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Abstract
This paper describes the 3D push-over analysis of a motorway exit bridge located near
Neuchâtel (Switzerland) is described in this paper. The Z_SOIL.PC software [1] has the
capability to run such analyses, both in 2D and 3D.

1. Introduction
Seismic assessment of existing structures through displacement-based methods has gained
increasing attention in Switzerland in the last ten years [2]. The use of such methods tends to
be less conservative than conventional replacement forces methods, leading to potential
savings when deciding whether or not to intervene on the structure. In this paper, we describe
the application of such a displacement-based method – the push-over approach – with
Z_SOIL.PC on the seismic assessment of a motorway exit bridge located near Neuchâtel
(Switzerland). In section 2, we briefly recall displacement-based methods. In section 3, we
describe the 3D finite element model of the structure. We then compute the target
displacement corresponding to seismic demand in section 4, and we define the capacity of
deformation of the bridge’s piles in section 5. Finally, in section 6, we sum up the principal
results of the study and draw some conclusions.

2. Displacement-Based Method
2.1

Seismic Assessment of an Existing Structure

According to the Swiss norm SIA CT 2018 [2], a compliance factor  eff is defined as the
ratio between the capacity of deformation of the structural element to be assessed wRd (see
section 5) and the deformation due to seismic action wd (equal to the target displacement
returned by the push-over approach, see sections 2.2 and 4).

 eff 

wRd
wd

(1)

 eff is then compared to reduction factors  min and  adm in order to evaluate the necessity
to intervene on the structure. Reduction factors depend on the class and the life-span of the
structure. Typically, in Switzerland, for a structure of class II (medium importance),  min =
0.25 and  adm ranges between 0.40 and 0.90 (0.76 for a life-span of 50 years). When
 eff   min , something has to be done immediately. When  eff   adm , no intervention is
necessary. When  adm  eff   min , the intervention has to be conducted if “proportionate”.

2.2

The Push-Over Approach

The push-over approach is a nonlinear static method described in Eurocode 8 [3]. Its
implementation in Z_SOIL.PC is described in detail in [4]. In short, force distribution (unitary
or modal) is applied to the structure and monotonously increased. A capacity curve is
obtained, drawing the total shear force at the base of the structure with respect to the top
displacement (in our case, the bridge’s deck). This curve is then expressed for an equivalent
single degree of freedom oscillator and it is bi-linearized, giving birth to the so-called
capacity spectrum (Figure 1).
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Figure 1. Capacity spectrum
The seismic action depends on the type of the structure, soil conditions and the zone of
application. It is expressed as an acceleration-displacement response (ADRS) spectrum, or
demand spectrum. The superposition of both the capacity and demand spectra leads to
obtaining target displacement w*d for the single degree of freedom oscillator, and finally to
target displacement wd for the real structure (Figure 2). This target displacement represents
the maximal horizontal displacement which will be experienced by the structure during an
earthquake corresponding to the given ADRS spectrum.
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Figure 2. Demand spectrum and target displacement

3. 3D Finite Element Model of the Structure
An engineer sketch of the bridge is depicted in Figure 3. The corresponding 3D structural
mesh composed of beam elements is shown in Figure 4.

Figure 3. Sketch
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Figure 4. 3D finite element model
As the seismic assessment focuses on piers P2, P3, P8 and P13, only these four piers are
modelled explicitly with nonlinear beam elements, introducing concrete compression and
traction limits as well as steel reinforcement. The other piers are introduced as boundary
conditions, and the bridge’s deck and foundations are introduced as linear beam elements with
correct inertia and area.
Figure 5 summarizes the differences between the real bridge and the model. In particular,
no interaction between soil and structure is considered in this analysis: the piles supporting
the piers are considered to be fixed at a depth of B/2 in the bedrock.
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Figure 5. Model hypotheses

4. Target Displacement Computation with Z_SOIL.PC
The four under discussion piers have to be examined in both longitudinal and transversal
directions (with +/- signs) for unitary and modal force distributions, which means that a total
of 8 capacity spectra for each of the four piers will be created. As for the demand spectrum, it
is defined in Z_SOIL.PC through an input screen where peak horizontal ground acceleration,
structure importance factor, ground type and damping can be introduced according to
Eurocode 8 definition. Figure 7 shows the output given by Z_SOIL.PC corresponding to the
analysis of pier 2, in the longitudinal direction (+ sign), with a modal force distribution, as
defined in the Z_SOIL.PC input screen shown in Figure 6. A target displacement of 1.22 cm
is obtained in this case.

Figure 6. Z_SOIL.PC input screen for push-over settings
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Figure 7. wd computation for pier 2 (+longitudinal direction, modal distribution)
Remark: pile foundation flexibility is neglected in this computation, which means that for
the pier’s seismic assessment, the displacement at the base of the pier is considered to be
equal to zero. This assumption is conservative if both the top and the bottom of the pier move
in the same direction during the earthquake.

5. Capacity of Deformation
5.1

Definition

According to SIA CT 2018 §6.2 [2], the pier’s capacity of deformation is defined as:

wRd  max Lv

(2)

Where Lv  H pier / 2 is the shear length for a fixed-end beam (we assume here that the pier
is fixed in the deck) and the rotation capacity max  3 y in the first approximation.  y is the
yielding chord rotation and can be expressed as:
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(3)

In Eq. (3), the nominal curvature of plastification  y is approximated as a function of steel
plastification strain  sk and rectangular beam height hb .

5.2

Shear force verification

Deformation-based methods cannot be applied to structures subjected to fragile failure
mechanisms, like shear failure (SIA CT 2018 §6.2.15 [2]). In order to circumvent this
limitation, a reduced compliance factor  eff can be computed as follows:

 eff ,red 

wRd ,red
wd

(4)

Where wRd , red takes into account the maximal shear resistance of the pier’s section Vrd (see
SIA 262, § 4.3.3.4.3 [5]), when nominal shear resistance Vd  Vrd (see Figure 8):
wRd ,red  wRd

Vrd
A / s  z  f sd  cot 
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(5)
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Figure 8. wRd , red computation

6. Summary and Conclusions
Given wd (Figure 5) and wRd (Eq. (2)) we can compute the compliance factor  eff or

 eff , red (Equations (1) or (4)) – for each pier, each direction and each load distribution – and
compare it with reduction factors  min and  adm . Table 1 summarizes these factors for the
four piers.
Table 1. Compliance factors
Longitudinal direction: eff = wRd / wd

Transverse direction: eff = wRd,réd / wd

distribution

modal

- modal

uniform

- uniform

modal

- modal

uniform

- uniform

Pier 2

6.97

6.91

7.09

7.09

5.64

5.64

5.97

5.34

Pier 3

8.25

8.17

8.47

8.39

3.58

3.58

4.22

4.22

Pier 8

6.65

6.65

6.65

6.65

1.97

1.62

2.27

1.90

Pier 13

11.44

10.11

11.97

10.38

2.56

2.56

3.30

3.30

Compliance factor  eff   adm  0.76 for each and every pier, and therefore the seismic
assessment of the motorway exit is fulfilled.

It has been shown on other structures designed in the 1970s that applying the replacement
forces method today can lead to the decision to reinforce the bridge. This is due to the fact
that norms tend to be more restrictive nowadays than they were in the past, and so verification
acceleration is greater than design acceleration.
As nonlinear elasto-plastic behavior of structural elements isn’t explicitly taken into
account in the replacement forces method (it is hidden in behavior factor q), there is a reserve
that can be tapped using displacement-based methods, therefore often yielding satisfactory
compliance factors: reinforcement is not necessary in this case.
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