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A B S T R A C T  
 

 

The base level is among the effective parameters in determining the seismic force on a structure, if the 

equivalent-static method is used for analyzing a structure. It is obvious that the base level is located on 
foundation in buildings in which foundation is built in a single level and there is not any interaction 

between the structure's walls and the soil; however, in some buildings which have underground part, 

the foundation is built in two different levels which in turn makes the determination of the location of 
base level uncertain. Since no relevant recommendation has been provided in the seismic codes, this 

study tries to remove such uncertainties. For this purpose, the structural models along with foundation 

and their peripheral soil were modeled by the ABAQUS software and regarding the soil type it was 
tested by an artificial accelerogram compatible with the spectrum of the code. Two types of soil (stiff 

and soft) were used in this study. The results indicated that the base level location is considerably 

influenced by the soil type, the number of entrance columns leading to the underground and the 
number of stories of the structure. 

doi: 10.5829/ije.2017.30.09c.01 
 

 
1. INTRODUCTION1 
 

As a general definition, base level can be considered the 

level where seismic motions are transferred to the 

structure. The base level in structures with flat 

foundations is located on the foundation. However, this 

location can vary in proportion to different parameters 

in case where the foundation is implemented at two 

different levels. Therefore, in such structures, a 

thorough investigation should be conducted by taking 

into account all factors and parameters, including the 

number of storeys, distribution of columns between the 

upper and lower parts of the foundation, and the soil 

type at the construction site [1]. Studies indicate that in 

addition to the structural stiffness, the stiffness of the 

surrounding soil can also affect the structural behavior 

and, subsequently, the location of the base level. 

Therefore, in the present study, the soil-structure 

interaction was considered one of the main variables. 

                                                           
*Corresponding Author’s Email: m.h.talebpour@du.ac.ir (M. H. 

Talebpour) 

Recommended by many researchers, the direct method 

was selected to solve the soil-structure interactions. In 

this method, the structure along with the surrounding 

soil is modeled using the finite element method, which 

is followed by simultaneous analysis of the soil and 

structure as a set [2, 3]. Elias and Khouri [4] conducted 

a study on determining the location of the base level by 

investigating various models. They assessed a number 

of equations for determining the location of the base 

level while taking into consideration different variables 

such as the number of different storeys on and beneath 

the ground surface, storey mass, area of the storey plans, 

lateral structural stiffness, and the type of the 

surrounding soil. The study conducted by Elias and 

Khouri on the effect of soil type suggest that the soil-

structure interaction significantly affects the location of 

the base level. Moreover, they concluded that by 

increasing the shear capacity of the soil, the base level 

approaches the ground surface from the buried 

foundation. On the other hand, as the structural height, 

i.e. the structural stiffness, increases, the location of the 
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base level approaches the foundation surface level. 

Similarly, as the height of the basement increases, the 

location of the base level approaches the ground surface 

[4]. 

 

 

2. BASE LEVEL 
 
A proper form in plan and height is needed for 

distributing the force between the structural components 

when one intends to calculate the internal forces 

imposed by the earthquake using the equivalent-static 

method. Most codes propose the following linear 

equation for distributing the base shear force in height 

[5, 6]: 
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Where Fi is the lateral force applied at level, hi is the 

height of ith floor from the base level, n is the number 

of floors starting from the base level, and wi is the 

weight of ith floor. As it is seen, the force applied by 

earthquake on each floor's level depends on both the 

floor's mass and its height from the base level. Figure 1 

shows that the base level for structures (a and b) begins 

in the foundation; in such structures, for determining the 

equivalent-static force, H1 and H2, are used. In some 

other structures (Figure 1-c), several stories of a 

building are buried completely in the ground, as the 

structure is moved, in the buried area, by the soil and 

structure interaction (semi-buried structures). There are 

other buildings with underground area whose height 

varies from H1 in one part to H2 in another (Figures 1-d 

and 1-e). For such structures, always this question is 

asked: which level needs to be considered as the base 

level for equivalent-static analysis. Seismic codes, have 

not proposed anything about this issue [5-6]. Hence, 

further studies on these structures are required to 

determine the exact location of the base level by 

considering all involving factors. 

Since most studies have been focused on semi-

buried structures (e.g. Figure 1-c), in this study, it is 

tried to focus on structures with two different levels of 

foundation (Figure 1-d). 

Different codes have similar definitions for the base 

level. As a general definition, the base level can be 

considered as a level from which the longitudinal 

motion of earthquake is transferred to the structure. A 

concentration on the base shear equations shows that the 

base level, either directly or indirectly, is effective in 

calculating the force applied on the stories, as the 

earthquake force cannot be estimated correctly without 

having an exact value of this parameter in hand. Despite 

the importance of the base level in calculating the force 

applied by an earthquake, unfortunately there is not any 

equation for finding this level in the semi-buried 

structures or those which are built in two different levels 

in the seismic codes. For this purpose, this study has 

dealt with analyzing the base level in the structures with 

different foundation levels (unlevel foundation) 

considering soil-foundation-structure interaction. 

 

2. 1. Calculation of the Base Level in Buildings 
with Different Foundation Levels        With regard 

to the base level definition, it seems that comparing the 

results of dynamic and equivalent-static analysis will 

lead us to find location of this level. For this purpose, 

the amounts of the internal forces of a structure, resulted 

from an equivalent-static analysis through taking H as 

the base level, need to be equalized with the results 

gained from the nonlinear dynamic analysis. The main 

problem of this process is comparing the results of the 

equivalent-static analysis (experience-based method) 

with a solely analytical method. As a solution, the 

equivalent-static analysis results can be compared with 

the dimensionless nonlinear dynamic analysis. In other 

words, if it is supposed that to determine the base level 

through comparing static and nonlinear dynamic 

analysis results, then initially we need to calculate the 

response of the structure with different levels by 

nonlinear dynamic analysis and then to make it 

dimensionless. Then, a height is assumed as the base 

level, and the mentioned structure is analyzed using the 

equivalent-static analysis and the results will be 

dimensionless. Now, both dimensionless results can be 

compared. If the difference between the calculated 

results is less than an acceptable amount, the resulted 

level can be introduced as the base level; otherwise, the 

process needs to be repeated with another height. Now 

the main point is making the results dimensionless 

gained from both analyses. To do so, results of a 

structure with similar stories and without different 

levels can be used. Suppose that the purpose is 

measuring the base level of a structure, shown in Figure 

1-d; initially the response of structures (Figures. 1-a, 1-

d) must be calculated using nonlinear dynamic analysis. 

The dimensionless response gained from the nonlinear 

dynamic analysis (D.R = Dynamically Ratio) is defined 

with the following equation: 

D.R = 

Result nonlinear dynamic analysis for a structure 

with different base levels 

(2) Result nonlinear dynamic analysis for a structure 

without different base levels and similar number 

of stories 

After measuring the D.R ratio, we need to measure the 

dimensionless response gained from the equivalent-

static analysis (C.R = Code Ratio) based on the 

equations provided in the code. Since according to the 

Figure1-d, the base level is located over the foundation, 

the earthquake coefficient and the structure’s static 

response can be measured very easily. 
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Figure 1. Types of buildings 
 

 

Then, the height H can be assumed as the base level for 

the structure with an unlevel foundation in order to find 

both the earthquake coefficient and structure’s static 

response. The C.R is defined as follows: 

 

C.R = 

Result static analysis for a structure with different base 

levels by Assumption the base level as H 
(3) 

Result static analysis for a structure without different 
base levels and similar number of stories 

 

If the difference between C.R and D.R is acceptable, the 

assumed height H is considered as the base level; 

otherwise, the process needs to be repeated with another 

height. 

 

2. 2. Comparison Criterion             Since the first 

output of the equivalent-static method is the shear force 

at the stories, thus the most proper response for 

comparison is the shear force at the stories. Since the 

output of nonlinear dynamic analysis for shear force of 

stories is displayed as graph during the earthquake 

period, in this study, the absolute magnitude of the 

maximum shear caused by the earthquake in each story 

|Vmax| was used and compared separately. To do so, after 

conducting nonlinear dynamic analysis for both 

structures, both shear and D.R are determined for the 

last story. Then by considering a height as the base 

level, the last story shear for both structures is 

calculated based on the equivalent-static analysis and 

the C.R is determined and compared with D.R. If the 

difference between them is considerable, the supposed 

base level is displaced until the values of D.R and C.R 

become similar. Accordingly, the base level is found 

through comparing the shear of the last story. The 

process is repeated for all stories above the ground 

surface and finally the average of values, the gained 

values, is introduced as the structure’s base level. 
 

 

3. MODELING 
 
In this section, we will deal with parameters and 

modeling hypothesis including the design condition and 

model analysis, soil properties and its failure criterion, 

border condition, used accelerographs, meshing, etc. 

and finally a succinct explanation is provided about how 

modeling is conducted in ABAQUS software. 

 

3. 1. Structural Models         For making decision 

about base level location in different states, different 

groups of structures need to be examined. For studying 

the effect of number of stories of a building on the base 

level, model of 4, 6, 8, and 16-story buildings with plan 

area of 256 m
2
 (4 spans × 4 spans, with each span length 

4 m) were used (Figure 2). The height of all stories was 

considered as the same (3m). In this case, the entrance 

columns leading to underground area and other 

variables for all models were considered constant. 
Another variable that affects the base level location 

is the number of entrance columns leading to the 

underground area. Figure 3 shows analytical groups for 

analyzing the effect of number of entrance columns.  

As it is seen, when the percentage of columns 

leading to the underground is decreased, the structure 

will become more irregular. According to the code, we 

are not allowed to use equivalent-static analysis and we 

need to use nonlinear dynamic analysis for irregular 

structures that have more than five stories [5, 6]. As the 

code suggests you can choose one of response-spectrum 

analysis and time-history analysis. Results of nonlinear 

dynamic analysis need to be reformed, when these 

methods are used and the base shear is required for 

reforming the results. On the other hand, according to 

the code, we need earthquake coefficient for choosing 

the proper design spectrum and/or the proper 

accelerogram.  

Hence, in this study, irregular models were 

considered and the base level location was calculated in 

such models. All structures were of intermediate steel 

moment-resisting frames and foundations were of mat 

foundation, which were designed using ETABS and 

SAFE, respectively. 

 

 
3. 2. The Mechanical Properties of Soil            The 

reformed Drucker-Prager plasticity model is widely 

used in modeling the behavior of the finite elements. 



1291                                        V. R. Kalatjari et al. / IJE TRANSACTIONS C: Aspects  Vol. 30, No. 9, (September 2017)   1288-1297 
 

 

 

 

 
Group 1. 4-story buildings 

 

Group 1. 40% of columns- buried Group 2. 6-story buildings 

 

 

Group 2. 60% of columns-buried Group 3. 8-story buildings 

  
Group 3. 80% of columns-buried Group 4. 16-story buildings 

Figure 2. Collection of 4, 6, 8 and16-story buildings 
Figure 3. 60, 40 and 80% of columns are laid in the underground 

area 

 

 

This model is used for a wide range of geotechnical 

engineering functions. Cap model is one of the best 

models to show behavior of soil; because the model is 

able to consider tension history, tension path and the 

average effective stress [7-9]. 

In this model, results of triaxial test are required for 

determining d and β. The failure models resulted from 

the test are depicted as points across the p-t plane and 

then the best line for these points is matched. The 

gradient of the line, β, and its intersection with t axis 

indicates parameter d. If C' and φ' (soil resisting 

parameters in Mohr-Coulomb failure criteria) are 

available, the following equations can be used. 

   6sin / 3 sta inn      (4) 

   18 cos / 3 sind c     (5) 

Furthermore, for analyzing the stress-strain curve we 

need results of consolidation test with several loading-

unloading cycles. The stress-strain curve is depicted in 

the average effective stress coordinate system is pb and 

volumetric plastic strain coordinated with pb is (εvol
𝑝

). 

Volumetric plastic strain coordinated with pb is 

measured using Equation (6). 

 0 0 0 0

ln ln
1 2.3 1

p c s
vol

C Ck p p

e p e p




 
 

  
 (6) 

where Cc and CS indicate compression and soil swelling, 

respectively, e0 is the initial porosity of soil, p' is the 

mean effective stress and p'0 is the initial mean effective 

stress [10]. 

In this study, both stiff and soft soils were used. The 

properties of various types of soil were considered close 

to types I and IV defined by the code as far as possible 

[6]. Soil failure criterion was considered based on the 

reformed Drucker-Prager/cap model. Table 1 indicates 

properties of stiff soil (type I) and soft soil (type IV) for 

this study, respectively. The following equation is used 

for measuring shear modulus and soil elasticity modulus 

[11, 12]. 

 
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TABLE 1. The properties of soil 

Properties of soil Stiff soil Soft soil Properties of soil Stiff soil Soft soil 

Thickness of layer (m) 30 30 Void ratio 0.42 0.65 

Moisture content (%) 6 10 Poisson’s ratio 0.25 03 

Dry unit weight (kN/m2) 22 16.5 Unit weight of soil (N/m3) 23320 18150 

Shear wave velocity 650 150 Pa - (N/m2) 423954.26 255163.6 

Longitudinal wave velocity 1027.74 241.86 Pb - (N/m2) 647647.49 365180 

Friction angle (degree) 38 25 Cohesion (C) 40000 10000 

Flow stress ratio (K) 1.00 1.00 Cap eccentricity (R) 0.25 0.35 

Compression index (Cc) 0.08 0.14 Swelling index (Cs) 0.02 0.03 

Transition surface radius (α) 0 0 Cohesion of Drucker–Prager (d) 237956.04 63595.01 

At-rest earth pressure coefficient (K0) 0.36 0.55 Friction angle of Drucker–Prager (β) 57.16 44.53 

Specific gravity of soil solids (Gs) 3.18 2.78 Initial cap yield surface position 0 0
pl
vol   

0 0
pl
vol   

 

 

3. 3. Elements and Meshing              The direct 

method was used for analyzing soil-structure interaction 

in which soil and structure were modeled in the 

software and analyzed using finite element method. In 

the finite element method, there is a reverse relationship 

between dimensions of elements and the precision of 

analysis. However, downsizing the elements will result 

in more nodes and more system's degrees of freedom. 

There is also a relationship between size of soil 

elements and waves that may affect them as well as 

their wavelength and frequency [13, 14]. It is obvious 

that when the distance from the origin is increased soil 

moves to infinity, not only the stress intensity is 

decreased, but also the sensitivity to the resulted 

quantities is decreased. Accordingly, at points near the 

surface, we see more stress which in turn degrades them 

quickly; whereas in the depth, the intensity is less and 

stress changes procedure become slower. Therefore, 

there is no need to suppose similar dimensions of soil 

elements in both depth and various distances from the 

structure. Elements dimensions, in the vertical direction, 

should not exceed λ/5 for earthquakes whose separation 

frequency is less than 20 Hz. Likewise, it is better to 

consider dimensions of elements, equal to the wave 

propagation direction, maximally λ/2 [15]. λ is the 

wavelength, which is determined using Equation (8). 

00/V f   (8) 

In Equation (8), f00 is the separation frequency of the 

earthquake spectrum in question and V is the speed of 

shear wave. Accordingly, soil elements must be 

determined based on the certain designs. However, 

geometry can be effective, as well [14]. Therefore, it is 

suggested when stress needs to be considered, the 

relative dimensions of meshes (the largest dimension to 

smallest dimension of each element) are confined to 3 

and when strains need to be analyzed their relative 

dimensions is restricted to 10. 

In this study, the soil general dimensions were 

supposed 100 × 100 × 30 m and the maximum 

dimensions of soil elements in both horizontal direction 

and 5 m depth were considered. The elements' 

dimensions were chosen so that to meet the mentioned 

restrictions as far as possible. Figure 4 shows that how 

soil is meshed. 

Components of frame and bars were modeled using 

beam elements. For frame components some elements 

as long as 1 m and for foundation bars some elements as 

long as 2 m for matching with the foundation mesh were 

used. The shell square elements, with the wing length of 

1m, were used for modeling the floor. 

 

 

 
Figure 4. A sample of soil island meshing 
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Table 2 summarized the properties of elements used for 

the modeling. 

 
3. 4. Soil Boundary Condition        For depreciation 

of a wave which reaches the bar end and to prevent its 

reflection, we need a damper at the end of the bar with 

the following attenuation factor [16]: 

. .sC V A  (9) 

A is the bar’s cross-section, ρ is its density and Vs is the 

propagation speed of the shear wave across the bar. 

In this case, the spring’s fixed coefficient which has 

acted in parallel with the mentioned damper and absorbs 

the reflective waves will be calculated as follows: 

/k GA l  (10) 

where G is the shear module, A is the cone cross-section 

at the end and l is the height of cone [17]. 

In a 2-D case, waves go ahead through both shear 

and longitudinal motions. In this case, for absorbing 

waves it is possible to use two perpendicular dampers in 

boundaries [18]. 

The attenuation factors of these dampers are Cn in 

the vertical direction and Ct in the tangential direction, 

which are calculated using the following equations. 

. .n p AC V  (11) 

. .t s AC V  (12) 

where Vp is the speed of longitudinal wave velocity and 

Vs is the shear wave velocity. The longitudinal wave 

velocity can be measured with Equation (13). 

/pV E   (13) 

In this study, the soil environment was divided into 10 × 

10 m grids where in the corners spring and damper were 

placed perpendicularly. The spring and damper’s 

quantities are determined using the above-mentioned 

equations. 

 

3. 5. Properties of the Materials        The concrete 

used in this study was a C25 concrete (characteristic 

strength: 25 MPa) and the density of 2500 kg/m
2
, 

elasticity module of 26875 MPa and Poisson’s ratio of 

0.16 were considered. 
 
 

TABLE 2. Properties of the used elements 

Subject Element name Element type 

Floors S4R Shell 

Frame and rebar B31 Beam 

Soil and foundation C3D8R 3D Stress 

 

To depict the stress-strain diagram of the concrete at the 

compression area we used the modified Hognestad 

equation and for the tensional area the diagram was 

considered linear [19, 20]. A36 steel with the density of 

8000 kg/m
2
, elasticity module of 206010 MPa and the 

Poisson’s ratio of 0.3 was used in this study [21, 22]. 

 
3. 6. Accelerogram Properties           According to 

the seismic codes, in certain cases including irregular 

plans or non-uniform distribution of mass and rigidity in 

the building’s height, we need nonlinear dynamic 

analysis [5, 6]. Since the Iran Strong Motion Network 

(ISMN) has been established in 1973, today having 

access to data of earthquakes happened in different parts 

of the country is very difficult. In cases where there is 

no access to the accelerograph, the reasonable way is 

finding a place whose properties are similar to the 

physical condition of the region in question. In this way, 

you can take advantage directly of the registered 

accelerographs in those regions; however, finding such 

areas is practically difficult. Barring certain areas in the 

world that have proper registered accelerographs for 

other parts of the world you can use artificial 

accelerographs for conducting your analyses. Using 

artificial accelerographs will be important when you are 

supposed to use results of nonlinear dynamic analysis 

for designing a structure or to compare directly the 

results of dynamic and static analyses; however, since in 

this study the results of static and dynamic analyses are 

compared in the dimensionless form, thus both natural 

and artificial accelerographs can be used; with regard to 

the goals of the study and applying more precision for 

conducting the nonlinear dynamic analysis, artificial 

accelerographs were used. Since locations considered 

for examining the base level are based on properties of 

stiff and soft soils, for each region an accelerograph, 

proper with its properties, was used. SIMQUK software 

was used for producing accelerographs. Figures 5 and 6 

indicate accelerographs compatible with regions of stiff 

and soft soil. 
 

 

3. 7. Modeling in ABAQUS Software         Initially, in 

the part module, the structural elements are modeled 

separately and their properties will be specified in the 

property module. Figure 4 shows the components of a 4-

story model in which 60% of entrance columns are led 

to the underground area. In the interaction module, the 

connection between soil and foundation is surface-to-

surface type and has two behaviors of tangential 

behavior with friction coeff equal to 0.4 and normal 

behavior with hard contact. Floors are based on shell 

element and they connect the beams with a tie. 
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Figure 5. Accelerograph compatible with stiff soil 

 

 

 
Figure 6. Accelerograph compatible with soft soil 

 

 

The connection between bars and foundation is of 

embedded type and properties of the spring and dampers 

were determined according to the previous sections and 

introduced to the program in this stage. 
 

 

4. NUMERICAL RESULTS 
 
In this part we deal with the structural models, 

suggested locations for the base level in the various 

modes and the effect of various factors on the base level 

location. Initially models were analyzed on the stiff soil 

and then on the soft soil and then the results were 

compared. The current models are 4, 6, 8, and 16-story 

buildings; in the first phase, all above models, 

considering a condition in which 40% of columns were 

led to the underground area, both soils were analyzed 

and then the results were compared; in the next phases, 

the same models, considering a condition in which 60 

and 80% of columns were led to the underground area, 

were analyzed. 

 

4. 1. The Results of Constructing a Building on the 
Stiff Soil           Figure 7 indicates that only the soil type 

can affect considerably the base level location and 

always when the soil gets stiffer, the base level gets 

closer to the ground surface. When the structure is 

located on the stiff soil, the base level location can 

change considerably under the influence of number of 

stories or number of entrance columns which are led to 

the underground area. When the structure is located on 

the stiff soil, the number of stories is increased (12 

stories and more). At this condition, number of the 

entrance columns to the underground area and also 

number of stories do not affect the base level location 

and base level always is located near the ground surface 

(top level of underground). When a building is 

constructed on the stiff soil, the results gained from 

analyzing the models show that always increasing the 

number of stories makes the base level closer to the 

ground surface (Figure 7). When a building has many 

stories (half tall buildings and tall buildings), the base 

level locates near the ground surface. For instance, for a 

16-story building, in all three above-mentioned forms, 

the base level is located near the ground surface. 
As Figure 7 shows, it can be concluded that with 

decreasing the percent of columns led to the 

underground, the effect of number of stories on the base 

level location is declined. For instance, when 80% of 

entrance columns of a building are led to the 

underground area, the base level will raise about 1.36 m 

through increasing number of stories from 4 to 8 stories 

and will raise about 2.3 m through increasing number of 

stories from 4 to 16 stories; whereas  when 40% of 

entrance columns of a building are led to the 

underground area, the base level will raise about 0.8 m 

through increasing number of stories from 4 to 8 stories 

and will raise about 1 m through increasing number of 

stories from 4 to 16 stories. It shows that the less the 

underground columns, the less will be the base level 

displaced by the number of stories and vice versa. 

Therefore, a base level near the ground surface can be 

defined for the stiff soil, when the percent of columns 

led to the underground is less than 40%, without 

considering number of stories of a building. 

Figure 8 shows on the stiff soil, for all models, with 

increasing the percentage of entrance columns led to the 

underground, always the base level gets closer to the 

down level of underground. 

With increasing the number of stories of a building, the 

base level location will change less through changing 

the number of the entrance columns. 

 

 

 

 
Figure 7. The effect of number of stories of a building 

(stiff soil) 
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Figure 8. The effect of the entrance columns to the 

underground (stiff soil) 

 

 

For example, in 4-stoey models, for various modes in 

which columns are led to the underground, the 

difference between the highest and lowest level is about 

1.37 m; whereas for 8-stody models it will increase to 

79 cm. Increasing the number of stories decreases this 

difference, as for a 16-story building, the difference is 

decreased to 10 cm. In fact, it can be said that for tall 

buildings and half tall buildings, which are constructed 

on the stiff soil, the entrance columns do not affect the 

base level location and in such buildings, the base level 

always is close to the ground surface (top level of 

underground); on the other hand, in conventional 

buildings, which are more common in our cities, the 

number of columns is somewhat more important and 

can displace the base level considerably. 

 

4. 2. The Results of Constructing a Building on the 
Soft Soil         Figure 9 indicates when the soil gets 

softer, the base level gets closer to the down level of 

underground. When the structure is located on the soft 

soil, the effect of soft soil will be so high that if the 

number of stories or even the number of entrance 

columns leading to the underground is changed, the 

base level location is not displaced and always is 

located near the down level of underground. 

When the building is located on the soft soil, 

although the base level changes very small with the 

changes in the number of stories, increasing the number 

of stories makes the base level closer to the ground area. 

On the soft soil, the base level location displaces very 

rarely with changing the number of stories and it can be 

said that the base level location is somewhat 

independent from the number of the stories in a building 

(Figure 9). When a building is constructed on the soft 

soil, the base level location is not affected by the 

number of columns 

 
Figure 9. The effect of number of stories of a building  

(soft soil) 

 

 

 
Figure 10. The effect of the entrance columns to the 

underground (soft soil) 

 

 

lead to the underground area, as when the percent of the 

columns is changed the base level does not displace 

considerably (see Figure 10). 

 

 

5. CONCLUSION 
 
 Soil type has the highest effect on the base level 

location and always when the soil is stiff the base 

level location gets closer to the ground surface and 

when the soil is soft the base level is located near the 

down level of underground. 

 The results show that on the soft soil, the base level 

is always near the down level of underground; 

especially when the number of stories is small. 
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Hence, in locations with soft soil, it is suggested to 

measure the base level from the down level of 

underground. 

 When building is placed on stiff soil and number of 

stories is more than 12, the basic level always is 

located near the ceiling of the underground. 

Therefore, in the case of buildings with underground 

and much more stories which are located on stiff 

soil, it is recommended to calculate the basic level to 

the underground. 

 Always the base level location gets closer to the 

ground surface when the number of stories is 

increased. The change is completely tangible on the 

stiff soil; whereas for the soft soil by changing the 

number of stories, the base level displaces very little 

and it can be said that the base level is somehow 

independent from the number of the stories. 

 Always, on any type of soil, when the number of 

entrance columns led to the underground area is 

increased, the basic surface gets closer to the down 

level of underground. In the conventional buildings, 

which are more common in our cities, the number of 

columns is somewhat more important and can 

displace the base level considerably. 

 Over the stiff soil, the more the stories of a building, 

the less is changed the base level location through 

changing the number of entrance columns and vice 

versa. If the number of stories of a building is 

increased (half tall buildings and tall buildings), the 

base level, in all modes of entrance of columns into 

the underground, is located near the ground surface. 

 The results show that changing the plan area does 

not affect the base level location. 

 The less the columns of the underground, the less 

the base level will be displaced by changing the 

number of stories and vice versa. 

 The less the number of stories on the soft soil, the 

more dependent will be the base level location on 

the percent of columns. In 4-story and shorter 

buildings, the base level location can be estimated 

regarding the percent of entrance columns of the 

underground using the following equation: 

HP = 100 - NP (14) 

where HP is the distance between the base level and 

the down level of underground in terms of a percent 

of the underground height and NP is the percent of 

entrance columns into the underground. 
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 هچكيد
 

 

 
ای  چنانچه برای آنالیز یک سازه از روش استاتیکی معادل استفاده شود، تراز پایه از جمله پارامترهای مؤثر، در تعیین نیروی لرزه

های  شود و هیچگونه اندرکنشی بین دیواره هایی که در آنها فونداسیون در یک سطح اجرا می وارد بر سازه خواهد بود. در سازه

ها به دلیل وجود  بدیهی است محل تراز پایه روی فونداسیون است؛ اما در برخی از ساختمان سازه و خاک وجود ندارد،

شود که برای تعیین محل تراز پایه ابهاماتی به وجود آورده  زیرزمین در قسمتی از سازه، فونداسیون در دو تراز متفاوت اجرا می

ر این خصوص ارائه نشده است، در این مقاله سعی شده تا این ای پیشنهادی د های لرزه نامه است. با توجه به آنکه در آیین

 ABAQUSافزار  ای به همراه فونداسیون و محیط خاک اطراف آن، در نرم های سازه ابهامات رفع شود. برای این منظور، مدل

قرار گرفته است. در  2800نامه  مدل شده و با توجه به نوع خاک، تحت یک شتاب نگاشت مصنوعی منطبق بر طیف طرح آیین

دهد که محل تراز پایه شدیداً تحت تأثیر نوع خاک  ( استفاده شده است. نتایج نشان میIVو  Iنوع  (این تحقیق از دو نوع خاک

 های ورودی به زیرزمین و تعداد طبقات سازه نیز وابسته است. نقرار دارد و در عین حال به تعداد ستو

doi: 10.5829/ije.2017.30.09c.01 

 

 

 


