
 

 
99 

International Journal of 

Science and Engineering Investigations                                vol. 9, issue 102, July 2020 

ISSN: 2251-8843 Received on July 21, 2020 

Comparison in Displacement Measurements for Fillet Weld of 
Steel Column Base by Using Piezoelectric Joint Sensors 

Nobuhiro Shimoi
1
, Carlos Cuadra

2
, Hirokazu Madokoro

3
, Kazuhisa Nakasho

4
 

1,2,3
Department of Machine Intelligence and Systems Engineering, Akita Prefectural University, JAP 

4
Department of Information Science and Engineering, Yamaguchi University, JAP 

(1shimoi@akita-pu.ac.jp, 2carlos@akita-pu.ac.jp, 3madokoro@akita-pu.ac.jp, 4nakasho@yamaguchi-u.ac.jp) 

 

 

 

 
Abstract-The Hyogoken Nanbu earthquake (Kobe earthquake) 
occurred on January 17, 1995, causing extensive and severe 
damage to numerous buildings throughout the Kobe city area. 
After the earthquake, many steel structures were constructed 
using frame-welded joints of fillet welded construction and a 
welded base. However, these weld joints have only slight 
capacity to absorb energy during earthquakes. Therefore, for 
designing steel structures that use welded joints, strong 
earthquake-resistance characteristics must be specially 
provided for those joints of steel welded bases. Moreover, 
structural monitoring is recommended. This paper reports the 
use of piezoelectric limit sensors to evaluate resistance and 
displacement characteristics of fillet welded construction for 
simple measurements. 
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I. INTRODUCTION  

Many steel-framed buildings in Japan use welding or 
bolting as the joining method. For bolt fastening, when a 
dynamic external force such as impact, vibration or thermal 
load (expansion) acts on the bolted joint, the bolt often loses its 
fastening force because of loosening of the nut. By contrast, 
few accidents occurred with welded joints [1].However, 
because of heat effects during welding, brittleness arises 
around the joint as it hardens. In other words, a relation exists 
between heat treatment of quenching and annealing of the steel 
material [2]. Therefore, it might be difficult to achieve 
structural soundness. Even if one strives to analyze the results 
of measurements at the initial stage of joining and the results of 
aging over 10 years using finite element method (FEM), one 
cannot express the analysis of crack growth or defect location 
realistically. It is regarded as extremely difficult. In Japan, 
which has undergone a great earthquake, if a huge earthquake 
with a seismic intensity of six or more occurs according to 
architectural design standards, then the entire building must 
plasticize without collapse [3]. Absorbing seismic energy and 
preserving human life are assigned priority. The design must 
follow those  principles. 

II. TEST OF A FILLET WELD OF COLUMN BASE 

A. Comparison with conventional technology 

The following methods are used as measurement 
technologies to evaluate structural soundness quantitatively for 
disaster prevention and mitigation. Sensor systems used for 
measuring displacement and vibration caused by static loading 
use displacement measuring methods of laser displacement 
meters or a contact displacement meters. Alternatively,the 
natural vibration might be measured using a micro tremor 
vibrometer, with subsequent analysis using the finite element 
method to identify the state of fracture and locations such as 
stress concentrations [4],[5]. In addition, non-destructive and 
quantitative methods for evaluating the residual stress of a 
structure include X-ray analysis when finite element method is 
used. Nevertheless, performing crack propagation analysis and 
other analyses is difficult. A laser Doppler velocimeter (LDV) 
irradiates a target with laser light. Then, because of Doppler 
actions, it detects the velocity according to the phase   
difference between the irradiated light and the reflected light 
[6],[7],[8]. 

B. Overview of installation test  

Figure 1 presents the shape and dimensions of the test 
specimen. This test piece is intended for exposed column bases 
of a low-rise steel frame. Plate 9 mm thick base plate is 

welded to a 100 ×  100 ×  6 mm square steel pipe. The 

fastening method is fixed to the pedestal using 12 of M27 
anchor bolts. The joint between the base plate and the square 
tubular column is fixed by melting with a three-layer fillet 
weld. 

C. Test method  

Figure 2 presents the measurement apparatus of (1) the 
loading device, (2) the displacement meter, and (3) the piezo 
electric joint sensor. 

Figure 3 presents details of the shape and dimensions of the 
piezoelectric joint sensor. The piezoelectric joint sensor base 
plate is a 40 × 190 mm × 2 mm general rolled steel plate, after 
drilling two 12.3 mm drill holes and an 8 mm hole for cable 
ducts, and bending of both ends of about 40 mm at 135 deg. 
This angle is designed so that the piezo limit sensor 
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(Piezoelectric Film: DT-2-028 K/L [9]) can be mounted at a 
45-degree angle to the weld surface when a square steel tubular 
column is welded in a T-shape. The sensor output has a 
structure in which a maximum voltage of about 1 V is 
generated depending on the state of weld joint breakage [10]. 

Figure 4 the anchor plate portion of the test specimen was 
fixed to the base using high tension bolts. A 500 kN hydraulic 
jack was connected to the load section provided on the top of 
the test specimen. Then horizontal force was simulated during 
an earthquake. The horizontal force is based on the top 
displacement. The angle relation between the force and the 
inclination is shown in Table 1 [11]. Load 1 shown in the table 
is the limit of the safety standard in the Building Standards 
Law. Load 2 is the positive load corresponding to the 
deformation limit value during a strong earthquake. At the 
applied force 3, the deformation (displacement amount) of 
three times the applied force 1 is used, but the value of this 
displacement is equivalent to the numerical calculated value 
indicating complete failure of the test piece. 

 

 

Figure 1.  Test specimen layout 

 

 

Figure 2.  Load test devices   

TABLE I.  LOAD PATTERN CHARACTERISTICS 

Load 
Maximum 

displacement (mm) 
Drift angle 

(rad) 
Load direction 

Load 1 5 1/100 + － 

Load 2 10 1/50 + － 

Load 3 15 1/25 + － 

 

 

Figure 3.  Characteristics of piezoelectric limit sensor 

 

 

Figure 4.  Setting of piezoelectric limit sensor. 

 

III. RELATION BETWEEN THE APPLIED FORCE AND 

DISPLACEMENT MEASUREMENT OF WELDED JOINTS USING A 

NEW LIMIT SENSOR 

A. Relation between welding force applied to welded joint 

and piezo limit sensor output 

Figure 5 (1) portrays the + direction force and the output 
results for the piezo limit sensor on the sensor installation “b 
“side. Measurement results show that the applied force became 
about 12 kN when about 11 min and 45 s passed on the time 
axis. The high output of about +530 mv and -70 mV was 
recorded from the sensor. Furthermore, it became difficult to 
measure after the output of about + 300 mV and -50 mV from 
the sensor when the applied force was about 13 kN. 

－ ＋ 

③Piezo electric  
limit sensor : b ③Piezo electric  

limit sensor : a 

①Loading device 

②Displacement 

meter 
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Figure 5 (2) shows the positive direction force and the 
output results for the piezo limit sensor on the Sensor a 
installation side. Measurement results show that the applied 
force became about 12 kN when about 11 min and 45 s had 
passed on the time axis. Output of about +52 mV and -120 mV 
from the sensor were recorded. In addition, the measurement 
became difficult after recording + 20 mV output from the 
sensor when the applied force was about 13 kN. Furthermore, 
after recording + 20 mV output from the sensor when the 
applied force was about 13 kN, it became difficult to measure 
similarly, force was stopped to prevent danger. The sensor 
output on side a was confirmed immediately before the 
complete destruction region, but the sensor output on the  side 
was small: the value is about one-fifth of that of that a side. In 
addition, the output judgment near the limit area showed that 
the value was small and difficult to judge. 

Figure 5 (3) presents the relation between the negative 
force and the output of the piezo limit sensor on the Sensor a 
installation side. About 34 min and 20 s after the sensor, when 
the applied force was in the negative direction and the applied 
force was about 10 kN, outputs of +580 mV and -100 mV were 
obtained from the sensor. Furthermore, after about 38 min and 
30 s, outputs of +100 mV and -150 mV were recorded at 13 kN 
when the applied force was 13 kN. The sensor response was 
lost. After 2 min had elapsed, the applied force level. 

Figure 5 (4) presents the negative force and the output 
results for the piezo limit sensor on the Sensor b installation 
side. At approximately 34 min and 20 s, the output from the 
sensor in the negative direction was about 100 mV at about 10 
kN. At about 38 min and 30 s, the output was about 80 mV at 
13 kN when the force was about 13 kN. Later, the loading was 
stopped for safety. Compared to the positive side compression, 
the negative side tensile force applied was 10 kN for the first 
recording and 13 kN for the second, similarly to that for Sensor 
a, with a low level output early in the complete destruction 
area. 

B. Relation between welding force applied to welded joint and 
piezo limit sensor output 

A maximum force of 15 kN was applied in the + direction 
for about 20 min. Then force was also applied to the side under 
the same conditions. The relation between each displacement 
and the sensor output was measured. Figure 6 (1) shows the 
displacement by the + direction force and the output result of 
the b side piezo limit sensor. When the displacement became 
about 8 mm after about 11 min and 45 s, the sensor output 
showed high outputs of about +530 mV and -70 mV. 
Furthermore, for displacement of about 10 mm, the sensor 
output was about +300 mV and the output was about -50 mV. 
The sensor response ceased after recording. Therefore, the 
loading was stopped after 2 min for safety. In each case, results 
show that the sensor output increased immediately before the 
complete destruction area and near the limit area. 
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Figure 5.  Relation between piezoelectric limit sensor output and loading. 
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Figure 6.  Relation between piezoelectric limit sensor output and 

displacement. 

IV. CONCLUSION 

Measurement using the piezo limit sensor adopted for this 
test has a characteristic by which, based on the output value 
under each condition, a dangerous value is shown immediately 
before the structural limit region, which maintains the welded 
structure integrity. Therefore, the possibility exists that risk 
assessment measurements might be conducted using this 
apparatus. Furthermore, the possibility of long-term 
measurement has been expanded at joints of welded structures, 
for which real-time soundness monitoring has been difficult in 
the past. Based on these results, we hope to contribute to the 
construction of a safe and secure society. 

 
ACKNOWLEDGMENT 

This research was partially supported by JSPS KAKENHI 
Grant No. 16K12856, for which we express our appreciation. 

 
REFERENCES  

[1] H.Imai Narihara, Kawabata, I , M.Takayama, Y. Kimura., H. Aono and 
R. Kameda., Development of New Type of Steel Column Base 
Structural Experiment of Exposed-Type Column Base K. Imai ,TAISEI 
Construction Technology Center, Technical Report,No.39 (2006), pp.1-
6. 

[2] M.Mochizuki, M.Toyada, Moriguchi,Y and .T.Kubo,, Residual Stress 
and Fatigue Strength in Welded Joints by Using Low-Temperature 

[3] Steel committee of Kinki Branch the Architectural Institute of japan., 
Reconnaissance report on damage to steel building structures observed 
from the 1995 Hyogoken Nanbu earthquake., (2005), pp.22-108 

[4] H.Tamai., Elasto Plastic Analysis Method for frame with exposed type 
column base considering influence of variable axial force, Journal of 
Structural and Construction Engineering (Transactions of AIJ) Vol.68, 
No.571 (2003), pp.127-135 

[5] N.Shimoi, Nakatsu.T, C.Cuadra and K..Madokoro., Performance test of 
avalanche measurement fence using piezoelectric limit sensors, Japan 
Society of Mechanical Engineers,Vol.84,No.866 (2018), pp.1-17 

[6] G. Ouno., Study on technology for extending the life of existing 
structures, New urban society technology fusion research, The 2nd New 
Urban Social Technology Seminar (2003), pp.11-23 

[7] J. Nakamura., Health monitoring of building structures, Society of 
instrument and control engineers, Vol.41, No11 (2002).pp.819-824 

[8] K.kumagaya ,H.Nakamura and H.Kobayashi., Computer aided 
nondestructive evaluation method of welding residual stresses by 
removing reinforcement of weld, Journal of mechanical engineering 
society (A) of Japan., Vol.65 (1999), pp.133-140   

[9] Tokyo Sensor Corporation., Piezoelectric cable, PIEZO FILM 
TECHNICAL MANAUAL，R1 (2001),pp. 17－18 

[10] Y.Fujimoto and Taufiq Arif Setyant., Sheet Type Impact Force Sensor 
by the Use of Piezoelectric Film, Journal of mechanical engineering 
society (C) of Japan., Vol.73, No.725 (2007) , pp.184－191 

[11] K.Khannap., Miniature Pressure Sensor and Micro machined., Actuator 
Structure Based on Low-temperature Co-fired Ceramics and 
Piezoelectric Material, Materials Chemistry and Physics, No.87 (2004), 
pp.173-178 

[12] T.Yamashita,T.Takamatsu, H.Tamai T.Matumura and A.Matsuo ., 
Models of restring force characteristics and resistant mechanisms of 
exposed column-base under constant tensile axial-force”,. The 



International Journal of Science and Engineering Investigations, Volume 9, Issue 102, July 2020 103 

www.IJSEI.com           Paper ID: 910220-14 ISSN: 2251-8843 

Architectural Institute of Japan’s Journal of Structural and Construction     
Engineering, Vol.5 (2007), pp.97-104 

[13] N.Shimoi, Nakatsu.K., C.Cuadra and K.Madokoro., Performance test of 
avalanche measurement fence using piezoelectric limit sensors, Japan 
Society of Mechanical Engineers,Vol.84,No.866 (2018), pp.1-17 

[14] N.Shimoi, C.Cuadra and H.Madokoro., Development of simple analysis 
technology for steel structures, 13th Forum 8 design-festival,(2019) 
http://www.forum8.co.jp/fair/narda.htm#nominate 

 

 

 

How to Cite this Article: 
 

Shimoi, N., Cuadra, C., Madokoro, H. & Nakasho, K. 

(2020). Comparison in Displacement Measurements for 
Fillet Weld of Steel Column Base by Using Piezoelectric 

Joint Sensors. International Journal of Science and 

Engineering Investigations (IJSEI), 9(102), 99-103. 
http://www.ijsei.com/papers/ijsei-910220-14.pdf 

 

 

 

 

 

 


	I. Introduction
	II. Test of a Fillet Weld of Column Base
	A. Comparison with conventional technology
	B. Overview of installation test
	C. Test method

	III. Relation Between the Applied Force and Displacement Measurement of Welded Joints Using a New Limit Sensor
	A. Relation between welding force applied to welded joint and piezo limit sensor output

	IV. Conclusion
	Acknowledgment
	References


