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Typical bridges are designed with abutments located at the ends in order to provide 
stability to the structure. These abutments are crucial when earthquake induced 
forces are applied to bridge structures [Bozorgzadeh2006]. During a seismic event, 
the abutment backwallwill break away from the stemwallafter being struck by the 
bridge deck in the longitudaldirection [Lemnitzer, 2009]. The backfill will then push 
against the backwallin the opposite direction in order to keep it in place. This process 
limits the longitudaldisplacement of the bridge deck [Wilson 2009].  During strong 
seismic events, the resulting soil pressure can cause unwanted abutment movement 
or damage [Wilson 2009]. The objectives of this experiment include: 1.Compare values 
with 2009 experiment  2.Determine the characteristics of initial stiffness  3.Find the 
ultimate passive resistance and 4.Verify LSH predicted modeling

ÅConcrete backwalldimensions are 2.6m high, 4.5m wide, and 0.9m thick
Å2 plywood wingwallsare constructed at the sides of where the backfill will be placed. 
They are then covered with plastic paper (the kind used in black trash bags). The 
wingwallskeep the backfill soil from interaction with outside dirt. The plastic covering 
reduces any friction that may come from the plywood.
Å4 Horizontal & 2 diagonal actuators are attached to the backwalland reaction block. 
The diagonal actuators prevent vertical and rotational movement. 
ÅLinear variable differential transducers are attached to the actuators in order to 
ƳŜŀǎǳǊŜ ǿŀƭƭ ŘƛǎǇƭŀŎŜƳŜƴǘΦ ! ǇŀƛǊ ƻŦ [±5¢Ωǎ ŀǊŜ ŀƭǎƻ ǎŜǘ ƻƴ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ backwallfor 
vertical displacement measurement.
Å{ŜǾŜƴ ммΦрΩ ƎȅǇǎǳƳ ŎƻƭǳƳƴǎ пΩ ŀǇŀǊǘ ǊǳƴƴƛƴƎ Řƻǿƴ ŀ ƭƛƴŜ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ǘƘŜ ŎŜƴǘŜǊ ƻŦ 
the backwall. They are used to track soil failure that occurs under the surface.
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Introduction

Initial Set-Up

Soil Testing for Backfill (SE 30 SiltySand)

ÅSand Cone Testing ŦƻǊ ŜŀŎƘ уέ ƭŀȅŜǊ ŀŘŘŜŘΦ-moisture content &compaction
ÅCone Penetration Testing (CPT)- General properties
ÅSieve Analysis - gradation
ÅJapanese Hammer Method - compaction
ÅDry TippingςMax & min dry unit weight
ÅTri-axial testing- Shear strength

Sand Cone Testing

ÅPretest before backfill soil added in order to estimate base friction
ÅHorizontal force applied under cyclical loading until complete soil failure achieved
ÅVertical and rotational wall displacement prevented-achieved by horizontal actuators
ÅPhotographs in 5 second intervals that will be created into a time-lapse video
ÅExcavation of backfill soil to find soil failure under the surface

(left) taking time-lapse photographs of test
(right) ŀŎǘǳŀǘƻǊǎ ŀƴŘ [±5¢Ωǎ ŀǘǘŀŎƘŜŘ ǘƻ backwall

ÅPredicted LSH initial stiffness was verified by the experiment
ÅValues for initial stiffness = 52-72 kip/in/ft
ÅUltimate passive resistance was not found but data shows LSH predicted value was 
much less than actual
ÅTermination of experiment was due to breakage in the backwalland reaction block
ÅRedesign and repairof backwalland reaction block in order to continue testing
ÅA large steel plate will be attached to damaged area of reaction block
ÅBackwallwill be discarded completely and a new one will be constructed
ÅCaltrans engineers will design bridges according to the predicted initial stiffness of 
2010 experiments but will continue to design for ultimate passive resistance value 
based on 2009 experiment until new results are found.

(left) vertical displacement
graph shows negligible
vertical motion. Thejump
at the end occurred due to
diagonal  actuator reaching 
maximum capacity

Methods

Results and Conclusion

(right) cyclical loading by 
actuators. The two lower 
horizontal actuators do not  
produce force until later in the 
experiment. This is odd since 
they produced a large amount 
of force in the 2009 
experiment.

(left) cumulative force-displacement data from all actuators. Initial stiffness found
(right) force-displacement graph which compares 2010 results with past experiments 
and LSH model prediction
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