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ABSTRACT 
The main objective of this paper is to investigate the influence of base isolators between bridge deck and deck footing in 
reinforced bridge abutments subjected to seismic excitations.  In order to evaluate the effects of base isolators, the 
Founders/Meadows reinforced bridge abutment in Denver Colorado was adopted as a case study. Numerical modeling is 
carried out using finite difference code FLAC v7.0. Based on the previous studies conducted on the same bridge  in 
which base isolator was not considered in the model between deck and deck footing, the horizontal inertia forces due to 
deck movements resulted in excessive rotation of the deck footing and consequently resulting in backward rotation of 
upper facing blocks of the reinforced soil wall (abutment) facing. The results of this study show that placing the base 
isolator prevents the bridge deck to hit the footing wall. Moreover, isolation of the movements of the bridge deck from the 
reinforced soil abutment prevents occurrence of the instabilities of the previous model without base isolator. In the model 
with base isolators, the vertical movements of bridge deck are reduced significantly during seismic excitations. A single-
abutment model was also previously developed in which the bridge abutment was not included in the model and its 
vertical loads were simply inserted as vertical equivalent loading onto the footing. The overall results show that the 
behavior of a two-abutment model with base isolator is closer to a single-abutment model in terms of minimizing the deck 
footing rotation, but the wall facing horizontal movement in the single-abutment model is excessive compared to the real 
two-abutment model with base isolator.  
 
 
 
1 INTRODUCTION 
 
Reinforced earth walls have gained numerous 
applications in geotechnical engineering. Reinforced 
bridge abutments are similar to earth walls except that 
they carry a surcharge load near the top edge (from the 
bridge deck) in addition to the soil horizontal pressure 
behind the reinforced earth zone. Since bridges are 
among the significant infrastructures, they are expected to 
remain in service after earthquakes and the destructive 
effects of seismic excitations have to be reduced. The 
implementation of seismic base isolators in bridges is 
expected to notably improve the performance of the 
seismic behavior of the reinforced bridge abutments. 
Implementation of seismic base isolators results in an 
economical and practical solution mitigating the 
magnitude of the seismic force by providing both lateral 
flexibility and energy dissipation through the insertion of 
the isolation device (Kelly, 1986; Heaton et al., 1995; Hall 
et al., 1995; Rao and Jangid, 2001; Shen et al., 2004). 

Bathurst and Hatami (1998) used FLAC 2D to study 
the effect of reinforcement specifications (such as length 
and stiffness) on the response of reinforced earth walls 
subjected to seismic excitations. They found that both 
reinforcement forces and facing displacement increase 
over time and the maximum reinforcement load occurs at 
the facing connections.  

The extensive damage of highway bridges in the 1989 
Loma Prieta, 1994 Northridge and 1995 Hyogo-ken nanbu 
earthquakes together with the research triggered as a 
consequence of the recent earthquakes have led to 
significant advances in bridge seismic design. In 
reinforced bridge abutments, a significant case study 

project was the fully instrumented segmental bridge 
abutment constructed and monitored during and after 
construction in Denver, Colorado, named 
Founders/Meadows (Abu-Hejleh et al., 2000, 2001). The 
monitoring was limited, however, to during construction 
and traffic loads. Fakharian and Attar (2005, 2007) used 
FLAC2D v4.0 to simulate the dynamic response of the 
Founders/Meadows reinforced bridge abutments to 
seismic excitations. The results showed that the facing 
horizontal displacements increase with number of cycles 
and reach values at the end of seismic excitations 
considerably greater than static magnitudes. The vertical 
displacement and rotation of the bridge deck footing, 
however, were not significant. In their study, however, the 
bridge deck vertical load was simply input as an 
equivalent concentrated line load along the vertical 
support of the deck. Therefore, the interaction between 
the deck and abutment and also the two abutments were 
not considered in their study. 

Fakharian and Aghania (2014) continued the study on 
Founders/Meadows reinforced bridge abutment, 
incorporating the deck inertia and its interaction with the 
footing and abutment. In fact the interaction of the two 
abutments on both ends of the bridge was studied under 
seismic excitations. One of the instabilities observed in 
their model was the excessive rotation of the bridge deck 
footing caused by cyclic horizontal loads, which is exerted 
from bridge deck to the abutment footing. The other 
instability observed was the backward rotation of upper 
facing segmental blocks of the abutment facing.  

Helwany et al. (2012) published a report on seismic 
designing of the reinforced bridge abutments both with 
numerical modeling using the finite element software 



 

 

Abaqus (2002) and physical modeling of half of the bridge 
system, and finally compared the results. They also 
modeled the elastomeric bearing pad as a base isolator 
under the bridge deck. If the bearing pads are properly 
designed such that the natural frequency of the bridge-
pad system is below the dominant frequency of the 
ground motion, the superstructure inertia force can be 
isolated from the bridge abutment. Isolating this motion 
greatly reduces the potential of the sill to slide, 
overturning or bearing capacity failure.  

This paper investigates effects of adding base 
isolators between the bridge deck and deck footing in 
Founders/Meadows reinforced bridge system, attempting 
to reinvestigate the instabilities occurred in the model of 
Fakharian and Aghania (2014) having considered no base 
isolators under the deck supports. The 70 m M/F 
segmental bridge abutment in Denver with one pier in the 
mid span and base isolators is simulated using FLAC2D 
v7.0. Post-cyclic facing horizontal deformations and 
abutment footing deformations are compared with the 
results of the two-abutment model without considering 
base isolators and also with single-abutment system 
investigated by Fakharian and Attar (2005, 2007). 
 
 
2 FOUNDER/ MEADOWS BRIDGE ABUTMENT 
 
The Founders/Meadows (F/M) bridge abutment 
constructed and fully instrumented in Denver, Colorado 
(Figure 1) is used for numerical modeling in this study. 
The Founders/Meadows segmental bridge abutment was 
completed in 1999 near Denver, by the Colorado 
Department of Transportation in the USA. Figures 1a and 
1b show a plan view and a typical section of the 
reinforced abutment, respectively. It is observed that the 
bridge deck/girder load is carried by a strip footing on top 
of the segmental reinforced abutment. Hence, bridge 
loads are transferred directly to the reinforced soil zone. 
The facing was constructed using solid masonry concrete 
blocks (toe-to-heel dimension equals to 280 mm and 
height of 200 mm). Plastic connectors prevent relative slip 
between the segmental concrete units, and are used to 
attach the reinforcing geogrids to the facing. The 
reinforcing geogrids were placed with uniform spacing but 
varying length, as illustrated in Figure 1b. The model 
geometry and details are generated in FLAC2D v7.0 as 
shown in Figure 2 with slight differences compared to the 
prototype, such as changing the facing height from 5.9 m 
to 6.0 m, geogrid element lengths from 8 to 7.2 m at the 

base (equivalent to 0.9H) and removing the soil beside 
the facing wall. 
 

 

(a) 

 

 

(b) 

Figure 1. Founders/Meadows Bridge: (a) plan view of two-
span bridge deck and approach roadway embankment; 
(b) section view showing arrangement of geogrid 
reinforcement, bridge footing, and superstructures. (Abu-
hejleh et al., 2000, 2001) 

 
 
3 NUMERICAL MODEL 
 
3.1 Modeling of Abutment 
 
The initial condition for the seismic analysis is the static 
stability of the system that is maintaining the initial 
stresses while resetting all the deformations. The grid 
geometry is the same throughout the static and seismic 
analyses, but the boundary conditions and stress-strain 
relations are different. 

Nonlinear elastic stress-strain relations (hyperbolic 
model) and M-C (Mohr-Coulomb) failure criterion are 
considered as the soil constitutive model under static 
monotonic loading. The numerical model made by FHISH 
language in FLAC uses elasto-plastic Mohr-Coulomb for 
loose soil (    ) and considers the dilation angle equal 
to zero and uses nonlinear elasto-plastic model with post-
peak softening effects for dense soil. The dilation angle is 
calculated based on the relation proposed by Bolton 
(1986) (Eq. 1). 

 



 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Grid, interface elements and boundary conditions for numerical modeling of the Founders/Meadow segmental 
bridge abutment 
 
                                                       [1] 

 
 
 In the dynamic analysis, a hysteretic nonlinear 

behavior applying Masing rule in unload/reload process is 
used. The reinforcing elements are modeled by elasto-
perfectly plastic cable elements with no compressive 
strength, available in FLAC. The injection layer option 
around cable elements was used as the interface to 
simulate the frictional behavior of soil-geogrid. The 
thickness of this layer was assumed zero and friction 
angle and cohesion were considered 0.75Ф and zero, 
respectively. Considering the assigned perimeter around 
the cable elements (in our case equivalent to 2 m which is 
the unit thickness of the wall in plane strain condition and 
doubled for above and below the geogrid consideration) 
and the confining stress (determined by program), the slip 
limit or failure criterion is established. The interface 

element of FLAC was used to model the friction between 
difference contact surfaces of soil-soil, soil-concrete and 
concrete-concrete, as shown in Figure 2. 

A variable-amplitude sinusoidal harmonic motion is 
used as an input at the bottom nodes for seismic 
excitations according to "Eq. 2". 

 
  ̈(t) = k / 2 × √        sin (2ft)                                [2] 

 
 

where: α = 5.5, β = 55, ζ = 12 are constant 
coefficients; f = frequency, t = time, k = Peak amplitude of 
the input acceleration assumed as 0.5g, and the 
frequency, f = 3 Hz. The time, t, varies between 0 and 6 
seconds. 

 



 

 

3.2 Modeling of Base Isolator 
 
Seismic base isolators are material elements used to limit 
the human and material damage caused by an 
earthquake. These elements diffuse the energy induced 
at the time of the earthquake before being transferred to 
the structure. 

The purpose of present project is modeling the base 
isolator type NRB (Natural Rubber Bearing) which is an 
elastomeric support with low damping. Cyclic behavior of 
base isolator can be modeled using nonlinear cyclic 
relations by applying hysteretic damping in FLAC v7.0. 
Elastic element with hysteretic behavior is used in order to 
model base isolator in FLAC v7.0. The factor used for 
defining hysteretic behavior in this software is Hardin 
factor as defined by Hardin and Drnevich (1972) and 
already included in FLAC v.7.0. 

In order to verify the model used in FLAC v7.0, the 
base isolator with linear elastic behavior was simulated 
subjected to cyclic shear loading. The model results (as 
shown in Figure 3.b) compared very well with the results 
of the experiments reported in the second chapter of Base 
Isolation Code (Figure 3.a). 

 
 

 

 
Figure 3. Force-displacement responses, a) results of 
experiment done by Base Isolation Code; b) results of 
modeling in FLAC v7.0 

 
 

This element was subjected to dynamic loading which 
was the same as sinusoidal harmonic motion described in 
former section. Shear stress-strain diagram for the Hardin 
factor equal to 0.00001 and 0.001 are plotted in Figures 4 
and 5, respectively. Each of these factors is relatively 
having the same effects on the performance of base 
isolator located in the reinforced abutment system. Shear 
stiffness of base isolator is considered linear as linear 
elastic element is considered for modeling it. The 
interface element available in FLAC was used to model 
the friction between base isolator and bridge deck (above) 
and also between base isolator and footing (beneath).  

Investigation of primary analysis on reinforced 
abutment system with base isolators showed that 
damping characteristic of Hardin factor of 0.00001 was 
more clearly pronounced compared to Hardin factor of 
0.001. Based on parametric analyses carried out on 
Hardin factor of the base isolator, the results showed that 
vertical displacement of bridge deck footing increased by 
increasing the Hardin factor from 0.00001 to 0.001. This 
shows that by increasing the Hardin factor, the bridge 
deck is more affected by the deck footing excitations 
indicating less isolation role of the base isolator. Thus a 
Hardin factor of 0.00001 was used in this study to benefit 
from the damping effects of the base isolator. 

 
 

4 ANALYSIS RESULTS 
 

History of normalized horizontal displacement, ∆x/h, of 
facing at elevations of layers 1,7 and 15 of geogrids, 
bridge deck footing, base isolator and bridge deck with 
respect to time are shown in Figure 6. To investigate the 
performance of the abutment system with base isolator, 
comparisons are made with the results of abutment 
system without base isolator modeled by Fakharian and 

 
 

 

Figure 4. Shear stress-strain diagram,  
Hardin factor = 0.00001 (shear stress in kPa) 
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Figure 5. Shear stress-strain diagram,  
Hardin factor = 0.001 (shear stress in kPa) 

 
 

Aghania (2014). Normalized horizontal displacement, in 
terms of ∆x/h, of the face and rotation of the bridge deck 
footing are shown in Figures 7 and 8, respectively. Also 
Normalized horizontal displacement, in terms of ∆x/h, of 
the bottom of bridge deck footing and bridge deck are 
shown in Figures 9 and 10, respectively. 
 
 

 
Figure 6. Time history of horizontal displacement at 
different elevations of system 

 
 
In Figures 11 and 12, comparison is made between 

the two-abutment model with base isolator and single or 
one-abutment model to understand the similarities and 
differences between the two systems. Horizontal 
displacements of the facing and vertical displacements of 
the bridge deck footing (rotation of it) are compared in 
Figures 11 and 12, respectively. 

 

 
Figure 7. Horizontal displacement profiles of the facing, 
∆x/h 
 
 

 
Figure 8. Vertical displacement profile of bridge deck 
footing at the end of excitations, Δy/h. 
 
 

 
Figure 9. Time history of horizontal displacements of the 
bridge deck footing, ∆x/h 
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Figure 10. Time history of horizontal displacements of 
bridge deck, ∆x/h 
 
 

 
Figure 11. Horizontal displacement profile of the facing, 
∆x/h 
 
 

 
 
Figure 12. Vertical displacement profile of bridge deck 
footing at the end of excitations, Δy/h 
 
 
 
5 DISCUSSION 
 
5.1 Effect of base isolator 
 
To obtain the results of Figure 6, subsoil was oscillated by 
applying a harmonic wave reaching to the peak 
acceleration and eventually tapering off to reach zero 

oscillations. The bottom of reinforced abutment and 
bottom of facing at the end of base acceleration has 
experienced a horizontal displacement of 17 cm by 
propagation of the wave through reinforced soil and facing 
of the reinforced abutment. The results also show that the 
horizontal displacement has reached 19 cm at the 
elevation of the 15th reinforcement layer. The horizontal 
displacement of the bridge deck footing is 15.7 cm since 
the weight of bridge abutment that has acted as an inertia 
force, reduced the displacement compared to facing.  

The magnitude and direction of horizontal 
displacement of the bridge deck, however, is totally 
different from the bridge deck footing. Bridge deck has 
oscillated up to about 7 cm as shown in Figure 6. The 
results in fact approve the adequate modeling of 
performance of the base isolator in reducing the 
oscillations of the bridge deck, as expected. 
 
5.2 Comparison of systems with and without base 

isolators 
 
One of the instabilities of the model without base isolator 
(B.I.) as reported by Fakharian and Aghania (2014) was 
the backward rotation of upper facing blocks of the 
abutment (Figure 7). The other instability observed in that 
model was the excessive rotation of the deck footing 
caused by cyclic horizontal movements exerted from the 
bridge deck to the footing as shown in Figure 8. On the 
other hand, the horizontal displacements of the bridge 
deck footing and bridge deck are low if the base isolator 
does not exist in the system.  

All these differences are the result of existence of the 
base isolator under the bridge deck. The reason of the 
observed differences can be stated in this way. In the 
system without B.I., the deck is directly put on the 
concrete footing underneath and their horizontal 
interaction is through the frictional resistance between 
deck and footing, that is concrete-to-concrete interface. A 
classic interface element was used in the FLAC model to 
account for this frictional response in the model without 
B.I. The high frictional resistance between deck and 
footing has resulted in preventing the footing to 
experience a significant horizontal movement. In the 
system with B.I. on the other hand, the frictional 
interaction of these two elements is isolated and the 
footing experiences horizontal displacements the same as 
the underneath reinforced soil.  

So by embedding the base isolator in the system, the 
performance of bridge deck is isolated from reinforced 
abutment and the deck footing just move horizontally with 
reinforced abutment. Therefore, the footing is not 
experiencing excessive rotation due to the impact of 
bridge deck. The upper facing blocks also do not undergo 
backward rotation as reported by Fakharian and Aghania 
(2014) in the model without B.I. 
 
5.3 Comparison of two-abutment model with B.I. and 

one-abutment model 
 
It would be of practical importance to see how the results 
of the two-abutment model with B.I. compare to the 
results of one-abutment model of Fakharian and Attar 



 

 

(2007). As the performance of the reinforced system is 
isolated from the bridge deck by embedding the base 
isolator between bridge deck and footing, it might be 
expected that the analyses results of the two-abutment 
model with B.I. to be comparable to the results of one-
abutment model. In fact, with the presence of the base 
isolator in the system, the interactive effects between 
bridge deck and foundation wall are reduced.  

The results of Figures 11 and 12 show that the 
instabilities observed in the two-abutment model without 
B.I. are not observed to that extent in the other two 
models. Figure 11 shows that the horizontal displacement 
of the wall facing in the one-abutment model is almost 
double of the two-abutment model with B.I. This is 
attributed to the fact that the other abutment and bridge 
deck inertia are affecting the wall response to some 
extent, even with the presence of the base isolator. 

As shown in Figure 12, the rotation of bridge deck 
footing in both systems is much lower than the two-
abutment model without B.I. 
 

 
6 CONCLUSIONS 
 
In this study, the 8 m high and 70 m total span of the 
Founders/Meadow segmental bridge abutment in Denver, 
Colorado with bridge deck and also by addition of base 
isolator is modeled using finite difference software FLAC 
v7.0. The main objective of this study was to evaluate the 
effect of base isolator located under the bridge deck on 
the performance of the reinforced system in order to 
overcome instabilities occurred when there is no base 
isolator. Comparisons were made between the system 
which was modeled with base isolator and the system 
without base isolator. Also, some comparisons were 
made between a single-abutment model and two-
abutment models. The most important findings of the 
study are summarized below: 

-If connection of the bridge deck and bridge deck 
footing is modeled using a frictional interface, in fact 
bridge deck is connected to the footing directly and so 
due to movements and impact of bridge deck, foundation 
wall and bridge deck footing rotate excessively.  

-The system with two abutments without B.I. resulted 
in backward rotation of upper facing blocks.  

-By embedding a base isolator between bridge deck 
and bridge deck footing, the performance of bridge deck 
and deck footing supported on reinforced wall is isolated. 
This isolation contributes significantly to improving the 
stability of the footing as well as the upper blocks of the 
facing wall. 

-The results of model with one-abutment is closer to 
the two-abutment model with B.I., as far as the rotation of 
the footing is concerned, but still the face horizontal 
deformation profiles are not comparable to each other. 
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