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Abstract: Blasting are adopted to simulate the natural earthquake, through the field test of composite foundation and 

natural foundation, dynamic characteristics and attenuation law are studied. The experiment results show, the 

horizontal main vibration frequency of natural foundation is at 8.2 ~ 9.03 Hz and the vertical is at  7.75 ~ 9.16 Hz; the 

horizontal main vibration frequency of composite foundation is at 8.02 ~ 9.90 Hz and the vertical is at 8.36 ~ 9.70 Hz. 

Measuring point frequency of natural foundation and composite foundation is near to the first-order natural frequency.  

Effects of the implanting pile in the natural foundation are little on the frequency. Vibration attenuation of acceleration 

peak in the natural foundation and composite foundation is fitted in exponential attenuation, the attenuation rate in 

composite foundation is faster than natural foundation, and then composite foundation is good for the anti-seismic of 

the upper structure. 
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I. INTRODUCTION 

The composite foundation is that the part soil body in the natural ground foundation is reinforced or replaced during the 

ground treatment, and load is born by reinforced body and soil body around the pile[1].With the rapid development of 

economy, the strength and stiffness of the pile in composite foundation have greatly increase, bearing capacity of 

composite foundation is greatly improved, the already existing theory can not meet the requirements, and then the 

dynamic problems in the composite foundation have become the hot spots, therefore, introducing the seismic design 

concept in composite foundation has the vital significance. Study on the seismic behavior of composite foundation is 

mainly using large-scale FEM numerical analysis software to simulate composite foundation [2,3,4,5]. The simulation 

method is still in the theoretical level, not used in practical design. Under the action of blasting vibration, dynamic 

characteristics and influencing factors in soil-cement pile and CFG pile composite foundation are studied by Wang 

Weiyu, Zhao Tuo, Ding Jihui [6,7,8,9]. Blasting are adopted to simulate the natural earthquake, through the field test of 

composite foundation and natural foundation, dynamic property and attenuation are researched. 

 

II. THE INTRODUCTION OF THE TEST SITE 

The test site is located in Shijiazhuang Heibei province. In the 20 m depth, the soil layers mainly are yellow silt clay, 

fine sand, middle sand and silt clay. In the 20m driving depth, the underwater is not seen. There is not the harmful 

geologic action in the site. The main parameters of soil layer as shown in Table 1. 
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Table 1 mainly parameter of soil layer 

Name of the soil 

layer 

Thickness of the 

soil layer /m 

Characteristic value 

of bearing capacity 

akf /kPa 

Compression 

Modulus 

sE /MPa 

ultimate shaft 

resistance  

/kPa 

ultimate tip 

resistance  

/kPa 

ķplanting soil 0.2     

ĸyellow silt clay 0.5 130 6.17 60  

Ĺfine sand  1.5 140 10 55 800 

ĺmiddle sand 4.0 200 11.5 82 1500 

Ļsilt clay  270 5.84 65 1000 

 

III. MOEL TEST AND SCHEME OF THE FIELD  

Two kinds of composite foundation model are designed: CFG composite foundation, the composite foundation 

combined with CFG long pile and CFG short pile. The model design parameter of composite foundation is shown in 

table 2. CFG pile adopts C20 commercial concrete. Blasting is used as the vibration resource. Blasting hole is made by 

LuoYang shovel, the hole diameter is 50 mm, and the hole depth is 6m. The Explosives are buried in the hole and than 

backfill tamping. The vibration is picked by acceleration sensors. The arrangement of the piles and measuring elements 

are shown in Fig.1. 

 
Fig.1 Plane arrangement of the blasting vibration site 
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Table 2  Model design parameter of composite foundation 

model  type Sign 
Pile length 

/m 

Pile 

diameter 

/mm 

Pile spacing 

/mm 

Replacement 

rate 

Model  1 

CFG long pile 

and CFG short 

pile 

CFGLP 

CFGSP 

6.0 

4.0 

350 

350 

200 

200 

0.048081 

0.048081 

Model  2 CFG  pile CFGP 6.0 350 100 0.096163 

IV. THE ANALYSIS OF EXPERIMENT TESULT 

Vibration Acting Time. Table 3 is the vibration start time and end time for each measuring point in natural foundation. 

As shown in table 3, horizontal vibration acting time is at 0.30 ~ 0.54s for each measuring point in natural foundation, 

vertical vibration acting time is at 0.36 ~ 0.52 s, and horizontal vibration acting time is close to the vertical. With the 

increase of the distance from the measuring points to vibration recourse, the vibration acting time has been increased. 

For composite foundation, the vibration duration has little difference with natural foundation. 

Table 3  The Acting Time of blasting vibration 

horizontal vibration direction vertical vibration direction 

Positon 

x /m 

Start time 

/s 

End time 

/s 
acting time / s 

Positon 

/m 

Start time 

/s 

End time 

/s 
acting time / s 

4 0.007 0.307 0.3 4 0.01 0.372 0.362 

8 0.02 0.455 0.435 8 0.023 0.401 0.378 

12 0.036 0.486 0.45 12 0.037 0.51 0.473 

16 0.05 0.533 0.483 16 0.051 0.558 0.507 

 

The Main Frequency of Vibration. Table 4 is horizontal and vertical main vibration main frequency of each 

measuring point in natural foundation and composite foundation. As shown Table 4, in addition to the individual points, 

the horizontal main vibration frequency of natural foundation is at 8.2 ~ 9.03 Hz and the vertical main vibration 

frequency is at 7.75 ~ 9.16 Hz; The horizontal main vibration frequency of composite foundation is at 8.02 ~ 9.90 Hz 

and the vertical main vibration frequency is at 8.36 ~ 9.70 Hz. Through the modal analysis, the horizontal first-order 

natural frequency is 8.74 Hz and damping ratio 0.1233 in natural foundation, the vertical first-order natural frequency is 

8.29Hz and damping ratio is 0.0983. The horizontal first-order natural frequency is 8.93 Hz and damping ratio 0.0939 

in natural foundation, the vertical first-order natural frequency is 8.28Hz and damping ratio is 0.1923. Measuring point 

frequency of natural foundation and composite foundation are near the first-order natural frequency, and effects of the 

implanting pile on site are little on the frequency. 
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Table 4  Blasting vibration frequency 

horizontal direction vertical direction 

Positon  

x /m 

natural foundation  

/Hz 

composite foundation 

 /Hz 

Positon 

x /m 

natural 

foundation  

/Hz 

composite 

foundation 

 /Hz 

0.5 8.204 9.256 0.5 7.755 8.439 

4 18.53 9.247 4 17.74 9.694 

8 8.233 8.209 8 8.847 8.550 

12 8.216 9.896 12 9.165 40.88 

16 9.034 —— 16 18.49 8.364 

The analysis of acceleration peak under blasting vibration. Table 5 is the acceleration peak in natural foundation 

and composite foundation under the condition of 1.05kg charge and 6m buried depth. The acceleration peak fitting 

curve satisfies the following formula:  

)( 2
cxbxa

ey
  

Where, x  is the he horizontal distance from measuring points to the vibration resource; y  is the acceleration peak of 

the measuring points.   

Coefficient of the fitting curve on the vibration acceleration peak as shown table 5. Fig. 2 and Fig. 3 respectively are 

the fitting curve of the acceleration peak on natural foundation and composite foundation.  

Table5  coefficients of the curve fitting on vibration acceleration peak 

coefficient 
natural foundation in 

horizontal direction 

natural foundation in 

vertical direction 

composite foundation 

in horizontal direction 

composite 

foundation in 

vertical direction 

a 
5.19072 4.94686 5.24154 5.03483 

b 
-0.60898 -0.54371 -0.6052 -0.56815 

c 
0.01916 0.01844 0.01451 0.01903 

Table6  Vibration acceleration peak of point 

Distance 

x /m 

 horizontal direction vertical direction 

Nxa max  

/ m/s
2
 

Cxa max  

/ m/s
2
 Nx

CxNx

a

aa

max

maxmax 
 Nza max  

/ m/s
2
 

Cza max  

/ m/s
2
 Nz

CzNz

a

aa

max

maxmax 
 

4 21.9568 22.0817 -0.57% 22.0687 22.0299 0.18% 

8 4.3145 3.3315 22.78% 5.4525 5.107 
6.34% 

12 2.0649 1.2146 41.18% 3.1871 2.8137 
11.72% 

16 1.3829 0.4639 66.45% 2.5632 2.2049 
13.98% 
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Note: (1) Nxa max 、 Nza max  respectively represent horizontal and vertical vibration acceleration peak value of 

natural foundation; 

(2) Cxa max, 、 Cza max  respectively represent horizontal and vertical vibration acceleration peak value of 

composite foundation. 
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Fig. 2  Fitting curve of horizontal vibration         Fig. 3  Fitting curve of vertical vibration 

acceleration peak                                          acceleration peak 

 

 

The results are as follow from the table 6, Fig. 2 and Fig. 3. 

(1) When the horizontal distance x  at a certain level, the vibration acceleration peak of the composite foundation 

surface is less than natural foundation. With the increase of the horizontal distance x , the decreasing degree of the 

composite foundation vibration acceleration peak increases. When the depth is 6m, the charge is 1.05kg, the horizontal 

distance x is 16m, compared with the natural foundation, the horizontal acceleration peak decreases 66.45%, vertical 

acceleration peak decreases 13.98%. 

 (2) Under the same condition of blasting vibration, the horizontal vibration peak acceleration and the vertical 

vibration acceleration decreases rapidly with increasing horizontal distance x . When x  is at 4m~16m, horizontal 

vibration acceleration peak in natural foundation decreases 93.7%, and  vertical vibration acceleration peak decreases 

88.4%; Horizontal vibration acceleration peak in composite foundation decreases 97.9%, and  vertical vibration 

acceleration peak decreases 90%; Vibration acceleration peak attenuation in composite foundation is faster than natural 

foundation. 

 (3) Under the same condition of blasting vibration, when x is at 4m~8m, horizontal vibration acceleration peak in 

natural foundation decreases 17.64m/s
2
, and  vertical vibration acceleration peak decreases 16.62m/s

2
; Horizontal 

vibration acceleration peak in composite foundation decreases 18.75m/ s
2
, and  vertical vibration acceleration peak 

decreases 16.92m/s
2
; when horizontal distance x  is 8m~16m, horizontal vibration acceleration peak in natural 

foundation decreases 2.93m/ s
2
, and vertical vibration acceleration peak decreases 2.89m/ s

2
; Horizontal vibration 

acceleration peak in composite foundation decreases 2.87m/ s
2
, and vertical vibration acceleration peak decreases 2.9m/ 

s
2
. Within 8m range from the vibration resource vibration acceleration peak attenuation fast, and then gently. 

 

V. CONCLUSION 

Using the engineering blasting as the vibration resource, vibration attenuation experiment in natural foundation and 

composite foundation is made in the test site, conclusions are obtained as the following: 

Under the same depth and charge, the vibration acting time of measured point is at 0.30~0.51Sec. The horizontal main 

vibration frequency in natural foundation is at 8.2~9.03Hz, and the vertical main vibration frequency is at 7.75~9.16Hz; 

the horizontal main vibration  frequency in composite foundation is at 8.02~9.90Hz, the vertical main vibration  
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frequency is at 8.36~9.70Hz. Natural foundation and composite foundation of the dominant frequency in the vicinity of 

the first-order natural frequency. Measuring point frequency of natural foundation and composite foundation are near 

the first-order natural frequency, and effects of the implanting pile on site are little on the frequency. 

Under the same depth and charge, when the horizontal distance from measuring points to the vibration resource at a 

certain level, composite foundation surface vibration acceleration peak is less than natural foundation. With the 

increase of the horizontal distance from measuring points to the vibration resource, composite foundation vibration 

acceleration peak of the measured points on surface is in the lower degree increase. Vibration attenuation of 

acceleration peak in the natural foundation and composite foundation are calculated by exponential attenuation, the 

attenuation rate in composite foundation is faster than natural foundation. 
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