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Abstract  

In calculating the earthquake action on a structure, modal analysis is very important, 

especially for high-rise buildings. Typically, the structure has three main modes: two modes 

in translation direction and one in torsion. This study presented a seismic analysis of high 

rise buildings using SP 14.13330.2014 (SP) with consideration of those structural modes, 

which are not fully included in TCVN 9386:2012. The model of 15 storey office building 

was analyzed using structural software for building analysis ETABS 2017 software. The 

seismic responses such as storey shear force, internal forces in column section were 

numerically evaluated. The analysis results show that, the effect of torsion mode on the 

building subjected to earthquake is not really significant when evaluating damage and 

danger to people living in it. 
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1. Introduction 

Earthquake may be defined as a wave-like motion generated by forces in constant 

turmoil under the surface layer of the earth (the litosphere), travelling through the 

earth’s crust. It may also defined as the vibration, sometimes violent, of the earth’s 

surface as a result of a release of energy in the earth’s crust [1]. Earthquakes happen 

much more frequently than one can imagine, they do not occur uniformly all over the 

World [3]. According to scientists, the Vietnamese territory is located in the earthquake 

zone and has occurred over 1500 earthquakes, including earthquake level VIII, VII, VI 

(MSK-64 scale) [2]. Therefore, special provisions to a structural design of buildings 

(seismic design) are required by national authorities due to a high probability of 

earthquake occurrence. Before 2006, Vietnam had no official seismic design standard. 

Since 2006, TCXDVN 375:2006 (now TCVN 9386:2012) based on Eurocode 8 has 

been issued. Besides that, some foreign standard as ASSHTO, ACI, ASCE, UBC are 

used by engineers to design earthquake resistant buildings. Among these, the Russian 

standard SP 14.13330.2014 is very useful by compatibility with the system of 

Vietnamese construction standards, such as TCVN 2737:1995, TCVN 5574:2012, 

TCVN 5575:2012…  
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This paper presented the differences in determining the earthquake actions on 

buildings by using TCVN 9386:2012 and SP 14.13330.2014.  

2. Methods 

In essence, the earthquake load acting on tall buildings is the inertia force caused 

by the mass of the building oscillating under the influence of ground motion. To know 

this load, two factors must be determined: earthquake characteristics of construction site 

to know the earthquake level which is classified by MSK-64 scale (SP 14.13330.2014) 

and by ground accelerations 
gRa (TCVN 9386:2012), buildings characteristics: 

structural solutions such as frame, wall, core... and dynamic features such as mass 

source, modal participating mass ratio, deform shape and period. 

Dynamic characteristics of structure are obtained from modal analysis of model. 

In a construction design there is always a question of whether a three-dimension or two 

several planar models should be used to obtain internal member forces. In seismic case, 

it is not easy to achieve acceptable results by using 2D model. Two standards indicate 

the rules of use 2D or 3D model to analysis [5, 6]. In this paper, the rules of SP 

14.13330.2014 are detailed. For the regular structures, it is allowed to use cantilever 

model - console model. The main idea is that a whole building is represented as a fixed 

column divided into stories that displace laterally throughout a seismic activity. 

However, there are disadvantages in this type model. First, the analysis results will not 

give any torsion about vertical axis. Secondly, non-rigidity of floor diaphragms may 

cause various 3D displacements. In that case, the spatial model must account multi-

directional deformations of a structure. TCVN 9386:2012 stated that, designer must use 

spatial model if the structure does not satisfy the criteria of regularity in plan. In SP 

14.13330.2014, the console model can be used when a building is considered to be 

regular, i.e. satisfy the conditions given in the sub-chapter 5.3 of SP [5]: first and second 

vibration modes of a structure are not torsional about its vertical axis; maximum and 

average values of lateral displacement at every floor do not differ more than by 10% for 

all the lateral vibration modes of a building; period values for all vibration modes must 

differ at least by 10%; satisfy the condition of the table about the limit of height; there 

are no large holes or openings in floor diaphragms that significantly weaken their 

stiffness. Because of the above, the designers in general cases should use the spatial 

model to run the seismic analysis, using developed software.  

To define the actions of earthquake on structure, both standards propose various 

analysis types including linear and nonlinear methods. TCVN 9386:2012 proposes four 
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possible analysis types, which must be convenient for designer. The linear methods are 

modal response spectrum analysis and lateral force [6]. In the Russian standard it is 

stated nowhere kind of analysis is used to determine internal member forces under 

earthquake action. Instead of that, SP simply gives the formulae. However, the guidance 

for the original SP 14.13330.2014 (SNIP II-7-81*) [4] shows that designer can treat 

seismic as a static force. Based on the clause 5.5, it is allowed to assume masses and 

forces concentrated on structure’s nodes.  

At first, the designer must perform a modal analysis with the definition of 

building mass during an earthquake (clause 5.1). The design seismic action effect (either 

force or moment) for a node in the mode i could be found as follows:  

 0 1

j j j

ik k i ikS K K m A K    (1) 

where all the K are various reliability coefficients.  

- The coefficient 0K  is based on the building importance and can be found in  

Tab. 3 [5], which can be taken as 1 for the buildings of an average importance.  

- The coefficient 1K  depends on the plastic and damage capacity of the structure. 

It has the same essence as the behavior factor q  in TCVN 9386:2012. The designer can 

select the 1K  value equal to 1 in order to control the building with no damage or plastic 

deformations allowed (Tab. 4 of SP). 

- j

km  is the mass of the structure associated with node k . 

- A  is the ground acceleration depends directly on the region seismicity. It equals 

1, 2, 4 2m/s  for the site seismicity of 7, 8, 9 degrees respectively. 

i  is the coefficient for period of the vibration mode i that depends on the modal 

spectrum curve. This coefficient represents two possible spectrum curves. For the 

ground types I and II, the clause 5.6 in SP tells to use the first shape, the other one is for 

the soil types III and IV (Fig. 1): 
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Shape 2:  
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i  must always be more or equal than 0.8. 

 
Fig. 1. Two possible spectrum curves from SP 14.13330.2014 

 

- k  is the modal shape coefficient: 

For a spatial model: 
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where 1 3l    is one of the 3 axis, j  is the force direction (from 1 to 3 axial, from 4 to 

6 moment about an axis); p  is a node ( n  is the total number of all nodes); m  is the 

mass (or mass inertia moment); r  is the cosine of the angle between action direction 

and the axis l ; U is the modal displacement (or rotation); k  is the note for which the 

effect is evaluated. 

For a cantilever one: 
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In this case X  stands for a modal displacement, there is only one direction and the 

rotations are neglected.  
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Finally, the effect of earthquake action is calculated as the combination of modal 

responses generally follows logic as described in TCVN 9386:2012. In SP, the clause 

5.11 [5] tells that the SRSS or CQC rule can be used. The minimum number of modes 

must be taken into account should satisfy the following: the sum of the effective modal 

masses for the modes amounts to at least 90% of the total mass of the structure for two 

horizontal directions; all modes with effective modal masses greater than 5% of the total 

mass are taken into account. This is exactly the same as stated in TCVN 9386:2012 [6].  

3. Results 

So, the Russian standard SP 14.13330.2014 is the alternative and efficient 

standard for designers to analysis the seismic action on buildings. In this paper, the 

authors investigated the response of office building subjected to earthquake using two 

different standards. The building has the following definition. The plan has the square 

shape, LxB = 32x32 m (Fig. 2). Building has 15 stories with height of 4m and the slab 

system with thickness of 150 mm, column section 1000 x 1000 m, beam section of  

300 x 700 mm, distance between columns - 8 m. The material of structure: Concrete 

B30 with E = 32.5∙103 kN/m2,  = 25 kN/m3,   = 0.2; the steel CII. Building is 

constructed in Cau Giay, Ha Noi with the reference acceleration 0.1032 ;gRa g  

importance factor 1.0;I   soil type B. Parameters according to SP 14.13330.2014 are: 

soil type II, 0 1K  , 1 0.3K  , 1A  , 1K  . 

       

Fig. 2. Structural plan and elevation of building 
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From the dynamic analysis, there are two translation modes: mode 1.4 in X 

direction and mode 2.5 in Y direction, one torsional mode 3 rotation about Z. These are 

shown in Fig. 3.  

   

Mode 1-X ( 1.71T s ) Mode 2-Y ( 1.71T s ) Mode 3-Z ( 1.41T s )  

Fig. 3. Building modes in X, Y, Z directions 

The seismic storey forces according to TCVN 9386:2012 and SP 14.13330.2014 

calculated by using programme Excel 2016 are presented in Tab. 1 and Tab. 2. The 

analysis results - internal members forces of column B-1 calculated in Excel are shown 

in Tab. 3.  

Tab. 1. Earthquake action on structure according to TCVN 9386:2012 

Story 

 

FX-mode 1 

(kN) 

FX-mode 4 

(kN) 

FY-mode 2 

(kN) 

FY-mode 5 

(kN) 

Mode 3 

(not 

calculated) 

15 161.6 -196.9 161.6 -196.9 - 

14 186.0 -196.5 186.0 -196.5 - 

13 173.6 -136.0 173.6 -136.0 - 

12 173.6 -75.6 173.6 -75.6 - 

11 161.2 -15.1 161.2 -15.1 - 

10 148.8 60.5 148.8 60.5 - 

9 136.4 120.9 136.4 120.9 - 

8 124.0 166.2 124.0 166.2 - 

7 99.2 196.5 99.2 196.5 - 

6 86.8 211.6 86.8 211.6 - 

5 74.4 196.5 74.4 196.5 - 

4 49.6 166.2 49.6 166.2 - 

3 37.2 120.9 37.2 120.9 - 

2 12.4 60.5 12.4 60.5 - 

1 5.6 15.1 5.6 15.1 - 
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Tab. 2. Earthquake action on structure according to SP 14.13330.2014 

Story 

mode 1 mode 4 mode 2 mode 5 mode 3 

FX FY FX FY FX FY FX FY Mz 

kN kN kN kN kN kN kN kN kN.m 

15 299.6 23.0 -149.1 -59.6 23.0 299.6 -59.6 -149.1 0.02 

14 318.3 26.5 -148.7 -57.2 26.5 318.3 -57.2 -148.7 0.03 

13 265.3 26.5 -103.0 -45.8 26.5 265.3 -45.8 -103.0 0.03 

12 238.7 26.5 -57.2 -22.9 26.5 238.7 -22.9 -57.2 0.03 

11 212.2 26.5 -11.4 -2.8 26.5 212.2 -2.8 -11.4 0.03 

10 185.7 26.5 45.8 22.9 26.5 185.7 22.9 45.8 0.03 

9 159.2 26.5 91.5 34.3 26.5 159.2 34.3 91.5 0.03 

8 132.6 26.5 125.8 45.8 26.5 132.6 45.8 125.8 0.03 

7 106.1 11.0 148.7 57.2 11.0 106.1 57.2 148.7 0.03 

6 79.6 8.6 160.2 57.2 8.6 79.6 57.2 160.2 0.03 

5 53.1 6.4 148.7 57.2 6.4 53.1 57.2 148.7 0.03 

4 53.1 4.5 125.8 45.8 4.5 53.1 45.8 125.8 0.01 

3 26.5 2.8 91.5 34.3 2.8 26.5 34.3 91.5 0.01 

2 26.5 1.5 45.8 22.9 1.5 26.5 22.9 45.8 0.00 

1 5.5 0.5 11.4 11.4 0.5 5.5 11.4 11.4 0.00 

Tab. 3. Comparison of internal member forces of column B-1 between cases  

using TCVN 9386:2012 and SP 14.13330.2014 

Story 

TCVN 9386:2012 SP 14.13330.2014 Difference ratio 

P M2 M3 P M2 M3 P M2 M3 

kN kN-m kN-m kN kN-m kN-m % % % 

Story15 11.59 37.34 10.30 16.02 51.06 13.11 38.23 36.75 27.35 

Story14 26.70 34.59 13.08 36.93 46.22 10.71 38.31 33.63 -18.13 

Story13 46.58 30.48 30.04 64.41 34.15 29.46 38.28 12.06 -1.91 

Story12 71.28 37.44 55.53 98.77 30.57 61.58 38.57 -18.36 10.88 

Story11 100.20 55.25 81.61 139.50 46.55 94.81 39.22 -15.74 16.18 

Story10 132.46 72.70 102.85 185.76 67.12 124.35 40.24 -7.67 20.90 

Story9 167.21 85.38 118.09 236.59 85.95 149.52 41.49 0.66 26.61 

Story8 203.80 92.74 128.52 291.07 102.10 170.98 42.82 10.09 33.04 

Story7 241.84 95.44 135.64 348.34 116.42 189.81 44.04 21.98 39.94 

Story6 281.08 97.62 144.22 407.53 132.06 208.95 44.98 35.28 44.88 

Story5 321.31 109.32 161.52 467.62 154.64 232.70 45.54 41.45 44.07 

Story4 361.84 140.20 192.76 527.17 196.71 271.23 45.69 40.31 40.71 

Story3 401.04 202.02 246.34 583.66 270.85 333.83 45.54 34.07 35.51 

Story2 435.51 309.45 334.57 632.44 404.52 443.83 45.22 30.72 32.66 

Story1 458.70 503.33 485.57 664.85 650.27 637.27 44.94 29.19 31.24 
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4. Discussion 

The analysis results show that the earthquake action calculated by TCVN 

9386:2012 differ from these calculated by SP14.13330.2014. The action in both 

direction X and Y differ approximately 1.5 times. In the SP 14.13330, besides two 

translation modes, the effect of torsional mode is also determined, but it is not really 

significant (Tab. 2). In each translation mode of each direction, the SP 14.13330.2014 

counts simultaneously 2 component action FX and FY. In contrast, the TCVN 

9386:2012 counts only FX or FY separately (Tab. 1 and Tab. 2).  

From the comparison of internal member forces in column B-1 (Tab. 3), we can 

see that these forces also differ 1.5 times, like action. The internal forces determined by 

SP 14.13330.2014 are larger than these using TCVN 9386:2012. This can be explained 

as follows: the modal response spectrum (Formula 2) of SP 14.13330.2014 is calculated 

differently from TCVN 9386:2012 [6].  

5. Conclusions 

In this paper, the method of determining earthquake effect on buildings using SP 

14.13330.2014 is presented. The method in SP is based on modal response spectrum of 

structure, as in TCVN 9386:2012. 

Numerical example is demonstrated to calculate earthquake effect using both 

standards. The analysis results show that, the internal forces calculated by using SP 

14.13330.2014 are more than those by using TCVN 9386:2012 by 1.5 times. The 

earthquake forces resulting from torsion mode of building can be determined using SP 

but in the example of this paper, these force are not really significant. It can be one of 

the reasons why the torsion mode of building is not mentioned in almost building 

seismic design codes, including TCVN 9386:2012. 

SP 14.13330.2014 can be the alternative standard for engineers to use when 

designing earthquake resistant structure. However, further research is needed to use this 

standard effectively and synchronously with the seismic conditions in Vietnam. 
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TÍNH TOÁN TÁC ĐỘNG ĐỘNG ĐẤT LÊN KẾT CẤU SỬ DỤNG  

TIÊU CHUẨN THIẾT KẾ KHÁNG CHẤN SP 14.13330.2014 

Tóm tắt: Khi tính toán tác động của động đất lên công trình, việc phân tích dao động rất 

quan trọng, đặc biệt đối với nhà cao tầng. Kết cấu thông thường có ba dạng dao động chính: 

hai dạng dao động tịnh tiến và một dạng dao động xoắn. Bài báo thực hiện phân tích thiết kế 

kháng chấn cho nhà cao tầng sử dụng tiêu chuẩn Nga SP 14.13330.2014 (SP) có kể đến các 

dạng dao động đó của kết cấu, đầy đủ hơn so với tiêu chuẩn TCVN 9386:2012. Mô hình tòa nhà 

văn phòng 15 tầng được đưa vào phân tích, sử dụng phần mềm phân tích kết cấu ETABS 2017. 

Kết quả nhận được phản ứng động đất như lực cắt tầng, nội lực trong tiết diện cột. Số liệu phân 

tích cho thấy ảnh hưởng của dạng dao động xoắn của công trình chịu tác động động đất không 

rõ rệt đến kết cấu và con người trong đó. 

Từ khóa: Xoắn; động đất; lực cắt tầng; nội lực. 
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