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Abstract: Due to ever-increasing population, the need for construction is increasing, and construction 
is feasible if civil infrastructures are expended. On the other hand, the lack of desirable lands (where 
soil has suitable mechanical properties for construction) in densely populated cities, as well as the 
high cost of land in some areas, have led to the constructions to be taken place at depths below 
ground level. Obviously, to prevent possible accidents, excavations must be stabilized. On the other 
hand, deep excavations are often carried out for high-rise structures. In a city, the high-rise 
structures are also usually built besides each other. Therefore, excavations cause some problems for 
high-rise structures near them. These problems can be exacerbated during an earthquake. Since 
near-field earthquakes have greater and more different effects on the structures than far-field 
earthquakes, they can be very dangerous for high-rise structures near deep excavations and put 
them in critical conditions. In present study, three 20-, 25- and 30-storey structures at three 
distances of 20, 40 and 50 meters from the excavation are studied by applying near-field earthquake 
in order to analyze the seismic behavior of high-rise structures next to deep excavations. The results 
show that as the structure height increases and the distance between the structure and the 
excavation edge decreases, the probability of excavation collapse and the risk for high-rise structures 
increase. 
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INTRODUCTION 

It is difficult to determine the characteristics of those buildings in the high-rise structure group 

because height is a relative property and one cannot categorize or define buildings in terms of height 

or number of floors. The height of a building depends on the social conditions and individual's 

perceptions of the environment, so it is impossible to provide a universally acceptable benchmark for 

defining the structure height. From an engineering viewpoint, a building can be called a high-rise 

structure, if due to its height, the lateral forces caused by wind and earthquake significantly affect 

its design. Also, like the gravity forces, the effects of lateral forces on structures completely vary and 

are rapidly intensified with height (Akbari, Moghaddaripoor and Rahmani, 2011). Three major 

factors should be considered in designing all high-rise structures: 1. Strength 2. Rigidity 3. Stability. 

Strength is the dominant factor in the design of low-rise structures, but as the height increases, 

rigidity and stability becomes very important. Therefore, in a high-rise structure, lateral and vertical 
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load resisting system will vary according to the structure height, type of use as well as the nature 

and type of forces. One of the important issues in civil engineering is to retrofit buildings to make 

them resistant to earthquake-induced forces. To do this, usually, braces are used in steel structures 

and shear walls in concrete structures. Additionally, the bending frame power can also be used in 

retrofitting the buildings, especially high-rise structures, to make them resistant to earthquake 

(Taghizadeh Ghahi, 2008). What has not been seriously addressed so far and there are no 

regulations for it is the use of braces in concrete structures to restrain earthquake forces. In 

contrast, using a shear wall is common in steel structures and this is approved according to the 

Iranian seismic code (IS 2800-05). Although using of shear wall, rather than a brace, has been 

common in steel structures in recent years, in many cases, the earthquake-resistant brace is better 

than shear wall in terms of economic aspect, quick and easy implementation and also due to its 

better ductility of steel element (Chowdhury and Xu, 1995). The seismic behavior analysis of 

structures under large earthquakes represents significant damages, even in buildings designed 

based on engineering principles, meaning the inadequacy of the strength parameter, especially 

under large earthquakes and at the collapse level. The undesirable behavior of structures during the 

earthquakes has led the researchers to take other parameters into account in designing the 

structures (Kasebzadeh, 2013). According to the researchers' new attitude to the behavior of 

structures, one of these parameter is the concept of energy in structures. The idea of optimal energy 

balance in the structure is being expanded through damage optimization. Due to the earthquake-

induced damages, researchers always attempt to seek solutions to prevent these damages. A long 

time ago, considering ductility and energy dissipation in designing structures was raised, and they 

were included in the regulations as the behavior coefficient of structure, R. Different earthquakes 

cause various small or large damages to the structures, depending on structures' strength and 

stability (Christian, Ladd and Baecher, 1994). Therefore, it has become very important to enhance 

the stability and strength of the structures to make them resistant to earthquakes and also to 

prevent total or partial destruction of them as well as the loss of financial capital and lives. There 

are various ways to stabilize steel structures against lateral forces caused by wind and earthquake 

(Manafi Qarabaei, 2011). In present study, first, various types of supporting structures used in high-

rise structures are introduced and explained. Then, those all-purpose supporting structures 

commonly used in high-rise buildings are investigated. That is those structures, which are designed 

to be used in buildings, especially steel buildings, in order to strengthen them against lateral loads 

such as forces caused by wind or earthquakes, are investigated in terms of properties of their 

materials, including stiffness, ductility, modulus of elasticity, plastic modulus, or earthquake energy 

absorption. The more ductile the lateral supporting structure is, the higher earthquake energy 

absorption capacity it has. This means that the lateral force caused by an earthquake results in more 

deformation of structure before collapse, thereby reducing loss of lives (Manafi et al., 2011; 

Abramson, 2002; Ang and Tang, 1984). 

Problem Statement and Details of Modeling  

Under drained conditions, soil strength often increases with increasing average pressure and 

frictional properties appear further. According to this fact and the results of previous studies, the 

Mohr–Coulomb model is used to study the earth materials in present study. In order to correctly 

transfer, the wave with a given frequency of about 10 knots per wavelength λ is required. Using less 

than 10 knots can lead to numerical damping, as discretizing the problem leads to the loss of distinct 

peaks of the wave. In order to determine the maximum meshing distance, the maximum frequency, 

fmax, is calculated by performing Fourier analysis of the input motion. In the seismic analysis, 

maximum frequency, fmax, is usually considered equal to about 10 Hz (Aven and Vinnem, 2007; 

Baecher, 1987; Baecher and Christian, 2005; Box and Muller, 1958). 
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Figure 1: Three-dimensional model of soil near and far from the structure 

Three 20-, 25- and 30-storey structures at three distances of 20, 40 and 50 meters from the 

excavation edge are studied. Fig.2 shows the position of them against the excavation edge. 

 
Figure 2: Position of the structure against the excavation edge 

The modeled structures in present study are firstly modeled using the sap software. Then, they are 

modeled using the finite element software after determining the characteristics of the elements. The 

structure modeled in the Abaqus finite element software is shown in the following figure. The width 

of frame spans is 4 meters and their height is 3 meters. The structures have 4 spans in each 

direction. The roof of the structures is considered as shell type. 

 
Figure 3: Modeled Structure 

Discussion and Results 

 

Horizontal displacement of excavation 
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In this section, the effect of high-rise structure on the horizontal displacement of excavation is 

investigated. In this section, the results are examined in two separate parts (Cao, 2012). In the first 

part, the effect of the distance is investigated. For each of the 20-, 25-, and 30-storey structures, the 

results are presented against three distances of 20, 40 and 50 meters from the excavation edge in a 

figure. 

 

 

 
Horizontal displacement of excavation edge at a 

distance of 20 m 

 Horizontal displacement of excavation edge at a 

distance of 25 m 

 

 

 
Horizontal displacement of excavation edge at a 

distance of 20 m 

 Horizontal displacement of excavation edge at a 

distance of 30 m 

 

 

 

Horizontal displacement of excavation edge at a 

distance of 40 m 

 Horizontal displacement of excavation edge at a 

distance of 50 m 

 

Vertical displacement of excavation 
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In this section, the effect of high-rise structure on the vertical displacement of excavation is 

investigated. In this section, the results are examined in two separate parts. In the first part, the 

effect of the distance is investigated. For each of the 20-, 25-, and 30-storey structures, the results 

are presented against three distances of 20, 40 and 50 meters from the excavation edge in a figure. 

In the second part, the effect of the structure height is considered at each of the studied distances. 

 

 

 
Vertical displacement of excavation edge at a 

distance of 20 m 

 Vertical displacement of excavation edge at a 

distance of 25 m 

 

 

 

Vertical displacement of excavation edge at a 

distance of 20 m 

 Vertical displacement of excavation edge at a 

distance of 30 m 

 

 

 
Vertical displacement of excavation edge at a 

distance of 40 m 

 Vertical displacement of excavation edge at a 

distance of 50 m 
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Settlement distribution 

In this section, vertical settlement in soil, excavation and structure foundation is investigated. The 

settlement is investigated in three 20-, 25-, and 30-storey structures at three distances of 20, 40 and 

50 meters from the excavation edge. The amount of settlement is shown in different sections based 

on the contour. 

 

 

 
Displacement distribution in the 25-storey 

model at a distance of 20 m 

 Displacement distribution in the 20-storey model 

at a distance of 20 m 

 

 

 
Displacement distributions in the 20-storey 

model at a distance of 40 m 

 Displacement distribution in the 30-storey model 

at a distance of 20 m 

 

 

 
Displacement distributions in the 30-storey  Displacement distribution in the 25-storey model 
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model at a distance of 40 m at a distance of 40 m 

 

 

 
Displacement distributions in the 25-storey 

model at a distance of 50 m      

 Displacement distribution in the 20-storey model 

at a distance of 50 m 

 
Displacement distribution in the 30-storey model at a distance of 50 m 

 

Conclusion 

 

According to the results of present study on the behavior of high-rise structures near deep 

excavations, it can be concluded that: 

 The lateral displacement of excavation decreases as the distance increases, so that the 

distance doubles, lateral displacement decreases by 25%. But when the distance increases by 

25%, the lateral displacement decreases by 3%. This is almost the same in 20-, 25- and 30-

storey structures (Cardenas, Halman and-Jibouri, 2009). 

 The results indicate that at a given distance, changing the structure height does not have 

significant effect on the lateral displacement and instability of the excavation, and lateral 

displacement of excavation depends on the number of floors as much as about 3-5% (Chandler, 

1996). 

 The results indicate that the vertical displacement of excavation is greatly sensitive to the 

distance of the structure from the excavation edge. This is fully observed in 20-, 25- and 30-

storey structures and as the distance of structure from the excavation edge doubles, the 

vertical displacement decreases about 30% (Chowdhury, 2009). 

 The results of the displacement distribution indicate that the most critical area is the 

excavation edge in terms of lateral and vertical instability. This is quite obvious in all three 

structures and at all three distances (Chowdhury, 1987). 
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