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x10.41 AEBEDOER
Totaux Convertir en
Famille No. Description des travaux
CFA PY CFA PY
A Général 3,780,941,311 401,517,513 5,840,005,480 1,138,801,069
B Travaux préparatoires 3,913,733,914 0 3,913,733,914 763,178,113
C Terrassements généraux 1,598,973,522 0 1,598,973,522 311,799,837
D Fondations profondes 2,950,980,052 0 2,950,980,052 575,441,110
E Coffrages 191,343,398 0 191,343,398 37,311,963
F Bétons 493,063,006 0 493,063,006 96,147,286
G Armatures passives 810,036,915 0 810,036,915 157,957,198
H Tablier des ponts routiers 5,002,536,966 3,951,944,027 25,268,916,592 4,927,438,735
1 Chaussées 7,374,126,960 0 7,374,126,960 1,437,954,757
J Hydraulique 3,904,605,571 0 3,904,605,571 761,398,086
K Murs 1,546,498,514 0 1,546,498,514 301,567,210
L Equipements des tabliers des ponts routiers et de la route 1,944,451,727 0 1,944,451,727 379,168,087
M Signalisation et équipements de la route 128,801,725 0 128,801,725 25,116,336
N Eclairage public 1,377,004,159 0 1,377,004,159 268,515,811
o Autres ouvrages d’art 1,532,101,528 0 1,532,101,528 298,759,798
Totaux Famille (a) 36,549,199,268 4,353,461,540 58,874,643,063 11,480,555,396
Prixdes Timbres d'enregistrement 0.5 % de (a) (b) 182,745,996 21,767,308 294,373,217 57,402,777
Total des Familles plus Timbres d'enregistrement (a+b) (c) 36,731,945,264 4,375,228,848 59,169,016,280 11,537,958,173
Contingence (somme provisoire), 15% de (c) (d) 5,509,791,790 656,284,327 8,875,352,442 1,730,693,726
Tauxde TVA 18 % of (c+d) (e) 7,603,512,670 905,672,372 12,247,986,370 2,388,357,342
Prix de 1'offre (c+d+e) ® 49,845,249,724 5,937,185,547 80,292,355,092 15,657,009,241
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AGEROUTE 7% D/D (245 & M EIZJE U TAT 9 BRECEELEHM (LT, EMP : Environmental
Management Plan) | BREEE=% Y -7 E}H (LL'F. EMoP : Envieonmental Monitoring Plan) , &=
ZY T T —LOUETEED T, R OBREZEFAf (UL T, EIA : Environmental Impact
Assessment) OEREZHEAFEHE (UL, ECC : Environmental Compliance Certificate) %03 72 38
Al DOPIG SR AT > 7,

BRI, BREZESHMEE (LT, EIS : Environmental Impact Statement) ¢ EMP, EMoP
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(1) BEEZTMIROONDIAR
EIA IS N D NENRIL. KEHEDS No.96-694 [2FE 11.1.1 D LBV RENTWS,
= 11.1.1  ESIA* (Decree No. 96-694, 1996) D=

EIA BEsiyE# N

1. 3 FET w2 b ORE,

2. FIE ERTFIE, BREE= Y Z 2 b, ESIA MR ORI,

3. EEHIHI ANDE DE# ., HM®HW%%T~hEmA®HR@%ﬁM IEENRE O, €

=5 ) U R OEREEFEE, ESIA ICBIT 2 EE. L0 BWEREETHEORE,

4. ESIAEED | 1) uv=7 o, 2) Bk OEIENRE, 3) BEMPZEOIM, 4) BREXK. 5) £
ER/ES =&V 7 E i,

5. FRISRIA ESIA OIERINLIER T, BREEE ORGEIE, TH#ABE & ERBG O,

6. IRASSRIH BUEFEM i R OFRO 7T r Y =7 s ~Oii . BI#A T O ESIA £ DT,
*ESIA: Environmental and Social Impact Assessment
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Fz11.1.4 IHEGFIRUVIEHODEMP (TE 3 £R/[H)
%M
T o : o " BSR4
1 | RRIGY | CO, NO,, SO,, | BLIFHE & Rk | 7 2F A2 [E] X 3 4FE 63.0 | Decree No. 2017-125/ 22ndof
PM10, oL, B | B UL A (B2 E]i Feb. 2017
FWDEERIILL | 23 25 i & | 1) RZE
N ORI O | =5 HT 1. ZEfbzEFE (NOy
AT A3 T e Quality Objection: 40 pg/m’/
= 5 E R FIRfE yearly
% MR 2 RS o Threshold info and
NVETH D, recommendation 200 pg/m>/
hourly
CO: o Alert thresholds
HE%) 400 pg /mhourly  x
<10,000 pg/m’ consecutive 3 hrs
NO: 2. KIFHRW'E PM10
WRE -2, (@< 10um)
<200 pg/m’ e Quality Objection: 20 pg/m®/
SO,: yearly
ERESN e Threshold info and
<350 ug/m3 recommendation 50 ug /m’/
PM10: hourly
H o Alert thresholds
<50 pg/m’ 80 pg/m’ / daily
e Limit  value for  the
protection human health
50 pg/m’ daily average not to
exceed more than 35 times
per year
40 pg/m’ /yearly
3. ZEHbAiEE (SO
e Quality Objection: 10 ug/m®/
yearly
o Threshold info and
recommendation 350 ug/m3/
N hourly
= o Alert thresholds
500 pg/m’ / hourly
e Limit  value for  the
protection human health
350 ug/m® daily average not
to exceed more than 25 times
per year
125 pg /m’ /daily not to
exceed more than 3 times per
year
4. —M{bpE (CO)
e Limit  value for  the
protection human health
10,000 ug/m3 for the daily
max. of the rolling average
over 8 hours
2 | BEEEW) | EERRFAE L. | LT DHEZEW |3 0T 2[R X 3 4R 3.0 | BEEEMEERE (No.1996-766 of
REBA, —|ORERET D | G @D October 1996)
AR BETER) D LX) FEAE LT R BRI — X BE
HEWNTHFI F 72 Xk 2
By E LTI b7
U,
3 |BRY - IR | TEHEERS BOLFRA & [ERE | 3 AT A X34 37.8 |[LEFERE] dB(A)
&) (dB(A)Lacq) (Efge L7z 24| (P2 (¥ EWY M=) [EIC THERE O R0
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(HLH0)

315

Decree No. 2017-125/ 22ndof

Feb. 2017

RIE

1. Z@kzER (NOy)

e Quality Objection: 40 yg/m®/
yearly

o Threshold info and
recommendation 200 pg/m°/
hourly

o Alert thresholds
400 pg /m’/
consecutive 3 hrs

2. KL+ KW E PMI0 (@<
10pm)

e Quality Objection: 20 pg/m’/
yearly

e Threshold info and
recommendation 50 ug/m3/
hourly

o Alert thresholds
80 ug/m’/ daily

e Limit value for
protection human health
50 pg/m’ daily average not to
exceed more than 35 times
per year
40 pg/m’ /yearly

3. ZEbAiEE (SO

e Quality Objection: 10 yg/m’
/ yearly

o Threshold info and
recommendation 350 pg/m’/
hourly

o Alert thresholds
500 pg/m’ / hourly

e Limit value for
protection human health
350 ug/m3 daily average not
to exceed more than 25 times
per year
125 g /m’ /daily not to
exceed more than ~ times per
year

4. —@kiksE (CO)
Limit value for the protection
human health
10,000 pg/m® for the daily
max. of the rolling average
over 8 hours

hourly x
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the

o
b
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27.0
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P Mtk
B 7:00-22:00 / 70dB(A)
T 22:00-7:00 / 50dB(A)

ZEM (2022 TR

B /4 T

TR (BRI
:67.3/61/1 dB(A)

THIHE2 (VE=T 3)
:72.6/66.9 dB(A)

FiiH -3 (LA Y)
:71.3/67.7 dB(A)

TE A IR E)
(mm/sec)
IRE AL
mm/sec 7> 5
dB (22 Al R

A _E

A _E

[ _E

1.80

[#REN] dB(A)

[=] E CIAPOL A:¥EfE2N 72

VN D H AR D FE YA A YE T
&R (7:00-20:00) : 70dB
%R (20:00-7:00) : 65dB
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B) &@ARHEE —JICA KOV T =) [EHH - E SRR PR (LU, MERE:Ministry of Equipment

and Road Maintenance)

C) LHFHFAZEHE et (LT, PCC: Project Construction Company)

D) fu L= Y& (LLF, CSC: Construction Supervision Consultant)
v Tmavxzl MNEHa Y x o b (LU, PMC : Project Management Consultant)
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ERp e fepm! | 2015 0.474,/171 i 0.814,151 fir 0,672,155 fir
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2005 0.432,7166 it 0.413,/146 fir NA
f FAWEE (%) | FB2REE (%) | B3 REE (%) KEE (%)
08 2 Bk it Bk it B gl Bk et
7 2016 | 542 41.1 8.1 3.7 37.7 55.2 2.1 3.3
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s ? Bk otk Bk etk Bk ek
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EeS Bt (% 15-24 %) M (% 15-24 7%)
HIV ek 2 2016 0.5 1.1
2000 0.8 4.1
S B 1 2 (s E&#EBE O (%) BROLMHESE (%)
2016 9.2 20.9

H{8#L . Human Development Report (UNDP), Gender statistics(World Bank)

' Rapport sur le développement humain 2016 (Human Development Report) UNDP

2 Gender statistics World Bank
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1. OUTLINE OF DESIGN

The detailed design of metal structures, supports, equipments and access structures is presented in this
section explaining the different design steps and modeling details relevant to the overall understanding of

the design procedure.

1.1 Superstructure (Steel truss)
Model

The structures were modeled and analyzed using MIDAS CIVIL software integrating the European
standards. The models of both footbridges are composed of two-dimensional elements with a beam-like

behavior. The sections of the elements and the geometric properties of sections used in the modeling are

presented in Table 1.1for the Cap Nord bridge and in Table 1.2 for the Riviera-Palmeraie bridge.

Table 1.1 Footbridge Cap Nord — Section properties

Section Dimensions (mm) Thickness (mm) Area (m?) Ixx (m®) Iyy (m®)
T406.4x14 406.4 14 17258.65 6.65E+08 3.33E+08
T244.5x6 244.5 4495.619 63970693 31985346
T127x4 127 4 1545.664 5852269 2926134
T101.6x3.6 101.6 3.6 1108.354 2664749 1332374
Box200x200x8 200 x 200 8 6144 56623104 37814272
Box300x200x10 300 x 200 10 9600 1.27E+08 1.21E+08

Table 1.2 Footbridge Riviera-Palmeraie — Section properties
Section Dimensions (mm) Thickness (mm) Area (m?) Ixx (m®) Iyy (m®)
T355.6x12 355.6 12 12953.41 3.83E+08 1.91E+08
T193.7x6 193.7 6 3538.062 31194462 15597231
T101.6x3.6 101.6 3.6 1108.354 2664749 1332374
Box150x200x8 150 x 200 8 5344 35608417 19356405
Box300x200x10 300 x 200 10 9600 1.27E+08 1.21E+08

Connection modeling in the truss plane can be done in two ways:

e by considering perfectly pinned connections that do not transfer any moment

e by considering rigid connections transferring the moments according to the ratios of rigidity of

the elements

For this project, the choice of modeling the footbridge connections was to use rigid connections knowing
that the difference in inertia / rigidity of the vertical and diagonal bars with respect to the upper and lower
chords creates mechanical joints and the transmitted moments are almost null (a quick check was however
made by considering pinned connections especially for vibration control, pinned joint softening the

structure and increasing the eigenfrequencies of the structure).
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In addition to the general models of beam-type elements (see Figure 1.1 andFigure 1.2), a specific
three-dimensional model was used to analyze the connection between the upper and lower chords of the
Cap Nord bridge, which is a piece composed of steel plate whose behavior is more complex and required
refined modeling (see Figure 1.3). This refined model is integrated into the overall model by using
thin-plate elements at the fixed support connections only. The link between the bar elements and the plate
elements is achieved by rigid links transferring all the movements and rotations. There is therefore a zone
of disturbance of the constraints on this connection between different elements which are not relevant and
which have no real physical meaning. These disturbances generally extend over a length equal to twice the

greatest width of the element.

\"H—.
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g

TSI
73
Y

Figure 1.1 Footbridge Cap Nord — Iso view of the truss general model

Figure 1.2 Footbridge Riviera-Palmeraie — Iso view of the truss general model
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Figure 1.3 Footbridge Cap Nord — Iso view of the local model

The coordinate system is defined in the model according to two (2) systems: global coordinate and local
coordinate. The sign of effort used by MIDAS CIVIL software follows the method of the right hand.

It should be noted that the effects of the actions are transformed from the local reference of the software to
the notations of the Eurocode for the verifications of the sections: according to the Eurocode the axis Xgq4 is
the strong axis and the axis ygq is the weak axis of the section, respectively corresponding to the y axis and

z axis of the local reference of the software.

Table 1.3  Footbridges — Axis definition

X Following the axis of the bridge
Global - . -
Y Perpendicular to the axis of the bridge
system
Z Vertical and opposite to gravity
X According to the axis of the frame
:;2:61 y Along the Y axis for chords and bars (elements in the X-Z plane)
z Along the Z-axis for cross-beams and braces (elements in the X-Y plane)

Actions

The actions applied on the general model of the deck are presented in the Table 1.4.

Table 1.4 Footbridges — Actions on superstructure

Actions d’le; Zfizn Application
Truss Self-weight D Automatically generated
Concrete slab D Uniform loads on cross-beams (kN/m)
Steel plate D Uniform loads on cross-beams (kN/m)
Pavement D Uniform loads on cross-beams (kN/m)
Guardrails D Uniform loads on cross-beams (kN/m)
Traffic 5KPa Q Uniform loads on cross-beams (kN/m)
Traffic SkPa L/2 Q Uniform loads on half of the cross-beams (kN/m)
Traffic 5kPa b/2 Q Uniform loads on one half of each cross-beams (kN/m)
Punctual load 10kN* Q Point load on one cross-beam (kN)
Wind Q Uniform loads on truss (kN/m)
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Actions ,T ype Application
d’action
Wind Z Q Uniform loads on cross-beams (kN/m)
Wind Z b/4 Q Uniform loads on one half of each cross-beams (kN/m)
Wind Construction Q Uniform loads on truss (kN/m)
Wind Construction Z Q Uniform loads on cross-beams (kN/m)
Wind Construction Z b/4 Q Uniform loads on one half of each cross-beams (kN/m)
Temp. max Q Global temperature (°C)
Temp. min Q Global temperature (°C)
Gradiant Temp. max Q Temperature difference between upper and lower chords (°C)
Gradiant Temp. min Q Temperature difference between upper and lower chords (°C)
Temp. max Joint Q Global temperature (°C)
Temp. min Joint Q Global temperature (°C)
Temp.max Bearings Q Global temperature (°C)
Temp. min Bearings Q Global temperature (°C)
Traffic 0,7kPa Q Uniform loads on cross-beams (kN/m)
SLS Acceleration Q Uniform loads on cross-beams (kN/m)

ULS Dynamic A Uniform loads on cross-beams (kN/m)
Construction Qcb Q Uniform loads on cross-beams (kN/m)
Construction Qcc Q Uniform loads on cross-beams (kN/m)
Construction Qcfl Q Uniform loads on cross-beams (kN/m)
Construction Qcf2 Q Uniform loads on cross-beams (kN/m)

* This load must be applied on the concrete slab for the design of the collaborating slab by the supplier

Legend: D: permeant actions; Q: variable actions; A: accidental actions

The dynamic loadings used for the analysis of the vibrations of the structures are a function of the
eigenfrequency considered (f,, f; or f;) and are summarized in Table 1.5 with notation specific to the
methodological guide "Pedestrian bridges - Evaluation of the vibratory behavior under pedestrians action
"of the SETRA published in March 2006. In accordance with the class of use and the level of comfort fixed
by the owner, the cases of load to be verified are the cases 1 (dense and dense crowd) and case 3 (effect of

the 2nd harmonic of the crowd).

The effect of the dynamic actions, as defined above, is considered for the verification of the comfort criteria
at the Service Limit State (SLS - vibration control) but also for the traditional SLS checks (SLS - Limit of

constraints) and ULS in accident situation (ACC - Resistance of sections).

The critical damping coefficient used for the calculation of the accelerations of the structures is & = 0.4%
and the percentage of structural damping used for the calculation of the efforts for the verification with the
accidental ULS is of 2%.
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Table 1.5 Footbridges — Dynamic loadinge

Limite states Load case Direction Dynamic action per m’ (Pa)
Vertical (V) d x 280 x cos(2nf,t) x 10.8 x (E/N)"? x y
Case 1 Longitudinal (L) d x 140 x cos(2nfit) x 10.8 x (£/N) x y
SLS Transversal (T) d x 35 x cos(2nfit) x 10.8 x (£/N)"* x v
Vertical (V) 1x 70 x cos(nuf,t) x 1.85 x (1/N)"? x y
Case 3 Longitudinal (L) 1 x 35 x cos(2nfit) x 1.85 x (1/N)" x y
Transversal (T) 1x7xcos(2nfit) x 1.85x (1/N)"* x ¢
Vertical (V) 700 +280x cos 2xmx f, X t)
ULS Case 1 Longitudinal (L) 700+ 140xcos 2xmx fix t)
Transversal (T) 700 +35xcos 2xmx fixt)

Model bearing conditions

The support devices will be the same for both (2) bridges and the support conditions have been modeled

according to the expected behavior as described in Table 1.6.

It should be noted that the flexibility of the elastomer in the vertical direction (SDz) is neglected in the
calculations and the distortion rigidity of the elastomer (SDy) has been calculated according to the
recommendations of the standard NF EN 1337-3 and of the SETRA technical guide "Fretted elastomeric
bearings - Use on bridges, viaducts and similar structures": K = G ab / Te (N / mm) with the notation

specific to standard NF EN 1337.

Table 1.6 Footbridges — Model bearing conditions

DOF free (0) and DOF fixed (1)

Bearing CEO/dEP Dx Dy Dz Rx Ry Rz
AA2 1/1 1 1 1 0 0 0
AB2 17/14 0 1 1 0 0 0
AAl 35/30 1 0 1 0 0 0
ABI1 51/43 0 0 1 0 0 0

Linear static spring (S) et dynamic (D)
Node SDx SDy SDz SRx SRy SRz
AAl 35/30(S) 0 938kN/m 0 0 0
AALl 35/30 (D) 0 1875kN/m 0 0 0
Légend:
x : Bridge axis
v : Perpendicular to bridge axis
z : Vertical (direction opposit to gravity)

Structural analysis

The structural analyzes were performed considering a linear structural behavior and a linear elastic material

behavior. Three (3) structural analyzes were completed.

First analysis

A first static linear elastic analysis was carried out to evaluate the effect of the actions (internal forces) in
the chords and in the bars of the structure for combinations at the service limit states (ELS) and at the

ultimate limit states (ELU).
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Second analysis

A second dynamic linear elastic analysis was conducted to analyze the vibratory behavior of the structure
under a periodic pedestrian traffic load exciting the structure at excitation frequencies corresponding to the
eigenfrequencies of the structure (resonance). This is a time-step analysis during which the dynamic
equilibrium equations are solved at each step (time history analysis). The eigenfrequencies were previously
obtained for an unloaded footbridge as well as for a footbridge loaded with one pedestrian of 70kg per
square meter (0.7kPa) on the whole surface. These two cases provide respectively the upper limit and the

lower limit of the eigenfrequencies.

Finally, the effect of the dynamic actions at the limit states of service (ELS) and the ultimate limit states in
accident situation (ACC) but also the maximum accelerations of the structure in the directions of
application of cyclical loads of pedestrian traffic where obtained thourgh this analysis. Accelerations in the
three directions were checked as defined in the March 2007 "Pedestrian bridges - Evaluation of

Pedestrian Vibration Behavior" methodological guide.

It is important to note that the dynamic load application must be done according to the corresponding

eigenvector direction as shown in the sketch proposed by the SETRA guide (see Figure 1.4).

Figure 1.4 Footbridges — Dynamic loading application

Third analysis

Finally, an analysis of the generalized buckling of the structure (based on the eigenvectors) was conducted
to determine the buckling length of the upper chord needed for the calculation of the resistance (article 6.3

of EN 1993 -2).

Note: Second order effects are not considered to significantly alter the structural behavior and will therefore

be taken into account by applying a bending moment amplification coefficient (EN 1993-2, 5.2.2 (5)).

Additional analysis

A finite element static analysis of a refined model with plate elements to analyze the behavior of the

connection between the upper and lower chords for the Cap Nord footbridge has also been completed. This
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connection has been analyzed for the ultimate combinations in durable situations and for the characteristic

service combinations.

Analysis results

As explained above, eigenfrequencies and eigenmodes of structures are used to calculate the dynamic
component of pedestrian load as well as to define the direction of application of these dynamic loads. The
eigenmodes presenting a risk of vibration, defined according to the value of their natural frequency, are

presented in Figure 1.5 for the Cap Nord bridge and in Figure 1.6 for the Riviera-Palmeraie bridge.

Mode 1 Mode 2

Mode 3 Mode 4

Figure 1.5 Footbridge Cap Nord — Modes
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Mode 1 Mode 2

Mode 3 Mode 4

Figure 1.6 Footbridge Riviera-Palmeraie — Modes

Table 1.7 and Table 1.8 summarize the eigenvalue values obtained from the analysis for both footbridges.
The eigenfrequencies of the "unloaded" structure constitute the upper bound calculated with the minimum
permanent load (Ginf) and the eigenfrequencies of the "loaded" structure constitute the lower bound

calculated with the maximum permanent load (Gsup) and a distributed load of 0.7kPa traffic.

Table 1.7 Footbridge Cap Nord — Eigen values (Hz)

Unloaded | Loaded Description
1rst mode 2.17 2.04 Transversal 1 curve + Torsion 1 curve
2ndmode 2.73 2.51 Vertical 1 curve
3rd mode 3.90 3.59 Transversal 1 curve + Torsion 1 curve
4th mode 5.19 4.90 Transversal 2 curves + Torsion 2 curves
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Table 1.8 Footbridge Riviera-Palmeraie — Eigen values (Hz)

Unloaded | Loaded Description
Irst mode 242 2.26 Transversal 1 curve + Torsion 1 curve
2ndmode 2.82 2.58 Vertical 1 curve
3rd mode 4.18 3.82 Transversal 1 curve + Torsion 1 curve
4th mode 5.85 5.53 Transversal 2 curves + Torsion 2 curves

The forces in the elements of the metal truss are presented graphically from Figure 1.7 to Figure 1.30 for
the Cap Nord footbridge and from Figure 1.31 to Figure 1.54 for the Riviera-Palmeraie footbridge. These
graphical representations help having a better understanding of the structural behavior of the trusses. The
results of the analysis of these structures are in agreement with the expected structural behavior, see main
report 6.3.1. For both structures, the upper chords are the most compressed elements and especially for the

North Cap Bridge due to the arch effect.

MIDAS/Civil

Figure 1.7 Footbridge Cap Nord — Axial (Fx) - Gyt
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Figure 1.8 Footbridge Cap Nord — Axial (Fx) - Ggyp
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Figure 1.9 Footbridge Cap Nord — Axial (Fx) -Traffic
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Figure 1.10 Footbridge Cap Nord - Axial (Fx) - Wind
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Figure 1.11  Footbridge Cap Nord — Axial (Fx) — Uplift wind
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Figure 1.13  Footbridge Cap Nord — Axial (Fx) — Traffic on half width
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Figure 1.16 Footbridge Cap Nord — Envelop min Axial (Fx) ELU
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Figure 1.17 Footbridge Cap Nord — Envelop max Bending (Mx) - ELU
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Figure 1.18 Footbridge Cap Nord — Envelop min bending (Mx) - ELU
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Figure 1.19 Footbridge Cap Nord — Envelop min bending (My) - ELU
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Figure 1.20 Footbridge Cap Nord — Envelop max bending (My) - ELU
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Figure 1.21

Footbridge Cap Nord — Envelop max stress - ELS CAR (unloaded case)
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Figure 1.22  Footbridge Cap Nord — Envelop min stress - ELS CAR (unloaded case)
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Figure 1.23  Footbridge Cap Nord — Envelop max stress - ELS CAR (loaded case)
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Figure 1.24 Footbridge Cap Nord — Envelop min stress - ELS CAR (loaded case)
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Figure 1.25 Footbridge Cap Nord — Envelop max axial (Fx) - ACC (loaded)
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Figure 1.26 Footbridge Cap Nord — Envelop min axial (Fx) - ACC (loaded case)
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Figure 1.27 Footbridge Cap Nord — Envelop min bending x (Mx) - ACC (loaded case)

ek 1-19



T ey 3R ARG (A B Hh 3]
BES!

BEAM DIAGRAM

G.184T0e+001
4. 425T0e+001
1.674T0e+001

1.9136%e+001

+001

1.4096E£+001

£.54680=+000

CBSHAX: ACC

MAX : 33
136

E 20181204~CARNDRT-HO!
UHIT: kbm

DATE: 12/046/2014
~ VIEW-DIRECTION

‘U""

Figure 1.28 Footbridge Cap Nord — Envelop max bending (Mx) - ACC (loaded case)
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Figure 1.29 Footbridge Cap Nord — Envelope min bending (My) - ACC (loaded case)

f+§% 1-20



T ey 3R ARG (A B Hh 3]

BE3!

BEAM DLAGRAM

MOMENT -2

2.1T68%a+001
l ustsserens

FILE: 20181204-CAPN
UMIT: kRe*m
CATE: 12/06/2018

t

ol

RD=HO

Figure 1.30 Footbridge Cap Nord — Enveloppe max bending (My) - ACC (loaded case)
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Figure 1.32  Footbridge Riviera-Palmeraie — Axial (Fx) - Ggyp
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Figure 1.33  Footbridge Riviera-Palmeraie — Axial (Fx) - Traffic
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Figure 1.34 Footbridge Riviera-Palmeraie — Axial (Fx) - Wind

MIDAS/Civil

BEAM FORCE
RXIAL
8.3199%62+001
7.64100s4+00]
5, 96204¢001
1.2830820001

{ 2.6041Le4h01
i
0.

-2.
-4,

'

1 25150a+ii0
I 00000e+000

1327 Ba+H1

11174a+H01
=5, 7907 0a+001
=T, Q636 Gep 11
=8.14863e+}1

ST! VENT 2

=

MAY @ 7

MIN : 48

FILE: 201812068-PALMHHAIE]

URIT: kN

BATE: 12/06/2018
VIEW-DIRECTION

ol

Figure 1.35 Footbridge Riviera-Palmeraie — Axial (Fx) — Uplift wind
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Figure 1.36 Footbridge Riviera-Palmeraie Axial (Fx) — Uplift wind excentred
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Figure 1.37 Footbridge Riviera-Palmeraie — Axial (Fx) — Traffic half width
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Figure 1.38 Footbridge Riviera-Palmeraie — Axial (Fx) — Traffic half width
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Figure 1.39 Footbridge Riviera-Palmeraie — Enveloppe max Axial (Fx) - ELU
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Figure 1.40 Footbridge Riviera-Palmeraie — Enveloppe min axial (Fx) - ELU
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Figure 1.41 Footbridge Riviera-Palmeraie — Enveloppe max bending (Mx) - ELU
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Figure 1.42 Footbridge Riviera-Palmeraie — Enveloppe min bending (Mx) - ELU
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Figure 1.43 Footbridge Riviera-Palmeraie — Enveloppe max bending (My) -ELU
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Figure 1.44 Footbridge Riviera-Palmeraie — Enveloppe min bending (My) - ELU
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Figure 1.45 Footbridge Riviera-Palmeraie — Enveloppe max stress - ELS CAR (unloaded case)

1% 1-28



T ey 3R ARG (A B Hh 3]
BES!

MIDAS/Civil

BEAM STRESS

CUMBINED
L2T6TOe+001
3.21177e+001

1.14683a+001
@, 00000e 000
2.98304e+001
5.04794e+001
el

-7.113581e+001

2.17T7BSe+001
1.124280+002
1.33077e+002

LB37Eed002

- 3764002
t ELS-CAR-FER
-1
+.117
£ 20181206-PALMERATE
IT: Mjmo?
: lZ/oa/z01e
VIER-DIRECTION

f

C -

Figure 1.46 Footbridge Riviera-Palmeraie — Enveloppe min stress - ELS CAR (unloaded case)
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Figure 1.47 Footbridge Riviera-Palmeraie — Enveloppe max stress - ELS CAR (loaded case)
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Figure 1.48 Footbridge Riviera-Palmeraie — Enveloppe min stress - ELS CAR (loaded case)
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Figure 1.49 Footbridge Riviera-Palmeraie — Enveloppe max axial (Fx) - ACC
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Figure 1.50 Footbridge Riviera-Palmeraie — Enveloppe min axial (Fx) - ACC
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Figure 1.51

Footbridge Riviera-Palmeraie — Enveloppe min bending (Mx) - ACC
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Figure 1.52 Footbridge Riviera-Palmeraie — Enveloppe max bending (Mx) - ACC
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Figure 1.53 Footbridge Riviera-Palmeraie — Enveloppe min bending y (My) - ACC
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Figure 1.54 Footbridge Riviera-Palmeraie — Enveloppe max bending (My) - ACC

The structures being isostatic structures with a mobile pier (free movement along the longitudinal axis), the
effects of the maximum temperature and of the minimum temperature are negligible with regard to the

effects of the actions (internal forces).

Taking into account the fact that the structure will be placed in a block with the fasteners placed at the level
of the lower chord (to avoid the reversal of the stresses with respect to the exploitation phase), the

construction phase will not be dimensioning.

Envelopes by member type for characteristic ELS stresses and efforts at both durable ELU and accidental
ELU are summarized in Table 1.14 and Table 1.16 for the Cap Nord footbridge and in Table 1.15 and in
Table 1.17 for the Riviera-Palmeraie footbridge. These efforts include the effects of dynamic pedestrian
actions at SLS and accidental ULS.

The accelerations of the structure excited by a cyclic load in resonance with the eigenmode corresponding
to the direction under study are compiled in Table 1.9 for the Cap Nord footbridge and in Table 1.10 for the

Riviera-Palmeraie footbridge.

Table 1.9 Footbridge Cap Nord — Accelerations (ELS VIB)

Max Limite Unité

Accélération verticale a, 0.40 0.5 m/s’
Accélération longitudinale a 0.01 0.1 m/s’
Accélération transversale a 0.06 0.1 m/s*
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Table 1.10 Footbridge Riviera-Palmeraie — Accelerations (ELS VIB)

Max Limite Unité

Accélération verticale a, 0.22 0.5 m/s’
Accélération longitudinale a 0.01 0.1 /s’
Accélération transversale a 0.04 0.1 m/s*

Finally, the buckling modes of the structure as well as a safety factor with respect to the compression load
applied in the analysis (under self-weight in our case) were obtained through the generalized buckling
analysis. The buckling modes are shown in Figure 1.55 for the Cap Nord footbridge and in Figure 1.56 for the
Riviera-Palmeraie footbridge. We can see that the upper chord, which is the element of the truss undergoing
the most important compression, governs the buckling modes. The safety factors for the self-weight buckling
analysis are reported in Table 1.11 for the Cap Nord footbridge and Table 1.12 for the Riviera-Palmeraie
footbridge for the two most critical buckling modes. The compressive forces in the self weight sections are

then multiplied by the safety factor to determine the maximum buckling load of the top chord.

7'/ »1 ~ *—%«_rn\r-\ L \ \& \\‘\‘_L/ | L
N W= =i L
AN ‘\J*%f% — T
First buckling mode Second buckling mode

Figure 1.55 Footbridge Cap Nord — Buckling mode (GFLAMB)

Table 1.11  Footbridge Cap Nord — Buckling factor (BF)

Buckling mode Description BF Axial force (under dead load)
. . Symmetrical buckling at two curves of the
FlrStr::g:hng upper chords with the maximum 45.68 263kN
displacements at the level of the upper braces
Second Three-curves anti-symmetric buckling of the
cco upper chords with the inflection points at the 48.53 264kN
buckling mode
upper braces

S,

’\/\ A
}\q\'%/ i“;”\“:ﬁ_‘i ‘

x_>

First buckling mode Third buckling mode

Figure 1.56 Footbridge Cap Nord — Buckling mode (GFLAMB)
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Table 1.12  Footbridge Riviera-Palmeraie — Buckling factor
Buckling mode Description BF Axial force (under dead load)
. . Symmetrical single-curve buckling of
First buckling upper chords with maximum 44.17 209.4kN
mode . .
displacements at mid-span
Second Anti-symmetric buckling at two curves of

the upper chords with the inflection point 44.58 194kN

buckling mode located at mid-span

The results of the refined model analysis for the connection between the upper and lower chords of the Cap
Nord footbridge are shown in Figure 1.57 to Figure 1.109 for the critical combination only. The max/min

stresses in the plates forming this connection are summarized in Table 1.18 and Table 1.19.

The stresses obtained from the finite element model in the chord section are very close to the stresses
calculated from the analysis of the overall model with stick element, which validate the force distribution in

the refined model.
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Figure 1.57 Footbridge Cap Nord — Stress ox dans la membrure inférieure a I’ELS
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Figure 1.58 Footbridge Cap Nord — Stress oy in bottom chord (SLS)
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Figure 1.59 Footbridge Cap Nord — Stress oxy in bottom chord (SLS)
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Figure 1.61 Footbridge Cap Nord — Stress ox in top chord (SLS)
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Figure 1.62 Footbridge Cap Nord — Stress oy in top chord (SLS)
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Figure 1.63 Footbridge Cap Nord — Stress oxy in top chord (SLS)
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Figure 1.64 Footbridge Cap Nord — Stress ovonmises in top chord (SLS)
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Footbridge Cap Nord — Stress ox in extremity plates (SLS)
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Figure 1.66 Footbridge Cap Nord — Stress oy in extremity plates (SLS)

FLY ATRI

BOTH SIDE
3.91534e+001
3,2330%e:0101
2.55085e+001

L.Ee840e+001

e 1. 18636e+001
B 5.04113g+000
0a+000

=B, &

745000

L.54262e001
-2, 2248 Tesb0]
-2,90711a+001

-3,585]16a+001
CBALL: ELS-CAR-PER
AVG RODAL

HMAX 3 L212
MIN : 943
FILE: Z01E1124~CAPNGRD=C
URIT: HN/mm2
DATE: 1

VIEW-DIRECTION

k

Figure 1.67 Footbridge Cap Nord — Stress oxy in extremity plates (SLS)
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Figure 1.68 Footbridge Cap Nord — Stress ovonmises in extremity plates (SLS)
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Figure 1.69 Footbridge Cap Nord — Stress ox in stiffeners plates (SLS)
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Figure 1.70 Footbridge Cap Nord — Stress oy in stiffeners plates (SLS)
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Figure 1.71 Footbridge Cap Nord — Stress oxy in stiffeners plates (SLS)
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Figure 1.73  Footbridge Cap Nord — Stress ox in connection member (SLS)
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Figure 1.74 Footbridge Cap Nord — Stress oy in connection member (SLS)
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Figure 1.75 Footbridge Cap Nord — Stress oxy in connection member (SLS)

{15 1-44



T BV v 3R N A

e

atif s (A E G Bt S ]

BE3!

MIDAS/Civil

PLN STS/PLT STHS

SIG-EFF BATH SIDE

- 1.82631e+002
LEE39Te 002
S511ader D2

| + 1.35431e+002

+14597e+ 002
03364e+002
.823092+001
«24376e+001
678440 +001
4,10311et+001
2.5097Be+001
= 9.56453¢+000
CBALL: ELS-CARE-PER
AVG NODAL

T = T S S

o

VIEW=-DIRECTION

>

MAX @ 531

HIN @ BO5

FILE: 20181124-CAPHJRD-O
UNET: W/mm2

LATE: 11r23/2018

Figure 1.76 Footbridge Cap Nord — Stress ovonmises in connection member (SLS)
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Figure 1.77 Footbridge Cap Nord — Stress ox in pedestal (SLS)
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Figure 1.78 Footbridge Cap Nord — Stress oy in pedestal (SLS)
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Figure 1.79 Footbridge Cap Nord — Stress oxy in pedestal (SLS)
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Figure 1.80 Footbridge Cap Nord — Stress ovonmises in pedestal (SLS)

MIDAS!Civil

ELN STS/FLY STR3
§1G-x BOTH SIDE
+T858Ta+001
-00843Te+ 101
SB3148es001
B854 4Bet 101
L0000t (DD
-1.08551e+001
-3.07E51et 001
+ <5.0535Te4001

=7, 030508+ 001
=9, 007508+ 001
-L. 09945002
=1.28610a+002

CBALL: ELS-CAR-PER
AVG NODAL

[ ]

a

MAX 1t 946
MIN : 945

FILE: 20181124-CAPN

UNIT: H/mm2
DATE: 11/23/2018

VIEW-DIRECTION

-t

Figure 1.81 Footbridge Cap Nord — Stress ox in bearing plate (SLS)
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Figure 1.82 Footbridge Cap Nord — Stress oy in bearing plate (SLS)
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Figure 1.83 Footbridge Cap Nord — Stress oxy in bearing plate (SLS)
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Figure 1.84 Footbridge Cap Nord — Stress ovonmises in bearing plate (SLS)
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Figure 1.85 Footbridge Cap Nord — Stress ox in bottom chord (ULS)
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Figure 1.86 Footbridge Cap Nord — Stress oy in bottom chord (ULS)
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Figure 1.87 Footbridge Cap Nord — Stress ovonmises in bottom chord (ULS)
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Figure 1.88 Footbridge Cap Nord — Stress ox in top chord (ULS)
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Figure 1.89 Footbridge Cap Nord — Stress oy in top chord (ULS)
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Figure 1.90 Footbridge Cap Nord — Stress ovonmises in top chord (ULS)
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Figure 1.91

Footbridge Cap Nord — Stress ox in extremity plates (ULS)
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Figure 1.92 Footbridge Cap Nord — Stress oy in extremity plates (ULS)
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Figure 1.93 Footbridge Cap Nord — Stress ovonmises in extremity plates (ULS)
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Figure 1.94

Footbridge Cap Nord — Stress ox in stiffeners (ULS)
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Figure 1.95

Footbridge Cap Nord — Stress oy in stiffeners (ULS)
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Figure 1.96

Footbridge Cap Nord — Stress ovonmises in stiffeners (ULS)
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Figure 1.97 Footbridge Cap Nord — Stress ox in connection member (ULS)
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Figure 1.98 Footbridge Cap Nord — Stress oy in connection member (ULS)
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Figure 1.99 Footbridge Cap Nord — Stress ovonmises in connection member (ULS)
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Figure 1.100 Footbridge Cap Nord — Stress ox in pedestal (ULS)
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Figure 1.101 Footbridge Cap Nord — Stress oy in pedestal (ULS)
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Figure 1.102  Footbridge Cap Nord — Stress ovonmises in pedestal (ULS)

PLN STSSPLT STRS
31G-» BOTH JIDE
1.19T4Be+002

4, 11T he+ID0
6,2628324+001

3. 406562+001
0.00000e+000¢
-2,3055%e+001
Bhetlll
Tia+(01

-1.08T32e+002
-1.3729%e+002
-1, 6585F+002
=1 . U443 ba+d02

CBALL: ULS-STR-PER
BVG HODAL

-
—-2.0

MAK ¢ %A%

MIK ¢ 949

FILE: 20181124=CAFNGRO=C
UBLT: N/mn2

DATE: 11/24/3018
VIEW-DIRECTTON

R

Figure 1.103  Footbridge Cap Nord — Stress ox in bearing plate (ULS)
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Figure 1.104 Footbridge Cap Nord — Stress oy in bearing plate (ULS)
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Figure 1.105 Footbridge Cap Nord — Stress ovonmises in bearing plate (ULS)
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Figure 1.106 Footbridge Cap Nord — Maximum displacement at ULS (1/2)
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Figure 1.107 Footbridge Cap Nord - Maximum displacement at ULS (2/2)
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Figure 1.108 Footbridge Cap Nord — Minimum displacement at ULS (1/2)
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Figure 1.109  Footbridge Cap Nord — Minimum displacement at ULS (2/2)
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Design

The design was carried out according to the Eurocode, the French national annexes, the technical guides

and the rules of good practice specific to the structures of bridges and footbridges.

Table 1.13  Footbridges — Summary of superstructure design

Analysis

Limite states

Verification

Criteria

Static linear analysis

SLS Characteristic

To limit the excessive
plastification, the permanent and
excessive deformations not
respecting the geometry

- Stress limits
(CON)

(SLS CAR) envisaged for the structure.
Limit the undulations, the breath
and the loss of rigidity (buckling) | - Slenderness limit of plates (PL)
of the plates.
- Structural resistance of sections
(including shearing and local
ULS durable Deformat‘lon fa1.1ure, mechanism puckllng) (RES?
(ULS) formation, failure or loss of - Resistance to buckling of
global or local equilibrium. sections (FLAMB)
- Resistance of connections
(CNX)

SLS vibration

To limit the excessive vibrations
due to the traffic and which can

- Limitation of the acceleration
of the structure under traffic load

(SLS VIB) impact the comfort of the users. (VIB)
Structural resistance of sections
Dynamic linear analysis (including shearing and local
. Deformation failure, mechanism buckling) (RES)
ULS accidental . . . .
(ACC) formation, failure or loss of - Resistance to buckling of
global or local equilibrium. sections (FLAMB)
- Resistance of connections
(CNX)
- Resistance to buckling of
General buckling ULS dgrable and Failure of chords and bars due to sectlons'('FLAMB)
analvsi accidental lobal instabilit - Definition of a safety factor
ysts (ELU and ACC) global mstabtitty against  global  buckling
(GFLAMB)

Static linear analysis

ULS Transitory
(LIFT)

Failure of the support
cross-beam and their connections
during lifting to replace the
supports

- Structural resistance of sections
(including shearing and local
buckling) (RES)

- Resistance of connections

(CNX)

The stresses calculated at the SLS and the CON verification are presented in Table 1.14 for the Cap Nord

footbridge and in Table 1.15 for the Riviera-Palmeraie footbridge.
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Table 1.14 Footbridge Cap Nord - Verification SLS (CON)

Ed CON F.U.
Minimum/ Maximum Minimum/ Maximum Minimum/ Maximum
. a. b. c. a. b. c. a. b. c.
E
Ata}s Membrure
limites Mpa | Mpa | Mpa | Mpa | Mpa | Mpa - - -
Membrure 355/ | 205/ | 355/ | 024/ | 0.03/ | 0.24/
85/114| 6/6 |[85/114
supérieure 355 205 355 0.32 0.03 0.32
Membrure 355/ | 205/ | 355/ | 032/ | 0.05/ | 033/
inférieure 1157871 9/9 |116/89 355 205 355 0.25 0.05 0.25
Barres 178/ 45/ 45 195/ | 355/ | 205/ | 355/ | 05/ | 022/ | 0.55/
verticales 175 191 355 205 355 0.49 0.22 0.54
Barres 355/ | 205/ | 355/ | 0.15/ | 0.03/ | 0.15/
53/57 | 7/7 |54/57
ELS |diagonales 355 205 355 0.16 0.03 0.16
CAR |Entretoises 355/ 205/ 355/ | 026/ | 0.08/ | 0.26/
courantes 92/95 | 16/16 | 92/95 355 205 355 0.27 0.08 0.27
Entretoises 355/ | 205/ | 355/ | 022/ | 0.05/ | 0.22/
d’appui L R 355 205 355 0.22 0.05 0.22
Contrevente 355/ | 205/ | 355/ | 02/ | 002/ | 02/
ments inf. TLI6T| 474 |71/ 67 355 205 355 0.19 0.02 0.19
Contrevente 355/ | 205/ 355/ | 012/ | 002/ | 0.12/
42/43 | 3/3 |43/43
ments sup. 355 205 355 0.12 0.02 0.12

Legend : Ed = Stress; CON = Limits; F.U. = Utilisation factor; Etats limites = Ultimate states;
Membrure = member; supérieure = top; inférieure = bottom; barres = bars;
Entretoises d’appui = crossbeams at piers ; Entretoises courantes = crossbeams;
contreventements = bracings.

Table 1.15 Footbridge Riviera-Palmeraie - Verifications SLS (CON)

Ed CON F.U.
Minimum/ Maximum Minimum/ Maximum Minimum/ Maximum
Frats a. b. ® a. b. c. a. b. @
. Membrure
limites Mpa | Mpa | Mpa | Mpa | Mpa | Mpa - - -
M embrure 355/ | 205/ | 355/ | 02/ | 007/ | 02/
sup érieure 72/ 113 14714172/ 113 355 205 355 0.32 0.07 0.32
M embrure 355/ 205/ 355/ | 032/ | 0.08/ | 032/
Rrd 112/71|17/17 |113/72
inférieure R 7 355 205 355 0.2 0.08 0.2
Barres 355/ | 205/ | 355/ | 0.16/ | 0.08/ | 0.18/
verticales S8/60 | 17/17 | 65767 355 205 355 0.17 0.08 0.19
ELS |Barres 139/ 5/5 139/ 355/ 205/ 355/ | 039/ | 003/ | 039/
CAR  |diagonales 124 124 355 205 355 0.35 0.03 0.35
Entretoises 118/ 10710 119/ | 355/ | 205/ | 355/ | 033/ | 0.05/ | 033/
d'appui 117 117 355 205 355 | 033 | 005 | 033
Entretoises 177/ 177/ 355/ 205/ 355/ 0.11/
23/23 0.5/0.5 0.5/0.5
courantes 179 179 355 205 355 / 0.11
Contreventeme 355/ | 205/ | 355/ | 024/ | 0.07/ | 025/
nts inf. 87/76 | 14/14 | 90/79 355 205 355 0.21 0.07 0.22

Legend : Ed = Stress; CON = Limits; F.U. = Utilisation factor ; Etats limites = Ultimate
states; Membrure = member; supérieure = top; inférieure = bottom; barres = bars;
Entretoises d’appui = crossbeams at piers ; Entretoises courantes = crossbeams;
contreventements = bracings.

The effects of the combination of actions at the ULS and the ACC and the resistance (RES and FLAMB) of
chords and bars are shown in Table 1.16 and Table 1.17.

The accelerations experienced by the pedestrian crossing structure creating a resonance phenomenon as
well as the limit accelerations set by the defined class of use and comfort level are presented in Table 1.9

and

f+§% 1-63



Ty 3 R RS [ 3]
ok 1

Table 1.10 and correspond to the verification at the ELS vibration (VIB). The calculated vertical
accelerations of 0.40 m/s2 for the Cap Nord footbridge and 0.22 m/s2 for the Riviera-Palmeraie footbridge
are less than the limit acceleration of 0.5m/s2 and the maximum comfort criterion is therefore respected.

Horizontal accelerations are also below permissible limits and do not control the design.

With respect to generalized buckling resistance (GFLAMB), the compression forces obtained by the static
self-weight analysis are multiplied by the safety factor obtained from the generalized buckling analysis to
obtain the maximum allowable compressive force in the members. We thus obtain, for the upper chord, a
value of 263 * 45,68 = 12014kN for the Cap Nord footbridge and of 194 * 44,58 = 8649kN for the
Riviera-Palmeraie footbridge (values much higher than the forces experienced by this chord at ULS). We

can then calculate the equivalent buckling length used in the resistance calculations (FLAMB).

The maximum forces obtained from static linear and dynamic linear analyzes are also used for connection
checks as recommended in Eurocode 1993-1-8. The connections will all be welded connections between
CHS (Hollow Circular Profile) and / or RHS (Rectangular Hollow Profile) members, applying as much as
possible connection with gap to facilitate construction. When overlapped connections are used, the bar with
the lowest thickness and the smallest width covers the other bar. The minimum inclination of the bars with
respect to the chord and to the other bars of a same connection has been limited to 30 degrees. Finally, all
bars will have sections of class 1 or 2.In order to respect the minimum gap / overlapping prescribed by
Eurocode 1993-1-8, an eccentricity between the node (crossing of the bars) and the chords will be
necessary at specific location. This eccentricity creates additional forces that are taken into account in
connection calculations when the eccentricity exceeds the limits set by the standard (e < 0.25 times the
chord diameter). To simplify the procedure and in order to obtain the most accurate results possible, the

eccentricity of the nodes was directly considered in the model by adding an eccentricity to the chords

The maximum utilisation factor for connections is 0.57 for the Cap Nord footbridge and 0.72 (0.9 for
connection at support) for the Riviera-Palmeraie footbridge (all calculations are shown in the calculation
notes and are not repeated here). Representative connections of the footbridges are shown in Figure 1.110

to Figure 1.116.

Tube rond ¢406.4x14mm

Figure 1.110 Footbridge Cap Nord — Connexion type T/Y
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Tube rond @127x4mm /

Tube rond 406 .4x14mm
Tube rond ©406.4x14mm

With gap With overlap and excentricity

Figure 1.111 Footbridge Cap Nord — Connexion type K/N
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& Plaque d'appui / Bearing plate 30mm

Figure 1.113  Footbridge Cap Nord — Connexion between chords

£k 1-65



Ty 3 R RS [ 3]
ok 1

Tube rond
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Figure 1.115 Footbridge Riviera-Palmeraie — Connexion type K/N with overlap and excentricity
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Figure 1.116 Footbridge Riviera-Palmeraie — Connexion type T/Y with overlap
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The connection between the lower and upper chords of Cap Nord superstructure is not covered by the NF
EN 1993-1-8 standard, and a finite element model (MEF) was used to represent the behavior of the

connection between these two main members by plate elements.

For the calculation of plates, it is necessary to take into account the shearlag as well as the local buckling.
The element under consideration is a non-uniform element and the article 2.5. of NF EN 1993-1-5 is then

applicable with appendix C of the same norm.

For SLS verifications, only the stresses at extreme fibers (Von Mises criteria at the top and the bottom of
the plate elements) obtained from the MEF analysis (without decreasing the effective area) will be limited
by the conditions of Article 7.3. of NF EN 1993-2.

For ULS verifications, the average stresses (Von Mises criteria) in plates will be limited by the compressive
buckling stress if applicable (ie for class 3 sections or 4), and by the elastic stress (ogq <fy4) and by the

membrane deformation, &€ <5%, in tension.

Shearlag occurs when a longitudinal stress is transferred from one plate by shear to another plate in a
different plane of the same assembly. Shearlag is automatically obtained from the MEF analysis via the
stress distribution. However, according to the structural behavior of the connection element, shearlag will

not be consequent.

To take into account the phenomenon of plate buckling for elements with a class greater than 2, the method
proposed by article 4 of standard NF EN 1993-1-5 will be used by calculating an effective area over which
all efforts apply, if applicable.

It has already been shown that chords and bars are composed of class 1 or 2 sections and are therefore not
subject to buckling. The classes of the plates forming the connection are all class 2 and the buckling will
therefore not be a controlling factor. Walls of smaller thicknesses could have been used by placing

stiffeners but the welding work being delicate and expensive, greater thicknesses were preferred.

Results for SLS and ULS combinations as well as the resistance criteria (RES and FLAMB) of the
connection between the upper and lower chords of the Cap Nord bridge are presented in the Table 1.18and

in Table 1.19 respectively.

Table 1.18 Footbridge Cap Nord — Summary of stresses in local model — SLS (MPa)

Element noAli;?llal . I;imit n(s)rlfi?lral Limit Von Mises Limit

— y /! YMiserv stress fy,/ V. 3YMsery stress £y / Ymser
Top chord -157 355.00 30 204.95 142 355.00
Bottom chord 118 355.00 -26 204.95 122 355.00
Extremity plate 150 355.00 39 204.95 132 355.00
Stiffeners 120 355.00 -48 204.95 129 355.00
Connection membre =222 355.00 -47 204.95 163 355.00
Pedestal -110 355.00 -35 204.95 105 355.00
Bearing plate -160 355.00 -25 204.95 144 355.00
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Table 1.19 Footbridge Cap Nord — Summary of stresses in local model — ULS (MPa)
Axial Limit in Limit in ..
. . . In-plane Limit
Element nominal compression tension . Length
deformation £<5%
stress £,/ ymi £/ yme
Top chord 160/-121 -322.73 284 3.8mm 1245mm 0.3%
Bottom chord 99/-188 -322.73 284 1.4mm 1127mm 0.1%
Extremity plate 190/-205 -322.73 284 1.4mm 954mm 0.1%
Stiffeners 190/-199 -322.73 284 1.9mm 600mm 0.3%
Connection membre 238/-307 -322.73 284 6.4mm 1979mm 0.3%
Pedestal 170/-180 -322.73 284 0.2mm 412mm 0.1%
Bearing plate 176/-222 -322.73 284 - - -

The results are all derived directly from finite element analysis (MIDAS CIVIL) for concomitant efforts only.

It should be noted that the same combinations used for the calculation of the resistance of the elements

were used for the verification of the connection.

Conclusion for superstructure design

The calculation situation controlling the design of the two footbridges is the control of vibrations at SLS

(permissible vertical accelerations). The other structural checks have shown a significant safety margin.

It should be noted that the reduction of the thickness of the section of the lower chord tension usually
favored for the trusses could not be applied because it would decrease the inertia of the superstructure, and
thus the flexural rigidity, directly impacting the eigenfrequencies, e.g. the acceleration of the structure. This

explains the fact that the upper and lower chords were chosen with sections of identical thickness.

The elements of the truss undergoes only small stresses with maximum utilization rates of 0.5 at the SLS
and 0.44 at the ULS for the Cap Nord footbridge and of 0.5 at SLS and 0.57 at the ULS for the

Riviera-Palmeraie footbridge.

The set of connections for the two bridges have a sufficient design resistance without reinforcing plates

which will greatly facilitate the construction.

The entire design was carried out by developing calculation tools based on the Eurocode and the French
national annexes as well as on the SETRA design guides specifically for this project. A calculation check

was then carried out with the MIDAS CIVIL calculation software according to the Eurocode.
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1.2 Deck and equipment
Slab

The concrete slab provided is a simply supported slab on the cross-beams. The movements of the concrete
slab will be restricted only at the fixed support by shear connectors welded to the end cross-beam. These

connectors are sized to resist mainly the effects of pedestrian traffic actions.

The steel plate of this slab will be galvanized to ensure sufficient durability for the structure and will be
PCBS8O0 type with a sheet thickness of 1mm or equivalent product. For ranges up to 3200mm, and to avoid
the need for shoring, a 120mm concrete slab thickness, cast directly onto the galvanized steel formwork,
was selected. Concreting operations of the slab will be carried out once the deck structure is erected on the
temporary bearings. The steel lost-form shall be provided with shear keys to ensure load transfer and to

prevent the concrete from stalling during shrinkage and creep.

Figure 1.117 Footbridge — Typical steel plate for slab
Bearin devices

Since the footbridges are light and flexible structures with relatively large horizontal displacements and
horizontal forces, fretted elastomeric bearings with locking and / or sliding elements (PTFE) will be used
respectively to restrict the movements of the structure and to relieve the efforts. The bearings shall consist
of fretted elastomers of dimensions in millimeters "200 x 250 x 6 (8 + 2)" (ie a total height of 60mm) with

the restrained / free movements, rotations and stresses presented in Table 1.20.
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Table 1.20 Footbridges — Bearing devices (ULS)
. Rx Ry Rz Fx Fy Fz
Footbridge | Node Type (ol (rad) (rad) a&N) | &N) | N
Elastomer bearing device Max 0.0006 0.0062 0.0008 530 141 571
1 blocked along the two .
axes Min -0.0018 | -0.0034 | -0.0008 | -494 | -139 | 139
Elastomer bearing device Max 0.0009 0.0035 0.0012 0 77 568

with sliding element along
17 the longitudinal axis of the

bridge and blocked along Min -0.0019 -0.0063 -0.0012 0 -78 149
Cap Nord the other axis
Elastomeric bearing Max 0.0019 0.0063 0.0007 410 1 570
35 device locked along the
longitudinal axis of the Min | -0.0009 | -0.0035 | -0.0008 | -436 | -3 118
bridge

Elastomer bearing device Max 0.002 0.0036 0.0012 0 0 569

51 with multidirectional .
sliding element Min -0.001 -0.0063 -0.0012 0 0 124
Elastomer bearing device Max 0.0008 0.0047 0.0008 364 116 490

1 blocked along the two .
axes Min -0.0033 -0.0026 | -0.0006 | -349 | -118 109
Elastomer bearing device Max 0.001 0.0027 0.001 0 68 488

with sliding element along
14 the longitudinal axis of the

bridge and blocked along Min -0.0034 -0.0047 -0.001 0 -67 116

Riviera N the other axis
Palmeraie - -
Elastomeric bearing Max 0.0034 0.0047 0.0005 261 2 489
30 device locked along the
longitudinal axis of the Min | -0.0013 | -0.0026 | -0.0007 | -262 3 122
bridge
Elastomer bearing device Max 0.0035 0.0027 0.001 0 0 489
43 with multidirectional ]
sliding element Min -0.0013 -0.0048 -0.001 0 0 123
Rx : rotation selon I’axe de la Footbridge Fx : Réaction selon [’axe de la Footbridge
Ry : rotation selon [’axe perpendiculaire a la Footbridge Fy : Réaction selon I'axe perpendiculaire a la Footbridge
Rz : rotation selon [’axe vertical Fz : Réaction selon I’axe vertical

The elastomeric bearings have been designed in accordance with NF EN 1337-1, 1337-2 and 1337-3. The
replacement of the bearing devices is planned without pedestrian trafic. The combination used for checking

the lifting crossbeams during lifting is therefore 1.35G.
Joint

The type of joint is determined as a function of the total breath of the bridge defined as the maximum
relative displacement predicted in regards to the fixed point. The fixed point depends on the support
conditions and is located at the center line of the fixed bearings. The horizontal movements and rotations
for sizing the joint are the result of temperature, creep, shrinkage, wind and rotation due to the pedestrian
traffic load. The vertical motions are due to rotations due to the pedestrian traffic load as well as to the

elastic settlement of the elastomeric bearings.

The breath of the joint is calculated at SLS (frequent) and the consequences of the displacements on the

system placed at a temperature of To = 20C (or other if an adjustable joint is used) are obtained at ULS.
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Accidental actions (vehicle impact on the columns) are neglected for the calculation of the joints. The

expansions and contractions are summarized in the Table 1.21.

Table 1.21 Footbridge — Joint displacements (mm)

Displacement Cap Nord | Riviera-Palmeraie
SLS | Contraction -14 -13
Dilatation 26 23
Total 40 36
ULS | Contraction -17 -15
Dilatation 39 35
Total 56 50

The joint has been selected to allow expansion of the elements, to not be a source of danger, to be well
anchored, to be easy to maintain and to be of moderate cost. A type Wd60 with plate (see freyssinet

catalog), or equivalent, is proposed for both footbridges.

1.3 Piers and foundations

Model of footbridge’s piers

As the piers of the two (2) footbridges have identical geometry with for only difference the column heights
(see Table 1.22), the principle of modeling the four (4) supports is the same and will be presented only for
one case (fixed support of the Cap Nord footbridge). The results of the design will be presented for the four
(4) piers.

Table 1.22 Footbridge — Column heights (m)

Pier Column Cap Nord Riviera-Palmeraie
. PAI 5.83 6.59
Fixe
PA2 6.12 6.88
PB1 5.83 6.01
Mobile
PB2 6.12 6.30

Modeling using two-dimensional elements (beam-like behavior) with a three-way analysis was chosen. The
columns, the ballast wall and the slab between the columns are modeled as beam element. The pier cap
being considered extremely rigid with respect to the columns and the slab, they were represented by rigid
links transfering all the movements and rotations. Afterward, pier caps are analyzed using beam models

based on the overall static equilibrium obtained from the models of the pier and of the bridge.

The reaction from the footbridge analysis (nodes 14 and 15) as well as the bearing reactions from the stairs
analysis (nodes 16 and 17) are applied through rigid connections transmitting to adequately represent the
eccentricity and transmission of these actions. An isometric view of the pier model is presented in Figure

1.118.
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Figure 1.118 Footbridge — Pier model
The sections of the elements are presented in Table 1.23.
Table 1.23 Footbride — Section properties of piers
. Dimensions Area 4 4 Exposure Y
Section (i) (m?) Ixx (m”) Iyy (m”) Cover class Matérials
Column | 800x 1600 | 1142655 | 1.58E+I1 | 5.42E+10 | 50 mm XSl RC : C30/35
Slab 4300 x 500 2150000 | 1.66E+11 | 4.48E+10 50 mm XS1 Reinforcing bars :
Ballast wall | 4300x450 | 1935000 | 1.22E+11 | 3.27E+10 | 50 mm Xs1 500MPa

The columns are considered perfectly embedded at their base (nodes 1 and 11) and the reactions obtained

from the analysis of the supports will then be reported in the model of calculation of the foundations.

Pier foundations model

The model of the foundations consists of stick elements (beam behaviour) to represent the piles as well as
the founting for the transmission of forces between the two columns (that is to say between the two rows of
underlying piles). The transmission of the forces of a column to the two (2) underlying piles is done by a
deep beam system and rigid elements (transfering displacements and rotations) were thus used to distribute
the loads according to the geometrical rigidities of the system of foundation. A simplified struts-and-ties
model was then used to check the local behavior of the footing. An isometric view of the foundation model

is presented on Figure 1.119.
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Figure 1.119 Footbridges — Pier foundation model
The sections of the elements are presented in the Table 1.24.
Table 1.24 Footbridge — Section properties of the foundation
. Dimensions Area 4 4 Exposure .
Section (i) (m?) Ixx (m") Iyy (m") Cover class Matérials
Footing 4000x1000 502654.8 | 4.02E+10 | 2.01E+10 50 mm XC4 RC: C30/35
. Reinforcing steel :
Piles 800 4000000 | 1.12E+12 | 3.33E+11 70 mm XC4 500MPa

Equivalent springs are used to represent the soil-structure interaction and to determine the effects of the
actions but also the displacements in the piles. The stiffness of the springs was calculated according to
standard NF P 94-262 (appendices I and L). The springs located directly under the footing are represented
with a perfectly elasto-plastic behavior according to the limits fixed by the above mentioned standard. The
other springs experiencing forces lower than the elastic limit, a simple elastic linear behavior was used to

limit the software computation time.
Stairs model

As part of the analysis and design of piers, modeling, analysis and design of reinforced concrete stairs were
carried out. The design of the stairs, the supports of the stairs as well as the foundations of the stairs
followed the same approach as for the design of the piers. Only one model was used including the stairs,

the central support and the foundation of the central support of the stairs. Indeed, the decomposition into
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sub-model would not adequately represent the behavior of the structure due to the flexibility of its

foundation and the ratio of rigidity of the whole structure.

The stairs will be prefabricated reinforced concrete elements connected to the piers of the footbridges and
to the central support of the stairs by shear studs and therefore no moment will be transfered. The support at
the low point of the stairs will simply be supported and will transfer only vertical forces to limit the

demands in the entire structural system (rigid frame effect).

The main dimensions of the elements are presented in Table 1.25.

Table 1.25 Footbridges — Global dimensions of the stairs model (m)

Pier Column Cap Nord Riviera-Palmeraie

Fix PA3 3.6 3.86
Mobile PB3 3.6 3.6

Pier Column Cap Nord Riviera-Palmeraie

Fix Bot — Top 6.3-6.3 6.9-7.2
Mobile Bot - Top 6.3-6.3 6.3-6.6

The central support of the stairs consists of a pier cap resting on a circular column extending into reinforced
concrete drilled piles with constant diameter (600mm). The support at the bottom of the stairs will be a
shallow foundation on backfill, as necessary. The model used as well as the sections are presented on
Figure 1.120 and in Table 1.26.

Point haut
(appui de la passerelle)

'I
.I
Point bas i
(fondation superficielle) 12
13
4
LS
'16
|17
18
.19
20
21
22
23

Figure 1.120  Footbridges — Stairs model
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Table 1.26 Footbridges — Section properties for stairs
. Dimensions 2 4 4 Exposure L.
Section (i) Area (m”) Ixx (m™) Iyy (m”) Cover class Matérials
Column 1 1000 785398.2 9.82E+10 491E+10 50 mm XS1/
Column 2 600 2827433 | 127E+10 | 6.36E+09 | 50 mm XS1 RC: C30/35
- Reinforcing steel :
Pile 600 282743.3 1.27E+10 6.36E+09 70 mm XC4 500MPa
Stairs 3420x250 855000 1.7E+10 4.45E+09 50 mm XS1

Load on footbridge piers and fundations

Actions applied to the footbridges piers and foundations are presented in the Table 1.27.

Table 1.27 Footbridges — Actions on piers

Actions

Type

Application

Impact Longitudinal at 1.5m

A

Point load applied on columns PA1/PB1

Impact Transversal at 1.5m

Point load applied on columns PA1/PB1

Impact Longitudinal at 4m

Point load applied on columns PA1/PB1

Impact Transversal at 4m

Point load applied on columns PA1/PB1

Self-weight

Automatically generated

Superstructure reaction - Dsup

Point load applied to nodes 14 and 15

Superstructure reaction - Dinf

Point load applied to nodes 14 and 15

Superstructure reaction - L - Full (+)

Point load applied to nodes 14 and 15

Superstructure reaction - L - Full (-)

Point load applied to nodes 14 and 15

Superstructure reaction - L - Half (+)

Point load applied to nodes 14 and 15

Superstructure reaction - L - Half (-)

Point load applied to nodes 14 and 15

Superstructure reaction - L - SLS - DYN - Fx (+)
Superstructure reaction - L — SLS - DYN - Fx (-)
Superstructure reaction - L - SLS - DYN - Fy (+)
Superstructure reaction - L - SLS - DYN - Fy (-)
Superstructure reaction - L - SLS - DYN - Fz (+)
Superstructure reaction - L - SLS - DYN - Fz (-)

Point load applied to nodes 14 and 15

Point load applied to nodes 14 and 15

Point load applied to nodes 14 and 15

Point load applied to nodes 14 and 15

Point load applied to nodes 14 and 15

Point load applied to nodes 14 and 15

Superstructure reaction - L - ACC - Fx (+)

Point load applied to nodes 14 and 15

Superstructure reaction - L - ACC - Fx (-)

Point load applied to nodes 14 and 15

Superstructure reaction - L - ACC - Fy (+)

Point load applied to nodes 14 and 15

Superstructure reaction - L - ACC - Fy (-)

Point load applied to nodes 14 and 15

Superstructure reaction - L - ACC - Fz (+)

Point load applied to nodes 14 and 15

Superstructure reaction - L - ACC - Fz (-)

Point load applied to nodes 14 and 15

Superstructure reaction - W (+)

Point load applied to nodes 14 and 15

Superstructure reaction - W (-)

Point load applied to nodes 14 and 15

Superstructure reaction - W - Z

Point load applied to nodes 14 and 15

Superstructure reaction - W - Z b/4

Point load applied to nodes 14 and 15

Superstructure reaction - T (friction) (+)

Point load applied to nodes 14 and 15

Superstructure reaction - T (friction) (-)

Point load applied to nodes 14 and 15

Pier - L 5kPa - Full

L INIRINIIDIIDICIDICICIVIKICIIILIKILILILIL|IT|IT|IT]|»|»|>»

Uniformly distributed static load applied on the slab

(elements 7, 8 and 9)

Pier - L 5kPa - Half P1

o

Uniformly distributed static load applied on the slab

(elements 7, 8 and 9)
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Actions

Type

Application

Pier - L 5kPa - Half P2

Q

(elements 7, 8 and 9)

Uniformly distributed static load applied on the slab

Pier - L 5kPa - Half (cote escaliers)

(elements 7, 8 and 9)

Uniformly distributed static load applied on the slab

Pier - D (Non modelise)

Point load applied to nodes 2 and 10 (pier caps self-weight)

Pier - W Point load applied to nodes 2 and 10 (wind on pier caps)
Pier - K (SH) Not considered
Pier - K (CR) Not considered

Stairs - D Point load applied to nodes 16 and 17

Stairs - L - Full (+)

Point load applied to nodes 16 and 17

Stairs - L - Full (-)

Point load applied to nodes 16 and 17

Stairs - L - Half P1

Point load applied to nodes 16 and 17

Stairs - L - Half P2

Point load applied to nodes 16 and 17

Stairs - Wx (-)

Point load applied to nodes 16 and 17

Stairs - Wx (+)

Point load applied to nodes 16 and 17

Stairs - Wy (-)

Point load applied to nodes 16 and 17

Stairs - Wy (+)

Point load applied to nodes 16 and 17

Stairs - T (+)

Point load applied to nodes 16 and 17

Stairs - T (-)

Point load applied to nodes 16 and 17

Stairs - K(SH)

Point load applied to nodes 16 and 17

Stairs - K(CR)

Point load applied to nodes 16 and 17

Stairs - Impact Long. 1.5m

Point load applied to nodes 16 and 17

Stairs - Impact Transv. 1.5m

Point load applied to nodes 16 and 17

Stairs - Impact Long. 4m

Point load applied to nodes 16 and 17

Stairs - Impact Transv. 4m

Point load applied to nodes 16 and 17

Columns - Wx (+)

Uniformly distributed static load applied on columns

Columns - Wx (-)

Uniformly distributed static load applied on columns

Columns - Wy (+)

QOIRIQ|P @ |P P | TI0R0IRIILILICILILILIL|T|IT|ITL|TO| O

Uniformly distributed static load applied on columns

Columns - Wy (-)

o

Uniformly distributed static load applied on columns

Load on stairs

SH : Shrinkage; CR : Creep; T : Temperature; W : Wind load

bounded to the footing and that a pedestrian traffic load of 5kPa has been considered.

Actions applied to the stairs global model are presented in the Table 1.28.

Table 1.28 Footbrides — Actions on stairs

Actions Type Application
Impact Long. 4m A Point load (kN)
Impact Transv. 4m A Point load (kN)
Self-weight D Automatically generated
Traffic-5kPa-Full Q Point load on column head (kN)
Traffic-5kPa-Half 1 Q Point load on column head excentred out of plan (kN)
Traffic-5kPa-Half 2 Q Point load on column head excentred in plan (kN)
Pier-D D Point load on column head (kN)

Legend : D: permeant actions; Q: variable actions; A: accidental actions, L : Pedestrian load; K : specified displacement;

It should be noted that the backfill load on the footing include the self-weight of the backfill of the ramp
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Actions Type Application
Pier -Wx Q Point load on CG of pier cap along x (kN)
Pier -Wy Q Point load on CG of pier cap along y (kN)
Stairs1-D D Uniform load (kN/m)
Stairs 1-5kPa —Full Q Uniform load (kKN/m)
Stairs 1-5kPa-Half P1 Q Uniform load on half the width - PA1/PBI1 side (kN/m)
Stairs 1-5kPa-Half P2 Q Uniform load on half the width — PA2/PB2 side (kN/m)
Stairs 1-Wx Q Uniform load along x (kN/m)
Stairs 1-Wy Q Uniform load along y (kN/m)
Stairs 1-T Q Temperature (°C)
Stairs 1-K(SH) D Temperature (°C)
Stairs 1-K(CR) D Temperature (°C)
Stairs 2-D D Uniform load (kN/m)
Stairs 2-5kPa-Full Q Uniform load (kN/m)
Stairs 2-SkPa-Half P1 Q Uniform load on half the width - PA1/PBI1 side (kN/m)
Stairs 2-5kPa-Half P2 Q Uniform load on half the width — PA2/PB2 side (kN/m)
Stairs 2-Wx Q Uniform load along x (kN/m)
Stairs 2-Wy Q Uniform load along y (kN/m)
Stairs 2-T Q Temperature (°C)
Stairs 2-K(SH) D Temperature (°C)
Stairs 2-K(CR) D Temperature (°C)
Column - Wx Q Uniform load along x (kN/m)
Column - Wy Q Uniform load along y (kN/m)

Legend : D: permeant actions, Q: variable actions; A: accidental actions; L: Pedestrian load;
K: specified displacement; SH: Shrinkage; CR: Creep,; T: Temperature; W: Wind load

Design - general

The design of the main reinforced concrete elements was carried out using the MIDAS CIVIL calculation

tool according to the Eurocode. The results were verified with a calculation tool developed specifically for

this project. Verifications for reinforced concrete elements are summarized in Table 1.29.

Table 1.29 Footbridges — Summary of design steps for piers

Analysis

Limit states

Verification

Criteria

Linear static
analysis

ELS Characteristic

Limitation of longitudinal
cracks by excessive

- Limit of compressive stress in concrete

compression
(ELS CAR) ; .
Tensile stress limit in . . ..
. - Limit of tensile stress in reinforcement
reinforcement
ELS Frequent Limitation of crack . . L
(ELS FRE) opening - Limit of tensile stress in reinforcement

ELS Quasi-permanent

Limitation of creep effects
and limitation of crack

- Limit of compressive stress in concrete

(ELS QUA) . - Limit of tensile stress in reinforcement steels
opening
ELU durable - Flexural strength
(ELU) - Shear strength
) Resistance of sections - Torsional strength
ELU accidental - Punching resistance
(ACC) - Resistance of struts and ties
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The respect of the service criteria is done by the limitation of the stresses in the concrete of the supports :
0.6fck (that is18MPa in our case) for the ELS CAR and 0.45fck (that is 13.5MPa in our case) for the ELS
QUA. The tension stress in the reinforcements must be limited to 0.8fyk (that is 400MPa in our case) at
ELS CAR but is not a controlling factor in design.

The crack limit defined in the design criteria has been respected using the simplified method proposed by
the French National Annex to Eurocode 1992-2 which limits the tension stress in longitudinal
reinforcement to 1000wmax (ie 200 MPa in our case) under the combination corresponding to the

limitation verified while respecting a maximum spacing of the reinforcements from to 5 (¢ + db / 2).

For deep foundation piles, the NF P 94-262 standard prescribes additional concrete compression limits
which have been considered in the design of the foundations as follows: the characteristic value of the
compressive strength of concrete for piles, f*, is limited to the minimum of f/k;k, and Cmax/kk, and

the design value of the compressive strength of concrete is then the minimum of Cmax/y, and ksfe */y..

Finally, the compression stresses at ELS CAR must be lower thant 6. mey < 0.3ksfu* and o¢ma<min
(0.6k5f. *; 0.6f).

Table 1.30 Footbridge — Limit for compression in piles

Description Value Unit

Characteristic compressive strength of concrete fo 30 MPa
Maximum value of the compressive strength of concrete Cnax 25 MPa
Empirical coefficient k; 1.3 -

Empirical coefficient k, 1.05 -

Characteristic compressive strength of concrete for deep foundations i 18.32 | MPa
Empirical coefficient ks 1.0 -

Unfactored Compressive strength of concrete for deep foundations fedELS 18.3 MPa
Compressive strength of concrete for deep foundations at the ULS feauLs 12.21 MPa
Compressive strength of concrete for deep foundations at ACC fea.acc 15,26 MPa
Compressive strength of compression for deep foundation concrete at ELU CAR O max 11 MPa
Compressive strength of compression for deep foundation concrete at ELU CAR Oc.moy 5.5 MPa

Stair design

A static analysis of the staircase model was completed in order to obtain the effects of the actions (internal
forces) on the stairs, in the central support and in the foundation of the central support of the stairs as well
as to obtain the reactions at the high point and the low point of the stairs in order to calculate the stresses in
the superficial foundation (low point) and the forces to be applied for the analysis of the pier of the

footbridges (high point).

The minimum reinforcement sections obtained from the design of the stairs and the associated resistance

values (ELU) and service limits (ELS) are shown in Table 1.31 to Table 1.32 respectively.
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Table 1.31 Footbridge — Reinforcing bars for stairs
Location End Mid End
Top long. rebar 27-HAS 27-HAS 27-HAS
Bot long. rebar 27-HA20 27-HA20 27-HA20
Tran. rebar 7-HA10@120mm | 7-HA10@120mm | 7-HA10@120mm
Table 1.32 Footbridge Cap Nord — Verification of stairs sections (ELU et ELS)
Resistance ULS Limit stress SLS Cracking SLS
Pier Element Mgy VRde O Rd OsRrd WRd
(kN.m) (kN) (MPa) (MPa) (mm)
Fix and Bot stairs 563 (OK) 511 (OK) -18/3.9 (OK) 400 (OK) 0.2 (OK)
mobile Top stairs 563 (OK) 511 (OK) -18/3.9 (OK) 400 (OK) 0.2 (OK)

Design of the central support and the foundation of the central support of the stairs

The minimum reinforcement sections obtained from the design of the stair support and the resistance values
(ULS) and associated service limits (SLS) are shown in Table 1.33 to Table 1.34 and Figure 1.121 and
Figure 1.122.

Table 1.33 Footbridges — Reinforcing bars for column and pile of stairs support

Elément Colonne 1m Colonne 0.6n Pieu 0.6m
Long. rebar 15-HA16 10-HA16 10-HA16
Trans. rebar HA10@200mm | HA10@200mm | HA10@200mm

Table 1.34 Footbridges — Verification of column and pile sections os stairs support (ULS and SLS)

Figure 1.121

Resistance ULS Limit stress SLS

Pier Element N-M Vra OcRAELU | OcRd.ACC Oc.Rd

Rd (kN) (MPa) (MPa) (MPa)

; Columnl.2m | P-M curve [337,366] N/A N/A -18
Fixand 7 ) n0.6m | P-Mcurve | [123.154] | N/A N/A -18
mobile

Pile 0.6m P-M curve [129,160] -12 -15 -11
N(N) ;540 NCKN) 5509
6 =0.00"
6625 N.A=0.00° 4375

Column ¢p1.2m

5750

4875

4000

3125

2250

1375

500

3750

3125

2500

1875

a5

1250 |

Column ¢0.6m
Fix and mobile pier

Pile $0.6m

Footbridge Cap Nord — P-M curves for column and pile of stair support (kN; kN.m)
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Figure 1.122 Footbridge Riviera-Palmeraie - P-M curves for column and pile of stair support (kN; kN.m)

Bridge support design (including foundations)

All the checks were made according to standard NF EN 1992. The formulas are not repeated here.

Once the bearing reactions of the footbridges and of the stairs were determined, a static analysis of the

footbridge piers was carried out to determine the demands in the columns, in the slab between the columns,

in the ballast wall as well as the reactions at the column base (embedded) that will be used in the static

analysis of the foundation model to determine demands in the footings, piles, displacements and necessary

geotechnical capabilities.

The minimum reinforcement obtained from the bridge pier design and the associated resistance values

(ELU) and associated service limits (ELS) are shown in Table 1.35 to Table 1.37 and in Figure 1.123.
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Table 1.35 Footbridges — Reinforcing bars for footbridge piers

Element End Mid End
TBOIt’ : ;8_’5:112 Top : 20-HA16 Top : 20-HA16
Slab © 'Ties . Bot : 20-HA16 Bot: 20-HA16
20-HAO8@250mm Ties : 20-HA08@250mm | Ties : 20-HA08@250mm
TBOIt’ : ;8'3258 Top : 20-HA20 Top : 20-HA20
Ballast wall © s Bot : 20-HA20 Bot : 20-HA20
20-HA08@250mm Ties : 20-HA08@250mm | Ties : 20-HA08@250mm
Long. : 20-HA25 Long. : 20-HA25 Long. : 20-HA25
Column P1 Etriers : Etriers : Etriers :
4-HA14@200mm 4-HA16@200mm 4-HA16@200mm
Long. : 20-HA25 Long. : 20-HA25 Long. : 20-HA25
Column P2 Etriers : Etriers : Etriers
4-HA14@200mm 4-HA16@200mm 4-HA16@200mm
TB‘;IE : gg:gﬁg Top : 20-HA25 Top : 20-HA25
Footing .Ties ) Bot : 20-HA25 Bot : 20-HA25
20-HA10@400mm Ties : 20-HA10@400mm | Ties : 20-HA10@400mm
Long. : 14-HA25 Long. : 14-HA25 Long. : 14-HA25
Piles Etriers : Etriers : Etriers :
2-HA16@200mm 2-HA16@200mm 2-HA16@200mm

Table 1.36 Footbridges — Vérification des sections de la dalle et du garde-gréve (ELU et ELS)

Resistance ULS Limit stress SLS Cracking SLS
Element Mggq VRde Oc.Rrd Os.rd WRd
(kN.m) (kN) (MPa) (MPa) (mm)
Slab 737 (OK) [62;8’123] 3.19 (OK) 400 (OK) 0.2 (OK)
Ballast wall 976 (OK) [7§g§4)19] 3.33 (OK) 400 (OK) 0.2 (OK)
Footing 3794 (OK) 1293 (OK) 2.9 (OK) 400 (OK) 0.2 (OK)

* The shear resistance depends on several parameters (including the axial load and the design situation
(durable or accidental)) and varies according to the case under consideration. An range of value is

proposed to have an order of magnitude.

Table 1.37 Footbridges — Vérification des sections des colonnes et des fondations (ELU et ELS)

Resistance ULS Limit stress SLS

Element N-M VRrax Vrdy Oc.Rd,ELU Oc.RAACC Oc.rd WEd
Rd (kN) (kN) (MPa) (MPa) (MPa) (mm)

. [360,374] | [438,454] )
P1 P-M curve (OK) (OK) N/A N/A 18 (OK) N/A
[293,361] | [366,439]
P2 P-Meurve | 1 o0 (OK) N/A N/A -18 (OK) N/A
Pile P-M curve [173,184] (OK) -12(0K) | -15(0K) | -18(OK)

* The shear resistance depends on several parameters (including the axial load and the design situation
(durable or accidental)) and varies according to the case under consideration. An range of value is

proposed to have an order of magnitude.
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Figure 1.123  Footbridge Cap Nord - P-M curve for column and piles of footbridge piers (kN; kN.m)
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Figure 1.124 Footbridge Riviera-Palmeraie - P-M curve for column and piles of footbridge piers

(kN; kN.m)

Deep foundation design

The pile group effect (interaction) can be ignored for center-to-center spacing of 3 times the diameter, or a

2.4m center-to-center spacing for @800m piles.

The compressive bearing capacity, R, is given by the following formula:
R.=Ry + Ry

with
Ry, : Tip bearing capacity

R : Friction capacity
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The traction capacity, R, is given by the following formula:
Rt = Rs
with

R : Friction capacity

The pile length was determined based on the available geotechnical data of the closest brehole to the target
area considering both the geotechnical tip bearing capacity and friction capacity as well as the presence of a
homogeneous support layer as described in the NF standard. P 94-262. In addition, a safety margin was
applied to cover the lack of geotechnical information specific to the footbridge foundation locations. The
required geotechnical capabilities (Ngqg) and allowable capacities (Nrq) as a function of pile depth are

presented in Table 1.38.

Table 1.38 Footbridges — Max axial loads in piles and geotechnical capacity

NEgq (kN) Pile Ngq (kN)
Footbridge | Pier Element | Diameter | ELS ELS ELS ELS
length
CAR | qua | FLU | AcCC gh| -2 qua | FLU | Acc
F"Oﬂi’;dge 0.8m | -1402 | -1012 | -1898 | -1558 | 22m | -2245 | -1837 | -2710 | -2981
Fix p.
Stair
0.6m | -576 | -444 | 779 | -574 | 14m | -845 | -691 | -1061 | -1167
support
Cap Nord Foothrid
ootbridge | ey | 1274 | -1003 | -1717 | -1530 | 22m | -2245 | -1837 | -2710 | -2981
. pier
Mobile Stai
tair 06m | -576 | -444 | 779 | 574 | 14m | -845 | -691 | -1061 | -1167
support
Footbridge
ior 0.8m | -1130 | -852 | -1544 | -1386 | 18m | -2211 | -1809 | -2727 | -3000
Fix Stai
tair 0.6m | -582 | -443 | -786 | -443 | 10m | -734 | -601 | -944 | -1038
Riviera - support
Palmeraie i
Footbridge | ¢ | 1057 | -846 | -1436 | -1382 | 18m | -2211 | -1809 | 2727 | -3000
. pier
Mobile Stal
tair 0.6m | -548 | -420 | -741 | -420 | 10m | -734 | -601 | -944 | -1038
support

Shallow foundation design

The support at the bottom of the stairs will be a shallow foundation placed on backfill. The efforts applied
to this support and the required geotechnical capacities are presented in Table 1.39. The height of the
backfill is estimated at 1 to 1.5 meters for the Cap Nord footbridge and 1 to 1.5 meters to the
Riviera-Palmeraie footbridge, as necessary. These embankment heights as well as the soil capacity were
established according to standard NF P 94-261 and available geotechnical data (the nearest boreholes were

used). Those values are only informatives and final calculations shall be carried out during execution phase.
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Table 1.39 Footbridges — Demands and bearing capacity for shallow foundations

Footbridge Pier Combination Rx Ry Rz Fadm

ELS CAR - Nmin 0 0 | -159 | -479

ELS FRE - Nmin 0 0 | -124 | -479

Cap Nord Bedend ELS QUA - Nmin 0 0 | -103 | -479
mobile

ELU - Nmin 0 0 | -215 | -786

ACC - Nmin 0 0 | -103 | -917

ELS CAR - Nmin 0 0 | -172 | -1221

ELS FRE - Nmin 0 0 | -136 | -1221

Fix ELS QUA - Nmin 0 0 | -113 | -1221

ELU - Nmin 0 0 | -232 | -2007

Riviera - ACC - Nmin 0 0 | -113 | -2341

Palmeraie ELS CAR - Nmin 0 0 | -159 | -479

ELS FRE - Nmin 0 0 | -124 | -479

Mobile ELS QUA - Nmin 0 0 | -103 | -479

ELU - Nmin 0 0 | -215 | -786

ACC - Nmin 0 0 | -103 | -917

Forces are in kN.

14 Elevator shafts design

As previously mentioned, in addition to the stairs, access to the footbridges will also be possible by
elevators. The elevator shafts are reinforced concrete structures that have been dimensioned according to
the Eurocode and models are briefly presented in this section. Calculations are carried out using a software
integrating all the formulas of the Eurocode and the specificities of the French national appendix.

The geometry of the shafts and ramps is shown from Figure 1.125 to Figure 1.128.
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Figure 1.125 Plan view of the access (ramp and elevator — level 0)
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Figure 1.128 Typical section of ramps

Loads from the mechanical part of the lift were provided by the international supplier OTIS / CFAO and
were applied in the model as point load forces in addition to the self-weight of the structure, wind loads and

vehicle impact loads.

The analysis and design (determination of required reinforcement) were done using ROBOT software
(autodesk) and the model of the reinforced concrete shaft and ramp are shown in Figure 1.129 and Figure
1.130 respectively. Beam and plate elements have been used and the necessary reinforcement was
determined directly with the software (all the calculations are presented in the calculation notes and are not

repeated here).

Figure 1.129 Footbridges — Model for the reinforced concrete shafts
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Figure 1.130 Foobridges — Model for the reinforced concrete ramps (with earth pressure loads)

It should be noted that the shafts and the access ramps will rest on shallow foundations composed of
reinforced concrete footing integrated in the analysis models. Reinforcements obtained from structural

calculations are presented in the drawings.

The detailing of the glazed wall to be fastened to the concrete frame must be proposed by the contractor
during the execution phase with a system proving a sufficient watertightness against the infiltration of

rainwater and against flooding.
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