear resistance of bolts: Yv.Rd = 887°kN
Bearing resistance of bolts on angle cleats: Vp Rd = 1009-kN
Bearing resistance of bolts on the beam web: Vp Rd.2 = 914-kN
Supporting beam side
Resistance: Fpj=701-kN
Shear resistance of the angle cleats
Supported beam side
Shear resistance: Vg min = 1309-kN
Supporting beam side
Shear resistance: VRd.min.2 = 1381-kN
Shear resistance of the beam web

Shear and block tearing resistance

Shear resistance: VRd.min.wb = 773-kN

VRd = Min(Vy rd: Vb Rd: Vb.Rd.2: VRd.min: VRd.min.2: VRd.min.wb: FRd) = 701-kN
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VEgq = 836.32kN From Robot Stractural Analysis

\Y

_Ed =1.194 >1 The joint is failing due to the shear design force and the critical failure mode
VRd is the bearing resistance of the bolts on the angle cleats.

References:

http://sections.arcelormittal.com/fileadmin/redaction/4-Library/4-SBE/EN/MSB05_Joint_Design.pdf
STEEL BUILDINGS IN EUROPE, Multi-Storey Steel Buildings, Part 5: Joint Design

EN 1993-1-8:2005: Eurocode 3 Design of steel structures. Design of joints

EN 1993-1-1:2005: Eurocode 3 Design of steel structures - Part 1-1: General rules and rules for
buildings

EN1991-2 2003: Eurocode 1: Actions on structures - Part 2: Traffic loads onbridges
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