
 

Journal of Computing and Electronic Information Management 
 

ISSN: 2413-1660 

 

65 

 

Summary of Structural Tests 

 
Bao Pang 

College of Architecture and Civil Engineering, North China University of Technology, 

China 

 

Abstract: This paper mainly introduces the loading equipment and methods 

commonly used in structural test of civil engineering, testing technology and test 

methods for building seismic research. The common loading jack, hoist, spring and so 

on, the electro-hydraulic servo system used is a more advanced closed-loop control 

loading system, which can better control and feedback loading information. The 

detection technology includes rebound method, ultrasonic method, ultrasonic rebound 

comprehensive method, core drilling method and pull out method. Nowadays, the 

more advanced technologies are virtual instrument technology, networking test 

technology, and self-testing intelligent material. The main research methods of 

earthquake resistance include pseudo static test, pseudo dynamic test and shaking 

table test. 
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1. Introduction 

Structural test is a compulsory basic course in civil engineering specialty. Its purpose 

is to study new materials of Engineering structures, new structures and inspection 

structures, calculation, analysis and design theory. It plays an extraordinary role in the 

research of structural science and technological innovation in this field. In a word, 

structural experiment is the technical basis of Engineering specialty. It is to measure 

the relevant data of structures under various loads by means of experiments. This 

paper mainly discusses loading equipment and method, testing technology, seismic 

test and data processing. 

 

2. Loading Equipment and Method 

2.1 Gravity Loading Method 

The direct stacking of heavy objects on the upper surface of a member is assumed to 
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be a loading mode under the direct action of uniform loads. Gravity loading can take 

appropriate weight such as stones, masonry bricks or water. Gravity loading has high 

numerical stability and considerable fluctuation. It is more suitable for periodic and 

regular structural tests, such as concrete creep test and durability test. However, 

gravity loading also has such problems as large workload, slow loading and unloading 

rate and time-consuming. In order to reduce the impact force on the components, the 

volume of the loaded object should not be too large, and it should be easy to load by 

stages. In order to avoid the arch effect, it is necessary to specify the specific location 

of the action point when loading, and to leave a gap in the stacking of loads. 

 

2.2 Loading Mechanical Force Method 

The structure is loaded by simple mechanical principle. In the experimental loading, 

the hoist is often used, and sometimes chains, jacks and springs are also used. The 

mechanical loading equipment is simple and easy to realize. The load direction acting 

on the structure is easy to change. The loading method of horizontal concentrated 

load is most suitable. At the same time, the insufficiency is that the loading value 

should not be too large. 

 

2.3 Loading Hydraulic Method 

The method of loading components by increasing the pressure of liquid is the most 

general, realistic and widespread method in engineering structure experiment. 

Because it can produce larger oil pressure load, it can directly do prototype 

experiments on components with larger load carrying capacity. At the same time, the 

small size of hydraulic loading equipment makes it easy to move and disassemble. 

Loading hydraulic system, electro-hydraulic servo valve and computer constitute a 

perfect closed-loop loading control system, which can be used in the dynamic system 

of shaking table experiment. Hydraulic loading equipment includes hydraulic roof, 

static test hydraulic loading device, structure test machine, electro-hydraulic servo 

hydraulic loading system, electro-hydraulic servo shaking table. Electro-hydraulic servo 

test loading system is an advanced closed-loop control system, which was first applied 

in material experiment, and later applied in engineering structure experiment. It can 

be used for precise static test, dynamic test, low frequency cyclic repeated load test, 

anti-fatigue test, displacement and force control form conversion test and pseudo-

dynamic test. High precision and high automation are the main features of the system. 

 

2.4 Inertial force loading method 

It is a method to excite the dynamic response of the component under the action of 

dynamic loads, collect the dynamic response process, and analyze the characteristics 
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of dynamic parameters such as the natural frequency of the component and the 

damper. Loading methods include initial displacement loading method, initial rate 

loading method, back impact loading method and centrifugal force loading method 

 

3. Detection Technology of Structural Tests 

Usually, structural tests consist of static or dynamic loads on existing structures or 

components, and constitutive responses such as displacement, stress-strain capacity 

and cracks are tested to determine the stiffness, strength and stability of components. 

Testing, non-destructive testing, construction monitoring, health monitoring, etc. 

Ultrasound method, ultrasonic rebound synthesis method and rebound method are 

called non-destructive testing method. Semi-nondestructive testing includes core 

drilling method and pull-out method. 

 

4. Seismic test 

Seismic test methods can be divided into quasi-static, quasi-dynamic and quasi-

seismic shaking table tests. 

 

4.1 Quasi-static Test 

Low-cycle repeated loading test, also known as quasi-static test, is an experimental 

method that uses certain load control (deformation control) to perform low-cycle 

repeated action on the specimens to make the structure from the elastic stage to the 

failure stage. It is used to simulate the mechanical and deformation characteristics of 

the structure in the reciprocating vibration during the earthquake. The force method 

obtains the results of structural vibration, so it is called quasi-static experiment or 

pseudo-static experiment. At present, one of the most common methods used to 

explore the mechanical and deformation properties of structural members is the quasi-

static experimental scheme. The key of the laboratory's structural quasi-static 

experiment is to establish the restoring force characteristics of the components under 

the earthquake effect and to define the calculation model of the structural restoring 

force. The second is to use the hysteretic curve obtained from the experiment and the 

area surrounded by the curve to obtain the equivalent damping ratio of the structure, 

so as to weigh the energy consumption capacity of the components. Thirdly, effective 

parameters such as skeleton curve, initial stiffness and stiffness degradation can be 

obtained. Then the seismic capacity of the structure can be judged from three 

dimensions: strength, deformation and energy. 

 

4.2 Pseudo-dynamic Experiments 

Pseudo-dynamic test is a kind of on-line test with computer. It is a program that uses 
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computer to control how to load to achieve similar seismic effect. It is characterized 

by loading and displacement according to dynamic response. As early as 1969, the 

pseudo-dynamic experimental method was proposed by Japanese scholar M. Hakuno 

et al. They solved the structural dynamic equation by using computer and actuator 

on-line method. The initial pseudo-dynamic experiment is a numerical integration 

method of linear acceleration. The dynamic equation is given in the form of stiffness 

matrix increment, and the transient stiffness can be obtained by measurement. 

Because of the limited accuracy of the sensor equipment at that time, the transient 

stiffness changed dramatically, and the experimental results were not impressive. To 

solve this problem, H. Tanaka replaced the linear acceleration with the central 

difference method. In the experiment, the restoring force was directly used instead of 

the transient stiffness, which improved the stability and accuracy of the experiment. 

Development of numerical methods. Traditional pseudo-dynamic test methods (such 

as central difference method) are mostly developed based on explicit numerical 

integration method. Because the condition of the display numerical integration method 

is stable, the application of complex multi-degree-of-freedom structure test is limited. 

The unconditionally stable numerical integration method based on implicit method 

eliminates the inherent defects of the traditional numerical integration method in 

quasi-dynamic test. For example, PC-Newmark (Prediction-Correction) method, which 

is often used in pseudo-dynamic test, is an implicit method proposed by combining 

substructure technology. 

Literature on the impact of the experiment is scarce at present. Due to the complexity 

of damping, the traditional method of assuming proportional damping of mode shapes 

is still used in the current pseudo-dynamic test. Another problem of pseudo-dynamic 

test is to replace the actual distributed inertia force with ideal concentrated force. The 

effect of simplification of this force distribution is still a subject to be studied. The 

research on similarity relation of pseudo-dynamic test model is much less than that of 

shaking table test. The similarity requirement of pseudo-dynamic test models 

stipulated in the Code for Seismic Test Methods of Buildings in China is actually static 

similarity, while most of the pseudo-dynamic model tests completed in China are based 

on dynamic similarity. 

 

4.3 Shaking Table Test 

The shaking table is used to input ground motion to simulate the whole process of 

seismic test. When the test requires high precision simulation of seismic wave input, 

it is advisable to select a simulated seismic shaking table with numerical control device, 

which can iterate seismic wave. The simulated seismic shaking table should be 

selected and used according to the size, quality and experimental requirements of the 
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specimen, as well as the parameters such as the table size, frequency response 

characteristics and dynamic performance of the shaking table. High frequency and 

small displacement shaking table should be selected for large scale specimen model, 

and low frequency and large displacement shaking table should be selected for full 

scale or small scale specimen model. 

 

5. Conclusion 

Through the above introduction, we know the process of the development of civil 

engineering structural test, the progress of science and technology, the progress of 

materials and the improvement of methods, which make the methods of structural 

test constantly improved, the equipment constantly updated and the accuracy 

constantly improved. However, there are still many new technologies and methods 

that need to be explored. For example, the lack of literature and the complexity of 

dampers mentioned above will bring bad results to the experimental results. So the 

problem to be solved at present is to study and summarize the experimental schemes, 

innovate the technology and produce the dampers whose parameters are stable and 

measured. 
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