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Abstract
The judgment of metal rod buffer system bonding quality depends on the bond of the metal rods
with the surrounding medium. System bonding area will lead to different reflection amplitude. Compared
the simulation with the experiment, it can be concluded that different bonding area can measure bond
quality, i.e, the greater the bonding area is the more excellent bonding quality will be. This conclusion
provides the basis for the system ultrasonic testing.
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1. Introduction

The judgment of metal rod buffer system bonding quality depends on the bond of the
metal rods with the surrounding medium. In this paper, the concept of bonding area which will
lead to different reflection amplitude is employed to measure the bonding quality. Response
curve can be measured on site and it can show the amplitude of each reflected wave, which
indicates the quantitative possibility to distinguish the metal rod bond quality. From the
perspective of simulating finite element numerical, this paper performs thorough analysis and
elaboration on the time domain response of the metal rod buffer system, and then obtains the
relationship between the bonding area, bonding quality of the metal rod and its surrounding
medium [1-3].

2. Model Establishment
2.1. Model Description

Figure 1 is the free metal pole model. Figure 2 is a metal rod buffer system model,
which is divided into a steel layer, epoxy resin layer and the cement layer (simulated rock layer).
The rod length is 1.5m, the diameter is 2cm, the bond length is 40cm. Basic parameter are
shown in Table 1.

Figure 1. Free metal rod model

2.2. Model Flaw Descriptions

It is uncertain to identify flaw types of the scene metal rod cushion system, but as to its
basic mode, it is poor bonding of metal pole with the surrounding rock or the falling off of the
binder that causes the system to malfunction or fail.
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Figure 2. Metal rod buffer system model
1 metal rod 2 resin level 3 layers of cement

Table1. Basic parameters of metal rods buffer system’s numerical model

. Poisson . 3 . Length
Elastic modulusE(Gpa) ratiop Densityp(kg/m”) Diameter®(cm) L(cm)
Metal rod 206 0.25 7900 2 150
Resin level 14 0.30 2000 4(Outer diameter) 40
Layers of 40 0.29 2520 4(Outer diameter) 40
cement

In this paper, the flaw degree can be obtained by calculating the area of bonding of
metal rod with its surrounging rock, the metal rod buffer system of different bonding quality can
be simulated by establishing four kinds of finite element models with different bonding area
buffer system [4- 7]. Bonding quality is categorized into: excellent, good, fair, poor, represented
respectively by BG, MG, CC and EE. And metal rod models are also created, represented by
FG. As shown in Figure 3, after removing the cement outer layer, four finite element molded
graphs of the resin level and the metal rod with different bonding quality are left behind, namely
BG model (to simulate the best bonding quality, 100% of the area is completely bonded), MG
model (to simulate the better bonding quality, 70% of the area is completely bonded), CC model
(to simulate the good bonding quality, 40% of the area is completely bonded), EE model (to
simulate poor bonding quality, 20% of the area is completely bonded), and FG model (to
simulate the free metal rod, 20% of the area is completely bonded).

BG Model

MG Model

EE Model

FG Model

3. Simulation Analysis

Figure 4 is the system acceleration time-domain response curve. Excited guided
wave goes along the metal rod and spreads outward at the central hemispherical radial
direction. It is quite complex to spread at the top. When the wave goes along the rod to a certain
distance s (according to the Saint-Venant principle, S > 1 ~ 2D, D is the metal rod diameter), the
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wavefront then is approximate to plane dissemination. Therefore, when gathering signals from
the rod’s central point, the front signal should be zero.
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Figure 4. Acceleration time-domain response graph
Table 2. Data point a in Figure 4
Data (point a) BG Model MG Model CC Model EE Model
Time(us) 438 439 438 439
Amplitude (ms™) 5.26941 5.24098 5.22515 4.94928

In Figure 4, point a is the reflection point on the interface of the solid side. We can
calculate the speed of wave transmission in the rod as follows:

_ 1IX2 _ e34.30ms™

C, =
437e—-4

Point b is the free metal rod at the bottom of the reflected wave, b=623s, the speed of
wave transmission in the rod is

_ 1bx2 | 5136.43ms ™

C, =
6.23e—-4

And, according to the material properties, the calculated theoretical rod speed

/ 5106.46 —5034.32
is Cy = E_ |20eell 5106.46ms™ . Relative error is | | =1.46% ,
Yo, 7900 5106.46

5106.46 —5136.43|
5106.46

transmission in different models, we enlarge the reflection point area of the third solid side on
the interface, as shown in Figure 5. It can see that with model bonding quality decreasing, the
waveform is in turn close to the free rod waveform and its phase back offset. This obvious
change of varying with different bondng quality reveals the reliability of finite element model.

=0.58% , which are very small. In order to observe the wave
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Figure 5. Each model reflection region enlargement of the interface on the third solid side
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3.1. Relationship Between Bonding Area and Amplitude Attenuation

Model bonding length is set to 40 CM (FG Model Glue size is 0). The different
bonding area leads to different amplitude attenuation. There must exist a relationship between
the bonded area and amplitude attenuation. We collect the curve data that at equidistant the
center point of the interface on the solid side and bottom center points of each model, put them
together, and then we get a response chart of corresponding time domain, as shown in Figure 6
and 7.

Acceleratinns(ms’z)
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Figure 6. Time-domain map of the equidistant center point on the model fixed end interface

In Figure 6 waveform oscillation amplitude is relatively large, while in Figure 7, the
waveform oscillation amplitude is significantly small, which reflects the attenuation of the energy
to reach the bottom of the process. a, b are the first wave spots of each model. We can
calculate the attenuation of bonding segment of each model, as shown in Figure 8 and Table 3.
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Figure 7. Time-domain chart of the model bottom center point

Table 3. Each model bonding segment amplitude attenuation

Data BG Model MG Model CC Model EE Model FG Model
Amplitude 99.2% 98.97% 98.37% 93.28% 25.17%
attenuation (%)
Bonding area(%) 100% 70% 40% 20% 0

From the fitting curve in Figure 8, it can see that the bonding segment amplitude
attenuation is nonlinear, similar to the attenuated form of the exponential function. When
bonding area is between 0% -40%, amplitude attenuation changes significantly, but when the
bonding area between is 40% -100%, its change is insignificant, which explains why the BG and
MG model curve in Figure 4 are close to good distinguishing; whereas CC, RE, and FG model
of the three curves so significantly differ. It can be concluded that the acceleration domain curve
in Figure 4 can basically separate these two sets of bonding quality of the bonding area 100% -
40% and 40% -0%, therefore, verifying that it is feasible to tell the pros and cons of the bonding
quality by bonding area and furthermore can reflect the quality status of the metal rod bonding
on site.
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Figure 8. Amplitude attenuation and the bonding area relation graph
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4. Comparison of Simulation and Test Data
4.1. Test Description

The free metal rod experiment uses the field used buffer rod at lengh L=1.5m and
diameter ¢=2cm. When in experiment, it is at the free state. Metal rod buffer system test takes
the representative medium’s stable rock layer as the simulation object. The rock mass is
designed as 0.6x0.5x0.5m® concrete cube, with bonding lengh 40cm, metal rod lengh L=1.5m,
and the intermediate deck uses epoxy resin.

4.2. Results Analysis
As shown in Figure 9, the supposed metal rod bottom end reflection time is TO; the
metal rod length is LO, the bonding length is L; the fixed end interface reflection is T. If the

average velocity of guided wave in metal rod is vO, then T, = 2L, /v, , T =2(L, — L)/v, .

Through the experiment V, = 5161ms ™. Simulation and experimental data obtained are shown

in Table 4. It can see that the numerical simulation values of the critical reflection point and the
experimental value are basically in agreement.

Metal rod

Cement layer Lo

>

"""""""""" Fixedend- 'f' -

L

Botton end v

Resin layer

Figure 9. Metal rod system fluctuation diagram

Table 4. Time value of the solid side interface reflection point and the bottom reflection

point
Time value of numerical simulation T(us) Time value of experimental test T(us)
622 621
623 620
466 468

5. Conclusion
Comparative analysis of the simulation results and experimental data comes to the
following conclusions:

1) The size of the bonding area can be a true reflection of the size of the bond quality on site.
The difference of the energy amplitude attenuation resulting from the difference of the
bonding quality provides a scientific calibration method for simulation study.

2) Finite element simulation and theoretical results can clearly identify the interface reflection
on the fixed end point but fail to identify the bottom reflection point. Simulation and
experimental results coincide well. The subtle difference is that the experimental curve
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appears to jitter, which is caused by the interference of the field test instrument. Hence, the
simulation results are reliable .

3) Energy attenuation is the reason why the bottom reflection wave can not be clearly identified,
but it can clearly identify the reflected wave on the interface of the solid side. We can
determine the bonding quality of the system through the amplitude of the reflected wave.

4) It can be ideal to simulate by using the finite element software. This will provide a strong
technical support for more in-depth study.
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