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ABSTRACT: The conventional abutments used in highway bridges constructed in Korea because it has greater stability. However, it 
has more pile foundations embedded in the bedrock because they have to resist lateral earth pressure and vertical loads of 
superstructures. For this reason, the conventional abutments is large compared with the piers, which makes them more expensive. To 
solve this problems, an IPM abutment, were selected to consider their design and economic feasibility. Design, economy and finite 
element analysis for the IPM abutment were performed using the design section of the candidate abutments. The IPM abutments 
could improve economy and constructability. In order to design and structural analysis for the IPM abutment, superstructure and 
substructure is modeled in one integrated, and the interaction of piles and soil applies a non-linear soil spring. 

RÉSUMÉ : Les piliers conventionnels utilisés dans les ponts routiers construits en Corée, car il a une plus grande stabilité. Cependant, il a 
plus de fondations de pieux encastrées dans la roche car elles doivent résister à la pression latérale de la terre et aux charges verticales des 
superstructures. Pour cette raison, les piliers classiques sont grands par rapport aux piles, ce qui les rend plus chers. Pour résoudre ces 
problèmes, un pilier IPM a été choisi pour prendre en compte leur conception et leur faisabilité économique. La conception, l'économie et 
l'analyse des éléments finis pour le pilier IPM ont été réalisées à l'aide de la section de conception des piliers candidats. Les piliers IPM 
pourraient améliorer l'économie et la constructibilité. Pour la conception et l'analyse structurale de la butée IPM, la superstructure et la 
sous-structure est modélisée en une intégrée, et l'interaction des pieux et du sol applique un ressort non linéaire du sol. 
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1  INTRODUCTION 

The conventional abutments used in highway bridges 
constructed in Korea because it has greater stability. However, 
it has more pile foundations embedded in the bedrock because 
they have to resist lateral earth pressure and vertical loads of 
superstructures. For this reason, the conventional abutments is 
large compared with the piers, which makes them more 
expensive.  

To solve this problems, a new concept abutment using 
mechanically stabilized earth wall (MSEW), so called IPM 
(Integrated and Pile-bented abutment separating the earth 
pressure by MSEW) abutment, is developed (Korea Highway 
Corporation, 2016), which separated earth pressure from the 
abutment and it makes less cross section and piles (Figure 1). 
To consider its design and economic feasibility, finite element 
analysis, economy and constructability were performed in this 
study.  

 
 

2  OUTLIUNE OF IPM ABUTMENT 
The IPM abutment supports lateral earth pressure by the 

MSEW and the vertical loads of the superstructure supported by 
pile foundations (Figure 1). In contrast to the mixed MSEW 
abutment, the pile foundations are constructed outside the 
MSEW. Also, the IPM abutment is an integral abutment that 
integrates the piles and the superstructure into the abutment. 
Therefore, the behavior of the IPM abutment with pile is 
identical to that of the integral abutments that support lateral 
displacements such as creep, shrinkage, and thermal expansion 
and contraction as well as the vertical loads of the 
superstructure with pile foundations (Arsoy et. al, 2002), 
(Dicleli and Albhaisi, 2003), (Dicleli and Albhaisi, 2004). Not 
like a general full integral abutment, the pile protrudes from the 
ground due to the alternation of the earth pressure separated 

bridges. Protruded piles, so called pile-bents support not only 
superstructures and abutment but also horizontal displacements 
or rotational displacements of the structure induced by thermal 
changes (Korea Highway Corporation, 2016). 
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Figure 1. Schematic and Design Condition of IPM Abutment 

 
 

3  DESIGN AND ECONOMIC FEASIBILITY 

The bridge abutment considered for the design of the IPM 
abutments is Hongcheon IC bridge that is one of the steel box 
girder bridges currently used in Korean expressways (Figure 2). 
Its superstructure length, road width, and skew angle are 43.0 m, 
15.6 m, and 8°, respectively. Its substructure is a 9-m-high 
inverted T-type concrete abutment, and both sides of the 
abutment are supported by wing walls and a 9-m-high block by 
MSEW. The stratum consists of hard rocks, soft rocks (H = 3.8 
m), weathered rocks (H = 2.0 m), colluvium (H = 9.8 m), and 
land fill (H = 8.5 m) from the bottom. The bottom of the 
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 abutment is located on the land fill and piles are penetrated into 
weathered rocks of approximately 1.0 m as shown fig. 2. 

The IPM abutment is designed as Hongcheon IC bridge and 
it integrates the pile bent, the superstructure, and the abutment 
as shown in Figure 1. The lateral earth pressure is supported by 
a 9-m-high panel-type MSEW. To review the economic 
feasibility of the posterior abutment section, the construction 
costs were estimated using EST Plus Ver. 2.06, a commercial 
professional construction cost-estimation program developed by 
Dasansoft Co., Ltd. Figure 3 shows the construction costs 
estimated using the EST. The cost of the inverted T-type 
abutment was $345,000 and the IPM abutment was $207,500, 
which accounted for 60% of the inverted T-type abutment cost. 
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Figure 2. Hongcheon IC Bridge Abutment 

 

 

Figure 3. Construction Costs Estimates for Inverted T-Type and IPM 
Abutments 

 

 

4  STURUCTURE BEHAVIOR OF IPM ABUTMENT 

The behaviors of an IPM bridge are subjected to being 
influenced by a combination of various factors including 
temperature loads, interaction between the ground and the 
structure, and non-linear behaviors of the ground and backfill 
materials, because of its structural characteristics of connecting 
the superstructure with the lower structure using no expansion 
joints. The design of the IPM abutment for the numerical 
analysis was performed by the IPM Bridge design specification 

(Korea Highway Corporation, 2016) as shown in Figure 4. 
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Figure 4. Numerical Model for IPM Abutment 

 
4.1  Condition of Numerical Analysis  

In order to identify the behavioral characteristics of an IPM 
abutment, a structural analysis and a parametric study were 
conducted using MADAS Civil 2012. The parametric study was 
performed to figure an effect of bridge length changes on the 
IPM abutment and bridge lengths were varied 30 m, 60 m, 90 m, 
and 120 m. Models and their parameter are summarized in 
Table 1. 
 
Table 1. Models and Parameters 

Members Model Ec (GPa)   (kN/m3) 

Girder, 
Abutment, 

Pier 
Beam

30.0 (girder) 

27.0 (others) 
0.18 24.5 

Slabs Plate 20.5 0.18 24.5 

Pile Beam 20.5 0.30 77.0 

 
To identify the behavior of IPM abutment, several load 

conditions including moving loads such as dead loads and live 
loads, and time-dependent loads such as dry shrinkage and 
creep were considered. The structural analysis of the IPM 
bridge was performed by using four kinds of analysis methods; 
① the static analysis on self-weight and dead loads, ② the 
moving load analysis on moving loads, ③ the temperature 
analysis to identify behaviors of temperature loads, ④ the 
stage analysis on the 120-year service life was performed to 
assess the influence of time-dependent loads such as dry 
shrinkage and creep. 

 
4.2  Results of Numerical Analysis  

The analysis results depending on the length of bridges with 
the angle of the bridge of 0°, the protrusion height of pile-bent 
of 4.0 m, and the ground harness was set at SPT-N value of 20 
shown in Figure 5. The highest level of the bending moment 
acted on pile head was caused by the dry shrinkage, the 
temperature increase, and the temperature decrease, being 
followed by the 1st dead loads and the creep as shown in Figure 
5(a). It was significantly influenced by the temperature load of 
the bridge, but was not influenced by the bridge length.  

Figure 5(b) shows that the displacement in the bridge-axis 
direction. Like the bending moment working on the heads of 
piles, the highest level of displacement was caused by the dry 
shrinkage, the temperature increase, and the temperature 
decrease.  

 
 

5  CONCLUSIONS 

In order to solve the conventional abutment’s problems, the 
IPM abutment was developed, and its design and structure 
behavior were performed. The conclusions are as follows. 
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(a) Bending moment 

 

(b) Longitudinal displacement 

Figure 4. Structural Analysis Results According Bridge Length (Skew 
angle of 0degree, abutment height of 4m, ground condition of SPT N of 
20) 

 
(1) The conventional abutments needs more piles to resist 

lateral earth pressure and vertical loads of superstructures. 
For this reason, the conventional abutments is large 
compared with the piers, which makes them more 
expensive. To solve this problems, the IPM abutment 
separating the earth pressure by MSEW was developed 

(2) The cost of the IPM abutment was $207,500, which 
accounted for 60% of the inverted T-type abutment cost of 
$345,000. 

(3) Based on the structure analysis, the highest level of the 
bending moment acted on pile head was caused by the dry 
shrinkage, the temperature increase, and the temperature 
decrease. It was significantly influenced by the temperature 
load of the bridge, but was not influenced by the bridge 
length.  

(4) For the displacement in the bridge-axis direction, the highest 
level of displacement was caused by the dry shrinkage, the 
temperature increase, and the temperature decrease.  
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