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ABSTRACT 
 

Ultrasonic Testing (UT) and Metal Magnetic Memory (MMM) are proposed to quantify damage 
of hysteretic dampers (also known as metallic dampers) used as passive seismic control of 
building structures. Hysteretic dampers are special devices that are installed in a structure to 
dissipate most of the energy input by an earthquake through plastic deformations. Minor or 
moderate earthquakes do not exhaust the energy dissipation capacity of the dampers, though 
they cause damage. High-cycle fatigue problems can also arise when the damper is subjected to 
a large number of cycles of deformation in the elastic due to frequent loads such as wind. For 
these reasons, continuous or periodic inspection of the dampers is required in order to decide if 
they need to be replaced. Paper focus on a particular type of hysteretic damper that consists of 
plates made of stainless steel. These plates are intended to be used in conjunction with shape 
memory allows to develop a new brace-type damper with recentering properties. Both inspection 
methods have been validated on dampers subjected to quasi-static (low-frequency) cycling tests 
of increasing amplitude by means a high capacity actuator. Results showed a successful 
correlation with a well-established mechanical energy-based damage index based on the amount 
of accumulated plastic deformation and energy dissipation.  
 

Keywords: non-destructive testing, seismic engineering, dampers, memory alloys, ultrasonic, 
metal magnetic memory method. 
 

 

1. Introduction 
 
The passive control using hysteretic-type energy dissipation devices is becoming a widely-used 
technology for seismic protection of buildings against earthquakes. Among many others 
advantages, the structures with energy dissipation devices concentrate the damage in special 
devices (the dampers) protecting the main structure against plastic deformations. The dampers 
can be easily inspected and eventually replaced after an earthquake with minimal cost and 
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without interrupting occupancy. Inspection of hysteretic dampers, and evaluating its health, is 
relevant since their ultimate energy dissipation capacity is typically very large and it is not 
exhausted after a minor or moderate earthquake, and therefore, its replacement may not be 
necessary. 
Benavent-Climent [1] proposed a mechanical energy-based damage index ID, that can estimate 
with high reliability the damage in an hysteretic damper subjected to arbitrarily applied cyclic 
loadings. To calculate this index it is necessary to know the history of force and displacement of 
the damper. However, monitoring the force and displacement of the dampers during an 
earthquake entails installing expensive instrumentation. Finding viable alternatives to indirectly 
assess the level of damage of the dampers is a matter of great practical interest. In this sense, 
Non Destructive Testing (NDT) methods can play an important role to implement structural 
health monitoring (SHM) strategies that are economically viable. Previous studies performed by 
our research group [2] proposed damage indexes based on the response recorded during vibration 
tests and found a good correlation with the mechanical damage index ID. 
In the present work, two different NDT methods are proposed for damage inspection of the 
hysteretic dampers: Ultrasonic Testing (UT) and Metal Magnetic Memory (MMM). Both 
methods are used to evaluate the level of plastic deformations (i.e. the damage) endured by 
stainless steel components that form the energy dissipation element of a particular type of 
dampers recently proposed by our research group. The level of damage predicted by both 
methods has been compared with the mechanical damage index ID and a good correlation is 
found between both indexes.  
 
 
2.  Description of the Energy Dissipation Device 
 
The energy dissipation device consists on steel plates made of stainless steel hot-rolled with a 
304-AISI grade. The geometry is shown in Fig. 1. The plate is installed in a structure by means 
of auxiliary steel elements and in such a way that when the structure deforms laterally the central 
flange of the plate (see Fig. 1) moves with respect to the external flanges and subjects the 
“struts” to shear deformations. Energy is dissipated through plastic deformations of the struts. 
These struts constitute the dissipative component (DC) of the steel plate. 

 

 
 

Fig. 1: Dissipative Component (DC) of dampers: nominal dimensions (left) and parts (right) of 
test specimens. 

 
 
3. Test specimen and mechanical test set up 
 
This study is focused in the DC of the damper. Five specimens having the same geometry and 
made of the same type of steel were made, referred here as DC1 through DC5.  
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Each specimen was mounted on two auxiliary steel tubes that in turn where connected to an 
actuator (see Fig. 2).  
 

 
 

Fig. 2: Experimental setup of the experiment used during the cycling tests. 
 

Specimens DC1 to DC5 were subjected to a loading pattern that consisted in successive cycles of 
increasing amplitude, starting from 0.4 mm and increasing 0.4 mm each cycle, as shown in Fig. 
3. Each specimen was subjected to a different number of cycles, and thus suffered a different 
level of damage Dᵢ as shown in Table 1. 
 

 
 

Fig. 3: Load Pattern applied to specimens DC1 to DC5. 
 

Table 1: Number of cycles and maximum displacement reached by specimens DC1 to DC5. 
 

Number of cycles 1 2 3 4 5 6 7 8 9 10 11 12 13 
Maximum 
displacement (mm) 

0.4 0.8 1.2 1.6 2 2.4 2.8 3.2 3.6 4 4.4 4.8 5.2 

DC1 (Dゃ) X X            
DC2 (Dや) X X X X X X        
DC3 (Dゅ) X X X X X X X X      
DC4 (Dゆ) X X X X X X X X X X    
DC5 (Dょ) X X X X X X X X X X X X X 
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4. NDT methods 
 
For both NDT methods, an inspection test was performed before the mechanical test, just 
corresponding to the undamaged or baseline specimen named as Dも. The inspection was repeated 
after the cyclic test (i.e. when the plate was damaged) for specimens Dᵢ (inspected specimens). 
Measurements obtained in both cases, undamaged one, D0, and damaged ones, Di, were 
compared for each damage level. 
 
4.1 Ultrasonic inspection test (UT) 
UT test basically consisted in the transmission of an ultrasound wave along the thickness of the 
specimen following the standard ISO 16823:2012 [3]. For each specimen, UT test was 
performed at 4 different points as shown in Fig. 4. These points are located in the region where 
the struts underwent plastic deformations. 
 

 
 

Fig. 4: Locations were UT was performed on DC specimens. 
 

A pulse of 100V of peak amplitude and 0.8 μs of duration was used as input signal. Output 
signals were suitably preprocessed in order to isolate the first part of the waves (Main Wave) 
which is supposed to be free of reflections and less affected by distortion. 
 

 
 
Fig. 5: Left: UT signals versus time, corresponding to 3rd test on point 2 of damaged specimen 

DC1 (D1). Right: Main Wave (MW). 
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4.2 Metal magnetic memory test (MMM) 
MMM inspection test consists on measuring the intensity of self-magnetic leakage field Hp 
produced when dislocation and heterogeneity of material structure take place in a metallic 
element. Damage occurred in material is related to the longitudinal gradient of intensity dHp/dx. 
Tests were performed using two measurements trajectories on each face: vertical (V1 and V2) 
and horizontal (H3 and H4) as shown in Fig. 6. Only the portions of gradient curves 
corresponding to struts and unions strut-flange, on vertical and horizontal trajectory, 
respectively, were taken into account. 
 

 
 

Fig. 6: Left: Trajectories of MMM tests. Right: Magnetogram of DC3 along the V1+V2 
trajectory. 

 
 

5. Damage Index 
 
5.1 UT damage index 
The Fast Fourier Transform (FFT) was applied to the MW of the output signal in order to obtain 
its frequency spectrum. Thus, the spectrum of MW shows a central frequency around 1 MHz 
whose magnitude is referred as Spectral Amplitude (As). Once AS is calculated for each 
specimen as the average over the 4 points of measurements, UT Damage Index, named as ΔA, is 
defined as: 
 ∆�� = ��,0 − ��,�              (1) 

 
where As,0 is the value for the undamaged specimens, and As,i is the value for the inspected ones, 
whose damage is being evaluated. 
 
5.2 MMM damage index 
The area under the gradient curve dHp/dx, named as Gradient Energy (Eg), was calculated, and 
MMM Damage Index was defined as: 
 ����/��,� = ��,0 −  ��,�             (2) 

 
where Eg,0 is the value for the undamaged specimens, and Eg,i is the value for the inspected ones, 
whose damage is being evaluated. 
 
 
6. Damage Index ID 
 
UT and MMM damage indexes proposed in this paper were compared with the mechanical index 
ID proposed by Benavent-Climent [1]. The ID is based on the mechanical deformation energy 
calculated from the load-displacement curve, V-δ, obtained from the cyclic tests. A detailed 
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explanation of this method can be found in Benavent-Climent [1]. Table 2 shows the ID values 
for all the five specimens. 
 

Table 2: ID values obtained for specimens DC1 to DC5. 
 

Specimen DC1 DC2 DC3 DC4 DC5 
ID Values 0.016 0.166 0.352 0.646 1.034 

 
 
7. Results 
 
It can be clearly seen in Fig. 7 how the mean values of As parameter decreases as the damage 
level increases, which confirms its sensitivity to the presence of plastic deformations in the 
specimens. A relevant standard deviation between the four measurement points is also observed, 
which reflects that plastic deformation does not occur homogeneously along the specimen. 
The relationship between the UT damage index and the ID mechanical index follows a parabolic 
trend, and agrees with true strain-stress curves commonly used to characterize the strain 
hardening of steel [4]. This means that UT damage index reflects the true stress produced in 
material due to plastic strain. 
 

 
 

Fig. 7: Left: UT parameter As vs Damage Levels. Right: UT Damage Index ΔA vs Mechanical 
Damage Index ID. 

 

 
 

Fig. 8: MMM Damage Index EdHp/dx vs Mechanical Damage Index ID. Left: Vertical Trajectory, 
Right: Horizontal Trajectory. 

 

310



Meanwhile, the Fig. 8 shows a good correlation between MMM damage index and the 
mechanical damage Index ID, especially for horizontal trajectory (H3+H4). This fact also 
confirms that MMM damage index proposed, EdHp/dx, can estimate accurately the true strain 
produced in material, and thus its damage level. 
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