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Geosynthetic Reinforced Soil (GRS) Bridge Abutments fill the Gap at Mammoth Lakes, California 

by Steven C. Devin1, P.E., Gordon R. Keller2, G.E., and Robert K. Barrett3, P.G. 

 
 
Abstract 

Geosynthetic Reinforced Soil (GRS) bridge abutments were utilized on two recent bridge replacement 
projects near Mammoth Lakes, California.  The high design snow loads and horizontal peak ground 
accelerations (PGA) afford an opportunity to design, construct, and monitor GRS supported spread footing 
abutments under difficult service conditions. 

Introduction 

Two bridges near the resort mountain community of Mammoth Lakes, California were reconstructed in the 
fall of 2000 using Geosynthetic Reinforced Soil (GRS) abutments.  The existing concrete structures, both 
located on the heavily traveled Lake Mary Road within the Inyo National Forest and owned by the U.S. 
Forest Service, were built in the 1930’s and showed signs of deterioration including longitudinal cracking 
beneath the bridge decks resulting in the exposure and degradation of reinforcing steel.  The Forest Service 
also had no design or as-built information for either of the structures and  consequently the seismic 
performance of each structure was in question.   

The concrete bridge decks were each supported by gravity-type stone masonry abutments and two 
intermediate-span masonry piers.  In planning the replacement of these structures, the Forest Service 
desired to maintain the historic character and pleasing aesthetics of the stone masonry abutments and piers.  
However, the structural competence of these abutments to support a new single-span structure was in 
question.  A single-span, pre-cast concrete voided slab bridge design, which spanned the existing stone 
masonry, was completed for each structure and a construction contract awarded.  The design spans were 
67’-0” (20.42 m) and 71’-0” (21.46 m) for the Lake Mamie and Twin Lakes bridges, respectively.  The 
new decks were to be carried by steel jacketed cast-in-place concrete piles augered through a silty sand and 
boulder glacial till or outwash and socketed into bedrock.   

Due to a dramatically curtailed construction season imposed by the Forest Service and Sierra Nevada fall 
weather, the contractor, DRP Construction Company of Encinitas, California, opted to submit a value 
engineering proposal to substitute GRS supported spread footing abutments for the as-bid concrete pile 
foundation.  The GRS abutments had to meet rigorous design criteria which included a 300 psf (14.4 kPa) 
design snow load and seismic peak ground accelerations (PGA) of 0.40g and 0.50g for the Lake Mamie 
and Twin Lakes bridges, respectively.  There was also a requirement that the free standing existing stone 
masonry abutments experience minimal lateral earth pressure from the new design.   

Both bridges receive heavy vehicle traffic during the summer and fall tourism seasons.  The Lake Mary 
Road is closed above the Twin Lakes Bridge in the winter and thus snow is not removed from the Lake 
Mamie Bridge which is located near the end of the Lake Mary Road.  The Twin Lakes Bridge is kept clear 
of snow but may be closed for prolonged periods at any time due to the possibility of snow avalanches 
emanating from the southeast flank of Mammoth Mountain.  Consequently, snow loads were a major design 
consideration for both bridges, particularly in regard to seismic loading, and were considered in the GRS 
design in-lieu of any traffic loading.  Seventy-five (75%) percent of the design snow load was used in 
computing design pseudo-static seismic forces for each bridge resulting in a concentrated horizontal load 
applied to the top of the GRS mass of 7.21 klf (105.2 kN/m) at Lake Mamie and 9.73 klf (141.9 kN/m) at 
Twin Lakes for the design PGA’s. 
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Each bridge is located at the outlet works of their respective lakes.  In the case of Lake Mamie, the outlet 
works is located immediately downstream of the bridge structure, while at Twin Lakes, the outlet works is 
located immediately upstream of the bridge. The channel is armored with a concrete pavement beneath the 
Twin Lakes bridge.  Thus, scour was not a design consideration at either site.   

Geologic Setting and Seismicity 

The Lake Mamie and Twin Lakes Bridges are both located along the eastern Sierra escarpment within the 
Mammoth Lakes Basin at an elevation of approximately 8,880 feet (2,707 m) and 8,560 feet (2,609 m), 
respectively.  The two bridge sites are located about 0.9 miles (1.45 km) apart.  Both sites are situated on 
the southeast flank of Mammoth Mountain and the periphery of the Long Valley Caldera whose resurgent 
dome and seismicity rank it as one of the most volcanically active areas in the United States.  In May 1980, 
as Mt. St. Helens experienced its second eruption, the Mammoth Lakes area was struck by an ‘historically 
unprecedented series of earthquakes’ (Harris, 1988; Sherburne, 1980), four of which exceeded a local 
magnitude 6 within a 48-hour period.  Moderate and micro-earthquake activity has continued at varying 
frequencies to this date.   

The bridge sites are in close proximity to a number of faults with Maximum Credible Earthquake (MCE) 
moment magnitudes (Mw) of 6.5 or greater (Mualchin, 1996).  The closest faults are the north-northwesterly 
trending Hartley Springs, Silver Lake, and Hilton Creek Faults each of which lie within a radius of about 
12 miles (19 km) from the bridge sites.  The May 1980 earthquake sequence occurred along or near the 
Hilton Creek Fault Zone with surface rupture suggesting both normal and strike-slip components (Taylor 
and Bryant, 1980).  Earthquakes in this region typically show both normal and strike-slip focal mechanisms 
(Hill, et al, 1985). 

The California Seismic Hazard Map (Mualchin, 1996) indicates a horizontal PGA of 0.60g at each bridge 
site.  This is a deterministic value that represents the anticipated maximum horizontal ground acceleration 
on rock as derived from the MCE of nearby faults and earthquake attenuation relationships.  The original 
bridge design called for using this value for design.  However, the AASHTO bridge design specifications 
utilize probabilistic PGA’s which are typically based upon a 10 percent probability of exceedance in 50 
years or a 475-year return period.  The PGA’s determined from the USGS National Seismic Hazard 
Mapping Project website were 0.39 and 0.52 for return periods of 475 and 975 years, respectively.  After 
evaluating the acceptable level of risk for each bridge, a design PGA of 0.40g was decided upon for Lake 
Mamie, while 0.50g was used for the more critical Twin Lakes Bridge.  Putting these data in perspective, 
a horizontal PGA of 0.30g, along with a non-concurrent vertical PGA of 0.07g, was recorded on rock at the 
nearby Long Valley Dam at an epicentral distance of 8.75 miles (14.1 km) during the local magnitude (ML) 
6.3 event of May 27, 1980 (Turpen, 1980).   

Subsurface Conditions 

Subsurface conditions at each bridge are very similar and consist of Quaternary glacial deposits of silty 
sand and boulders overlying volcanic bedrock.  The limited subsurface exploration program conducted by 
the Forest Service at each site consisted of a combination of test pits and borings advanced using the ODEX 
drill method in which the drill is advanced using both rotation and percussion.  Unfortunately, no samples 
are obtained with this method and no penetration testing performed.  Thus, no estimate of relative density 
of the silty sand matrix was obtained.  The depth to bedrock at Twin Lakes varied from 13 to 14 feet (4.0 
to 4.3 m) at the north abutment to 18 feet (5.5 m) at the south abutment.  Similarly, bedrock was encountered 
at a depth of 20 feet (6.1 m) near the east abutment of the Lake Mamie Bridge and 11 feet (3.4 m) near the 
west abutment.   

Abutment Geometry 

The pre-cast voided concrete slabs were originally designed to bear on elastomeric pads placed on top of a 
cast-in-place concrete pile cap.  Each 26 inch (0.66 m) deep, 48 inch (1.22 m) wide slab was supported by 
a continuous concrete pile cap for the width of each bridge and anchored with a #10 (32 mm) dowel.  At 
Lake Mamie the design length of the pile cap was 41’-0” (12.50 m) while at Twin Lakes it was 36’-10¾” 
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(11.25 m).  Each bridge is skewed at 10° from the road centerline.  The pile caps were each 30 inches (0.76 
m) thick and included integral wingwalls cantilevered both in a vertical and horizontal sense.   

Due to design time constraints and the unique design challenge presented by AASHTO guard rail impact 
loading, it was decided to maintain the 30 inch (0.76 m) thickness of the pile cap design and utilize the 
original wingwall and railing design as well.  As a result, the GRS structure was limited in height to 6’-6” 
(2.0 m) below the base of a 30 inch (0.76 m) thick bearing sill.  The bridge approach fill was then placed 
above the GRS and directly behind and in contact with the sill and pre-cast slabs.  The GRS design boundary 
conditions thus consisted of a bearing sill placed atop the GRS mass along with a surcharge loading imposed 
by the unreinforced approach fill.  The elevation of the bottom reinforcing layer was to be located at, or 
slightly below, the elevation of the channel bottom on the opposite side of the masonry abutment. 

The center of bearing on each sill was placed at 1’-8⅛” (0.511 m) from the back edge in order to compensate 
for the eccentricity created by pseudo-static seismic loads from the bridge deck and approach backfill 
combined with the thickness of the bearing sill.  The center of bearing dictated the location of the front 
edge of the sill which at both sites fell over the approximately 1H:3V back face of the existing masonry 
abutments.   

A frictional contact was adequate to transfer bridge seismic forces from the bearing sill to the GRS mass at 
Lake Mamie.  This was not the case at Twin Lakes where a higher design PGA of 0.50g required that 
transverse seismic loading be transferred both through basal friction and passive resistance provided by 
two shear keys.  The longitudinal seismic forces at Twin Lakes were designed to be resisted both by basal 
friction and the passive resistance provided against the back of the bearing sill and pre-cast slabs at the far 
end of the bridge. 

It must be noted that a number of the design constraints just mentioned, although not serious, could have 
been avoided had the original design called for GRS supported spread footing abutments.   

GRS Design Methodology 

The GRS abutment design at each bridge reflects a design philosophy of utilizing closely spaced 
geosynthetic reinforcing layers placed between well compacted quality backfill material.  In this manner a 
reinforced composite backfill with improved stiffness and ‘cohesive’ properties is obtained and lateral earth 
pressures at the face of the wall are minimized and are limited to the ‘bin’ pressure exerted between 
reinforcing layers.  This is in contrast to the prevalent ‘tieback’ model which is exemplified by more widely 
spaced reinforcing layers anchored to a rigid or semi-rigid facing.  The rigidity of the wall facing and the 
spacing of the reinforcement result in higher earth pressures at the wall face and higher loads in the 
reinforcement. 

The GRS abutment design was carried out generally in accordance with the 1996 AASHTO Standard 
Specifications for Highway Bridges with annual revisions through 1999 with a number of notable 
exceptions.  The AASHTO methodology mirrors the methodology presented in FHWA Demonstration 
Project 82, “Mechanically Stabilized Earth Walls and Reinforced Soil Slopes, Design and Construction 
Guidelines” (Elias and Christopher 1996) commonly referred to as ‘Demo 82’.   

Geosynthetic Layout 

The as-built reinforcement layout at the Lake Mamie and Twin Lakes bridges are shown in transverse 
section in Figures 1 and 2, respectively.  Longitudinal sections of the west abutment at Lake Mamie and 
the south abutment at Twin Lakes are shown in Figure 3.  Amoco 2016, a 200 lb/in (35 kN/m) 
polypropylene geotextile, was used for both abutments at Lake Mamie while Mirafi 600X, a 175 lb/in (30.6 
kN/m) polypropylene geotextile, was used for both abutments at Twin Lakes.   

The Amoco fabric comes in 15 foot (4.6 m) roll widths allowing for about a 2 foot (0.6 m) overlap between 
adjacent sheets of fabric as shown in Figure 3.  The Mirafi product is available in both 12.5 and 18 foot 
(3.8 and 5.5 m) roll widths although the 12.5 foot width was chosen for Twin Lakes which 
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Figure 2, As-Built Transverse Section at Twin Lakes North Abutment

Figure 1, As-Built Transverse Section at Lake Mamie West Abutment
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Figure 3, As-Built Longitudinal Sections

allowed for an overlap of about 9 inches (0.23 m) between adjacent sheets.  The surface irregularity of the 
back face of the stone masonry made it very difficult to provide a consistent overlap distance between 
adjacent sheets after wrapping the fabric at the wall face.   

Reinforcement layers were spaced at 6 inches (0.15 m) and readily available high quality pit run material 
utilized as backfill and compacted to 95 percent of the maximum dry density as determined by ASTM D698 
(AASHTO T-99).  The pit run material consisted of a poorly graded sand (SP) with 28 percent passing the 
No. 40 (0.425 mm) sieve and 4.5 percent passing the No. 200 (0.074 mm) sieve.   

A construction sequence was decided upon whereby adjacent full length fabric layers would be installed 
using a continuous fabric length folded back at the wall face.  Continuous intermediate length fabric pieces 
with 3 foot (0.9 m) tails, although not required for stability, were placed between the primary full length 
reinforcement at the wall face.  These intermediate sheets have the benefit of effectively creating doubled 
fabric layers beneath the bearing sill and adjacent to the wall face thus increasing the stiffness of the GRS 
mass at this critical location. 
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As can be seen in the elevation of the west abutment at Lake Mamie (Figure 3), a shallow depth to bedrock 
precluded a full design height at the upstream side of the bearing sill.  The original design called for 
doubling the fabric in the uppermost layer.  However, due to the reduced total number of fabric layers 
imposed by the shallow bedrock and the assumption, to be discussed subsequently, of the manner in which 
horizontal stresses induced by seismic loading of the bridge deck are distributed to the base of the wall, the 
two uppermost layers were doubled.  Doubling of fabric layers was accomplished by lightly dusting the 
fabric-to-fabric interface with native material from the sides of the excavation. 

Groundwater infiltration into the bottom of the excavations at the east abutment of Lake Mamie and the 
north abutment of Twin Lakes, which occurred even after having lowered the lake levels prior to 
construction, precluded the construction of the full GRS design height at these abutments.  In each case, a 
‘sacrificial’ layer of fabric was placed in the bottom of the full depth excavation and ⅜ inch (9.5 mm) drain 
rock placed on top of the fabric in the lowest 6 to 12 inches (0.15 to 0.30 m) of the excavation.  In this 
manner a dry, stable working platform was established from which to begin GRS construction.  In each 
case where the full design height of GRS could not be obtained, additional fabric layers were placed near 
the top of the GRS mass as previously outlined for a shallow bedrock condition.   

Deviations from AASHTO Design Methodology 

This project provides a unique design scenario from which to explore modifications to the AASHTO design 
methodology.  The uniqueness lies in both (1) the presence of the existing stone masonry abutments which 
provide both a convenient construction form for a wrapped geosynthetic wall face and a buttress to limit 
possible displacements during a seismic event, and (2) the high design PGA’s and high ratio of snow load 
to dead load (1.15), particularly when combined with seismic loading.  Deviations from the AASHTO 
design methodology are summarized below.  

Pseudo-Static vs. Displacement Based Seismic Design 
A pseudo-static seismic design approach was used rather than a displacement based approach as 
recommended by AASHTO for PGA’s greater than 0.29g.  This was done in order to keep the design 
process as simple as possible.  However, a Newmark (1965) type displacement analysis is contemplated in 
the near future which will be used to estimate the tendency towards permanent displacements at each 
reinforcement layer for a given design ground motion.   The computed displacements will then be used 
along with the concept of a modulus of subgrade reaction to provide estimates of post-seismic lateral earth 
pressure on the masonry abutments.  

Horizontal Stress Distribution from Seismic Bridge Loads 
Due to the low wall height beneath each bearing sill, the horizontal pseudo-static seismic bridge load was 
distributed over a depth range from the base of the sill to the base of the wall rather than the AASHTO 
specified range given by 1= (cf+B–2e)*tan(45+φ´/2) where (cf+B–2e) is the distance from the wall face to 
the back of the Meyerhof (1953) stress distribution at the base of the sill.  For low wall heights, this 
distribution results in higher horizontal design stresses than those computed with the AASHTO 
methodology when evaluating the internal stability of the reinforced soil mass.  This design assumption 
also dictated that additional reinforcing layers be placed in the top of the GRS mass when groundwater 
conditions or shallow bedrock precluded the construction of a full 6’-6” (2.0 m) wall height. 

Reinforcement Design Tensile Strength 
The allowable design tensile strength, Tallow, in the geosynthetic reinforcement was based on a fixed 
percentage of the wide-width peak ultimate tensile strength, Tult, as determined by ASTM D4595 for both 
static (40%) and seismic (80%) loading rather than exceedingly conservative combinations, especially with 
regard to seismic loading, of safety factors and reduction factors for installation damage, creep, and 
chemical or biological degradation.  As pointed out by Nova-Roessig and Sitar (1998), Zornberg (1994) 
backcalculated in-situ tensile strengths 64 percent greater than Tult in centrifuge modeling of reinforced soil 
structures.   

Figures 4 and 5 present the required percentage of Tult for the upstream portion of the west abutment at 
Lake Mamie and the south abutment at Twin Lakes.  Each figure shows the variation in required strength  
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Figure 4, Required Tensile Strength Mobilization, Lake Mamie West Abutment 

 
Figure 5, Required Tensile Strength Mobilization, Twin Lakes South Abutment  
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for the following load combinations: (1) bridge dead load only; (2) bridge dead load plus 100 percent of 
the design snow load; (3) seismic loading with the bridge dead load only; and (4) seismic loading with the 
bridge dead load plus 75 percent of the design snow load.  Each figure also includes the effect of doubling 
reinforcement layers near the top of the GRS mass.  The effect of the assumed horizontal stress distribution 
is also shown which at Lake Mamie increases the required mobilization from 60 to 80 percent of Tult for 
load combination (4).  The computed maximum required mobilization for all load combinations for each 
bridge is presented in Table 1.  For reference, Table 1 also shows the equivalent AASHTO composite 
reduction factors assuming a static factor of safety of 1.5 and a seismic factor of safety of 1.125.  The low 
to moderate stress levels experienced under load combinations (1) and (2) suggest that the phenomenon of 
confined creep will be insignificant and will thus have no impact on the value of 80 percent of Tult used for 
short term seismic loading. 

Table 1, Maximum Required Tensile Strength Mobilization 

Bridge Site Design Value DL Only DL + 100% 
Snow 

Seismic, DL 
Only 

Seismic, 75% 
Snow 

Lake Mamie % Tult 15.3 29.1 46.5 80.6 

 RFC=RFID*RFCR*RFD 4.36 2.29 1.91 1.10 

Twin Lakes % Tult 16.9 31.3 48.4 81.9 

 RFC=RFID*RFCR*RFD 3.94 2.13 1.84 1.09 

Direct Sliding of GRS Mass 
For walls with varying reinforcement lengths (i.e. longer fabric lengths near the top of the wall than at the 
bottom), the factor of safety for direct sliding of the reinforced soil mass also included the sliding resistance 
contributed at the bottom of the block defined by the portion of the longer fabric layers which extend 
beyond the tail of the base reinforcement length.  In addition, when the locus of the tail of reinforcing layers 
was at an angle less than 90° from the horizontal, the soil-to-soil frictional resistance across this assumed 
failure plane was also included in determining resistance to global sliding.   
 
The computed factors of safety for direct sliding at Lake Mamie and Twin Lakes for load combination (4) 
were 1.02 and 1.03, respectively, assuming a basal friction angle δ = ⅔φ´.  At Lake Mamie, the factor of 
safety increased to 1.39 when the coefficient for direct sliding recommended by the geosynthetic 
manufacturer was used in the computation for the same load combination.  The buttress effect of the stone 
masonry also allows for lower acceptable safety factors for direct sliding under seismic loading. 

Reinforcement Layout 
The efficiency of reinforcing was optimized by varying the length of reinforcement through the height of 
the wall with the longest lengths placed near the top of the GRS mass to resist the large pseudo-static 
seismic forces imposed by the bridge deck.  

Negative Batter of Wall Face 
Although not strictly accounted for in the design, the location of the face of each bearing sill relative to the 
horizontal location of the base of the GRS dictated that a negative batter be made at the wrapped wall  
face which was laid directly against the existing stone masonry.  The horizontal location of the base of the 
GRS was also dictated by the location of the sloping back face of the stone masonry. 

Construction Schedule and Sequence 

The Lake Mary Road was closed to traffic below the Twin Lakes bridge on September 6th, two days after 
Labor Day.  All four GRS abutments were constructed and both bridge decks were set by September 22nd.  
For the contractor, sawcutting and removal of the old bridge decks proved to be the most time consuming 
and difficult aspect of the project.   

The old bridge decks were left in place while the GRS and cast-in-place sills were constructed.    
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Performance Monitoring 

Instrumentation 

Survey control points and a local coordinate system were established at each bridge site to facilitate 
monitoring of any construction and post-construction bridge movements.  In order to facilitate monitoring 
with an electronic total station, mini-reflectors were affixed to the downstream face on each bridge deck 
following deck placement.    

Prior to removal of the old bridge decks, mini-reflectors were also affixed to the outside face of the stone 
masonry abutments.  The coordinates of these reflectors were surveyed prior to removal of the old bridge 
decks and then immediately following deck removal.  In addition, these points were also surveyed 1 day 
after placement of the new deck at Twin Lakes and 3 days after deck placement at Lake Mamie.  In all 
cases, the data proved in-conclusive in assessing the magnitude and direction of any movement of the stone 
masonry abutments.  However, one important conclusion can be drawn: any movement that may have 
occurred was very small. 

Low cost, horizontal telescoping extensometers, or telltales, were fabricated and placed at depths of ⅓ and 
½ the GRS height or approximately 2 and 3 feet (0.6 and 0.9 m) below the bottom of the bearing sill at the 
east abutment of the Lake Mamie Bridge and at both abutments at Twin Lakes.  Each telltale consisted of 
a series of nested, telescoping PVC pipe wired to the geotextile reinforcement at distances of approximately 
1.5, 4.0, 8.0 and 11.5 feet (0.5, 1.2, 2.4, and 3.5 m) from the back face of the masonry abutments.  Three 
inch (75 mm) diameter holes were cored through the masonry to allow access to the ends of the telltales 
which were all carried through the masonry and cut flush.  These telltales are considered a low cost 
approach to possibly obtaining internal GRS displacement data from a major earthquake.  They may or 
may not work and are only capable of measuring large displacements. 

The installation of Strong Motion Instrumentation is currently being pursued. 

Sill Bearing Pressures and Settlement 

Allowable bearing pressures of 6.0 ksf (287 kPa) and 8.0 ksf (383 kPa) were used for static and seismic 
loading, respectively.  Design bearing pressures were computed using a Meyerhof (1953) distribution and 
considering the effects of eccentricity caused both by the retention of the unreinforced approach backfill 
and the transfer of pseudo-static seismic forces from the bridge deck to the elastomeric bearing pads. 

Neglecting the overturning moment created by the approach backfill, the uniform bearing pressure for load 
combination (1) was estimated at 2.53 ksf (121 kPa) at Lake Mamie and 2.22 ksf (106 kPa) at Twin Lakes.  
Similarly, uniform bearing pressures of 5.02 ksf (240 kPa) and 4.32 ksf (207 kPa) were computed for load 
combination (2). 

       Table 2, Measured Bearing Sill Settlement 

Abutment Days after Deck 
Placement 

Average Settlement 
(inches) / (mm) 

Maximum Settlement 
(inches) / (mm)  

Lake Mamie East 3 0.16 / 4.1 0.24 / 6.1 

Lake Mamie West 3 0.09 / 2.3 0.18 / 4.6 

Twin Lakes North 1 0.12 / 3.0 0.16 / 4.1 

Twin Lakes South 1 0.06 / 1.5 0.11 / 2.8 

Twin Lakes North 6 0.21 / 5.3 0.27 / 6.9 

Twin Lakes South 6 0.25 / 6.4 0.38 / 9.7 
 

Settlement measurements were taken 1 and 6 days after bridge deck placement at Twin Lakes and 3 days 
after bridge deck placement at Lake Mamie.  Settlement data is presented in Table 2.  These data were 
obtained using trigonometric leveling and a 5 second electronic total station.  In all cases, the average 
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measured settlements were 0.25 inches (6.4 mm) or less.  Measured settlements likely fall within the 
measurement error of the total station and trigonometric leveling method.  Additional settlement 
measurements are planned for the late spring or early summer of 2001. 

Conclusions 

Faced with a very narrow construction window, a value engineering proposal substituting GRS abutments 
for a concrete pile foundation reduced construction time by at least two weeks over the original design.  
The GRS abutments, with anticipated performance comparable to the original pile foundation design, were 
designed for extreme snow and seismic service loads.  Performance monitoring of these structures will 
demonstrate GRS to be a ‘faster – better – cheaper’ alternative in many cases to traditional bridge 
foundations.   
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