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Support and articulation  xIntroduction

Usually, a bridge consists of a
T superstructure (deck, girder) that is supported by the
T substructure (abutments, piers, foundations)

The connection of superstructure and substructure can be
T monolithic or
T articulated using bridge bearings and expansion joints

The analysis of super- and substructure cannot be completely
separated (particularly in the transverse direction), even if
articulated connections are provided.

Monolithic connections:

T transfer vertical and horizontal loads as well as bending
moments (generally all six stress resultants of a linear member)

T impede the corresponding movements and rotations of the
superstructure

T are to be used where possible, rather than providing bearings
and expansion joints (reasons see following slides)
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Support and articulation  xIntroduction
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typologies, where the super- and substructure include further :
components, for example:

Arch bridges
0 superstructure = deck, girder, spandrel columns and arch
0 substructure = abutments, arch abutments, foundations

Cable-stayed bridges

0 superstructure = deck, girder, stay-cables (ev. pylon: see notes &
photo on next slide)

0 substructure = abutments, piers, foundations, backstay anchorage,
and pylon

Super- and substructure cannot always be clearly distinguished
(which is merely a linguistic problem, analysis is coupled anyways):
T arch bridges with bearings on top of spandrel columns:

« GHFN DQG JLUGHU DORQH DUH RIWHQ UHIHUU#

T strut frame bridges (photo):
« VWUXWYV VXSHUVWUXFWXUH S3:DUFK”™ RU VXE

T frame bridges / girder bridges with integral abutments:
« abutment walls = super- and substructure at the same time
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Support and articulation  xIntroduction

Bridge bearings provide articulation; usually they

T transfer vertical loads and hence impede vertical movements of
the superstructure (= provide support)

T enable rotations of the superstructure and hence do not transfer
significant bending moments
(if required, rotational fixity is usually provided by two separate
bearings whose reactions generate a force couple, e.g. two
vertical bearings resisting torsion)

Bridge bearings may be horizontally fixed or movable in one or
both directions. In the corresponding direction(s):

T fixed bearings transfer forces and impede movements of the
superstructure

T movable bearings enable movements of the superstructure
without significant restraint (friction only)

Often, horizontal fixity is referred to the longitudinal and transverse
(lateral) direction. This is suitable in most cases, particularly
straight bridges, but may not be useful in curved bridges.
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Bridge expansion joints ensure the serviceability and user
comfort at girder ends by accommodating

T relative displacements
T relative rotations

between a bridge girder and the adjoining road or railway track,
or between parts of a bridge separated by joints.
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Support and articulation  xIntroduction

For centuries, stone and timber bridges were built without
bearings nor expansion joints.

These bridges were able to cope with expansion and contraction
caused by temperature and humidity (timber)

T by change of shape (e.g. high arches absorbing contraction
by increase in rise)

T a multitude of small joints opening and closing
T lower material stiffness
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Modern high strength materials, such cast iron and later steel
and reinforced concrete, enabled

T more slender structures
T long, jointless girder bridges with a very high axial stiffness

0 restraining the expansion and contraction of such girders
« generates restraint stresses
« but completely impeding expansion and contraction would
require huge forces that usual abutments cannot resist

0 expansion and contraction of the bridge girder
« usually cannot be avoided
« may cause damage to abutments that are not designed to
absorb these movements
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Support and articulation  xIntroduction

Hence, since the early days of iron bridges, most bridge girders
were supported on bearings to allow unrestrained thermal
expansion and contraction of the girders in order to:

T avoid damage to abutments due to imposed movements

T avoid restraint in bridge girder due to restrained deformations

For example, the Britannia bridge (Robert Stephenson 1846/50,

replaced 1972 after fire), used cast iron roller bearings on all but

the central towers to allow sliding of the box girder. In the

following decades,

o providing statically determinate horizontal supports to bridge
girders became common engineering practice

This paradigm was fostered by the advent of prestressing

technology, since

T prestressing results in a contraction of the girder, causing
tension if restrained

T shrinkage and creep of concrete are causing further
contraction

0 pioneers of prestressing were very concerned that the
beneficial effect of prestressing was lost (see notes)
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Support and articulation  xIntroduction

Another reason for providing bridge bearings was that

T the restraint forces in bridge girders, whose expansion or
contraction is impeded by the substructure (abutments, piers),
are difficult to quantify,

T particularly since they depend on soil-structure interaction

0 such analyses are perfectly feasible today but, they were
beyond reach in the 19 century using hand calculations
(e.g. modelling the soil stiffness by elastic springs means
adding a degree of statical indeterminacy per spring).

T Suitable computational tools became available in the 1950s,
particularly through the Finite Element Method (civil engineers
significantly contributed to the development of this method,
together with aeronautical engineers, and structural analysis
was a first field of application of the FEM) but «
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cripher

Another reason for providing bridge bearings was that

T the restraint forces in bridge girders, whose expansion or .
contraction is impeded by the substructure (abutments, piers), - P
are difficult to quantify, |

T particularly since they depend on soil-structure interaction

0 such analyses are perfectly feasible today but, they were
beyond reach in the 19 century using hand calculations ,. il
(e.g. modelling the soil stiffness by elastic springs means L:-i '5ilsg!|_'|fi|"|li.r_-*‘*ff'-
adding a degree of statical indeterminacy per spring). |

T Suitable computational tools became available in the 1950s,
particularly through the Finite Element method (civil engineers
significantly contributed to the development of this method,
together with aeronautical engineers, and structural analysis
was a first field of application of the FEM) but

Hewlett-Packard

o user-friendly software programs running on powerful yet pllt it all together.

affordable computers, taken for granted as a standard tool of
structural engineers today, only became reality in the 1990s.

ewlen-Packard,

27 T
nce must be measured by results.

HEWLETT
ﬁ/’ PACKARD
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Support and articulation  xIntroduction

On the other hand:

T bridge girders provided with a horizontally statically determinate
bearing layout can be analysed independently of the
substructure

T supports facilitate the efficient erection of girder bridges

o bridges provided with expansion joints and bearings, such that
the girder can expand and contract freely, became very popular
(particularly after World War Il, when many developed countries
were extending their motorway networks)

o still today, many textbooks and guidelines worldwide presume
implicitly that bridge girders are always articulated, i.e. provided
with statically determinate horizontal supports

However, this paradigm is outdated, particularly for road bridges
where de-icing salts are used tsee following slides. Rather:

T the optimum support and articulation concept must be carefully
chosen in the conceptual design phase for each bridge

T in many cases, avoiding expansion joints and bearings is
preferable

e
o
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Support and articulation  xIntroduction

The long-term experience with jointed bridges is extremely
negative

T particularly in road bridges exposed to de-icing salts
T main problem = expansion joints in road bridges

T leaking expansion joints are a principal cause of bridge
deterioration

0 may cause severe damage to the bridge structure, e.g.

o trigger corrosion of bearings and anchorages of
prestressing cables near the joints

Al
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Support and articulation  xIntroduction

Furthermore, expansion joints are problematic
regarding

T user comfort
T noise emissions
T robustness (e.g. earthquake resistance)

particularly if bearings and expansion joints are
provided over intermediate supports.

This is different in railway bridges (see notes
below and bearing layout principles).
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Damage caused by leaking expansion joints can be
avoided if they

T are adequately designed and detailed

T ensure a controlled evacuation of runoff water even if
the joints are leaking (see photos and section on
abutments)

However, adequately detailed expansion joints (and the
maintenance chamber required) are expensive but still

T require maintenance
T have a relatively short service life
T cause noise and harm user comfort

For these reasons, there is a strong tendency today to
0 avoid expansion joints in new road bridges

o eliminate expansion joints at the time of bridge
rehabilitation
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Support and articulation

In modern bridge design, rather than blindly following the
obsolete paradigm of horizontally isostatic support:

0 the optimum support and articulation concept must be
carefully chosen in the conceptual design phase for each
bridge

0 expansion joints and bearings should be avoided

Many solutions are possible, that can be categorised based on

T the type of bridge end (see figure)
« integral (neither expansion joint nor bearing)
« semi-integral (bearing only, joint only in exceptional cases)
« jointed (with expansion joint)

t the continuity of the girder
« continuous (usual)
« jointed (avoid, except in long railway viaducts)

T the connections of girder and piers
« monolithic (preferred)
« articulated with concrete hinges (quasi-monolithic)
« articulated with bearings

+Introduction

Integral bridge ends (neither expansion joint nor bearing)

Semi-integral bridge ends (bearing only)

Jointed bridge ends (with expansion joint and bearing)
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Support and articulation  xIntroduction

The support and articulation concept of a bridge can then be Integral bridge
classified by

T the type of bridge ends (integral or articulated) and
T the continuity of the girder (with or without joints)
T the connections of girder to substructure (monolithic or articulated)

In this lecture, the following definitions are used: . :
Semi-integral bridge

Jointed bridge / bridge with expansion joints
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Girder deformations and movements
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Support and articulation

Expansion and contraction of bridge girders is caused by

+Girder deformations

Temperature variation '+ o H= 01O 7'

T applied loads, particularly longitudinal prestressing H
I temperature variation in all materials _ .
- - 3 thermal strain | proportional
imo,sturevarlatlon LQ WLPEHU DQG_FRQFUHWH (CHUANOINERA ¢ DJHtotemloer(,m"eChamge
T shrinkage of concrete (autogenous and chemical) and FRP 1
T creep of concrete, timber and FRP >'T
Shrinkage o H
It should be observed that: kA
I expansion and contraction due to temperature variation, | _ _
humidity changes and shrinkage are considered to be ggﬁtg‘g%‘:}aﬁz :g:g:j:nt
mdepen.dent of applied stres.ses | of applied stress
T contraction due to prestressing (and hence creep) is >

approximately proportional to the applied stresses

shrinkage and creep are time-dependent effects subject to
high uncertainty (large scatter of values)

In concrete, contraction due to moisture reduction is

conventionally included in the shrinkage deformations,
together with autogenous and chemical shrinkage

t

Elastic deformation i + creep .= MH, (M| 1.8)

ey l free creep strain .= MH

clel
increase of deformation
under constant stress

initial (elastic) deformation H

I | proportional to applied stress
-

t
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Support and articulation  £Girder deformations

24.03.2026

Temperature variation
: . . . Thermal effects for Superstructure type
T uniform temperature variations of bridge girders design of bearings
« GHSHQG RdctiMW &flthe bridge (climate) and expansion joints
« DUH JUH D whibient\ie iz Qture variations in Swiss road steel composite concrete
: : : . . bridges (*)
in an unrestrained bridge girder, a uniform temperature
difference 'T causes a thermal strain proportional to 'T temperature variation £30 € £ 25 € £ 20 €
and to the coefficient of thermal expansion O3 : 'T. (SIA 261)
H DT 50% increase for
design of bearings and
for steel and concrete > 10 10-%/K may be adopted expansion joints (SIA 9] 82 (S (RO
(despite variations in reality, see notes) 261) (***)
for timber, thermal effects are subordinqte (moisture 'T, to consider r45 £ r375 € r30 £
dominates) o many codes do not provide values for b O 'T, to consider r 450 106 r 375710 r 300 106
for the choice of the support and articulation concept,
differential temperature effects (temperature differences 17D T, (%) r675710°6 r 563106 r 450106
between top and bottom of girders) can be neglected

the table illustrates uniform temperature differences and
resulting thermal strains to be used in Swiss bridges
(ASTRA) when determining the movement capacity of
bearings and expansion joints (factor J see next slide)

(*) reference temperature +10 £ unless otherwise specified

(**) according to ASTRA guideline 12004: J 1.5 if temperature is the
leading variable action, accounts for uncertainties in 3, position of fixed
point, temperature at installation etc.

(***) accounts for difference between ambient temperature variation and
bridge temperature variation, see also notes

ETH Zurich | Chair of Concrete Structures and Bridge Design | Bridge Design Lectures
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Support and articulation

Concrete shrinkage and creep
T shrinkage strains K are independent of applied load

T creep strains i M H, are proportional to
« W lapplied stresses ., E. "Hg and
« W Kndep coefficient M

T shrinkage and creep develop over time and
« R F Ffdter in thin members (less effect on creep)
« D Udger in lower strength concrete
« D Udwver at high relative humidity RH (CH: outdoor)
... cannot be predicted precisely

T Typical values for Swiss bridges (C30/37, RH | 80%) are
H, | 30010°%and N, |1.8.

T relevant strains: occurring after the installation of bearings
resp. expansion joints (typically after prestressing), or
after installing backfill and pavement in integral bridges.

T the table illustrates the calculation of relevant strains
according to ASTRA Guideline 12004 as an example (not
for direct use), including the load factor ¢ to cover the
uncertainties (G, &, ME, PRYHPHQW OHQJWK

+Girder deformations

Typical values f or Superstructure type
preliminary design of
bearings and steel composite | Concrete
expansion joints in
Swiss road bridges (*) [106] [106] [10°]
uniform temperature r450 r375 r300
difference @ 'T, r450 375 r300

: 0 300

**
shrinkage H, (**) n/a (see notes) 150
prestressing 100
(\l, | 3.5 MPa) n/a n/a
180
**

creep H (**) n/a n/a 120

, r450 r375 300/ 880
QT B B R r450 375 300/ 570
¢+ T B Ho B r675 r563 450/ 1030
$('Te Ky Ha &) r675 r563 450/ 855

(*) reference temperature +10 £C, assuming ¢ 1.5 (temperature is the
leading variable action) and neglecting shrinkage in composite girder

(**) assuming H, | 300710°and N, | 1.8 and that prestressing, 50% of
shrinkage and 33% of creep occur before installation of expansion joints
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Support and articulation  £Girder movements

Movements of the bridge girder Movements due to girder contraction |
1 temperature variations, shrinkage, prestressing, creep (schematic, bridge longitudinally stabilised by piers)
and moisture variation cause strains of the girder

Ua1 Upy Up; Ups Upy4 Ups Uaz
T order of magnitude of characteristic total strains: — — - - — — —
« FRPSRVIHHWTWF010°(r375) ., .
« VWHHO H| 900710°(r450) Al A2
« FRQF UHW B200 10 (+300/-900) for bearings =51 P2 P5
H | 900710 (+300/-600) for exp. joints o3 iy
T these strains cause movements of the girder, that
LQFUHDVH LQ SURSRUWLRQ ZLWK WKH GLVWDQFH B:PRYHPHOW
OHQJWK” IURP WKH SRLQW RI JHUR"RP
T unless the girder is fixed longitudinally at an abutment,
the position of the fixed point is not exactly known
T the relevant movement lengths vary in staged | : ; | YRRREE .
construction, but only movements occurring after the design | | B Uno
movement — : -
installation of bearings and joints (or backfill and length A1 | , design
pavement in integral abutments) need to be considered ' f movement
potential range of fixed point length of A2

0 consider construction process (allocating adequate
reserve capacities, particularly in case of bearings and
expansion joints, see substructure chapter for details)

0 uncertainty in movement lengths

(due to scatter in in soil parameters,
FUDFNLQJ RI SLHUV «
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Support and articulation  £Girder movements

Movements of the bridge girder Movements due to girder contraction

1 temperature variations, shrinkage, prestressing, creep (schematic, bridge longitudinally stabilised by piers)
and moisture variation cause strains of the girder u u u u u u
Al P1 P2 P3 P4 P5

T order of magnitude of characteristic total strains: — — - - — — —
« FRPSRVIHHWTWF010°(r375)
« VWHHO H| 900710°(r450)
« FRQF UHW B200 10 (+300/-900) for bearings
H | 900710 (+300/-600) for exp. joints

T these strains cause movements of the girder, that

LQFUHDVH LQ SURSRUWLRQ ZLWK WKH GLVWDQFH 3PEK
OHQJWK" IURP WKH SRLQW RI JHUR"'RP

T unless the girder is fixed longitudinally at an abutment,
the position of the fixed point is not exactly known

T the relevant movement lengths vary in staged

e g

‘ — —em = [

papepEm

A

construction, but only movements occurring after the design | a2
. . : . . movement —~—
installation of bearings and joints (or backfill and length A1 |

pavement in integral abutments) need to be considered

o consider construction process (allocating adequate

reserve capacities, particularly in case of bearings and

. ) (due to scatter in in soil parameters,
expansion joints, see substructure chapter for details) FUDFNLQJ RI SLHUV «
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Movements of bridge girder

T relevant movements of the girder are also caused by

« horizontal loads EUDNLQJ DFFHOHUDWLF{,Q «

« verticalloads LQ DUFKHV ITUDPHV «

these loads cause a rigid body motion of the girder
unless the girder is fixed longitudinally at an abutment

- deformations rigid body
0 trﬂga:/legrggﬁ,[s (expansion / movements
contraction) of girder

the total movements are relevant for the design of the
piers (e.g. monolithic connection of short piers near
abutments possible?) and integral bridge ends

in jointed bridges, movable bearings and expansion
joints need to be provided with sufficient movement
capacity to accomodate the total movements with
adequate reserves (e.g. using a load factor ¢ as
required by ASTRA)

the total characteristic movements of the bridge ends
are the basic criterion for the suitability of integral and
semi-integral bridge ends (see integral bridges)

Movements due to girder contraction

(schematic, bridge longitudinally stabilised by piers)

Upq Upo Up3
777
Al
P1 P2
P3
Movements due to horizontal load (schematic)
u(F,) Fy
- - - - -
777
Al
P1 P2
P3

Upy

-

P4

-

P4

Horizontal movements due to vertical load (schematic)

u(F,)
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Jointed bridges +Bearings and expansion joints
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Support and articulation  xJointed bridges

Expansion joints and bearings cannot be avoided in all cases. In

particular,a KRUL]J]RQWDO DUWLFXOdégvuredRQ *GLODWDWLRQ’
T in long bridges (limits see integral bridges)

T at low abutments or short piers on stiff sail

T if ductility of the girder is a concern (existing bridges, steel bridges
with slender elements, timber bridges)

In such cases, bearings and expansion joints are used to provide
articulation; in particular to

T minimise restraint to expansion and contraction of the bridge
girder,

T accommodate the movements of the bridge girder with adequate
reserve capacity (bearings and expansion joints)

T enable rotations of the girder with minimum restraint
(if rotation is intentionally impeded, such as torsional rotation
restraint, two bearings are usually provided o force couple)

At abutments, movements are usually guided in one direction, since
multiaxial movements require more complicated expansion joints
(except at small movements where a single profile joint is sufficient).
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