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1 Introduction 

Adjustable pallet-rack systems are heavy-duty steel shelved struc-

tures intended to store goods. Figure 1 describes pallet-rack sys-

tems. Figure1.a presents a general view of such a structure; it is com-

posed of vertical (uprights), horizontal (beams) and sloping (braces) 

bar-like elements Figure1.a shows that the longitudinal horizontal 

direction is termed as down-aisle while the transverse one is re-

ferred as cross-aisle. Commonly, all the structural members are 

made of thin-gauge cold-formed steel profiles. To facilitate the erec-

tion, speed-lock upright-beam connections are employed, being 

based on inserting hooks into upright perforations (Figure1.b). 

The seismic design of pallet racking systems is a relevant issue, given 

their important vulnerability and the high seismic hazard of many 

sites [1-2]. The racks vulnerability is mainly contributed by their low 

lateral strength and stiffness, and their important live load masses. 

Noticeably, such masses are highly variable and randomly distrib-

uted, and can slide on the rack; these uncertainties prevent precise 

estimations of the modal parameters. Regarding the aforemen-

tioned lack of lateral capacity, it can be considered as more critical 

in the down-aisle direction, given the usual absence of bracing [3-4]; 

in fact, in some cases, only rear bracing is provided, thus generating 

undesired twisting motion. Accordingly, this paper deals with the 

seismic performance of adjustable pallet-rack systems in the longi-

tudinal (down-aisle) direction. One of the factors (but not the only 

one) that contribute to the lateral flexibility is the looseness and low 

stiffness of the beam-upright connections Figure1.b shows such a 

connection, where two beams frame at both sides of a continuous 

upright. Each beam is welded to an end plate; in its turn, such plate 

is connected to the upright through hooks that are inserted into the 

aforementioned upright orifices. Given the unavoidable gap be-

tween the hooks and the orifices, it is obvious that these connec-

tions exhibit relevant slippage (looseness) and are rather flexible [3], 

as previously announced. 

Broadly speaking, two major approaches have been proposed for 

seismic design of pallet racking systems, namely dissipative and non-

dissipative concepts [5]. 

In the non-dissipative design, little or no damage is accepted; con-

versely, in the dissipative design, only the overall structural integrity 

is pursued and, thus, higher damage is accepted. In other words, in 

the non-dissipative approach the structure remains in its linear 

range and, thus, no energy is absorbed; in the dissipative approach 

the opposite occurs. The major pros and cons of both design solu-

tions are briefed in the next paragraph. 
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a) Adjustable pallet-rack b) Beam-to-upright connection 

Figure 1 Analysed racking systems 

In the non-dissipative strategy, costly rigid and robust structures 

are to be designed; conversely, in the dissipative case, more eco-

nomical and less robust racks can be considered. However, such 

racks need to be sufficiently ductile, and, moreover, relevant dam-

age is to be expected after serious seismic events, thus generating 

higher repair and replacement costs. 

Commonly, nowadays the non-dissipative approach is most em-

ployed, perhaps due to the rather low ductility of racks, and a certain 

rather scarcity of experimental and theoretical studies on the non-

linear behavior of racking systems. On the contrary, in seismic de-

sign of civil engineering constructions, the dissipative approach is 

routinely considered.  

Given the potential advantages of the dissipative approach, this pa-

per deals with such methodology; in fact, this work is a part of a 

wider research effort aiming to develop and to promote this design 

strategy. As discussed previously, there is a strong need of testing, 

mostly in the parts where most of the energy is dissipated. There-

fore, this research activity includes a testing campaign on the beam-

upright and the upright-base plate connections. The results of these 

experiments are to be compared with numerical simulations, thus al-

lowing to calibrate the employed numerical models. As well, these 

studies will provide expressions of the response modification factor 

R in the American practice [6-7], being known as ductility behavior 

factor q in the European regulations [8-9]; such expressions might 

be employed in simplified code-type design strategies [4]. In fact, the 

final results of this research activity are intended to be incorporated 

into the major seismic design codes. This paper describes the first 

step of this research, namely the experiments on the beam-upright 

connections. The presented study focusses on the comparison be-

tween both cyclic testing protocols. 

2 Performed experimental campaign 

2.1 State-of-the-art on testing beam-to-upright connections 

A number of previous tests campaigns on this issue have been re-

ported [2,10-17]. The most recent studies are listed and discussed 

next:  

- Zhao et al. 2014. This paper refers to monotonic down-

ward (hogging) experiments of beam-upright speed-lock 

connections. The influence of the beam geometrical sec-

tional parameters is analyzed. The tests are conducted ac-

cording to the European regulation [18] and the American 

document [19]. 

- Yin et al. 2016. This work describes experiments on mon-

otonic and cyclic response of speed-lock beam-upright 

connections; both bolted and bolt-less connections are 

tested. It is concluded that the bolts improve the connec-

tion performance, although certainly impair its speed-lock 

character. The experiments are performed according to 

the European [18] and American regulations [19]. 

- Castiglioni 2016. This book discusses deeply the Seismic 

Behavior of Steel Storage Pallet Racking Systems. Inside 

this context, monotonic and cyclic bending tests on Beam-

to-Upright Connections are presented and discussed. Re-

garding the cyclic proofs, they are performed according an 

innovative imposed displacement protocol that differs 

from the one specified in [20]; both testing procedures are 

compared. 

- Giordano et al. 2017. This study reports on monotonic and 

cyclic tests on beam-end connectors of cold-formed steel 

storage pallet racks. 

These researches serve as starting point for the presented experi-

ments. 

2.2 Objectives of the conducted experiments 

The tests mentioned in subsection 2.1. refer to the hysteretic bend-

ing behavior of beam-upright connections; with this aim, seismic 

monotonic and cyclic proofs are intended. The need for these proofs 

has been discussed previously in 2.1; it should be emphasized here 

that the hysteretic behavior of the connections cannot be analyzed 

exclusively by numerical simulation, given that the connecting ele-

ments are highly irregular, thus generating sliding, uneven contact, 

localized yielding, and other complex phenomena. Thus, the objec-

tives of the conducted experiments are: (i) to investigate the behav-

ior (capacity and ductility) of the tested connections (ii) to propose 

design alternatives, (iii) to develop incremental and hysteretic con-

stitutive laws (for pushover and dynamic analyses, respectively), 

and (iv) to compare with both simplified and more complex numeri-

cal models (based on strength of materials and on continuum me-

chanics, respectively). The experiments presented in this paper are 

designed to achieve such objectives; as discussed previously, are 

planned after the studies in subsection 2.1. Major novelties are the 

contemplation of several criteria to shape the proofs [2,9,20], and 

comparison with numerical results. Moreover, it should be empha-

sized that only speed-lock connections are analyzed. These issues 

are discussed more deeply in the next section. 

2.3 Tested specimens 

As briefly introduced in section 1, the experiments consist in loading 

vertically (until failure) beam-upright connections, like the one por-

trayed in Figure1.b, Figure2. describes more specifically the testing 

specimens. Figure2.a displays a global image view, showing that 

each specimen is T-shaped, being composed of a segment of an up-

right and a cantilevered segment of a beam. Figure2.b displays a 

closer zoom view of the connection itself. The specimens are fully 

scaled, the upright and beam elements being selected among com-

mon commercially available cold-formed products. Their sections 

are displayed in Figure2.c and Figure2.d, respectively. The upright is 

500 mm long and its section is Omega-shaped (“Cee” shape with re-

turns); the plate thickness is 2.5 mm and the section is 69 mm deep 

and 122 mm wide. The end plate (angle) is 3.5 mm thick, 210 mm 

long, and their sides are 40 (xz plane) and 55 (yz plane) mm. The 

beam is 600 mm long and its section is formed by assembling two C-

lipped channel profiles (highlighted in red and purple in Figure2.d); 

their thickness is 1.5 mm, and the section is 110 mm deep and 50 mm 

wide. The end plate (beam-end-connector) is an L-section; the plate 

thickness is 3.5 mm and the depth and width section are 60 and 40 

mm, respectively. As discussed previously Figure2.b shows that the 

beam is welded to the end plate, and the end plate is connected to 
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the upright through hooks (studs) inserted into the upright holes.  

 

a) General view b) Detailed view 

of a connection 

c) Section of an 

upright 

d) Section of 

a beam 

Figure 2 Tested specimens 

 

Table 1       Measured mechanical and geometrical parameters  
Coil 

No. 
Thickness (mm) Yield stress fy (MPa) Ultimate stress fu (MPa) 

 Nom Mean k 
Nomi-

nal 
Mean 

Char-

act. 
Nominal Mean 

Char-

act. 

1 
1.5 1.483 1.46 355 485.46 472.97 490680 498.75 483.56 

2 
1.5 1.513 1.49 355 470.72 463.80 490680 486.47 478.50 

3 
2.5 2.55 2.55 355 406.94 401.35 490680 487.31 485.22 

4 
3.5 3.5 3.5 355 445.82 414.08 490680 497.92 445.82 

5 
3.5 3.543 3.39 355 428.69 407.03 490680 476.93 449.24 

 

The steel grade is S355 [21]; the yield point is 355 MPa. Apart from 

this nominal value, the steel actual mechanical parameters are de-

termined after coupon tests; also, the plate thickness is equally ob-

tained. Steel from 5 different coils has been utilized; Table 1 displays 

the experimental mechanical and geometrical parameters for each 

of them. 

2.4 Testing set-up 

Figure 3 describes the testing mock-up; Figure 3.a displays a global 

image view and Figure 3.b presents a side sketch.  

 

(a) General view (b) Lateral sketched view 
 

Figure 3 Testing mock-up 

Figure 3 shows that the upright and the beam segments are placed 
(like in their actual situation) in vertical and horizontal directions, re-
spectively; their support conditions are described next. The upright 
segment is pinned at its top and bottom ends; all the displacements 
are prevented in both sections. Regarding the beam segment, its 
right end is free to rotate with respect to the z and y axes (bending) 
while the rotation with respect to the x axis (torsion) is restrained. 
As discussed more deeply in subsection 2.5, the experiments consist 
basically in imposing vertical displacements to the right end of the 
beam segment; by using the right jack (Figure 3.a), both downward 
and upward displacements are applied. Therefore, to avoid uplift 
when the beam is being pushed up, the upright segment is slightly 
compressed by the left jack (Figure 3.a).Two major sets of sensors 
are employed: an assembly of two horizontal displacement trans-
ducers to measure the end plate rotation, and a load cell to measure 
the jack force. 

2.5 Conducted experiments 

As previously discussed, two types of experiments are carried out: 
seismic monotonic tests, and cyclic tests. Both downward (beam 
hogging bending) and upward (beam sagging bending) monotonic 
proofs are performed; their main objective is to define the limits of 
the imposed displacement laws of the cyclic experiments. As indi-
cated by the regulations, a minimum of three tests are performed in 
downward and reverse directions. The tests are performed accord-
ing to [9,20] for cyclic testing of structural steel elements; regarding 
the particular regulations for adjustable pallet racking systems, [18] 
is contemplated for general testing set-up issues. As well, the direc-
tions of the Eurocode 3 for constructional steel are also broadly ac-
counted for; more precisely, [21] contains general rules and [22] 
deals with joints. Apart from these regulations, some cyclic tests are 
conducted according to the alternative testing method described in 
[2].  

Table 2 describes the main characteristics of the carried out experi-
ments. In the tests names, M and C refer to Monotonic and Cyclic, 
respectively. In the monotonic tests,  and + correspond to upward 
and downward direction, respectively. Finally, in the cyclic tests, 
ECCS, EN and CAS indicate the norm or document employed to 
state the imposed displacement law.  

Table 2 Conducted experiments 

Name 
Testing 

protocol 
Test type Dates (No. of tests) 

M [9,20] 
Negative mono-

tonic (upward) 

3/7/2017, 5/7/2017, 

8/1/2018, 9/1/2018 

M+ [9,20] 
Positive monotonic 

(downward) 

3/7/2017, 5/7/2017, 

8/1/2018 

C-ECCS [9,20] Cyclic 

10/1/2018, 

11/1/2018, 

24/4/2018 

C-CAS [2] Cyclic 
22/05/2019 (4: 5, 50, 

66 and 75%) 

 

Figure 3.b shows that an initial constant descendent vertical force of 
5 kN is applied to the beam, near its connection with the upright; this 
force is exerted through a lever mechanism, as displayed by Figure 
4. Such 5 kN load has several objectives: (i) to represent somehow 
the shear force on the connection due to the gravity effect of the 
stored goods, (ii) to reproduce approximately the proportion be-
tween shear force and bending moment in actual connections, (iii) to 
avoid the undesired influence of gap, and (iv) to prevent hook slip-
page in upward tests. Regarding this last objective, the pulling force 
reaches higher values (section 3); then, the slippage is mainly 
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avoided through the generated friction forces. The value of this load 
(5 kN) is taken from [9].  

 

 

a) General view b) Front sketched view 
Figure 4  5 kN vertical force lever mechanism 

 

The main outputs of the monotonic experiments are the moment-

rotation laws of the tested beam-upright connections; the moment 

is defined as the product of the force exerted by the jack times their 

distance to the end plate plus the contribution of the aforemen-

tioned 5 kN load (M = 0.4 F + 0.06  5, Figure 3.b and Figure 4) and 

the rotation () is measured by the employed displacement trans-

ducers (subsection 2.5). As discussed previously, the information 

provided by these M- laws is employed to establish the bounds of 

the cyclic experiments displacement laws. In this sense, Figure 5 dis-

plays the calculation of the initial slope (S0) and the yielding and ulti-

mate (My and Mu) moment and rotation limits (y and u); these op-

erations are performed according to [9,20].  

 

Figure 5 Determination of the initial slope and the yield and ultimate points after 

a monotonic moment-rotation plot 

 

Figure 5 shows that the yield point (My and y) is the intersection be-

tween the tangent in the origin (slope S0) and the tangent to the 
curve with slope S0 / 10 [20]; the ultimate values (Mu and u) corre-

spond to the zero-slope point of the curve. 

Table 2 shows that three displacement protocols are imposed in the 
cyclic tests, namely according to [2,9,20]. All these documents con-
sider four increasing cycles, and sets of three alike inelastic cycles 
that are increased until failure; the precise prescriptions are de-
scribed next.  

- ECCS 45 1986. This regulation states that the protocol 
consists of one cycle at each of the intervals [y

+/4, y
−/4], 

[2 y
+/4, 2 y

−/4], [3 y
+/4, 3 y

−/4] and [y
+, y

−], then three 

cycles at the interval [2 y
+, 2 y

−], and finally three cycles at 

each of the intervals [(2 + 2 𝑛) y
+, (2 + 2 𝑛) y

−] (n = 1, 2, 

...). 

- EN 16681 2016. This norm proposes (Annex G) a similar 
protocol than [20], although the first four cycles are re-
placed with [𝑀u

+/4, 𝑀u
−/4], [2 𝑀u

+/4, 2 𝑀u
−/4], [3 𝑀u

+/
4, 3 𝑀u

−/4] and [𝑀u
+, 𝑀u

−]; the remaining cycles are [2 (𝑛 +

 1) u
+, 2 (𝑛 +  1) u

−] (n = 0, 1, ...). 

- Castiglioni 2016. The recommendations of [9,20] do not 
account for the actual asymmetric rotation histories when 
seismic shaking is combined with gravity loads; thus, a 
modification is proposed herein. The imposed displace-
ment law is stablished in terms of the vertical displace-
ment of the pushing point (d, Figure 3); it consists of one 
cycle at each of the intervals [𝑑y

+/4, 𝑑y
−/4], [2 𝑑y

+/4, 2 𝑑y
−/

4], [3 𝑑y
+/4, 3 𝑑y

−/4] and [𝑑y
+, 𝑑y

−], and two or three cycles at 

the intervals [(2 + 𝑛) 𝑑y
+ + ∆𝑑n

+, (2 + 𝑛) 𝑑y
− + ∆𝑑n

−] (n = 0, 

1, ...). In these expressions, 𝑑y
+ and 𝑑y

− are the yield dis-

placements, and ∆𝑑n
+ and ∆𝑑n

− are the displacement ampli-

tudes until the force-controlled part of the cycle reaches 
the force correspondent to gravitational load. For further 
clarity, Figure 6 displays the proposed plastic cycles; posi-
tive forces induce hogging bending (downward force), Fy is 
the yielding force, and Fg is gravity force that corresponds 
to the considered loading level. 

 

 
Figure  6 Upward and downward plastic loading-unloading cycles [2] 

 

Figure 6 shows that both the positive (increasing displacement) and 

negative (decreasing displacement) branches consist of two force-

controlled and displacement-controlled segments; given that grav-

ity loads are direct actions (imposed forces) and seismic effects are 

basically indirect actions (imposed displacements), the gravity force 

(Fg) is the border between them. Failure is defined with respect to Fg; 

ordinarily, it arises in the positive branch: either in its force-con-

trolled part (the specimen fails to develop Fg), or, in its displacement-

controlled part (the restoring force decreases below Fg). Obviously, 

failure can also occur when beam sectional collapse arises. To repro-

duce the actual operation conditions of racks, the test should be per-

formed for different values of Fg (in terms of percentage of Fy); [2] 

suggests considering the following percentages: 25, 50, 66 and 75%. 

Noticeably, in the performed C-CAS tests, the aforementioned 5 kN 

downward force is applied, conversely to [2]. The reason is the need 

to avoid hook slippage, given that the tested specimens are speed-

lock (i.e. without bolts). 

3 Results of the experiments 

3.1 Monotonic experiments 
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This subsection describes and discusses the results of the mono-

tonic tests (M+ and M) that are listed in Table 3.  Figure 7 displays 

the measured moment-rotation laws; Figure 7.a and Figure 7.b con-

tain the plots for hogging and sagging, respectively.  

 
a) Positive (downward M+) 

 
 

b) Negative (upward M) 

Figure 7 Moment-rotation plots for the monotonic tests (Table 2) 

Plots in Figure 7.b show that a moderate pinching-like occurs for 
small pulling forces in test No. 2; it is apparently due to lateral slip-
page of the hooks inside the perforations.  

Figure 7 shows that in the upward experiments (in Figure 7.b), all the 
plots are highly similar, while in the downward proofs (in Figure 7.a), 
there are relevant discrepancies between them. This difference is 
due to the fact that the observed moment early decrease is due to 
brittle failure of the welding between the end plate and the beam, 
while in the other case such welding has not failed, and the breakage 
has arisen in the hooks and perforations; in the upward proofs, this 
occurs in all the cases (in Figure 7.b). For further clarification, exam-
ples of both types of failure are displayed in Figure 8.a and Figure 
8.b, respectively; both case correspond to downward experiments 
(in Figure 7.a). 

 

a) Welding failure 
b) Hooks and perforation 

failure 
Figure 8  Major failure types in the downward monotonic tests (Table 2) 

By comparing the ideal plots in Figure 5 with the actual ones in in 

Figure 7, the obtained values of the parameters in Figure 5 are dis-

played in Table 3. The tests numbering (1-3) corresponds to the one 

in in Figure 7.b. The difference between the positive and negative 

values of u, can be explained by the welding early failure displayed 

in in Figure 8.a. 

Table 3 Parameters derived after the monotonic experiments  

Test No. 
S0 

(kNm/rad) 
My (kNm) y (mrad) Mu (kNm) u (mrad) 

 M+ M M+ M M+ M M+ M M+ M 

1 149 100 3.33 3.62 22.3 36.2 4.11 4.10 75.3 132 

2 167 99 3.29 3.52 19.7 35.4 3.94 4.17 63.7 127 

3 165 118 3.22 3.32 19.6 28.2 4.28 4.06 101 128 

Average 160 106 3.28 3.49 20.5 33.3 4.11 4.11 80.9 129 

 

The values in Table 3 are regular and expected. 

3.2 Cyclic experiments 

Analogously to subsection 3.1, this subsection presents the results 

of the cyclic tests (C-ECCS and C-CAS) that are listed in Table 2. The 

experiments are performed after the positive and negative average 

values of the yield rotation in Table 3 (y = 20.5 and y = 33.3, re-

spectively). Figure 9 displays the moment-rotation plots. In Figure 9, 

the positive and negative moments and rotations correspond to 

downward and upward driving force, respectively. 

 

a) “Code type” cyclic diagram 

 

b) “Castiglioni” cyclic diagram 

Figure 9 Moment-rotation plots for the cyclic tests (Table 2) 

Figure 9 shows that, as expected, in the C (ECCS) tests, the cycles 

(Figure 9.a) are rather centered around zero; the observed asym-

metry can be explained by the difference in the positive and nega-

tive values of y  (Table 3). Conversely, in the C (CAS) tests, the cycles 

(Figure 9.a) are centered around positive values of the moment and 

the rotation, given the influence of the gravity loads. In both types of 
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tests, failure is preceded by significant strength and stiffness reduc-

tion, thus generating typical multilinear envelope curves. 

Analogously to Table 3, Table 4 displays the most meaningful output 

parameters of the cyclic tests (Table 2). In Table 4, the maximum ro-

tation (max) corresponds to the peak positive and negative values, 

the displacement ductility (µ) refers to the considered average yield 

rotation (after the monotonic tests, Table 3), the number of cycles 

include the initial ones (without relevant energy dissipation), and 

the absorbed energy is the area encompassed by the hysteresis 

loops.  

 
Table 4. Parameters derived after the cyclic experiments 

Test max (mrad) µ (max / y) 
Number of 

cycles 

Absorbed en-

ergy (kJ) 

 +  +    

C (ECCS) 

10/1/2018 
103 166 5.02 4.99 15 2.57 

C (ECCS) 

11/1/2018 
82 133 4.00 4.00 11 1.37 

C (ECCS) 

24/4/2018 
82 112 4.00 3.38 11 1.17 

C (ECCS) Av-

erage 
89 137 4.34 4.12 12⅓ 1.70 

C (CAS) 75% 180 46 8.86 1.38 6½ 0.51 

C (CAS) 66% 92.2 41 4.50 1.23 7 0.46 

C (CAS) 50% 121 53 5.91 1.59 8 0.56 

C (CAS) 25% 114 54 5.56 1.62 10 0.76 

In Table 4, the comparison between the positive and negative values 

of max in the C (ECCS) and C (CAS) tests confirms the above obser-

vations on the centering of both tests. Table 4 also shows that, as ex-

pected (and announced in the Abstract), the C (CAS) tests are more 

demanding than the C (ECCS) ones, in the sense that the obtained 

performance (both in terms of number of cycles and dissipated en-

ergy) is smaller. Also as expected, that difference tends to be bigger 

for the higher percentage of the gravity force; in other words, as 

such percentage decreases, the results of both types of tests tend to 

converge. This dissimilarity seems to indicate that the use of the 

testing protocol in [2] is generally preferred, given that it is closer to 

reality.  

 

4 Numerical simulations 

The nonlinear 3-D behavior of the tested specimens is described 

with ANSYS [23]. The analyzed volume encompasses the tested 

specimen (Figure 10); Figure 10.a displays a 3-D view of the result-

ant model (top right). The hooks are represented by rigid connec-

tions (Figure 10.b). The domain is discretized with higher order 8-

node 2-D quadrilateral thick shell elements (SHELL281) governed 

by the 1st order shear deformation theory (Reissner-Mindlin); six 

DOFs (three translations and three rotations) are considered per 

node. Figure 10.a presents the mesh. Total restrain (fixed support) is 

considered in the upright top and bottom ends (Figure10.a); the 

beam end is free although its lateral displacement is prevented to 

avoid lateral buckling. The steel plasticity is represented through a 

bilinear model with isotropic hardening. Yielding is based on the 

well-known von Mises stress. The failure criterion for welding is 

based on the maximum strain not exceeding 5%; this bound is cho-

sen because welding reduces the rupture strain. The contact be-

tween both C-shaped profiles that form the beam (Figure10.c); and 

between the L-shaped beam-end connector and the upright are de-

scribed with frictionless penalty models. The steel mechanical and 

geometrical parameters are taken from Table 1. The initial (elastic) 

steel deformation modulus is Es = 210 GPa and the Poisson ratio is ν 

= 0.3. 

 

a) Finite ele-
ment mesh 
(global) 

b) Hooks ide-
alization  

c) Mesh for 
the beam  

Figure 10 Structural model of the tested specimens 

Table 5 displays preliminary values of the initial slope of the mo-

ment-rotation plots. These results match reasonably well the exper-

imental ones (Table 3). 

Table 5. Preliminary numerical results S0 [kNm/rad] 

Beam-end connector and upright 

contact 
M+ M- 

No contact 131 134 

Line contact 154 152 

Full contact 195 223 

 

5 Conclusions 

This paper presents the results of cyclic tests over pallet rack beam-

to-column connections. Two different testing protocols have been 

compared: the prescriptions of [20] (ECCS regulation) and [2] (C.A. 

Castiglioni proposal); the main difference between them is that the 

latter take into consideration the gravity effects. The results of both 

types of experiments shows that, as anticipated, the Castiglioni indi-

cations lead to higher demanding conditions; the difference is rele-

vant. This discrepancy can be understood as the Castiglioni testing 

protocol should be generally preferred, as long as it reproduces bet-

ter the actual operation conditions of racking systems. 
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