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Abstract. Bridges are important components of the roadway and railway networks, as they 

must remain operational in the aftermath of the seismic event. Permanent movements of the 

backwall and the backfill soil and rotational deformations of the abutment-backfill system are 

well known failure modes that potentially may incite deck unseating mechanisms. However, 

only a few studies dealt with the modeling of deck-abutment-backfill pounding effect. In this 

framework, an extended parametric study was conducted on a simplified abutment-backfill 

analytical model. A typical seat-type abutment was analyzed using 2D nonlinear FE model in 

Plaxis. Simultaneously, a refined abutment-backfill model was built in commercial software 

SAP2000 in view to highlight significant parameters of the interaction aiming at identifying 

the effect of collisions on anticipated damages of the abutment. The assessment of the deck-

abutment-backfill response was performed on the basis of longitudinal maximum and residual 

movements and rotations of the abutment that may affect both the integrity and the post-

earthquake accessibility of the bridge. SSI effects due to the interaction of the deck with the 

abutment and the backfill soil were considered; analyses showed that large seismic move-

ments during an earthquake and permanent movements of the abutment are deemed to put in 

danger the abutment itself, the integrity of the end spans and finally the accessibility of the 

bridge. Comparison of different seat-type abutment models in Plaxis and SAP2000 revealed 

that modeling of bridge abutments with emphasis on the geotechnical design should be 

properly made. Poor design assumptions may have a serious impact in the assessment of the 

response of the abutment-backfill-bridge system.  
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1 INTRODUCTION 

The earthquake resisting system of bridges mostly relies on the piers and foundations, the 

isolators and the shear keys. During an earthquake, plastic hinges are expected to be devel-

oped at the piers; properly designed isolators intend to increase the fundamental period of the 

system and dissipate energy through hysteretic behavior. Shear keys are typically used against 

span unseating. This philosophy seems to be adequately covered by current codes for most of 

bridge structural elements except the abutments.  

However, abutment response, soil-structure interaction and backfill flexibility have been 

found by post-earthquake reconnaissance reports to significantly influence the response of an 

entire bridge system under moderate to strong intensity ground motions [1, 2, 3, 4, 5, 6, 7, 8]. 

The influence of soil-structure-interaction on the dynamic response of bridges has been rec-

ognized [2, 9] and has been widely addressed the following years in instrumented bridge 

overpasses [10, 11]. The known backfill-abutment-deck interaction constitutes a wide field of 

study in integral abutment bridges [12] and in bridges with seat-type abutments like the one 

shown in Figure 1. In the latter case, the backwall of the abutment is typically designed to 

break free of its base support when is struck by a bridge deck [13, 14] mobilizing high values 

of the passive resistance of the backfill soil [15, 16, 17, 18]. The seismic demand and there-

fore the cost of bridges are strongly influenced by the resistance of the abutment. Hence, re-

fined modelling approaches are necessary in order to reveal the potential mechanisms 

triggered in the seismic assessment of bridges [4, 5].   

Dynamic analysis of highway bridges and modelling of the abutment’s capacity is pre-

scribed by various agencies [13, 14, 19]. However, current design practice varies considerably 

on the use of the abutments as part of the bridge’s earthquake resisting system ERS [20]. 

Simplified force-deflection relationships for modelling embankment-abutment systems were 

proposed by Sextos et al. [21]. Shamsabadi et al. [22] used mobilized logarithmic-spiral fail-

ure surfaces coupled with a modified hyperbolic soil stress-strain behavior -known as LSH 

soil model- to estimate abutment nonlinear force-displacement capacity as a function of wall 

displacement and backfill soil properties. The analytical force-displacement expressions were 

also validated by experimental studies [23].  

The seismic response of seat-type abutments and their effect on the integrity of bridges de-

pend on the dynamic resistance and response of the backfill soil and on the capacity and mass 

of the abutment’s structural members (backwall, footing, wingwalls and the approach slab) [7, 

24]. The openings at the expansion joints [25, 26, 7, 24] influence strongly the pounding ef-

fects [27] and in turn affect the seismic response of the bridge. However, the post-earthquake 

condition of abutments has not been studied or evaluated adequately although it is considered 

to be of vital importance for the bridge to maintain operational and to avoid permanent rota-

tions [24], that would trigger potential primarily damages of the backwall and hence widening 

of the expansion joints or unfavorable span-unseating mechanisms. In that case, different 

abutment’s design parameters are important: (a) the gap between the deck and the backwall, 

(b) the mass, the stiffness and the post-earthquake condition of the backwall, (c) the possible 

overall rotation of the abutment which has been revealed in past earthquakes (Figure 2a), (d) 

the pre- and post-earthquake condition of the backwall and the backfill (see Figure 2b) and its 

relation to the backfilling material. The latter is also influenced by the serviceability and 

seismic induced settlements, the condition of the approach slab and the wing walls. All these 

parameters are affecting the performance indicators of the bridge and the selection of appro-

priate damage states indices (and values) for the construction of fragility curves.  
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Recent studies on the seismic fragility of bridges consider the contribution of abutments to 

the overall bridge system fragility following the common seismic design practices taking into 

account the activation of the abutment-backfill system due to the gap closure between the 

deck and the abutments [28, 29].  Argyroudis et al. [30] proposed numerical fragility curves 

for cantilever bridge abutments on surface foundation considering different soil types, abut-

ment heights and seismic input motions. The performance of the abutment is defined based on 

the range of the backfill settlement. However, the effect of collision force due to the pounding 

of the deck to the abutment in the overall system fragility is not considered in these studies.  

In this framework, an extended parametric study was conducted and a typical seat-type 

abutment was modeled and analyzed using 2D nonlinear FE model in Plaxis. Simultaneously, 

a refined non-linear abutment-backfill model was built in SAP 2000 (ver. 15.0.0) using the 

validated p-y curves of Plaxis. Modeling accounted for the construction stages of the abut-

ment that modify the initial states of stresses within the backfill soil and the soil pressures on 

the abutment. A step-by-step analysis-validation procedure was followed, starting from sim-

ple static to complex non-linear dynamic models. Comparisons was mainly performed on the 

basis of horizontal displacement of the abutment’s stem and base rotation The properties of 

the backfill employed in the analyses are based on typical design cases and literature. We se-

lected representative input to cover typical magnitudes, frequency content and duration. SSI 

effects and the post-impact response of the abutment-backfill were evaluated on the basis of 

permanent movements and rotations that may affect the bridge’s integrity in terms of availa-

ble seating widths. Potential failure modes of typical seat-type abutments were recognized and 

qualitatively described when strongly non-linear SSI effects are mobilized due to the interac-

tion of the deck with the abutment and the backfill. 

 

 

ABUTMENT

backwall: 3.0m

T200 (±100)

backfill soil

sliding bearing

deck

wing wall

footing

expansion joint
approach slab

 

Figure 1: A typical seat type abutment. 
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(Costa Rica 1990)
  

(a) (b) 

Figure 2:  (a) Rotation of the entire abutment-backfill substructure due to pounding effects (Rio Banano bridge, 

Costa Rica, 25/3/1990, Mw=7.0). (b) Light pounding-induced failure, the expansion joint is damaged but no evi-

dence of large permanent lateral movements is shown. 

 

2 MODELLING OF ABUTMENT-BACKFILL   

2.1 Modelling in Plaxis 

The coupled soil-wall interaction analyses were performed with the 2D (plane strain) finite 

element code Plaxis (ver. 9.02). Figure 3 describes the model used with a width properly se-

lected to avoid boundary effects. A set of initial analyses is performed to simulate initial geo-

static stresses as well as the construction of the wall and the backfill. Then, depending on the 

validation case, the static or dynamic analyses followed, where the pounding forces are ap-

plied at the top of the abutment and the seismic input is applied uniformly at the basis of the 

model.  

Elastic or elasto-plastic soil behavior (i.e. Mohr-Coulomb criterion) is used depending on 

each case. Proper interface elements with a realistic friction coefficient of Rinter=0.70 were 

used to model the interface behavior between the backfill and foundation soil with the wall, 

allowing the relative movement between the soil and the abutment. The soil material damping 

is introduced numerically in the form of Rayleigh damping in case of dynamic analysis. 

 

Figure 3: Example of the modeling mesh in Plaxis. 

2.2 Modelling in SAP2000 

Simplified to more complex bridge abutment models were built in SAP 2000 using stick 

models for the frames and linear or non-linear links for the backfill soil depending on the val-

idation case. Frame sections were used to model the 1-m width of the analyzed abutment-
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backfill system. The objective of this simplified modelling was to provide a step-by-step 

analysis-validation procedure from simplest to more complex models. This procedure facili-

tated the validation of the abutment response parameters between the two different simulation 

approaches employed in the study (SAP 2000 structural model and Plaxis model). This com-

parison was deemed to be essential as the complex and non-linear response of the abutment 

under pounding loads is not yet recognized or assessed before. Both models were subjected to 

longitudinal loading that was compatible to the pounding forces [7]. The time history of the 

collision forces was induced at the stem (top) of the backwall by the colliding deck. Modeling 

followed the technique that is described in detail by Mitoulis [7]. 

Pilot analyses included initially static loading and simulation of backfill’s resistance with 

only linear spring elements attached at both the web of the abutment and the surface founda-

tion of the abutment. Static analyses (Cases 3, 4, 5a, 5b) were performed using linear spring 

elements that were estimated by the force-displacement diagrams calculated in the Plaxis 

model. A 0.5m at backfill’s height discretization was used at this stage to identify both the 

accuracy offered by potential coarse and dense discretization grids and to estimate the critical 

height of the backfill soil that participated strongly to the modeled impacts, as it was evident 

that not the entire height of the backfill soil resists to this effect. Linear and non-linear link 

elements with hysteretic behavior were used to model the response of the backfill soil under 

dynamic deck-to-abutment collision force that was introduced in models 6 and 7 (see Figures 

6 and 9). The multi-linear plastic with kinematic hysteretic model of SAP2000 was used (case 

7, Figure 9). The model was chosen to match the response of the SAP model with the Plaxis-

produced hysteresis loops of the backfill soil under pounding loading. The procedure intro-

duced the analysis of Plaxis’ abutment-backfill model and the outcomes were utilized to de-

cide on the load-dependent non-linear p-y curves with zero tension resistance and a hysteretic 

response under compression for the SAP-model. Modelling of the backfill soil was performed 

at the upper 3m due to two reasons. Firstly, it was recognized that the accuracy of the model 

is not influenced strongly by the abutment-backfill translational resistance of the lower part. 

Secondly, the p-y relations at very low backfill’s deflections that were observed at lower soil 

layers are not reliable to be used for the estimation of non-linear properties of links used at 

SAP 2000. Besides, the comparison of the two models showed a good agreement between 

SAP and Plaxis, namely the simplified and the rigorous model. Thus, modelling of the abut-

ment was made by frame elements that are properly account for the stiffness of the backwall. 

The observed discrepancy in the computed longitudinal movements (Ux) between the two 

models was deemed satisfactory in case of linear soil behavior. However, when a non-linear 

behavior is introduced (case 7) the results present considerable differences which are attribut-

ed to particular differences of the two models. 

3 COMPARISON OF THE TWO MODELS (SAP2000 AND PLAXIS) 

3.1 Collision force as a static loading 

The following cases (1 to 5) are examined (Figure 4). The analysis was performed assum-

ing an elastic behavior of the soil. We compare the results of the two models on the basis of 

the computed horizontal displacement on the top of the abutment and the developed stresses 

of the abutment (M, N, Q diagrams). 

Case 1 

The foundation of the abutment is assumed on rock and is considered as restrained. The 

rock has volumetric weight γ= 24 kN/m
3
, Young’s modulus E = 2.0E+08 kN/m

2
 and Pois-

son’s ratio v= 0.3. A horizontal force equal to 1000 kN is applied on the top of the abutment. 

Initially, the structural response of the abutment was compared to the one of the SAP2000 
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model. The comparison incorporated the concrete part of the abutment-system only (i.e. a ze-

ro resistance backfill was used) to represent the first stage of construction. A very good 

agreement between Plaxis (27 mm) and SAP (26 mm) models is observed. The theoretical 

value is 28.85 mm accounting for both the flexural and shear deflection at fixed based canti-

lever. 

Case 2 

Same as case 1; however rotation is now allowed at the abutment base. The comparison of 

the two models is again satisfactory. In case of Plaxis model, rock exhibited slight base rota-

tions that were translated into longitudinal abutment movements at its top. Hence, the SAP 

model responded with smaller rotations.  

Case 3 

The foundation of the abutment is assumed again on rock and the backfill soil is consid-

ered with volumetric weight γ= 18kN/m
3
, Young’s modulus E= 2.5E+05 kN/m

2
 and Poisson’s 

ratio v= 0.499. As previously a horizontal force equal to 1000 kN is applied on the top of the 

abutment. The backfill in SAP is modeled through static springs, which are estimated based 

on the response of the backfill in the Plaxis model. In particular, the variation of static stiff-

ness (kx) with depth is estimated based on the variation of horizontal displacements and 

stresses in the interface between the abutment wall and the backfill. The corresponding spring 

constants are calculated every 0.5m of the wall by fitting a polynomial function in the dis-

placements’ and stresses’ profiles.  

A good agreement between Plaxis (9.3 mm) and SAP (10.3 mm) models is observed when 

the horizontal displacements on the top of the abutment are compared. As expected the dis-

placement is lower than case 2 due to the resistance of the backfill. If a fixed base is consid-

ered, the SAP model gives a displacement equal to 9.9 mm, which is even closer to the Plaxis 

results.  

Case 4 

The same model as in case 3, but the force here has different direction towards the deck 

and is again equal to 100 kN/m. The comparison of the two models is satisfactory. The re-

sponse of the wall is almost the same with a free cantilever. In case of Plaxis model, the back-

fill abutment resistance due to friction reduces up to 4.5% the movement of the wall. If a 

restrained base is considered, then the displacement on the top is equal to -2.29 mm and -2.94 

mm in Plaxis and SAP model respectively.  

Case 5 

The abutment is now founded on soil with volumetric weight γ= 18 kN/m
3
, Young’s modu-

lus E= 5.0E+05 kN/m
2
 and Poisson’s ratio v= 0.499. The spring constants are evaluated for 

the backfill and the foundation soil, following the same procedure as described in case 3. De-

pending on the type of loading, different parts of the foundation soil are activated.  Two types 

of forces are applied, 1000 kN/m towards the backfill (case 5a) and 100 kN/m in the opposite 

deck direction (case 5b). 

In case 5a the comparison is satisfactory; a displacement of 13 mm was calculated with the 

Plaxis model, while 12.2 mm movement was calculated with SAP model. 

In case of a compliant foundation (case 5b), the outward displacement at the top of the wall 

(~5 mm) is due to the bending motion of the wall (3 mm) and the rotation of the foundation 

(another 2 mm). In Plaxis model the effect of the friction between the backfill and the wall 

results to lower total displacement (about 20% of difference). When a fixed base model was 

considered for the abutment for case 5b, then the displacement at abutment’s top was found 

equal to 2.60 mm and 2.94 mm in Plaxis and SAP model respectively.  
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Differences between the two models in terms of Mmax and Ux reflect the fact that the SAP 

FEM model cannot capture completely the developed soil pressures on the abutment wall, 

compared to Plaxis were obviously active and passive pressures were better captured.  

 
Case PLAXIS model SAP model 

1 

 

 

 

2 

 

 

 

3 

 

 

 

 

Ux=27 mm 
Ux=26 mm 

Ux=26 mm 
Ux= 35 mm 

Ux= 10.3 mm Ux=9.3 mm 

Mmax= 6E+03 kNm/m 

Nmax= -150 kN/m 

Mmax= 6E+03 kNm/m 

Nmax= -1.2E+03 kN/m 

Mmax= 2.2E+03 kNm/m 

Nmax= -550 kN/m 

Mmax= 4.33E+03 kNm/m 

Nmax= N/A 

Mmax= 4.33E+03 kNm/m 

Nmax= N/A 

Mmax= 1.54E+03 kNm/m 

Nmax= N/A 

 

Figure 4: Cases 1 to 5: Static horizontal loading on top of the abutment. Comparison between Plaxis and SAP. 

Displacement at the top of the abutment, bending moments and axial forces. 
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Case PLAXIS model SAP model 

4 

 

 

 

5a 

 

 

 

5b 

 

 

 

 

Ux=-2.8 mm 

Ux= -3.9 mm 

Ux= 13.0 mm 
Ux= 12.2 mm 

Ux= -5.1 mm 

Ux= 6.4 mm 

Mmax= 760.8 kNm/m 

Nmax= -169 kN/m 

Mmax= 963.9 kNm/m 

Nmax= 277 kN/m 

Mmax= 653.8 kNm/m 

Nmax= -161.6 kN/m 

Mmax= 650 kNm/m 

Nmax= N/A 

Mmax= 1050 kNm/m 

Nmax= N/A 

Mmax= 650 kNm/m 

Nmax= N/A 

 

Figure 4: Cases 1 -5: Static horizontal loading on top of the abutment. Comparison between Plaxis and SAP. 

Displacement at the top of the abutment, bending moments and axial forces (continued). 

3.2 Collision force as a simplified dynamic loading 

Pounding is a geometrically non-linear dynamic effect. Most of bridge engineers are famil-

iar with the effect mostly by identifying post-earthquake local damages to bridge deck slabs 

and abutments, rather than from analytical and theoretical approaches [25, 27]. Current state 

of practice introduced several structural schemes to mitigate pounding effects and its conse-

quences on bridges, such as elastomeric pads interjecting between colliding elements. Such 

measures are expected to reduce effectively pounding force magnitudes [31]. In the following 
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cases (Figures 5, 6, 8), the deck-to-abutment collision is modeled through 4 different simpli-

fied input motions with variable durations ranging from 0.35s to 3.5s and frequencies ranging 

from 1 to 10 Hz. Based on analytical results [7], the maximum positive force towards the 

abutment-backfill was up to 1000 kN/m, i.e. 1000 kN per meter in the transverse direction of 

the abutment. The negative force (towards the deck) reaches 150 kN/m, based on typical bear-

ings’ resistance that is activated when the deck is drawn away from the abutment. The fre-

quencies of the input motion have been selected in accordance to the fundamental period of 

the abutment-backfill system that was found to be at the order of 0.25 s.  

The following periods (T) and durations (t) of the motion are considered: a) T=0.10 s, 

t=0.35 s; b) T=0.25 s, t=0.875 s; c) T=0.50 s, t=1.75 s; d) T=1.00 s, t=3.50 s. 

 

Case 6 

Analyses were performed considering that the soil behavior is linear (Figures 5, 6). The 

stiffness values estimated in previous case 5 were applied to model the foundation soil. The 

spring values for the backfill are estimated from the Plaxis model results. In particular, using 

two values of the resulting Plaxis p-y curve, linearization of the p-y curve was performed. The 

two p-y set of values were obtained as follows: one at the time when the abutment is at its 

original position (i.e. when displacement equals zero) and one at the moment when the abut-

ment reaches its maximum displacement, i.e. when the force towards the backfill equals 1000 

kN/m. 

As an example, Figure 7 illustrates the response of the abutment for case 6c (T=0.50s). The 

time window captured abutment’s response between t=0.82s (Ux=0mm) and t=1.26s 

(Ux=13.3mm). The same figure shows the displacement computed with SAP model. In this 

model the springs that have been estimated from the Plaxis model as described before are ap-

plied. A good agreement is observed for the peak values of positive displacements, which cor-

responds to the maximum applied forces towards the backfill. The difference between the two 

models for t=0.70-1.0s, and beyond t=1.45s is due to the resistance of the backfill to the lower 

part of the abutment in Plaxis model, when the force towards the deck is applied.  

In Table 1 the displacements at the top of the abutment at the end of the analysis and the 

maximum values of M, N, Q are reported, showing a good agreement between the two models. 

 

 

Case 6 & 7 Plaxis model 

 
 

Figure 5: Case 6 and 7 in Plaxis model. The deck-to-abutment collision is applied as time history with different 

frequency and duration. The soil behavior is assumed to be elastic (Case 6) or elasto-plastic (Case 7). 
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Case 6, SAP model 

 
  

 

Figure 6: Case 6 in SAP model. The deck-to-abutment collision is applied as time history with different frequen-

cy and duration. The backfill and foundation soil is modeled with static springs. 

 

 
 

Figure 7: Comparison of estimated displacement at the top of the abutment from Plaxis and SAP models for case 

6c (T=0.5s). 

 

Case 7 

     Following the modeling process in case 6, the backfill soil now is modeled by an elasto-

plastic soil behavior obeying the Mohr-Coulomb criterion.  In this case, the springs on the 

wall of SAP model follow a bi-linear behavior (Figure 9) with the upper 3.0 m of the backfill 

considered as crucial for the abutment behavior (see §2.2). The bi-linear behavior is defined 

based on the relation between force (Fx) and displacement (Ux) for the loading between Fx= 0 

and Fx= 1000 kN of the previously (case 6) applied input motions.  

The variation of displacement is estimated from the Plaxis model in the interface between 

the 6m high wall and the backfill for the corresponding force steps and for the upper 3.0 m of 

the structure (i.e. from depth -3m up to the surface of the backfill soil). Figure 8 shows an ex-

ample of the deformed abutment-backfill model and the variation of displacement in the inter-

face with applied force at the surface of backfill (i.e. top of the abutment). A bi-linear curve is 
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then fitted to each Fx-Ux curves in order to describe the behavior of the springs in SAP model 

(Figure 9).  

The frequency (period) of the applied collision force has an important effect as it is shown 

in Figure 8. In particular, the estimated displacements are increasing when the frequency of 

the input force is decreasing. In Table 1 the displacements at the top of the abutment at the 

end of the analysis (residual) and the maximum values of M, N, Q during the analysis are re-

ported for the input force with T= 0.1s (10Hz) and T= 0.5s (2Hz). The observed differences 

are attributed to the non-linear soil behavior and SSI effects, which are not modeled in the 

same way in the two models. In particular, in SAP only the upper 3 m of the backfill are mod-

eled through the corresponding springs while the mass of the backfill is not considered and  

the pressure of the backfill towards the wall and the friction between the wall and the backfill 

are also not accounted as it happens in Plaxis. Finally, in case 7, the foundation soil is mod-

eled through linear springs, while an elasto-plastic behavior is assumed in Plaxis model. 

 

 

F 

 
 

Figure 8: Deformed abutment-backfill model and computed displacements at the top of the abutment-backfill 

interface for applied collision force F (from 0 to 1000 kN) with different periods (frequencies).  
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Case 7, SAP model 

 
  

 

Figure 9: Case 7 in SAP model. Time histories of the deck-to-abutment collision for different frequency, dura-

tion and non-linear soil behavior. The backfill is modeled with bi-linear springs. 

 

 

model 
max Ux (top) 

(mm) 

max M 

(kNm/m) 

max N 

(kN/m) 

max Q 

(kN/m) 

case 6, T=0.1sec (Plaxis) 11.6 -1440 391.6 998.5 

case 6, T=0.1sec (SAP) 9.6 -1199 N/A 232.4 

case 6, T=0.5sec (Plaxis) 8.5 -1010 350 998.5 

case 6, T=0.5sec (SAP) 9.5 -968.8 N/A 157 

case 7, T=0.1sec (Plaxis) 27.5 -1850 364.6 999.8 

case 7, T=0.1sec (SAP) 1.0 -582.6 N/A 86.6 

case 7, T=0.5sec (Plaxis) 383.7 -2070 279.8 999.8 

case 7, T=0.5sec (SAP) 268.5 -2929 N/A 385.1 

 
Table 1: Displacement at the top of abutment at the end of analysis and maximum values of M, N, Q                 

during the analysis. 

 

4 DYNAMIC MODELLING OF SEISMIC INPUT AND COLLISION FORCE  

 

Case 8 

A full dynamic analysis is performed in Plaxis, considering both the deck-to-abutment col-

lision and the seismic motion at the bedrock with real time histories (Figure 10). In particular, 

the deck-to-abutment pounding time history is applied on the top of the abutment wall (Figure 

11b). Further details can be found in a previous analytical study [7] that was conducted utiliz-

ing real bridges with seat-type abutments. The seismic input is applied uniformly at the basis 

of the model using the record of Figure 11a. The properties of the soil and backfill are given 

in Table 2.  

The basis of the model was assumed to be rigid. The total width of the model is 420m, 

which is sufficient to avoid boundary effects considering that absorbent boundaries were also 

used at the lateral boundaries. The domain was discretised with 3822 15-node plain strain tri-

angular elements. In the area around the abutment wall the mesh was refined as shown in Fig-
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ure 10. The soil behavior follows the Mohr-Coulomb criterion. Proper interface elements with 

a realistic friction coefficient of Rinter=0.70 were again used to model the interface between 

the backfill and foundation soil with the wall. 

 
soil-abutment-backfill model 

 

 
detail of the mesh near the abutment 

 
Figure 10: Case 8 in Plaxis model. The deck-to-abutment collision is given as time history and a seismic input 

motion is applied in the basis of the model. 

 

 (a) 

 (b) 
 

Figure 11: Seismic input (a) and collision force (b) applied in the full dynamic analysis with Plaxis. 
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Layer Depth (m) γ Ε (kN/m
2
) c (kN/m

2
) φ (

0
) v 

backfill 0-6 18.0 3.260E+04 0.01 36 0.30 

1  0-3 19.0 9.378E+04 50.0 0 0.35 

2  3-6 19.0 9.378E+04 73.8 0 0.35 

3  6-11 19.0 1.825E+05 92.0 0 0.35 

4  11-16 19.0 2.269E+05 115.0 0 0.35 

5 16-21 19.0 2.722E+05 139.0 0 0.35 

6 21-26 19.0 3.173E+05 168.8 0 0.35 

7 26-31 19.5 3.708E+05 192.5 0 0.35 
 

Table 2: Properties of soil and backfill 
 

An example of the analysis output is given in Figures 12 and 13 where the vertical and hor-

izontal displacements of the backfill as well as the deformed mesh are illustrated. The maxi-

mum permanent displacements reach about 34.2 cm in the horizontal and 4.3 cm in the 

vertical direction of the backfill. It is noted that the approach slab and the wing walls of the 

abutment, which would improve the overall performance of the abutment-backfill system, are 

not considered in the analysis, as the objective of the present study is the preliminary estima-

tion of the abutment performance considering the soil-abutment-backfill interaction under col-

lision forces and seismic motion. The role of this interaction is important for the identification 

of failure modes and therefore for the vulnerability assessment of bridges. 

Despite the simplifications considered in this study, it can be underlined that the calculated 

response of the abutment-backfill system is found to be significant in both the response and 

the post-impact and post-earthquake performance of the bridge. Firstly, the computed abut-

ment maximum lateral displacement in the longitudinal direction of the bridge is large enough 

to put in question the support of the deck. Seating width of the order of 450mm to 600mm re-

quired in Eurocode [32] (referred to as overlap length) and Caltrans [14] respectively may not 

be sufficient. Moreover, we must notice that the permanent deflection of the backwall, which 

may occur when the deck pounds onto the backwall, is not considered in these provisions. 

Additionally, the post-earthquake residual displacements of the abutment, which was found 

equal to 262mm in our case (see Figure 13) is deemed to be critical, as bridges are expected to 

be accessible for emergency transportation. Hence, adequate measures must be taken for the 

abutment and the backfill to ensure the post-earthquake emergency traffic. Last but not least, 

the computed vertical movement of the abutment (43mm, Figure 12a) is considered quite 

large at least for box girder bridges, constructed by either the incremental launching method 

or the balanced cantilever method. Prestressed box-girder decks are not allowed to be cracked 

under seismic loading. This is required in order to preserve the durability of the tendons. 

Hence, a 43mm vertical movement of the abutment may trigger secondary effects that will 

reflect on the durability of the bridge. Such issues should not be overlooked under the seismic 

design philosophy that introduces the “controllable failure mode” philosophy. 
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  (a) 

 [m] 

  

 (b) 

  [m]  
 

Figure 12: Distribution of the backfill permanent (a) vertical (max 43mm)  and (b) horizontal (max 342mm) 

displacements  
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Figure 13: Deformed mesh of the abutment-backfill model and maximum permenant displacements of the 

abutment 

5 CONCLUSIONS  

 

A typical seat-type abutment was analyzed using 2D FE model in Plaxis and SAP2000. 

The SAP model is compared to the Plaxis results considering the interaction between abut-

ment and backfill under static and dynamic deck-to-abutment collision forces. In particular, 

the variation of estimated displacements in the abutment-backfill interface with Plaxis model 

is used for the definition of spring properties that are used to model the backfill behavior in 

the SAP model. 

In case of elastic soil behavior and static input forces the agreement between the two mod-

els is satisfactory. When a simplified dynamic loading is imposed under the assumption of 

linear soil behavior the agreement between the two models is good in terms of peak values of 

displacements. When a non-linear soil behavior is introduced, the soil springs follow a bi-

linear behavior. Observed differences between the two models are attributed to the fact that 

the SAP model cannot capture the “passive” soil pressures towards the abutment, while both 

active and passive pressures were captured with the Plaxis FEM model.  

Finally, a full dynamic analysis is performed under both real collision and seismic motion. 

A preliminary identification of failure modes considering the collision forces as well as the 

seismic motion is made. The residual horizontal and vertical displacements of the backfill to-

gether with the inward or outward rotation of the abutment are critical features for the acces-

sibility of the bridge in the emergency period just after the earthquake event. Therefore these 

failure modes should be clearly identified and quantified for the definition of damage states in 

an integrated vulnerability analysis of bridges and abutments. It is pointed out that both the 

maximum and the permanent post-earthquake longitudinal abutment movement may trigger 

unseating mechanisms and emergency traffic disruption respectively. Observed vertical abut-

ment seismic movements may cause cracking to the deck, especially for bridges with stiffer 

box-girder prestressed continuous superstructures, in which cracking may reduce rapidly the 

life of the tendons and therefore to cause significant long term effects.   

To generalize this observation through a comprehensive parametric analyses it is necessary 

to accurately model the non-linear soil behavior and most important, to capture the SSI effects, 

and to model the structure-backfill interface behavior in a way the soil pressures and gap phe-

nomena could be reproduced accurately  

Ux= 26.2 cm 

Uy= 0.6 cm 
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