
Experimental investigation of new-type energy 

dissipation tall pier 

 
2017 NZSEE 

Conference 

Xiuli Xu, Ding Zhou, Yusheng Tang, Xuehong Li, Zhijun Li 

& Weiguo Huang 

Nanjing Tech University, Nanjing, China. 

ABSTRACT: In order to overcome the deficiency of traditional tall pier bridges, which 

serious pier damage tends to occur during the earthquake, a new-type energy dissipation 

tall pier structure which is consist of corner columns and energy dissipation members was 

developed. The vertical load is mainly supported by the corner columns and the 

horizontal load is mostly supported by energy dissipation members which include steel 

beams and prefabricated shear walls. The plastic deformation occurs in the energy 

dissipation members and absorbs seismic energy during earthquake, which can protect the 

corner column. To investigate the seismic performance of this new-type of pier structure, 

low-frequency cycle loading experiments of the scaled model were carried out. The 

strains of the steel bars and steel beams as well as the hysteresis curves of the pier were 

obtained. The results showed that the corner columns remain elastic when the energy 

dissipation members yielded. Compared to the traditional tall pier of bridges, the tall pier 

with self-energy dissipation shows better seismic performance. 

1 INTRODUCTION 

Tall pier continuous rigid frame bridges have outstanding abilities to adapt topography, and it has been 

widely used in practical projects (Fan, 2001). China is an earthquake-prone country, especially in the 

western regions where seismic design intensity is high in general. If the bridges are damaged, the 

restoration of traffic and transportation are very difficult due to the special terrain, which seriously 

influences the earthquake relief work and would greatly increase the damage of secondary disasters. 

At present, the anti-aseismic design system of tall pier continuous rigid frame bridges cannot 

effectively guarantee their own safety under the earthquake (Kitada, 1998). Therefore, it is necessary 

to propose a structural system with reliable energy dissipation mechanisms. In this paper, we will 

discuss whether the main structure can be used immediately and the issues that it will be difficult to 

repair or it will be costly to repair after suffering more than the first level, even the second level, of 

seismic action (Akira, 2014 and Calvi et al., 2005.). In the proposed new-type energy dissipation pier 

structure, the plastic deformation is concentrated on particular members. So the main structure can be 

used immediately after the earthquake, as the structure is still in elastic state. After a strong 

earthquake, the deformation is beyond a certain range. The components, which the deformation is 

concentrated on, can be easily replaced. This anti-seismic method is called structural damage control 

design (Kelly et al., 1972). The current tall pier continuous rigid frame bridge design can be improved 

based on damage control design. 

The new-type energy dissipation tall pier, which is described in this paper, consists of cast-in-place 

columns, steel beams and prefabricated shear walls. It can be divided into two parts. The first part is 
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the corner columns which mainly support the vertical load. The second part is composed of steel 

beams and prefabricated shear walls, and it is used to support the horizontal load only. As shown in 

Figure.1. 

  

(a) Schematic diagram of a new-type energy 

dissipation pier bottom 

(b) Section of a new-typr energy dissipation pier 

  

(c) Three-dimensional graph of a new-type energy 

dissipation pier 

(d) Elevation of a new-type energy dissipation pier 

Figure 1. Design sketch map of a new-type energy dissipation pier 

When the earthquake occurs, the safety and the deformation of the main structure are ensured and 

reduced by using the additional energy dissipation substructure, and the safety performance of the 

whole structure is improved. At the same time, the stiffness of the substructure and the rigidity of the 

whole structure decrease. Therefore, the seismic force is reduced and the safety of the structure is 

improved. 

2 NUMERICAL SIMULATION OF SEISMIC BEHAVIOR OF NEW-TYPE ENERGY 

DISSIPATION TALL PIER 

The calculation results show that the functional separation of the new-type energy dissipation pier was 

realized well, and the prefabricated shear walls were damaged before the failure of corner columns and 

the steel beams.  

Figure.2 shows the stress distribution of the tested model during pushover analysis. It can be seen from 

the figures.2 that the stress of shear walls are much larger than corner columns, and the corner 

columns remain the elasticity when the prefabricated shear walls break. The damage caused by 

earthquakes was concentrated on the prefabricated shear walls, while the corner columns as the main 

structure were protected from damage. Therefore, the structure is divided into two parts. One part is 

"sacrifice components" which includes prefabricated concrete shear walls and steel beams. These 
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components mainly bear the horizontal seismic force. The second part is the main structure which 

remains elastic structure when they bear all the dead and live load during their service period. The 

finite element analysis proved that the structure, and design of the pier were reasonable. The size of 

the corner columns, the steel beams and the prefabricated shear walls were matched, and the expected 

failure mode would be achieved. 

       

(a) Structural integrity       (b) Steel beam          (c) Corner column          (d) Shear wall 

Figure 2. Experimental model Pushover loading stress map 

3 MODEL TEST DESIGN OF NEW-TYPE ENERGY DISSIPATION PIER 

According to the prototype of the structure, the 1:20 scale model was made according to the similarity 

relationships between the mechanical performance and characteristic of the original structure and the 

prototype structure when they were under the load tests. As shown in Figure.3. 

 

(a) Schematic diagram 

 

(b) Assembled components 

Figure 3. Experimental Model of the New-type Energy Dissipation Tall Pier  

4 PSEUDO STATIC HORIZONTAL LOADING MODEL TEST AND RESULTS ANALYSIS 

4.1 Failure Modes Analysis of Specimen 

The failure process of the new-type energy dissipation pier was graded. The prefabricated shear walls 

were destroyed first and exited the service, followed by steel beams. In the original design concept, the 

plastic deformation occured in steel beams to dissipate seismic energy. However, due to the poor 

quality of welding at the ends of steel beams, the rigid joints maybe change to the hinge joints, which 

would limit the steel beams as horizontal connections only. It might mean that steel beams connect 

two corner columns to turn into a frame structure, which lead to the corner columns rely on themselves 

to resist earthquakes. As shown in Figure.4. 
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(a) Concrete in corner of concrete shear walls was 

crushed 

 

(b) Development of cracks in a corner column 

 
(c) Concrete peeling phenomenon in large area in a 

concrete wall 

 
(d) A corner column was destroyed eventually 

Figure 4. Failure Mode and Process of Test  

The results shown that the failure modes of the new-type energy dissipation pier under earthquakes 

were resisted by its own strength under small and medium earthquakes. During strong earthquakes, the 

yielding of energy dissipation members, such as cracking concrete shear walls first, to dissipate 

seismic energy to protect the corner columns structure (Jobse et al., 1987). 

4.2 Strain Analysis of Plastic Regions in the New-type Pier 

Shear walls were set up as the first seismic line of defence, and it was observed in the tests that shear 

wall could have suffered more damage before the yield steel beams (Poston et al., 1985). When the 

displacement of the top of the pier reached 42mm, the shear wall's "mission" had completed because 

of the large damage area of the concrete shear walls, and the longitudinal strain of the pier suddenly 

increased and began to enter the plasticity. With the destruction of shear walls, the weld of steel beams 

were cracked at the end, which can be regarded as hinge joints. It resulted in the sharp increase of 

corner columns’ normal stress, the mechanical property of the steel bars in joints entered into plastic 

stage. Although the role of steel beams were not ideal due to welding quality problems, we can 

combine the finite element analysis and experimental phenomena to make a reasonable prediction: 

according to figure.5c, it can be seen that if the connection form at the joint of the steel beam did not 

change, the growth trend of the strain would not have a sudden change and continue to grow slowly, 

which indirectly proved the rationality of the structure. 
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（a） Concrete shear wall corners strain versus time 

curve 

 

(b) Shear wall concrete strain versus time Curve 

 

(c) Steel beam strain versus time curve 

  

(d) Corner longitudinal steel bar strain versus time 

curve 

Figure 5. The strain versus time curves of each component  

4.3 Hysteretic curve 

Figure.6 shows the experimental model of the typical force and displacement hysteresis curve. The 

curve is divided into four stages (Yeh et al., 2001 and Scott 1982). In the first stage, the concrete did 

not crack and the members were not damaged. The curves of loading and unloading are coincident, 

which mean the specimen are in the elastic state. In the second stage, although the corner columns and 

the steel beams were not damaged, the concrete shear walls were damaged. The curve was not linear 

and the hysteresis loop begins to appear. In the third stage, with the damage of the shear walls, the 

shear walls gradually stopped working, so the load was transferred to steel beams and corner columns. 

As a result of the damage of the concrete shear walls and the changes of the joints, the stiffness of the 

structure was reduced compared to the initial loading. In the fourth stage, with the increasing of load, 

the longitudinal steel bars of the corner columns entered the yielding stage. After yielding, the strength 

of the specimen continued to strengthen, and the decrease of strength at the limit of displacement was 

not very obvious. 

As can be seen by comparing, after the specimen yielded, the new-type energy dissipation pier 

remained more strength and stiffness than the single-column piers. Hysteretic curve of the new-type 

energy dissipation pier was more plentiful than the single-column piers. The displacement of the yield 

point of the new-type energy dissipation pier was much larger than that of the single column pier, and 

the degradation of strength was slow. 
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Figure 6. Comparison of force and displacement 

curves between the specimen and single column 

piers 

 

Figure 7. The cumulative hysteretic energy 

dissipation with the displacement amplitude 

4.4 Energy dissipating capacity 

The energy conservation relationship is established when the structure does not collapse. The total 

seismic energy input equals to the sum of structural kinetic energy, elastic deformation energy, 

damping energy and hysteretic energy (Housner, 1956). 

)()()()()( tEtEtEtEtE IEHDK                                     (1) 

where EK(t) = kinetic energy; ED(t) = elastic deformation energy; EH(t) = damping energy dissipation; 

EE(t) = hysteretic energy dissipation; and EI (t) = total energy input of the earthquake. 

Cumulative hysteretic energy dissipation is the cumulative dissipation energy of the specimen under 

loading at low cyclic loading from the beginning to the destruction. It equals to the total area 

surrounded by all hysteresis loops. The formula is: 





n

i

iHE
1

ΔW                                                         (2) 

where ΔWi = energy dissipation of hysteresis under the action of grade i; n = total number of load 

levels.  

Before the calculating of the hysteresis loop area, it is necessary to perform the conformal mapping on 

the acquired data to ensure that the origin of coordinate of the graph is located at the center of the 

hysteresis loop. After calculation, this design of the new-type energy dissipation pier EH = 827856; 

single column pier EH =530597. 

Figure.7 shows that the cumulative hysteretic energy of the two structures changes according to the 

curve of the load displacement amplitude. We can see that the specimen are in the elastic state during 

the initial loading stage, and the hysteretic energy dissipation is zero. The hysteretic energy dissipation 

of the two structures increases with the increasing of the displacement amplitude. What is more, the 

cumulative energy of the new-type pier is larger than that of the single column through the whole 

loading process. This is because the energy-dissipating members buckle which results in residual 

deformation. Although the energy dissipation of the single column pier increases with the amplitude of 

the displacement, its energy dissipation is generated by its own yield deformation only. Also, the 

deformation of the new-type pier is not restored and repaired. However, the energy dissipation 

members of the new-type bridge piers not only can protect the main structure and concentrate the 
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damage on the present location after damage, but also can improve the ductility of the whole structure 

and can be replaced after the earthquake. The energy dissipative components of the new-type pier do 

not need to be "operated" on the main structure after the damage. The performance is obviously 

superior to the traditional single column pier. 

4.5 Displacement ductility capacity 

The ductility of structures or members mean the ability of structures or members to withstand 

repetitive cycles of elastic-plastic deformation in which the resistance is not significantly reduced 

(Zahn et al., 1990). It can be expressed by the displacement ductility coefficient and we are usually 

concerned with the maximum displacement ductility coefficient. 

The maximum displacement ductility coefficient of the single column pier and the new-type energy 

dissipation pier are 6.9 and 18 respectively. The reason why the maximum displacement ductility 

coefficient of the new-type pier is relatively large is that the early failure of concrete shear walls, 

resulting in the smaller first yield displacement. So the ductility coefficient of the new-type energy 

dissipation tall pier is much larger than that of the traditional single pier. 

5 CONCLUSIONS 

In this paper, a new-type of energy dissipation tall pier structure is proposed based on the idea of 

damage control. Both experimental study and numerical simulation are adopted to research the seismic 

performance of the new-type energy dissipation tall pier structure. The main conclusions are as 

follows: 

1 The new-type of energy dissipation tall pier structure is proposed. The main structure consists of two 

parts. The first part is the corner columns of the load-bearing structure, which is mainly subjected to 

the vertical load. The second part is the dissipative components which consist of steel beams and 

prefabricated shear walls. Under normal working conditions, the dissipative components does not bear 

the vertical load. It mainly bear horizontal loads. When it encounters earthquakes, shear walls acts as 

the energy dissipative component to dissipate seismic energy and to protect the main structure. 

2 The ABAQUS finite element model was established to analyze the mechanical behavior of the 

members under the horizontal action. The failure modes of the new-type energy dissipation tall pier 

designed in this paper are consistent with the expectation and the damage distribution is reasonable. 

3 In this paper, the pseudo static test was carried out on the new-type energy dissipation tall pier under 

low-frequency cyclic loading. The failure modes, the strain of plastic regions, the hysteresis curve, the 

energy dissipation capacity and the displacement ductility of the specimen was analyzed. The results 

show that the new-type energy dissipation tall pier has excellent anti-seismic performance. 

4 Through theoretical calculation, it can be seen that the seismic performance of the new-type energy 

dissipation tall pier is better than the traditional bridge pier. 
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