FACULTY OF NATURAL, ARCHITECTURAL AND BUILT ENVIRONMENT ENAC

CIVIL ENGINEERING SECTION : :

RESSLab Resilient Steel Structures Laboratory I I
Metal Structures, Selected Chapters, Fall 2021, SGC, M1, M3

FATS EXERCISE: SIMPLIFIED FATIGUE CHECK - CORRECTION

la. Determine for each span and for the support regions the corresponding values of the lambda factor,
under the action of a bending moment.

The side spans are 60 m long and the central span is 80 m long. For a bending moment in a continuous beam,
one must consider as « span length » :

- in span regions, the length L; of the span in question,

- in the support regions, the average of the 2 adjacent spans L; and L; at this support.

For lambda 1, the figures of EN1993-2 are reproduced in Figure 1. Figure 2 shows these same curves in
comparison with simulation results. There is a wide dispersion of the values, a poor correspondence of the
shape of the curve in the support regions. Note that this justifies, for spans greater than 80 m, extrapolating
using the value at 80 m.

The calculations for lambda 1 lead to the values given in Table 1 below, in the case of details where the
stress (stress range) is related to bending moments.
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Figure 1 —\1 for road bridges according to EN 1993-2
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Figure 2 — Comparison between A1 curves and simulations (RESSLab)
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Table 1 — Partial factor values A1

Region Section location L (m) M
Midspan | Support
X Side spans 60 2.55-0.7 (L-10)/70 = 2.05
X Close to the supports (80+60)/2 =70 1.7+ 0.5 (L-30)/50=2.10
X Centre span 80 2.55-0.7 (L-10)/70 =1.85

In the code, the traffic changes with respect to the number of cycles but not the loads (QOm; = Qy), therefore
the partial factor A, is equal to:

Qi [Nops17/m2 12000000y /5
"0, N_O] - ( 500000)
There is no deviation regarding service life from the code, so the partial factor Az is 1.0.

A, =132

For A4, the bridge section is a composite twin-girder with a slab on which two slow lanes need to be
considered (one in each direction). It is reasonable to assume that each slow lane is carrying the same traffic,
this means that Q,,, = Quu1; N2 = N;. For this composite twin-girder section, the transverse distribution line
is given in the data, i.e. 11=0.675 and 1>=0.325.

Finally, in the fatigue curve, if the usual assumption that our loads correspond to the zone where the slope is

m =m; =15 (because we are studying welded steel details), then it follows:
1/5

Ny M3 - Qm2 5]
Ay = 1+—<—> = 1.00
* [ N1 \1p - Qm1

There is also the condition that the product of all A,factors must remain less than Amax. The formulas for
Amax are found in EN1993-2 and values depend on the « span length » as for A,. These calculations lead to
the values given in Table 2 below, in the case of details where the stress (and stress range) comes from
bending moments.

Table 2 — Value of the Amax. factor

Section Position L (m) Amax

Side span 60 2.0

Close to the supports (80+60)/2 =170 1.8 + 0.9 (L-30)/50 = 2.52
Centre span 80 2.0

Finally, the resulting values of the factor A can be determined using:

A=A Ay A3+ A4 but A < Ay

The results are summarized in Table 3.

In this example, we can see that Amax controls for all sections!

i.e. the checks are all made with respect to the fatigue limit, because of the very high bidirectional traffic on
the bridge.
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Table 3 — Summary of damage equivalency factor values A.

Section position (between 0 m and 540 m)

A

Banks spans:
- between 0 m and 0.85*L1 =51 m
- between 149 m and 200 m

2.71 (£ Amax 2.0) s0 2.0

Support areas:
- between 51 m and L1+0.15*L2=92 m
- between 128 m and 149 m

2.77 (< Amax 2.52) 50 2.52

Central span:
- between 92 m and 128 m

2.44 (< hmax 2.0) 50 2.0

1b. And what is the value of the resulting A for a longitudinal weld located in the beam web and in the side

span ?

This detail will mainly be subjected to the shear forces/stresses. For a continuous beam, one must therefore

take for the «span length»:
- in span regions, 0.4°Li

This gives: L, = 0.460 = 24 m and therefore:

Lyep — 10
Ay =2.55—0.7 ””70 =241
A, =1.32
Az = 1.00
A, = 1.00

Lyep — 10
Amax = 2.5 — 0.5 —2 =2.03

15

A=241-132-1-1=3.18(<£2.03) thusA=2.03

2. Determine the stress differences in the sections to be checked.

The load of the fatigue model Qr.:is 480 kN.

The elastic section modulus (lower flange) are W0 infspan= 1.37-10° mm?® and, on support, W, .inf.support =

4.52'10° mm®.

For the calculation of the maximum and minimum moments due to the load model, the transverse
distribution line must also be taken into account because the load model FLM3 is to be applied on lane 1.
One must therefore multiply the value obtained with the factor 11,=0.675.

Section 1 — Side span x=30 m

Using the line of influence given in the statement, it is found:

Munax = 0.675%480 [KN]* 12.38[KNm/kN] = 4011 kNm
Munin =0.675%480 [KNT* -3.59 [kNm/kN] = -1163 kNm

Moment difference: AM=5174 kNm
Wb,O,inf,span =1.371 08 Inrn3

Stress difference: Ac(Qt) = AM/Whgintspan= 5174:106/1.37-10%=37.8 MPa

Section 2 — On Supports x=60 m

Using the line of influence given in the statement, it is found:

Mumax = 0.675%480 [KNT* 1.54[kNm/kN] = 499 kNm
Mumin =0.675%480 [kNT* -7.19 [kNm/kN] = -2330 kNm
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Moment difference: AM=2829 kNm
Wb,O,inf,support = 452108 mm3
Stress difference: Ac(Qt) = AM/Wh,0intspan = 2829-106/4.52-10°=6.3 MPa

Section 3 — Centre span x=100 m

Using the line of influence given in the statement, it is found:
Minax = 0.675%480 [KN]* 13.33[kNm/kN] = 4319 kNm

Munin =0.675*480 [KNT* -1.92 [kNm/kN] = -622 kNm

Moment difference: AM=4941 kNm
Wb,O,inf,span = 137108 mm3
Stress difference: Ac(Qa) = AM/Wh g intspan = 4941-106/1.37-10°=36.1 MPa

3. Perform the fatigue check of the 3 joint details forming the lower part of the transverse frame.

The fatigue check formula is as follows:

Ao,
Vrf  D0gz = Vg - A+ Aor(Qpar) < —
Ymr

The values of the partial safety factors, yrr and ymr, must be introduced. By default in the current code the
load factor yrr is considered to be equal to 1.0. As for the partial coefficient of resistance ywms, it depends on
the consequences of the ruin, as well as on the method of evaluation.

After "failure" of a detail of the twin-girder (the failure being here defined as a through crack in the flange),
the fatigue crack will continue to grow in the flange and then in the web and certainly lead at some point to
the final failure of the section. These are therefore details of first importance and the consequences of failure
can be taken as high. However, the consequences should be put into perspective as:

- on the one hand the bridge is a continuous beam, i.e. a hyperstatic system;

- on the other hand, this type of section can be easily inspected, by walking and observing for any
through crack from the maintenance passerelle, thus rather short inspection intervals can be set (e.g.
every 2 or 3 years).

Therefore, the value for the factor can be taken as y=1.15.

The last data missing for the checks are the fatigue detail categories, they are defined below for each of the
section.

Section 1 — Side span x=30 m

The detail to check is the weld of the vertical stiffener on the lower flange (note: same as for the centre
span). Referring to EN 1993-1-9 (Table 8.4 — detail 7), one finds that the detail category is FAT80 assuming

that a distance weld toe to weld toe < 50 mm. The checking of the detail reads:

Ao,
Vg A Aoi(Qpar) < —
Ymr

75.6 MPa = 1.0+ 2.0 -37.8 < % = 69.6 MPa KO

Section 2 — On support x=60 m

The detail to check is the weld of the vertical T-stiffener on the lower flange (with a longitudinal attachment
part). Referring to EN 1993-1-9 (Table 8.4 — detail 1), in this case the strength of the detail must be reduced
due to the length of the attachment, which is in this case certainly L > 100 mm, the detail category is FAT56.
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The checking of the detail reads:

159 MPa =1.0-252-63 < % = 48.7 MPa OK

Section 3 — Centre span x=100 m

The detail to check is similar to the one in section 1 (vertical stiffener on the lower flange), thus Table 8.4 —
detail 7. Distance weld toe to weld toe < 50 mm, thus it is again detail category FAT80.

The checking of the detail reads:

722 MPa =1.0-2.0-36.1 < % = 69.6 MPa KO

The details that are located in the span do not comply with the checks but only for a few MPa. The following
solutions are possible:

- Design the sections in order to increase (in this case slighly) the resisting moment, that is by
increasing the thickness of the flange or the static height, or with a coverplate (but this adds other
fatigue details and the ends of the coverplate has a low fatigue resistance, will have to be carefully
placed and checked).

- Fabricate the detail in a more favorable way (do not weld on the flange, if possible interrupt it above
it).

- Use a post-weld treatment to improve the detail category, especially if you assess an existing

structure or it is the only detail that does not comply (Note : there will be a new annex on this subject
in the revised version of Eurocode EN 1993-1-9, which should be released in 2026 or 2027).
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