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Abstract: The paper deals with the self-defending capacity of buildings and structures against earthquakes. The idea of this concept 
comes from Hooke’s Law of elasticity published in 1678. The original deterministic concept was converted, with the aid of reliability 
analysis, into a probalistic form. In this way seismic resilience covers a larger field of random phenomena and becomes directly 
involved in more engineering applications.  
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1. Introduction 

Earthquakes are unpredictable geological 

phenomena. They did occur on the planet much before 

any kind of life. Conscious human, the so called homo 

gravitas, not only adapted to that natural hazard when it 

appeared, but even took some advantages of 

earthquakes [1]. Often the fallen or disclosed rocks 

were used as shelters, and the newly created springs of 

fresh or thermal waters gathered around communities 

of ancient people. Later, coals, crude-oil and metals 

became available after earthquakes. It is no wonder that 

nowadays, in the twenty-first century, many seismic 

areas of the world are overpopulated. It is, for instance, 

the case of Japan, Indonesia, large territories from 

China and India, Turkey, Greece, Italy, Romania and 

California. Bucharest, for instance, is the European 

Capital with the highest PGA = 0.30 g.  

The cause of earthquakes was searched for long ago. 

In 1687 Newton published the second law of motion 

generated by force [2]. In 1825 Jacobi discovered the 

mathematical jerk consisting of force with acceleration 

variable in time [3]. Jerk is measured in N/s and thus it 

essentially differs by the impulse of force which is 

defined in Ns. In 1936 Beles proved that the motion 

caused by jerks consists of two translations and one 

rotation, all three components being reported to the 
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intrinsic axes of reference. He was the one who named 

the earthquakes as successions of jerks. Finally, in 

1965 Timoshenko presented his theory on structures 

subjected to earthquakes [4].  

The accelerations developed during earthquakes at 

the ground level and recorded by seismic stations in 

real time are supplying valuable information about 

jerks. For instance, the acceleration recorded for the 

EQ that occurred in 1977 in Vrancea, Romania, 

suggestively displays its particular development with 

climax and long lasting of 62 s (Fig. 1). By derivation 

of that acceleration, the diagram of seismic jerk was 

obtained (Fig. 2). It is observed that the jerk climax 

occurred with 11 s less than the climax of acceleration. 

Also, it is worth to observe that, at the end of the 

seismic motion, a jerk with 25 m/s3, which means 30% 

of the maximum value reached, was recorded. 

The twenty-first century differs much by the former 

one. There are now two main problems: (1) The 

dramatic increase of population that looks like loss of 

control [5]; (2) Proper use of the advanced technologies. 

Due to AI some technologies have reached high levels 

of development and are asking for higher financial 

support. Among the objectives of that second point is 

the concern regarding the self-defending capacity of 

buildings against earthquakes. The subject is so much 

more important as the damages caused by earthquakes 

might take nowadays proportions that can not be kept 

under control. That explains the high interest for this 
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subject [6, 7]. 

2. Hooke’s Law on Elastic Bodies 

Stephen P. Timoshenko (1878-1972) was Professor 

of Theoretical and Engineering Mechanics in Stanford 

University (Fig. 1). In his book Strength of Materials, 

published in 1930, he presented Hooke’s Law of elastic 

bodies obtained by direct experiment [8]. In 1678 

Hooke’s paper “De PotentiaRestitutiva” or “Of Spring” 

was published in London. Timoshenko also mentioned 

in his book that the greatest amount of strain energy per 

unit volume, which can be stored in a bar without 

permanent set, is: 
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and mentioned that sometimes it was called modulus of 

resilience. In his practical style, Timoshenko even 

presented a table with the numerical values assumed  

by the parameters of five materials like structural  

steel, tool steel, copper, oak and rubber for density, 

modulus of elasticity, elastic limit of the material, 

strain energy per unit volume and strain energy per unit 

mass. Therefore, the word resilience is defined as a term 

belonging to the deterministic concept. That means a 

single input produces a unique output. It involves 

something that happened and does exist post-factum, 

inspiring confidence. According to Hooke himself, it is 

something that is restituted, after it has been recovered, 

to body’s initial and original state of rest. In other words, 

there is a binary mechanical phenomenon composed by 

a removal in the first step followed by a restoring in the 

second and last one. In these conditions, in mechanics at 

least, the author of resilience as term and meaning 

remains Robert Hooke [9].  

 

 
Fig. 1  Max acceleration 2.06 m/s2 < PGA = 0.30 g = 3.00 m/s2 @ t = 13 s.  

 

 
Fig. 2  Maximum jerk 79.29 m/s3 at t = 24 s.  
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Fig. 3  Stephen Timoshenko.  
 

3. Newton’s Law on Mutual Actions 

Stephen W. Hawking (1942-2018), is the author of 

the Grand Unification Theory, a theory that unifies the 

electromagnetic, strong and weak forces, which he 

published in 2001. In the next year, under his 

supervision, he published the biographies and works of 

five giants of science [2]. With that occasion the life 

and original work of Sir Isaac Newton (1643-1727) 

became available. The Mathematical Principles of 

Natural Philosophy, published in London in 1687, 

contains at the beginning axioms or laws of motion, but 

only of the rectilinear one. Law I is devoted to inertia 

of bodies, Law II to impressed force as cause of the 

rectilinear motion, and Law III to mutual actions. This 

last law, the third one, is deterministic because one 

action corresponds to a single reaction. It is of 

particular interest to study resilience. There are four 

conditions to which the Law III is applied: (1) the two 

actions of identical magnitudes to be collinear; (2) 

opposite as senses; (3) to simultaneously act, and; (4) 

to be applied on the same point. As long as the four 

requirements are fulfilled, the mechanical state of the 

couple of mutual actions will be at rest. Therefore, 

Newton’s Law III appears as a law of equilibrium: The 

very special equilibrium at the limit state between rest 

and motion. This is why the Law III is of practical 

interest. To facilitate the analytical analyses, the 

degrees of freedom, consisting of displacements and 

rotations, were introduced. There are 3 DOFs in plan 

and 6 DOFs in space. Although accurate and 

comprehensive the law is limited to its initial 

conditions. It seems Newton himself felt the need to 

extend the third law and immediately presented his first 

corollary. Strictosensu corollary means consequence.  

4. Newton’s Corollary 

“A body by two forces conjoined will describe the 

diagonal of a parallelogram. In the same time that it 

would describe the sides, by those forces apart.” 

Shortly, this is the well-known “rule of parallelogram.” 

Therefore, if the Law III consists of one action A


 and 

another one reaction R


, both collinear, the first 

corollary appears as an extension of the Law III. There 

are two actions A


 and B


, both directed along on a 

parallelogram side, together with the reaction R


, 

directed along the parallelogram diagonal as resultant, 
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and all three as conjoined forces. Consequently, the 

binominal equation under vectorial form does subsist: 

RBA


               (2) 

As long as the equality between the left and right 

sides of this equation persists the body is in equilibrium, 

at rest, according to Theorem of Varignon (1687). This 

simple application remains valid even when in the 

same point it would conjoin more than two forces. 

5. Principle of Complementarity 

Physically speaking, the two terms in Eq. (2), A


 

and B


 are of the same nature, therefore they match 
together. That means the equation is homogeneous. In 

some proportions the two vectors are parts of the same 

active whole, while vector R


 is reactive. By dividing 
each term of Eq. (2) with the right member one obtains 

the non-dimensional equation: 

1 RBRA


            (3) 

that generates the following two relations between the 

active components: 

RBRA


1  and RARB


/1  (4, 5) 

Eq. (3) that defines a binary phenomenon consisting 

of two components, was conventionally called 

Principle of Complementarity. In the modern history of 

science, the Danish physicist Niels Bohr, prized with 

Nobel in 1922, mentioned that in the year 1928 he used 

this principle in his scientific work at an atomic scale. 

In the case of Hooke’s Law, since the body’s elasticity 

is perfect, removing and restoring actions are of the 

same amount and that means 0.5 + 0.5 = 1.0. During a 

long history of more than three centuries, for the 

restoring action the term of resilience was often used, 

this becoming even a consecrated term.  

The problem is that the expression “seismic 

resilience”, frequently used during the last years in 

different publications and also adopted as a title for this 

paper, looks paradoxical. Seismic is essentially a 

probabilistic notion while resilience a deterministic one. 

In these conditions they can not be used together in the 

same expression with the principle of complementarity. 

One of the two terms should be accordingly converted, 

and that one definitely is resilience. The adjective 

seismic refers to earthquakes which are indubitable of 

probabilistic nature.  

6. Seismic Risk 

For a typical structure with SDOF S. P. Timoshenko 

presented a coherent and elegant theory to find the 

maximum value of seismic amplitude. His theory, 

based on the law of impulse conservation, was easily 

understood and enthusiastically spread among 

scientists. Unfortunately, his theory has not received 

the chance to save lives and goods from the orgy of 

earthquakes as it would have deserved. In that period of 

twentieth century an agony of replacing at any cost the 

deterministic concept of analysis with the probabilistic 

one has haunted the scientific world. It was, however, 

the time when happily the mathematical theory of 

reliability was extensively developed. Ironically, even 

Timoshenko’s Stanford University in California was 

strongly involved in those transitions [10]. 

In fact, the nature of the above discussed binary 

phenomena is not at all altered by replacing the 

deterministic approach with the probabilistic one. The 

new terms used are only accordingly adapted. For 

instance, the elastic deformation becomes an elastic 

risk because the amount of deformation is 

unpredictable. In addition, the risk of deformation can 

also include dislocations and other types of motion as 

those non-elastic. As concerns the restitution and 

resilience they can be identically named in both the 

approaches, deterministic and probabilistic. 

Unfortunately, regarded from the perspective of 

seismic engineering, the theory of probability is too 

broad and general. On the contrary, the theory of 

reliability, in which the occurrence of probabilistic 

events is limited between two consecutive failures, 

seems much more appropriate for seismic analyses. 

This is why some results obtained by the seismic 
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reliability analysis are used as follows. For instance, 

three scientists from two universities of Rome, Italy, 

proposed for seismic risk the function: 

diiP
ds

dH
P ff )(

0


          (6) 

where the hazard function assumes the form: 

 yearsSSH aaa 1Pr)( :       (7) 

and the probabilistic expression of seismic fragility is: 

 dFifiP CDf )()()(
0


 ,      (8) 

where i stands for the generic intensity measure 

selected and α is the mean annual rate of events [11]. 

This is only one mathematical model for the function 

of seismic risk. Reliability is a generous branch of 

probability that offers chances to build up more types 

of models. By using appropriate mathematical tools, 

we are able to consider all kinds of inputs from seismic 

actions, like seismic jerks e.g., to the most important 

structural parameters. 

Some decades ago, such an expression for seismic 

risk was exclusively devoted to scientists allowing 

them to control the phenomena that occur during 

earthquakes, even much before they were produced in 

reality. The predictive or anticipative attributes of 

seismic resilience were well known for long. Since the 

restituted works are completed at rather high costs, 

they also should be considered in analysis. This is why 

all the provisions of ISO 2394 were built up on 

reliability concepts. Seismic resilience proved also of 

interest for reliability assessment and plausibility check 

according to ISO 13822:2010. Particularly, this ISO 

was successfully extended to cultural heritage at the 

special request of ICOMOS-Iscarsah to which the 

author belongs as an expert member since 1999.  

Now, regarding the function of seismic risk fP  as it 

was defined by Eq. (6) as an unreliability function, 

from the fundamental law of reliability, according to 

that the reliability and unreliability are complementary 

functions, one finds the expression of seismic 

reliability relR  as: 

frel PR  1 .            (9) 

7. Seismic Resilience  

In the reliability analysis, the function of seismic 

resilience resR  is unknown yet, but it is well matching 

with the function of seismic risk defined above by Eq. 

(6). According to the principle of complementarity, one 

obtains:  

fresfres PRPR  11     (10) 

By comparing eqs. (9) and (10) one concludes that: 

relres RR              (11) 

namely the seismic resilience and seismic reliability 

are identical. Physically, this result is perfectly true. A 

single and natural phenomenon is expressed by two 

different thinking concepts, one deterministic and 

another probabilistic. Both have the same mechanical 

value and also the same meaning: confidence. The 

probabilistic concept, however, confers to the term of 

resilience, a much larger opening towards additional 

phenomena caused by earthquakes.  

The last question is which of the two terms, 

resilience or reliability, is more entitled to be used in 

scientific communications. The answer is definitely 

resilience because it is based on the deterministic 

concept. In this concept always:  

211               (12) 

and never otherwise, what not happens 

probabilistically. The human mind was shaped for 

deterministic thinking only. The probabilistic concept 

is only a supporting tool which is often very useful, but 

is not implanted in the human genetic program.  

Since the First Order Reliability Methods, FORM, 

was launched, they have been significantly extended 

and refined. Now most of the reliability evaluations 

carried out in the frame of structural reliability theory 

are based on those advanced methods. Commercial 

computer codes have been also developed for FORM 
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analysis. The methods are widely used in engineering 

practice, as well as for code calibration purposes.  

8. Study Case 

The Orthodox church Cashin in Bucharest was 

designed by the architect D. Ionescu-Berechet during 

the years 1935-1936. Its structure was erected in less 

than seven months, between 23 August 1937 and 15 

March 1938 while the rest of construction works were 

completed on 15 November 1938. The contractor was 

the National Society for Civil Engineering in Bucharest 

directed by Liviu Ciulei, Aurel A. Beles and Toader 

Mihail. The Italian master Luigi Cora was the designer 

and supervisor of foundation works. The church was 

designed according to the traditional three-lobed plan 

[12]. Two golden ratios were identified by the technical 

expert, one horizontal, in the transverse direction, and 

another vertical, in the longitudinal plan of symmetry. 

The structural system consists of a spatial frame of RC 

that supports the main steeple, Pantokrator, together 

with the complementary four smaller steeples. The 

church was closed with thick walls of solid brick 

masonry and pure lime mortars in such a way to work 

independently by RC members. Therefore, 26 years 

before the Venice Charter in 1964, masonry and RC 

were supposed as not matching together. To the strong 

earthquakes of twenties century that occurred in 

Bucharest on November 10, 1940 and March 4, 1977, 

the church behaved like a well-balanced solid body, 

without presenting apparently structural damages. In 

January 2013, after 75 years of a fluent service, a 

severe accident occurred. Following some water 

infiltrations in foundation soil, probably from a nearby 

out of order sewer, an overall settlement unexpectedly 

occurred. Fortunately, the event almost immediately 

ceased. Submitted to permanent observations, any 

additional deformations were not recorded. The 

underground of the church has remained in observation 

and is periodically inspected. Also, the collection of 

pluvial water around the church was carefully put 

under control. However, none structural interventions 

of reinforcing were yet started. According to the 

Expert’s Report, on the basis of National Code of 

seismic protection P100-3/2008, the seismic risk was 

evaluated to be 65% [13]. According to the Principle of 

complementarity, the seismic resilience assumes the 

value of 35%. That means the structural interventions 

are unconditionally necessary [14].  
 

 
Fig. 4  Cashin Church.  
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9. Durability 

The function of seismic resilience can be further 

used for the analysis of the durability as requested by 

the clause 2.5 of Eurocode 1. The durability of a 

structure is its ability to remain fit for use during the 

design working life given appropriate maintenance. 

For such an analysis the durability is defined by the 

function: 





o

dttF )(           (13) 

where, in the general case, reliability assumes the 

expression: 




t

o
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         (14) 

where in this case λ(t) is the function of risk. The 

analysis is based on two laws of happening established 

by Georges-Louis Leclerc, Comte de Buffon: (1) 

Something and something and something..., and (2) 

Something or something or something... as well as two 

principles: Safe life, and Fail safe. The results of such 

kind of analysis can be of great practical interest [15]. 

10. Conclusion 

Seismic resilience is the self-defending capacity of 

buildings against earthquakes. This conclusion was 

disclosed, with the help of Timoshenko, from Robert 

Hooke’s Law of elasticity. The paper succeeded a 

conciliation between the two thinking concepts used in 

Civil Engineering, the deterministic and probabilistic 

ones. It was the theory of reliability that allowed the 

mediation between the two ways of thinking by 

showing that the complementarity principle equally 

applies to both concepts. Consequently, resilience and 

reliability proved to be essentially identical in meaning. 

A comfortable continuity in perception of engineering 

phenomena was obtained in this way. Earthquakes are 

also disconnecting people from their usual links in 

which they were even unconsciously accustomed. 

Since the human perception is very scattered and 

subjective, that may cause panic, chaos, fear, confusion. 

Seismic resilience is mirroring the truth like in Plato’s 

philosophy and comes in time to alleviate that 

discomfort. It allows reconstituting the past and also 

foreseeing the future. By presenting the self-defending 

capacity of buildings against earthquakes, seismic 

resilience allows taking sound decisions as requested 

by ISO 13822:2010, and naturally, by the National 

Codes devoted to seismic protection. 
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