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Abstract

This work reports the results of an ongoing numerical investigation dealing with the post-buckling
behavior, strength and DSM (Direct Strength Method) design of fixed-ended cold-formed steel (CFS)
lipped channel (LC) columns experiencing distortional-global (flexural-torsional) (D-FT) interaction at
elevated temperatures caused by fire conditions. It extends the scope of the parametric study recently
reported by Ferreira Filho et al. (2022), by obtaining a fairly extensive additional set of numerical failure
loads, covering wider (i) cross-section dimensions and (ii) interaction D-FT types and levels — this is done
by means of ABAQUS shell finite element GMNIA, using models previously developed by the authors
and adopting an EC3-based (2005) model to describe the temperature-dependence of the CFS material
properties. The whole set of assembled failure load data is then used to search for an efficient DSM-based
design approach to predict them. The starting point of this search is provided by the combination of the
strength curves developed by Landesmann et al. (2019) and Bicelli et al. (2021), following the idea first
put forward by Schafer (2002) and later used by Martins et al. (2018) — however, these authors only
considered columns at room temperature and used the currently codified DSM column global design
curve. On the basis of the findings reported in this work, it is possible to draw a few conclusions that
provide (i) clues to reach a more efficient DSM-based design approach and (ii) encouragement to extend
the current research effort to columns with other cross-section shapes and/or support conditions, aimed at
achieving a safe, economic and reliable general DSM-based design approach for CFS columns failing in
D-FT interactive modes at elevated temperatures.

1. Introduction

The use of cold-formed steel (CFS) in the construction industry has been growing steadily during the
last few decades, mostly due to its several advantages, such as an outstanding fabrication versatility, a
very high structural efficiency (strength-to-weight ratio), and quite low production and erection costs.
However, the natural search for economic solutions invariably leads to quite slender CFS members,
which are prone to various pure instabilities, namely local (L), distortional (D) or global (G) buckling, as
well as to coupling (mode interaction) phenomena involving two or more of them (L-D, L-G, D-G or
L-D-G). Figs. 1(a)-(d) concern a lipped channel column and show buckled cross-sections corresponding to
L, D, major-axis FT and minor-axis flexural modes, respectively.
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Figure 1. Lipped channel column buckled cross-sections corresponding to (a) local, (b) distortional, (c) major-axis
flexural-torsional and (d) minor-axis flexural modes.

In order to overcome the above difficulties, the Direct Strength Method (DSM — e.g., Camotim et al. 2016,
Schafer 2019), prescribed by the current North-American (AISI 2022), Australian/New Zealand (AS/NZS
2018) and Brazilian (ABNT 2010) specifications for CFS structures, is nowadays widely accepted as
the most rational approach for the design of such members. The currently codified column design curves
deal only with L, D, G and L-G interactive failures at room (or normal) temperature. The currently
codified (AISI 2022, AS/NZS 2018, ABNT 2010) nominal axial strengths relevant for this work are
the distortional (Pnp) and global (Png) ones, which are given by the expressions
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where (i) Py=A-y (A and fy are the cross-section area and steel yield stress) and (ii) Ap, A, Pcrp and
Perc are the D and G slenderness values and buckling loads, respectively.

According to Dinis & Camotim (2011), D-G interactive failures in CFS columns may occur when Pep and
Pac are sufficiently close, provided that Py is large enough to allow the corresponding deformation
modes to influence the column post-buckling behavior. Naturally, the D-G interaction effects are more
pronounced when the two buckling loads are very close — indeed, numerical (shell finite element — SFE)
studies (Dinis & Camotim 2011, Camotim & Dinis 2013, Martins et al. 2018), all involving lipped
channel (LC) columns, showed that the strongest interaction invariably occurs in columns with global-
to-distortional critical buckling loads ratios Rep=Pcrc/Pero comprised between 0.80 and 1.20, a range
characterizing the so-called “True D-G interaction”. In columns outside this Rep range, D-G interaction
may still occur if Py is considerably higher than the largest of P and Perp (thus allowing the interaction to
emerge and develop) — it is termed “Secondary distortional bifurcation D-G interaction”, if Rgp<0.8, and
“Secondary global bifurcation D-G interaction”, if Rop>1.20 (Martins et al. 2018).

Martins et al. (2018) reported a numerical investigation on the post-buckling behavior, strength and
DSM-based design of fixed-ended CFS columns (including LC ones) affected by different levels of
D-G interaction (Rep values) at room temperature. These authors showed that the Pnp values (Eg. (1))
overestimated virtually all numerical D-G interactive failure loads gathered by them — the amount of
overestimation was particularly severe in the high slenderness range. Conversely, and quite surprisingly, it
was also found that the Png values (Eg. (2)) underestimated almost all numerical D-G interactive failure
loads associated with flexural-torsional buckling (including the LC column ones) — moreover, the



underestimations were quite significant for Ac>2.0 and grew rapidly with the slenderness (e.g., 250% for
J6=3.5). It is worth noting that, as it would be logical to expect, the Pnc values overestimated the D-G
interactive failure loads associated with flexural buckling (e.g., the zed-section column ones), which
prompted the development and proposal of a novel DSM-based design approach.

The surprising Pnc underestimation of most numerical D-G interactive failure loads corresponding to
flexural-torsional buckling (D-FT failure loads), reported by Martins et al. (2018), was subsequently
explained by Dinis et al. (2019, 2020), who investigated the Pnc accuracy in predicting pure CFS
column FT failure loads at room temperature. Following an extensive parametric study, involving CFS
fixed-ended columns with various cross-section shapes, these authors showed that the Png design curve
only provides accurate FT failure loads predictions in the low-to-moderate slenderness range (1c<1.5) —
for Ac>1.5, they yield FT failure load underestimations that may be extremely high percentagewise —
similar findings had been reported earlier by Pekdz & Stimer (1992), and Bandula Heva & Mahendran
(2012). In order to improve this undesirable situation, Dinis et al. (2020) proposed the DSM-based
strength curve set
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where (i) the global slenderness A is replaced by a flexural-torsional one (Art), (ii) the exponential
expression appearing in Pn is kept, and (iii) parameter Arr involves the cross-section major (1) and minor
(In) moments of inertia, warping constant (lw), and area (A) — it should be noted that the presence of Arr
reflects the design curve dependence on the column cross-section geometry (shape and dimensions).
However, it remains to be investigated how the findings reported by Martins et al. (2018), concerning
the DSM-based prediction of column D-FT interactive failure loads, are affected when the Pner values
replace their Png counterparts.

Landesmann et al. (2019) and Bicelli et al. (2021) numerically investigated the post-buckling behavior,
ultimate strength and DSM design of CFS columns failing in pure D and FT modes, respectively, at
elevated temperatures. Initially, these authors gathered extensive failure load data, concerning CFS
columns with (i) several cross-section geometries (shape and dimensions) and lengths, (ii) different room-
temperature yield stresses (covering wide D or FT slenderness ranges), (iii) 8 (uniform) elevated
temperatures (T<800 °C), and (iv) temperature-dependent steel material behaviors following a model
based on the EC3-1-2 (2005) one. These failure data were subsequently used to assess the adequacy of the
strength curves given by Egs. (1) and (3), modified to include the temperature effects (see Section 3.1 of
this paper) and denoted Pnp.r and PrerT, respectively, in predicting them. It was concluded that the
Pnp.1 and Prer.1 values are not able to predict adequately the column D or FT failure loads in the low-to-
moderate slenderness range — a large number of those predictions are substantially unsafe. In order to
improve them, the Pnp.1r and Pnerr DSM-based strength curves were modified/lowered in the low-
to-moderate slenderness, leading to
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where (i) 2o1=(Py1/Pero1)%° and Aer1=(Py1/Perrr7)®° are the D and FT slenderness values at temperature T,
respectively, (ii) Pyr, Pcro and Pererr are the squash and critical D and FT buckling loads at temperature
T, and (iii) kp and ky are the proportionality limit and yield stress reduction factors prescribed in
EC3-1-2 (2005). At room/moderate temperature (20/100 °C), Egs. (1) and (3) are recovered from
these expressions. Although Egs. (4) and (5) were shown to provide fairly accurate and mostly safe
failure load predictions for CFS columns collapsing in pure D or FT modes at elevated temperatures, it
remains an open question whether they can also be used (with more or less relevant modifications) to
estimate adequately failure loads of CFS columns undergoing D-FT interaction at elevated temperatures.

Very recently, the authors (Ferreira Filho et al. 2022) reported numerical results dealing with the post-
buckling behavior, strength and DSM design of CFS fixed-ended LC columns affected by different
levels of “True D-FT interaction” at elevated temperatures (up to 800 °C). On the basis of the numerical
failure load data obtained, it was concluded that an efficient DSM-based design approach to handle such
columns is clearly needed. The purpose of this work is to widen the scope of the above investigation, by
presenting and discussing numerical results concerning CFS columns (i) under both normal and elevated
temperatures, and (ii) undergoing not only “True D-FT interaction” (TT), but also “Secondary-distortional
bifurcation” (SDI) and “Secondary-global bifurcation” SGI) D-FT interaction — different levels of D-FT
interaction are considered for the three types. Together with the failure load data reported by Ferreira Filho
et al. (2022), the additional set of column D-FT interactive failure loads, obtained through an extensive
parametric study, is used to further assess the merits of the available DSM-based design approaches in
handling CFS fixed-ended LC columns affected by virtually any type or level of D-G interaction, both at
room and elevated temperatures — in the former case, the DSM-based FT design approach, developed by
Dinis et al. (2020) for fixed-ended columns at room temperature, is used.

As done previously (e.g., Bicelli et al. 2021), all the numerical D-FT interactive failure loads obtained in
this work (i) concern columns containing initial geometrical imperfections with critical-mode FT
shapes (shown to be the most detrimental ones by Martins et al. 2018) and L/1000 amplitude, and (ii) are
obtained by means of ABAQUS (2014) SFE GMNIA, adopting a validated model often employed by the
authors in the past. The LC columns analyzed (i) display a wide variety of cross-section dimensions,
lengths and room-temperature yield stresses (selected to cover wide slenderness ranges), and (ii) are
subjected to several uniforms elevated temperatures (up to 800 °C). It is worth mentioning that the D-FT
interactive failure loads reported by Martins et al. (2018) and concerning fixed-ended LC columns at
room temperature are also included in this study.



2. Column Geometry Selection — Buckling Behavior

The first task of this work consists of carefully selecting CFS fixed-ended LC column cross-section
dimensions and lengths ensuring a high susceptibility to D-FT interaction both at room and elevated
temperatures. As done in previous studies, the column selection procedure involves sequences of
“trial-and-error” buckling analyses, performed in the code GBTUL (2018), based on Generalized Beam
Theory (GBT) and intended to identify columns buckling in D and/or FT® modes and undergoing
different levels of TI, SGI or SDI D-FT interaction (i.e., such that their Rep values cover an adequately
wide range around 1.0) — moreover, it is also ensured that both the D and FT critical buckling loads are
well below their local and minor-axis flexure counterparts (thus making sure that no other coupling
phenomenon comes into play).

Table 1 provides the output of this effort, consisting of 21 LC geometries (bw, br, biand t — see Fig. 2(c)) —
note that most of these columns were analyzed by Martins et al. (2018) at room temperature. This table

Table 1. Selected LC column geometries, critical buckling loads and relevant buckling load ratios (mm and KN).

Column bw bt bi t Srr L Perrr | Perp Perl | Pofm | Rep | Rwmax
LC1 120 100 10 4.5 391 | 3950 | 318 648 | 2250 | 1060 | 0.49 | 1.64
LC2 110 90 10 3.17 | 454 | 3500 | 200 310 841 712 | 064 | 2.30
LC3 150 150 15 4 3.85 | 5550 | 288 414 | 1199 | 1514 | 0.70 | 2.90
LC4 150 130 12 406 | 442 | 5000 | 318 425 | 1310 | 1275 | 0.75 | 3.00
LC5 150 130 10 4.2 435 | 5000 | 325 408 | 1459 | 1279 | 0.80 | 3.13
LC6 130 115 10 3.55 | 4.30 | 4000 | 278 310 994 | 1185 | 0.90 | 3.21
LC7 130 110 10 35 455 | 3750 | 299 316 941 | 1190 | 0.95 | 2.98
LC8 100 80 15 5 3.59 | 1450 | 1381 | 1427 | 3865 | 5250 | 0.97 | 2.71
LC9 90 90 10 3 3.39 | 2250 | 270 276 810 | 1523 | 0.98 | 2.93

LC10 140 140 13 35 4.00 | 4500 | 291 297 869 | 1616 | 0.98 | 2.93
LC11 150 130 13 4 4.46 | 4150 | 435 441 | 1293 | 1850 | 0.99 | 2.93
LC12 100 90 15 5 3.13 | 1550 | 1269 | 1277 | 3591 | 6086 | 0.99 | 2.81
LC13 90 80 10 3 3.85 | 2000 | 315 315 871 | 1444 | 1.00 | 2.77
LC14 120 100 10 4.5 3.91 | 2500 | 671 652 | 2114 | 2645 | 1.03 | 3.15
LC15 120 140 12 3.02 | 3.43 | 4000 | 216 198 553 | 1653 | 1.09 | 2.56
LC16 100 120 10 296 | 3.00 | 2900 | 230 192 603 | 1914 | 1.20 | 2.62
LC17 120 100 10 4.5 3.91 | 2200 | 814 655 | 2114 | 3416 | 1.24 | 2.60
LC18 150 130 10 2.9 5.40 | 4850 | 216 167 466 939 | 129 | 2.16
LC19 100 120 10 3.15 | 2.89 | 2600 | 291 224 736 | 2534 | 1.30 | 2.53
LC20 140 110 10 3.25 | 5.35 | 3500 | 350 265 675 | 1300 | 1.32 | 1.93
LC21 140 110 10 319 | 541 | 3300 | 378 256 629 | 1436 | 147 | 1.66

% The GBT-based buckling analyses reported by Martins et al. (2018) showed that the so-called “global” (flexural-torsional)
buckling modes, associated with lengths in the vicinity of Lpg (see Fig. 2(a)) combine, in fact, contributions from major-axis
flexural, torsional and anti-symmetric distortional deformations (corresponding to the GBT deformations mode 2, 4 and 6,
respectively). In other words, a more correct designation of these buckling modes should “flexural-torsional-distortional” (FTD)
— nevertheless, and for the sake of simplicity, such buckling modes are termed “flexural-torsional”” in the remainder of this work.
Moreover, the authors are currently investigating how the presence of anti-symmetric distortional deformations in the so-called
“flexural-torsional”” buckling modes influences the column post-buckling behavior, ultimate strength and DSM-based design —
the outcome of this research effort will be reported in the very near future.
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also provides the column (i) G values and lengths, (ii) flexural-torsional (Perr), distortional (Perp), local
(Pcr) and minor-axis flexural (Perem) critical buckling loads, (iii) Rep values (ranging from 0.49 to 1.47)
and (iv) Rwax values, corresponding to the ratio between min{Pcri, Perem} and max {Perp, Perrer}.

Figure 2(a) depicts the signature curves of LC12 columns at four temperatures, namely 20/100 °C
(room/moderate), 400 °C, 600 °C and 800 °C — they provide the variation of the column elastic critical
buckling load at temperature T (Pcrr) with its length (L — logarithmic scale). The EC3-based CFS
constitutive model, addressed in Section 3.1, is adopted and all buckling loads are calculated for
E20=210 GPa (steel Young’s modulus at room temperature) and v=0.3 (Poisson’s ratio, deemed
temperature independent). Moreover, the 3 column lengths indicated considered (L=130 cm, Lpc=155 cm
and L=180 cm) correspond to columns with Rgp<1.0 (Pero>Peurr), Rep=1.0 (Pcro=Perrr) and Rep>1.0
(Pcrp<Pcrrr), i.€., susceptible to SDI, Tl and SGI D-FT interaction, respectively — Fig. 2(b) displays the
critical D and FT buckling modes associated with each column length. It is worth noting that a signature
curve corresponding to an elevated temperature (400, 600, 800 °C) can be obtained, from its room-
temperature counterpart, through a “vertical translation” whose magnitude depends only on the Young’s
modulus erosion caused by the temperature rise — therefore, the column buckling load natures and mode
shapes corresponding to a given length are independent of the temperature value.
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Figure 2. LC12 column (a) P vs. L signature curves for T=20/100-400-600-800 °C (EC3-based model) with lengths associated
with SGI, Tl and SDI, (b) critical and non-critical D and FT buckling modes, and (c) LC geometry and dimensions

3. Numerical Model

The post-buckling equilibrium paths and failure loads of the columns affected by D-FT interaction are
determined by means of ABAQUS (2014) SFE GMNIA, employing models similar to those used by the



authors in past studies involving CFS columns at room and elevated temperatures (e.g., Camotim & Dinis
2013, Martins et al. 2018, Bicelli et al. 2021). The columns are discretized into fine S4 element meshes
(ABAQUS nomenclature — 4-node general-purpose shell finite elements with six degrees of freedom per
node and full integration). The analyses are performed by means of an incremental-iterative technique
combining Newton-Raphson’s method with an arc-length control strategy. They simulate the response of
columns subjected to uniform temperature distributions (i.e., the columns are deemed engulfed in flames,
thus sharing the surrounding air temperature — see Landesmann et al. 2019) and subsequently axially
compressed up to failure — steady state analyses providing failure loads at elevated temperatures. Previous
studies (e.g., Martins et al. 2018) showed that finite element meshes with a length-to-width ratio close to 1
provide accurate results, while involving a reasonable computational effort. The column fixed-ended
support conditions are modelled by attaching rigid plates to the column end cross-sections, thus fully
restraining warping, all the rotations, the bending translations — the axial translation is free at one end
section, thus enabling the imposition of small longitudinal displacements (analyses under displacement
control), and prevented at the other. The axial compression is applied through imposed axial displacements
of the end plate points corresponding to the cross-section centroids (see Fig. 3). These displacements are
imposed in small increments, by means of the ABAQUS automatic loading stepping procedure. As noted
earlier, all columns analyzed contain FT initial geometrical imperfections (the most detrimental shape —
see Dinis & Camotim 2013, Martins et al. 2018) with amplitude L/1000. The buckling mode shapes were
obtained through preliminary ABAQuUS buckling analyses, performed with the same shell finite element
mesh subsequently used to carry out the GMNIA — this procedure makes it easy to “transform” the
buckling analysis output into a GMNIA input. It is still worth noting that strain-hardening, residual stress
and rounded corner strength effects were disregarded in this work, since several authors (e.g., Ellobody
& Young 2005) have shown that their combined influence on the column failure load is negligible.

Rigid plate

Rigid plate

Figure 3. SFE discretization of the columns analyzed in this work, including the free and prevented displacements at
the rigid plates attached to the two end cross-sections.

3.1 Steel Material Behavior

The multi-linear stress-strain curve available in ABAQUS (2014) is adopted to model the steel material
behaviors associated with the various yield stresses considered. The CFS constitutive law at elevated
temperature adopted in this work is based on that prescribed in EC3-1.2 (2005), which was previously
adopted in the numerical simulations reported by Landesmann et al. (2019), Bicelli et al. (2021) and
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Aurrais et al. (2021). Figure 4(a) makes it possible to visualize the temperature-dependence of the
reduction factors applicable to the CFS Young’s modulus (ke=E/E2o), nominal yield stress (Ky=fyr/fy20) and
proportionality limit stress (Ko=fo1/fy20) — their values are presented, in tabulated form, in EC3-1.2 (2005).
As for Fig. 4(b), it illustrates the qualitative differences between the EC3-based stress-strain curves for
all the temperatures considered in this work — plots fr/fizo vs. &, where the applied stress at a given
temperature, fr, is normalized with respect to the room-temperature yield stress fyz0. The EC3-based stress-
strain curve model comprises three regions, corresponding to distinct strain ranges — note that the stress-
strain curve proportionality limit strain (epr=fo1/E7) and non-linear shape depend considerably on the
temperature (for T=20/100 °C, the constitutive law is bi-linear — elastic-perfectly plastic material).
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Figure 4. EC3-based CFS constitutive model: (a) variation of ke, ky, k, with T and (b) stress-strain curves fi/fyzo vs. & (¢<0.02)
for the uniform temperatures considered in this work.

At elevated temperatures, the first part of the well-defined yield plateau exhibited by the T=20/100°C
curve is replaced by a strain-hardening region that becomes gradually more pronounced as the temperature
rises. The stress-strain curve is linear elastic, with slope Et (E20=210GPa), up to the proportionality limit
stress for. Then, it becomes elliptic in the transition between the elastic and plastic ranges, up to the effective
yield stress fyr, occurring at eyt =0.02 and accounting for kinematic strain-hardening. Lastly, it ends with a
flat yield plateau, up to the limit strain &,7=0.15 (not shown in Fig. 4(b)). Prandtl-Reuss’s plasticity
model (von Mises yield criterion and associated flow rule) is adopted in all cases. Finally, since the post-
buckling analyses carried out involve large inelastic strains, the nominal/engineering static stress-strain
curve is replaced by a relation between the true stress and the logarithmic plastic strain, reading

e E; E<é,
05
fr=1 f —c+(b/a)[az—($yT —8)2:| Eq <E<E; , (6)
fr e Se<Ey




3.2 Validation Studies

Due to the lack of experimental data concerning CFS columns affected by D-G (or D-FT, to be more
precise) interaction, the ABAQUS SFE model employed to determine the post-buckling behavior and
strength of CFS columns experiencing D-FT interaction at room and elevated temperatures is validated in
this section against numerical simulations reported by Gunalan et al. (2014) and Rokilan & Mahendran
(2021) — they concern LC columns failing in pure D or FT modes at room and elevated (uniform)
temperatures that were also experimentally tested by Bandula Heva & Mahendran (2012 and Ranawaka &
Mahendran (2010). Figures 5(a)-(b), taken from the above publications works, provide an overall view of
the experimental set-up specially designed and built at the Structures Laboratory of the Queensland
University of Technology (QUT), in Australia.

(b)

Figure 5. Overall view of the experimental set-up and LC test specimens tested by Bandula Heva & Mahendran (2012)
and Ranawaka & Mahendran (2010), which failed in (a) D and (b) FT modes at elevated temperatures.

Table 2 provides the data concerning the LC columns considered in the validation study, namely (i) their
failure mode (D or FT), (ii) the mean values of their cross-section dimensions and lengths, and the
amplitudes of the (D or FT) initial geometrical imperfection adopted in the SFE GMNIA simulations,
(iii) the temperatures considered, (iv) the steel grade Et and fyr values, and (v) the column failure loads
reported by Gunalan et al. (2014) and Rokilan & Mahendran (2021) (Purep), and those obtained in
this work (Putw), together with the percentage differences between them.

It is worth noting that, besides the innovative experimental test campaigns, involving large numbers of
column specimens, this research group also performed extensive numerical studies at room and elevated
temperatures. The column analyses, carried out in the code ABAQUS, (i) accounted for the influence of
residual stresses, (ii) included critical-mode (D or FT) initial geometrical imperfections exhibiting the
experimentally measured amplitudes, and (iii) adopted the steel grade material properties (Er and fyr)
indicated in Table 2, using experimentally-based Ramberg-Osgood type constitutive models. The CFS
column specimens were made of sheets with nominal thickness 0.80 mm (G250 steel grade), 0.95 mm
(G250 and G550 steel grades) and 1.90-1.95 mm (G450 and G250 steel grades). As for the numerical
analyses performed in this work, they replicate those performed by Gunalan et al. (2014) and Rokilan &
Mahendran (2021), except for the fact that the residual stresses were disregarded and a different steel
constitutive model was adopted (EC3-based, instead of Ramberg-Osgood).



Table 2. Columns considered in the validation study: geometries and comparison between the numerical failure loads
reported by Gunalan et al. (2014) and Rokilan & Mahendran (2021), and those obtained in this work.

Column . T Steel Er fyr Pre P Prep = Pirw
Mode (mm) Imperfection C) Grade (GPa) (MyPa) (kNp) (kl\vlv) T
20 200 320.0 29.9 29.2 2.28%
bw = 30.97 200 0 185 263.4 25.0 24.4 2.40%
bl;::351é106 N 350 § 1254 1632 146 143 2.25%
t= 0.0 ' 500 iy 97.6 104.6 9.4 9.4 0.15%
L =190 650 © 70 52.5 4.9 4.9 0.77%
800 19.2 18.9 16 17 -4.25%
20 200 610.0 31.3 33.5 -7.15%
= tt’)w_: e 200 S 1708 | 605.1 273 277 | -158%
g t;‘: s 0741 350 S 142 534.4 22.7 24.6 -8.25%
S = 0.80 ' 500 3 79.6 261.7 12.8 135 -5.12%
fa L =190 650 o 62 56.7 4.0 4.3 -7.00%
800 26 31.1 2.0 2.1 7.11%
20 205 615.0 416 43.7 -5.01%
bw = 31.44 200 0 176.9 592.2 38.7 39.7 -2.63%
br = 31.61 350 3 141 539.4 30.6 28 | -7.11%
b1 =5.80 1.05-t S
t=0.05 500 3 80.4 289.7 19.0 20.0 -5.20%
L =190 650 o 66 50.4 45 4.7 -4.71%
800 28.7 27.1 2.3 2.3 0.02%
L/2559 20 188 271 90.7 88.5 2.38%
by = 74.9 L/4047 200 " 159.7 247 84.3 81.1 3.79%
br = 50.0 L/3783 300 & 134.4 178 62.4 59.2 5.18%
bi=15.0 L/3000 400 S 109.1 129 411 42.9 -4.31%
t=1.95 L/3625 500 § 83.7 91.4 26.6 28.2 -5.93%
L=1740 L/5438 600 58.3 60.2 19.0 19.9 -4.87%
L/4579 700 32.9 33.7 10.9 11.7 7.17%
= L/2949 20 206 515 129.0 127.2 1.41%
S | buy=749 L/1955 200 o 175 510 110.0 1110 | -0.95%
S | b=498 L/3000 300 S 147.3 489 96.4 92.8 3.70%
s | bi=148 L/4350 400 S 1195 357 78.0 79.9 -2.43%
2 t=1.88 L/3955 500 3 91.7 201 53.4 54.0 -1.18%
T | L=1740 L/4971 600 63.9 56.7 20.5 18.9 7.82%
L/3867 700 36.1 36.1 11.3 11.86 | -4.92%
L/2486 20 205 615 25.4 26.2 -3.10%
bw =55.0 L/2023 200 P 178.3 596 22.5 23.0 -2.21%
bk;|::374ég L/2719 300 2 1516 553 193 197 | -2.22%
L= 0.5 L/2522 400 3 125 443 15.8 16.3 -3.05%
L = 1740 L/7550 600 o 71.7 58 6.2 6.5 -4.27%
L/3625 700 45 48 4.6 4.6 0.41%

The observation of Table 2 reveals that the absolute values of the percentage differences between (i) the
column failure loads reported by Gunalan et al. (2014) and Rokilan & Mahendran (2021) (Purep), and (ii)
those obtained in this work (Purw), for columns with three (nominal) yield stresses and subjected to various
temperatures, have a mean value equal to 3.79% and never exceed 8.25%. In addition, only for 7 (out of
36) columns do those differences exceed 6%. In view of the quite good correlation expressed by the above
indicators, it seems fair to argue that the ABAQUS SFE model employed in this work may be deemed
satisfactorily validated.
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4. Column D-FT Interactive Strength at Elevated Temperatures

4.1 Elastic-Plastic Post-Buckling Behavior

The influence of the elevated temperature on the elastic-plastic post-buckling behavior and failure load of
selected CFS LC columns undergoing D-FT interaction is addressed in this section. Since it was found
that such influence is qualitatively quite similar for all the columns analyzed undergoing a given D-FT
interaction type (T1, SGI or SDI), only the post-buckling results of three columns are presented and
discussed here — they constitute a representative sample of the whole set of columns dealt with.

Figure 6(a) shows the equilibrium paths P/Pcr20 Vs. (v+vo)/t of the columns LC1 (Rep=0.49) LC14
(Rep=1.03) and LC17 (Rep=1.24) with Acr=1.5 subject to temperatures T=20/100-200-300-400-500-600-
700-800 °C — Per20=min{Pec; Perp} (elastic critical buckling loads at room temperature — see Section 2), v
is the mid-span top flange-lip corner vertical displacement and vo its initial value. The white circles
stand for the failure loads (Pyr=A-fur) and the room temperature elastic equilibrium paths are also shown,
for comparison purposes. As for Fig. 6(b), it displays the failure modes and plastic strain contours at
collapse (P=Pyr) of the above columns at temperatures T=20/100-300-500-700°C. The observation of
these post-buckling results prompts the following remarks:

(i) Due to its quite low Rep value and moderate slenderness (Acr=1.5), it is not surprising that the
behaviors of the LC1 columns are virtually pure flexural-torsional, as attested by the observation of
their collapse mode shapes in Fig. 6(b), where no distortional deformations are visible.

(i) Conversely, the behaviors of the LC14 and LC17 columns are visibly affected by D-FT interaction,
as attested by the observation of their collapse mode shapes in Fig. 6(b), which clearly combine
distortional and flexural-torsional deformations. No qualitative differences are observed between the
two sets of equilibrium paths (note that the horizontal axis scales are different).

(iif) As expected and regardless of the Rep value, the column strengths and failure loads decrease as the
temperature rises, which means that the corresponding equilibrium paths “move downwards” (see
Fig. 6(a)). The drop is most severe between 500 °C and 600 °C, which reflects the sudden increase in
the rate of the CFS material behavior degradation, mostly felt through the proportionality limit strain
and smoothness of the elliptic transition between the elastic and plastic ranges (see Figs. 4(a)-(b)) —
note that, for 7>600 °C, the CFS stress-strain curve exhibits again a well-defined yield plateau.

(iv) Out of the various equilibrium path trios (columns LC1, LC14 and LC17) corresponding to a given
temperature, those associated with the LC1 columns are the smoothest — this is just a logical
consequence of the fact that these columns exhibit a clearly pure flexural-torsional post-buckling
behavior, not affected by D-FT interaction. The LC14 and LC17 column equilibrium paths, which are
qualitatively similar, exhibit inflexion points prior to failure (less perceptible for the most elevated
temperatures) — note that the former fall slightly below the latter, thus reflecting the higher strength
and failure load erosion caused by the TI D-FT interaction (with respect to its SGI counterpart).

(v) Because the thermal action effects are negligible (uniform temperature and free-to-deform columns),
the failure modes of a given column at different temperatures are practically identical — see Fig. 6(b).

(vi) The LC1 column plastic strain contours (including the yielded region locations) differ visibly for their
(very similar) LC14 and LC17 column counterparts. In the latter, yielding starts at the bottom and top
lip regions located at mid-height and in the vicinity of the fixed ends, respectively, then develops
slowly at the mid-span top web-flange corner region (mostly) and end bottom web-flange corner
regions, which explains the very pronounced elastic-plastic strength reserve prior to failure (note the
closeness between the elastic and elastic-plastic equilibrium paths of the columns at 20/100 °C) —

11
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Figure 6. (a) Equilibrium paths P/Pr20 Vs. (v+vo)/t and (b) (b) collapse modes with plastic strain contours of columns LC1,
LC14 and LC17 columns, undergoing SDI, Tl and SGI D-FT interaction, respectively, at elevated temperatures.

failure occurs after extensive yielding of the mid-height top web-flange corner region. In the LC1
columns, failure occurs soon after the first yielding (small elastic-plastic strength reserve) and is
preceded by extensive yielding of the mid-height top web-flange corner region and end bottom
web-flange corner regions.
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(vii)No clear trend is observed regarding the influence, on the amount of elastic-plastic strength reserve
and ductility prior to failure, of the column geometry, yield stress or temperature.

4.2 Failure load data

This section reports the output of the parametric study carried out to gather failure load data that will
be used to assess the merits of the available DSM-based design approaches to predict the failure loads of
fixed-ended LC columns undergoing T, SGI and SDI D-FT interaction at elevated temperatures. A total
of 2016 columns are analyzed, corresponding to all possible combinations of the (i) 21 geometries (cross-
section dimensions and lengths) given in Table 1, (ii) 8 uniform temperatures (T=20/100-200-300-400-
500-600-700-800 °C), intended to simulate fire conditions, and (iii) 12 room-temperature yield stresses,
selected to enable covering wide D-FT slenderness ranges for all columns sets (comprised between 0.20
and 3.72 — recall that A=[Py/Pcr]°%). The numerical failure loads obtained in this parametric study are
given in 21 tables included in Annex I: Tables 1.1 to 1.21 — each one regarding a given LC column
geometry (see Table 1). Fig. 7 shows Pyr/Pyr vs. Arr 1 plots for the various temperatures considered in this
work — the elastic buckling curve (Aer.1)~ is also included, for comparative purposes. In all plots, the
white, black and grey circles stand for the failure loads of columns affected by TI, SGI and SDI D-FT
interaction, respectively. The joint observation of these plots and tables prompts the following remarks:
(i) Regardless of the temperature, the Pyr/Pyr vs. Arr1 “clouds” follow the trend of “Winter-type”
strength curves and the “vertical dispersion” is quite small along the slenderness ranges considered.
(i) The failure loads of the column affected by SDI (Rep<0.8), Tl (0.8<Rep<1.20) and SGI (Rep>1.20)
D-FT interaction are fairly well mingled (white, black and grey circles “on top of each other),
particularly in the moderate slenderness range. Nevertheless, it is possible to observe that (iiy) the
TI failure loads are a bit higher in the stocky columns (Arr.1<1.5) at 7>400 °C and (iiz) the SDI
failure loads are marginally smaller in the slender columns (Arr7>2.0) at all temperatures.
(iii) In the low-to-moderate slenderness range (Arr.1<1.5), all Pyr/Pyr values concerning elevated
temperatures (T>100 °C) are below their room/moderate-temperature counterparts (the elastic

¥T
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0.6 A

04 04 A

04

Figure 7. Pyr/Pyr vs. et 7 plots concerning all the LC columns analyzed in this work (T=20/100-800 °C) — the elastic
buckling curves are also displayed.
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buckling curves provide a useful reference to quantify these differences) — this does not happen
in the moderate and high slenderness ranges (Arr7>1.5).

(iv) The Pyr/Pyr drop caused by the temperature increase does not follow the “logical” temperature
sequence, i.e., the decrease with the temperature is not monotonic. Indeed, the Pyr/Pyr reduction is
ordered in the sequence T =20/100-200-300-800-500-400-600-700°C (the “out of sequence”
values are underlined). This unexpected finding, which has no obvious mechanical explanation
based on the EC3-based temperature-dependent CFS constitutive model, must be investigated in
the future — it may be related to the influence of the ratio ky/kp.

The above results are promising concerning the possibility of reaching an efficient (safe, accurate and
reliable) DSM-based design approach for columns undergoing D-FT interaction at elevated temperatures.

5. DSM-Based Design at Elevated Temperatures

5.1 Available DSM-based design approach against column D and FT failures

The DSM-based prediction of the failure loads gathered in the previous section, concerning CFS
fixed-ended LC columns experiencing Tl, SGI and SDI D-FT interaction at elevated temperatures, is
addressed in this section. The first step consists of assessing the merits/adequacy of the available DSM-
based design approaches against column pure D (Pnor) and FT (Pnerr) failures at elevated temperatures,
proposed by Landesmann et al. (2019) and Bicelli et al. (2021), respectively — see Egs. (4) and (5).

Figures 8 and 9 show the Pyr/Pnp.1 VS. Aot and Pyt/Pnrr .1 VS. AFr plots for all the columns analyzed
in this work, thus enabling a quick and visual assessment of the quality (accuracy and safety) of the failure
load predictions provided by the strength curves defined in Egs. (4) and (5) — note that all the Pur/Pnp7
and Pur/Pnerr values are given in Tables 1.1 to 1.21, included in Annex I. A more quantitative
assessment can be found in Table 3, which provides the Pyr/Pnor and Pur/Pnerr Statistical indicators
(averages, standard deviations and maximum/minimum values), as well as the numbers of “clearly
unsafe” failure load estimates (in the sense that Py1/Pnp .1 <0.95 or Pur/Prer1 <0.95). The observation of the
results presented in these figures and tables prompts the following comments:

2.5 7 PuT/PnD.T 2.5 7 PuT/PnD.T 2.5 1 PuT/PnD.T 2.5 q PuT/PnD.T
218 ;?I 20/100°C 2 1 200°C 2 1 300°C 2 1 400°C
15 4 © SDI 15 A 15 1 15 |

500°C 600°C 700 °C 800 °C

Figure 8. Pyr/Pnpr vs. Ap7 plots for all the LC columns analyzed in this work (T=20/100-800 °C).
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Figure 9. Pyr/Pner1 VS, Aer7 plots for all the LC columns analyzed in this work (T=20/100-800 °C).

Table 3. Pyr/Pnp.1 and Pyr/Prerr statistical indicators for the LC columns analyzed in this work (T=20/100-800 °C).

T(°C) 100 200 300 400 500 600 700 800

Apr | <1.0 | >1.0 | <1.0 | >1.0 | <1.0 | >1.0 | <1.0 | >1.0 | <1.0 | >1.0 | <1.0 | >1.0 | <1.0 | >1.0 | <1.0 | >1.0

n 67 185 68 184 68 184 68 184 73 179 68 184 67 185 76 176
_ Ave. | 0.915 | 0.800 | 0.939 | 0.799 | 0.938 | 0.789 | 0.958 | 0.790 | 0.950 | 0.792 | 0.970 | 0.788 | 0.979 | 0.786 | 0.947 | 0.800
D\E S.D. | 0.060 | 0.104 | 0.057 | 0.104 | 0.058 | 0.100 | 0.070 | 0.098 | 0.063 | 0.098 | 0.081 | 0.098 | 0.086 | 0.098 | 0.057 | 0.098
. Max. | 1.067 | 1.023 | 1.056 | 1.029 | 1.037 | 1.027 | 1.138 | 1.017 | 1.108 | 1.022 | 1.190 | 1.015 | 1.221 | 1.015 | 1.082 | 1.017
Min. | 0.755 | 0.533 | 0.758 | 0.543 | 0.771 | 0.537 | 0.765 | 0.563 | 0.768 | 0.572 | 0.763 | 0.547 | 0.762 | 0.556 | 0.772 | 0.590

<0.95| 32 170 34 170 34 171 30 175 36 169 26 176 21 178 37 163

Aerr | 2.0 | >2.0 | 2.0 | 2.0 | 2.0 | >20 | 2.0 | >20 | 20 | >20 | 2.0 | >2.0 | 2.0 | >20 | 2.0 | >20

n 144 | 108 | 145 | 107 | 146 | 106 | 150 | 102 | 156 96 146 | 106 | 144 | 108 | 166 86
- Ave. | 1.057 | 0.971 | 1.089 | 0.969 | 1.008 | 0.938 | 0.934 | 0.916 | 0.974 | 0.927 | 0.910 | 0.902 | 0.875 | 0.893 | 0.948 | 0.946
D\L-E S.D. | 0.039 | 0.091 | 0.055 | 0.088 | 0.048 | 0.071 | 0.057 | 0.057 | 0.053 | 0.056 | 0.062 | 0.058 | 0.071 | 0.060 | 0.055 | 0.049
o Max. | 1.167 | 1.114 | 1.233 | 1.107 | 1.173 | 1.041 | 1.101 | 1.011 | 1.143 | 1.013 | 1.085 | 1.010 | 1.050 | 1.011 | 1.108 | 1.022
Min. | 0.921 | 0.728 | 0.964 | 0.733 | 0.903 | 0.738 | 0.831 | 0.745 | 0.877 | 0.758 | 0.795 | 0.734 | 0.740 | 0.701 | 0.834 | 0.794

<0.95| 4 40 0 41 8 50 94 70 64 54 108 88 126 92 83 32

(i) Concerning the LC columns at room-moderate temperatures (7<100 °C), most of their failure loads
are clearly overestimated by the Pnp 1 values — the exceptions are some stocky column failure loads,
which are either slightly underestimated or overestimated. In order to back this assertion, note that the
Pur/Pro averages, standard deviations, maximum and minimum values read 0.915-0.060-
1.067-0.755, for Ap1<1.0, and 0.800-0.104-1.023-0.533, for Ap1>1.0 (see Table 3). Moreover, the
numbers of “clearly unsafe” failure load estimates are 32 (out of 67), for Ap1<1.0, and 170 (out of
185), for Ap.r>1.0. It is worth noting that, the above overestimation is slightly larger for the
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column affected by SDI D-FT interaction than for those undergoing Tl and SGI D-FT interaction.
Therefore, it can be concluded that the occurrence of D-FT interaction generally entails a failure load
erosion (with respect to the pure D ultimate strength), which is relatively small for the stocky
columns and becomes quite visible in most of the remaining ones — it tends to grow with Ap.t.

(ii) Again, for the LC columns at room-moderate temperatures (7<100 °C), a large number of their
failure loads are fairly accurately estimated by the Prer.1 values —the exceptions are most of the slender
columns (Arr7>2.0), particularly those undergoing Tl and SGI D-FT interaction, whose failure
loads are reasonably overestimated. To back this assertion, note that the averages, standard
deviations, maximum and minimum Pyr/Pner values read 1.057-0.039-1.167-0.921, for Aer1<2.0,
and 0.971-0.091-1.114-0.728, for Arr7>2.0 (see Table 3). Therefore, it can be concluded that
the occurrence of D-FT interaction entails very little or no failure load erosion (with respect to the
pure FT ultimate strength) for the less slender columns (Arr7<2.0) — conversely, the failure load
erosion is clearly visible for the most slender columns affected by Tl and SGI D-FT interaction (less
so for those experiencing SDI D-FT interaction).

(iii) Concerning the quality of the Pnpr failure load predictions, the findings included in item (i) above
remain essentially valid for the columns at elevated temperatures (T>100 °C). The only (small)
difference is the fact that, for T>400°C, the failure loads of a few stocky (Ap.7<1.0) columns
affected by TI D-FT interaction are slightly underestimated by the Pnp 1 values — see Fig. 8.

(iv) Concerning the quality of the Pnerr failure load predictions, the findings included in item (ii) above
remain essentially valid for the columns at elevated temperatures not exceeding 300 C. For higher
temperatures, the vast majority of the column failure loads are moderately overestimated — the
only exception are the columns at T=800 °C, for which the number of failure load overestimations is
visibly smaller. Moreover, it is also interesting to notice that the largest failure load overestimations
occur for the stocky (Arr7<1.0) columns affected by SDI D-FT interaction and the very slender
(Arr7>2.5) columns undergoing T1 and SGI D-FT interaction — see Fig. 9. Therefore, it can be
concluded that the occurrence of D-FT interaction only entails moderate failure load erosion (with
respect to the pure FT ultimate strength) for most columns at 400 °C<T<800 °C — for columns at
T=200 °C and T=300 °C, visible failure load overestimations only occur for the most slender
(Arr7>2.0) columns, particularly for those affected by Tl and SGI D-FT interaction.

The findings reported above show that the Pro1 (See Eq. (4) — Landesmann et al. 2019) and Prer 1 (See Eq.
(5) —Bicelli et al. 2021) DSM-based design approaches are unable to predict adequately the failure loads
of CFS fixed-ended LC columns affected by D-FT interaction at both room and elevated
temperatures. Nevertheless, it should be noted that the failure load prediction qualities provided by the
Pnp.1 and Pner.1 Values differ visibly: while the former yield clear overestimations (except for some
columns with Ap.1<1.0), the latter provide (i) fairly accurate estimates for columns with Arr7<2.0
at temperatures T<300 °C, and (ii) moderate overestimations for the remaining columns.,

5.2 DSM-based design approach against column D-FT interactive failures

Next, the methodology first put forward by Schafer (2002) to handle interactive failures in CFS members,
which was subsequently used by several authors in the context of various coupling phenomena, is
adopted here to establish DSM-based design approaches intended to predict the failure loads of columns
experiencing T1, SGI and SDI D-FT interaction. The application of this methodology to Egs. (4) and (5)
leads to two DSM-based design approaches, denoted here as Prp-rr1 and Pner-p 1, respectively. While
the former involves replacing Pyrwith Poerr in EQ. (4), the latter consists of replacing Pyrwith Prp 1
in Eq. (5) — the expressions providing the Prorrrand PnrroT, Values then read
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where (i) Aprr.T and Arp 1 are the interactive slenderness values, and (ii) Pero.1 and Perer. are the D
and FT critical buckling loads at a given temperature T. The influence of the temperature on Aper.t
and Arrp.7 is felt through (i) Pero.r and Peerr, @and (i) Pao.t and Prer1, all dependent on the Young’s
modulus, whose value decreases with T. At this stage, it is worth mentioning that Martins et al. (2018)
followed this same methodology for CFS fixed-ended columns affected by D-FT at room temperature.
However, they used the currently codified DSM global design curve (Png), instead of Pner (not yet
available at the time — it only appeared two years later) — naturally, this fact must be taken into account
when interpreting the findings reported by Martins et al. (2018).

Figures 10 and 11 show the Pyt/Pnp-Fr.1 VS. Arr.T and Put/Prrr-p.1 VS. AFrT plots for all the columns
analyzed in this work. Note that, for the sake of clarity, the slenderness Arr.1 replaces its interactive
counterparts Aprr.t and Arp 1 in these plots — the Pyt/Prp-Fr.1 VS. ApFr.t and Put/Prerp.1 VS. ArtD.T plOts
are more difficult to interpret. As done before, the Pyt/Pnp-Fr.r and Pur/Pnrrpr Statistical indicators and
numbers of “clearly unsafe” failure load estimates are given in Table 4 — the Pyr/Prp-Fr.1 and Pyr/PrerpT
values of all the columns analyzed in this work are provided in Tables 1.1 to 1.21, included in Annex I. The
observation of the results presented in these two figures and table prompts the following remarks:

25 1 Pur/Puprrr 25 1 Pur/Puprrr 25 1 Pur/Poprrr 25 1 Pur/Puprrr

Figure 10. Pyt/Pnp-rr.1 VS. Aer1 plots for all the columns analyzed in this work (T=20/100-800 °C).
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Figure 11. Pyt/Pnero.r Vs. Aer7 plots for all the columns analyzed in this work (T=20/100-800 °C).

Table 4. Pyr/Prorrr and Pyr/Prero.r statistical indicators for the LC columns analyzed in this work (T=20/100-800 °C).

T(°C) 20/100 200 300 400 500 600 700 800

n 252 252 252 252 252 252 252 252

_ Ave. 1.384 1.412 1.477 1.569 1.556 1.623 1.632 1.479

'D-E S.D. 0.237 0.206 0.177 0.160 0.148 0.156 0.173 0.183

&.; Max. 1.943 1.940 1.969 2.012 2.001 2.046 2.058 1.984

- Min. 0.984 1.091 1.197 1.286 1.297 1.326 1.283 1.167
<0.95 0 0 0 0 0 0 0 0

n 252 252 252 252 252 252 252 252

- Ave. 1.492 1.532 1.540 1.554 1.575 1.580 1.552 1.467

E S.D. 0.340 0.294 0.250 0.217 0.208 0.210 0.220 0.222

&.; Max. 2.491 2.343 2.198 2.099 2.120 2.113 2.114 2.052

= Min. 0.984 1.091 1.143 1.192 1.218 1.226 1.193 1.103
<0.95 0 0 0 0 0 0 0 0

(i) The D-FT failure load predictions yielded by the Pnp.Frrand Prer-p1 Values are qualitatively similar

(i)

for all the columns analyzed in this work. Indeed, both estimations provide exclusively safe
failure load estimates and, regardless of the temperature, the amount of underestimation grows
visibly with the column slenderness Arr.t — this growth is slightly more pronounced in the
Put/Prer-p1 VS. AFT T plots. Moreover, the observation of the Table 4 also shows that, in average, the
amount of underestimation also grows slightly with the temperature, with three exceptions: minute
average decrease between 400 °C and 500 °C (Pur/Prp-Fr7) and at visible average decrease between
700 °C and 800 °C (Pyt/Pnp-er.1 and Pyt/Prer-p.1).

The Pyr/Pro-Fr7 VS. Arrr and Pur/PreroT VS. ArrT plots displayed in Figs. 10 and 11 are very similar,
both qualitatively and quantitatively, which is attested by the statistical indicators given in Table 4.
Indeed, the Pyt/Pno-rr.1 and Pur/Pnrerp.7 averages, standard deviations and maximum/minimum
values, concerning the eight temperatures considered in this work, fall inside the following interval
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sets: 1.384-1.632 vs. 1.467-1.580, 0.148-0.237 vs. 0.208-0.340, 1.940-2.058 vs. 2.052-2.491 and
0.984-1.326 vs. 0.984-1.226, respectively for the Pyr/Pnp-rr.1 and Pyt/Prer-p.7 Values.

(iii) For T=20/100+200+300+500 °C, the Pnp-rr.7 failure load predictions marginally outperform
their Prerp 7 counterparts, as attested by the slightly lower Pyr/Pnp.r1 averages, standard deviations
and maximum values (even if two minimum values are a bit higher).

(iv) Conversely, for T=400+600+700+800 °C the Pnrr-pr failure load predictions are marginally superior
to their Pnp-rr.7 counterparts, as attested by the slightly better Pnp-rr.1 averages, maximum and
minimum values (even if the standard deviations are a bit higher).

(v) Ingeneral, and as it would be logical to anticipate, the Pnp-rr.7 and Pner-p.1 lower failure load
overestimations occur for the columns affected by SDI D-FT interaction, whose post-buckling
behavior is predominantly FT.

In summary, the joint observation of the results presented in Figs. 8 to 11 and Tables 3, 4 and 1.1 to .21
(included in Annex I) makes it possible to draw the following conclusions, concerning the DSM-based
design of CFS fixed-ended LC columns undergoing T, SGI or SDI D-FT interaction:

(i) The Pnp.r strength curves, developed for CFS fixed-ended columns failing in pure D modes at
elevated temperatures, are clearly unable to handle adequately columns experiencing Tl, SGI or SDI
D-FT interaction at either room or elevated temperatures — practically all failure loads estimates
are unsafe and the overestimation is considerable for a very large number of columns.

(if) The Pner 1 strength curves, developed for CFS fixed-ended columns failing in pure FT modes at
elevated temperatures, are only able to handle reasonably well columns experiencing SDI D-FT
interaction at temperatures up to 300 °C*. Most of the remaining column failure load estimates are
unsafe (although less so than their Pnp 1 counterparts).

(iii) Since the contents of the previous two items show that the occurrence of failure load erosion due to D-
FT interaction, it was necessary to search for a DSM-based design approach capable of handling
adequately columns affected by (TI, SGI or SDI) D-FT interaction. Two such design approaches
were considered, namely the Pnp-rr.rand Prer-p.7 Ones, both based on an idea first put forward by
Schafer (2002) and both providing qualitatively and quantitatively similar failure load predictions.
However, those failure load predictions were shown to be inadequate: although all of them are safe, a
large number of them are excessively conservative and, therefore, lead to uneconomic designs.

(iv) The contents of the above items clearly show the need to search for an efficient (safe, accurate and
reliable) DSM-based design approach to handle LC columns undergoing D-FT interaction at room
and elevated temperatures failures. It seems that a good starting point is the Pner1 design approach —
the corresponding strength curves need to be modified/“lowered”” and the modifications should
involve the buckling load ratio Rep (and maybe also the temperature T).

4 Since the post-buckling behavior of the columns affected by SDI D-FT is predominantly FT, it is surprising to observe that the
failure load prediction quality provided by the Pyer7 values at room temperature falls below that achieved by Bicelli et al.
(2021). Although further investigation (already under way) is necessary to clarify this issue, it seems plausible that this
unexpected discrepancy stems from the fact that the all the columns considered in this work exhibit a flexural-torsional-
distortional post-buckling behavior (see footnote 3, in page 5), while those analyzed by Bicelli et al. (2021) exhibited a pure
flexural-torsional post-buckling behavior. It is possible that the presence of anti-symmetric distortional deformations (GBT
deformation mode 6) in the so-called ““global” buckling mode causes the column post-buckling strength and failure load to drop.
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6. Concluding Remarks

This work reported the available results of an ongoing numerical investigation dealing with the post-
buckling behavior, strength and DSM design of cold-formed steel fixed-ended columns experiencing
interaction between distortional and flexural/torsional and distortional buckling at room and elevated
temperatures — the results presented and discussed concern lipped channel columns under temperatures up
to 800 °C, typically caused by fire conditions.

After providing the motivation for this research effort, which included an overview of the available DSM-
based design approaches against pure distortional and pure flexural-torsional failures at room and elevated
temperatures (Landesmann et al. 2019, Bicelli et al. 2021), the paper addressed the selection of column
geometries prone to three types of D-FT interaction, depending on the Rep=Pcrc/Pcrp value: “True D-G
interaction” (TI — 0.9<Rgp<1.10), “Secondary distortional bifurcation D-G interaction” (SDI — Rgp<0.9)
and “Secondary global bifurcation D-G interaction” (SGI — Rep>1.10) — note that the last two occur
when the squash load Py is sufficiently higher than the largest of Perc and Pep. Then, the influence of the
(elevated) temperature on the post-buckling behavior and failure of columns affected by these three types
of D-FT interaction is briefly investigated.

Then, numerical failure load data were gathered, concerning a total of 2016 columns affected by various
types and levels of D-FT interaction and (i) exhibiting 21 geometries (cross-section dimensions and
lengths), (ii) having 12 room-temperature yield stresses, chosen to cover wide D-FT slenderness ranges
(0.20t0 3.72), and (iii) subjected to 8 uniform temperatures (up to 800 °C). Finally, the above numerical
D-FT interactive failure loads were used to assess the merits of their prediction by (i) the available
DSM-based design approaches against pure D (Pnp.1) and pure FT (Pnrr.7) failures and (i) the DSM-based
design approaches that combine the previous ones (Prp-Fr.T and Prrr-p.1). The main findings of this merit
assessment are the following:

(i) The Pnpo1 values provide unsafe estimates of all the D-FT interactive failure loads obtained in this
work — moreover, the vast majority of them are substantially overestimated (the very few exceptions
concern very stocky columns).

(i) The Pner7 values only provide safe and accurate estimates of the failure loads of columns affected by
SDI D-FT interaction at temperatures up to 300 °C. The overwhelming majority of the remaining
column failure loads are visibly overestimated (but much less than by the Pnp 1 values).

(iii) The Prp-rr7 and Prer-p.7 Values provide very similar, quantitatively and qualitatively, failure load
estimates for the failure load data gathered in this work. Although all these estimates are safe, the vast
majority of them are uneconomic (excessively conservative) — the amount of failure load
overestimation grows with the column slenderness.

(iv) It was shown that there is a clear need for an efficient DSM-based design approach to handle fixed-
ended lipped channel columns undergoing D-FT interaction. It seems that a good starting point
consists of modifying/“lowering” the strength curves prescribed by the Pner 1 design approach,
by incorporating numerically-determined parameters dependent on the buckling load ratio Rep (and
maybe also the temperature T).

Finally, it is worth noting that the findings reported in this work provide encouragement to search for a
DSM-based design approach for CFS lipped channel columns affected by D-FT interaction at room and
elevated temperatures. Once this immediate goal is achieved, the scope of the ongoing research effort will
be extended to columns with other cross-section shapes and/or support conditions, in order to attain the
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final goal of an efficient DSM-based design approach for CFS singly-symmetric (with respect to the
major axis) columns failing in D-FT interactive modes at room and elevated temperatures.
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Annex |: Data Concerning the CFS Fixed-Ended LC Columns Analyzed in this Work

This annex consists of 21 tables (1.1 to 1.21), dealing individually with each lipped channel (LC) cross-
section geometry considered in this work (see Table 1 of the paper). Each table concerns 12 room
temperature yield stresses (fy20), associated with equally spaced slenderness values A 20, and 8 temperatures
(T=20/100-200-300-400-500-600-700-800 °C), and provides the values of (i) the critical (D or FT)
slenderness at room temperature (Aer20), (i) the FT and D slenderness values at temperature T (A=t and
Jp7), (i) the failure-to-squash load ratios at temperature T (Pur/Pyr), and (iv) the numerical failure-to-
predicted load ratios at temperature T (Pur/Pner1, Put/Pno.1, Put/Prorr.t and Put/Prerp ).
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Table 1.1: Numerical failure loads and their DSM estimates concerning the LC1 column geometry with 12 room temperature yielding
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

T(C) | Acao 025 | 050 | 075 | 1200 | 125 | 150 | 1.75 | 200 | 225 | 250 | 275 | 3.00
Aerr 0355 | 0.711 | 0.865 | 1.153 | 1.442 | 1.730 | 2.018 | 2.307 | 2595 | 2.883 | 3.172 | 3.460

o1 0250 | 0500 | 0.750 | 1.000 | 1.250 | 1.500 | 1.750 | 2.000 | 2.250 | 2.500 | 2.750 | 3.000

S |[PulPy 0.960 | 0.883 | 0.736 | 0.596 | 0.444 | 0.344 | 0.287 | 0.252 | 0.227 | 0.204 | 0.183 | 0.163
S [PulPurr 1.012 [ 1.091 | 1.007 | 1.040 | 1.061 | 1.009 | 0.973 | 0.972 | 0.975 | 0.969 | 0.951 | 0.921
S | PulPuor 0.960 | 0.883 | 0.806 | 0.795 | 0.718 | 0.661 | 0.643 | 0.651 | 0.662 | 0.668 | 0.665 | 0.653
Put/Puprrr 1012 [ 1.091 | 1.029 | 1.144 | 1214 | 1217 | 1.246 | 1.316 | 1.390 | 1.450 | 1.488 | 1.502
Put/PuroT 1.012 | 1.091 | 1.073 | 1.207 | 1.230 | 1.268 | 1.375 | 1.543 | 1.737 | 1.932 | 2.117 | 2.283

Aerr 0354 | 0.707 | 0.860 | 1.147 | 1.434 | 1.720 | 2.007 | 2.294 | 2581 | 2.867 | 3.154 | 3.441

o1 0249 | 0497 | 0746 | 0994 | 1.243 | 1.492 | 1.740 | 1.989 | 2.237 | 2.486 | 2.735 | 2.983

o |[PulPy 0941 | 0.867 | 0.725 | 0594 | 0.445 | 0.344 | 0.286 | 0.252 | 0.226 | 0.204 | 0.183 | 0.164
& | PulPurr 1.096 | 1.160 | 1.059 | 1.072 | 1.056 | 1.004 | 0.966 | 0.964 | 0.969 | 0.965 | 0.949 | 0.921
Put/Pio1 0.962 | 0.887 | 0.801 | 0.794 | 0.720 | 0.661 | 0.641 | 0.647 | 0.659 | 0.666 | 0.664 | 0.654
Put/Paprrr 1121 | 1.187 | 1.092 | 1.180 | 1.220 | 1.221 | 1.245 | 1.313 | 1.387 | 1.448 | 1.489 | 1.506
Pur/PurtoT 1120 | 1182 | 1.140 | 1.269 | 1.279 | 1.297 | 1.383 | 1.530 | 1.702 | 1.873 | 2.032 | 2.171

Aerr 0351 | 0702 | 0.854 | 1.139 | 1424 | 1708 | 1.993 | 2.278 | 25562 | 2.847 | 3.132 | 3.416

ot 0247 | 0494 | 0741 | 0987 | 1.234 | 1.481 | 1.728 | 1.975 | 2.222 | 2.469 | 2.715 | 2.962

o |PulPy 0.766 | 0.719 | 0.608 | 0533 | 0.422 | 0.328 | 0.269 | 0.237 | 0.215 | 0.196 | 0.178 | 0.161
S | PulPuerr 0969 | 1.028 | 0.941 | 0.995 | 1.003 | 0.951 | 0.903 | 0.903 | 0.916 | 0.922 | 0.916 | 0.898
Pur/Puo1 0.975 | 0.915 | 0.780 | 0.776 | 0.722 | 0.656 | 0.622 | 0.625 | 0.640 | 0.651 | 0.654 | 0.649
Pur/Paprrt 1232 | 1.308 | 1.197 | 1.271 | 1.314 | 1.289 | 1.278 | 1.335 | 1.413 | 1.481 | 1530 | 1.556
Pur/Portor 1222 | 1.263 | 1.143 | 1.266 | 1.298 | 1.291 | 1.335 | 1.459 | 1.617 | 1.778 | 1.927 | 2.059

At 0343 | 0685 | 0.834 | 1.111 | 1.389 | 1.667 | 1.945 | 2.223 | 2501 | 2.778 | 3.056 | 3.334

ot 0241 | 0482 | 0.723 | 0.964 | 1.205 | 1.445 | 1.686 | 1.927 | 2.168 | 2.409 | 2.650 | 2.891

o |PulPy 0643 | 0.612 | 0520 | 0.476 | 0.403 | 0.322 | 0.262 | 0.229 | 0.210 | 0.193 | 0.178 | 0.162
€ [ PuflPurr 0.860 | 0.913 | 0.831 | 0.899 | 0.944 | 0.913 | 0.859 | 0.852 | 0.873 | 0.888 | 0.892 | 0.884
Pur/Pant 0.995 | 0.947 | 0.804 | 0.765 | 0.730 | 0.668 | 0.619 | 0.611 | 0.628 | 0.642 | 0.650 | 0.650
Put/Puperr 1331 | 1412 | 1.286 | 1.391 | 1.460 | 1.413 | 1.363 | 1.390 | 1.467 | 1.540 | 1.595 | 1.630
Put/Puror 1314 | 1.342 | 1192 | 1.251 | 1.309 | 1.303 | 1.308 | 1.396 | 1.544 | 1.697 | 1.841 | 1.971

Aerr 0334 | 0668 | 0.813 | 1.084 | 1.355 | 1.626 | 1.897 | 2.168 | 2.439 | 2.710 | 2.981 | 3.252

Jor 0235 | 0470 | 0705 | 0940 | 1.175 | 1.410 | 1.645 | 1.880 | 2.115 | 2.350 | 2.585 | 2.820

o |[PulPy 0671 | 0.640 | 0544 | 0.499 | 0.423 | 0.338 | 0.274 | 0.237 | 0.216 | 0.199 | 0.183 | 0.168
8 | PulPuerr 0923 | 0972 | 0.881 | 0.941 | 0.971 | 0.935 | 0.877 | 0.862 | 0.878 | 0.894 | 0.899 | 0.893
Put/Puot 0.988 | 0.943 | 0.801 | 0.768 | 0.737 | 0.675 | 0.625 | 0.612 | 0.625 | 0.640 | 0.649 | 0.650
Put/Paprrr 1.358 | 1432 | 1.297 | 1.386 | 1.430 | 1.392 | 1.338 | 1.354 | 1.426 | 1.500 | 1.558 | 1.597
Pur/PurtoT 1344 | 1372 | 1218 | 1.281 | 1.341 | 1.331 | 1.328 | 1.399 | 1.534 | 1.680 | 1.819 | 1.945

Aer 0350 | 0699 | 0.851 | 1.135 | 1418 | 1.702 | 1.986 | 2.269 | 2553 | 2.836 | 3.120 | 3.404

Aot 0246 | 0492 | 0.738 | 0.984 | 1.230 | 1.476 | 1.722 | 1.967 | 2.213 | 2.459 | 2.705 | 2.951

o |[PulPy 0605 | 0574 | 0488 | 0.447 | 0.382 | 0.307 | 0.251 | 0.221 | 0.204 | 0.188 | 0.172 | 0.157
8 | PurlPuerr 0832 | 0.880 | 0.802 | 0.871 | 0.923 | 0.887 | 0.837 | 0.839 | 0.863 | 0.879 | 0.882 | 0.873
Put/Puo1 1.009 | 0.957 | 0.813 | 0.763 | 0.726 | 0.663 | 0.614 | 0.612 | 0.630 | 0.644 | 0.651 | 0.649
Put/Puper 1.386 | 1.467 | 1.337 | 1.451 | 1538 | 1.479 | 1411 | 1.444 | 1524 | 1595 | 1.647 | 1.677
Pur/PortoT 1.366 | 1.384 | 1.226 | 1.266 | 1.319 | 1.312 | 1.315 | 1.414 | 1.566 | 1.719 | 1.861 | 1.987

Aerr 0355 | 0.711 | 0.865 | 1.153 | 1.442 | 1.730 | 2.018 | 2.307 | 2595 | 2.883 | 3.172 | 3.460

ot 0.250 | 0500 | 0.750 | 1.000 | 1.250 | 1.500 | 1.750 | 2.000 | 2.250 | 2.500 | 2.750 | 3.000

o |[PulPy 0587 | 0555 | 0.472 | 0.432 | 0.369 | 0.297 | 0.243 | 0.217 | 0.200 | 0.184 | 0.169 | 0.154
S | PuflPuerr 0779 | 0.829 | 0.760 | 0.835 | 0.902 | 0.872 | 0.825 | 0.834 | 0.860 | 0.875 | 0.877 | 0.867
Pur/Pap1 1.018 | 0.962 | 0.817 | 0.762 | 0.722 | 0.659 | 0.611 | 0.614 | 0.633 | 0.646 | 0.652 | 0.649
R 1.350 | 1.437 | 1.317 | 1.447 | 1563 | 1512 | 1430 | 1.481 | 1.562 | 1.631 | 1.680 | 1.706
Pur/Portor 1328 | 1.344 | 1193 | 1.231 | 1.284 | 1.282 | 1.294 | 1.408 | 1.569 | 1.728 | 1.876 | 2.007

Aerr 0314 | 0627 | 0.763 | 1.017 | 1.271 | 1.526 | 1.780 | 2.034 | 2.289 | 2.543 | 2.797 | 3.051

Jor 0220 | 0.441 | 0661 | 0.882 | 1.102 | 1.323 | 1.543 | 1.764 | 1.984 | 2.205 | 2.425 | 2.646

o |PulPy 0703 | 0.674 | 0574 | 0533 | 0.461 | 0.374 | 0.302 | 0.256 | 0.230 | 0.212 | 0.196 | 0.180
8 | PulPurr 0.866 | 0.918 | 0.834 | 0.902 | 0.951 | 0.974 | 0.911 | 0.875 | 0.880 | 0.895 | 0.905 | 0.905
Put/Paot 0984 | 0944 | 0.804 | 0.772 | 0.753 | 0.698 | 0.642 | 0.614 | 0.619 | 0.633 | 0.645 | 0.651
Pur/Paprrr 1213 | 1.286 | 1.167 | 1.262 | 1.332 | 1.381 | 1.325 | 1.313 | 1.365 | 1.436 | 1.500 | 1.549
Pur/PurtoT 1201 | 1.238 | 1.103 | 1.173 | 1.256 | 1.269 | 1.269 | 1.314 | 1428 | 1573 | 1.720 | 1.861

24




Table 1.2: Numerical failure loads and their DSM estimates concerning the LC2 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 025 | 050 | 075 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 275 | 3.00
Aerr 0310 | 0620 | 0931 | 1241 | 1551 | 1.861 | 2172 | 2482 | 2792 | 3.102 | 3.413 | 3.723
Ao 0250 | 0500 | 0.750 | 1.000 | 1.250 | 1.500 | 1.750 | 2.000 | 2.250 | 2.500 | 2.750 | 3.000

S 0957 | 0901 | 0.775 | 0566 | 0.410 | 0.329 | 0.285 | 0.251 | 0.217 | 0.184 | 0.155 | 0.133

S [PufPuerr 0996 | 1.058 | 1.114 | 1.078 | 1.088 | 1.044 | 1.052 | 1.054 | 1.024 | 0.966 | 0.894 | 0.834

™ |PulPur 0.957 | 0.901 | 0.848 | 0.755 | 0.663 | 0.633 | 0.640 | 0.646 | 0.634 | 0.604 | 0.565 | 0.533
Pu/Poorrr | 0996 | 1.058 | 1.131 | 1.159 | 1.206 | 1.227 | 1.306 | 1.378 | 1.405 | 1.385 | 1.337 | 1.297
Pu/Peeror | 0.996 | 1.058 | 1.181 | 1.224 | 1.237 | 1.347 | 1543 | 1.757 | 1.936 | 2.066 | 2.159 | 2.269
. 0309 | 0617 | 0926 | 1234 | 1543 | 1.851 | 2.160 | 2.468 | 2.777 | 3.085 | 3.394 | 3.702
Jor 0249 | 0497 | 0746 | 0994 | 1.243 | 1492 | 1740 | 1.989 | 2237 | 2486 | 2.735 | 2.983

o |PulPy 0937 | 0.883 | 0.767 | 0567 | 0.411 | 0.329 | 0.285 | 0.250 | 0.217 | 0.184 | 0.157 | 0.136

S  [PulPuerr 1.080 | 1.130 | 1.170 | 1.104 | 1.084 | 1.037 | 1.044 | 1.048 | 1.018 | 0.958 | 0.896 | 0.848
Put/Papr 0.959 | 0.903 | 0.848 | 0.758 | 0.665 | 0.631 | 0.637 | 0.644 | 0.631 | 0.600 | 0.567 | 0.543
Pu/Poorrr | 1104 | 1156 | 1.202 | 1.194 | 1.214 | 1.228 | 1.305 | 1.377 | 1.404 | 1.380 | 1.345 | 1.324
Pu/Poror | 1104 | 1153 | 1.255 | 1.282 | 1.272 | 1.355 | 1527 | 1.714 | 1.862 | 1.955 | 2.036 | 2.141
Aerr 0306 | 0613 | 0919 | 1.225 | 1532 | 1.838 | 2144 | 2451 | 2.757 | 3.063 | 3.370 | 3.676
Aot 0247 | 0494 | 0741 | 0987 | 1234 | 1.481 | 1.728 | 1.975 | 2222 | 2469 | 2715 | 2.962

o  |PulPyr 0.763 | 0.726 | 0.661 | 0.530 | 0.393 | 0.309 | 0.268 | 0.239 | 0.211 | 0.182 | 0.154 | 0.133

S [Pul/Puerr 0.956 | 0.998 | 1.062 | 1.059 | 1.030 | 0.967 | 0.977 | 0.995 | 0.983 | 0.943 | 0.877 | 0.824
Pur/Pop1 0971 | 0924 | 0.848 | 0.771 | 0.673 | 0.617 | 0.619 | 0.630 | 0.626 | 0.604 | 0.567 | 0.537
Pu/Porrr | 1.216 | 1.270 | 1.351 | 1.347 | 1.329 | 1.289 | 1351 | 1.430 | 1469 | 1.462 | 1.410 | 1.370
Pu/Poror | 1.208 | 1237 | 1.280 | 1.318 | 1.287 | 1.313 | 1.454 | 1631 | 1.776 | 1.876 | 1.921 | 1.983
Aerr 0299 | 0598 | 0.897 | 1.196 | 1.495 | 1.794 | 2.093 | 2.392 | 2.691 | 2.990 | 3.289 | 3.587
Jot 0241 | 0482 | 0.723 | 0.964 | 1.205 | 1.445 | 1.686 | 1.927 | 2.168 | 2.409 | 2.650 | 2.891

o |PulPyr 0.637 | 0613 | 0572 | 0495 | 0387 | 0.301 | 0.259 | 0.234 | 0.209 | 0.184 | 0.162 | 0.141

S [PulPuerr 0845 | 0.883 | 0.946 | 0.992 | 0.993 | 0.920 | 0.920 | 0.948 | 0.954 | 0.929 | 0.897 | 0.849
Pur/Pap1 0.986 | 0.949 | 0.885 | 0.795 | 0.700 | 0.623 | 0.610 | 0.624 | 0.626 | 0.611 | 0.592 | 0.563
Pu/Poorrr | 1.307 | 1.367 | 1464 | 1536 | 1.537 | 1.423 | 1.442 | 1519 | 1567 | 1.569 | 1.555 | 1514
Pu/Pueror | 1.294 | 1.315 | 1.341 | 1.350 | 1.321 | 1.298 | 1.395 | 1.558 | 1.704 | 1.808 | 1.898 | 1.956
. 0292 | 0583 | 0875 | 1.166 | 1.458 | 1.749 | 2.041 | 2.333 | 2624 | 2.916 | 3.207 | 3.499
Jor 0235 | 0470 | 0705 | 0940 | 1.175 | 1410 | 1645 | 1.880 | 2.115 | 2.350 | 2.585 | 2.820

o [PulPy 0.666 | 0.642 | 0.600 | 0519 | 0.406 | 0.315 | 0.267 | 0.241 | 0.217 | 0.192 | 0.166 | 0.147

S [PurlPuerr 0.909 | 0944 | 1.001 | 1.034 | 1.015 | 0.939 | 0.928 | 0.955 | 0.964 | 0.944 | 0.899 | 0.869
Pur/Pao1 0981 | 0945 | 0.883 | 0.798 | 0.706 | 0.629 | 0.609 | 0.622 | 0.627 | 0.615 | 0588 | 0.572
Pu/Poorrr | 1.338 | 1.390 | 1474 | 1523 | 1494 | 1.383 | 1.396 | 1.472 | 1.528 | 1540 | 1.510 | 1502
Pu/Poror | 1.327 | 1.346 | 1.370 | 1.381 | 1.350 | 1.319 | 1.396 | 1549 | 1694 | 1.797 | 1.855 | 1.944
. 0305 | 0610 | 0916 | 1.221 | 1526 | 1.831 | 2136 | 2442 | 2.747 | 3.052 | 3.357 | 3.662
Jot 0246 | 0492 | 0738 | 0984 | 1.230 | 1.476 | 1.722 | 1.967 | 2.213 | 2.459 | 2705 | 2.951

o |PulPy 0599 | 0575 | 0536 | 0.467 | 0.368 | 0.287 | 0.250 | 0.226 | 0.202 | 0.178 | 0.156 | 0.132

8 [PurlPuerr 0816 | 0.851 | 0.912 | 0.966 | 0.960 | 0.897 | 0.906 | 0.936 | 0.940 | 0.915 | 0.883 | 0.816
Pur/Pun1 0.998 | 0.958 | 0.893 | 0.797 | 0.699 | 0.621 | 0.612 | 0.625 | 0.625 | 0.609 | 0.589 | 0.547
Pur/Puorrr | 1.360 | 1.419 | 1520 | 1.610 | 1599 | 1.495 | 1511 | 1587 | 1627 | 1.621 | 1.602 | 1517
Pu/Poror | 1.345 | 1.357 | 1.375 | 1.370 | 1.335 | 1.307 | 1.414 | 1576 | 1.717 | 1.816 | 1.903 | 1.910
Aerr 0310 | 0620 | 0931 | 1.241 | 1551 | 1.861 | 2172 | 2482 | 2.792 | 3.102 | 3.413 | 3.723
Aot 0250 | 0500 | 0.750 | 1.000 | 1.250 | 1.500 | 1.750 | 2.000 | 2.250 | 2.500 | 2.750 | 3.000

o |PulPy 0581 | 0556 | 0517 | 0451 | 0.356 | 0.279 | 0.244 | 0.221 | 0.97 | 0173 | 0.149 | 0.131

S [Purl/Puerr 0.763 | 0.800 | 0.865 | 0.931 | 0.943 | 0.884 | 0.902 | 0.931 | 0.931 | 0.906 | 0.857 | 0.824
Pur/Pont 1.007 | 0.964 | 0.896 | 0.796 | 0.696 | 0.618 | 0.615 | 0.627 | 0.624 | 0.607 | 0576 | 0.556
Pu/Poorrr | 1.323 | 1.386 | 1499 | 1.613 | 1.635 | 1532 | 1563 | 1.632 | 1.661 | 1.650 | 1.597 | 1571
Pu/Peeror | 1.306 | 1.317 | 1.337 | 1.333 | 1.304 | 1.285 | 1.409 | 1578 | 1719 | 1.825 | 1.884 | 1.975
. 0274 | 0547 | 0821 | 1.094 | 1.368 | 1.642 | 1.915 | 2189 | 2.462 | 2.736 | 3.010 | 3.283
Jor 0220 | 0441 | 0661 | 0.882 | 1.102 | 1.323 | 1543 | 1.764 | 1.984 | 2.205 | 2.425 | 2.646

o |PulPy 0.699 | 0675 | 0.636 | 0.561 | 0448 | 0.348 | 0.287 | 0.257 | 0.233 | 0.209 | 0.185 | 0.164

S [PulPurrr 0.855 | 0.891 | 0.952 | 1.003 | 1.006 | 0.975 | 0.937 | 0.954 | 0.972 | 0.967 | 0.940 | 0.906
Put/Pap 0979 | 0.945 | 0.890 | 0.813 | 0.731 | 0.650 | 0.611 | 0.616 | 0.627 | 0.624 | 0.609 | 0.590
Pu/Poorrr | 1196 | 1247 | 1.333 | 1.404 | 1409 | 1.373 | 1.344 | 1.405 | 1.473 | 1.508 | 1.510 | 1.498
Pu/Poror | 1188 | 1211 | 1.248 | 1.282 | 1.285 | 1.263 | 1.307 | 1445 | 1604 | 1.740 | 1.844 | 1937
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Table 1.3: Numerical failure loads and their DSM estimates concerning the LC3 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 025 | 050 | 075 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 275 | 3.00
Aer 0299 | 0598 | 0897 | 1.196 | 1.495 | 1.794 | 2.093 | 2.392 | 2691 | 2.990 | 3.289 | 3.588
Ao 0250 | 0500 | 0.750 | 1.000 | 1.250 | 1.500 | 1.750 | 2.000 | 2.250 | 2.500 | 2.750 | 3.000

S 0.948 | 0.893 | 0.780 | 0588 | 0.428 | 0.347 | 0.303 | 0.273 | 0.244 | 0.213 | 0.185 | 0.162

S [PufPuerr 0984 | 1.037 | 1.092 | 1.070 | 1.092 | 1.054 | 1.064 | 1.087 | 1.084 | 1.046 | 0.994 | 0.944

R [ 0.948 | 0.893 | 0.854 | 0.784 | 0.692 | 0.667 | 0.681 | 0.704 | 0.713 | 0.698 | 0.673 | 0.649
Pur/Paorrr | 0.984 | 1.037 | 1113 | 1.164 | 1.225 | 1.256 | 1.346 | 1.452 | 1524 | 1543 | 1533 | 1517
Pu/Peeror | 0.984 | 1.037 | 1.161 | 1.228 | 1.235 | 1.345 | 1541 | 1.783 | 2.011 | 2.188 | 2.339 | 2.491
. 0297 | 0595 | 0.892 | 1.189 | 1.487 | 1.784 | 2.081 | 2.379 | 2676 | 2.973 | 3.271 | 3568
Jor 0249 | 0497 | 0746 | 0994 | 1.243 | 1492 | 1740 | 1.989 | 2237 | 2486 | 2.735 | 2.983

o |PulPy 0928 | 0.876 | 0.771 | 0588 | 0.429 | 0.346 | 0.302 | 0272 | 0.244 | 0.214 | 0.186 | 0.163

S |PulPurrr 1.067 | 1.110 | 1150 | 1.101 | 1.078 | 1.044 | 1.054 | 1.078 | 1.078 | 1.044 | 0.994 | 0.944
Put/Papr 0.950 | 0.896 | 0.852 | 0.786 | 0.694 | 0.664 | 0.676 | 0.700 | 0.710 | 0.698 | 0.674 | 0.650
Pur/Puworrr | 1.091 | 1.135 | 1.183 | 1.201 | 1.225 | 1.255 | 1.341 | 1.448 | 1523 | 1546 | 1537 | 1523
Pur/Paror | 1091 | 1.132 | 1235 | 1.291 | 1278 | 1.361 | 1534 | 1.752 | 1.954 | 2.106 | 2.225 | 2.343
Aerr 0295 | 0591 | 0.886 | 1.181 | 1.476 | 1.772 | 2.067 | 2.362 | 2.657 | 2.953 | 3.248 | 3.543
Aot 0247 | 0494 | 0741 | 0987 | 1.234 | 1481 | 1728 | 1.975 | 2222 | 2469 | 2,715 | 2.962

o  |PulPyr 0756 | 0.719 | 0.659 | 0543 | 0.412 | 0.321 | 0.280 | 0.255 | 0.231 | 0.206 | 0.181 | 0.160

S |PurlPuerr 0944 | 0979 | 1.037 | 1.047 | 1.029 | 0.964 | 0.971 | 1.003 | 1.016 | 0.999 | 0.960 | 0.921
Pur/Puo1 0962 | 0.914 | 0.845 | 0.790 | 0.704 | 0.643 | 0.647 | 0.672 | 0.687 | 0.683 | 0.664 | 0.644
Pu/Paorrr | 1.202 | 1.246 | 1.320 | 1.333 | 1.337 | 1.297 | 1.362 | 1.467 | 1549 | 1585 | 1583 | 1574
PulPueror | 1.194 | 1.215 | 1.256 | 1.319 | 1.304 | 1.313 | 1450 | 1.647 | 1.834 | 1.983 | 2.091 | 2.198
. 0288 | 0576 | 0.864 | 1.153 | 1.441 | 1.729 | 2.017 | 2305 | 2503 | 2.881 | 3.170 | 3.458
Jot 0241 | 0482 | 0723 | 0964 | 1.205 | 1445 | 1.686 | 1.927 | 2.168 | 2.409 | 2.650 | 2.891

o |PulPyr 0628 | 0.604 | 0566 | 0.499 | 0.401 | 0.314 | 0.266 | 0.245 | 0.225 | 0.202 | 0.181 | 0.161

S |PulPurrr 0831 | 0.863 | 0.920 | 0.969 | 0.980 | 0.920 | 0.902 | 0.940 | 0.965 | 0.958 | 0.939 | 0.906
Purl/Puo 0972 | 0934 | 0.877 | 0.801 | 0.725 | 0.650 | 0.628 | 0.653 | 0.672 | 0.671 | 0.663 | 0.645
Pur/Puorrr | 1.286 | 1.335 | 1.424 | 1.500 | 1517 | 1.423 | 1424 | 1523 | 1.608 | 1.646 | 1.663 | 1652
Pu/Peeror | 1.275 | 1.288 | 1.313 | 1.334 | 1.333 | 1.308 | 1.379 | 1557 | 1.735 | 1.872 | 1.994 | 2.087
. 0281 | 0562 | 0843 | 1.124 | 1.405 | 1.686 | 1.967 | 2.248 | 2529 | 2.810 | 3.091 | 3.372
Jor 0235 | 0470 | 0705 | 0940 | 1.175 | 1410 | 1645 | 1.880 | 2.115 | 2.350 | 2.585 | 2.820

o [PulPy 0659 | 0.633 | 0594 | 0524 | 0.421 | 0.329 | 0.276 | 0252 | 0.233 | 0.211 | 0.189 | 0.168

S |PurlPuerr 0.897 | 0.924 | 0976 | 1.014 | 1.006 | 0.942 | 0914 | 0.946 | 0.975 | 0.976 | 0.955 | 0.923
Pur/Pao1 0.970 | 0.932 | 0.875 | 0.805 | 0.733 | 0.657 | 0.629 | 0.650 | 0.672 | 0.677 | 0.668 | 0.652
PurlPuworrr | 1.320 | 1.361 | 1.437 | 1.492 | 1.481 | 1.397 | 1.385 | 1.476 | 1569 | 1.622 | 1.638 | 1.634
Pur/Pueror | 1.310 | 1.320 | 1.343 | 1.367 | 1.365 | 1.334 | 1.386 | 1.548 | 1.725 | 1.871 | 1.980 | 2.072
. 0294 | 0588 | 0.882 | 1.177 | 1.471 | 1.765 | 2.059 | 2.353 | 2647 | 2.942 | 3.236 | 3530
Jor 0246 | 0.492 | 0738 | 0984 | 1.230 | 1476 | 1722 | 1.967 | 2213 | 2.459 | 2705 | 2.951

o |PulPy 0585 | 0564 | 0530 | 0.470 | 0.381 | 0.299 | 0.256 | 0.237 | 0.217 | 0.195 | 0.174 | 0.155

8 |Pur/Paerr 0795 | 0.829 | 0.885 | 0.941 | 0.962 | 0.894 | 0.885 | 0.928 | 0.951 | 0.944 | 0.920 | 0.891
Pur/Puo1 0975 | 0.940 | 0.883 | 0.801 | 0.723 | 0.646 | 0.628 | 0.654 | 0.672 | 0.670 | 0.657 | 0.642
Pu/Puorrr | 1.326 | 1.381 | 1.476 | 1.568 | 1.603 | 1.490 | 1474 | 1587 | 1667 | 1.698 | 1.701 | 1.694
PulPuror | 1.312 | 1.325 | 1.344 | 1.352 | 1.345 | 1.317 | 1.394 | 1577 | 1.751 | 1.885 | 1.992 | 2.092
Aerr 0299 | 0598 | 0.897 | 1.196 | 1.495 | 1.794 | 2.093 | 2.392 | 2691 | 2.990 | 3.289 | 3.588
Aot 0250 | 0500 | 0.750 | 1.000 | 1.250 | 1.500 | 1.750 | 2.000 | 2.250 | 2.500 | 2.750 | 3.000

o |PulPy 0564 | 0544 | 0511 | 0.453 | 0.368 | 0.290 | 0.250 | 0.232 | 0.212 | 0191 | 0.170 | 0.151

S |PulPurrr 0740 | 0.776 | 0.838 | 0.904 | 0.943 | 0.879 | 0.879 | 0.924 | 0.943 | 0.937 | 0.911 | 0.882
Purl/Pao 0.978 | 0.943 | 0.885 | 0.800 | 0.719 | 0.642 | 0.630 | 0.657 | 0.672 | 0.670 | 0.656 | 0.640
Pur/Puorrr | 1.283 | 1.345 | 1452 | 1.567 | 1.634 | 1524 | 1523 | 1.631 | 1.702 | 1.733 | 1.729 | 1.718
Pu/Pueror | 1.268 | 1.283 | 1.305 | 1.314 | 1.311 | 1.290 | 1.385 | 1577 | 1.752 | 1.895 | 2.007 | 2.114
Aer 0264 | 0527 | 0791 | 1.055 | 1.319 | 1.582 | 1.846 | 2.110 | 2373 | 2.637 | 2.901 | 3.164
Jor 0220 | 0441 | 0661 | 0.882 | 1.102 | 1.323 | 1543 | 1.764 | 1.984 | 2.205 | 2.425 | 2.646

o |PulPy 0.693 | 0.666 | 0.630 | 0564 | 0.462 | 0.365 | 0.298 | 0.267 | 0.247 | 0.227 | 0.206 | 0.184

S |PurlPuerr 0.845 | 0.873 | 0.928 | 0.980 | 0.993 | 0.985 | 0.929 | 0.944 | 0.976 | 0.991 | 0.983 | 0.954
Put/Pap 0970 | 0.933 | 0.882 | 0.818 | 0.754 | 0.681 | 0.633 | 0.641 | 0.665 | 0.679 | 0.679 | 0.664
PurlPuworrr | 1183 | 1.222 | 1.299 | 1.372 | 1.390 | 1.391 | 1.342 | 1.405 | 1500 | 1.573 | 1.612 | 1614
Pu/Pueror | 1476 | 1.189 | 1223 | 1.264 | 1.290 | 1.280 | 1.299 | 1.433 | 1611 | 1.781 | 1.923 | 2.030
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Table 1.4: Numerical failure loads and their DSM estimates concerning the LC4 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

T(C) |Aorzo 035 | 060 | 085 | 110 | 135 | 160 | 1.85 | 210 | 235 | 260 | 285 | 3.10
Aerr 0404 | 0692 | 0980 | 1.269 | 1.557 | 1.845 | 2134 | 2422 | 2710 | 2.999 | 3.287 | 3575
Aox 0350 | 0.600 | 0.850 | 1.100 | 1.350 | 1.600 | 1.850 | 2.100 | 2.350 | 2.600 | 2.850 | 3.100

S 0937 | 0.876 | 0.739 | 0.545 | 0.406 | 0.335 | 0.294 | 0.262 | 0.230 | 0.197 | 0.170 | 0.152

S [PufPuerr 1.003 | 1.071 | 1105 | 1.069 | 1.079 | 1.051 | 1.064 | 1.073 | 1.049 | 0.994 | 0.936 | 0.907

™ |PulPur 0937 | 0.882 | 0.873 | 0.787 | 0.704 | 0687 | 0.699 | 0.712 | 0.703 | 0.675 | 0.643 | 0.630
Pu/Poorrr | 1.003 | 1.071 | 1.165 | 1.202 | 1.253 | 1.297 | 1.388 | 1475 | 1513 | 1501 | 1.474 | 1485
Pu/Pueror | 1.003 | 1.076 | 1.228 | 1.255 | 1.264 | 1.376 | 1560 | 1.760 | 1.920 | 2.029 | 2.124 | 2.284
. 0401 | 0.688 | 0975 | 1.262 | 1.548 | 1.835 | 2122 | 2409 | 2695 | 2.982 | 3.269 | 3.555
Jox 0348 | 0597 | 0.845 | 1.094 | 1.342 | 1.591 | 1.840 | 2.088 | 2.337 | 2586 | 2.834 | 3.083

o |PulPy 0918 | 0.860 | 0.733 | 0.546 | 0406 | 0335 | 0.293 | 0.262 | 0.231 | 0.200 | 0.175 | 0.153

S  [PulPuerr 1.083 | 1.139 | 1.157 | 1.092 | 1.075 | 1.045 | 1.055 | 1.067 | 1.049 | 1.004 | 0.958 | 0.910
Pur/Pant 0939 | 0.882 | 0.872 | 0.790 | 0.705 | 0685 | 0.695 | 0.709 | 0.705 | 0.682 | 0.658 | 0.633
Pu/Poorrr | 1108 | 1.166 | 1.222 | 1.231 | 1.259 | 1.298 | 1.385 | 1473 | 1520 | 1.521 | 1513 | 1.494
Pu/Poror | 1107 | 1163 | 1.302 | 1.318 | 1.305 | 1.398 | 1557 | 1.738 | 1.884 | 1.986 | 2.082 | 2.170
Aerr 0399 | 0683 | 0968 | 1.253 | 1537 | 1.822 | 2107 | 2392 | 2.676 | 2.961 | 3.246 | 3530
Aot 0346 | 0592 | 0.839 | 1.086 | 1.333 | 1.580 | 1.827 | 2.074 | 2.320 | 2.567 | 2.814 | 3.061

o  |PulPyr 0751 | 0.711 | 0.640 | 0514 | 0391 | 0.313 | 0.274 | 0.248 | 0.222 | 0.195 | 0.168 | 0.150

S [Pul/Puerr 0.960 | 1.008 | 1.060 | 1.049 | 1.026 | 0.969 | 0.980 | 1.004 | 1.000 | 0.970 | 0.916 | 0.885
Pur/Pop1 0.955 | 0.905 | 0.854 | 0.797 | 0.712 | 0.663 | 0.669 | 0.687 | 0.689 | 0.673 | 0.642 | 0.626
Pu/Puorrr | 1.222 | 1.282 | 1.349 | 1.353 | 1.357 | 1.335 | 1.407 | 1.503 | 1558 | 1.570 | 1539 | 1538
Pu/Poror | 1.208 | 1.240 | 1.309 | 1.352 | 1.328 | 1.353 | 1.486 | 1.656 | 1.797 | 1.897 | 1.949 | 2.044
Aerr 0389 | 0667 | 0945 | 1.223 | 1.500 | 1.778 | 2.056 | 2.334 | 2.612 | 2.890 | 3.167 | 3.445
Jot 0337 | 0578 | 0.819 | 1.060 | 1.301 | 1.542 | 1.783 | 2.024 | 2.265 | 2.505 | 2.746 | 2.987

o |PulPyr 0.627 | 0.600 | 0559 | 0.482 | 0.385 | 0.302 | 0.263 | 0.241 | 0.218 | 0.194 | 0.173 | 0.154

S [PulPuerr 0.848 | 0.888 | 0.949 | 0.986 | 0.988 | 0.915 | 0.918 | 0.950 | 0.961 | 0.945 | 0.919 | 0.890
Pur/Pap1 0.971 | 0929 | 0.865 | 0.809 | 0.736 | 0.660 | 0.653 | 0.672 | 0.681 | 0.672 | 0.657 | 0.640
PulPoorrr | 1.313 | 1.374 | 1469 | 1526 | 1528 | 1.433 | 1.469 | 1562 | 1.628 | 1.649 | 1.653 | 1.647
Pu/Peeror | 1.291 | 1.309 | 1.333 | 1.373 | 1.365 | 1.332 | 1424 | 1582 | 1724 | 1.826 | 1.914 | 1.996
. 0379 | 0650 | 0921 | 1.192 | 1.463 | 1.734 | 2.005 | 2.276 | 25547 | 2.818 | 3.089 | 3.360
Jor 0329 | 0564 | 0799 | 1.034 | 1.269 | 1.504 | 1.739 | 1.974 | 2209 | 2444 | 2679 | 2914

o [PulPy 0658 | 0.629 | 0586 | 0.506 | 0.404 | 0.317 | 0272 | 0.248 | 0.226 | 0.202 | 0.180 | 0.161

S [PurlPuerr 0913 | 0949 | 1.003 | 1.027 | 1.016 | 0.936 | 0.927 | 0.956 | 0.972 | 0.960 | 0.934 | 0.904
Pur/Pupt 0.968 | 0.926 | 0.863 | 0.815 | 0.743 | 0.667 | 0.653 | 0.671 | 0.682 | 0.676 | 0.662 | 0.646
Pu/Poorrr | 1.344 | 1396 | 1477 | 1511 | 1496 | 1.403 | 1.428 | 1517 | 1592 | 1.622 | 1.627 | 1624
Pu/Poror | 1.326 | 1.341 | 1.362 | 1.408 | 1.397 | 1.357 | 1430 | 1577 | 1.720 | 1.823 | 1.904 | 1.979
. 0397 | 0681 | 0964 | 1.248 | 1532 | 1.815 | 2.099 | 2.383 | 2.666 | 2.950 | 3.234 | 3517
Jot 0344 | 0590 | 0.836 | 1.082 | 1.328 | 1574 | 1.820 | 2.066 | 2.312 | 2.558 | 2.804 | 3.050

o |PulPy 0586 | 0562 | 0523 | 0.455 | 0.367 | 0.289 | 0.254 | 0.233 | 0.211 | 0.188 | 0.165 | 0.149

8 [PurlPuerr 0814 | 0.854 | 0.915 | 0.960 | 0.959 | 0.892 | 0.903 | 0.937 | 0.946 | 0.930 | 0.894 | 0.877
Pur/Pun1 0977 | 0936 | 0.872 | 0.806 | 0.732 | 0.657 | 0.653 | 0.674 | 0.679 | 0.669 | 0.646 | 0.637
Pu/Puorrr | 1.357 | 1424 | 1525 | 1.601 | 1599 | 1.487 | 1530 | 1.624 | 1681 | 1.698 | 1.676 | 1.688
Pu/Poror | 1.331 | 1.347 | 1.365 | 1.388 | 1.377 | 1.341 | 1442 | 1.603 | 1.737 | 1.837 | 1.899 | 2.002
Aerr 0404 | 0692 | 0980 | 1.269 | 1.557 | 1.845 | 2.134 | 2422 | 2.710 | 2.999 | 3.287 | 3575
Aot 0.350 | 0.600 | 0.850 | 1.100 | 1.350 | 1.600 | 1.850 | 2.100 | 2.350 | 2.600 | 2.850 | 3.100

o |PulPy 0567 | 0542 | 0505 | 0.440 | 0.355 | 0.280 | 0.248 | 0.228 | 0.205 | 0.183 | 0.163 | 0.145

S [Purl/Puerr 0761 | 0.803 | 0.869 | 0.927 | 0.943 | 0879 | 0.898 | 0.932 | 0.936 | 0.921 | 0.896 | 0.868
Pur/Pont 0.982 | 0.940 | 0.875 | 0.803 | 0.728 | 0.654 | 0.655 | 0.675 | 0.676 | 0.667 | 0.652 | 0.635
Pu/Poorrr | 1.319 | 1.393 | 1.507 | 1.607 | 1.634 | 1524 | 1573 | 1.665 | 1.70 | 1.725 | 1.723 | 1.711
Pu/Pueror | 1.291 | 1.307 | 1.327 | 1.349 | 1.343 | 1.316 | 1433 | 1599 | 1.730 | 1.838 | 1.931 | 2.018
. 0356 | 0610 | 0.865 | 1.119 | 1.373 | 1.627 | 1.882 | 2136 | 2.390 | 2.645 | 2.899 | 3.153
Jot 0309 | 0529 | 0750 | 0970 | 1.191 | 1411 | 1632 | 1.852 | 2.073 | 2293 | 2513 | 2.734

o |PulPy 0.691 | 0.663 | 0.623 | 0547 | 0447 | 0.351 | 0.293 | 0.264 | 0.242 | 0.220 | 0.197 | 0.174

S [PulPurrr 0.860 | 0.896 | 0.956 | 0.998 | 1.010 | 0.975 | 0.938 | 0.955 | 0.978 | 0.981 | 0.961 | 0.919
Pur/Pant 0967 | 0928 | 0.872 | 0.829 | 0.770 | 0.691 | 0.655 | 0.663 | 0.680 | 0.684 | 0.674 | 0.649
Pu/Poorrr | 1.203 | 1255 | 1.338 | 1.397 | 1422 | 1.395 | 1.379 | 1.448 | 1532 | 1586 | 1.603 | 1581
Pu/Poror | 1189 | 1210 | 1.245 | 1.307 | 1.331 | 1.300 | 1.336 | 1462 | 1616 | 1.749 | 1.848 | 1.907
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Table 1.5: Numerical failure loads and their DSM estimates concerning the LC5 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 025 | 050 | 075 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 275 | 3.00
Aer 0280 | 0561 | 0.839 | 1119 | 1399 | 1678 | 1.957 | 2238 | 2517 | 2.797 | 3.077 | 3.357
Ao 0250 | 0501 | 0.750 | 1.000 | 1.250 | 1.500 | 1.749 | 2.000 | 2.249 | 2500 | 2.750 | 3.000

S 0.962 | 0.910 | 0.816 | 0.640 | 0472 | 0.372 | 0.318 | 0.283 | 0.257 | 0.230 | 0.198 | 0.171

S [PufPuerr 0.995 | 1.038 | 1.097 | 1.080 | 1.070 | 1.065 | 1.055 | 1.072 | 1.088 | 1.078 | 1.018 | 0.957

R [ 0.962 | 0.910 | 0.894 | 0.853 | 0.762 | 0.716 | 0.713 | 0.730 | 0.750 | 0.752 | 0.719 | 0.684
Pur/Paorrr | 0.995 | 1.038 | 1.124 | 1.200 | 1.244 | 1.297 | 1.363 | 1.461 | 1560 | 1.621 | 1599 | 1566
PulPuror | 0995 | 1.038 | 1.170 | 1.264 | 1.265 | 1.322 | 1.457 | 1.647 | 1.858 | 2.044 | 2.137 | 2.221
Aert 0279 | 0557 | 0.835 | 1.113 | 1.391 | 1.669 | 1.946 | 2.225 | 2503 | 2.782 | 3.060 | 3.338
Jor 0249 | 0498 | 0746 | 0994 | 1.243 | 1.492 | 1.739 | 1.980 | 2237 | 2486 | 2.734 | 2.983

o |PulPy 0942 | 0.892 | 0.806 | 0.639 | 0473 | 0.372 | 0.317 | 0.283 | 0.255 | 0.229 | 0.198 | 0.172

S |PulPurrr 1.078 | 1.113 | 1159 | 1.121 | 1.072 | 1.057 | 1.046 | 1.063 | 1.074 | 1.068 | 1.012 | 0.959
Pu/Puot 0.964 | 0912 | 0.891 | 0.854 | 0.764 | 0.713 | 0.709 | 0.726 | 0.742 | 0.746 | 0.715 | 0.686
PurlPuorrr | 1.103 | 1.138 | 1.197 | 1.243 | 1.256 | 1.296 | 1.359 | 1.457 | 1548 | 1.612 | 1595 | 1574
Pu/Puror | 1102 | 1.135 | 1.250 | 1.336 | 1.321 | 1.354 | 1471 | 1643 | 1.824 | 1.988 | 2.063 | 2.136
Aerr 0277 | 0554 | 0829 | 1.105 | 1.381 | 1.657 | 1.933 | 2210 | 2.485 | 2.762 | 3.038 | 3.315
Aot 0247 | 0495 | 0741 | 0987 | 1.234 | 1481 | 1727 | 1975 | 2221 | 2468 | 2,715 | 2.962

o  |PulPyr 0763 | 0.729 | 0.680 | 0581 | 0.454 | 0.347 | 0.295 | 0.265 | 0.242 | 0.218 | 0.195 | 0.171

S |PurlPuerr 0950 | 0.980 | 1.036 | 1.057 | 1.037 | 0.980 | 0.967 | 0.990 | 1.011 | 1.013 | 0.991 | 0.947
Pur/Puo1 0971 | 0928 | 0.872 | 0.845 | 0.776 | 0.694 | 0.680 | 0.698 | 0.717 | 0.724 | 0.715 | 0.689
PulPoorrr | 1.209 | 1.247 | 1319 | 1.352 | 1.369 | 1.337 | 1.377 | 1.472 | 1.568 | 1.635 | 1.662 | 1.645
PurlPueror | 1.202 | 1.220 | 1.264 | 1.354 | 1.364 | 1.328 | 1413 | 1.567 | 1.736 | 1.886 | 1.999 | 2.067
. 0270 | 0540 | 0.809 | 1.078 | 1.348 | 1.617 | 1.886 | 2.157 | 2.425 | 2.696 | 2.965 | 3.235
Jot 0241 | 0.483 | 0723 | 0964 | 1.205 | 1445 | 1.685 | 1.927 | 2.167 | 2.409 | 2.650 | 2.891

o |PulPyr 0632 | 0.611 | 0579 | 0524 | 0.440 | 0.343 | 0.282 | 0255 | 0.235 | 0.215 | 0.194 | 0.174

S |PulPurrr 0834 | 0.862 | 0.914 | 0967 | 0.993 | 0.945 | 0.904 | 0.929 | 0.959 | 0.975 | 0.966 | 0.941
Purl/Puo 0978 | 0.945 | 0.896 | 0.841 | 0.796 | 0.709 | 0.666 | 0.679 | 0.701 | 0.714 | 0.711 | 0.698
PurlPuorrr | 1.290 | 1.334 | 1414 | 1496 | 1537 | 1473 | 1.440 | 1521 | 1619 | 1.696 | 1.733 | 1741
Pu/Puror | 1.280 | 1.293 | 1.317 | 1.357 | 1.400 | 1.351 | 1.367 | 1.500 | 1.660 | 1.810 | 1.925 | 2.013
. 0263 | 0527 | 0.789 | 1.052 | 1.315 | 1578 | 1.840 | 2.103 | 2.366 | 2.629 | 2.892 | 3.155
Jor 0235 | 0471 | 0705 | 0.940 | 1.175 | 1.410 | 1644 | 1.880 | 2.114 | 2.349 | 2584 | 2.820

o [PulPy 0.663 | 0.641 | 0.608 | 0549 | 0.462 | 0.360 | 0.294 | 0.263 | 0.242 | 0.222 | 0.202 | 0.181

S |PurlPuerr 0.900 | 0.926 | 0.972 | 1.015 | 1.027 | 0.969 | 0.919 | 0.936 | 0.965 | 0.983 | 0.978 | 0.956
Pur/Pao1 0976 | 0.944 | 0.895 | 0.845 | 0.804 | 0.719 | 0.670 | 0678 | 0.699 | 0.714 | 0.714 | 0.703
PurlPuorrr | 1.325 | 1.363 | 1.432 | 1495 | 1511 | 1.446 | 1.408 | 1.478 | 1575 | 1.657 | 1.702 | 1.717
PulPueror | 1.317 | 1.327 | 1.349 | 1.392 | 1.437 | 1.384 | 1.386 | 1.501 | 1.653 | 1.801 | 1.917 | 2.005
. 0276 | 0551 | 0.826 | 1.101 | 1.376 | 1.651 | 1.925 | 2202 | 2.476 | 2752 | 3.027 | 3.303
Jor 0246 | 0.493 | 0738 | 0984 | 1.230 | 1476 | 1.721 | 1.967 | 2213 | 2459 | 2705 | 2.951

o |PulPy 0588 | 0570 | 0540 | 0.492 | 0.416 | 0.327 | 0270 | 0.246 | 0.227 | 0.208 | 0.187 | 0.168

8 |Pur/Paerr 0797 | 0.827 | 0.877 | 0.935 | 0.969 | 0.919 | 0.883 | 0.916 | 0.948 | 0.962 | 0.950 | 0.926
Pur/Puo1 0.980 | 0.950 | 0.901 | 0.838 | 0.789 | 0.705 | 0.662 | 0.680 | 0.702 | 0.714 | 0.708 | 0.694
PulPuorrr | 1.328 | 1.378 | 1.462 | 1559 | 1616 | 1532 | 1.492 | 1581 | 1.680 | 1.751 | 1.779 | 1.783
Pu/Puror | 1.316 | 1.329 | 1.348 | 1.373 | 1.408 | 1.362 | 1.378 | 1521 | 1683 | 1.828 | 1.935 | 2.021
Aerr 0280 | 0561 | 0.839 | 1.119 | 1.399 | 1.678 | 1.957 | 2.238 | 2517 | 2.797 | 3.077 | 3.357
Aot 0250 | 0501 | 0.750 | 1.000 | 1.250 | 1.500 | 1.749 | 2.000 | 2.249 | 2500 | 2.750 | 3.000

o |PulPy 0566 | 0.549 | 0521 | 0.474 | 0.401 | 0.316 | 0.263 | 0241 | 0.223 | 0.204 | 0.183 | 0.164

S |PulPurrr 0740 | 0.773 | 0.828 | 0.894 | 0.944 | 0.904 | 0.874 | 0912 | 0.944 | 0.956 | 0.941 | 0.918
Purl/Pao 0982 | 0.952 | 0.902 | 0.836 | 0.785 | 0.701 | 0.662 | 0.683 | 0.705 | 0.714 | 0.706 | 0.692
Pur/Puorrr | 1.283 | 1.340 | 1.435 | 1.549 | 1.635 | 1.566 | 1515 | 1.623 | 1.721 | 1.787 | 1.807 | 1.810
PulPuror | 1.270 | 1.285 | 1.307 | 1.331 | 1.368 | 1.329 | 1.359 | 1514 | 1.681 | 1.829 | 1.937 | 2.032
Aer 0247 | 0.494 | 0740 | 0987 | 1.234 | 1480 | 1726 | 1.974 | 2220 | 2467 | 2714 | 2.961
o 0221 | 0442 | 0662 | 0882 | 1102 | 1.323 | 1543 | 1.764 | 1.984 | 2205 | 2.425 | 2.646

o |PulPy 0.697 | 0.675 | 0.643 | 0589 | 0503 | 0.401 | 0.320 | 0.280 | 0.257 | 0.237 | 0.218 | 0.197

S |PurlPuerr 0849 | 0.874 | 0.923 | 0977 | 1.005 | 1.004 | 0.942 | 0.939 | 0.963 | 0.986 | 0.993 | 0.979
Put/Pap 0.976 | 0.945 | 0.901 | 0.854 | 0.821 | 0.748 | 0.681 | 0.673 | 0.690 | 0.709 | 0.718 | 0.711
PurlPuworrr | 1.188 | 1.224 | 1.293 | 1.367 | 1.407 | 1.431 | 1376 | 1.416 | 1502 | 1.590 | 1.654 | 1.682
Pu/Paror | 1481 | 1105 | 1.226 | 1.278 | 1.343 | 1.327 | 1.305 | 1.391 | 1532 | 1.686 | 1.825 | 1.933
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Table 1.6: Numerical failure loads and their DSM estimates concerning the LC6 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 030 | 055 | 080 | 105 | 130 | 155 | 180 | 205 | 230 | 255 | 280 | 3.05
Aer 0316 | 0579 | 0.843 | 1.106 | 1.371 | 1634 | 1.898 | 2161 | 2425 | 2688 | 2.952 | 3.216
Ao 0300 | 0550 | 0.799 | 1.049 | 1.300 | 1.550 | 1.800 | 2.050 | 2.300 | 2.549 | 2.800 | 3.050

S 0953 | 0.910 | 0.824 | 0.650 | 0.476 | 0.383 | 0.330 | 0.293 | 0.261 | 0.228 | 0.200 | 0.169

S [PufPuerr 0993 | 1.047 | 1.109 | 1.085 | 1.046 | 1.067 | 1.063 | 1.069 | 1.066 | 1.027 | 0.987 | 0.909

R [ 0.953 | 0.910 | 0.936 | 0.902 | 0.798 | 0.760 | 0.763 | 0.775 | 0.782 | 0.762 | 0.741 | 0.691
Pur/Paorrr | 0.993 | 1.047 | 1.164 | 1.245 | 1.263 | 1.343 | 1421 | 1510 | 1585 | 1.601 | 1.606 | 1542
PulPurror | 0993 | 1.047 | 1.216 | 1.304 | 1.276 | 1.335 | 1465 | 1.622 | 1.779 | 1.882 | 1.981 | 1.997
. 0314 | 0576 | 0.838 | 1.100 | 1.363 | 1.625 | 1.887 | 2.149 | 2411 | 2673 | 2.935 | 3.198
Jor 0298 | 0546 | 0.795 | 1.043 | 1.293 | 1541 | 1790 | 2.039 | 2287 | 2535 | 2.784 | 3.033

o |PulPy 0933 | 0.892 | 0.812 | 0.650 | 0479 | 0.382 | 0.329 | 0.292 | 0.261 | 0.229 | 0.197 | 0.172

S |PulPurrr 1.076 | 1.121 | 1170 | 1.129 | 1.056 | 1.058 | 1.055 | 1.061 | 1.060 | 1.029 | 0.970 | 0.919
Put/Papr 0954 | 0.912 | 0.930 | 0.903 | 0.803 | 0.757 | 0.759 | 0.771 | 0.778 | 0.765 | 0.729 | 0.700
PurlPuorrr | 1101 | 1.147 | 1.229 | 1.289 | 1.282 | 1.341 | 1417 | 1.506 | 1581 | 1.609 | 1.583 | 1563
Pu/Pror | 1100 | 1.144 | 1297 | 1.384 | 1.343 | 1.375 | 1.491 | 1.634 | 1.775 | 1.873 | 1.916 | 1967
Aerr 0312 | 0572 | 0832 | 1.092 | 1.353 | 1.614 | 1.874 | 2134 | 2394 | 2.654 | 2.915 | 3.175
Aot 0296 | 0543 | 0789 | 1.036 | 1.284 | 1.530 | 1.777 | 2.024 | 2271 | 2517 | 2.765 | 3.012

o  |PulPyr 0759 | 0.729 | 0.684 | 0591 | 0.463 | 0.356 | 0.307 | 0.275 | 0.248 | 0222 | 0.196 | 0.174

S |PurlPuerr 0951 | 0.986 | 1.045 | 1.065 | 1.032 | 0.979 | 0.975 | 0.992 | 1.001 | 0.987 | 0.955 | 0.921
Pur/Puo1 0.965 | 0.927 | 0.892 | 0.887 | 0.818 | 0.732 | 0.728 | 0.742 | 0.754 | 0.750 | 0.732 | 0.713
PulPuorrr | 1.210 | 1.255 | 1.330 | 1.379 | 1.392 | 1.368 | 1.427 | 1518 | 1.599 | 1.643 | 1.651 | 1.652
PulPueror | 1.202 | 1.226 | 1.292 | 1.401 | 1.400 | 1.352 | 1.443 | 1576 | 1711 | 1.815 | 1.887 | 1.955
. 0305 | 0558 | 0.812 | 1.066 | 1.321 | 1.575 | 1.829 | 2.083 | 2.336 | 2.590 | 2.844 | 3.009
Jot 0289 | 0530 | 0770 | 1.011 | 1.253 | 1494 | 1.735 | 1.975 | 2216 | 2.457 | 2.698 | 2.939

o |PulPyr 0630 | 0.609 | 0582 | 0531 | 0.449 | 0.354 | 0.293 | 0.265 | 0.243 | 0219 | 0.195 | 0.174

S |PulPurrr 0.836 | 0.866 | 0.920 | 0.973 | 0.991 | 0.952 | 0.911 | 0932 | 0.955 | 0.954 | 0.931 | 0.900
Purl/Puo 0975 | 0.943 | 0.901 | 0.871 | 0.834 | 0.753 | 0.709 | 0.722 | 0.741 | 0.742 | 0.729 | 0.710
PurlPuorrr | 1.294 | 1.340 | 1.424 | 1.506 | 1534 | 1.501 | 1.475 | 1.558 | 1.650 | 1.701 | 1.716 | 1711
PulPuror | 1.281 | 1.295 | 1.325 | 1.391 | 1.438 | 1.393 | 1.402 | 1521 | 1.659 | 1.763 | 1.836 | 1.891
. 0297 | 0545 | 0792 | 1.040 | 1.288 | 1536 | 1.784 | 2.031 | 2.279 | 2.526 | 2.774 | 3.022
Jor 0282 | 0516 | 0.751 | 0986 | 1.222 | 1.457 | 1.692 | 1.927 | 2.161 | 2.396 | 2.631 | 2.867

o [PulPy 0661 | 0.639 | 0.611 | 0559 | 0.470 | 0.372 | 0.305 | 0.273 | 0.251 | 0.227 | 0.203 | 0.183

S |PurlPuerr 0902 | 0.928 | 0979 | 1.024 | 1.024 | 0.975 | 0925 | 0.940 | 0.963 | 0.966 | 0.946 | 0.923
Pur/Pao1 0973 | 0.941 | 0.899 | 0.878 | 0.841 | 0.762 | 0.713 | 0.721 | 0.740 | 0.745 | 0.734 | 0.721
PurlPworrr | 1.328 | 1.367 | 1.441 | 1.508 | 1516 | 1.475 | 1.443 | 1518 | 1610 | 1.670 | 1.692 | 1.704
PurlPueror | 1.317 | 1.329 | 1.357 | 1.432 | 1474 | 1427 | 1421 | 1527 | 1.660 | 1.767 | 1.841 | 1.907
. 0311 | 0570 | 0.829 | 1.088 | 1.348 | 1.608 | 1.867 | 2.126 | 2.385 | 2.644 | 2.904 | 3.163
Jor 0295 | 0541 | 0786 | 1.032 | 1279 | 1.525 | 1.771 | 2017 | 2262 | 2508 | 2.754 | 3.000

o |PulPy 0586 | 0.569 | 0.543 | 0.499 | 0.428 | 0.337 | 0.281 | 0.256 | 0.235 | 0.212 | 0.188 | 0.170

8 |Pur/Paerr 0799 | 0.830 | 0.884 | 0.941 | 0.976 | 0.925 | 0.891 | 0919 | 0.942 | 0939 | 0.914 | 0.896
Pur/Puo1 0977 | 0.948 | 0.905 | 0.865 | 0.834 | 0.748 | 0.706 | 0.723 | 0.741 | 0.740 | 0.723 | 0.713
PulPuorrr | 1.332 | 1.383 | 1473 | 1569 | 1627 | 1542 | 1524 | 1.614 | 1.704 | 1.749 | 1.753 | 1.768
Pur/Puror | 1.317 | 1.330 | 1.356 | 1.406 | 1.459 | 1.403 | 1.416 | 1.543 | 1.680 | 1.781 | 1.844 | 1.923
Aerr 0316 | 0579 | 0.843 | 1.106 | 1.371 | 1.634 | 1.898 | 2.161 | 2.425 | 2.688 | 2.952 | 3.216
Aot 0300 | 0550 | 0.799 | 1.049 | 1.300 | 1.550 | 1.800 | 2.050 | 2.300 | 2.549 | 2.800 | 3.050

o |PulPy 0565 | 0.548 | 0523 | 0.482 | 0.413 | 0.328 | 0.274 | 0.250 | 0.229 | 0.206 | 0.183 | 0.165

S |PulPurrr 0743 | 0777 | 0.834 | 0.900 | 0.947 | 0.913 | 0.882 | 0.914 | 0.936 | 0.929 | 0.902 | 0.887
Purl/Pao 0.979 | 0.950 | 0.907 | 0.863 | 0.827 | 0.746 | 0.706 | 0.725 | 0.741 | 0.737 | 0.719 | 0.711
Pur/Puorrr | 1.288 | 1.346 | 1.445 | 1561 | 1.641 | 1.583 | 1558 | 1.653 | 1.738 | 1.774 | 1.772 | 1.793
PulPuror | 1.272 | 1.288 | 1.315 | 1.363 | 1.414 | 1.373 | 1.393 | 1531 | 1.669 | 1.767 | 1.832 | 1.924
Aer 0279 | 0511 | 0743 | 0975 | 1209 | 1441 | 1674 | 1.006 | 2138 | 2.370 | 2.603 | 2.836
Jor 0264 | 0485 | 0705 | 0.925 | 1.146 | 1.367 | 1587 | 1.808 | 2.028 | 2.248 | 2.469 | 2.690

o |PulPy 0.695 | 0.673 | 0.646 | 0598 | 0533 | 0.413 | 0.331 | 0293 | 0.267 | 0.245 | 0.222 | 0.200

S |PurlPuerr 0.850 | 0.877 | 0.929 | 0983 | 1.042 | 0.994 | 0.943 | 0.946 | 0.965 | 0.979 | 0.972 | 0.949
Put/Pap 0973 | 0.943 | 0905 | 0.884 | 0.893 | 0.790 | 0.721 | 0.719 | 0.734 | 0.747 | 0.746 | 0.733
PurlPuworrr | 1190 | 1.228 | 1.300 | 1.377 | 1.478 | 1441 | 1.405 | 1.460 | 1542 | 1.619 | 1.663 | 1.678
Pur/Peror | 1482 | 1197 | 1232 | 1.310 | 1.431 | 1.361 | 1.328 | 1.415 | 1537 | 1.663 | 1.762 | 1837
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Table 1.7: Numerical failure loads and their DSM estimates concerning the LC7 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 030 | 055 | 080 | 105 | 130 | 155 | 180 | 205 | 230 | 255 | 280 | 3.05
Aerr 0307 | 0564 | 0820 | 1.076 | 1.332 | 1.588 | 1.845 | 2.101 | 2357 | 2.613 | 2.869 | 3.126
Aox 0300 | 0550 | 0.800 | 1.050 | 1.300 | 1.550 | 1.800 | 2.050 | 2.300 | 2.550 | 2.800 | 3.050

S 0.956 | 0917 | 0.840 | 0.671 | 0490 | 0.394 | 0.339 | 0.298 | 0.262 | 0.227 | 0.199 | 0.168

S [PufPuerr 0994 | 1.047 | 1113 | 1.089 | 1.029 | 1.068 | 1.064 | 1.063 | 1.048 | 1.003 | 0.966 | 0.885

™ |PulPur 0.956 | 0.917 | 0.955 | 0.931 | 0.821 | 0.782 | 0.782 | 0.788 | 0.785 | 0.759 | 0.738 | 0.684
Pu/Poorrr | 0994 | 1.047 | 1173 | 1.261 | 1.263 | 1.358 | 1.436 | 1516 | 1573 | 1577 | 1585 | 1513
Pu/Pueror | 0.994 | 1.047 | 1223 | 1.320 | 1.278 | 1.331 | 1.449 | 1583 | 1.707 | 1.782 | 1.870 | 1.865
. 0306 | 0560 | 0.815 | 1.070 | 1.325 | 1.580 | 1.834 | 2.089 | 2.344 | 2599 | 2.853 | 3.108
Jox 0298 | 0547 | 0796 | 1.044 | 1.293 | 1541 | 1.790 | 2.039 | 2.287 | 2536 | 2.784 | 3.033

o |PulPy 0936 | 0.899 | 0.828 | 0.671 | 0.492 | 0.393 | 0.338 | 0.297 | 0.263 | 0.229 | 0.196 | 0.165

S  [PulPuerr 1.077 | 1122 | 1176 | 1.138 | 1.045 | 1.060 | 1.056 | 1.056 | 1.044 | 1.008 | 0.944 | 0.865
Put/Papr 0957 | 0.919 | 0.948 | 0933 | 0.825 | 0.779 | 0.778 | 0.784 | 0.783 | 0.763 | 0.722 | 0.669
Pu/Poorrr | 1102 | 1.148 | 1.238 | 1.309 | 1.284 | 1.356 | 1433 | 1512 | 1572 | 1589 | 1.553 | 1482
Pu/Poror | 1101 | 1145 | 1.306 | 1406 | 1.349 | 1.377 | 1.483 | 1605 | 1.717 | 1.790 | 1.810 | 1.788
Aerr 0304 | 0557 | 0.810 | 1.062 | 1.315 | 1.568 | 1.821 | 2.074 | 2.327 | 2.580 | 2.833 | 3.086
Aot 0296 | 0543 | 0.790 | 1.037 | 1.284 | 1531 | 1.777 | 2.024 | 2271 | 2518 | 2765 | 3.012

o  |PulPyr 0.763 | 0.736 | 0.695 | 0.611 | 0480 | 0.368 | 0.316 | 0.281 | 0.252 | 0.222 | 0.196 | 0.165

S [Pul/Puerr 0.955 | 0989 | 1.048 | 1.078 | 1.034 | 0.985 | 0.981 | 0.991 | 0.994 | 0.971 | 0.937 | 0.859
Pur/Pop1 0.971 | 0936 | 0.906 | 0.917 | 0.847 | 0.757 | 0.750 | 0.759 | 0.765 | 0.752 | 0.731 | 0.676
Pu/Porrr | 1.216 | 1.259 | 1.334 | 1.400 | 1.405 | 1.387 | 1.447 | 1529 | 1601 | 1.628 | 1.632 | 1551
Pu/Porror | 1208 | 1232 | 1.299 | 1428 | 1423 | 1.366 | 1.448 | 1.563 | 1.677 | 1.752 | 1.809 | 1.772
Aerr 0296 | 0543 | 0.790 | 1.037 | 1.284 | 1531 | 1.777 | 2.024 | 2271 | 2518 | 2765 | 3.012
Jot 0289 | 0530 | 0.771 | 1.012 | 1.253 | 1.494 | 1.735 | 1.975 | 2.216 | 2.457 | 2.698 | 2.939

o |PulPyr 0640 | 0621 | 0592 | 0.547 | 0466 | 0.367 | 0.304 | 0.272 | 0.247 | 0.221 | 0.196 | 0.165

S [PulPuerr 0.848 | 0.877 | 0.926 | 0.983 | 0.999 | 0.960 | 0.920 | 0.936 | 0.953 | 0.943 | 0.918 | 0.841
Pur/Pap1 0.990 | 0.960 | 0.917 | 0.897 | 0.866 | 0.780 | 0.735 | 0.742 | 0.754 | 0.748 | 0.732 | 0.674
PulPoorrr | 1.312 | 1.357 | 1434 | 1522 | 1545 | 1519 | 1499 | 1574 | 1.655 | 1.693 | 1.701 | 1.609
Pu/Peeror | 1.300 | 1.314 | 1.339 | 1417 | 1468 | 1414 | 1418 | 1521 | 1639 | 1.720 | 1.776 | 1.727
. 0289 | 0530 | 0771 | 1.011 | 1.252 | 1493 | 1734 | 1.974 | 2215 | 2456 | 2.697 | 2.938
Jor 0282 | 0517 | 0752 | 0987 | 1.222 | 1457 | 1692 | 1.927 | 2162 | 2.397 | 2632 | 2.867

o [PulPy 0.667 | 0.649 | 0.621 | 0573 | 0489 | 0.385 | 0.316 | 0.281 | 0.256 | 0.230 | 0.204 | 0.172

S [PurlPuerr 0.910 | 0.938 | 0.985 | 1.033 | 1.037 | 0.993 | 0.934 | 0.945 | 0.961 | 0.956 | 0.931 | 0.854
Pur/Pao1 0983 | 0.955 | 0.914 | 0.901 | 0.876 | 0.790 | 0.738 | 0.742 | 0.755 | 0.752 | 0.736 | 0.679
Pu/Poorrr | 1.340 | 1.381 | 1.450 | 1.521 | 1540 | 1.507 | 1.466 | 1.536 | 1.618 | 1.665 | 1.676 | 1587
Pu/Poror | 1.329 | 1.344 | 1.370 | 1455 | 1512 | 1.450 | 1439 | 1532 | 1.645 | 1.729 | 1.783 | 1.729
. 0302 | 0554 | 0.806 | 1.059 | 1.311 | 1563 | 1.815 | 2.067 | 2.319 | 2571 | 2.823 | 3.075
Jot 0295 | 0541 | 0787 | 1.033 | 1.279 | 1525 | 1.771 | 2.017 | 2.263 | 2509 | 2.754 | 3.000

o |PulPy 0603 | 0583 | 0555 | 0514 | 0442 | 0351 | 0291 | 0.262 | 0.239 | 0.213 | 0.190 | 0.160

8 [PurlPuerr 0821 | 0.846 | 0.892 | 0.951 | 0.979 | 0.936 | 0.901 | 0.922 | 0.938 | 0.927 | 0.905 | 0.830
Pur/Pun1 1.005 | 0.972 | 0.925 | 0.892 | 0862 | 0.777 | 0.732 | 0.742 | 0.753 | 0.745 | 0.730 | 0.672
Pur/Puorrr | 1.368 | 1.411 | 1487 | 1.585 | 1.631 | 1.560 | 1548 | 1.627 | 1.706 | 1.736 | 1.747 | 1.648
Pu/Poror | 1.353 | 1.360 | 1.376 | 1432 | 1485 | 1.430 | 1.434 | 1543 | 1659 | 1.734 | 1.795 | 1.743
Aerr 0307 | 0564 | 0.820 | 1.076 | 1.332 | 1.588 | 1.845 | 2101 | 2.357 | 2.613 | 2.869 | 3.126
Aot 0300 | 0550 | 0.800 | 1.050 | 1.300 | 1.550 | 1.800 | 2.050 | 2.300 | 2.550 | 2.800 | 3.050

o |PulPy 0585 | 0565 | 0536 | 0.496 | 0.428 | 0.340 | 0.284 | 0.257 | 0.233 | 0.207 | 0.183 | 0.154

S [Purl/Puerr 0769 | 0.795 | 0.844 | 0.909 | 0.950 | 0.921 | 0.892 | 0.916 | 0.932 | 0.916 | 0.889 | 0.815
Pur/Pont 1.014 | 0.979 | 0.929 | 0.890 | 0.857 | 0.772 | 0.731 | 0.744 | 0.753 | 0.741 | 0.721 | 0.664
Pu/Poorrr | 1.333 | 1.378 | 1462 | 1575 | 1.647 | 1596 | 1581 | 1.665 | 1.739 | 1.759 | 1.756 | 1655
Pu/Pueror | 1.316 | 1.322 | 1.338 | 1.388 | 1.442 | 1.393 | 1.409 | 1527 | 1644 | 1.716 | 1.769 | 1.723
. 0271 | 0497 | 0723 | 0949 | 1.175 | 1.401 | 1.627 | 1.853 | 2.079 | 2.305 | 2531 | 2.756
Jor 0265 | 0.485 | 0706 | 0926 | 1.146 | 1.367 | 1587 | 1.808 | 2.028 | 2.249 | 2.469 | 2.690

o |PulPy 0.700 | 0.682 | 0.655 | 0.612 | 0533 | 0.428 | 0.343 | 0.302 | 0.273 | 0.249 | 0.224 | 0.189

S [PulPurrr 0.855 | 0.883 | 0.932 | 0.989 | 1.015 | 0.993 | 0.952 | 0.953 | 0.966 | 0.973 | 0.960 | 0.880
Put/Pap 0.980 | 0.954 | 0.917 | 0.905 | 0.894 | 0.821 | 0.747 | 0.742 | 0.751 | 0.759 | 0.751 | 0.692
Pu/Poorrr | 1197 | 1237 | 1.305 | 1.385 | 1444 | 1.450 | 1.428 | 1.480 | 1555 | 1.622 | 1.654 | 1566
Pu/Poror | 1189 | 1207 | 1.241 | 1.326 | 1.409 | 1.384 | 1.344 | 1420 | 1526 | 1.633 | 1.710 | 1665
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Table 1.8: Numerical failure loads and their DSM estimates concerning the LC8 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 020 | 045 | 070 | 095 | 120 | 145 | 170 | 195 | 220 | 245 | 270 | 2.95
Aer 0204 | 0458 | 0712 | 0967 | 1221 | 1.475 | 1730 | 1.984 | 2.239 | 2493 | 2.747 | 3.002
Ao 0200 | 0.450 | 0.700 | 0.950 | 1.200 | 1.450 | 1.700 | 1.950 | 2.200 | 2.450 | 2.700 | 2.950

S 0.986 | 0.968 | 0.932 | 0.789 | 0567 | 0.427 | 0.358 | 0.304 | 0.257 | 0.215 | 0.178 | 0.149

S [PufPuerr 1.003 | 1.057 | 1153 | 1.167 | 1.058 | 1.061 | 1.048 | 1.009 | 0.954 | 0.881 | 0.801 | 0.728

R [ 0.986 | 0.968 | 0.986 | 1.011 | 0.883 | 0.793 | 0.780 | 0.763 | 0.732 | 0.688 | 0.636 | 0.587
Pur/Paorrr | 1.003 | 1.057 | 1172 | 1.307 | 1279 | 1.326 | 1.390 | 1.423 | 1.421 | 1.382 | 1.318 | 1.252
PulPueor | 1.003 | 1.057 | 1.205 | 1.372 | 1.318 | 1.295 | 1.386 | 1.471 | 1.528 | 1.550 | 1.543 | 1.533
. 0202 | 0455 | 0.708 | 0.961 | 1.214 | 1.467 | 1720 | 1.973 | 2226 | 2479 | 2.732 | 2.985
Jor 0.199 | 0447 | 0696 | 0945 | 1193 | 1.442 | 1691 | 1.930 | 2.188 | 2436 | 2.685 | 2.934

o |PulPy 0.966 | 0.948 | 0.916 | 0.789 | 0571 | 0.427 | 0.360 | 0.306 | 0.259 | 0.217 | 0.180 | 0.151

S |PulPurrr 1.091 | 1.138 | 1.225 | 1.233 | 1.094 | 1.051 | 1.047 | 1.011 | 0.957 | 0.885 | 0.806 | 0.733
Put/Papr 0.988 | 0.970 | 0.980 | 1.015 | 0.890 | 0.794 | 0.782 | 0.766 | 0.736 | 0.692 | 0.640 | 0.591
PurlPworrr | 1116 | 1.165 | 1.258 | 1.372 | 1.318 | 1.325 | 1.396 | 1.432 | 1.431 | 1.393 | 1.329 | 1.263
Pur/Pror | 1415 | 1.163 | 1.296 | 1.470 | 1.403 | 1.354 | 1435 | 1511 | 1556 | 1.565 | 1.545 | 1522
Aerr 0201 | 0452 | 0703 | 0955 | 1.206 | 1.457 | 1.708 | 1.959 | 2211 | 2462 | 2.713 | 2.964
Aot 0197 | 0.444 | 0691 | 00938 | 1.185 | 1.432 | 1679 | 1.925 | 2172 | 2419 | 2.666 | 2.913

o  |PulPyr 0815 | 0.795 | 0.769 | 0.714 | 0563 | 0.416 | 0.356 | 0.309 | 0.262 | 0.220 | 0.183 | 0.153

S |PurlPuerr 1.002 | 1.033 | 1.100 | 1.173 | 1.106 | 1.020 | 1.029 | 1.014 | 0.961 | 0.891 | 0.812 | 0.738
Pur/Puo1 1.037 | 1.012 | 0979 | 1.008 | 0931 | 0.806 | 0.799 | 0.793 | 0.759 | 0.713 | 0.658 | 0.606
PulPuorrr | 1.275 | 1.314 | 1400 | 1501 | 1.480 | 1.418 | 1.497 | 1549 | 1.538 | 1.491 | 1.417 | 1.340
PulPueror | 1.272 | 1.295 | 1.352 | 1.515 | 1513 | 1.406 | 1.493 | 1.580 | 1611 | 1.607 | 1574 | 1538
. 0196 | 0.441 | 0686 | 0932 | 1177 | 1422 | 1667 | 1.912 | 2157 | 2402 | 2.648 | 2.893
Jot 0193 | 0434 | 0675 | 0915 | 1.156 | 1.397 | 1.638 | 1.879 | 2120 | 2.361 | 2.602 | 2.843

o |PulPyr 0735 | 0.710 | 0.680 | 0.640 | 0557 | 0.422 | 0.360 | 0.318 | 0.271 | 0.229 | 0.192 | 0.161

S |PulPurrr 0.960 | 0.973 | 1.015 | 1.079 | 1.101 | 1.015 | 1.017 | 1.022 | 0.974 | 0.909 | 0.832 | 0.758
Purl/Puo 1.138 | 1.099 | 1.053 | 1.011 | 0982 | 0.850 | 0.827 | 0.829 | 0.793 | 0.745 | 0.689 | 0.634
Pur/Puorrr | 1486 | 1.505 | 1571 | 1.671 | 1.704 | 1.595 | 1.640 | 1.705 | 1.683 | 1.628 | 1.545 | 1.455
Pu/Purror | 1480 | 1474 | 1493 | 1545 | 1615 | 1.494 | 1549 | 1.649 | 1.671 | 1.662 | 1.623 | 1.574
. 0.191 | 0430 | 0.669 | 0.909 | 1.148 | 1.387 | 1.626 | 1.865 | 2.104 | 2.343 | 2.582 | 2.821
dor 0188 | 0.423 | 0658 | 0.893 | 1.128 | 1.363 | 1598 | 1.833 | 2.068 | 2.303 | 2.538 | 2.773

o [PulPy 0753 | 0.730 | 0.702 | 0.664 | 0581 | 0.441 | 0.369 | 0.328 | 0.281 | 0.239 | 0.201 | 0.169

S |PurlPuerr 1.012 | 1.025 | 1.067 | 1.129 | 1.143 | 1.040 | 1.010 | 1.029 | 0.985 | 0.926 | 0.853 | 0.778
PurlPuo 1108 | 1.074 | 1.034 | 1.003 | 0985 | 0.858 | 0.819 | 0.826 | 0.794 | 0.752 | 0.699 | 0.645
PurlPuorrr | 1489 | 1.509 | 1571 | 1.663 | 1.683 | 1.567 | 1583 | 1.658 | 1.649 | 1.607 | 1.536 | 1.452
Pu/Pueror | 1484 | 1.483 | 1505 | 1.569 | 1.651 | 1.531 | 1552 | 1.656 | 1.682 | 1.679 | 1.645 | 1596
. 0200 | 0450 | 0701 | 0951 | 1.201 | 1452 | 1702 | 1.952 | 2202 | 2453 | 2.703 | 2.953
Jor 0197 | 0.443 | 0689 | 0935 | 1.180 | 1426 | 1.672 | 1.918 | 2164 | 2.410 | 2.656 | 2.902

o |PulPy 0714 | 0.685 | 0.653 | 0.611 | 0532 | 0.405 | 0.352 | 0310 | 0.263 | 0221 | 0.184 | 0.154

8 |Pur/Paerr 0957 | 0.964 | 1.002 | 1.060 | 1.085 | 1.007 | 1.013 | 1.015 | 0.963 | 0.894 | 0.815 | 0.741
Pur/Puo1 1190 | 1.142 | 1.089 | 1.018 | 0986 | 0.852 | 0.841 | 0.838 | 0.796 | 0.743 | 0.683 | 0.627
PulPorrr | 1595 | 1.607 | 1.670 | 1.766 | 1.808 | 1.678 | 1.729 | 1.781 | 1.743 | 1.671 | 1574 | 1.478
Pur/Puror | 1.588 | 1.569 | 1575 | 1.585 | 1.649 | 1.523 | 1599 | 1.691 | 1.702 | 1.680 | 1.630 | 1578
Aerr 0204 | 0458 | 0712 | 0967 | 1.221 | 1475 | 1.730 | 1.984 | 2239 | 2.493 | 2.747 | 3.002
Aot 0200 | 0450 | 0.700 | 0.950 | 1.200 | 1.450 | 1.700 | 1.950 | 2.200 | 2.450 | 2.700 | 2.950

o |PulPy 0.704 | 0.673 | 0.639 | 0595 | 0517 | 0.395 | 0.346 | 0.304 | 0.257 | 0.215 | 0.178 | 0.149

S |PulPurrr 0910 | 0.917 | 0956 | 1.017 | 1.050 | 0.994 | 1.012 | 1.009 | 0953 | 0.881 | 0.801 | 0.728
Purl/Pao 1221 | 1.167 | 1108 | 1.032 | 0.987 | 0.853 | 0.849 | 0.840 | 0.795 | 0.738 | 0.677 | 0.621
Pur/Puorrr | 1577 | 1589 | 1.656 | 1.762 | 1.821 | 1.724 | 1.784 | 1.823 | 1.772 | 1.690 | 1.585 | 1.486
Pu/Puror | 1568 | 1.546 | 1549 | 1557 | 1.606 | 1.491 | 1585 | 1.672 | 1.681 | 1.657 | 1.608 | 1.560
Aer 0179 | 0.404 | 0628 | 0853 | 1.077 | 1.301 | 1526 | 1.750 | 1.974 | 2.199 | 2.423 | 2.647
Jor 0.176 | 0397 | 0617 | 0.838 | 1.058 | 1.279 | 1.499 | 1.720 | 1.940 | 2.161 | 2.381 | 2.602

o |PulPy 0773 | 0.753 | 0.729 | 0.697 | 0.628 | 0491 | 0.392 | 0.353 | 0.305 | 0.264 | 0.226 | 0.192

S |PurlPuerr 0931 | 0948 | 0.993 | 1.063 | 1.108 | 1.039 | 1.022 | 1.044 | 1.008 | 0.963 | 0.902 | 0.832
Pur/Puot 1.082 | 1.054 | 1.020 | 0.993 | 0.998 | 0.892 | 0.813 | 0.828 | 0.802 | 0.772 | 0.730 | 0.680
Pur/Puworrr | 1.303 | 1.328 | 1.390 | 1.488 | 1562 | 1.504 | 1514 | 1.606 | 1.611 | 1.599 | 1.554 | 1.485
Pur/Pueror | 1.299 | 1.307 | 1.338 | 1.408 | 1523 | 1.458 | 1.418 | 1536 | 1580 | 1.610 | 1.610 | 1585
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Table 1.9: Numerical failure loads and their DSM estimates concerning the LC9 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 030 | 055 | 080 | 105 | 130 | 155 | 180 | 205 | 230 | 255 | 280 | 3.05
Aer 0303 | 0556 | 0.809 | 1.062 | 1.314 | 1.567 | 1.820 | 2.073 | 2.325 | 2578 | 2.831 | 3.084
Ao 0300 | 0550 | 0.800 | 1.050 | 1.300 | 1.550 | 1.800 | 2.050 | 2.300 | 2.550 | 2.800 | 3.050

S 0961 | 0.929 | 0.855 | 0.671 | 0.485 | 0.399 | 0.349 | 0311 | 0277 | 0244 | 0.210 | 0.183

S [PufPuerr 0999 | 1.057 | 1.124 | 1.076 | 0.999 | 1.066 | 1.068 | 1.071L | 1.060 | 1.028 | 0.960 | 0.905

R [ 0961 | 0.929 | 0.971 | 0.932 | 0.813 | 0.793 | 0.807 | 0822 | 0.829 | 0.818 | 0.778 | 0.746
Pur/Paorrr | 0.999 | 1.057 | 1.187 | 1.251 | 1.235 | 1.364 | 1458 | 1.550 | 1.621 | 1.653 | 1.619 | 1505
Pu/Peeror | 0.999 | 1.057 | 1.236 | 1.309 | 1.251 | 1.331 | 1470 | 1.622 | 1.766 | 1.878 | 1.921 | 1.978
. 0302 | 0553 | 0.804 | 1.056 | 1.307 | 1.558 | 1.810 | 2.061 | 2.312 | 2.564 | 2.815 | 3.067
Jor 0298 | 0547 | 0796 | 1.044 | 1.293 | 1541 | 1.790 | 2.039 | 2.287 | 2536 | 2.784 | 3.033

o |PulPy 0941 | 0910 | 0.843 | 0.672 | 0.488 | 0.398 | 0.348 | 0310 | 0.247 | 0.245 | 0.213 | 0.184

S |PulPurrr 1.082 | 1.133 | 1190 | 1.127 | 1.019 | 1.057 | 1.060 | 1.064 | 0.939 | 1.026 | 0.970 | 0.908
Put/Papr 0.962 | 0.931 | 0.965 | 0.935 | 0.818 | 0.789 | 0.802 | 0.819 | 0.735 | 0.818 | 0.786 | 0.748
PurlPuworrr | 1107 | 1.159 | 1.254 | 1.301 | 1.260 | 1.361 | 1454 | 1.547 | 1.441 | 1.655 | 1.639 | 1.602
Pu/Pror | 1106 | 1.156 | 1.322 | 1.397 | 1.325 | 1.379 | 1507 | 1.648 | 1583 | 1.880 | 1.927 | 1.953
Aerr 0299 | 0549 | 0799 | 1.048 | 1.298 | 1.547 | 1.797 | 2.047 | 2296 | 2546 | 2.795 | 3.045
Aot 0296 | 0543 | 0790 | 1.037 | 1.284 | 1.531 | 1.777 | 2.024 | 2271 | 2518 | 2.765 | 3.012

o  |PulPyr 0768 | 0.745 | 0.709 | 0.625 | 0478 | 0.372 | 0.327 | 0.295 | 0.235 | 0.239 | 0.211 | 0.182

S |PurlPuerr 0.960 | 0.999 | 1.063 | 1.092 | 1.014 | 0.981 | 0.989 | 1.006 | 0.888 | 0.993 | 0.954 | 0.892
Pur/Puo1 0.977 | 0.948 | 0.925 | 0.938 | 0.844 | 0.766 | 0.776 | 0.797 | 0.712 | 0.808 | 0.788 | 0.748
Pu/Puorrr | 1.222 | 1.272 | 1.353 | 1.420 | 1.384 | 1.388 | 1472 | 1571 | 1453 | 1.698 | 1.701 | 1.655
PulPueror | 1.214 | 1.245 | 1.320 | 1.451 | 1.406 | 1.367 | 1.480 | 1.619 | 1538 | 1.851 | 1.912 | 1.921
. 0292 | 0536 | 0779 | 1.023 | 1.267 | 1.510 | 1.754 | 1.997 | 2241 | 2484 | 2.728 | 2.972
Jot 0289 | 0530 | 0771 | 1.012 | 1.253 | 1494 | 1.735 | 1.975 | 2216 | 2457 | 2.698 | 2.939

o |PulPyr 0654 | 0.634 | 0.606 | 0562 | 0.474 | 0.364 | 0.315 | 0.288 | 0.228 | 0.239 | 0.213 | 0.188

S |PulPurrr 0.866 | 0.893 | 0.942 | 1.001 | 1.003 | 0.938 | 0.931 | 0.958 | 0.845 | 0.972 | 0.944 | 0.902
Purl/Puo 1.012 | 0981 | 0937 | 0.921 | 0.881 | 0.773 | 0.762 | 0.785 | 0.698 | 0.810 | 0.795 | 0.768
Pur/Puorrr | 1.340 | 1.383 | 1.458 | 1.548 | 1552 | 1.488 | 1525 | 1.625 | 1.488 | 1.773 | 1.785 | 1.764
Pu/Pueror | 1.328 | 1.340 | 1.365 | 1.447 | 1.484 | 1.389 | 1455 | 1590 | 1.495 | 1.832 | 1.898 | 1.932
. 0285 | 0523 | 0760 | 0998 | 1.235 | 1473 | 1.710 | 1.948 | 2186 | 2423 | 2.661 | 2.898
Jor 0282 | 0517 | 0752 | 0987 | 1.222 | 1457 | 1692 | 1.927 | 2162 | 2.397 | 2632 | 2.867

o [PulPy 0680 | 0.661 | 0.633 | 0588 | 0.497 | 0.381 | 0.326 | 0.296 | 0.235 | 0.247 | 0.221 | 0.197

S |PurlPuerr 0926 | 0.953 | 1.000 | 1.052 | 1.039 | 0.966 | 0.941 | 0.964 | 0.851 | 0.980 | 0.957 | 0.924
Pur/Pao1 1.001 | 0973 | 0932 | 0.925 | 0.889 | 0.782 | 0.761 | 0.781 | 0.695 | 0.808 | 0.798 | 0.780
PurlPuorrr | 1.363 | 1.403 | 1.472 | 1.548 | 1545 | 1471 | 1.485 | 1.580 | 1.449 | 1.734 | 1757 | 1.756
Pur/Pueror | 1.353 | 1.367 | 1.393 | 1.485 | 1523 | 1.424 | 1.468 | 1.593 | 1.494 | 1.831 | 1.902 | 1.951
. 0298 | 0547 | 0796 | 1.044 | 1293 | 1542 | 1.790 | 2.039 | 2.288 | 2536 | 2.785 | 3.034
Jor 0295 | 0541 | 0787 | 1.033 | 1279 | 1.525 | 1.771 | 2.017 | 2263 | 2509 | 2.754 | 3.000

o |PulPy 0620 | 0598 | 0570 | 0529 | 0.451 | 0.348 | 0.304 | 0279 | 0.222 | 0232 | 0.206 | 0.180

8 |Pur/Paerr 0843 | 0.867 | 0.913 | 0.970 | 0.985 | 0.916 | 0.917 | 0.948 | 0.837 | 0.959 | 0.929 | 0.881
Pur/Puo1 1.033 | 0.997 | 0951 | 0.917 | 0.879 | 0.772 | 0.765 | 0.790 | 0.701 | 0.810 | 0.792 | 0.759
Pu/Puorrr | 1405 | 1.445 | 1521 | 1.617 | 1.641 | 1543 | 1583 | 1.687 | 1539 | 1.825 | 1.826 | 1.787
Pur/Pueror | 1.390 | 1.394 | 1.411 | 1.466 | 1504 | 1.400 | 1.482 | 1.623 | 1523 | 1.859 | 1.916 | 1.933
Aerr 0303 | 0556 | 0.809 | 1.062 | 1.314 | 1.567 | 1.820 | 2.073 | 2325 | 2578 | 2.831 | 3.084
Aot 0300 | 0550 | 0.800 | 1.050 | 1.300 | 1.550 | 1.800 | 2.050 | 2.300 | 2.550 | 2.800 | 3.050

o |PulPy 0.603 | 0581 | 0553 | 0511 | 0.437 | 0.338 | 0.298 | 0.274 | 0.218 | 0.226 | 0.201 | 0.178

S |PulPurrr 0792 | 0.816 | 0.865 | 0.928 | 0.956 | 0.901 | 0.912 | 0.945 | 0.834 | 0.952 | 0.919 | 0.880
Purl/Pao 1.045 | 1.007 | 0.958 | 0.917 | 0.875 | 0.768 | 0.768 | 0.794 | 0.704 | 0.810 | 0.789 | 0.764
Pur/Puorrr | 1.372 | 1415 | 1499 | 1.608 | 1.657 | 1.562 | 1624 | 1.730 | 1574 | 1.855 | 1.848 | 1.826
Pu/Pueror | 1.356 | 1.358 | 1.375 | 1423 | 1.462 | 1.372 | 1464 | 1611 | 1515 | 1.846 | 1.902 | 1.944
Aer 0267 | 0.490 | 0713 | 0936 | 1.159 | 1.382 | 1605 | 1.828 | 2.051 | 2.274 | 2.497 | 2.720
Jor 0265 | 0.485 | 0706 | 0926 | 1.146 | 1.367 | 1587 | 1.808 | 2.028 | 2.249 | 2.469 | 2.690

o |PulPy 0709 | 0.691 | 0.667 | 0.626 | 0.543 | 0.426 | 0.348 | 0314 | 0.249 | 0.265 | 0.241 | 0.216

S |PurlPuerr 0.865 | 0.894 | 0.944 | 1.004 | 1.021 | 0.970 | 0.950 | 0.965 | 0.851 | 0.995 | 0.985 | 0.956
Put/Pap 0992 | 0.968 | 0.933 | 0.927 | 0.910 | 0.816 | 0.759 | 0.772 | 0.686 | 0.809 | 0.810 | 0.794
PurlPworrr | 1.211 | 1.252 | 1.322 | 1.406 | 1.455 | 1.421 | 1.432 | 1511 | 1.386 | 1.683 | 1.729 | 1.737
Pu/Purror | 1.203 | 1.223 | 1.258 | 1.350 | 1.424 | 1.363 | 1.351 | 1.459 | 1373 | 1.714 | 1.811 | 1.875
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Table 1.10: Numerical failure loads and their DSM estimates concerning the LC10 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 040 | 065 | 090 | 115 | 140 | 165 | 190 | 215 | 240 | 265 | 290 | 3.15
Aer 0402 | 0654 | 0905 | 1.156 | 1.407 | 1659 | 1910 | 2162 | 2412 | 2.664 | 2.915 | 3.166
Ao 0400 | 0.650 | 0.900 | 1.150 | 1.400 | 1.650 | 1.900 | 2.151 | 2.400 | 2.650 | 2.900 | 3.150

S 0935 | 0.886 | 0.777 | 0597 | 0.441 | 0.376 | 0.335 | 0297 | 0.261 | 0.224 | 0.196 | 0.174

S [PufPuerr 1.000 | 1.060 | 1.094 | 1.044 | 1.011 | 1.062 | 1.081 | 1.079 | 1.050 | 0.990 | 0.945 | 0.910

R [ 0935 | 0.910 | 0.955 | 0.895 | 0.793 | 0.795 | 0.818 | 0828 | 0.817 | 0.781 | 0.756 | 0.738
Pur/Paorrr | 1.000 | 1.065 | 1.205 | 1.254 | 1.269 | 1.396 | 1509 | 1.592 | 1.630 | 1.612 | 1.607 | 1613
Pu/Pueor | 1.000 | 1.083 | 1.262 | 1.300 | 1.258 | 1.371 | 1529 | 1.671 | 1.777 | 1.829 | 1.901 | 1.990
. 0400 | 0.650 | 0.900 | 1.150 | 1.399 | 1.649 | 1.900 | 2.150 | 2.399 | 2.649 | 2.898 | 3.149
Jor 0398 | 0.647 | 0.895 | 1.144 | 1392 | 1.641 | 1.800 | 2.139 | 2.386 | 2.635 | 2.884 | 3.132

o |PulPy 0915 | 0.869 | 0.769 | 0592 | 0.440 | 0.375 | 0.332 | 0.297 | 0.265 | 0.233 | 0.204 | 0.175

S |PulPurrr 1.080 | 1.130 | 1152 | 1.072 | 1.007 | 1.051 | 1.064 | 1.073 | 1.063 | 1.024 | 0.977 | 0.906
Put/Papr 0.936 | 0.907 | 0.951 | 0.890 | 0.790 | 0.790 | 0.808 | 0.825 | 0.828 | 0.809 | 0.782 | 0.736
Pur/Puworrr | 1.104 | 1.156 | 1.261 | 1.280 | 1.270 | 1.390 | 1.493 | 1.590 | 1.655 | 1.671 | 1.665 | 1.610
Pur/Puror | 1403 | 1171 | 1.346 | 1.369 | 1.314 | 1414 | 1551 | 1.695 | 1.816 | 1.891 | 1.948 | 1.948
Aerr 0397 | 0.646 | 0893 | 1.141 | 1.390 | 1.638 | 1.886 | 2.135 | 2.382 | 2.630 | 2.878 | 3.126
Aot 0395 | 0.642 | 0.889 | 1.136 | 1.382 | 1.629 | 1.877 | 2.124 | 2370 | 2.617 | 2.863 | 3.110

o  |PulPyr 0744 | 0.715 | 0.662 | 0556 | 0432 | 0.345 | 0.307 | 0.279 | 0.253 | 0.225 | 0.199 | 0.172

S |PurlPuerr 0951 | 0.996 | 1.046 | 1.041 | 0.995 | 0.962 | 0.979 | 1.001 | 1.006 | 0.983 | 0.948 | 0.888
Pur/Puo1 0.946 | 0.909 | 0.906 | 0.892 | 0.812 | 0.753 | 0.768 | 0.792 | 0.803 | 0.793 | 0.773 | 0.733
PulPoorrr | 1.210 | 1.267 | 1.331 | 1.382 | 1.380 | 1.389 | 1.484 | 1.590 | 1.669 | 1.700 | 1.706 | 1.658
PurlPueror | 1.196 | 1.230 | 1.335 | 1.417 | 1.386 | 1.374 | 1.495 | 1.638 | 1.763 | 1.845 | 1.905 | 1.907
. 0388 | 0.630 | 0872 | 1.114 | 1.356 | 1.598 | 1.841 | 2.083 | 2.324 | 2.567 | 2.809 | 3.051
Jot 0386 | 0.627 | 0.867 | 1.108 | 1.349 | 1.590 | 1.831 | 2.073 | 2313 | 2553 | 2.794 | 3.035

o |PulPyr 0619 | 0598 | 0568 | 0513 | 0423 | 0.332 | 0.293 | 0.270 | 0.249 | 0.225 | 0.201 | 0.182

S |PulPurrr 0.837 | 0.873 | 0.927 | 0.970 | 0.963 | 0.905 | 0.913 | 0.947 | 0.968 | 0.961 | 0.935 | 0.918
Purl/Puo 0958 | 0.926 | 0.880 | 0.882 | 0.831 | 0.745 | 0.745 | 0.773 | 0.793 | 0.793 | 0.777 | 0.770
PurlPuorrr | 1.295 | 1.351 | 1.435 | 1.501 | 1510 | 1.454 | 1515 | 1.627 | 1.722 | 1.770 | 1.780 | 1.805
PulPror | 1.274 | 1.293 | 1.321 | 1.421 | 1431 | 1.366 | 1.450 | 1.592 | 1.726 | 1.820 | 1.881 | 1.960
. 0378 | 0614 | 0850 | 1.086 | 1.323 | 1.559 | 1.795 | 2.032 | 2.267 | 2503 | 2.739 | 2.976
Jor 0376 | 0611 | 0.846 | 1.081 | 1.316 | 1551 | 1.786 | 2.021 | 2.255 | 2.491 | 2.725 | 2.961

o [PulPy 0650 | 0.628 | 0597 | 0538 | 0.444 | 0.349 | 0.304 | 0.279 | 0.257 | 0.233 | 0.209 | 0.189

S |PurlPuerr 0902 | 0.935 | 0.984 | 1.016 | 0.992 | 0.929 | 0.923 | 0.953 | 0.976 | 0.974 | 0.950 | 0.928
Pur/Pao1 0957 | 0.925 | 0.888 | 0.889 | 0.839 | 0.755 | 0.746 | 0.770 | 0.792 | 0.796 | 0.783 | 0.772
PurlPuworrr | 1.327 | 1.376 | 1.449 | 1.496 | 1.490 | 1.436 | 1.479 | 1.584 | 1.683 | 1.740 | 1.758 | 1.774
PulPueror | 1.309 | 1.327 | 1.364 | 1.461 | 1.468 | 1.403 | 1.465 | 1.596 | 1.730 | 1.828 | 1.890 | 1.954
. 039 | 0.643 | 0890 | 1.137 | 1.384 | 1.632 | 1.879 | 2.127 | 2373 | 2620 | 2.867 | 3.115
Jor 0394 | 0640 | 0885 | 1.131 | 1.377 | 1.623 | 1.870 | 2.116 | 2.361 | 2.607 | 2.853 | 3.099

o |PulPy 0577 | 0558 | 0531 | 0.482 | 0.403 | 0317 | 0.282 | 0262 | 0.241 | 0218 | 0.194 | 0.164

8 |Pur/Paerr 0.801 | 0.836 | 0.891 | 0.939 | 0.947 | 0.880 | 0.897 | 0.936 | 0.956 | 0.948 | 0.920 | 0.841
Pur/Puo1 0.962 | 0.930 | 0.885 | 0.872 | 0.827 | 0.738 | 0.745 | 0.776 | 0.794 | 0.792 | 0.773 | 0.713
Pu/Puorrr | 1.335 | 1.393 | 1486 | 1565 | 1579 | 1.495 | 1566 | 1.685 | 1.776 | 1.818 | 1.820 | 1.715
PulPueror | 1.311 | 1.326 | 1.352 | 1.430 | 1.449 | 1.376 | 1472 | 1.622 | 1.753 | 1.843 | 1.896 | 1.838
Aerr 0402 | 0.654 | 0905 | 1.156 | 1.407 | 1.659 | 1.910 | 2.162 | 2.412 | 2.664 | 2.915 | 3.166
Aot 0400 | 0.650 | 0.900 | 1.150 | 1.400 | 1.650 | 1.900 | 2.151 | 2.400 | 2.650 | 2.900 | 3.150

o |PulPy 0556 | 0537 | 0512 | 0.465 | 0.390 | 0.306 | 0.276 | 0.257 | 0.236 | 0.213 | 0.189 | 0.159

S |PulPurrr 0746 | 0.783 | 0.843 | 0.901 | 0.924 | 0.864 | 0.892 | 0.933 | 0.950 | 0.940 | 0.910 | 0.829
Purl/Pao 0.964 | 0.931 | 0.887 | 0.868 | 0.822 | 0.733 | 0.747 | 0.779 | 0.795 | 0.791 | 0.771 | 0.707
Pur/Paorrr | 1.293 | 1.357 | 1462 | 1.562 | 1.601 | 1518 | 1603 | 1.726 | 1.811 | 1.847 | 1.844 | 1.728
Pu/Puror | 1.266 | 1.283 | 1.312 | 1.385 | 1.406 | 1.339 | 1.453 | 1.609 | 1.740 | 1.831 | 1.885 | 1.824
Aer 0355 | 0577 | 0798 | 1.019 | 1.241 | 1463 | 1.685 | 1.907 | 2.127 | 2.349 | 2571 | 2792
Jor 0353 | 0574 | 0794 | 1.014 | 1235 | 1.455 | 1676 | 1.897 | 2.116 | 2.337 | 2557 | 2.778

o |PulPy 0683 | 0.662 | 0.632 | 0579 | 0.489 | 0.389 | 0.326 | 0.296 | 0.274 | 0.253 | 0.229 | 0.206

S |PurlPuerr 0.850 | 0.883 | 0.935 | 0.982 | 0.983 | 0.959 | 0.932 | 0.954 | 0.980 | 0.992 | 0.980 | 0.951
Put/Pap 0957 | 0.927 | 0.891 | 0.898 | 0.865 | 0.786 | 0.745 | 0.762 | 0.787 | 0.801 | 0.797 | 0.781
PurlPuorrr | 1190 | 1.237 | 1.310 | 1.375 | 1.418 | 1.420 | 1427 | 1516 | 1617 | 1.696 | 1.735 | 1741
Pu/Puror | 1476 | 1108 | 1237 | 1.344 | 1.385 | 1.342 | 1.353 | 1.467 | 1601 | 1.722 | 1.809 | 1.866
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Table 1.11: Numerical failure loads and their DSM estimates concerning the LC11 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 030 | 055 | 080 | 105 | 130 | 155 | 180 | 205 | 230 | 255 | 280 | 3.05
Aerr 0302 | 0552 | 0.802 | 1.052 | 1.303 | 1.553 | 1.804 | 2.054 | 2.305 | 2.556 | 2.806 | 3.057
Aox 0301 | 0550 | 0.800 | 1.050 | 1.300 | 1.550 | 1.800 | 2.050 | 2.300 | 2.550 | 2.800 | 3.050

S 0.956 | 0921 | 0.850 | 0.688 | 0.505 | 0.401 | 0.347 | 0.306 | 0.269 | 0.231 | 0.200 | 0.177

S [PufPuerr 0993 | 1.046 | 1.113 | 1.094 | 1.028 | 1.064 | 1.065 | 1.067 | 1.049 | 0.996 | 0.946 | 0.912

™ |PulPur 0.956 | 0.921 | 0.966 | 0.954 | 0.846 | 0.796 | 0.801 | 0.809 | 0.804 | 0.772 | 0.742 | 0.723
Pu/Poorrr | 0993 | 1.046 | 1176 | 1.275 | 1.276 | 1.364 | 1451 | 1537 | 1.591 | 1.583 | 1.570 | 1577
Pu/Porror | 0993 | 1.046 | 1.224 | 1.333 | 1.293 | 1.324 | 1445 | 1578 | 1.692 | 1.748 | 1.803 | 1.887
. 0300 | 0549 | 0.797 | 1.047 | 1.296 | 1545 | 1.794 | 2.043 | 2202 | 2.541 | 2.790 | 3.040
Jox 0299 | 0547 | 0795 | 1.044 | 1.203 | 1.541 | 1.790 | 2.038 | 2.287 | 2.536 | 2.784 | 3.033

o |PulPy 0936 | 0.903 | 0.837 | 0.688 | 0.507 | 0.400 | 0.346 | 0.306 | 0.269 | 0.232 | 0.202 | 0.174

S  [PulPuerr 1076 | 1.122 | 1.177 | 1.146 | 1.047 | 1.055 | 1.057 | 1.060 | 1.046 | 0.998 | 0.950 | 0.890
Put/Papr 0958 | 0.923 | 0.959 | 0.957 | 0.850 | 0.793 | 0.797 | 0.806 | 0.803 | 0.775 | 0.746 | 0.707
Pu/Poorrr | 1101 | 1147 | 1.241 | 1.326 | 1.299 | 1.362 | 1.447 | 1533 | 1591 | 1.591 | 1.581 | 1543
Pu/Poror | 1100 | 1145 | 1.308 | 1423 | 1.367 | 1.374 | 1483 | 1.606 | 1.70 | 1.759 | 1.803 | 1.817
Aerr 0298 | 0545 | 0792 | 1.039 | 1.287 | 1534 | 1.781 | 2.028 | 2.276 | 2524 | 2.771 | 3.019
Aot 0297 | 0543 | 0.790 | 1.037 | 1.284 | 1530 | 1.777 | 2.024 | 2271 | 2518 | 2.764 | 3.012

o  |PulPyr 0.761 | 0.736 | 0.700 | 0.636 | 0491 | 0.372 | 0.323 | 0.289 | 0.258 | 0.227 | 0.199 | 0.177

S [Pul/Puerr 0951 | 0986 | 1.045 | 1.104 | 1.031 | 0.976 | 0.979 | 0.994 | 0.995 | 0.967 | 0.929 | 0.897
Pur/Pop1 0.969 | 0.937 | 0.912 | 0.955 | 0.866 | 0.767 | 0.766 | 0.779 | 0.784 | 0.768 | 0.744 | 0.724
Pu/Poorrr | 1211 | 1254 | 1.330 | 1.438 | 1.410 | 1.383 | 1455 | 1546 | 1.616 | 1.638 | 1.636 | 1638
Pu/Poror | 1203 | 1.228 | 1.299 | 1471 | 1435 | 1.360 | 1.449 | 1.567 | 1.675 | 1.740 | 1.784 | 1.837
Aerr 0291 | 0532 | 0772 | 1.014 | 1.256 | 1.497 | 1.738 | 1.980 | 2.221 | 2.463 | 2.704 | 2.946
Jot 0290 | 0530 | 0.771 | 1.012 | 1.253 | 1.493 | 1.734 | 1.975 | 2.216 | 2.457 | 2.698 | 2.939

o |PulPyr 0632 | 0615 | 0592 | 0.555 | 0.488 | 0.374 | 0.309 | 0.279 | 0.253 | 0.226 | 0.200 | 0.180

S [PulPuerr 0.837 | 0.866 | 0.918 | 0.984 | 1.024 | 0.963 | 0.915 | 0.937 | 0.953 | 0.943 | 0.911 | 0.891
Pur/Pap1 0978 | 0952 | 0.916 | 0.911 | 0.908 | 0.796 | 0.748 | 0.761 | 0.773 | 0.767 | 0.745 | 0.733
Pu/Poorrr | 1.296 | 1.340 | 1421 | 1523 | 1.585 | 1.528 | 1.498 | 1585 | 1.668 | 1.706 | 1.704 | 1.720
Pu/Porror | 1284 | 1300 | 1.332 | 1426 | 1521 | 1.421 | 1418 | 1.528 | 1.642 | 1.718 | 1.759 | 1.822
. 0284 | 0518 | 0.753 | 0.989 | 1.225 | 1.460 | 1.696 | 1.931 | 2.167 | 2.402 | 2.637 | 2.873
Jor 0283 | 0517 | 0.752 | 0.987 | 1.222 | 1.456 | 1.692 | 1.926 | 2.162 | 2.396 | 2.631 | 2.867

o [PulPy 0663 | 0.645 | 0.621 | 0582 | 0513 | 0.393 | 0.321 | 0.288 | 0.262 | 0.235 | 0.209 | 0.187

S [PurlPuerr 0.903 | 0929 | 0.978 | 1.036 | 1.064 | 0.985 | 0.928 | 0.946 | 0.963 | 0.957 | 0.928 | 0.905
Pur/Pao1 0.977 | 0950 | 0.915 | 0.915 | 0.917 | 0.807 | 0.750 | 0.760 | 0.774 | 0.772 | 0.753 | 0.739
Pu/Poorrr | 1.330 | 1.368 | 1.440 | 1.525 | 1.584 | 1.503 | 1.465 | 1.547 | 1.632 | 1.680 | 1.686 | 1.699
Pu/Poror | 1.320 | 1.333 | 1.364 | 1465 | 1.565 | 1.461 | 1438 | 1539 | 1.651 | 1.732 | 1.775 | 1.829
. 0297 | 0543 | 0.789 | 1.035 | 1.282 | 1528 | 1.775 | 2.021 | 2.268 | 2514 | 2.760 | 3.007
Jot 0296 | 0541 | 0787 | 1.033 | 1.279 | 1524 | 1.771 | 2.016 | 2.263 | 2.508 | 2.754 | 3.000

o |PulPy 0590 | 0575 | 0553 | 0.524 | 0.465 | 0.360 | 0.297 | 0.269 | 0.244 | 0.218 | 0.192 | 0.171

8 [PurlPuerr 0.802 | 0.831 | 0.882 | 0.956 | 1.005 | 0.940 | 0.897 | 0.923 | 0.939 | 0.927 | 0.893 | 0.864
Pur/Pun1 0.983 | 0958 | 0.921 | 0.910 | 0.905 | 0.798 | 0.745 | 0.760 | 0.772 | 0.763 | 0.739 | 0.718
Pur/Poorrr | 1.336 | 1.385 | 1469 | 1.594 | 1676 | 1585 | 1547 | 1.638 | 1.717 | 1.748 | 1.738 | 1.731
Pu/Poror | 1.322 | 1.337 | 1.364 | 1449 | 1542 | 1.447 | 1.436 | 1551 | 1.663 | 1.734 | 1.768 | 1.808
Aerr 0302 | 0552 | 0.802 | 1.052 | 1.303 | 1.553 | 1.804 | 2.054 | 2.305 | 2.556 | 2.806 | 3.057
Aot 0301 | 0550 | 0.800 | 1.050 | 1.300 | 1.550 | 1.800 | 2.050 | 2.300 | 2.550 | 2.800 | 3.050

o |PulPy 0569 | 0554 | 0533 | 0507 | 0449 | 0.349 | 0.289 | 0.263 | 0.239 | 0.212 | 0.186 | 0.166

S [Purl/Puerr 0747 | 0778 | 0.830 | 0.914 | 0.973 | 0925 | 0.889 | 0.918 | 0.932 | 0917 | 0.881 | 0.852
Pur/Pont 0.987 | 0.961 | 0.923 | 0.908 | 0.899 | 0.793 | 0.745 | 0.762 | 0.772 | 0.760 | 0.733 | 0.713
Pu/Poorrr | 1295 | 1.348 | 1439 | 1583 | 1.687 | 1.604 | 1581 | 1675 | 1.750 | 1.774 | 1.755 | 1.746
Pu/Porror | 1279 | 1295 | 1.322 | 1.406 | 1495 | 1.410 | 1.411 | 1533 | 1646 | 1.716 | 1.748 | 1.793
. 0.266 | 0.486 | 0.707 | 0.928 | 1.149 | 1.370 | 1.501 | 1.812 | 2.033 | 2.254 | 2475 | 2.696
Jor 0265 | 0485 | 0.705 | 0.926 | 1.146 | 1.367 | 1.587 | 1.808 | 2.028 | 2.249 | 2.469 | 2.690

o |PulPy 0.697 | 0.679 | 0.656 | 0.618 | 0.549 | 0439 | 0.347 | 0.308 | 0.280 | 0.255 | 0.229 | 0.204

S [PulPurrr 0.851 | 0.876 | 0.926 | 0.986 | 1.024 | 0.988 | 0.943 | 0.951 | 0.968 | 0.974 | 0.958 | 0.930
Put/Pap 0976 | 0950 | 0.919 | 0.914 | 0.921 | 0.840 | 0.756 | 0.758 | 0.771 | 0.777 | 0.769 | 0.750
Pu/Poorrr | 1191 | 1227 | 1.297 | 1.380 | 1461 | 1.451 | 1422 | 1.487 | 1570 | 1.637 | 1.666 | 1671
Pu/Poror | 1183 | 1199 | 1.236 | 1.327 | 1433 | 1.396 | 1.336 | 1420 | 1530 | 1.631 | 1.701 | 1.751
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Table 1.12: Numerical failure loads and their DSM estimates concerning the LC12 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 025 | 050 | 075 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | 275 | 3.00
Aer 0250 | 0501 | 0752 | 1.002 | 1252 | 1502 | 1.753 | 2.003 | 2253 | 2503 | 2.754 | 3.005
Ao 0250 | 0500 | 0.751 | 1.000 | 1.250 | 1.500 | 1.750 | 2.000 | 2.250 | 2.499 | 2.750 | 3.000

S 0982 | 0.963 | 0.915 | 0.742 | 0532 | 0.424 | 0.364 | 0317 | 0.274 | 0.235 | 0.199 | 0.167

S [PufPuerr 1.008 | 1.070 | 1160 | 1.129 | 1.026 | 1.089 | 1.075 | 1.053 | 1.013 | 0.956 | 0.881 | 0.801

R [ 0982 | 0.963 | 1.002 | 0.989 | 0.860 | 0.815 | 0.818 | 0.816 | 0.801 | 0.771 | 0.724 | 0.671
Pur/Paorrr | 1.008 | 1.070 | 1202 | 1.294 | 1.262 | 1.379 | 1455 | 1515 | 1544 | 1534 | 1.484 | 1.413
PulPueor | 1.008 | 1.070 | 1.244 | 1.355 | 1.291 | 1.333 | 1.451 | 1566 | 1.658 | 1.717 | 1.733 | 1.723
Aert 0249 | 0498 | 0.748 | 0996 | 1.245 | 1.494 | 1743 | 1.992 | 2241 | 2489 | 2.739 | 2.988
Jor 0248 | 0498 | 0746 | 0994 | 1.243 | 1.492 | 1741 | 1.980 | 2237 | 2485 | 2.734 | 2.983

o |PulPy 0962 | 0.944 | 0.901 | 0.742 | 0536 | 0424 | 0.365 | 0.318 | 0.276 | 0.238 | 0.201 | 0.169

S |PulPurrr 1.094 | 1.150 | 1.232 | 1.189 | 1.056 | 1.074 | 1.072 | 1.053 | 1.016 | 0.960 | 0.885 | 0.806
Put/Papr 0.984 | 0.965 | 0.996 | 0.993 | 0.867 | 0.815 | 0.818 | 0.818 | 0.804 | 0.775 | 0.728 | 0.675
PurlPuorrr | 1120 | 1.177 | 1.280 | 1.352 | 1.297 | 1.374 | 1459 | 1521 | 1552 | 1544 | 1.495 | 1.424
Pu/Puror | 1419 | 1.174 | 1.335 | 1451 | 1.373 | 1.391 | 1500 | 1.606 | 1.689 | 1.735 | 1.737 | 1.714
Aerr 0247 | 0495 | 0742 | 0989 | 1.236 | 1.483 | 1.731 | 1.978 | 2225 | 2472 | 2719 | 2.967
Aot 0247 | 0494 | 0741 | 0987 | 1.234 | 1481 | 1728 | 1.975 | 2221 | 2468 | 2.715 | 2.962

o  |PulPyr 0.806 | 0.786 | 0.759 | 0.690 | 0529 | 0.410 | 0.359 | 0.317 | 0.278 | 0.240 | 0.204 | 0.172

S |PurlPuerr 0998 | 1.035 | 1.106 | 1.159 | 1.066 | 1.031 | 1.046 | 1.043 | 1.015 | 0.964 | 0.891 | 0.813
Pur/Puo1 1.025 | 1.001 | 0973 | 1.004 | 0904 | 0.819 | 0.828 | 0.836 | 0.824 | 0.796 | 0.747 | 0.692
PulPorrr | 1.270 | 1.317 | 1407 | 1.496 | 1.445 | 1451 | 1546 | 1.622 | 1.655 | 1.646 | 1.588 | 1.509
PulPueror | 1.264 | 1.295 | 1.362 | 1.524 | 1.476 | 1432 | 1546 | 1.660 | 1.740 | 1.780 | 1.770 | 1.734
. 0241 | 0483 | 0724 | 0965 | 1.206 | 1.448 | 1689 | 1.930 | 2171 | 2412 | 2.654 | 2.895
Jot 0241 | 0482 | 0723 | 0964 | 1.205 | 1445 | 1.687 | 1.927 | 2.168 | 2.408 | 2.650 | 2.891

o |PulPyr 0714 | 0.696 | 0.667 | 0.624 | 0530 | 0.405 | 0.360 | 0.323 | 0.283 | 0.249 | 0.213 | 0.180

S |PulPurrr 0938 | 0.965 | 1.011 | 1.073 | 1.071 | 0.996 | 1.026 | 1.037 | 1.011 | 0.979 | 0.912 | 0.835
Purl/Puo 1.105 | 1.078 | 1.032 | 1.003 | 0.959 | 0.838 | 0.849 | 0.860 | 0.845 | 0.827 | 0.780 | 0.723
PurlPuorrr | 1452 | 1494 | 1565 | 1.661 | 1.657 | 1575 | 1673 | 1.753 | 1.775 | 1.783 | 1.722 | 1.633
PulPueror | 1442 | 1457 | 1.478 | 1.547 | 1586 | 1.477 | 1501 | 1.708 | 1.774 | 1.832 | 1.820 | 1.778
. 0235 | 0471 | 0707 | 0941 | 1177 | 1412 | 1648 | 1.883 | 2.118 | 2.353 | 2.588 | 2.824
Jor 0235 | 0470 | 0705 | 0.940 | 1.175 | 1.410 | 1645 | 1.880 | 2.114 | 2.349 | 2.584 | 2.820

o [PulPy 0737 | 0.717 | 0.690 | 0.649 | 0553 | 0.419 | 0.368 | 0331 | 0.290 | 0.258 | 0.223 | 0.190

S |PurlPuerr 0997 | 1.010 | 1.064 | 1.123 | 1.111 | 1.008 | 1.027 | 1.039 | 1.013 | 0.992 | 0.932 | 0.858
Pur/Pao1 1.086 | 1.056 | 1.016 | 0.999 | 0.964 | 0.836 | 0.839 | 0.852 | 0.837 | 0.830 | 0.788 | 0.736
PurlPuworrr | 1467 | 1.500 | 1567 | 1.654 | 1.645 | 1530 | 1.614 | 1.697 | 1.720 | 1.752 | 1.708 | 1.631
PurlPueror | 1460 | 1.469 | 1.494 | 1576 | 1.623 | 1.497 | 1591 | 1.705 | 1.766 | 1.842 | 1.840 | 1.802
. 0246 | 0.493 | 0740 | 0985 | 1.232 | 1478 | 1.725 | 1.970 | 2217 | 2463 | 2.709 | 2.956
Jor 0246 | 0.492 | 0738 | 0984 | 1.230 | 1476 | 1722 | 1.967 | 2213 | 2.459 | 2705 | 2.951

o |PulPy 0693 | 0.669 | 0.638 | 0594 | 0507 | 0.394 | 0.352 | 0302 | 0.277 | 0242 | 0.205 | 0.173

8 |Pur/Paerr 0935 | 0.953 | 0.994 | 1.051 | 1.057 | 1.002 | 1.024 | 0.990 | 1.010 | 0.967 | 0.894 | 0.816
Pur/Puo1 1155 | 1.116 | 1.063 | 1.012 | 0.963 | 0.850 | 0.864 | 0.835 | 0.857 | 0.828 | 0.775 | 0.716
Pu/Puorrr | 1558 | 1.589 | 1.657 | 1.752 | 1.761 | 1.669 | 1.761 | 1.757 | 1.853 | 1.835 | 1.756 | 1.657
Pur/Pueror | 1547 | 1.543 | 1553 | 1.589 | 1.619 | 1.523 | 1644 | 1.684 | 1.826 | 1.860 | 1.834 | 1.782
Aerr 0250 | 0501 | 0.752 | 1.002 | 1.252 | 1.502 | 1.753 | 2.003 | 2253 | 2503 | 2.754 | 3.005
Aot 0250 | 0500 | 0.751 | 1.000 | 1.250 | 1.500 | 1.750 | 2.000 | 2.250 | 2.499 | 2.750 | 3.000

o |PulPy 0682 | 0.656 | 0.623 | 0578 | 0.492 | 0.387 | 0.347 | 0.298 | 0.273 | 0.235 | 0.199 | 0.167

S |PulPurrr 0.887 | 0.905 | 0.948 | 1.008 | 1.025 | 0.994 | 1.024 | 0.990 | 1.011 | 0.956 | 0.881 | 0.801
Purl/Pao 1.182 | 1.137 | 1.080 | 1.019 | 0.963 | 0.858 | 0.873 | 0.843 | 0.865 | 0.826 | 0.769 | 0.708
Pur/Puorrr | 1537 | 1.569 | 1.644 | 1.747 | 1776 | 1.723 | 1.817 | 1.807 | 1.904 | 1.861 | 1.771 | 1.665
PulPuror | 1524 | 1518 | 1525 | 1553 | 1577 | 1505 | 1.631 | 1.675 | 1.823 | 1.841 | 1.812 | 1.761
Aer 0221 | 0442 | 0663 | 0.883 | 1.104 | 1.325 | 1546 | 1.766 | 1.987 | 2.208 | 2.429 | 2.650
o 0220 | 0441 | 0662 | 0882 | 1102 | 1.323 | 1544 | 1.764 | 1.984 | 2204 | 2.425 | 2.646

o |PulPy 0759 | 0.742 | 0.718 | 0.684 | 0.603 | 0.466 | 0.389 | 0.350 | 0.306 | 0.282 | 0.246 | 0.214

S |PurlPuerr 0920 | 0.945 | 0.994 | 1.062 | 1.087 | 1.006 | 1.025 | 1.039 | 1.011 | 1.022 | 0.971 | 0.913
Put/Pap 1.063 | 1.039 | 1.006 | 0.992 | 0.985 | 0.869 | 0.827 | 0.840 | 0.823 | 0.841 | 0.809 | 0.770
PurlPuworrr | 1.288 | 1.323 | 1.391 | 1.487 | 1541 | 1.471 | 1537 | 1.620 | 1.639 | 1.724 | 1.701 | 1.659
PurlPueror | 1.282 | 1.298 | 1.333 | 1.419 | 1512 | 1425 | 1444 | 1556 | 1614 | 1.744 | 1.769 | 1777
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Table 1.13: Numerical failure loads and their DSM estimates concerning the LC13 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

T(C) |Aorzo 035 | 060 | 085 | 110 | 135 | 160 | 1.85 | 210 | 235 | 260 | 285 | 3.10
Aerr 0350 | 0.601 | 0.851 | 1.102 | 1.352 | 1.602 | 1.853 | 2.103 | 2.354 | 2.604 | 2.854 | 3.105
Aox 0350 | 0.600 | 0.850 | 1.100 | 1.350 | 1.600 | 1.850 | 2.100 | 2.350 | 2.600 | 2.850 | 3.100

S 0959 | 0925 | 0.832 | 0.630 | 0.456 | 0.386 | 0.341 | 0.300 | 0.264 | 0.226 | 0.194 | 0.168

S [PufPuerr 1.009 | 1.076 | 1.127 | 1.047 | 0980 | 1.052 | 1.067 | 1.059 | 1.035 | 0.975 | 0.912 | 0.852

™ |PulPur 0.959 | 0.930 | 0.983 | 0.909 | 0.792 | 0.790 | 0.811 | 0.815 | 0.809 | 0.774 | 0.734 | 0.696
Pu/Poorrr | 1.009 | 1.076 | 1.216 | 1.241 | 1.226 | 1.368 | 1.476 | 1550 | 1597 | 1579 | 1.544 | 1505
Pu/Peeror | 1.009 | 1.081 | 1271 | 1.293 | 1.230 | 1.335 | 1484 | 1613 | 1.725 | 1.775 | 1.808 | 1.838
. 0348 | 0597 | 0.846 | 1.096 | 1.345 | 1594 | 1.843 | 2.092 | 2.341 | 2590 | 2.839 | 3.088
Jox 0348 | 0596 | 0.845 | 1.094 | 1.342 | 1.591 | 1.840 | 2.088 | 2.337 | 2585 | 2.834 | 3.083

o |PulPy 0939 | 0906 | 0.822 | 0.644 | 0455 | 0.385 | 0.341 | 0.301 | 0.267 | 0.230 | 0.196 | 0.169

S  [PulPuerr 1.092 | 1.150 | 1.191 | 1.114 | 0985 | 1.045 | 1.060 | 1.054 | 1.042 | 0.984 | 0.915 | 0.856
Pur/Pant 0.960 | 0.929 | 0.978 | 0.930 | 0.789 | 0.787 | 0.807 | 0.813 | 0.816 | 0.781 | 0.737 | 0.699
Pu/Poorrr | 1417 | 1176 | 1.279 | 1.311 | 1.235 | 1.366 | 1.473 | 1549 | 1612 | 1.597 | 1553 | 1514
Pu/Poror | 1116 | 1175 | 1.358 | 1405 | 1.289 | 1.384 | 1522 | 1641 | 1.758 | 1.796 | 1.803 | 1.819
Aerr 0346 | 0593 | 0.841 | 1.088 | 1.335 | 1.582 | 1.830 | 2.077 | 2.324 | 2571 | 2.819 | 3.066
Aot 0345 | 0592 | 0.839 | 1.086 | 1.333 | 1.580 | 1.827 | 2.074 | 2.320 | 2.567 | 2.814 | 3.061

o  |PulPyr 0.765 | 0.741 | 0.700 | 0.615 | 0442 | 0.361 | 0.324 | 0.289 | 0.258 | 0.233 | 0.196 | 0.168

S [Pul/Puerr 0.966 | 1.011 | 1.074 | 1.105 | 0.969 | 0.973 | 1.000 | 1.007 | 1.000 | 0.991 | 0.908 | 0.846
Pur/Pop1 0.973 | 0943 | 0.934 | 0.954 | 0.806 | 0.766 | 0.788 | 0.800 | 0.802 | 0.804 | 0.746 | 0.703
Pu/Puorrr | 1.229 | 1.287 | 1.367 | 1454 | 1.337 | 1.394 | 1504 | 1589 | 1.650 | 1.705 | 1.627 | 1575
Pu/Poror | 1219 | 1255 | 1.351 | 1.491 | 1.352 | 1.375 | 1509 | 1.629 | 1.734 | 1.841 | 1.807 | 1.802
Aerr 0337 | 0579 | 0.820 | 1.062 | 1.303 | 1.544 | 1.785 | 2.027 | 2.268 | 2.509 | 2.751 | 2.992
Jot 0337 | 0578 | 0.819 | 1.060 | 1.301 | 1.542 | 1.783 | 2.024 | 2.264 | 2.505 | 2.746 | 2.987

o |PulPyr 0644 | 0623 | 0597 | 0551 | 0442 | 0.348 | 0.315 | 0.286 | 0.259 | 0.230 | 0.201 | 0.172

S [PulPuerr 0.860 | 0.892 | 0.948 | 1.007 | 0.962 | 0.916 | 0.951 | 0.974 | 0.979 | 0.959 | 0.914 | 0.842
Pur/Pap1 0.996 | 0.964 | 0.924 | 0.925 | 0.844 | 0.759 | 0.781 | 0.799 | 0.807 | 0.796 | 0.765 | 0.712
Pu/Poorrr | 1.331 | 1.380 | 1.468 | 1.558 | 1.503 | 1.463 | 1569 | 1.665 | 1.734 | 1.759 | 1.734 | 1652
Pu/Peeror | 1.315 | 1.330 | 1.364 | 1468 | 1.432 | 1.371 | 1498 | 1.623 | 1731 | 1.801 | 1.824 | 1.786
. 0329 | 0565 | 0.800 | 1.035 | 1.271 | 1.506 | 1.741 | 1.977 | 2212 | 2447 | 2.683 | 2.918
Jor 0329 | 0564 | 0799 | 1.034 | 1.269 | 1.504 | 1.739 | 1.974 | 2209 | 2444 | 2679 | 2914

o [PulPy 0670 | 0.652 | 0.626 | 0.596 | 0483 | 0.366 | 0.325 | 0.295 | 0.267 | 0.243 | 0.211 | 0.179

S [PurlPuerr 0.920 | 0953 | 1.008 | 1.090 | 1.039 | 0.943 | 0.960 | 0.981 | 0.988 | 0.989 | 0.933 | 0.860
Pur/Pupt 0.987 | 0.960 | 0.922 | 0.960 | 0.889 | 0.772 | 0.780 | 0.797 | 0.807 | 0.813 | 0.774 | 0.720
Pu/Poorrr | 1.355 | 1.403 | 1.483 | 1.605 | 1.553 | 1.449 | 1529 | 1.621 | 1.696 | 1.760 | 1.720 | 1.640
Pu/Poror | 1.341 | 1.361 | 1.396 | 1.556 | 1.535 | 1.413 | 1511 | 1.629 | 1.737 | 1.843 | 1.842 | 1.799
. 0344 | 0591 | 0837 | 1.084 | 1.330 | 1576 | 1.823 | 2.069 | 2.315 | 2.562 | 2.808 | 3.054
Jot 0344 | 0590 | 0.836 | 1.082 | 1.328 | 1574 | 1.820 | 2.066 | 2.312 | 2.558 | 2.804 | 3.050

o |PulPy 0611 | 0586 | 0559 | 0.536 | 0425 | 0.335 | 0.305 | 0.278 | 0.251 | 0.223 | 0.205 | 0.166

8 [PurlPuerr 0.838 | 0.862 | 0.913 | 1.007 | 0.956 | 0.899 | 0.941 | 0.965 | 0.969 | 0.947 | 0.949 | 0.831
Pur/Pun1 1.018 | 0.977 | 0932 | 0.948 | 0.850 | 0.760 | 0.786 | 0.804 | 0.810 | 0.796 | 0.804 | 0.710
Pu/Puorrr | 1.397 | 1.436 | 1522 | 1.679 | 1593 | 1522 | 1635 | 1.729 | 1.793 | 1.810 | 1.871 | 1691
Pu/Poror | 1.377 | 1.378 | 1.400 | 1.531 | 1.466 | 1.396 | 1531 | 1.658 | 1.763 | 1.828 | 1.941 | 1.805
Aerr 0350 | 0601 | 0.851 | 1.102 | 1.352 | 1.602 | 1.853 | 2.103 | 2.354 | 2.604 | 2.854 | 3.105
Aot 0.350 | 0.600 | 0.850 | 1.100 | 1.350 | 1.600 | 1.850 | 2.100 | 2.350 | 2.600 | 2.850 | 3.100

o |PulPy 0595 | 0569 | 0540 | 0.500 | 0.412 | 0.327 | 0.300 | 0.273 | 0.246 | 0.218 | 0.181 | 0.162

S [Purl/Puerr 0789 | 0.812 | 0.864 | 0.933 | 0.931 | 0.892 | 0.937 | 0.962 | 0.964 | 0.938 | 0.850 | 0.824
Pur/Pont 1.031 | 0.986 | 0.936 | 0.915 | 0.847 | 0.763 | 0.791 | 0.809 | 0.812 | 0.795 | 0.725 | 0.709
Pu/Poorrr | 1.367 | 1.408 | 1497 | 1617 | 1613 | 1547 | 1678 | 1.772 | 1.830 | 1.837 | 1.716 | 1.715
Pu/Pueror | 1.345 | 1.343 | 1.360 | 1.436 | 1.426 | 1.373 | 1514 | 1646 | 1.750 | 1.812 | 1.746 | 1.801
. 0309 | 0530 | 0.751 | 0.972 | 1.192 | 1.413 | 1.634 | 1.855 | 2.076 | 2.297 | 2517 | 2.738
Jot 0308 | 0529 | 0750 | 0.970 | 1.191 | 1411 | 1632 | 1.852 | 2072 | 2293 | 2513 | 2.734

o |PulPy 0702 | 0.685 | 0.662 | 0.620 | 0.516 | 0.397 | 0.346 | 0.313 | 0.285 | 0.259 | 0.232 | 0.204

S [PulPurrr 0.864 | 0.898 | 0.955 | 1.017 | 0.996 | 0.933 | 0.961 | 0.979 | 0.993 | 0.990 | 0.966 | 0.921
Pur/Pant 0983 | 0959 | 0.926 | 0.938 | 0.888 | 0.782 | 0.772 | 0.787 | 0.801 | 0.804 | 0.791 | 0.762
Pu/Poorrr | 1210 | 1257 | 1.336 | 1424 | 1430 | 1.377 | 1.461 | 1547 | 1.629 | 1.685 | 1.705 | 1.681
Pu/Poror | 1199 | 1223 | 1.265 | 1.381 | 1401 | 1.315 | 1.381 | 1491 | 1606 | 1.703 | 1.769 | 1.793
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Table 1.14: Numerical failure loads and their DSM estimates concerning the LC14 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |Aeso 030 | 055 | 080 | 105 | 130 | 155 | 180 | 205 | 230 [ 255 | 280 | 3.05
Arrr 0300 | 0550 | 0.800 | 1.050 | 1.300 | 1.550 | 1.800 | 2.050 | 2.300 | 2.550 | 2.800 | 3.050
AT 0305 | 0559 | 0813 | 1.067 | 1.321 | 1.575 | 1.829 | 2.083 | 2.337 | 2.591 | 2.845 | 3.099

S |PulPy 0970 | 0.941 | 0.880 | 0.707 | 0.508 | 0.406 | 0.349 | 0.305 | 0.269 | 0.234 | 0.199 | 0.170

S |PulPurrr 1.007 | 1.068 | 1150 | 1.121 | 1.030 | 1.073 | 1.062 | 1.051 | 1.032 | 0.990 | 0.918 | 0.851

D [ 0970 | 0.941 | 1.010 | 0.994 | 0.864 | 0.818 | 0.818 | 0.822 | 0.818 | 0.797 | 0.750 | 0.705
Pur/Puorrr | 1.007 | 1.068 | 1.225 | 1.322 | 1.296 | 1.395 | 1471 | 1544 | 1598 | 1.611 | 1565 | 1513
Pu/Purror | 1.007 | 1.068 | 1.275 | 1.380 | 1.309 | 1.347 | 1.458 | 1579 | 1.693 | 1.771 | 1.789 | 1.801
Aert 0.298 | 0547 | 0.796 | 1.044 | 1293 | 1541 | 1790 | 2.039 | 2.287 | 2536 | 2.784 | 3.033
Jor 0303 | 0556 | 0.808 | 1.061 | 1.313 | 1.566 | 1.819 | 2.071 | 2.324 | 2.576 | 2.829 | 3.082

o |PulPy 0950 | 0.922 | 0.866 | 0.707 | 0512 | 0.405 | 0.348 | 0.306 | 0.270 | 0.235 | 0.201 | 0.172

S |PurlPurrr 1.092 | 1.145 | 1216 | 1.176 | 1.054 | 1.066 | 1.056 | 1.047 | 1.030 | 0.991 | 0.923 | 0.855
Pur/Po1 0972 | 0943 | 1.002 | 0997 | 0.871 | 0.816 | 0.816 | 0.820 | 0.818 | 0.799 | 0.754 | 0.709
PurlPworrr | 1417 | 1172 | 1291 | 1.375 | 1.324 | 1.394 | 1.469 | 1.544 | 1.600 | 1.617 | 1576 | 1524
Pu/Pueror | 1116 | 1.169 | 1.363 | 1.475 | 1.391 | 1.402 | 1503 | 1.614 | 1.717 | 1.786 | 1.794 | 1.791
Aer 0296 | 0543 | 0790 | 1.037 | 1.284 | 1531 | 1777 | 2.024 | 2271 | 2518 | 2.765 | 3.012
Aot 0301 | 0552 | 0.803 | 1.053 | 1.304 | 1.555 | 1.806 | 2.057 | 2.307 | 2.558 | 2.809 | 3.060

o |PulPyr 0780 | 0.759 | 0.725 | 0.651 | 0503 | 0.384 | 0.333 | 0.296 | 0.264 | 0.233 | 0.202 | 0.174

S |PulPuerr 0975 | 1.015 | 1.083 | 1.128 | 1.054 | 1.003 | 1.002 | 1.007 | 1.003 | 0.976 | 0.922 | 0.861
Pur/Puo1 0.993 | 0.965 | 0.951 | 0.988 | 0.900 | 0.802 | 0.802 | 0.812 | 0.816 | 0.803 | 0.768 | 0.725
PurlPuorrr | 1.241 | 1.292 | 1.378 | 1477 | 1.454 | 1.436 | 1508 | 1.592 | 1.660 | 1.687 | 1.661 | 1611
PurlPueror | 1.233 | 1.265 | 1.351 | 1.516 | 1.482 | 1.412 | 1503 | 1.617 | 1.724 | 1.796 | 1.815 | 1811
. 0289 | 0530 | 0771 | 1.012 | 1.253 | 1494 | 1735 | 1.975 | 2216 | 2457 | 2.698 | 2.939
Jot 0294 | 0538 | 0783 | 1.028 | 1.273 | 1518 | 1.762 | 2.007 | 2252 | 2497 | 2.741 | 2.986

o |PulPy 0.676 | 0.654 | 0.625 | 0582 | 0.498 | 0.381 | 0.325 | 0.293 | 0.265 | 0.238 | 0.213 | 0.182

S |PulPurrr 0895 | 0.920 | 0.969 | 1.030 | 1.042 | 0.977 | 0957 | 0.974 | 0.983 | 0.971 | 0.949 | 0.879
Pur/Puo 1.046 | 1.012 | 0968 | 0.962 | 0.936 | 0.821 | 0.799 | 0812 | 0.823 | 0.818 | 0.806 | 0.754
Pur/Puorrr | 1.385 | 1424 | 1500 | 1.594 | 1.627 | 1.560 | 1581 | 1.669 | 1.747 | 1.788 | 1.810 | 1.734
PulPuror | 1.373 | 1.382 | 1406 | 1503 | 1562 | 1457 | 1504 | 1.618 | 1.730 | 1.812 | 1.880 | 1.848
Aert 0282 | 0517 | 0752 | 0.987 | 1222 | 1.457 | 1.692 | 1.927 | 2.162 | 2.397 | 2.632 | 2.867
Jor 0286 | 0525 | 0.764 | 1.003 | 1.241 | 1.480 | 1719 | 1.958 | 2.196 | 2.435 | 2.674 | 2.913

o |PulPy 0.700 | 0.679 | 0.651 | 0.608 | 0521 | 0.400 | 0.336 | 0.302 | 0.273 | 0.246 | 0.217 | 0.190

8  |PurlPuerr 0.953 | 0.978 | 1.025 | 1.081 | 1.079 | 0.999 | 0.965 | 0.979 | 0.988 | 0.980 | 0.948 | 0.899
Pur/Pao1 1.030 | 1.000 | 0.959 | 0.964 | 0.942 | 0.831 | 0.797 | 0.808 | 0.819 | 0.818 | 0.798 | 0.764
Pu/Piorrr | 1403 | 1.440 | 1509 | 1591 | 1612 | 1535 | 1539 | 1.622 | 1.701 | 1.751 | 1.756 | 1.723
Pur/Pueror | 1.392 | 1.403 | 1.430 | 1.539 | 1.601 | 1.497 | 1517 | 1.622 | 1.731 | 1.816 | 1.859 | 1.866
. 0295 | 0541 | 0787 | 1.033 | 1279 | 1525 | 1.771 | 2.017 | 2263 | 2509 | 2.754 | 3.000
Jor 0300 | 0550 | 0.800 | 1.049 | 1.299 | 1.549 | 1.799 | 2.049 | 2209 | 2549 | 2.799 | 3.048

o  |PulPyr 0644 | 0.622 | 0592 | 0550 | 0.474 | 0.365 | 0.315 | 0.285 | 0.258 | 0.231 | 0.205 | 0.175

8 |Pur/Paerr 0876 | 0.899 | 0.943 | 1.003 | 1.023 | 0.951 | 0.946 | 0.967 | 0.976 | 0.961 | 0.932 | 0.864
Pur/Puot 1.074 | 1.036 | 0987 | 0.961 | 0932 | 0.819 | 0.804 | 0.819 | 0.828 | 0.820 | 0.801 | 0.749
PulPuorrr | 1460 | 1.498 | 1572 | 1.671 | 1.704 | 1.609 | 1645 | 1.735 | 1.811 | 1.843 | 1.847 | 1.766
PulPueror | 1445 | 1446 | 1.460 | 1.528 | 1583 | 1.478 | 1537 | 1.656 | 1.767 | 1.843 | 1.894 | 1.859
Aer 0300 | 0550 | 0.800 | 1.050 | 1.300 | 1.550 | 1.800 | 2.050 | 2.300 | 2.550 | 2.800 | 3.050
ot 0305 | 0559 | 0813 | 1.067 | 1.321 | 1.575 | 1.829 | 2.083 | 2.337 | 2.591 | 2.845 | 3.009

o |PulPy 0629 | 0.605 | 0575 | 0534 | 0.459 | 0.352 | 0.309 | 0.280 | 0.253 | 0.225 | 0.199 | 0.170

S |PulPuerr 0.825 | 0.849 | 0.895 | 0.960 | 0.993 | 0.932 | 0.942 | 0.965 | 0.973 | 0.954 | 0.918 | 0.851
Purl/Puo 1.090 | 1.049 | 0996 | 0.963 | 0.929 | 0.812 | 0.808 | 0.824 | 0.832 | 0.820 | 0.795 | 0.743
Pur/Puorrr | 1430 | 1471 | 1552 | 1.665 | 1.721 | 1.616 | 1.687 | 1.779 | 1.851 | 1.874 | 1.862 | 1.779
PulPuror | 1413 | 1413 | 1426 | 1.486 | 1538 | 1435 | 1518 | 1.642 | 1.755 | 1.829 | 1.870 | 1.842
Aer 0265 | 0.485 | 0706 | 0.926 | 1.146 | 1.367 | 1587 | 1.808 | 2.028 | 2.249 | 2.469 | 2.690
Jor 0269 | 0493 | 0717 | 0941 | 1165 | 1.389 | 1.613 | 1.837 | 2.061 | 2.285 | 2509 | 2.733

o |PulPy 0.727 | 0.708 | 0.683 | 0.646 | 0567 | 0.448 | 0.360 | 0.321 | 0.291 | 0.264 | 0.238 | 0.211

S  |PurlPuerr 0887 | 0.914 | 0.964 | 1.029 | 1.055 | 1.006 | 0.975 | 0.982 | 0.992 | 0.993 | 0.976 | 0.938
Pur/Puo1 1.017 | 0.992 | 0957 | 0.963 | 0.961 | 0.870 | 0.797 | 0.801 | 0.812 | 0.819 | 0.811 | 0.786
PurlPuorrr | 1.242 | 1.280 | 1.350 | 1.441 | 1513 | 1.490 | 1.484 | 1.555 | 1.633 | 1.698 | 1.730 | 1.721
PurlPueror | 1.233 | 1.251 | 1.286 | 1.394 | 1.489 | 1.437 | 1.398 | 1.489 | 1596 | 1.697 | 1.772 | 1.808
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Table 1.15: Numerical failure loads and their DSM estimates concerning the LC15 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 045 | 070 | 095 | 120 | 145 | 170 | 195 | 220 | 245 | 270 | 295 | 3.20
Aer 0450 | 0701 | 0.950 | 1.200 | 1.450 | 1.700 | 1.950 | 2.200 | 2.450 | 2.700 | 2.950 | 3.200
Ao 0474 | 0738 | 1.000 | 1.263 | 1.526 | 1.789 | 2.052 | 2.315 | 2578 | 2.841 | 3.105 | 3.368

S 0923 | 0.861 | 0.685 | 0514 | 0.422 | 0.370 | 0.332 | 0.300 | 0.270 | 0.240 | 0.210 | 0.184

S [PufPuerr 1.005 | 1.058 | 1.000 | 0.938 | 1.018 | 1.065 | 1.083 | 1.093 | 1.087 | 1.053 | 1.000 | 0.943

R [ 0923 | 0.934 | 0914 | 0.838 | 0.826 | 0.850 | 0.880 | 0.905 | 0.916 | 0.904 | 0.873 | 0.838
Pur/Paorrr | 1.005 | 1.095 | 1.161 | 1.187 | 1.339 | 1.483 | 1608 | 1.720 | 1.803 | 1.836 | 1.825 | 1.797
PurlPueror | 1.005 | 1.129 | 1213 | 1.212 | 1.295 | 1.440 | 1605 | 1.772 | 1.923 | 2.031 | 2.096 | 2.145
. 0448 | 0697 | 0945 | 1.103 | 1442 | 1.691 | 1.939 | 2.188 | 2436 | 2.685 | 2.933 | 3.182
Jor 0471 | 0733 | 0995 | 1.256 | 1518 | 1.779 | 2.041 | 2.303 | 2.564 | 2.825 | 3.087 | 3.349

o |PulPy 0.904 | 0.846 | 0.687 | 0517 | 0.420 | 0.368 | 0.331 | 0.299 | 0.270 | 0.241 | 0.213 | 0.185

S |PulPurrr 1.082 | 1.125 | 1.062 | 0.971 | 1.005 | 1.053 | 1.073 | 1.084 | 1.080 | 1.052 | 1.008 | 0.943
Pur/Paot 0925 | 0.927 | 0919 | 0.843 | 0.820 | 0.843 | 0.873 | 0898 | 0.911 | 0.903 | 0.881 | 0.838
Pur/Puorrr | 1107 | 1.168 | 1.220 | 1.221 | 1.330 | 1.474 | 1598 | 1.710 | 1.796 | 1.837 | 1.843 | 1.799
Pur/Pror | 1405 | 1.214 | 1.307 | 1.294 | 1.350 | 1.485 | 1641 | 1.797 | 1.938 | 2.038 | 2.107 | 2.121
Aerr 0444 | 0692 | 0938 | 1.185 | 1.432 | 1.679 | 1.925 | 2.172 | 2.419 | 2.666 | 2.913 | 3.160
Aot 0468 | 0.728 | 0987 | 1.247 | 1507 | 1.767 | 2.027 | 2286 | 25546 | 2.805 | 3.066 | 3.326

o  |PulPyr 0735 | 0.701 | 0.628 | 0.491 | 0.383 | 0.336 | 0.304 | 0.279 | 0.254 | 0.230 | 0.205 | 0.182

S |PurlPuerr 0952 | 0.997 | 1.021 | 0.949 | 0.918 | 0.954 | 0.980 | 1.002 | 1.010 | 0.998 | 0.966 | 0.924
Pur/Puo1 0935 | 0.896 | 0.914 | 0.846 | 0.778 | 0.791 | 0.822 | 0852 | 0.871 | 0.873 | 0.858 | 0.833
PurlPworrr | 1211 | 1.269 | 1.324 | 1.307 | 1.324 | 1.443 | 1564 | 1.682 | 1.777 | 1.834 | 1.852 | 1.842
PulPueror | 1195 | 1.232 | 1.356 | 1.346 | 1.320 | 1.428 | 1572 | 1.725 | 1.863 | 1.971 | 2.041 | 2.086
. 0434 | 0675 | 0916 | 1.156 | 1.397 | 1.638 | 1.879 | 2.120 | 2361 | 2.601 | 2.843 | 3.084
Jot 0456 | 0.711 | 0964 | 1.217 | 1.471 | 1.724 | 1978 | 2231 | 2485 | 2738 | 2.992 | 3.245

o |PulPyr 0612 | 0589 | 0552 | 0.485 | 0.374 | 0.314 | 0.286 | 0.266 | 0.246 | 0.225 | 0.204 | 0.184

S |PulPurrr 0.836 | 0.875 | 0.922 | 0.945 | 0.881 | 0.873 | 0.903 | 0.935 | 0.956 | 0.956 | 0.938 | 0.914
Purl/Puo 0946 | 0.912 | 0.886 | 0.884 | 0.785 | 0.756 | 0.783 | 0.816 | 0.843 | 0.853 | 0.846 | 0.835
PurlPuorrr | 1.294 | 1.355 | 1.427 | 1474 | 1411 | 1446 | 1557 | 1.679 | 1.785 | 1.855 | 1.887 | 1.004
Pu/Porror | 1.268 | 1289 | 1.344 | 1.430 | 1.349 | 1.375 | 1504 | 1.653 | 1.796 | 1.909 | 1.989 | 2.057
. 0423 | 0659 | 0893 | 1.128 | 1.363 | 1.598 | 1.833 | 2.068 | 2.302 | 2537 | 2.773 | 3.008
Jor 0445 | 0693 | 0.940 | 1.187 | 1434 | 1.682 | 1.929 | 2176 | 2.423 | 2.670 | 2.918 | 3.165

o [PulPy 0642 | 0.619 | 0580 | 0501 | 0.389 | 0.327 | 0.297 | 0.275 | 0.254 | 0.234 | 0.212 | 0.192

S |PurlPuerr 0.900 | 0.936 | 0.977 | 0972 | 0.899 | 0.888 | 0.914 | 0.944 | 0.966 | 0.970 | 0.955 | 0.929
Pur/Pao1 0945 | 0.911 | 0.892 | 0.878 | 0.788 | 0.760 | 0.784 | 0.816 | 0.843 | 0.857 | 0.854 | 0.842
PurlPuworrr | 1.326 | 1.379 | 1.439 | 1.447 | 1.385 | 1.420 | 1525 | 1.643 | 1.751 | 1.829 | 1.870 | 1.885
Pu/Pueror | 1.303 | 1.323 | 1.384 | 1.449 | 1.377 | 1.401 | 1521 | 1.664 | 1.805 | 1.920 | 2.004 | 2.065
. 0443 | 0689 | 0935 | 1.181 | 1.426 | 1.672 | 1.918 | 2.164 | 2.410 | 2.656 | 2.902 | 3.148
Jor 0466 | 0.726 | 0984 | 1.243 | 1501 | 1.760 | 2.019 | 2278 | 2536 | 2.795 | 3.054 | 3.313

o |PulPy 0570 | 0550 | 0516 | 0.470 | 0.365 | 0.300 | 0.275 | 0.256 | 0.237 | 0.217 | 0.196 | 0.176

8 |Pur/Paerr 0.800 | 0.839 | 0.888 | 0.944 | 0.887 | 0.850 | 0.884 | 0.919 | 0.940 | 0.938 | 0.919 | 0.892
Pur/Puo1 0950 | 0.916 | 0.880 | 0.899 | 0.798 | 0.750 | 0.779 | 0.814 | 0.840 | 0.847 | 0.840 | 0.824
Pu/Poorrr | 1.334 | 1398 | 1480 | 1574 | 1502 | 1.482 | 1596 | 1.721 | 1.826 | 1.889 | 1.917 | 1.923
Pur/Puror | 1.303 | 1.321 | 1.350 | 1.480 | 1.395 | 1.387 | 1522 | 1.675 | 1.816 | 1.924 | 2.000 | 2.057
Aerr 0450 | 0.701 | 0.950 | 1.200 | 1.450 | 1.700 | 1.950 | 2.200 | 2.450 | 2.700 | 2.950 | 3.200
Aot 0474 | 0738 | 1.000 | 1.263 | 1526 | 1.789 | 2.052 | 2.315 | 2578 | 2.841 | 3.105 | 3.368

o |PulPy 0549 | 0529 | 0.498 | 0.439 | 0.339 | 0.292 | 0269 | 0.251 | 0.232 | 0.211 | 0192 | 0.171

S |PulPurrr 0746 | 0.787 | 0.842 | 0.879 | 0.835 | 0.840 | 0.877 | 0.913 | 0.932 | 0.928 | 0.913 | 0.879
Purl/Pao 0952 | 0.917 | 0.878 | 0.865 | 0.762 | 0.748 | 0.780 | 0.815 | 0.839 | 0.844 | 0.840 | 0.818
Pur/Puorrr | 1.293 | 1.364 | 1.459 | 1.524 | 1.463 | 1.508 | 1627 | 1.753 | 1.854 | 1.913 | 1.947 | 1.936
Pu/Porror | 1259 | 1278 | 1.314 | 1.386 | 1.303 | 1.358 | 1.499 | 1.656 | 1.797 | 1.905 | 1.994 | 2.039
Aer 0397 | 0618 | 0838 | 1.058 | 1.279 | 1.499 | 1.720 | 1.940 | 2161 | 2.381 | 2602 | 2.822
Jor 0418 | 0650 | 0.882 | 1.114 | 1.346 | 1578 | 1.810 | 2.042 | 2.274 | 2506 | 2.738 | 2.970

o |PulPy 0676 | 0.653 | 0.617 | 0548 | 0431 | 0.352 | 0.316 | 0.291 | 0271 | 0.251 | 0.231 | 0.211

S |PurlPuerr 0.850 | 0.886 | 0.933 | 0.955 | 0.894 | 0.900 | 0.920 | 0.946 | 0.971 | 0.983 | 0.980 | 0.963
Pur/Pant 0.946 | 0.915 | 0.895 | 0.901 | 0.815 | 0.764 | 0.779 | 0.806 | 0.835 | 0.856 | 0.863 | 0.859
Pur/Puworrr | 1190 | 1.241 | 1.306 | 1.365 | 1.328 | 1.375 | 1.465 | 1.573 | 1.682 | 1.772 | 1.835 | 1.870
Pu/Paror | 1471 | 1106 | 1.257 | 1.353 | 1.302 | 1.294 | 1.395 | 1524 | 1664 | 1.792 | 1.900 | 1.985
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Table 1.16: Numerical failure loads and their DSM estimates concerning the LC16 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

T(C) |Acr20 0.35 0.60 0.85 1.10 1.35 1.60 1.85 2.10 2.35 2.60 2.85 3.10
ArtT 0.350 | 0.600 | 0.850 1.100 1.350 1.600 1.850 | 2.100 | 2.350 | 2.600 | 2.850 | 3.100

A1 0.383 | 0.657 | 0.930 1.204 | 1.478 1.751 | 2.025 | 2.298 2572 | 2.846 | 3.119 | 3.393

8 |Pur/Pyr 0.948 | 0.906 | 0.797 0.586 | 0459 | 0.397 | 0.353 | 0.317 0.284 | 0.251 | 0.219 | 0.188
g‘ Put/Prerr 0.998 1.054 | 1.079 0.973 | 0.985 1.077 1.092 1.097 1.085 1.051 | 0.994 | 0.918
N [PurlPupr 0.948 | 0.934 | 1.005 0916 | 0.870 | 0.891 | 0.923 | 0.948 0959 | 0.949 | 0916 | 0.862
Put/Proert 0.998 1.063 1.226 1.231 1.323 1.510 1.639 1.755 1.838 1.877 1.866 | 1.803
Put/Pretor 0.998 1.081 1.278 1.266 1.302 1.435 1.597 1.758 1.900 | 2.006 | 2.065 | 2.068

AerT 0.348 | 0.597 | 0.845 1.094 | 1.342 1.591 1.840 | 2.088 2.337 | 2586 | 2.834 | 3.083

Ao 0.381 | 0.653 | 0.925 1.197 1.469 1741 | 2.014 | 2.286 2.558 | 2.830 | 3.102 | 3.374

o  [PurlPyr 0.928 | 0.888 | 0.788 0.587 | 0.457 | 0.395 | 0.352 | 0.316 0.284 | 0.252 | 0.218 | 0.189
&  |Pur/Puerr 1.080 1.126 1.141 1.015 | 0.988 1.066 1.082 1.089 1.079 1.048 | 0.987 | 0.919
Pur/Pro.r 0.950 | 0.928 | 0.999 0918 | 0.865 | 0.884 | 0.916 | 0.942 0954 | 0.946 | 0.909 | 0.864
Pur/Prperr 1.104 | 1.152 1.282 1.270 1.328 1.501 1.630 1.746 1.832 1.875 1.854 | 1.808
Put/Pretor 1.103 1.170 1.367 1.353 1.367 1.491 1.644 | 1.797 1.930 | 2.026 | 2.059 | 2.065

AerT 0.346 | 0.592 | 0.839 1.086 1.333 1.580 1.827 | 2074 | 2320 | 2567 | 2814 | 3.061

Aot 0.378 | 0.648 | 0.919 1.189 1.459 1.729 1.999 | 2270 | 2540 | 2.810 | 3.080 | 3.350

o |Pur/Pyr 0.755 | 0.730 | 0.683 0.553 | 0422 | 0.363 | 0.326 | 0.297 0.269 | 0.242 | 0.215 | 0.187
& |Pur/Prerr 0.954 | 0.995 1.048 0.992 | 0924 | 0974 | 0.995 1.014 1.017 1.000 | 0.963 | 0.903
Pur/Pror 0.961 | 0.929 | 0.953 0917 | 0.833 | 0.838 | 0.868 | 0.900 | 0.918 | 0.920 | 0.902 | 0.860
Put/Proerr 1.213 1.267 1.344 1.358 1.344 | 1481 1.603 1.726 1.821 1.879 1.893 | 1.851
Pur/Pretor 1.203 1.235 1.367 1.409 1.363 1.456 1.596 1.748 1.880 1.983 | 2.045 | 2.049

AerT 0.337 | 0578 | 0.819 1.060 1.301 1.542 1.783 | 2.024 | 2.265 | 2505 | 2.746 | 2.987

Aot 0.369 | 0.633 | 0.896 1.160 1.424 | 1.687 1951 | 2.215 2478 | 2.742 | 3.006 | 3.270

o  [PurPyr 0.632 | 0.613 | 0.586 0.529 | 0412 | 0.343 | 0.309 | 0.285 0.262 | 0.238 | 0.214 | 0.190
S |Pur/Puerr 0.845 | 0.877 | 0.929 0.965 | 0.895 | 0.900 | 0.923 | 0.952 0.968 | 0.964 | 0.942 | 0.901
Pyr/Pror 0.978 | 0.949 | 0.919 0.934 | 0.842 | 0.809 | 0.833 | 0.868 0.894 | 0.903 | 0.896 | 0.870
Pur/Proerr 1.307 1.358 1.438 1.493 1.439 1.496 1.603 1.730 1.837 1.906 1.938 | 1.926
Put/Pretor 1.291 1.309 1.353 1.467 1.403 1424 | 1545 1.694 1.833 1.941 | 2.017 | 2.049

Aert 0.329 | 0.564 | 0.799 1.034 | 1.269 1504 | 1.739 1974 | 2209 | 2444 | 2679 | 2914

Aot 0.360 | 0.617 | 0.874 1.132 1.389 1.646 1.903 | 2160 | 2417 | 2.675 | 2932 | 3.189

o  [PurPyr 0.661 | 0.642 | 0.614 | 0553 | 0431 | 0357 | 0319 | 0.294 | 0.271 | 0.247 | 0.223 | 0.199
B |Pur/Puerr 0.908 | 0.939 | 0.988 1.010 | 0926 | 0916 | 0.934 | 0.961 0979 | 0.977 | 0.958 | 0.923
Pur/Pror 0973 | 0.946 | 0.921 0939 | 0.851 | 0.813 | 0.833 | 0.867 0.894 | 0.906 | 0.902 | 0.882
Pur/Prperr 1.337 1.382 1.454 1.499 1.429 1.470 1.570 1.693 1.803 1.879 1919 | 1.921
Put/Pretor 1.323 1.341 1.390 1.506 1.442 1.452 1.563 1.706 1.844 | 1955 | 2.033 | 2.075

AerT 0.344 | 0.590 | 0.836 1.082 1.328 1574 | 1.820 | 2.066 2.312 | 2558 | 2.804 | 3.050

Aot 0.377 | 0.646 | 0.915 1184 | 1.454 | 1.723 1.992 | 2261 2530 | 2.799 | 3.069 | 3.338

o  [PurlPyr 0.595 | 0.575 | 0.549 0.499 | 0.393 | 0.328 | 0.297 | 0.275 0.253 | 0.230 | 0.206 | 0.183
8  |PurlPuerr 0.817 | 0.845 | 0.896 0939 | 0.883 | 0.877 | 0.905 | 0.937 0.953 | 0.947 | 0.923 | 0.883
Pur/Pror 0.992 | 0.959 | 0914 | 0.927 | 0.840 | 0.804 | 0.831 | 0.868 0.892 | 0.899 | 0.889 | 0.863
Pyt/Proerr 1.361 1.409 1.493 1.564 | 1.499 1534 | 1.645 1.776 1.880 1.942 1.967 | 1.952
Pur/Pretor 1.342 1.351 1.373 1.483 1.424 | 1.439 1.567 1.721 1.858 1.961 | 2.030 | 2.061

AerT 0.350 | 0.600 | 0.850 1.100 1.350 1.600 1.850 | 2.100 | 2.350 | 2.600 | 2.850 | 3.100

Ao 0.383 | 0.657 | 0.930 1.204 | 1.478 1.751 | 2.025 | 2.298 2572 | 2.846 | 3.119 | 3.393

o [PurPyr 0.577 | 0557 | 0.529 0.481 | 0381 | 0.319 | 0.291 | 0.269 0.247 | 0224 | 0.201 | 0.178
R  |Pur/Puerr 0.765 | 0.795 | 0.846 0.896 | 0.859 | 0.866 | 0.898 | 0.932 0946 | 0.938 | 0912 | 0.869
Pyr/Pro.r 1.000 | 0.965 | 0.918 0921 | 0835 | 0.802 | 0.832 | 0.870 | 0.893 | 0.897 | 0.884 | 0.855
Put/Proert 1.326 1.377 1.467 1.553 1.509 1.561 1.677 1.809 1.910 1.967 1.985 | 1.961
Put/Pretor 1304 | 1.313 1.333 1431 1.381 1.407 1.542 1.700 1.837 1.940 | 2.008 | 2.035

Aert 0.309 | 0.529 | 0.750 | 0.970 1.191 1.411 1.632 1.852 2073 | 2293 | 2513 | 2.734

Aot 0.338 | 0.579 | 0.820 1.062 1.303 1544 | 1.786 | 2.027 2.268 | 2510 | 2.751 | 2.992

o  [PurlPyr 0.694 | 0.675 | 0.649 0.596 | 0474 | 0.385 | 0.341 | 0.312 0.288 | 0.265 | 0.242 | 0.219
& |Pur/Puerr 0.854 | 0.885 | 0.936 0.978 | 0.913 | 0902 | 0.942 | 0964 | 0.985 | 0.992 | 0.984 | 0.960
Pur/Pro.r 0971 | 0.946 | 0.921 0.950 | 0.873 | 0.819 | 0.828 | 0.856 0.886 | 0.905 | 0.911 | 0.902
Pur/Prperr 1.196 1.239 1.311 1.390 1.360 1.394 | 1512 1.621 1.734 | 1.823 1.883 | 1.911
Put/Pretor 1.185 1.206 1.255 1.384 | 1.351 1.341 1.430 1.557 1.696 1.819 1.920 | 1.992
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Table 1.17: Numerical failure loads and their DSM estimates concerning the LC17 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

T(C) |Acr20 0.26 0.52 0.78 1.04 1.31 1.57 1.83 2.09 2.35 2.61 2.87 3.13
ArtT 0.261 | 0.522 | 0.783 1.044 | 1.306 1.567 1.828 | 2.089 2350 | 2.611 | 2.872 | 3.133

Ao 0.292 | 0.583 | 0.875 1.166 1.458 1.749 | 2.041 | 2.332 2.624 | 2915 | 3.207 | 3.498

8 |Pur/Pyr 0.974 | 0.949 | 0.886 0.663 | 0488 | 0.406 | 0.349 | 0.302 0.256 | 0.213 | 0.179 | 0.152
g‘ Put/Prerr 1.003 1.063 1.145 1.046 | 0.996 1.085 1.078 1.057 1.003 | 0.922 | 0.847 | 0.779
™ |PulPur 0974 | 0.951 1.067 1.006 | 0912 | 0911 | 0919 | 0.916 0.884 | 0.827 | 0.771 | 0.721
Put/Proert 1.003 1.063 1.271 1.317 1.350 1.530 1.630 1.704 1.712 1.659 1.599 | 1.540
Put/Pretor 1.003 1.065 1.321 1.359 1.336 1.440 1.563 1.672 1.727 1.725 1717 | 1711

AerT 0.260 | 0.519 | 0.779 1.039 1.298 1.558 1.818 | 2.077 2.337 | 2597 | 2.856 | 3.116

Ao 0.290 | 0.580 | 0.870 1.160 1.450 1.739 | 2029 | 2.319 2.609 | 2.899 | 3.189 | 3.479

o  [PurlPyr 0.955 | 0.929 | 0.871 0.664 | 0.489 | 0.406 | 0.349 | 0.303 0.258 | 0.215 | 0.180 | 0.153
&  |Pur/Puerr 1.088 1.141 1.211 1.099 1.012 1.079 1.074 | 1.055 1.006 | 0.926 | 0.850 | 0.783
Pur/Pro.r 0.976 | 0.950 1.056 1.010 | 0913 | 0.908 | 0.917 | 0.916 0.888 | 0.831 | 0.775 | 0.725
Pur/Prperr 1.113 1.167 1.331 1.366 1.368 1.527 1.630 1.704 1.721 1.669 1.608 | 1.550
Put/Pretor 1.113 1.165 1.412 1.459 1.416 1.506 1.622 1.722 1.772 1.758 1.736 | 1.717

AerT 0.258 | 0.516 | 0.773 1.031 1.289 1.547 1.805 | 2.063 2.320 | 2578 | 2.836 | 3.094

Aot 0.288 | 0.576 | 0.864 1.151 1.439 1.727 | 2.015 | 2.303 2591 | 2.879 | 3.167 | 3.454

o |Pur/Pyr 0.788 | 0.767 | 0.733 0.634 | 0463 | 0.386 | 0.337 | 0.296 0.256 | 0.214 | 0.181 | 0.154
& |Pur/Prerr 0.978 1.016 1.084 1.095 | 0.976 1.019 1.030 1.026 0.993 | 0915 | 0.847 | 0.784
Pur/Pror 1.003 | 0.976 | 0.990 1.027 | 0903 | 0.890 | 0.906 | 0.913 0.894 | 0.835 | 0.785 | 0.736
Put/Proerr 1.244 | 1.293 1.380 1.490 1424 | 1.556 1.670 1.759 1.791 1.730 | 1.676 | 1.617
Pur/Pretor 1.238 1.269 1.391 1.549 1454 | 1524 | 1.644 | 1.752 1.812 1.783 1.763 | 1.738

At 0.252 | 0503 | 0.755 1.006 1.258 1.510 1.761 | 2.013 2.265 | 2516 | 2.768 | 3.019

Ao 0.281 | 0.562 | 0.843 1.124 | 1.405 1.686 1.967 | 2.247 2.528 | 2.809 | 3.090 | 3.371

o  [PurPyr 0.689 | 0.666 | 0.636 0.587 | 0467 | 0.375 | 0.333 | 0.297 0.262 | 0.217 | 0.187 | 0.160
S |Pur/Puerr 0.906 | 0.930 | 0.979 1.034 | 0982 | 0.967 | 0.993 1.006 0.990 | 0.907 | 0.856 | 0.793
Pyr/Pror 1.066 1.031 | 0.985 1.017 | 0.946 | 0.884 | 0.905 | 0920 | 0912 | 0.845 | 0.806 | 0.754
Pur/Proerr 1.402 1.439 1.515 1.601 1.581 1.614 | 1.735 1.838 1.889 1.806 1.773 | 1.704
Put/Pretor 1.393 1.399 1.424 1571 1554 | 1537 1.659 1.777 1.852 1.800 | 1.800 | 1.764

AerT 0.245 | 0.491 | 0.736 0.982 1.227 1.472 1.718 1.963 2209 | 2454 | 2700 | 2.945

Aot 0.274 | 0.548 | 0.822 1.096 1.370 1.644 | 1918 | 2.192 2466 | 2.740 | 3.014 | 3.288

o  [PurPyr 0.711 | 0.690 | 0.662 0.614 | 0.487 | 0.388 | 0.342 | 0.306 0.270 | 0.226 | 0.196 | 0.167
B |Pur/Puerr 0.963 | 0.986 1.034 1.087 1.014 | 0.983 | 0.998 1.011 0.999 | 0.923 | 0.877 | 0.811
Pur/Pror 1.047 1.016 | 0.974 1.022 | 0951 | 0.883 | 0.900 | 0.916 0913 | 0.851 | 0.818 | 0.765
Pur/Prperr 1.418 1.451 1.522 1.600 1.567 1.581 1.688 1.793 1.853 1.787 1.768 | 1.698
Put/Pretor 1.409 1.418 1.445 1.614 | 1591 1.559 1.671 1.786 1.865 1.822 1.830 | 1.788

At 0.257 | 0514 | 0.771 1.027 1.284 | 1541 1.798 | 2.055 2312 | 2569 | 2.826 | 3.082

Ao 0.287 | 0.574 | 0.860 1.147 1434 | 1721 | 2.008 | 2294 | 2581 | 2.868 | 3.155 | 3.442

o  [PurlPyr 0.659 | 0.636 | 0.604 | 0557 | 0.449 | 0.363 | 0.324 | 0.289 0.254 | 0.210 | 0.180 | 0.153
8  |PurlPuerr 0.890 | 0.911 | 0.956 1.011 | 0972 | 0.955 | 0.985 | 0.998 0978 | 0.894 | 0.840 | 0.777
Pur/Pror 1.098 1.059 1.007 1.015 | 0.947 | 0.890 | 0.912 | 0.925 0913 | 0.841 | 0.799 | 0.747
Pyt/Proerr 1.483 1.518 1.593 1.685 1.653 1.676 1.799 1.900 1.940 1.843 1.800 | 1.725
Pur/Pretor 1.471 1.471 1.484 1.599 1584 | 1.574 | 1.702 1.818 1.884 | 1.821 1.813 | 1.772

AerT 0.261 | 0522 | 0.783 1.044 | 1.306 1.567 1.828 | 2.089 2350 | 2.611 | 2.872 | 3.133

Ao 0.292 | 0.583 | 0.875 1.166 1.458 1.749 | 2.041 | 2.332 2.624 | 2915 | 3.207 | 3.498

o [PurPyr 0.644 | 0.620 | 0.588 0540 | 0435 | 0.356 | 0.318 | 0.284 | 0.248 | 0.205 | 0.175 | 0.149
R  |Pur/Puerr 0.839 | 0.862 | 0.908 0.968 | 0.946 | 0950 | 0.982 | 0994 | 0971 | 0.885 | 0.828 | 0.765
Pyr/Pror 1.117 1.075 1.019 1.015 | 0.944 | 0.894 | 0.917 | 0.929 0.913 | 0.839 | 0.793 | 0.740
Put/Proert 1.455 1.493 1.575 1.679 1.664 | 1.717 1.843 1.939 1.970 1.867 1811 | 1.734
Put/Pretor 1.442 1.440 1.452 1.552 1.540 1.547 1.680 1.797 1.860 1.800 | 1.785 | 1.750

AerT 0.230 | 0461 | 0.691 0.921 1.151 1.382 1.612 1.842 2.073 | 2303 | 2.533 | 2.763

Aot 0.257 | 0514 | 0.771 1.028 1.286 1.543 1.800 | 2.057 2314 | 2571 | 2.828 | 3.085

o  [PurlPyr 0.737 | 0.718 | 0.692 0.651 | 0541 | 0.418 | 0.364 | 0.326 0.292 | 0.257 | 0.219 | 0.188
& |Pur/Puerr 0.894 | 0.919 | 0.970 1.034 | 1.010 | 0.952 | 0.999 1.015 1.015 | 0.989 | 0.921 | 0.859
Pur/Pro.r 1.031 1.005 | 0.969 1.017 | 0986 | 0.888 | 0.891 | 0.909 0915 | 0.901 | 0.848 | 0.800
Pur/Prperr 1.251 1.287 1.358 1.464 | 1.506 1.483 1.616 1.722 1.801 1.833 1.778 | 1.723
Put/Pretor 1.245 1.261 1.297 1.457 1.504 | 1.436 1.522 1.637 1.735 1.795 1.773 | 1.753
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Table 1.18: Numerical failure loads and their DSM estimates concerning the LC18 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

T(C) |Acr20 0.37 0.64 0.92 1.19 1.45 1.72 1.99 2.26 2.53 2.80 3.07 3.34
AfrT 0.374 | 0.643 | 0.916 1.185 1454 | 1724 | 1.994 | 2.263 2533 | 2.803 | 3.071 | 3.341

Ao 0.426 | 0.733 1.043 1.350 1.656 1.963 | 2270 | 2.577 2.885 | 3.192 | 3.498 | 3.805

8 |Pur/Pyr 0.955 | 0911 | 0.741 0.522 | 0429 | 0.372 | 0313 | 0.261 0.216 | 0.181 | 0.156 | 0.136
g‘ Put/Prerr 1.012 1.083 1.053 0.940 1.041 1.102 1.077 1.023 0.951 | 0.887 | 0.841 | 0.799
™ |PulPur 0.955 | 0.985 1.023 0.906 | 0.911 | 0.941 | 0.924 | 0.883 0.827 | 0.778 | 0.744 | 0.713
Put/Proert 1.012 1.126 1.270 1.259 1.460 1.641 1.707 1.716 1.678 1.642 1.625 | 1.608
Put/Pretor 1.012 1.156 1.320 1.272 1.383 1.539 1.623 1.663 1.666 1.674 | 1.705 | 1.741

AerT 0.372 | 0.640 | 0.911 1.178 1.446 1.714 | 1982 | 2.251 2519 | 2.787 | 3.054 | 3.323

Ao 0.424 | 0.728 1.037 1.342 1.647 1.952 | 2258 | 2.563 2.869 | 3.174 | 3.478 | 3.784

o  [PurlPyr 0944 | 0.879 | 0.744 | 0528 | 0.426 | 0371 | 0.313 | 0.262 0.217 | 0.183 | 0.157 | 0.137
&  |Pur/Puerr 1.105 1.137 1.123 0.980 1.024 | 1.092 1.072 1.022 0951 | 0.889 | 0.841 | 0.801
Pur/Pro.r 0.966 | 0.960 1.029 0916 | 0.902 | 0935 | 0.921 | 0.884 | 0.828 | 0.780 | 0.745 | 0.715
Pur/Prperr 1.130 1.182 1.335 1.301 1.444 | 1.633 1.705 1.719 1.682 1.648 1.628 | 1.614
Put/Pretor 1.129 1.226 1.428 1.369 1444 | 1.599 1.677 1.710 1.699 1.696 1.711 | 1.737

AerT 0.369 | 0.635 | 0.905 1.170 1.436 1.702 1.968 | 2.235 2501 | 2.767 | 3.033 | 3.299

Aot 0.421 | 0.723 1.030 1.333 1.635 1.939 | 2242 | 2.545 2.848 | 3.152 | 3.454 | 3.757

o |Pur/Pyr 0.764 | 0.724 | 0.654 | 0524 | 0.394 | 0.342 | 0.296 | 0.253 0.213 | 0.181 | 0.155 | 0.135
& |Pur/Prerr 0.970 1.005 1.042 1.002 | 0.947 1.000 1.005 | 0.978 0.927 | 0.873 | 0.822 | 0.785
Pur/Pror 0972 | 0.925 | 0.979 0.955 | 0.862 | 0.884 | 0.887 | 0.864 | 0.823 | 0.779 | 0.739 | 0.709
Put/Proerr 1.234 | 1.278 1.375 1.436 1.439 1.600 1.699 1.737 1.725 1.695 1.662 | 1.646
Pur/Pretor 1.222 1.247 1.424 1.488 1.430 1.557 1.654 | 1.702 1.710 1.705 1.700 | 1.716

At 0.360 | 0.620 | 0.883 1.142 1.401 1.661 1921 | 2181 2441 | 2701 | 2.960 | 3.220

Ao 0.410 | 0.706 1.005 1.300 1.596 1892 | 2.188 | 2.484 | 2780 | 3.076 | 3.371 | 3.667

o  [PurPyr 0.635 | 0.609 | 0.567 0.498 | 0375 | 0.319 | 0.285 | 0.250 | 0.214 | 0.183 | 0.158 | 0.139
S |Pur/Puerr 0.852 | 0.884 | 0.930 | 0.960 | 0.886 | 0.910 | 0.945 | 0.944 | 0.907 | 0.863 | 0.819 | 0.786
Pyr/Pror 0.982 | 0.942 | 0.927 0.951 | 0.842 | 0.837 | 0.860 | 0.856 0.823 | 0.785 | 0.747 | 0.721
Pur/Proerr 1.319 1.368 1.439 1.526 1.470 1574 | 1.708 1.780 1.781 1.760 | 1.730 | 1.718
Put/Pretor 1.301 1.312 1.385 1514 | 1.423 1494 | 1618 1.694 1.711 1.712 1.708 | 1.724

Aert 0.351 | 0.605 | 0.861 1114 | 1.367 1.620 1.874 | 2127 2.381 | 2.634 | 2.887 | 3.140

Aot 0.400 | 0.688 | 0.980 1.268 1.557 1.845 | 2134 | 2422 2.711 | 3.000 | 3.288 | 3.576

o  [PurPyr 0.665 | 0.639 | 0.599 0.516 | 0.393 | 0.334 | 0.297 | 0.261 0.224 | 0192 | 0.166 | 0.144
B |Pur/Puerr 0918 | 0.947 | 0994 | 0.993 | 0910 | 0.928 | 0.959 | 0.959 0925 | 0.882 | 0.837 | 0.794
Pur/Pror 0.980 | 0.940 | 0940 | 0.949 | 0.853 | 0.846 | 0.866 | 0.863 0.833 | 0.796 | 0.759 | 0.723
Pur/Prperr 1.351 1.394 | 1.463 1.511 1.457 1.555 1.683 1.758 1.767 1.751 1.723 | 1.693
Put/Pretor 1.335 1.346 1.438 1.543 1464 | 1532 1.648 1.723 1.742 1.742 1.734 | 1.726

At 0.368 | 0.633 | 0.901 1.166 1.431 1.696 1.961 | 2.226 2492 | 2,757 | 3.022 | 3.287

Ao 0.419 | 0.721 1.026 1.328 1.629 1.931 | 2233 | 2.536 2.838 | 3.140 | 3.441 | 3.743

o  [PurlPyr 0.593 | 0.568 | 0.530 | 0.469 | 0.359 | 0.305 | 0.273 | 0.239 0.205 | 0.178 | 0.152 | 0.133
8  |PurlPuerr 0.817 | 0.849 | 0.895 0.933 | 0.877 | 0.889 | 0.924 | 0.922 0.888 | 0.855 | 0.803 | 0.765
Pur/Pror 0.988 | 0.947 | 0.917 0.938 | 0.840 | 0.830 | 0.852 | 0.845 0.813 | 0.785 | 0.739 | 0.707
Pyt/Proerr 1.362 1414 | 1.492 1.572 1.527 1.609 1.741 1.806 1.807 1.804 | 1.753 | 1.725
Pur/Pretor 1.340 1.348 1.398 1.522 1.445 1.507 1.631 1.701 1.719 1.738 1.714 | 1.715

AerT 0.374 | 0.643 | 0.916 1.185 1454 | 1.724 | 1994 | 2.263 2,533 | 2.803 | 3.071 | 3.341

Ao 0.426 | 0.733 1.043 1.350 1.656 1963 | 2270 | 2.577 2.885 | 3.192 | 3.498 | 3.805

o [PurPyr 0.572 | 0548 | 0.511 0.454 | 0348 | 0.296 | 0.266 | 0.232 0.199 | 0170 | 0.147 | 0.130
R  |Pur/Puerr 0.762 | 0.796 | 0.848 0.899 | 0.859 | 0.878 | 0.914 | 0910 | 0.876 | 0.834 | 0.793 | 0.763
Pyr/Pror 0.991 | 0.950 | 0.915 0933 | 0835 | 0.825 | 0.848 | 0.840 | 0.807 | 0.769 | 0.733 | 0.708
Put/Proert 1.321 1.380 1.470 1.558 1.543 1.632 1.765 1.826 1.822 1.796 1.765 | 1.754
Put/Pretor 1.297 1.306 1.351 1474 | 1.402 1.470 1.596 1.667 1.687 1.690 | 1.691 | 1.715

AerT 0.330 | 0.567 | 0.808 1.045 1.283 1.520 1.758 1.996 2.234 | 2472 | 2709 | 2.947

Aot 0.376 | 0.646 | 0.920 1.190 1.461 1731 | 2.002 | 2.273 2544 | 2815 | 3.085 | 3.356

o  [PurlPyr 0.699 | 0.678 | 0.633 0.566 | 0441 | 0.364 | 0.320 | 0.282 0.247 | 0.214 | 0.185 | 0.163
& |Pur/Puerr 0.865 | 0.902 | 0.941 0.976 | 0.919 | 0.947 | 0.967 | 0.973 0.955 | 0.922 | 0.874 | 0.838
Pur/Pro.r 0979 | 0.949 | 0934 | 0974 | 0894 | 0.860 | 0.869 | 0.870 | 0.855 | 0.826 | 0.786 | 0.757
Pur/Prperr 1.211 1.262 1.317 1.431 1.423 1.520 1.626 1.710 1.751 1.756 1.727 | 1.714
Put/Pretor 1.198 1.223 1.293 1.439 1.403 1.428 1.523 1.608 1.660 1.686 1.682 | 1.698
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Table 1.19: Numerical failure loads and their DSM estimates concerning the LC19 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 032 | 054 | 080 | 107 | 134 | 161 | 188 | 215 | 241 | 268 | 295 | 3.22
Aer 0322 | 0536 | 0.805 | 1.073 | 1.341 | 1.600 | 1.878 | 2.146 | 2.414 | 2.682 | 2.951 | 3.219
Ao 0367 | 0611 | 0917 | 1.223 | 1529 | 1.834 | 2140 | 2446 | 2.752 | 3.057 | 3.363 | 3.669

S 0958 | 0.928 | 0.805 | 0.585 | 0.471 | 0.405 | 0.358 | 0.317 | 0.278 | 0.238 | 0.203 | 0.176

S [PufPuerr 1.000 | 1.047 | 1.056 | 0.947 | 1.001 | 1.106 | 1.119 | 1.114 | 1.086 | 1.022 | 0.948 | 0.887

R [ 0958 | 0.937 | 1.004 | 0.927 | 0.923 | 0.954 | 0.991 | 1.013 | 1.013 | 0.976 | 0.926 | 0.885
Pur/Paorrr | 1.000 | 1.048 | 1200 | 1.224 | 1.387 | 1.608 | 1.756 | 1.873 | 1.943 | 1.934 | 1.892 | 1857
Pu/Pueor | 1.000 | 1.056 | 1.248 | 1.256 | 1.356 | 1512 | 1.689 | 1.851 | 1.980 | 2.037 | 2.062 | 2.098
. 0320 | 0533 | 0.800 | 1.067 | 1.334 | 1.600 | 1.867 | 2.134 | 2.401 | 2.667 | 2.934 | 3.201
Jor 0365 | 0.608 | 0912 | 1.216 | 1520 | 1.824 | 2128 | 2432 | 2736 | 3.040 | 3.344 | 3.648

o |PulPy 0937 | 0910 | 0.800 | 0584 | 0.469 | 0.403 | 0.357 | 0.316 | 0.279 | 0.240 | 0.205 | 0.177

S |PulPurrr 1.083 | 1.124 | 1127 | 0.988 | 1.005 | 1.095 | 1.110 | 1.107 | 1.082 | 1.023 | 0.950 | 0.889
Put/Papr 0959 | 0935 | 1.003 | 0.926 | 0.917 | 0.947 | 0985 | 1.008 | 1.009 | 0.977 | 0.928 | 0.887
Pur/Puworrr | 1.108 | 1.150 | 1.265 | 1.261 | 1.392 | 1.599 | 1.747 | 1.865 | 1.939 | 1.940 | 1.897 | 1.863
PulPror | 1407 | 1152 | 1.347 | 1.341 | 1.427 | 1575 | 1.744 | 1.898 | 2.017 | 2.069 | 2.078 | 2.099
Aerr 0318 | 0530 | 0795 | 1.059 | 1.324 | 1.580 | 1.854 | 2.119 | 2.384 | 2.649 | 2.913 | 3.178
Aot 0362 | 0.604 | 0906 | 1.208 | 1.509 | 1.811 | 2113 | 2415 | 2717 | 3.019 | 3.321 | 3.623

o  |PulPyr 0.765 | 0.746 | 0.698 | 0549 | 0.432 | 0.372 | 0.333 | 0299 | 0.267 | 0.235 | 0.203 | 0.176

S |PurlPuerr 0959 | 0.993 | 1.045 | 0.968 | 0.938 | 1.003 | 1.028 | 1.041 | 1.030 | 0.994 | 0.934 | 0.877
Pur/Puo1 0973 | 0.949 | 0.966 | 0.923 | 0.878 | 0.898 | 0.938 | 0.969 | 0.979 | 0.965 | 0.925 | 0.886
PulPorrr | 1221 | 1.264 | 1340 | 1.342 | 1.397 | 1572 | 1721 | 1.851 | 1.937 | 1.969 | 1.942 | 1.908
PulPueror | 1.212 | 1.239 | 1.364 | 1.398 | 1.419 | 1542 | 1.705 | 1.862 | 1.986 | 2.062 | 2.080 | 2.094
. 0310 | 0517 | 0775 | 1.034 | 1.202 | 1.551 | 1.809 | 2.068 | 2.326 | 2.585 | 2.843 | 3.102
Jot 0354 | 0589 | 0.884 | 1.178 | 1.473 | 1.768 | 2.062 | 2.357 | 2651 | 2.946 | 3.241 | 3535

o |PulPyr 0647 | 0.630 | 0.600 | 0528 | 0.411 | 0.351 | 0.317 | 0.290 | 0.262 | 0.234 | 0.206 | 0.180

S |PulPurrr 0.860 | 0.883 | 0.932 | 0.947 | 0.887 | 0.928 | 0.960 | 0.988 | 0.991 | 0.970 | 0.929 | 0.877
Purl/Puo 1.001 | 0.975 | 0939 | 0.942 | 0.864 | 0.865 | 0.903 | 0.942 | 0.961 | 0.957 | 0.933 | 0.896
PurlPuorrr | 1.331 | 1.366 | 1.443 | 1.479 | 1.449 | 1578 | 1.721 | 1.862 | 1.961 | 2.011 | 2.012 | 1.979
PulPurror | 1.317 | 1.327 | 1.364 | 1.462 | 1.424 | 1508 | 1.661 | 1.824 | 1.955 | 2.043 | 2.087 | 2.099
Aert 0303 | 0504 | 0.756 | 1.008 | 1.261 | 1513 | 1.765 | 2.017 | 2269 | 2521 | 2.773 | 3.025
dor 0345 | 0575 | 0.862 | 1.149 | 1.437 | 1724 | 2011 | 2290 | 258 | 2.873 | 3.161 | 3.448

o [PulPy 0673 | 0.658 | 0.629 | 0552 | 0.429 | 0.365 | 0.328 | 0.299 | 0.271 | 0.243 | 0.215 | 0.188

S |PurlPuerr 0919 | 0.943 | 0.991 | 0.993 | 0.916 | 0.942 | 0970 | 0.997 | 1.003 | 0.987 | 0.949 | 0.896
Pur/Pao1 0991 | 0.968 | 0.939 | 0.947 | 0.871 | 0.867 | 0.901 | 0.941 | 0.962 | 0.963 | 0.943 | 0.906
PurlPuworrr | 1.354 | 1.389 | 1.459 | 1.481 | 1.437 | 1549 | 1684 | 1.825 | 1.930 | 1.990 | 2.001 | 1.970
PurlPueror | 1.342 | 1.355 | 1.399 | 1.503 | 1.461 | 1.535 | 1678 | 1.838 | 1.971 | 2.064 | 2.113 | 2.120
. 0317 | 0528 | 0792 | 1.055 | 1.319 | 1.583 | 1.847 | 2.111 | 2375 | 2.639 | 2.903 | 3.166
Jor 0361 | 0.602 | 0902 | 1.203 | 1.504 | 1.805 | 2.105 | 2.406 | 2.707 | 3.008 | 3.308 | 3.609

o |PulPy 0611 | 0594 | 0563 | 0501 | 0.392 | 0.337 | 0.307 | 0281 | 0.253 | 0.226 | 0.198 | 0.174

8 |Pur/Paerr 0834 | 0.855 | 0.899 | 0.925 | 0.873 | 0.907 | 0.945 | 0.973 | 0.975 | 0.953 | 0.910 | 0.861
Pur/Puo1 1.018 | 0.990 | 0.939 | 0.938 | 0.859 | 0.861 | 0.903 | 0.942 | 0.958 | 0.952 | 0.925 | 0.889
PulPorrr | 1.389 | 1.424 | 1499 | 1542 | 1501 | 1.618 | 1.767 | 1.909 | 2.002 | 2.046 | 2.037 | 2.004
Pu/Puror | 1.373 | 1.378 | 1.391 | 1.484 | 1.442 | 1530 | 1.690 | 1.855 | 1.982 | 2.065 | 2.100 | 2.113
Aerr 0322 | 0536 | 0.805 | 1.073 | 1.341 | 1.609 | 1.878 | 2.146 | 2.414 | 2.682 | 2.951 | 3.219
Aot 0367 | 0.611 | 0917 | 1.223 | 1529 | 1.834 | 2.140 | 2.446 | 2.752 | 3.057 | 3.363 | 3.669

o |PulPy 0594 | 0576 | 0544 | 0.485 | 0.380 | 0.329 | 0.300 | 0.275 | 0.248 | 0.219 | 0.192 | 0.169

S |PulPurrr 0782 | 0.804 | 0.850 | 0.886 | 0.851 | 0.898 | 0.938 | 0.966 | 0.966 | 0.939 | 0.897 | 0.850
Purl/Pao 1.029 | 0.998 | 0.944 | 0.935 | 0.855 | 0.862 | 0.905 | 0.943 | 0.957 | 0.945 | 0.918 | 0.884
Pur/Puorrr | 1.356 | 1.393 | 1.474 | 1535 | 1511 | 1.648 | 1.800 | 1.939 | 2.029 | 2.058 | 2.049 | 2.018
PulPuror | 1.337 | 1.341 | 1.353 | 1.437 | 1.400 | 1.498 | 1.664 | 1.829 | 1.956 | 2.031 | 2.072 | 2.093
Aer 0284 | 0473 | 0710 | 0946 | 1.183 | 1.419 | 1656 | 1.892 | 2.129 | 2.366 | 2.602 | 2.839
Jor 0324 | 0539 | 0.809 | 1.079 | 1.348 | 1618 | 1.887 | 2157 | 2427 | 2.696 | 2.966 | 3.236

o |PulPy 0703 | 0.690 | 0.663 | 0597 | 0.469 | 0.391 | 0.348 | 0.318 | 0.290 | 0.263 | 0.236 | 0.209

S |PurlPuerr 0.861 | 0.887 | 0.938 | 0.964 | 0.897 | 0.923 | 0.974 | 1.000 | 1.014 | 1.009 | 0.984 | 0.941
Put/Pap 0984 | 0.965 | 0.937 | 0.961 | 0.888 | 0.867 | 0.891 | 0.928 | 0.957 | 0.968 | 0.961 | 0.935
PurlPuorrr | 1.205 | 1.241 | 1.313 | 1.379 | 1.361 | 1.464 | 1614 | 1.749 | 1.865 | 1.945 | 1.984 | 1.978
Pur/Pror | 1196 | 1.215 | 1.261 | 1.383 | 1.359 | 1.406 | 1527 | 1.677 | 1.818 | 1.933 | 2.013 | 2.052
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Table 1.20: Numerical failure loads and their DSM estimates concerning the LC20 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

TCC) |derzo 031 | 056 | 082 | 108 | 133 | 150 | 185 | 210 | 236 | 262 | 287 | 3.3
Aer 0308 | 0565 | 0.821 | 1.078 | 1.335 | 1502 | 1.848 | 2.105 | 2.362 | 2.618 | 2.875 | 3.132
Ao 0355 | 0.650 | 0.946 | 1.241 | 1537 | 1.832 | 2128 | 2424 | 2719 | 3.015 | 3.310 | 3.606

S 0955 | 0.920 | 0.818 | 0.603 | 0.478 | 0.399 | 0.333 | 0274 | 0224 | 0.190 | 0.163 | 0.140

S [PufPuerr 0994 | 1.052 | 1.085 | 0.980 | 1.007 | 1.088 | 1.060 | 0.998 | 0.919 | 0.867 | 0.816 | 0.768

R [ 0955 | 0.945 | 1.045 | 0.968 | 0.940 | 0.939 | 0.918 | 0.869 | 0.806 | 0.767 | 0.728 | 0.691
Pur/Porrr | 0.994 | 1.061 | 1.254 | 1.279 | 1.406 | 1.582 | 1643 | 1.638 | 1588 | 1.572 | 1547 | 1516
PulPuror | 0994 | 1.076 | 1.303 | 1.310 | 1.373 | 1.473 | 1543 | 1561 | 1.544 | 1.563 | 1.578 | 1.589
. 0306 | 0562 | 0.817 | 1.072 | 1.327 | 1583 | 1.838 | 2.003 | 2.348 | 2.604 | 2.859 | 3.114
Jor 0353 | 0.647 | 0941 | 1234 | 1528 | 1.822 | 2116 | 2410 | 2704 | 2.998 | 3.292 | 3.586

o |PulPy 0935 | 0.902 | 0.812 | 0.602 | 0.476 | 0.398 | 0.334 | 0276 | 0.226 | 0.192 | 0.164 | 0.143

S |PulPurrr 1.077 | 1127 | 1155 | 1.023 | 1.013 | 1.079 | 1.057 | 0.998 | 0.921 | 0.868 | 0.817 | 0.779
Put/Papr 0.956 | 0.940 | 1.041 | 0.967 | 0.936 | 0.934 | 0917 | 0.870 | 0.809 | 0.768 | 0.729 | 0.701
Pur/Puworrr | 1101 | 1.153 | 1.316 | 1.318 | 1.413 | 1575 | 1643 | 1.642 | 1596 | 1.577 | 1551 | 1540
Pur/Pror | 1.100 | 1.169 | 1.403 | 1.400 | 1.448 | 1.539 | 1.605 | 1.615 | 1589 | 1.594 | 1.596 | 1617
Aerr 0304 | 0558 | 0.811 | 1.065 | 1.318 | 1.571 | 1.825 | 2.078 | 2.332 | 2.585 | 2.839 | 3.092
Aot 0350 | 0.642 | 0934 | 1226 | 1518 | 1.809 | 2.101 | 2.393 | 2.685 | 2.977 | 3.269 | 3.561

o  |PulPyr 0.764 | 0.738 | 0.697 | 0568 | 0.442 | 0.370 | 0.318 | 0.267 | 0.224 | 0.190 | 0.163 | 0.142

S |PurlPuerr 0.956 | 0.993 | 1.052 | 1.004 | 0.954 | 0.996 | 0.998 | 0.960 | 0.907 | 0.855 | 0.807 | 0.766
Pur/Puo1 0972 | 0.940 | 0.981 | 0.966 | 0.902 | 0.894 | 0.892 | 0.858 | 0.813 | 0.770 | 0.732 | 0.699
PulPorrr | 1.216 | 1.264 | 1.357 | 1.403 | 1.428 | 1563 | 1.654 | 1.672 | 1.656 | 1.629 | 1.602 | 1.579
Pu/Pueror | 1.208 | 1.236 | 1.390 | 1.463 | 1.452 | 1523 | 1605 | 1.627 | 1.624 | 1.616 | 1.612 | 1614
. 0297 | 0544 | 0792 | 1.039 | 1.286 | 1.534 | 1.781 | 2028 | 2276 | 2523 | 2.770 | 3.018
Jot 0342 | 0627 | 0911 | 1.196 | 1.481 | 1.766 | 2.051 | 2.335 | 2620 | 2.905 | 3.190 | 3.475

o |PulPyr 0646 | 0.626 | 0597 | 0540 | 0.425 | 0.354 | 0.308 | 0.266 | 0.223 | 0.193 | 0.167 | 0.146

S |PulPurrr 0857 | 0.884 | 0.934 | 0972 | 0913 | 0.928 | 0.944 | 0.931 | 0.880 | 0.846 | 0.806 | 0.769
Purl/Puo 1.000 | 0.968 | 0.941 | 0.974 | 0.897 | 0.870 | 0.873 | 0.856 | 0.808 | 0.778 | 0.743 | 0.712
PurlPuorrr | 1.326 | 1.369 | 1.445 | 1.524 | 1.495 | 1581 | 1679 | 1.728 | 1.700 | 1.697 | 1.674 | 1.653
PulPuror | 1.313 | 1.325 | 1.372 | 1511 | 1.474 | 1508 | 1500 | 1.638 | 1.621 | 1.633 | 1.631 | 1.632
. 0290 | 0531 | 0772 | 1.013 | 1.255 | 1.496 | 1.737 | 1.978 | 2220 | 2461 | 2.702 | 2.943
Jor 0333 | 0611 | 0.889 | 1167 | 1.444 | 1722 | 2.000 | 2.278 | 2.556 | 2.833 | 3.111 | 3.389

o [PulPy 0672 | 0.653 | 0.625 | 0566 | 0.444 | 0.369 | 0.321 | 0.278 | 0.237 | 0.202 | 0.174 | 0.152

S |PurlPuerr 0917 | 0943 | 0992 | 1.021 | 0.944 | 0.953 | 0.956 | 0.948 | 0.911 | 0.862 | 0.821 | 0.782
Pur/Pao1 0.990 | 0.961 | 0.941 | 0.981 | 0.905 | 0.876 | 0.877 | 0.865 | 0.831 | 0.787 | 0.752 | 0.720
Pur/Puorrr | 1.350 | 1.389 | 1.460 | 1.528 | 1.487 | 1.566 | 1.649 | 1.708 | 1.711 | 1.683 | 1.662 | 1.640
Pur/Pueror | 1.339 | 1.352 | 1.408 | 1.555 | 1515 | 1.541 | 1619 | 1.671 | 1679 | 1.661 | 1.655 | 1.650
. 0303 | 0556 | 0.808 | 1.061 | 1.313 | 1.566 | 1.818 | 2.071 | 2.323 | 2.576 | 2.828 | 3.081
Jor 0349 | 0640 | 0930 | 1221 | 1512 | 1.803 | 2.093 | 2.384 | 2675 | 2.966 | 3.256 | 3.547

o |PulPy 0611 | 0590 | 0561 | 0510 | 0.405 | 0.338 | 0.296 | 0.255 | 0.219 | 0.185 | 0.161 | 0.141

8 |Pur/Paerr 0832 | 0.857 | 0.902 | 0.946 | 0.898 | 0.907 | 0.925 | 0.912 | 0.880 | 0.830 | 0.792 | 0.757
Pur/Puo1 1.018 | 0.983 | 0.934 | 0.965 | 0.892 | 0.864 | 0.867 | 0.848 | 0.816 | 0.770 | 0.737 | 0.707
PulPuorrr | 1.386 | 1.428 | 1504 | 1577 | 1548 | 1619 | 1.717 | 1.760 | 1.762 | 1.723 | 1.702 | 1.680
PurlPueror | 1.371 | 1.376 | 1.391 | 1.527 | 1.492 | 1524 | 1609 | 1.651 | 1.665 | 1.644 | 1.644 | 1.645
Aerr 0308 | 0565 | 0.821 | 1.078 | 1.335 | 1.592 | 1.848 | 2.105 | 2.362 | 2.618 | 2.875 | 3.132
Aot 0355 | 0.650 | 0.946 | 1.241 | 1.537 | 1.832 | 2128 | 2424 | 2719 | 3.015 | 3.310 | 3.606

o |PulPy 0594 | 0572 | 0543 | 0.493 | 0.393 | 0.329 | 0.288 | 0.248 | 0.212 | 0.180 | 0.156 | 0.137

S |PulPurrr 0.780 | 0.806 | 0.855 | 0.905 | 0.874 | 0.897 | 0.916 | 0.900 | 0.867 | 0.820 | 0.783 | 0.749
Purl/Pao 1.029 | 0.992 | 0.941 | 0.960 | 0.887 | 0.861 | 0.864 | 0.843 | 0.809 | 0.765 | 0.732 | 0.702
Pur/Puorrr | 1.352 | 1.398 | 1.482 | 1.568 | 1557 | 1.646 | 1.743 | 1.779 | 1776 | 1.739 | 1.718 | 1.695
PulPuror | 1.335 | 1.340 | 1.355 | 1.476 | 1.448 | 1.487 | 1573 | 1614 | 1.629 | 1.616 | 1.621 | 1.627
Aer 0272 | 0498 | 0724 | 0951 | 1.177 | 1404 | 1.630 | 1.856 | 2.083 | 2.309 | 2536 | 2.762
Jor 0313 | 0573 | 0.834 | 1.095 | 1.355 | 1.616 | 1.877 | 2.137 | 2.398 | 2.659 | 2.919 | 3.180

o |PulPy 0702 | 0.684 | 0.659 | 0.608 | 0.488 | 0.400 | 0.346 | 0.304 | 0.262 | 0.226 | 0.195 | 0.169

S |PurlPuerr 0.858 | 0.887 | 0.938 | 0.985 | 0.930 | 0.929 | 0.966 | 0.970 | 0.941 | 0.902 | 0.858 | 0.814
Put/Pap 0983 | 0.957 | 0.938 | 0.988 | 0.928 | 0.885 | 0.881 | 0.879 | 0.851 | 0.818 | 0.780 | 0.743
PurlPuorrr | 1.201 | 1.241 | 1.313 | 1.416 | 1.417 | 1479 | 1597 | 1.675 | 1.694 | 1.690 | 1.667 | 1.638
PulPuror | 1493 | 1.212 | 1267 | 1422 | 1.416 | 1426 | 1496 | 1569 | 1594 | 1.605 | 1.601 | 1595
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Table 1.21: Numerical failure loads and their DSM estimates concerning the LC21 column geometry with 12 room temperature
stresses (corresponding to equally spaced slenderness values) and 8 temperatures varying from T=20/100 to T=800 °C.

T(C) |erzo 031 | 052 | 078 | 103 | 129 | 155 | 181 | 207 | 233 | 258 | 284 | 310
Jerr 0310 | 0517 | 0775 | 1.034 | 1292 | 1551 | 1.809 | 2.068 | 2.326 | 2.585 | 2.843 | 3.101
o 0379 | 0632 | 0948 | 1264 | 1580 | 1.895 | 2211 | 2527 | 2.843 | 3.159 | 3.475 | 3.791

S |PulPs 0958 | 0.932 | 0.826 | 0589 | 0496 | 0409 | 0334 | 0271 | 0.220 | 0.187 | 0.161 | 0.136

S [PulPuerr 0997 | 1.043 | 1.063 | 0.921 | 0.997 | 1.086 | 1.039 | 0.969 | 0.886 | 0.841 | 0.802 | 0.740

N P/Puor 0.958 | 0.949 | 1.057 | 0961 | 1.003 | 0.997 | 0.957 | 0.899 | 0.828 | 0.793 | 0.763 | 0.710
Pur/Piorrr | 0997 | 1.048 | 1242 | 1238 | 1454 | 1645 | 1683 | 1.667 | 1.609 | 1606 | 1602 | 1541
Pur/Pueor | 0.997 | 1.059 | 1.286 | 1.264 | 1.417 | 1507 | 1544 | 1542 | 1509 | 1533 | 1561 | 1.536
Jerr 0308 | 0514 | 0771 | 1.028 | 1.285 | 1542 | 1799 | 2.056 | 2.313 | 2570 | 2.827 | 3.084
o 0377 | 0628 | 0942 | 1257 | 1571 | 1.885 | 2199 | 2513 | 2827 | 3.142 | 3.456 | 3.770

o |PulPys 0938 | 0.913 | 0.822 | 0587 | 0494 | 0.408 | 0.335 | 0.273 | 0.233 | 0.189 | 0.163 | 0.137

S 1.080 | 1120 | 1.138 | 0.964 | 1.010 | 1.078 | 1.036 | 0.969 | 0.934 | 0.847 | 0.804 | 0.743
Pur/Pao T 0.959 | 0.945 | 1.055 | 0959 | 0998 | 0992 | 0957 | 0.900 | 0.875 | 0.799 | 0.765 | 0.713
Pur/Poorrr | 1105 | 1.146 | 1.308 | 1.275 | 1.465 | 1639 | 1.684 | 1.671 | 1.700 | 1.619 | 1.607 | 1.548
Pur/Porror | 1104 | 1155 | 1.391 | 1.353 | 1500 | 1583 | 1616 | 1.605 | 1.644 | 1582 | 1592 | 1.558
Jerr 0.306 | 0510 | 0.766 | 1.021 | 1276 | 1531 | 1.786 | 2.042 | 2.297 | 2552 | 2.807 | 3.062
o 0374 | 0624 | 0936 | 1248 | 1560 | 1.872 | 2.184 | 2496 | 2.807 | 3.119 | 3.431 | 3.743

o |PulPyr 0.766 | 0.747 | 0.708 | 0559 | 0458 | 0381 | 0322 | 0.267 | 0.221 | 0.188 | 0.160 | 0.138

S |PurlPorrr 0.958 | 0.989 | 1.044 | 0.958 | 0.954 | 0.998 | 0.989 | 0.941 | 0.879 | 0.837 | 0.783 | 0.740
Pur/Pao T 0974 | 0.951 | 0.998 | 0.964 | 0.960 | 0951 | 0.939 | 0.894 | 0.839 | 0.803 | 0.756 | 0.719
Pu/Piorrr | 1219 | 1258 | 1352 | 1364 | 1475 | 1622 | 1704 | 1711 | 1678 | 1673 | 1632 | 1603
Pu/Porror | 1211 | 1.235 | 1.390 | 1430 | 1508 | 1577 | 1638 | 1.640 | 1613 | 1.619 | 1594 | 1.585
Jerr 0299 | 0498 | 0747 | 0996 | 1.245 | 1.494 | 1743 | 1.992 | 2.241 | 2.491 | 2.740 | 2.989
o 0365 | 0.609 | 0913 | 1.218 | 1522 | 1.827 | 2.131 | 2.435 | 2740 | 3.044 | 3349 | 3.653

o |PulPyr 0.651 | 0.634 | 0606 | 0.544 | 0418 | 0.364 | 0.315 | 0.266 | 0.224 | 0.192 | 0.165 | 0.142

S |PulPurr 0.863 | 0.884 | 0.928 | 0.953 | 0.870 | 0.936 | 0.942 | 0.914 | 0872 | 0.831 | 0.789 | 0.745
Pur/Pao T 1.007 | 0.982 | 0.955 | 0.992 | 0.903 | 0.925 | 0.924 | 0.892 | 0.850 | 0.813 | 0.774 | 0.734
Pur/Poorrr | 1.336 | 1.368 | 1.437 | 1507 | 1.455 | 1636 | 1.731 | 1.759 | 1.750 | 1.738 | 1.714 | 1.677
Pur/Prror | 1.323 | 1.331 | 1.375 | 1514 | 1453 | 1565 | 1640 | 1.658 | 1.651 | 1.647 | 1.636 | 1.616
Jerr 0291 | 0486 | 0729 | 0972 | 1215 | 1457 | 1700 | 1.943 | 2.186 | 2.429 | 2.672 | 2.915
o 0.356 | 0594 | 0.891 | 1.188 | 1.485 | 1.781 | 2.078 | 2.375 | 2672 | 2.969 | 3.266 | 3.563

o |PulPyr 0.677 | 0.661 | 0634 | 0569 | 0436 | 0.380 | 0.327 | 0.278 | 0.235 | 0.198 | 0.173 | 0.149

S |PulPurrr 0923 | 0.943 | 0.987 | 1.001 | 0.898 | 0.950 | 0.956 | 0.931 | 0.889 | 0.838 | 0.804 | 0.758
Pur/Pao T 0.996 | 0.973 | 0.956 | 0998 | 0908 | 0931 | 0930 | 0.902 | 0.861 | 0.814 | 0.784 | 0.743
Pur/Porrr | 1358 | 1.389 | 1453 | 1513 | 1446 | 1609 | 1706 | 1.742 | 1.738 | 1.707 | 1.703 | 1.666
Pu/Pueor | 1.347 | 1.358 | 1411 | 1557 | 1490 | 1.602 | 1.674 | 1.695 | 1.688 | 1.660 | 1.664 | 1.638
Jerr 0.305 | 0509 | 0.763 | 1.017 | 1271 | 1526 | 1.780 | 2.034 | 2.288 | 2.543 | 2.797 | 3.051
Jor 0373 | 0622 | 0932 | 1.243 | 1554 | 1.865 | 2.175 | 2.486 | 2.797 | 3.108 | 3.419 | 3.729

o |PulPyr 0617 | 0599 | 0570 | 0516 | 0.399 | 0.349 | 0.302 | 0.255 | 0.217 | 0.185 | 0.159 | 0.137

S |PurlPorrr 0.840 | 0.858 | 0.898 | 0.931 | 0.857 | 0.910 | 0.923 | 0.896 | 0.860 | 0.819 | 0.777 | 0.734
Pur/Pao T 1.028 | 0.999 | 0.950 | 0.986 | 0.898 | 0.918 | 0.917 | 0.884 | 0.847 | 0.807 | 0.769 | 0.729
Pur/Poorrr | 1.399 | 1430 | 1497 | 1551 | 1503 | 1.665 | 1.765 | 1.789 | 1.787 | 1.769 | 1.742 | 1.702
Pur/Porror | 1.384 | 1.386 | 1.397 | 1536 | 1474 | 1583 | 1658 | 1.673 | 1.673 | 1.664 | 1.652 | 1.630
Jerr 0310 | 0517 | 0.775 | 1.034 | 1292 | 1551 | 1.809 | 2.068 | 2.326 | 2.585 | 2.843 | 3.101
o 0379 | 0632 | 0948 | 1264 | 1580 | 1.895 | 2211 | 2527 | 2.843 | 3.159 | 3.475 | 3.791

o |PulPy 0.600 | 0582 | 0552 | 0.499 | 0388 | 0339 | 0293 | 0.248 | 0.212 | 0.180 | 0.155 | 0.129

S |PulPurrr 0.788 | 0.807 | 0.850 | 0.889 | 0.834 | 0.900 | 0.913 | 0.886 | 0.858 | 0.809 | 0.769 | 0.701
Pur/Pao T 1.040 | 1.009 | 0.957 | 0.982 | 0.895 | 0.915 | 0.912 | 0.879 | 0.849 | 0.802 | 0.764 | 0.699
Pu/Porrr | 1.367 | 1399 | 1473 | 1541 | 1510 | 1690 | 1.787 | 1.808 | 1.821 | 1.783 | 1.757 | 1.657
Pu/Purror | 1.349 | 1.351 | 1.361 | 1485 | 1432 | 1542 | 1617 | 1.634 | 1654 | 1.633 | 1.626 | 1.553
Jerr 0.274 | 0456 | 0684 | 0912 | 1140 | 1.368 | 1596 | 1.823 | 2.051 | 2.279 | 2.507 | 2.735
o 0334 | 0557 | 0836 | 1.114 | 1.393 | 1672 | 1.950 | 2.229 | 2507 | 2.786 | 3.065 | 3.343

o |PulPyr 0706 | 0.692 | 0.667 | 0.614 | 0475 | 0.412 | 0.354 | 0.306 | 0.260 | 0.226 | 0.192 | 0.166

S |PulPurrr 0.863 | 0.885 | 0.932 | 0.970 | 0.880 | 0.925 | 0.969 | 0.961 | 0.923 | 0.891 | 0.838 | 0.794
Pur/Pao 0.988 | 0.969 | 0.951 | 1.009 | 0925 | 0940 | 0937 | 0.925 | 0.888 | 0.859 | 0.811 | 0.771
PurlPoorrr | 1.208 | 1.239 | 1.305 | 1409 | 1.372 | 1522 | 1.657 | 1.724 | 1.731 | 1.743 | 1.705 | 1.674
Pu/Porror | 1199 | 1214 | 1267 | 1428 | 1.382 | 1.480 | 1548 | 1.602 | 1.608 | 1.626 | 1.601 | 1.588
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