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Abstract. The conditions of acceptance of the superstructure and substructure of the building frame from a 

structural point of view, their mutual structural effect on each other were investigated, and it was proposed to 

use the results in the improvement of seismic codes in the article. 

Keywords: AzDTN 2.3-1, Turkiye seismic codes, superstructure, substructure, building height, base 

 

The correct selection of the load-carrying system of the building and the calculation scheme of this system 

is one of the basic principles of structural design. Calculation and modeling of the underground and above-

ground parts of the building frame separately or together, as well as based on the principle of superstructure-

foundation-soil interaction, especially with the consideration of the earthquake effect, becomes even more 

relevant in the design. Unfortunately, in AzDTN 2.3-1 " Construction in Seismic Areas " code [1], which have 

been in force since 2010, the issues of structural scheme selection and modeling have almost not been addressed. 

In "Turkiye Building Earthquake Regulation" [2], published in 2018, this issue has been given considerable 

attention. 

As a rule, building standards in seismic regions limit the height and number of floors depending on the 

seismicity of the construction site and the load-bearing structures (structural scheme) of the building [1, table 8; 

2, table 4.1; 3, table 8]. Designing experience shows that there is a need to clarify the concepts of "building 

height" and "number of floors" from a seismic point of view. 

Below, it was tried to examine the conditions of acceptance of the underground and above-ground parts 

of the building frame, their mutual structural influence on each other. First of all, let's note that the structural 

division considered here should be distinguished from the division of the underground and above-ground parts 

of the building from the point of view of architecture, operation, MEP and other such aspects.  We are talking 

about the frame parts that make up the load-bearing system of the building, their distribution and correct 

modeling in terms of their work under external influences, especially under the influence of earthquakes. To 

distinguish between these approaches, the upper and lower parts can be called superstructure and substructure, 

respectively. 

AzDTN 2.3-1 codes contain a note "The height of the building is accepted as the height from the planned 

surface of the pavement or adjacent land (if there is a slope) to the lower level of the cover of the last floor" [1, 

change 2, table 8, note 1]. According to СНиП II-7-81* "the height of the building is considered to be the 

difference between the lower pavement or planning level adjacent to the building and the top of the outer wall" 

[3]. The clarification provided in both norms is not complete, disputes arise in the determination of the lower 

and upper levels, as a result of the lower and upper parts from the structural point of view, i.e. the heights of the 

substructure and superstructure, the total height, as well as the placement of the foundation [5,6,7,8]. 

First of all, the issue of determining (accepting) the level that separates the building's substructure from 

its superstructure should be clarified. First, in the seismic codes of the Russian Federation [4] see the following 

note- "If the basement part of the building is separated from the soil fill or the structure of neighboring buildings 

(including by deformation seams, from the author), the underground floors are included in the (above ground) 

floors of the building and the limit height.". 

By the way, according to another note right there, "The last floor, whose floor mass is less than 50% of 

the average floor mass of the building, is not included in the (above ground) floors of the building and the limit 
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height". At first glance, it seems that the issue has been clarified in general. However, when looking at the 

solution of the issue with specific schemes, it seems  that there are problems that need to be specified.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The underground part of the building is connected to the soil from the side [1] 

 

Above, with the notes taken from [1 and 4]  it is possible to determine the heights and storeys of the 

substructure and superstructure parts of a stand-alone building (Fig.1), and with the notes taken from [4] the 

building with neighboring buildings around it (Fig.2).  

 

 
 

Figure 2. a) Neighboring buildings are in one block with the considered building. 

b) Neighboring buildings are separated from the considered building by a deformation seam [4] 

 

Buildng’s substructure 1 floor and superstructure 8 floor will be in figures 1 and 2a and heighs of these 

parts will be following:   

Hlower=h1 + hf   and     Hupper = h2 +...+ h9                               (1) 

Since the basement of the building in Figure 2b is separated from the structure of the neighboring 

buildings, its basement floor is also included in the total structural height of the building (see note taken from 

4). That is:  

Hlower = hf       and         Hupper =h1+...+ h9                             (2) 

However, upon careful examination, it becomes clear that the structural substructure and superstructure 

division that is being discussed should not be considered simply as the height distances of building parts and the 

number of floors. This division has an important place in the resistance of the building frame to earthquake 

effects, and it should be treated very seriously in the creation and modeling of the calculation scheme of the 

building frame. The substructure must ensure that all loads and impacts transmitted from the superstructure are 
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properly transferred to the ground base. When viewed from the point of view of static loads, the working 

principles of the upper and lower constructions are similar, and in fact they differ in the values of the loads. 

Under the horizontal dynamic influence of the earthquake, the work of the substructure becomes much more 

complicated. 

The horizontal loads collected from the superstructure, seem to have really become a shearing force and 

try to cut the vertical elements at the junction (interface) of building parts, that is, columns and shearwalls. The 

direct dynamic effect of seismic waves on substructure elements should not be neglected. Taking these into 

account, special conditions are provided that ensure that the substructure has a real base function for the upper 

part of the building. First of all, it is required that the basement (substructure) is surrounded by reinforced 

concrete shearwalls on at least three external sides along the perimeter, and at the same time, the ratio between 

the total fundamental period of the building and the fundamental period of the upper section (Tp,all≤1.1 Tp,upper) 

is ensured. If the conditions are not met, basement floors are not included in the base of the building, and in a 

building with a basement, as in a building without a basement, the base of the building is determined at the upper 

level of the foundation [3]. 

Thus, it is clearly seen that the height of the building in earthquake calculations is calculated from the 

base (heel) of the building. As a base, the upper level of the substructure (basement) should be accepted, if the 

rigidity of the structural system that makes up the substructure (basement in simplified form) is ensured and a 

reliable connection of this system with the ground is created, otherwise, the upper level of the foundation should 

be accepted, regardless of whether or not there is an substructure (basement).  

Depending on whether or not the building's substructure is considered as a full-strength load-bearing 

system, the transmission of earthquake forces (bending moment and shear force) to the sub-unit elements and 

finally to the foundation and soil foundation is fundamentally different. Therefore, in modern construction 

standards, a special place is allocated to the construction of the calculation model of the upper and lower 

structural schemes. 

When calculating the buildings with basement surrounded by rigid reinforced concrete walls from the 

outside by the equivalent seismic load method, the upper part of the building and the lower part with basement 

are modeled together as a common single load-bearing system. In this case, two load-state calculation methods 

(Figure 3) can be applied.             

        In the first loading case, the determined equivalent seismic loads, taking into account the relevant 

behavior and resistance reduction factors, are applied only to the upper section (Figure 3b), and as a result of the 

calculation, reduced internal forces are obtained in both the upper section and the lower section. 

In the second loading case, again in the single load-bearing system model, only the masses of the basement 

floors in the substructure and the approximate equivalent seismic loads acting on these floors are calculated by 

including T=0 (Figure 3c). As a result of the calculation using the earthquake load reduction factor (Ra)lower = 

Dlower =1,5 for the substructure, the reduced internal forces in the substructure are obtained [3,4]. 

 

 
                              a)                                   b)            c)  

 

Figure 3. A similar approach can be adopted using these relevant calculation rules and coefficients in 

modal calculation methods considering earthquake effects. Calculation methods, modeling of load bearing 

systems [4] 
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Modeling of building frames without a basement, as well as a lower part (substructure) without the 

required rigidity, is performed based on the rules for the upper part (superstructure). 

The structural scheme of the substructure seriously affects the work of the building foundation under the 

influence of an earthquake. As it is known, the purpose of designing the building foundation under seismic 

influence is to ensure that the carrying capacity of the foundation is not exceeded and that the displacements of 

the soil base are within the permissible limits. The adequacy of the design bearing capacity of the soil base of 

the foundation can be shown in general as follows  

Et ≤ Rt                                                           (3) 

Here, Et represents the design effects that include static and seismic effects and depends on the bearing 

system of the building frame substructure, and Rt represents the design resistance according to the corresponding 

collapse mechanism. 

The horizontal shear force, which is the basis for earthquake design, is assumed by the passive earth 

pressure generated on the side of the substructure together with the frictional resistance between the soil base 

and the foundation [2,4]. For foundations without piles, the following inequality with respect to horizontal 

displacement is required to be satisfied in each of the loading cases, which include statics and earthquake effects: 

Vth ≤ Rth + 0.3RPt                                                 (4 ) 

Here, Vth  represents the horizontal design force acting on the foundation base, Rth represents the design 

frictional resistance, and RPt represents the passive design resistance. 

          Frictional resistance in design defined as:  

Rth =
Ptv tanδ

γRh
                                           (5) 

Here, Ptv is the design vertical pressure force acting on the foundation base, and the coefficient of 

frictional resistance is γRh = 1.1.  

δ  is the friction angle between the foundation and the soil base, which depends on the soil and concrete 

of the foundation. As an example, let us show that δ = 0,6 for a monolithic foundation on compacted soil, and δ 

= 0,4  for precast foundation. 

The second term of the above inequality expresses the horizontal force resistance on the side of the 

substructure. RPt is called passive design resistance and is calculated by dividing the characteristic passive 

resistance of the soil by the resistance factor. 

Thus, contrary to some misconceptions, it is necessary to increase the lateral passive resistance due to the 

connection between the soil and the foundation and the connection of the substructure with the soil in order to 

receive the horizontal forces transmitted from the building frame, especially the forces generated by seismic 

waves. 

Conclusion:  

1. Structurally, the heights and number of floors of the lower and upper parts of buildings designed with 

earthquake effects in mind should be determined not only depending on the location of these parts below or 

above the ground level, but also depending on the structure, rigidity of the substructure, the connection of the 

side faces with the ground or neighboring buildings. 

2. In order to reliably transfer horizontal impacts from the foundation to the soil base, the cohesion of the 

foundation to the subsoil and the connection of the substructure to the side soil must be ensured. 
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