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ABSTRACT: Abutment performance suggestively impacts the seismic response of bridge constructions. This
research investigates the dynamic performance of reinforced concrete abutments in the actual bridge
construction with the consequence of the wing wall and movement constraint. The concrete box girder bridge's
analytical model was implemented from the actual bridge in Japan, with the numerical model was performed
by a 3D finite element model in ABAQUS software. Four distinct abutment modeling approaches were carried
out, including abutment without wing wall as Type 1, an ordinary abutment form in Japan as Type 2, abutment
with the entire wing wall as Type 3, and the proposed model Type 4. Comparison study will be taken for
different positions of input ground acceleration, which were applied horizontally at the bottom of the pier and
abutments as Type A, and at the bottom of the pier as Type B. The input seismic motion was Level 2 Type 2
with ground Type I. The results confirmed that the input seismic ground acceleration position resulted in the
different response on shear stress and response stress of abutment. The response stress of abutment with 20 cm
of the gap is less than 10 cm. Besides, abutment Type 4 has the capability of resisting the flexural load due to
strong ground motion.
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1. INTRODUCTION wall in reducing the displacement of the proposed
model was significant in the wing wall part [2].
The abutment has an important function on the The substantial effect of parapet-unified wing
performance of bridge structure because its walls of abutment subjected to horizontal loads
behavior has been found to significantly impact the through unseating prevention structure of the bridge
response of the whole bridge due to the high was studied [4]. According to this analysis, it was
intensity of seismic excitation [1]. According to the found that the bending moment at the base of the
previous experiences, many abutments collapsed in parapet was affected by the wing walls. To prove
Japan due to the large stress on the surface of the the result of numerical analysis, an experimental
abutment and pounding between superstructure and model of reinforced concrete parapet wall of
substructure. abutment without wing wall subjected to
After the 1995 Hyogo-ken Nanbu Earthquake, incremental  horizontal load was inspected
the consideration of the 10 cm gap which has been previously [3]. From this model, it was found that
used in the actual bridge in Japan was revised due crack developed on the bottom of the parapet wall
to numerous damages on bridges suffered by the and propagate along this wall.
collision phenomenon. Furthermore, a necessary A recent study on cost analysis of the proposed
gap between two adjacent girders or among girder reinforcement method for abutment due to girder’s
and abutments have to be taken into design of the collision was developed, which was modeled by the
superstructure for avoiding any damage to the 3D-Finite Element Method [5]. According to this
bridge triggered by the collision. research, it could be confirmed that the proposed
The influence of the pounding effect on the seismic reinforcement method is very effective to
parapet wall of abutment behavior, especially on the be compared with the current method of
deflection, crack and stress-strain result on the reinforcement.
parapet wall and steel reinforcement were Investigation on the seismic response of bridge
numerically investigated [2] and experimentally especially on abutments was analyzed [6]. In that
tested [3]. Results show that the crack phenomenon study, the input seismic ground acceleration was
distributes on the bottom of the parapet wall, which applied at the bottom of the pier. Furthermore, this
propagates along the width of this structure [3]. numerical study is developed with seismic ground
Also, it was demonstrated that the effect of the wing motion input at the bottom of the pier and abutments
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on both sides which correspond to the real situation
when an earthquake happened.

2. RESEARCH SIGNIFICANCE

Data produced from this study will be used to
show the dynamic performance in different RC
abutments, with three types of ground motions. This
data will be used to determine the type of abutment
under the real condition. Also, an appropriate gap
can be determined to be used in the real abutment.
It is hoped that this research will be the beginning
of ongoing research related to the behavior of sub-
structure in consequence with liquefaction on the
real structure model.

3. METHODS

The modeling simulations of reinforced
concrete abutments were developed by using three-
dimensional solid elements, which were performed
with ABAQUS software [7]. The discretization of
abutment’s geometry, material properties for
concrete and steel, applied load, and boundary
condition for the structure was addressed.

3.1 Finite Element Modeling

The analytical model of the concrete box girder
bridge was assumed from the real bridge in Japan,

which was conducted previously [6, 2] shown in Fig.

1. The total length of two-span superstructures was
80 m with a pier as its center and abutment in its
edges. Earthquake ground motion was applied at the
bottom of the pier and abutments on both sides as
Type A, as shown in Fig. 1(a). The result will be
compared to Type B with input seismic motion at
the bottom of the pier, as shown in Fig. 1(b).

Four different abutment modeling approaches
shown in Fig. 2 were used as the main parameter of
this research. These approaches including Type 1 as
abutment without wing wall, Type 2 as an ordinary
model in Japan, Type 3 as abutment with full wing
wall, and Type 4 as a new type of abutment which
is proposed in this research.

The dimensional configurations of the total
height, width, and thickness of the wing wall and
parapet wall were 8.0 m, 6.0 m, and 0.5 m,
respectively, with a length of the wing wall, which
was 4.0 m. The gap between superstructures was set
to be 10 cm and 20 cm. The bearing supports were
assumed as fixed and roller bearings for pier and
abutment, respectively. Additionally, the friction
coefficient was set to be 0.1.

In this non-linear simulation, the material
properties for concrete are shown in Fig. 3(a), with
the ultimate strength of 29.4 MPa and 50% of the
linear elastic range. The Poisson’s ratio and
modulus of elasticity were 0.2 and 20.6 GPa,

respectively. The compression and tension
damaged variables, dc and dt, were defined and
plotted in Figs. 3(b) 3(c), respectively. Besides, the
reinforcing bars were assumed as steel with
Young’s modulus, Poisson’s ratio, density, and
tensile strength of 206 GPa, 0.3, 7850 kg/m3, and
294 MPa.
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Fig. 1 Three-dimensional finite element models of
concrete girder bridges in ABAQUS with
the view of pier and cross-section of
superstructure [6, 2]

The method of Concrete Damaged Plasticity
was selected due to its superiority in damage
simulation. The concrete material of the abutment
was formed with the C3D8R element, which is
known as eight-node solid (brick) elements. The
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concrete materials for column and box girder were
idealized by beam element and shell element,
respectively. While the reinforcing bar was
idealized by 3D truss elements, identified as T3D2.
The embedded method was also applied to
constraint the two-node truss element (reinforcing
bar) into a solid element (concrete) to create a
proper bond action [8].

A,

(@ Typel (b) Type 2 (standard)

(c) Type 3

(d) Type 4
Fig. 2 Theoretical models of abutments
3.2 Input Seismic Wave

Level 2 Type 2 with ground (soil) Type |
(L2T2G1) earthquake ground motion with
accelerations type were applied horizontally at the
lowest part of substructures. It is known as an inland
direct strike type earthquake with a low probability
of occurrence, which is represented with strong
accelerations and shorter duration. Three input
seismic waves are shown in Fig. 4. Furthermore, it
was assumed that no liquefaction occurred.

3.3 Loading

The loading condition for abutment under an
earthquake should be designed with the
combination of dead loads, earth pressure, and
seismic effect [10]. Calculation of the earth’s
pressure was assumed as a distributed load acting
on the backfill of the abutment. The soil properties
were determined previously by Yamao et al., 2012.
The Monobe-Okabe method was used to calculate
an active pressure strength during an earthquake, as
determined in Egs. (1) and (2). PEA and KEA were
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determined as strength of an active earth pressure
(kN/m?) at depth x (m) and coefficient of active
earth pressure, respectively.
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3.4 Proposal of the Damage Assessment

The determination of damage in abutment was
examined by using allowable stress of concrete [9],
as shown in Table 1.
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Allowable stress for four different design
strengths of concrete is specified. Therefore,
allowable shear stresses as the maximum elastic
limit and allowable compressive stresses with
flexural types were defined as 1.9 MPa and 10.0
MPa. The criteria of damage were divided into
minor damage as A level, B, C, and D as extensive
damage, which was based on the compressive
strength design of the concrete for abutment of 27.5
MPa as shown in Table 2.
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Fig.4 Input seismic wave (L2T2G1) from JSHB
seismic waves [9]

Table 1. Allowable stresses of concrete [9]

Design strengths of

concrete (MPa) 21 24 27 30

Type of stress

Compres-| Flexural 70 | 80 | 9.0 | 10.0
sive  |compressive
stresses | stresses

(MPa) Axial

compressive
stresses
When only
concrete
carries shear

forces (7))

55165 | 75| 85

0.22 | 0.23 | 0.24 | 0.25

104

When 16 | 1.7 | 1.8 | 1.9
concrete and
diagonal
tensile
reinforceme
nt jointly
Cay (c,,)

Punching
shear
stresses

(703 )

Shear
stresses
(MPa)

0.85|0.90 | 0.95 | 1.00

Table 2. Level of damage for concrete abutment [6]

Level of | Description

damage

Maximum response
stress (MPa)

0<0<0,5fc A A Minor

0,5f'c<o B

<0,75f'c

0,75f'c<a<f'c C

fc<o D Extensive

4. RESULTS AND DISCUSSIONS

Previous studies have reported that the areas
subjected to high stress are frequently observed
during the investigation of abutment’s failure.
Furthermore, evaluating the eigenvalue analysis,
the shear stress, the response stress, and
displacement at abutments are useful to control the
damage of abutments.

4.1 Eigenvalue Analysis

The dynamic characteristics for box-girder
bridge structure in this study were explicitly
portrayed through modal analysis procedures by
eigenvalue analysis in previous research [6]. From
this analysis, it was found the predominant mode
was in equal position for the bridge with a different
gap of 10 cm and 20 cm. Otherwise; the installation
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of four different abutment modeling approaches had
a significant effect on its predominant mode, due to
the effect of the wing wall. The possibility of a
bridge with abutment Type 4 vibrating
sympathetically was at the 9th mode in X-direction,
10th mode in Y and Z-direction.

4.2 Shear Stresses of Abutments

In this numerical simulation, the maximum
shear stress occurred in all abutments with different
gap were analyzed. As shown in Fig. 5 for
comparison results of Type A and Type B. S1 and
S2 denote the position of substructures (abutments)
in the left and right side, respectively. According to
these figures, it can be seen that abutment Type 2
has the largest value of the shear stress, especially
for input seismic motion Type B and 20 cm of the

gap.

16,00
@ 12,00
S _
+= ‘© °. .2
wa .
=S 8,00 .\./
5 400
000 T 13
——S1-A10cm 033 035 042 059
—x-S1-A20cm 032 034 042 059
~e--S1-B10cm 209 720 606 9,33
——S1-B20cm 219 884 611 861

(al) S1 (L2T2G1-1)

16,00
g 1200 /
L
22 800 T
52
173 4,00 /

000 T 3
——S2-A10cm 063 044 060 0,59
-%--S2-A20cm 033 056 063 0,63
------ S2B10cm 203 7,67 957 978
——S2-B20cm 212 720 926 1517

(a2) S2 (L2T2G1-1)

Fig.5a Maximum shear stress of abutments (Type
A and Type B)

Moreover, it is depicted that this type of input
motion generally increases the shear stress on a
vertical wall of the abutment. The result is higher
than the maximum elastic limit of 1.9 MPa, and a
crack occurs. While the input earthquake motion
was applied at the bottom of all substructures, shear
stress for all types of abutments is less than its limit.
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4.3 Response Stresses of Abutments

The response stress of each abutment was also
analyzed in this research. The allowable flexural
compressive stress of concrete is determined as 10
MPa, as shown in Table 2. In these numerical
simulations, the response stress for each type of
abutment is depicted in Fig. 6.

The diverse effect of seismic ground
accelerations on each type of abutment and position
can be seen in those results. The smallest response
stress is figured out for bridge Type A with all types
of abutments in the gap of 20 cm. Besides, the
response stress of abutment Type 4 with a gap of 10
cm and 20 cm is better than other types, which is
generally less than the allowable limit. It
corresponds that this abutment can resist the
flexural load due to strong ground motion.
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Fig.6a Maximum response stress of abutments
(TypeA and Type B)

For a bridge with a gap of 10 cm, other types of
abutments including Type 1, Type 2, and Type 3
cannot resist the flexural load. However, when the
gap is installed to be 20 cm, the response stress is
less than the allowable stress for the left abutment.

Otherwise, when input seismic motions are
applied at the bottom of the pier (Type B), the
response stress is larger than Type A.
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4.4 Horizontal Displacement of Abutments

Figs. 7(a) through Figure 7(f) show the
maximum horizontal displacement at the top of the
parapet wall, with the position of the abutment on
the left and right side as depicted in Figure 1. The
small and large displacements are determined by the
ratio of 0.009 and 0.025, which are calculated by the
ratio between displacements at the top of the
abutment (A) to the height of abutment (H), A/H,
respectively [10]. Horizontal displacement to the
left and right side of abutments is figured out by
positive and negative values.
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From those simulations, it can be seen that
large-displacement occur at the top of abutment
with seismic motion input of L2T2G1-1, as shown
in Figure 7(a) and (7b). However, the reverse effect
occurs on abutment with ground acceleration input
of L2T2G1-2 and L2T2G1-3.

5. CONCLUSIONS

The dynamic responses of concrete girder
bridges were investigated. Comparison study will
be taken for different position of input ground
acceleration, which was applied horizontally at the
bottom of the pier and abutments as Type A, and at
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the bottom of the pier as Type B. Level 2 Type 2

with ground Type | of seismic ground accelerations

according to JSHB (Japanese Specifications for

Highway Bridges) were simulated and discussed.

The effect of earth pressure during the earthquake

was also taken into account. The conclusions of this

research are given below.

1. Installation of different abutment modeling
approaches has a significant effect on its
predominant mode.

2. Input seismic motion at the bottom of the pier
(Type B) generally increases the shear stress on
a vertical wall of abutment and resulting in
cracks. While the shear stress for all types of
abutments is less than its limit for Type A.

3. Abutment Type 4 with a gap of 10 cm and 20
cm has the lowest response stress comparing to
other types, which is less than the allowable
limit. This result corresponds that this abutment
can resist the flexural load due to strong ground
motion.

4. The response stress of abutment with 20 cm of a
gap is less than the gap of 10 cm.

5. The effect of input seismic motions is different
on its horizontal displacement of abutment for
Type A.
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