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Load test study of bearing characteristics of reinforced soil abutments

ZHANG Xiao!, XU Chao"?, ~WANG Qiu-shen!, WU Wei-cheng!
1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China

2. Key Laboratory of Geotechnical and Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China

Abstract: As a bearing structure, the reinforced soil abutment has attracted much attention for its bearing capacity and its influencing
factors. Taking the Bowman bridge as the engineering prototype, this paper studies the bearing capacity of the reinforced soil flexible
abutment by the scale model test. In the experimental study, three groups of load tests of the reinforced soil flexible abutment were set
up, which uses the geotextile as the reinforcement material. This paper mainly studies the influence of bridge base position on the bearing
capacity of the abutment. Test results show that the setback is an important factor affecting the bearing capacity of the reinforced abutment,
and that the bearing capacity increases with the setback, but the amount of increase is rapidly diminishing. The horizontal and vertical
settlements at the top of the abutment decrease with the increase of the setback, and the decreasing trend shows convergence. With the
increase of setback, the maximum strain of reinforcement decreases, and the overall stability of abutment is enhanced, showing better
complex characteristics. In addition, the results of this experimental study also prove that the calculation method of bearing capacity
of reinforced abutments in the current US regulations may be limited to specific packing and reinforcement arrangement. Therefore, it
should be combined with actual conditions in engineering practice.
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1 Introduction

The geosynthetic reinforced soil-integrated bridge
system (GRS-IBS) is composed of the geosynthetic
reinforced soil abutment, the bridge structure and the
connecting subgrade. The abutments on both sides are
alternately filled using compacted filling and small spacing
(less than or equal to 300 mm) reinforced materials, which
is convenient and quick to construct, and has significant
advantages over pile-supported abutments'!. Overseas
researchers performed long-term performance monitoring
of the GRS-IBS during the normal service period>™!.
They confirmed that the structure has good working
performance under the influence of external environ-
mental factors such as vehicle load, overload, and tem-
perature. Through integrated design and construction,
GRS-IBS can theoretically eliminate the differential
settlement between the bridge and the subgrade of the
approach road. Consequently, it can solve the problem
of bumping at bridge head.

As a load-bearing structure, the load-bearing perfor-
mance and influencing factors of reinforced soil abutments
have attracted much attention . Hoffman et al.l), Nicks
et al.l”, Cai®® and others found that the spacing and stiffness
of the reinforcement are important influencing factors
of the bearing capacity of the abutment through the study
of miniature piers and scaled models. Xu et al.”! pointed
out that the spacing of vertical reinforcement has a more
significant influence on the stability of abutment. Wang
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et al.l'% suggested the reasonable spacing of the GRS
abutment to be 30—50 cm. Wu et al."l, Xu et al.l'?! and
other researchers proposed calculation methods of the
ultimate pressure of the GRS composite based on the
quasi-cohesive reinforcement mechanism and the equi-
valent confining pressure incremental reinforcement prin-
ciple, respectively.

As a bearing structure, the bearing capacity of the
GRS abutment is also related to the distance between
the bridge foundation and the abutment surface. Xiao
et al.''¥l carried out an experimental study on the influence
of the bridge foundation and the horizontal clearance of
the reinforced soil abutment slab on the bearing capacity
of the abutment, and obtained the relationship between
ultimate bearing capacity of the abutment and the hori-
zontal clearance. Murad et al.l'*) also found through num-
erical simulation that the horizontal clearance and foun-
dation width have certain effects on the bearing capacity
of the abutment, but these findings have not been veri-
fied by corresponding model tests.

Based on the existing research results, engineering
experience of reinforced soil abutments and GRS-IBS,
this study uses geotextiles as reinforcements, blocks as
surface layers, and uses large-scale scaled model static
load test to further study the bearing capacity and defor-
mation characteristics of reinforced soil abutments and
their changes with the position of the bridge bearing area.

For the convenience of the following description, the
horizontal distance between the outer edge of the bridge
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seat (or the top bearing area of the abutment) and the
reinforced soil abutment deck is defined as the hori-
zontal clear distance, which corresponds to the “setback”
of the bridge foundation in the literature.

2 Model test

2.1 Test model and material
The model is based on the Bowman Bridge in Ohio,

Table 1 Parameters for engineering prototype and test model

USA as the engineering prototype. The model test relies
on the vehicle load simulation loading platform at the
Key Laboratory of Road and Traffic Engineering of the
Ministry of Education, School of Transportation Engi-
neering, Tongji University. Limited by the size of the test
site and actual loading conditions, the model is scaled as
1:3. The main geometric dimensions of the engineering
prototype and model are shown in Table 1.

Abutment  Foundation Embankment . Wall base Bridge bearing Horizontal Reinforcement
Type height/m  height /m high /m Wall width /m length /m Wall top length /m area length b /m Base length /m clearance /cm spacing /cm
Engineering 4 7 0.45 0.9 13.3 1.8 5.5 12 2.30 20 20
prototype
Indoor model  1.46 0.15 0.3 1.5(plane strain) 0.6 18 04 075 30 reference 14
The proposed model is a unilateral abutment as a S 1800 5o
. . . £ . ) ; Ly
GRS-IBS structure. As shown in Fig. 1, the model consists Foam cushion L ogdiing platd Roadbed materiaﬁﬂoo
of five parts: GRS abutment, reinforced foundation, foun- — — D450
2 + >
dation soil and backfill, the integrated approach, the bridge Syrface lyer blodk P A Pument TTIer ~ o boun dary
140
structure. The model has a total length of 3.4 m, a total 19101 1 460 Reinforcemeht Ficotextils ydl . o
. . M m cushion
height of 1.91 m, and a total width of 1.5 m. The total H 7
. . - Foundation soil and
height H of the GRS abutment is 1.46 m. The slope of ~=H20__Backfill behind wall3 |
. . . Relnforced fouhdation
the abutment fill is consistent with the protot th - 150} ‘
e abutme ! s co sse' W 'epooype,bo TS0 050 i
are 1:1. The width of the bridge bearing area is 0.4 m, 3400
and the size of the integrated approach changes with the (a) Model profile
horizontal clearance.
The reinforcement spacing is set to 14 cm (twice <HFoarn cushion Model boundary
Iz

the layer spacing), which reduces the ultimate bearing
capacity of the abutment model under the principle of
closely spaced geosynthetic reinforcement, so that the
abutment failure can be achieved more easily. Accord-
ing to the design requirements of the current American
standard!'), the reinforcement length of the densely rein-
forced area under the abutment base is not less than twice
the sum of the horizontal clear distance and the bridge
bearing area, which is set to 1.27 m.

The variable involved in this model test is the horizontal
clear distance. The L-shaped steel plate is used to replace
the bridge structure to be in contact with the bridge
abutment. The steel rail is welded to meet its rigidity
requirements. Its size is 0.4 mx1.5 m, and the bridge
structure weight is added to be part of the abutment
loading. The evenly distributed precast concrete test
blocks are used to simulate the filling of the integrated
approach area. The model test meets the plane strain
condition. One side of the model is set as a steel plate
wall, and the other side is set as a plexiglass baffle. Cross
marks in corresponding colors are pasted on the inside
and outside of the plexiglass plate to facilitate the obser-
vation of the overall deformation trend of the abutment.

https://rocksoilmech.researchcommons.org/journal/vol41/iss12/7
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! Embankment loading areal 4
Steel plate wgl boundary 400

Loading area ~=. 1950
Foam cushiof] 200
Surface layer ko /7272772770 AL A1,
Reinforced foundation 70 150
L. 50 1 500 ——Plexiglass baffle

(b) Planar graph

Fig.1 Configuration of test model(unit: mm)

In the experiment, self-made cement mortar blocks
were used as the surface layer of the bridge abutment,
and the scaled size was 130 mmx70 mmx70 mm. The
surface layer blocks were stacked in layers and staggered
joints, and the reinforcement materials were sandwiched
between the two layers of blocks, connected by friction.

In the experiment, PP bidirectional geotextile was
selected as the reinforcement material. According to the
dimensional analysis, the tensile strength corresponding
to 10% strain of the reinforcement should be 8 kN/m,
and the tensile test result of the reinforcement (see Fig. 2)
shows that the test value corresponding to 10% strain
is 7.53 kN/m. Values from both tests are similar and they
practically meet the design requirements.
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Fig.2 Tensile tests of reinforcement

The particle size of the engineering prototype fill
ranges from 0.3 to 12.7 mm. According to the scale of
the model, quartz sand with a particle size ranging from
0.1 to 4.2 mm is selected for the experiment. The modified
analog method is used to determine the gradation of the

fill, and the particle size is specified based on the prototype.

The specified particle size of the model and the corres-
ponding sieving rate are calculated, and the gradation
curve of the selected fill in the experiment is shown in
Fig. 3. The maximum dry density of the fill is 1.86 g/cm”.
Through the GDS stress path triaxial test, when the degree
of compaction is 95%, the internal friction angle ¢ of
the fill is about 48°, and the cohesion c is 0 kPa.

120
—— Original coarse grain soil
100 k- —<&— Analog coarse grain soil
e —e—Particle size distribution curve before test
S 80t
Q
g
S 60
=)
S
S 40
-9
20 |
0 1 * 1
10? 10! 10° 107" 1072

Particle size /mm

Fig.3 Grain size distribution of sands used in tests

2.2 Test scheme and test method

According to the characteristics of the prototype and
actual test conditions, a total of 3 sets of model tests were
designed. The test scheme is shown in Table 2.

Table 2 Model test scheme

Test number

Horizontal clearance /cm  Spacing of reinforcement /cm

Tl 20
T2 30 reference 14
T3 40

According to the evaluation in the U.S. standard!('*!,
the ultimate bearing capacity of GRS abutment is 48 kPa,

Published by Rock and Soil Mechanics, 2020

which was converted to an upper load of about 30 kN.
Based on the capacity of the loading equipment, it was
planned to determine the maximum loading value of the
model as 3 times the ultimate bearing capacity. The static
load mode of the hydraulic pulsation fatigue testing machine
was used. The shallow foundation plate load method was
adopted as a reference. The load was gradually loaded
from scratch, and the graded load is 10 kN in each step.
The load test is terminated when there was obvious signs
of failure in the whole sample and when the overall settle-
ment of the model reached 5% of the abutment height
(i.e. 7.5 cm), or when the maximum horizontal displace-
ment of the surface layer reached 10% of the abutment
height (i.e. 15 cm).
2.3 Monitoring scheme

The monitoring parameters in the test includes the
settlement at the top of the abutment, the horizontal dis-
placement of the surface, the horizontal and vertical applied
stress in the GRS abutment, the strain of the reinforcement
and the overall deformation trend of the abutment is
observed and recorded. The layout of monitoring instru-
mentation is shown in Fig. 4.

il

Embz}/ ?(ment ﬁlyérea
400 400
R
arep * | " ’
\'%A) Vo6

Horizontal clearance 30 cm

V2oV

Horizontal clearance 20 cm
V2 V3

10 300 300

2 KN EN RN
| 4 Iy .
L7 VPI_ VP4 _VP9
L6 VP VPS5 _VPI
L5 s vBe VB Legend:
e 1200 [ 300 | .
i —  Reinforcement
i 2 3 [I Surface module layer number
E“%‘EiLPl V‘l5 7 H_P1 Horizontal earth pressure cell
o
s VP2 Vertical earth pressure cell
0D V3
1L 2 LVDT settlement transducer
Ll H ( £~ Pull wire displacement transducer
I VP8al < Strain gauge

Fig.4 Monitoring scheme (unit: mm)

2.4 Model construction
Following the procedures of reinforced foundation
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construction—abutment filling—bearing area treatment—
loading slab placement, the abutment is constructed. The
completed abutment model is shown in Fig. 5. Before
the abutment is filled, the sidewall resistance reduction
treatment is carried out by pasting a PTFE film and then
applying lubricant. During the construction process, the
volume—mass method was used to control the compaction
degree of fills in layers to be above 95%. The layer
thickness is 7 cm, and the filling was divided into 21
layers. During the stacking process of the surface layer,
a cross level gauge is used to check the level, and the
surface layer baffle is set to prevent the surface layer
from tilting. The contact area of the surface layer and
the outer wall side wall is filled with foam sheets of
appropriate size to prevent sand leakage and to reduce
side resistance.

Fig.5 Test model

3 Test results and analysis

The collected data is marked and calibrated in different
directions according to engineering practice. For the
displacement of the surface layer, the direction towards
the free surface is positive. For the settlement of the top
of the abutment, the downward is positive. For the addi-
tional stress in the abutment, the compressive stress is
positive. The strain of the reinforcement is positive when
it is subject to tensile stress.

3.1 Description of observations in the test

The threshold of the loading device of the test equip-
ment is 100 kN, so the maximum load of the test can
only reach 100 kN. Under this load, the three groups of
abutment models did not undergo significant deformation
and failure. Only a small degree of outturn was observed

https://rocksoilmech.researchcommons.org/journal/vol41/iss12/7
DOI: 10.16285/j.rsm.2020.5390

in the middle and upper parts of the surface layer, and
local fillers were squeezed into the surface layer and side
walls. A small amount of settlement was observed at the
top of the abutment. Reinforcing bars changed from
horizontal to be curved, and the cross-mark points on
the inner and outer sides of the organic glass baffle were
obviously misaligned, as shown in Fig. 6. The model as
a whole had no signs of damage such as sudden changes
in surface displacement, significant settlement at the top,
or fracture of the reinforcement. This test result shows
that the actual ultimate bearing capacity of the abutment
should be much greater than the value calculated by the
formula. Xu et al.'?! pointed out that the reason is that
the formula only verifies the composite structure of large-
particle fillers (filler's maximum particle size greater than
10 mm). However, it does not consider that the small-
particle fillers (filler's maximum particle size less than
5 mm) has a weakening effect on the impact factor W.
At the same time, as a load-bearing structure, the ultimate
bearing capacity of the reinforced abutment is bound to
be affected by factors such as the horizontal clearance,
the width of the beam seat, and the size of the reinforced
foundation. The test results in this paper prove that the
formula without considering the horizontal clearance has
a large prediction error for the ultimate bearing capacity

(a) Side wall of facing layer inclines outwards (b) Filling is squeezed into
side wall block

(c) Partial deflection of Geotextiles

Fig.6 Local damage of abutment structure after test
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of reinforced abutments. Therefore, the ultimate bearing
capacity formula given by the American Code!"*! may
only be applicable to specific fillers, reinforcements and
a specific layout of reinforcements. Therefore, in actual
engineering applications, not only the impact of the hori-
zontal clearance on the bearing capacity should be con-
sidered, but also the actual engineering practice should
be combined when using the bearing capacity calculation
formula in the American standard.

The monitored physical quantities vary with the change
of the horizontal clearance, and the degree of outward
inclination of the surface layer does not show a significant

correlation with the change of the horizontal clearance.

The horizontal displacement and top settlement of the
surface layer decrease with the increase of the horizontal
clearance. The degree of deflection of the reinforcement
in the fill decreases with the increase of the horizontal
clearance, but there is no obvious cracking phenomenon.
3.2 Load—settlement curve

Figure 7 shows three sets of model test load—settlement
(p-s) curves. In general, each set of curves is approxi-
mately linear, indicating that the abutment model has not
reached the ultimate failure state, and as the horizontal

clearance increases, the abutment settlement decreases.

When the horizontal clear distance decreases from 30 cm
to 20 cm, the settlement increases significantly; while
the horizontal clearance increases from 30 cm to 40 cm,
the two p-s curves are very similar to each other, indicating
that when the horizontal clearance meets certain requi-
rements, increasing the horizontal clearance afterwards
has little effect on the overall bearing capacity of the
abutment. In the model T1 test, there was a sudden change
in settlement, and then the settlement increased linearly
with the load. The reason might be that the loading device
was abnormal when a load of 50 kN was applied.

Vertical load /kN
0 10 20 30 40 50 60 70 80 90 100 110

0 T T T T T T T T T 1
§ 2r —=—TI
£ a4t T2
E 6T —+—T3
E 8 I
2
§ 10
o 12 F
2
= 14 1 [ ocal settlement mutation
g 16 |
O 18 F

20 -

Fig.7 p-s curves of load test

3.3 Settlement at the top of abutment

As shown in Fig. 8, the cumulative settlement at the
top of each model abutment under a load of 100 kN follows
the same distribution law. The settlement of the bridge

Published by Rock and Soil Mechanics, 2020

bearing area is large and much larger than that of other
areas. The settlement at the top of the model is much smaller
than the settlement (5%£H) under its ultimate bearing state.
This indicates that the abutment model is still in normal
service. Comparing T1, T2, and T3, it can be found that
with the gradual increase of the horizontal clearance, the
settlement of the bridge bearing area first decreases signi-
ficantly, and then changes little. This result is consistent
with the aforementioned load—settlement curve. The settle-
ment on the side close to the surface layer decreases
slightly with the increase of the horizontal clearance, while
the settlement in the integrated approach area increases
slightly. The settlement on the top of the abutment is
gradually dispersed from the bearing area to both sides,
and the abutment model shows an improved ability in
deformation coordination as a feature of complex materials.

Distance from the inner edge of the surface layer /cm
0 20 40 60 80 100 120 140 160 180

0 T T T 2 T o 1

10 7 —&— Horizontal clearance 20 cm

—<&— Horizontal clearance 30 cm
15 b —a— Horizontal clearance 40 cm

Cumulative settlement at top /mm

20 =

Fig.8 Settlement distribution of abutment top under
100 kN load

3.4 Horizontal displacement of surface layer

Figure 9 shows the distribution of the displacement
along the wall height of each abutment under a load of
100 kN. It can be seen that with the gradual increase of
the horizontal clearance, the horizontal displacement of
the surface layer continues to decrease and tends to be
evenly distributed along the wall height. The maximum
value of the horizontal displacement of the surface layer
of each bridge abutment is achieved at the location of
about 1/3H from the top of the abutment.

1.0

e

=

SN 08

25

a

= % 0.6 [

£ 2

g<

€2 04|

£S5

B2 —a—T1 (Horizontal clearance 20 cm)

8= 02 —&— T2 (Horizontal clearance 30 cm)

g —=a—T3 (Horizontal clearance 40 cm)
O'O 1 1 1 1 1 1 ]

00 02 04 06 08 10 12 14
Horizontal displacement as a percentage of
the total height of the abutment (d/H) /%

Fig.9 Surface displacement distribution under a 100 kN load
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From the analysis of the top settlement and lateral
displacement of the reinforced soil abutment under the
vertical load as shown in Fig. 7 to Fig. 9, the bearing
capacity of the reinforced soil abutment increases with
the increase of the horizontal clearance. However, from
the results of the three sets of model tests presented in
this paper, the increase in bearing capacity was significantly
reduced when the horizontal clearance increased from
20 cm to 30 cm, and from 30 cm to 40 cm. This shows
that reinforced soil abutments should have a certain hori-
zontal clearance, but an excessively large horizontal clea-
rance is of little significance and it also increases length
of the bridge structure, which is unreasonable.

3.5 Vertical additional stress

Figure 10 shows the distribution of the vertical addi-

tional stress inside the abutment model under a load of

250 —a—0.925H
——0.825H
200 —A—0.725H

---8--0.925H Theoretical solution
--<--0.825H Theoretical solution
--#4--0.725H Theoretical solution

wn
=3

Increment of earth pressure /kPa

20 50 80
Horizontal distance from surface layer /cm

(a) T1(Horizontal clearance20 cm)

< 250 —8—(0.925H
——0.825H
200 —A—0.725H

--8---0.925H Theoretical solution
---0---0.825H Theoretical solution
2-A---0.725H Theoretical solution

—_

wn

(=]
T

100

Increment of earth pressure /kP:

20 50 80

Horizontal distance from surface layer /cm

(b) T2(Horizontal clearance30 cm)

—a—0.925H

——0.825H

—Aa—0.725H
250 ----@--- 0.925H Theoretical solution
---%--- 0.825H Theoretical solution
---#--- 0.725H Theoretical soluti

Increment of earth pressure /kPa

Horizontal distance from surface layer /cm

(¢) T3(Horizontal clearance 40 cm)

Fig. 10 Distribution of vertical earth pressure under
a 100 kN load
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DOI: 10.16285/j.rsm.2020.5390

100 kN. Overall, the horizontal distribution of vertical
earth pressure inside the reinforced abutment is more
consistent with the theoretical solution obtained by the
corner point method under rectangular uniformly distributed
load. Both show that the earth pressure in the middle
part is larger and the earth pressure near the two sides
is smaller. The measured value of earth pressure under
the loading plate is obviously higher than the theoretical
value, but the opposite is true when it is far from the
bearing area, indicating that a certain degree of stress
concentration will occur under the loading position. This
result confirms the rationality of reducing the spacing
of the reinforced layers within a certain depth below the
bearing area. Since the size ratio of the bearing area to
the top of the abutment model does not satisfy the assump-
tion of uniform load in a semi-infinite space, and the
reinforced soil composite is an anisotropic medium,
the measured value and the theoretical solution are some-
what different. In addition, in the three groups of model
tests, with the change of the horizontal clearance, the earth
pressure distribution law is not the same, and the degree
of agreement between the measured value and the the-
oretical solution is also different, indicating that the hori-
zontal clearance has a certain influence on the earth pressure
distribution. The mechanism needs to be further explored.
3.6 Strain of the reinforcement

For the sake of clarity, this paper only gives the results
of measuring the strain of the reinforcement under the
vertical load of level 3, as shown in Fig. 11. A few obser-
vations can be taken from the figure. (D The strain of the
reinforcement increases with the increase of the additional
load, and the maximum value of strain in each layer of
the reinforcement is located under the load-bearing area,
rather than the surface connection. @) As the horizontal
clearance increases, the strain extremum of the reinfor-
cement is also moving inward, getting farther and farther
away from the surface layer. 3 Considering the strain
extremum of each layer of reinforcement, the extreme
strain of the upper part of the abutment and near the load-
bearing area is the largest, and it gradually decreases
downward. To the lower part of the abutment, the extreme
strain of the reinforcement is significantly reduced. This
result reflects the deformation characteristics and working
mechanism of the small-spacing reinforced soil abutment
under vertical load, that is, the coordinated deformation
of the reinforcement and the fill. In the area where the
vertical stress is concentrated, the lateral deformation
of the fill is large, and the strain of the reinforcement
also increases simultaneously. The reinforcement exerts
a lateral effect on the fill, instead of being subjected to
lateral earth pressure as in conventional reinforced soil
retaining walls, and then transmitted to the reinforcement.
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< 09 z-09250 A 10KN : -
S 3 : ——50kN reinforced soil abutment becomes smaller because the
g . —=— 100 kN ..
& \ additional stress becomes smaller after spread and the
0.1 le 00 = bottom boundary also limits it.
Horizontal distance from surface layer /cm If the extreme points of strain at each layer of rein-
09 _ —&—10kN forcement are connected (see Fig. 11) as the potential
o Z=0.825H
BN ; ‘ ——50kN . . : :
£ =100 kKN failure surface of the reinforced soil flexible abutment,
& the results of the three sets of model tests are not
-0.1 / ; . . .
0 50 100 150 consistent. There seems to be no obvious regularity
Horizontal dfstance from surface layer /cm that can perfectly describe their correlation. Based on
< 09 z=072507 A 10KN the test monitoring results, it can be inferred that the
—e—50kN
g —=—100kN potential fracture surface is in the form of a double
7 o . broken line. The lower part is close to the Rankine
A st 100 150 failure surface, while the upper part is a vertical surface
Horizontal distapce from surface layer /cm . .
0o y . related to the horizontal clearance and it passes through
S Z=0425H ¢ —50kN a certain position in the bearing area, rather than passing
= —=—100 kN . .
g along the failure surface at the back of the bearing
wn . .
0.1 n - ' area. Similar results have been found by Gao et al.l'"
0 50 100 150
; 17
Horizontal dfstance from surface layer /cm and Wang et al-[ ]-
0.9 —a—10kN
© / Z=0.125H 50 kN .
F % MO 4 Conclusion
“ o1 s . . This paper presented the static load model test of the
0 50 100 150

geotextile reinforced soil abutment. Through the analysis
of the test results, the following conclusions can be drawn.

Horizontal distance from surface layer /cm

(b) T2 (Horizontal net distance 30 cm) (1) With the gradual increase of the horizontal clearance,
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the horizontal displacement of the abutment surface layer
and the top settlement are decreasing and show convergence.
The extreme value of strain of the reinforcement gradually
decreases, indicating that within a certain range, increasing
the horizontal clearance can increase the bearing capacity
of the abutment, but an excessively large horizontal clea-
rance is of little significance. When considering the actual
bearing capacity of the reinforced abutment, the influence
of the horizontal clearance should also be taken into
consideration.

(2) The horizontal clearance has a significant effect
on the distribution of the vertical additional stress in the
abutment. When the horizontal clearance is 0.2H, the
distribution of the vertical additional stress is roughly
consistent with the theoretical solution of the corner point
method, indicating that the abutment has good charac-
teristics as a complex material.

(3) The test results show that the formula for calculating
the ultimate bearing capacity of reinforced soil abutments
in the current GRS-IBS design code in the United States
may only be valid under specific fillers, reinforcements,
and reinforcement methods. This design code needs to
be further improved.

Due to the limitation of the test site conditions and
the maximum loading capacity of the loading device, this
test did not reach the ultimate bearing capacity of the
reinforced soil abutment. The failure mode of the structure
under the ultimate load state needs to be further investigated.
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