
144  Scientific Paper Structural Engineering International  2/2011

Peer-reviewed by international ex-
perts and accepted for publication 
by SEI Editorial Board

Paper received: October 15, 2010
Paper accepted: November 30, 2010

Transition Slabs of Integral Abutment Bridges
Damien Dreier, Dr., Civil Eng.; Olivier Burdet, Dr., Civil Eng.; Aurelio Muttoni, Prof., Dr., Civil Eng.; EPFL-IBETON, Lausanne, 

Switzerland. Contact: damien.dreier@a3epfl.ch

DOI: 10.2749/101686611X12994961034174

Abstract

Over the past decades, an increasing number of bridges with integral abutment 
have been built in Switzerland. This type of bridge offers various advantages 
over standard bridges with abutments, equipped with expansion joints and bear-
ings that require regular inspection and maintenance. One main concern of inte-
gral abutment bridges is related to the soil–structure interaction, in particular 
between the transition slab and the embankment. To avoid any expansion joints, 
transition slabs are directly connected to the end of integral abutment bridges. 
They are therefore subject to large displacements of the bridge deck due to 
temperature effects and creep and shrinkage in concrete bridges. Consequently, 
detailing of transition slabs needs to be carefully considered. This paper inves-
tigates the behaviour of transition slabs, focusing on the settlement of the pave-
ment at the end of the transition slab and on the cracking of the pavement 
between the bridge deck and transition slab. On that basis, a modified geometry 
of the transition slab and a new detail for the connection between the bridge 
deck and the transition slab are proposed. If these propositions are considered 
at an early stage in the design process, they will result in an improved long term 
performance of bridges with integral abutments without increasing the construc-
tion costs.

Keywords: integral abutment; semi-integral abutment; transition slab; soil– 
structure interaction; durability; serviceability limit state; conceptual design.

Introduction

Over their service life, bridge decks 
expand or contract as a result of time 
and temperature-dependent effects. 
The displacement u at the bridge end 

is used to define the required type and 
opening of the expansion joints.1 It can 
be estimated by Eq. (1) (Fig. 1a).

u = eimpdfp = (eΔT + ecr + ec,sh)dfp (1)

where:
– eimp = (eΔT + ecr + ec,sh) is the imposed 

deformation;
– eΔT = aT ΔT is the temperature 

deformation;
– aT is the thermal expansion 

coeffi cient;
– ΔT = T0 ± Tk is the variation of the 

uniform temperature of the bridge 
deck;

– T0 is the temperature at the time of 
the bridge completion;

– Tk is the characteristic tempera-
ture of the bridge deck taking into 
account the effects of extreme daily 
and seasonal temperatures, gener-
ally specifi ed in national codes2;

– ecr is the creep deformations of 
concrete, which can for example be 
taken from national codes3;

– ec,sh is the shrinkage deformations of 
concrete, which can for example be 
taken from national codes3;

– dfp is the distance between the fi xed 
point and the end of the bridge.

Bridges with Integral Abutments: Introduction

Integral Abutment Bridges are bridges with no expansion 
joints and no bearings. Their largest benefits are the lower 
construction and maintenance costs. Bridges of this type 
are widely spread in the United States but are also becom-
ing more popular in Europe, but the technical solutions are 
very different in different countries. In some countries slen-
der piles are used, minimizing the strains in the piles from 
thermal displacements of the bridge, while the approach in 
other countries is based upon heavy piles. Some countries 
also design for seismic loads which is not the case in other 
countries. 

Structural Engineering International received a great response 
from around the world to its call for papers on the topic of 
Integral Abutment Bridges. The number of abstracts submit-
ted, and subsequent high-quality papers received, prompted 
the extension of this Special Edition over two issues - the 

present issue, as well as the coming August issue. In this first 
issue, eight Scientific Papers on topics spanning from gen-
eral papers describing the concept in different countries to 
results from the monitoring of integral abutment bridges are 
presented. The Scientific Papers are complemented by three 
Technical Reports showing the design and construction of 
three bridges with integral abutment. Our hope is that the 
papers will be of great value to researchers, bridge owners 
and bridge designers, and in the long run will contribute to 
more economical bridge solutions.

Prof. Dr. Andrea Frangi, Member of the SEI Editorial 
Board and Vice-Chair of IABSE Working Commission 2 
(WC2), Switzerland
Prof. Peter Collin, Member of WC2, Sweden
Dr. Roman Geier, Chair of WC2, Austria
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Fig. 1: Displacement u at the end of a concrete bridge: (a) definition of imposed deforma-
tion eimp and distance dfp between the fixed point and the end of the bridge; (b) evolution 
of the imposed displacement uimp at the end of the bridge with time t

 abutment and the embankment caused 
by displacement of the bridge deck u. 
However, abutments with joints have 
some serviceability and durability 
problems. Indeed, the degradation 
of the mechanical elements compris-
ing the expansion joints and bearings 
occurs over time. These degradations 
are significant, especially in countries 
where deicing salt is intensely used, 
as in Switzerland,4 and in bridges 
exposed to sea water. Consequently, in 
cold or coastal areas, these mechani-
cal  elements must be replaced 
 approximately every 20 to 30 years, 
which leads to costly and complicated 
maintenance operations.

In Switzerland, standard abutments 
with joints are typically built with 
a transition slab. These slabs pro-
vide a smooth transition between the 
embankment and the bridge structure. 
They have another important function, 
namely to bridge over possible settle-
ments in the vicinity of the abutment 
wall.5 These settlements are mainly 
caused by mechanical compaction 
defaults, erosion or consolidation of 
natural soil due to embankment load.6

Semi-integral abutments (without 
expansion joint) or integral abutments 
(without expansion joint and bear-
ings) are solutions to avoid the deg-
radations related to expansion joints 
and bearings.7,8 In these configura-
tions, the bridge deck and the abut-
ment are longitudinally connected. As 
a consequence, the displacement u of 
the bridge end is transmitted to the 
abutment.

integral bridges, the behaviour of the 
integral abutment (without expansion 
joint and bearings) also needs to be 
taken into account. A typical evolu-
tion of the displacement of a concrete 
bridge deck end u is given in Fig. 1b. 
The increase in u is particularly impor-
tant during the first years after con-
struction, because of creep ecr and 
shrinkage ec,sh deformations.

In traditional bridge construction, the 
deck is longitudinally disconnected 
from the abutment by an expansion 
joint and bearings as shown in Fig. 2a. 
This  disconnection prevents move-
ments and thus any forces on the 

For the estimation of the required 
opening of the expansion joint, the 
temperature T0 to be considered is 
the concrete bridge deck temperature 
at the time t0 of the final positioning 
of the expansion joint and for ecr and 
ec,sh the increment between that time 
and the time tk at which the characteris-
tic temperature Tk prevails. The deter-
mination of the bridge fixed point is 
not always a simple task. Indeed, if the 
bridge under consideration is not fixed 
at one of its abutments, the location of 
the fixed point must be determined by 
considering the behaviour of columns 
comprising the intermediate supports 
of the bridge and their  foundations. In 
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Fig. 2: Phenomena caused by the longitudinal displacement of the bridge deck; (a) standard abutment with joints; (b) integral abutment
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slab can become problematic for the 
serviceability limit state, as it reduces 
the planarity of the road pavement 
and degrades the comfort of the road 
users. This phenomenon has not been 
investigated so far. The following text 
of the paper presents and explains this 
phenomenon and shows possible ways 
to minimise it.

Numerical Model

A finite element software12 was used 
for the simulation of the soil– structure 
 interaction in the vicinity of the abut-
ment of integral bridges. This soft-
ware’s results have been thoroughly 
compared with experimental values 
and are quite reliable.13,14. It has the 
ability to reproduce the complex 
behaviour of gravel backfills and to 
simulate the interaction between the 
embankment and the structural ele-
ments of the bridge end, which were 
the main parameters of this investiga-
tion. The geometry of a semi-integral 
abutment shown in Fig. 3a was inves-
tigated. The main variables used to 
define the geometry of the studied 
transition slab were its length lTS, its 
slope aTS, its thickness hTS and the bur-
ied depth of the transition slab at the 
connection with the bridge deck eTS,0 
(Fig. 3a). For this study, the differences 
between the semi-integral abutment 
of the model and an integral abutment 
are minor. The system is composed of 
three materials. The first material is 
the granular material (gravel backfill) 
of the embankment. The second mate-
rial is the reinforced concrete used for 
the transition slab, the abutment wall 
and the bridge deck. The third mate-
rial is the bituminous road surfac-
ing. The mechanical characteristics of 
these materials are extremely differ-
ent. The Hujeux15,16 mechanical model 
was used to simulate the behaviour 
of the backfill of the embankment. It 
uses an elastic–plastic approach with 
multiple plastic mechanisms. This 
approach covers all types of soils, 
from a perfectly granular material to 
clay. This model includes in its for-
mulation the entire range from well-
known elastic–plastic models with a 
Mohr–Coulomb failure criterion to the 
Cam–Clay model.17 The behaviour of 
the reinforced concrete structural ele-
ments was assumed to be elastic, with 
a reduced stiffness accounting for the 
flexural cracking state of the transition 
slab. A soil–structure interface element 
was used between the reinforced con-
crete elements and the embankment 
to reproduce the adherence and to 

against the abutment wall and the 
imposed wall deformations induced 
by uimp are known, the internal forces 
in the abutment wall can be evalu-
ated with conventional structural 
engineering methods. In the design of 
the abutment wall, particular atten-
tion should be given to the cracking 
of the wall. At the ultimate limit state, 
a flexible abutment wall is an elegant 
solution to prevent excessive internal 
forces due to imposed deformations. 
However, flexural and shear failure 
of the  flexible abutment wall must be 
prevented even for k close to kp.

In the same experimental study, 
Cosgrove and Lehane9 have shown 
that the settlement in the vicinity of 
the abutment wall due to uimp comes 
from the repeated active failure of the 
embankment subsequent to the cyclic 
displacement of the abutment wall. 
Dreier11 has shown that the length lg 
of this settlement can be reasonably 
estimated by Eq. (3). This estimation is 
based on an active plastic mechanism.

lg  = hactive/tan(aactive) with 

aactive = 45˚ + j /2 (3)

where hactive is the depth of the active 
plastic mechanism zone that can be 
approximated as the height of the 
abutment wall hAW and j is the fric-
tion angle of the backfill.

The transition slab, already used to 
bridge embankment compaction 
defaults, is also effective for bridging 
this cyclic settlement. Consequently, 
the design of the reinforcement of 
the transition slab must consider the 
bridging length lg. Simply stating, the 
transition slab can be designed by 
considering the transition slab as sup-
ported at the end of the bridge deck 
and at the end of the settlement.11

Settlement at the End of the 
Transition Slab

To avoid any expansion joints, transi-
tion slabs are directly connected to the 
integral abutment. As a consequence, 
they are also subject to imposed dis-
placement uimp, with the main effect of 
localising deformations in the soil and 
surface settlements in the vicinity of 
the end of the transition slab (Fig. 2b).

This imposed displacement uimp causes 
a local settlement of the pavement at 
the end of the transition slab, induced 
by an active plastic mechanical devel-
opment in the embankment. This set-
tlement at the end of the transition 

Abutments of Integral Bridges

Abutments of integral bridges are subj ec-
ted to imposed displacement uimp = u 
because of their longitudinal connec-
tion with the bridge deck. As shown in 
Fig. 2b, uimp leads to phenomena which 
are generally negligible for standard 
abutment with joints.

The imposed displacement uimp, trans-
mitted to the head of the abutment 
wall, leads to an imposed deforma-
tion of the wall and consequently to 
internal forces in the wall. This dis-
placement also causes changes in the 
distribution and intensity of the earth 
pressure sh behind the abutment wall. 
This complex soil–structure interaction 
needs to be taken into consideration to 
determine sh. The deformations of the 
abutment wall also lead to active soil 
mechanisms causing settlements under 
the transition slab (Fig. 2b).

Abutment Walls

As mentioned before, there is a com-
plex soil–structure interaction between 
the abutment wall and the embank-
ment behind it. Similar to a conven-
tional retaining wall, Eq. (2) can be 
used to estimate the earth pressure sh 
against the wall of a standard abut-
ment with joints as well as for the wall 
of an integral abutment.

sh = ksv (2)

where k is the earth pressure coeffi-
cient and sv is the vertical stress due 
to the dead load of the backfill located 
above the considered vertical location.

For a standard abutment, the earth 
pressure coefficient k can be assumed 
as ka for the ultimate limit state, 
where ka is the active earth pressure 
coefficient. For integral abutments, 
the estimation of the earth pressure 
coefficient k is more difficult because 
the history of the displacement of the 
abutment wall has a significant influ-
ence. Cosgrove and Lehane9 have 
experimentally shown the influence 
of cyclic wall displacements on k. In 
particular, they have shown that the 
value of k can become close to the 
passive earth pressure coefficient kp 
even for small displacements of the 
abutment wall. This large value of 
k can be explained by the stiffen-
ing of the embankment subsequent 
to a cyclic compaction in the vicinity 
of the abutment wall. This increase 
in the stiffness of the embankment 
was also observed in field measure-
ments.10 Once the earth pressure sh 
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Fig. 3: Model for the numerical study of the settlement at the end of the transition slab; 
(a) geometry and materials; (b) definition of the slope variation criterion c according to 
Swiss codes18,19

to 36°. Additional soil parameters for 
the model were defined  according 
to the work on the Hujeux model by 
Lassoudière and Meimon.20 More 
details about the choice of these 
mechanical parameters can be found 
in Ref. [11].

For this study, the time t0 to be con-
sidered is the time when the transition 
slab is completed and longitudinally 
connected to the concrete bridge deck. 
The characteristic time tk is the time 
when creep and shrinkage of concrete 
are fully developed and the tempera-
ture Tk is minimal.

Figure 4a shows the mesh deformation 
with an amplification factor of 5 and 
Fig. 4b shows the second strain invari-
ant I2. In both cases, the imposed dis-
placement uimp of the transition slab 
was chosen equal to 50 mm.

geometry of the transition slab is con-
sistent with the Swiss recommenda-
tions for transition slabs of integral 
bridges,5 (Fig. 3a). Thus, lTS is equal 
to 6 m, aTS = 10%, hTS = 0,3 m and 
eTS,0 = 0,1 m. The thickness of the 
bituminous road pavement is 0,07 m. 
The slope of the road aroad is assumed 
equal to zero. This last assumption has 
no influence on the results, as aTS is 
defined with respect to aroad.

The main parameters of the embank-
ment correspond to a well graded 
gravel backfill with a limited propor-
tion of fines. Its specific weight g is 
equal to 19,4 kN/m3 and its initial void 
ratio e0 is 0,32. Its bulk modulus Kref is 
47,1 MPa and its shear modulus Gref 
is 21,7 MPa at the mean reference 
effective pressure pref of −0,1 MPa. 
Its friction angle j is assumed equal 

allow a relative  displacement between 
the soil and concrete elements. A 
rigid– plastic mechanical model was 
chosen for the interface with a Mohr–
Coulomb failure criterion. The behav-
iour of the bituminous road surfacing 
was modelled with elastic elements 
instead of its actual viscous behaviour. 
Indeed, the velocity of the imposed 
displacement uimp is really low, such 
that time-dependent effects could be 
neglected even at low temperatures. 
Its assumed modulus of elasticity was 
consequently really low. In this study, 
the wing walls of the abutment are 
assumed to be structurally discon-
nected from the rest of the bridge and 
were thus not considered. The zone 
behind the abutment was investigated 
with a plane strain two-dimensional 
(2D) model. To avoid edge effects, 
the mesh was extended to include a 
 significant portion of the embankment 
(length × height = 17,2 × 7,5 m while 
the structures occupies 7 × 2 m). The 
size of the elements composing the 
mesh was progressively decreased, 
from 0,9 × 0,9 m at the edges of the 
mesh to 0,03 × 0,03 m in the most 
deformed area. A total of more than 
3000 elements were used, of which 
approximately 2000 elements are con-
centrated in the vicinity of the end of 
the transition slab.

Road Pavement Planarity Limit 
State

To quantify the planarity of the road 
pavement, a slope variation criterion c 
according to the Swiss code18 was 
used. This criterion (Fig. 3b) provides 
an efficient evaluation of the local cur-
vature, related to the comfort of road 
users. It takes into account the depth 
and the length of the settlement. The 
slope variation c, defined mathemati-
cally in Eq. (4), must always be less 
than the limit value cadm. According 
to the Swiss code,19 cadm is equal to 
28‰ for normal roads and 20‰ for 
highways.

c (x) =  w(x) − w(x − 1 m)
1 m

      − w(x + 1 m) − w(x)
1 m  

       = 2w(x) − w(x − 1 m) – w(x + 1 m)
1 m

              ≤ χadm (x)  (4)

Results for a Standard Geometry 
of the Transition Slab

This section presents the main results 
of the numerical study. The assumed 

(a) (b)
0 0,5 1 (m) 0 0,5 1 (m)Deformations 5×

I2 > 0
I2 = 0,0005
I2 < −0,001

Fig. 4: Results of numerical study for uimp = 50 mm; (a) mesh deformation; (b) second 
strain invariant I2
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the largest possible length can even 
reach 246 m.

The controlling situation is usually for 
a movement away from the abutment 
(active soil failure). Investigations 
in the passive direction have shown 
that the settlements for this case are 
significantly less problematic. This is 
due to the fact that the displacement 
needed to activate the passive plastic 
mechanism is quite larger than for 
the active mechanism. In addition, for 
concrete bridges, eimp includes compo-
nents that cause large deformations in 
the active direction due to creep and 
shrinkage.

Parametric Study

A parametric study was performed to 
investigate the influence of the geom-
etry of the transition slab and the type 
of backfill on the admissible imposed 
displacement uimp,adm. The results of 
the parametric study of the geometry 
are shown in Fig. 7. The  admissible 

that is, if it satisfies the admissible slope 
variation cadm, the graph shown in 
Fig. 6 can be used. It was prepared by 
plotting the maximal and minimal val-
ues of c in the vicinity of the transition 
slab as a function of uimp. This graph 
can also be used to determine the max-
imal admissible displacement uimp,adm 
for a given cadm. In all the cases stud-
ied, the “hole” was controlling. For a 
standard geometry of the transition 
slab, this gives 43 mm as the admissi-
ble imposed displacement uimp,adm for 
highways. Consequently, in accordance 
to national codes,2,3 if a total imposed 
deformation eimp = −0,8 mm/m for a 
concrete bridge deck is assumed (sum 
of ecr ≈ −0,2, ec,sh ≈ −0,35 mm/m and 
eΔT ≈ −0,25 mm/m due to ΔT = −25°C), 
the maximal distance between the 
investigated abutment and the fixed 
point of the bridge dfp is 54 m. In 
this case, the largest possible length 
for an integral concrete bridge with 
a fixed point at its midpoint is 108 m. 
An interesting possibility for concrete 
bridges is, at the time of a major retro-
fitting of the bridge ends, to transform 
a conventional bridge into a bridge 
with integral or semi-integral abut-
ments. In this case, only the residual 
creep and shrinkage deformations 
need to be taken into account. Thus, 
for the admissible imposed displace-
ment uimp,adm = 43 mm and assum-
ing that the residual deformation eimp 
is −0,4 mm/m, the maximal possible 
distance between the new integral 
abutment and the fixed point of the 
bridge dfp is 108 m. Thus, the largest pos-
sible length for a bridge with two ret-
rofitted abutments and a fixed point at 
its midpoint is 216 m. For steel bridges 
(ΔT = −35°C, eimp= eΔT ≈ −0,35 mm/m) 

Figure 4 highlights the relative move-
ment between the soil and the end of 
the transition slab. In particular, the 
figure shows the localisation of strains 
between the soil located over the tran-
sition slab and the embankment after 
the end of the transition slab (Fig. 4b). 
This localisation leads to a local settle-
ment at the end of the transition slab 
which reduces the planarity of the road 
pavement (Fig. 4a).

Figure 5 shows the evolution of the 
vertical deformation w of the road sur-
face and the corresponding slope varia-
tion c for various values of the imposed 
displacement uimp. Figure 5a reveals a 
global settlement of the transition slab 
starting at x/lTS = 0,3 due to the active 
soil mechanism subsequent to the dis-
placement of the end of the bridge deck 
and a significant local settlement at 
the end of the transition slab, approxi-
mately between x/lTS = 0,8 and 1,3. 
The location of the local settlement is 
independent of uimp studied. However 
its depth continuously increases with 
increases of uimp. This observation is 
even more pronounced in Fig. 5b for 
the slope variation c. Figure 5b shows 
four different areas with localisations 
of the slope variation c. The first one 
is at x/lTS = 0 where the transition slab 
is connected to the bridge deck. It is 
caused by the rotation of the transi-
tion slab due to uimp. The other three 
are located in the vicinity of the local 
settlement. At the edges of the local 
settlement, positive slope variations 
develop two “bumps” and a negative 
slope variation at the bottom of the 
local settlement leads to a “hole”.

To determine if the imposed displace-
ment uimp is acceptable for road users, 

0 20 40 60 80
0

10

20

30

40

uimp (mm)

χ 
(‰

)

⏐χadm⏐ = 20 ‰

uimp,adm = 43 mm

0  25  50  75 100

Lfp  (m) for εimp  = −0,8 (mm/m)

χpositive : "bump"

χnegative : "hole"

Fig. 6: Determination of the admis-
sible imposed displacement uimp,adm for 
cadm = 20‰ according to Swiss codes18,19

0 0,2 0,4 0,6 0,8 1 1,2
 0

20

40

60

80

eTS,extr (m)

u i
m

p,
ad

m
 (

m
m

)

lTS = [4 5 6 7 8m] and αTS = 5 %
lTS = [4 5 6 7 8m] and αTS = 10 %
lTS = [4 5 6 7m] and αTS = 15 %

χadm = 20 ‰

0

25

50

75

100

d f
p,

ad
m

 (
m

) 
fo

r 
e

im
p 

=
 −

0,
8 

(m
m

/m
)

Fig. 7: Influence of the buried depth at the 
end of the transition slab eTS,extr on the ad-
missible imposed displacement uimp,adm

0

w
 (

m
m

) −20

−40

−60

25

χ 
(‰

)

0

0 0,25 0,5

20
uimp (mm)

40
60
80

20
uimp (mm)

40
60
80

x / lTS

0,75 1 1,25 1,5 1,75

−25

−50

Fig. 5 (a, b): Evolution of the vertical settlement w and the slope variation c of the road 
pavement as a function of the imposed displacement uimp



Structural Engineering International  2/2011 Scientific Paper  149

Figure 9b shows the detail currently 
recommended in Switzerland for inte-
gral abutments.5 The connection rein-
forcement can carry the internal forces 
due to uimp. Moreover, it is favourable 
with respect to cracking because the 
centre of rotation of the transition slab 
is at the level of the connection rein-
forcement and consequently in the 
direct vicinity of the road surfacing. 
However, the construction of this detail 
is difficult because the connection rein-
forcement must be placed before the 
bituminous layer and the sliding bitu-
minous layer. The new improved detail 
shown in Fig. 9c is a concrete hinge 

Cracking of the Road 
Pavement at the Connection 
Between the Transition Slab 
and the Bridge Deck

The imposed displacement uimp of 
the transition slab can lead to crack-
ing of the road pavement at the con-
nection between the transition slab 
and the bridge deck,8 as shown in 
Figs. 2b and 8. These cracks typi-
cally appear during the winter season 
when the road pavement is brittle as 
a result of low ambient temperatures. 
They also occur occasionally in stan-
dard abutments with joints. They are 
caused by the rotation of the transi-
tion slab around the connection due 
to the  general settlement behind the 
 abutment wall induced by uimp and the 
consecutive flexural deflections of the 
transition slab due to the passing of 
trucks. A new connection detail, avoid-
ing the occurrence of these cracks, is 
presented in the following text.

Improved Connection Detail 
Between the Transition Slab 
and the Abutment

Figure 9a shows the connection detail 
between abutments with joints and 
transition slabs according to the 
Graubünden/CH Department of Civil 
Engineering.21 The transition slab 
rotates around the steel stud. This 
rotation gets propagated to the sur-
face through the road pavement, which 
can lead to localisation of cracks. The 
advantage of this solution is that the 
water sealing layer is protected against 
tearing by the mass concrete that cov-
ers it. This detail is not suitable for inte-
gral or semi-integral bridges, because 
the stud connection is too weak to 
transfer the longitudinal forces due 
to uimp.

imposed displacements uimp,adm are 
plotted as a function of the buried 
depth of the end of the transition 
slab eTS,extr, defined in Eq. (5) and 
shown in Fig. 3b, for the highways pla-
narity limit.

eTS,extr = eTS,0 + aTSlTS (5)

The grey area in Fig. 7 clearly shows 
the beneficial effect of increasing 
eTS,extr on the admissible imposed 
displacement uimp,adm. This effect is 
particularly significant if eTS,extr is 
larger than 0,6 m. For bridges with 
integral or semi-integral abutments 
and imposed displacement uimp larger 
than 43 mm, the geometry of the tran-
sition slab (eTS,extr) can be adjusted 
according to Fig. 7 to comply with the 
required  planarity value of the road 
surface. This can be done by either 
increasing lTS or aTS (see Eq. (5)). 
Limits for aTS are in the range of 5 
to 20%. The lower value is required 
to have a favourable transition from 
the embankment to the bridge while 
the larger value is given to avoid a 
general sliding of the backfill over the 
transition slab that could lead to sig-
nificant serviceability problems of the 
road surfacing.

The results of the parametric study 
of the embankment material are 
not given in this paper. This study 
has shown that the results caused 
by movements of the transition slab 
are quite insensitive to the range of 
gravel backfills typically used for 
embankments in Switzerland as for 
track ballast or blasted rock. More 
details about this study can be found 
in Ref. [11].

The results presented in Fig. 7 should 
be considered with some caution. So 
far, neither laboratory test results 
nor in situ measurements are avail-
able in the literature (an experi-
mental campaign is planned at the 
Ecole Polytechnique Fédérale de 
Lausanne/EPFL). Moreover, nei-
ther the probable increase of the 
slope variation c due to the cyclic 
displacement of the transition slab 
due to daily temperature variations 
(Fig. 1a), nor the increase of c due to 
the repeated passing of trucks over 
the local settlement has been con-
sidered. Although some uncertainty 
about the exact value of the admis-
sible imposed displacement uimp,adm 
for a given buried depth of the end 
of the transition slab eTS,extr remain, 
the tendency of the beneficial effect 
of eTS,extr on uimp,adm is clear.

Crack
ing of th

e ro
ad pavement

Fig. 8: Cracking of the road pavement at 
the connection between the transition slab 
and the bridge deck, semi-integral bridge 
of 68 m length built in 1986 in Reichenau/
CH8
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Fig. 9: Details of connection between abut-
ment and transition slab, units in mm; (a) 
detail for standard abutment with joints 
according to the Graubünden/CH Depart-
ment of Civil Engineering21; (b) detail 
for integral abutment according to Swiss 
recommendations5; (c) new improved de-
tail for standard and integral abutments. 1: 
surface layer; 2: support layer; 3: additional 
support layer; 4: mass concrete; 5: first 
water sealing layer; 6: second water sealing 
layer; 7: bituminous layer; 8: steel stud; 9: 
synthetic foam; 10: connection reinforce-
ment (other reinforcement not shown); 
11: sliding bituminous layer
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[10] Brena SF, Bonzcar C, Civjan SA, DeJong 
J, Crovo D. Evaluation of seasonal and yearly 
behavior of an integral abutment bridge. ASCE 
J. Bridge Eng. 2007; 12: 296–304. 

[11] Dreier D. Interaction sol-structure dans le 
domaine des ponts intégraux, EPFL Thesis no 
4880, Lausanne, Switzerland, 2010; 155.

[12] Aubry D, Modaressi A. GEFDYN, Manuel 
Scientifique. Ecole Centrale Paris. Paris, France, 
2008; 288 

[13] Modaressi A. Modélisation des milieux 
poreux sous chargements complexes. Dossier 
d’habilitation à diriger des recherches. Paris, 
France, September, 2003; 255.

[14] Sica S, Pagano L, Modaressi A. Influence of 
past loading history on the seismic response of 
earth dams. Comput. Geotech. 2008; 35: 61–85. 

[15] Aubry D, Hujeux J-C, Lassoudière F, 
Meimon Y. A double memory model with 
multiple mechanisms for cyclic soil behav-
iour. International Symposium on Numerical in 
Geomechanics. Zürich, Switzerland, 1982; 3–13.

[16] Hujeux J-C. Une loi de comportement pour 
le chargement cyclique des sols. Génie parasis-
mique, Presses de l’Ecole Nationale des Ponts et 
Chaussées. Paris, France, 1985; 287–302.

[17] Roscoe KH, Burland JB. On the gener-
alized stress-strain behaviour of “wet” clay. 
Engineering Plasticity. Cambridge University 
Press: Cambridge, UK, 1968; 535–609. 

[18] SN 640 520a. Planéité : Contrôle de la géo-
métrie. VSS, Union des professionnels suisses de 
la route. Zürich, Switzerland, 1977; 8.

[19] SN 640 521c. Planéité : Exigences de qualité. 
VSS, Association suisse des professionnels de 
la route et des transports. Zürich, Switzerland, 
2003; 4.

[20] Lassoudière F, Meimon Y. Une loi de com-
portment elasto-plastique des sols—Modèle 
Cyclade—Etude de faisabilité d’un système 
de détermination automatisée des paramètres, 
Contrat 84 F 1489 Ministère de la Recherche et de 
l’Enseignement Supérieur, IFP-BRGM, France, 
1986; 38.

[21] Tiefbauamt Graubünden. Projektierungs-
grundlagen—für die Projektierung und 
Ausführung von Kunstbauten, Tiefbauamt 
Graubünden. Chur, Switzerland, 2005.

ensure that integral or semi-integral 
abutments will be durable and per-
form satisfactorily at the serviceability 
limit state.
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reinforced against shear failure by the 
diagonal connection reinforcement. 
The construction of this detail is easier 
than that shown in Fig. 9b and leads 
to a distribution of the rotation of the 
transition slab over the entire length 
of the concrete hinge lch. The resulting 
cracks have only small openings that 
cannot propagate to the road surfacing.

An experimental validation of this 
detail has been performed (see appen-
dix of Ref. [11]). The experimental 
results have shown that the required 
rotation capacity of the concrete hinge 
is always reached if the connection has 
a reinforcement ratio r around 0,3 %. 
This relatively low reinforcement ratio 
also ensures a good distribution of the 
cracks.

Conclusions

Transition slabs are an important ele-
ment for the long term performance 
and the serviceability behaviour of 
semi-integral and integral abutments. 
Imposed displacements from the bridge 
deck are transferred to the abutment 
and the transition slab, which leads to a 
strong soil–structure interaction.

The paper shows the effects of various 
geometric and material parameters on 
the planarity of the road pavement at 
the end of the transition slab. The ben-
eficial effect of increasing the  buried 
depth of the end of the transition 
slab eTS,extr is demonstrated.

A new improved connection detail 
between the abutment and the transi-
tion slab has been proposed. It allows 
avoiding cracks in the road pavement 
at this critical location. This detail can 
also be used in conventional bridges. 
The application of these consider-
ations in the early design stages can 
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