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Abstract 

The passive force-deflection relationship for abutment walls is important for bridges subjected to 
thermal expansion and seismic forces. During the M8.9 Maule earthquake in Chile, bridges with 
skewed abutments experienced twice the damage rate of non-skewed bridges suggesting that 
passive resistance on abutments might be reduced in skewed bridges, but no test results have been 
available for skewed abutments. To determine the influence of skew angle on the development of 
passive force, lab tests were initially performed on a wall with skew angles of 0º, 15º, 30º, and 45º.  
The wall was 1.26 m wide and 0.61 m high and the backfill consisted of dense compacted sand. 
Subsequently, additional large-scale field tests were performed with a simulated abutment wall 
1.68 m tall and 3.35 m wide.  Backfill material typically consisted of sand or gravel compacted to 
95% of the modified Proctor density. However, in some cases metallic and geosynthetic 
reinforcing elements were also included to investigate their effect on performance.  Both transverse 
and parallel wingwall geometries were simulated. A total of 18 passive force tests were performed.  
In all cases, as the skew angle increased, the passive force decreased substantially with a reduction 
of about 50% at a skew angle of 30º.  A simple adjustment factor was developed to account for the 
reduced capacity as a function of skew angle. Despite the reduction in lateral resistance, the 
horizontal displacement necessary to develop the peak passive force was still typically between 3 
to 5% of the wall height similar to observed performance for non-skewed bridge. Transverse shear 
resistance developed with relatively small deflections on the order of 5 mm.  The reduction in 
passive force makes skewed bridge more susceptible to excessive longitudinal and transverse 
deflections and rotations during earthquake shaking. Computer models using the log-spiral 
approach to compute ultimate passive force and a hyperbolic model to account for passive force-
deflection behavior provided reasonable agreement with measured curves for the no skew case.  
Agreement was also acceptable for skewed abutment cases when the proposed reduction factor 
was used.   
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