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The paper ‘‘State-of-the-art of research on seismic pound-

ing between buildings with aligned slabs’’ (by Kharazian

and López-Almansa) has recently been published in the

journal of Archives of Computational Methods in Engi-

neering (see [1]). It can be considered as a kind of con-

tinuation of previous ‘state-of-the-art’ publications,

including two papers [2, 3] and a book [4]. Unfortunately,

the paper contains a number of misleading or wrong

statements as well as mistakes. These errors are discussed

and/or corrected below in the order they appear in paper

[1].

It is a kind of misunderstanding to consider the classical

theory of impact (stereomechanics) as a case of ‘concen-

trated masses connected by a spring with infinitive stiff-

ness’, as described in [1]. Actually, the classical theory of

impact is based on the laws of conservation of energy and

momentum and does not consider stresses and deforma-

tions in the colliding elements during impact. It is focused

only on determination of velocities of colliding elements

after collision without tracing structural response during

impact (see [5] for details).

Equation (6) is wrong and its correct form is (see [6]):

F ¼ kðx1 � x2 � dÞ þ cð _x1 � _x2Þ if x1 � x2 [ d

F ¼ 0 if x1 � x2 � d

Equation (9) and two equations at the top of page 7 were

proposed in [7]. Equation (9) had originally slightly dif-

ferent form, i.e. (compare [7]):

F ¼ kðx1 � x2 � dÞ þ cð _x1 � _x2Þ if _x1 � _x2 [ 0

F ¼ kðx1 � x2 � dÞ if _x1 � _x2 � 0

Equation (10) is wrong and its correct form is (see [8]):

F ¼ �bðx1 � x2 � dÞ3=2 þ �cð _x1 � _x2Þ if _x1 � _x2 [ 0

F ¼ �bðx1 � x2 � dÞ3=2
if _x1 � _x2 � 0

where �b [N/m3/2] is the impact stiffness parameter of the

non-linear viscoelastic model [instead of k [N/m] which is

stiffness of the Kelvin–Voigt model defined in Eq. (6)] and

�c is the non-linear impact element’s damping [which is also

different than damping c used in the Kelvin–Voigt model

defined in Eq. (6)].

That is not true that the objective of the non-linear

viscoelastic model, proposed in [8], is ‘to eliminate the

jumps that appear in the modified Kelvin–Voigt model at

the beginning and the end of the contact’. Actually, the aim

of the non-linear viscoelastic model is to simulate pound-

ing force during impact more precisely comparing to the

normal (not modified) Kelvin–Voigt model (see [8] for

details). That aim is obtained by applying a non-linear

spring following the Hertz law of contact which more

accurately simulates the relation between force and

deformation. Additionally, a non-linear damper is activated

only during the approach period of collision in order to

simulate the process of energy dissipation which takes

place mainly during that period [5].

Equation (11) is wrong and its correct form is (see [9]):

F ¼ ðx1 � x2 � dÞ3=2
kh þ fð _x1 � _x2Þ½ � if x1 � x2 [ d

F ¼ 0 if x1 � x2 � d

where kh [N/m3/2] is the impact stiffness parameter of the

Hertzdamp model [instead of k [N/m] which is stiffness of

the Kelvin–Voigt model defined in Eq. (6)] and:

f ¼ 3khð1 � r2Þ
4ðv1 � v2Þ

where v1 � v2 is the relative approaching velocity (see [9]

for details).

It is difficult to agree with the sentence that ‘the models

based on the Hertz contact law are not adequate, since that

law was derived for elastic contact between balls’, as
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described in [1]. On the contrary to the above statement,

the results of the analyses (see, for example [8]) indicate

that the non-linear Hertz elastic model can be very effec-

tive in modelling earthquake-induced structural pounding

when the loss of energy during collisions is not so signif-

icant. Moreover, in such cases (due to its non-linear rela-

tion between force and deformation) it can be even more

accurate than the linear Kelvin–Voigt model (see [8]).

It is also difficult to agree with one of the conclusions of

the paper [1] that ‘in pounding simulation, it is basically

suggested to utilize the normal Kelvin–Voigt model’. Well,

the truth is that the normal Kelvin–Voigt model is a simple

and quite accurate one. It can also be easily implemented in

the computer programs. It should be underlined, however,

that the linear relation between force and deformation,

assumed in the model, is not fully consistent with the

reality and, moreover, a model produces a negative impact

force just before separation which does not have a physical

explanation [5]. In order to eliminate the above short-

comings, more precise models, including non-linear vis-

coelastic model and Hertzdamp model (both described also

in [1]), have been proposed. These models allow us to

obtain more accurate response time histories of colliding

structures under earthquake excitation (see, for example,

the results of comparisons shown in [8]), although they

require more efforts to be implemented in the computer

programs.
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1. Kharazian A, López-Almansa F (2017) State-of-the-art of research

on seismic pounding between buildings with aligned slabs. Arch

Computat Methods Eng. https://doi.org/10.1007/s11831-017-9242-

3

2. Anagnostopoulos SA (1995) Earthquake induced pounding: State

of the art. In: Proceedings of the 10th European conference on

earthquake engineering on 28.08-2.09.1994, Vienna, Austria,

pp 897–905

3. Cole GL, Dhakal RP, Carr AJ, Bull DK (2010) Building pounding

state of the art: identifying structures vulnerable to pounding

damage. In: 2010 NZSEE conference on 26-28.03.2010, Welling-

ton, New Zealand

4. Jankowski R, Mahmoud S (2015) Earthquake-induced structural

pounding. Springer, Switzerland. https://doi.org/10.1007/978-3-

319-16324-6

5. Goldsmith W (1960) Impact: the theory and physical behaviour of

colliding solids. Edward Arnold, London

6. Anagnostopoulos SA (1988) Pounding of buildings in series during

earthquakes. Earthq Eng Struct Dyn 16:443–456

7. Jankowski R, Mahmoud S (2011) Modified linear viscoelastic

model of earthquake-induced structural pounding. Iran J Sci

Technol 35(C1):51–62

8. Jankowski R (2005) Non-linear viscoelastic modelling of earth-

quake-induced structural pounding. Earthq Eng Struct Dyn

34(6):595–611

9. Muthukumar S, DesRoches R (2006) A Hertz contact model with

non-linear damping for pounding simulation. Earthq Eng Struct

Dyn 35(7):811–828

123

532 R. Jankowski

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s11831-017-9242-3
https://doi.org/10.1007/s11831-017-9242-3
https://doi.org/10.1007/978-3-319-16324-6
https://doi.org/10.1007/978-3-319-16324-6
http://mostwiedzy.pl

	Letter to the Editor: Discussion on the Paper ‘‘State-of-the-Art of Research on Seismic Pounding Between Buildings with Aligned Slabs’’
	Open Access
	References




