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BRIDGE DESIGN
2. 002U

\HISTORICAL NOTES
ON BRIDGE
CONSTRUCTION

Politecnico di Torino
Department of structural and geotechnical engineering
“Bridge design”

Historical notes on bridge construction 2/39

Historical notes on bridge design

« 1st Age : Since the beginning to ~ 1800 (Transport by animals)
e 2nd Age : ~ 1800 + 1920 (Transport by rail)

« 3rd Age: 1920 to today (Transport by trucks)

Pohtecmco di Torino

Department of structural and geotechmcai Qinéering -
' “Bnége desygn . - . .
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Historical notes on bridge construction 5/39

Bamboo bridge in Nepal

Bamboo frame
bridge
built in Cambodia

Politecnico di Torino
Department of structural and geotechnical engineering
“Bridge design”

Road between El Cutzco and
Jauja — catenary bridge built
on Pampas river

(span: 41 m —

prints of 1865)

Tibetan bridge
built in

Karakorum for }¥
the expedition §
on K2 of 1953

Politecnico di Torino : .
Department of structural and geotechnical engineering
_Bridge design” . .

S
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Historical notes on bridge construction 9/39

Bridge built by Giulio Cesare
during the war to Gallia, to
cross the Reno River, in 55 b.C.

Politecnico di Torino
Department of structural and geotechnical engineering
“Bridge design”

1 Historical notes on bridge construction

From “De bello Gallico” Book IV — XVII

A distanza di due piedi univa, a due per volta, travi
lievemente appuntite in basso, del diametro di un piede e
mezzo di altezza commisurata alla profondita del fiume; poi,
mediante macchinari le calava in acqua e con battipali le
conficcava sul fondo del fiume, non a perpendicolo, come e
travi delle palafitte, ma oblique e in pendenza, in modo da
inclinare nel senso della corrente; pili in basso, alla distanza
di quaranta passi e dirimpetto alle prime travi, ne poneva
altre, sempre legate a due a due, con inclinazione opposta
all'impeto e alla corrente del fiume. Nell'interstizio collocava
pali dello spessore di due piedi - pari alla distanza delle travi
accoppiate - e, fissandoli con due arpioni, impediva che esse
in cima si toccassero; percio, poggiando su travi separate e
ben ribadite in direzione contraria, la struttura del ponte
risultava tale, da reggere, per necessita naturale, tanto pit
saldamente, quanto pili impetuosa fosse la corrente. Sui pali
venivano disposte, in senso orizzontale, altre travi su cui
poggiavano tavole e graticci; inoltre, come sostegno, a valle
venivano aggiunti, obliqui, pali fissati al resto della struttura
per resistere alla corrente impetuosa; cosi pure altre travi, a
monte, venivano collocate non lontano dal ponte, allo scopo
di frenare eventuali tronchi o navi che i barbari avessero
lanciato contro la costruzione per distruggerla: l'impatto
sarebbe stato attutito e i danni al ponte limitati.

Politecnico di Torino.

Department of structurat and geotechmcai engmeermg ’
~ 'Bridge de&gn »
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Historical notes on b’ridge construction 13/39

Regensburg bridge — Germany (1135 - 1146)
16 arches - total span: 350m

Politecnico di Torino
Department of structural and geotechnical engineering
*Bridge design”

Historical notes on bridge construction 14739

Pont St. Benezet - XII Century — Avignon — France.
Built in 1184, destroyed in 1226, rebuilt in the following century,
collapsed during a flood in XVII century. Only 4 arches survived
on a total amount of 22, with a total span of 850 m.

Politecnico di Torino
Department of structurat and geo!:echmcal eng;neermg

“Bndge desngn
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Historical notes on bridge construction  17/39

London Bridge, built in XII century (demolished and substituted in 1824 )

Politecnico di Torino
Department of structural and geotechnical engineering
“Bridge design”

Historical notes on bridge construction 18/39

Ponte Vecchio ( Florence, 1345)

Politecnico d: Torino

_ Department of structural and geotechmca! engmee g
“Brlége des:gn
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Historical notes on bridge construction  21/39

Roman Bridge in Mostar: hollow cross-section
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Politecnico di Torino
Department of structural and geotechnical engineering
“Bridge design”

Lavertezzo Cliff Bridge (Canton Ticino — CH)
XVII century, on roman ruins

Politecnico di Torino

Department of structura§ and geotechmcal engsneering
“Brtcige desagn
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Historical notes on bridge construction  25/39

2nd Age [~ 1800 + 1920]

1l

(Transport by rail)

o Nl e » ivﬁ

Big spans (Steel and Masonry) “ﬁ' 6 "
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Politecnico di Torino
Department of structural and geotechnical engineering
“Bridge design”

Historical notes on bridge construction 26739

Railway viaduct on
Goltzschatal — Vogtland
Total span: 578m
(Germany, 1851)

Cinus-chel Bridge
on Inn River
Total span: 111m
Depth: 50m (Swiss, 1911)

Politecnico di T ormo ’

Department of structural and geotechmcal engmeermg
. “Brxdge des:gn"
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Historical notes on bridge construction 29/39

Smithfield Street bridge
max span: 109m
(Pittsburgh, 1883)

Hamburg bridges
on Elba river

Politecnico di Torino
Department of structurai and geotechnical engineering
“Bridge design”

Historical notes on bridge construction 30/39

Kinzua Creek viaduct
a), b) : original viaduct
), d) : new viaduct, 1900
(Pennsylvania, 1882)

Politecnico di Torino

 Department of structural ahd geotechmcal engmeermg
“Br;ctge design” -
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‘Historical notes on bridge construction  33/39

Railway bridge crossing the Wupper Valley (Mungsten, Germany)
[ span: 180 m, depth: 70 m - the highest railway bridge in Germany]
Politecnico di Torino

Department of structural and geotechnical engineering
“Bridge design”

Historical notes on bridge construction 34/39

3rd Age [since 1920 till now]

1L

Transport by trucks
@ Gannon

Highways: planimetrical and
altimetrical int
with long viaducts

1 ol

Coming of reinforced concrete.
and prestressed concrete

Politecnico di Torino
- Department of structura! ami geotechmcal engmeermg

. “Bndge design”
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Historical notes on bridge construction 37/39

Humber suspended bridge
(UK, 1983)

Politecnico di Torino
Department of structural and geotechnical engineering

“Bridge design”

Historical notes on bridge construction 38/39

Humber suspended bridge — UK, 1983

f‘%! 1‘!1 The Humber Bridge '

R e — T

Main span 1410m

Deck width 28.5m ‘ Section Through Deck " i - @
Pier depth 155.5m F 22000 | £

Rape diameter 0.68m z@_tt_i 2;2” | “:j — Tmig_ § §-— =
Rape total lenght 71,000km E - §l ] ' N T |
Forces in ropes 194,000 kN £ }’3 § | &

Amount of steel 21,500t 1 LT?:T‘ g IF! ,
Amount of concrete 480,000t | [ eeseo] I

Politecnico di Torino
- Department of structura! and geotechn lcal engmeenng

“Bndge desugn »
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BRIDGE DESIGN

DESIGN

Politecnico di Torino
Department of structural and geotechnical engineering
“Bridge design”

““BASIS OF

Marco Polo describes a bridge, stone by
stone.

“Which is the stone that bears the
bridge?” Kublai Kan asks.

“There’s no single stone that bears the
bridge’, Marco answers, “Its the line
of the arch that keeps it standing’".

Kublai Kan stands, thinking. Then he
adds: “Why are you talking to me about
stones? I'm only interested in the arch”

Polo answers: "There’s no arch without

Basis of design 2/70

stones”

Italo Calvino — “Le citta invisibili”

~Politecnico di Torino

Department of structurai émd geotechmcal engmeermg
v “Bﬂdge design” v .
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" Basisof design  5/70

%wi'%' Mj /ﬁﬁ? wﬂv ﬂni)é;zm’i A‘ﬁl
e Environmental conditions ~ Open fi field”” Wl Lol Lke 0 el £ g
in which the bridge has to  Hill landscape U
be built Valley between close mountains

Historical city (old and small depth bmldlngs)
Modern city (new and tall buildings

e Environmental Aesthetic requirements G&

requirements 1 ngﬁ Noise protection-
H, bl ¥Wind protection aﬁ

Splash protectio 3'%1% bf@m
ﬁ&

¢ Functionality Deformability llmltatlonsq A 4 ‘xﬁ%
requirements (High speed lines) 7 e ie»

Limitation and control of vubratuon ) “ ’“‘3’"

m a im#%,

amplitude and frequency (High speed A0 a
lines and pedestrian bridges) Py % ~

Politecnico di Torino
Department of structural and geotechnical engineering
“Bridge design”

Basis of design .~ 6/70

Classification criteria for
bridges & design demands

1) Obstacle to be crossed
2) Specification of service
3) Material to be used

4) Statical scheme

. Politecnico di Torino

Department of structurai and geotechmcal engmeer;ng
“Bridge design” | . -
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Basis of design  11/70

4) Statical Scheme

Locce Glrder bridges or slab bridges
! |
e Simply [ Prefabrication A_I_A MTA
supported | Settlements, temperature ; \& ; {
e Gerber § [ Internal actions distributions \
fm % | Settlements, temperature W %‘ "‘%

(;;%%JOUS [Best use of material _ZINA _%_ _%_ t

Politecnicodi Torino - L
Department of structurai and ge e hnical engineering .
“Bridge design” . . , . ‘

. Basisofdesign 12/70

Arch bridges
UPPER DECK |
ES Mﬁfﬁ AQ(H |

e Three hinges arches
ARCH ! 6:;LF 15
KT ATIC |

» Two hinges arches 2 i
ARCH

v
ARcl  ITHELF 5
[PERST ATIC

: Pohtecmco di Tormo ’ . v ' ]

Department of structura% and otechnical engineering
“Bﬂdge desagn” " - -
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Basis of design

The largest
steel arch
bridges
(1856-1976)

NEW RIVER GORGE. ewmvek uik

Politecnico di Torino
Department of structural and geotechnical engineering
" Bridge design”

Basis of design 16/70

The largest
concrete arch
bridges

(1927 - 2000)

Politecnico di Torino - . - - ‘ e ’
Department of structural and geotec!xmca!engmeermg -
'Bridge desigh”
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Basis of design 19/70

“g)

e Tied trestle

bﬁﬁﬂ.&, !\.M @X‘ﬂx
MY Tuanin - Pictiuie

Pohtecmco di Torma
Department of structural and geotechmca! engmeermg
“Bridge design”

Basis of design  20/70

The largest trestle
bridges

Pohtecmco diTorino
. Department of structural and geotechmcal engmeermg
“Bridge desagn”
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Basis of design

The largest stay-cable
bridges
(1955-1975)

Pohtecmco di Torino
Department of structural and geotechmcai engineering
“Bridge design”

Basis of design  24/70

The largest stay-cable
bridges
(1975 - 2000)
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Basis of design

The largest
suspended bridges
(1820 - 1882)

Pohtecmcc di Torino
‘Department of structurai and geotechmcal engmeenng
_ 'Bridge demgn” . ,

1 ' - Basis of design  28/70

The largest
suspended bridges
(1883 - 1930)
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|
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 Formwork on mobile falsework\g Foundations of formwork

. Formworkfis made of panels and accessori } that act as a_maldm a des‘red shape with concrete (for an
“ purpose), Falsework is the temporary/ Upport structure for the forms. ~ "™

porary structures used in the construction to support arched structures and concrete forms
)10 hold the component in place until its construuo}n is sufflmently far advanceg to suport itself.
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Pohtecmco di Torino : "
Department of structural and geotechmcai engineering

“Bridge design”
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1 - ' '  Basisofdesign 35/70

by i s sl

Segments storage

Politecnico di - _
Department of structural and geotechnical engineering
“Bridge design” '

Basis of design

, bebai"ﬁ' ent of

"Bridge design”
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Pier-segment ’
reinforcement \\

Politecnico di Torino
Department of stwctural and geotechmca! engmeerlng :
"Bridge design” - , - l

L

Basis of design  40/70

Pier-segment
reinforcement i
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Pier-segment

Politecnico di Torino
Department of structural and geotechnical engineering
"Bridge design” 4

Basis of design  44/70

Pollina Viaduct:
first segment
outside the pier
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Positioning of
segment two (3)

Politecnico di Torino
Department of structuraf and geotechmcal engmeermg
“Bndge design”

Basis of design

Pier-cap with first
segments

Tusa Viaduct

W

?o'kitécmeo di »Torinu
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_ Basis of design  51/7

Politecnico di Torino
Department of stwcturai nd geotechmcal engmeermg
"Bridge design” :

Basis of design 52/70

b) Cantilever with auxiliary tendons

Auxiliary ten Auxilia tendon
variable lenght s\\
(Fap)

MR

] |
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~ Basisofdesign  55/70

Both overhead travelling cranes and gantry cranes are types of Crane
which lift objects by a hoist which is fitted in a trolley and can move 1
horizontally on a rail or pair of rails fitted under a beam. An overhead

travelling crane, also known as an overhead crane or as a suspended

crane, has the ends of the supporting beam resting on wheels running on ‘
rails at high level, usually on the parallel side walls of a factory or similar

large industrial building, so that the whole crane can move the length of the

bwldmo whne the hoist can be moved to and fro across the Wldth of the |

v\A\QQ,LSJJS a device used for lifting or lowering a load by means of a drum or ]
lift-wheel around which rope or chain wraps. It may be manually operated,
electrically or pneumatically driven and may use chain, fiber or wire rope as its
lifting medium. |

Politecnico di Torino
Department of structural and geotechmcai engineering
"Bridge design” v - . v ‘

Basis of design  56/70

ok 2 |

e Precast segmental construction—» Wed A ”‘W

No-tensile-stresses atthe edges in “ﬁ%“
serviceability conditions .

gj"

’zfz bl } .
uﬁ o
@& ’gdm C%cé\:éw

%W}Wx U
I e

Maxrmum sparn/135 + 140 m

Politecnico diForine. B -, ‘ l
Departmentof structurai and geotechmcal ngmeenng - '

'; “Bridge design”
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Launching girder

Politecnico di Torino =
Department of structural and geotechnical engineering
“Bridge design” -

Basis of design  60/70

Launching of last
segment

e}ntvof_st’rqcturai and geotechnical en jineeri g
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TS Y T Gl il 51" o (G kg Yo
euiéf“ 3 L ‘ P R TYAL: bt |
/ - - Basis of design ~ 63/70 w&ﬁ

fm‘zﬂ“‘f"“ Economical criteria for multlspa ‘bridges |
) ™
Y c=C,+C, C,= 4 +A4) |

|
[ \ From the back analysis !
- _ —,> of existing bridges . A, .
e C, = Deck cost 4 Cp= .

e C_ = Foundations and
or Cost/m2 4

pier cost 0o
) ),4- A WWZL.
Minim lﬁ Mﬂm A
i’i,&fk, {‘3@\ :\ﬂm\

f?p&:

{

]

o C = Total cost

Deck cost = Cost (pier + foundations) 9

NJ

Construction system
Need for prefabrication and transport

Quality of the soil }

Expensn e protectlons is needed

Poktecmco di Torino
Department of structural and geotechmca! engineering _ v
“Bridge design” . - . 1

Basis of design  64/70

Bridge transversal section shape |

» Influencing parameters:
e Span, with reference to statical scheme . A@&u Koo Tz‘ﬁ \{Wv e bt
~————"-% Depth or glenderness required (I/h) ., gﬂ M 5948 -

e Available technology for execution

e Cost (slenderness implies increase of steel quantity)
* g/g ratio (live loa r dynamic behavnour o (7 ‘

Il Soad R~ 5 i Ay ,:
Slab bridges ¢4st in situ s of oot~ S . i Y
,@w«ﬁﬁw ﬁe&j (en 00l hedd i

D\lld f’§ﬁx ﬁ‘:}%}, (;’,?? 357
! Isostatic — Span < 2 (=
- / e 2§ <
; Continuous— Span < = 30m 4
Good solution for Mroimg ;
or irregular Shapes  pome, s o Aot _&\»‘A

I/H=15+22
I/H=18+30

Tﬁg Sle%rlese
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¢ ‘\l =20 cm

L Latticed

concrete
slab

Possible thickness
Increase in continui
regaons

— l > 60 m
: Si%f ! ' W ; M&Lm (}s e
Wy Sougly B " e
> Box glrder with doubi’%de&i( o, LEEMA \ooonay

WM§ External —

Pohtecmco di Torino v
. Department of structuraf and geotechnlcai engmeermg
. "Bridge design”

» Suspended slabs l

‘Stay cable /I\Zv("“ '

k 2/ 4 /\A
7 ;
AW \

(W’@\ e
> Precast slabs

/ /%
L

Cast in situ ‘T 3
v il il L520m ‘ |
e bl o, il o ()

Pehtecmco di Torino - ‘ - = - - ’ |

Ho Vol Bioany aad & ! |

ear keys

j?fiﬁﬂfﬂ |

/

Department of structurai and geotechmca| enginee ng —
'Bridge design” v
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Basis of design  71/70

#
g

> Cross sectic§>::,of suspended bridge with mixed traffic W

4

.

S

~35,000 1
|

Gratmg
3 zscmv—og
2,500 1750
7, D00 rrmfemey

Asphalt pavement’y
I

(t=75mml &g
/ Stestdeckplote ¥
et T 12mME

Jr——
-

N'l.m..n.

~13.000

R Lo W_W‘I I At '....,.. 4 ‘ ) L
k : 30 p00~ - (umt- i}

Politecnico di Tormo

 Department of structuraf and geotechmca! engmeermg
_Bridge design” ‘
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{afl wm o (hoid oF g@g\ﬁiﬁ
e

¢ Small tendons at small distance to reduce the
diffusion region.
L brpopiz, Transverse prestressing is not necessary for
T Loth small widths. For widths greater than 12m may
be useful to introduce it, in order to avoid the
longitudinal cracks due to concentrated loads; 1
~ 25cm  If transverse tendons are used, they should

be included within the core of the section.
Q’( g@’% \x, fis" ‘e A }
. . W 5
- orthoagonal edaes-_; g 2 %\
L il &) Y LA .I T Vi Wivygwiill Luyeo ‘?Q {?4‘,;’;\ ams i g N ,4?”4 {: 4—.7 e, 3% %

Eovgl /AT ax
ﬁ

: " Internal actions analysis done as for massive slabs; amsotropy effect is ’
A . . disregarded. In transverse direction the stress flow is disturbed by voids, then ,

assive regions should be mtrodiied in égresponde ce rings and%%
¢ C,0C : ﬁi\ﬁﬂ v
; case, along the span. * The presence of volds mp%?ee; an auidy i
i
{
1

| increment of tangential stresses, then wuiz% A sl
T stirrups are necessary. lo uvg & 5%@,‘@
L * Transverse reinforcement is realized = ¢ @3@@33 . l

by a double mesh (upper and lower).

Y

_ Politecnico di Torino .
Bepartment of structural and geotechmcal engmeermg
“Bridge design” |

| 0 e Generally transverse prestressing is not used. If used, it should be concentrated ]
AUTE ¥

{
1 ? in transverse massive regions; those regions should then be at a small distance.
f ! ‘?:;;;" Of course transverse massive regions should be realized in correspondence of )
Ve intermediate suppo (contlnuous slabs or several piers)
histhion 3 e mxj L fwfi wjgmjtﬁ ﬁ "’;‘i}“w

3 T ¥ 3 Skew slabs  from The an‘ &{v*’%ﬁf ead
Dbt | 7

20 <90 ’ {

e With ¢>70" are dealt like slabs with orthogonal

ot
Mg ]

incipal bending moment mi/m> (depending by

{
edges l
¢ Internal action analysis for the evaluation of
)

\\ ?k\iiaaﬁi}
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2. o o oiabbridges . 7/8
%E% B e e SO Practical rules: '
o e Linear continuous bearing suitable 00 5
Di s“(;ﬂ%ﬁ Qiﬂ for ¢ >40°and b < 10 m{uwy marveie el ) i

’ ;%?For large slagbs provide a sphencal

¥ ’:; }iﬁ{ﬁj@\@ z;i» 1 AL X
Ko Reinforcement ~

KU ICECTON kARG P .
’ \ 'l Se00 b [ Longitudinal and transverse
e p=60" —'"’20.5

Toeebion. l ‘ reinforcement generally.parallel to free | ]

U IDIECTIoN &

4—&.-0 4—2)4 .—(3—» 4—04 : e Gans J j , 4 a
| f%rthogor{;al mesh along t%\% irection orthogonal to % 1
supports, or (better) longitudinal reinforcements |
p<60°| orthogonal  to  supports and  transverse |
reinforcement with a small inclination with respect / }
.— —w .’o—v 4.04
+

to bearings. Along the free edge provide stirrups/
and additional reinforcement parallel to edges.

—

Pohtecmco d! T ormo
. Department of structurai and geotechmcai engineering - , .
“Bridge design”. _ . e = (e st 1

Prestressing

Acting effect (serviceability) as equivalent load applied to the slab.
Resisting effect taken into account directly in the section verification. ‘

For the evaluation of acting effect the influence surfaces of slabs should
be used or, alternatively, the finite difference method or the f.e.m.. ]

Tl e,g, Wﬁy”iﬁﬁ) ‘

inical engineering
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_ Girderbridges  3/25 |

Design criteria

> Few longitudinal beams if are cast in situ [
> Higher number longitudinal beams if precast elements are use
(to reduce their welqhtua“we g B e C&("’" %‘@“” F‘mﬁ

Generally for casting in sitli i= 5+10m and 1 w’?’ch recaff hewﬁ%)‘l— 2.5+7m. |
ﬁ“"w’% »” Y g p FT SIS y,x:,g i
5 Jmlﬁ = Transverse beam on the bearings to L@ﬁorque moments in beams
h L@Uu

« (bending moment in transverse beams) Transverse beams can be omitted !
%ﬁfwemfi along the span and with thick slabs; a transverse beam in the mid-span
j W4 produces about the same effect of two transvers§e beams w
AL Manorly Furti"er Lrans\ierse beams are not useful. X it ® v

KUy

o Mﬁiu Jm,mxé 1

4 Lo L, o onhindine. fss pouls e o st b7 jzm“"‘w‘;??’,/s

a9 Web thickness is decreasing with the increasing number of beams. High ;
' “”‘\?‘M% thickness produces a high torsional rigidity and then helps in the
“transversal distribution of actions. In the cracked stage thlszéffe'cf
is strg)ngly reduced because thetorsional rigidity drops of 4+5 timessp i ngm ‘
Y CE;&‘ 'w@.‘,iasmu{g T awal L ,
He "eedlry - G U wrmmﬁs
- Politecnico di Totino - . . 1

Department of structural and geotechnlcal engineering _ _ .
"Bridge design” . = . \

Girder bridges  4/25

‘Ep Slab design

The static scheme is a “long” slab

continuously supported in the \
longitudinal direction, and supported

only on the extreme transverse

beams in the transversal direction r
(in fact generally it is not in contact

with intermediate transverse beam ]
g’,f_any, in order to uniform the

i:nternal actions). %&W’g&

W apsndindl adbrmedid, |

; “B;:cige destgn"
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Girder bridges  7/25 |

The design implies the evaluation of internal actions corresponding to the ‘
combination load and to the load case the most unfavorable ones for the structural

region in consideration. 1 |
i

“Transversal distribution of actions”

Jic/@&w‘ a% }

Evaluatlon of transversal distribution coefficient:

/ /L ! / p,; = Percentage of load P acting on beam iwhenthe =~ |
., load is on the beam j. I mf’? %Jazﬁ, 7&% Al f ip ﬁim@&w? !

i 7

1/ / I% Vo Y ~S v * «5-,-?7 2 s ‘ai N—

[/ P=1 / ke _fi‘g_i{:;é Tt should result: I!u'i -

i ‘i’fi WM@;\. _(ﬁj\;,;,w\, KA-EEAAB«, {

0,
,é,t;‘ RozYd A

/Ljﬁzaw/ / . 2P = %’V Eﬂgiiibllum£0"1 itiOi"l{f‘ w$%

L / / e * Ifthe load is uniformly distributed: }

n = beam numgaer
s i

. Pol:tecmco di Torino '
Department of structural ard geatechmcal engmeenng =
*Bridge design”: . v . . . 1

_Girder bridges  8/25

Limit cases for deck behaviour ]

a) Transverse beams and slab withou%ﬂexural rigidity or connected by means of
hinges to the beams. . g 1
A1 %3 }“@5%

‘Ps
b/ 4

| Pet e gl

_____
_______
——

b) Transverse beams with infinite flexural rigidity and beams with null torsional {

rigidity.
9 P=1
Tzﬂ % (’?‘k s el

*
H
]

s

BFEE L i

Pehtecmco di ’!‘ormo

Department of structurai arxd geotechmcai engxneermg
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&

Fi’?{\m ‘WJ#\JW ?\J"}‘? 2 i n
Aivie 1 {pm € haid ﬁ‘*

Girder bridges 11/25

e Flexural rigidity of transverse

3
» *Main parameters influencing the ;
girder behaviour beams and beams }gw% (}\m& 0
» Torsional rigidity of bea eyl }mw; @\
wt Jo fv’rﬁ%”% j
( Finite element (combination of slab and beam elements)

. ) Courbon method (valld for case b)
¢ Main analysis procedures P
Orthotropic slabs analysrs Massonnet {&R e

Beam girders (beam finite elements) . sy Gk {5&}; gH ]

A~y -1 ~ ladimm

Courbon 3 Ai lcny I\.al \.ai\.UlaUUl l‘“r m V\f\,
» Most used methods in ( J—» I Conceptual design and | {Q’Y%\ma

the design 1 Massonnet design (and detailed designin P> W ‘
Beam girders some cases)
(fe) | \
Computer Design Acceptable
| approximation in cases
Detailed design and that respect the basic
hypotheses

slab drawings

Pol:tecmco di Torino
Depaﬂ:ment of structural and geotechmcal engmeermg
"Bridge design’. - ,

Girder bridges 12/25

Courbon Method

Hypotheses: transverse bean'ywwh mflmte ﬂexural rigidity (pg = o)
beams
il ey
willow s
Girder decks with double;T beams in steel or congrete ang 0 )
closegand high rigidjty:f nsverse beams(s:p G g Tl Sssmh
(Mo it o fimthidinell Tasn Dok e ki

Statlc scheme of transverse beam = contmuous beam on elastic bearings

Aaace g«w (i:
([ G = gravity center of spring rigidities
1
|d 0 = displacement of transverse beam
‘ - Ki ! in correspondence to the rotation
i ' 3 center

e . D J ¢ = rotation angle of transverse beam _
sﬁ@g’ykw im il

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 81 di 348



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 83 di 348

_ Girder bridges 15/25 |

Example d; :,g{}/%\ |

o ® ® @\ 1

=0.25+0.3%¥0.5=0.40 ;,z@ laomdJMacwel] I
/"1,2 Y= L*E =
P

=0.25-0.3*0.5=0.10 \ 04
1.3 , — Theorem - 5}%%}&5 é,\ﬁ 4 i,rv%?g;{ﬂl
P4 =025-03%15=025 wfu{ﬁ{* %1 ¢k © Obviously. is linear because J; = o

!
i
v

I/ / e i 7 5 (7
}i;wi Ul / yﬁa /’m JZ%&M’»& %-mﬁrk E&J %/,’f = v e {
A4 ﬁiﬂ i:’;?u&ﬁvia = jﬁ% J“

Pohtecmco di Torino
Department of structurai and geotechmcal engmeenng : -
“Bridge design” . - - . ‘

Girder bridges 16/25

05%e t

1
Beams 2 e 3 ,=—+—————=0.25+0.1¢
P = 2015105
@ﬁl; ﬁj; |
Ny 0
P2y =025+0.1%1.5=0.4 Betti
P, =0.25+0.1%0.5=0.30 Maxwell \
Y1 — | | - i
5=025-0.1¥0.5=0.20 Theorem a4 03
Gﬁzﬁd

., =0.25-0.1¥1.5=0.10

f:\ﬁ/{&f el |
| ;

Within the Courbon formula it can be introduced e =e’f, and d,=db, then:

1, b, b, 1, e'd} |

Zd b 2/ Zdlz
/f x—@ymdnpendent by b, # o,

ie

o Bndge design”

|
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 Girder bridges 19/25 |

For a general beam i:

Wij
—— = COSst.
ik

As the ioaded transverse beam is linear,

the unloaded one is linear toom@ AT

The transverse beam “j” follows the
deformation of the “k” one, remaining

On the opposite if ‘%o, the
deformed shape of transverse beam

Internal actions arise, which
have an influence on the

is curved like the one of % girder behaviour.
transverse beam. P =
In practice the spring deformability 1

depends on the transverse beam position. f
P /g {gyw 34

f:cEIﬂ, (forz=12 —c=1/48) . | .

Pohtecmco di Torino -
' Department of structural and geotechmcai eng;ne
~ "Bridge design”

Girder bridges 20/25

If we suppose that Iz#«, the solution of continuous beam on elastic bearings
shows that the distribution of internal actions is a function of following

parameter:
Z Al Iﬁ"é‘% fg‘Z infinitely rigid t b
= — | =& =ow = infinitely rigid transverse beam
b) In N
» L4

For Z = o, because I4/Ig = 1, it is necessary that 1>>b (long and narrow decks).
In practice, with Z > 20 eﬁﬁcan consider Z = o,

Then with I,/Io = 1 it should result (1/b) > 10 so that the transverse beam can
be considered like infinitely rigid.

Example: @(wg@’w% 3 aa ‘235%2 WA s{. P e ;@fw Jg/ i&wmé

Deck: I= 3’6m =10m 4 beams =25m

%)=30 55= 12 Mid span transverse beam = 02%8 22%8'123 -1=36

"-Pahtecmco di Torin

. 'Department of structural an' geatechmcal engi
“Bridge design” .
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_ Girder bridges 23/25

If the number of transverse beams is > 3 the differences between the previous
approaches are negligible. Any case the Engesser method is closer to the reality for
the shear evaluation. /

Internal actions in fransverse beams

Once known the repartition coefficients p; , the evaluation of internal actions
in transverse beams is very easy.

a) The load is moved transversely along the transverse beam: the influence

line of bending moment in section S is to be evaluggg,

7 7 7 7 ol o wlsth

f——— % _% _% iE:
[ Je] L
/ / / / 0o, ;*‘T/ ; 0.7/0.4/0.1/=0.2 Beams 1/4

/ / / / w !%ié,,.vg 04/0.3/0.2 /+O.1 Beams 2/3
& % 3% A Those values have been calculated before

1J
I i\

Politecnico di Torino -
Department of structurai aad geoteckmcal engineermg
“Bridge design”

Girder bridgesﬂ ’

T Tz T3 f M, =(0.7-1)*1.5+0.4%0.5=-0.25
0.7 04 0.1 02

!

Tl Tz T3 T4 M =04*%1.5+(03-1)*0.5=+0.25
04 0.3 0.2 0.1

Two points of the influence line are
025~ =102 enough, because one deal with midspan

+

+0.33 sectlon and the function is linear.

e \ mbﬁi@sﬁ, L@W. %e: bw”’
Now we can evaluate the shear mfléence line on beam 2 (right side).

+0.7

wls T'g=-1+0.7+0.4=0.1 ' 03
n ;m‘ﬁ\&,}"\e +0.1 o ~ ]
Yy T4 =+0.4-1+03=-03 ~Js '

<: Pohtecmco da Tormof

Beparhnent of structural and ge echmcai
. “Bridge design” -
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BRIDGE DESIGN

COMPUTER AIDED
DESIGN OF
GIRDER BRIDGES

Politecnico di Torino
Department of structural and geotechnical engineering
“Bridge design”

Computer aided design of girder bridges

SUMMARY

3

.+ {L 0
1) Generation of [k] stiffness matrix sf the Wuu

-n»(

2) Criteria for the defi mt n of girder mesh { (&L 1‘%
; @wﬁ*‘{f Ha o hucture & vk Romesticad molth J

i3

Politecnico di Torino

Department of structural and geotechnical engineering
"Bridge design”
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4 * -~ Computer aided design of girder bridges 5/11

The beam parameters are assembled in the nodes where they converge; the
different internal actions in the nodes are composed and their resultants must
equilibrate the applied actions.

In the global system for the girder we read:
; A e

AT 0 %m@ ) )
Where [K] is a symmetnc §q are matrix, having the order corresponding to the
number of unknowns degrees of freedom and is obtained by assembling [k]
matrixes of each element.

s oladt b [FTF

Solving the system we get {u} then, entering back in the matrices of the single
beam elements, the internal actions in the nodes {S;} may be evaluated.

Politecnico di Torino
Department of structural and geotechnical engineering
“Bridge design”

2) Criteria for the definition of girder mesh

e Take care of actual flow of stresses to design
the mesh. In this case introduce a longitudinal
beam in the position in which the vertical flow
of t is located, so that the corresponding shear /|
Tx is correctly evaluated: 4?6@,{;, n%

e For decks described like slabs the mutual d:stance of l?ﬁgxtudmal .
‘beams should be lesser than Vs of effective span (at_leastys ™
longitudinal beams). The same procedure has to be applied for the
transverse beams (at least 5 transverse beams).

weend 1 E ST iy GG SUN

¢ Decks with a skew angle up to 20° may be described as with orthogonal edges;
for greater angles a skew mesh is necessary, having transverse beam directed
along the direction of reinforcement or of real transverse beams.

o If we only need a refinement in a limited region of the deck, the global analysis
may be performed with a rough mesh, and then the local analysis with a more
refined mesh with impressed deformations at its boundary deriving from the global
analysis and the actual loads.
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4 v ] . Computer aided design of girder bridges 9/11

 High reactions in obtuse angle.

Skew and curved bridges « Uplift of acute angle.

/ o In the central region, positive bending
/ moments in directi?n orthogonal to the
§ . abutments{Zecuwe 4'n $s ws% a0 WIQ
| 4
e iz‘ e In the edge region, positive bending
a-ég% m's \ \ moments in directions parallel to the free
14 / i—%w i}ﬁ "izi/] : i / > edge'
T el ovalg et haidd g e High torque moments, higher as much is
Y fths it ang higher is the torsional rigidity of beams.
e The planimetric geometrical conditions play an important role on the deck

behaviour. , e

y g Rigid
S NEE [
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Computer aided design of girder bridges 10/11

Diaphragm

(transverse
K o e— beam)
Mesh for o < 30° Mesh for a > 30° without edge beam
) £ 3 ) 4 3 e
orientate the mesh along
Edge the expected directions
e % of internal forces.

beam
Mesh for o > 30° with edge beam
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[EZ 22-40-2043
'\LOCAL EFFECT

v&% W“&
Me{, ﬁ& ‘bw&w}
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Local effects 2/33

SUMMARY

ﬁ:j @ ,?, , | wy A \
A o fsﬁ‘}& Jﬂéiﬂt Vel oG i 2/ laan (M é&m for fve(;\:;i\i; )
SI_*]gaﬁ!;’g in T beams

Curved beams
Design for local effects

Slab design as rectangular slab , .
Local effects in steel orthotropic deck :X% J?w 2 WE(»@?& Tmiémw
N . o | g,hi{s 7 %ﬁ{

5.1. Steel slab behaviour
5.2. Steel stiffened slab behaviour
5.3. Overall section behaviour

v h =
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6 ’ : Local effects  5/33

B = 40° = 45°

In continuous beam in correspondence of intermediate
bearings, also when a bottom flange is present, the

_shear lag produces strong concentration of longitudinal

G*‘L‘{ﬁxtesses within the webs and increment of creep effects %, $lan
/ in serviceability conditions. In some cases also the /gt
bearing capacity may be reduced. Qepritn
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Local effects 6/33

ik B owy

!

Single beam deck/'—> usedforb<6 + 7 m.

The web should be designed to carry the torsion coming from live loads
adde: \{Vil;{ th§i£ Xeccen%rjgj&(ﬁ&pﬂggwt&g&g&g{@@w@% equilibrium!)

iy A iaﬁ%"gtmawﬁln the support regions the torsion should be
g 1 cdenetd 'y %4, equilibrated by means of two bearings with

« enough distance; if necessary, use a transverse
beam to increase the lever arm of support

"~ reactions. 1.
M@“%ﬁiﬁl’f?“i’)t‘x is impossible the equilibrium with dead and J\M%

live loads (light beams), the deck iﬁha" be}g Vﬁ?
Lo, y.Sonnected rigidly to th::ie/r ’ :mﬁ“’“% prac IR ¥

oy

Emf

; (sl

Jauivgd If necessary, use tensioned prestressing bars,ﬁ"“'} -
|| &, waili-crossing the bearings. Those bars should be’,  ~*

ol

Afk v
0.
&
ik
e
b
Hls

extended within the pier so that they are anchored §; & s
in a section on which the dead load of the upper
part of the pier is enough.
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