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ABSTRACT 
 
The lateral earth pressures behind the facing of a geosynthetic reinforced soil (GRS) abutment 
must be resisted to ensure stability. Current theory assumes that the distribution of lateral earth 
pressures is triangular, increasing with depth for wall under self-weight; however, this assumption 
suggests that reinforced soil behaves the same as unreinforced soil. To investigate this and other 
aspects of performance, particularly under a sustained dead load, a large-scale experiment was 
conducted on three GRS “mini-abutments” (MAs), each having different dimensions, ranging from 
square to rectangular. The GRS MAs supported a steel girder superstructure with concrete deck 
panels; the footings were sized such that each MA would have approximately the same vertical 
dead load applied.  Tactile pressure sensors were installed to measure the corresponding lateral 
earth pressures with depth at the face. The results indicated that with depth, the lateral earth 
pressures tend to follow typical stress distribution theory when the footing length to width ratio 
was greater than 5. Without any surcharge load, however, the distribution is more uniform with 
depth.  
 
INTRODUCTION 
 
Considerable research has been performed on GRS walls and abutments to better understand the 
lateral earth pressures internally and at the connection between the facing and the reinforcement. 
Wu and Ooi (2015) synthesized much of what has been learned based on laboratory models, field 
testing, and numerical models. Current practice for GRS walls typically follows the AASHTO 
LRFD Bridge Design Specifications (2018) or guidance from the Federal Highway 
Administration’s Geotechnical Engineering Circular No. 11 (Berg et al. 2009) whereby lateral 
earth pressures are estimated based on classical soil theory of a triangular distribution with depth; 
the highest pressure is therefore at the base of the structure.  

For GRS abutments that support bridge loads, research has indicated that the lateral earth 
pressures are higher for reinforced versus unreinforced soils due to the increased confinement 
caused by the geosynthetic inclusions (Ketchart and Wu 2001, Yang 1972). Based on footing 
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model tests, Yang (1972) also found that the pressure underneath the centerline of the footing was 
relatively constant with depth, up to 2.25 times the footing radius. Similar findings were also 
observed by Yogarajah and Saad (1996). Wu (2001) and Soong and Ketchart (1997) suggest that 
each reinforcement layer behaves the same, resulting in constant maximum lateral earth pressure 
distributions with depth.  

The FHWA recently updated and issued design and construction guidelines for GRS 
abutments and integrated bridge systems (Adams and Nicks 2018). To evaluate rupture of the 
reinforcement, lateral earth pressures are assumed to be in an active condition, following a 
Boussinesq distribution due to the surcharge from the bridge, as well as including that due to self-
weight of the reinforced soil mass. At the connection, lateral earth pressures are considered 
negligible and generally constant with depth. To help validate these design assumptions in a 
controlled environment, a static dead load experiment was executed for three GRS “mini-
abutments” of different shapes and footing sizes. Lateral earth pressures were then measured at 
three different heights along the abutment face, both after construction of the walls, as well as 
under the long-term loading of concrete bridge decks. This paper will describe the experimental 
setup, the results, and the implications for design of GRS. 
 
EXPERIMENTAL SETUP 
 
Three large-scale GRS structures (1.9 m high) were constructed at the Turner-Fairbank Highway 
Research Center in April 2016, each having a different footprint ranging from relatively square to 
rectangular (Figure 1). The length along the face of mini-abutments (MAs) A, B, and C were 1.8 
m, 3.8 m, and 5.7 m, respectively. This resulted in abutment length (Labut) to height (H) ratios 
increasing from Labut/H of about 1 to 2 and to 3 for MA-A, MA-B, and MA-C, respectively. The 
outside width of each MA was about 1.6 m. Each MA supported a steel girder strip footing and 
the combined weight of six 9.1 m long steel girder beams and concrete bridge decks (Figure 2).  
 

 
Figure 1. Completed TFHRC GRS mini-abutments. 
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The strip footings were sized such that the applied vertical pressure was as close to equal 
as possible; MA-A supported 142 kPa; MA-B supported 139 kPa; and MA-C supported 131 kPa.  
The strip footings were HP10x42 (for MA-A) and HP8x36 (for MA-B and MA-C) carbon steel 
beams. The length of the strip footings for MA-A, MA-B, and MA-C are 1.3 m, 3.3 m and 5.2 m, 
respectively (Figure 2); the corresponding length (L) to width (b) ratios for the strip footings is 
therefore approximately L/b of 5, 16, and 26, respectively. Each strip footing was placed parallel 
to face of the mini-abutments, with a setback distance of 76 mm behind the CMU block facing.  

 

 
Figure 2. Schematics of long-term deck panel experimental setup.    
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Each mini-abutment was constructed with the same materials: an AASHTO No. 8 
aggregate, a 70 kN/m biaxial woven, polypropylene geotextile, and concrete masonry units 
(CMUs). The No. 8 backfill had a maximum aggregate size of 12.7 mm, a maximum density of 
17.7 kN/m3, and a friction angle of 55 degrees (as measured using a large-scale direct shear device 
per ASTM D3080). 

Tactile pressure sensors (TPSs) were placed directly behind the face of the 0.2 by 0.4 m 
concrete masonry units (CMUs) at different heights along the general centerline of each mini-
abutment to measure lateral earth pressure. The TPSs were installed behind the third, sixth, and 
eighth course of facing blocks (Figure 2), or at depths (z) of about 0.5 m, 0.9 m, and 1.5 m from 
the top of each pier. The TPSs used had a sensing matrix area of 12,500 mm2 (111.8 by 111.8 mm 
square mat) and consisted of 1,936 sensels to measure the distribution of pressure against one half 
the area of the CMU block (Figure 3A). This allowed for a hole to be drilled through the other half 
of the hollow core block to access the connection tab for manual data collection over time (Figure 
3B).  
 

     
                                (A)                                                                          (B) 

Figure 3. TPS installation and placement (A) behind a CMU hollow core, and (B) the 
drilled hole allowing the sensing tab to be accessed. 

Prior to installation, each sensor was calibrated in the laboratory based on the anticipated 
loading and in a similar regime to the field conditions (see Nicks et al. 2019 for a more detailed 
explanation of the calibration procedure). The sensors were weatherproofed with a plastic seal, 
and rubber mats were placed on both sides to protect it from the aggregate and the back of the 
concrete facing block (Figure 3A). To secure the sensor to the facing, each mat was duct-taped to 
the back face of the CMU, and then a layer of aggregate was placed and compacted against it. 
After installing a sensor, the remainder of the fill was placed and compacted accordingly.  
 Six days after construction of the mini-abutments, the strip footings and steel girders were 
positioned. The weight of the concrete decks was not added until 56 days after construction of the 
MAs. Performance monitoring has been ongoing since construction. Initial TPS pressure readers 
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were taken at weekly intervals, and current monitoring intervals range between 4 to 6 months 
depending on the conditions and resources available. The lateral earth pressure history with depth 
at the face of each mini-abutment after over one year (385 days) are presented in the next section. 
 
RESULTS 
 
After construction was completed, the TPSs on each pier were measured for an initial reading 
under only self-weight (i.e. no surcharge). Figure 4A shows the pressure distribution map with 
depth at the face of MA-C for this unloaded condition, measured at the top, middle, and bottom of 
the abutment. The pressure scale in the figures ranges from 0 to 75 kPa. Figure 4B corresponds to 
the measured lateral earth pressure under 131 kPa of surcharge load from the girders and the deck 
(taken 385 days after the initial reading). The average applied lateral pressure was calculated based 
on the entire contact area of the sensor. It is noted that not all areas of the sensor mat recorded 
pressure; this is likely due to the use of the No. 8 open-graded aggregate as backfill which can 
cause uneven contact points due to aggregate angularity; soil arching open-graded aggregates may 
also occur.  
 

 
(A)                                                        (B) 

Figure 4. Example of TPS pressure distributions for MA-C after (A) initial, unloaded 
conditions at day 0 and (B) over one year in-service at day 385. 
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Figure 5A is a plot of the average lateral earth pressure measurements across the area of 
the sensor mats for mini-abutments A, B, and C under the initial unloaded conditions. Overall, the 
pressure readings were low; less than about 2 kPa. Assuming a Rankine triangular distribution 
with depth (under active conditions), the maximum lateral pressure due to self-weight would equal 
2.6 kPa at the location of the deepest sensors installed (Figure 5A). Interestingly, the profile of the 
lateral earth pressure without any surcharge does not have a triangular profile as one would expect 
per theory. Instead, the distribution is generally constant with depth. The measurements from MA-
A somewhat deviate from this trend, showing a slight reduction in lateral pressure with depth. The 
difference between each mini-abutment is relatively minor; however, it appears that MA-C has the 
largest measured lateral earth pressures of the three MAs, although the magnitude of difference is 
negligible.  

Figure 5B shows the increase in lateral earth pressures after placement of the steel girders 
and concrete deck panels, and Figure 5C presents the resulting data after over one year in-service. 
The predicted lateral earth pressures based on Boussinesq theory are also shown in those figures. 
There is generally good agreement for MA-B and MA-C compared to the predicted, particularly 
regarding the distribution trend with depth, but the slight decrease in lateral pressure with depth 
seen initially for MA-A is more apparent once the dead load was applied, with the lateral pressure 
at the top and middle of the MA higher than predicted using Boussinesq. MA-A also has larger 
measured maximum pressures as compared to MA-B and MA-C, which are both relatively similar 
(Figure 5B and Figure 5C). 

The cause for the unusual behavior of MA-A is unknown; some potential explanations 
could be that the sensor readings were erroneous, construction practices may have slightly varied 
for this MA (e.g. higher compaction level, additional frictional connection force, etc.), shape 
effects (i.e. low Labut/H ratio) may come into play, or the low L/b ratio for the strip footing may 
have had an influence. The Federal Highway Administration (FHWA) defines plane strain 
conditions when L/b ratios are greater than 10 (Berg et al. 2009), so the low L/b ratio for MA-A 
(equal to 5) would not be considered a plane strain condition for the strip footing. In addition, the 
square footprint could potentially result in increased confinement due to the sides and thus 
increased lateral earth pressures relative to the MAs with larger Labut/H ratios. Note the relative 
scale of lateral earth pressures, with differences less than 4 kPa between the MAs, so small 
inconsistencies in construction and materials may ultimately be the cause; however, additional 
research is needed to evaluate the effect of the loading footprint and geometry of the abutment.   

Overall, lateral earth pressures have remained generally consistent over time after 
placement of the beams and the deck (Figure 6). Note that the top sensor for MA-B malfunctioned 
so readings could not be taken continuously throughout this long-term dead load experiment. There 
is an upswing in pressure shortly after day 100, which is due to added load used to conduct 
nondestructive testing of the concrete decks independent of this study.   
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          (A)        

                          
        (B)    

 
                                                                               (C) 

Figure 5. Pressure distribution with depth under (A) initial unloaded conditions, (B) full 
surcharge due to deck placement, and (C) over one year in-service. 
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        (A) 

 
         (B) 

 
        (C) 

Figure 6. Lateral earth pressures measurements for A. MA-A, B. MA-B, and C. MA-C. 
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CONCLUSIONS 
 
The TPS results of the long-term GRS mini-abutment experiment are insightful and promising. 
The technology is capable of measuring gradients across the area of the sensing mat, providing 
more than simply a single lateral earth pressure value. This allows for a recognition of the 
interactions between the backfill and the facing. For an open-graded AASHTO No. 8 aggregate, it 
was found that the lateral pressure is not uniform across a single layer of compacted fill, with point 
loads possibly due to angularity or construction practices (e.g. compaction). 

Under self-weight, acting as a retaining wall, the measured pressure distributions within 
the MAs did not follow the typical triangular distribution as one might expect in an active 
condition. The distribution appears relatively constant with depth, supporting the results of other 
researchers for closely spaced GRS as previously discussed. Under a dead load surcharge due to a 
bridge superstructure, ranging from 131 to 142 kPa, the distributions appear to follow Boussinesq 
theory; however, MA-A, which has a near square footprint (Labut/H ratio ≈ 1) compared to the other 
mini-abutments, exhibits a slightly different trend. Additionally, the L/b ratio of the strip footing 
was also less for MA-A (L/b = 5), indicating the geometry of the abutment and footing may play 
a role in stress distribution with depth. 

While hypotheses are presented, a possibility could simply be an anomalous reading from 
the TPSs. The magnitude of lateral earth pressure is relatively small when put into perspective, yet 
some questions do still arise based on the results that require more research. This study is ongoing 
and will provide answers on how lateral earth pressure changes with time, mini-abutment 
geometry, while also investigating the robustness of TPSs for long-term field use.  
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