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1 SCOPE

Rio Negro Bridge consists of three different types of cross sections and three different span lengths. Total length of
the bridge is 704 m; consisting of 11x 18,67 m spans, 9x 37 m spans and 11x 17,27 m spans.

11*18,67m span 9*36,98m span 11*17,27m span
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Picture 1, Rio Negro 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 all calculations executed with FEM-modeling and Structural Analysis and

calculations. Its purpose is to show all selections made by the engineer and show the results of the analysis.

1.1 37 m 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.

REXEIXIIIEIXEZX

Picture 2, Rio Negro Bridge 37 m

1.2 18,67 m Truss Bridge

The main goal of this calculation is to show that the old truss structures could be utilized from existing 19 m truss
sections of the bridge.

The girder bridge of 19 m span was studied with same actions as the truss sections with replacing of cross beams
and longitudinal rail supporting beams. But technical and economical evaluations show that it is more cost effec-
tiveness that all girders spans will be renewed completely. The lifting weight of a single span is suitable for this kind
of replacement. The pre-engineering solution is to replace these spans.
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Picture 3, Rio Negro Bridge 19 m

i

[

1.3 17 mTruss Bridge

The main goal of this calculation is to show that the old truss structures could be utilized from existing 17 m truss
sections of the bridge.

The girder bridge of 17 m span was studied with same actions as the truss sections with replacing of cross beams
and longitudinal rail supporting beams. But technical and economical evaluations show that it is more cost effec-
tiveness that all girders spans will be renewed completely. The lifting weight of a single span is suitable for this kind
of replacement. The pre-engineering solution is to replace these spans.

oL A IR

Picture 4, Rio Negro 17 m
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2 DESIGN CRITERIA

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 6-24 in section 2.1.1.

The calculations are based on an estimated geometry from insufficient quality old drawings, photos and limited site
visit information. Before making final design, all structures need to be verified on site in order to gather the missing
data.

Picture 5, Rio Negro inside view

2.1.1 Simplifications for sections in 37 m span bridge

521 n 513 M
113 " Al
T[] - - -
L
762 Call
521 n 513 M
4.£ w i
] . B~ 4 o |8
M= L o
T 1
762 47

Picture 6, Lower main girder
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Picture 7, Upper main girder, type 1
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Picture 8, Longitudinal girder
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Picture 10, Upper cross bracing
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Picture 11, Diagonals
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2.1.2  Simplifications for sections in 18,67 m span bridge
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Picture 13, Upper main girder

Picture 14, Lower main girder
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Picture 15, Cross girder
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Picture 16, Longitudinal girder
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Picture 18, End frame
2.1.3 Simplifications for sections in 17 m span bridge
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Picture 20, Lower main girder
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Picture 22, Longitudinal girder
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Picture 23, Diagonals, 3 types
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Picture 24, End frame

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.
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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 yk=250kN 250kN 250kN 250kN

0

s =8OKN/m [ l
\

I

0 Dem! 1.6m 1.6m

G g =80kN/m

Key
(1) No limitation

Picture 25, 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 26, Load model 71 applications — side view (37m span bridge)

FZ=-125.00 FZ=-12500

pZ=40.00 pZ=-40.00
\

A

Picture 27, Load model 71 applications — front view

2.2.3 Wind load

The applied characteristic wind load is 1 kKN/m?.
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.
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Picture 28, Wind load
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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 actions Presiress Leading variable | Accompanying variable actions
transient design action (%) )
situation
Unfavourable |Fauourab\e Main (if any) |01hers
(Eq. 6.10) e supGhjsup | VG inGijint PP a1 Gt | a0 Qi

(*) Variable actions are those considered in Tables A2.1 fo 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:

Ya.0up = 1,05

Yo =086

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

/45 for rail traffic actions, where uniavourable (0 where favourable)

Yo = 1,50 for all other variable actions for persi: design situati where unfay ble (0 where favourable).
Yp = recommended values defined in the relevant design Eurocode.

For transient design situations during which there is a risk of loss of static librium, G 5 rep the dominant lising variable action
and G, rep! the relevant panyi ilising variable actions.

During execution, if the construction process is g ly the sel of values for y are:

Yamp=106

Yo = 085"

Yo = 1,35 for construction loads where unfavourable (0 where favourable)
Yo = 1,50 for all other variable actions, where unfavourable (0 where favourabie)

1 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.

NOTE 2 For the verification of uplitt of bearings of continuous bridges or in cases where the verification of static equilibrium also irvolves the
resistance of structural elements (for example where the loss of static eq isp by ising systems or devices, e.g. anchors,
stays or auxiliary columns), as an alternative to two separate verifications based on Tables A2 4(A) and A2.4(B), a combined verification, based
on Table A2.4(A), may be adopted. The National Annex may set the y values, The following values of ¥ are recommencded:

ki
h(

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

45 for rail traffic actions, where untavourable (0 where favourable)

Yo = 1,60 for all other variable actions for p design situations, where unt: ble (0 where f ble)

Yo = 1,35 for all other variable actions, where unfavourable (0 where favourable) provided that applying Y, = 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

12 (29)

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 !
: Ll \““‘*-f At
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 29, steel material properties

Information on matenial charactenstics of old iron and steels

13 (29)
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3 RESULTS
3.1 37 mspan Lattice/Truss Bridge

Picture 30, View of FEM model

3.1.1 SLSresults (Serviceability Limit State)
Total deflection of bridge is 6,2 cm = L/600 which is same as the limit.

‘A‘V"_ A.\" s
NNk SIS

5
RIS =

Cases: 10 (SLS 1)
Picture 31, Deflection
3.1.2  ULSresults (Ultimate Limit State)

3.1.2.1 Lower main girders’ utilization

The highest utilization ratio for the members is 0,75.
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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Results | Messages

Calc, Note Close

Member Section Material Lay Laz Ratio Case

156 Simple bar_1 |# | Lower main girder STEEL 1215] 2585 075| 512Eq810b
87 Simple bar_&7 || Lower main girder STEEL 1215| 2585 07| SL2Eq810b
148 Simple bar_1 [ | Lower main girder STEEL 12.15 25.85 0.71 5 L2 Eg610b
58 Simple bar_58| [ | Lower main girder STEEL 12,15 25.85 0.70 5 L2 Eg610b
66 Simple bar_66 [ | Lower main girder STEEL 12.15 25.85 0.67 5L2.Eg610b
155 Simple bar_1 [ | Lower main girder STEEL 12.15 2585 067 5L2Eg610b
139 Simple bar_1 [ | Lowser main girder STEEL 12.18 2585 064 5L2Eg610b
57 Simple bar_57| [ | Lower main girder STEEL 1215 2585 063 512 Eg610b
49 Simple bar_49|® | Lower main girder STEEL 1215] 2585 063 512Eq810b
147 Simple bar_1|[# | Lower main girder STEEL 12.15 25385 082 512 Fq810b
130 Simple bar_1 [ | Lower main girder STEEL 12.14 25.80 0.61 5 L2 Eg610b
40 Simple bar_40 [ | Lower main girder STEEL 12.14 25.80 0.58 5 L2 Eg610b
48 Simple bar_48| [ | Lower main girder STEEL 12.15 25.85 0.57 5L2.Eg610b
138 Simple bar_1 [ | Lower main girder STEEL 12.15 2585 0.56 5L2Eg610b
39 Simple bar_39| [ | Lower main girder STEEL 12.14 25.90 055 5L2Eg610b
129 Simple bar_1 [ | Lower main girder STEEL 12.14 25.90 053 512 Eg610b

3 Simple bar_3 || Lower main girder STEEL 1214] 2590 043 8 L4 EqB10biat supp|

7 simple bar_7 || Lower main girder STEEL 1214 2590 0.47| & L4 Eq810biat supp|
98 Simple bar_85| [ | Lower main girder STEEL 12.14 25.80 0.47 5 L2 Eg610b
121 Simple bar_1 [ | Lower main girder STEEL 12.14 25.80 0.46 5 L2 Eg610b
112 Simple bar_1 [ | Lower main girder STEEL 12.14 25.90 0.45 5L2.Eg610b
97 Simple bar_97 [ | Lower main girder STEEL 12.14 2590 045 5L2Eg610b
31 Simple bar_31 [ | Lower main girder STEEL 12.14 25.90 0.44 5L2Eg610b
21 Simple bar_21|® | Lower main girder STEEL 1214 2500 0.44] 2 L4 Fq810b/at supp]
30 Simple bar_30 || Lower main girder STEEL 1214] 2500 043|  512EqB10b
22 Simple bar_22|[® | Lower main girder STEEL 1214 2590 0.41| 8 L4 Eq810biat supp|
120 Simple bar_1 [ | Lower main girder STEEL 12.14 25.80 0.40 5 L2 Eg610b
111 Simple bar_1 [ | Lower main girder STEEL 12.14 25.90 0.39 5L 2Eg610b

Caleulation points

Division: n=3
Extremes:  none
Additional:  none

Table 1, Utilization of lower main girder in order of utilization ratio

3.1.2.2

Upper main girders’ utilization

The highest utilization ratio for the members is 0,84.
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.

4% [27:10:2017] : [14:17:58] SFS-EN 1993-1:2005/NA:2007/A1:2014 - Upper main girder

= S‘

Results | Messages

Calc. Mote Close

Member Section Material Lay Laz Ratiod| Case

86 Simple bar_g6| =] Upper main girder STEEL 19.78 12.82 0.84 512.Eg610b
175 Simple bar_1|[M| Upper main girder|  STEEL 1978| 1282 084 512 EqB10b
174 Simple bar_1 ] Upper main girder STEEL 19.78 12.82 078 S12.Eq610b
85 Simple bar_85| ] Upper main girder STEEL 19.78 12.82 078 5 12Eg610b
173 Simple bar_1|[#| Upper main girder|  STEEL 1978| 1282 077| 5L2EqBi0b
84 Simple bar_84| ] Upper main girder STEEL 19.78 12.82 077 S12Eq610b
172 Simple bar_1 ] Upper main girder STEEL 19.78 12.82 072 512Eg610b
83 Simple bar_83| ] Upper main girder| STEEL 19.78 12.82 0.72 5 12.EqgB10b
171 Simple bar_1 ] Upper main girder| STEEL 19.78 12.82 069 51 2.Eq610b
82 Simple bar_82| =] Upper main girder STEEL 19.78 12.82 0.69 S1L2Eg610b
170 Simple bar_1 ] Upper main girder| STEEL 19.78 12.82 0.64 5 L2.Eq610b
81 Simple bar_81 ] Upper main girder| STEEL 19.78 12.82 064 51 2.Eq610b
169 Simple bar_1 =] Upper main girder STEEL 19.73 1298 0.55 512.Eq610b
30 Simple bar_g0 || Upper main girder STEEL 19.73 12.88 0.55 5 L2.EqB10b
168 Simple bar_1 ] Upper main girder| STEEL 19.73 1298 0.51 512.Eq610b
79 Simple bar_79| ] Upper main girder STEEL 19.73 12.98 0.51 512Eg610b
167 Simple bar_1 =] Upper main girder STEEL 19.73 12.98 045 512.Eg610b
78 Simple bar_78|[M | Upper main girder|  STEEL 1973] 1288 044 512 EqB10b
166 Simple bar_1 ] Upper main girder STEEL 19.73 12.98 041 512Eq610b
77 Simple bar_77| ] Upper main girder STEEL 19.73 12.98 0.41 5 12Eg610b
100 Simple bar_1|[#| Upper main girder| ~ STEEL 1973 1288 037| 5L2EqBi0b
10 Simple bar_10 ] Upper main girder STEEL 19.73 1298 037 S12Eq610b

9 Simple bar_8 ] Upper main girder STEEL 19.73 12.98 0.34 512Eg610b
89 Simple bar_89| ] Upper main girder| STEEL 19.73 12.98 0.34 5 12.EqgB10b
76 Simple bar_T76| ] Upper main girder| STEEL 19.73 1298 0.33| 8 L4.Eg610b/at suppf
165 Simple bar_1 =] Upper main girder STEEL 19.73 12.98 0.32 5 L2Eg610b
75 Simple bar_75 ] Upper main girder| STEEL 19.73 12.98 0.30| 8 L4.Eg610b/at supp)
164 Simple bar_1 ] Upper main girder| STEEL 19.73 1288 0.29 51 2.Eq610b

e —— — e owe = = = o =

Calculation points

Division: n=3
Extremes: none
Additional:  none

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

3.1.2.3

Diagonals’ utilization

The highest utilization ratio for the members is 0,81.
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.

15 (29)
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I [27:10:2017] : [14:15:06] SFS-EN 1993-1:2005/NA:2007/A1:2014 - Diagonals = R |
16 Simple bar3_1 |[# | Diagonals STEEL 6.85 11.92 0.81 5 L2.Eg610b
106 Simple bar?_|[[M | Diagonals STEEL 685 1192 081 5 L2 Egs10b
105 Simple bar3_| [ Diagonals STEEL 6.85 11.92 0.75 5 L2.Eg610b
15 Simple bar3_1 |[# | Diagonals STEEL 685 1192 075| SL2Eg810b Colculation points
116 Simple bar3_|[® | Diagonals | STEEL s8] 1192 058| s5L2EgE10D Division: s
25 Simple bar3_2 | | Diagonals STEEL 8385|1102 058| SL2EgRi0b Extremes:  none
25 Simple bar3_2|[® | Diagonals STEEL 6.85 11.82 0.55 5 L2 Eqg610b Additional:  none
115 Simple bar3_|[# | Diagonals STEEL 685 1182 055| 5L2Fq810b
125 Simple bar3_|[# | Diagenals STEEL 6.85 11.92 0.52 5 L2.Eg610b
35 Simple bar3_3|[M | Diagonals STEEL 685 1192 052| 5L2FqB10b
124 Simple bar3_|[# | Diagenals STEEL 6.85 11.82 0.4% 5 L2.Eg610b
34 Simple bar3_3|[M | Diagonals STEEL 685 1182 048] 5L2Fq810b =
133 Simple bar3_|[# | Diagenals STEEL 6.85 11.92 0.3% 5 L2.Eg610b
44 Simple bard_4 | | Diagonals STEEL 703 1183 038| 5L2Fq810b
134 Simple bar3_|[# | Diagenals STEEL 7.03 11.83 0.36 5 L2.Eg610b |
43 Simple bard_4 | | Diagonals STEEL 703 1183 034| 5L2Fq810b i
143 simple bar3_|[# | Diagonals STEEL 7.03| 1183 027| SL2EgE10B
52 Simple bar3_5|[# | Diagonals STEEL 7.03 11.83 0.27 5 L2.Eg610b
142 Simple bar3_|[M | Diagonals STEEL 7.03| 1183 026| SL2EgE10b i
52 Simple bar3_5 M | Diagonals STEEL 7.03 11.83 0.25 5 L2.Eg610b
62 Simple bar3_& | | Diagonals STEEL 7.03| 1183 017| 5L2Eg8i0b
152 Simple bar2_|[# | Diagonals STEEL 7.03 11.83 0.17 5 L2.Eg610b I
&1 Simple bar3_& | | Diagonals STEEL 7.03| 1183 018| SL2Eg810b
151 Simple bar3_|[# | Diagonals STEEL 7.03 11.83 0.16 5 L2.Eg610b = I
159 Simple bar3_|[M | Diagonals STEEL 7.03| 1183 0.01| & L4 EqB10biat supp|
180 Simple bar3_| [ Diagonals STEEL 7.03 11.83 0.01] & L4.Eg610b/at supp| o
ez =l = e = e T e R 55

Table 3, Utilization of diagonals in order of utilization ratio

3.2 18,67 mspan truss bridge

Picture 34, View of FEM model

3.2.1 SLSresults (Serviceability Limit State)
Total deflection of bridge is 3,9 cm =L/487
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A
i
“iDis 1cm
Max=3,9
Cases: 10 (SLS 1)
Picture 35, Deflection
3.2.2  ULSresults (Ultimate Limit State)
oo B2 T2 a8 = — m 1B 1] 84 68 BoEs
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Picture 36, member numbers for profiles that will be utilized — top view, side view

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

3.2.2.1  Cross beams’ utilization

The highest utilization ratio for the members is 0,88.

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.
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L [07:09:2017] : [14:44:39] SFS-EN 1993—1:2i]05fNﬁ.;200}'1‘A1:2014 - Cross beam T l"“:""@' ﬂ
Results | Messages Calc. Note | | |
Member Section Material Lay Laz Ratio Case
1 Simple bar_1 [ | Cross beam STEEL 2341 12422 0.88 | 8 L4.Eg510b/at suppf
3 Simple bar_3 [®]| cross beam STEEL 28.41 124 22 0.85| 8 L4 Eg510b/at suppf
2 Simple bar_2 [l | Cross beam STEEL 28.41 12422 0.83 | 8 L4.EqS10b/at supp
80 Simple bar_80 |[#| Cross beam STEEL 2841 12422 0.69 5L2.Eqg510b Calculation points
32 Simple bar_32 | | Cross beam STEEL 2841 12422 0.69 5 L2 Eq510b Division: n=73
90 Simple bar_90|[#| Cross beam STEEL 2841 124.22 0.67 5 L2 Eg510b Extremes: none
61 Simple bar_51|[# | Cross beam STEEL 2841 12422 0.67 6L3.Eg810b Additional:  none
52 Simple bar_52|[# | Cross beam STEEL 2241 12422 0.65 5 L2 Eq510b
27 Simple bar_27 [ | Cross beam STEEL 284 124.22 0.65 |38 L4 Egb10b/at suppf
37 Simple bar_37 || cross beam STEEL 2841 124.22 0.64 5 L2 Eqg510b
85 Simple bar_25 | | Cross beam STEEL 2341 12422 0.83 5 L2 Eg510b
=3 = = —

Table 4, Utilization of cross beams in order of utilization ratio

3.2.2.2

Longitudinal girders’ utilization

The highest utilization ratio for the members is 0,94.
The critical load combination was L3: 1,25*Seflweight+1,50*Wind+1,45*0,8*TrafficLoad, and the traffic load’s point

loads were placed at midspan.

I [07:09:2017] ; [14:43:24] SFS-EN 1993-1:2005/NA:2007/A1:2014 - Longitudinal girder

|

Results | Messages |

[Calc. Note: ] [ Close ]

Calculation paints

n=3

none

none

Member Section Material Lay Laz Ratio Case
10 Simple bar_10 ] Longitudinal girder STEEL 11.43 57.03 0.94 6§ L3.Eg610b
69 Simple bar_869 ] Longitudinal girder STEEL 11.43 57.03 0.27 6 L3 Eg610b
11 Simple bar_11 ] Longitudinal girder STEEL 11.43 57.03 0.82 & L3.Eg610b
70 Simple bar_70 ] Longitudinal girder STEEL 11.43 57.03 0.75 6 L3.Eg610b
31 Simple bar_31 (] Longitudinal girder STEEL 11.43 57.03 0.65 6 L3.Eqg610b
36 Simple bar_36 ] Longitudinal girder STEEL 11.43 57.03 084 512 Eqg610b
94 Simple bar_94 ] Longitudinal girder STEEL 11.43 57.03 052 512 Eg510b
40 Simple bar_40 ] Longitudinal girder STEEL 11.43 57.03 0.81 5 L2.EgB10b
97 Simple bar_87 ] Longitudinal girder STEEL 11.43 57.03 0.60 5 L2 Eg610b
89 Simple bar_289% ] Longitudinal girder STEEL 11.43 57.03 0.50 6 L3.Eg510b
58 Simple bar_98 ] Longitudinal girder STEEL 11.43 57.03 0.59 5 L2.Eg610b
41 Simple bar_41 ] Longitudinal girder STEEL 11.43 57.03 0.59 512 Eg610b
93 Simple bar_93 (5] Longitudinal girder STEEL 11.43 57.03 0.51 5 L2 EgB10b
35 Simple bar_35 ] Longitudinal girder STEEL 11.43 57.03 0.51 512 Eg510b
30 Simple bar_30 ] Longitudinal girder STEEL 11.43 57.03 0.47| & L4.Eg510b/at supp
9 Simple bar_9 ] Longitudinal girder STEEL 11.43 57.03 0.41| 8 L4.Eg610b/at supp
2 Simple bar_8 ] Longitudinal girder STEEL 11.43 57.03 0.35 2 Wind
57 Simple bar_87 ] Longitudinal girder STEEL 11.43 57.03 0.30 2 Wind
58 Simple bar_86& ] Longitudinal girder STEEL 11.43 57.03 027 3 LM71-225
88 Simple bar_88 ] Longitudinal girder STEEL 11.43 57.03 0.24| 8 L4 Eg810b/at supp

Table 5, Utilization of longitudinal girdersﬁn?raer of utilization ratio

3.2.2.3

Trusses/diagonals’ utilization

The highest utilization ratio for the members is 0,92.
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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2 [07:09:2017] : [14:48:10] SFS-EN 1993-1:2005/NA:2007/A1:2014 - Trusses E@g
Results | Messages Calc. Note I [ Close ]
Member Section Material Lay Laz Ratiod Case
84 Simple bar_84 | | diagonals2 STEEL 40.08 83.78 0.52 512 Eq510b
26 Simple bar_26|[®| diagonals2 STEEL 40.08 83.78 0.52 5 12.EgB10b
23 Simple bar_23 |@ | diagonale2? STEEL 4p08| 8378 0.88 5 L2 EgE10b
82 Simple bar_g2 |8 | diagonals2 STEEL 40.08] 8378 .88 5 L2 EgE10b Calculation points
106 Simple bar_1 || Diagonals3 STEEL 4727| 8142 086 5L2Eg10b Dhisscins Sy
49 Simple bar_49 ] Diagonalsd STEEL 4727 81.42 0.85 5 L2.Eq610b Extremes: none
114 Simple bar_1|B8 | Diagonale3 STEEL 4727 81.42 0.33 512 Eg610b Additional:  none
57 Simple bar_57 ] Diagonals3 STEEL 47 27 g1.42 0.83 5 L2 Eq610b
20 Simple bar_80 ] Diagonals1 STEEL 39.35 58.04 0.79 512 Eq510b
21 Simple bar_21 ] Diagonals1 STEEL 39.35 58.04 0.7% 5 L2 Eq610b
78 Simple bar_78 ] Diagonals1 STEEL 39.35 58.04 0.75 5 L2 Eq610b
19 Simple bar_19 ] Diagonals1 STEEL 39.35 60.04 0.75 512 Eq610b
25 Simple bar_25 ] diagonals2 STEEL 40.08 83.78 0.63 512 Eq510b
83 Simple bar_83 ] diagonals2 STEEL 40.08 83.78 0.63 512 Eq610b
105 Simple bar_1 ] Diagonals3 STEEL 4727 21.42 n.62 5 L2 Eq610b
45 Simple bar_48 (] Diagonals3 STEEL 47 27 81.42 0.62 512 Eq610b
81 Simple bar_81 ] diagonals2 STEEL 40.08 83.78 0.59 512 Eq510b
22 Simple bar_22 |8 | diagonals2 STEEL 4008| 8378 0.58 5 L2 EgE10b
55 Simple bar_56 [[#| Diagonals3 STEEL 47.27 81.42 0.59 5 2. EgB10b
113 Simple bar_1 ] Diagonals3 STEEL 4727 81.42 0.59 512 Eq610b
20 Simple bar_20 [ Diagonals1 STEEL 39.35 58.04 0.58| & L4.Eg510b/at supp|
18 Simple bar_18 ] Diagonals1 STEEL 39.35 53.04 0.55| & L4 Eg610b/at suppy
116 Simple bar_1 [[#| Diagonals3 STEEL 47.27 81.42 0.55 5 2. EgB10b
59 Simple bar_59 || Diagonals3 STEEL 4727 81.42 0.55 5 L2 Eq510b
T8 Simple bar_79 [ Diagonals1 STEEL 39.35 58.04 0.54 512 Eq510b
108 Simple bar_1 || Diagonals3 STEEL 4727 21.42 0.54 5 L2 Eq810b
51 Simple bar_51 [ Diagonals3 STEEL 47 27 81.42 54 5 L2 Eg610b
77 Simple bar_77 |8 | Diagonals1 STEEL 3935 &8.04 0.51 5 L2.EqB10b
107 Simple bar_1 [ | Dia gonals3 STEEL 47 27 81.42 0.48 512 Eq510b
50 Simple bar_50 ] Diagonals3 STEEL 4727 21.42 0.48 5 L2 Eq510b
58 Simple bar_58 ] Diagonals3 STEEL 47 27 81.42 0.45 512 Eq610b
115 Simple bar_1 ] Diagonals3 STEEL 4727 81.42 0.46 5 L2 Eq510b
1059 Simple bar_1 [ | ia gonals3 STEEL 4727 81.42 0.26 512 Eq510b
52 Simple bar_52 c¢] Diagonals3 STEEL 4727 21.42 0.26 5 L2 Eq810b
55 Simple bar_55 3] Diagonals3 STEEL 47 27 81.42 0.25 5 L2 Eq610b
112 Simple bar_1 ] Diagonals3 STEEL 4727 81.42 0.25 512 Eq510b
110 Simple bar_1 3] Diagonals3 STEEL 4727 81.42 0.19| & L4 Eg610b/at suppy
111 Simple bar_1 ] Diagonals3 STEEL 4727 21.42 0.15| & L4.Eq610b/at supp|
54 Simple bar_54 ]| Diagonals3 STEEL 4727| 8142 015 5 L2 EgE10b
53 Simple bar_53 || Diagonals3 STEEL 47.27 81.42 0.08 512.Eg610b
4

Téble 6, UtiIizatiBn of trusses in order of utilization ratio

3.2.2.4  Lower main girders’ utilization

The highest utilization ratio for the members is 0,77.
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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r’ [07:09:2017] : [14:49:10] S_FS—E_N _15!?37];2005![’\1;&:200?!..&1:2014 - Lower main girder B2} =0
Results ’m [ Calc, Note ] [ Close ]
Member Section Material Lay Laz Ratio Case

95 Simple bar_96 [ | Lower main gi STEEL 14.684 18.05 077 512 Egs10b
39 Simple bar_39 [ | Lower main gi STEEL 14.64 18.05 077 512 Eq510b
38 Simple bar_38 [ | Lower main gi STEEL 14.64 18.05 orn 512 Eq810b
55 Simple bar_95 [ | Lower main gi STEEL 14.64 18.05 070 512 EgB10b Calaudation points
92 simple bar_92 |[®| Lower main gi STEEL 14.64 18.05 0.69 5 L2.Eg810b Divizion: n=3
34 Simple bar_34 ﬂ Lower main gi STEEL 14.64 18.05 069 512 Eq&10b Extremes: none
33 Simple bar_33 |B| Lower main gi STEEL 1464 18.05 063 5 L2 EgB10b Additional:  none
91 Simple bar_91 [ | Lower main gi STEEL 14.64 18.05 063 512 EgB10b
&7 Simple bar_87 [ | Lower main gi STEEL 14.64 18.05 0.56 5 L2.Eg510b
29 Simple bar_29 5] | Lower main gi STEEL 14.64 18.05 0.56 512 Eq610b
28 Simple bar_28 [ | Lower main gi STEEL 14.64 18.05 0.51 512 EgB10b
86 Simple bar_86 [ | Lower main gi STEEL 14.64 18.05 0.51 & L2 Eg610b
85 Simple bar_88 [ | Lower main gi STEEL 14.64 18.05 0.36 5 L2 Eq510b

7 Simple bar_7 [ | Lower main gi STEEL 14.64 18.05 0.36 512 Eg610b

4 Simple bar_4 [ | Lower main gi STEEL 14.64 18.05 0.33 | 8 L4 EgB10b/at supp

S Simple bar_5S [ | Lower main gi STEEL 14.64 18.05 0.33 5 L2 Eg610b
64 Simple bar_54 [ | Lower main gi STEEL 14.64 18.05 0.32 5 L2 EqS10b
63 Simple bar_83 [ | Lower main gi STEEL 14.684 18.05 0.30 512 Eg610b

& Simple bar_6 [ | Lower main gi STEEL 14.64 18.05 0.28| 8 L4.Ege10b/at supp
85 Simple bar_85 [ | Lower main gi STEEL 14684 18.05 0.25 5 L2 Eq610b

Table 7, Utilization of lower main girder in order of utilization ratio

3.2.25

Upper main girders’ utilization

The highest utilization ratio for the members is 0,92.
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.

A [07:09:2017] : [14:47:08] SFS-EM 1993-1:2005/NA:2007/41:2014 - Upper main girder | =& |1
Results | Messages Calc. Note ] [ Close ]
Member Section Material Lay Laz Ratio Case

103 Simple bar_1 ] Upper main gir| STEEL 15.66 12.86 0.92 512 Eg810b
45 Simple bar_46 ] Upper main gir| STEEL 15.66 12.86 0.92 5 L2 EgB10b
104 Simple bar_1 =] Upper main gir| STEEL 15.66 12.86 0.5 5 L2 Eg610b
47 Simple bar_47 =] Upper main gir| STEEL 15.66 12.86 0.9 5 L2 Eg610b Calaulation points
101 Simple bar_1 || Upper main gir STEEL 15.66 12.86 0.84 512 Eq610b Division: n=3
44 Simple bar_44 |8 | Upper main gir| STEEL 15.66 12.86 0.24 512 EgB10b Extremes: none
102 Simple bar_1 |8 | Upper main gir STEEL 15.66 12.88 0.83 5 L2 Eg610b Additional:  none
45 Simple bar_45 ] Upper main gir| STEEL 15.66 12.86 0.23 512 Eg610b
99 Simple bar_99 ] Upper main gir| STEEL 15.66 12.86 0.69 512 Eq610b
42 Simple bar_42 [ Upper main gir| STEEL 15.66 12.86 0.69 5 L2 EgE10b
100 Simple bar_1 [ Upper main gir| STEEL 15.66 12.86 0.67 5 L2 Eg610b
43 Simple bar_43 5] Upper main gir| STEEL 15.66 12.86 0.67 5 L2 Eg610b
15 Simple bar_15 =] Upper main gir| STEEL 15.66 12.86 0.47 | & L4.Eq510b/at supp
T4 Simple bar_74 [ Upper main gir| STEEL 15.66 12.86 0.45 512 Eg610b
17 Simple bar_17 ] Upper main gir| STEEL 15.66 12.86 0.45| & L4.Eg510b/at supp
76 Simple bar_76 ] Upper main gir| STEEL 15.66 12.86 0.43 5 L2 Eg610b
73 Simple bar_73 [ Upper main gir| STEEL 15.66 12.86 0.37 512 Eg610b
14 Simpls bar_14 ] Upper main gir| STEEL 15.66 12.86 0.37 5 L2 Eg610b
16 Simple bar_16 ] Upper main gir| STEEL 15.66 12.86 0.36 | & L4.Eq510b/at supp

5 Simple bar_75 ] Upper main gir| STEEL 15.66 12.86 0.35 512 Eg610b

4

Table 8, Utilization of upper main girder in order of utilization ratio

3.2.2.6

The highest utilization ratio for the members is 0,34.

End columns’ utilization
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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.

2 (07:00:2017) : [14:49:50]

Results | Messages
13 Simple bar_13 [ | End Frame STEEL 13.26 11.36 0.34] 8 L4.Eq610b/at supp|
72 Simple bar_72 [ | End Frame STEEL 13.26 11.36 0.33 5 L2 Eq610b
12 Simple bar_12 [ | End Frame STEEL 13.26 11.36 0,33 8 L4 Eqg10b/at supp|
71 Simple bar_71 |[#] End Frame STEEL 13,26 11,38 0.31 5L2.EqB10b Calculation points
Division: n=3
Extremes:  none
Additional:  none

Table 9, Utilization of end frame in order of utilization ratio

3.3 17 mspan truss bridge

Picture 37, View of FEM model
3.3.1 SLSresults (Serviceability Limit State)
Total deflection of bridge is 2,9 cm =L/586
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Picture 38, Deflection

3.3.2  ULSresults (Ultimate Limit State)
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“Dis 1cm
Max=29

Cases: 10 (SLS 1)

22 (29)
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Picture 39, member numbers for profiles that will be utilized — top view, side view

3.3.2.1 Cross beams’ utilization

The highest utilization ratio for the members is 0,90.
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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£ SFS-EN 1993-1:2005/NA:2007/A1:2014 - Member Verification (ULS ) 12 16to49By11 64 65 78 89 100 e vlEhe
Results | Messages { Calc. Mote I [ Close J
Member Section Material Lay Laz Ratiod Case
49 Beam 49 |[®| Cross beam STEEL 28.16] 12259 0.50 5 L2.EqB10b h
auo0
16 Beam_16 E Cross beam STEEL 28.16 122,59 0.23| 8 L4.Eg610b/at supp
100 Beam_100 [ | cross beam STEEL 28.16] 12259 0.87 5 L2 EgE10b
o .85 al2) = .
38 Beam_ 38 [# | Cross beam STEEL 28.16 122.59 0.8 L2.Eq610b Calaulation points
2 Beam 2 || Cross beam STEEL 28.16| 122.59 0.34| 8 L4 Eg610b/at supp) Division: n=3
1 Column_1 [#]| Cross beam STEEL 28.16] 12259 0.79| 8 L4.Eq510b/at supp| Extremes: none
27 Beam_27 || Cross beam STEEL 28.16] 12259 0.75| 8 L4.Eqg610b/at suppf Additional:  none
29 Beam_ 89 [# | Cross beam STEEL 28.16] 12259 069 5 L2 Eq610b
78 Beam_7& [ | Cross beam STEEL 28.16] 122.59 065 5 L2 Eq610b
64 Beam_64 || Cross beam STEEL 28.16] 12259 0.45 5 L2.Eq610b
65 Beam 85 [ | Cross beam STEEL 28.16] 12259 0.44| 8 L4 Eg610b/at supp

Table 10, Utilization of cross beams in order of utilization ratio

3.3.2.2

Longitudinal girders’ utilization

The highest utilization ratio for the members is 0,54.
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.

L ™
4 SFS-EN 1993-1:2005/NA:2007/A1:2014 - Member Verification [ ULS ) 3 4 17t0508y11 18to51By11 66 67 7&01123;...@&

Results | Messages

[Calc. Note ] [ Close J

Member Section Material Lay Laz Ratiod Case
112 Simple bar_1|M8 | Longitudinal gi STEEL 1075| 5245 0.54 5 L2 Eg610b
111 Simple bar_1 ] Longitudinal gi STEEL 10.75 52.45 0.52 512 Eg610b
51 Simple bar_51 (] Longitudinal gi STEEL 10.75 52.45 0.52 5 L2.Eq510b
102 Simple bar_1 | | Longitudinal gi STEEL 10.75 52.45 0.51 5 L2 Eqg610b
17 Simple bar_17 (] Longitudinal gi STEEL 10.75 5245 0.50 | 8 L4.Eq610biat supp
3 Simple bar_3 || Longtudinal gi STEEL 1075| 5245 0.50 5 L2.Eg610D
50 Simple bar_50 ] Longitudinal gi STEEL 10.75 52.45 0.50 5 L2 Eg610b
101 Simple bar_1|M | Longitudinal gi STEEL 1075] 5245 0.50 5 L2 Eq610b
28 Simple bar_23 | | Longitudinal gi STEEL 10.75 52.4% 0.50 | 8 L4.Eg610b/at suppf
40 Simple bar_40 [E3] Longitudinal gi STEEL 10.75 52.45 0.49 512 Eg610b
39 simple bar_39|M | Longitudinal gi STEEL 1075| 5245 0.49 5 L2.Eg610b
66 Simple bar_66 | | Longitudinal gi STEEL 10.75 52.45 0.48 5 L2 Eq610b
29 Simple bar_29 ] Longitudinal gi STEEL 10.75 52.45 0.42| 8 L4.Eg510biat supp
18 Simple bar_13|M | Longitudinal gi STEEL 10.75 52.45 0.43 | 8 L4.Eg510biat suppy
4 Simple bar_4 (] Longitudinal gi STEEL 10.75 5245 0.45| 8 L4 Eg610biat supp
67 Simple bar_67 B | Longitudinal gi STEEL 1075] 5245 0.45 5 L2 Eq610b
79 Simple bar 79| | Longitudinal gi STEEL 10.75 52.45 0.44 5 L2 Eq610b
80 Simple bar_80 5] Longitudinal gi STEEL 10.75 52.45 0.43 £ 12 Eq510b
90 Simple bar_90|M | Longitudinal gi STEEL 10.75 52.45 033 5 L2 Eg510b
91 Simple bar_91 (] Longitudinal gi STEEL 10.75 52 45 0.31 | 8 L4 Eg610biat supp

Calculation paints

Division: n=3
Exiremes:  none
Additional:  none

Table 11, Utilization of longitudinal girders in order of utilization ratio

3.3.2.3

Trusses/diagonals’ utilization

The highest utilization ratio for the members is 0,93.
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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r | |
¥ SFS-EN 1993-1:2005/NA:2007/41:2014 - Member Verification { ULS } 12tol5 23to26 34to37 45to48 561059 ?4tu??...| =B 8

|-.

Results | Messages

[ Cale, Note ] [ Close ]

Member Section Material Lay Laz Ratich Case
24 Simple bar_24 || Diagonals2 STEEL 18.91 86.67 0.93 51 2.Eq610b
86 Simple bar_g5 || Diagonals2 STEEL 18.91 3667 0.93 512 Eq610b
22 Simple bar_82 || Diagonals2 STEEL 18.91 2667 0.85 5 L2.Eq610b
12 Simple bar_13 || Diagonals1 STEEL 17.86 65.66 0.85) & L4 Eq510b/at suppf
26 Simple bar_25 |# | Diagonals2 STEEL 18.91 8667 0.85 52 Eq510b
15 Simple bar_15 ] Diagonals1 STEEL 17.86 68566 0.82] 8 L4 Eq610b/at suppy
99 Simple bar_99 [ | Diagonals3 STEEL 18.19 81.04 0.78 5 L2.Eg610b
37 Simple bar_37 ] Diagonals3 STEEL 18.18 &1.04 0.78 5 L2 Eq610b
35 Simple bar_35 [E] Diagonals3 STEEL 1818 21.04 0.76 512 Eg510b
75 Simple bar_75 |® | Diagonals1 STEEL 17.86| 6566 0.76 5.2 Eg610b
97 Simple bar_57 &3] Diagonals3 STEEL 18.19 51.04 0.76 5 L2 Eg610b
77 Simple bar_77 || Diagonals1 STEEL 17.86 65.66 0.75 512.Eq610b
110 Simple bar_1 || Diagonals3 STEEL 1813  81.04 0.64 5 L2 Eg610b
42 Simple bar_48 ] Diagonals3 STEEL 18.19 &1.04 0.64 5 L2 Eg610b
25 Simple bar_25 ] Diagonals2 STEEL 18.91 8667 0.59] & L4.Eg610b/at suppy
46 Simple bar_45 |®| Diagonals3 STEEL 18.19| 8104 0.58 512 Eg610b
108 Simple bar_1 ] Diagonals3 STEEL 18.18 21.04 0.59 5 L2 Eg510b
23 Simple bar_23 (] Diagonals2 STEEL 18.91 66T 0.54] 8 L4.EgE10b/at supny
12 Simple bar_12 ] Diagonals1 STEEL 17.86 65.66 0.30| & L4.EqB10b/at supp|
25 Simple bar_8s || Diagonals2 STEEL 18.91 2667 0.49 5 L2 Eq610b
14 Simple bar_14 (] Diagonals1 STEEL 17.86 6566 0.43] 8 L4.Eg610b/at suppy
&7 Simple bar_&7 || Diagonals2 STEEL 18.91 3667 0.47 51.2.Eq610b
74 Simple bar_74 || Diagonals1 STEEL 17.88| 6ses 0.47 5 L2.EqB10b
120 Simple bar_1|[® | Diagonals3 STEEL 18.1% 81.04 0.45 512.Eq610b
76 Simple bar_76 | | Diagonals1 STEEL 17.85| 6586 0.45 5 L2 Eq510b
59 Simple bar_59 ] Diagonals3 STEEL 18.19 21.04 0.44 5 L2 Eg610b
96 Simple bar_96 | | Diagonals3 STEEL 1819  8B104 043 5L2.Eq610b
34 Simple bar_34 3] Diagonals3 STEEL 18.18 &1.04 0.42 5 L2 Eq610b
88 Simple bar_S8 5] Diagonals3 STEEL 18.19 21.04 0.41 512 Eg510b
36 Simple bar_36 | | Diagonals3 STEEL 18.18| 8104 0.41 5.2 Eg610b
118 Simple bar_1 &3] Diagonals3 STEEL 18.19 51.04 0.38 512 Eg610b
57 Simple bar_S7 || Diagonals3 STEEL 18.18 81.04 0.37 512.Eq610b
109 Simple bar_1 || Diagonals3 STEEL 1819  81.04 0.35 5 2. Eq610b
47 Simple bar_47 ] Diagonals3 STEEL 18.19 81.04 0.33 5 L2 Eg610b
107 Simple bar_1 || Diagonals3 STEEL 18.19 81.04 0.32 5 L2.Eg610b
45 Simple bar_45 5] Diagonals3 STEEL 18.19 &1.04 0.32 5 L2 Eq610b
119 Simple bar_1 ] Diagonals3 STEEL 18.19 21.04 0.25 5 L2 Eg510b
55 Simple bar_58 || Diagonals3 STEEL 18.19 &1.04 0.25 512.Eq610b
55 Simple bar_56 || Diagonals3 STEEL 1818|8104 017 5 L2.Eq610b
117 Simple bar_1 ] Diagonals3 STEEL 18.18 21.04 017 5 L2 Eg610b

Calculation points

Division: n=3
Extremes: none
Additional:  none

Table 12, Utilization of trusses in order of utilization ratio

3.3.24

Lower main girders’ 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.
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] I SFS-EN 1993-1:2005/NA:2007/A1:2014 - Member Verification (ULS ) 5 6 19t0528y11 20to53By11 68 69 81‘101143...@@'&
Results |M9553995 | [ Calc, Note ] [ Close ]
Member Section Material Lay Laz Ratiod] Case Help
114 Simple bar_1 [ | Lower main gi STEEL 13.54 16.70 0.66 5 L2 Eq610b
53 Simple bar_53 [ | Lower main gi STEEL 13.54 16.70 0.66 5 L2 Eqg610b
113 Simple bar_1 [ | Lower main gi STEEL 13.54 16.70 064 512 Eqg610b
52 Simple bar_52 [ | Lower main gi STEEL 13.54 16.70 0.64 5 L2 Eq610b Calculation points
104 Simple bar_1|®| Lower main gi STEEL 13.54 16.70 0.60 5L2.Eq610b Division: n=3
42 Simple bar_42 [ | Lower main gi STEEL 13.54 16.70 0.60 5 L2.Eg610b Extremes: nong
103 Simple bar_1 | | Lower main gi STEEL 13.54 16.70 0.58 512 Eq610b Additional:  none
41 Simple bar_41 [ | Lower main gi STEEL 13.54 16.70 058 512 Eg610b
93 Simple bar_83 [ | Lower main gi STEEL 13.54 16.70 048 512 Eg610b
31 Simple bar_31 [ | Lower main gi STEEL 13.54 16.70 048 5L2.Eg610b
52 Simple bar_82 [ | Lower main gi STEEL 13.54 18.70 045 512 Eg610b
30 Simple bar_30 || Lower main gi STEEL 13.54 16.70 045 512 Eg610b
& Simple bar_6 [ | Lower main gi STEEL 13.54 16.70 0.35| 8 L4.Eq510b/at suppy
5 Simple bar_5 || Lower main gi STEEL 13.54 16.70 0.35| 8 L4.Egf10b/at suppy
g2 simple bar_g2 | | Lower main gi STEEL 13.54| 1670 0.31 5 2. Eq610b
20 Simple bar_20 [ | Lower main gi STEEL 13.54 16.70 0.30 512.Eg610b
19 Simple bar_19 [ | Lower main gi STEEL 13.54 16.70 0.30 5 L2 Eq610b
21 Simple bar_81 [ | Lower main gi STEEL 13.54 16.70 0.29 5 L2.Eg610b
69 Simple bar_8&9 [ | Lower main gi STEEL 13.54 16.70 0.28 S L2 Eqg610b 1
68 Simple bar_8&8 [ | Lower main gi STEEL 13.54 16.70 028 512 Eq610b

Table 13, Utilization of lower main girder in order of utilization ratio

3.3.2.5  Upper main girders’ utilization

The highest utilization ratio for the members is 0,79.
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.

4T SFS-EN 1993-1:2005/NA:2007/A1:2014 - Member Verification { ULS | 7 8 21t054By11 22t055By11 70 71 83to116By.. [=]E X _.‘1
Results | Messages [ colemoe | [ cose |
Member Section Material Lay Laz Ratio] Case
54 Simple bar_54|[® | Upper main gir|  STEEL 1449 1130 079 5 |2 Eq610b
115 Simple bar_1 |[® | Upper main gir| STEEL 14.45 11.90 079 5 L2 Eg610b
55 Simple bar_55 |[® | Upper main gir| STEEL 14.45 11.90 0.76 5 L2.Eqg610b
118 Simple bar_1 ] Upper main gir} STEEL 14.45 11.80 0.76 5 L2 Eqg610b Calculation points
105 Simple bar_1 | | Upper main gir| STEEL 14.48 11.80 072 512 Eq510b Division: n=3
43 Simple bar_43 ] Upper main gir| STEEL 14.45 11.90 0.72 5 L2 Eq610b Extremes: none
106 Simple bar_1 |® | Upper main gir| STEEL 14.45 11.90 0.70 5 L2.Eq610b Additional:  none
44 Simple bar_44|® | Upper main gif]  STEEL 1448 1190 0.70 5 L2 Eq610b
21 Simple bar_21 | | Upper main gir STEEL 14.45 11.90 0.54 | 8 L4 Eq510b/at suppf
22 Simple bar_22 el Upper main gir} STEEL 14.45 11.80 0.50 | & L4.Eq510biat suppf
94 Simple bar_94 ﬂ Upper main gir| STEEL 14.45 11.90 0.60 5 L2.Eq610b
32 Simple bar_32 (] Upper main gir| STEEL 14.45 11.90 0.60 5 L2 Eq610b
95 Simple bar_85 &3] Upper main gir| STEEL 14.45 11.90 0.58 512 Eq610b
33 Simple bar_33 ] Upper main gir| STEEL 14.45 11.50 0.58 5 L2 Eqf10b
7 Simple bar_7 |[® | Upper main gir STEEL 14.45 11.90 0.52 | & L4.Eq510b/at suppf
8 Simple bar_g |[®l | Upper main gir STEEL 14.45 11.50 0.50| & L4.Eq510b/at suppf
83 Simple bar_83 ] Upper main gir} STEEL 14.45% 11.80 0.45 512 Eq510b
24 Simple bar_24 ] Upper main gir| STEEL 14,45 11.50 0.42 5 L2 Eqg610b
70 Simple bar_70 ] Upper main gir| STEEL 14.45 11.90 0.38 5 L2 Eq610b
71 Simple bar_71 ] Upper main gir| STEEL 14.45 11.80 0.37 5 L2 Eq610b

Table 14, Utilization of upper main girder in order of utilization ratio

3.3.2.6  End columns’ utilization

The highest utilization ratio for the members is 0,49.
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.
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4 SFS-EN 1993-1:2005/NA:2007/A1:2014 - Member Verification { ULS ) 91072 73 l“:' |El ﬂ
Results | Messages | [ cacmote | [ cose |
Member Section Material Lay Laz Ratio#| Case
S Column_% [ | End frame STEEL 13.06 12.42 0.49| 8 L4 Eq510b/at suppf e
atio
10 Column_10 |/} End frame STEEL 13.06 12.42 0.43| & L4 Eg510b/at suppf
72 Column_72 || End frame STEEL 13.06 12.42 0.33 5 L2 Eg610b
73 Column_73 || End frame STEEL 13.06 12.42 0.33 5L2.Eg510b Calculation points
Division: n=3
| Extremes: nong
= 4

Table 15, Utilization of end frame in order of utilization ratio

3.3.2.7

Wind bracings’ utilization

The highest utilization ratio for the members is 0,24.
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.

26 (29)

=

4iC SFS-EN 1993-1:2005/MNA:2007/A1:2014 - Member Verification { ULS ) 60to63 121t0126 E=tir =
Y
Results | Messages | | Calc. MNote | [ Close ]
Member Section Material Lay Laz Ratiodh Case
126 Simple bar_1 [2] | wind brace 75 STEEL 28882 2041.49% 0.24 5 L2.Eg610b :
125 Simple bar_1|[® | wind brace 78]  STEEL o62.62| 204140 021]  5L2EgE10b i
83 Simple bar_83 |[® | wind brace 78]  STEEL 288.62| 2041.48 0.20 5 L2 EgE10b [ Analysis | ’ Map |
123 Simple bar_1 E wind brace 75 STEEL 288682 204145 019 5 L2 FEg610b Gl dabin ponts
124 Simple bar_1 || wind brace 78] STEEL 268.62| 204149 017| 5L2Eq810b Dhoaan s it
82 Simple bar_852 H wind brace 76 STEEL 288682 204145 018 512 Eg610b Extremes: none
61 Simple bar_81 [ | wind brace 15 STEEL 134.31| 204149 010 8 L4 Eg810b/at supp Additional: none
122 Simple bar_1 E wind brace 15 STEEL 134 31| 204149 0.07 5 L2 Eg610b
121 Simple bar_1 E wind brace 15 STEEL 134 31| 204149 0.06 512 Eg610b
60 m wind brace 15 STEEL 134 31| 2041.49 0.04} 8 L4 Eg510b/at supp

%

Table 16, Utilization of wind bracing in order of utilization ratio

4 CROSS GIRDER-RAIL BEARER JOINT

A connection verification was carried out for the cross girder-rail bearer joint of the 37-m span bridge. The result
shows (Appendix 3), that the connection’s resistance is not adequate against the design force. The basic require-
1.284 > 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.

ment is that the resistance is greater than the forces, but analysis shows that (Vea/Vrd) =

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 modern 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;
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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.

5 CONCLUSIONS
17 and 18 m spans

For the 17 and 18m bridges the deflection limit L/600 (EN 1990-1, A2.4.4.2.3 (1), [1]) is exceeded. Also, the tension
and stresses are very high, utilization rate is over 0,9.

It is recommended to replace those structures for the whole span. In these spans the new structure is thought in the
pre-engineering phase to be embedded rail, so the height of the secondary structures can be increased for capacity
reasons compared to existing situation with wooden sleepers.

37 m spans

Truss bridge calculations show that utilizations are feasible and within limits, but deflection is at the limit. It is rec-
ommended renewing cross girders and rail bearers. The new structural parts are going to be constructed with pre-
cambering, to prevent deflection from dead load and strengthen the bridge.

Joints of cross-girder — Rail bearer connection

Based on the studies and calculations, shows that the capacity of joints is not sufficient (Ves/Vrg) = 1.194 > 1. There
are many uncertainties to these calculations and to find a solution to save the secondary structures, more detailed
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analysis is needed and the dismantling of the joint is needed to gather sufficientinformation 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 Preliminary Calculation

Rio Negro 17m

Preliminary calculation

References: EN1993-1-1, Design of steel structures
EN1991-2, Actions on structures - Part 2: Traffic loads on bridges

Material: Steel 355 f, = 355l

y 2
mm
_ 785019
3
m
= 9.8—
/QA 2

Cross girder:

Geometry:
| - profile:  H:= 570mm
MWV
tyy = 10mm
b := 250mm
tg := 20mm

hW = H - 2t = 530-mm

2
Across = Nyt + 2bstp = 15300-mm

cross girder length: leross i= 4.775m

Dynamic factor

For track with standard maintenance:

1< 2.16 073 <2 Ref. EN1991-2

¢ = oy 02 §6.4.5.2 (2)



Railway Project Preliminary Calculation

Detenninant length L.¢:

Rio Negro 17m

Steel grillage: open deck without ballast bed " (for local and transverse siresses)

3.1

33

3.4

Rail bearers:

- as an element of a continuous
grillage

- simply supported

Cantilever of rail bearer®
Cross girders (as part of cross

girder/ continuous rail bearer
grillage)

End cross girders

3 times cross girder spacing
Cross girder spacing + 3 m
3.6m

Twice the length of the cross girder

3.6m”

* In general all cantilevers greater than 0,50 m supporung rail waffic actions need a special study in
accordance with 6.4.6 and with the loading agreed with the relevant authority specified in the National Annex.

" It is recommended to apply @

Cross girder length: |

Ref. EN1991-2 §6.4.5.3 Table 6.2

cross = 4775 m

Dinamic factor for cross girder:

=21 =9.55m

L.cross cross

2.16

beross = TFT/—
Lq).cross 02
- °

+ 0.73 = 1.477

Loads:
Self weight:
_ N
Geross = Across P9 = 1177';
Rail self weight: Grail = 1k—N
m

Traffic Load: LM71-22,5

Qy = 125kN
kN

= 40—
Qy m



Railway Project Preliminary Calculation
Rio Negro 17m

Q= Deross Qu = 185-kN
kN
Awi= Peross dv = 59'?

For cross girder, | calculated the load, which comes from traffic load and transfered by
rails and longitudinal girders to the cross girder....

distance between cross girders: L = 1727mm

Cross *

from distributed load - q.v: Ftraffic.q = 0Oy Leross = 102-kN

n:=1 number of pont loads, which carried by one cross girder

0< L -n-1.6m=0127m <1.6m

Cross

from point load - Q.v: Ftraffic.Q = (n+1)-Q, = 369-kN

For now | only work with these two cases, where the cross gider first only subjacted to
the distributed load (from LM71), then only the concentrated load (from LM71)

Firaffic = maX(Ftraffic.q’Ftraﬁic.Q) = 369.331-kN

Wind load:

height of the car: Hear == 5M

Mean wind load: = 1kPa

Omean
Longitudinal girder distance = gauge: E := 1512mm

[ e kN
. ean ar . .

wr 2.E m
Load factors:

Vg =135 just permanent load

L1.Eq610.a Y6 Geross = 1_589.kFN distributed load along girder axis

”fG'(GraiI'Lcross) — 2.331-kN concentrated load at 'rail position'
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Aem 125 Q=4S Ywind =Sy 075

L2.Eq610.b concentrated load at 'rail position’

Fi:= ”fG'(GraiI'Lcross) + YQ Firaffic + ”fwind'“bOi'(fw' I-cross) = 554-kN

distributed load along girder axis

kN
f = ’\{G'Gcross = 1471?

concentrated load at 'rail position’

Fo:= ”fG'(GraiI'Lcross) + V0 Ftraffic ~ ”fwind'“bOi'(fw' I-cross) = 522-kN

Ae~ 1% Jgim 145 Dwied= 18 408

L3.Eq610.b concentrated load at 'rail position'

”fG'(GraiI'Lcross) + ¥ Voi Firaffic 'Ywind'(fw' I-cross) = 452-kN

distributed load along girder axis

kN
G Ceross = 1471'?

concentrated load at 'rail position’

”fG'(GraiI'Lcross) + ¥ Voi Fraffic ~ 'Ywind'(fw' I-cross) = 409-kN

| only calculate the design momnet for L2 load combination (the most relevant one)

| assume that the cross girder is a simply supported beam.

cross girder length: leross = 4775 m

leross — E
Iy = % - 1.632m

lp:= 17 = 1.632m

Calc of reaction forces: By := = 533-kN

ICI’OSS



Railway Project Preliminary Calculation
Rio Negro 17m

—h

'Icross

B, = = 3.513-kN

B := Bl + BZ = 536-kN
. 5
A1=F1+F2—81:5428X10 N
: 3513 x 10°
A, := By = 3513 x 10°N

A= A+ Ay = 546-kN

bending moment at midsection:

2
| |
Cross Cross

Med.mid = T 8 J{Al' > _Fl'(

bending moment at rail position 1:

o= |1ﬂ ~ 881-kN-m
2

2
|
1

bending moment at rail position 2:

i 2
Il+ E

+[Ar(11 + E) - F{E| = 873mkN

check:
2
12

MEd = max(MEdmld,MEdl,MEdz) = 889-kN-m

Cross section resistance:

Cross section classification: &= / ZSE;MPa =0.814
y

web: h

W53 72.¢ = 5858  Class 1
tW
83-¢ = 67.53 Class 2 => Class 1

124-¢ = 100.888 Class 3
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=6 9. = 7.323 Class 1

10e = 8.136 Class 2 => Class 1

14.e = 11.391 Class 3

Cross section is Class 1 - plastic analysis

. . tw'hwz 3
plastic section modulus: WpI = bf.tf.(H - tf) + = 3452250-mm
2 3
be-H be — t,,):h
elastic section modulus: Wy, = f — ( f W) W 3089991~mm3
6 6-H
Moment resistance of cross girder:
W f
MplRd = ——— = 1226-kN-m
M0
M
Ed =0726 < 1 OK!
Mpl.Rd
Longitudinal girder/Railbearer:
Geometry:
| - profile:
Hlong = 374mm
L= 10mm
b¢ 1 := 400mm
t 4 == 20mm
bg 5 := 200mm
tg o := 12mm
MZ H|0ng — 2tf = 334-mm

2
Along = hW'tW + bfltfl + bfztfz = 13740-mm

6

Rio Negro 17m

Mo =1



Railway Project

long. girder length: Llong = Lgrgss = 1.727m

Dinamic factor for rail bearer:

Ld).rail = 3L|0ng =5.181m

Prail = S + 073 =177
L .
&.rail o2
J m
Loads:
Self weight:

N
Glong = Along "9 = 1057 —

Traffic Load: LM71-22,5

Q= 125kN
= 40—

Aa m

Q= Prailr Qy = 221-kN

kN
A= Prail Ay = 71'?

Preliminary Calculation
Rio Negro 17m

In this preliminary calculation I'll only check the beam against the maximum positive bending

moment:

During calculation | assume, the longitudinal girder is a simply supported beam.

long. girder length: Alrvlong«:: Leross = 1.727m

| get the maximum positive bending moment, when the concentrated loads are positiond in

the middle of the beam.

e~ 135

kN
L1.Eq610.2  ~GGygng + G Crail = 2777~



Railway Project Preliminary Calculation
Rio Negro 17m

Ae~ 1% N 145 Dwina= 1Sy 075

L2.Eq610.b n:=1
MA
Om < n-1l6m=16m < Llong =1.727Tm

Fi= NgQy = 321-kN

kN I
fy = ’YG'GIong + Ywind Voifw = 10,622.F distributed load

kN I
fy:= ’YG'GIong ~ wind Voifw = _7,979.F distributed load

Wai= 0.8

L3.EGE10.b  ~ygp;Q = 257N

kN -

”fG'GIong + Ywind fw = 13.722.— distributed load
m
kN I

”fG'GIong = Ywind'fw = —11.08-F distributed load

B (n+1)F+ fl'Llong

Calc of reaction forces: Ry = > = 330.052-kN

Maximum moment at mid span:

long. girder length: Llong =1727m

(Lcross - 1'6”‘)

= —~ 0.064m
= 1 = 0.064m
Me. = R Hong F Hong | f L'0”92 — 24.kN-m
MNEdA'_ y 2 2 1 8 -

Cross section classification:

. 235MPa 0,814
e f
web: y

72-€ = 58.58 Class 1




upper flange:

— =075

bf oty

=7.917

lower flange:

o

Railway Project

83.e = 67.53 Class 2

124-¢ = 100.888 Class 3

Cross section is Class 3 - elastic analysis

plastic section modulus:

elastic section modulus (from Robot Str. Analysis) :

Moment resistance of cross girder:

W, f

el'ly
Mg| Rd = — = 455-kN-m
MO
M
Ed =0053 < 1 OK!
Mel.Rd
Main girder:
Geometry:
| - profile:  H:= 1700mm
MWV
L= 20mm

Wal:= be-te(Hiong — tf) +

2

9.e =7.323 Class 1
10e = 8.136 Class 2
14.¢ = 11.391 Class 3
Class 4

9.e =7.323 Class 1

10e = 8.136 Class 2

14.¢ = 11.391 Class 3

Class 4
tyh

Preliminary Calculation

Rio Negro 17m

=> Class 1

=> Class 3

=> Class 2

= 2048890-mm

Wal, = 1282.6cm3

f

Anaos= 1

— 355.——
2
mm



Railway Project Preliminary Calculation

Rio Negro 17m

A%V:: 400mm

At,fv\:: 30mm

= H — 2+t = 1.64 x 10°-mm

2
Amain = Nty + 2bg -ty = 56800-mm

Span: L :=17.27m
MWV

Dinamic factor for main girder

L main = L = 17.27m

ingin = e 4+ 0.73 = 1.276
L .
¢$.main 02
J m
Case l B Structural element Determinant length Lg,
Main girders
5.1 Simply supported girders and slabs Span in main girder direction
(including steel beams embedded 1n
concrete)
Ref. EN1991-2 §6.4.5.3 Table 6.2
Loads:

Permanent load:

Gmain = Amain' P9 = 4.37-'%N self weight of main girder

G
Cross kN . .
G = = 0.589-— self weight of cross girder
NVBKOSEY 2 m
kN
Cjong = 1.057 m self weight of railbearer
Rail self weight: Grail= 1k—N

Traffic Load: LM71-22,5

10



Railway Project Preliminary Calculation
Rio Negro 17m

Qu= 125kN
A= 40—

m

Q= PmainQy = 160-kN

kN
Ive= Pmain Ay = 51'?

Wind load:

height of the car: Hear= 5M

Mean wind load: oacan= 1kPa

Longitudinal girder distance = gauge: E = 1512mm

AmeanHear
mean’" ‘car kN
fw=—"F7-—=8261—
2-E m
Load factors:
e~ 1.35 just permanent load

L1.Eq610.a distributed load along girder axis
kN

ﬁ{G'(GCI’OSS *+ Gmain * Glong * Grail) = 9.47-F

e~ 1.25 Q= 1.45 winds= 15 m:: 0.75

L2.Eq610.b

concentrated load at 'rail position

Fai= 1o Qy4 = 925-kN

distributed load along girder axis
kN

f2:= 16(Ccross + Cmain + Glong * Crail) + YQAv + Ywind Voi fw = 92.08- m

e = 1.25 Q= 1.45 Shwinde= 1-5 Pgii= 08

11



Railway Project Preliminary Calculation
Rio Negro 17m

L3.Eq610.b

concentrated load at 'rail position’

distributed load along girder axis
kN

3= 6'(Ccross * Gmain *+ Clong * Crail) + Q" V0i % + Ywind'fw = 80378'?

| only calculate the design momnet for L2 load combination (the most relevant one)

| assume that the main girder is a simply supported beam.

fl?  Fpl
Moy~ g+ 5 = 7427k

Cross section resistance:

Cross section classification:

web: h
WV _e
o 72.¢ = 5858  Class 1
W
83.e = 67.53 Class 2 => Class 3
124-¢ = 100.888 Class 3
flange: ftw
t2 = 6.333 9. = 7.323 Class 1
f

10e = 8.136 Class 2 => Class 1

14.¢ = 11.391 Class 3

Cross section is Class 3 - elastic analysis

2
tyh 2
— 33488000-mm

plastic section modulus: Wori= bf~tf-(H - tf) +

12



Railway Project

Preliminary Calculation
Rio Negro 17m

2 3
o _ be-H™ (b — ty)hyy 3
elastic section modulus: W, = - = 28337380-mm
el g 6-H
Moment resistance of cross girder:
o= 1
We|~fy
MelRav= = 10060-kN-m
MO0
M
Ed =0738 < 1 OK!
Mel Rd
Deflection of main girder:
3
hy, -t b
second mometn of area: | .= w W + _f .(Hg - hws) = 2.409 x 1010~mm4
12 12

modulus of elasticity: Ey: 210000L

2
mm

permanent characteristic:

variable characteristic:

9k = Gcross T Cmain * Clong * Crail = 7'015'F

kN

kN

i = dy + f = 59.309-—

m

Qi = 4Q, = 638.022-kN

the calculation of deflection is an approximation on the safe side

5-(gk + qk)~L4 Qk~L3

+
384-E, | 48-E, |

max -~

Total weight of structure:

Neross = 11

A

Cross’ I

3
cross P Neross = 6-309 x 107 kg
Nong = 2

13

= 28.72-mm < % = 43.175-mm



Railway Project Preliminary Calculation
Rio Negro 17m

3
Along'L'p'nIong =3.725 x 10 kg

Nmain = 2

A L-p-Nmain = 1.54 x 104 kg

main’

Buckiling support girder:

Geometry:
| - profile: hy := 246mm
ty.p = 10mm
bfb = 120mm
tfb = 13mm
hWb = hb - 2tfb = 220-mm
Pouckt = Mwtwb + 205 1ytgp = 5320-mm”
IbUCk| =E=1512m
Npuckl = Neross — 1 = 10
Wind bracing:
-3 2
Ay = 102mm-13mm = 1.326 x 10 "m
Ly = 5297mm
ny = 10
G1oT = Amain'L P"Mmain + Along'L P Mong + Across'lcross P Neross -+ = 26-617-tonne

+ Apuckl Tbuckl P Mbuckl + Aw Lw PNy

Side walk: g, := 80~9
m

L=1727m

14



APPENDIX 2 Preliminary calculation

Rio Negro 18m

Preliminary calculation

References: EN1993-1-1, Design of steel structures
EN1991-2, Actions on structures - Part 2: Traffic loads on bridges

Material: Steel 355

N
fy =355 ——

2
mm

kg

= 7850 —

P 3
m

m

=9.8—

IQA 2
S

Cross girder:
Geometry:

| - profile:  H:= 490mm
MV
ty = 10mm
bf = 250mm
tg = 20mm
hW = H - 2t = 450-mm

2
Across = Nty + 2Dty = 14500-mm

cross girder length: leross := 4.775m

Dynamic factor
For track with standard maintenance:

2.16 Ref. EN1991-2
b= ———— 1073 <2
1< Ty - 02 §6.4.5.2 (2)



Railway Project Preliminary calculation

Detenninant length L.¢:

Rio Negro 18m

Steel grillage: open deck without ballast bed " (for local and transverse siresses)

3.1

33

3.4

Rail bearers:

- as an element of a continuous
grillage

- simply supported

Cantilever of rail bearer®
Cross girders (as part of cross

girder/ continuous rail bearer
grillage)

End cross girders

3 times cross girder spacing
Cross girder spacing + 3 m
3.6m

Twice the length of the cross girder

3.6m”

* In general all cantilevers greater than 0,50 m supporung rail waffic actions need a special study in
accordance with 6.4.6 and with the loading agreed with the relevant authority specified in the National Annex.

" It is recommended to apply @

Cross girder length: |

Ref. EN1991-2 §6.4.5.3 Table 6.2

cross = 4775 m

Dinamic factor for cross girder:

=21 =9.55m

L.cross cross

2.16

Peross =
Lq).cross 02
E— .

+ 0.73 = 1.477

Loads:
Self weight:
_ N
Geross = Across P9 = 1115';
Rail self weight: Grail = 1k—N
m

Traffic Load: LM71-22,5

Qy = 125kN
kN

= 40—
Qy m



Railway Project Preliminary calculation
Rio Negro 18m

Qu= Deross'Qu = 185-kN
kN
= Peross Oy = 59'?

For cross girder, | calculated the load, which comes from traffic load and transfered by
rails and longitudinal girders to the cross girder.

distance between cross girders: L = 1867mm

Cross *

from distributed load - q.v: Ftraffic.q = 0Oy Leross = 110-kN

n:=1 number of pont loads, which carried by one cross girder

0< L -n-1.6m=0.267m <1.6m

Cross
from point load - Q.v: Ftraffic.Q = (n+1)-Q, = 369-kN

For now | only work with these two cases, where the cross gider first only subjacted to
the distributed load (from LM71), then only the concentrated load (from LM71)

Firaffic = maX(Ftraffic.q’Ftraﬁic.Q) = 369.331-kN

Wind load:

height of the car: Hear == 5M

Mean wind load: = 1kPa

Omean
Longitudinal girder distance = gauge: E := 1512mm

[ e kN
. ean ar . .

wr 2.E m
Load factors:

Vg =135 just permanent load

L1.Eq610.a Y6 Geross = 1_506.kFN distributed load along girder axis

”fG'(GraiI'Lcross) - 252.kN concentrated load at 'rail position'



Railway Project Preliminary calculation
Rio Negro 18m

Aem 125 Q=4S Ywind =Sy 075

L2.Eq610.b concentrated load at 'rail position’

Fi= ”fG'(GraiI'Lcross) *+ 3Q Firaffic * ”fwind'“bOi'(fw' I-cross) = 555-kN

distributed load along girder axis

kN
f.= A{G'GCI'OSS = 1394?

concentrated load at 'rail position’

Fo:= ”fG'(GraiI'Lcross) + 3Q Firaffic ~ ”fwind'“bOi'(fw' I-cross) = 520-kN

NG = 1.25 Q= 1.45 SwiRde= 15 .~ 08
L3.Eq610.b

concentrated load at 'rail position’

”fG'(GraiI'Lcross) + ¥ Voi Firaffic 'Ywind'(fw' I-cross) = 454-kN

distributed load along girder axis

kN
A{G'GCTOSS = 1394?

concentrated load at 'rail position’

”fG'(GraiI'Lcross) + ¥ Voi Fraffic ~ 'Ywind'(fw' I-cross) = 408-kN

| only calculate the design momnet for L2 load combination (the most relevant one)

| assume that the cross girder is a simply supported beam.

cross girder length: leross = 4775 m

leross — E
Iy = % - 1.632m

lp:= 17 = 1.632m



Railway Project Preliminary calculation
Rio Negro 18m

|

= 532-kN

Calc of reaction forces: By:
Cross

£l
By = —> _ 3.329-kN
2

B := Bl + BZ = 536-kN
. 5
A1.= F1+F2—81:5434X 10" N
: 3.320 x 10°
A2 = BZ = Oo. x 1 N

A= A+ Ay = 547-kN

bending moment at midsection:

2

| |
Cross Cross

MEd.mid = T— {Ar > _Fl'(

bending moment at rail position 1:

o= |1ﬂ ~ 881-kN-m
2

| 2

1

bending moment at rail position 2:

i 2
Il+ E

+ [Al-(ll + E) - F1~E] = 872m-kN

check:
2
12

MEd = max(MEdmld,MEdl,MEdz) = 890-kN-m

Cross section resistance:

Cross section classification: &= / ZSE;MPa =0.814
y

web: h

W 45 72-e = 58.58 Class 1
L%
83.e = 67.53 Class 2 => Class 1

5



Railway Project Preliminary calculation

124.¢ = 100.888 Class 3

=6 9.e = 7.323 Class 1
10e = 8.136 Class 2 => Class 1

14.e = 11.391 Class 3
Cross section is Class 1 - plastic analysis

tw'hwz
plastic section modulus: Wp| = bf~tf~(H - tf) +

_ 2856250-mm°

2 3
bs-H bs — t,,,)-h
elastic section modulus: Wo = f6 — ( f 6VI:) wo_ 2565391~mm3

Moment resistance of cross girder:

W, f
Mpl.Rd = PLY _ j014kNm
Mo
M
B _o8 < 1 OKI
Mpl.Rd

Longitudinal girder/Railbearer:

Geometry:
| - profile:

Hlong = 374mm
L= 10mm
b¢ 1 := 400mm

t 4 == 20mm
bg 5 := 200mm
tg o := 12mm

Rio Negro 18m

Tmo= 1



Railway Project Preliminary calculation
Rio Negro 18m

MhWVIZ Hlong — 2'tf = 334-mm
AlOﬂg = hW'tW + bfltfl + bfztfz = 13740-mm2
long. girder length: Llong = Lgrggs = 1.867m
Dinamic factor for rail bearer:
Ld).rail = 3-L|0ng =5601m
2.16
Gpai| = ————— + 0.73 = 1.727
L .
Jrail
£ _ 02
J m
Loads:
Self weight:

N
GlOﬂg = Alongpg = 1057;

Traffic Load: LM71-22,5

Ag)wz 125kN
kN

= 40—
pIvR m

Q= Prail Qy = 216-kN

kN
A= Prail Ay = 69'?

In this preliminary calculation I'll only check the beam against the maximum positive bending
moment:

During calculation | assume, the longitudinal girder is a simply supported beam.

long. girder length: /\I/Tm@\:: Leross = 1.867m

| get the maximum positive bending moment, when the concentrated loads are positiond in
the middle of the beam.

Je= 1.35



Railway Project Preliminary calculation
Rio Negro 18m

kN
L1.Eq610.a "{GGlong + "{GGrall = 2777]

Nem 12 s 45 Dwindi= 1Sy 075

L2.Eq610.b n:=1
MA
Om < n16m=16m < Llong =1.867m

Fi= 1QQ = 313kN
: KN istributed load
fl = 'YG'GIong + "\{Wind-’ll)Oi-fW = 10.622'? Istriputea loa

kN
72 = Y6 Clong ~ Ywind Poifw = =7-979-—

distributed load
,?;L)Qi«:: 0.8
L3.Eg610.b “fQ"l’Oi'Qv = 250-kN

kN

"{GG|Ong + ”fwmdfw =13.722-— distributed load
m
kN L
“fG'Glong = Ywind fw = —11.08-F distributed load

B (n+1)F+ fl"—long

Calc of reaction forces: Ry : > = 322.922-kN
Maximum moment at mid span:
long. girder length: Llong =1.867m
o= (LCLZ_WH) - 0133m
lgo=17=0133m
I-Iong I-Iong I-Iong2
Med= Ry- 5 - F-( 5 -1 j— f1- 5 = 46-kN-m
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Cross section classification:

web: hy
— =334
tw

72-€ = 58.58 Class 1
83.e = 67.53 Class 2
124-e = 100.888 Class 3

upper flange: bratw

2
— =975 9-e = 7.323 Class 1

t.1
10e = 8.136 Class 2

14.¢ = 11.391 Class 3

Class 4
lower flange: bro~tw
2
— =17.917 9-e = 7.323 Class 1
%2

10e = 8.136 Class 2
14.e = 11.391 Class 3

Class 4
Cross section is Class 3 - elastic analysis

2
t,,h
plastic section modulus: Wori= bf'tf'(HIong - tf) .

Preliminary calculation
Rio Negro 18m

e ’235MPa 0814
i f
y

=> Class 1

=> Class 3

=> Class 2

anaay= 1

_ 2048890-mm°

elastic section modulus (from Robot Str. Analysis) : Wep = 1282.6cm3

Moment resistance of cross girder:

W,
el'ly
M| Rq = — = 455-kN-m
MO
M
E
d _p102 < 1 OK
Mel.Rd

f, = 355.-——
2
mm

<
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Main girder:
Geometry:
| - profile: H,=1700mm
L= 20mm
At/\’/tv:: 400mm
L= 30mm

Dyy= H— 2t = 1.64 x 10°mm

Amain = Nyt + 2bg-tf = 56800-mm

Span: ;= 18.67m

Dinamic factor for main girder

L main = L = 18.67m

2.16

Pmain = T
$.main o2
Ea— .

2

+0.73=1.254

Preliminary calculation
Rio Negro 18m

Case l Structural element

| Determinant length Lq

Main girders

concrete)

5.1 Simply supported girders and slabs
(including steel beams embedded 1n

Span in main girder direction

Ref. EN1991-2 §6.4.5.3 Table 6.2

Loads:

Permanent load:

kN
Gmain = Amain P9 = 437'?

G
Cross kN
Grsmss = = 0.558.-—
2 m
kN
G|Ong = 1.057 F

10

self weight of main girder

self weight of cross girder

self weight of railbearer



Railway Project

Rail self weight: G = 1k—N
m

Traffic Load: LM71-22,5

Q= 125kN
kN
A= 40

m

Q= Pmain'Qy = 157°kN

kN
A= Pmain Ay = 50'?

Wind load:
height of the car: Heag= 5M
Mean wind load: mean.= 1kPa
Longitudinal girder distance = gauge:
H 2
Amean Mcar kN

- % 8267 —
M 2.E m

Load factors:

e~ 1.35 just permanent load

E := 1512mm
MWV

L1.Eq610.a distributed load along girder axis

”fG'(Gcross *+ Gmain + Glong * Grail)

NG = 1.25 Q= 1.45 SwiRde= 15

L2.Eq610.b

concentrated load at 'rail position’
Foi= “fQ'Qv"" = 909-kN

distributed load along girder axis

11

m:z 0.75

= 0429.—

Preliminary calculation
Rio Negro 18m



Railway Project Preliminary calculation
Rio Negro 18m

kN
fa= 'YG'(Gcross *+ Gmain * Clong * Grail) +3¥Q v + Ywind Poi-fw = 90772'?
e 125 fe= 145 Shwinde= 1-5 .~ 08
L3.Eq610.b
concentrated load at 'rail position’
distributed load along girder axis
. kN
f3:= 'YG'(Gcross + Gmain *+ Glong * Grail) + Qi v + Ywind fw = 79324'?

| only calculate the design momnet for L2 load combination (the most relevant one)

| assume that the main girder is a simply supported beam.

fl?  Fpl
Moy~ g+ = 8109kN-m

Cross section resistance:
Cross section classification:
web: h 72.e =5858  Class 1
by 83.¢ =67.53  Class 2 => Class 3

124-¢ = 100.888 Class 3

b=ty 9.¢ = 7.323 Class 1

=6.333 10e = 8.136 Class 2 => Class 1

14.¢ = 11.391 Class 3

Cross section is Class 3 - elastic analysis

2

t.-h
W W _ 33488000-mm

3

plastic section modulus: Wori= bf~tf-(H - tf) +

12



Railway Project Preliminary calculation

2 3
o _ beH™ (b — ty)hy 3
elastic section modulus: W, L= — = 28337380-mm
6 6-H

Moment resistance of cross girder:

Wy fy
MolRdi= — 10060-kN-m
MO0
M
Bd _p815 < 1 oK
Mel.Rd

Deflection of main girder:

3
h,,, -t b
second mometn of area: | .= — % (_fj(Hg _ hws) — 2409 x 10:% mm?

12 12

modulus of elasticity: Eq:= 210000L

2
mm
o kN
permanent characteristic: 9k = Gcross * Cmain * Glong + Gppj) = 6.984-—
m
variable characteristic: qy := gy, + f,, = 58.434 L
' k= Hv ™ lw : m
Qg = 4Q,, = 627.08-kN
the calculation of deflection is an approximation on the safe side
4 3
5~(gk+ qk)~L QL L
dmax = + =37.27-mm < — = 46.675-mm
384-E, | 48-E4- | 400

Total weight of structure:

. L
Neross = cell[L ] =11
Cross

Across'

3
lcross P Neross = 9979 x 107 kg
n|0ng =2

3
Along'L'p'nIong = 4.027 x 10 kg

13

Rio Negro 18m



Railway Project Preliminary calculation
Rio Negro 18m

n 2

main =

ArmainL P Nimain = 1665 x 10*kg

main’

Buckiling support girder:

Geometry:
| - profile: hy := 246mm
typ:=10mm
bfb = 120mm
tfb = 13mm
hWb = hb - thb = 220-mm
2
Apuckl = Mw.btw.b + 2Pgptrp = 5320-mm
IbUCk| =E=1512m
Npuckl = Neross — 1 = 10
Wind bracing:
-3 2
Ay = 102mm-13mm = 1.326 x 10 "m
L,y = 5466mm
Ny = 10
GToT = Amain'L"P"main * Along'L" P Mong T Across lcross P Neross -+ = 27-856-tonne

+ Apuckl Tbuckl P Mbuckl + Aw bw PNy

GroT9 = 272.99-kN

Side walk: g, = 80@
m
L=18.67m

GToT 9 + 9gy L9 = 287.62:kN

GroT *+ 9 L = 29349.28-kyg

14



APPENDIX 3

Connection Calculation Report - Crossqgirder-railbearer

Material:
Bolt class: 4.6 Ref. EN1993-1-8
| N B N §3.1.1
fyp = 240—2 fup = 400—2 Table 3.1
mm mm

Steel grade: S235
N N Ref. EN1993-1-1

fy =235 — f, = 360 — §3.2.3
mm> mm2 Table 3.1

Geometry of joint: The geometrical datas are assumptions, for achieving an
accurate results, a site inspection is needed to gather the missing information.

( HeK I

: Gt :[;-
il
(gD

e . - N =U=0 - — =
ébnﬁéction between cross girder and railbearer
Ao a
BERST 5 |+
gl [y #l+
+||l]|+ N 0N
il I =
| [Ings olfls] ®
xdil lIEa
LS I R&ﬁﬁ» .
N R = E__ —
66, 31 45,23 @

Supported beam side Supporting beam side



d := 20mm

2
Ay = % = 314.mm2 the gross cross section of the bolt

do =d+ 2mm = 22-mm

pq = 70mm

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

Z:=66mm o centre of the bolt group

Np:=6
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= 6
= — %% 0135

nl'(nl + l)pl



oy fup-Ap

FyR = ———— = 60.319-kN
M2
2-np-F
Ve, oo = b v.Rd — 562.962-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 ~ Table 3.4
M2 able 3
ey = 3lmm eq = 32mm tyc = 11mm

e
. 2
Kq ver= mm[z.s-d—o - 1.7,2.5J = 2.245

f.ac = f, = 360-MPa

ST O B fub
b.ver = ’ 0
3dg 3dy 4 f

, lJ =0.485

K1 ver®.ver fu.acd-t

M2

& 68.98-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 = —
b.hor.Rd Table 3.4
M2 able 3

. €1 P1

k :=min| 28— - 1.7,14— - 1.7,25| = 2.373

1.hor d d
0 0



e f
Op hor = min —Z,Lb,l =047
' 3-dg fyac

k QY -f -d-t
1.hor ®b.hor 'u.ac™ ‘ac
Fb.hor.Rd = = 70.612-kN

M2

2-I’1b
Vb.Rd = = 650-kN

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\ = 45mm ty = 14mm

Mp

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

The vertical bearing resistance:

VRd =

Ref. EN1993-1-8
k1o Ty d-ty §3.6.1

F e
b.ver.Rd.2 Table 3.4
M2 able 3

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

fuw = fy = 360-MPa

u

€ P11 fup
O yer 2 = Min| ——,—— — =, — 1| = 0.485
ver. 3dg 3dg 4

k QY -f -d-t
l.ver.2®b.ver.2 'uw™ 'w
Fh.verRd.2 = — 97.745.kN

M2

The horizontal bearing resistance:

Ref. EN1993-1-8
kq-op Ty acd-ty §3.6.1

F e
b.hor.Rd.2 Table 3.4
M2 able 3



€1 P1
k :=min 28— - 1.7,1.4— - 1.7,25| = 2.373
1.hor.2 d d
0 0

k -Qy -f .d-t
1.hor.2"%b.hor.2" 'uw™"*'w
Fh.hor.Rd.2 = = 130.457-kN

M2

Np
Vp Rd2 = 2 = 1003-kN

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

Supporting beam side:

Basic requirement:

VEd < Frd

FRa = |D_Fbrd if max(Fp ) <Fy R
n

ns'min(Fb.Rd) if min(Fb_Rd> <FyRd < max(Fb.Rd)
0.8ngFy Ry if FyRrd < min(FpR)

Shear resistance of bolts:
FV.Rd = 60-kN

Bearing resistance of bolts on the angle cleats

_ kpopfy acditae
FoRd = T

€, = 23mm g, = 31lmm = 85mm
pv¥ v R

e
. 2
For edge bolts: K{ac= m|n[2.8-d— - 1.7,2.5] = 1.227
0

Multiplied by two,
because the bearing
resistance of the web
works against half of the
design shear force.

Ref. EN1993-1-8
§3.7 (1)

Ref. EN1993-1-8
§3.6.1
Table 3.4



e fup
For end bolts: Op.acend = Min| ——,—.,1| =047

3'dO fu.ac
p f
For inner bolts: Qp ac.inn = Min I E,Lb,l =1
T 3do 4 fU.aC
Kq ot faadt
For end bolts: Fo Rdend = 1l.ac®*b.ac.end 'u.ac’™ ‘ac — 36.524-kN
M2
K1 5y PP PR B |
For inner bolts: Fo Rlinn = l.ac’®b.ac.inn'u.ac’™ *ac — 7776-kN

M2

Fb.Rd.min = Min(Fp Rd.end- Fb.Rd.inn) = 36.524-kN

Fb.Rd.max = MaX(Fp,Rd.end: Fb.Rd.inn) = 77-76-kN

Npo:=5 number of bolts on supporting beam side

Ng:=2-np o =10

FrRd = |Fo.Rd.end * Fb.Rd.inn T Fh.Rdmax <Fv.rd = 365-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:

La= 31mm L1,= 32mm Ran= 70mm

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

h f

ac’tac 'y.ac
1.27 \/§.A{MO

t

VRd.g = 2



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 = 402mm toe = 11-mm fy.ac = fy = 235-MPa
hya-t f
VRd.g = z.M.ﬂ = 945.kN
1.27 \/§.A{MO

Shear resistance of net section

f
u.ac
VRd.n = 2'Av.net'\/g
“TM2

2
A et = tac'(hac - nl-do) = 2970-mm

fu.ac

V, = 2- .——— = 988-kN
Rd.n Ay net
V3Mm2

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]

A

0.5fy acAnt . fy.alc' nv

M2 \/5"Y|v|o

VRd.min = MiN(VRd.g-VRd.n: VRa.b) = 807-kN

Supporting beam side:

Shear resistance of the angle cleats

Basic requirement: VEd < VRd.min

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

Ref.
EN1993-1-8
§3.10.2 (2)



Shear resistance of gross section

h,.t f

Vv _ . ac’ac  'y.ac
Rdg =~ <", 5 °
g 127 By
h,at f
Vraga - 2~ Y gsspn
127 3o
Shear resistance of net section
f
u.ac
VRd.n = 2°Ay net
\/5"Y|v|2
: h dq) = 3212-mm?
Avnet.2 = tac'( ac ~ "pb.2 0) = 3212:mm
f

u.ac
VRd.n2 = 2~Av,net_2~\/_— — 1068-kN
3YMm2

Block tearing resistance

05f ._.A f A Ref.
VRdb = 9. u.ac’'nt + y.ac’ nv EN1993-1-8
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
Vv . u.ac nt.2+ y.acnv.2 _ 872.kN
Rd.b.2
M2 V3YMmo

VRd.min.2 = min(VRd_g,z’VRd_nIQ,VRd.b_Z) = 872-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 S —
Rd.g.wb v.wh
‘ V3YMmo



fy = fy = 235-MPa

hy = Nge = 402-mm  t,, = 14-mm

Ay b = Mty = 5628-mm”
fyb

VRd.gwb = Avwb = = 763.592°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'\/—— = 785.658-kN
3YMmo
Block tearing resistance
05f . -A f A Ref.
v Y u.ac’nt N y.ac’nv EN1993-1-8
Rd.b
M2 V3mo §3.10.2 (2)

Antowb =t (€. — 05:dg) = 476-mm’
Agvawb = tw[e1 + (1 — 1)-py — (ng — 05)-dg] = 3.654 x 10°mm”
0.5%, b Ant.wb fy.b'Anv.Wb

+
M2 V3mo

VRd.b.wb = 2'[ J = 1129-kN

VRd.minwb = MN(VRd.g.wb> VRd.n.wb> VRd.b.wb) = 764-kN



Summary of design checks:

Shear resistance:

Bolt group design
Supported beam side

Shear resistance of bolts: Yv.Rd = 963-kN
Bearing resistance of bolts on angle cleats: Vp Rd = 650-kN
Bearing resistance of bolts on the beam web: Vp Rd.2 = 1003-kN
Supporting beam side
Resistance: Fpj = 365-kN
Shear resistance of the angle cleats
Supported beam side
Shear resistance: Vg min = 807-kN
Supporting beam side
Shear resistance: VRd.min.2 = 872:kN
Shear resistance of the beam web

Shear and block tearing resistance

Shear resistance: VRd.minwb = 764-kN

VRd = Min(Vy rd: Vb Rd: Vb.Rd.2: VRd.min: YRd.min.2: VRd.min.wb: FRd) = 365-kN

10



VEggq = 468.8kN From Robot Stractural Analysis

V

_Ed =1.284 >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 on supporting
beam side.

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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