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Protection of Civil and Industrial Environment Against Explosions  of
Pressure Vessels: Sitting and Layout of Safety Barriers

Egidijus Rytas Vaidogas
Vilnius Gediminas TechnicaUniversity, Vilnius, Lithuania

Abstract

Protection of built environment in cities and industrial facilities against the
hazard of pressure vessel explosions is considered. Timain attention is
focused on bursts of vessels used for storage and transportation of liquefied
gasses. The risk posed by fragments of exploding tanks is analyzed as the
farthest reaching damaging effect of these accidents. It is studied how to
reduce or diminate this risk by means of safety barriers build in the vicinity

of vessels posing the hazard under study. Sitting and layout of barriers made
of reinforced concrete are considered. It is proposed to design these barriers
as cantilever walls allowing b provide protection at the lowest cost. A
procedure developed for dynamic analysis and dimensioning of a barrier is
suggested. The key input information for this procedure is a sample of values
of vessel fragment impact velocities and masses obtained byeans of a
stochastic simulation. Findings of this study can be applied to all situations
where pressure vessel can get into fire and explode. Examples of such
situations are tank stations with aboveground gas cylinders, roadside
territory in road and rail way transportation, sites of facilities used to store or
transship liquefied gasses.

Keywords: safety barrier, explosion, pressure vessel, liguefied gas, risk.

1. Introduction

Pressure vessels are widely used in industry, agriculture and even in urban
environment. They are undoubtedly very useful and sometimes indispensable parts
of technological equipment that provides services to industrial facilities and general
public. At the same time pressure vessels are hazardous objects that can explode for
a variety of causes. One of the most dangerous explosions can occur when a pressure
vessel will emerge in an external fire. External heating can cause the-called boiling
liquid expanding vapour explosion (BLEVE) (e.g., Mannan, 2014). Bursting of vessel
in the course of BLEVE will lead to ejection and projection of fragments (parts of
vessel body). They are the furthest reaching hazard of BLEVE (T. Abassi & $\bbasi,
2007). The present study is devoted to a design of safety barriers that can stop vessel
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fragments ejected during such events as BLEVESs. The key idea is to design an
economical protective structure that will be sacrificed in case of a fragment impact.
The gap of knowlelge addressed in this study is how to compose and reinforce a
reinforced concrete (RC) element that will serve as a protective wall. Methods
developed for analysis of barrier intended to protect against rock fall boulders are
adapted to the case of the frgment impact (Lam et al., 2018ab; Sun et al., 2017; Yong
et al. 2020ab). This adaptation is seen as the main added value of this study.

2. The Safety Problem Under Study

The prevailing population of pressure vessels are containers used to store and
tranship such flammable liquefied gasses as LPG and LNG. The most visible place of
urban environment where aboveground pressure vessels can be encountered are
petrol stations (Figurel). These objects are relatively safe. However, occasionally
fires and explosims happen in them (ARIA, 2009). Explosions are provoked most
often during operations fuel unloading from a road tanker to tanks of a station (Park
etal., 2006). Even the LPG pressure vessels built underground can undergo
explosions (Ding etal., 2013). Paol fire or jet fire impinging an aboveground vessel
can provoke a BLEVE. One of the hazards posed by BLEVE is-kiggrgy fragments
ejected during pressure vessel disintegration. They can flight long distances and cause
severe damage to objects of civilral industrial environment.

The vessel disintegration in the course of a BLEVE indicates some regularity in terms

of fragment shapes and failure (cracking) patterns (Vaidogas, 2021a). This allows to
predict ejection velocities and masses of most dangerousfjments, namely, enecaps

and oblong endcaps of exposing vessels. This information opens up a possibility to
design safety barrier that could stop the projection of fragments. Companies running
petrol stations with above-ground pressure vessels are awaref the hazard of vessel
explosions and the need to protect surrounding territory of the stations by providing
OAZAOU AAOOEAOO8 41 OEA AAOGO 1T &£ 100 EITI x
AuUAdh OEAO EOh xEOEI OO ADDI wEd ¢ dydamd OE
mechanical analysis and structural design. These activities have resulted in strange
design solutions when the barriers were built in the form of unreinforced masonry

walls that were not anchored in their foundations (Figures 2 and 3). Sh walls
provide some minimum protection against flying fragments; however, unreinforced
masonry can hardly sustain severe horizontal actions of impact by vessel fragments.

11
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Figurel. LPG pressure vessels in petrol stations: above: unprotected pressure
vessels, below: pressure vessels protected withar®@ AT AAT AA § AOOET 06
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Figure 2. Unreinforced masonry wall built at the end of a pressure vessel used in a

pujine B
degaliné

Figure 2. Two photos of a strange masonrgtructure built as a protective barrier in a
PAOOI T OOAOEITT j AOOET 060 PET O1 0Q

The present study is aimed at providing recipes for the design of a safety barrier
produced and constructed as a precast RC element and capable to stop most
dangerous flying pars of a pressure vessel that can undergo such explosions as
BLEVE. Prediction of properties of impacting fragments has been considered in out
earlier works (Vaidogas, 2021ab).

3. Proposed Method for a Protection Against Fragments From Explosions of
Pressure Vessels

3.1. Conceptualisation and Dimensioning of the Safety Barrier

A natural design solution of a protective barrier is a cantilever properly anchored in
the soil. The shape of the horizontal section of the barrier can essentially influence the
resistance of the barrier to fragment impact (Figured). The general rule is that the
larger is the moment of inertia of the horizontal section the larger is resistance of the
AAOOEAO8 ) 10 EQBDRAQG-sidfethnAibrs are preferable to an-shaped
barrier. On the other hand, the 4shaped barrier will occupy lesser space and will be
cheaper to produce and erect.

13
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H<: O |e=c i><<:::3

%Jlaﬂ_nglﬁ_ng!:g!m

(a) (b) (c) (d)

Figure 4. Possible configurations of safety barrier: (a) | section, (l) | section with L
shaped vertical section, (cgt  OA AdDEA THAAOET |

The design of the 4shaped barrier must start from the choice of the height and the
length b of the cantilever wall (aboveground portion of the barrier) (Figure 4a). The
values ofh and b should minimise the possibility that the fragment of pressure vessel
will pass by the barrier. Endcaps and oblong enetaps of exploding pressure vessels
are ejected not necessarily along its principle axis (e.g., Mannan, 2014). The overall
dimensions h and b should not be very large if the barrier will be positioned close to
the vessel endpoint as shown in Figurda. These dimensions can also be determined
by the space available for barrier construction ad/or configuration of technological
equipment around the vessel to be isolated by the barrier.

We think that the most economical solution of the barrier is a simple,-shaped
cantilever wall that can be produced as a precast RC structure. As pressure vésse
explosions are relatively rare events, it makes sense to design and build such a barrier
as a sacrificial structure. | should be possible to reposition this precast element when
the protection of surroundings of an individual vessel will no longer be regjred.

3.2. Design of the Sacrificial Wall of the Protective Barrier

The attempt to design and build a cantilever RC wall that fulfils its protective function
and is as cheap and easy to construct as possible leads to the concept of a sacrificial
barrier (Linkute et al., 2013). The cantilever wall can be designed to undergo a
flexural failure at the base of the wall in consequence of a fragment impact. The
section should be allowed to sustain foreseeable degree of damage, provided that the
impacting fragmert will be stopped. The damage can be expressed by the deflection
D demanded by the impact (Figureb). Geometrically values of the deflectiono can
range between zero and the height of cantilever walh (Figure 5b). A principal limit

of D is the deflection at the yield point, B, (Figure 5a). Yielding of the tensile

reinforcement in consequence of a fragment impact will cause irreparable damage to
the cantilever wall, because the main reinforcement will be lost in essence. Thus

14
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the barrier.

A design of the barrier for a deflection significantly exceeding the yield limit3, is

possible in theory and logically justified. However, excessively large figmations of
the wall can provoke a failure of barrier foundation. Moreover, excessively large
deformations well beyond the yield limit can be difficult to predict with a sufficient
precision. For instance, the bond of reinforcement with the concrete cae lost in the
zone of maximum damage.

In a highly specific case the deflectiorD can be limited by a critical value,;, related

to prevention of a domino effect. It can be caused by an impact of falling walh
adjacent technological equipment (Figuréc). In this case the tolerable value ofb
will be determined by a local configuration of potential targets with respect to the
vessel that can undergo an explosive fragmentation.

3 sy 3l 3y
—Pl /K —Pl /1/47 4’1 3= it ’47
Rest position of ;---, 3=h -

fragment upon impact |
I E )
(@ (b) (c)

Figure 5. Deflections of the cantilever wall related different degrees of impact damage
to the barrier: (a) deflection O in the region of the yield limit B, (b) deflection D

exceedirg the yield limit B, or corresponding to a full collapse of the wall, (c)

deflection limited by a critical value R, at which a domino effect can occur
The design of a barrier wall, the deflection of whichp, will be close to but not exceed
the yield limit 3,, seems to be a compromise between an economical solution and

possibility to predict barrier response to the fragment impact with sufficient
precision. Inthe case that D approaches 5, , the section will be allowed to undergo

cracking and reinforcement yielding and to arrive at an economical design. A fully
cracked section at the bottom of the wall will remairelastic if M., <M SM, , where M

is the bending moment shown in Figurés, M, is the cracking moment andM, is the
yield moment. A simplified method for calculation ofM, and O was suggested by
Priestley et al. (2007) and Yong et al. (2020b):
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M, =0,80A, f, 0.9d; (1)
D= /1( yed,mfrg Vo Myall (2)

B, = j( yd,hhy,) (3)
where A, is the area of tensile reinforcement,f, is the yield strength of steel andd,
is the effective depth of tensile steel (Figur@). The functions, ,(p and /(9 relate
the deflections D and B, to the input variables of the problem. These funabns and
their arguments are explained in Figureé and AnnexC.
In the present format, the design of a sacrificial barrier will consist in a provision of
the required area of tensile reinforcement,A,, at which the deflection demandp will
be as close as possible to the yield limi), . The closedform expressions relating A,
and other properties of tensile reinforcement to the dections D and B3, are given
in AnnexC.

(a) (b)

- —*F—AY—> }4——d . - —Ay —»‘

Impact point Impact point

= —N

s As As
=
—»] ds—»|
Mere <M <M, Mere <M <M,
Atooting — 5 D 'G g
roun
—» /
‘ - , Top of footing - v level

»

|
Brooting >

efooling Arooting

—_——

Figure 6. Vertical section of a barrier at critical displacement position, expressed by
the value B, : (a) barrier cast on top of aooting, (b) barrier with direct embedment

foundation
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In principle, the deflection D can also be limited by a tolerable deformation of the
wall portion below the ground level. This deformation is characterised by the angle
Gooing @Nd the displacements,;,, shown in Figure6. They should not exceed values

corresponding to foundation failure at the instant of a fragment impact. The
resistance of the barrier portion below the ground level to theimpact action will
depend on the mechanical properties of soil surrounding footing or direct
embedment foundation. However, a detailed geotechnical analysis of barrier support
by the soil was outside the scope of the present study. Tentatively, we willsasne
that the rotational resistance of foundation will be sufficient to idealise the barrier as
a cantilever wall.

4. Example of Safety Barrier Design
4.1. Design Situation and Composition of Barrier

A cylindrical propane storage vessel shown in Figur® is considered. Technical
characteristics of the vessel are listed in Tablg. The vessel can undergo a BLEVE and
a fragment ejected by this explosion can cause damage to the territory located on the
left of the vessel. The territory must be protected by adsrier with overall dimensions
and location specified in Figured. Structural properties of the barrier are listed in
Table2.

0.40
—
s
i
- I )
8
o o
o i o
@« B I 4 2
g7 £ Q — L @
= ¥ ) E
(=] o
@ ]
xS + i, S |
’ L L t
vy
Possible anchorage
against footing failure
140> = 9.26 >
- 10.66 -
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Figure 9. Pressure vessel posing the hazard of a fragment ejection and safety barrier
to be design to protect againsthis hazard

Table 1. Characteristics of propane vessel shown in Figuée

Characteristic Value
VolumeV,, 32.9m3
Diameter D 2.2m
Mass of empty vesselm .. 6871 kg
Mass of 1m cylindrical ring 651 kg/m
Mass of head (enetap) 776 kg
Length of cylindrical part, |, 8.17m
The set pressure of PRVp,,, 2.2 MPa
Specific heat ratio of propaney 1.13

Table 2. Structural properties of the barrier depicted in Figured

Property Value
The height of the cantilever wall,h 3.6m
Thickness of the cantilever wall,d 0.4m
Mass of the cantilever wallm,,,, @ 14 676 kg

18
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Diameter of the vertical reinforcement

N 40 mm

bars

Spacing of vertical bars Has to be determined by calculation, se:
Table 4

The effective depthd, 0.34m

Required area of tensile reinforcement, Has to be determined by calculation, se

A Table 4

Yield strength of reinforcement, f, 545 MPa

Yield strain of reinforcement, e, 0.00273

D rge = 2548 kg/m3

4.2. Information on Fragment Impact Action

The information on the fragment impact is represented by results of a stochastic
(Monte Carlo) simulation of fragmentation and ejection of fragments obtained by the
author (Vaidogas, 2021b). A total of 1@00 simulation runs was carried out. The
simulation has been carried out for the vessel shown in Figu@ It generated a
statistical sample of pairs of masses and velocities of fragments ejected towards the
barrier, (myy;.vq) (i =1, 2, ..., 1000). The pairs(m,; v, ) are illustrated by a scatter

diagram given in FigurelO. Descriptive measures of the simulated samples
{Mgq;,1=1,2,...,1000Cand {v;,i =1, 2, ..., 1000C are given in Table3.
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Figure 10. Scatter diagram of the pairgm;,;.vy) (i =1, 2, ..., 1000)

Table 3. Descriptive measures of the samples consisting of masseg,; and ejection

velocities v, of fragments that can be projected towards the safety barrier shown in
Figure9

th
Characteristics of fragment | Mean Coeff. of variation 95 :
percentile@
Fragment massmg,; @ 2089 kg 40.7 % 3880 kg
Ejection velocity v 33.0 m/s 28.4% 49.1 m/s

wi=1,2,..,1000
(@ See Figurel0

The design of the barrier by applying methods of the structural reliability analysis
would require to utilise information represented by all pairs (m,;.v;) (Vaidogas,

2007). However, the design of the barrier in line with traditional deteministic
methods implemented in such documents as Eurocodes only a part of this
information. Data on fragment massm;, and velocity v, can be expressed by

conservative percentiles, say, 95 percentiles givenin Table3. Thus the required
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tensile reinforcement of the barrier will be calculated for the impact action
characteristics my, =3880 kg andv, =49.1m/s.

It was also assumed that the impact point of the &igment will coincide with the
primary vessel axis and so the impact heighl,,, will be equal to 2.0m (Figure 9).

4.3. Determination of the Required Area of the Tensile Reinforcement

The height of the cantilever wall and length of the barrierh and b, are equal to 3.6n
and 4.0m, respectively. This means that the mass of the cantilever par,,,, , is equal
to 14676 kg (Table2). The 95" percentile of the fragment massmy, is equal to

3880 kg (Table2). This means that the target is heavier than the impactor and the
vessel fragment will rebound from the wall (AnnexB). With the massesm,,, and m

h OEA OAOQEIT ImpachramasehGedbyi AOO O1 E
, -025m,, 0.25° 14676 . o,
Meg 3880

An estimate of the fragment velocity on rebound in the opposite direction has been
obtained by means of Eq:B.3), namely

v, =0.1537 -0.1701vy, ©.1537 G.1701 491 820m/s

According to the considerations given in AnneA, a corservative value of the effective
length, by, must be taken as0.5b =2m. The required area of the tensile
reinforcement, A, will be provided within the length bz =2 m, 1m on each to side
of the wall centreline. The reinforcement ratio of this reinforcement, g, will be

A/(2x0.4) = 1.25A,. The tensile reinforcement withthis ratio should be extended over

the entire length of the wall due to possibility of fragment impact outside the wall
centreline (AnnexA). The required area A, has been calculated by means of the

procedure provided in AnnexC. Results of the calculation are given in Tabld.

Table4. Determination of number and spacing oh 40 mm bars used for the tensile
reinforcement

Number of bars N.A. 20 10 8
Spacing ofn 40 mm bars (mm) N.A. 100 200 250

Area of the tensile reinforcementA, (cm?2) N.A. 251 125.5 | 100.8

Yield momentcapacityMy (MNm) (C.1) 3.35 1.67 1.34

Yield curvature of cracked sectior/,, (rad/m) | (C.2) 0.0116
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Effective flexural rigidity of cracked section,
Elpy (MNmM?2) (C.3) 289 144 116

Effective stiffness of cracked section
Kege 2 105 (KN/m) (C4) |1856 (928 |7,45

Velocity of wall following the impactv, (m/s) | (C.7) 43,3

Coefficient of restitution COF (2) (C.8) 0,714
Deflection demand of the wallo (mm) (C.9) 19.2 |27.2 |303
Deflection of wall at yield limit 2, (mm) (C.10) |34.0

The required reinforcement area A, is 100.8 cmz. This is the area of 8 reinforcement
N 40 mm bars provided within the effective wall length ofb,s =2 m at the spacing of

250 mm. The deflection demand of the cantilever wall with such reinforcement is
equal to 30.3mm and this value is close to the deflection of wall at yielémit equal to
34.0mm.

5. Conclusion

An approach to the design of RC barriers intended to protect against impact of
fragments generated by pressure vessel explosions have been proposed. The
approach is based on utilisation of methods of structural dynams used to analyse
and design rockfall barriers subjected to impact of boulders. The proposed RC
barriers can be designed and build as sacrificial structures, because explosions of
pressure vessels are rare events.

The design of a sacrificial barrier show consist in a provision of the required area of
tensile reinforcement at which the deflection demand of the barrier wall will be as
close as possible to the deflection at yield limit. The barrier must be built in
immediately ahead of the end (spherical pa) of the vessel. This will maximise the
probability that the fragment ejected towards the barrier will be stopped by this
structure. The key information for the design of a sacrificial RC barrier must a
prediction of characteristics of fragment impact interms of impacting mass and
velocity. Once the mass and velocity of fragment are assessed, the design of the barrier
can be analysed and design as a cantilever wall subjected to a point impact.

Findings of this study can be applied to increasing safety tiose areas of industrial
facilities and urban environment where aboveground pressure vessels are used. A
special attention should be paid to protection of those locations in which fires can
occur and impinge pressure vessels.
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Annex A. Determining the Ef fective Wall Length for the Distribution of Tensile
Reinforcement

In case of a fragment impact on the cantilever wall, the distribution of the tensile
stress and strain in the section at the bottom of the wall will not be uniform. The strain

& will vary along the wall length and reach the highest value .., at the axis of an
idealised point impact. Young et al. (2020b) suggest to approximate the actual pattern
of a strain distribution by a linear triangular distribution over the section equal to
twice the height of the wall h (Figure A.1a). To simplify the distribution of the
required area of tensile reinforcement, A, along the wall, the triangular strain
diagram can be replaced by a uniform distribution over the effective length of the wall,
b . The lengthb results from equating the arealy * &y to the shaded area below

the triangular diagram of &;. In the case of a relatively long wall withb? 2h, the
shaded area is equal td® &, and sob; = h.

In the opposite case of a wall withb<2h, the overall lengthb will be insufficient to
incorporate the entire triangular strain diagram covering two wall heightsh . In such

a case, one can hypothetically assume that the area below the strain diagram will have
the shape of an irregular pentagon as illustrated in Figur@.1b. The effective length
by can be obtained by equating the aredy;® & . to the shaded area of the

pentagon. This area depends on the angle of declination of the strain diagram, With
this angle, the effective lengthb,; can be calculated ad(1- 0.5tga). The rang of

geometrically possible values o is (0 °,45 °). This range yields the range of possible
values of b4, namely, b4 [ [0.5b, b]. As the value ofa will not be known in advance,

one can conservatively assume tha# =45 ° and b4 =0.5b.
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Figure A.1. Distributions of the tensile strain along the base of the wall: (a) the case of

along wall (b > 2 h), (b) the case of a short walllf < h)

The required area of tensile reinforcement,A,, should be distributed within the
length by . The required reinforcement ratio of this reinforcement, r, is given by

AJ/( b9 . However, it would pay to extend the tensile reinforcement wittthe ratio
r outside the effective lengthb,; and over the entire wall lengthb. The reason for

this extension is the fact that the impactor can strike outside the wall centreline
(Figure A.2a). This can create the demand for tensile reinforcement outside the wall
section represented by the lengthb.; . Another example of a cantilever wall that can
AT | tdpdotedt AgaidsO
fragments of two or more pressure vessels (Figur@.2b). A precise distribution of
stress and strain induced by an impact of one of the vessels in the section at the

AA
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bottom of the wall is not known precisely. Therefore the required reiforcement ratio
r, can be determined for the case of impact of one vessel and applied to the entire

length of wall.
(b)

(a) Wall CL Wall CL
|

-

.
Impact poin

L] L]
Impact point 1 Impact point 2

|

Effective length besr

b b

Figure A.2. Two cases of a potential impact outside the wall centreline: (a) deviation
of the impact point incase of a single vessel, (b) natural deviation of potential impact
points from the wall centreline in case of protection against fragmentation of two
pressure vessels

Annex B. Estimating the Velocity of Impactor on Rebound in Opposite Direction

The displacementbased model applied in this study is based on principles of equal
energy and momentum (Lam et al., 2018a). Equating momentum of the impactor
(vessel fragment) with the lumped massn,, and the target (barrier) with the lumped

massm,... expressed by/ m,, before and after the contact yields the model

Mig Vo :marget A7 'mrg A #n?rg v Mgy Y (Bl)

where v, is the velocity of impactor, v, is the velocity of impactor on rebound in the
opposite direction, v, is the velocity of the targeted object upon impact/ is the ratio
of target mass to impactor mass (i.eMyqe / My ). Arearrangement of Eq(B.1) yields

an expression for calculating the velocity of impactor on rebound, namely

_VotY

A ; (B.2)

Impact energy is carried away by the rebounding impactor and dissipated by the
crushing of materials. Other part & the energy is transferred to the target and may
lead to its failure. The ratio of impact energy to energy absorbed by the barrier is
governed by the mass of the barrier,m,, . For a cantilever wall, the target mass
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Myarget IS @ quarter of the total cantilever wall massm,,,, equal to the producthbdr g
(Figure A.1) (Ali et al., 2014; Su et al., 2017).

The general rule is that the impactor should not be expected to rebound when it is
heavier than the target, that is,/ <1 (Fujikake et al., 2009). The fragment will not
rebound from the barrier, fall or slip down immediately after theimpact and rest on
the surface of the cantilever wall. This end state of impact process is illustrated in
Figure 5. In the case/ 2 1, it is probable that the impactor will rebound from the wall.
The case/ 2 1 has been reported in tests on a cantilever wall withm,,, = 2484kg
and to impactors with the massesn;,, of 280kg and 435kg (Yong et al., 2020b). The
torpedo shape of impactors was similar to the shape of an abig endcap of exploded
pressure vessel. The total of 12 impact tests has been carried out and-meounce

was observed only in the first test. The experiment yielded 11 pairs of impactor
velocities before and after impact,(v,,,v,) (t E ph ¢h 8 h pBTe IE

pairs (v, vy, ) are also illustrated by a scatter diagram shown in FigurB.

TableB. Impact velocities and velocities on reboundy, and v,, measured in 11

experiments and illustrated by a scatter diagram given in FigurB.1 (Yong et al.,
2020 b)

Test | Velocity of impactor,v, | Velocity of impactor on
no. (m/s) rebound v, (m/s)
1 3.08 20.26

2 4.17 z0.57

3 5.18 70.92

4 1.55 20.17

5 2.48 20.34

6 3.66 20.69

7 1.91 z0.10

8 1.93 70.17

9 3.08 70.34

10 4.26 20.34

11 5.10 20.60
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FigureB. Scatter diagram of 11 pairs of impactor velocities prior to and following impact,
VoV ) AT MZ HEZ X I MMOZ FyR f gy NI Sljdzt GA2

A linear equation represented by the line in FigBraas been fitted to the points
(Ve » Vg ) - This equation constitutes a simple empirical model fomesting of the

velocity of impactor on rebound,, , namely,
v; =0.1537 -0.1701v, (B.3)

This model is valid for a very narrow range of impactor velocity values, nalrehym/s
to 5.18m/s. Prediction of the values of for values ofv, exceeding.18m/s will be

speculative. However, the test data presentedYng et al. (2020b) seems to be the
only source of information related to response of cantilever RC wall to impaathf s
objects as rockfall boulders and fragments of pressure vessels.

AnnexC. Procedure for Calculating the Required Area of Tensile Reinforcement

The procedure for determining the required area of tensile reinforcemegt,is

presented herein. The height of wall, length at the basé and thicknessl are the
initial input information (Figuré\.1). Withh, b, d and the RC densityr., mass of wall,

M, » @nd lumped mass of targety,, ... , must be calculated. For a cantilever wall,
Mager = 0-25M,, (AnnexB). Further input information is the class of steel with the

yield strength f, and the yield straine, as well as the effective depth of the wall cross
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