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ernative structural solutions wusing differ
alternative and contemporary design based

structure of the the®hies fiisr sdi vpiadretd pirnotvo d
rview with an analysis of the infrastruct
h-angaheering perspective, f ol ciunsiitw g9 tiedntites a te il
dynamic comfort assessment of the structu
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ceptual analysis of different preliminary
|l ul am arch bri dgen.asrlhtilse cchptiicmmali sc g nufsitg uri &
thetic qualities, and environment al benefi
ng finite el ement software, evaluating 1in
r pedestrian | oading.

verifications are carried out in accordar
enUlitoanmamgetat es (YL 8) cammtdaitteys ( SLS), 1 ncl uc
h a4 olatenal instability and the effects
essment is al so conamudc twdr itfhircoaitgiho mso dbad s eadh
| uding theoretical considerations regardin

Si kelme nitmgli ons for vibration mitigation (Tu

study concludes with a comparative techni

erials (timber, steel, and concrete), al on
t he <cal cuJldfetoitgmr i omft tamel €CGe energy cl assif
|l owing a thorough analysis, confirm the va
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1 CASE STOMEYRVI EW

This study is specifically focused on the cor
span pedestrian bridge, constructed wusing tin
conducted within -E®feacbeEextwbdbrhhai i he enh
of the waterway connecting the Escaut and Me:i

technical proposal for a structur-Bl aBohanmen
Canal, whemng avahéwand a crossing structure ar
and potentially pedestrian traffic.

Currently, t hBueeaagu naese i gmarhrfiiecdn out a prel i mi
anal ysi s, considering steel and concrete as p
t hree stlriucittheasayly npmpe oposal s, which arFd gdirrees en

Fi gBFegdr.e

ELEVATION. ca 1120

Fi glir ebreesi gn P-rCaphd alStla-yvé¢ @ e Br ia dgERuCoenacur eGreei s ch

Fi grefbreesi gn P-rAcgds 8Bt 2lgle an-BuCocrmar eGreei sch

Fi g8r erees Prganp o skarla e BStiedege an-BuCcermmar eGreei sch
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Al t hough ti mbemns wad sproesdsiithilael Icyonst r uc teisatna bnbaitsehr
references for similar applications | ed to th

This context directly defi nesTot hceo nadhujcetc tai vset ro

economic feasibil i-baysadseslsunteindn odnd &3 tmbkelri st
facilitate i1ts i mpdememghatsiodmtiloih @ani meersupgr
then be credi ewal lhdyetstiegmgpad n ot her structur al

Greisch, evalwuating aspects such as weight, <c

The study further expl ores di fferent struct

performance, materi al l it mi tations, and durahb
i mposed by t hedesiitgen, pvwarpiocwlashepsraea prdposeabpeda
dedi cated chapter, are initially calculated a
worl d i mplementation.

Subsequently, thedetsdsidldgudcsd uirfatl s ctad wad édsbi aosnesd f o

solution among thadesignopbtase. i Forhe hpse sol ut
( FEM) I's devel oped, including analysis of re
conmelctcionsi derations, with specific calcul ati

The ftokcenemves to a comparative anal ysi sbalsetdwe e
solutions and the timber i mplementation. Fror
conducted, comparing material qu#dmotoittpirea sn,t eamo
di fferent solutions.

Modal vibration analysis of the structure is
frequency | evels in ®dacerdddnaoe twi.t Basp ecitfhieor
vi bration anal ysi s atnidnec odnofnoaritn eavrael upartei soenn tiend ,
of the force as a function of space and tim
i mpl ementation of vibration mitigation el emen

Finally, the study concludes with considerat.
from a purely engineering perspective, ai min
i mpl ementati on.

e _____________________________________________________________________________________|
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1. THE SEENEAUT EST PROJECT I N WALLONI A

The SEeicmeaut Est (SEE) Project i's a European i
transport between Belgium and France. I n the

to modernize approximatel ywl 200 kihleomaetagpras it 0 fo
vessels, such as those classified as ECTM Va
of a series of structur al i nterventions, i ncl
| ocati®enpandgihen of | ocks, and thealb ecoi Enbhantc

capacity and efficienkEiyg@hfethe navigation net

'ESCAUT /Rotterdam

Antwerpen
/

Kortrijk /Blussels
Béthune
Ve

Arras
— Valenciennes N
Namur
Charleroi

Cambrai
peronne , Saint-Quentin

e \
Amiens \
Le Havre eEe

Creil \
\ Compidgne

Conflans
7 Gennevilliers
s

P
Paris
Nogent-sur-Seine
s

LEGENDE e

SOCIETE

seau Selne-Escaut
SEINENGRD
EUROPE

FigdreLe Projet -Edsuc aRie e RuofEsicrmBiedi,n 202 2)

The engineering firm Bureau Greisch has alre:

devel oped t he bi modal pl at-War me taotn , Powmhti ¢ Ro u g
construction of a quay approximadely 286 Glka
vessels of 110 meters in |l ength each simult:
overarching goal and commitment to creating m

wat erway networ k wtiadahoptoiadi 2enflr@mgitstuicd alr esper

(Progr ambec Set nEst, 2021)

2‘Pont Rouge HarbouWarPnIeattofno,rnQOiZnO:Comines
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From a broader perspective, the SEE project
Wal |l onia region within the European transport
the SebfaoakelacaRiver Ul ti mately, this initiati
growth and provide a sustainable alternative t
and traffic congestion

1. ZECTOR 5 OF TBHERATEAINEMONNES CWINWLN THE -SEI NE
ESCAUT EST PROJECT

The MNlnyy®noiKCaesl I's a Belgian navigable wat ¢
bet ween Nimy, near Mons, and P®ronnes, where i
1955 and 1964, with a total Il ength f 38.9 ki
This canal i's includee€swiatulii rEstthe rsoqg emxrd , ofuntdt
interventions that align with the gener al dir
swhhapt @&hese upgrades involve adapting the <ca
(CEMT Va class). Originally designed for conyv
modi fied to support convoys of |1l 3f6d®dattwmes (&LE
of narr oan s etcitglbtnsbends that | imit the bidirec
navigation | ess efficient.

To improve navigability, widening interventio
Specifically, two crossing zones wil-lame <ecetit
to 2.4 kil ometers, whidlree stshrsehea rapd dciutrivoantaulr ez oann
currently act as bottlenecks I imiting the sm

involve a stretch of?>2,400 meters of embankme

S(Progr amfec Set nEst, 2
‘4(CanalBlNei-B'"®nonnes, 202
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2 HI STORI CACTYRNMDOGIAMALYSI S OF TI MBER BRI DGES

Ti mber bridges have experienced a renaissance
appeal, and advancements in engineered wood m

Whil e timber was hist-builkalhyg @mapeedaim) niant wa
and reinforced concrete during the 19th and 2

However, growing environment al concerns, I mpr
projects have renewed i nterest in timber as
constructPon materials.

2. HI STORIDCAMEL®@PNDOF TI MBER BRI DGES

Wooden bridgesamavegahil snhgr vy, originating 1in
regarded as a primary materi al I n -sdaluectwoad
bridges that can be hi stloruisc alaleys adra toevde rw at sh ec oR
(Fi ghr e

CAESAR'S BRIDGE
ACROSS o
THE RHINE.

a,a. Tigna bina sesquipedalia.

b,b. Trabes bipedales.

¢,c. Fibulae.

d, d. Directa matéria, longuriis crati.
T —— busque constrata.

“—— ¢,e. Sublicae ad inferiorem partem
fluminis oblique actae.

== f,f. Sublicae supra pontem immis
A sae.

== §. Castellum ad caput pontis posi:
= tum.

2
<= 'h. Longurii.
1. Crates,

FigbhreCesar's Bridd&Roaner ooy stutse t Rtei mlGer man s, Part 11

This bridge, built within a span of ten days
and military significance of “timber bridge co

During the Renmnaichdamceapni bddi o made signif
evolutionary process of structur al technol ogi
particul arl y ndétoanbtlee deex@allnbp6lAe) piish bhciast ed i n Bas s
(Fi ge)r e

5(Crocett,) ;B2 20, K4p). 12006)
20

t ]|
7=Bell,,K.E,.2 06:
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FigérePonte degli Al pini-(PBratses achegldiel alGpiampip,a, 201 &) y

This structure represents a remarkable instan
both durability and aesthetic appeal. Pal | adi
system, enabling an efhismemthil eadi chubtanbat

|l ifespan of 8the construction

Moving to Switzerl-dindi,cRlRoGrmrumesmamnd dHagmpmrsi fi ca

bridge engineering in the 18th century by ¢
eliminating the need for i nt eranende dat 8t rswcptpuor
Schaff hausen Bri fgegupecbruit he bRh iwee n 1755 an
unprecedented span of 120 meters, demonstrat

constructi®n techniques.

Fi gdreModeMai®dr u hbaumbad r sTi onbBeti ldgge Riiemeit RieBehaf f haus(eMo,dedwiotfz e

the main structural members of the timber bridge over t
Their i nnotvrabhfisieengeneéring knowl edg ebraelalko wegd
spans that were previously thought I mpossi bl e

8(Crocettj ,pR3, 2014)
9=Crocett,i 'ER4' 2014=
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The 19t h century witnessed significant adval

refinements in engineering methodol ogies. A ke
who appliesdrwuiomberiads in rail wafMolonmisdvgae @&c o VS
(FigBrebuil't in 1859 in Great Britain, exempl

ti mber and masonry to achi-efvfee cat isvter uscareu-taird ry
l ong®Fpans. marked owme adfe tulse sl adt tlianbgeg before
became domi nant

Fi g&r ewal khan{ Bfivandeulcéts Ti mber Vi aducts, 2007)

Despite the shift to modern materials in the I
in some regions, particularly for short span
iCascade® BrilgeUnited States, constructed in 1
of a hy#rch desisgn sPanning 90 meters.

Al t hough | argely replaced by concrete and st
significant reassessment as a structur al mat €
been driven by its enviroinmeert ahs sas-tvaiaba ki ha
alternatoidweea ni rengi ne&earuinnt g i persa cstuicchesa.s Sweden, )
l ed the way in developing modern timber bridg
such as st riembser!| amicrkast eadndt gl ul am arches to c
strud’tures.

ocBell, ,K.p,. 32006)
“4(Bell, ,K.p,. 42006)
12SCr ocett,| E 6 , 2014=
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2. ZURRESTATETEBERRTN TI MBER BRI DGES
Toconduct a compr e heals'iea tset uodfry ttohfenktArre "sroi d g e
an analysis was carried out on various exampl ¢
and buil't wor |l dwi de. This study followed a
examining thoemsebstth wact wr &Is admd. materi al persp
As a ©pr el i mdiantaar yc opl hl aescatsi oano npdruoccteesds t o gat her r
type of construction. Ahaegwhlee et edachatsaeliexct e
anal yzed n detail and graphically il ustrate
To ensure clarity and practi cali sutschebtid a ldaya loys
summary and ekRpsabaepnrgompbled. This table in
bridge name, structur al typol ogy, maxi mum spa
mat eusiead. The tabl éTaibB:epresented bel ow
STRUCTURAL CONSTRUCTION CONSTRUCTION SPAN
BRIDGE NAME TYPOLOGY MATERIAL METHOD (m)
Flisa Bridge Hybrid Arch-Truss Glulam, Steel Prefabncoartfgi,t:\ssemble 70
Tynset Bridge Timber Arch Glulam, Concrete Prefabrlcoartkesdi,t:ssemble 70
Evenstad Bridge Hybrid Arch-Truss Glulam, Steel, Concrete Prefabrmgfgji,téb\ssemble 36
Mistissin Bridge Timber Arch Glulam, Concrete Prefabrmgfgji,téb\ssemble 43
Norsenga Bridge Hybrid Arch-Truss Glulam, Steel Prefabrlcoartfsdi,t:ssemble 94.5
Gangru Levert Til Favang PreStressed Glulam Beam Glulam Prefabr|(§r:s§i,t£ssemble 23
Cubillas Foot Bridge Timber Arch Glulam, Steel Prefabr|(§r:s§i,t£ssemble 46
Betanzo§ WOOd Foot Timber Arch Glulam Concrete Prefabrlcated_, Assemble 40
Bridige On-Site
Castor River Wooden Fod Prefabricated, Assemble
. Truss Glulam . 32
Bridge On-Site
Anillo Verde Foot Bridge Timber Arch Glulam Prefabrl(é?riegi,t?ssemble 61
Passerelle Mangin Timber Arch Glulam, Steel Constructed O1site 40
Aube Foot Bridge Timber Arch Glulam, Steel Prefabrltg':lrtfgi,t:ssemble 50
Arroyo Gue_tdalob(‘)n Foot Timber Arch Glulam, Steel Prefabricated_, Assemble 42
Bridge OnSite
Arroyo Gui Foot Bridge Hybrid Arch-Truss Glulam, Steel Prefabn(glrtfsdi,t:\ssemble 30
Guadalhorce Bridge Timber Arch Glulam Prefabrlcated_, Assemble 70
On-Site
Penafiel Bridge Timber Arch Glulam, Steel Prefabrlccc;irt}iegi:[‘eAssemble 50
. . Hybrid CableStayed & Prefabricated, Assemble
River Calore Bridge Timber Arch Glulam, Steel, Concrete on-Site 70
Tabll eSt at-Anafyé&drs Tabl e
Based on the collected data, two explanatory
characteristics of the analyzed timber bridge

8



The first aspect examined is the maximum span

As shawr inr gti gfoitggue egener al trend i ndicates a
spans, particularly when compared to the maxi

The | ongest recorded span within the analyze
iNor senga Breiybged this, the | ongest spans with
meters. When compared to the maxi mum free spa
typically exhibit a span rationbofiapptoki mat a
l ength relative to alfernative construction m

MAXIMUM SPAN [m]

River Calore Bridge m e 7 O
Penafiel Bridge e 50
Guadalhorce Bridge nu e 7 O
Arroyo Gui Foot Bridge s 30
Arroyo Guadalobon Foot Bridg o /|
Aube Foot Bridge m e 50
Passerelle Mangin ma - —-—————— 40
Anillo Verde Foot Bridge e |
Castor River Wooden Foot Bridg e 32
Betanzos Wood Foot Bridg e — /0
Cubillas Foot Bridge . 4 G
Gangru Levert Til Favang . 2 3
Norsenga Briclg om0/ 5
Mistissin Bridge m—— /3
Evenstad Bridge M 36
Tynset Bridge I — )
Flisa Bridge e 7 )

0 10 20 30 40 50 60 70 80 90 100
Span Length [m]

FigareTabl e of Mamnxalnpuziredddeans

Furamat ysi s can be conducted based on the str
To enhance the clarity and comprehensibility
chart, which i1llustrategutcherakl atyipowé opgpgr ¢ anit
number of Dbridges analyzed.

BA reference value is considered for the maxi mum const
reaches 518 meters, while a beam structure with a tru:
ro

derived f ﬁalmel Consmenmticti on .of Bridges, Frederic Gen

D6ANNA ANTONI O 9



This graphical representation provides an 1in
typologies within the dataset, facilitating a
Figb&an be visualized bel ow:

STRUCTURAL TYPOLOGIES TIMBER
BRIDGES

6%

= Hybrid Arch-Truss
= Timber Arch
= Pre-Stressed Glulam

Beam
= Truss

59%

Fi gu®eStr Wyoptod rodli miser iPriied Chsart [ %]

Out of aexambhedHesdy 10 (59%) adopt an arch s

aspect I's that this configuration is also fo
solutions are generally consider ed tfoorb es tcrouvcetr
as wel |l as for those subjected to higher | oad

The use of an arch or truss structure emphasi:
exhibits a noandltecapsaimipet s sinve he direction pa
plastic fai(lfuorre tnheec hcaonmpshhe s idlru casméclandi am (

casdhis also explains why, historically, ti mi
structur al systems that replicated the arch
systems optimize and fullyhexmaobeti ahe mechan

2. 3 STRUCTURAWSSI FI CAOIFI ONSMBER BRI DGES

Based on the findings from the analysis of th
chapter, a more detailed examination is now
ti mber bridges. These toynpotlhoeg iaecsh iheavvaeb |ae dsipraenc
| oadaring performance.

“Thetremfgthhhe wood depends significantly on the type
ori enagfattilbpem | oad r el at Gevree rtaol Ityh es pgeraakiinn gd,i rtehcet itoenp,si | e r
i s more or -3l etsismee gtuhael ctoompzirealsli onh & @ish selmage@ecaesof defec
t he same.
.|
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A for mal col talses ichaiticemgtoiroines i s presented bel
categories are included even though they were
to spans and structural configuratiudns mahat sa
of this study.
Before proceeding with the explanation of
summari zing the possible contiadliae@)te ons i s
BRIDGE TYPE STRUCTURE [ TYPICAL SPAN [m]
L J SLTD (¥ 0-25
L‘ .J Beams 0-30
L NNANNNAIA Y] lr Truss 15-70
King Post 10-50
| e
—LL f_ Strut Frame 20-40
Y r Beam on VSupports 20-75
™ r Arch 30-70
~ 7
e _ AT ™ Suspension (*4f 50-200
. e .
/TR I\
/NN / AN CableStayed 40-100
Tab2t eTygirawaliywd o d iole smbBeii dgeCg ocettj , pR6, 2014)
B“(C*)Y: Stress Laminated Ti mber Deck
¥(**Fpr |l onger spans a heavy deck or prestressing of
requtibriemi t di spl acenme&ntoxedrnd ,piRBr at2iodmy .

D6OANNA ANTONI O
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2. 3STRESS LAMI NATED DECK (SLTD) BRI DGES

SLTD bridges are an innovative ti mbers tbrre sdsgeed
with-shirgmgth steel rods to act as an orthotro
countries due to its simpglestmamuwufadotnumpirmngeand

2. 3BEAM BRI DGES

Beam bridges represent the simplest form of
i mpl emented amsnaged!| ¢ggl ul am) beams pooon @ifi 0th e ¢
l ongi tudi nal pl anks or | aminated panels. This
smal | roadway crossings and general®y feature

2. 3TRUSS BRI DGES

Truss bridges wutilize a framework of ti mber
efficiently transfer | oads. They can achieve
Common truss types include ki#*ng post, queen p

2. 3ARCH BRI DGES

Arch bridges emphasize the compressive streng(
create curved or parabolic structures that fo
spans ranging f9r oams 30b & eor-a7@d umedTngtnesde t wieBir [iNdbg eva y

2. 3SEUSPENSI ON ANDTAYABD EBRI DGES

This structur al solution is generally i mpl eme
be integrated i msttoayseus pseynscteednsar Boya baldeopt i ng t
meters can be achieved; ma we viesr ,netchees stag g d fo
stabilithyeaanagPaeapacity.

2. AMATERI ALS AND CONNECTI ON TECHNI QUES

Ti mber bridges rely exclusively on the wuse of
and | ongevity. The primary materials used inc

T Gl deaminated Ti nMadrer { @l ultahm)t: provi des hi gl
all owing for the creatiomecfti omrsvued teliesmerm
arch structures and beam solutions.

T Laminated VeneelSysuwembetrha(tLVhnovi des super

di mensi onal stability, making it an ideal
responsible for supporting the primary | oa
7(Bell, ,K.p,. 92006)
B(Crocettj ,pR6, 2014)
Y(Bell, ,K.p,. 62006)
X Crocettj,pR5, 2014)
t 2014

21SCrocet ,',E.RG, =

D6OANNA ANTONI O 12



T Crolsssmi nated TSymbemomgc€dddl: of | ayers arrange

other to enhance stiffness and | oad distri
A detailed description of the various structu
and mechani cal prAmpreex i2s, is provided in
The durability and stability of timber bridge
Ssystems. I n this context, the following main
T Bolted and Dbowelaed!| youses: in connections f
require a precise installation procedure a

T SI oi ned®t eel Pl aBne s rhwiisy ma Dofwed scapacity and
in | arge Nor diricgltfienber bri dges

Typical connection in a truss

Fi gliSel odnt eSat e e | Pl a €Coersn edittplofid@@edbset ti ,p R9, 2014)

T Bondend Rods-Tappdi g Thecy epvrsavi de high joint s
need for maintenance throughout the struct

2Connectioni wiphasé¢éotaed dowels. Left: Exploded view of
node (timber | ower chord, timber diagonals and steel h
chord, Oombdbleranidacross beam of steel .

D6OANNA ANTONI O 13



3 PREI MI NARYGIREAND FI NAL PROPOSAL SELECTI ON

Based coonn dtubcetadfohaer t anal ysi s, along with the ¢
structured approach is develTdhre dk etyo aspdekrce s si n
devel opment of this study is the identificat.i
the project requirements while ensuring techn
sustainability.

To this end, dil fifre rdearsty g &1t rpu cotpwrsall sprag e devel
described and graphically representedmakn ndet .
process.

At t he esnedc tiaga retehden tbr i e f description of t he s
technol ogy under |l yi ng t hdee sciogmmp uptraotcieosnsa |l Tahn asl w
of the key characteristics of the chosmesie sttao u
horizont al | oads, and a focus on the primary
choices are provided, along with explanatory

3. PREI MI NADREYS| BROPOSAL 1

‘‘‘‘‘‘

e L= - ~_ // = \%fik\
r_,,,:~::7 ‘ ‘ SR e, _RL_ ﬁ_;i\-\\ —
‘—r o0 //_ I — T _
Figl2eRreesi gn PAopbsakcfivdniwce Front al
(T T \ \ \ | | [T AT
FigluBeRresi gn PAopbsakcMewic Top
The i nidteisalgnprrmpe oposal, devel oped and carrie

considerations of the coFisgthiBduiegqntBe |l ement s, i

This solution involves the creation of two st
and | eft sides, which support the deck struct
inclination i n botghe odmertercyt iroensse,mbrleisnugl ttihnagt ionf

e _____________________________________________________________________________________|
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Further mor e, t he centr al section of t he deck

supported by vertical tie rods but i's entire
structural arches.

Based on these considerations, which are prim
the analysis shifts towards an evalwuation o
compositional schemes and the conceived | oad

The two consecutive arches ar e thhunsg ecdoFacgecpnteusa
14& Fi gumelhi s decision simplifies the engineerl
determinate elements subjected to concentrate
concentrated | oads originate frommndeopeaditca
vertical reactions generated by the decks sup

FigbdeRreesi gn PSopoasalural Front View

FigubeRressi gn PB®p&saluctur alSalsho nkentgiince evriienng

To further streamline the structur al scheme,
el evda@thionresults in a symmeithrninga&ldl ardadef i ndaekra
the structur al anal ysgBfand resolution scheme

e _____________________________________________________________________________________|
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Figub6eTiHregled hSebkemati zati on

The deck is conceived as bei mdolficbenptoiseal odi nt
(approximately 21.2 meters in | ength), support
which are constituted by the vertical tie rod
by the | oads whitchgf omcthendasksi(mple support.
as a concentrated | oad onto the overlying str

SEZ. A-A' SEZ. B-B'

ifi 250

.900

1000,

m@mﬁ

400
£600.1000

3000 v . 3400

Figlb7e(a) ABéc fitlaonng eDe<-IDoub 1Ae diConnect i on B-Bi bwletSha t eBaafr i er .

The decKFisgelcffeeahur es two support planes to wh
These planes are composed of two psreicniaroyn boefa ms
met érrxgbh. These primary beams suppor 2 .nfeetceornsd aar pya
made of GL24 t-smberowi efi @ahsd2mddgLength of 3 met

beamdesriagsiecpl y supported on the two | ateral
The secondary beams support the decking syste
arranged parall el to each other. Bel ow t he s
accordance with the clientesondqugsbeambedy m

connection system, which was (Fdtgl®desi gned at
|

D6OANNA ANTONI O 16



1:] [2] -Na
) OOCO00

| 3000 |

Fi guh8eDRrcokpoSsseti o% r wic Elerne®inmhen &i ons

Further attention must be given to the connections to be implemented:

T Connection between the pri mar yThbiesa nt oonfn etchtei
conceived as a steel frame that encl oses t
to it to gleinlkee abkeihgalyPhe migfei s ensures compl i a
static bbedssmmepoot ed on mul.tiple simple supp

1

[

Figu9eConnection Scheme of the Primary Beam of the

T Connection between the deck and the doubl e

the deck to the structural support, t he tv
di stance to allow the passagenot ht Becpsema
to have a width of 0.2 m

T Connection bet ween vertical tie rods and
considerations outlined in the previous pc

2Description-Ppfmaltgmbeaam: (SdecoOndady2beamDRCk2 ng,PBydd @)m;,

6 x DN286eant Erotection barrier.
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arches is achieved through a metallic el em
the two support planes. This connection sy
structure and ensure tRegRReper transmissi

FigRaodGonnection Scheme of Verdi ogledTiAe cRods with Do

3. 1ANALYSI BOOENTECRLTI CAL | SSUES

The proposed solution requires careful attent

section | ocated between the two structur al ar

simply supported betweeweihgbtanokdesariaadahef éo

suppBrgBre The primary objective Iis to ensure

as | inear and wuniform as possi bl e, thereby ¢

aesthetical |l yi mptleegarsatnegd ainndt oweiltls surroundi ng ¢
25400

FigBtell |l ust DeaclSd cotni conSu prphpiatna ore t2e5r.DH wbhldmplh € eSuppor t .
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i's beam spans a 2%i dniafeidearmsti tdiisnt aintcse sotfat i C

nsiderable positive bending moment i n the i
velop in theparesipeams vieoanautlted i n the centra
i s cewelimag @ odesign solution that does not
am solely in the "suspended" connection seg
address this, the proposed solution i1invol
i mary beams -soefc tiidoennt ipcoasli tciroonsesd at a reducec
sul t in a more uniformhhoad hei ghtercikbi wwtn corne 3m

nsistent al dfhiggRiPtes entire | ength

H H

'
'

—
-

FigR2e MoebecBt e mdett weehr t bAxywrha8I€EI A Engi neering

rtrher attention must be given to the | atera
the arches, introducing an additional compt!
ntributes to makingppdret sr emmaxrn e dwmeirattg ctahhee ahr
mpo-néntmay al so necessitate ansaeantciremmasle ri es it

the additional stress introduced.
alternative solution to the issuesappetrain
ai Asaparate structural uni t consittras.ctTeldi s naly

uld reduce the stresses acting on the arch
nnectiostat rt.henatcln

PRELI MI NARY MHRECGR @GNAL 2

Fi gRBeRreesi gn PAopbsakcR2onic Frontal View
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I

(LT T T I | \ RN AR AR RN RARRAY

|

FighdeRlresi gn PAopbsakcfonic Top View

The second -dsetsriugent up rad p opsrael foll ows the same g
Figa®eaigRdefrom the conceptual @orcde ftteocdciumesalt
two | evels of structural arches overlapping o
vertical tie rods.

As a gener al conceptual starting point, j ust
composition archebhiagedideahéegedmaki hgrebe st
constng®%e( The base hinges are all positioned
structural symmetry tFoi ghfee sol uti on under ana

FigRbeRreesi gn PSoposalur2al Front View

FighabeTiHr egled 'Sekemati zati on

It is important to note that al/l a Thcihse sr ecsounlvte
greater complexity in the conception and desi
designed tovevitihcsdlandeaotmi ons from the super s

The deck design remains the same as in Propos
bet ween the outermost arch and the primary be

To better understand the concept behind this
devel Pipeay

e _____________________________________________________________________________________|
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Lo

FigRv7e(a) Sdéang-dancAvc hiCesnecti on; Obdlas eRatrirad relrwigthéeh .

The | ower devel opment pl ane of the first two
descr iPhogpp odmwe der , it is I mportant to note th
where the third elevated arch is positioned,
bet ween the two | ower arches.

This configuration allows the tie rods to pas
securely to the upper arch. The space between

be sized to accommodatedbothle thevpaptiemamay cthe c k

From a connection perspective, compared to w
hi ghlight the presence of a third type of conr
the connection betweeneuwditeedsiearntdltails td enaeptsu
t hat encloses the arch itselFfi gRgesuring the ¢

FigR8eConnection Scheme of MeamtgiedalArTihe Rods with

e _____________________________________________________________________________________|
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3. 2 ANALYSI S OF POTENTI AISUERI TI CAL

This structur al solution presents sever al croi
structur al connections and the distribution o
The first critical aspect concerns the intera
| ater al primary support beam of the deck. The
and both pass between the two | ower arches.

To enable the connecti on, it 1Is nec@Esgd@Be to
creating a specialized connection that foll ow:

involve the construction of a bearing shoul de
| ateral support béamoldfowt lae chend k nwowlsd bsetaim s
but with additional <c¢closer support at the int

\ ~
TSSO

~

™~
s \\.

FigRoelnterr Cpni omuidé gBe@fn t he

/
/
/

Al t hPugpadssalcocnhceived to reduce conetemug aaleldo wi

for a smaller section and making -the bwadal}l:
mechani sm represents an additional <critical =c
The fundament al i dea behind this configurati
bet ween the | ower arches and the elevated arc

half of the | oad from t hte dd d ok ,c egge rmenrda ssii rgensi ¢f a
comparPkRrdoptogalg3Re Howeompl,axi $gs from the neeq
mai ntenance to ensure the proper functioning
Ssystem.

e _____________________________________________________________________________________|
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Fi gBbeExampt er hchalbi ¢ r iComfigonrati on

| f variations in the I ength of the tie rods we
the | ower arches would no | onger carry only |
Considering such a s<cieomirng® twhoe |l ar clreaegsiwiet i an
oPropowlatli mgtely nullifying the benefits of i1
simplification.and material savings

3. 3PRELI MI NARY MWHRECGH @GNAL 3

With the aim of provi di ngbaas esdt rtueccthunaoal &d gayttebeerrne
possibility of i mpl ementing a solution using
examined with the objective of establishing a
empl oying a support st rnuctgweroemedrayr aacntde rsitzreud thu

[ | [

[ X
+BB.530 H Ls 850
+35.000 "=
v =l LV
+33.000
\—’J\ v

B 00

FigBteRreesi gn PAopbsakcBonic Frontal View

Fi gWwrle hows t he proposed architectur al | ayout
superstructure. The entire superstructure has
(approximately 90 and 60 meter sant ltyh edipfrfeesreemn
necessitates the definitiotbhse@fana rhadii gohtf otrh dth e
Specifically, taking the maximum span of 90 n
beam height of 6 meters.

Further mor e, to ensure the <correct di stribut
inclination angle of 45A with respedki d®oPpdhe
This choice allows for the inclusion of el eme
ri sk of axi al instability.

e _____________________________________________________________________________________|
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|/ \ <
L[] )
FigB2eDet aGdonefDirmbcasi o% g uacfodtrualiedo yht Tr wufBesdfiha nldc | | Magi enof t he
Di agonals (45A)

Based on the architectur al l ayout il lustrated
|l ongitudinal devel opment plane of the structu
el ements aligned withishwappdekbBeopropertruangs:
i's ensured, generating predominantly axi al fo

bendi ng moment s.

From the architectudabki gnhpmej €raitgsBifsduidgdufedabp p
i n which the cesrrtddtoincnaraendanarlogsgsesd in detail

— i e . JEE—. S— S— q——— m—
|
I
|/

]
hasao | | 35(850
+B5.000 v

L2 S —
T 23000 / - =l

FigBBeRreesi gn PSoposalural Front View

FigBdeRreesi gn PBOp&salcBuralSalshoneentgiince eviiienwg

e _____________________________________________________________________________________|
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The entire solution has been conceived as a s
simplified statinci gsBebked mea,r | g hownd ustrates how
composition includes four distinct truss beam

YAVAVAVANVANVANYA N AV ANVANVANVAN

Fi gB8beStcah e me Tod Besahmes

The truss beams rest respectively on differe
appropriate distance (corresponding to the b
These beams are not positioned on the same pl
side by side and connected by metallic join
representation of the di svtirdiebdu gBnée wohi chher €56
exampl e -odctai emoasfs the deck.

I —

Y o)

- i

[ttty 5

Fi gB6aelro®xsti odbeok Abhange melnt Besafmstbh)e-S€e bisen f Moode$tCheA 3 D
Engineering

The arrangement of the structur al el ements ac
double | ower chord, which is consequently | oa
clear reduction in thestnessaeasal otompeessrirveca

corresponding r-edocitoows oh the erFremsents t hems

The sreesson i s also conceived dbe abzoenplwbesams o
transversely to the | ower chords, are designe:
the static and computational compl exi ty. Thes

e _______________________________________________________________________________________|
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on the upper ends of the trusses through stee
connection cages (asFisghBogpwven i n t he il l ustratio

Al | connection el ements are designed as hinge.
and | oad transfer typical (FoifgBtfheeTMasr eontepsts
both to the connections between the diagonal
connections withustisneesuplploytdegi gpnedssteel col
structur al conditions under analysis.

Fi gB7eDet aHilngogfa nércet i drnusBesain t h e

3. 3ANALYSI S OF POTENTI ASISUERI TI CAL

Th&naltyzesls solution presents several critical
this structural solwution is constrained in th
bet ween the span and t htelayheelgbssoiffthessraobkst

The geometric r atainad I« ehtbwdheen lythhe rauapan was set
truss heaneghttosofa 6Gmaxi mumetsepadhi 6 90om a cons
perspective such di mensions contribute to inc
to a superstructure of considerable size and
i ntegr dtheed swirtrround.i ng environment

An additional critical i ssue is represented |
strutheurperresence of 47 diagonal-himegbeércomnesat i
el ements reaching | engths of wspteteoabhldl metcered

to a significant constructiromrawh@mlckx iithy,t hveh is
structural solution.

Moreover, to maintain the superstructure with
fixed support at both ends (either pinned or
compl ex interweaving geoméigymeht tbe thasseéal
superstructures, necessitates the creation o
concrete piers. Al though relatively simple tc
make thepperaucbut &i @ar and heavier to the nake

e _____________________________________________________________________________________|
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The chords are also conceived as single GLT |
meters. Although this does not pose a probl em
i ssues in terms of trantsiporindmgasei cs, cbendi
construction process.

This issue could be addressed by introducing
half the original | ength), which would serve .
itself, without alteakhngltherteadedtstonbutio
Finally, the distribution of the nodal | oads
structural solut\Wi omourntemaimoscemte ad maldy aingd, i int
to determine the actual |l oad distribution in

change at the extr ¢ mintsiuese mahye ed fredt e yearsyt ru
el ements.

3. 4ADDNI ONAL PRELI MI NARY DESI GN CONCEPTS

The structur al anal ysi s -cae smegdn asto | cuda n coenisv i chigd
presented in the previous subsections; in faci
di scussed bel ow, providi nghey cwerag explluwdead i
computational process.

The underlying approach foll owed for these ad:
arch geometry, whi ch was, however, devel opec
including the possibility ®fnscaomhihninngt hraulstai

configuration.

FigB8e -dPrsei gn PAopbsakcdonic Frontal View

The -dpersed gn pr opFoisgaBlgwelshlo war ¢ mi t e c fwarsa |c ornecperi evseedn

combination of a structur al arch bridge typol
beam technol ogy. The objective was to decompoa
and tensile foreeseldmenttiedi nntenghbortthereb
capabl e of spanning a |l arge distance, as requ
The main issue with this solution |ies in the
increases the construction complexity of the
the proposal as it wasnteenadmad stco@ ec mmp It enxe fpare

e _____________________________________________________________________________________|
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FigB®eRreesi gn PAopbsakcbonic Frontal View

An additional hypothesHizgeBd® esionl uthiiocnh itsh er eupsree sc
proposed, with thlowsrodnd ear cThhilsawionguta on i s
considerations rather than structur al ones. I
system more complex in terms of | oad analysis

An arch wi ttho issue hr at isgppagener ates support reac
structure with very high horizontaldepdrmpene ntc:
analysis in the desidrmadf, thloevefveeund dtaild rss oudrs
study.

FigdbeRresi gn PAopbsakc6onic Frontal View

The same concept wadecioqsi slelr eRdii gddresvitidiven pirhree
di fference being that no inclliomedcluppbrs al
solution requires an additional analysis of t
remain unsupported over a significant span.

Obviously, the issue not only results in high
-and more-xfrfigatcsad dyei emosbs the centr al porti
consistent structur al composition throughout

be designed with ssiegniifoincsa nthlayn tlihaarogseermacergaisnsg e ¢
of the deck.

3. LCOMPARATI VE EVALUATI ON BETWEEN ARCH AND TRUS
TSELECTI ON OF THE FI NAL PROPOSAL

I n order to make ngheroeeissi oregarding the fin
possible, a direct compari-gdeni g calutiedn®utt e’
design Solut-desai dm &@oldu tmRlriren g3 Or, e scpoercrteisvpeol vy t @
sequéeéngdfieand a truss be&am8pteruct ur al solutio
|
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This comparison is not condubéebduwifderm Itahsedisphe

aspect is not deemehld.i sitrsifaayokty, rteheevtawnot st ruct u
of conceptual desi gn, since it is precisely
engineering standpoint in terms of structural
The first poi nt of comparison |ies in the su
reflected in the distribution of | oads as well

1T The arch sol uti én,ngiede alricze ddreds etrgmuterixaisdit da it 1

internal axial compressive forces develop
These forces result in support reactions
vertical
1 The truss solution, on the other hand, fe
di agonal s, etc.) subjected to concentrat
compressive and tensile forcerss watt htime t dix
supports, which are also simply supportec
Al t hough the two structures are conceptually
i's a substanti al di f f Bhree npcree siem cteh eo f s vap phoorrti zroe
reaction forces of the arch solution necessi:t
significant horizont al actions, with el ements
I n contrast, for the truss solution, the supp

design of wverticalsedteirosnswittch sawpgEoupd ek hcea oaspsp |

edge

AL,

Figate(a) Foundhéi Anch Struct;ub)owndet ilmie | irewds £l Rememtwi t h

Anot her point of comparison concerns the volu

the two structures, it is possible to perforr
proper cB8agpead ismna base cost, and assuming the
structure, the total volumetric footprint can

e _____________________________________________________________________________________|
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Consequently, greater use of matwer igdlt rods ulhtes

but also in a rise in cost, which could be si
To accurately assess this difference, an appr
i's carried out ;s ecconisoindse rainndg |tehneg tchidexsoqrs | plea =«
calcul ated volumes, egmpasseddand thbnhnhcmmketepsk

cost of 560 U/ mindtit tanedi vied) ues iismppurtealnt t o cl a
comparative purposes between the two solutio
cobbmating manufacturing company. T&h3keresults

| PREDESIGN SOLUTIONBLUME COMPUTATION
ELEMENT CROSSSECTION [/ | LENGH[m] | NUMBER VOLUME [fh

Arch 1 [1.5x0.25] 0.75 86 4 258
Arch 2 [1.5x0.25] 0.75 63.65 4 190.95

SOL.1 PrimaryBeams [1.0x0.2] 0.2 134 2 53.6
Secondarpeams [0.2x0.4] 0.08 3 48 11.52
TOTAL VOLUME 514.07
EENf ~ NE?HA A HsEtHaeP X MHKk o G 28790

Diagonals [0.25x0.5] 0.125 8.46 94 99.41
UpperChord[1.0x0.5] 0.5 134.53 4 269.07

SOL. LowerChord[1.0x0.5] 0.5 155 4 310
Upper Horiz. Elements [0.25x0.5 0.125 2.75 40 13.75

Lower HorizElements [0.5x0.5] 0.25 8 20 40

TOTAL VOLUME 732.22
EENf ~ NE?HA A HsaEtHaeP T MHKk o G 410.04

Tab3t eCompBmmhbil@ahcul ati onFooft pvVadInu matnrdi €Cost Esti mati or

The analysis reveals a clear volumetric diff

sol uBaisoend purely on mathemati cal and indicat.i
Soluti os approximately 30% | ess than that n e
Consequentl vy, the associated cost al so shows
especially when dealing with figures approach
Referring again to the data presented in the
varying dimensions is considerably higher in
inherent to the structiurms twcheceptesdsihee dadmms
the truss sdevekalmeert swahth accecooebt gbnésot hathe i
purposes.

Mor eover gosifndehitshestudy is the selection and
possible within the context under consi derati
selection of Solution 1, based ocnonap asrterdu cttou rtat

beam sol uti on.

e _____________________________________________________________________________________|
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By adding these considerations to those discu
aspects of each solution, as wel |l as visual
corresponds to t habDouibdeentsitfriblecd) w3 |S calructhi o(n 1:

3. SRATI ONALE FORNGETHETARCH BRI DGE

The most suitable solution chosen is a bridge
di stance and sustain the applied | oads.

The choice of an arch system is based on cons
in timber bridge confsBatusdadfovin, cds geamalrywdé¢dg ianh
up ti®0 7et er s. The specific site condi-$pams ¢
configuration, with different span | engt hs,

Specifically, the first span #s wtlisligntelde t e ¢ a
span falls between 55 and 65 meters.

The variability in the span | engths is direct
horizontal span of approximately 150 (N5) met
di fferent | engths, dreeexndli enxgt ech rsiesvee-sa@fh ntf lmea t at
and the support | ocations chosen based on bot
analyzed section.

Furthermore, the design of the arches <consid
constraints, which define the boundary condit|
the presence of | arge vebkBeselasafnavidgatomhgt hdes:e
vertical <c¢l ear aneleanoef r70 andewtaeyr sf,o ra nhde aav yt woe hi c |
a clearance of 5.5 meters, significantly infl
n stespan ratio that can be accommgdg@aeed within

150000

90000 60000

+36.530 +35.850
B “mg /&E v

+33.000
‘ v

Fi gd2eFEoatat i Benf eorfiersag i metct iAonh Warnd t Clceaalr Remaud r e meQ@btss accfl etsh & o
b®OvercomMppaaoadliemetl sHafnstCoawebed

2Even though the maximum project span to be covered i:
theoretically feasible or prievatcm@Gdftf hi snstorscnhned Pppases
The following sections describe the static st rhuicntguerdal

arch dyhset aim.e -hoifn gae d harrecen al |l ows for the division of thi
t wo segments. Furthermore, the primary chall enge does
l engths but rtadathieon focomsttmrainstpoor In this specific case,
the segments via ship, utilizing the services of the n
t e

i s Erovided i n rtsh.e subseﬂuent chaﬁ
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3. 6GENERAL ANALYSI S OF THE ARCH STRUCTURAL SYS

The arch structur al system i s one of the ol
construction, particularly in the design and
Abutment Spandrel column e D Wall-type pier
ll(\ / S / / [
> : o Extrados

Foundation = Springing Line

Span length ‘

FigdB8elll Dsbagnéa i efucCdunepaoln e nArscBroifd Beaf erTen cmé nol dDg g ¢ u 8(SA nbi er

Khorraminejad, Mahmoud R. Shiravand, Mohammad
The primary advantage of an arch system-|lies
structur al |l oads through compression within
mechani sm results i n a pduerveellyo panxeinatl oafc thieonnd,i npx
the arch itself. This distinctive characteri s
to dspmag structures, providing excellent resis
The optimal structural shape of an arch can be
cosine function), whi ch, I f subjected to ten
inverting this form, theadesulstirndpugeometmey h
exclusively HRing4ctoempHoensesviean (t he stability and
are directly dependent o n-u ri ihfeo ranp pll 0 &dli N g ado ndc
di fferent forms of structur al instabilbayedTh
on the alignment of the thrust -beoatjioenefiri he
mai ntain strRicgdupreal stability (

PURE TENSION

S N S N S R ) -4
- i | l
|/ 1
].. f
o g mette
K, . B = parabole
- 76;11é|1&|1‘,\’ Y\f\ > & :(,rfé
---= Parabola )
Figadel |l | Ds & gnéb imGadfe ntalPayr aalbr@dinic@pppt! i e dr ¢Sor t tBujrectPuv e of
Compr es sCoanp aan & o Ga svdPudife h igoGe ns F. , Desi gn an@h aQotnesrtArOe3dbt i o n

Bridges, 2024)
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polygone funiculaire
des charges = ligne
d’action des efforts
intérieurs

Fi gdbeSchbtdraitsita aThirodds neef wti boednign t tBdtet n aolir olf Gé he F. , Design and
of Br-ChgptelrAr0c3tbh Bri dges, 2024)

3.6STRUCTURAL BEHAVI OR

Arch structures can be classified based on th
deck.

The most used solutions in structural constru
a static perspective, these configurations i
di stribution of reactiontifonm cefs Rinmdg enshmeEmagiesd. e
arch ®ystwmm ch represents an isostatic struc
settl ement | s shuiensg et &ipa tccabl h eo fghraenyevmod en dfthe, cr ow
t he | sostbatiitntyse lpemesntbi | ity to not care about
(Fi gape

(a) Hingeless rib (b) Hingeless rib (c) One-hinged rib |

(d) Two-hinged rib e) Three-hinged rib

Fi gdbeStSanhemescBof digpol ogi es wHithg@&anwi E.houtDesi gn and Const
Chapt elrAr0c3th Bri dges, 2024)

Beyond these fundamental static schemes, more
stemming from the arch structur al typol ogy.

Anot her key classification criterion for arch

arch solutions can support the deck in three
the deck above t hveerariedslt igemsertaiathgmumotn be pr
foundation design. I f the deck is pobBowstomieng

5The mhmged ar ch szsidemiigfm lasmeldiisnd‘elserﬁ'lbed in the f ol
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ar ®ho, which produces predominantly vertical
placing thel aealeelk radl at invied t o the structur al e
previous two configurations.

3.61I RSTABI'LI' TY PHENOMENA

The structur al solution of an arch bridge 1is
compressive forces. However, It i's subject t
thoroughly analyzed and anmdressetdi ¢ &t ictaegrhm @ a
durability.

The collection of geometric and structural da
systems | eads to the determination of an opti
ri se and its span. This range dk?pressed as a
Once the stability range is established, the
of the arch reactions, considering the applie
acting on the archhi nBesedhemb,atdenegralctti wen f o
in a straightforwagdymanner as foll ows (

u‘ l l l l l l l l l l l l l l l l H Uniform distributed load g Half length section - internal forces

s N L

Tq.L/Z

M — global bending = q.L%8

Fi gd7 e SRadadlcBthieom&€Ca f ou ISap p Reptc t-il Gee s  F. , Desi gn an@haotnesrt r uc
03b-Arch Bridges, 2024)

0

. O B "m0 ., Y g

U 0% v v Q0 O nqj‘Q
Moving on to the analysis of instability mode
T OQuofPl ane | Alsitsaabtiypd yaof instability is char
|l i kely due to a | ack of | ateral bracing. T

as a straight coliymreqwitval @ntot @l thengtlstla
bracing Felgament s (

®System described i nBOWSBTRONGOHRPODGEGNsect q]

i on
ens F. , Design an aCpot nesk A 1 t BondgéesBr é
(G i Gdh a(p Oo3bbt Bohdgtet rO6ges

8T he hig‘herthiesHbﬁ)wer is 0
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= 4=/\:
—_—
N———

Fi gd48eOut of PlSamendceatsalri |l it Pesi gn anah afpotnesrtAnOudht Bom dgfe sBr i2«
T Snahrough IThssabypetyf instability occurs
arch, widmpam matiee g.r elahheerd dfhcaarnmati on assoc
mode i s instantaneous, |l eading to a sudden

excessi ve Hiegdopremat i on (

Figd9eShhApough BenhsetngeBéehstl. , Desi gn an@h aQotnesrtAn0edtht Bom dgfe sBr i2
T Il ane AsymmetThi e Instability: mode occurs
asymmetric |l oad, which induces |l ocalized d
portion ofFitdtep es tTrhuicst utryepe( of i nstability a
directly related to the calculation and th
" Ncr
S % | l
8 =&
p Ner — oS
stmplhification v
FigbbeRPlnane Asymme &rhieane$ mmsnpda b 4(iCGeanysi oFn , Desi gn an@haotnesrt r uc
03b-Arch Bridges, 2024)
. © 00 ... .
V) U—US'HD |2?

From the ca})culhraaé¢e omaiom WNeference cases ar
-0 o0 YDesign probably to review

- o0 0 pti Y Second order effects mushedr
calcul ation needed (FEM software é). An

calcul ation with European Xb@cklalngo,cua v
h

29 Y Y O1ERE £ 0 BEQ K H DAY N 'QE QITENE £ 0 @ 'QQ
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approxi mation can nbtehef eslel coswseodn, awidtlhc ul at

7
-0 pti YNo instability to3heck (very big

3. 6 MANAGEENDFHORI ZONTARUST

A fundament al aspect to consider i's the anal
struwkttdme an arch structural solution, the de
schematic chingbi)geur ati ons (

T Arch with HAhegharsah ffeneisst:s hori zont al | oad:
foundati ons.

1T Deck with MHoghzebht &F nkeads are transferred

T Deck and ar ch Whitsh shalguht isatn frfensewslst:s i n t he

rigid structural system, providing excelle
costficiency ratio in structural design.
— ]

Fi gbteExpl @inaagtroarny3h roBiestcir €atseeds Diwfi ft &riefnDin®etssi butSi ons({ Gme $ hE.
Design and Cons-tChuptticlrArOc8fb Bri dges, 2024)

3. 6BOWSTRI NG BRYMPGIEOGY

Further preliminary consideration must be giwv
These structures represent a solid alternat:i
variation in the direction of support reactio
of the vertical el e nmeenvtast eadn da rtchhe rdeentaki ,n swhiinl ec o

arch solution ppgrigwipeusly described (

The structural geometry and the direction of
suitable for situations where terrain morpho

% Gens F. , Design anChaGotnesrArOo3tbt BohdgésBr2ogds
S'Depending on the chosen structural solution (with hiocg

Earticularlz wi t h refe—mleinfccermloxd@ifstrrmiah)mtoe]d; Loaeds @aoni |
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horizont al forces. This configuration enabl e
accommodate the resulting | oads.

.

compression tension
Fi gb2eBowBrtirdsgnege n'Ce mpr es sTea s Foarncde s Sirnu ctEhuermeelf Gens F. , Design
Construct i o0haopf-20Bobivdges ng Bridges, 2024)
From a structur al perspective and in terms of
dual behavior al response depending on the uni

condition correspondind boa ahenstoumturdisthe
arch, effectiarcdghadeimpinEé& rating

Fi gb8eUni Dos metddbardedh Behavior of -(tGeensBoFvst,r iDnegs i Byrni daghed Con s
Chap-20Bdbwstring Bridges, 2024)

I f, on the other hand, the |l oad distribution

deviates from that of an arch, responding 1ins

beam behavior).

Anot her key aspect to consider is the <calcul
|l oading conditions, the system responds with
described for the arch ctoerf,i gwirahi omei fh undaen
concerning the horizont al reaction H. I n the
or fixed support, whereas in the bowstring co

wi t hidre cRkihg(s # e

e _____________________________________________________________________________________|
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Half length section - internal forces
<«— Narc

i If
—> H

Tq.LfE

Fi gbdeStcanhedmeResah Fonces for Brha@gBewst Fing Design an@ha®on0s3dtbr uc
2-Bowstring Bridges, 2024)

3. 6SEENDERNENDS BRACIONG | DERATI ONS

Analyzing the bowstring system from the persp
toward the ratio between the rise and the spa

range v-al s ahewing a greater difference at
range for the classic arch solution. Furtherm
most economi calglpywne frfaitdaiogntwhriieshe corresponds t

As with the c¢classic arch solution, the i deal
conditions (Fisgihe catenary

Choosen shape
parabolic |
« more dynamic »

Parasitic bending Arch ideal shape

moment due to the

choosen shape |
b

T T T
AT (T
I
FigbbeBowHtergilag@at en@Gegns F. , Design anGhao2oBoows ¢ ri og &F i Big
2024)
The structur al composition of this solution a
instability, particul ardpyaoenderfoirmgtl anesr allol

bracing el ements arenesnst raomddicetdr u ot uernahla nctea bsit
transfer and preventing excessive deformati on

e _____________________________________________________________________________________|
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Analyzing the structure in the transverse pl
foll owing aspect s:

T They are a function of the nor mal forces w
T They are directly influenced by the stiff
bracings incorrectly relative to the struc
rather than mitigate the | ssutei.oBr@aii mtgsofs

creating a configuration drheapgenmaexnitmi arest h
sti fFngBBe (

_—
Nl

)
W

Fi gbh6eExpl BinaagtroarnCoa fr Rotcsitiet | Bna o fn(gFe ns F. , Design an@haQonstru
03d»-Bowstring Bridges, 2024)

T The | oads from the hangers are correlated

(Fi gbYe They follow the movement of t he s

within them contributes to the overall st a

La

g_ - " %

+ >

Figb7veHangekeasFfbaadati on oBritdh@&dBroswsRkE.ri,ngDesi gn an@haQo20s3thr uct i
Bowstring Bridges, 2024)

2The upper diagram in the figure represents an incorre
point ofThtitse pmesdda i oning has no stabilizing effect on
the correct pl acement of bracings along the structura
stabilittngsefmportant to note that the bracing system
Ot herwi se, the passive addition of elements that merel.y
stab|I|t¥.
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4 | NTEGRATI ON -SOFRUINONURAL ELEMENTS
From t he sdtersuicgtnu rsatludpyr eand t he selection of th

involves trréemeheassi beedbéasunahn. Since these
acting on the deck of the structure, they <co
necessary to select them based Dastiymat e shlaei
structur al contributions.

I n this regard, the selection focuses on the
pavement package to be installed on the bridg
Starting with the | ateral parapet, itdAssetecs
not designed to host crowds or |l arge gatherin
category between Class |V (seldom used footbi
ensure continuity of pwdgstoraaexpaebhwaggsal ani
for standard use, which may occasionally be
|l oaded abeos enti e Peemariimigngs,urifraceny case, W
footbridge subject to occasional crowd |l oadin
the |l ateral parapet Gas egongt3iBe lwaag da piad em tnii fmiuend
|l oad resistance of 1.0 KN/ m. Accordingly, an
provides a consistent design vision for the e

With referencidl uecdAhamcompangtractanr exlenpil @gn @1
is selected that Undetrs tthieasneapreei nidt, Oriita z@rnd vei

horizont al | oad capacity of 2 kN/ m witFh gar®pa
58.
The parapet i s atameraafdo #sét oouartsuirdaelr edoad wi t h a

o e ) ) e e g
|
|
T T T T
WS N
[
NN W

Figbh8eExampt endaParyapRradestriigmMliBirmidhdga m Parapets with Perfo

3¥(Gens Fwith202#4krenc o the classification provided |
to th I

e t
¥With reference e classilf.i cati on according to Eur
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Moving on to the selection of the pavement pa
of mai ntaining the entire deck se)ctalotnerinmatti iv

opting for a solution in a different materi al
Since it iI's not of relevance for the devel op
flooring system is adopted, to which a maxi mu

of 50 kg/ mJ] are assigned. chuwritclree rmacgo nfsilderwat i

e _____________________________________________________________________________________|
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5 RENDERI NG ANDNMENWIIARO | NTEGRATI ON

Foll owing the selection of the final Sstructu
devel oped with the aim of il lustrating the i
environmental context.

These i mages are intended to provide a compre

highlighting its spatial rel @aheownwsbBiup!l wist mut |
generated based on the specific characterist
understanding of the bridgeds visual i mpact a

A selection of thei smopt es e’pfroecdueshienagb wovne tvhioeswes t
the understanding of the structural i ntegrat.
devel oped from multiple anglAnineeaxo d3t Wiee m@ao inn td<
for further reference.

RendelrAenrgi al View of the Pedestrian Bridge Over

®For the renderings,tavdedi canédsiabewitbhioreaeetli st o

mor e easilz accessible within the document, bz Elacing
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Render i bgngPeuodpeative of the Bridge from the Ri

Rende3ri 8gde View of the Bridge and Ramp Connect i

e _____________________________________________________________________________________|
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Rendedr i dgderside View of the Main Span Above t|

Renderi dger Perspective from the Pedestrian L

e _____________________________________________________________________________________|
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6 STRUCTURNALY3AIN® LOAD ASSESSMENT

The foll owing chapters present a detailed ana
in the selected structur al configuration.

The analysis was carried out in accordance w
Eurocode O, Eurocode 1, and Eurocode 5, as v
pedestrian bridge | oading andedstusiicngr al F¥r
specifically created and | oaded with the appr

bwppl isdanldear ds.

The results obtained from this numerical model
manual analysis, which was conducted based on
and force modelling, to vYeuifwithetbensekptehey

It should be noted that this manual verificat:i
although it was effectively carried out as a

6. LOAD DI STRI BUTI ON ALONGESBEBGTURAL

Before proceeding with the analysis of the 1o
the |l oad distribution on the structaalecuasatal
procedures that will be developed in the foll
To this end, simplified diagrams of l oad di s
structur al |l evel s schematically described as

T Structural LewbDetIettilbonmths verreseapplied to th
transmitted to the secondary beams as di st
supported on the primary | ateral(Fbgahs, g ¢
which then become distributed | oads at the

Figb®eStruct uGralp hReapadd s elnt &ao i Dies torfi btuhtei o n

e _____________________________________________________________________________________|
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T Structur al LéxtedeBeadImsP rog midTthye | oads from Str
lsummaniszedipport reactions of the secondal
them by the spacing between tmed)eyescendatyn

di stributed | oad along the primary beam.

directly on the primary beam are added, su
of the pri matrryucbtevarng | npoenr maareental | wads i erof
onto the beawei gamtd dfhet el beam itself. T
approximated as simply supported beams on
steel tension rods conlhiegéiRae |Itho tthhes swtaryy c-
reactions at teeandslho ineeedse i meddme verti cal rods

e

B

T — =k : S - |

FigbeStruct uGralphRevwdbedt akoirdesof i bhhéei on

T Structur al LevAelchdds B3f dighdceumeadt ed to the
vertical steel tension rods, the arches ar
spaci nmetodércho.rr esponding to the tensile rea
t he (Fiog&Gl e

FigteStruct uGralp hBeapadd s e3nt &a¢ i ®iexs torfi btuhtei o n

T Structur al L €viemaBedg msCemd tr vad & i utc tAa ¢ taidish e

configuration of the deck changes in the a
| ocated on the | eft) and the subsequent tw
the deck section is comprogietdu difn glrliynaral Ib e
at both ends by transverse beams, which se
Il n this way, the | oads from the decking sy:
beams, whi ch,t hhenm tausr npoitnmtanrs€aeat i ons to th
simply supported el ements. The transverse

e _____________________________________________________________________________________|
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pri mary be-abnys,apwhrioextiamatbe ntreated as di st
transverse beams (by dividing the point re
At this point, thetwmoarvestaretrisen $ eamiso gtemee rbad
arches, which are added to the (Fogdeal rea

Neonre) EeRoye

[T o=

Figé2eStructGr alp hRegadels et &d 1i @ies torfi btuhtei on

6. 2 OAEVALUATI ON

With the aim of making the steps foll owed as
considered during the analysis is prov-adeds, T
within which the specwfitb thpes oEtspeatsvarea

6. 2PERMANENT LOADS

The analysis of permanent I|-otardwscti sr ali vp elrerda n el

6. 2. AERMANENT STRUCTURMATIEE®RABSE PROPERTI ES DEFI

Structur al per manent | oads are strictly relat
under analysis, the entire structure 1S coNnce
ti mber (GLT), except femalthensteal rodeneatido
which are designed in S275 steel

The structur al el ements are further divided i
the primary structur al el ement s, GLT26h i s sc¢
GLT24h i s adopted. |t shoulsd basedotoead st laat c

particularly with r espwecitghtto ovfertthiec aslt rluocatdusr ea.

The properties of the two selectTeadd.GLT types

e _____________________________________________________________________________________|
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TIMBER ELEMENT PROPERTIES
GLT SECONDARY ELEMENTS PRIMARY ELEMENTS
GL24h GL26h
fm,g,k [N/mnf] 24 26
ft,0,g,k [N/mnf] 19.2 20.8
ft,90,9,k [N/mn7] 0.5 0.5
fc,0,9,k [N/mnf] 24 26
fc,90,9,k [N/mnd] 2.5 2.5
f,v,g,k [N/mnd] 3.5 3.5
f,r,g,k [N/mnf] 1.2 1.2
EO,g,mean [Mpa] 11500 12100
EO,g,05 [Mpa] 9600 10100
E90,g,meariMpa] 300 300
E90,9,05 [Mpa] 250 250
Gg,mean [Mpa] 650 650
Gg,05 [Mpa] 540 540
Gr,g,mean [Mpa] 65 65
Gr,g,05 [Mpa] 54 54
g,k 385 405
} g,mean 420 445
Tabdt eTi Pnloepre+(tNBeNs EN 10480, 2013)
The | oads, individually calcul ated Tlabdi eeach e
STRUCTURAL PERMANENT LOADS
ELEMENT DIMENSIONS [m] MATERIAL q [kg/m]
Primary Beams Deck 0.2x1.0 GL26h 89
Central Primary Beams 0.25x0.9 GL26h 100.13
Primary Beams Arches 0.25x1.5 GL26h 166.8
Transversal Beams 0.4x0.6 GL26h 106.8
Secondary Beams 0.2x0.4 GL24h 33.60

Tabst eStructural -®Pefrlmgahmht Loads

6. 2. AERMANENT - DRUCTURAL LOADS

No-structur al per maneweti glhaaad sl ienlcel muednet st hceo nssei | dfe
not constri betebalbity. These | oads comprise t hi
the wooden decking system, and the six DN2O0O

These |l oads are sum@mdd®ezed in the following

%l n the table, the |l oads are reported either in kg/m o
The | oad related to the piping system has been cal cul at
a generdcihigially assumed to be wasect{oohsi derpngvao
in the earlier chapters, a nominal l oad of 50 kg/ m] 1is
rel evant tshpeanamdallryisnigs phase, since the primary directi
anng the deck Iazout. The | oad associated with the | a
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PERMANENT NGBTRUCTURAL LOADS
ELEMENT LOAD
Pipes (6xDN200) [kg/m] 220.09
DeckPavemen{kg/m?] 50.00
Lateral Barrier [kg/m] 15.00

Tabet e Per manSetnrtu cNounrMal uesads KRg/ m and kg/ m

6. 2PEDESTRI AN LOADS
The pedestrian | oad i s ENe0-B®ed 3f r oSnd’cAt hveenptrd acdi

pedestrianftra@®ics| oafdli méd, along withdl a con
equal to 10% of the vertical |l oad considered.
are therefore combined within the same | oadin

6. 2SBOW LOADS
Based on the provi si-30:n2s6r0eFg af wri ;nogo d eh eEN all Ul a't

with reference to the Belgian National Annex
the values to be adopted, t hFei d6opaeda nitda hdhas «rud a
6% eported below, as foll ows:

Région Centre-Ouest : charge de la neige au niveau de la mer

,/Jfr*;

Hs
i

ZomeN® | kNiw®
.\-4!!

1 0l

B
-
(24
]

- Y N

2

d N

o T

T

A . “‘kl\
%0 1000 ilométres

Fi g68eExposur eSnZoow eL oMaadp Naart i Benlagi Bm | gi an Annex

tures & Relevant Anne
tures & Relevant Anne

SCEN 1BP®Wrlocode 1: Actions on s
EN 1B®rlocode 1: Actions on s

— —+
- =
c C
[e 2N @]
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Tableau 5.1 — Valeurs recommandées de C, en fonction de la topographie

Topographie C,

Site balayé par les vents : zone plate, sans obstacles et exposée 08
de tous c6tés, pas ou peu protégée par le terrain, par des
constructions plus élevées ou par des arbres

Site normal : zone ou il n'y a pas de balayage important de la 1,0
neige par le vent, a cause de la configuration du terrain, de la
présence d'autres constructions ou d'arbres

Site protégé : zone ou la construction considérée est beaucoup 1,2
plus basse que le terrain environnant, ou entourée de grands
arbres ou encore de constructions plus élevées

Fig6deRecommeén diBdB | @ ct iMorsComnfs etr Ve tuiev e

Cz8 28 2i QUG

—_—

A (altitude ASL) [m| 180
Z (region param 4.5
S [kKN/nv] 0.916135
i 0.8
Ce® 1.2
Ct 1
S [KN/m”2] 0.88

Tab?t eSnow Weight omputation [kN/m

6. 2WAND LSOBAD
The wind action |l oad is calculated id5ac®eBdar

Fig6beDescr i pit hems iodinrtehctniddrh sGhil c utl-lEdN | DBD 1

't i s important to note that, in the present
from thaFigabew8peoni facgaklys taldepyed to indica
transverse t eaetchta ogne rodr it dieex rdeeske f ewhs |teo tthhee zv

®The selestlokd D6l Cows a conservative design approach.

40SEN i1PB®rlocode 1: Actions on structures & Relevant Anne
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the sake of calcul ati on -dsiirnmepcltiicoint,y ,p atrhael |wveiln dt c
of the deck, is neglected.

6. 2.WI.ND FORCE I N HORI RERTAODECK ELEMENTS

The wind force in the horizont al direction i s
“Oﬁ Ez” z ) zézaﬁ
C
Wher e
1" is the density?3of the air: 1.25 [kg/ m

T 6 pis the exposed -di eactlomohnthlree wd ansde f inrs dye r
represented by the height of the primary b
of each segment, which is assumed to be eq
approxi mately 2.6 meters.

T vis the reference wind velocity.

16 wzowpis the wind |load factor.

f ®is wimed exposure coefficient.

f wpis the wind action coefficient.

Al the aforementioned factors are subsequent
which i s assumedGr ounbde 0Gliatrsusat,leldviitrh a ofir espon

Tt a a nd ch .

Determi natRée oear Witk heci ty

The wind velocity formula is presented as f ol
0 ® Z& ZO VI

Withsv24 m/s. Considering a return pepricpdl.of

I n the absence of ag4gigpr dyaialnidngvi wihmaditdirred etriemn

(Leasonl), the ref eygiencaes swinredd v el dcki teygsval t o v

Wi nEk p osGpred fi ci ent

The <calculation height for the deck is equal
consizdeerroe,d t o which the effective height of th
equal to 1 meter) is added. Consequently, con

a height of 6.5 meterse ttclaécuébérence sheizglrt
value with the previ otiss y2 dref,i nendes mwmida it m oline ie
t mefore:
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o 7, 7 N ,\d o N ,\d
w QzZwzll=2x wzl Il=
art Qart
Where the topiogr agptbal cheel acagiugarlkOc. 1T™her ef or e :
®a x& T@prZiTXE&Zx pZiTﬁ <P X
' T8t v 0]
Wi nAtt iCoefficient
The wind action coefficient is determined as
(assumed to be b = 3000 mm) and the height of
(Fi gake
bridge type
I 11 I
A T T TT T i T—T i
b= 4+—b—+ +—b—+
+—b—t
A.,.=d,L :1 I

trusses separately

y @) construction phase or open parapets
1 (more than 50% open)

|

1 b) With parapets or noise barrier or traffic

:L7

05

»

1
I
1
'
1
I
I
I
'
1
T

Y e i s s

|
|
I
|
I
|
|
I
|
|
4

8 7 8 9 10 11 12 " bld,,
Fi g6 6Empi rCioan@lu toaft itghea cct dRe | a h i ofib /Ot itEdNe 1-BD 1

Curve fAad is taken as reference, as it relate
openness (since in the present case the pedest

Consideringat@e theiwi bddactinos To@fficient i
Wi _nldbalact or

6 wzZwgp o8 XO@

“As already highlighted in the previous chapters, the
figure the coeffici editr dct ischrojwni st hae t gdriegsedcniti todmeesaen di ti s
t

denoatsg,cbl i s, i n anx case, the same coefficient, but
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Wi nfbr ce i-Dn rteltd i yon

Based on the eva

The force, expre
pressure by diwvi

|l uati ons above, t he wind

z) 2z z0 | o8 LQO

ssed as a concentrated val
ding it RByerfihe rpaswlitoiursd yv alad ¢

O  p& vQWG

6. 2. WI.NND FORCE I N VBRRECAL OBIECK ELEMENTS

The calcul ati on
thediyection; the
this case, the r
i s calculated us

A further point
again with refest

ofditrleec twiomd feadtliooms itrh et lbea mze

only difference |ies in

eferahcesvuvafaageil bunothendert t tolm
ing a base width of b = 3000

of differenge wihs cthhe sc albd wli ate

eBce ftromt hé erFgtrgebgyhebd /sdch o wn

|[ /&[ ‘,} _
Nyt

|3 =superelevation
a =angle of the wind with the horizontal

O=a+f

Figa7vyeEmpirical

Conrpot aRel ani ofb /OfRD eiEdNe 1-BD 1

The coesditd caeqnnumed to be equal to 0. 6.

Wi nldbalact or

D6OANNA ANTONI O
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Wi nkbr ce i-Dnrtelte i D n

Based on the evalwuations above, the wind forc
” p,, \ [13 © T~
Oy EZ Z0 20 %20 o QU

The force, expressed as a concentrated value

pressure by dividing it Byerfthe rpeswlitoiursd yv alad ¢
"Of T8 @ @ 42
6. 2. WI.BD FORCE 1IDN RYE G&I 1 zON: ARCH ELEMNTS

The same procedure is applied for the calcul a
It i s important to note that, -seetitonfheheediu
considered onlyiirrecthe®nhomidd d retcalheynveompoaknt
Foll owing the same procedure, buif rwimt it hae riefte
the reference | evel plus 1.5 m for the height

coefficients based. 88 4dwiahi sl SO®®dmm) ,antdh «
val ue ofphesisszmoebttaali ned:

O o oW
6. 2TEMPERATURE L OADS

The reference tempernd uhA@, iast twlkiemh atshel bri dg
variat2@®e o6 BNonsidered, resultismg 40 nAG amadx i
minimum tempegr aBuiA€. of T

The application of the temperature gradient
presented in a subsequent subchapter. This ar
structural stabilanudndemddrantdh emrgmalhel ogadiund i ng

A detailed examinationhef f odhhiaspmiaesrgsect 1 s prov

2The wind adiirectionthe zonsidered as potentially acti
respect to-atxhe.reference z

“The reference height of 13.5 meters corresponds to th
conservative in terms of <calculating the horizont al Wi
refer enkoer Iltehviesl .r eason, the calculation is carried out
applied to the | ower one as wel | .

41t is important to note that, since the structural arc
the base section and the top section, the wind pressur
ratthreapezoi dal, reaching its maximum value at the top,
the wind action at the to is considered as a uniform
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6. L OAD COMBI NATI ONS

Tdimit state verifications, thel hobhtowrdgncem
provisions of EuUy(waroagd. . ZNaI6P%0:3200 2

Fundantombalnat i ot t i usam$ktaftcers (UL S) :

[ 520 [ 520 ; [ 20 RZ0 f

Char ac Reamr@)biimat i on, usSedvi odiainBttaie teysr g iISLISg :

Op LR [ RZU p

Freq@Qoembti nati on, uSed ifcalambtdaitderyss i (b3 LeS) :

"Of; [ 720 f
Wher e
T 7T p,= partial factor for permanent actions
'n p®Uf permanent action is unfavorable
' p&tmf per manent .action is favorable
T Os= characteri-shipevmbhoenbdofatheon
T 7T = partial factor for wvariable actions
['n p&Uf the variable action is due to p
' n pd® T f the variable action is due to
unf av.orabl e
[ Mtnf the variable action is favorabl
f 0fp=characteristihcvaal adl|l ef atch é oin
T 0= characteristic¢leakamigabl ehacpibnci pal
17 (Qr rar e t he combinati on f ascitnour| t abhedwst i o
occurrence of | oads acting on a structure.
The flagQropsshal |l be assumed according t@Eitghue ev a

68 which refers to the desiigmbo&®).pde&strian b

SCEN 1BWmOocode 0: Basis of Structural Design & Relevent

46SEN 1PB®r0ocode 0: Basis of StructU'WiaﬂhDreeﬁgmer&c&ellevlehne
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Tableau A2.2 ANB - Valeurs des coefficients y pour les passerelles

Action Symbole L Yo [ vq [ %)
gr1 | 040 @ 040 0
Charges de trafic Qm » 0 » 0 0
gr2 0 0 0
Actions du vent F,, - situations de projet durables 062 | 02 0
- exécution 0,82 = 0
Actions de la Tk 0,6 12 0,6 0,5
température
Charges de neige Qsnx - pendant I'exécution 0,82 - 0
- pour les passerelles couvertes 0,52
pour situations de projet durables
Charges de Qc 1,0 - 1,0
construction
1) La valeur recommandée wo pour les actions dues a la température peut dans la plupart des cas étre réduite a
zéro pour les états-limites ultimes EQU, STR et GEO. Voir aussi les Eurocodes de projet.
2) Lorsqu'une action de courte durée (inférieure a 1 mois), par ex. charge d’exploitation, charge de neige, action
du vent, action de la température, est suivie dans une combinaison par une autre action de courte durée, une
valeur yp = 0,3 peut étre utilisée pour la seconde action variable lorsque celle-ci est une charge de neige, une
action du vent ou action due a une variation de la température de I'air. Voir aussi A1.1 ANB (3) pour la
justification de cette disposition

Fige8eTabl-Re A@mmadanldeegsFaocof oFcotflomri dges

l't is important to note that snow is consider
deemed incompati bl e with pteHbceosnbriinaant itornasf fd ecs.c |
snow i s never combined with pedestrian traffi
Il n the manual cal cul ation phases, however, th
of structairmdd edtf ewdrsf or mi ng both ultimate an
is deliberately overestimated and does not f o
and pedestrian traffic. I n fact, the snow | oa
variable action, to i ntoennttihoen asltlryu cotvuerree sdtuirniantc
Clearly, this overestimation of stresses and
validating #the aclallocwilnagt i fomrs a higher approxi
calcul ated under this speci-dfeixprlesad dc amb iarnateir
the critical maxi mum envelope values derived
concerning any possible overdesign is generat

reduction of someseodt itdhres.cal cul ated cr oss

To summarize the coefficients used Tab8tde ana

“The structural calculations were initially carried o
compl eting the manual analysis of |l oads and t-fectiehs$e
a FEM modleVelwamped, which is described in the foll owincg
actions, and the appropr i aAtse allaeaedidnyg sdaoant deidt iionn st hwee rkeo c
calcul ation serves as a verification tool for the auto
the results and to detect any modglliifngaenr @i s ctrlegptanma
and automated calcul ations.

e _____________________________________________________________________________________|
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LOAD COMBINATION FACTORS
unf. fav. SLS YO Yyl Y2
Sel-Weight 1.35 1 1.00 - - -
TrafficPedestrian 1.35 0 1.00 0.4 0.4 0
Wind 1.5 0 1.00 0.3 0.2 0
Temperature 1.5 0 1.00 0.6 0.6 0.5
Snow 1.5 0 1.00 0.8 - 0
Construction 1.5 0 1.00 1 - 1

Tab8t eLoads CKamsktiomrat i on

6. SLOAD ZONI NG

With the aim of generating | oad combinations
purposes, the deck was dwo ildedati end ourfde/re timd |1
t wo under the second structural arch, and one

foll &#wigh @ e

Fig6®eFive Deck Zones for Load Combination AnN:

For these five |l oad zones, six different | oad
to each | oad combination under analysis. I n t
ti mes as there are actihenaonamlyismati ons consid

The di fferent |l oad conditios:nms are illustrated

CONDIT. 1

Fi gd0elLBoasdi tGoonnd i tApopniLolad sDec gment s 1 & 2

CONDIT. 2

FigételBoasdi tGoonnd i tA popnilLo2ad sDec3¥ g ment 3
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CONDIT. 3

Fi gd2elLbBoasd tGoonnd i tApopniLo3ad sDecegment s 4 & 5

CONDIT. 4

Fi guéBelBoasdi tGoonnd i tApopniLoded sDecgments 2 & 3 & 4

CONDIT. 5

Fi gddelLBoasd t Caomdi tApopnlLoSed sDee gments 1 & 5

CONDIT. 6

— ma

300 o

Fi gébelLBoasdi tGoonnd i tA popniLo6a d sAl DencSe g me nt s

I't is important to note that all | oad conditi
in the horizontal direction wherever deemed n
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2)

(6.

Ll MI(TULST)ATEOMB | NEAN | DNSO0

SURTI MATE

6 .

LOADS
COMBINATIONS

TO THE ULTIMA]

LIMIT STATE EN
1990 6.4.3.2

ssz 0 0 0 0 0 0
SNOW
ACTION 50 15 15 15 15 15 15
YO 0 0 0 0 0 0
SWy 0 0 0 0 0 0
SWz 0 0 0 0 0 0
WIND ACTIO
5 Q 15 15 15 15 15 15
yO 0 0 0 0 0 0
SVx5 0 1.35 0 0 1.35 1.35
SVz5 0 1.35 0 0 1.35 1.35
SVx4 0 1.35 0 1.35 0 1.35
Svz4 0 1.35 0 1.35 0 1.35
SVx3 0 0 1.35 1.35 0 1.35
TRAFFIC
LOADS gfk &  svz3 0 0 1.35 1.35 0 1.35
ofk
SV 1.35 0 0 1.35 0 1.35
SVz2 1.35 0 0 1.35 0 1.35
Svxil 1.35 0 0 0 1.35 1.35
svzi 1.35 0 0 0 1.35 1.35
YO 1 1 1 1 1 1
pERMANENT  PP+SP 1.35 1.35 1.35 1.35 1.35 1.35
LOADS DEAD 1.35 1.35 1.35 1.35 1.35 1.35
SLU1 | stu2 | sSu3| sua4a| SLUSB | SLU 6
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0 0 0 0 0 0 0 0 0 0 0
1.5 15 15 1.5 15 1.5 1.5 1.5 1.5 1.5 15
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0.45 0.45 0.45 0.45 0.45
0 0 0 0 0 0 0.45 0.45 0.45 0.45 0.45
1.5 15 15 1.5 15 1.5 1.5 1.5 1.5 1.5 15
0 0 0 0 0 0 0.3 0.3 0.3 0.3 0.3
0 -1.35 0 0 -1.35 -1.35 0 1.35 0 0 1.35
0 1.35 0 0 1.35 1.35 0 1.35 0 0 1.35
0 -1.35 0 1.35 0 1.35 0 1.35 0 1.35 0
0 1.35 0 1.35 0 1.35 0 1.35 0 1.35 0
0 0 -1.35 1.35 0 1.35 0 0 1.35 1.35 0
0 0 1.35 1.35 0 1.35 0 0 1.35 1.35 0
1.35 0 0 1.35 0 1.35 1.35 0 0 1.35 0
1.35 0 0 1.35 0 1.35 1.35 0 0 1.35 0
1.35 0 0 0 -1.35 1.35 1.35 0 0 0 1.35
1.35 0 0 0 1.35 1.35 1.35 0 0 0 1.35
1 1 1 1 1 1 1 1 1 1 1
1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
SLU 7 | sLu s | sSLu 9 | sLu 10| SLU 11| SLU 12| SLU 13| SLU 14| SLU 15| SLU 16| SLU_ 17
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0 0 0 0 0 0 0 0 0 0 0
1.5 15 15 1.5 15 1.5 1.5 1.5 1.5 1.5 15

0 0 0 0 0 0 0 0 0 0 0
0.45 0.45 0.45 0.45 0.45 0.45 0.45 1.5 1.5 1.5 15
0.45 -0.45 -0.45 -0.45 -0.45 -0.45 -0.45 1.5 1.5 1.5 15
1.5 15 15 1.5 15 1.5 1.5 1.5 1.5 1.5 15
0.3 0.3 0.3 0.3 0.3 0.3 0.3 1 1 1 1
1.35 0 1.35 0 0 1.35 1.35 0 0.54 0 0
1.35 0 1.35 0 0 1.35 1.35 0 0.54 0 0
1.35 0 1.35 0 1.35 0 1.35 0 0.54 0 0.54
1.35 0 1.35 0 1.35 0 1.35 0 0.54 0 0.54
1.35 0 0 1.35 1.35 0 1.35 0 0 0.54 0.54
1.35 0 0 1.35 1.35 0 1.35 0 0 0.54 0.54
1.35 1.35 0 0 1.35 0 1.35 0.54 0 0 0.54
1.35 1.35 0 0 1.35 0 1.35 0.54 0 0 0.54
1.35 1.35 0 0 0 1.35 1.35 0.54 0 0 0
1.35 1.35 0 0 0 1.35 1.35 0.54 0 0 0

1 1 1 1 1 1 1 0.4 0.4 0.4 0.4
1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35

SLU 18| SLU 19| SLU 20| SLU 21| SLU 22| SLU 23| SLU 24| SLU 25| SLU 26| SLU 27| SLU 28
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0 0 0 0 0 0 0 0 1.2 1.5
1.5 15 15 1.5 15 1.5 1.5 1.5 1.5 1.5
0 0 0 0 0 0 0 0 0.8 1
1.5 15 15 1.5 15 1.5 1.5 1.5 1.5 0.45
1.5 15 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -0.45
1.5 15 15 1.5 15 1.5 1.5 1.5 1.5 1.5
1 1 1 1 1 1 1 1 1 0.3
0.54 0.54 0 0.54 0 0 0.54 0.54 0 0
0.54 0.54 0 0.54 0 0 0.54 0.54 0 0
0 0.54 0 0.54 0 0.54 0 0.54 0 0
0 0.54 0 0.54 0 0.54 0 0.54 0 0
0 0.54 0 0 0.54 0.54 0 0.54 0 0
0 0.54 0 0 0.54 0.54 0 0.54 0 0
0 0.54 0.54 0 0 0.54 0 0.54 0 0
0 0.54 0.54 0 0 0.54 0 0.54 0 0
0.54 0.54 0.54 0 0 0 0.54 0.54 0 0
0.54 0.54 0.54 0 0 0 0.54 0.54 0 0
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0 0
1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1 1
1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1 1
SLU 29| SLU 30| SLU 31| SLU 32| SLU 33| SLU 34| SLU 35| SLU 36| SLU 37| SLU 38

Tabdt eCombMatti o nfoar€enide t @lod s
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»

. 3. EXPLANATI ON OF THE LOAD COMBLSATI ONS AT TH

T SLY4 TO -S2CUmbi nati ons possi bl e ,hm sabas ennecgea tai fv
the pedestrian traffic goes in the opposite

T SLU3 TO-28keWestriaprimai palk aenad ivaibd dyo*doto a0 %
0. 30*=10..406) . Wheeme daM i ve si gnqgp ptoised tdeihree cptriion
direct i emmikeAlsz t he wi nd c pambdi ysawei oargpsprhia hetd& We o u
because fCthempwveaernftrceeioenelsor i zont al one.

T SL25 TO-3%ReUWestrian tysraof®.i 4£0%al. 330 .(§4) and
principal variable | oad.

T SLBB®& SEBBPedestrian tr af fpirci nacbaspaarhtb I(ashl-BJtatrii odch
snow as principaB8yaM sadblobdyadeirend @dSktdEefyabdbn
maxi mhze possibility of | oad FRomvemhs s ewdi@agtnh ¢
anmdosnt rupeumahent | oadscoaerfefstcoinebnitned wi t h

6. 3SERVIA®BH LILTIWMI T STAITIEIHARACTERI STI C COWMBI NAT

EN 1990 (6.5.3)
_|
32 %3
<> (/)Z
8222825
a=0x%2%>
onZmmo I
wQ@x mQ9
Ao &
3 E -
3 5 - =
CE: Q53 5 82
? & 25 5 z=
= o 9
o [ nlolololololololul v 0
T | < < o < o n

(lﬁ = = - =
nlololr|r|r|r|]r|o|lo|lo|o|o|o|o|o|o|o]|lo|lo]|©o
I S| S ) )

(,L’ - - - -
nlolo|lr|lo|o|lo|lolo|lo|r|r|r|r|lo|lo|lo|lo|lo|lo]| o
S S| S ) o

e _____________________________________________________________________________________|
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0 0 0 0 0 0 0 0 0 0 0
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0.3 0.3 0.3 0.3 0.3 0.3 1
0 0 0 0 0.3 0.3 0.3 0.3 0.3 0.3 1
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0 0 0 0 0.3 0.3 0.3 0.3 0.3 0.3 1
0 0 1 1 0 1 0 0 1 1 0
0 0 1 1 0 1 0 0 1 1 0
0 1 0 1 0 1 0 1 0 1 0
0 1 0 1 0 1 0 1 0 1 0
1 1 0 1 0 0 1 1 0 1 0
1 1 0 1 0 0 1 1 0 1 0
0 1 0 1 1 0 0 1 0 1 0.4
0 1 0 1 1 0 0 1 0 1 0.4
0 0 1 1 1 0 0 0 1 1 0.4
0 0 1 1 1 0 0 0 1 1 0.4
1 1 1 1 1 1 1 1 1 1 0.4
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

SLS_3 SLS 4 SLS 5 SLS_6 SLS_7 SLS_8 SLS. 9 | sSLs 10 | sSLs 11 | sSLS 12 | SLS 13
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LI MITFREDAEBIOMSBL SIATIEN 1990

3SERVI CEABI LI TY
3)

6 .

(6.

LOADS
COMBINATIONS
TO THE SERVIC

LIMITE STATE
FREQUENT

COMBINATION
EN1990 6.5.3

SSz 0 0 0 0 0 0 0 0
SNOW
ACTION 50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
yO 0 0 0 0 0 0 0.00 0.00
Swy 0 0 0 0 0 0 0.2 0.2
SWz 0 0 0 0 0 0 0.2 0.2
WIND ACTIO
5 0Q 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
yO 0 0 0 0 0 0 0.2 0.2
SVX5 0 0.4 0 0 0.4 0.4 0 0
SVz5 0 0.4 0 0 04 0.4 0 0
SVx4 0 0.4 0 0.4 0 0.4 0 0
Svz4 0 04 0 0.4 0 0.4 0 0
SVx3 0 0 0.4 0.4 0 0.4 0 0
TRAFFIC
LOADS qfk &| svz3 0 0 0.4 0.4 0 0.4 0 0
ofk
sv2 | 04 0 0 0.4 0 0.4 0 0
svz2 | 04 0 0 04 0 0.4 0 0
svxl | 04 0 0 0 04 0.4 0 0
svzi | 04 0 0 0 04 0.4 0 0
yO 0.4 0.4 04 04 04 0.4 0 0
PERMANENT PP+SP|  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LOADS DEAD | 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
SLSF 1| SLSF 2| SLSF 3| SLSF 4| SLSF 5| SLSF 6| SLSF 7| SLSF 8

nati on

Combi

Tabllle CombMa@at i o nfoar€Cetnidée t B8loh sFrequent
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7 FI NI TE ELEMENOl M&DEM) SAINDUCTUREBSULTS

To mpl emamtal ye@d combinations and proceed wit
structur al el ements, a detailed FEM model i s
For this pur Mase eriSaggedldJf owadeby the I talian

The structiudeadissza aciotmpaolsliyt i on of points and v
all structur al el ements are subsequently gene
objectr eathceo mp FientbEtt embBlond €Ili guaP e

Figadu6eFEM Model: Structural EIl esments, Nodes and N
The meshing of the structur al el ements | eads
' inear development of the individual constitt
compl eteness and continuwiotnynecfti bhepcompoheéersts
constituent nodes. I n this way, the nodes | o«
continuity stiffness; al l nodes at the ends
reflecéespodeti rve boundary conditions
T For simply supported el ement s, t hhansdyj ar t
rotational directions (with respect to the
9 The same principle applies to fully restra
T At the bases of the structur al arches, e xt
modi fied into internal properties of the :
degrees of freedomhi hged epr ol uatneds ¢éntae mtt dairi &
i sostatic structural system.
Each el ement i s asssgotdobhhandpmaberiakeprcops
into structur al |l evel s and individual structu
a | ist of geometri ct acmadn skte uicn duerpad n doer otpleyr t nhoedsi
t he rledsetl t sl | osffinQQu B& iggd e gl obal view of-1he
coded graphical representation di stinguiishin

represemacehd view i s appropriately accompanied

e _____________________________________________________________________________________|
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Figu7eGlobal ®tEluemainrtad &riduped by Col or

1 Rp B=0.2 H=04

2Rp B=0.2 H=1

3 Double_Section_Arch Ax=0.9 Ay=0 Az=0 Ix=0.23175 Iy=0.063 1z=0.16875 Wx=0 Wy=0.1575 Wz=0.225
4 Cc D=0.0761 s=0.0036

5Rp B=04 H=0.7

6 Rp B=0.25 H=0.9

E8Rp B=04 H=0.8

LI J e R s |

9 Cc D=0.0761 5=0.0036

Figi8eGlobal St@ucAmnalaysiVSeotfi et he & oSis(rb@xit&arable EIl ement s

Cr 6&®ectGroop 3, repre$sengiié&e di c oyealelspw nidn ng t o
sections, consi-sesetobnsomposithisrgseeup, the
designed and developed, and its mo me nt of [
char act esr icsan sctsi tou gFiittg cfoenponent s

Bl ue for Timber El ements inS&tfTi owmt hGRegul Aor GEomkbéri €1 €me
GeometrSec€ross Yell ow for Steel El ements (Vertical Hanger s,

e _____________________________________________________________________________________|
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V¥2=225000.000000 |
12=16875000.000000 x

WWy=157500.000000
ly=6300000.000000

----- —— g —

Figd®eProperties ofSdadhtei Co mpfostife Ltrrosst ur al Arch

The structure is then verified at the I evel of
Al | el ements are independently oriented in t
di stribution and representatkiog8@8pd the result

Fig80eOrientation ofDiStercudtonradl AElremesntws t h Respect to the

Subsequentl vy, the software allows velhefil adttied
performs checks on structur al instabilities .
singul arities. The automatic diagnostic analy

interest within thgreatectdrepl aocemeas andas

®l't is important to note that t he isneacgte sonasn dp rtehsee nctoerdr eis
have already beemssasetriidn eadn alhyrsoeusghand i nternal stress e
procedures. I n fact, some of these properties hawve bee
design phase. A primary efxatmpe estisudther &lo mprosh ¢ £, swititd

consist of two rectangles measur itnegatOi.s2f5y Tgllo.b5alm,s tvwads

veri fication reﬂuirements.
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7. 1L OABPPLI CATI ©ONRONTURAL ELEMENTS

The next sotfe pa pcpobngsdissgt tso t he structur al el eme
according The wvhaaleséegpe:.described actapheersnt
entered into and stored as areal and/ or | inea
Il n the subsequent analysis, slab areas are id
bridgeTheéedk:ads are assigned to these sl ab a
corresponding structur al el ement s, based on

direction of the sl ab

| #Fi gB8BLtet he sl ab areas are highlighted in blue

are disconnected or overlapping, this 1is mer.
appropriately verified in termsheofi ntdheiiduadi st
within each defined sl ab area.

Some | oads, such as those related to the | at
primary el ement s, foll owing the <correct | oad
described in the preceding chapters.

Fig@teS!| abDefriemisti on @&fu&S) adndrPasn¢i paBl dL ag Beudira @Hvlsect i ons

The division of | oads according to this anal
structural elements. A graphical representati
proviFdg@&@P2P€ using monochromatic polygons. This
10 to allow for the proper visualization of

i mportant to note that, partikc ell @amleyntwi,t h hree fd
®The principal direction of the slabs varies according
| ocated directly beneath the str wcxtiuvsr.all narccohnetsr,a stthe fdir
|l ocatde icentral porti ewhered weheenr & hies tawvos wbrscthaerst i al c¢chan
systtehme principal directi-ooni sc.orTfhees ppearndesr alo rtihlee gil 0 btah a-
supporting structur al el ement s, al ways oriented orthoog
el ements changas$, st lad miyout direction changes accordi
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the | oad representation polygons are not uni f
areas of the secondary bedmsmewahi clonfgiguemtt e
in slightly differendr teompah a diozaedds Kya tdh & frea perne

Fig82eRepresentation of VertiMaho€&Ebromat AppPokdgotnsther Sthae

Structur@&@l EIl ements
The assigned | oads are then divided into the
within the generated | oad combinations. The
softwar e, with appropriate adj utshtemewdr ioofu st huel
serviceability Iimit state combinations.

7. 2ZTATI C DEFORMATI ON ANALYSI S

The structure is analyzed according to finite
generated as a result of the structur al reso
combination applied toalthenseélropgeé uf erambrude Niloit
structure is not divided into structural shel
and the software is therefore wunable to pr o
def drimen shapes resulting from the | oad combin
To study and make optimal wuse of the generatec
on individual |l oad cases were createsdrutThesaea
behawndoer i solated | oading scenarios, with tht¢
structural design assumptions.

"The same type of graphical representation can also be
"x" and "z"; however, these are not included in the pr
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Accordingly, four static degRiogtngd igmFeishtpes a
FigB8he corresponding to the indistduatuappl pe

|l oads, snow | oad, wind | oad, and pedestrian |
Al def ormati on shapes ar e prtessleenareldys twi iashg leana
def ormati ons. To enhance the <clarity of t he

amplified by a factor of 100.

Fig8BeStatic IPefronamamniton Fig8#4eStatic iBefoavr mataidc

Fig@8beStatic iDvihadr mataid:« Fig8béeStatic 1Defad fimzt Pene

It is necessary to provide some <clarification
def ormati on patterns.

| Fi g8bhethe deformation corresponds toht kel apg
is applied horizontall yFiogm8Reheithghthesiadlai of
compofwhretrse clal dahli atedpl ains the shape of the

with the structural design assumptions and t h:q
it is important to highlight thafotmat mari moo
the upper node of the main structur al ar ch, r

e _____________________________________________________________________________________|
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Fig87eExplanatory Representation of the Direction of¢adfeppl i ca

| i g@8@Bbe t he static deformation represents a
 ongi tudi nal axis of the deck. This is caused
pedestrian traffic | oad, as preedousTlhye dmeasxad
di spl acemegintecthi emecarresponds to 3 cm.

From the analysis of these deformation shapes

|l oads applied in the principal directions 1is
Addi tionally, a final explanatory view i S pr
|l oads with (Fa gf@®Balhi svihew been included to be
def ormati omiogedharcheeeunder vertical l oadin
due to the presence of concentr at eds ulpomadd st lad
deck beams in the central portion.

el

- N

Figg8eStructur al Front View: DéAfsymmatirdmr aln derf | Rert mame rotf 1t

Il n concl usi on, the maxi mum deformation values
and subsequently compared with those obtaine
verifications are conservetidwee iivredt d rman dfa ndde f

used for the serviceability | imit state def ol
exaggerate the structural deformations of a c
effects apgplcyieregp thlye appropriate deformati on
in detail in she following chapter

e _____________________________________________________________________________________|
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.3 NTERNAL STRESS AND FORCE DI STRI BUTI ON

The analysis of the model proceeds with the
el ements. These are derTheedelf eacamedhéoadi ciomal
corresponding to ultimate | imit states) are s
el ement are extracted.

To present these results in the most schemat.
provided, illustrating the structural el ement
force, shear force, zoanayodbe@findé eitgi onmsne nA g ma g thie

for the representiTht soscafeinaeresal fdboreash el
depending on the maximum and mini mum values e

f or ece , matxh mum value and the corresponding | oca
It is important to note that in twietlcol ®espesct
| ocal axes of the el ement s, negative values
tension.

7. 3SECONDARY BPERK
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Fi g89eAxi aki Sreocrocned air y Deck Beams. Maxi mum Compression: 11
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FigabeShearni Foaoarddry Deck Beams. 4MadbmkMW Shear For

D6OANNA ANTONI O 74



. YWY

EX] ‘ ‘ “8i.5 — ‘“ ““‘
I R
Sy
, ‘\|VV

943

- R !

Figa8teBendi ng:l amemdarMy Deck Beams. Maximmum Bending M

7. 3PRI MARY BEDBMSK
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Fig2eAxi akiPFo mae yF Deck Beams. Maxi mum Compression: 271.
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Fi g88eShearyi FFroirmaer y Deck Beams. Maxi mum Shear Forc
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Fig8deBendi ng:.i Moimmarty MDeck Beams. Maxi mum Bending Mor
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FigabeBendi ngyil Moimmaity MDeck Beams. Maxi mum Lateral Bend

7. 3PBRI MARY BEQRBMNST RAL DECK ZONE

420

-137

-205

&
nibu

-274
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Figa8eBendi ng:i Moimmarty MCentr al Deck Beams. Maxi mum Bend

D6ANNA ANTONI O 76





























































































































































































