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Abstract 

The structure height of a high-rise building in Haikou is nearly 187m. The project locates in 
8 degree seismic intensity area. According to the characteristics of the project, steel frame 
reinforced concrete core tube structure system with Buckling restrained brace and 
strengthened stories is adopted, and performance-based seismic design method is used in 
this project. The out-of-code structural design measures are proposed. The result shows the 
overall structure indicators meet the requirements of the specification and all the structure 
performances can reach the expected performance objectives. 

Keywords  

high seismic intensity; out-of-codes high-rise building; performance-based seismic design.  

 

1. Project Overview 

The project is located in Haikou City, Hainan Province, with a total construction area of 228,000 

square meters, including 4-story basement, 46-story main building, 20-story annex floor and 4-storey 

commercial podium, the architectural renderings are shown in Fig.1. The main building height of 
186.6 meters, of which the 17th floor, the 31st floor and the roof layer for the refuge layer, building 

seismic fortification category for the B class, aspect ratio greater than 5.0, seismic fortification 

intensity of 8 degrees (0.3g), design earthquake group A group, site class II, according to the seismic 

safety assessment report, the number of earthquake impact coefficient is αmax = 0.27, the 

characteristic period Tg = 0.36. [1, 2] 

Structure selection of anti-buckling support and reinforcement of the steel frame-reinforced concrete 

core tube structure system, the outer frame of the four corners of the anti-buckling support, the first 
17 layers and 31 layers to set the structural reinforcement layer, the structural calculation model is 

shown in Fig.2. 

2. Project overrun situation 

According to the current national standard [1], the height of the main building of the project is over 
24.4%; in order to control the inter-layer displacement angle of the structure to meet the specification 

requirements, two additional reinforcement layers are added, which leads to the sudden change of the 

vertical stiffness and bearing capacity of the structure. Engineering is a complex high-rise structure. 

For the case of overrun, take the following structural measures: the reinforcement layer to set the truss 

and waist truss, anti-buckling support under the small earthquake to maintain flexibility, in the 

earthquake when the yield, play its energy consumption, improve the safety of the structure; 

strengthen the frame part of the structure Anti-seismic measures to improve its role as the two lines 
of defense, the bottom of the framework of the total structure of the total shear force of about 10% to 

20%, the shear wall axial compression ratio greater than 0.25 floor set edge components; core tube 

bottom configuration steel to achieve And the structural rigidity of the two directions is similar to that 
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of the two frames. The anti-buckling support is provided at the four corners of the outer frame to 

improve the function of the two lines of the frame and enhance the energy dissipation capacity of the 

structure. 

          
Figure 1. Project building renderings         Figure 2. Structural calculation model 

3. Seismic performance target 

According to the Code of Design for Seismic Behavior of Building Engineering, the conceptual 

design and performance evaluation of structural seismic performance are carried out. The height of 

the main building is slightly higher than that of the B grade. The structure is more regular and the 

stiffness and bearing capacity are not abruptly changed. The overall performance target is C, 

Performance design objectives and seismic rating are shown in Table 1 and Table 2, respective 

Table 1. Main building seismic performance design objectives 

Seismic fortification level 

Frequently 

occurred 
earthquake 

Fortification 

intensity 
Rarely occurred earthquake 

Interlayer displacement limits 1/730 － 1/100 

Performance goals Level 1 Level 3 Level 4 

Frame column elastic elastic Local yield, not collapsed 

Concrete frame beam elastic Plastic hinge 
The plastic hinge can be formed at the 

end of the beam 

Shear wall with beam elastic Can yield Can yield 

Reinforcement 

of trusses 

Stretched truss elastic Never give up Local yield, not collapsed 

Waist truss elastic Never give up Local yield, not collapsed 

Core tube shear wall elastic Never give up Local yield, not collapsed 

Four angle buckling support elastic Into the yield Into the yield, energy consumption 

Reinforced floor and roof elastic Never give up Local yield, not collapsed 

 

Table 2. main building structure seismic rating 

Structural parts Seismic rating 

-3F ~ -F4 layer frame and shear wall two level 

-2 story frame and shear wall one level 

-1 story ~ roof frame and shear wall Special level 
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4. Calculation and analysis of structures 

4.1 Structural elastic analysis 

Under the small earthquake, the structural analysis software of two different mechanical models, 
SATWE and ETABS, is used to analyze and calculate the structure, considering torsion coupling 

effect, accidental eccentricity and bidirectional seismic effect. According to the current specifications, 

the cycle reduction coefficient of 0.85, the beam stiffness reduction coefficient of 0.70, the overall 

structure damping ratio is 0.05, the coefficient of the stiffness calculation method according to the 

specification, the calculation results are shown in Table 3. 

Table 3. calculation results of structural elasticity 

Overall indicator STAWE ETABS 

Vibration cycle 

First cycle 3.4574(Y) 3.42183(Y)                  

Second cycle 3.4415(X) 3.330031(X)                 

Third cycle 2.2604(T) 2.662925(T)                 

Twist / flat 0.654 0.78 

Interlayer displacement 

angle 

X windward load 
1/1042 

(n=33) 

1/1103 

(n=35) 

Y windward load 
1/1526 

(n=21) 

1/1535 

(n=23) 

X to Earthquake 
1/764 

(n=35) 

1/757 

(n=37) 

Y to Earthquake 
1/783 

(n=21) 

1/742 

(n=23) 

Torsional displacement 

ratio (accidental 
eccentricity) 

X to Earthquake 1.31 1.278 

Y to Earthquake 1.16 1.098 

Base shear force 

X to Earthquake 
73901.23 

(4.30%) 

80600 

(4.40%) 

Y to Earthquake 
73281.84 

(4.26%) 

76570 

(4.10%) 

The results show that the calculated results of SATWE and ETABS are similar, indicating that the 
calculation model is accurate and conforms to the working condition of the whole structure, the 

calculation result is reasonable and reliable. 

The ratio of the first cycle consisting mainly of torsion to the first cycle with translational orientation 

is less than 0.85, which satisfies the relevant requirements of the current high regulation. The 

maximum ratio of the maximum elastic level of the floor to the average level of the elastic horizontal 
displacement at both ends of the floor is 1.31 and greater than 1.2, and the structure is torsional 

irregular, taking into account the effects of accidental eccentricity. 

According to the provisions of Article 3.7.3 of the high regulation [2], the maximum displacement 

angle of the project floor should not be greater than 1/730. The results show that the interlayer 

displacement angle of the main tower under wind load and seismic load satisfies the specification 

requirement, Wind load effect is much lower than the earthquake effect, and there is also a certain 

margin of displacement between the layers. 

The bottom of the frame to bear the earthquake shear force accounted for 10% of the total floor of 

the floor to 20%, according to regulations 8.2.3 requirements, comprehensive analysis results, 

according to 0.25V0 to adjust the floor shear, reinforced layer without shear adjustment. 

4.2 Elasticity calculation of medium earthquakes 

For the reinforcement of the truss and the waist truss, consider the possibility of serious failure of the 

upper and lower floors of the reinforcement layer under the action of the middle ground. In the 
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calculation and analysis model, only 10% of the in-plane stiffness of the two floors is considered, and 

the calculated stress ratio is Table 4. 

Table 4. Calculus of the truss to calculate the stress ratio 

layer Stretched truss winding up Stretched truss belly bar Stretched truss  third quarter 

17 layer 0.86 0.7 0.98 

31 layer 0.69 0.6 0.83 

At the same time, the finite element analysis of the extensional truss was carried out by using the 

finite element software ABAQUS. The results are shown in Fig.3. 

     
a. Stress cloud                                 b. Strain cloud 

Figure 3. Analysis of the arm truss 

From the stress cloud diagram, it can be seen that the region with the largest stress appears at the 

intersection of the diagonal bar and the intersection of the diagonal bar and the column, and the local 

stress is 370MPa. The stress distribution of the inclined bar is uniform and the stress level is 200MPa, 

The upper and lower steel beams have obvious bending deformation, the maximum stress is 315MPa, 

located in the root of the beam. From the strain cloud diagram, we can see the maximum strain 0.0013, 

which corresponds to the maximum stress position in the stress cloud. Under the action of the 

earthquake, the truss is basically in the elastic state. 

The results of the whole calculation show that the structural frame column can meet the requirements 

of the mid-seismic elasticity in the middle earthquakes, and the pre-set performance targets are 

achieved. In the bottom of the core tube, the steel column is added to the core wall The performance 

of the yield target; in the case of large earthquake, a considerable part of the core tube shear wall has 

yielded; frame column shear did not appear to yield, the local frame frame bending bending yield; 

part of the beam beam beam yield. According to the earthquake does not yield test, can be a 

preliminary judgment of the structure can be achieved "earthquake does not fall" fortification 
objectives. 

4.3 Structural dynamic elastohydrodynamic time history analysis in rare earthquakes 

According to the requirements of anti-regulation design of ground motion, three sets of seismic waves 
(natural wave and a group of artificial waves with similar characteristics of the project site) are 

selected. The selected seismic wave conforms to the spectral characteristics, the effective peak value 

and the duration requirement, To meet the requirements of the bottom of the shear and high-end mode. 

Elastic - plastic time - history analysis of rare earthquakes under ABAQUS finite element analysis 

software. The vertical direction of the structure is relatively late. Considering the X-Y bi-directional 

seismic action, the maximum acceleration ratio in the primary and secondary directions is 1: 0.85, 

and the maximum acceleration time in the main direction is 310 cm / s2. 

Table 5 shows the results of dynamic elasto-plastic time-history analysis of structures under rare 

earthquakes. 

It can be seen from the calculation results that the maximum displacement of the structure is 1.29m, 
which is 1/145 of the total height of the structure. The maximum interlaminar displacement angle of 

the structure X under the action of the earthquake occurs on the 11th floor (1/101) The maximum 

interlaminar displacement angle appears on the 28th floor (1/127), both of which meet the 

requirements of the elasto-plastic interlayer displacement limit of 1/100. 
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The ratio of the base shear force ratio to the range of 0.4 ~ 0.63 indicates that the structure under the 
rare earthquakes is in the elasto-plastic state, and the overall energy dissipation capacity is obvious. 

Table 5. Analysis of dynamic elasto-plasticity of rare earthquakes 

Earthquake conditions 

Displacement Base shear force N 

Vertex 

maximum 

displacement (m) 

Maximum 

interlaminar 

displacement 

angle 

Where 

the 

floor 

Time (s) 

Large 

earthquake 

elasticity 

Large - scale 

elastic - plastic 

Elasticity 

/ elasticity 

Artificial 

wave 

X directions 0.8 1/333 26 25.5 487479 193528 0.4 

Y directions 0.88 1/127 28 16 365738 158513 0.43 

Natural 

wave 1 

X directions 0.89 1/124 8 16.6 428022 220630 0.52 

Y directions 0.68 1/142 34 22 237890 149696 0.63 

Natural 

wave 2 

X directions 1.29 1/101 11 11.6 320214 186052 0.58 

Y directions 0.64 1/215 28 7.8 313685 135738 0.43 

4.4 damage to the shear wall 

Figure 5 shows the core tube of the main wall pressure damage. X to the main wall W1, W3 pressure 
damage mainly concentrated in the wall near the beam, most of the wall pressure damage factor 

between 0 to 0.6. X to the main wall W5 ~ W7 compression damage is relatively large. The rest of 

the wall pressure damage slightly. 

Wall tension is wide, but the wall longitudinal reinforcement in addition to the bottom, above the 

strengthening layer has a small local plastic strain, the majority of longitudinal reinforcement did not 
enter the yield, and the bottom of the longitudinal plastic strain to pressure-based The 

Wall in addition to the bottom of the steel, the upper and lower reinforcement layer near the top of 

the local plastic strain, the rest did not enter the yield and the bottom of the steel plastic strain to 

pressure-based. The horizontal tendons of the wall have local plastic strain, mainly distributed near 

the dark column, the bottom of the reinforced area without plastic strain. 

 
Figure 5. Core tube shear wall pressure damage situation 

5. Conclusion 

Based on the design method of seismic performance, the structural design and analysis of high - rise 

buildings in high - intensity areas are carried out. Through the elastic analysis under the earthquake, 

and the elastic-plastic dynamic time-history analysis under the rare earthquakes, the structural indexes 

meet the requirements of the current specification. Under the action of the mid-earthquake, it can 

meet the seismic performance of the main force components in elastic or non-yield Target, under the 
action of rare earthquakes to meet the structure does not collapse of the fortification requirements. 
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By setting the extensor truss reinforcement layer and buckling support, it is necessary to improve the 
seismic performance and ductility of the adjacent upper and lower floors of the reinforcement layer, 

so as to achieve the established seismic performance design target, the whole structure meets the three 

levels Of the seismic fortification requirements for high-intensity areas of high-rise building structure 

design provides a reference. 
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