Proceedings of the

Annual Stability Conference
Structural Stability Research Council
St. Louis, Missouri, April 2-5, 2019

Accurate Direct Strength Method (DSM)
prediction of column flexural-torsional failure loads

Pedro B. Dinis*, Dinar Camotim®, Alexandre Landesmann?, André D. Martins®

Abstract

This work presents and discusses the latest results of an ongoing investigation aimed at assessing the
accuracy of the currently codified Direct Strength Method (DSM) global strength curve to predict the
ultimate strength of cold-formed steel columns failing in flexural-torsional modes. The first part of the
paper is devoted exclusively to fixed-ended columns and continues recent work on the improvement of
the flexural-torsional failure load estimation, in the moderate or high slenderness ranges — it is shown
that the use of a novel set of strength curves, dependent on a cross-section normalized geometric
parameter (involving the area, major and minor moments of inertia, and warping constant), leads to
excellent failure load predictions, eliminating the large scatter stemming from the currently codified
design curve. The second part of the paper aims at extending the investigation to columns with other
support conditions, namely three types of pinned supports, all fixed with respect to torsion and having
warping prevented: they correspond to end cross-sections attached to rigid plates resting on spherical or
cylindrical hinges (i.e., pinned with respect to major and/or minor-axis flexure). The study begins with a
parametric study intended to gather failure loads of columns (i) exhibiting the same cross-section shapes
considered earlier (plain channels, lipped channels, return lipped channels, hat-sections and rack-sections),
(i) various geometries (cross-section dimensions and lengths) and (iii) covering a wide slendermess range.
These failure load data are then used to assess the quality of their estimates provided by the currently
codified global DSM strength curve and by the strength curve set developed in the context of fixed-
ended columns. It is found that neither of them yields consistently good failure load estimates, which
prompts the proposal of modifications that lead to an efficient failure load prediction — although the set of
failure loads obtained in this work is necessarily limited, the fact that their predictions by the proposed
DSM global design curves (i) exhibit a very high quality and (ii) clearly outperform those yielded by the
current design curve provides strong encouragement to search for further validation.

1. Introduction

Most cold-formed steel members display very slender thin-walled open cross-sections, a feature making
them highly susceptible to several instability phenomena, namely local, distortional and global (flexural or
flexural-torsional) buckling — Figs. 1(a)-(d) show cross-section deformed configuration of lipped channel
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Figure 1: Cross-section deformed configuration of lipped channel columns buckling in (a) local, (b) distortional, (c) flexural-
torsional and (d) flexural modes
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columns buckling in these modes. Depending on the member length and cross-section shape and/or
dimensions, any of the above buckling modes may be critical.

The Direct Strength Method (DSM - e.g., Schafer 2008 or Camotim et al. 2016) was first proposed
by Schafer & Pekdz (1998), based on an original idea of Hancock et al. (1994), and is nowadays the most
rational approach for the design of cold-formed steel columns. The currently codified design/strength
curves are able to handle local, distortional, global and local-global interactive failures. In the context of
this investigation, the relevant nominal strength is the global one (f,s), which is given by
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where fuc and Ag are the column global critical buckling stress and global slendemess, and f, is the
material (steel) yield stress. This design curve, combining Johnson parabola (Ziemian 2010) with the
(lowered) Euler curve, was first included in the cold-formed steel design manual in 1996 (AISI 1996),
due to the work of Pekdz & Stimer (1992), who showed that the above design curve, already codified in
the context of hot-rolled steel members used in buildings (AISC 1986), provided better quality estimates
than that adopted at that time by the cold-formed steel community (AIS1 1986). These authors based their
findings on 214 test results concerning concentrically loaded cold-formed steel columns with various
cross-sections (lipped channels, hat-section, box-sections and I-sections formed by back-to-back plain
channels), all exhibiting low-to-moderate global slenderness values (1<1.75).

Recently, the authors (Dinis et al. 2018a,b) reported numerical investigations intended to assess the
accuracy of the current (AISI 2016) DSM column global strength curve in predicting the failure loads of
fixed-ended cold-formed steel columns collapsing in flexural-torsional or flexural modes. While the latter
were found to be quite well predicted (there was only room for slight improvements in the low and
intermediate slenderness ranges), it was shown that the former are often considerably underestimated by
the current design curve in the moderate and high slenderness ranges. It is worth noting that this
underestimation was already perceptible in the results reported by Pekdz & Stimer (1992) and was also
pointed out about six years ago by Bandula Heva & Mahendran (2012). Indeed, the f./fy values of (i) the
five most slender specimens addressed in Figure 2 of Pekdz & Stimer (1992), concerning lipped channel
and hat-section columns with A>1.6, and (ii) three flexural-torsional buckling tests performed (at room
temperature) by Bandula Heva & Mahendran (2012), conceming lipped channel columns with 16>1.7,
are visibly underestimated by the current DSM global design curve. This fact led Dinis et al. (2018a,b) to
propose a new DSM-based set of strength curves dependent on the ratio between the major and minor
moments of inertia. Although this geometric parameter enabled a fairly good estimation of the numerical
failure loads obtained, it was also found that distinct strength curve sets were needed for columns with



cross-sections exhibiting with one-wall and two-wall end stiffeners — the latter are rack-section and
double-fold return lipped channels.

This work continues the research effort described in the previous paragraph and has two main objectives.
The first one consists of improving the prediction of the fixed-ended column major-axis flexural-torsional
(FwmT) failure loads — in particular, a single set of DSM-based strength curves able to handle columns with
arbitrary cross-sections is searched. The second objective consists of extending the investigation to
columns with other support conditions, namely three types of pinned supports (all fixed with respect to
torsion and having warping fully prevented), which correspond to end cross-sections rigidly attached to
rigid plates resting on hinges that may be either spherical (i.e., pinned with respect to major and minor-axis
flexure — PS columns) or cylindrical (i.e., pinned with respect to major or minor-axis flexure — PCy and
PC., columns, respectively)®.

Following a brief overview of the most relevant findings recently reported concerning the DSM-based
FmT failure load estimation for fixed-ended (F) columns (Dinis et al. 2018a,b), the paper shows that it is
possible to further improve this estimation, by developing a novel set of strength curves, dependent on a
cross-section normalized geometric parameter that involves the area, major and minor moments of
inertia, and warping constant — the strength curve set proposed in (Dinis et al. 2018a,b) depended
only on the ratio between the major and minor moments of inertia. Indeed, by using this new parameter it
becomes possible to handle F columns with arbitrary cross-sections (including those with one-wall and
two-wall end stiffeners) by means of a single set of DSM-based strength curves. The merits of the
proposed DSM-based design approach are assessed through the comparison with numerical (shell finite
element) FpT failure load data previously gathered by Dinis et al. (2018b), conceming F columns with
various (i) cross-section shapes (plain channels, lipped channels, return lipped channels, web-stiffened
lipped channels, web/flange-stiffened lipped channels, hat-sections and rack-sections) and/or dimensions,
and (ii) yield stresses, in order to cover a wide slendemess range —also included in the comparison are the
experimental failure loads reported by Bandula Heva & Mahendran (2012). In particular, the reliability
assessment prescribed in Section K2.1.1 of AISI (2016) (see Section 1.1 of this paper) shows that the
LRFD resistance factors associated with the modified DSM-based design approach proposed are higher
than 0.90, i.e., visibly above the value currently recommended for compression members — ¢=0.85.

Then, the paper addresses the DSM design of the aforementioned three types of pin-ended cold-formed
steel columns collapsing in FyyT modes. Initially, the results of a numerical comparative study on the
structural responses of fixed-ended and pin-ended columns are presented and discussed — although they
shed some new light on the different mechanics involved in the buckling and post-buckling behaviors of
F, PCwm, PCry and PS columns, further research is needed to fully understand them. Then, in order to gather
representative sets of PCy, PCr, and PS column FyT failure loads, a parametric study is performed —

® It is worth mentioning that pin-ended columns with free warping at the end cross-sections are extremely difficult to achieve
experimentally, even if a good attempt has recently been made by Santos et al. (2018). This is much more easily done in
numerical analyses, particularly in linear buckling ones — moreover, due to the nature of the analytical functions employed,
such end support conditions are automatically modelled in virtually all the semi-analytical finite strip analyses. In shell finite
element non-linear analyses (as those carried out in this work to obtain the column failure loads), modelling pinned end cross-
sections with free warping requires preventing the (i) global transversal translations, (ii) torsional rotation and (iii) local
transverse membrane and flexural displacements, while keeping the warping/axial displacements free. Such support condition
arrangement tends to “artificially stiffen” the column response as the displacements and rotations cease to be small, making it
impossible to obtain reliable failure loads — indeed, because the warping displacements become progressively more (partially)
restrained, the column strength increases and, therefore, its failure load is larger (obviously, this effect is not captured by the
DSM design approach, since the critical buckling stress is calculated for fully free warping displacements).



the columns analyzed exhibit the same cross-section shapes as the F columns addressed previously (plain
channels, lipped channels, return lipped channels, hat-sections and rack-sections) and various geometries
and yield stresses, selected to cover a wide slendermness ranges.

As before (Dinis et al. 2018a,b), all numerical FyuT failure loads obtained in this work (i) concern
columns with critical-mode (FmT) initial imperfections with L/2000 amplitude (value often prescribed in
specifications) and (ii) are determined by means of ABAQUS non-linear elastic-plastic shell finite element
analyses (SFEA), adopting a model profusely employed by the authors in the past: (i) columns discretized
into fine meshes of 4-node isoparametric elements (length-to-width ratio roughly equal to 1), (ii) pin-
ended support conditions modeled by attaching, to the column end cross-sections, rigid plates with the
appropriate rotation restraints and (iii) steel material behavior described by Prandtl-Reuss’s model — the
rounded corner and the residual stress effects are disregard, since they are known to practically cancel
each other (e.g., Ellobody & Young 2005). Finally, the assembled FyT failure loads, concerning columns
with three (pin-ended) support conditions, are used to assess the quality of their estimation provided by
(i) the current DSM column global design curve and (ii) the DSM-based strength curve set successfully
developed in the context of the F columns. Since it is shown that neither of them is able to adequately
handle the whole set of PCy, PCry and PS column failure loads, it is necessary to propose modifications
for some of them. With the incorporation of those modifications, it is found that all the FyT failure loads
considered in this work are very well predicted by the appropriate DSM-base design curve or curve set
— the predictions (i) outperform those yielded by the current design curve and (ii) lead to LRFD resistance
factors higher than 0.90.

1.1 Load and Resistance Factor Design (LRFD)
According to Section K2.1.1of AISI (2016), the LFRD resistance factor ¢is given by
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where (i) C, is a calibration coefficient (C,~=1.52 for LRFD), (ii) M»=1.10 and F,=1.00 are the mean
values of the material and fabrication factors, respectively, (iii) 3 is the target reliability index (8,=2.5 for
structural members in LRFD), (iv) Vm=0.10, Ve=0.05 and V=0.21 are the coefficients of variation of the
material factor, fabrication factor and load effect, respectively, (v) Cp is a correction factor depending on
the numbers of tests (n) and degrees of freedom (m=n-1), and (vi) Pn, and Vp are the mean and the
coefficient of variation of the “exact”-to-predicted ultimate strength ratios. The value recommended for
compression members is ¢=0.85, regardless of the column failure mode nature.

with T LU @)

—Bo \/Vr\% +VE+CpVE+V§ Co = 1) m
P n)m-2

2. Overview of the Available DSM-Based Design Approaches for Fixed-Ended Columns

This section summarizes the main findings unveiled in recent numerical investigations concering the
strength and DSM design of F columns failing in FpT modes (Dinis et al. 2018a,b). These investigations
dealt with columns exhibiting a wide variety of cross-section shapes: plain channels (U), unstiffened (C),
return lip (RLC), web-stiffened (WSC) and web/flange-stiffened (WFSC) lipped channels, hat-sections
(H) and rack-sections (R) — all cross-section dimensions and lengths are given in Annexes Ato G. A
total of 1710 columns were analyzed, all containing critical-mode initial geometrical imperfections with
L/1000 amplitude and covering wide slendemess ranges (f;=75,150, 300,450,600 MPa). Figs. 2(a)-(9)
compare the DSM global design curve (f.c) with the obtained column f/f, ratios. As for Figs. 3(a)-(9),
they plot fu/f.c against A for the seven column sets. It is observed that the f./fy values (i) are well aligned



along the DSM global strength curve (marginally above and with small vertical dispersion) in the low-to-
moderate slenderness range (1s<1.5) and (ii) lie well above that curve and are clearly more scattered (the
vertical dispersion increases with Ag in the moderate and high slenderness range (Ac>1.5) — moreover, the
fu/fy and f/fe “clouds” are quite similar for the U, C, H, R, RLC, WSC, WSFC column sets.

Following the above observation, it was decided to improve the current DSM column global design curve,
in order to achieve a higher failure load prediction quality in the moderate and high slenderness range
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Figure 2: Plots fu/fy vs. Ag for (a) U, (b) C, (c) H, (d) R, (e) RLC, (f) WSC, (g) WFSC columns
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Figure 3: Plots f,/fng vs. Ac for (a) U, (b) C, (¢) H, (d) R, (e) RLC, (f) WSC, (g) WFSC columns



(As>1.5 — this means that the Johnson parabola is kept in the low-to-moderate slendemess range). The
search for such improvement led to the proposal of a new DSM-based approach (frer) involving a set of
strength curves dependent on a geometric parameter S=I,/ly, relating the major (I;) and minor (ly)
moments of inertia. For As(=Ae)* >1.5, the strength curve becomes S-dependent and is defined by a
general “Euler-type” expression similar to that appearing in the current DSM global strength curve (see
Eq. (1)) — this strength curve set is defined by the expressions
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where the p-dependence is felt through parameters a and b, which are functions of g given by

a=0.39x15 (4)
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for all the U, C, H, WSC and WFSC columns analyzed by Dinis et al. (2018b). Note that (i) these aand b
expressions were obtained by means of a “trial-and-error curve-fitting procedure”, and (ii) Eq. (1) is
recovered for £>11.5, value beyond which the role played by torsion becomes negligible — one has then
a=0.877 and b=2.0. However, in the case of the R and RLC columns (both exhibiting “two-wall” end
stiffeners), it was found that the same high FyT failure load prediction quality can only be obtained if the
DSM-based strength curve set proposed is modified/lowered. The modification proposed for those
columns involved exclusively parameter b (), which becomes

0208+090 if B<55
b= (6)
2 if B>55

Note that parameter a is still given by Eq. (4) and the new flexural-torsional strength curve still coincides
with Eq. () for columns with high g values (i.e., a=0.877 and b=2).

The prediction quality achieved by the two sets of strength curves can be observed in Figs. 4(a)-(b),
which plot, against Aer, the fy/f.=r values obtained (i) with Eq. (5), for all but the R and RLC column sets
considered (“all but R+RLC columns”), and (ii) with Eq. (6), exclusively for the R and RLC column sets
— the associated averages, standard deviations, maximum/minimum values, as well as the ¢ values they
originate, are also included in these figures. It is clearly observed that the two strength curve sets yield
accurate and mostly safe predictions of the numerical FyT failure loads obtained by Dinis et al. (2018b)
— the fu/forr averages and standard deviations are equal to 1.070/0.056 (all but R+RLC columns) and
1.059/0.064 (R+RLC columns), and lead to LRFD resistance factors visible superior to that recommended
in AISI (2016) for compression members — ¢=0.85.

* In order to make a clear distinction between the current DSM global design curve and the DSM-based strength curves
proposed in this work, concerning exclusively columns failing in Fy, T modes, Ag is replaced by Agr in the latter.
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Figure 4: Plots f/foer VS. Ay for the (a) “all but R+RLC columns” (Eq. (5)) and (b) “R+RLC columns” (Eg. (6))

Although the above DSM-based design approaches provide efficient (accurate and reliable) estimates
of the available fixed-ended column numerical FyT failure loads, and clearly outperform those
yielded by the current global design curve, they still exhibit one non-negligible drawback: distinct
strength curve sets are needed for column cross-sections with one-wall and two-wall end stiffeners.
The next section addresses the development and merit assessment of another DSM-based design approach
for F columns buckling/failing in FmT modes, which (i) shares the positive performance indicators
exhibited by the strength curves defined by Egs. (3)-(6) and (ii) is able to handle column with arbitrary
cross-sections (including those with one-wall and two-wall end stiffeners) — this is because it is founded
on a structural reasoning more closely linked to the column flexural-torsional buckling mechanics.

3. New DSM-Based Design Approach for Fixed-Ended Columns

On the basis of the observation made in the previous section and with the objective of reaching a more
inclusive and mechanically sound estimation of the column flexural-torsional ultimate strength (f.=), it
was decided to modify the strength curve sets defined by Egs. (3)-(6), valid for A=>1.5 (moderate and
high slenderness ranges) — naturally, this means that the Johnson’ parabola is still kept in the low-to-
moderate slenderness range (4=<1.5). The modification consist of considering a cross-section geometric
parameter that involves not only the major (1;) and minor (I;;) moments of inertia, but also the warping
constant I, — note that, nowadays, this constant can be easily calculated numerically, by means of
freely available codes like CuFsm (Li et al. 2014) or GBTUL (Bebiano et al. 2017). The new parameter,
termed e, is given by

I, + 1y /A
FT=— 5

(1)

where A is the gross cross-section area, included in the expression to keep its non-dimensional nature.

Following exactly the same strategy adopted previously (Dinis et al. 2018a,b), a new set of Ser-dependent
strength curves was sought to predict, as efficiently as possible, the column FyT failure loads. After
grouping all the column sets considered according to their S values, a “trial-and-error curve-fitting
procedure” was employed to reach a new expression for parameter b (8=7)— parameter ais still given
by Eg. (4) and the new flexural-torsional strength curve still coincides with Eq. (1) for columns with high
et values (i.e., a=0.877 and b=2) — as mentioned before, torsion has a minute influence on the response
of such columns. The output of the procedure just described was a b expression defined by



00687 +0.71  if Per <215
b= . (8)
2 if Ber 2215

In order to illustrate the prediction quality achieved by the new strength curve set, Figs. 5(a)-(b) plot,
against A, the fu/fy values concerning against pairs of C and R columns exhibiting similar g values
(B=1.55-2.83 and p=1.57-2.53, respectively), but different S=r ones (Brr=5.47-6.14 and [rr=6.53-11.96)
and compare them with the current DSM column global design curve and the strength curve set obtained
with Eqg. (8) (solid and dashed lines, respectively). It is clearly shown that the new DSM strength curves
follow the fu/fy trends quite well, providing rather accurate underestimations of the numerical failure loads
of columns with cross-sections exhibiting both one-wall and two-wall end stiffeners.
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Figure 5: Comparison between the current DSM design curve (f,c), the newly proposed DSM-based strength curves (f.er)
and the f/f, values concerning (a) C columns with Ser=5.47-6.14 and (b) R columns with S =6.53-11.96

The tables in Annexes A to G provide the new failure-to-predicted strength ratios f./f.= respectively for
the U, C, H, R, RLC, WSC and WFSC columns analyzed by Dinis et al. (2018b), together with relevant
quantities involved in their calculation, namely the cross-section warping constant I, and the Ser value.
In order to assess the performance and merits of the newly proposed strength curve set, Figs. 6(a)-(g) plot,
against Ag, the fu/faer values concerning the U, C, H, R, RLC, WSC and WFSC columns. Moreover,
Table 1 provides, for each column set, the failure load numbers (n) and f/f= averages, standard deviations
and maximum/minimum values — the LRFD resistance factors (¢) obtained from the failure-to-predicted
ultimate strength ratios of all the columns analyzed are also included. As for Figs. 7(a)-(b), they plot, also
against A, the failure-to-predicted fy/f.= ratios of (i) all numerical failure loads obtained by Dinis et al.
(2018b), and (ii) the six experimental failure loads reported by Bandula Heva & Mahendran (2012),
concerning lipped channel columns — these figures also include the f,/f,= means, standard deviations and
maximum/minimum values, as well as the LRFD resistance factor values they lead to. The observation of
these results prompts the following remarks:
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Figure 7: Plots f,/foer vs. Agr for the available (a) numerical and (b) experimental column failure loads

Table 1: Means, standard deviations, maximum/minimum values and LRFD resistance factors of the numerical failure-to-
predicted ultimate strength ratios provided by the newly proposed DSM-based strength curve set

U C H R RLC WSC WFSC All
columns columns columns columns columns columns columns columns

As |<£15]>15|<15(>15|<15|>15|<15(>15|<15(>15(<15|>15|<15(>15|<15(>15| All

n 29 | 61 | 128|142 | 134|136 | 96 |174| 96 | 174 | 108 | 162 | 107 | 163 | 698 1012|1710

Mean |1.065|1.078|1.058|1.054|1.074/1.113|1.036|1.064|1.024/1.049|1.054/1.063|1.046{1.069|1.051{1.068(1.061

S. Dev.|0.028|0.082|0.035|0.061|0.037|0.066|0.025|0.056|0.027|0.041]0.019|0.054(0.024/0.077|0.033|0.064|0.054

Max [1.126{1.207{1.155|1.234(1.170/1.308|1.092(1.225|1.086|1.147|1.105|1.157|1.108|1.288|1.170|1.308|1.308

Min |1.014(0.845|0.958/0.875/0.093|0.906|0.953|0.888|0.939(0.965|1.010(0.901|0.982|0.860|0.939|0.845|0.845

¢ - - - - - - - - - - - - - - 10.96|0.97|0.97




(i) This new global strength curve set leads to quite accurate numerical ultimate strength predictions in
the A=>1.5 slenderness range for all the seven column sets considered, which exhibit cross-sections
with both one-wall and two-wall end stiffeners. Indeed, the corresponding fu/f.e statistical indicators
(averages, standard deviations, maximum/minimum values) all similarly good — they read 1.078-
0.082-1.207-0.845 (U), 1.054-0.061-1.234-0.875 (C), 1.113-0.066-1.308-0.906 (H), 1.064-0.056-
1.225-0.888 (R), 1.049-0.041-1.147-0.965 (RLC), 1.063-0.054-1.157-0.901 (WSC) and 1.069-
0.077-1.288-0.860 (WFSC).

(if) The LRFD resistance factors concerning A=<1.5 and A=>1.5 are practically identical and well above
#=0.85 — value recommended for compression members by the North American Specification
(AISI 2016). Indeed, they read ¢=0.96 (n=698, P,=1.051, Vp=0.031) and #=0.97 (n=1012,
Pm=1.068, Vp=0.060), respectively.

(iii) Because only three of the C columns tested by Bandula Heva & Mahendran (2012) exhibit global
slenderness values higher than 1.5, further experimental studies involving slender column specimens
are required in order to provide adequate experimental validation for the proposed strength curves.
Nevertheless, the six-value (three below Ax=1.5 and three above 1==1.5) f/f.er statistical indicators
obtained are quite good: average, standard deviation, maximum/minimum values equal to 0.999-
0.075-1.114-0.915 — the associated LRFD resistance factor is also above 0.85.

4. Pin-Ended Column Flexural-Torsional Failure Load Data

4.1 Buckling Behavior — Column Geometry Selection

The signature curves depicted in Fig. 8(a) provide the variation of the critical buckling load P, with the
length L (in logarithmic scale) for steel (E=210GPa, v=0.3) U columns with b,~=b=100 mm, t=3mm and
four end support conditions: fixed, spherically-hinged and two cylindrically-hinged supports (axis along
the cross-section major or minor principal axes) — F, PS, PCy and PCy, columns/curves, respectively.
These curves were obtained through Generalized Beam Theory (GBT) buckling analyses, carried out with
code GBTuL (Bebiano et al. 2017) and including 9 deformation modes: 4 global (1-4) and 5 local (5-9).
As for Fig. 8(b), it shows the associated modal participation diagrams, providing the contributions of each
deformation mode (p; — modes 2-5 shown in Fig. 8(c)) to the column critical buckling modes. Finally, Fig.
8(c) displays the critical buckling mode in-plane shapes of PS columns with lengths L=200,600,1000cm.
These buckling results prompt the following remarks:

(i) Each Pg vs. L curve exhibits two distinct zones, one associated with local buckling in modes with
several half-waves (ps is dominant) and the other with single half-wave global buckling — naturally,
the length corresponding to the transition between local and global buckling depends on the column
end support conditions: Lt=320 cm (PCy and PS columns) and Ly=358 cm (F and PC,, columns).

(it) Depending on the L value, the curve (global) descending branch may be associated with two
buckling mode natures: major-axis flexural-torsional (modes 2+4) or minor-axis flexural (mode 3).

(iii) The relative participations of modes 2 and 4 in the column critical FuT buckling mode varies with
the column end supports — higher participation from mode 2 in the PC, and PS columns.

(iv) In columns with these end support conditions, the FiT buckling length range (Ler) is quite large and
the flexural-torsional (critical) and flexural buckling loads are quite far apart. The exception are the
PCr, columns, for which the FiyT buckling length range is fairly small (505> Lgr>358cm) and the
flexural-torsional and flexural buckling loads are very close — e.g., for L~ Ly the ratios between these
buckling loads read Py m/P=5.71 (PCy), 4.55 (F), 1.43 (PS) and 1.14 (PCyy).
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Figure 8: (a) f; vs. L signature curves and (b) GBT modal participation diagrams of U columns with b, =b=100mm and four
end support conditions, and (c) 4 GBT deformation mode in-plane shapes and 3 PS column critical buckling modes

4.2 Failure Load Data

The next task of this ongoing research effort is to address the DSM design of cold-formed steel pin-ended
columns buckling and failing in FyT modes — this study involves PCy, PC, and PS columns with (i) the
five cross-sections shape depicted in Fig. 9: U, C, H, RLC and R columns. The first step consists of
assessing the merits (accuracy and safety) of the current DSM global strength curve in predicting their
failure loads, which must be preceded by the acquisition of significant numerical failure load data. This is
done by means of a parametric study comprising ABAQUS non-linear elastic-plastic SFEA, adopting a
model identical to that employed to analyze the F columns (Dinis et al. 2018a,b), of pin-ended columns
with the cross-section dimensions and lengths given in Table 2, selected to ensure buckling in FyT
modes for the three end support conditions. As before, for each geometry the columns analyzed have
yield stresses fy selected to cover wide critical slenderness ranges — the values considered are 75,150,
300,450,600MPa (in order to achieve low slendemess values completion, some of these f, values are
unrealistically low) and contain critical-mode initial geometrical imperfections with amplitude L/1000.
For each pin-ended support condition, the numerical failure load data concern (i) 60 U columns, such
that 1.11>b,/bs>0.83, (ii) 100 C and H column pairs sharing the same cross-section dimensions, such that
1.09>b,/b;>0.83 and 12.00>b/b,;>5.00, (iii) 100 R and RLC column pairs also sharing the same cross-
section dimensions, such that 1.15>by/bs>1.00 and 6.50>b/b;>5.00. Therefore, a total of 460 columns
are analyzed for each pin-ended support condition. Their critical buckling stresses fe and ultimate
strengths f, are given in Annexes H to L — each includes results concerning one cross-section shape.
Figs. 10(a1)-(a2), concerning U (L4) PCy and PS columns with various yield stresses, illustrate the column
equilibrium paths that it is necessary to determine in order to obtain the numerical failure loads presented
in Annexes H to L. Moreover, Figs. 10(b;)-(b,) display the failure modes (deformed configurations at
collapse) of the columns with f/fy-=1.5 — note that the two column failure modes under consideration are
practically the same: the collapse occurs after the full yielding of the web-top flange corners at the
column central region.
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Figure 9: Pin-ended column cross-sections considered: (a) U, (b) C, (c), H, (d) R and (e) RLC

Table 2: Geometries of the PCy,, PC,, and PS columns: by, by, b, by, t, A, Iy, Iy, 1, and L values (mm, mm?, mm* and mm®)

l I lw

Column| by, | bs bs b t A by /bs | bi/b (x104) (X104) (XlOG) ﬂ,_—r

I—l Lz L3 L4

U, |00[1200] — [ — |30 | 90 | 100 | - | 1750 | 100.0 | 1790.2 | 3.74 | 3600 | 3800 | 4000 | 4200
U, |200[110] — | — | 30 | 90 | 091 | — | 1900 | 129.0 | 2326.4 | 3.35 | 4200 | 4700 | 5200 | 5700
Us |200]120] — | — | 30 | 1020 | 083 | — | 2051 | 1627 | 2957.9 | 3.04 | 4500 | 5000 | 5500 | 6000
C, |60]55]|11| — | 1.2 | 2304 | 1.09 | 500 | 157 | 101 | 91.0 | 547 | 2300 | 2500 | 3000 | 35000
C, |80 |70]|10| — | 1.0 | 240 | 114 | 7.00 | 2901 | 161 | 219.7 | 7.48 | 3000 | 3500 | 4000 | 4500
C; |100|100| 10 | — | 20 | 640 | 1.00 | 10.00 | 1248 | 833 | 1676.3 | 464 | 4000 | 4500 | 5000 | 5500
C, |1200[120] 10 | — | 20 | 720 | 083 | 12.00 | 1448 | 1312 | 26553 | 3.91 | 5000 | 5500 | 6000 | 6500
Cs |130|120] 10 | — | 25 | 975 | 1.08 | 12.00 | 3817.3 | 179.1 | 5805.8 | 510 | 5000 | 5500 | 6000 | 6500
H, |60 |55 11| — | 1.2 | 2304 | 1.09 | 500 | 174 | 101 | 514 | 3.93 | 2300 | 2500 | 3000 | 35000
H, |80 |70 10| — | 1.0 | 240 | 114 | 7.00 | 30.7 | 161 | 159.2 | 6.03 | 3000 | 3500 | 4000 | 4500
H; |200]1200| 10 | — | 20 | 640 | 1.00 | 10.00 | 1288 | 833 | 13655 | 4.11 | 4000 | 4500 | 5000 | 5500
H, |200[120] 10 | — | 20 | 720 | 083 | 12.00 | 1488 | 1312 | 2209.8 | 3.47 | 5000 | 5500 | 6000 | 6500
Hs |130|120| 10 | — | 25 | 975 | 1.08 | 12.00 | 323.8 | 179.1 | 50685 | 471 | 5000 | 5500 | 6000 | 6500

R 60 | 55 | 10 | 10 | 1.0 210 1.09 | 5.50 13.8 10.9 126.9 6.84 2000 | 25000 | 3000 | 3300

R, 100 (100 | 20 | 15 | 15 555 1.00 | 500 | 1014 91.8 | 33046 | 7.59 5000 | 5500 | 6000 | 6500

Rj 110 (100 | 20 | 15 | 1.5 570 1.10 | 500 | 1253 95.0 | 38085 | 8.35 4000 | 4500 | 5000 | 5500

R4 130 (130 | 20 | 20 | 1.5 705 1.00 | 650 | 222.7 | 194.0 | 99759 | 8.44 6000 | 6500 | 7000 | 7500

Rs 150|130 20 | 15 | 25 1200 115 | 650 | 501.2 | 3189 189926 | 6.53 5000 | 5500 | 6000 | 6500

RLC, |60 |55 |10 | 10 | 1.0 210 1.09 | 5.50 13.8 9.7 114.6 7.08 2000 | 25000 | 3000 | 3300

RLC, [100|100| 20 | 15 | 15 555 1.00 | 500 | 101.4 845 | 3094.4 | 7.80 5000 | 5500 | 6000 | 6500

RLC; [110|100| 20 | 15 | 15 570 1.10 | 500 | 1253 875 | 35525 | 855 4000 | 4500 | 5000 | 5500

RLC, [130|130| 20 | 20 | 15 705 1.00 | 650 | 222.7 | 176.8 | 9150.8 | 8.60 6000 | 6500 | 7000 | 7500

RLCs |150|130| 20 | 15 | 2.5 1200 115 | 650 | 501.2 | 3019 |[17952.8 | 6.62 5000 | 5500 | 6000 | 6500

PCy columns P/Pg PS columns
Elasti 12 |
— < f,/f,~3.0[-0.8 | 2 Elastic
e fyffesl.5 | E ff,~3.0
f, /1.0 0.4
A
D E rad)
(bl) T T T E 00 T T T T (I\ (bz)
0 0.2 0.4 0 0.2 0.4
(a1) (a2)

Figure 10: (a) Column elastic-plastic P/P, vs. v/t equilibrium paths (f,/f.-~1.0,1.5,3.0,0), and (b) failure modes and
plastic strains at collapse of the U, (L4) columns with f,/f.,~1.5 and (1) PCy or () PS support conditions

5. DSM-Based Design Approaches for Pin-Ended Columns

The failure loads just obtained are now used to assess the merits of the current DSM global strength curve
in predicting them and, if necessary, also to propose modifications/improvements to this design curve.
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5.1 Current DSM Ultimate Strength Predictions

The tables included in Annexes H to L provide the f.c estimates, corresponding numerical-to-predicted
ratios fy/f,c and global slendemess values A (=As) for the U (Tables Hi-Hs), C (Tables 11-13), H (Tables
Ji1-J3), RLC (Tables K;-K3) and R (Tables L;-L3) columns analyzed. Figs. 11(a;)-(cs) compare the DSM
global design curve with the f./fy values of each column set with PCy (Figs. 11(ay)-(as)), PCm (Figs.
11(b1)-(bs)) and PS (Figs. 11(c1)-(cs)) end support conditions. As for Figs. 12(a;)-(Cs), they plot, against A,
the fu/f.c values of the U, C, H, RLC and R columns with the three support conditions — Table 3 provides,
for each column set, the failure load numbers (n) and f,/f,c averages, standard deviations and
maximum/minimum values. The observation of all these results prompts the following remarks:

(i) The five column sets exhibit similar f,/f, “clouds” for each support condition: they are well aligned
along the DSM global strength curve, with relative small vertical dispersion. Indeed, for all columns
analyzed the f /fic statistical indicators (averages, standard deviations, maximum/minimum values)
read 1.176-0.193-1.922-0.942 (PCw), 0.908-0.073-1.091-0.808 (PCy,), 0.987-0.027-1.080-0.916 (PS).

(if) Although it may appear, at first sight, that the current DSM design curve provides fairly good
ultimate strength estimates for the whole set of columns, a more careful observation shows that this
assertion is only true for the PS columns (fu/f.c values with average equal to 1.0 and very low scatter).
On the other hand, the f,/fy values of the PC,, and PCy columns lie (ii1) a bit below the design curve
for 16>1.0, with little scatter (average and maximum/minimum values: 0.880-1.060-0.808) and (iiy)
above that curve for Ac>1.5, with visible scatter (average, standard deviation, maximum/minimum
values: 1.259-0.189-1.922-1.004) — note, however, that the latter ultimate strength underestimation is
lower than that observed for the F columns (compare Figs. 2(a)-(g) and Figs. 11(a;)-(as)).

(iii) In view of what was mentioned in the previous items, it can be concluded that the DSM design
quality of the PC, and PCy columns can be improved. The search for such improvements is
addressed in the next section of the paper. However, this can only be done after some mechanical
insight on the differences between the elastic post-buckling strengths of F, PCy, PC, and PS columns
has been acquired, which is the objective of the small numerical study presented next.

5.1.1 Elastic post-buckling strength of fixed-ended and pin-ended columns — comparative study

The columns analyzed (i) exhibit the Uy (L4) geometry shown in Table 2 and (ii) contain FuT initial
geometrical imperfections with L/1000 amplitude — note that the closeness between the major-axis
flexural-torsional and minor-axis flexural buckling loads depend on the column support conditions: the
Po.im/Per ratio is equal to 4.35 (F), 5.38 (PCwm), 1.09 (PCy,) and 1.35 (PS).

The four post-buckling equilibrium paths P/P. vs. 8 (6: mid-span web chord rigid-body rotation) and
P/Per vs. dp/t (dm: mid-web minor-axis flexural displacement) shown in Figs. 13(a)-(b) correspond to
F, PCwm, PCry and PS columns — the values inside brackets stand for the elastic limit points (Py/Pgr). As
for Fig. 14, it shows the PCy and PC, column post-buckling equilibrium paths P/P., vs. 6, already
presented in Figs. 13(a), and a few column mid-span cross-section deformed configurations at advanced
post-buckling stages. The joint observation of these post-buckling results prompts the following remarks:

() The F and PCy columns exhibit the expected stable flexural-torsional post-buckling behaviors,
with the F column post-critical strength visibly higher than its PCy, column counterpart. Moreover,
note that the PCy column equilibrium path exhibits a limit point at 6 ~0.6rad (for P/P4=1.19) — the
F column equilibrium path exhibits no equilibrium point. Moreover, note also that the PCy column
mid-span cross-section deformed configuration evolution “changes” abruptly at P,/P,~1.0, a
loading level at which a mid-web flexural displacement reversal takes place.
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Table 3: Means, standard deviations, maximum/minimum values of the numerical-to-predicted ultimate strength ratios
provided by the current DSM global design curve for PCy, PC,,, and PS columns

PCy columns PC,, columns PS columns

Ao <15 | >15 All <10 | >10 All <15 | >15 All

n 155 305 460 81 379 460 155 305 460
Mean | 1.014 | 1.259 | 1.176 | 1.035 | 0.880 | 0.908 | 0.999 | 0.981 | 0.987
S.Dev. | 0.026 | 0.189 | 0.193 | 0.026 | 0.046 | 0.073 | 0.034 | 0.021 | 0.027
Max | 1.083 | 1.922 | 1922 | 1.091 | 1.060 | 1.091 | 1.080 | 1.013 | 1.080
Min 0.942 | 1.004 | 0.942 | 0.968 | 0.808 | 0.808 | 0.933 | 0.916 | 0.916

(i) In contrast, the PCy, and PS columns have much less post-critical strength and their equilibrium
paths exhibit limit points at moderate rotations and for fairly loading levels — such limit points
occur for P,/P,=0.76 + 3,=0.14rad (PCy, column) and P,/P4=0.87 + 3,=0.20rad (PS column).

(iii) The occurrence of the limit points is due to the combined influence of two effects: (iii1) the closeness
of Pysm and P, and (iii,) the absence of reactive end moments (especially minor-axis ones). This
explains why a limit point does not occur in the F column and only occurs at fairly advanced post-
buckling stages in the PCy column — both columns exhibit high Py /Pcr values and reactive
minor-axis bending end moments.

P/P.  Ui(Ls) columns P/P Ui (Ls) columns
1.6, Pb.fm/Pcr 16,
1.2 | P48 12,
PCy — 5.38 pC
i PCn — 1.09 .
0.8 PS - 1.35 0.8f P
i | PCn
0.4 0.4
dm
- 1 G
0.0 , ‘ 0 (rad) __ 00 ‘ dm/t
(a) 0 0.2 0.4 0.6 (b) -10 -5 0 5 10

Figure 13: Elastic equilibrium paths (a) P/P. vs. 8and (b) P/P¢; vs. dp/t of Uy (L4) F, PCpp,, PCy and PS columns

P/Pe Us(Ls) columns
1.6
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i||| | — -
K 0.4 3 4
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0 0.2 0.4 0.6

Figure 14: PCy, and PC,, column elastic equilibrium paths P/P., vs. 8and cross-section deformed configuration evolution
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(iv) In order to acquire in-depth structural insight on the differences between the post-buckling behaviors
ofthe F, PCy, PCr, and PS columns, namely on the roles played by (iv;) the buckling mode nature
(relative importance of major-axis flexure and torsion) and (iv2) the minor-axis flexural displacements
(stemming from effective centroid shift effects and/or interaction with minor-axis flexural buckling),
further research is needed. The authors are currently investigating this issue by means of GBT non-
linear analyses, whose modal nature is essential to provide fresh knowledge about the above post-
buckling behavioral differences — the output of this investigation will be reported in the near future.

(v) Thedifferences in the post-buckling strength exhibited by the F, PCy, PCry and PS columns, which
are not adequately reflected in the corresponding FpmT buckling loads, provide the explanation for
the need to employ different design/strength curves for columns with distinct end support conditions.

5.2 Proposal of DSM-Based Design Approaches for Pin-Ended Columns

As shown in the previous section, the PS column FyuT failure loads are adequately (safely and accurately)
predicted by the current DSM strength curve, regardless of the slendemess range — this is not surprising if
one realizes that this strength curve was developed almost exclusively on the basis of failure loads
(experimental and numerical) conceming columns (mostly hot-rolled) with these end support conditions.

Conversely, it was also shown in the previous section that the PCy and PCy, column FpT failure loads are
only adequately estimated by the current DSM strength curve in the low-to-moderate slendemess range —
this is also true for the F columns (Dinis et al. 2018a,b). Indeed, (i) the PCy; column FyT failure loads are
underestimated for Ag(=A=)>1.5 (but by smaller amounts than the F columns) and (ii) the PCy, column
FmT failure loads are slightly overestimated for Ag(=As)>1.0. Proposals of DSM-based approaches for
the design of PCy and PC,, columns are presented in the next sections — they are aimed at improving
failure load predictions provided by the current DSM design curve.

5.2.1 PCy columns

Naturally, the first idea that sprung to mind to improve the quality of the PCy column failure load
predictions ultimate strength was to use the strength curve set developed for F columns (f.er), which
depends on a cross-section geometric parameter Sgr (See Section 3) — recall that the Johnson parabola is
kept in the low-to-moderate slenderness range (1<1.5). However, this strength curve set leads to
excessively unsafe failure load predictions — indeed, for A=>1.5 the associated fu/f.=r average, standard
deviation, maximum and minimum values read 0.839-0.099-1.038-0.639. Thus, it is necessary to develop
new flexural-torsional strength curves for PCy columns in the moderate and high slenderness ranges.

Following the same strategy already adopted for the F columns in Section 3, a new strength curve set,
also dependent on S, is sought for the PCy columns. After grouping the columns according to their Ser
values, a “trial-and-error curve-fitting procedure” leads to a new expression for parameter b (Sgr),

0.068 +1.25  if e <125
b = 1 (9)
2 if B 2125

while parameter ais still given by Eq. (4) — the new flexural-torsional strength curves still coincide with
Eq. (1) for high Ser values (i.e., a=0.877 and b=2). The tables included in Annexes H; to L; provide the
foer estimates and associated numerical-to-predicted ratios f/f,=r for the PCy columns analyzed in this
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work. In order to assess the merits of the new strength curve set, Figs. 14(a)-(e) plot f/f.=r against A for
the U, C, H, RLC, R columns, showing also the f/f= statistical indicators. It is found that:

(i) The proposed strength curve set leads to a fairly uniform failure load prediction quality along the
whole slenderness range (see Figs. 14(a)-(e)). For the various column sets, the f/f, statistical
indicators read 1.021-0.024-1.061-0.973 (U columns), 1.015-0.046-1.117-0.874 (C columns), 1.083-
0.067-1.216-0.906 (H columns), 1.028-0.027-1.100-0.949 (RLC columns), and 1.031-0.025-1.096-
0.956 (R columns).

(if) Considering now all the PCy, columns analyzed, the improvement, with respect to the predictions
provided by the current DSM design curve, is also very impressive: for As> 1.5, the statistical
indicators read 1.049-0.053-1.216-0.874 (fy/foer) vs. 1.259-0.189-1.922-1.004 (f/fnc). Moreover, the
failure load prediction quality is now the same across the whole slenderness range — the associated
LRFD resistance factors, for Ax<1.5 and 1=>1.5, are ¢=0.93 (n=155, P»,=1.014, V=0.026) and
#=0.95 (n=305, P,=1.049, Vp=0.051), respectively.
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Figure 14: PCy columns: plots f /f.er vs. Agr for the (a) U, (b) C, (c), H, (d) RLC and (e) R columns

5.2.2 PC, columns

The proposal to improve the Fy T failure load prediction quality of the PC, U, C, H, RLC and R columns
consists of a single DSM-based strength curve (fner), which only differs from the current one for A=>1.0
— recall, from Section 5.1, that all the unsafe ultimate strength predictions provided by the current DSM
design curve concem columns in this slenderness range (see Figs. 12(b1)-(bs)). It was found that perfectly
adequate F T failure load predictions are achieved by merely (i) considering Johnson parabola only up to
Ar=1.0 and (ii) lowering the Euler curve to match its end value. Therefore, the proposed strength/design
curve is defined by
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fy(o.6581w] if A <10

S with At =
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2
Apr
Figs. 15(a)-(b) illustrate the comparison between the f/f, values of C and R columns and the current
(dashed — f,,c) and proposed (solid — f,rr) DSM strength curves — similar plots can be obtained for the

remaining U, H and RLC columns. It is readily noticed that the f/f, values of the columns with A=>1.0
are much better predicted by the proposed strength curve.
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Figure 15: Comparison of the PC, (a) C and (b) R column f /f, values with the current (f,c) and proposed (f.er) strength curves

The tables included in Annexes H, to L, provide the f.= estimates, corresponding numerical-to-predicted
ratios f/f.=r for the PC,, columns analyzed. In order to assess the merits of the proposed strength curve,
Figs. 16(a)-(e) plot, against A, the f/f,=r values of the U, C, H, RLC and R columns — the figures also
show the f/frer statistical indicators. These results prompt the following remarks:
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Figure 16: PCy, columns: plots f /f.er vs. Agr for (2) U, (b) C, (c), H, (d) RLC and () R columns
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(i) The fu/f ratios provide ample evidence of the prediction quality improvement achieved with the
proposed design curve — the f/f,= averages, standard deviations and maximum/minimum values are
1.143-0.044-1.203-1.045 (U columns), 1.110-0.053-1.185-0.980 (C columns), 1.140-0.044-1.204-
1.019 (H columns), 1.105-0.053-1.185-0.980 (RLC columns), 1.105-0.054-1.162-0.968 (R columns).

(i) The improvement, with respect to the current global design curve predictions, is very significant
again for A=>1.0. The statistical indicators conceming all the columns analyzed read 1.136-0.038-
1.204-0.977 (f/frer) vs. 0.880-0.046-1.060-0.808 (fy/f.c), which means that the failure load prediction
quality is now fairly similar across the whole slenderness range — the associated LRFD resistance
factors, for A=<1.0 and 1>1.0, are ¢=0.95 (n=81, P,,=1.035, Vp=0.025) and ¢=1.04 (n=379,
Pn=1.136, Vp=0.033), respectively.

6. Summary of the Proposed DSM-Based Strength Curves

The proposed DSM-based strength approaches for the design of cold-formed steel F and PCy, columns
collapsing in Fp, T modes can be cast in a unified form, by means of the expressions

fy(o.assi%) if Ao <15

f
f= with der = [—1— ,  (11)
T, [%} if Ao >15 " foer
AT
where a=0.39x1.5° and b is given by either
0.068c +071  if fer <215
b= ’ (12)
2 it fer >21.5
or
0.06 By +1.25  if fer <125
b= ’ (13)
2 it ey >12.5

respectively for the F and PCy, columns — recall that the cross-section geometric parameter S reads

/A

FT —

, (14)
Iy

where (i) I, and I, are the major and minor moments of inertia, (ii) I, the warping constantand (iii) A
the gross cross-section area.

As for the PCp,, columns, the proposed strength/design curve is defined by

fy(o.essﬂ%) if A <1.0

T A, {0'6258] if Ao >1.0 T ferer
Aer
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Table 4 shows the values involved in the calculation of the LRFD resistance factor ¢ concerning the
proposed DSM-based global strength curves to estimate all the column failure load sets considered in this
work — a distinction is made between the slenderness ranges unaffected and affected by the strength curve
proposal (the current DSM design curve is kept in the former). The table also includes the values obtained
with the current DSM strength curve for the PS columns. It is readily observed that the proposed DSM-
based strength lead to a high-quality FuT failure load prediction along the whole slenderness ranges.
Indeed, the corresponding LRFD resistance factors are ¢=0.97 (F columns), ¢=0.95 (PCy columns),
¢#=1.02 (PCp, columns) and ¢=0.91 (PS columns), all well above the value recommended by the North
American Specification (AISI 2016) for compression members — ¢=0.85.

Table 4: Means, standard deviations, maximum/minimum values and LRFD resistance factors (¢) of the numerical-to-
predicted ultimate strength ratios for F, PCy, PC, and PS columns failing in FTy, modes

F columns PCy columns PC,, columns PS columns

Ao <15 | >15 | All | <15 |>15| All | <10 | >10 | All | <15 | >15| Al

n 698 1012 | 1710 | 155 305 460 81 379 460 155 305 460
Mean | 1.051 | 1.068 | 1.061 | 1.014 | 1.053 | 1.049 | 1.036 | 1.138 | 1.120 | 0.999 | 0.981 | 0.987
S.Dev. | 0.033 | 0.064 | 0.054 | 0.027 | 0.053 | 0.049 | 0.026 | 0.039 | 0.054 | 0.034 | 0.021 | 0.027
Max 1170 | 1.308 | 1.308 | 1.083 | 1.216 | 1.216 | 1.091 | 1.239 | 1.239 | 1.080 | 1.013 | 1.080
Min 0.939 | 0.845 | 0.845 | 0.942 | 0.874 | 0.874 | 0.968 | 0.977 | 0.968 | 0.933 | 0.916 | 0.918

o - - 0.97 - - 0.95 - - 1.02 - - 091

7. Conclusion

This work reported the results of a fairly extensive numerical investigation aimed at assessing the accuracy
of the currently codified Direct Strength Method (DSM) global strength curve in predicting the ultimate
strength of cold-formed steel columns failing in flexural-torsional modes. The first part of the paper was
devoted exclusively to fixed-ended columns (F columns) and continued recent work by the authors (Dinis
et al. 2018a,b) on improving the column flexural-torsional (FT) failure load estimation in the moderate
and high slenderness ranges (A >1.5). The aim was overcoming a non-negligible drawback of the
strength curve set proposed by Dinis et al. (2018a,b), namely the fact that distinct strength curve sets
are needed for columns with cross-sections exhibiting one-wall and two-wall end stiffeners.

The second part of the paper extended the above investigation to columns with three types of pinned end
supports, all fixed with respect to torsion and having warping prevented: end cross-sections attached to
rigid plates resting on either spherical (PS columns) or cylindrical hinges — they later may be pinned with
respect to major-axis or minor-axis bending (PCy or PCr,, columns, respectively). After briefly comparing
the structural responses of fixed-ended and pin-ended columns, a parametric study was carried out with
the objective of gathering flexural-torsional failure loads of columns (i) exhibiting different cross-section
shapes (plain channels, lipped channels, return lipped channels, hat-sections and rack-sections), (ii) various
geometries (cross-section dimensions and lengths) and (iii) covering wide slenderness ranges. These
failure load data were then used to assess the quality of their estimates provided by the current DSM
global design curve and, whenever necessary, also to propose and validate strength curves to improve
the failure load prediction quality (for columns with moderate and high slenderness).

21



Among the various findings of this investigation, the following deserve to be specially mentioned:

(i) The new strength curve set proposed for F columns, dependent on a cross-section normalized
geometric parameter Ser (involving the area, major and minor moments of inertia, and warping
constant), leads to excellent numerical failure load predictions for all the columns analyzed (with
either one-wall and two-wall end stiffeners) with 1=>1.5 — the current DSM design curve provides
adequate failure load estimation for 2=<1.5. Moreover, the available six lipped channel column
experimental failure loads are also quite well estimated by the new strength curves. Nevertheless,
further test results are needed before adequate experimental validation can be claimed.

(if) The PS column flexural-torsional failure loads are efficiently (safely and accurately) predicted by the
current DSM design curve, regardless of the slenderness range. This is not surprising, since this
strength curve was developed on the basis of experimental and numerical failure loads conceming
mostly (hot-rolled) columns with these end support conditions.

(iii) The PCy and PCy, column flexural-torsional failure loads are only adequately estimated by the
current DSM design curve in the low-to-moderate slendemess range. Indeed, the PCy column failure
loads are underestimated for A=>1.5 (but by smaller amounts than the F columns), the PC,, column
failure loads are slightly overestimated for A=>1.0.

(iv) A modification of the Ser-dependent strength curve set developed for the F columns was proposed
and shown to provide a high-quality estimation of the PCy column flexural-torsional failure loads
analyzed in this work.

(v) Asingle DSM-based strength curve was proposed to estimate the FmT failure load prediction quality
of the PC,, columns, which only differs from the current one for A=>1.0, also exhibit a very high
quality and clearly outperform those yielded by the current design curve.

(vi) Although the failure load data considered in this work was necessarily limited, the proposed DSM-
based strength curves lead to LRFD resistance factors higher than 0.90, i.e., considerably above the
value currently recommended by the North American Specification (AISI 2016) for compression
members (4:=0.85), thus providing strong encouragement to search for further validation.

It should also be pointed out that further research is needed in order to acquire in-depth structural insight
on the differences between the post-buckling mechanics of the F, PCy, PCry and PS columns, namely on
the roles played by (i) the buckling mode nature (relative importance of major-axis flexure and torsion)
and (ii) the minor-axis flexural displacements (stemming from effective centroid shift effects and/or
interaction with minor-axis flexural buckling). The authors are currently investigating this issue by means
of GBT non-linear analyses, whose modal nature is ideally suited to shed fresh light on the above post-
buckling behavioral differences — the output of this investigation will be reported in the near future.

Finally, one last word to mention that (i) additional numerical and (mostly) (ii) experimental validation is
indispensable before the above (possibly modified/improved) DSM-based columns global design curves
can be considered for codification — in particular, it is essential to assess how efficiently they predict the
experimental flexural-torsional failure loads of columns in the moderate and high slenderness range. In
addition, it is also indispensable to assess the merits of the proposed DSM-based strength curves in
prediction of flexural-torsional failure loads of columns with partially restrained end flexural rotations.
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ANNEX A: U Column Data

Table A: F columns: (i) geometries, (ii) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by current
and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column |
by | bs t |byb| A le(v)e Ber| L fy fu | T | g | fie |fulfac| D a | foer |Tu/foer
u2_L1 100 40 2 25 360 100.5 14.9 2100 75 69.6 273 052 | 66.9 1.04 160 | 0.75 | 67.0 1.04
100 40 2 25 360 100.5 14.9 2100 150 131 273 0.74 | 119.2| 110 160 | 0.75 | 119.3| 1.10
100 40 2 25 360 100.5 14.9 2100 300 213 273 105 (1894 | 112 160 | 0.75 [ 189.1| 1.13
100 40 2 25 360 100.5 14.9 2100 450 247 273 128 | 2258 1.09 160 | 0.75 | 226.7 | 1.09
100 | 40 2 25 | 360 | 100.5 | 149 | 2100 | 600 | 260 | 273 | 148 [239.2| 1.09 | 1.60 | 0.75 | 239.9| 1.08
U3_L1 100 60 2 17 440 297.7 85 3200 75 66.2 166 0.67 | 62.1 1.07 122 | 0.64 | 62.2 1.07
100 60 2 17 440 297.7 85 3200 150 114 166 095 | 1028 | 111 122 | 0.64 | 1028 | 1.11
100 60 2 17 440 297.7 85 3200 300 150 166 1.34 141 1.06 122 | 0.64 | 141.5| 1.06
100 60 2 17 440 297.7 85 3200 450 174 166 164 |1458 | 119 122 | 064 | 1574 | 1.11
100 60 2 17 440 297.7 85 3200 600 193 166 19 | 1458 | 132 122 | 0.64 | 1754 | 1.10
U4_L1 100 60 2 17 440 297.7 85 4500 75 58.5 97 0.88 | 54.3 1.08 122 | 0.64 | 54.2 1.08
100 60 2 17 440 297.7 85 4500 150 83.6 97 124 | 785 1.06 122 | 0.64 | 78.8 1.06
100 60 2 17 440 297.7 85 4500 300 106 97 176 | 85.1 1.25 122 | 0.64 | 96.3 1.10
100 60 2 17 440 297.7 85 4500 450 124 97 215 | 85.1 1.46 122 | 0.64 | 113.2| 1.10
100 60 2 17 440 297.7 85 4500 600 136 97 249 | 85.1 16 122 | 0.64 | 126.2 | 1.08
U5_L1 100 60 2 17 440 297.7 85 5500 75 51.9 73 101 | 488 1.06 122 | 0.64 | 489 1.06
100 60 2 17 440 297.7 85 5500 150 68.7 73 143 | 63.6 1.08 122 | 0.64 | 63.7 1.08
100 60 2 17 440 297.7 85 5500 300 87.7 73 202 | 64.2 1.37 122 | 0.64 | 814 1.08
100 60 2 17 440 297.7 85 5500 450 98.8 73 248 | 64.2 154 122 | 0.64 | 95.1 1.04
100 60 2 17 440 297.7 85 5500 600 104 73 286 | 64.2 1.62 122 | 0.64 | 106.6 | 0.98
U3_L2 100 60 2 17 440 297.7 85 5900 75 49.5 67 1.06 | 46.9 1.06 122 | 0.64 | 46.9 1.06
100 60 2 17 440 297.7 85 5900 150 64.4 67 15 58.7 1.10 122 | 0.64 | 585 1.10
100 60 2 17 440 297.7 85 5900 300 815 67 212 | 58.7 1.39 122 | 0.64 | 76.8 1.06
100 | 60 2 17 | 440 | 297.7 | 85 | 5900 | 450 | 89.9 | 67 | 259 | 587 | 153 | 1.22 | 0.64 | 90.2 | 1.00
100 | 60 2 17 | 440 | 297.7 | 85 | 5900 | 600 | 93 67 | 299 | 587 | 159 | 122 | 064 [101.0| 0.92
U4_L2 100 80 2 13 520 648.0 6.0 4400 75 58.7 100 0.87 | 54.8 1.07 107 | 0.60 | 54.6 1.07
100 | 80 2 13 | 520 | 648.0 | 60 | 4400 | 150 | 84.7 | 100 | 1.22 | 80.1 | 1.06 | 1.07 | 0.60 | 80.5 | 1.05
100 | 80 2 13 | 520 | 648.0 | 60 | 4400 | 300 | 109 | 100 | 1.73 | 87.8 | 1.24 | 1.07 | 0.60 | 100.4 | 1.09
100 80 2 13 520 648.0 6.0 4400 450 126 100 212 | 87.8 1.44 107 | 0.60 | 121.2 | 1.04
100 | 80 2 13 | 520 | 648.0 | 6.0 | 4400 | 600 | 140 | 100 | 245 | 87.8 | 159 | 1.07 | 0.60 | 138.4 | 1.01
U5_L2 | 100 | 80 2 13 | 520 | 6480 | 60 | 5500 | 75 | 50.1 | 70 | 1.04 | 47.8 | 1.05 | 1.07 | 0.60 | 47.7 | 1.05
100 | 80 2 13 | 520 | 648.0 | 60 | 5500 | 150 | 66.4 | 70 | 1.47 | 61 | 1.09 | 1.07 | 0.60 | 60.7 | 1.09
100 | 80 2 13 | 520 | 648.0 | 60 | 5500 | 300 | 91.4 | 70 | 207 | 612 | 1.49 | 1.07 | 0.60 | 829 | 1.10
100 | 80 2 13 | 520 | 648.0 | 60 | 5500 | 450 | 114 | 70 | 254 | 612 | 1.86 | 1.07 | 0.60 | 99.8 | 1.14
100 80 2 13 520 648.0 6.0 5500 600 130 70 293 | 61.2 212 107 | 060 | 1142 | 1.14
U3_L3 | 100 | 80 2 13 | 520 | 6480 | 60 | 6500 | 75 | 433 | 54 | 1.18 | 421 | 103 | 1.07 | 0.60 | 41.9 | 1.03
100 | 80 2 13 | 520 | 648.0 | 60 | 6500 | 150 | 56.8 | 54 | 1.66 | 47.6 | 1.19 | 1.07 | 0.60 | 525 | 1.08
100 | 80 2 13 | 520 | 648.0 | 60 | 6500 | 300 | 80.8 | 54 | 235 | 476 | 170 | 1.07 | 0.60 | 723 | 1.12
100 | 80 2 13 | 520 | 648.0 | 60 | 6500 | 450 | 98 54 | 288 | 47.6 | 206 | 1.07 | 060 | 87.3 | 1.12
100 | 80 2 13 | 520 | 648.0 | 60 | 6500 | 600 | 108 | 54 | 332 | 47.6 | 227 | 1.07 | 0.60 | 99.9 | 1.08
U4_L3 | 100 | 80 2 13 | 520 | 6480 | 60 | 7500 | 75 | 382 | 45 | 1.3 | 37 | 103 | 1.07 | 0.60 | 37.0 | 1.03
100 | 80 2 13 | 520 | 648.0 | 60 | 7500 | 150 | 50.8 | 45 | 1.84 | 39 | 1.30 | 1.07 | 0.60 | 47.0 | 1.08
100 | 80 2 13 | 520 | 648.0 | 60 | 7500 | 300 | 71.6 | 45 | 26 | 39 | 1.83 | 1.07 | 0.60 | 64.9 | 1.10
100 | 80 2 13 | 520 | 648.0 | 60 | 7500 | 450 | 835 | 45 | 318 | 39 | 214 | 1.07 | 0.60 | 785 | 1.06
100 | 80 2 13 | 520 | 648.0 | 60 | 7500 | 600 | 89.6 | 45 | 367 | 39 | 230 | 1.07 | 0.60 | 89.7 | 1.00
U5_L3 | 100 | 100 | 2 1 600 | 11918 | 47 | 5500 | 75 | 485 | 67 | 1.06 | 46.9 | 1.03 | 1.00 | 0.59 | 46.9 | 1.03
100 | 100 | 2 1 600 | 11918 | 47 | 5500 | 150 | 641 | 67 | 15 | 587 | 1.09 | 1.00 | 0.59 | 585 | 1.10
100 | 100 | 2 1 600 | 11918 | 47 | 5500 | 300 | 84.9 | 67 | 212 | 587 | 1.45 | 1.00 | 0.59 | 82.8 | 1.03
100 100 2 1 600 | 11918 47 5500 450 119 67 259 | 58.7 2.03 100 | 059 [ 1016 | 1.17
100 | 100 | 2 1 600 | 11918 | 47 | 5500 | 600 | 138 | 67 | 299 | 58.7 | 235 | 1.00 | 059 | 117.4 | 1.18
U3_L4 100 | 100 2 1 600 | 11918 | 47 | 6000 | 75 | 446 | 58 | 1.14 | 436 | 1.02 | 1.00 | 059 | 435 | 1.02
100 | 100 | 2 1 600 | 1191.8 | 47 | 6000 | 150 | 58.8 | 58 | 1.61 | 50.8 | 1.16 | 1.00 | 0.59 | 545 | 1.08
100 100 2 1 600 | 11918 47 6000 300 87.2 58 228 | 50.8 1.72 100 | 059 | 77.0 1.13
100 | 100 | 2 1 600 | 1191.8 | 47 | 6000 | 450 | 113 | 58 | 279 | 50.8 | 223 | 1.00 | 0.59 | 94.4 | 1.20
100 | 100 | 2 1 600 | 11918 | 47 | 6000 | 600 | 129 | 58 | 322 | 50.8 | 254 | 1.00 | 0.59 | 109.0 | 1.18
U4_L4 100 | 100 2 1 600 | 11918 | 47 | 6500 | 75 | 412 | 51 | 121 | 405 | 1.02 | 1.00 | 059 | 40.6 | 1.01
100 100 2 1 600 | 11918 47 6500 150 54.7 51 172 | 446 1.23 100 | 059 | 51.0 1.07
100 100 2 1 600 | 11918 47 6500 300 83.4 51 243 | 44.6 1.87 100 | 059 | 72.2 1.15
100 100 2 1 600 | 11918 47 6500 450 107 51 297 | 44.6 240 100 | 0.59 | 88.6 121
100 100 2 1 600 | 11918 47 6500 600 122 51 343 | 44.6 273 100 | 059 | 1023 | 1.19
U5_L4 100 100 2 1 600 | 11918 47 7500 75 35.8 41 136 | 34.7 1.03 100 | 059 | 34.6 1.04
100 100 2 1 600 | 11918 47 7500 150 49.4 41 192 | 357 1.38 100 | 0.59 | 457 1.08
100 100 2 1 600 | 11918 47 7500 300 76.4 41 271 | 357 214 100 | 059 | 64.8 1.18
100 100 2 1 600 | 11918 47 7500 450 95.3 41 333 | 357 2.67 100 | 059 | 79.1 121
100 100 2 1 600 | 11918 47 7500 600 107 41 384 | 357 3.00 100 | 059 | 914 1.17
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Geometry SFEA DSM Design
Column |
by | b | t |bub| A xlv(\sﬁ Per| L fy | fu |fae | A6 | fre [Tuffic| B | @ | foer [fulfuer
U3_L5 100 60 2 17 440 297.7 85 6300 75 47.2 62 11 45.1 105 | 122 | 0.64 | 45.2 1.04
100 60 2 17 440 297.7 85 6300 150 60.7 62 156 | 54.1 112 | 122 | 0.64 | 55.8 1.09
100 60 2 17 440 297.7 85 6300 300 75.6 62 221 | 54.1 14 122 | 0.64 | 73.0 1.04
100 60 2 17 440 297.7 85 6300 450 817 62 2.7 54.1 151 | 122 | 0.64 | 857 0.95
100 60 2 1.7 440 297.7 8.5 6300 600 83.5 62 312 | 54.1 154 | 122 | 0.64 | 95.9 0.87
U4_L5 | 100 | 80 2 13 | 520 | 6480 | 60 | 8500 | 75 | 343 | 38 | 141 | 328 | 105 | 1.07 | 060 | 326 | 1.05
100 | 80 2 13 | 520 | 6480 | 60 | 8500 | 150 | 46.2 | 38 | 1.99 | 332 | 139 | 1.07 | 060 | 432 | 1.07
100 | 80 2 13 | 520 | 6480 | 6.0 | 8500 | 300 | 629 | 38 | 281 | 332 | 189 | 1.07 | 060 | 59.7 | 1.05
100 | 80 2 13 | 520 | 6480 | 6.0 | 8500 | 450 | 70.6 | 38 | 345 | 332 | 212 | 1.07 | 060 | 719 | 0.98
100 | 80 2 13 | 520 | 6480 | 6.0 | 8500 | 600 | 73.8 | 38 | 398 | 332 | 222 | 1.07 | 060 | 823 | 0.90
U5 L5 | 100 | 100 | 2 1 600 | 11918 | 47 | 8500 | 75 | 319 | 34 | 149 | 29.7 | 1.07 | 1.00 | 0.59 | 29.6 | 1.08
100 100 2 1 600 | 1191.8 47 8500 150 45.9 34 2.1 29.7 154 | 1.00 | 059 | 41.8 1.10
100 100 2 1 600 | 1191.8 4.7 8500 300 69.7 34 297 | 29.7 234 | 100 | 059 | 59.1 1.18
100 100 2 1 600 | 1191.8 4.7 8500 450 84.3 34 364 | 29.7 284 | 100 [ 059 | 723 1.17
100 100 2 1 600 | 1191.8 47 8500 600 92.7 34 421 | 29.7 312 | 100 | 059 | 834 111
U4_L6 | 100 | 80 2 13 | 520 | 6480 | 60 | 9000 | 75 | 328 | 35 | 146 | 308 | 106 | 1.07 | 060 | 30.7 | 1.07
100 | 80 2 13 | 520 | 6480 | 6.0 | 9000 | 150 | 442 | 35 | 206 | 31 | 143 | 1.07 | 060 | 416 | 1.06
100 | 80 2 13 | 520 | 6480 | 60 | 9000 | 300 | 589 | 35 | 292 | 31 | 190 | 1.07 | 060 | 57.3 | 1.03
100 | 80 2 13 | 520 | 6480 | 6.0 | 9000 | 450 | 649 | 35 | 357 | 31 | 210 | 1.07 | 060 | 69.3 | 0.94
100 | 80 2 13 | 520 | 6480 | 6.0 | 9000 | 600 | 67 35 | 412 | 31 | 216 | 1.07 | 060 | 79.3 | 0.85
U5_L6 100 100 2 1 600 | 1191.8 4.7 9500 75 29.2 29 161 | 255 114 | 100 | 059 | 27.3 1.07
100 100 2 1 600 | 1191.8 4.7 9500 150 43 29 227 | 255 168 | 1.00 | 0.59 | 38.7 111
100 100 2 1 600 | 1191.8 4.7 9500 300 63.2 29 321 | 255 248 | 100 | 059 | 54.7 1.16
100 100 2 1 600 | 1191.8 4.7 9500 450 74.3 29 393 | 255 291 | 100 | 059 | 67.0 111
100 | 100 | 2 1 600 | 11918 | 47 | 9500 | 600 | 80 29 | 454 | 255 | 313 | 1.00 | 059 | 77.3 | 1.03
Mean 1.601 Mean 1.074
Sd. Dev. | 0.582 Sd. Dev. | 0.069
Max 3130 Max 1.207
Min 1.020 Min 0.845
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ANNEX B: C Column Data

Table B: F columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by current
and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column |
bu [ by | bs | t [bub| A | WS | Lo fy | | fue | Ao | o [fulfac| b | @ | fuer [fffier
Cl.L1 60 55 11 12 11 230.4( 910 5.47 1700 75 69 263 | 0.53 | 66.6 104 | 1.04 | 0.59 | 66.7 1.03
60 55 11 12 11 230.4( 910 5.47 1700 150 128 263 | 0.76 | 1181 | 1.08 | 1.04|0.59 |117.8 | 1.09
60 55 11 12 11 230.4( 910 5.47 1700 300 193 263 | 1.07 | 186.1 | 1.04 |1.04 | 059 | 1858 | 1.04
60 55 11 12 11 230.4( 910 5.47 1700 450 217 263 | 1.31 | 2199 | 099 |1.04 | 059 |219.4| 0.99
60 55 11 12 11 230.4( 910 5.47 1700 600 238 263 | 151 | 230.7 | 103 [1.04|059 |2324| 1.02
Cc2_L1 100 | 60 10 2 17 480.0 | 4825 | 7.72 2300 75 70 333 | 047 | 68.3 103 | 117 | 0.63 | 68.4 1.02
100 | 60 10 2 17 480.0 | 4825 | 7.72 2300 150 135 333 | 067 | 1242 | 109 |1.17 | 0.63 | 1243 | 1.09
100 | 60 10 2 17 480.0 | 4825 | 7.72 2300 300 228 333 | 095 | 2058 | 111 |1.17|0.63|205.6| 1.11
100 | 60 10 2 17 480.0 | 4825 | 7.72 2300 450 268 333 | 1.16 | 255.6 | 1.05 | 1.17 | 0.63 | 256.2 | 1.05
100 | 60 10 2 17 480.0 | 4825 | 7.72 2300 600 282 333 | 1.34 | 2822 | 100 |1.17 | 0.63 | 283.0| 1.00
C311 [120[ 80 [ 15 | 3 | 30 [930.0| 2618.7 | 6.14 | 2500 | 75 | 71 | 435 | 0.42 | 69.8 | 1.02 | 1.08 | 0.60 | 69.7 | 1.02
120 | 80 | 15 | 3 | 30 |930.0| 2618.7 | 6.14 | 2500 | 150 | 139 | 435 | 0.59 |129.8 | 1.07 |1.08 | 0.60 | 129.7 | 1.07
120 | 80 | 15 | 3 | 30 |[930.0| 2618.7 | 6.14 | 2500 | 300 | 255 | 435 | 0.83 |224.8| 113 |1.08 | 0.60 | 224.9 | 113
120 | 80 15 3 3.0 930.0 | 2618.7 | 6.14 2500 450 321 435 | 1.02 | 2919 | 1.10 [1.08|0.60 |291.1| 1.10
120 | 80 | 15 | 3 | 30 |930.0| 2618.7 | 6.14 | 2500 | 600 | 354 | 435 | 1.17 |336.8 | 1.05 |1.08 | 0.60 | 338.3| 105
Call 140 70 [ 20 | 3 | 30 [900.0| 21677 | 927 | 2900 | 75 | 71 | 369 | 0.45 | 68.9 | 1.03 | 127 [0.65 | 68.9 | 1.03
140 | 70 10 3 3.0 900.0 | 2167.7 | 9.27 2900 150 137 369 | 0.64 | 1265 | 1.08 |1.27 | 0.65 | 126.4| 1.08
140 | 70 10 3 3.0 900.0 | 2167.7 | 9.27 2900 300 243 369 | 090 | 2135 | 114 [1.27|0.65|213.7| 114
140 | 70 10 3 3.0 900.0 | 2167.7 | 9.27 2900 450 295 369 | 1.10 | 270.1| 109 |[1.27|0.65|271.2| 1.09
140 | 70 | 10 | 3 | 30 [900.0| 2167.7 | 927 | 2900 | 600 | 316 | 369 | 1.28 | 303.8 | 1.04 |1.27 | 0.65|302.2| 105
Cc5 L1 [150 [ 100 [ 10 | 4 | 15 [1480.0{ 8048.8 | 600 | 3600 | 75 | 70 | 316 | 0.49 | 67.9 | 1.04 | 1.07 [0.60 | 67.8 | 1.03
150 | 100 | 10 | 4 | 15 |[1480.0| 8048.8 | 6.00 | 3600 | 150 | 135 | 316 | 0.69 | 123.0| 110 |1.07 | 0.60 | 1229 | 1.10
150 | 100 | 10 | 4 | 15 |[1480.0| 8048.8 | 6.00 | 3600 | 300 | 230 | 316 | 0.97 |201.6| 114 |1.07 | 0.60 |202.3| 1.14
150 | 100 | 10 | 4 | 15 |[1480.0| 8048.8 | 6.00 | 3600 | 450 | 267 | 316 | 1.19 |247.9| 108 |1.07 | 0.60 | 248.8 | 1.07
150 | 100 | 10 | 4 | 15 |[1480.0| 8048.8 | 6.00 | 3600 | 600 | 280 | 316 | 1.38 | 271.0| 1.03 | 1.07 | 0.60 | 270.4 | 1.04
C6_L1 80 65 15 12 1.2 288.0 | 2958 | 7.54 2600 75 67 205 | 0.60 | 64.4 1.04 | 1.16 | 0.62 | 64.5 1.04
80 65 15 12 1.2 288.0 | 2958 | 7.54 2600 150 118 205 | 0.86 | 1104 | 107 |1.16 | 0.62 | 110.1 | 1.07
80 65 15 12 1.2 288.0 | 2958 | 7.54 2600 300 163 205 | 1.21 | 162.6 | 1.00 |1.16 | 0.62 | 162.5| 1.00
80 65 15 12 1.2 288.0 | 2958 | 7.54 2600 450 173 205 | 148 | 1796 | 096 | 1.16 | 0.62 | 179.9 | 0.96
80 65 15 12 1.2 288.0 | 2958 | 7.54 2600 600 185 205 | 1.71 | 179.8 | 1.03 | 1.16 | 0.62 | 200.9 | 0.92
C7L1 |95 [ 50 [ 10 | 18| 19 [387.0| 2535 [ 913 | 2100 | 75 | 70 | 349 | 0.46 | 685 | 1.03 | 126 | 0.65 | 68.6 | 1.02
95 | 50 | 10 | 1.8 | 1.9 |387.0| 2535 | 9.3 | 2100 | 150 | 136 | 349 | 0.66 | 1253 | 109 | 1.26 | 0.65 | 125.0 | 1.09
95 | 50 | 10 | 1.8 | 1.9 |387.0| 2535 | 9.13 | 2100 | 300 | 234 | 349 | 093 | 2093 | 112 |1.26 | 0.65|208.9 | 1.12
95 50 10 18 1.9 387.0| 2535 | 9.13 2100 450 280 349 | 114 | 2623 | 107 [1.26|0.65|261.2| 1.07
95 50 10 18 1.9 387.0| 2535 | 9.13 2100 600 297 349 | 131 | 2922 | 102 [1.26|0.65|292.6| 1.02
C8 L1 75 60 10 1 13 215.0 | 1333 | 7.76 2600 75 64 161 | 0.68 | 61.7 104 | 118 | 0.63 | 61.8 1.04
75 60 10 1 13 215.0 | 1333 | 7.76 2600 150 103 161 | 0.97 | 1016 | 1.01 | 118 | 0.63 | 101.2 | 1.02
75 | 60 | 10 | 1 | 13 |2150| 1333 | 7.76 | 2600 | 300 | 131 | 161 | 1.37 |1375| 095 | 1.18 | 0.63 | 136.8 | 0.96
75 60 10 1 13 215.0 | 1333 | 7.76 2600 450 145 161 | 1.67 | 1412 | 1.03 | 118 [ 0.63 | 154.7| 0.94
75 60 10 1 1.3 215.0 | 1333 | 7.76 2600 600 153 161 | 193 | 1412 | 1.08 |1.18 | 0.63 | 1740 | 0.88
CoLl | 80 | 45 | 11 | 16 1.8 [307.2| 132.0 | 831 | 1700 | 75 71 411 | 043 | 69.5 | 1.02 [ 1.21 | 0.64 | 69.4 | 1.02
80 45 11 16 1.8 307.2 | 1320 | 831 1700 150 138 411 | 0.60 | 128.8 | 1.07 |1.21|0.64 | 129.0 | 1.07
80 45 11 16 1.8 307.2 | 1320 | 831 1700 300 249 411 | 085 | 221.0 | 113 [1.21|0.64|221.7| 112
80 45 11 16 18 307.2 | 1320 | 831 1700 450 310 411 | 1.05 | 2846 | 1.09 [1.21|0.64 |283.7| 1.09
80 45 11 1.6 1.8 307.2 | 1320 | 831 1700 600 338 411 | 121 | 3257 | 104 (121|064 |3251| 1.04
Cl.L2 60 55 11 12 11 230.4( 910 5.47 2380 75 63 146 | 0.72 | 60.5 104 | 1.04 | 059 | 60.4 1.04
60 55 11 12 11 230.4( 910 5.47 2380 150 103 146 | 1.01 | 97.6 106 | 1.04 | 059 | 97.9 1.05
60 55 11 12 11 230.4| 91.0 5.47 2380 300 133 146 | 143 [ 1269 | 1.05 | 1.04 [ 0.59 | 127.5| 1.04
60 55 11 12 11 230.4( 910 5.47 2380 450 153 146 | 1.76 | 128.0 | 119 | 1.04 | 0.59 | 148.7| 1.03
60 55 11 12 1.1 230.4 | 91.0 5.47 2380 600 176 146 | 2.03 | 128.0 | 1.37 |1.04|059|170.9 | 1.03
C2_L2 100 | 60 10 2 17 480.0 | 4825 | 7.72 3220 75 66 184 | 0.64 | 63.2 1.05 | 1.17 | 0.63 | 63.2 1.04
100 | 60 10 2 17 480.0 | 4825 | 7.72 3220 150 117 184 | 0.90 | 106.6 | 1.10 | 1.17 | 0.63 | 106.9 | 1.09
100 | 60 10 2 17 480.0 | 4825 | 7.72 3220 300 162 184 | 1.28 | 1516 | 1.07 | 117 | 0.63 |151.1| 1.07
100 | 60 10 2 17 480.0 | 4825 | 7.72 3220 450 180 184 | 156 | 1614 | 112 | 117 | 0.63 |167.6| 107
100 | 60 10 2 1.7 480.0 | 4825 | 7.72 3220 600 197 184 | 1.81 | 1614 | 122 | 117 |0.63 |187.7| 1.05
C312 [120[ 80 [ 15 | 3 | 30 [930.0| 2618.7 | 6.14 | 3500 | 75 | 69 | 242 | 056 | 65.9 | 1.04 | 1.08 | 0.60 | 65.8 | 1.05
120 | 80 15 3 3.0 930.0 | 2618.7 | 6.14 3500 150 127 242 | 0.79 | 1157 | 1.10 |1.08 | 0.60 | 115.5| 1.10
120 | 80 15 3 3.0 930.0 | 2618.7 | 6.14 3500 300 196 242 | 111 | 1784 | 110 |1.08 |0.60 | 179.1| 1.09
120 | 80 | 15 | 3 | 30 |930.0| 2618.7 | 6.14 | 3500 | 450 | 222 | 242 | 1.36 |206.4 | 1.08 |1.08 | 0.60 | 207.5| 1.07
120 | 80 15 3 3.0 930.0 | 2618.7 | 6.14 3500 600 238 242 | 158 | 2119 | 112 [1.08 | 0.60 | 221.2 | 1.08
C4l2 |1240 | 70 | 10 3 3.0 [900.0]| 2167.7 | 9.27 | 4060 | 75 68 206 | 060 | 64.4 | 105 [1.27 | 065 | 645 | 1.05
140 | 70 | 10 3 3.0 |900.0| 2167.7 | 9.27 | 4060 | 150 | 122 | 206 | 0.85 | 110.6 | 1.10 | 1.27 | 0.65 | 110.9 | 1.10
140 | 70 | 10 3 3.0 |900.0| 2167.7 | 9.27 | 4060 | 300 | 177 | 206 | 1.21 |163.1| 1.09 |1.27 | 0.65 | 162.5 | 1.09
140 | 70 | 10 3 3.0 |900.0| 2167.7 | 9.27 | 4060 | 450 | 198 | 206 | 1.48 |180.4| 1.10 | 1.27 | 0.65 |179.9 | 1.10
140 | 70 | 10 3 3.0 |900.0| 2167.7 | 9.27 | 4060 | 600 | 214 | 206 | 1.71 |180.7 | 1.18 | 1.27 | 0.65 | 198.2 | 1.08
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Geometry SFEA DSM Design
Column |
bu | br [ bs | t{bwb| A | Mo B | Loy | f | fus| Ao | fie [fulfas| B | @ | fuer |flfier
C512 [150 [100 [ 10 | 4 | 15 [1480.0| 8048.8 | 600 | 5040 | 75 | 67 | 179 | 0.65 | 63.0 | 1.06 | 1.07 | 0.60 | 62.8 | 1.07
150 | 100 | 10 4 15 |1480.0| 8048.8 | 6.00 5040 150 117 179 | 091 | 105.7 | 111 | 1.07 | 0.60 | 106.1 | 1.10
150 [ 100 | 10 | 4 | 15 |[1480.0| 8048.8 | 6.00 | 5040 | 300 | 161 | 179 | 1.29 | 149.0 | 1.08 |1.07 | 0.60 | 149.5 | 1.08
150 | 100 | 10 | 4 | 15 |[1480.0| 8048.8 | 6.00 | 5040 | 450 | 181 | 179 | 1.58 |157.3| 115 |1.07 | 0.60 | 166.0 | 1.09
150 | 100 | 10 | 4 | 15 |[1480.0| 8048.8 | 6.00 | 5040 | 600 | 201 | 179 | 1.83 | 157.3 | 128 | 1.07 | 0.60 | 189.2 | 1.06
C6_L2 80 65 15 12 1.2 288.0 | 2958 | 7.54 3640 75 59 111 | 0.82 | 56.5 103 | 1.16 | 0.62 | 56.6 1.04
80 65 15 12 1.2 288.0 | 2958 | 7.54 3640 150 88 111 | 1.16 | 85.2 103 | 1.16 | 0.62 | 85.4 1.03
80 65 15 12 1.2 288.0 | 2958 | 7.54 3640 300 110 111 | 1.64 | 97.3 113 | 1.16 | 0.62 | 105.5| 1.04
80 65 15 12 1.2 288.0 | 2958 | 7.54 3640 450 128 111 | 2.01 | 97.3 131 | 116 | 0.62 | 1249 | 1.02
80 65 15 12 1.2 288.0 | 2958 | 7.54 3640 600 138 111 | 2.32 | 97.3 142 | 116 | 0.62 | 140.9 | 0.98
C712 |95 [ 50 [ 10 | 18| 19 [387.0| 2535 | 913 | 2940 | 75 | 67 | 191 | 0.63 | 63.6 | 1.05 | 1.26 | 0.65 | 635 | 1.05
95 | 50 | 10 | 1.8 | 1.9 |387.0| 2535 | 913 | 2940 | 150 | 118 | 191 | 0.89 | 108.0 | 109 |1.26 | 0.65|107.7| 1.10
95 | 50 | 10 | 1.8 | 1.9 |387.0| 2535 | 9.3 | 2940 | 300 | 166 | 191 | 1.25 | 1556 | 107 | 1.26 | 0.65 | 156.0 | 1.06
95 50 10 18 1.9 387.0| 2535 | 9.13 2940 450 185 191 | 1.53 | 167.7 | 110 |1.26 [ 0.65|171.2| 1.08
95 50 10 18 1.9 387.0| 2535 | 9.13 2940 600 200 191 | 1.77 |167.7 | 119 | 1.26 | 0.65 | 190.0 | 1.05
C8 L2 75 60 10 1 13 215.0 | 1333 | 7.76 3640 75 54 87 093 | 524 103 | 1.18 | 0.63 | 52.2 1.03
75 60 10 1 13 215.0 | 1333 | 7.76 3640 150 75 87 131 | 731 102 | 118 [ 0.63 | 73.1 1.03
75 60 10 1 13 215.0 | 1333 | 7.76 3640 300 97 87 185 | 76.6 126 |1.18 | 0.63 | 91.4 1.06
75 60 10 1 13 215.0 | 1333 | 7.76 3640 450 110 87 2.27 | 76.6 144 | 118 | 0.63 | 107.8 | 1.02
75 60 10 1 13 215.0| 1333 | 7.76 3640 600 120 87 2.62 | 76.6 157 | 118 | 0.63 | 121.5| 0.99
Co L2 80 45 11 16 1.8 307.2 | 1320 | 831 2380 75 68 224 | 0.58 | 65.2 104 | 121 | 0.64 | 65.1 1.04
80 45 11 16 1.8 307.2 | 1320 | 831 2380 150 124 224 | 082 | 1133 | 109 [121|0.64|113.2| 110
80 45 11 16 1.8 307.2 | 1320 | 831 2380 300 185 224 | 116 | 1712 | 108 [1.21|0.64 |170.8 | 1.08
80 45 11 16 18 307.2 | 1320 | 831 2380 450 207 224 | 142 | 1940 | 107 [121|0.64 |193.5| 1.07
80 45 11 1.6 1.8 307.2 | 1320 | 831 2380 600 221 224 | 164 |196.4| 113 [1.21|0.64|210.1| 1.05
CL13 [60 [ 56 [ 11 | 12 | 11 [2304| 910 [ 547 | 3060 | 75 | 55 | 92 | 0.90 | 53.4 | 1.03 | 104 | 059 | 53.4 | 1.03
60 55 11 12 11 230.4( 910 5.47 3060 150 78 92 1.27 | 76.0 1.03 | 1.04 | 0.59 | 76.4 1.02
60 | 55 | 11 | 1.2 | 1.1 |230.4| 910 | 547 | 3060 | 300 | 100 | 92 | 1.80 | 810 | 123 |1.04 | 059 | 96.8 | 1.03
60 55 11 12 11 230.4( 910 5.47 3060 450 124 92 221 | 81.0 153 | 1.04 [ 059 | 117.4| 1.06
60 55 11 12 11 230.4| 91.0 5.47 3060 600 145 92 2.55 | 81.0 179 | 1.04 | 059 | 1349 | 1.07
C2_L3 100 | 60 10 2 17 480.0 | 4825 | 7.72 4140 75 61 119 | 0.79 | 57.6 106 | 117 | 0.63 | 57.8 1.06
100 | 60 10 2 17 480.0 | 4825 | 7.72 4140 150 94 119 | 1.12 | 885 1.06 | 1.17 | 0.63 | 88.7 1.06
100 | 60 10 2 17 480.0 | 4825 | 7.72 4140 300 119 119 | 159 | 1044 | 114 | 117 | 0.63 | 109.3| 1.09
100 | 60 10 2 17 480.0 | 4825 | 7.72 4140 450 138 119 | 1.94 | 1044 | 132 | 117 [ 0.63 |129.8| 1.06
100 | 60 10 2 1.7 480.0 | 4825 | 7.72 4140 600 155 119 | 225 | 1044 | 149 | 117 | 0.63 | 1454 | 1.07
C313 (120 80 [ 15 | 3 | 30 [930.0| 2618.7 | 6.14 | 4500 | 75 | 65 | 157 | 0.69 | 61.4 | 1.06 | 1.08 | 0.60 | 61.4 | 1.06
120 | 80 | 15 | 3 | 30 |[930.0| 2618.7 | 6.14 | 4500 | 150 | 110 | 157 | 0.98 | 1005 | 1.09 |1.08 | 0.60 | 100.3 | 1.10
120 | 80 | 15 | 3 | 30 |[930.0| 2618.7 | 6.14 | 4500 | 300 | 145 | 157 | 1.38 | 1348 | 1.08 |1.08 | 0.60 | 135.2 | 1.07
120 | 80 | 15 | 3 | 30 |930.0| 2618.7 | 6.14 | 4500 | 450 | 164 | 157 | 1.69 |137.6| 119 |1.08 | 0.60 | 154.3 | 1.06
120 | 80 | 15 | 3 | 30 |930.0| 2618.7 | 6.14 | 4500 | 600 | 183 | 157 | 1.96 | 137.6| 1.33 | 1.08 | 0.60 | 175.4 | 1.04
C4 L3 140 | 70 10 3 3.0 900.0 | 2167.7 | 9.27 5220 75 64 138 | 0.74 | 59.7 1.07 | 1.27 | 0.65 | 59.6 1.07
140 | 70 10 3 3.0 900.0 | 2167.7 | 9.27 5220 150 103 138 | 1.04 | 95.0 108 | 1.27 | 0.65| 95.4 1.08
140 | 70 10 3 3.0 900.0 | 2167.7 | 9.27 5220 300 132 138 | 1.48 | 1204 | 110 | 127 [ 0.65|119.9| 110
140 | 70 10 3 3.0 900.0 | 2167.7 | 9.27 5220 450 150 138 | 1.81 | 1206 | 1.24 | 1.27 | 0.65 | 138.4| 1.08
140 | 70 10 3 3.0 900.0 | 2167.7 | 9.27 5220 600 164 138 | 2.09 | 1206 | 1.36 | 1.27 | 0.65 | 153.8 | 1.07
C513 [150 [100 [ 10 | 4 | 15 [1480.0{ 80488 | 6.00 | 6480 | 75 | 62 | 121 | 0.79 | 57.9 | 1.08 | 1.07 | 0.60 | 57.8 | 1.07
150 [ 100 | 10 | 4 | 15 |[1480.0| 8048.8 | 6.00 | 6480 | 150 | 94 | 121 | 1.11 | 89.4 | 106 |1.07 | 0.60 | 89.6 | 1.05
150 | 100 | 10 4 1.5 |1480.0| 8048.8 | 6.00 6480 300 122 121 | 157 | 1065 | 115 |1.07 [ 0.60 | 111.4| 1.09
150 [ 100 | 10 | 4 | 15 |[1480.0| 8048.8 | 6.00 | 6480 | 450 | 143 | 121 | 1.93 | 1065 | 134 |1.07 | 0.60 | 134.0 | 1.07
150 | 100 | 10 | 4 | 15 |[1480.0| 8048.8 | 6.00 | 6480 | 600 | 162 | 121 | 2.22 | 1065 | 152 | 1.07 | 0.60 | 153.8 | 1.05
C6_L3 80 65 15 12 1.2 288.0 | 2958 | 7.54 4680 75 48 70 1.04 | 479 101 | 1.16 | 0.62 | 47.7 1.01
80 65 15 12 1.2 288.0 | 2958 | 7.54 4680 150 64 70 146 | 61.1 105 | 1.16 | 0.62 | 61.5 1.04
80 | 65 | 15 | 1.2 | 1.2 |288.0| 2958 | 7.54 | 4680 | 300 | 8 | 70 | 207 | 613 | 139 |1.16 |0.62 | 80.5 | 1.07
80 65 15 12 1.2 288.0 | 2958 | 7.54 4680 450 101 70 254 | 61.3 165 | 1.16 | 0.62 | 95.1 1.06
80 65 15 12 1.2 288.0 | 2958 | 7.54 4680 600 111 70 293 | 61.3 181 | 116 | 0.62 | 107.4| 1.03
C713 [ 95 [ 50 [ 10 | 18| 19 [387.0| 2535 [ 913 | 3780 | 75 | 62 | 125 | 0.78 | 58.3 | 1.06 | 126 | 0.65 | 58.1 | 1.07
95 | 50 | 10 | 1.8 | 1.9 |387.0| 2535 | 913 | 3780 | 150 | 96 | 125 | 1.10 | 90.6 | 106 |1.26 | 0.65| 90.4 | 1.06
95 50 10 18 1.9 387.0| 2535 | 9.13 3780 300 122 125 | 155 [ 109.2 | 112 |1.26 | 0.65 | 112.3| 1.09
95 50 10 18 1.9 387.0| 2535 | 9.13 3780 450 139 125 | 1.90 | 109.2 | 1.27 | 1.26 | 0.65 | 130.4 | 1.07
95 | 50 | 10 | 1.8 | 1.9 |387.0| 2535 | 9.13 | 3780 | 600 | 153 | 125 | 2.20 | 109.2 | 140 | 1.26 | 0.65 | 1445 | 1.06
C8 L3 75 60 10 1 13 215.0 | 1333 | 7.76 4680 75 42 55 1.16 | 42.5 099 |1.18|0.63 | 42.7 0.98
75 | 60 | 10 | 1 | 1.3 |2150| 1333 | 7.76 | 4680 | 150 | 56 | 55 | 1.65 | 485 | 115 |1.18|0.63| 52.3 | 1.07
75 | 60 | 10 | 1 | 13 |2150| 1333 | 7.76 | 4680 | 300 | 78 | 55 | 233 | 485 | 161 | 118|063 | 69.7 | 1.12
75 | 60 | 10 | 1 | 13 |2150| 1333 | 7.76 | 4680 | 450 | 90 | 55 | 2.85 | 485 | 185 |1.18|0.63| 825 | 1.09
75 | 60 | 10 | 1 | 13 |2150| 1333 | 7.76 | 4680 | 600 | 98 | 55 | 329 | 485 | 202 | 118|063 | 92.9 | 1.05
Co L3 80 45 11 16 1.8 307.2 | 1320 | 831 3060 75 64 144 | 0.72 | 60.3 105 | 1.21 | 0.64 | 60.4 1.06
80 45 11 16 1.8 307.2 | 1320 | 831 3060 150 104 144 | 1.02 | 97.0 1.07 | 121 | 0.64 | 97.0 1.07
80 45 11 16 1.8 307.2 | 1320 | 831 3060 300 135 144 | 144 | 1254 | 1.08 | 121|064 |1259| 107
80 45 11 16 1.8 307.2 | 1320 | 831 3060 450 152 144 | 1.77 | 1263 | 120 | 1.21 | 0.64 | 143.7| 1.06
80 45 11 16 1.8 307.2 | 1320 | 831 3060 600 167 144 | 204 [ 1263 | 132 | 121 | 0.64 | 161.4| 1.03
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Geometry SFEA DSM Design
Column |
bw bf bs t b\/\/bt A le(v)e ﬁl—‘r L fy 1:u 1:ch )LG 1:nG fulfnG b a anT fu/anT
Cl L4 60 55 11 12 11 230.4 91.0 5.47 3740 75 a7 65 108 | 46.2 1.01 | 1.04 | 059 | 46.0 1.02
60 55 11 12 11 230.4 91.0 5.47 3740 150 62 65 152 | 56.8 1.08 | 1.04 | 059 | 57.7 1.07
60 55 11 12 11 230.4 91.0 5.47 3740 300 85 65 215 | 56.8 149 | 104|059 | 80.5 1.06
60 55 11 12 11 230.4 91.0 5.47 3740 450 107 65 264 | 56.8 188 | 1.04 | 059 | 97.6 110
60 55 11 12 11 230.4 91.0 5.47 3740 600 125 65 3.04 | 56.8 220 |1.04 059 |1124| 111
C2_L4 100 60 10 2 17 480.0 482.5 7.72 5060 75 55 87 093 | 52.3 105 | 1.17 | 063 | 52.2 1.05
100 60 10 2 17 480.0 482.5 7.72 5060 150 76 87 131 | 729 104 | 117|063 | 73.1 1.04
100 60 10 2 17 480.0 482.5 7.72 5060 300 97 87 186 | 76.3 127 | 117 | 063 | 90.9 1.07
100 60 10 2 17 480.0 482.5 7.72 5060 450 114 87 227 | 76.3 149 | 117|063 |107.9| 1.06
100 60 10 2 17 480.0 482.5 7.72 5060 600 127 87 263 | 76.3 166 | 117 | 063 |121.1| 1.05
C314 [120| 80 | 15| 3 30 [930.0| 26187 | 6.14 | 5500 | 75 | 61 | 113 | 081 | 56.9 | 1.06 | 1.08 | 0.60 | 57.0 | 1.07
120 80 | 15 | 3 30 |930.0| 26187 | 6.14 | 5500 | 150 | 91 | 113 | 115 | 86.2 | 1.06 |1.08 | 0.60 | 86.2 | 1.06
120 8 | 15 | 3 30 |930.0| 26187 | 6.14 | 5500 | 300 | 115 | 113 | 163 | 99.4 | 1.16 |1.08 | 0.60 | 107.0 | 1.08
120 80 | 15 | 3 30 |930.0| 26187 | 6.14 | 5500 | 450 | 134 | 113 | 199 | 99.4 | 1.35 |1.08 | 0.60 | 129.4 | 1.04
120 | 80 | 15 | 3 30 |930.0| 2618.7 | 6.14 | 5500 | 600 | 153 | 113 | 230 | 99.4 | 154 |1.08 | 0.60 | 147.6 | 1.04
C4als [140| 70 [ 10| 3 30 [900.0| 21677 | 927 | 6380 | 75 | 59 | 103 | 085 | 55.2 | 1.07 | 127|065 | 55.4 | 1.06
140 | 70 | 10 | 3 30 |900.0| 2167.7 | 927 | 6380 | 150 | 8 | 103 | 121 | 81.3 | 106 |1.27 | 065 | 81.3 | 1.06
140 70 10 3 30 900.0 | 2167.7 9.27 6380 300 107 103 171 | 90.0 119 | 127 | 065 | 99.1 1.08
140 70 10 3 30 900.0 | 2167.7 9.27 6380 450 121 103 209 | 90.0 134 | 127|065 | 115.3| 1.05
140 70 10 3 30 900.0 | 2167.7 9.27 6380 600 129 103 242 | 90.0 143 | 127 | 065 | 127.7 | 101
C514 [150 [ 100 | 10 | 4 15 [1480.0 80488 | 6.00 | 7920 | 75 | 57 92 [ 090 [ 532 | 1.07 [1.07] 060 53.4 | 107
150 | 100 | 10 | 4 15 [1480.0| 8048.8 | 6.00 | 7920 | 150 | 80 92 | 128 | 756 | 1.06 |1.07 | 060 | 756 | 1.06
150 | 100 | 10 | 4 15 [1480.0| 8048.8 | 6.00 | 7920 | 300 | 101 | 92 | 1.81 | 80.3 | 126 |1.07 | 060 | 95.7 | 1.06
150 | 100 10 4 15 |[1480.0| 8048.8 6.00 7920 450 120 92 222 | 80.3 149 | 1.07 | 060 | 115.4| 1.04
150 | 100 | 10 | 4 15 [1480.0| 8048.8 | 6.00 | 7920 | 600 | 134 | 92 | 256 | 80.3 | 1.67 |1.07 | 060 | 132.1| 1.01
C6_L4 80 65 15 12 12 288.0 295.8 7.54 5720 75 39 49 124 | 394 099 (116|062 | 39.4 0.99
80 65 15 12 1.2 288.0 295.8 7.54 5720 150 51 49 176 | 42.7 120 | 1.16 | 0.62 | 48.6 1.05
80 65 15 12 1.2 288.0 295.8 7.54 5720 300 73 49 248 | 42.7 171 | 116 | 062 | 65.2 112
80 65 15 12 1.2 288.0 295.8 7.54 5720 450 87 49 3.04 | 42.7 204 (116|062 | 77.2 113
80 65 15 12 1.2 288.0 295.8 7.54 5720 600 93 49 351 | 42.7 217 (116 | 062 | 87.1 1.07
C7 L4 [ 95 | 50 | 10 | 1.8 19 [387.0] 2535 [ 913 | 4620 | 75 | 56 91 [ 091 530 | 1.05 [1.26 065 53.0 | 1.06
95 50 10 18 1.9 387.0 2535 9.13 4620 150 78 91 129 | 75.0 104 | 126 | 065 | 74.7 1.04
95 | 50 | 10 | 1.8 | 19 |387.0| 2535 | 9.13 | 4620 | 300| 98 91 | 182 | 79.4 | 1.23 | 1.26 | 065 | 91.7 | 1.07
95 50 10 18 1.9 387.0 2535 9.13 4620 450 112 91 223 | 7194 141 | 1.26 | 0.65 | 106.6 | 1.05
95 50 10 18 1.9 387.0 2535 9.13 4620 600 122 91 257 | 794 154 | 126|065 | 1189 | 1.03
C8_L4 75 60 10 1 13 215.0 133.3 7.76 5720 75 34 39 139 | 334 102 | 118|063 | 334 1.02
75 60 10 1 13 215.0 133.3 7.76 5720 150 46 39 197 | 34.0 136 | 1.18 | 0.63 | 425 1.08
75| 60 | 10 | 1 13 |2150| 1333 | 7.76 | 5720 | 300 | 67 39 | 278 | 340 | 1.98 |1.18 | 063 | 56.6 | 118
75 60 10 1 13 215.0 133.3 7.76 5720 450 75 39 341 | 34.0 221 |1.18 | 063 | 66.8 112
75 | 60 | 10 | 1 13 |215.0| 1333 | 7.76 | 5720 | 600 | 82 39 | 393 | 340 | 240 |1.18|063| 75.4 | 109
C9_ L4 80 45 11 16 1.8 307.2 132.0 8.31 3740 75 58 103 085 | 55.3 105 | 1.21 | 064 | 55.4 1.05
80 45 11 16 1.8 307.2 132.0 8.31 3740 150 85 103 121 | 816 104 | 121|064 | 813 1.05
80 45 11 16 1.8 307.2 132.0 8.31 3740 300 106 103 171 | 904 117 | 121|064 | 99.9 1.06
80 45 11 16 1.8 307.2 132.0 8.31 3740 450 122 103 209 | 904 135 | 121|064 | 117.5| 104
80 45 11 16 1.8 307.2 132.0 8.31 3740 600 135 103 241 | 904 149 | 121|064 |131.9| 102
C1_L5 60 55 11 12 11 230.4 91.0 5.47 4420 75 39 49 124 | 394 1.00 | 1.04 | 059 | 39.4 0.99
60 55 11 12 11 230.4 91.0 5.47 4420 150 52 49 176 | 42.7 121 | 1.04 | 059 | 49.6 1.05
60 55 11 12 11 230.4 91.0 5.47 4420 300 75 49 248 | 42.7 176 | 1.04 | 059 | 69.4 1.08
60 55 11 12 11 230.4 91.0 5.47 4420 450 95 49 3.04 | 42.7 221 104|059 | 84.3 113
60 55 11 12 11 230.4 91.0 5.47 4420 600 108 49 351 | 42.7 253 | 1.04 | 059 | 9.8 112
C2_L5 100 60 10 2 17 480.0 482.5 7.72 5980 75 49 67 1.06 | 46.9 104 | 117|063 | 46.9 1.05
00 | 60 | 10 | 2 17 [480.0| 4825 | 7.72 | 5980 | 150 | 64 67 | 150 | 588 | 1.09 |1.17 | 063 | 585 | 1.09
100 60 10 2 17 480.0 482.5 7.72 5980 300 83 67 212 | 58.8 141 | 117|063 | 78.0 1.06
00 | 60 | 10 | 2 17 |480.0| 4825 | 7.72 | 5980 | 450 | 96 67 | 259 | 588 | 163 |1.17 | 063 | 925 | 1.04
00 | 60 | 10 | 2 17 |480.0| 4825 | 7.72 | 5980 | 600 | 103 | 67 | 299 | 588 | 175 |1.17 | 063 |104.2| 099
C315 [120| 80 | 15 | 3 30 [930.0| 26187 | 6.14 | 6500 | 75 | 56 88 | 092 | 525 | 1.06 | 1.08 | 060 | 526 | 1.06
120 8 | 15 | 3 30 |930.0| 2618.7 | 6.14 | 6500 | 150 | 77 88 | 131 | 735 | 1.05 |1.08 | 060 | 73.1 | 105
120 8 | 15 | 3 30 |930.0| 2618.7 | 6.14 | 6500 | 300 | 98 88 | 185 | 77.2 | 1.26 |1.08 | 060 | 933 | 1.05
120 8 | 15 | 3 30 |930.0| 26187 | 6.14 | 6500 | 450 | 116 | 88 | 226 | 77.2 | 150 |1.08 | 0.60 | 112.8 | 1.03
120 80 | 15 | 3 30 |930.0| 26187 | 6.14 | 6500 | 600 | 130 | 88 | 261 | 77.2 | 1.68 |1.08 | 0.60 | 128.8 | 1.01
C4_L5 140 70 10 3 30 900.0 | 2167.7 9.27 6940 75 57 92 091 | 53.2 1.07 | 1.27 | 065 | 53.0 1.07
140 70 10 3 30 900.0 | 2167.7 9.27 6940 150 80 92 128 | 755 105 | 1.27 | 065 | 75.6 1.06
140 70 10 3 30 900.0 | 2167.7 9.27 6940 300 98 92 181 | 80.2 122 | 127 | 065 | 92.2 1.06
140 70 10 3 30 900.0 | 2167.7 9.27 6940 450 109 92 222 | 80.2 136 | 1.27 | 0.65 | 106.8 | 1.02
140 70 10 3 30 900.0 | 2167.7 9.27 6940 600 114 92 256 | 80.2 142 | 127|065 | 118.9| 096
C515 | 150 [ 100 | 10 | 4 15 [1480.0] 80488 | 6.00 | 9360 | 75 | 52 74 [ 101 | 491 | 106 [1.07 ] 060 | 489 | 106
150 | 100 | 10 | 4 15 [1480.0| 8048.8 | 6.00 | 9360 | 150 | 69 74 | 142 | 644 | 1.07 |1.07|060 | 645 | 107
150 | 100 | 10 | 4 15 [1480.0| 8048.8 | 6.00 | 9360 | 300 | 88 74 | 201 | 651 | 1.34 |1.07|060| 855 | 103
150 | 100 | 10 | 4 15 [1480.0| 8048.8 | 6.00 | 9360 | 450 | 101 | 74 | 246 | 65.1 | 155 |1.07 | 0.60 | 103.4 | 098
150 | 100 | 10 | 4 15 [1480.0| 8048.8 | 6.00 | 9360 | 600 | 109 | 74 | 284 | 65.1 | 1.68 |1.07 | 0.60 | 118.2 | 092
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Geometry SFEA DSM Design
Column |
bw | b | bs | t |bybi| A xlv(\sﬁ Per| L fy | o |fae | Ag | fre [Tulfic| b | @ | fomr |fulfier
C6_L5 [ 80 |65 | 15 [ 12| 12 [ 2880 2958 | 754 | 6760 | 75 32 37 [ 143 [ 317 | 1.02 116|062 319 | 100
80 | 65 | 15 | 1.2 | 1.2 | 2880 | 2958 | 7.54 | 6760 | 150 | 44 37 | 203 | 320 | 137 | 116|062 | 412 | 107
80 | 65 | 15 | 1.2 | 1.2 | 2880 | 2958 | 7.54 | 6760 | 300 | 64 37 | 287 | 320 | 199 | 116|062 | 550 | 1.16
80 | 65 | 15 | 1.2 | 1.2 | 2880 | 2958 | 7.54 | 6760 | 450 | 73 37 | 351 | 320 | 229 | 116|062 | 653 | 112
80 | 65 | 15 | 1.2 | 1.2 | 2880 | 2958 | 7.54 | 6760 | 600 | 80 37 | 405 | 320 | 250 | 1.16 | 062 | 737 | 1.08
C7L5 [ 95 | 50 | 10 | 1.8 | 19 | 3870 | 2535 | 913 | 5060 | 75 53 71 | 103 | 481 | 109 [126|065| 481 | 110
95 | 50 | 10 | 1.8 | 1.9 | 387.0| 2535 | 913 | 5060 | 150 | 71 71 | 146 | 61.8 | 115 | 126 | 065 | 615 | 1.16
95 | 50 | 10 | 1.8 | 1.9 | 387.0| 2535 | 913 | 5060 | 300 | 89 71 | 206 | 621 | 143 | 126|065 | 785 | 1.13
95 | 50 | 10 | 1.8 | 19 | 3870 | 2535 | 913 | 5060 |450 | 101 | 71 | 252 | 621 | 163 | 126|065 | 914 | 111
95 | 50 | 10 | 1.8 | 1.9 | 387.0| 2535 | 9.13 | 5060 | 600 | 108 | 71 | 291 | 621 | 174 | 126|065 | 1017 | 1.06
cg L5 [ 75 [ 60 | 10 | 1 13 | 2150 | 1333 | 7.76 | 6760 | 75 29 29 [ 160 | 256 | 1.11 | 118|063 | 27.1 | 107
75 |60 | 10| 1 13 | 2150 | 1333 | 7.76 | 6760 | 150 | 41 29 | 227 | 256 | 159 | 118|063 | 359 | 114
75 |60 | 10| 1 13 | 2150 | 1333 | 7.76 | 6760 | 300 | 59 29 | 321 | 256 | 229 | 118|063 | 47.8 | 1.23
75 |60 | 10| 1 13 | 2150 | 1333 | 7.76 | 6760 | 450 | 65 29 | 393 | 256 | 255 | 118|063 | 565 | 115
75 | 60 | 10 | 1 13 | 2150 | 1333 | 7.76 | 6760 | 600 | 70 29 | 453 | 256 | 272 | 118|063 | 638 | 110
COL5 | 8 | 45 | 11 [ 16 | 18 [ 307.2| 1320 | 831 | 4420 | 75 53 80 | 097 [ 505 | 1.04 [121|064| 506 | 1.05
80 | 45 | 11 | 16 | 18 | 3072 | 1320 | 831 | 4420 |150| 71 80 | 137 | 681 | 1.04 | 121|064 | 684 | 104
80 | 45 | 11 | 16 | 18 | 3072 | 1320 | 831 | 4420 |300 | 89 80 | 194 | 69.7 | 1.28 |1.21| 064 | 857 | 104
80 | 45 | 11 | 16 | 18 | 3072 | 1320 | 831 | 4420 | 450 | 102 | 80 | 238 | 69.7 | 146 | 1.21| 064 | 1005 | 1.02
80 | 45 | 11 | 16 | 18 | 3072 | 1320 | 831 | 4420 | 600 | 111 | 80 | 275 | 69.7 | 159 | 1.21| 064 | 1125 | 099
C1L6 | 60 |55 [ 12 | 12| 11 | 2304 | 910 547 | 5100 | 75 34 39 [ 139 [ 333 | 102 [1.04 059 334 | 102
60 | 55 | 11 | 12 | 11 | 2304 | 910 547 | 5100 | 150 | 46 39 | 197 | 339 | 135 | 104|059 | 441 | 104
60 | 55 | 11 | 12 | 11 | 2304 | 910 547 | 5100 | 300 | 68 39 | 279 | 339 | 200 |1.04|059 | 614 | 111
60 | 55 | 11 | 12 | 11 | 2304 | 910 547 | 5100 | 450 | 83 39 | 341 | 339 | 245 | 104|059 | 748 | 111
60 | 55 | 11 | 12 | 11 | 2304 | 910 5.47 | 5100 | 600 | 93 39 | 394 | 339 | 274 | 104|059 | 89 | 108
Cc2.l6 [100|60 | 10| 2 17 | 480.0 | 4825 | 7.72 | 6900 | 75 43 55 | 117 | 424 | 1.02 [117|063| 423 | 102
100 | 60 | 10 | 2 17 | 480.0 | 4825 | 7.72 | 6900 | 150 | 56 55 | 165 | 482 | 115 | 117|063 | 523 | 1.07
100 | 60 | 10 | 2 17 | 480.0 | 4825 | 7.72 | 6900 | 300 | 71 55 | 234 | 482 | 148 | 117|063 | 69.4 | 102
100 | 60 | 10 | 2 17 | 480.0 | 4825 | 7.72 | 6900 | 450 | 80 55 | 286 | 482 | 165 | 117|063 | 823 | 097
100 | 60 | 10 | 2 17 | 480.0 | 4825 | 7.72 | 6900 | 600 | 83 55 | 330 | 482 | 172 | 117|063 | 928 | 089
C3.16 [120| 80 | 15 | 3 30 | 9300 | 26187 | 6.14 | 7500 | 75 51 72 | 102 | 485 | 1.04 [ 108|060 | 485 | 105
120 | 80 | 15 | 3 30 | 9300 | 2618.7 | 6.14 | 7500 | 150 | 67 72 | 144 | 627 | 1.06 | 1.08 | 060 | 630 | 106
120 80 | 15 | 3 30 | 9300 | 2618.7 | 6.14 | 7500 | 300 | 86 72 | 204 | 631 | 136 |1.08|060 | 840 | 102
120 | 80 | 15 | 3 30 | 9300 | 26187 | 6.14 | 7500 | 450 | 101 | 72 | 250 | 63.1 | 160 | 1.08 | 0.60 | 1012 | 1.00
120 | 80 | 15 | 3 30 | 9300 | 26187 | 6.14 | 7500 | 600 | 111 | 72 | 289 | 631 | 176 | 1.08 | 0.60 | 115.4 | 0.96
C4l6 [140| 70 | 10| 3 30 | 9000 | 2167.7 | 927 | 7500 | 75 55 82 [ 095 [ 512 | 1.07 [1.27|065| 514 | 107
140 | 70 | 10 | 3 30 | 900.0 | 2167.7 | 9.27 | 7500 | 150 | 74 82 | 135 | 70.0 | 1.06 |1.27 |065| 70.0 | 1.06
140 | 70 | 10 | 3 30 | 900.0 | 2167.7 | 9.27 | 7500 | 300 | 90 82 | 191 | 722 | 125 |1.27|065| 862 | 104
140 | 70 | 10 | 3 30 | 900.0 | 2167.7 | 9.27 | 7500 | 450 | 99 82 | 234 | 722 | 136 | 127 |065| 999 | 099
140 | 70 | 10 | 3 30 | 9000 | 2167.7 | 927 | 7500 | 600 | 102 | 82 | 270 | 722 | 141 | 127|065 | 111.2 | 092
C5.16 | 150 [100 | 10 | 4 15 [1480.0[ 80488 | 6.00 | 10000 | 75 50 69 | 105 [ 475 | 105 [1.07| 060 473 | 106
150 | 100 | 10 | 4 15 |1480.0| 80488 | 6.00 | 10000 | 150 | 65 69 | 148 | 60.1 | 1.08 | 1.07 (060 | 60.0 | 1.08
150 | 100 | 10 | 4 15 |1480.0| 8048.8 | 6.00 | 10000 | 300 | 82 69 | 209 | 60.2 | 136 |1.07|060| 821 | 100
150 | 100 | 10 | 4 15 |1480.0| 8048.8 | 6.00 | 10000 | 450 | 93 69 | 256 | 60.2 | 155 |1.07 060 | 99.1 | 094
150 | 100 | 10 | 4 15 |1480.0| 8048.8 | 6.00 | 10000 | 600 | 99 69 | 296 | 60.2 | 165 | 1.07 | 060 | 1131 | 088
C6_L6 | 80 |65 | 15 [ 12| 12 [ 2880 | 2958 | 754 | 7800 | 75 28 29 [ 161 [ 253 | 1.10 [1.16 [ 062 | 269 | 104
80 | 65 | 15 | 1.2 | 1.2 | 2880 | 2958 | 7.54 | 7800 | 150 | 39 29 | 228 | 253 | 155 | 116|062 | 360 | 108
80 | 65 | 15 | 1.2 | 1.2 | 2880 | 2958 | 7.54 | 7800 | 300 | 56 29 | 323|253 | 221 |1.16|062| 480 | 117
80 | 65 | 15 | 1.2 | 1.2 | 2880 | 2958 | 7.54 | 7800 | 450 | 63 29 | 395 | 253 | 248 | 116|062 | 569 | 111
80 | 65 | 15 | 1.2 | 1.2 | 2880 | 2958 | 7.54 | 7800 | 600 | 65 29 | 456 | 253 | 259 | 1.16 | 062 | 642 | 101
C716 | 95 |50 | 10 | 1.8 | 19 | 3870 2535 | 913 | 5500 | 75 50 58 | 113 | 438 | 113 [ 126|065 439 | 114
95 | 50 | 10 | 1.8 | 1.9 | 387.0| 2535 | 913 | 5500 | 150 | 65 58 | 160 | 51.1 | 128 | 126|065 | 539 | 121
95 | 50 | 10 | 1.8 | 1.9 | 387.0| 2535 | 913 | 5500 | 300 | 82 58 | 227 | 511 | 159 | 126|065 | 695 | 1.18
95 | 50 | 10 | 1.8 | 1.9 | 387.0| 2535 | 913 | 5500 | 450 | 91 58 | 278 | 511 | 178 | 1.26 | 065 | 80.8 | 1.13
95 | 50 | 10 | 1.8 | 1.9 | 387.0| 2535 | 913 | 5500 | 600 | 95 58 | 321 | 511 | 186 |1.26 | 065| 899 | 106
cg L6 | 75 [ 60 | 10 | 1 13 [ 2150 1333 | 7.76 | 7800 | 75 25 23 | 180 [ 203 | 1.23 [ 118|063 236 | 106
75 |60 | 10| 1 13 | 2150 | 1333 | 7.76 | 7800 | 150 | 37 23 | 254 | 203 | 181 | 118|063 | 315 | 117
75 |60 | 10| 1 13 | 2150 | 1333 | 7.76 | 7800 | 300 | 50 23 | 360 | 20.3 | 247 | 118|063 | 418 | 1.20
75 | 60 | 10 | 1 13 | 2150 | 1333 | 7.76 | 7800 | 450 | 54 23 | 440 | 203 | 265 | 118|063 | 495 | 1.09
75 | 60 | 10 | 1 13 | 2150 | 1333 | 7.76 | 7800 | 600 | 55 23 | 509 | 203 | 272 | 118|063 | 556 | 099
CoL6 | 8 | 45 | 11 | 16 | 18 [ 3072 | 1320 | 831 | 5100 | 75 47 65 | 108 | 461 | 1.02 | 121|064 | 460 | 102
80 | 45 | 11 | 16 | 18 | 3072 | 1320 | 831 | 5100 | 150 | 61 65 | 152 | 56.6 | 1.08 | 1.21|064 | 57.6 | 1.06
80 | 45 | 11 | 16 | 18 | 3072 | 1320 | 831 | 5100 |300| 77 65 | 216 | 56.6 | 135 | 121|064 | 753 | 1.02
80 | 45 | 11 | 16 | 18 | 3072 | 1320 | 831 | 5100 |450 | 86 65 | 264 | 56.6 | 152 | 121|064 | 886 | 097
80 | 45 | 11 | 16 | 1.8 | 3072 | 1320 | 831 | 5100 | 600 | 91 65 | 305 | 56.6 | 160 | 1.21 | 064 | 993 | 092
Mean 1321 Mean 1.056
Sd.Dev | 0.396 Sd. Dev. 0.051
Max 2.740 Max 1.234
Min 0.950 Min 0.875
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ANNEX C: H Column Data

Table C: F columns: (i) geometries, (ii) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by current
and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design

b | by | bs |t [bub| A | M) gl L | R [ fae | As | fro || b | @ | foer [ffuer

Column

H1 L1 60 55 11 | 1.2 11 | 2304 | 514 3.9 1000 75 71 330 | 048 | 68.2 | 1.05 | 1.00 | 0.59 | 68.1 104
60 55 1 | 12 11 |2304| 514 3.9 1000 | 150 138 330 | 0.67 |1240| 1.11 | 1.00 | 059 | 1243 | 111
60 55 1 | 12 11 |2304| 514 3.9 1000 | 300 | 239 330 | 0.95 |205.1| 1.17 | 1.00 | 0.59 | 205.6 | 1.16
60 55 1 | 12 11 | 2304 | 514 3.9 1000 | 450 | 292 330 | 1.17 | 2543 | 1.15 | 1.00 | 0.59 | 253.7 | 1.15
60 55 11 | 12 11 |[2304| 514 3.9 1000 | 600 | 324 330 | 1.35 | 280.3| 1.16 | 1.00 | 0.59 | 279.8 | 1.16

H2_L1 | 100 | 60 10 17 |480.0 | 368.8 6.9 2000 75 70 334 | 047 | 683 | 1.03 | 112|062 | 68.4 | 1.02

H6_L1 80 65 15
80 65 15

12 |288.0| 158.6 5.2 1900 75 68 204 | 061 | 643 | 1.05 | 1.02 | 0.59 | 64.2 1.06
12 |288.0| 158.6 5.2 1900 | 150 123 204 | 086 |110.2 | 1.12 | 1.02 | 059 |110.1| 112
80 65 15 12 |288.0| 158.6 5.2 1900 | 300 177 204 | 121 | 162.0| 1.09 | 1.02 | 059 | 162.5 | 1.09
80 65 15 . 12 |288.0| 158.6 5.2 1900 | 450 197 204 | 149 | 1786 | 1.10 | 1.02 | 059 |177.7| 111
80 65 15 | 12 12 |288.0| 158.6 5.2 1900 | 600 | 206 204 | 172 | 178.7| 1.15 | 1.02 | 059 | 203.5| 1.01

2
100 | 60 10 2 17 |480.0 | 368.8 6.9 2000 | 150 | 136 334 | 067 |124.3| 1.09 | 112 | 062 | 1243 | 1.09
100 | 60 10 2 17 |480.0 | 368.8 6.9 2000 | 300 | 236 334 | 095 |206.0| 1.15 | 112|062 |2056| 115
100 | 60 10 2 17 |480.0 | 368.8 6.9 2000 | 450 | 278 334 | 116 |256.0 | 1.09 | 112 | 0.62 | 256.2 | 1.08
100 | 60 10 2 1.7 |480.0 | 368.8 6.9 2000 | 600 | 292 334 | 134 | 2828 | 1.03 | 112|062 |283.0| 1.03
H3_L1 | 120 | 80 15 3 15 |[930.0| 18153 | 5.3 1900 75 72 476 | 040 | 70.2 | 1.03 | 1.03 | 059 | 70.1 | 1.03
120 | 80 15 3 15 |[930.0 | 18153 | 5.3 1900 | 150 | 142 476 | 056 |131.5| 1.08 | 1.03 | 0.59 | 131.5| 1.08
120 | 80 15 3 15 |[930.0| 18153 | 5.3 1900 | 300 | 267 476 | 079 |230.4| 1.16 | 1.03 | 059 |231.0| 116
120 | 80 15 3 15 |[930.0 | 18153 | 5.3 1900 | 450 | 355 476 | 097 |302.8| 1.17 | 103|059 |3035| 117
120 | 80 15 3 15 [930.0| 18153 | 5.3 1900 | 600 | 397 476 | 112 |353.9| 112 | 103|059 |354.9| 112
H4_L1 | 140 | 70 10 3 2.0 |900.0 | 1833.8 | 88 2600 75 71 385 | 044 | 69.1 | 1.02 | 1.24 | 064 | 69.2 | 1.03
140 | 70 10 3 2.0 |900.0 | 1833.8 | 88 2600 | 150 | 138 385 | 0.62 |127.4| 1.08 | 1.24 | 0.64 | 127.7 | 1.08
140 | 70 10 3 2.0 |900.0 | 1833.8 | 88 2600 | 300 | 249 385 | 0.88 |216.5| 1.15 | 1.24 | 0.64 | 216.9 | 115
140 | 70 10 3 2.0 |900.0 | 1833.8 | 88 2600 | 450 | 311 385 | 1.08 | 2759 | 113 | 124|064 |276.2| 113
140 | 70 10 3 2.0 |900.0 ) 1833.8 | 88 2600 | 600 | 334 385 | 1.25 |3125| 1.07 | 124|064 |3120| 107
H5_L1 | 150 | 100 | 10 4 15 |[1480.0| 6166.9 | 6.3 3300 75 71 330 | 048 | 682 | 1.04 | 1.09 | 061 | 68.1 | 1.04
150 | 100 | 10 4 15 |[1480.0| 6166.9 | 6.3 3300 | 150 | 136 330 | 0.67 |124.0| 1.10 | 1.09 | 0.61 | 1243 | 1.09
150 | 100 | 10 4 15 |[1480.0| 6166.9 | 6.3 3300 | 300 | 236 330 | 0.95 |205.1| 1.15 | 1.09 | 0.61 | 205.6 | 1.15
150 | 100 | 10 4 15 |[1480.0| 6166.9 | 6.3 3300 | 450 | 281 330 | 117 |254.4| 110 | 1.09 | 0.61 | 253.7 | 111
150 | 100 | 10 4 15 [1480.0| 6166.9 | 6.3 3300 | 600 | 296 330 | 1.35 | 280.4| 1.06 | 1.09 | 0.61 | 279.8| 1.06
1.2
1.2
1.2
1.2

H7_L1 95 50 10 | 18 19 |387.0| 186.1 8.1 1800 75 70 346 | 047 | 685 | 1.03 | 1.20 | 0.63 | 68.4 | 1.02
95 50 10 | 18 19 |387.0| 186.1 8.1 1800 | 150 | 136 346 | 0.66 |125.1| 1.09 | 1.20 | 0.63 | 125.0 | 1.09
95 50 10 | 18 19 |[387.0| 186.1 81 1800 | 300 | 239 346 | 093 |208.7| 1.14 | 1.20 | 0.63 | 208.9 | 1.14
95 50 10 | 18 19 |387.0| 186.1 8.1 1800 | 450 | 288 346 | 114 |261.2| 1.10 | 1.20 | 0.63 | 261.2 | 1.10
95 50 10 | 1.8 19 |[387.0| 186.1 8.1 1800 | 600 | 305 346 | 1.32 |290.5| 1.05 | 1.20 | 0.63 | 289.4 | 1.05

H8_L1 75 60 10 13 |[215.0| 917 6.1 2100 75 66 164 | 068 | 619 | 1.06 | 1.08 | 0.60 | 61.8 107

1
75 60 10 1 13 | 2150 917 6.1 2100 | 150 112 164 | 0.96 | 102.3 | 1.09 | 1.08 [ 0.60 | 102.0 | 1.10
75 60 10 1 13 | 2150 | 917 6.1 2100 | 300 147 164 | 135 [139.6 | 1.05 | 1.08 | 0.60 | 139.9 | 105
75 60 10 1 13 | 2150 | 917 6.1 2100 | 450 158 164 | 1.66 | 1440 | 1.10 | 1.08 | 0.60 | 157.3 | 1.00
75 60 10 1 13 2150 | 917 6.1 2100 | 600 166 164 | 1.91 | 1440 | 1.15 | 1.08 | 0.60 | 180.4 | 0.92

H9_L1 80 45 11 | 16 18 |[307.2| 83.6 6.9 1400 75 71 381 | 044 | 69.1 | 1.03 | 113 | 0.62 | 69.2 103
80 45 11 | 16 18 |[307.2| 83.6 6.9 1400 | 150 138 381 | 0.63 |127.2| 1.09 | 113|062 |127.0| 1.09
80 45 11 | 16 18 |[307.2| 83.6 6.9 1400 | 300 | 248 381 | 0.89 | 2157 | 115 | 113|062 |2153| 115
80 45 11 | 16 18 |[307.2| 83.6 6.9 1400 | 450 | 310 381 | 1.09 | 2743 | 1.13 | 113|062 |273.7| 113
80 45 11 |16 18 |[307.2| 83.6 6.9 1400 | 600 | 336 381 | 1.26 |310.1| 1.08 | 113 |0.62 3087 | 1.09

H1_ L2 60 55 11 | 1.2 11 | 2304 | 514 3.9 1400 75 69 225 | 058 | 65.2 | 1.05 | 1.00 | 0.59 | 65.1 1.06
60 55 11 | 1.2 11 | 2304 | 514 3.9 1400 | 150 127 225 | 082 |113.4| 1.12 | 1.00| 059 | 1132 | 112
60 55 11 | 1.2 11 | 2304 | 514 3.9 1400 | 300 189 225 | 116 |171.5| 1.10 | 1.00 | 059 | 170.8 | 1.11
60 55 11 | 1.2 11 | 2304 | 514 3.9 1400 | 450 | 217 225 | 142 | 1945 112 | 1.00 | 059 | 1935 | 112
60 55 11 | 1.2 11 2304 | 514 3.9 1400 | 600 | 246 225 | 163 |197.0| 1.25 | 1.00 | 059 | 2153 | 114

H2_L2 | 100 | 60 | 10 | 2 17 |480.0 | 3688 | 69 | 2800 | 75 | 67 | 189 | 0.63 | 635 | 1.05 | 112 | 062 | 635 | 1.05
00 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 2800 | 150 | 119 | 189 | 0.89 | 107.7| 1.11 | 112|062 |107.7| 111
00 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 2800 | 300 | 166 | 189 | 1.26 | 154.6 | 1.07 | 1.12 | 0.62 | 154.4 | 1.08
00 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 2800 | 450 | 187 | 189 | 154 |166.1| 1.13 | 1.12 | 062 | 170.4 | 1.10
100 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 2800 | 600 | 209 | 189 | 1.78 | 166.1| 1.26 | 1.12 | 0.62 | 193.1| 1.08
H3_L2 | 120 | 80 | 15 | 3 15 |930.0 | 18153 | 53 | 2660 | 75 | 70 | 291 | 051 | 67.3 | 1.04 | 1.03 | 059 | 67.3 | 1.04
20| 80 | 15 | 3 15 |930.0| 18153 | 53 | 2660 | 150 | 133 | 291 | 0.72 | 120.9| 1.10 | 1.03 | 059 | 120.7 | 1.10
120 80 | 15 | 3 15 |930.0| 18153 | 53 | 2660 | 300 | 221 | 291 | 1.02 | 194.9| 1.13 | 1.03 | 059 | 194.1 | 1.14
20| 80 | 15 | 3 15 |930.0| 18153 | 53 | 2660 | 450 | 257 | 291 | 1.24 |235.6 | 1.09 | 1.03 | 059 | 236.4 | 1.09
20| 80 | 15 | 3 15 |930.0| 18153 | 53 | 2660 | 600 | 276 | 291 | 1.44 |253.2| 1.09 | 1.03 | 059 | 251.9| 110
H4 L2 |140 | 70 | 10 | 3 20 | 9000 | 18338 | 88 | 3640 | 75 | 68 | 217 | 059 | 64.9 | 1.05 | 1.24 | 064 | 648 | 1.05
140 | 70 | 10 | 3 20 |900.0| 18338 | 88 | 3640 | 150 | 124 | 217 | 083 |112.3| 1.10 | 124 | 064 |1124| 110
140 | 70 | 10 | 3 20 |900.0| 18338 | 88 | 3640 | 300 | 184 | 217 | 118 |168.1| 1.09 | 124 | 064 |167.5| 110
140 | 70 | 10 | 3 20 |900.0| 18338 | 88 | 3640 | 450 | 207 | 217 | 144 |188.7| 1.10 | 124 | 064 | 1889 | 110
140 | 70 | 10 | 3 20 |900.0| 18338 | 88 | 3640 | 600 | 226 | 217 | 1.66 |190.0 | 1.19 | 1.24 | 064 | 206.4 | 1.09
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Geometry SFEA DSM Design
Column |
bw | br | bs | t |bube| A " 1‘/(\/)5 Ber L fy fu | foe | Ag | T |Tulfic| D | @ | foer [fulfoer
H5_L2 | 150 | 100 | 10 | 4 15 |1480.0 | 61669 | 63 4620 | 75 | 67 | 189 | 063 | 635 | 1.06 | 1.09 | 0.61 | 635 | 1.05
150 | 100 | 10 | 4 15 |1480.0| 61669 | 6.3 4620 | 150 | 120 | 189 | 0.89 |107.6 | 1.12 | 1.09 | 0.61 | 107.7 | 1.11
150 | 100 | 10 | 4 15 |1480.0| 61669 | 6.3 4620 | 300 | 167 | 189 | 1.26 | 154.4| 1.08 | 1.09 | 061 | 1544 | 1.08
150 | 100 | 10 | 4 15 |1480.0| 61669 | 6.3 4620 | 450 | 189 | 189 | 154 | 1658 | 1.14 | 109|061 |1705| 111
150 | 100 | 10 | 4 15 |1480.0| 61669 | 6.3 4620 | 600 | 211 | 189 | 1.78 | 1658 | 1.27 | 1.09 | 061 | 1943 | 1.09
H6_L2 | 80 | 65 | 15 | 12 | 12 | 2880 | 1586 | 52 2660 | 75 | 61 | 121 | 079 | 57.8 | 1.05 | 1.02 | 059 | 57.8 | 1.06
80 | 65 | 15 | 1.2 | 12 | 2880 | 1586 | 52 2660 | 150 | 94 | 121 | 112 | 89.1 | 1.05 | 1.02| 059 | 88.7 | 106
80 | 65 | 15 | 1.2 | 12 | 2880 | 1586 | 52 2660 | 300 | 121 | 121 | 158 | 1057 | 1.14 |1.02 | 059 | 111.0| 1.09
80 | 65 | 15 | 1.2 | 12 | 2880 | 1586 | 52 2660 | 450 | 145 | 121 | 1.93 | 1057 | 1.37 | 1.02 | 059 | 1357 | 1.07
80 | 65 | 15 | 1.2 | 12 | 2880 | 1586 | 5.2 2660 | 600 | 154 | 121 | 223 | 1057 | 1.46 | 1.02 | 059 | 156.2 | 0.99
H7 L2 | 95 | 50 | 10 | 1.8 | 19 | 387.0 | 186.1 | 81 2520 | 75 | 67 | 195 | 062 | 63.8 | 1.05 | 1.20 | 0.63 | 63.9 | 1.05
95 | 50 | 10 | 1.8 | 19 |[3870 | 1861 | 81 2520 | 150 | 119 | 195 | 0.88 | 108.6 | 1.10 | 1.20 | 0.63 | 1085 | 1.10
95 | 50 | 10 | 1.8 | 19 |[3870| 1861 | 81 2520 | 300 | 169 | 195 | 1.24 |157.4| 1.07 | 120|063 |157.6 | 107
95 | 50 | 10 | 1.8 | 19 |[3870| 1861 | 81 2520 | 450 | 191 | 195 | 152 |170.7 | 1.12 | 120|063 |172.7| 111
95 | 50 | 10 | 1.8 | 19 |3870 | 1861 | 81 2520 | 600 | 212 | 195 | 1.76 | 170.7 | 1.24 | 1.20 | 0.63 | 193.3| 1.10
H8_L2 | 75 | 60 | 10 | 1 13 | 2150 | 917 6.1 2940 | 75 | 56 9% | 0.88 | 540 | 1.04 | 1.08 | 0.60 | 542 | 1.03
75 | 60 | 10 | 1 13 | 2150 | 917 6.1 2940 | 150 | 81 9% | 125 | 77.9 | 1.03 | 1.08 | 0.60 | 78.0 | 1.04
75 | 60 | 10| 1 13 | 2150 | 917 6.1 2940 | 300 | 105 | 9 | 177 | 84.0 | 1.25 | 1.08| 060 | 97.9 | 107
75 | 60 | 10| 1 13 | 2150 | 917 6.1 2940 | 450 | 121 | 96 | 217 | 84.0 | 1.44 | 108|060 |117.9| 103
75 | 60 | 10 | 1 13 | 2150 | 917 6.1 2940 | 600 | 132 | 96 | 250 | 84.0 | 157 | 1.08| 060 | 1349 | 098
HO L2 | 80 | 45 | 11 | 16 | 18 | 307.2 | 836 6.9 1960 | 75 | 68 | 218 | 059 | 649 | 1.04 | 113 | 062 | 648 | 1.05
80 | 45 | 11 | 1.6 | 18 | 307.2 | 836 6.9 1960 | 150 | 123 | 218 | 0.83 |1125| 1.09 | 113 | 062 | 1124 | 1.09
80 | 45 | 11 | 1.6 | 18 | 307.2 | 836 6.9 1960 | 300 | 183 | 218 | 117 |168.6| 1.09 | 1.13 | 0.62 | 169.2 | 1.08
80 | 45 | 11 | 1.6 | 18 | 307.2 | 836 6.9 1960 | 450 | 207 | 218 | 1.44 |189.7| 1.09 | 1.13 | 0.62 | 188.9| 110
80 | 45 | 11 | 16 | 18 | 307.2 | 836 6.9 1960 | 600 | 228 | 218 | 166 |191.2| 1.19 | 113|062 |208.7 | 1.09
HIL3 | 60 | 55 | 11 | 12 | 11 | 2304 | 514 39 1800 | 75 | 65 | 154 | 0.70 | 61.2 | 1.06 | 1.00 | 0.59 | 61.1 | 1.06
60 | 55 | 11 | 1.2 | 11 | 2304 | 514 39 1800 | 150 | 108 | 154 | 0.99 | 99.8 | 1.08 | 1.00 | 0.59 | 99.5 | 1.09
60 | 55 | 11 | 1.2 | 11 | 2304 | 514 39 1800 | 300 | 143 | 154 | 1.40 |132.7| 1.08 | 1.00 | 0.59 | 132.1 | 1.08
60 | 55 | 11 | 1.2 | 11 | 2304 | 514 39 1800 | 450 | 169 | 154 | 171 |1351| 1.25 | 1.00 | 0.59 | 153.9 | 1.10
60 | 55 | 11 | 12 | 11 | 2304 | 514 39 1800 | 600 | 198 | 154 | 197 |1351| 1.47 | 100|059 | 178.2| 111
H2_L3 | 100 | 60 | 10 | 2 17 | 480.0 | 368.8 | 69 3600 | 75 | 62 | 124 | 078 | 582 | 1.06 | 112 | 062 | 581 | 1.07
00 | 60 | 10 | 2 17 | 480.0 | 3688 | 69 3600 | 150 | 96 | 124 | 110 | 90.4 | 1.07 | 112|062 | 904 | 106
00 | 60 | 10 | 2 17 | 480.0 | 3688 | 69 3600 | 300 | 124 | 124 | 156 | 1087 | 1.14 | 112|062 |1120| 111
00 | 60 | 10 | 2 17 | 480.0 | 3688 | 69 3600 | 450 | 148 | 124 | 191 |108.7 | 1.36 | 112|062 |1338| 111
00 | 60 | 10 | 2 17 | 480.0 | 3688 | 69 3600 | 600 | 172 | 124 | 220 | 1087 | 158 | 112|062 |1521| 113
H3_L3 | 120 | 80 | 15 | 3 15 | 930.0 | 18153 | 53 3420 | 75 | 67 | 192 | 063 | 63.7 | 1.05 | 1.03 | 059 | 635 | 1.05
20| 80 | 15 | 3 15 | 930.0 | 18153 | 53 3420 | 150 | 119 | 192 | 089 |108.1| 1.10 | 1.03 | 059 | 107.7| 111
20| 80 | 15 | 3 15 | 930.0 | 18153 | 53 3420 | 300 | 168 | 192 | 1.25 | 1557 | 1.08 | 1.03 | 0.59 | 156.0 | 1.08
20| 80 | 15 | 3 15 | 930.0 | 18153 | 53 3420 | 450 | 190 | 192 | 153 |167.9 | 1.13 | 1.03 | 059 | 172.0| 1.10
20| 80 | 15 | 3 15 | 930.0 | 18153 | 53 3420 | 600 | 214 | 192 | 177 | 167.9| 1.27 | 103|059 | 197.4| 1.08
Ha13 [140 | 70 | 10 | 3 30 | 9000 | 18338 | 88 4680 | 75 | 64 | 145 | 072 | 60.4 | 1.07 | 124 | 064 | 604 | 106
140 | 70 | 10 | 3 20 | 900.0 | 18338 | 88 4680 | 150 | 106 | 145 | 1.02 | 97.2 | 1.09 | 124|064 | 97.0 | 109
140 | 70 | 10 | 3 20 | 900.0 | 18338 | 88 4680 | 300 | 138 | 145 | 144 | 1259 | 1.10 | 124|064 | 1259 | 110
140 | 70 | 10 | 3 20 | 900.0 | 18338 | 88 4680 | 450 | 160 | 145 | 176 |126.8 | 1.26 | 124 | 064 | 1440| 111
140 | 70 | 10 | 3 20 | 900.0 | 18338 | 88 4680 | 600 | 179 | 145 | 204 |126.8 | 1.41 | 124|064 |160.0| 1.12
H5_L3 | 150 | 100 | 10 | 4 15 |1480.0 | 61669 | 6.3 5940 | 75 | 63 | 128 | 077 | 58.7 | 1.08 | 1.09 | 0.61 | 585 | 1.08
150 | 100 | 10 | 4 15 |1480.0| 61669 | 6.3 5940 | 150 | 99 | 128 | 1.08 | 91.8 | 1.08 | 1.09| 061 | 921 | 108
150 | 100 | 10 | 4 15 |1480.0| 61669 | 6.3 5940 | 300 | 127 | 128 | 153 | 1122 | 1.13 | 1.09 | 061 | 1145| 111
150 | 100 | 10 | 4 15 |1480.0| 61669 | 6.3 5940 | 450 | 150 | 128 | 1.88 | 1122 | 1.34 | 1.09 | 061 | 137.3| 1.09
150 | 100 | 10 | 4 15 |1480.0| 61669 | 6.3 5940 | 600 | 174 | 128 | 247 | 1122 | 155 | 1.09 | 061 | 156.6 | 1.11
H6_L3 | 80 | 65 | 15 | 12 | 12 | 2880 | 1586 | 52 3420 | 75 | 51 78 | 098 | 501 | 1.02 | 1.02 | 059 | 502 | 1.02
80 | 65 | 15 | 1.2 | 12 | 2880 | 1586 | 52 3420 | 150 | 70 78 | 139 | 67.0 | 1.05 | 1.02 | 059 | 66.8 | 1.05
80 | 65 | 15 | 1.2 | 12 | 2880 | 1586 | 52 3420 | 300 | 98 78 | 196 | 683 | 1.44 | 102|059 | 89.1 | 110
80 | 65 | 15 | 1.2 | 12 | 2880 | 1586 | 52 3420 | 450 | 119 | 78 | 240 | 683 | 1.74 | 1.02 | 059 | 108.7 | 1.09
80 | 65 | 15 | 1.2 | 12 | 2880 | 1586 | 52 3420 | 600 | 133 | 78 | 278 | 683 | 1.95 | 1.02 | 059 | 1248 | 1.07
H7 L3 | 95 | 50 | 10 | 1.8 | 19 | 387.0 | 186.1 | 81 3240 | 75 | 62 | 128 | 077 | 586 | 1.06 | 1.20 | 0.63 | 585 | 1.06
95 | 50 | 10 | 1.8 | 19 |[3870| 1861 | 81 3240 | 150 | 98 | 128 | 1.08 | 91.7 | 1.07 | 120|063 | 921 | 106
95 | 50 | 10 | 1.8 | 19 |[3870 | 1861 | 81 3240 | 300 | 126 | 128 | 153 |111.9 | 1.13 | 120|063 | 1143 | 110
95 | 50 | 10 | 1.8 | 19 |[3870| 1861 | 81 3240 | 450 | 150 | 128 | 1.88 | 111.9 | 1.34 | 120|063 |1339| 112
95 | 50 | 10 | 1.8 | 19 |3870 | 1861 | 81 3240 | 600 | 172 | 128 | 247 |111.9| 154 | 120|063 | 1504 | 1.14
H8_L3 | 75 | 60 | 10 | 1 13 | 2150 | 917 6.1 3780 | 75 | 45 62 | 110 | 450 | 1.00 | 1.08 | 0.60 | 452 | 1.00
75 | 60 | 10| 1 13 | 2150 | 917 6.1 3780 | 150 | 60 62 | 156 | 539 | 1.11 | 1.08 | 0.60 | 56.1 | 1.07
75 | 60 | 10 | 1 13 | 2150 | 917 6.1 3780 | 300 | 87 62 | 221 | 539 | 1.61 | 108|060 | 77.1 | 113
75 | 60 | 10| 1 13 | 2150 | 917 6.1 3780 | 450 | 102 | 62 | 271 | 539 | 1.89 |1.08| 060 | 928 | 110
75 | 60 | 10 | 1 13 | 2150 | 917 6.1 3780 | 600 | 113 | 62 | 312 | 539 | 210 | 1.08 | 060 | 106.3| 1.06
HO L3 | 80 | 45 | 11 | 16 | 18 | 307.2 | 836 6.9 2520 | 75 | 63 | 142 | 073 | 60.2 | 1.05 | 113|062 60.0 | 105
80 | 45 | 11 | 1.6 | 18 | 307.2 | 836 6.9 2520 | 150 | 104 | 142 | 1.03 | 965 | 1.08 | 113|062 | 96.2 | 108
80 | 45 | 11 | 1.6 | 18 | 307.2 | 836 6.9 2520 | 300 | 136 | 142 | 145 |124.2| 1.09 | 113|062 |124.4| 1.09
80 | 45 | 11 | 1.6 | 18 | 307.2 | 836 6.9 2520 | 450 | 160 | 142 | 178 | 1249 | 1.28 | 113|062 |1447| 111
80 | 45 | 11 | 16 | 18 | 307.2 | 836 6.9 2520 | 600 | 186 | 142 | 2.05 | 1249 | 1.49 | 113|062 |1646| 113
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Geometry SFEA DSM Design
Column |
bw | b | bs | t [buwb| A « 1‘/(\/)5 Brer L fy fu | fea | Ag | oo [Tulfac| B | @ | foer [fulfoer
H1L4 | 60 | 55 | 11 | 1.2 | 11 |2304| 514 39 | 2200 | 75 | 59 | 110 | 083 | 564 | 1.05 | 1.00 | 059 | 56.2 | 1.05
60 | 55 | 11 | 1.2 | 11 |[2304| 514 39 | 2200 | 150 | 89 | 110 | 117 | 848 | 1.05 | 1.00 | 059 | 84.6 | 1.05
60 | 55 | 11 | 1.2 | 11 |[2304| 514 39 | 2200 |300| 115 | 110 | 1.65 | 965 | 1.19 | 1.00 | 059 | 106.4 | 1.08
60 | 55 | 11 | 1.2 | 11 |[2304| 514 39 | 2200 | 450 | 146 | 110 | 202 | 965 | 1.51 | 1.00 | 059 | 130.3 | 1.12
60 | 55 | 11 | 1.2 | 11 |[2304| 514 39 | 2200 | 600 | 173 | 110 | 234 | 965 | 1.79 | 1.00 | 059 | 150.0 | 1.15
H2_L4 | 100 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 4400 | 75 | 56 90 | 091 | 530 | 1.05 | 1.12| 062 | 53.0 | 1.06
00 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 4400 | 150 | 79 90 | 129 | 748 | 1.05 | 112|062 | 74.7 | 106
00| 60 | 10 | 2 17 |480.0| 3688 | 69 | 4400 | 300 | 103 | 90 | 182 | 79.1 | 1.30 | 112|062 | 941 | 1.09
00 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 4400 | 450 | 128 | 90 | 223 | 791 | 162 |1.12|062|1124]| 114
100 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 4400 | 600 | 147 | 90 | 258 | 79.1 | 1.86 |1.12|062|127.2| 116
H3_L4 |[120] 80 | 15 | 3 15 |930.0| 18153 | 53 | 4180 | 75 | 64 | 138 | 0.74 | 59.8 | 1.06 | 1.03 | 059 | 59.6 | 1.07
120 80 | 15 | 3 15 |930.0| 18153 | 53 | 4180 | 150 | 103 | 138 | 1.04 | 952 | 1.08 |1.03 | 059 | 954 | 1.08
120 80 | 15 | 3 15 |930.0| 18153 | 53 | 4180 | 300 | 134 | 138 | 147 |1208| 1.11 |1.03 | 059 |121.4| 1.10
120 80 | 15 | 3 15 |930.0| 18153 | 53 | 4180 | 450 | 158 | 138 | 1.81 |121.1| 1.30 |1.03 | 059 | 144.7 | 1.09
20| 80 | 15 | 3 15 |930.0| 18153 | 53 | 4180 | 600 | 185 | 138 | 208 |121.1| 153 |1.03 | 059 | 167.2| 1.11
HAoL4 [140 ] 70 [ 10 | 3 30 | 9000 18338 | 88 | 5720 | 75 | 60 | 108 | 0.83 | 56.0 | 1.07 |1.24 | 064 | 56.2 | 1.07
40| 70 | 10 | 3 20 |9000| 18338 | 88 | 5720 | 150 | 89 | 108 | 1.18 | 83.7 | 1.06 |1.24 | 064 | 83.8 | 1.06
40| 70 | 10 | 3 20 |900.0| 18338 | 88 | 5720 | 300 | 114 | 108 | 167 | 945 | 1.21 |1.24 | 064 | 1025| 111
40| 70 | 10 | 3 20 |900.0| 18338 | 88 | 5720 | 450 | 133 | 108 | 204 | 945 | 141 |1.24|064 |1200| 111
140 | 70 | 10 | 3 20 |900.0| 18338 | 88 | 5720 | 600 | 147 | 108 | 2.36 | 945 | 156 |1.24 | 064 | 1336 | 1.10
H5_L4 | 150 | 100 | 10 | 4 15 |1480.0| 61669 | 6.3 | 7260 | 75 | 58 9 | 088 | 542 | 1.08 | 1.09 | 061 | 54.2 | 107
150 | 100 | 10 | 4 15 [1480.0| 6166.9 | 63 | 7260 | 150 | 83 9 | 125 | 78.2 | 1.06 |1.09| 061 | 78.0 | 1.06
150 | 100 | 10 | 4 15 [1480.0| 6166.9 | 63 | 7260 | 300 | 107 | 96 | 1.76 | 845 | 1.27 | 1.09 | 061 | 98.3 | 1.09
150 | 100 | 10 | 4 15 [1480.0| 6166.9 | 63 | 7260 | 450 | 129 | 96 | 216 | 845 | 153 |1.09 [ 061 | 118.1| 1.09
150 | 100 | 10 | 4 15 |1480.0| 6166.9 | 63 | 7260 | 600 | 147 | 96 | 249 | 845 | 174 |1.09 | 061 | 1349 | 1.09
H6_L4 | 80 | 65 | 15 | 1.2 | 12 |2880| 1586 | 52 | 4180 | 75 | 42 55 | 117 | 42.3 | 099 | 1.02 | 059 | 42.3 | 099
80 | 65 | 15 | 1.2 | 12 |2880| 1586 | 52 | 4180 | 150 | 57 55 | 165 | 481 | 1.18 |1.02|059 | 53.1 | 1.07
80 | 65 | 15 | 1.2 | 12 |2880| 1586 | 52 | 4180 | 300 | 88 55 | 234 | 481 | 1.82 |1.02|059 | 744 | 118
80 | 65 | 15 | 1.2 | 1.2 |2880| 1586 | 52 | 4180 | 450 | 104 | 55 | 286 | 48.1 | 216 |1.02|059 | 90.9 | 1.14
80 | 65 | 15 | 1.2 | 12 |2880| 1586 | 52 | 4180 | 600 | 117 | 55 | 331 | 481 | 243 |1.02 | 059 | 1044 | 1.12
H7 L4 | 95 | 50 | 10 | 1.8 | 19 |387.0| 1861 | 81 | 3960 | 75 | 56 93 | 090 | 535 | 1.05 | 1.20 | 063 | 53.4 | 1.05
9 | 50 | 10 | 1.8 | 19 |[387.0| 1861 | 81 | 3960 | 150 | 80 93 | 127 | 764 | 1.05 |1.20| 063 | 76.4 | 105
9 | 50 | 10 | 1.8 | 19 |387.0| 1861 | 81 | 3960 | 300 | 105 | 93 | 1.80 | 81.6 | 129 |1.20 | 063 | 94.1 | 1.12
9 | 50 | 10 | 1.8 | 19 |387.0| 1861 | 81 | 3960 | 450 | 128 | 93 | 220 | 81.6 | 157 |1.20 | 063 | 111.0| 1.15
9 | 50 | 10 | 1.8 | 19 |[387.0| 1861 | 81 | 3960 | 600 | 144 | 93 | 254 | 81.6 | 176 |1.20 | 063 | 1246 | 1.16
He_L4 | 75 | 60 | 10 | 1 13 |2150| 917 61 | 4620 | 75 | 36 43 | 132 | 36.3 | 1.00 | 1.08 | 0.60 | 36.2 | 1.00
75| 60 | 10 | 1 13 |2150| 917 61 | 4620 | 150 | 51 43 | 1.86 | 380 | 1.33 |1.08|060 | 46.4 | 1.10
75| 60 | 10 | 1 13 |2150| 917 61 | 4620 | 300 | 77 43 | 263 | 380 | 203 |1.08|060 | 639 | 121
75| 60 | 10 | 1 13 |2150| 917 61 | 4620 | 450 | 90 43 | 322 | 380 | 236 |1.08|060| 77.0 | 117
75 | 60 | 10 | 1 13 |2150| 917 6.1 | 4620 | 600 | 99 43 | 372 | 380 | 259 |1.08|060 | 87.9 | 113
Ho L4 | 80 | 45 | 11 | 1.6 | 18 |307.2| 836 69 | 3080 | 75 | 58 | 103 | 085 | 553 | 1.05 | 1.13 [ 062 | 554 | 1.05
80 | 45 | 11 | 1.6 | 18 |[307.2| 836 69 | 3080 | 150 | 8 | 103 | 121 | 815 | 1.05 |1.13 | 062 | 813 | 1.05
80 | 45 | 11 | 1.6 | 18 |[307.2| 836 69 | 3080 |300| 112 | 103 | 1.71 | 903 | 1.24 | 1.13 | 062 | 1009 | 1.11
80 | 45 | 11 | 1.6 | 18 |[307.2| 836 69 | 3080 | 450 | 139 | 103 | 209 | 903 | 154 | 1.13 | 062 | 1208 1.15
80 | 45 | 11 | 1.6 | 18 |[307.2| 836 69 | 3080 | 600 | 161 | 103 | 241 | 903 | 1.78 | 1.13 | 062 | 137.2| 117
H1L5 | 60 | 55 | 11 | 1.2 | 11 |2304| 514 39 | 2600 | 75 | 53 83 | 095 | 51.3 | 1.03 | 1.00 | 059 | 51.4 | 1.03
60 | 55 | 11 | 1.2 | 11 |[2304| 514 39 | 2600 | 150 | 73 83 | 1.35 | 70.1 | 1.04 |1.00| 059 | 70.0 | 1.04
60 | 55 | 11 | 1.2 | 11 |[2304| 514 39 | 2600 |300| 101 | 83 | 191 | 724 | 1.39 |1.00 | 059 | 91.9 | 1.10
60 | 55 | 11 | 1.2 | 11 |[2304| 514 39 | 2600 | 450 | 134 | 83 | 233 | 724 | 1.85 |1.00 | 059 | 113.0| 1.19
60 | 55 | 11 | 1.2 | 11 |[2304| 514 39 | 2600 | 600 | 157 | 83 | 270 | 724 | 217 |1.00 | 059 | 1300 | 1.21
H2_L5 | 100 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 5200 | 75 | 50 71 | 103 | 480 | 1.04 | 112|062 | 481 | 104
00 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 5200 | 150 | 67 71 | 146 | 61.6 | 1.08 | 112|062 | 61.5 | 1.09
00 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 5200 | 300 | 92 71 | 206 | 61.8 | 1.48 | 112|062 | 81.9 | 112
00 | 60 | 10 | 2 17 |480.0| 3688 | 69 | 5200 | 450 | 112 | 71 | 253 | 61.8 | 181 | 112|062 | 975 | 115
00| 60 | 10 | 2 17 |480.0| 3688 | 69 | 5200 | 600 | 124 | 71 | 292 | 618 | 201 |1.12|062|1107| 112
H3_L5 |120 ] 80 | 15 | 3 15 |930.0| 18153 | 53 | 4940 | 75 | 59 | 107 | 0.84 | 559 | 1.06 | 1.03 | 059 | 55.8 | 1.06
120 80 | 15 | 3 15 |930.0| 18153 | 53 | 4940 | 150 | 88 | 107 | 119 | 833 | 1.05 | 1.03 | 059 | 82.9 | 1.06
120 80 | 15 | 3 15 |930.0| 18153 | 53 | 4940 | 300 | 114 | 107 | 168 | 93.7 | 1.22 | 1.03 | 059 | 104.1| 1.09
20| 80 | 15 | 3 15 |930.0| 18153 | 53 | 4940 | 450 | 141 | 107 | 205 | 937 | 151 |1.03 | 059 |127.3| 1.11
20| 80 | 15 | 3 15 |930.0| 18153 | 53 | 4940 | 600 | 166 | 107 | 237 | 937 | 177 | 1.03 | 059 | 146.1 | 1.14
HAo L5 [140 | 70 | 10 | 3 30 | 9000 18338 | 88 | 6760 | 75 | 56 86 | 093 | 521 | 1.06 | 124|064 | 52.2 | 107
40| 70 | 10 | 3 20 |9000| 18338 | 88 | 6760 | 150 | 77 86 | 1.32 | 725 | 1.06 |1.24 | 064 | 72.3 | 106
40| 70 | 10 | 3 20 |9000| 18338 | 88 | 6760 | 300 | 98 86 | 1.86 | 75.7 | 1.29 |1.24 | 064 | 89.7 | 1.09
40| 70 | 10 | 3 20 |900.0| 18338 | 88 | 6760 | 450 | 112 | 86 | 228 | 75.7 | 148 |1.24 | 064 | 1046 | 107
40| 70 | 10 | 3 20 |9000| 18338 | 88 | 6760 | 600 | 119 | 86 | 264 | 75.7 | 157 |1.24|064 | 1163 | 102
H5_L5 | 150 | 100 | 10 | 4 15 |1480.0| 61669 | 63 | 8580 | 75 | 53 78 | 098 | 50.2 | 1.06 |1.09| 061 | 50.2 | 1.06
150 | 100 | 10 | 4 15 [1480.0| 61669 | 6.3 | 8580 | 150 | 72 78 | 139 | 67.1 | 1.07 |1.09| 061 | 66.8 | 1.08
150 | 100 | 10 | 4 15 [1480.0| 6166.9 | 63 | 8580 | 300 | 93 78 | 196 | 684 | 1.37 |1.09| 061 | 87.5 | 1.06
150 | 100 | 10 | 4 15 |1480.0| 6166.9 | 6.3 | 8580 | 450 | 111 | 78 | 240 | 68.4 | 1.62 |1.09 | 061 | 1053 | 1.05
150 | 100 | 10 | 4 15 |1480.0| 6166.9 | 63 | 8580 | 600 | 122 | 78 | 277 | 68.4 | 178 | 1.09 | 061 | 120.1| 1.02
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Geometry SFEA DSM Design
Column |

bw | br | bs | t [bubi| A le(v)e Ber L fy fu | fas | Ag | fre |Tulfic| b a foer | fulfoer

H6_L5 80 65 15 12 12 288.0 | 158.6 52 4940 75 35 41 135 | 351 1.01 1.02 | 0.59 35.0 1.00

80 65 15 12 12 288.0 | 158.6 52 4940 150 51 41 1.90 | 36.3 1.39 1.02 | 0.59 46.0 111

80 65 15 12 12 288.0 | 158.6 52 4940 300 80 41 269 | 36.3 221 1.02 | 0.59 64.5 124

80 65 15 12 12 288.0 | 158.6 52 4940 450 96 41 330 | 36.3 2.64 1.02 | 0.59 78.6 1.22

80 65 15 12 12 288.0 | 158.6 52 4940 600 107 41 381 | 36.3 | 295 1.02 | 0.59 90.5 1.18

H7_L5 95 50 10 18 19 387.0 | 186.1 8.1 4680 75 51 73 1.01 | 488 1.04 1.20 | 0.63 48.9 1.04

95 50 10 18 19 387.0 | 186.1 8.1 4680 150 68 73 143 | 635 1.07 1.20 | 0.63 63.7 1.07

95 50 10 18 19 387.0 | 186.1 8.1 4680 300 92 73 203 | 64.1 1.44 1.20 | 0.63 81.5 113

95 50 10 18 19 387.0 | 186.1 8.1 4680 450 110 73 248 | 64.1 1.72 1.20 | 0.63 96.2 114

95 50 10 1.8 19 387.0 | 186.1 8.1 4680 600 120 73 286 | 64.1 1.87 120 | 0.63 | 108.1 111

H8_L5 75 60 10 1 13 215.0 91.7 6.1 5460 75 31 33 151 | 287 1.07 1.08 | 0.60 29.0 1.07

75 60 10 1 13 215.0 91.7 6.1 5460 150 46 33 214 | 28.7 161 1.08 | 0.60 39.9 115

75 60 10 1 13 215.0 91.7 6.1 5460 300 69 33 303 | 287 | 242 1.08 | 0.60 54.8 1.26

75 60 10 1 13 215.0 91.7 6.1 5460 450 80 33 371 | 287 2.78 1.08 | 0.60 66.1 121

75 60 10 1 13 215.0 91.7 6.1 5460 600 87 33 428 | 28.7 | 3.03 1.08 | 0.60 75.6 1.15

H9_L5 80 45 11 16 18 307.2 83.6 6.9 3640 75 53 80 0.97 | 50.7 1.04 113 | 0.62 50.6 1.05

80 45 11 16 18 307.2 83.6 6.9 3640 150 72 80 1.37 | 685 1.06 113 | 0.62 68.4 1.05

80 45 11 16 18 307.2 83.6 6.9 3640 300 99 80 194 | 70.2 141 113 | 0.62 87.6 113

80 45 11 16 18 307.2 83.6 6.9 3640 450 123 80 237 | 70.2 1.75 113 | 0.62 | 104.8 117

80 45 11 1.6 18 307.2 83.6 6.9 3640 600 140 80 274 | 70.2 1.99 113 | 0.62 | 118.7 1.18

H1_L6 60 55 11 12 11 230.4 51.4 39 3000 75 47 65 1.07 | 46.2 1.01 1.00 | 0.59 46.4 1.01

60 55 11 12 11 230.4 51.4 39 3000 150 63 65 152 | 56.9 1.10 1.00 | 0.59 57.7 1.09

60 55 11 12 11 230.4 51.4 39 3000 300 94 65 215 | 56.9 1.65 1.00 | 0.59 81.6 115

60 55 11 12 11 230.4 51.4 39 3000 450 125 65 263 | 56.9 2.20 1.00 | 0.59 | 100.1 1.25

60 55 11 12 11 230.4 51.4 39 3000 600 146 65 304 | 56.9 | 257 1.00 | 0.59 | 1155 1.26

H2_L6 100 60 10 2 17 480.0 | 368.8 6.9 6000 75 45 58 114 | 437 1.02 112 | 0.62 43.5 1.03

100 | 60 10 2 17 480.0 | 368.8 6.9 6000 150 59 58 161 | 51.0 1.16 112 | 0.62 54.0 1.09

100 | 60 10 2 17 480.0 | 368.8 6.9 6000 300 82 58 227 | 51.0 1.60 112 | 0.62 73.4 112

100 | 60 10 2 17 480.0 | 368.8 6.9 6000 450 96 58 278 | 51.0 1.89 112 | 0.62 87.7 1.09

100 | 60 10 2 17 480.0 | 368.8 6.9 6000 600 104 58 321 | 51.0 | 2.04 112 | 0.62 99.5 1.05

H3_L6 120 | 80 15 3 15 930.0 | 1815.3 53 5700 75 55 87 093 | 52.3 1.06 1.03 | 0.59 52.2 1.05

120 | 80 15 3 15 930.0 | 1815.3 53 5700 150 7 87 131 | 728 1.05 1.03 | 0.59 73.1 1.05

120 | 80 15 3 15 930.0 | 1815.3 53 5700 300 102 87 186 | 76.2 134 1.03 | 0.59 93.8 1.09

120 80 15 3 15 930.0 | 1815.3 53 5700 450 128 87 228 | 76.2 1.68 1.03 | 0.59 | 1141 112

120 | 80 15 3 15 930.0 | 1815.3 53 5700 600 149 87 263 | 76.2 1.96 1.03 | 0.59 | 1313 113

H4_L6 140 | 70 10 3 3.0 900.0 | 1833.8 8.8 7800 75 51 73 1.02 | 487 1.05 124 | 0.64 48.5 1.05

140 | 70 10 3 20 900.0 | 1833.8 8.8 7800 150 68 73 144 | 632 1.07 124 | 0.64 63.0 1.08

140 | 70 10 3 20 900.0 | 1833.8 8.8 7800 300 85 73 203 | 638 1.33 124 | 0.64 80.5 1.06

140 | 70 10 3 20 900.0 | 1833.8 8.8 7800 450 93 73 249 | 63.8 1.45 124 | 0.64 93.8 0.99

140 | 70 10 3 2.0 900.0 | 1833.8 8.8 7800 600 95 73 2.87 | 63.8 1.49 124 | 0.64 | 1049 | 091

H5_L6 150 | 100 | 10 4 15 |[1480.0| 6166.9 6.3 9900 75 49 66 1.06 | 46.7 1.05 1.09 | 0.61 46.9 1.05

150 | 100 | 10 4 15 |[1480.0| 6166.9 6.3 9900 150 64 66 151 | 58.1 1.10 1.09 | 0.61 58.1 1.10

150 | 100 | 10 4 15 |[1480.0| 6166.9 6.3 9900 300 83 66 213 | 58.1 1.42 1.09 | 0.61 79.9 1.04

150 | 100 | 10 4 15 (1480.0| 6166.9 6.3 9900 450 95 66 261 | 58.1 1.63 1.09 | 0.61 96.1 0.99

150 | 100 | 10 4 15 |[1480.0| 6166.9 6.3 9900 600 101 66 301 | 58.1 1.74 1.09 | 0.61 | 109.7 | 0.92

H6_L6 80 65 15 12 12 288.0 | 158.6 52 5700 75 31 33 151 | 288 1.08 1.02 | 0.59 29.1 1.07

80 65 15 12 12 288.0 | 158.6 52 5700 150 48 33 214 | 28.8 1.65 1.02 | 0.59 40.7 1.18

80 65 15 12 12 288.0 | 158.6 52 5700 300 75 33 302 | 288 | 2.60 1.02 | 0.59 57.3 131

80 65 15 12 12 288.0 | 158.6 52 5700 450 87 33 370 | 28.8 | 3.03 1.02 | 0.59 69.9 124

80 65 15 1.2 12 288.0 | 158.6 52 5700 600 96 33 428 | 288 | 3.32 1.02 | 0.59 80.4 1.19

H7_L6 95 50 10 18 19 387.0 | 186.1 8.1 5400 75 46 60 111 | 446 1.02 1.20 | 0.63 44.8 1.03

95 50 10 18 19 387.0 | 186.1 8.1 5400 150 61 60 158 | 53.0 114 1.20 | 0.63 55.0 111

95 50 10 18 19 387.0 | 186.1 8.1 5400 300 82 60 223 | 53.0 154 1.20 | 0.63 72.8 113

95 50 10 18 19 387.0 | 186.1 8.1 5400 450 94 60 273 | 53.0 1.77 1.20 | 0.63 85.7 1.10

95 50 10 18 19 387.0 | 186.1 8.1 5400 600 99 60 3.15 | 53.0 1.86 1.20 | 0.63 96.3 1.03

H8_L6 75 60 10 1 13 215.0 91.7 6.1 6300 75 27 26 170 | 22.8 1.20 1.08 | 0.60 25.6 1.06

75 60 10 1 13 215.0 91.7 6.1 6300 150 43 26 240 | 22.8 1.89 1.08 | 0.60 35.3 1.22

75 60 10 1 13 215.0 91.7 6.1 6300 300 63 26 340 | 22.8 2.74 1.08 | 0.60 48.4 1.30

75 60 10 1 13 215.0 91.7 6.1 6300 450 70 26 416 | 22.8 | 3.08 1.08 | 0.60 58.5 1.20

75 60 10 1 13 215.0 91.7 6.1 6300 600 75 26 480 | 228 | 3.29 1.08 | 0.60 66.8 112

HO L6 | 80 | 45 | 11 | 1.6 | 1.8 [3072] 836 | 69 | 4200 | 75 | 48 66 | 1.07 | 465 | 1.02 | 1.13 | 0.62 | 46.4 | 1.03

80 | 45 | 11 | 16 | 18 |307.2| 836 | 69 | 4200 | 150 | 64 66 | 151 | 575 | 1.11 | 1.13 | 062 | 58.1 | 1.10

80 | 45 | 11 | 16 | 18 |307.2| 836 | 69 | 4200 | 300 | 90 66 | 214 | 575 | 156 | 1.13 | 062 | 78.4 | 115

80 | 45 | 11 | 1.6 | 18 |307.2| 836 | 69 | 4200 | 450 | 109 | 66 | 262 | 575 | 1.89 | 113 | 0.62 | 936 | 1.16

80 | 45 | 11 | 16 | 18 |307.2| 836 | 69 | 4200 | 600 | 120 | 66 | 302 | 57.5 | 2.09 | 113 | 0.62 | 106.4 | 113

Mean 1.361 Mean 1.093

Sd. Dev. 0.458 Sd. Devw. 0.057

Max 3.320 Max 1.308

Min 0.990 Min 0.906
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and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

ANNEX D: R Column Data
Table D: F columns: (i) geometries, (ii) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by current

Geometry SFEA DSM Design
Column 1
bw bf bs bI t b\/\/bt A le(v)e ﬁl—‘r L fy 1:u 1:ch l@ 1:nG 1:u/fnG b a anT fu/anT
R1IL1 | 80 |50 | 15 | 20 | 1 | 1.60 | 250.0| 333.0 [11.38[ 3500 | 75 | 64 | 144 | 072 | 60.3 | 1.05 | 1.39 | 069 | 60.3 | 1.05
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 3500 | 150 | 105 | 144 | 1.02 | 96.9 | 1.08 |1.39 | 069 | 96.9 | 108
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 3500 | 300 | 127 | 144 | 1.45 |1251| 1.02 |1.39 | 069 | 1251 | 102
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 3500 | 450 | 135 | 144 | 1.77 |1259| 1.07 |1.39 | 069 | 139.3| 097
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 3500 | 600 | 135 | 144 | 204 |1259| 1.07 |1.39 | 069 | 152.0| 0.89
R1L2 | 80 |50 | 15 | 20 | 1 | 1.60 |250.0| 333.0 |[11.38| 4200 | 75 | 58 | 102 | 0.86 | 551 | 1.05 | 1.39 | 069 | 55.1 | 1.05
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 4200 | 150 | 84 | 102 | 1.21 | 81.0 | 1.03 |1.39 | 069 | 81.0 | 103
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 4200 | 300 | 98 | 102 | 1.72 | 89.3 | 1.10 |1.39 | 069 | 96.9 | 101
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 4200 | 450 | 111 | 102 | 210 | 89.3 | 1.24 |1.39 | 069 | 109.6 | 1.01
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 4200 | 600 | 114 | 102 | 243 | 89.3 | 1.27 |1.39 | 069 | 1196 | 095
R1L3 | 80 [ 50 | 15 | 20 | 1 | 1.60 | 250.0| 333.0 [11.38 4900 | 75 | 51 | 76 | 0.99 | 49.6 | 1.03 | 1.39 | 069 | 49.6 | 1.03
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 4900 | 150 | 67 | 76 | 1.40 | 65.7 | 1.02 |1.39 | 069 | 65.7 | 102
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 4900 | 300 | 81 | 76 | 1.99 | 66.7 | 121 | 139|069 | 79.1 | 102
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 4900 | 450 | 95 | 76 | 243 | 66.7 | 1.42 | 139|069 | 89.5 | 106
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 4900 | 600 | 99 | 76 | 281 | 66.7 | 1.49 | 139|069 | 97.6 | 102
R1L4 | 80 |50 | 15 | 20 | 1 | 1.60 [ 250.0| 333.0 [11.38] 5600 | 75 | 44 | 59 | 113 | 441 | 1.00 | 1.39 | 069 | 441 | 1.00
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 5600 | 150 | 55 | 59 | 159 | 51.9 | 1.07 |1.39|069 | 53.8 | 103
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 5600 | 300 | 70 | 59 | 225 | 51.9 | 1.35 | 139|069 | 66.4 | 105
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 5600 | 450 | 83 | 59 | 276 | 51.9 | 1.61 | 139|069 | 75.1 | 111
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 5600 | 600 | 90 | 59 | 319 | 51.9 | 174 | 139|069 | 8.0 | 110
R1L5 | 80 [ 50 | 15 [ 20 | 1 | 1.60 [ 2500 333.0 [11.38 6300 | 75 | 38 | 48 | 1.26 | 387 | 099 [ 139|069 387 | 0.99
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 6300 | 150 | 47 | 48 | 178 | 41.7 | 114 | 139|069 | 46.2 | 102
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 6300 | 300 | 62 | 48 | 251 | 41.7 | 1.49 | 139|069 | 57.0 | 1.09
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 6300 | 450 | 74 | 48 | 3.08 | 41.7 | 177 | 139|069 | 645 | 114
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 6300 | 600 | 79 | 48 | 355 | 41.7 | 1.90 | 139|069 | 70.4 | 112
R1IL6 | 80 | 50 | 15 | 20 | 1 | 1.60 | 250.0| 333.0 [11.38 7000 | 75 | 33 | 39 | 1.38 | 336 | 0.99 |1.39 | 069 | 33.6 | 0.99
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 7000 | 150 | 42 | 39 | 1.96 | 343 | 121 | 139|069 | 40.4 | 103
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 7000 | 300 | 56 | 39 | 277 | 343 | 1.63 | 139|069 | 49.8 | 112
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 7000 | 450 | 65 | 39 | 339 | 343 | 1.90 | 139|069 | 56.4 | 116
80 | 50 | 15 | 20 | 1 | 160 |250.0| 333.0 |11.38| 7000 | 600 | 70 | 39 | 391 | 343 | 203 | 139|069 | 61.5 | 113
R2_L1 | 200|105 12 | 15 | 23 | 1.43 [ 4080 18421 [11.33| 7000 | 75 | 64 | 142 [ 073 | 60.1 | 1.06 | 1.39 | 069 | 60.1 | 1.06
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 7000 | 150 | 103 | 142 | 1.03 | 96.3 | 1.07 | 139|069 | 96.3 | 107
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 7000 | 300 | 128 | 142 | 1.46 |123.6| 1.04 | 139|069 | 1236 | 104
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 7000 | 450 | 140 | 142 | 178 |124.2| 113 |1.39 | 069 | 138.0| 101
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 7000 | 600 | 150 | 142 | 2.06 |124.2| 121 |1.39 | 069 | 150.7 | 1.00
R2_L2 | 200|105 12 | 15 | 23 | 1.43 [ 4080 18421 [11.33| 7500 | 75 | 62 | 125 | 0.78 | 58.3 | 1.06 | 1.39 | 0.69 | 58.3 | 1.06
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 7500 | 150 | 96 | 125 | 1.10 | 90.6 | 1.06 | 1.39 | 069 | 90.6 | 1.06
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 7500 | 300 | 118 | 125 | 155 |109.3| 1.08 |1.39 | 069 | 111.6 | 105
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 7500 | 450 | 131 | 125 | 1.90 |109.3| 1.20 | 1.39 | 0.69 | 126.3 | 1.04
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 7500 | 600 | 143 | 125 | 219 |109.3| 1.31 |1.39 | 069 | 137.9 | 1.04
R2_L3 [ 200|105 12 | 15 | 23 | 1.43 [ 4080 18421 [11.33[ 8000 | 75 | 60 | 111 [ 0.82 | 565 | 1.06 | 1.39 | 069 | 56.5 | 1.06
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 8000 | 150 | 89 | 111 | 1.16 | 85.1 | 1.05 |1.39 | 069 | 85.1 | 105
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 8000 | 300 | 109 | 111 | 1.65 | 97.1 | 1.12 |1.39 | 069 | 102.8 | 106
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 8000 | 450 | 123 | 111 | 202 | 97.1 | 127 | 139|069 | 1163 | 106
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 8000 | 600 | 135 | 111 | 233 | 97.1 | 1.39 | 1.39 | 069 | 127.0| 1.06
R2_L4 | 200|105 12 | 15 | 23 | 1.43 [ 4080 18421 [11.33| 8500 | 75 | 58 | 99 | 0.87 | 54.6 | 1.06 | 1.39 | 0.69 | 54.6 | 1.06
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 8500 | 150 | 83 | 99 | 1.23 | 79.6 | 1.04 | 139|069 | 79.6 | 104
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 8500 | 300 | 102 | 99 | 174 | 86.8 | 1.17 | 139|069 | 95.2 | 107
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 8500 | 450 | 116 | 99 | 213 | 86.8 | 1.34 |1.39 | 069 | 107.7 | 108
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 8500 | 600 | 127 | 99 | 2.46 | 86.8 | 1.46 | 139|069 | 117.6| 108
R2_L5 | 200|105 12 | 15 | 23 | 1.43 [ 4080 18421 [11.33[ 9000 | 75 | 56 | 89 | 0.92 | 528 | 1.05 | 1.39 | 069 | 52.8 | 1.05
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 9000 | 150 | 77 | 89 | 1.30 | 742 | 104 | 139|069 | 742 | 104
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 9000 | 300 | 96 | 89 | 1.83 | 783 | 122 | 139|069 | 885 | 108
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 9000 | 450 | 111 | 89 | 225 | 783 | 1.41 | 139|069 | 100.2 | 110
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 9000 | 600 | 121 | 89 | 259 | 783 | 155 |1.39 | 069 | 109.3| 111
R2_L6 | 200|105 12 | 15 | 23 | 1.43 [ 4080 18421 [11.33| 9500 | 75 | 53 | 81 | 0.96 | 50.9 | 1.05 | 1.39 | 0.69 | 50.9 | 1.05
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 9500 | 150 | 72 | 81 | 1.36 | 69.0 | 1.04 |1.39 | 069 | 69.0 | 1.04
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 9500 | 300 | 91 | 81 | 1.93 | 7.0 | 1.28 |1.39 | 069 | 82.7 | 109
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 9500 | 450 | 106 | 81 | 236 | 71.0 | 1.49 | 139|069 | 936 | 113
200 | 105 | 12 | 15 | 23 | 1.43 |408.0 | 1842.1 |11.33| 9500 | 600 | 115 | 81 | 272 | 7.0 | 1.63 |1.39 | 069 | 1022 | 113
R3 L1 | 67 | 35 | 10 | 20 | 0.8 | 1.91 [157.6| 735 [11.16[ 3000 | 75 | 62 | 122 | 0.78 | 580 | 1.06 | 1.38 | 0.68 | 58.0 | 1.06
67 | 35 | 10 | 20 | 0.8 | 191 |157.6| 735 |11.16| 3000 | 150 | 95 | 122 | 1.11 | 89.7 | 1.06 |1.38 | 068 | 89.7 | 1.06
67 | 35 | 10 | 20 | 0.8 | 191 |157.6| 735 |11.16| 3000 | 300 | 111 | 122 | 157 |107.0| 1.04 |1.38|068|110.1| 101
67 | 35 | 10 | 20 | 0.8 | 191 |157.6| 735 |11.16| 3000 | 450 | 124 | 122 | 1.92 |107.0| 1.16 |1.38 | 0.68 | 124.8| 0.99
67 | 35 | 10 | 20 | 0.8 | 191 |157.6| 735 |11.16| 3000 | 600 | 131 | 122 | 222 |107.0| 1.23 | 1.38 | 068 | 136.5| 0.96




Geometry SFEA DSM Design
Column |
bw | b | bs | by t [bwb| A le(v)e Ber| L fy | fu |fas | Ag | Toe |fulfac| D | @ | foer |Tulfuer
R3 L2 | 67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16]| 3500 | 75 | 56 | 91 | 0.91 | 53.2 | 1.05 | 1.38 | 0.68 | 53.2 | 1.05
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16|3500 | 150 | 77 | 91 | 1.28 | 755 | 1.02 | 1.38 | 0.68 | 755 | 1.02
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16|3500 | 300 | 91 | 91 | 1.81 | 80.2 | 1.14 | 138|068 | 90.2 | 1.01
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16| 3500 | 450 | 106 | 91 | 222 | 80.2 | 1.33 | 1.38 | 0.68 | 102.3 | 1.04
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16| 3500 | 600 | 117 | 91 | 256 | 80.2 | 1.45 | 1.38 | 068 |111.8| 1.04
R3 13 | 67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16]| 4000 | 75 | 50 | 71 | 1.03 | 483 | 1.03 | 1.38 | 0.68 | 48.3 | 1.03
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16| 4000 | 150 | 64 | 71 | 1.45 | 621 | 1.03 | 1.38| 068 | 621 | 103
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16| 4000 | 300 | 79 | 71 | 205 | 625 | 1.26 | 1.38| 068 | 759 | 103
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16| 4000 | 450 | 93 | 71 | 251 | 625 | 1.49 | 138|068 | 86.1 | 108
67 | 35 | 10 | 20 | 08 | 1.91 | 157.6 | 735 |11.16| 4000 | 600 | 104 | 71 | 2.90 | 625 | 1.66 | 138|068 | 941 | 110
R3 14 | 67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16| 4500 | 75 | 43 | 57 | 1.14 | 433 | 1.00 | 1.38 | 0.68 | 43.3 | 1.00
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16| 4500 | 150 | 54 | 57 | 1.62 | 50.2 | 1.08 | 1.38 | 068 | 52.7 | 1.03
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16| 4500 | 300 | 70 | 57 | 229 | 50.2 | 1.39 | 138|068 | 653 | 107
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16| 4500 | 450 | 83 | 57 | 2.80 | 50.2 | 1.65 | 138|068 | 740 | 112
67 | 35 | 10 | 20 | 08 | 1.91 | 1576 | 735 |11.16| 4500 | 600 | 91 | 57 | 324 | 50.2 | 1.82 | 1.38| 068 | 81.0 | 113
R3 L5 | 67 | 35 | 10 | 20 | 08 | 1.91 | 157.6 | 735 |11.16|5000 | 75 | 38 | 47 | 1.26 | 38.6 | 0.99 | 1.38 | 0.68 | 38.6 | 0.99
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16|5000 | 150 | 47 | 47 | 178 | 41.4 | 115 | 138|068 | 46.1 | 103
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16|5000 | 300 | 63 | 47 | 252 | 41.4 | 151 | 138|068 | 57.1 | 110
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16|5000 | 450 | 74 | 47 | 3.09 | 41.4 | 1.78 | 138 | 068 | 64.8 | 114
67 | 35 | 10 | 20 | 08 | 1.91 | 157.6 | 735 |11.16| 5000 | 600 | 80 | 47 | 357 | 41.4 | 1.95 | 138|068 | 70.9 | 114
R3 16 | 67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16]| 5500 | 75 | 34 | 40 | 1.37 | 340 | 0.99 | 1.38 | 0.68 | 340 | 0.99
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16|5500 | 150 | 42 | 40 | 1.94 | 348 | 1.22 | 138|068 | 40.9 | 104
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16|5500 | 300 | 57 | 40 | 275 | 348 | 1.63 | 138|068 | 50.7 | 1.12
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16|5500 | 450 | 66 | 40 | 3.37 | 34.8 | 1.90 | 138|068 | 575 | 115
67 | 35 | 10 | 20 | 08 | 191 | 157.6 | 735 |11.16|5500 | 600 | 71 | 40 | 3.89 | 348 | 2.04 | 138|068 | 629 | 113
R4_L1 | 150 | 110 | 23 | 20 | 24 | 1.36 |1094.4 |15531.6|8.02 | 5500 | 75 | 66 | 182 | 0.64 | 631 | 1.04 | 119 | 0.63 | 63.1 | 1.04
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 5500 | 150 | 116 | 182 | 0.91 |106.3 | 1.09 | 1.19 | 0.63 | 106.3 | 1.09
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6 | 8.02 | 5500 | 300 | 158 | 182 | 1.28 | 150.7 | 1.05 | 1.19 | 0.63 | 150.7 | 1.05
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6 | 8.02 | 5500 | 450 | 170 | 182 | 157 |159.9 | 1.06 | 1.19 | 0.63 | 166.1 | 1.02
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6 | 8.02 | 5500 | 600 | 186 | 182 | 1.81 |159.9 | 1.16 | 1.19 | 0.63 | 186.6 | 1.00
R4_L2 | 150 | 110 | 23 | 20 | 24 | 1.36 |1094.4 |15531.6|802 | 6300 | 75 | 63 | 142 | 0.73 | 60.1 | 1.05 | 1.19 | 0.63 | 60.1 | 1.05
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6 | 8.02 | 6300 | 150 | 103 | 142 | 1.03 | 96.3 | 1.07 | 119 | 063 | 96.3 | 107
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 6300 | 300 | 130 | 142 | 1.45 |123.7| 1.05 | 119 | 0.63 | 123.7 | 1..05
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6 | 8.02 | 6300 | 450 | 144 | 142 | 1.78 | 124.3| 1.16 | 1.19 | 0.63 | 143.0 | 1.01
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6 | 8.02 | 6300 | 600 | 162 | 142 | 2.06 |124.3| 1.30 | 1.19 | 0.63 | 160.6 | 1.01
R4_L3 | 150 | 110 | 23 | 20 | 24 | 1.36 |1094.4 |15531.6|8.02 | 7000 | 75 | 60 | 116 | 0.80 | 57.3 | 1.05 | 119 | 0.63 | 57.3 | 1.05
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 7000 | 150 | 92 | 116 | 1.13 | 87.5 | 1.05 | 119 | 0.63 | 87.5 | 105
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 7000 | 300 | 112 | 116 | 1.60 | 102.2| 1.10 | 1.19 | 0.63 | 108.0 | 1.04
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6 | 8.02 | 7000 | 450 | 129 | 116 | 1.97 |102.2| 1.26 | 1.19 | 0.63 | 127.2| 1.01
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 | 15531.6 | 8.02 | 7000 | 600 | 147 | 116 | 227 |102.2| 1.44 | 1.19 | 0.63 | 142.9 | 1.03
R4_L4 [ 150 | 110 | 23 | 20 | 24 | 1.36 |1094.4 |15531.6 802 | 7800 | 75 | 56 | 95 | 0.89 | 53.9 | 1.04 | 119 | 0.63 | 53.9 | 1.04
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 7800 | 150 | 80 | 95 | 1.25 | 77.6 | 1.03 | 119 | 063 | 77.6 | 103
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 7800 | 300 | 98 | 95 | 1.77 | 836 | 1.17 | 119 | 063 | 958 | 1.02
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 7800 | 450 | 116 | 95 | 217 | 83.6 | 1.39 | 119 | 0.63 | 112.8| 1.03
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 7800 | 600 | 134 | 95 | 251 | 836 | 1.60 | 1.19 | 0.63 | 126.8 | 1.06
R4_L5 | 150 | 110 | 23 | 20 | 24 | 1.36 |1094.4 |15531.6|802 | 8600 | 75 | 52 | 80 | 0.97 | 50.6 | 1.03 | 119 | 0.63 | 50.6 | 1.03
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 8600 | 150 | 70 | 80 | 1.37 | 68.2 | 1.03 | 119 | 0.63 | 68.2 | 103
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 8600 | 300 | 88 | 80 | 1.94 | 69.8 | 1.26 | 1.19 | 0.63 | 86.1 | 1.02
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6 | 8.02 | 8600 | 450 | 107 | 80 | 2.38 | 69.8 | 1.53 | 1.19 | 0.63 | 101.4 | 1.05
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6 | 8.02 | 8600 | 600 | 123 | 80 | 275 | 69.8 | 1.76 | 1.19 | 0.63 | 113.9 | 1.08
RA_L6 | 150 | 110 | 23 | 20 | 24 | 1.36 |1094.4 |15531.6|802 | 9500 | 75 | 47 | 66 | 1.06 | 46.7 | 1.01 | 119 | 0.63 | 46.7 | 1.01
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 9500 | 150 | 62 | 66 | 150 | 58.2 | 1.06 | 1.19 | 0.63 | 58.4 | 1.05
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 9500 | 300 | 80 | 66 | 213 | 58.2 | 1.37 | 119|063 | 77.3 | 103
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 9500 | 450 | 98 | 66 | 260 | 58.2 | 1.68 | 119 | 0.63 | 9.0 | 1.08
150 | 110 | 23 | 20 | 2.4 | 1.36 |1094.4 |15531.6|8.02 | 9500 | 600 | 112 | 66 | 3.01 | 58.2 | 1.92 | 119 | 0.63 | 102.2 | 1.10
R5 L1 | 110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 6000 | 75 | 56 | 94 | 0.89 | 53.7 | 1.04 | 111 | 0.61 | 53.7 | 1.04
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 6000 | 150 | 79 | 94 | 127 | 76.8 | 1.03 | 111|061 | 768 | 103
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 6000 | 300 | 98 | 94 | 1.79 | 82.2 | 1.19 | 111|061 | 96.3 | 102
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 6000 | 450 | 118 | 94 | 219 | 82.2 | 1.44 | 111|061 |1154| 102
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 6000 | 600 | 138 | 94 | 253 | 82.2 | 1.67 | 111|061 |131.3| 105
R5 L2 [ 110 [ 100 | 20 | 15 | 2 | 110 | 760.0 | 5079.0 | 6.60 | 6500 | 75 | 52 | 81 | 0.96 | 50.9 | 1.03 | 111 | 0.61 | 50.9 | 1.03
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 6500 | 150 | 71 | 81 | 1.36 | 69.0 | 1.03 | 111|061 | 69.0 | 1.03
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 6500 | 300 | 90 | 81 | 1.93 | 70.8 | 1.27 | 111|061 | 887 | 101
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 6500 | 450 | 110 | 81 | 2.36 | 70.8 | 1.56 | 1.11 | 0.61 | 106.3 | 1.04
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 6500 | 600 | 129 | 81 | 273 | 70.8 | 1.82 | 111|061 |120.9| 107
R5 13 [ 110 100 | 20 | 15 | 2 | 110 | 760.0 | 5079.0 | 660 | 7000 | 75 | 49 | 70 | 1.03 | 480 | 1.02 | 111 | 061 | 48.0 | 1.02
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 7000 | 150 | 64 | 70 | 1.46 | 61.5 | 1.05 | 111|061 | 615 | 105
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 7000 | 300 | 84 | 70 | 2.06 | 61.8 | 1.36 | 111|061 | 822 | 102
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 7000 | 450 | 104 | 70 | 253 | 61.8 | 1.68 | 111|061 | 98.6 | 106
110 | 100 | 20 | 15 | 2 | 1.10 | 760.0 | 5079.0 | 6.60 | 7000 | 600 | 121 | 70 | 292 | 61.8 | 1.96 | 111|061 |112.1| 108
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Geometry SFEA DSM Design
Column |
bw bf bs bI t bv\/ bt A % 1‘/(\/)5 ﬂl—‘r L fy 1:u 1:ch lG 1:nG 1:u/ fnG b a anT fu/ anT
R5 L4 | 110 | 100 | 20 | 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 7500 | 75 | 46 62 | 110 | 452 | 1.01 | 111|061 452 [ 101
110 | 100 | 20 15 2 110 | 760.0 | 5079.0 | 6.60 | 7500 | 150 59 62 155 | 545 | 1.08 | 111 |0.61 | 56.3 1.05
110 | 100 | 20 | 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 7500 | 300 | 79 62 | 220 | 545 | 145 | 111|061 | 767 | 103
110 | 100 | 20 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 7500 | 450 98 62 269 | 545 | 1.81 | 111|061 | 919 1.07
110 | 100 | 20 | 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 7500 | 600 | 114 | 62 | 311 | 545 | 210 | 1.11 | 0.61 | 1045 | 1.09
R5_L5 110 | 100 | 20 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 8000 | 75 40 55 117 | 425 | 095 | 111 | 0.61 | 425 0.95
110 | 100 | 20 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 8000 | 150 52 55 165 | 484 | 1.08 | 111|061 | 52.7 0.99
110 | 100 | 20 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 8000 | 300 70 55 233 | 484 | 145 | 111|061 | 719 0.98
110 | 100 | 20 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 8000 | 450 88 55 285 | 484 | 181 | 111|061 | 86.2 1.02
110 | 100 | 20 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 8000 | 600 | 102 55 330 | 484 | 210 | 1.11 | 0.61 | 98.0 1.04
R5_L6 110 | 100 | 20 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 8500 | 75 40 50 123 | 39.8 | 099 | 111|061 39.8 0.99
110 | 100 | 20 | 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 8500 | 150 | 51 50 | 174 | 435 | 1.17 | 111|061 | 496 | 102
110 | 100 | 20 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 8500 | 300 71 50 246 | 435 | 164 | 111|061 | 67.7 1.05
110 | 100 | 20 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 8500 | 450 89 50 301 | 435 | 205 | 111|061 811 110
110 | 100 | 20 15 2 1.10 | 760.0 | 5079.0 | 6.60 | 8500 | 600 | 102 50 348 | 435 | 234 | 111|061 | 923 110
R6_L1 150 | 130 | 20 15 25 1.15 [1200.0|18991.6 | 6.53 | 7500 | 75 56 96 0.89 | 540 | 1.04 | 110 | 061 | 54.0 1.04
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 7500 | 150 80 96 125 | 778 | 1.03 | 110|061 | 77.8 1.03
150 | 130 | 20 15 25 1.15 [1200.0|18991.6 | 6.53 | 7500 | 300 | 100 96 177 | 839 | 119 | 110|061 | 974 1.03
150 | 130 | 20 | 15 | 25 | 115 [1200.0{18991.6 | 6.53 | 7500 | 450 | 122 | 96 | 2.17 | 83.9 | 1.46 | 1.10 | 061 | 1169 | 105
150 | 130 | 20 15 25 1.15 [1200.0|18991.6 | 6.53 | 7500 | 600 | 144 96 250 | 839 | 1.72 | 110 | 0.61 | 133.0| 1.08
R6_L2 150 | 130 | 20 15 25 1.15 [1200.0|18991.6 | 6.53 | 8000 | 75 53 85 094 | 51.8 | 1.03 | 110 | 061 | 51.8 1.03
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 8000 | 150 74 85 133 | 716 | 1.03 | 110|061 | 71.6 1.03
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 8000 | 300 94 85 188 | 745 | 126 | 110|061 | 913 1.03
150 | 130 | 20 15 25 1.15 [1200.0|18991.6 | 6.53 | 8000 | 450 | 116 85 230 | 745 | 156 | 1.10 | 0.61 | 109.5| 1.06
150 | 130 | 20 15 25 1.15 [1200.0]|18991.6 | 6.53 | 8000 | 600 | 137 85 266 | 745 | 184 | 110 | 061 | 1246 | 110
R6_L3 150 | 130 | 20 15 25 1.15 [1200.0|18991.6 | 6.53 | 8500 | 75 51 76 099 | 496 | 1.02 | 110 | 0.61 | 49.6 1.02
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 8500 | 150 68 76 140 | 657 | 1.04 | 110 | 0.61 | 65.7 1.04
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 8500 | 300 89 76 199 | 66.7 | 1.33 | 110 | 0.61 | 85.8 1.04
150 | 130 | 20 | 15 | 25 | 1.15 [1200.0{18991.6 | 6.53 | 8500 | 450 | 111 | 76 | 243 | 66.7 | 1.67 | 1.10 | 0.61 | 103.0 | 1.08
150 | 130 | 20 | 15 | 25 | 1.15 [1200.0{18991.6| 6.53 | 8500 | 600 | 131 | 76 | 281 | 66.7 | 1.97 | 1.10 | 061 | 117.2| 112
R6_L4 | 150 | 130 | 20 | 15 | 25 | 1.15 [1200.0{18991.6 | 6.53 | 9000 | 75 | 48 69 | 1.05 | 47.4 | 1.01 | 1.10 | 061 | 47.4 | 101
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 9000 | 150 63 69 148 | 60.0 | 1.06 | 1.10| 0.61 | 60.0 1.06
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 9000 | 300 85 69 209 | 60.1 | 141 | 110|061 | 811 1.04
150 | 130 | 20 15 25 1.15 [1200.0|18991.6 | 6.53 | 9000 | 450 | 107 69 256 | 60.1 | 1.78 | 1.10 | 0.61 | 97.2 1.10
150 | 130 | 20 15 2.5 1.15 [1200.0| 18991.6 | 6.53 | 9000 | 600 | 125 69 296 | 60.1 | 2.09 | 110 | 0.61 | 110.7| 113
R6_L5 | 150 | 130 [ 20 | 15 | 25 | 1.15 [1200.0{18991.6 | 6.53 | 9500 | 75 | 45 62 | 110 | 452 | 1.01 |[1.10 [ 061 | 452 | 1.01
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 9500 | 150 59 62 155 | 545 | 1.09 | 110 | 0.61 | 56.3 1.05
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 9500 | 300 81 62 220 | 545 | 149 | 110|061 | 76.8 1.06
150 | 130 | 20 15 25 1.15 [1200.0|18991.6 | 6.53 | 9500 | 450 | 103 62 269 | 545 | 1.89 | 110 | 061 | 92.1 112
150 | 130 | 20 | 15 | 25 | 1.15 [1200.0{18991.6 | 6.53 | 9500 | 600 | 120 | 62 | 3.11 | 545 | 2.20 | 1.10 | 0.61 | 104.8 | 114
R6_L6 | 150 | 130 [ 20 | 15 | 25 | 1.15 [1200.0{18991.6 | 6.53 | 10000 | 75 | 43 57 | 115 | 431 | 1.00 | 1.10 [ 061 | 43.1 | 1..00
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 10000 | 150 56 57 163 | 49.7 | 112 | 110|061 | 535 1.04
150 | 130 | 20 15 25 1.15 |1200.0| 18991.6 | 6.53 | 10000 | 300 78 57 230 | 49.7 | 157 | 110|061 | 73.0 1.07
150 | 130 | 20 15 25 1.15 [1200.0| 18991.6 | 6.53 | 10000 | 450 99 57 282 | 497 | 199 | 110|061 | 876 113
150 | 130 | 20 15 2.5 1.15 [1200.0| 18991.6 | 6.53 | 10000 | 600 | 115 57 325 | 497 | 232 | 110 | 0.61 | 99.7 1.16
R7 L1 | 120 | 60 | 20 | 30 | 15 | 2.00 |510.0| 2204.9 [11.96 5500 | 75 | 61 | 121 | 0.79 | 57.9 | 1.06 | 143|070 | 57.9 | 106
120 | 60 | 20 | 30 | 15 | 200 |510.0| 2204.9 |11.96| 5500 | 150 | 92 | 121 | 1.11 | 89.4 | 1.03 | 143|070 | 89.4 | 103
120 | 60 | 20 | 30 | 15 | 200 |510.0| 2204.9 |11.96| 5500 | 300 | 112 | 121 | 157 |106.3 | 1.05 | 1.43 | 0.70 | 109.3 | 103
120 | 60 | 20 | 30 | 15 | 200 |510.0| 2204.9 |11.96| 5500 | 450 | 122 | 121 | 1.93 | 106.3 | 1.14 | 143|070 | 122.8 | 099
120 | 60 | 20 | 30 | 15 | 2.00 |510.0| 2204.9 |11.96| 5500 | 600 | 132 | 121 | 222 | 106.3 | 1.24 | 143|070 | 1333 | 099
R7 12 [120] 60 | 20 | 30 | 1.5 | 200 [510.0| 2204.9 [11.96] 6000 | 75 | 58 | 103 | 085 | 55.3 | 1.06 | 143|070 | 553 | 1.06
120 | 60 | 20 | 30 | 15 | 200 |510.0| 2204.9 |11.96| 6000 | 150 | 85 | 103 | 1.21 | 815 | 1.04 | 143|070 | 815 | 104
120 | 60 20 30 15 2.00 |510.0 [ 2204.9 |11.96| 6000 | 300 99 103 | 1.71 | 90.3 | 1.10 | 143|070 | 97.3 1.02
120 | 60 | 20 | 30 | 15 | 200 |510.0| 2204.9 |11.96| 6000 | 450 | 110 | 103 | 2.09 | 90.3 | 1.22 | 143|070 | 109.2 | 101
120 | 60 | 20 | 30 | 15 | 2.00 |510.0| 2204.9 |11.96| 6000 | 600 | 121 | 103 | 241 | 90.3 | 1.34 | 143|070 |1186| 102
R7_L3 120 | 60 20 30 15 2.00 | 510.0 | 2204.9 |11.96| 6500 | 75 55 89 092 | 526 | 1.05 | 143 | 0.70 | 52.6 1.05
120 | 60 20 30 15 2.00 |510.0 [ 2204.9 |11.96| 6500 | 150 76 89 130 | 738 | 1.02 | 143|070 | 73.8 1.02
120 | 60 | 20 | 30 | 15 | 2.00 |510.0| 2204.9 [11.96| 6500 | 300 | 89 80 | 1.84 | 77.7 | 1.14 | 143|070 874 | 102
120 | 60 | 20 | 30 | 15 | 200 |510.0| 2204.9 |11.96| 6500 | 450 | 101 | 89 | 225 | 77.7 | 1.30 | 143|070 | 98.1 | 103
120 | 60 | 20 | 30 | 15 | 2.00 |510.0| 2204.9 |11.96| 6500 | 600 | 111 | 89 | 2.60 | 77.7 | 1.43 | 143 | 070 | 106.6 | 104
R7 L4 | 120 | 60 | 20 | 30 | 15 | 2.00 [510.0| 2204.9 [11.96| 7000 | 75 | 52 77 | 099 | 49.9 | 1.04 [ 143|070 49.9 | 104
120 | 60 20 30 15 2.00 |510.0 [ 2204.9 |11.96| 7000 | 150 68 7 139 | 665 | 1.02 | 143 |0.70 | 66.5 1.02
120 | 60 | 20 | 30 | 1.5 | 200 |510.0| 2204.9 [11.96| 7000 | 300 | 81 77 | 197 | 67.7 | 1.20 | 143|070 | 79.2 | 1.02
120 | 60 | 20 | 30 | 15 | 200 |510.0| 2204.9 [11.96| 7000 | 450 | 93 77 | 242 | 67.7 | 1.37 | 143|070 | 889 | 104
120 | 60 | 20 | 30 | 15 | 2.00 |510.0| 2204.9 |11.96| 7000 | 600 | 102 | 77 | 279 | 67.7 | 151 | 143|070 | 96.6 | 106
R7 L5 | 120 | 60 | 20 | 30 | 15 | 2.00 [510.0| 2204.9 [11.96| 7500 | 75 | 48 68 | 1.05 | 47.2 | 1.02 | 143|070 | 47.2 | 1.02
120 | 60 20 30 15 2.00 |510.0 [ 2204.9 |11.96| 7500 | 150 62 68 149 | 595 | 1.03 | 143|0.70 | 59.5 1.03
120 | 60 20 30 15 2.00 |510.0 [ 2204.9 |11.96| 7500 | 300 74 68 210 | 595 | 1.25 | 143|070 | 723 1.03
120 | 60 20 30 15 2.00 |510.0 [ 2204.9 |11.96| 7500 | 450 86 68 257 | 595 | 144 | 143|070 | 81.2 1.06
120 | 60 20 30 1.5 2.00 |510.0 [ 2204.9 |11.96| 7500 | 600 94 68 297 | 595 | 158 | 143|070 | 88.2 1.07
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Geometry SFEA DSM Design
Column 0
bw bf bs bI t bv\/ bt A % 1‘/(\/)5 ﬂl—‘r L fy 1:u 1:ch lG 1:nG 1:u/ fnG b a anT fu/ anT
R7_L6 120 | 60 20 30 15 2.00 | 510.0 | 2204.9 |11.96| 8000 75 45 60 112 | 446 1.01 | 143 | 0.70 | 44.6 1.01
120 | 60 | 20 30 | 1.5 | 2.00 |510.0| 2204.9 [11.96| 8000 | 150 56 60 158 | 529 | 1.06 | 143|070 | 545 | 1.03
120 | 60 | 20 30 | 1.5 | 2.00 |510.0| 2204.9 [11.96| 8000 | 300 69 60 223 | 529 | 131 | 143|070 | 66.4 | 104
120 | 60 | 20 30 | 1.5 | 2.00 |510.0| 2204.9 [11.96| 8000 | 450 80 60 273 | 529 | 151 | 143|070| 746 | 107
120 | 60 | 20 30 | 1.5 | 2.00 |510.0| 2204.9 [11.96| 8000 | 600 87 60 315 | 529 | 1.64 | 143|070 | 81.0 | 107
R8_L1 60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 3000 75 57 102 | 0.86 | 55.1 1.04 | 118 | 0.63 | 55.1 1.04
60 55 10 | 55 1 1.09 |201.0| 122.2 | 7.78 | 3000 | 150 83 102 | 1.21 | 809 | 1.03 | 1.18 | 0.63| 80.9 | 103
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 3000 | 300 104 102 172 | 89.2 116 | 1.18 | 0.63 | 99.8 1.04
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 3000 | 450 125 102 | 2.10 | 89.2 140 | 118 [ 0.63 | 117.9| 1.06
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 3000 | 600 146 102 | 243 | 89.2 163 | 118 [ 0.63 | 132.7 | 1.10
R8 12 [ 60 [ 55 | 10 [55] 1 1.09 [ 2010 1222 [778 3500 | 75 51 76 | 099 | 497 | 1.02 [118] 063 49.7 | 1.02
60 55 10 | 55 1 1.09 |201.0| 1222 | 7.78 | 3500 | 150 68 76 140 | 65.9 | 1.04 | 118 | 063 | 659 | 1.04
60 55 10 | 55 1 1.09 | 201.0| 122.2 | 7.78 | 3500 | 300 89 76 198 | 67.0 | 1.32 | 1.18 | 063 | 84.3 | 1.05
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 3500 | 450 110 76 243 | 67.0 165 | 1.18 | 0.63 | 99.6 111
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 3500 | 600 129 76 280 | 67.0 193 | 118 [ 063 | 1122 | 1.15
R8_L3 60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 4000 75 44 60 112 | 444 1.00 | 1.18 | 0.63 | 444 1.00
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 4000 | 150 58 60 158 | 524 1.10 | 1.18 | 0.63 | 54.9 1.05
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 4000 | 300 79 60 224 | 524 151 | 118 [ 063 | 73.0 1.08
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 4000 | 450 100 60 274 | 52.4 190 | 118 [ 0.63 | 86.2 1.16
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 4000 | 600 116 60 3.17 | 52.4 221 | 118 | 0.63| 97.1 1.19
R8_L4 60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 4500 75 39 48 125 | 39.2 0.99 | 118 | 0.63 | 39.2 0.99
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 4500 | 150 51 48 176 | 424 119 | 118 | 0.63 | 484 1.05
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 4500 | 300 73 48 249 | 424 171 | 118 | 0.63 | 64.4 113
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 4500 | 450 91 48 3.05 | 424 215 | 118 | 063 | 76.1 1.20
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 4500 | 600 104 48 352 | 424 246 | 118 | 0.63 | 85.7 1.22
R8_L5 60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 5000 75 34 40 137 | 343 1.01 | 1.18 | 0.63 | 34.3 1.01
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 5000 | 150 46 40 193 | 351 130 | 118 [ 0.63 | 434 1.05
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 5000 | 300 67 40 274 | 351 191 | 118 | 063 | 57.7 1.16
60 55 10 | 55 1 1.09 | 201.0| 122.2 | 7.78 | 5000 | 450 83 40 335 | 351 | 236 | 118|063 | 682 | 122
60 55 10 | 55 1 1.09 | 201.0| 122.2 | 7.78 | 5000 | 600 93 40 3.87 | 351 | 2.66 | 1.18 | 0.63| 76.7 | 122
R8_L6 60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 5500 75 31 34 149 | 29.8 1.04 | 118 | 0.63 | 29.8 1.04
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 5500 | 150 42 34 210 | 29.8 141 | 118 | 063 | 39.3 1.07
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 5500 | 300 62 34 297 | 29.8 209 | 118 | 0.63| 523 119
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 5500 | 450 76 34 3.64 | 29.8 254 | 118 | 0.63 | 618 1.22
60 55 10 55 1 1.09 |201.0| 1222 | 7.78 | 5500 | 600 84 34 420 | 29.8 281 | 118 | 0.63 | 69.6 1.20
RO L1 | 130 | 70 | 20 30 | 15 | 1.86 |555.0| 3388.2 [12.12| 5500 | 75 65 137 | 074 | 59.6 | 1.09 | 144|070 | 59.6 | 1.09
130 | 70 | 20 30 | 15 | 1.86 |555.0| 3388.2 [12.12| 5500 | 150 | 103 | 137 | 1.05 | 949 | 1.09 | 144|070 | 949 | 109
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 5500 | 300 124 137 148 | 120.0 | 1.04 | 144 0.70 | 120.0 | 1.04
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 5500 | 450 132 137 181 |120.1| 110 | 144 0.70 | 133.7 | 0.99
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 5500 | 600 141 137 | 2.09 |120.1| 117 | 144 0.70 | 145.0 | 0.97
R9_L2 | 130 | 70 | 20 30 | 1.5 | 1.86 |555.0| 3388.2 [12.12| 6000 | 75 62 116 | 0.80 | 57.3 | 1.09 | 144|070 | 57.3 | 109
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 6000 | 150 92 116 114 | 874 105 | 144 ({070 | 87.4 1.05
130 | 70 | 20 30 | 1.5 | 1.86 |555.0| 3388.2 [12.12| 6000 | 300 | 109 | 116 | 1.61 | 102.0 | 1.07 | 1.44| 0.70 | 106.0 | 1.03
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 6000 | 450 120 116 197 |102.0| 117 | 144|070 |1189| 1.01
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 6000 | 600 131 116 | 2.27 | 102.0| 1.29 | 144 0.70 | 1289 | 1.02
R9_L3 | 130 ( 70 | 20 30 | 1.5 | 1.86 |555.0| 3388.2 [12.12| 6500 | 75 59 100 | 0.87 | 548 | 1.08 | 144|070 | 548 | 108
130 | 70 | 20 30 | 1.5 | 1.86 |555.0| 3388.2 [12.12| 6500 | 150 84 100 | 1.22 | 80.1 | 1.05 | 144|070 | 80.1 | 105
130 | 70 | 20 30 | 1.5 | 1.86 |555.0| 3388.2 [12.12| 6500 | 300 98 100 | 1.73 | 87.7 | 1.11 | 144|070| 951 | 103
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 6500 | 450 110 100 | 2.12 | 87.7 125 | 144 { 0.70 | 106.6 | 1.03
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 6500 | 600 117 100 | 2.45 | 87.7 134 | 144 (070 | 1156 | 1.01
R9_L4 130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 7000 75 56 87 0.93 | 52.3 1.07 | 144 | 0.70 | 52.3 1.07
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 7000 | 150 76 87 131 | 729 1.04 | 144 (070 | 729 1.04
130 | 70 | 20 30 | 15 | 1.86 |555.0 | 3388.2 [12.12| 7000 | 300 89 87 186 | 76.2 | 1.16 | 144|070 | 86.0 | 1.03
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 7000 | 450 102 87 228 | 76.2 133 | 144 ({070 | 96.4 1.06
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 7000 | 600 110 87 263 | 76.2 145 | 144 (070 | 1046 | 1.05
R9_L5 | 130 | 70 | 20 30 | 1.5 | 1.86 |555.0| 3388.2 [12.12| 7500 | 75 52 76 0.99 | 49.7 | 1.05 | 144|070 | 49.7 | 105
130 | 70 | 20 30 | 15 | 1.86 |555.0| 3388.2 [12.12| 7500 | 150 68 76 140 | 65.9 | 1.03 | 144|070 | 65.9 | 1.03
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 7500 | 300 82 76 198 | 67.0 122 | 144 ({070 | 784 1.04
130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 7500 | 450 95 76 243 | 67.0 141 | 144 (070 | 87.9 1.08
130 | 70 | 20 30 | 1.5 | 1.86 |555.0| 3388.2 [12.12| 7500 | 600 | 104 76 2.80 | 67.0 | 155 | 144|070 | 953 | 109
R9_L6 130 | 70 20 30 15 1.86 | 555.0 | 3388.2 |12.12| 8000 75 49 68 1.05 | 47.2 1.03 | 144 | 0.70 | 47.2 1.03
130 | 70 | 20 30 | 15 | 1.86 |555.0| 3388.2 [12.12| 8000 | 150 62 68 149 | 59.3 | 1.04 | 144|070 | 59.3 | 1.04
130 | 70 | 20 30 | 15 | 1.86 |555.0| 3388.2 [12.12| 8000 | 300 76 68 211 | 59.4 | 1.28 | 144|070| 719 | 105
130 | 70 | 20 30 | 1.5 | 1.86 | 5550 | 3388.2 |12.12| 8000 | 450 89 68 258 | 59.4 | 149 | 144|070 80.6 | 110
130 | 70 | 20 30 | 1.5 | 1.86 | 5550 | 3388.2 |12.12] 8000 | 600 97 68 2.98 | 59.4 | 164 |144]070| 874 | 112
Mean 1.329 Mean 1.054
Sd. Dev. 0.363 Sd. Dev. 0.049
Max 2.814 Max 1.225
Min 0.953 Min 0.888
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ANNEX E: RLC Column Data

Table E: F columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by current
and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column |
bw bf bs bI t bvv/ bt A % 1‘,(\/)5 ﬂ FT L fy 1:u 1:ch l@ 1:nG 1:u/ fnG b a anT fu/ anT
RLC1_L1| 80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 3500 | 75 | 62 | 135 | 0.75 | 595 | 1.04 | 150 | 0.72 | 59.5 | 1.04
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 3500 | 150 | 100 | 135 | 1.05 | 943 | 1.06 | 150 | 0.72 | 943 | 106
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 3500 | 300 | 123 | 135 | 1.49 | 1184 | 1.04 | 150 | 0.72 | 1184 | 104
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 3500 | 450 | 132 | 135 | 1.82 | 1185 | 111 | 150 | 0.72 | 130.8 | 1.01
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 3500 | 600 | 139 | 135 | 211 | 1185 | 117 | 150 | 0.72 | 140.6 | 0.99
RLC1_L2| 80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 4200 | 75 | 56 | 95 | 089 | 540 | 1.03 | 150 | 0.72 | 540 | 103
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 4200 | 150 | 79 | 95 | 125 | 776 | 101 | 150 | 0.72 | 77.6 | 101
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 4200 | 300 | 92 | 95 | 177 | 836 | 111 | 150 | 0.72 | 91.0 | 102
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 4200 | 450 | 1202 | 95 | 217 | 836 | 122 | 150 | 0.72 | 1200.7 | 1.01
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 4200 | 600 | 110 | 95 | 251 | 836 | 1.32 | 150 | 0.72 | 108.2 | 1.02
RLC1_L3| 80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 4900 | 75 | 49 | 71 | 103 ] 483 | 101 [ 150 [ 072 | 483 | 101
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 4900 | 150 | 63 | 71 | 145 | 621 | 1.01 | 150 | 0.72 | 621 | 101
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 4900 | 300 | 74 | 71 | 205 | 624 | 119 | 150 | 0.72 | 731 | 102
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 4900 | 450 | 84 | 71 | 251 | 624 | 135 | 150 | 0.72 | 80.9 | 104
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 4900 | 600 | 92 | 71 | 290 | 624 | 147 | 150 | 0.72 | 87.0 | 105
RLC1_L4| 80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 5600 | 75 | 42 | 56 | 116 | 426 | 0.98 | 150 | 0.72 | 426 | 098
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 5600 | 150 | 52 | 56 | 164 | 487 | 1.06 | 150 | 0.72 | 51.0 | 101
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 5600 | 300 | 63 | 56 | 232 | 487 | 129 | 150 | 0.72 | 60.7 | 103
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 5600 | 450 | 72 | 56 | 285 | 487 | 147 | 150 | 0.72 | 67.2 | 107
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 5600 | 600 | 78 | 56 | 329 | 487 | 160 | 150 | 072 | 72.2 | 108
RLC1_L5| 80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 6300 | 75 | 36 | 45 | 129 ] 372 | 096 [ 150 [ 072 | 37.2 | 096
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 6300 | 150 | 44 | 45 | 183 | 393 | 112 | 150 | 0.72 | 434 | 101
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 6300 | 300 | 54 | 45 | 259 | 393 | 139 | 150 | 0.72 | 51.6 | 105
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 6300 | 450 | 62 | 45 | 317 | 393 | 158 | 150 | 0.72 | 57.2 | 108
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 6300 | 600 | 66 | 45 | 366 | 39.3 | 169 | 150 | 0.72 | 614 | 108
RLC1_L6| 80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 7000 | 75 | 31 | 37 | 142 ] 321 | 097 [ 150 [ 072 | 321 | 097
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 7000 | 150 | 38 | 37 | 201 | 325 | 117 | 150 | 0.72 | 37.7 | 101
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 7000 | 300 | 48 | 37 | 285 | 325 | 148 | 150 | 0.72 | 448 | 107
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 7000 | 450 | 54 | 37 | 349 | 325 | 166 | 150 | 0.72 | 49.6 | 1.09
80 | 50 15 | 20 1 160 | 2500 | 257.8 13.1 7000 | 600 | 57 | 37 | 402 | 325 | 175 | 150 | 0.72 | 533 | 107
RLC2_L1] 200 | 105 | 12 | 15 [ 23 | 190 | 1067.2 | 15010.8 | 117 7000 | 75 | 63 | 135 | 0.75 | 59.4 | 1.06 | 141 [ 0.69 | 59.4 | 1.06
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 7000 | 150 | 99 | 135 | 105 | 942 | 1.05 | 141 | 0.69 | 942 | 105
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 11.7 7000 | 300 | 125 | 135 | 1.49 | 118.3 | 1.05 | 141 | 0.69 | 1183 | 105
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 7000 | 450 | 139 | 135 | 1.83 | 118.3 | 1.18 | 141 | 0.69 | 132.9 | 105
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 7000 | 600 | 145 | 135 | 211 | 1183 | 123 | 141 | 0.69 | 1447 | 1.00
RLC2_L2] 200 | 105 | 12 | 15 [ 23 | 190 | 1067.2 | 15010.8 | 117 7500 | 75 | 61 | 119 | 079 | 57.6 | 1.06 | 141 | 0.69 | 57.6 | 106
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 7500 | 150 | 94 | 119 | 112 | 884 | 1.06 | 141 | 0.69 | 884 | 106
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 7500 | 300 | 114 | 119 | 159 | 1041 | 1.09 | 141 | 0.69 | 107.8 | 1.06
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 11.7 7500 | 450 | 129 | 119 | 195 | 1041 | 124 | 141 | 0.69 | 1215 | 1.06
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 7500 | 600 | 136 | 119 | 225 | 1041 | 1.30 | 1.41 | 0.69 | 132.3 | 1.02
RLC2_L3] 200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 8000 | 75 | 59 | 105 | 084 | 557 | 1.06 | 141 [ 0.69 | 55.7 | 1.06
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 8000 | 150 | 86 | 105 | 119 | 827 | 1.05 | 141 | 0.69 | 827 | 105
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 8000 | 300 | 105 | 105 | 169 | 925 | 1.14 | 141 | 069 | 99.2 | 106
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 8000 | 450 | 119 | 105 | 207 | 925 | 1.28 | 141 | 0.69 | 111.8 | 1.06
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 8000 | 600 | 128 | 105 | 239 | 925 | 1.39 | 141 | 0.69 | 121.7 | 105
RLC2_L4] 200 | 105 | 12 | 15 [ 23 | 190 | 1067.2 | 15010.8 | 117 8500 | 75 | 57 | 94 | 089 | 538 | 1.05 | 141 [ 0.69 | 538 | 105
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 11.7 8500 | 150 | 80 | 94 | 126 | 771 | 1.04 | 141 | 069 | 77.1 | 104
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 11.7 8500 | 300 | 98 | 94 | 178 | 828 | 119 | 141 | 069 | 917 | 107
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 8500 | 450 | 112 | 94 | 218 | 828 | 135 | 141 | 0.69 | 1034 | 108
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 8500 | 600 | 120 | 94 | 252 | 828 | 145 | 141 | 0.69 | 112.6 | 107
RLC2_L5] 200 | 105 | 12 | 15 [ 23 | 190 | 1067.2 | 15010.8 | 117 9000 | 75 | 54 | 8 | 094 | 51.9 | 1.05 | 141 [ 069 | 519 | 105
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 11.7 9000 | 150 | 74 | 8 | 133 | 7.7 | 1.03 | 141 | 069 | 7.7 | 103
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 11.7 9000 | 300 | 92 | 8 | 183 | 746 | 124 | 141 | 069 | 853 | 108
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 9000 | 450 | 104 | 8 | 230 | 746 | 140 | 141 | 069 | 96.1 | 1.09
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 9000 | 600 | 111 | 85 | 265 | 746 | 148 | 141 | 0.69 | 1046 | 106
RLC2_L6] 200 | 105 | 12 | 15 [ 23 | 190 | 1067.2 | 15010.8 | 117 9500 | 75 | 52 | 77 | 099 | 50.0 | 1.04 | 141 [ 0.69 | 50.0 | 1.04
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 11.7 9500 | 150 | 69 | 77 | 139 | 665 | 1.04 | 141 | 0.69 | 66.5 | 104
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 9500 | 300 | 87 | 77 | 197 | 67.7 | 129 | 141 | 069 | 79.6 | 110
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 11.7 9500 | 450 | 100 | 77 | 241 | 67.7 | 148 | 141 | 069 | 89.7 | 112
200 | 105 | 12 | 15 | 23 | 190 | 1067.2 | 15010.8 | 117 9500 | 600 | 106 | 77 | 279 | 67.7 | 156 | 141 | 0.69 | 97.7 | 108
RLC3_L1| 67 | 35 10 | 20 [ 08| 191 | 1576 455 14.0 3000 | 75 | 58 | 106 | 0.84 | 558 | 1.04 | 155 | 0.73 | 55.8 | 104
67 | 35 10 | 20 | 08| 191 | 1576 455 14.0 3000 | 150 | 84 | 106 | 119 | 830 | 1.02 | 155 | 0.73 | 830 | 102
67 | 35 10 | 20 | 08| 191 | 1576 455 14.0 3000 | 300 | 99 | 106 | 168 | 931 | 1.07 | 155 | 073 | 981 | 101
67 | 35 10 | 20 | 08| 191 | 1576 455 14.0 3000 | 450 | 107 | 106 | 206 | 931 | 115 | 155 | 0.73 | 107.5 | 1.00
67 | 35 10 | 20 | 08| 191 | 1576 455 14.0 3000 | 600 | 113 | 106 | 238 | 931 | 122 | 155 | 0.73 | 1147 | 099
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Geometry SFEA DSM Design
Column |
bw | br | bs b t | bu/b A o 1‘,(\/)5 Per L fy fu |fac | Ag | T |fulfic| b a | foer |fulfoer
RLC3 L2| 67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 3500 | 75 | 51 | 80 | 097 | 506 | 1.01 | 155 | 0.73 | 50.6 | 1.01
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 3500 | 150 | 68 | 80 | 1.37 | 682 | 099 | 1.55 | 0.73 | 68.2 | 0.99
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 3500 | 300 | 79 | 80 | 194 | 698 | 1.13 | 1.55 | 0.73 | 785 | 1.01
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 3500 | 450 | 87 | 80 | 238 | 69.8 | 1.24 | 1.55 | 0.73 | 86.0 | 1.01
67 | 35 | 10 | 20 | 08| 191 | 1576 455 14.0 3500 | 600 | 93 | 80 | 275 | 69.8 | 1.33 | 1.55 | 0.73 | 91.8 | 101
RLC3 13| 67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 4000 | 75 | 45 | 62 | 110 | 453 | 0.98 | 155 | 0.73 | 453 | 0.98
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 4000 | 150 | 56 | 62 | 155 | 546 | 1.02 | 1.55 | 0.73 | 555 | 1.01
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 4000 | 300 | 66 | 62 | 219 | 546 | 1.20 | 1.55 | 0.73 | 64.9 | 1.01
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 4000 | 450 | 73 | 62 | 269 | 546 | 1.3 | 155 | 073 | 71.2 | 1.03
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 4000 | 600 | 78 | 62 | 310 | 546 | 142 | 155 | 073 | 759 | 1.02
RLC3 L4| 67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 4500 | 75 | 39 | 50 | 122 | 402 | 0.96 | 1.55 | 0.73 | 40.2 | 0.96
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 4500 | 150 | 47 | 50 | 172 | 442 | 1.07 | 155 | 073 | 47.1 | 1.00
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 4500 | 300 | 56 | 50 | 244 | 442 | 1.28 | 155 | 073 | 55.1 | 1.02
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 4500 | 450 | 62 | 50 | 299 | 442 | 141 | 155 | 073 | 60.4 | 1.03
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 4500 | 600 | 66 | 50 | 345 | 442 | 148 | 155 | 073 | 645 | 1.02
RLC3 15| 67 | 35 | 10 | 20 | 08 | 1.91 | 1576 455 14.0 5000 | 75 | 34 | 42 | 134 | 355 | 096 | 1.55 | 0.73 | 355 | 0.96
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 5000 | 150 | 41 | 42 | 189 | 368 | 1.11 | 1.55 | 0.73 | 40.9 | 1.00
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 5000 | 300 | 49 | 42 | 268 | 368 | 1.3 | 1.55 | 0.73 | 47.8 | 1.03
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 5000 | 450 | 54 | 42 | 328 | 368 | 146 | 1.55 | 0.73 | 524 | 1.03
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 5000 | 600 | 56 | 42 | 378 | 368 | 152 | 1.55 | 0.73 | 55.9 | 1.00
RLC3 16| 67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 5500 | 75 | 30 | 36 | 145 | 311 | 0.96 | 155 | 0.73 | 311 | 0.96
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 5500 | 150 | 36 | 36 | 205 | 312 | 1.16 | 1.55 | 0.73 | 36.0 | 1.00
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 5500 | 300 | 43 | 36 | 290 | 312 | 1.39 | 155 | 0.73 | 421 | 1.03
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 5500 | 450 | 47 | 36 | 355 | 312 | 149 | 155 | 073 | 46.2 | 1.01
67 | 35 | 10 | 20 | 08 | 191 | 1576 455 14.0 5500 | 600 | 48 | 36 | 410 | 312 | 152 | 155 | 0.73 | 49.3 | 097
RLC4 L1| 150 | 110 | 23 | 20 | 24 | 1.36 | 1094.40 | 140542 | 8.3 5500 | 75 | 65 | 176 | 065 | 628 | 1.04 | 1.21 | 064 | 628 | 1.04
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 5500 | 150 | 114 | 176 | 092 | 105.1 | 1.09 | 1.21 | 064 | 105.1 | 1.09
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 5500 | 300 | 155 | 176 | 1.30 | 147.2 | 1.05 | 1.21 | 064 | 147.2 | 1.05
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 5500 | 450 | 169 | 176 | 1.60 | 154.7 | 1.09 | 1.21 | 064 | 162.7 | 1.04
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 5500 | 600 | 182 | 176 | 1.84 | 154.7 | 1.18 | 1.21 | 064 | 182.3 | 1.00
RLC4 L2| 150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 8.3 6300 | 75 | 62 | 137 | 074 | 596 | 1.04 | 1.21 | 064 | 59.6 | 1.04
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 6300 | 150 | 101 | 137 | 1.05 | 948 | 1.07 | 1.21 | 064 | 948 | 1.07
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 6300 | 300 | 127 | 137 | 148 | 119.8 | 1.06 | 1.21 | 064 | 119.8 | 1.06
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 6300 | 450 | 141 | 137 | 1.81 | 119.9 | 1.18 | 1.21 | 064 | 1395 | 1.01
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 6300 | 600 | 157 | 137 | 209 | 119.9 | 1.31 | 1.21 | 064 | 156.3 | 1.00
RLC4 L3| 150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 8.3 7000 | 75 | 59 | 112 | 082 | 56.7 | 1.04 | 1.21 | 064 | 56.7 | 1.04
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 7000 | 150 | 90 | 112 | 116 | 858 | 1.04 | 1.21 | 064 | 858 | 1.04
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 7000 | 300 | 110 | 112 | 163 | 985 | 1.11 | 1.21 | 064 | 1055 | 1.04
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 7000 | 450 | 125 | 112 | 200 | 985 | 1.27 | 1.21 | 064 | 1238 | 1.01
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 7000 | 600 | 141 | 112 | 231 | 985 | 143 | 1.21 | 064 | 1388 | 1.02
RLC4 L4| 150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 8.3 7800 | 75 | 55 | 92 | 090 | 533 | 1.04 | 1.21 | 064 | 533 | 1.04
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 7800 | 150 | 78 | 92 | 128 | 757 | 1.03 | 1.21 | 064 | 75.7 | 1.03
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 7800 | 300 | 95 | 92 | 181 | 806 | 1.18 | 1.21 | 064 | 934 | 1.02
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 7800 | 450 | 112 | 92 | 221 | 806 | 1.39 | 1.21 | 064 | 109.7 | 1.02
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 7800 | 600 | 128 | 92 | 256 | 80.6 | 159 | 1.21 | 064 | 122.9 | 1.04
RLC4_L5| 150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 8.3 8600 | 75 | 51 | 77 | 099 | 498 | 1.02 | 1.21 | 064 | 498 | 1.02
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 8600 | 150 | 68 | 77 | 140 | 662 | 1.03 | 1.21 | 064 | 66.2 | 1.03
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 8600 | 300 | 85 | 77 | 198 | 67.4 | 127 | 1.21 | 064 | 839 | 1.02
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 8600 | 450 | 102 | 77 | 242 | 67.4 | 152 | 1.21 | 064 | 985 | 1.04
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 8600 | 600 | 117 | 77 | 279 | 67.4 | 1.74 | 1.21 | 064 | 110.3 | 1.06
RLC4 L6| 150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 8.3 9500 | 75 | 43 | 64 | 108 | 460 | 0.94 | 1.21 | 064 | 460 | 0.94
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 9500 | 150 | 63 | 64 | 153 | 563 | 1.12 | 1.21 | 064 | 57.2 | 111
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 9500 | 300 | 78 | 64 | 216 | 563 | 1.38 | 1.21 | 064 | 75.2 | 1.03
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 9500 | 450 | 94 | 64 | 265 | 563 | 1.67 | 1.21 | 064 | 883 | 1.06
150 | 110 | 23 | 20 | 24 | 136 | 10944 | 140542 | 83 9500 | 600 | 100 | 64 | 306 | 563 | 1.78 | 1.21 | 064 | 99.0 | 1.01
RLC5 L1| 110 | 100 | 20 | 15 | 2 110 | 760.00 | 5029.3 71 6000 | 75 | 55 | 92 | 090 | 532 | 1.03 | 1.14 | 062 | 532 | 1.03
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 6000 | 150 | 78 | 92 | 128 | 756 | 1.03 | 1.14 | 062 | 756 | 1.03
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 6000 | 300 | 96 | 92 | 181 | 803 | 1.20 | 1.14 | 062 | 945 | 1.02
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 6000 | 450 | 115 | 92 | 222 | 803 | 143 | 1.14 | 062 | 1126 | 1.02
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 6000 | 600 | 133 | 92 | 256 | 80.3 | 1.66 | 1.14 | 062 | 127.5 | 1.05
RLC5 L2 110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 71 6500 | 75 | 51 | 79 | 097 | 504 | 1.02 | 1.14 | 062 | 504 | 1.02
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 6500 | 150 | 70 | 79 | 1.38 | 67.7 | 1.03 | 1.14 | 062 | 67.7 | 1.03
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 6500 | 300 | 88 | 79 | 195 | 69.2 | 1.27 | 1.14 | 062 | 86.9 | 1.01
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 6500 | 450 | 107 | 79 | 239 | 69.2 | 155 | 1.14 | 062 | 1035 | 1.04
110 | 100 | 20 | 15 | 2 110 | 760.0 | 5029.3 7.1 6500 | 600 | 125 | 79 | 276 | 69.2 | 1.80 | 1.14 | 062 | 117.2 | 1.07
RLC5 13| 110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 7000 | 75 | 48 | 69 | 104 | 475 | 101 | 1.14 | 062 | 475 | 101
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 7000 | 150 | 63 | 69 | 148 | 60.3 | 1.05 | 1.14 | 062 | 60.3 | 1.05
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 7000 | 300 | 82 | 69 | 209 | 604 | 1.35 | 1.14 | 062 | 80.4 | 1.02
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 7000 | 450 | 101 | 69 | 256 | 60.4 | 1.67 | 1.14 | 062 | 958 | 1.05
110 | 100 | 20 | 15 | 2 110 | 7600 | 5029.3 7.1 7000 | 600 | 117 | 69 | 295 | 60.4 | 1.94 | 1.14 | 062 | 1085 | 1.08
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Geometry SFEA DSM Design
Column 0
bw bf bs bI t bvv/ bt A % 1‘,(\/)5 ﬂ FT L fy 1:u 1:ch l@ 1:nG 1:u/ fnG b a anT fu/ anT
RLC5 L4 | 110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 7500 | 75 | 45 | 61 | 111 | 447 | 100 | 114 [ 062 | 447 | 100
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 7500 | 150 | 58 | 61 | 157 | 533 | 1.08 | 114 | 062 | 555 | 104
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 7500 | 300 | 77 | 61 | 222 | 533 | 144 | 114 | 062 | 749 | 103
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 7500 | 450 | 95 | 61 | 272 | 533 | 179 | 114 | 062 | 89.2 | 107
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 7500 | 600 | 110 | 61 | 314 | 533 | 207 | 114 | 062 | 1010 | 1.09
RLC5_L5| 110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 8000 | 75 | 42 | 54 | 118 | 420 | 099 | 114 | 062 | 420 | 099
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 8000 | 150 | 53 | 54 | 167 | 474 | 112 | 114 | 062 | 51.9 | 103
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 8000 | 300 | 73 | 54 | 236 | 474 | 153 | 114 | 062 | 70.1 | 104
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 8000 | 450 | 91 | 54 | 289 | 474 | 191 | 114 | 062 | 835 | 108
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 8000 | 600 | 104 | 54 | 333 | 474 | 219 | 114 | 062 | 945 | 110
RLC5 L6| 110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 8500 | 75 | 39 | 49 | 124 | 393 | 099 | 114 | 062 | 393 | 099
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 8500 | 150 | 50 | 49 | 176 | 425 | 117 | 114 | 062 | 488 | 102
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 8500 | 300 | 69 | 49 | 249 | 425 | 163 | 114 | 062 | 659 | 105
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 8500 | 450 | 86 | 49 | 305 | 425 | 202 | 114 | 062 | 785 | 109
110 | 100 | 20 15 2 110 | 760.0 | 5029.3 7.1 8500 | 600 | 99 | 49 | 352 | 425 | 232 | 114 | 062 | 889 | 111
RLC6 L1| 150 | 130 | 20 15 | 25 | 115 | 1200.00 | 17951.9 | 6.6 7500 | 75 | 56 | 93 | 090 | 536 | 1.04 | 111 | 061 | 536 | 104
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 7500 | 150 | 79 | 93 | 127 | 766 | 1.03 | 111 | 061 | 766 | 103
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 7500 | 300 | 99 | 93 | 179 | 820 | 120 | 111 | 061 | 961 | 103
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 7500 | 450 | 120 | 93 | 219 | 820 | 146 | 111 | 061 | 1152 | 104
150 | 130 | 20 15 | 25 | 115 | 12000 | 17951.9 | 6.6 7500 | 600 | 141 | 93 | 253 | 820 | 172 | 111 | 061 | 1310 | 107
RLC6 L2| 150 | 130 | 20 15 | 25| 115 | 12000 [ 179519 | 6.6 8000 | 75 | 53 | 83 | 095 | 514 | 103 | 111 [ 061 | 514 | 103
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 8000 | 150 | 73 | 83 | 134 | 704 | 1.03 | 111 | 061 | 70.4 | 103
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 8000 | 300 | 92 | 83 | 190 | 728 | 127 | 111 | 061 | 90.0 | 103
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 8000 | 450 | 114 | 83 | 233 | 728 | 157 | 111 | 061 | 107.9 | 106
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 8000 | 600 | 134 | 83 | 269 | 728 | 1.84 | 111 | 061 | 1227 | 109
RLC6_L3| 150 | 130 | 20 15 | 25 | 115 | 12000 | 17951.9 | 6.6 8500 | 75 | 50 | 74 | 100 | 492 | 1.02 | 111 | 061 | 492 | 102
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 8500 | 150 | 67 | 74 | 142 | 645 | 1.04 | 111 | 061 | 645 | 104
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 8500 | 300 | 87 | 74 | 201 | 652 | 1.34 | 111 | 061 | 847 | 103
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 8500 | 450 | 109 | 74 | 246 | 652 | 1.68 | 111 | 0.61 | 1015 | 108
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 8500 | 600 | 128 | 74 | 284 | 652 | 1.96 | 111 | 061 | 1154 | 111
RLC6 L4 | 150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 9000 | 75 | 48 | 67 | 106 | 469 | 101 | 111 | 061 | 469 | 101
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 9000 | 150 | 62 | 67 | 150 | 588 | 1.06 | 111 | 061 | 588 | 106
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 9000 | 300 | 83 | 67 | 212 | 588 | 142 | 111 | 061 | 799 | 104
150 | 130 | 20 15 | 25 | 115 | 12000 | 17951.9 | 6.6 9000 | 450 | 105 | 67 | 259 | 588 | 178 | 111 | 061 | 958 | 1.09
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 9000 | 600 | 122 | 67 | 299 | 588 | 208 | 111 | 061 | 1089 | 112
RLC6_L5| 150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 9500 | 75 | 45 | 61 | 111 | 447 | 100 | 111 | 061 | 447 | 100
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 9500 | 150 | 58 | 61 | 157 | 533 | 1.09 | 111 | 061 | 556 | 105
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 9500 | 300 | 80 | 61 | 222 | 533 | 150 | 111 | 061 | 75.7 | 105
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 9500 | 450 | 101 | 61 | 272 | 533 | 1.89 | 111 | 061 | 90.8 | 111
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 9500 | 600 | 117 | 61 | 314 | 533 | 219 | 111 | 061 | 1032 | 113
RLC6_L6| 150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 10000 | 75 | 43 | 55 | 116 | 426 | 1.00 | 111 | 0.61 | 426 | 1.00
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 10000 | 150 | 55 | 55 | 1.64 | 486 | 1.13 | 111 | 0.61 | 52.8 | 1.04
150 | 130 | 20 15 | 25 | 115 | 12000 | 17951.9 | 6.6 10000 | 300 | 77 | 55 | 233 | 486 | 158 | 111 | 0.61 | 720 | 1.07
150 | 130 | 20 15 | 25 | 115 | 12000 | 17951.9 | 6.6 10000 | 450 | 97 | 55 | 285 | 486 | 1.99 | 111 | 061 | 86.3 | 112
150 | 130 | 20 15 | 25 | 115 | 1200.0 | 17951.9 | 6.6 10000 | 600 | 112 | 55 | 329 | 486 | 230 | 111 | 061 | 981 | 114
RLC7_L1| 120 | 60 20 | 30 | 15 ] 200 | 510.00 | 15344 145 4000 | 75 | 66 | 199 | 061 | 641 | 1.03 | 158 [ 0.74 | 641 | 103
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 4000 | 150 | 113 | 199 | 0.87 | 109.4 | 1.04 | 158 | 0.74 | 109.4 | 104
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 4000 | 300 | 167 | 199 | 1.23 | 159.6 | 1.05 | 158 | 0.74 | 159.6 | 1.05
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 4000 | 450 | 180 | 199 | 150 | 1745 | 1.03 | 158 | 0.74 | 1748 | 103
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 4000 | 600 | 184 | 199 | 174 | 1745 | 1.05 | 158 | 0.74 | 1857 | 099
RLC7_L2| 120 | 60 20 | 30 | 15[ 200 | 5100 | 15344 145 4500 | 75 | 64 | 159 | 069 | 616 | 1.04 | 158 | 0.74 | 616 | 104
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 4500 | 150 | 106 | 159 | 0.97 | 101.0 | 1.05 | 158 | 0.74 | 101.0 | 1.05
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 4500 | 300 | 139 | 159 | 1.37 | 136.1 | 1.02 | 158 | 0.74 | 1361 | 102
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 4500 | 450 | 148 | 159 | 168 | 139.3 | 1.06 | 158 | 0.74 | 1463 | 101
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 4500 | 600 | 152 | 159 | 1.94 | 139.3 | 1.09 | 158 | 0.74 | 1554 | 098
RLC7_L3| 120 | 60 20 | 30 | 15[ 200 | 5100 | 15344 145 5000 | 75 | 61 | 130 | 0.76 | 589 | 1.04 | 158 | 0.74 | 589 | 104
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 5000 | 150 | 97 | 130 | 1.07 | 926 | 1.05 | 158 | 0.74 | 926 | 105
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 5000 | 300 | 118 | 130 | 152 | 1140 | 1.03 | 158 | 0.74 | 1147 | 103
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 5000 | 450 | 125 | 130 | 1.86 | 114.0 | 1.10 | 158 | 0.74 | 1249 | 1.00
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 5000 | 600 | 130 | 130 | 215 | 1140 | 1.14 | 158 | 0.74 | 1326 | 098
RLC7_L4| 120 | 60 20 | 30 | 15[ 200 | 5100 | 15344 145 5500 | 75 | 58 | 109 | 0.83 | 562 | 1.04 | 158 | 0.74 | 562 | 1.04
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 5500 | 150 | 86 | 109 | 117 | 842 | 1.02 | 158 | 0.74 | 842 | 102
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 5500 | 300 | 101 | 109 | 166 | 953 | 1.06 | 158 | 0.74 | 995 | 1.02
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 5500 | 450 | 108 | 109 | 203 | 953 | 1.14 | 158 | 0.74 | 1083 | 1.00
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 5500 | 600 | 114 | 109 | 235 | 953 | 1.19 | 158 | 0.74 | 1151 | 099
RLC7_L5| 120 | 60 20 [ 30 | 15 ] 200 | 5100 | 15344 145 6000 | 75 | 55 | 92 [ 090 | 534 | 103 | 158 [ 0.74 | 534 | 103
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 6000 | 150 | 76 | 92 | 127 | 760 | 1.00 | 158 | 0.74 | 76.0 | 1.00
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 6000 | 300 | 89 | 92 | 180 | 810 | 1.09 | 158 | 0.74 | 875 | 101
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 6000 | 450 | 96 | 92 | 221 | 810 | 118 | 158 | 0.74 | 953 | 100
120 | 60 20 | 30 | 15| 200 | 5100 | 15344 145 6000 | 600 | 101 | 92 | 255 | 810 | 124 | 158 | 0.74 | 1012 | 099
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Geometry SFEA DSM Design
Column 0
bw bf bs bI t bvv/ bt A % 1‘,(\/)5 ﬂ FT L fy 1:u 1:ch l@ 1:nG 1:u/ fnG b a anT fu/ anT
RLC7_L6| 120 60 20 30 15 2.00 510.0 15344 14.5 6500 75 52 80 0.97 | 506 1.02 | 158 | 0.74 | 50.6 1.02
120 60 20 30 15 2.00 510.0 15344 14.5 6500 150 68 80 137 | 682 0.99 | 158 | 0.74 | 68.2 0.99
120 60 20 30 15 2.00 510.0 15344 14.5 6500 300 79 80 194 | 69.9 113 | 158 | 0.74 | 779 101
120 60 20 30 15 2.00 510.0 15344 14.5 6500 450 85 80 2.38 | 69.9 122 | 158 | 0.74 | 848 101
120 60 20 30 15 2.00 510.0 1534.4 14.5 6500 600 90 80 274 | 69.9 129 | 158 | 0.74 | 90.1 1.00
RLC8_L1| 60 55 10 55 1 1.09 201.00 96.8 6.7 3000 75 57 100 | 0.87 | 54.8 1.03 | 111 | 061 | 54.8 1.03
60 55 10 5.5 1 1.09 201.0 96.8 6.7 3000 150 82 100 | 1.22 | 80.2 1.03 | 111 | 0.61 | 80.2 1.03
60 55 10 5.5 1 1.09 201.0 96.8 6.7 3000 300 | 103 | 100 | 173 | 87.9 117 | 111 | 0.61 | 99.8 1.03
60 55 10 55 1 1.09 201.0 96.8 6.7 3000 450 123 100 212 87.9 1.40 111 | 0.61 | 1194 1.03
60 55 10 5.5 1 1.09 201.0 96.8 6.7 3000 600 | 144 | 100 | 245 | 879 163 | 111 | 0.61 | 1357 | 106
RLC8 L2 | 60 55 10 55 1 1.09 201.0 96.8 6.7 3500 75 50 75 1.00 49.4 1.02 111 | 0.61 494 1.02
60 55 10 55 1 1.09 201.0 96.8 6.7 3500 150 68 75 141 65.1 1.04 111 | 0.61 65.1 1.04
60 55 10 5.5 1 1.09 201.0 96.8 6.7 3500 300 87 75 2.00 | 66.0 133 | 111 | 061 | 851 1.03
60 55 10 5.5 1 1.09 201.0 96.8 6.7 3500 450 | 109 75 245 | 66.0 165 | 111 | 0.61 | 101.9 | 107
60 55 10 55 1 1.09 201.0 96.8 6.7 3500 600 127 75 2.82 66.0 1.93 111 | 0.61 | 1157 1.10
RLC8_L3| 60 55 10 55 1 1.09 201.0 96.8 6.7 4000 75 44 59 113 44.0 1.00 111 | 0.61 44.0 1.00
60 55 10 55 1 1.09 201.0 96.8 6.7 4000 150 57 59 1.60 51.7 1.10 111 | 0.61 54.6 1.04
60 55 10 55 1 1.09 201.0 96.8 6.7 4000 300 78 59 2.26 51.7 151 111 | 0.61 743 1.05
60 55 10 55 1 1.09 201.0 96.8 6.7 4000 450 98 59 276 51.7 191 111 | 0.61 88.9 111
60 55 10 5.5 1 1.09 201.0 96.8 6.7 4000 600 114 59 3.19 51.7 221 111 | 0.61 | 101.0 1.13
RLC8_L4| 60 55 10 55 1 1.09 201.0 96.8 6.7 4500 75 38 48 125 | 388 0.99 | 1.11 | 061 | 3838 0.99
60 55 10 55 1 1.09 201.0 96.8 6.7 4500 150 50 48 177 41.8 1.19 111 | 0.61 48.5 1.03
60 55 10 55 1 1.09 201.0 96.8 6.7 4500 300 72 48 251 41.8 171 111 | 0.61 66.0 1.08
60 55 10 55 1 1.09 201.0 96.8 6.7 4500 450 90 48 3.07 41.8 214 111 | 0.61 79.0 113
60 55 10 5.5 1 1.09 201.0 96.8 6.7 4500 600 102 48 3.55 41.8 2.45 111 | 0.61 89.7 114
RLC8_L5| 60 55 10 55 1 1.09 201.0 96.8 6.7 5000 75 34 40 138 | 339 1.00 | 111 | 0.61 | 339 1.00
60 55 10 5.5 1 1.09 201.0 96.8 6.7 5000 150 45 40 195 | 347 130 | 111 | 0.61 | 437 1.03
60 55 10 5.5 1 1.09 201.0 96.8 6.7 5000 300 66 40 275 | 347 191 | 111 | 061 | 595 111
60 55 10 55 1 1.09 201.0 96.8 6.7 5000 450 82 40 3.37 34.7 2.35 111 | 0.61 71.2 115
60 55 10 5.5 1 1.09 201.0 96.8 6.7 5000 600 92 40 390 | 347 2.64 | 111 | 061 | 80.9 113
RLC8_L6| 60 55 10 55 1 1.09 201.0 96.8 6.7 5500 75 30 34 1.50 29.4 1.04 111 | 0.61 294 1.04
60 55 10 55 1 1.09 201.0 96.8 6.7 5500 150 41 34 211 29.4 141 111 | 0.61 39.9 1.04
60 55 10 5.5 1 1.09 201.0 96.8 6.7 5500 300 61 34 299 | 294 2.08 | 111 | 061 | 543 113
60 55 10 5.5 1 1.09 201.0 96.8 6.7 5500 450 74 34 366 | 294 253 | 111 | 061 | 65.0 114
60 55 10 5.5 1 1.09 201.0 96.8 6.7 5500 600 82 34 4.23 29.4 2.79 111 | 0.61 73.8 111
RLC9_L1| 130 70 20 30 15 1.86 310.00 811.0 15.7 5500 75 59 124 0.78 58.2 1.01 1.65 | 0.76 58.2 1.01
130 70 20 30 15 1.86 310.0 811.0 15.7 5500 150 92 124 1.10 90.2 1.01 1.65 | 0.76 90.2 1.01
130 70 20 30 15 1.86 310.0 811.0 15.7 5500 300 | 111 | 124 | 156 | 108.3 | 1.03 | 1.65 | 0.76 | 109.9 | 1.01
130 70 20 30 15 1.86 310.0 811.0 15.7 5500 450 120 124 191 | 108.3 1.10 165 | 0.76 | 118.0 1.01
130 70 20 30 15 1.86 310.0 811.0 15.7 5500 600 124 124 2.20 | 108.3 1.15 165 | 0.76 | 124.1 1.00
RLC9_L2| 130 70 20 30 15 1.86 310.0 811.0 15.7 6000 75 58 105 | 0.85 | 55.6 1.04 | 165 | 0.76 | 556 1.04
130 70 20 30 15 1.86 310.0 811.0 15.7 6000 150 84 105 1.20 82.4 1.02 1.65 | 0.76 82.4 1.02
130 70 20 30 15 1.86 310.0 811.0 15.7 6000 300 99 105 | 1.69 | 918 1.08 | 1.65 | 0.76 | 959 1.03
130 70 20 30 15 1.86 310.0 811.0 15.7 6000 450 | 108 | 105 | 2.07 | 918 1.17 | 165 | 0.76 | 1029 | 105
130 70 20 30 1.5 1.86 310.0 811.0 15.7 6000 600 | 114 | 105 | 2.39 | 918 124 | 165 | 0.76 | 108.2 | 105
RLC9_L3| 130 70 20 30 15 1.86 310.0 811.0 15.7 6500 75 55 90 091 | 529 1.03 | 1.65 | 0.76 | 529 1.03
130 70 20 30 15 1.86 310.0 811.0 15.7 6500 150 75 90 1.29 74.7 1.01 1.65 | 0.76 747 1.01
130 70 20 30 15 1.86 310.0 811.0 15.7 6500 300 88 90 183 | 79.0 112 | 165 | 0.76 | 84.6 1.04
130 70 20 30 15 1.86 310.0 811.0 15.7 6500 450 97 90 224 | 79.0 122 | 165 | 0.76 | 90.9 1.06
130 70 20 30 1.5 1.86 310.0 811.0 15.7 6500 600 | 103 90 258 | 79.0 131 | 165 | 0.76 | 95.6 1.08
RLCY9_L4| 130 70 20 30 15 1.86 310.0 811.0 15.7 7000 75 51 78 0.98 50.2 1.02 1.65 | 0.76 50.2 1.02
130 70 20 30 15 1.86 310.0 811.0 15.7 7000 150 67 78 138 | 67.3 1.00 | 1.65 | 0.76 | 67.3 1.00
130 70 20 30 15 1.86 310.0 811.0 15.7 7000 300 79 78 196 | 68.7 115 | 165 | 0.76 | 755 1.05
130 70 20 30 15 1.86 310.0 811.0 15.7 7000 450 88 78 240 | 687 128 | 165 | 0.76 | 81.0 1.09
130 70 20 30 15 1.86 310.0 811.0 15.7 7000 600 94 78 277 68.7 1.37 1.65 | 0.76 85.2 111
RLC9_L5| 130 70 20 30 15 1.86 310.0 811.0 15.7 7500 75 48 69 1.04 47.6 1.00 1.65 | 0.76 47.6 1.00
130 70 20 30 15 1.86 310.0 811.0 15.7 7500 150 61 69 148 | 60.3 101 | 165 | 0.76 | 60.3 101
130 70 20 30 15 1.86 310.0 811.0 15.7 7500 300 72 69 209 | 605 119 | 165 | 0.76 | 67.9 1.06
130 70 20 30 15 1.86 310.0 811.0 15.7 7500 450 81 69 255 | 605 134 | 165 | 0.76 | 729 111
130 70 20 30 1.5 1.86 310.0 811.0 15.7 7500 600 87 69 295 | 605 143 | 165 | 0.76 | 76.7 113
RLC9_L6| 130 70 20 30 15 1.86 310.0 811.0 15.7 8000 75 44 61 111 44.9 0.99 1.65 | 0.76 449 0.99
130 70 20 30 15 1.86 310.0 811.0 15.7 8000 150 56 61 157 | 537 1.04 | 165 | 0.76 | 545 1.02
130 70 20 30 15 1.86 310.0 811.0 15.7 8000 300 66 61 221 | 537 124 | 165 | 0.76 | 61.6 1.08
130 70 20 30 15 1.86 310.0 811.0 15.7 8000 450 75 61 271 53.7 1.39 1.65 | 0.76 66.1 113
130 70 20 30 15 1.86 310.0 811.0 15.7 8000 600 80 61 313 | 537 148 | 165 | 0.76 | 69.5 114
Mean 1.290 Mean 1.040
Sd. Dev. 0.347 Sd. Dev. 0.039
Max 2.791 Max 1.147
Min 0.939 Min 0.939
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and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

ANNEX F: WSC Column Data
Table F: F columns: (i) geometries, (ii) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by current

Geometry SFEA DSM Design
Column 0
bw | by | bs | t | by A " 1‘/(\/)5 Ber L fy fu | foo | Ag | Tie |fulfac| b a | foer (fulfoer
WSC1_L1| 170 | 130 | 12 | 35 | 131 | 1618.0 | 18949.9 | 58 6000 75 65 155 | 070 | 61.3 | 1.06 | 1.06 | 060 | 613 | 1.06
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 6000 | 150 | 109 | 155 | 0.98 | 100.1 | 1.09 | 1.06 | 0.60 | 100.1 | 1.09
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 6000 | 300 | 141 | 155 | 1.39 | 1335 | 1.06 | 1.06 | 0.60 | 1335 | 1.06
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 6000 | 450 | 166 | 155 | 1.70 | 136.0 | 122 | 1.06 | 0.60 | 153.4 | 1.08
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 6000 | 600 | 185 | 155 | 1.97 | 136.0 | 1.36 | 1.06 | 0.60 | 175.6 | 1.06
WSC1_L2| 170 | 130 | 12 | 35 | 131 | 1618.0 | 18949.9 | 58 6500 75 63 135 | 075 | 59.4 | 1.07 | 1.06 | 060 | 59.4 | 1.07
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 6500 | 150 | 101 | 135 | 1.05 | 94.2 | 1.08 | 1.06 | 060 | 942 | 1.08
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 6500 | 300 | 129 | 135 | 1.49 | 1183 | 1.09 | 1.06 | 060 | 118.3 | 1.09
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 6500 | 450 | 150 | 135 | 1.83 | 118.3 | 1.27 | 1.06 | 0.60 | 1425 | 1.05
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 6500 | 600 | 174 | 135 | 211 | 1183 | 147 | 1.06 | 060 | 163.1 | 1.07
WSC1_L3| 170 | 130 | 12 | 35 | 1.31 | 1618.0 | 18949.9 | 58 7000 75 62 119 | 079 | 576 | 1.07 | 1.06 | 060 | 57.6 | 1.07
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 7000 | 150 % 119 | 112 | 884 | 1.06 | 1.06 | 060 | 88.4 | 1.06
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 7000 | 300 | 118 | 119 | 1.59 | 104.2 | 113 | 1.06 | 0.60 | 110.1 | 1.07
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 7000 | 450 | 141 | 119 | 1.95 | 104.2 | 1.36 | 1.06 | 0.60 | 133.2 | 1.06
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 7000 | 600 | 165 | 119 | 2.25 | 104.2 | 159 | 1.06 | 060 | 1525 | 1.08
WSC1_L4| 170 | 130 | 12 | 35 | 1.31 | 1618.0 | 18949.9 | 58 8000 75 57 95 | 089 | 53.9 | 1.06 | 1.06 | 060 | 539 | 1.06
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 8000 | 150 81 95 | 126 | 77.4 | 104 | 1.06 | 060 | 77.4 | 1.04
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 8000 | 300 | 104 95 | 178 | 83.2 | 124 | 1.06 | 060 | 97.7 | 1.06
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 8000 | 450 | 128 95 | 218 | 83.2 | 154 | 1.06 | 060 | 118.2 | 1.08
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 8000 | 600 | 150 95 | 251 | 83.2 | 1.80 | 1.06 | 060 | 1353 | 1.11
WSC1_L5| 170 | 130 | 12 | 35 | 1.31 | 1618.0 | 18949.9 | 58 9000 75 53 78 | 098 | 50.2 | 1.05 | 1.06 | 060 | 50.2 | 1.05
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 9000 | 150 71 78 | 138 | 67.3 | 1.05 | 1.06 | 060 | 67.3 | 1.05
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 9000 | 300 % 78 | 196 | 68.7 | 1.37 | 1.06 | 060 | 882 | 1.07
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 9000 | 450 | 117 78 | 240 | 68.7 | 171 | 1.06 | 060 | 106.8 | 1.10
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 9000 | 600 | 136 78 | 277 | 68.7 | 198 | 1.06 | 060 | 1222 | 1.11
WSC1_L6| 170 | 130 | 12 | 35 | 1.31 | 1618.0 | 18949.9 | 58 9500 75 50 72 | 102 | 485 | 104 | 1.06 | 060 | 485 | 1.04
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 9500 | 150 67 72 | 144 | 626 | 1.06 | 1.06 | 060 | 626 | 1.06
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 9500 | 300 2 72 | 204 | 630 | 143 | 1.06 | 060 | 843 | 1.07
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 9500 | 450 | 113 72 | 250 | 63.0 | 179 | 1.06 | 0.60 | 1020 | 1.10
170 | 130 | 12 | 35 | 1.31 | 1618.0 | 189499 | 58 9500 | 600 | 130 72 | 289 | 63.0 | 206 | 1.06 | 060 | 1168 | 1.11
WSC2_L1| 150 | 110 | 10 | 24 | 1.36 | 9559 | 6161.6 71 7000 75 56 90 | 091 | 529 | 105 | 1.14 | 062 | 529 | 1.05
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 7000 | 150 77 90 | 129 | 745 | 104 | 1.14 | 062 | 745 | 1.04
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 7000 | 300 | 100 90 | 1.83 | 787 | 127 | 1.14 | 062 | 935 | 1.07
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 7000 | 450 | 124 90 | 224 | 787 | 157 | 1.14 | 062 | 1114 | 111
150 | 110 | 10 | 24 | 136 | 9559 | 61616 71 7000 | 600 | 144 90 | 259 | 787 | 182 | 1.14 | 062 | 126.1 | 1.14
WSC2_L2| 150 | 110 | 10 | 24 | 1.36 | 9559 | 6161.6 71 7500 75 53 80 | 097 | 50.6 | 1.04 | 1.14 | 062 | 50.6 | 1.04
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 7500 | 150 71 80 | 1.37 | 68.2 | 104 | 1.14 | 062 | 682 | 1.04
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 7500 | 300 % 80 | 1.94 | 69.9 | 135 | 1.14 | 062 | 87.3 | 1.08
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 7500 | 450 | 117 80 | 238 | 69.9 | 168 | 1.14 | 062 | 1041 | 1.13
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 7.1 7500 | 600 | 136 80 | 274 | 69.9 | 194 | 1.14 | 062 | 1178 | 115
WSC2_L3| 150 | 110 | 10 | 24 | 136 | 9559 | 6161.6 71 8000 75 50 71 | 103 | 483 | 103 | 1.14 | 062 | 483 | 1.03
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 8000 | 150 66 71 | 145 | 622 | 106 | 1.14 | 062 | 622 | 1.06
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 8000 | 300 2 71 | 205 | 625 | 143 | 1.14 | 062 | 820 | 1.09
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 8000 | 450 | 112 71 | 251 | 625 | 178 | 1.14 | 062 | 97.7 | 1.14
150 | 110 | 10 | 24 | 136 | 9559 | 61616 7.1 8000 | 600 | 128 71 | 290 | 625 | 204 | 1.14 | 062 | 1107 | 1.16
WSC2_L4| 150 | 110 | 10 | 24 | 1.36 | 9559 | 6161.6 71 8500 75 47 64 | 1.08 | 46.1 | 102 | 1.14 | 062 | 46.1 | 1.02
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 8500 | 150 62 64 | 153 | 565 | 1.09 | 1.14 | 062 | 57.4 | 1.07
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 8500 | 300 86 64 | 216 | 565 | 152 | 1.14 | 062 | 77.4 | 111
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 8500 | 450 | 106 64 | 264 | 565 | 1.88 | 1.14 | 062 | 922 | 115
150 | 110 | 10 | 24 | 136 | 9559 | 61616 7.1 8500 | 600 | 121 64 | 305 | 56.5 | 213 | 1.14 | 062 | 1044 | 115
WSC2_L5| 150 | 110 | 10 | 24 | 1.36 | 9559 | 6161.6 71 9000 75 44 59 | 113 | 439 | 101 | 1.14 [ 062 | 439 | 101
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 9000 | 150 58 59 | 1.60 | 514 | 113 | 1.14 | 062 | 543 | 1.07
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 9000 | 300 82 59 | 226 | 514 | 160 | 1.14 | 062 | 733 | 112
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 9000 | 450 | 101 59 | 277 | 514 | 197 | 1.14 | 062 | 87.4 | 116
150 | 110 | 10 | 24 | 136 | 9559 | 61616 7.1 9000 | 600 | 113 59 | 320 | 514 | 221 | 114 | 062 | 989 | 115
WSC2_L6| 150 | 110 | 10 | 24 | 1.36 | 9559 | 6161.6 71 9500 75 42 54 | 118 | 418 | 101 | 1.14 | 062 | 418 | 1.01
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 9500 | 150 55 54 | 167 | 470 | 117 | 1.14 | 062 | 517 | 1.07
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 9500 | 300 79 54 | 237 | 470 | 167 | 1.14 | 062 | 69.7 | 1.13
150 | 110 | 10 | 24 | 1.36 | 9559 | 61616 71 9500 | 450 % 54 | 290 | 470 | 204 | 1.14 | 062 | 831 | 116
150 | 110 | 10 | 24 | 136 | 9559 | 61616 71 9500 | 600 | 107 54 | 335 | 47.0 | 227 | 114 | 062 | 941 | 113
WSC3_L1| 120 | 90 | 10 | 24 | 133 | 787.9 | 2306.3 6.1 5500 75 58 101 | 086 | 55.0 | 1.06 | 1.07 | 060 | 550 | 1.06
120 | 9 | 10 | 24 | 133 | 787.9 | 23063 6.1 5500 | 150 84 101 | 122 | 80.6 | 1.05 | 1.07 | 060 | 80.6 | 1.05
120 | 9 | 10 | 24 | 133 | 787.9 | 23063 6.1 5500 | 300 | 107 | 101 | 172 | 88.7 | 120 | 1.07 | 0.60 | 100.9 | 1.06
120 | 9 | 10 | 24 | 133 | 787.9 | 23063 6.1 5500 | 450 | 130 | 101 | 211 | 88.7 | 147 | 1.07 | 060 | 1217 | 1.07
120 | 9 | 10 | 24 | 133 | 787.9 | 23063 6.1 5500 | 600 | 152 | 101 | 244 | 88.7 | 171 | 1.07 | 060 | 139.0 | 1.09




Geometry SFEA DSM Design
Column 0
bw | by | by | t | by A « 1‘/(\/)5 Ber L fy fu | foo | Ae | Tie |fulfac| b a | foer (fulfoer
WSC3_L2| 120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 6000 75 55 87 | 093 | 524 | 105 | 107 | 060 | 524 | 1.05
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 6000 | 150 76 87 | 131 | 732 | 104 | 107 | 060 | 732 | 1.04
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 6000 | 300 99 87 | 185 | 76.7 | 129 | 1.07 | 060 | 933 | 1.06
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 6000 | 450 | 122 87 | 227 | 767 | 159 | 1.07 | 060 | 1126 | 1.08
120 | 90 | 10 | 24| 133 | 787.9 | 23063 6.1 6000 | 600 | 141 87 | 262 | 76.7 | 184 | 1.07 | 060 | 1286 | 1.10
wsC3_L3| 120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 7000 75 49 68 | 1.05 | 47.3 | 103 | 1.07 | 0.60 | 47.3 | 1.03
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 7000 | 150 64 68 | 148 | 59.8 | 107 | 1.07 | 0.60 | 59.8 | 1.07
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 7000 | 300 87 68 | 2.0 | 59.9 | 146 | 1.07 | 060 | 817 | 1.07
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 7000 | 450 | 108 68 | 257 | 59.9 | 1.80 | 1.07 | 0.60 | 985 | 1.09
120 | 90 | 10 | 24 | 133 | 787.9 | 2306.3 6.1 7000 | 600 | 123 68 | 297 | 59.9 | 205 | 1.07 | 060 | 1126 | 1.09
WSC3_L4| 120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 8000 75 43 56 | 1.16 | 42.7 | 102 | 1.07 | 0.60 | 427 | 1.02
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 8000 | 150 56 56 | 1.64 | 48.8 | 115 | 1.07 | 060 | 531 | 1.06
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 8000 | 300 79 56 | 232 | 488 | 161 | 1.07 | 060 | 732 | 1.08
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 8000 | 450 % 56 | 2.84 | 488 | 195 | 1.07 | 0.60 | 883 | 1.08
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 8000 | 600 | 106 56 | 3.28 | 48.8 | 216 | 1.07 | 0.60 | 1009 | 1.05
WSC3_L5| 120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 9000 75 39 47 | 126 | 385 | 101 | 107 | 0.60 | 385 | 1.01
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 9000 | 150 51 47 | 179 | 412 | 124 | 107 | 060 | 485 | 1.05
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 9000 | 300 71 47 | 253 | 412 | 173 | 107 | 060 | 66.8 | 1.06
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 9000 | 450 84 47 | 309 | 412 | 203 | 107 | 060 | 80.7 | 1.04
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 9000 | 600 ) 47 | 357 | 412 | 219 | 1.07 | 060 | 921 | 098
WSC3_L6| 120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 9500 75 37 44 | 131 | 365 | 101 | 107 | 060 | 365 | 1.01
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 9500 | 150 49 44 | 185 | 383 | 128 | 1.07 | 060 | 466 | 1.05
120 | 90 | 10 | 24 | 133 | 7879 | 23063 6.1 9500 | 300 68 44 | 262 | 383 | 177 | 107 | 060 | 642 | 1.05
120 | 90 | 10 | 24 | 133 | 787.9 | 23063 6.1 9500 | 450 78 44 | 321 | 383 | 205 | 1.07 | 060 | 77.5 | 1.01
120 | 90 | 10 | 24 | 133 | 787.9 | 2306.3 6.1 9500 | 600 84 44 | 371 | 383 | 219 | 1.07 | 060 | 885 | 095
WSC4_L1| 160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 6500 75 60 113 | 081 | 56.9 | 106 | 123 | 0.64 | 569 | 1.06
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 6500 | 150 91 113 | 115 | 86.2 | 105 | 123 | 0.64 | 862 | 1.05
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 6500 | 300 | 112 | 113 | 163 | 99.5 | 113 | 1.23 | 064 | 1059 | 1.06
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 6500 | 450 | 132 | 113 | 1.99 | 995 | 133 | 1.23 | 064 | 1239 | 1.07
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 6500 | 600 | 151 | 113 | 230 | 99.5 | 151 | 1.23 | 0.64 | 1384 | 1.09
WSC4_L2| 160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 7000 75 58 100 | 087 | 547 | 106 | 123 | 064 | 547 | 1.06
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 7000 | 150 83 100 | 1.23 | 79.8 | 104 | 123 | 064 | 79.8 | 1.04
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 7000 | 300 | 104 | 100 | 174 | 87.3 | 119 | 1.23 | 064 | 97.8 | 1.06
160 | 100 | 13 | 24 | 160 | 9463 | 61393 87 7000 | 450 | 124 | 100 | 213 | 87.3 | 142 | 1.23 | 064 | 1143 | 1.09
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 7000 | 600 | 141 | 100 | 246 | 87.3 | 161 | 1.23 | 064 | 127.7 | 110
WSC4_L3| 160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 8000 75 52 79 | 097 | 50.4 | 104 | 123 | 064 | 50.4 | 104
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 8000 | 150 71 79 | 138 | 67.8 | 104 | 123 | 064 | 67.8 | 1.04
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 8000 | 300 2 79 | 195 | 69.3 | 132 | 123 | 0.64 | 848 | 1.08
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 8000 | 450 | 110 79 | 239 | 69.3 | 159 | 123 | 064 | 992 | 111
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 8000 | 600 | 124 79 | 276 | 69.3 | 178 | 1.23 | 064 | 1108 | 1.12
WSC4_L4| 160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 8500 75 50 71 | 103 | 483 | 103 | 123 | 064 | 483 | 1.03
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 8500 | 150 66 71 | 145 | 622 | 106 | 123 | 064 | 622 | 106
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 8500 | 300 87 71 | 205 | 626 | 139 | 123 | 0.64 | 796 | 1.09
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 8500 | 450 | 104 71 | 251 | 626 | 167 | 123 | 064 | 931 | 112
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 8500 | 600 | 116 71 | 2.90 | 62.6 | 1.85 | 1.23 | 0.64 | 1040 | 1.11
WSC4_L5| 160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 9000 75 47 65 | 1.08 | 462 | 102 | 123 | 0.64 | 462 | 1.02
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 9000 | 150 61 65 | 152 | 56.9 | 108 | 123 | 0.64 | 57.5 | 1.07
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 9000 | 300 83 65 | 215 | 56.9 | 145 | 123 | 064 | 751 | 110
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 9000 | 450 % 65 | 2.63 | 56.9 | 173 | 123 | 0.64 | 87.8 | 112
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 9000 | 600 | 108 65 | 304 | 56.9 | 190 | 123 | 064 | 981 | 110
WSC4_L6| 160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 9500 75 45 59 | 112 | 442 | 101 | 123 | 064 | 442 | 101
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 9500 | 150 58 59 | 159 | 521 | 111 | 123 | 064 | 545 | 1.06
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 9500 | 300 79 59 | 225 | 521 | 151 | 123 | 064 | 712 | 111
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 9500 | 450 93 59 | 275 | 521 | 178 | 123 | 064 | 832 | 112
160 | 100 | 13 | 24 | 160 | 9463 | 6139.3 87 9500 | 600 | 101 59 | 318 | 521 | 194 | 123 | 064 | 930 | 1.09
WSC5_L1| 140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 6000 75 60 112 | 082 | 56.7 | 106 | 1.00 | 0.59 | 56.7 | 1.06
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 6000 | 150 ) 112 | 116 | 8.7 | 105 | 1.00 | 0.59 | 857 | 1.05
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 6000 | 300 | 113 | 112 | 164 | 983 | 115 | 1.00 | 059 | 107.3 | 1.06
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 6000 | 450 | 139 | 112 | 200 | 983 | 142 | 1.00 | 059 | 131.4 | 1.06
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 6000 | 600 | 166 | 112 | 231 | 98.3 | 169 | 1.00 | 059 | 151.7 | 1.10
WSC5_L2| 140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 6500 75 57 98 | 088 | 544 | 106 | 1.00 | 059 | 544 | 1.06
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 6500 | 150 82 98 | 1.24 | 788 | 104 | 1.00 | 059 | 788 | 1.04
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 6500 | 300 | 105 98 | 175 | 856 | 123 | 1.00 | 059 | 100.1 | 1.05
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 6500 | 450 | 132 98 | 215 | 856 | 154 | 1.00 | 059 | 1226 | 1.08
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 6500 | 600 | 158 98 | 248 | 856 | 1.85 | 1.00 | 059 | 1416 | 1.12
WSC5_L3| 140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 7000 75 55 86 | 093 | 521 | 105 | 1.00 | 059 | 521 | 1.05
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 7000 | 150 75 86 | 1.32 | 723 | 104 | 1.00 | 059 | 723 | 1.04
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 7000 | 300 99 86 | 1.87 | 75.4 | 131 | 1.00 | 0.59 | 940 | 1.05
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 7000 | 450 | 126 86 | 229 | 75.4 | 167 | 1.00 | 059 | 1151 | 1.10
140 | 128 | 12 | 3 | 109 | 12849 |10259.6 | 47 7000 | 600 | 151 86 | 2.64 | 75.4 | 200 | 1.00 | 059 | 1329 | 113
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Geometry SFEA DSM Design
Column |
bw | by | by | t | by A ><1v(v)6 Ber L fy fu | foo | Ae | Tie |fulfac| b a | foer (fulfoer
WSC5_L4| 140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 7500 75 52 77 | 099 | 49.8 | 104 | 1.00 | 059 | 49.8 | 1.04
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 7500 | 150 70 77 | 140 | e6.1 | 105 | 1.00 | 059 | 66.1 | 1.05
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 7500 | 300 % 77 | 198 | 67.1 | 140 | 1.00 | 0.59 | 88.7 | 1.06
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 7500 | 450 | 121 77 | 242 | 67.1 | 180 | 1.00 | 059 | 1086 | 1.11
140 | 128 | 12 | 3 | 109 | 12849 |10259.6 | 47 7500 | 600 | 144 77 | 280 | 67.1 | 214 | 1.00 | 059 | 1254 | 115
WSC5_L5| 140 | 128 | 12 | 3 | 109 | 12849 [ 102596 | 47 8000 75 49 69 | 1.04 | 475 | 103 | 1.00 | 059 | 475 | 1.03
140 | 128 | 12 | 3 | 109 | 12849 | 10259.6 | 47 8000 | 150 65 69 | 148 | 60.2 | 107 | 1.00 | 0.59 | 60.2 | 1.07
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 8000 | 300 ) 69 | 209 | 60.3 | 150 | 1.00 | 0.59 | 84.0 | 1.07
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 8000 | 450 | 116 69 | 256 | 60.3 | 193 | 1.00 | 059 | 1029 | 1.13
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 8000 | 600 | 137 69 | 2.95 | 60.3 | 227 | 1.00 | 059 | 1188 | 1.15
WSC5_L6| 140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 8500 75 46 62 | 110 | 453 | 102 | 1.00 | 059 | 453 | 1.02
140 | 128 | 12 | 3 | 109 | 12849 | 10259.6 | 47 8500 | 150 61 62 | 155 | 546 | 111 | 1.00 | 0.59 | 56.6 | 1.07
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 8500 | 300 87 62 | 219 | 546 | 159 | 1.00 | 0.59 | 80.0 | 1.09
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 8500 | 450 | 112 62 | 269 | 546 | 204 | 1.00 | 059 | 980 | 1.14
140 | 128 | 12 | 3 | 109 | 12849 | 102596 | 47 8500 | 600 | 125 62 | 310 | 546 | 228 | 1.00 | 059 | 1131 | 1.10
WSC6_L1| 180 | 90 | 10 | 25 | 200 | 970.7 | 58680 | 116 6000 75 64 143 | 072 | 60.2 | 106 | 1.40 | 0.69 | 60.2 | 1.06
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 6000 | 150 | 104 | 143 | 1.02 | 9.7 | 108 | 1.40 | 069 | 96.7 | 1.08
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 6000 | 300 | 132 | 143 | 145 | 1247 | 106 | 1.40 | 069 | 1247 | 1.06
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 6000 | 450 | 147 | 143 | 177 | 1255 | 117 | 1.40 | 069 | 138.7 | 1.06
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 6000 | 600 | 161 | 143 | 2.05 | 1255 | 128 | 1.40 | 069 | 151.1 | 1.07
WSC6_L2| 180 | 90 | 10 | 25 | 200 | 970.7 | 58680 | 116 6500 75 62 124 | 078 | 583 | 107 | 140 | 069 | 583 | 1.07
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 6500 | 150 % 124 | 110 | 905 | 1.06 | 1.40 | 0.69 | 90.5 | 1.06
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 6500 | 300 | 119 | 124 | 155 | 108.9 | 109 | 1.40 | 069 | 111.3 | 1.07
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 6500 | 450 | 135 | 124 | 1.90 | 108.9 | 124 | 1.40 | 069 | 1256 | 1.08
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 6500 | 600 | 149 | 124 | 220 | 108.9 | 136 | 1.40 | 069 | 136.8 | 1.09
WSC6_L3| 180 | 90 | 10 | 25 | 200 | 970.7 | 58680 | 116 7000 75 60 109 | 083 | 56.3 | 106 | 1.40 | 0.69 | 56.3 | 1.06
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 7000 | 150 88 109 | 117 | 844 | 104 | 140 | 069 | 844 | 104
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 7000 | 300 | 109 | 109 | 166 | 958 | 114 | 1.40 | 069 | 101.7 | 1.07
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 7000 | 450 | 125 | 109 | 203 | 958 | 131 | 1.40 | 069 | 1147 | 1.09
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 7000 | 600 | 137 | 109 | 234 | 958 | 143 | 1.40 | 069 | 125.0 | 1.10
WSC6_L4| 180 | 90 | 10 | 25 | 200 | 970.7 | 58680 | 116 7500 75 57 97 | 088 | 543 | 106 | 1.40 | 069 | 543 | 1.06
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 7500 | 150 81 97 | 1.24 | 786 | 103 | 1.40 | 069 | 786 | 1.03
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 7500 | 300 | 101 97 | 176 | 851 | 119 | 1.40 | 0.69 | 936 | 1.08
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 7500 | 450 | 117 97 | 215 | 8.1 | 137 | 1.40 | 069 | 1056 | 1.11
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 7500 | 600 | 127 97 | 249 | 85.1 | 149 | 1.40 | 069 | 1151 | 1.10
WSC6_L5| 180 | 90 | 10 | 25 | 200 | 970.7 | 58680 | 116 8000 75 55 87 | 093 | 523 | 105 | 1.40 | 069 | 523 | 1.05
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 8000 | 150 75 87 | 131 | 73.0 | 103 | 1.40 | 069 | 73.0 | 1.03
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 8000 | 300 9% 87 | 1.86 | 76.4 | 124 | 1.40 | 069 | 86.8 | 1.09
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 8000 | 450 | 109 87 | 227 | 76.4 | 143 | 140 | 069 | 979 | 111
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 8000 | 600 | 117 87 | 262 | 76.4 | 154 | 1.40 | 069 | 1066 | 1.10
WSC6_L6| 180 | 90 | 10 | 25 | 200 | 970.7 | 58680 | 116 8500 75 53 79 | 098 | 50.4 | 104 | 140 | 069 | 50.4 | 1.04
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 8500 | 150 70 79 | 1.38 | 67.6 | 104 | 1.40 | 069 | 67.6 | 1.04
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 8500 | 300 89 79 | 195 | 69.1 | 129 | 1.40 | 0.69 | 80.9 | 1.10
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 8500 | 450 | 102 79 | 239 | 69.1 | 147 | 140 | 069 | 91.3 | 111
180 | 90 | 10 | 25 | 200 | 9707 | 58680 | 116 8500 | 600 | 108 79 | 276 | 69.1 | 157 | 1.40 | 069 | 99.4 | 1.09
WSC7_L1]| 130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 4500 75 66 178 | 065 | 62.9 | 105 | 124 | 065 | 629 | 1.05
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 4500 | 150 | 115 | 178 | 092 | 1055 | 1.09 | 1.24 | 065 | 1055 | 1.09
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 4500 | 300 | 156 | 178 | 1.30 | 148.3 | 106 | 1.24 | 065 | 1483 | 1.06
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 4500 | 450 | 172 | 178 | 159 | 156.3 | 110 | 1.24 | 065 | 1633 | 1.05
130 | 70 | 20 | 25 | 186 | 7957 | 2322.1 89 4500 | 600 | 185 | 178 | 1.83 | 156.3 | 118 | 1.24 | 065 | 182.1 | 1.01
WsC7_L2]| 130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 5000 75 64 148 | 071 | 60.7 | 106 | 124 | 065 | 60.7 | 1.06
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 5000 | 150 | 106 | 148 | 1.01 | 98.2 | 108 | 1.24 | 065 | 982 | 1.08
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 5000 | 300 | 136 | 148 | 1.42 | 1286 | 106 | 1.24 | 065 | 1286 | 1.06
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 5000 | 450 | 150 | 148 | 174 | 1300 | 116 | 1.24 | 065 | 145.7 | 1.03
130 | 70 | 20 | 25 | 186 | 7957 | 2322.1 89 5000 | 600 | 163 | 148 | 2.01 | 130.0 | 126 | 1.24 | 065 | 1625 | 1.01
WSC7_L3]| 130 | 70 | 20 | 25 | 1.86 | 7957 | 23221 89 5500 75 62 126 | 077 | 585 | 106 | 124 | 065 | 585 | 1.06
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 5500 | 150 97 126 | 1.09 | 91.2 | 106 | 124 | 065 | 91.2 | 1.06
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 5500 | 300 | 120 | 126 | 154 | 1106 | 1.09 | 1.24 | 065 | 113.0 | 1.06
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 5500 | 450 | 134 | 126 | 1.89 | 1106 | 122 | 1.24 | 065 | 131.7 | 1.02
130 | 70 | 20 | 25 | 1.8 | 7957 | 2322.1 89 5500 | 600 | 147 | 126 | 2.18 | 1106 | 133 | 1.24 | 065 | 146.9 | 1.00
WSC7_L4| 130 | 70 | 20 | 25 | 1.86 | 7957 | 23221 89 6000 75 60 109 | 083 | 56.3 | 106 | 124 | 065 | 56.3 | 1.06
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 6000 | 150 88 109 | 117 | 844 | 104 | 124 | 065 | 844 | 104
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 6000 | 300 | 108 | 109 | 1.66 | 957 | 113 | 1.24 | 065 | 1033 | 1.04
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 6000 | 450 | 122 | 109 | 203 | 957 | 127 | 1.24 | 065 | 120.4 | 1.01
130 | 70 | 20 | 25 | 186 | 7957 | 2322.1 89 6000 | 600 | 133 | 109 | 234 | 957 | 139 | 1.24 | 065 | 1343 | 0.99
WSC7_L5| 130 | 70 | 20 | 25 | 1.86 | 7957 | 23221 89 6500 75 57 9 | 088 | 541 | 106 | 124 | 065 | 541 | 1.06
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 6500 | 150 81 9 | 1.25 | 779 | 103 | 124 | 065 | 77.9 | 1.03
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 6500 | 300 % 9 | 177 | 841 | 117 | 124 | 065 | 953 | 1.03
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 6500 | 450 | 111 9 | 217 | 841 | 133 | 124 | 065 | 111.2 | 1.00
130 | 70 | 20 | 25 | 186 | 7957 | 23221 89 6500 | 600 | 121 96 | 250 | 84.1 | 144 | 124 | 065 | 1239 | 098
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Geometry SFEA DSM Design

Column 0
bw | by | by | t | by A « 1‘/(\/)5 Ber L fy fu | foo | Ae | Tie |fulfac| b a | foer (fulfoer
WSC7_L6| 130 70 20 25 1.86 795.7 2322.1 8.9 7000 75 54 85 0.94 51.9 1.05 1.24 | 0.65 51.9 1.05
130 70 20 25 1.86 795.7 2322.1 8.9 7000 150 74 85 133 71.9 1.03 1.24 | 0.65 719 1.03
130 70 20 25 1.86 795.7 2322.1 8.9 7000 300 90 85 1.87 74.9 121 1.24 | 0.65 88.7 1.02
130 70 20 25 1.86 795.7 2322.1 8.9 7000 450 102 85 2.30 74.9 137 1.24 | 0.65 | 103.4 0.99
130 70 20 25 1.86 795.7 2322.1 8.9 7000 600 110 85 2.65 74.9 147 124 | 0.65 | 115.3 0.96
WSC8_L1| 100 70 20 3 1.43 864.9 1715.7 55 3500 75 68 216 0.59 64.9 105 | 1.04 | 059 | 64.9 1.05
100 70 20 3 1.43 864.9 1715.7 55 3500 150 124 216 0.83 | 112.2 | 111 1.04 | 059 [ 112.2 111
100 70 20 3 1.43 864.9 1715.7 55 3500 300 182 216 1.18 | 167.9 | 1.08 1.04 | 059 | 167.9 1.08
100 70 20 3 1.43 864.9 1715.7 55 3500 450 203 216 144 | 188.4 | 1.08 1.04 | 059 | 1884 1.08
100 70 20 3 1.43 864.9 1715.7 55 3500 600 218 216 167 | 189.7 | 115 1.04 | 0.59 | 209.9 1.04
WSC8_L2| 100 70 20 3 1.43 864.9 1715.7 55 4000 75 66 173 0.66 62.5 106 | 1.04 | 059 | 625 1.06
100 70 20 3 1.43 864.9 1715.7 55 4000 150 114 173 0.93 | 104.2 | 110 1.04 | 059 [ 104.2 1.10
100 70 20 3 1.43 864.9 1715.7 55 4000 300 155 173 132 | 1449 | 107 1.04 | 059 [ 1449 1.07
100 70 20 3 1.43 864.9 1715.7 55 4000 450 171 173 161 | 151.3 | 113 1.04 | 059 | 162.6 1.05
100 70 20 3 1.43 864.9 1715.7 55 4000 600 187 173 186 | 151.3 | 1.23 1.04 | 059 | 186.7 1.00
WSC8_L3| 100 70 20 3 1.43 864.9 1715.7 55 4500 75 64 142 0.73 60.2 1.07 1.04 | 0.59 60.2 1.07
100 70 20 3 1.43 864.9 1715.7 55 4500 150 104 142 1.03 96.5 1.08 | 1.04 | 059 | 96.5 1.08
100 70 20 3 1.43 864.9 1715.7 55 4500 300 133 142 145 | 1242 | 107 1.04 | 059 [ 124.2 1.07
100 70 20 3 1.43 864.9 1715.7 55 4500 450 149 142 178 | 1248 | 119 1.04 | 059 | 147.1 1.01
100 70 20 3 1.43 864.9 1715.7 55 4500 600 166 142 205 | 1248 | 133 | 1.04 | 059 | 169.0 | 0.98
WSC8_L4| 100 70 20 3 1.43 864.9 1715.7 55 5000 75 62 121 0.79 57.8 1.07 1.04 | 059 57.8 1.07
100 70 20 3 1.43 864.9 1715.7 55 5000 150 95 121 112 89.1 1.06 1.04 | 0.59 89.1 1.06
100 70 20 3 1.43 864.9 1715.7 55 5000 300 118 121 158 | 105.8 | 111 1.04 | 059 | 1111 1.06
100 70 20 3 1.43 864.9 1715.7 55 5000 450 134 121 193 | 105.8 | 126 | 1.04 | 059 | 135.0 | 0.99
100 70 20 3 1.43 864.9 1715.7 55 5000 600 149 121 223 | 105.8 | 141 1.04 | 059 | 155.1 0.96
WSC8_L5| 100 70 20 3 1.43 864.9 1715.7 55 5500 75 59 104 0.85 55.5 1.07 | 1.04 | 059 | 555 1.07
100 70 20 3 1.43 864.9 1715.7 55 5500 150 86 104 1.20 82.2 1.05 1.04 | 0.59 82.2 1.05
100 70 20 3 1.43 864.9 1715.7 55 5500 300 106 104 1.69 91.6 115 | 1.04 | 059 | 103.1 | 1.02
100 70 20 3 1.43 864.9 1715.7 55 5500 450 122 104 2.08 91.6 133 1.04 | 059 [ 1253 0.97
100 70 20 3 1.43 864.9 1715.7 55 5500 600 136 104 240 91.6 148 | 1.04 | 059 | 1439 | 0.94
WSC8_L6| 100 | 70 | 20 3 143 | 8649 | 17157 55 6000 75 57 92 | 090 | 533 | 1.06 | 1.04 | 059 | 533 | 1.06
100 70 20 3 1.43 864.9 1715.7 55 6000 150 79 92 1.28 75.8 1.04 1.04 | 0.59 75.8 1.04
100 70 20 3 1.43 864.9 1715.7 55 6000 300 96 92 181 80.7 119 | 1.04 | 059 | 96.5 1.00
100 70 20 3 1.43 864.9 1715.7 55 6000 450 111 92 221 80.7 1.38 1.04 | 059 | 1173 0.95
100 70 20 3 1.43 864.9 17157 55 6000 600 124 92 2.55 80.7 153 | 1.04 | 059 | 1348 | 0.92
WSC9_L1| 110 90 15 4 1.22 1313.1 3904.7 4.0 5500 75 62 118 0.80 57.5 1.08 1.00 | 0.59 57.5 1.08
110 90 15 4 1.22 1313.1 3904.7 4.0 5500 150 94 118 1.13 88.2 1.07 1.00 | 0.59 88.2 1.07
110 90 15 4 1.22 1313.1 3904.7 4.0 5500 300 118 118 159 | 103.7 | 114 1.00 | 059 [ 110.2 1.07
110 90 15 4 1.22 1313.1 3904.7 4.0 5500 450 139 118 195 | 103.7 | 134 1.00 | 0.59 [ 135.0 1.03
110 90 15 4 1.22 1313.1 3904.7 4.0 5500 600 159 118 225 | 103.7 | 153 1.00 | 0.59 | 155.8 1.02
WSC9_L2| 110 90 15 4 1.22 1313.1 3904.7 4.0 6000 75 60 105 0.85 55.6 108 | 1.00 | 059 | 55.6 1.08
110 90 15 4 1.22 1313.1 3904.7 4.0 6000 150 87 105 1.20 82.5 1.06 1.00 | 0.59 82.5 1.06
110 90 15 4 1.22 1313.1 3904.7 4.0 6000 300 109 105 1.69 92.0 118 | 1.00 | 059 | 103.8 | 1.05
110 90 15 4 1.22 1313.1 3904.7 4.0 6000 450 129 105 2.07 92.0 140 1.00 | 059 [ 127.1 1.02
110 90 15 4 1.22 1313.1 3904.7 4.0 6000 600 148 105 2.39 92.0 161 1.00 | 0.59 | 146.8 1.01
WSC9_L3| 110 90 15 4 1.22 1313.1 3904.7 4.0 6500 75 58 94 0.89 53.8 108 | 1.00 | 059 | 538 1.08
110 90 15 4 1.22 1313.1 3904.7 4.0 6500 150 81 94 1.26 7.2 1.05 1.00 | 0.59 77.2 1.05
110 90 15 4 1.22 1313.1 3904.7 4.0 6500 300 101 94 1.78 82.8 122 1.00 | 0.59 98.5 1.03
110 90 15 4 1.22 1313.1 3904.7 4.0 6500 450 121 94 2.18 82.8 146 1.00 | 0.59 [ 120.6 1.00
110 90 15 4 1.22 1313.1 3904.7 4.0 6500 600 138 94 2.52 82.8 166 | 1.00 | 059 | 139.3 | 0.99
WSC9_L4| 110 90 15 4 1.22 1313.1 3904.7 4.0 7000 75 56 86 0.93 52.1 1.07 1.00 | 0.59 52.1 1.07
110 90 15 4 1.22 1313.1 3904.7 4.0 7000 150 76 86 132 72.3 1.05 1.00 | 0.59 72.3 1.05
110 90 15 4 1.22 1313.1 3904.7 4.0 7000 300 95 86 1.87 75.5 1.26 1.00 | 0.59 94.0 1.01
110 90 15 4 1.22 1313.1 3904.7 4.0 7000 450 113 86 2.29 75.5 150 1.00 | 059 | 115.1 0.99
110 90 15 4 1.22 1313.1 3904.7 4.0 7000 600 128 86 2.64 75.5 1.70 1.00 | 059 [ 1329 0.96
WSC9_L5| 110 | 90 15 4 122 | 1313.1 | 3904.7 4.0 7500 75 54 79 | 097 | 504 | 106 | 1.00 | 059 | 50.4 | 1.06
110 90 15 4 1.22 1313.1 3904.7 4.0 7500 150 71 79 1.38 67.8 1.05 1.00 | 0.59 67.8 1.05
110 90 15 4 1.22 1313.1 3904.7 4.0 7500 300 90 79 195 69.4 130 | 1.00 | 059 | 90.1 1.00
110 90 15 4 1.22 1313.1 3904.7 4.0 7500 450 106 79 2.38 69.4 153 1.00 | 059 [ 1104 0.96
110 90 15 4 1.22 1313.1 3904.7 4.0 7500 600 119 79 2.75 69.4 172 1.00 | 059 [ 1275 0.93
WSC9_L6| 110 | 90 15 4 122 | 1313.1 | 3904.7 4.0 8000 75 52 73 1.01 | 489 | 1.06 | 1.00 | 059 | 489 | 1.06
110 90 15 4 1.22 1313.1 3904.7 4.0 8000 150 67 73 1.43 63.8 105 | 1.00 | 059 | 63.8 1.05
110 90 15 4 1.22 1313.1 3904.7 4.0 8000 300 85 73 2.02 64.4 132 | 1.00 | 059 | 86.8 0.98
110 90 15 4 1.22 1313.1 3904.7 4.0 8000 450 100 73 248 64.4 155 1.00 | 0.59 | 106.3 0.94
110 90 15 4 1.22 1313.1 3904.7 4.0 8000 600 111 73 2.86 64.4 172 1.00 | 059 | 122.7 0.90
Mean 1.328 Mean 1.059
Sd. Dev. 0.330 Sd. Dev. 0.044
Max 2.279 Max 1.157
Min 1.010 Min 0.901
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ANNEX G: WFSC Column Data

Table G: F columns: (i) geometries, (ii) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by current
and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design

Column

bu | br [ b | t[bub| A | Mol | L | | fee | As | o ffas| b | @ | fer |fffur

WFSC1_L1| 170 | 130 13 35 131 1683.0 | 18820.8 5.6 6500 75 62 128 0.77 58.7 106 | 1.05 | 060 | 587 1.06
170 | 130 13 35 131 1683.0 | 18820.8 5.6 6500 150 97 128 1.08 91.8 106 | 1.05 | 060 | 918 1.06
170 | 130 13 35 131 1683.0 | 18820.8 5.6 6500 300 123 128 153 | 1121 | 1.09 | 1.05 | 0.60 | 1145 | 1.07
170 | 130 13 35 131 1683.0 | 18820.8 5.6 6500 450 143 128 188 | 1121 | 1.28 | 1.05 | 0.60 | 138.8 | 1.03
170 | 130 13 3.5 131 1683.0 | 18820.8 5.6 6500 600 168 128 217 | 1121 | 150 | 1.05 | 060 | 159.2 | 1.05

WFSC1_L2| 170 | 130 13 35 131 1683.0 | 18820.8 5.6 7000 75 60 113 0.82 56.8 106 | 1.05 | 060 | 56.8 1.06
170 | 130 13 35 131 1683.0 | 18820.8 5.6 7000 150 90 113 115 85.9 105 | 1.05 | 060 | 859 1.05
170 | 130 13 35 131 1683.0 | 18820.8 5.6 7000 300 113 113 1.63 98.8 114 | 105 | 060 | 107.1 | 1.05
170 | 130 13 35 131 1683.0 | 18820.8 5.6 7000 450 135 113 2.00 98.8 137 | 1.05 | 060 | 129.9 | 1.04
170 | 130 13 3.5 131 1683.0 | 18820.8 5.6 7000 600 159 113 2.31 98.8 161 | 1.05 | 060 | 149.0 | 1.07

WFSC1_L3| 170 | 130 13 35 131 1683.0 | 18820.8 5.6 7500 75 58 100 0.86 54.8 106 | 1.05 | 060 | 54.8 1.06
170 | 130 13 35 131 1683.0 | 18820.8 5.6 7500 150 83 100 1.22 80.2 104 | 1.05 | 060 | 80.2 1.04
170 | 130 13 35 131 1683.0 | 18820.8 5.6 7500 300 105 100 173 87.9 119 | 1.05 | 060 | 100.8 | 1.04
170 | 130 13 35 131 1683.0 | 18820.8 5.6 7500 450 129 100 2.12 87.9 147 | 105 | 060 | 122.2 | 1.05
170 | 130 13 35 131 1683.0 | 18820.8 5.6 7500 600 151 100 2.45 87.9 172 | 1.05 | 060 | 140.2 | 1.08

WFSC1_L4| 170 | 130 13 35 131 1683.0 | 18820.8 5.6 8500 75 53 82 0.96 51.1 104 | 1.05 | 060 | 511 1.04
170 | 130 13 35 131 1683.0 | 18820.8 5.6 8500 150 72 82 1.36 69.5 104 | 1.05 | 060 | 69.5 1.04
170 | 130 13 35 131 1683.0 | 18820.8 5.6 8500 300 94 82 1.92 71.6 132 | 1.05 | 060 | 90.5 1.04
170 | 130 13 35 131 1683.0 | 18820.8 5.6 8500 450 118 82 2.35 71.6 165 | 1.05 | 0.60 | 109.7 | 1.08
170 | 130 13 35 131 1683.0 | 18820.8 5.6 8500 600 138 82 2.71 71.6 192 | 1.05 | 060 | 125.8 | 1.09

WFSC1_L5| 170 | 130 13 35 131 1683.0 | 18820.8 5.6 9000 75 51 74 1.00 49.2 103 | 1.05 | 0.60 | 49.2 1.03
170 | 130 13 35 131 1683.0 | 18820.8 5.6 9000 150 68 74 1.42 64.6 105 | 1.05 | 060 | 64.6 1.05
170 | 130 13 35 131 1683.0 | 18820.8 5.6 9000 300 90 74 2.01 65.3 138 | 1.05 | 0.60 | 86.2 1.05
170 | 130 13 35 131 1683.0 | 18820.8 5.6 9000 450 113 74 2.46 65.3 173 | 1.05 | 060 | 1046 | 1.08
170 | 130 13 35 131 1683.0 | 18820.8 5.6 9000 600 131 74 284 | 653 | 201 | 1.05 | 060 | 119.9 | 1.09

WFSC1_L6| 170 | 130 13 35 131 1683.0 | 18820.8 5.6 9500 75 48 68 1.05 47.4 102 | 1.05 | 060 | 474 1.02
170 | 130 13 35 131 1683.0 | 18820.8 5.6 9500 150 64 68 1.48 59.9 106 | 1.05 | 060 | 59.9 1.06
170 | 130 13 35 131 1683.0 | 18820.8 5.6 9500 300 87 68 2.09 60.0 145 | 1.05 | 060 | 825 1.05
170 | 130 13 35 131 1683.0 | 18820.8 5.6 9500 450 109 68 2.56 60.0 181 | 1.05 | 0.60 | 100.0 | 1.09
170 | 130 13 3.5 131 1683.0 | 18820.8 5.6 9500 600 125 68 2.96 60.0 | 208 | 1.05 | 060 | 1147 | 1.09

WFSC2_L1| 150 110 13 24 1.36 1010.0 | 64485 6.8 6500 75 57 97 0.88 54.3 105 | 112 | 061 | 543 1.05
150 110 13 24 1.36 1010.0 | 64485 6.8 6500 150 81 97 1.24 78.6 103 | 112 | 061 | 78.6 1.03
150 110 13 24 1.36 1010.0 | 64485 6.8 6500 300 102 97 1.76 85.2 119 | 112 | 061 | 981 1.04
150 110 13 24 1.36 1010.0 | 64485 6.8 6500 450 125 97 2.15 85.2 147 | 112 | 061 | 117.3 | 1.06
150 110 13 2.4 1.36 1010.0 | 6448.5 6.8 6500 600 146 97 2.48 85.2 172 | 112 | 061 | 133.3 | 1.10

WFSC2_L2| 150 110 13 24 1.36 1010.0 | 64485 6.8 7000 75 54 85 0.94 51.9 104 | 112 | 061 | 519 1.04
150 110 13 24 1.36 1010.0 | 64485 6.8 7000 150 74 85 1.33 71.9 103 | 112 | 061 | 719 1.03
150 110 13 24 1.36 1010.0 | 64485 6.8 7000 300 95 85 1.87 74.9 127 | 112 | 061 | 912 1.04
150 110 13 24 1.36 1010.0 | 64485 6.8 7000 450 118 85 2.30 74.9 158 | 112 | 061 | 109.1 | 1.08
150 110 13 24 1.36 1010.0 | 64485 6.8 7000 600 138 85 2.65 74.9 184 | 112 | 061 | 1240 | 1.11

WFSC2_L3| 150 110 13 24 1.36 1010.0 | 64485 6.8 7500 75 51 76 1.00 49.6 103 | 112 | 061 | 496 1.03
150 110 13 24 1.36 1010.0 | 64485 6.8 7500 150 68 76 141 65.5 104 | 112 | 061 | 655 1.04
150 110 13 24 1.36 1010.0 | 64485 6.8 7500 300 90 76 1.99 66.4 136 | 112 | 061 | 853 1.05
150 110 13 24 1.36 1010.0 | 64485 6.8 7500 450 113 76 244 66.4 170 | 112 | 061 | 102.1 | 1.10
150 110 13 24 1.36 1010.0 | 64485 6.8 7500 600 131 76 2.81 66.4 197 | 112 | 061 | 116.0 | 1.13

WFSC2_L4| 150 | 110 13 24 1.36 1010.0 | 64485 6.8 8000 75 48 68 1.05 47.2 101 | 112 | 061 | 47.2 1.01
150 | 110 13 24 1.36 1010.0 | 64485 6.8 8000 150 63 68 1.49 59.4 106 | 112 | 061 | 594 1.06
150 | 110 13 24 1.36 1010.0 | 64485 6.8 8000 300 86 68 2.10 59.5 144 | 112 | 061 | 803 1.07
150 | 110 13 24 1.36 1010.0 | 64485 6.8 8000 450 107 68 2.58 59.5 180 | 112 | 061 | 96.0 112
150 | 110 13 24 1.36 1010.0 | 64485 6.8 8000 600 123 68 2.97 59.5 207 | 112 | 061 | 109.0 | 1.13

WFSC2_L5| 150 110 13 24 1.36 1010.0 | 64485 6.8 9000 75 43 56 1.16 42.7 100 | 112 | 061 | 427 1.00
150 110 13 24 1.36 1010.0 | 64485 6.8 9000 150 55 56 1.64 48.9 113 | 112 | 061 | 529 1.04
150 110 13 24 1.36 1010.0 | 64485 6.8 9000 300 9 56 2.32 48.9 161 | 112 | 061 | 719 1.09
150 110 13 24 1.36 1010.0 | 64485 6.8 9000 450 97 56 2.84 48.9 199 | 112 | 061 | 86.0 113
150 110 13 24 1.36 1010.0 | 64485 6.8 9000 600 110 56 3.28 48.9 225 | 112 | 061 | 97.7 1.13

WFSC2_L6| 150 110 13 24 1.36 1010.0 | 64485 6.8 9500 75 40 51 121 40.5 100 | 112 | 061 | 405 1.00
150 110 13 24 1.36 1010.0 | 64485 6.8 9500 150 53 51 171 44.8 118 | 112 | 061 | 50.4 1.04
150 110 13 24 1.36 1010.0 | 64485 6.8 9500 300 76 51 242 44.8 169 | 112 | 061 | 685 1.10
150 110 13 24 1.36 1010.0 | 64485 6.8 9500 450 93 51 297 44.8 207 | 112 | 061 | 819 1.13
150 110 13 2.4 1.36 1010.0 | 6448.5 6.8 9500 600 102 51 3.43 44.8 228 | 112 | 061 | 93.0 1.10

WFSC3_L1| 120 90 13 12 1.33 421.0 1206.2 9.0 6500 75 44 61 111 44.8 0.99 | 1.25 | 065 | 448 0.99
120 90 13 12 133 421.0 1206.2 9.0 6500 150 58 61 157 53.3 108 | 1.25 | 065 | 55.2 1.04
120 90 13 12 133 421.0 1206.2 9.0 6500 300 80 61 222 53.3 151 | 1.25 | 065 | 717 112
120 90 13 12 1.33 421.0 1206.2 9.0 6500 450 100 61 2.72 53.3 188 | 1.25 | 065 | 835 1.20
120 90 13 1.2 1.33 421.0 1206.2 9.0 6500 600 114 61 3.14 53.3 213 | 1.25 | 065 | 93.0 1.22




Geometry SFEA DSM Design
Column |
bw | by | bs | t | by A ><1v(v)6 Prr L fy fu | foo | A | fie |fulfac| b a | foer (fulfoer
WFSC3_L2| 120 | 90 | 13 | 12 | 1.33 | 421.0 | 12062 9.0 7000 | 75 41 53 | 1.19 | 415 | 098 | 125 | 0.65 | 415 | 0.98
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 7000 | 150 53 53 | 1.68 | 46.6 | 114 | 125 | 065 | 50.8 | 1.04
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 7000 | 300 76 53 | 238 | 46.6 | 163 | 125 | 065 | 659 | 1.16
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 7000 | 450 % 53 | 291 | 466 | 203 | 125 | 065 | 76.7 | 1.23
120 | 90 | 13 | 12| 133 | 4210 | 1206.2 9.0 7000 | 600 | 106 53 | 336 | 46.6 | 228 | 125 | 065 | 855 | 1.24
WFSC3_13| 120 | 90 | 13 [ 12 | 133 | 421.0 | 12062 9.0 7500 | 75 38 47 | 127 | 384 | 098 | 125 | 065 | 384 | 098
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 7500 | 150 49 47 | 179 | 411 | 120 | 125 | 065 | 469 | 1.05
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 7500 | 300 73 47 | 253 | 411 | 177 | 125 | 065 | 60.9 | 1.19
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 7500 | 450 89 47 | 310 | 411 | 217 | 125 | 065 | 709 | 1.26
120 | 90 | 13 | 12 | 133 | 4210 | 1206.2 9.0 7500 | 600 99 47 | 358 | 411 | 241 | 125 | 065 | 79.0 | 1.25
WFSC3_L4| 120 | 90 | 13 | 12 | 133 | 421.0 | 12062 9.0 8000 | 75 35 42 | 134 | 353 | 099 | 125 | 065 | 353 | 0.99
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 8000 | 150 47 42 | 190 | 365 | 128 | 125 | 0.65 | 436 | 1.07
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 8000 | 300 69 42 | 268 | 365 | 189 | 125 | 065 | 566 | 1.22
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 8000 | 450 84 42 | 329 | 365 | 230 | 125 | 065 | 659 | 1.27
120 | 90 | 13 | 12 | 133 | 4210 | 1206.2 9.0 8000 | 600 2 42 | 380 | 365 | 252 | 1.25 | 065 | 735 | 1.25
WFSC3_L5| 120 | 90 | 13 | 12 | 1.33 | 421.0 | 12062 9.0 8500 | 75 32 37 | 142 | 324 | 100 | 125 | 065 | 324 | 1.00
120 | 90 | 13 | 12 | 133 | 4210 | 1206.2 9.0 8500 | 150 44 37 | 200 | 328 | 136 | 1.25 | 0.65 | 40.8 | 1.09
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 8500 | 300 66 37 | 283 | 328 | 202 | 125 | 065 | 529 | 1.25
120 | 90 | 13 | 12 | 133 | 4210 | 1206.2 9.0 8500 | 450 79 37 | 347 | 328 | 241 | 125 | 065 | 616 | 1.28
120 | 90 | 13 | 12 | 133 | 421.0 | 1206.2 9.0 8500 | 600 86 37 | 401 | 32.8 | 262 | 1.25 | 065 | 686 | 1.25
WFSC3_L6| 120 | 90 | 13 | 12 | 1.33 | 421.0 | 12062 9.0 9000 | 75 30 34 | 149 | 206 | 103 | 125 | 065 | 296 | 1.03
120 | 90 | 13 | 12 | 133 | 4210 | 1206.2 9.0 9000 | 150 42 34 | 211 | 206 | 144 | 125 | 065 | 382 | 111
120 | 90 | 13 | 1.2 | 133 | 4210 | 1206.2 9.0 9000 | 300 63 34 | 298 | 206 | 213 | 125 | 065 | 496 | 1.27
120 | 90 | 13 | 12 | 133 | 4210 | 1206.2 9.0 9000 | 450 74 34 | 365 | 206 | 252 | 125 | 065 | 57.8 | 1.29
120 | 90 | 13 | 12 | 133 | 4210 | 1206.2 9.0 9000 | 600 80 34 | 422 | 206 | 270 | 125 | 065 | 644 | 124
WFSC4_L1| 160 | 100 | 13 | 3 160 | 12326 | 73485 73 6500 | 75 60 112 | 082 | 56.6 | 106 | 1.15 | 0.62 | 56.6 | 1.06
160 | 100 | 13 | 3 160 | 12326 | 73485 73 6500 | 150 89 112 | 1.16 | 85.6 | 105 | 115 | 0.62 | 856 | 1.05
160 | 100 | 13 | 3 160 | 12326 | 73485 73 6500 | 300 | 111 | 112 | 164 | 981 | 114 | 1.15 | 062 | 105.8 | 1.05
160 | 100 | 13 | 3 160 | 12326 | 73485 73 6500 | 450 | 131 | 112 | 201 | 981 | 134 | 115 | 062 | 125.7 | 1.04
160 | 100 | 13 | 3 160 | 12326 | 73485 73 6500 | 600 | 150 | 112 | 232 | 981 | 153 | 115 | 062 | 142.1 | 1.05
WFSC4_L2| 160 | 100 | 13 | 3 160 | 12326 | 73485 73 7000 | 75 58 99 | 087 | 546 | 106 | 115 | 0.62 | 546 | 1.06
160 | 100 | 13 | 3 160 | 12326 | 73485 73 7000 | 150 82 99 | 1.23 | 795 | 104 | 115 | 062 | 795 | 1.04
160 | 100 | 13 | 3 160 | 12326 | 73485 73 7000 | 300 | 103 99 | 174 | 86.8 | 118 | 115 | 062 | 986 | 1.04
160 | 100 | 13 | 3 160 | 12326 | 73485 73 7000 | 450 | 123 99 | 213 | 86.8 | 142 | 115 | 062 | 117.2 | 1.05
160 | 100 | 13 | 3 160 | 1232.6 | 73485 73 7000 | 600 | 140 99 | 246 | 86.8 | 162 | 115 | 062 | 132.4 | 1.06
WFSC4_L3| 160 | 100 | 13 | 3 160 | 12326 | 73485 73 7500 | 75 55 89 | 092 | 526 | 105 | 115 | 0.62 | 526 | 1.05
160 | 100 | 13 | 3 160 | 12326 | 73485 73 7500 | 150 76 89 | 1.30 | 738 | 103 | 115 | 0.62 | 738 | 1.03
160 | 100 | 13 | 3 160 | 12326 | 73485 73 7500 | 300 % 89 | 1.84 | 77.6 | 124 | 115 | 062 | 925 | 1.04
160 | 100 | 13 | 3 160 | 12326 | 73485 73 7500 | 450 | 116 89 | 225 | 77.6 | 149 | 115 | 0.62 | 109.9 | 1.06
160 | 100 | 13 | 3 160 | 1232.6 | 73485 73 7500 | 600 | 131 89 | 260 | 77.6 | 169 | 1.15 | 062 | 124.2 | 1.06
WFSC4_L4| 160 | 100 | 13 | 3 160 | 12326 | 73485 73 8000 | 75 53 80 | 097 | 50.7 | 104 | 115 | 062 | 50.7 | 1.04
160 | 100 | 13 | 3 160 | 12326 | 73485 73 8000 | 150 71 80 | 1.37 | 684 | 103 | 115 | 062 | 684 | 1.03
160 | 100 | 13 | 3 160 | 12326 | 73485 73 8000 | 300 91 80 | 194 | 70.1 | 130 | 115 | 062 | 87.2 | 1.04
160 | 100 | 13 | 3 160 | 12326 | 73485 73 8000 | 450 | 110 80 | 237 | 70.1 | 156 | 1.15 | 0.62 | 103.7 | 1.06
160 | 100 | 13 | 3 160 | 1232.6 | 73485 73 8000 | 600 | 123 80 | 274 | 70.1 | 176 | 115 | 062 | 117.2 | 1.05
WFSC4_L5| 160 | 100 | 13 | 3 160 | 12326 | 73485 73 8500 | 75 50 73 | 101 | 487 | 103 | 115 | 0.62 | 487 | 1.03
160 | 100 | 13 | 3 160 | 12326 | 73485 73 8500 | 150 66 73 | 143 | 634 | 104 | 115 | 062 | 634 | 104
160 | 100 | 13 | 3 160 | 12326 | 73485 73 8500 | 300 86 73 | 203 | 639 | 135 | 115 | 0.62 | 827 | 1.05
160 | 100 | 13 | 3 160 | 12326 | 73485 73 8500 | 450 | 104 73 | 249 | 639 | 162 | 115 | 062 | 983 | 1.05
160 | 100 | 13 | 3 160 | 12326 | 73485 73 8500 | 600 | 115 73 | 287 | 639 | 180 | 115 | 062 | 111.1 | 1.04
WFSC4_L6| 160 | 100 | 13 | 3 160 | 12326 | 73485 73 9000 | 75 48 67 | 1.06 | 469 | 102 | 115 | 0.62 | 469 | 1.02
160 | 100 | 13 | 3 160 | 12326 | 73485 73 9000 | 150 62 67 | 150 | 58.7 | 106 | 1.15 | 0.62 | 587 | 1.06
160 | 100 | 13 | 3 160 | 12326 | 73485 73 9000 | 300 82 67 | 212 | 587 | 140 | 115 | 0.62 | 787 | 1.05
160 | 100 | 13 | 3 160 | 12326 | 73485 73 9000 | 450 %8 67 | 259 | 58.7 | 167 | 115 | 0.62 | 936 | 1.05
160 | 100 | 13 | 3 160 | 12326 | 73485 7.3 9000 | 600 | 108 67 | 300 | 587 | 184 | 1.15 | 0.62 | 1057 | 1.02
WFSC5_L1| 140 | 128 | 10 | 3 109 | 13226 | 93257 45 6000 | 75 58 103 | 085 | 55.3 | 105 | 1.00 | 059 | 553 | 1.05
140 | 128 | 10 | 3 109 | 13226 | 93257 45 6000 | 150 85 103 | 1.21 | 8.7 | 104 | 1.00 | 059 | 817 | 1.04
140 | 128 | 10 | 3 1.09 | 13226 | 93257 45 6000 | 300 | 106 | 103 | 170 | 90.6 | 1.18 | 1.00 | 059 | 103.0 | 1.03
140 | 128 | 10 | 3 109 | 13226 | 93257 45 6000 | 450 | 133 | 103 | 209 | 90.6 | 147 | 1.00 | 059 | 126.1 | 1.06
140 | 128 | 10 | 3 109 | 13226 | 93257 45 6000 | 600 | 160 | 103 | 241 | 90.6 | 1.76 | 1.00 | 059 | 145.6 | 1.10
WFSC5_L2| 140 | 128 | 10 | 3 109 | 13226 | 93257 45 6500 | 75 55 9 | 091 | 529 | 104 | 1.00 | 059 | 529 | 1.04
140 | 128 | 10 | 3 109 | 13226 | 93257 45 6500 | 150 77 9 | 129 | 747 | 103 | 1.00 | 059 | 747 | 1.03
140 | 128 | 10 | 3 109 | 13226 | 93257 45 6500 | 300 | 100 9 | 1.82 | 79.0 | 126 | 1.00 | 059 | 962 | 1.04
140 | 128 | 10 | 3 109 | 13226 | 93257 45 6500 | 450 | 127 9 | 223 | 79.0 | 160 | 1.00 | 059 | 117.8 | 1.08
140 | 128 | 10 | 3 109 | 13226 | 93257 45 6500 | 600 | 152 90 | 258 | 79.0 | 192 | 1.00 | 059 | 136.0 | 1.12
WFSC5_L3| 140 | 128 | 10 | 3 109 | 13226 | 93257 45 7000 | 75 52 80 | 097 | 50.6 | 103 | 1.00 | 0.59 | 50.6 | 1.03
140 | 128 | 10 | 3 1.09 | 13226 | 93257 45 7000 | 150 71 80 | 1.37 | 681 | 104 | 1.00 | 059 | 681 | 1.04
140 | 128 | 10 | 3 109 | 13226 | 93257 45 7000 | 300 % 80 | 1.94 | 69.8 | 135 | 1.00 | 059 | 90.4 | 1.04
140 | 128 | 10 | 3 1.09 | 13226 | 93257 45 7000 | 450 | 122 80 | 238 | 69.8 | 174 | 1.00 | 059 | 110.7 | 1.10
140 | 128 | 10 | 3 109 | 13226 | 93257 45 7000 | 600 | 145 80 | 275 | 69.8 | 208 | 1.00 | 059 | 127.8 | 113
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Geometry SFEA DSM Design
Column |
bw | by | bs | t | by A ><1v(v)6 Prr L fy fu | foo | A | fie |fulfac| b a | foer (fulfoer
WFSC5_L4| 140 | 128 | 10 | 3 109 | 13226 | 93257 45 7500 | 75 49 71 | 103 | 482 | 102 | 1.00 | 059 | 482 | 1.02
140 | 128 | 10 | 3 1.09 | 13226 | 93257 45 7500 | 150 65 71 | 145 | 620 | 105 | 1.00 | 0.59 | 620 | 1.05
140 | 128 | 10 | 3 109 | 13226 | 93257 45 7500 | 300 ) 71 | 206 | 623 | 145 | 1.00 | 059 | 854 | 1.06
140 | 128 | 10 | 3 109 | 13226 | 93257 45 7500 | 450 | 117 71 | 252 | 623 | 188 | 1.00 | 059 | 104.6 | 1.12
140 | 128 | 10 | 3 109 | 13226 | 93257 45 7500 | 600 | 138 71 | 291 | 623 | 222 | 1.00 | 059 | 120.7 | 115
WFSC5_L5| 140 | 128 | 10 | 3 109 | 13226 | 93257 45 8000 | 75 46 64 | 1.08 | 459 | 101 | 1.00 | 059 | 459 | 1.01
140 | 128 | 10 | 3 1.09 | 13226 | 93257 45 8000 | 150 61 64 | 153 | 56.1 | 109 | 1.00 | 0.59 | 57.3 | 1.06
140 | 128 | 10 | 3 1.09 | 13226 | 93257 45 8000 | 300 87 64 | 217 | 56.1 | 155 | 1.00 | 0.59 | 81.0 | 1.07
140 | 128 | 10 | 3 109 | 13226 | 93257 45 8000 | 450 | 112 64 | 265 | 56.1 | 200 | 1.00 | 0.59 | 99.2 | 1.13
140 | 128 | 10 | 3 109 | 13226 | 93257 45 8000 | 600 | 128 64 | 306 | 56.1 | 228 | 1.00 | 059 | 1146 | 1.12
WFSC5_L6| 140 | 128 | 10 | 3 109 | 13226 | 93257 45 8500 | 75 44 58 | 114 | 437 | 100 | 1.00 | 059 | 437 | 1.00
140 | 128 | 10 | 3 1.09 | 13226 | 93257 45 8500 | 150 57 58 | 1.61 | 50.9 | 112 | 1.00 | 0.59 | 546 | 1.05
140 | 128 | 10 | 3 109 | 13226 | 93257 45 8500 | 300 84 58 | 227 | 50.9 | 165 | 1.00 | 059 | 77.2 | 1.09
140 | 128 | 10 | 3 1.09 | 13226 | 93257 45 8500 | 450 | 108 58 | 278 | 50.9 | 212 | 1.00 | 059 | 946 | 1.14
140 | 128 | 10 | 3 1.09 | 13226 | 93257 45 8500 | 600 | 116 58 | 321 | 509 | 228 | 1.00 | 059 | 109.2 | 1.06
WFSC6_L1| 180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 5500 | 75 65 154 | 070 | 61.2 | 106 | 138 | 0.68 | 61.2 | 1.06
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 5500 | 150 | 108 | 154 | 099 | 99.9 | 1.08 | 1.38 | 068 | 99.9 | 1.08
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 5500 | 300 | 138 | 154 | 1.39 | 1330 | 1.04 | 1.38 | 0.68 | 133.0 | 1.04
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 5500 | 450 | 153 | 154 | 171 | 1354 | 113 | 1.38 | 0.68 | 146.8 | 1.04
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 5500 | 600 | 168 | 154 | 1.97 | 1354 | 124 | 1.38 | 068 | 160.6 | 1.05
WFSC6_L2| 180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 6000 | 75 63 132 | 075 | 59.2 | 106 | 138 | 0.68 | 59.2 | 1.06
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 6000 | 150 99 132 | 1.06 | 933 | 106 | 1.38 | 0.68 | 933 | 1.06
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 6000 | 300 | 124 | 132 | 151 | 1161 | 1.07 | 1.38 | 068 | 116.4 | 1.06
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 6000 | 450 | 140 | 132 | 184 | 1161 | 1.20 | 1.38 | 068 | 132.0 | 1.06
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 6000 | 600 | 154 | 132 | 213 | 1161 | 1.33 | 1.38 | 068 | 144.4 | 1.07
WFSC6_L3| 180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 6500 | 75 60 115 | 081 | 57.1 | 106 | 138 | 068 | 57.1 | 1.06
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 6500 | 150 91 115 | 114 | 86.9 | 104 | 138 | 068 | 869 | 1.04
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 6500 | 300 | 112 | 115 | 161 | 1009 | 1.11 | 1.38 | 068 | 105.7 | 1.06
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 6500 | 450 | 129 | 115 | 1.98 | 1009 | 1.28 | 1.38 | 068 | 119.9 | 1.07
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 6500 | 600 | 143 | 115 | 228 | 1009 | 141 | 1.38 | 068 | 131.1 | 1.09
WFSC6_L4| 180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 7000 | 75 58 101 | 086 | 55.0 | 105 | 1.38 | 0.68 | 550 | 1.05
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 7000 | 150 83 101 | 1.22 | 80.7 | 103 | 1.38 | 0.68 | 80.7 | 1.03
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 7000 | 300 | 103 | 101 | 172 | 8.8 | 1.16 | 1.38 | 068 | 968 | 1.06
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 7000 | 450 | 120 | 101 | 211 | 8.8 | 135 | 1.38 | 0.68 | 109.8 | 1.09
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 7000 | 600 | 132 | 101 | 243 | 8.8 | 149 | 1.38 | 068 | 120.1 | 1.10
WFSC6_L5| 180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 7500 | 75 56 9 | 091 | 530 | 105 | 138 | 068 | 530 | 1.05
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 7500 | 150 77 9 | 129 | 748 | 103 | 1.38 | 0.68 | 748 | 1.03
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 7500 | 300 % 9 | 182 | 79.1 | 121 | 138 | 068 | 89.4 | 1.07
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 7500 | 450 | 112 9 | 223 | 79.1 | 141 | 138 | 068 | 101.4 | 1.10
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 7500 | 600 | 122 90 | 258 | 79.1 | 155 | 1.38 | 0.68 | 110.9 | 1.10
WFSC6_L6| 180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 8000 | 75 53 8l | 0.96 | 50.9 | 104 | 138 | 0.68 | 509 | 1.04
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 8000 | 150 71 81 | 1.36 | 69.1 | 103 | 1.38 | 0.68 | 69.1 | 1.03
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 8000 | 300 ) 81 | 192 | 71.1 | 126 | 1.38 | 0.68 | 830 | 1.08
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 8000 | 450 | 104 81 | 236 | 711 | 147 | 138 | 068 | 942 | 111
180 | 90 | 10 | 25 | 200 | 10121 | 56487 | 111 8000 | 600 | 113 81 | 272 | 711 | 159 | 1.38 | 068 | 103.0 | 1.10
WFSC7_L1| 130 | 70 | 20 | 25 | 1.86 | 837.1 | 21404 83 4000 | 75 67 198 | 062 | 640 | 105 | 121 | 0.64 | 640 | 1.05
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 4000 | 150 | 119 | 198 | 087 | 1092 | 1.09 | 1.21 | 064 | 109.2 | 1.09
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 4000 | 300 | 168 | 198 | 1.23 | 159.1 | 1.06 | 1.21 | 0.64 | 159.1 | 1.06
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 4000 | 450 | 186 | 198 | 151 | 1736 | 1.07 | 1.21 | 064 | 1744 | 1.06
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 4000 | 600 | 198 | 198 | 174 | 1736 | 114 | 1.21 | 064 | 195.4 | 1.01
WFSC7_L2| 130 | 70 | 20 | 25 | 1.86 | 837.1 | 21404 83 4500 | 75 65 161 | 068 | 61.7 | 106 | 121 | 0.64 | 61.7 | 1.06
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 4500 | 150 | 110 | 161 | 097 | 1016 | 1.08 | 1.21 | 0.64 | 101.6 | 1.08
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 4500 | 300 | 144 | 161 | 1.37 | 1375 | 105 | 1.21 | 064 | 137.5 | 1.05
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 4500 | 450 | 159 | 161 | 167 | 1412 | 113 | 1.21 | 064 | 153.9 | 1.03
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 4500 | 600 | 172 | 161 | 1.93 | 1412 | 122 | 1.21 | 064 | 172.5 | 1.00
WFSC7_L3| 130 | 70 | 20 | 25 | 1.86 | 837.1 | 21404 83 5000 | 75 63 134 | 075 | 59.4 | 106 | 121 | 0.64 | 59.4 | 1.06
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 5000 | 150 | 100 | 134 | 1.06 | 940 | 1.06 | 1.21 | 064 | 940 | 1.06
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 5000 | 300 | 126 | 134 | 149 | 1179 | 1.06 | 1.21 | 064 | 117.9 | 1.06
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 5000 | 450 | 140 | 134 | 1.83 | 1179 | 119 | 1.21 | 064 | 138.0 | 1.01
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 5000 | 600 | 154 | 134 | 211 | 1179 | 130 | 1.21 | 064 | 154.6 | 0.99
WFSC7_L4| 130 | 70 | 20 | 25 | 1.86 | 837.1 | 21404 83 5500 | 75 60 115 | 081 | 57.0 | 106 | 121 | 0.64 | 57.0 | 1.06
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 5500 | 150 ) 115 | 114 | 86.8 | 104 | 121 | 064 | 868 | 1.04
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 5500 | 300 | 111 | 115 | 1.62 | 1006 | 111 | 1.21 | 0.64 | 106.8 | 1.04
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 5500 | 450 | 126 | 115 | 1.98 | 1006 | 1.25 | 1.21 | 0.64 | 125.4 | 1.00
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 5500 | 600 | 139 | 115 | 229 | 1006 | 1.38 | 1.21 | 0.64 | 140.5 | 0.99
WFSC7_L5| 130 | 70 | 20 | 25 | 1.86 | 837.1 | 21404 83 6000 | 75 58 100 | 087 | 547 | 105 | 121 | 064 | 547 | 1.05
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 6000 | 150 82 100 | 1.23 | 79.9 | 103 | 121 | 0.64 | 79.9 | 1.03
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 6000 | 300 | 100 | 100 | 174 | 87.4 | 115 | 1.21 | 064 | 981 | 1.02
130 | 70 | 20 | 25 | 1.8 | 837.1 | 21404 83 6000 | 450 | 115 | 100 | 213 | 87.4 | 131 | 1.21 | 064 | 1152 | 1.00
130 | 70 | 20 | 25 | 186 | 837.1 | 21404 83 6000 | 600 | 126 | 100 | 245 | 874 | 145 | 1.21 | 064 | 129.0 | 0.98
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Geometry SFEA DSM Design

Column 0
bw | by | bs | t | by A le(v)e Ber L fy fu | foo | A | fie |fulfac| b a | foer (fulfoer
WFSC7_L6| 130 70 20 25 1.86 837.1 2140.4 8.3 6500 75 55 88 0.92 52.5 1.05 121 | 0.64 52.5 1.05
130 70 20 25 1.86 837.1 2140.4 8.3 6500 150 75 88 131 73.4 1.02 121 | 0.64 73.4 1.02
130 70 20 25 1.86 837.1 2140.4 8.3 6500 300 92 88 1.85 77.1 119 121 | 0.64 90.9 1.01
130 70 20 25 1.86 837.1 2140.4 8.3 6500 450 105 88 2.26 77.1 1.37 121 | 0.64 | 106.7 0.99
130 70 20 2.5 1.86 837.1 2140.4 8.3 6500 600 115 88 2.61 77.1 1.49 121 | 0.64 | 119.6 0.96
WFSC8_L1| 100 70 20 3 1.43 914.6 1544.5 5.0 4000 75 65 156 0.69 61.3 1.06 | 1.01 | 059 | 61.3 1.06
100 70 20 3 1.43 914.6 1544.5 5.0 4000 150 108 156 0.98 | 100.2 | 1.08 | 1.01 | 0.59 | 100.2 | 1.08
100 70 20 3 1.43 914.6 1544.5 5.0 4000 300 142 156 139 | 1339 | 106 | 1.01 | 059 | 133.9 | 1.06
100 70 20 3 1.43 914.6 1544.5 5.0 4000 450 158 156 1.70 | 136.5 115 1.01 | 059 | 154.6 1.02
100 70 20 3 1.43 914.6 1544.5 5.0 4000 600 174 156 196 | 136.5 1.28 1.01 | 059 | 178.2 0.98
WFSC8_L2| 100 70 20 3 1.43 914.6 1544.5 5.0 4500 75 63 129 0.76 58.8 1.07 1.01 | 059 58.8 1.07
100 70 20 3 1.43 914.6 1544.5 5.0 4500 150 98 129 1.08 92.3 1.06 | 1.01 | 059 | 923 1.06
100 70 20 3 1.43 914.6 1544.5 5.0 4500 300 123 129 152 | 1133 1.08 1.01 | 059 [ 115.2 1.07
100 70 20 3 1.43 914.6 1544.5 5.0 4500 450 139 129 1.87 | 1133 1.23 1.01 | 0.59 [ 140.7 0.99
100 70 20 3 1.43 914.6 1544.5 5.0 4500 600 156 129 215 | 1133 1.37 1.01 | 059 | 162.2 0.96
WFSC8_L3| 100 70 20 3 1.43 914.6 1544.5 5.0 5000 75 60 110 0.82 56.4 1.06 | 1.01 | 059 | 56.4 1.06
100 70 20 3 1.43 914.6 1544.5 5.0 5000 150 89 110 1.17 84.9 1.05 | 1.01 | 059 | 84.9 1.05
100 70 20 3 1.43 914.6 1544.5 5.0 5000 300 109 110 1.65 96.6 113 | 1.01 | 059 | 106.2 | 1.03
100 70 20 3 1.43 914.6 1544.5 5.0 5000 450 126 110 2.02 96.6 130 | 1.01 | 059 | 129.8 | 0.97
100 70 20 3 1.43 914.6 1544.5 5.0 5000 600 141 110 2.33 96.6 146 | 1.01 | 059 | 149.6 | 0.94
WFSC8_L4| 100 70 20 3 1.43 914.6 1544.5 5.0 5500 75 57 96 0.88 54.1 1.06 | 1.01 | 059 | 541 1.06
100 70 20 3 1.43 914.6 1544.5 5.0 5500 150 81 96 1.25 78.0 1.03 | 1.01 | 059 | 78.0 1.03
100 70 20 3 1.43 914.6 1544.5 5.0 5500 300 99 96 1.77 84.2 117 1.01 | 059 99.1 1.00
100 70 20 3 1.43 914.6 1544.5 5.0 5500 450 115 96 217 84.2 1.36 1.01 | 059 | 121.1 0.95
100 70 20 3 1.43 914.6 1544.5 5.0 5500 600 129 96 2.50 84.2 153 | 1.01 | 059 | 139.5 | 0.92
WFSC8_L5| 100 70 20 3 1.43 914.6 1544.5 5.0 6000 75 54 85 0.94 51.9 1.05 | 1.01 | 059 | 519 1.05
100 70 20 3 1.43 914.6 1544.5 5.0 6000 150 74 85 1.33 7.7 1.03 1.01 | 059 717 1.03
100 70 20 3 1.43 914.6 1544.5 5.0 6000 300 91 85 1.88 74.6 121 | 1.01 | 059 | 93.2 0.97
100 70 20 3 1.43 914.6 1544.5 5.0 6000 450 105 85 2.30 74.6 141 | 1.01 | 059 | 1139 | 0.93
100 70 20 3 1.43 914.6 1544.5 5.0 6000 600 117 85 2.66 74.6 157 | 1.01 | 059 | 131.3 | 0.89
WFSC8_L6| 100 70 20 3 1.43 914.6 1544.5 5.0 6500 75 52 7 0.99 49.8 1.04 1.01 | 059 49.8 1.04
100 70 20 3 1.43 914.6 1544.5 5.0 6500 150 68 7 1.40 66.0 1.03 | 1.01 | 059 | 66.0 1.03
100 70 20 3 1.43 914.6 1544.5 5.0 6500 300 84 7 1.98 67.1 125 | 1.01 | 059 | 883 0.95
100 70 20 3 1.43 914.6 1544.5 5.0 6500 450 97 7 242 67.1 1.45 1.01 | 059 [ 107.9 0.90
100 70 20 3 1.43 914.6 1544.5 5.0 6500 600 107 7 2.80 67.1 1.59 1.01 | 059 | 124.4 0.86
WFSC9_L1| 110 90 15 4 1.22 1379.4 3624.2 38 3500 75 69 217 0.59 64.9 1.06 1.00 | 0.59 64.9 1.06
110 90 15 4 1.22 1379.4 3624.2 38 3500 150 124 217 0.83 | 112.3 111 1.00 | 059 [ 112.3 111
110 90 15 4 1.22 1379.4 3624.2 38 3500 300 182 217 1.18 | 168.2 1.08 1.00 | 0.59 | 168.2 1.08
110 90 15 4 1.22 1379.4 3624.2 38 3500 450 204 217 1.44 | 188.9 1.08 1.00 | 0.59 | 188.9 1.08
110 90 15 4 1.22 1379.4 3624.2 3.8 3500 600 221 217 1.66 | 190.3 1.16 1.00 | 059 | 211.1 1.05
WFSC9_L2| 110 90 15 4 1.22 1379.4 3624.2 38 4000 75 67 175 0.65 62.7 1.07 1.00 | 0.59 62.7 1.07
110 90 15 4 1.22 1379.4 3624.2 38 4000 150 115 175 0.92 | 104.9 1.10 1.00 | 0.59 | 104.9 1.10
110 90 15 4 1.22 1379.4 3624.2 38 4000 300 156 175 131 | 146.7 1.06 1.00 | 0.59 | 146.7 1.06
110 90 15 4 1.22 1379.4 3624.2 38 4000 450 175 175 1.60 | 153.9 113 1.00 | 059 | 164.4 1.06
110 90 15 4 1.22 1379.4 3624.2 3.8 4000 600 194 175 1.85 | 153.9 1.26 1.00 | 0.59 | 189.8 1.02
WFSC9_L3| 110 90 15 4 1.22 1379.4 3624.2 38 4500 75 65 147 0.72 60.6 1.07 1.00 | 0.59 60.6 1.07
110 90 15 4 1.22 1379.4 3624.2 38 4500 150 106 147 1.01 97.8 1.08 1.00 | 0.59 97.8 1.08
110 90 15 4 1.22 1379.4 3624.2 38 4500 300 136 147 143 | 1275 1.07 1.00 | 059 [ 127.5 1.07
110 90 15 4 1.22 1379.4 3624.2 38 4500 450 155 147 1.75 | 128.6 121 1.00 | 0.59 | 150.3 1.03
110 90 15 4 1.22 1379.4 3624.2 3.8 4500 600 176 147 2.02 | 128.6 1.37 1.00 | 059 | 173.6 1.02
WFSC9_L4| 110 90 15 4 1.22 1379.4 3624.2 38 5000 75 63 126 0.77 58.4 1.08 1.00 | 0.59 58.4 1.08
110 90 15 4 1.22 1379.4 3624.2 38 5000 150 97 126 1.09 91.1 1.07 1.00 | 0.59 91.1 1.07
110 90 15 4 1.22 1379.4 3624.2 38 5000 300 122 126 154 | 1104 1.10 1.00 | 059 [ 113.7 1.07
110 90 15 4 1.22 1379.4 3624.2 38 5000 450 142 126 1.89 | 1104 1.29 1.00 | 0.59 [ 139.2 1.02
110 90 15 4 1.22 1379.4 3624.2 38 5000 600 163 126 218 | 1104 148 1.00 | 0.59 | 160.8 1.01
WFSC9_L5| 110 90 15 4 1.22 1379.4 3624.2 38 5500 75 61 110 0.82 56.4 1.07 1.00 | 0.59 56.4 1.07
110 90 15 4 1.22 1379.4 3624.2 38 5500 150 89 110 1.17 84.9 1.05 1.00 | 0.59 84.9 1.05
110 90 15 4 1.22 1379.4 3624.2 38 5500 300 111 110 1.65 96.7 115 1.00 | 0.59 | 106.4 1.04
110 90 15 4 1.22 1379.4 3624.2 38 5500 450 132 110 2.02 96.7 1.36 1.00 | 0.59 | 130.3 1.01
110 90 15 4 1.22 1379.4 3624.2 38 5500 600 151 110 2.33 96.7 157 1.00 | 0.59 [ 150.5 1.01
WFSC9_L6| 110 90 15 4 1.22 1379.4 3624.2 38 6000 75 58 98 0.87 54.5 1.07 1.00 | 0.59 54.5 1.07
110 90 15 4 1.22 1379.4 3624.2 38 6000 150 82 98 1.23 79.2 1.04 1.00 | 0.59 79.2 1.04
110 90 15 4 1.22 1379.4 3624.2 38 6000 300 103 98 1.75 86.3 119 | 1.00 | 059 | 100.5 | 1.02
110 90 15 4 1.22 1379.4 3624.2 38 6000 450 123 98 214 86.3 143 1.00 | 059 | 123.1 1.00
110 90 15 4 1.22 1379.4 3624.2 3.8 6000 600 141 98 247 86.3 1.64 1.00 | 059 | 142.1 0.99
Mean 1.343 Mean 1.060
Sd. Dev. 0.379 Sd. Dev. 0.062
Max 2.700 Max 1.288
Min 0.982 Min 0.860
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ANNEX H: U Column Data

Table H;: PCy, columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column |
bw bf t bwlbt A le(v)e ﬁl—‘r L fy 1:u 1:ch )LG 1:nG fulfnG b a anT 1:u/anT
Ul_L1 100 100 3 1.00 [900.0 | 1790.2 | 3.74 3600 75 62 127 0.77 | 58.6 1.06 | 1.47 | 0.71 | 58.6 1.06
100 100 3 1.00 [900.0 | 1790.2 | 3.74 3600 150 97 127 1.09 | 914 1.06 | 1.47 | 0.71 | 914 1.06
100 100 3 1.00 [900.0 | 1790.2 | 3.74 3600 300 113 127 154 (1112 | 102 | 147 | 071 | 1127 | 1.00
100 100 3 1.00 [900.0 | 1790.2 | 3.74 3600 450 122 127 188 | 1112 | 110 | 147 | 0.71 | 125.4| 0.97
100 100 3 1.00 [900.0 | 1790.2 | 3.74 3600 600 133 127 218 | 111.2| 120 | 147 | 0.71 | 135.3 | 0.98
Ul_L2 100 100 3 1.00 [900.0 | 1790.2 | 3.74 3800 75 60 115 081 | 57.1 1.06 | 147 | 0.71 | 57.1 1.06
100 100 3 1.00 [900.0 | 1790.2 | 3.74 3800 150 91 115 114 | 87.1 105 | 147 | 071 | 87.1 1.05
100 100 3 1.00 [900.0 | 1790.2 | 3.74 3800 300 106 115 161 [101.2| 105 | 147 | 0.71 | 1052 | 1.01
100 100 3 1.00 [900.0 | 1790.2 | 3.74 3800 450 115 115 197 (1012 | 114 | 147 | 071 | 117.0| 0.98
100 100 3 1.00 [900.0 | 1790.2 | 3.74 3800 600 125 115 228 | 101.2| 124 | 147 | 0.71 | 126.2 | 0.99
U1 L3 | 1200 | 00 [ 3 1.00 [900.0 17902 | 374 | 4000 | 75 | 59 | 106 | 0.84 | 557 | 105 | 147 | 071 | 55.7 | 1.05
100 100 3 1.00 [900.0 | 1790.2 | 3.74 4000 150 86 106 119 | 828 1.04 | 147 | 0.71 | 82.8 1.04
100 | 200 | 3 1.00 |900.0 | 1790.2 | 3.74 | 4000 | 300 | 100 | 106 | 1.69 | 926 | 108 | 1.47 | 0.71 | 985 | 101
100 | 200 | 3 1.00 |900.0 | 1790.2 | 3.74 | 4000 | 450 | 109 | 106 | 2.06 | 92.6 | 118 | 1.47 | 0.71 | 109.6 | 0.99
100 100 3 1.00 |900.0 | 1790.2 | 3.74 4000 600 117 106 238 | 92.6 126 | 147 | 0.71 | 1182 | 0.99
Ul_L4 100 100 3 1.00 [900.0 | 1790.2 | 3.74 4200 75 57 97 0.88 | 54.3 1.05 | 147 | 0.71 | 54.3 1.05
100 100 3 1.00 |[900.0 | 1790.2 | 3.74 4200 150 81 97 124 | 786 1.03 | 1.47 | 0.71 | 78.6 1.03
100 100 3 1.00 [900.0 | 1790.2 | 3.74 4200 300 95 97 176 | 85.2 111 | 147 | 071 | 92.6 1.02
100 100 3 1.00 [900.0 | 1790.2 | 3.74 4200 450 103 97 215 | 85.2 121 | 147 | 071 | 103.0 | 1.00
100 100 3 1.00 |900.0 | 1790.2 | 3.74 4200 600 110 97 249 | 85.2 129 | 147 | 071 [ 111.1| 0.99
u2_L1 [ 200 | 120 | 3 | 091 [960.0| 2326.4 | 3.35 | 4200 | 75 | 57 95 | 089 [ 539 | 1.05 | 145|070 539 | 1.05
100 | 2110 | 3 | 091 |960.0 | 2326.4 | 3.35 | 4200 | 150 | 80 95 | 126 | 775 | 1.03 | 1.45 | 070 | 77.5 | 1.03
100 | 2110 | 3 | 091 |960.0 | 2326.4 | 3.35 | 4200 | 300 | 91 95 | 178 | 834 | 1.09 | 1.45 | 0.70 | 91.6 | 1.00
100 110 3 0.91 | 960.0 | 2326.4 | 3.35 4200 450 104 95 218 | 834 125 | 145 | 0.70 | 102.3 | 1.02
100 110 3 0.91 |960.0 | 2326.4 | 3.35 4200 600 114 95 251 | 834 137 | 145 | 0.70 | 110.7 | 1.03
U2_L2 | 200 | 120 | 3 | 091 [960.0| 2326.4 | 335 | 4700 | 75 | 52 78 | 098 [ 503 | 1.03 | 1.45 [ 070 | 50.3 | 1.03
100 | 210 | 3 | 091 |960.0 | 2326.4 | 3.35 | 4700 | 150 | 69 78 | 138 | 67.3 | 1.02 | 1.45 | 070 | 67.3 | 1.02
100 | 210 | 3 | 091 |960.0 | 2326.4 | 3.35 | 4700 | 300 | 81 78 | 196 | 68.8 | 118 | 1.45 | 0.70 | 79.6 | 1.02
100 | 2110 | 3 | 091 |960.0 | 2326.4 | 3.35 | 4700 | 450 | 92 78 | 240 | 68.8 | 133 | 1.45 | 0.70 | 89.0 | 1.03
100 | 210 | 3 | 091 |960.0 | 2326.4 | 3.35 | 4700 | 600 | 99 78 | 277 | 68.8 | 143 | 1.45 | 070 | 96.3 | 1.02
U2_L3 [ 200 | 120 | 3 | 091 [960.0| 2326.4 | 335 | 5200 | 75 | 47 66 | 1.07 | 466 | 101 | 1.45 [ 070 | 46.6 | 101
100 | 110 | 3 | 091 |960.0 | 2326.4 | 335 | 5200 | 150 | 61 66 | 151 | 58.0 | 1.04 | 1.45 | 070 | 58.1 | 1.04
100 | 110 | 3 | 091 |960.0 | 2326.4 | 3.35 | 5200 | 300 | 72 66 | 213 | 580 | 125 | 1.45 | 070 | 70.3 | 1.03
100 | 210 | 3 | 091 |960.0 | 2326.4 | 3.35 | 5200 | 450 | 81 66 | 261 | 580 | 139 | 1.45 [ 0.70 | 78.6 | 1.03
100 | 210 | 3 | 091 |960.0 | 2326.4 | 3.35 | 5200 | 600 | 86 66 | 301 | 580 | 148 | 145 | 070 | 851 | 101
u2_L4 100 110 3 0.91 | 960.0 | 2326.4 | 3.35 5700 75 43 57 115 | 432 1.00 | 145 | 0.70 | 43.2 1.00
100 | 110 | 3 | 091 |960.0 | 2326.4 | 3.35 | 5700 | 150 | 54 57 | 163 | 49.8 | 1.08 | 1.45 | 070 | 52.1 | 1.03
100 | 2110 | 3 | 091 |960.0 | 2326.4 | 3.35 | 5700 | 300 | 65 57 | 230 | 49.8 | 131 | 1.45 | 0.70 | 63.0 | 1.03
100 110 3 0.91 | 960.0 | 2326.4 | 3.35 5700 450 71 57 281 | 498 143 | 145 | 0.70 | 70.4 1.01
100 | 210 | 3 | 091 |960.0 | 2326.4 | 3.35 | 5700 | 600 | 75 57 | 325 | 49.8 | 150 | 1.45 | 0.70 | 76.2 | 0.98
us Ll [ 1200 | 1220 | 3 | 0.83 [1020.0] 2957.9 | 3.04 | 4500 | 75 | 53 83 | 095 [ 513 | 1.03 | 143 | 070 51.3 | 1.03
100 120 3 0.83 |1020.0| 2957.9 | 3.04 4500 150 72 83 135 | 70.2 1.02 | 143 | 0.70 | 70.2 1.02
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 4500 | 300 | 84 83 | 190 | 725 | 115 | 143 [ 070 | 831 | 101
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 4500 | 450 | 97 83 | 233 | 725 | 134 | 143 [ 070 | 932 | 104
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 4500 | 600 | 107 | 83 | 269 | 725 | 148 | 1.43 | 0.70 | 101.2 | 1.06
U3 _L2 | 1200 | 1220 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 5000 | 75 | 48 69 | 104 | 476 | 1.02 | 143 [ 070 | 476 | 102
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 5000 | 150 | 63 69 | 148 | 60.3 | 1.04 | 1.43 | 070 | 60.3 | 1.04
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 5000 | 300 | 75 69 | 209 | 60.4 | 124 | 143 | 070 | 72.9 | 103
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 5000 | 450 | 87 69 | 256 | 60.4 | 143 | 143 | 070 | 81.8 | 1.06
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 5000 | 600 | 94 69 | 295 | 60.4 | 155 | 1.43 [ 070 | 88.8 | 1.05
U3 L3 | 200 | 1220 | 3 | 0.83 [1020.0{ 2957.9 | 3.04 | 5500 | 75 | 43 59 | 113 [ 439 | 098 | 143 [ 070 | 439 | 0.98
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 5500 | 150 | 54 59 | 160 | 51.4 | 1.06 | 1.43 | 070 | 53.3 | 1.02
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 5500 | 300 | 66 59 | 226 | 51.4 | 128 | 143 | 070 | 649 | 101
100 120 3 0.83 |1020.0| 2957.9 | 3.04 5500 450 74 59 277 | 514 143 | 143 | 070 | 72.8 1.01
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 5500 | 600 | 78 59 | 320 | 514 | 151 | 143 | 070 | 79.0 | 0.98
U3_L4 | 1200 | 120 | 3 | 0.83 [1020.0{ 2957.9 | 3.04 | 6000 | 75 | 40 51 | 122 [ 40.4 | 099 | 143 | 070 | 404 | 0.99
100 120 3 0.83 |1020.0| 2957.9 | 3.04 6000 150 50 51 172 | 445 112 | 143 | 0.70 | 48.1 1.03
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 6000 | 300 | 62 51 | 243 | 445 | 139 | 143 | 070 | 585 | 1.05
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 6000 | 450 | 69 51 | 298 | 445 | 155 | 1.43 | 070 | 65.7 | 1.05
100 | 120 | 3 | 0.83 [1020.0| 2957.9 | 3.04 | 6000 | 600 | 73 51 | 344 | 445 | 164 | 143|070 | 713 | 102
Mean 1.196 Mean 1.021
Sd. Devw. 0.180 Sd. Dev. 0.024
Max 1.637 Max 1.061
Min 0.982 Min 0.973
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Table H,: PC,, columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column
bw bf t bw/ bt A L fy 1:u 1:ch )u(; fnG 1:u/ 1:nG anT fu/ anT
Ui Ll | 100 | 200 | 3 100 [ 900 | 3600 | 75 | 66 | 154 | 0.70 | 612 | 1.07 | 61.2 | 107
100 | 100 | 3 1.00 | 900 | 3600 | 150 | 109 | 154 | 0.99 | 99.9 | 1.09 | 99.9 | 1.09
100 | 100 | 3 1.00 | 900 | 3600 | 300 | 118 | 154 | 1.39 |133.0| 0.89 | 1016 | 116
100 | 100 | 3 1.00 | 900 | 3600 | 450 | 118 | 154 | 1.71 |135.4| 0.87 |101.6 | 116
100 | 100 | 3 1.00 | 900 | 3600 | 600 | 118 | 154 | 1.97 | 135.4| 0.87 | 1016 | 116
ui_L2 | 100 | 200 | 3 100 [ 900 | 3800 [ 75 | 65 | 141 | 073 | 60.1 | 1.08 | 60.1 | 1.08
100 | 100 | 3 1.00 | 900 | 3800 | 150 | 102 | 141 | 1.03 | 96.2 | 1.06 | 93.0 | 110
100 | 100 | 3 1.00 | 900 | 3800 | 300 | 108 | 141 | 1.46 |123.4| 0.87 | 93.0 | 116
100 | 100 | 3 1.00 | 900 | 3800 | 450 | 108 | 141 | 1.78 | 124.0| 0.87 | 93.0 | 116
100 | 100 | 3 1.00 | 900 | 3800 | 600 | 108 | 141 | 2.06 |124.0| 0.87 | 93.0 | 116
U1 L3 | 100 | 200 | 3 100 | 900 | 4000 | 75 | 64 | 130 | 0.76 | 58.9 | 1.08 | 58.9 | 1.08
100 | 100 | 3 1.00 | 900 | 4000 | 150 | 96 | 130 | 1.07 | 925 | 1.04 | 855 | 112
100 | 100 | 3 1.00 | 900 | 4000 | 300 | 99 | 130 | 152 |114.0| 0.87 | 8.5 | 116
100 | 100 | 3 1.00 | 900 | 4000 | 450 | 99 | 130 | 1.86 |114.0| 0.87 | 8.5 | 116
100 | 100 | 3 1.00 | 900 | 4000 | 600 | 99 | 130 | 2.15 |114.0| 0.87 | 8.5 | 116
Ul L4 | 100 | 200 | 3 100 | 900 | 4200 [ 75 | 62 | 120 | 0.79 | 57.8 | 1.08 | 57.8 | 1.08
100 | 100 | 3 1.00 | 900 | 4200 | 150 | 89 | 120 | 1.12 | 89.0 | 1.00 | 79.1 | 113
100 | 100 | 3 1.00 | 900 | 4200 | 300 | 91 | 120 | 158 |105.4| 0.86 | 79.1 | 115
100 | 100 | 3 1.00 | 900 | 4200 | 450 | 91 | 120 | 1.93 |105.4| 0.86 | 79.1 | 115
100 | 100 | 3 1.00 | 900 | 4200 | 600 | 91 | 120 | 223 |105.4| 0.86 | 79.1 | 115
u2_L1 [ 100 [ 120 | 3 091 | 960 | 4200 | 75 | 62 | 117 [ 080 | 57.4 | 1.08 | 57.4 | 108
100 | 110 | 3 0.91 | 960 | 4200 | 150 | 90 | 117 | 1.13 | 87.7 | 1.02 | 77.0 | 116
100 | 110 | 3 0.91 | 960 | 4200 | 300 | 91 | 117 | 1.60 |102.6| 0.89 | 77.0 | 119
100 | 110 | 3 0.91 | 960 | 4200 | 450 | 91 | 117 | 1.96 | 102.6| 0.89 | 77.0 | 119
100 | 110 | 3 0.91 | 960 | 4200 | 600 | 91 | 117 | 2.26 | 102.6| 0.89 | 77.0 | 119
u2_L2 | 100 [ 120 | 3 091 | 960 | 4700 | 75 | 58 98 | 088 | 544 | 107 | 544 | 107
100 | 110 | 3 0.91 | 960 | 4700 | 150 | 75 98 | 124 | 788 | 095 | 642 | 117
100 | 110 | 3 0.91 | 960 | 4700 | 300 | 75 98 | 175 | 855 | 088 | 642 | 117
100 | 110 | 3 0.91 | 960 | 4700 | 450 | 75 98 | 215 | 8.5 | 088 | 642 | 117
100 | 110 | 3 0.91 | 960 | 4700 | 600 | 75 98 | 248 | 855 | 088 | 642 | 117
U2_L3 | 100 | 120 | 3 091 | 960 | 5200 | 75 | 54 8 | 095 | 51.4 | 1.06 | 51.4 | 106
100 | 110 | 3 0.91 | 960 | 5200 | 150 | 63 8 | 134 | 705 | 089 | 547 | 115
100 | 110 | 3 0.91 | 960 | 5200 | 300 | 63 8 | 190 | 73.0 | 086 | 54.7 | 115
100 | 110 | 3 0.91 | 960 | 5200 | 450 | 63 83 | 233 | 730 | 086 | 547 | 115
100 | 110 | 3 0.91 | 960 | 5200 | 600 | 63 83 | 269 | 73.0 | 086 | 54.7 | 115
U2_L4 | 100 [ 120 | 3 091 | 960 | 5700 | 75 | 50 72 | 1.02 | 486 | 1.03 | 476 | 105
100 | 110 | 3 0.91 | 960 | 5700 | 150 | 54 72 | 144 | 63.0 | 086 | 47.6 | 113
100 | 110 | 3 0.91 | 960 | 5700 | 300 | 54 72 | 204 | 635 | 085 | 47.6 | 113
100 | 110 | 3 0.91 | 960 | 5700 | 450 | 54 72 | 249 | 635 | 085 | 47.6 | 113
100 | 110 | 3 0.91 | 960 | 5700 | 600 | 54 72 | 288 | 635 | 085 | 47.6 | 113
us Ll [ 100 | 120 | 3 0.83 | 1020 | 4500 | 75 | 59 | 102 | 0.86 | 55.1 | 1.07 | 55.1 | 1.07
100 | 120 | 3 0.83 | 1020 | 4500 | 150 | 80 | 102 | 1.21 | 80.9 | 0.99 | 66.9 | 119
100 | 120 | 3 0.83 | 1020 | 4500 | 300 | 81 | 102 | 172 | 89.2 | 0.90 | 66.9 | 1.20
100 | 120 | 3 0.83 | 1020 | 4500 | 450 | 81 | 102 | 210 | 89.2 | 0.90 | 66.9 | 1.20
100 | 120 | 3 0.83 | 1020 | 4500 | 600 | 81 | 102 | 2.43 | 89.2 | 0.90 | 66.9 | 1.20
us_L2 | 100 | 120 | 3 0.83 | 1020 | 5000 | 75 | 55 8 | 094 | 520 | 1.06 | 520 | 106
100 | 120 | 3 0.83 | 1020 | 5000 | 150 | 67 8 | 132 | 721 | 093 | 56.4 | 119
100 | 120 | 3 0.83 | 1020 | 5000 | 300 | 67 8 | 1.87 | 752 | 090 | 56.4 | 119
100 | 120 | 3 0.83 | 1020 | 5000 | 450 | 67 8 | 229 | 752 | 090 | 56.4 | 119
100 | 120 | 3 0.83 | 1020 | 5000 | 600 | 67 8 | 2.65 | 752 | 090 | 56.4 | 119
U3 L3 | 100 | 120 | 3 0.83 | 1020 | 5500 | 75 | 51 74 | 101 | 49.0 | 1.03 | 485 | 105
100 | 120 | 3 0.83 | 1020 | 5500 | 150 | 57 74 | 143 | 64.0 | 089 | 485 | 118
100 | 120 | 3 0.83 | 1020 | 5500 | 300 | 57 74 | 202 | 646 | 088 | 485 | 118
100 | 120 | 3 0.83 | 1020 | 5500 | 450 | 57 74 | 247 | 646 | 088 | 485 | 118
100 | 120 | 3 0.83 | 1020 | 5500 | 600 | 57 74 | 2.85 | 64.6 | 088 | 485 | 118
U3 L4 | 100 | 120 | 3 0.83 | 1020 | 6000 | 75 | 46 65 | 1.08 | 46.1 | 1.00 | 42.4 | 109
100 | 120 | 3 0.83 | 1020 | 6000 | 150 | 49 65 | 152 | 56.6 | 0.87 | 42.4 | 116
100 | 120 | 3 0.83 | 1020 | 6000 | 300 | 49 65 | 2.16 | 56.6 | 0.87 | 42.4 | 116
100 | 120 | 3 0.83 | 1020 | 6000 | 450 | 49 65 | 2.64 | 56.6 | 0.87 | 42.4 | 116
100 | 120 | 3 0.83 | 1020 | 6000 | 600 | 49 65 | 3.05 | 56.6 | 087 | 42.4 | 116
Mean 0.931 1.143
Sd. Dev. | 0.082 0.044
Max 1.001 1203
Min 0.849 1.045
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Table Hs: PS columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column
by | by t |buwbi| A L fy | fu |fes| Ag | o |fulfie
UL Ll | 1200 [ 200 [ 3 | 200 | 900 | 3600 | 75 | 62 | 127 | 0.77 | 586 | 1.06
100 | 100 | 3 | 100 | 900 | 3600 | 150 | 97 | 127 | 109 | 914 | 1.06
100 | 100 | 3 | 100 | 900 | 3600 | 300 | 106 | 127 | 154 |111.2| 0.95
100 | 100 | 3 | 100 | 900 | 3600 | 450 | 106 | 127 | 1.88 |1112| 0.95
100 | 100 | 3 | 100 | 900 | 3600 | 600 | 106 | 127 | 218 |111.2| 0.95
UL L2 | 100 [ 200 [ 3 | 200 | 900 | 3800 | 75 | 60 | 115 | 0.81 [ 57.1 | 1.06
100 | 100 | 3 | 100 | 900 | 3800 | 150 | 91 | 115 | 114 | 87.1 | 1.04
100 | 100 | 3 | 100 | 900 | 3800 | 300 | 98 | 115 | 161 |1012| 0.97
100 | 100 | 3 | 100 | 900 | 3800 | 450 | 98 | 115 | 197 | 1012 | 0.97
100 | 100 | 3 | 100 | 900 | 3800 | 600 | 98 | 115 | 228 |101.2| 0.97
UL L3 [ 100 [ 200 [ 3 | 200 | 900 | 4000 | 75 | 59 | 106 | 0.84 | 55.7 | 1.05
100 | 100 | 3 | 100 | 900 | 4000 | 150 | 85 | 106 | 119 | 828 | 1.03
100 | 100 | 3 | 100 | 900 | 4000 | 300 | 91 | 106 | 169 | 926 | 0.98
100 | 100 | 3 | 100 | 900 | 4000 | 450 | 91 | 106 | 2.06 | 926 | 0.98
100 | 100 | 3 | 100 | 900 | 4000 | 600 | 91 | 106 | 238 | 926 | 0.98
UL L4 | 100 [ 200 [ 3 | 200 | 900 | 4200 | 75 | 57 | 97 | 088 [ 543 | 1.05
100 | 100 | 3 | 100 | 900 | 4200 | 150 | 8 | 97 | 124 | 786 | 1.01
100 | 100 | 3 | 100 | 900 | 4200 | 300 | 8 | 97 | 176 | 852 | 0.99
100 | 100 | 3 | 100 | 900 | 4200 | 450 | 84 | 97 | 215 | 852 | 0.99
100 | 100 | 3 | 100 | 900 | 4200 | 600 | 8 | 97 | 249 | 852 | 0.99
U211 | 100 [ 120 | 3 | 091 | 960 | 4200 | 75 | 57 | 95 | 0.89 [ 539 | 1.05
100 | 120 | 3 | 091 | 960 | 4200 | 150 | 78 | 95 | 126 | 77.5 | 1.01
100 | 110 | 3 | 091 | 960 | 4200 | 300 | 8 | 95 | 178 | 834 | 097
100 | 110 | 3 | 091 | 960 | 4200 | 450 | 8 | 95 | 218 | 834 | 097
100 | 120 | 3 | 091 | 960 | 4200 | 600 | 8 | 95 | 251 | 834 | 097
U212 | 100 | 110 | 3 | 091 | 960 | 4700 | 75 | 52 | 78 | 0.98 | 50.3 | 1.03
100 | 110 | 3 | 091 | 960 | 4700 | 150 | 67 | 78 | 1.38 | 67.3 | 0.99
100 | 110 | 3 | 091 | 960 | 4700 | 300 | 68 | 78 | 196 | 688 | 0.99
100 | 110 | 3 | 091 | 960 | 4700 | 450 | 68 | 78 | 240 | 68.8 | 0.99
100 | 120 | 3 | 091 | 960 | 4700 | 600 | 68 | 78 | 277 | 68.8 | 0.99
U213 | 100 | 120 | 3 | 091 | 960 | 5200 | 75 | 47 | 66 | 1.07 | 466 | 1.01
100 | 120 | 3 | 091 | 960 | 5200 | 150 | 57 | 66 | 151 | 580 | 0.98
100 | 110 | 3 | 091 | 960 | 5200 | 300 | 58 | 66 | 213 | 580 | 1.00
100 | 110 | 3 | 091 | 960 | 5200 | 450 | 58 | 66 | 261 | 580 | 1.00
100 | 120 | 3 | 091 | 960 | 5200 | 600 | 58 | 66 | 301 | 580 | 1.00
U214 [ 100 [ 120 | 3 | 091 | 960 | 5700 | 75 | 43 | 57 | 115 | 432 | 099
100 | 110 | 3 | 091 | 960 | 5700 | 150 | 49 | 57 | 163 | 49.8 | 0.99
100 | 120 | 3 | 091 | 960 | 5700 | 300 | 50 | 57 | 230 | 49.8 | 0.99
100 | 110 | 3 | 091 | 960 | 5700 | 450 | 50 | 57 | 281 | 49.8 | 0.99
100 | 120 | 3 | 091 | 960 | 5700 | 600 | 50 | 57 | 325 | 49.8 | 0.99
U3 Ll | 100 | 120 | 3 | 083 [ 1020 | 4500 | 75 | 53 | 83 | 0.95 [ 51.3 | 1.03
100 | 120 | 3 | 083 | 12020 | 4500 | 150 | 69 | 83 | 135 | 70.2 | 0.98
100 | 120 | 3 | 083 | 12020 | 4500 | 300 | 70 | 83 | 190 | 725 | 0.96
100 | 120 | 3 | 083 | 12020 | 4500 | 450 | 70 | 83 | 233 | 725 | 0.96
100 | 120 | 3 | 083 | 12020 | 4500 | 600 | 70 | 83 | 269 | 725 | 0.96
U3 L2 | 100 [ 120 | 3 | 083 [ 1020 | 5000 | 75 | 48 | 69 | 1.04 | 476 | 1.02
100 | 120 | 3 | 083 | 12020 | 5000 | 150 | 59 | 69 | 148 | 60.3 | 0.98
100 | 120 | 3 | 083 | 12020 | 5000 | 300 | 60 | 69 | 209 | 60.4 | 0.99
100 | 120 | 3 | 083 | 1020 | 5000 | 450 | 60 | 69 | 256 | 60.4 | 0.99
100 | 120 | 3 | 083 | 12020 | 5000 | 600 | 60 | 69 | 295 | 60.4 | 0.99
U3 L3 | 100 | 120 | 3 | 083 [ 1020 | 5500 | 75 | 44 | 59 | 113 [ 439 | 0.99
100 | 120 | 3 | 083 | 12020 | 5500 | 150 | 51 | 59 | 160 | 514 | 0.99
100 | 120 | 3 | 083 | 12020 | 5500 | 300 | 51 | 59 | 226 | 5.4 | 1.00
100 | 120 | 3 | 083 | 12020 | 5500 | 450 | 51 | 59 | 277 | 514 | 1.00
100 | 120 | 3 | 083 | 12020 | 5500 | 600 | 51 | 59 | 320 | 514 | 1.00
U3 L4 | 100 | 120 | 3 | 083 [ 1020 | 6000 | 75 | 39 | 51 | 122 | 404 | 098
100 | 120 | 3 | 083 | 1020 | 6000 | 150 | 44 | 51 | 172 | 445 | 1.00
100 | 120 | 3 | 083 | 1020 | 6000 | 300 | 45 | 51 | 243 | 445 | 1.00
100 | 120 | 3 | 083 | 1020 | 6000 | 450 | 45 | 51 | 298 | 445 | 1.00
100 | 120 | 3 | 083 | 1020 | 6000 | 600 | 45 | 51 | 344 | 445 | 1.00
Mean 0.996
Sd. Dev. 0.027
Max 1.058
Min 0953
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ANNEX I: C Column Data

Table 1,: PCy, columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column |
bu [ by | bs | t [bub| A | WS | Loy | o | Ao | o [fulfac| b | @ | fuer [flfier
cilL: 60 55 11 12 1.09 |230.4 91.0 5.47 2300 75 60 122 | 0.79 | 57.9 1.04 | 158 | 0.74 | 57.9 1.04
60 55 11 12 1.09 |230.4 91.0 5.47 2300 150 92 122 1.11 | 89.5 103 | 158 | 0.74 | 89.5 1.03
60 55 11 12 1.09 |230.4 91.0 5.47 2300 300 113 122 157 | 106.6 | 1.06 | 1.58 | 0.74 | 108.7 | 1.03
60 55 11 12 1.09 |230.4 91.0 5.47 2300 450 122 122 192 | 1066 | 114 | 158 |0.74 | 1184 | 1.03
60 55 11 12 1.09 |230.4 91.0 5.47 2300 600 129 122 | 222 | 1066 | 1.21 | 158 | 0.74 | 125.8 | 1.02
Cl.L2 60 55 11 12 1.09 |230.4 91.0 5.47 2500 75 57 104 | 0.85 | 55.4 103 | 158 | 0.74 | 55.4 1.03
60 55 11 12 1.09 |230.4 91.0 5.47 2500 150 83 104 1.20 | 81.9 101 | 158 | 0.74 | 819 1.01
60 55 11 12 1.09 |230.4 91.0 5.47 2500 300 99 104 170 | 91.1 109 | 158 | 0.74| 96.0 1.03
60 55 11 12 1.09 |230.4 91.0 5.47 2500 450 108 104 | 2.08 | 91.1 118 | 158 | 0.74 | 104.6 | 1.03
60 55 11 12 1.09 |230.4 91.0 5.47 2500 600 114 104 | 240 | 911 125 | 158 | 0.74 | 111.2 | 1.03
C1.L3 60 55 11 12 1.09 |230.4 91.0 5.47 3000 75 49 74 1.01 | 49.0 1.00 | 1.58 | 0.74 | 49.0 1.00
60 55 11 12 1.09 |230.4 91.0 5.47 3000 150 64 74 143 | 64.0 1.00 | 1.58 | 0.74 | 64.0 1.00
60 55 11 12 1.09 |230.4 91.0 5.47 3000 300 76 74 202 | 64.7 117 | 158 | 0.74 | 73.3 1.03
60 55 11 12 1.09 |230.4 91.0 5.47 3000 450 83 74 247 | 64.7 128 | 158 | 0.74 | 79.9 1.04
60 55 11 12 1.09 |230.4 91.0 5.47 3000 600 87 74 2.85 | 64.7 135 | 158 | 0.74 | 84.8 1.03
ClL4 60 55 11 12 1.09 |230.4 91.0 5.47 3500 75 41 55 1.16 | 42.6 097 | 158 |0.74 | 42.6 0.97
60 | 55 | 11 | 1.2 | 109 |230.4| 910 | 547 | 3500 | 150 | 51 | 55 | 1.65 | 48.6 | 105 | 158 |0.74 | 50.5 | 1.01
60 | 55 | 11 | 1.2 | 109 |230.4| 910 | 547 | 3500 |300| 61 | 55 | 233|486 | 125 | 158|074 | 585 | 1.04
60 | 55 | 11 | 1.2 | 109 |230.4| 910 | 547 | 3500 | 450 | 66 | 55 | 2.85 | 48.6 | 136 | 158 |0.74 | 63.7 | 1.03
60 55 11 12 1.09 |[230.4 91.0 5.47 3500 600 68 55 3.29 | 48.6 140 | 158 | 0.74 | 67.7 1.01
C2_L1 80 70 10 1 114 |240.0 | 219.7 | 7.48 3000 75 59 112 | 0.82 | 56.7 103 | 1.70 | 0.78 | 56.7 1.03
80 70 10 1 114 |240.0 | 219.7 | 7.48 3000 150 85 112 1.16 | 85.8 099 |[1.70 | 0.78 | 85.8 0.99
80 70 10 1 114 |240.0 | 219.7 | 7.48 3000 300 99 112 1.63 | 98.5 100 |1.70 | 0.78 | 101.1 | 0.98
80 70 10 1 114 |240.0 | 219.7 | 7.48 3000 450 104 112 | 2.00 | 98.5 105 | 1.70 | 0.78 | 107.5 | 0.97
80 70 10 1 114 |240.0 | 219.7 | 7.48 3000 600 108 112 | 2.31 | 985 110 | 1.70 { 0.78 | 112.3 | 0.96
C2_L2 80 70 10 1 114 |240.0 | 219.7 | 7.48 3500 75 52 84 0.94 | 51.7 1.02 | 1.70 | 0.78 | 51.7 1.02
80 70 10 1 114 |240.0 | 219.7 | 7.48 3500 150 70 84 133 | 71.3 098 |[1.70 | 0.78 | 71.3 0.98
80 70 10 1 114 |240.0 | 219.7 | 7.48 3500 300 80 84 1.89 | 74.0 1.08 | 1.70 | 0.78 | 79.3 1.01
80 70 10 1 114 |240.0 | 219.7 | 7.48 3500 450 85 84 231 | 74.0 114 | 1.70 | 0.78 | 84.3 1.00
80 70 10 1 114 |240.0 | 219.7 | 7.48 3500 600 88 84 2,67 | 74.0 119 | 1.70 | 0.78 | 88.1 1.00
C2_L3 80 70 10 1 114 |240.0 | 219.7 | 7.48 4000 75 46 66 1.07 | 46.5 099 |[1.70 | 0.78 | 46.5 0.99
80 70 10 1 114 |240.0 | 219.7 | 7.48 4000 150 58 66 151 | 57.5 101 | 1.70 | 0.78 | 57.7 1.01
80 70 10 1 114 |240.0 | 219.7 | 7.48 4000 300 67 66 214 | 575 116 | 1.70 | 0.78 | 64.1 1.04
80 70 10 1 114 |240.0 | 219.7 | 7.48 4000 450 71 66 262 | 575 124 | 170 | 0.78 | 68.1 1.05
80 70 10 1 114 |240.0 | 219.7 | 7.48 4000 600 75 66 3.02 | 575 130 | 170 [ 0.78 | 71.1 1.05
C2_L4 80 70 10 1 114 |240.0 | 219.7 | 7.48 4500 75 40 53 119 | 413 097 | 170 | 0.78 | 41.3 0.97
80 70 10 1 114 |240.0 | 219.7 | 7.48 4500 150 49 53 169 | 46.1 1.07 | 1.70 | 0.78 | 47.8 1.03
80 70 10 1 114 |240.0 | 219.7 | 7.48 4500 300 58 53 239 | 46.1 126 | 1.70 | 0.78 | 53.0 1.10
80 70 10 1 114 |240.0 | 219.7 | 7.48 4500 450 61 53 293 | 46.1 133 | 1.70 | 0.78 | 56.4 1.08
80 70 10 1 114 |240.0 | 219.7 | 7.48 4500 600 63 53 3.38 | 46.1 137 | 1.70 | 0.78 | 58.9 1.07
Cc3 11 [100[100[ 10 | 2 | 100 [640.0] 1676.3 | 464 | 4000 | 75 | 57 | 101 | 0.86 | 55.0 | 1.04 | 153 072 | 55.0 | 1.04
100 | 100 | 10 2 1.00 |640.0 | 1676.3 | 4.64 4000 150 81 101 1.22 | 80.6 1.01 | 153 | 0.72 | 80.6 1.01
100 [ 100 | 10 | 2 | 100 |640.0| 1676.3 | 464 | 4000 | 300 | 93 | 101 | 1.72 | 88.7 | 105 | 153 |0.72 | 94.7 | 0.98
100 | 100 | 10 2 1.00 |640.0 | 1676.3 | 4.64 4000 450 98 101 | 2.11 | 88.7 111 | 153 (072 | 104.2 | 0.94
100 | 100 | 10 2 1.00 |640.0 | 1676.3 | 4.64 4000 600 102 101 | 244 | 88.7 115 | 153 [ 0.72 | 111.5| 0.91
C3 L2 100 | 100 | 10 2 1.00 |640.0 | 1676.3 | 4.64 4500 75 52 81 0.96 | 51.0 1.02 | 153 | 0.72 | 51.0 1.02
100 [ 100 | 10 | 2 | 100 |640.0| 1676.3 | 464 | 4500 | 150 | 70 | 81 | 1.36 | 69.4 | 1.00 | 153 |0.72 | 69.4 | 1.00
100 | 100 | 10 2 1.00 |640.0 | 1676.3 | 4.64 4500 300 82 81 192 | 714 115 | 153 | 0.72 | 80.3 1.02
100 | 100 | 10 | 2 | 100 |640.0| 1676.3 | 464 | 4500 | 450 | 8 | 8L | 235 | 714 | 120 | 153 |0.72 | 88.3 | 097
100 | 100 | 10 2 1.00 |640.0 | 1676.3 | 4.64 4500 600 99 81 271 | 71.4 139 | 153 [ 0.72 | 94.5 1.05
C3 L3 100 | 100 | 10 2 1.00 |640.0 | 1676.3 | 4.64 5000 75 47 67 1.06 | 47.0 1.00 | 153 [ 0.72 | 47.0 1.00
100 [ 100 | 10 | 2 | 100 |640.0| 1676.3 | 464 | 5000 | 150 | 60 | 67 | 149 | 58.9 | 103 | 153 |0.72| 58.9 | 1.03
100 | 100 | 10 | 2 | 100 |640.0| 1676.3 | 464 | 5000 | 300 | 72 | 67 | 211 | 58.9 | 123 |153 |0.72| 69.3 | 1.05
100 [ 100 | 10 | 2 | 100 |640.0| 1676.3 | 464 | 5000 | 450 | 81 | 67 | 259 | 58.9 | 138 | 153 |0.72| 76.2 | 1.06
100 | 100 | 10 | 2 | 100 |640.0| 1676.3 | 464 | 5000 | 600 | 8 | 67 | 2.99 | 58.9 | 146 | 153 |0.72| 815 | 105
C314 100100 [ 10 | 2 | 100 [640.0| 1676.3 | 464 | 5500 | 75 | 42 | 56 | 115 | 43.0 | 098 | 153|072 | 43.0 | 098
100 [ 100 | 10 | 2 | 100 |640.0| 1676.3 | 464 | 5500 | 150 | 53 | 56 | 1.63 | 49.5 | 107 | 153 |0.72 | 51.5 | 1.03
100 | 100 | 10 | 2 | 100 |640.0| 1676.3 | 464 | 5500 | 300 | 65 | 56 | 231 | 495 | 131 | 153 |0.72| 60.7 | 1.07
100 [ 100 | 10 | 2 | 100 |640.0| 1676.3 | 464 | 5500 | 450 | 70 | 56 | 2.82 | 495 | 141 | 153 |0.72| 66.7 | 1.05
100 | 100 | 10 | 2 | 1.00 |640.0| 1676.3 | 464 | 5500 | 600 | 73 | 56 | 3.26 | 495 | 148 | 153 |0.72| 714 | 102
C4 L1 100 | 120 | 10 2 0.83 |720.0 | 2655.3 | 3.91 5000 75 46 65 1.07 | 46.4 1.00 | 148 | 0.71 | 46.4 1.00
100 [ 120 | 10 | 2 | 083 [720.0| 2655.3 | 391 | 5000 | 150 | 58 | 65 | 152 | 57.3 | 102 |148 |0.71 | 57.6 | 101
100 120 | 10 | 2 | 083 [720.0| 2655.3 | 391 | 5000 |300| 72 | 65 | 214 | 57.3 | 126 |148 |0.71| 68.9 | 105
100 [ 120 | 10 | 2 | 083 [720.0| 2655.3 | 391 | 5000 | 450 | 74 | 65 | 262 | 57.3 | 129 |148 |0.71| 765 | 0.96
100 | 120 | 10 | 2 | 083 [720.0| 2655.3 | 391 | 5000 | 600 | 80 | 65 | 303|573 | 139 |148|071| 824 | 097
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Geometry SFEA DSM Design
Column 0
bu | br | bs |t bobe) Al e Ber | Loy | fu fue | s | fae [fuffac| D | @ | fuer |fuffoer
C4l2 [100 120 10 | 2 | 083 [720.0| 26553 | 3.91 | 5500 | 75 41 55 | 117 | 423 | 098 [148 071 423 | 098
100 | 120 | 10 | 2 | 083 [720.0 | 2655.3 | 391 | 5500 | 150 | 52 55 | 1.65 | 48.1 | 107 | 148|071 | 506 | 1.02
100 | 120 | 10 | 2 | 0.83 [720.0 | 2655.3 | 3.91 | 5500 | 300 | 65 55 | 234 | 481 | 135 148|071 | 605 | 1.08
100 [ 120 | 10 | 2 | 0.83 [720.0 | 2655.3 | 391 | 5500 | 450 | 74 55 | 2.86 | 48.1 | 154 |148|071| 67.2 | 110
100 | 120 | 10 | 2 | 0.83 [720.0 | 2655.3 | 3.91 | 5500 | 600 | 78 55 | 331 | 481 | 162 148|071 | 723 | 108
C413 [100 120 10 | 2 | 083 [720.0| 2655.3 | 3.91 | 6000 | 75 37 47 | 127 | 383 ] 097 [148]071] 383 | 097
100 | 120 | 10 | 2 | 0.83 [720.0 | 2655.3 | 3.91 | 6000 | 150 | 46 47 | 179 | 41.0 | 113 | 148|071 | 450 | 1.03
100 | 120 | 10 | 2 | 0.83 [720.0 | 2655.3 | 3.91 | 6000 | 300 | 59 47 | 253 | 41.0 | 144 | 148|071 538 | 110
100 | 120 | 10 | 2 | 0.83 [720.0 | 2655.3 | 3.91 | 6000 | 450 | 66 47 | 310 | 41.0 | 162 148|071 59.7 | 111
100 | 120 | 10 | 2 | 0.83 [720.0 | 2655.3 | 3.91 | 6000 | 600 | 69 47 | 358 | 41.0 | 169 |1.48|071| 643 | 1.08
C4l4 [100 120 10 | 2 | 083 [720.0| 26553 | 3.91 | 6500 | 75 34 40 | 136 | 345 | 097 148|071 345 | 097
100 | 120 | 10 | 2 | 083 [720.0 | 2655.3 | 391 | 6500 | 150 | 42 40 | 193 | 355 | 119 | 148|071 | 404 | 104
100 | 120 | 10 | 2 | 0.83 [720.0 | 2655.3 | 3.91 | 6500 | 300 | 54 40 | 272 | 355 | 152 | 148|071 | 483 | 112
100 | 120 | 10 | 2 | 083 [720.0 | 2655.3 | 391 | 6500 | 450 | 58 40 | 334 | 355 | 165 148|071 | 536 | 1.09
100 | 120 | 10 | 2 | 0.83 [720.0 | 2655.3 | 3.91 | 6500 | 600 | 61 40 | 385 | 355 | 173 148|071 | 57.7 | 1.06
C511 | 130|120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 5000 | 75 58 | 107 | 0.84 | 55.9 | 1.04 [156 [0.73 | 55.9 | 1.04
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 5000 | 150 | 84 | 107 | 1.18 | 83.4 | 101 | 156 |0.73 | 83.4 | 1.01
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 5000 | 300 | 95 | 107 | 1.68 | 93.8 | 1.02 | 156 | 0.73 | 98.5 | 0.97
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 5000 | 450 | 98 | 107 | 2.05 | 93.8 | 1.05 | 156 | 0.73 | 107.8 | 0.91
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 5000 | 600 | 100 | 107 | 2.37 | 93.8 | 1.07 | 156 | 0.73 | 114.9 | 0.87
C512 [ 130|120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 5500 | 75 55 90 | 091 | 529 | 103 156|073 | 529 | 1.03
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 5500 | 150 | 75 90 | 129 | 745 | 100 | 156|073 | 745 | 1.00
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 5500 | 300 | 84 90 | 1.83 | 78.8 | 107 | 156 |0.73 | 86.0 | 0.98
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 5500 | 450 | 88 90 | 224 | 788 | 111 |156|073| 941 | 093
130 | 120 | 10 | 25 | 1.08 |975.0 | 5805.8 | 5.10 | 5500 | 600 | 90 90 | 258 | 78.8 | 114 |1.56 | 0.73 [ 100.3 | 0.89
C513 [ 130|120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 6000 | 75 51 77 | 099 | 498 | 102 156|073 49.8 | 1.02
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 6000 | 150 | 67 77 | 140 | 66.1 | 101 | 156|073 | 66.1 | 1.01
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 6000 | 300 | 78 77 | 198 | 67.2 | 116 |1.56 | 0.73 | 76.0 | 1.02
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 6000 | 450 | 79 77 | 242 | 67.2 | 118 | 156 | 0.73 | 83.2 | 095
130 | 120 | 10 | 25 | 1.08 |975.0 | 5805.8 | 5.10 | 6000 | 600 | 84 77 | 2.80 | 67.2 | 126 |1.56 | 0.73 | 88.7 | 0.95
C514 [130 120 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 6500 | 75 47 66 | 1.06 | 46.7 | 1.00 |1.56 | 0.73 | 46.7 | 1.00
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 6500 | 150 | 60 66 | 1.50 | 58.1 | 1.03 |1.56 | 0.73 | 58.2 | 1.03
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 6500 | 300 | 71 66 | 213 | 58.1 | 122 | 156|073 | 67.9 | 1.04
130 | 120 | 10 | 25 | 1.08 [975.0 | 5805.8 | 5.10 | 6500 | 450 | 73 66 | 2.61 | 58.1 | 126 |1.56 | 0.73 | 743 | 098
130 | 120 | 10 | 25 | 1.08 |975.0 | 5805.8 | 5.10 | 6500 | 600 | 76 66 | 301 | 58.1 | 130 |1.56 | 0.73 | 79.2 | 0.96
Mean 1.170 Mean 1.015
Sd.Dev. | 0.185 Sd.Dev. | 0.046
Max 1.729 Max 1.117
Min 0.968 Min 0.874

Table I,: PCy, columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column
by | br [ bs | t |bu/be) Al L | fy | fu |fas | Ac | fre |fuffac| faer (fuffier
Cl.L1 60 55 11 12 1.09 |[230.4| 2300 75 64 155 0.70 | 61.3 1.05 61.3 1.05
60 55 11 12 1.09 |[230.4| 2300 150 102 155 098 | 100.1| 1.02 | 100.1 | 1.02
60 | 55 | 11 | 12 | 109 |230.4| 2300 | 300 | 118 | 155 | 1.39 |1335| 088 | 102.0 | 1.16
60 55 11 12 1.09 |[230.4| 2300 450 118 155 170 | 136.0| 0.87 | 102.0 | 1.16
60 55 11 12 1.09 |230.4| 2300 600 118 155 197 | 136.0| 0.87 | 102.0 | 1.16
CLl2 [ 60 [ 55 | 12 | 12 | 109 [2304| 2500 | 75 | 62 | 133 | 075 | 59.3 | 1.05 | 59.3 | 1.05
60 | 55 | 11 | 12 | 109 |2304| 2500 | 150 | 92 | 133 | 106 | 936 | 099 | 87.7 | 105
60 | 55 | 11 | 12 | 109 |230.4| 2500 | 300 | 101 | 133 | 150 |1169| 086 | 87.7 | 115
60 55 11 12 1.09 |[230.4| 2500 450 101 133 184 | 1169 | 0.86 87.7 1.15
60 55 11 12 1.09 |230.4| 2500 600 101 133 212 [ 1169 | 0.86 87.7 1.15
C113 [ 60 [ 55 | 12 | 12 | 109 [2304| 3000 | 75 | 55 | 96 | 088 | 540 | 1.02 | 540 | 1.02
60 | 55 | 11 | 12 | 109 |2304| 3000 | 150 | 69 | 96 | 125 | 779 | 089 | 63.0 | 1.10
60 | 55 | 11 | 12 | 109 |2304| 3000 |300| 71 | 96 | 177 | 840 | 084 | 63.0 | 112
60 55 11 12 1.09 |230.4| 3000 450 71 96 217 | 84.0 0.84 63.0 112
60 | 55 | 11 | 12 | 109 |[2304| 3000 | 600 | 71 | 96 | 250 | 840 | 084 | 63.0 | 112
Cl L4 60 55 11 12 1.09 |230.4| 3500 75 47 73 1.02 | 487 0.96 47.9 0.98
60 55 11 12 1.09 |230.4| 3500 150 52 73 144 | 63.3 0.82 47.9 1.09
60 | 55 | 11 | 12 | 109 |2304| 3500 |300| 52 | 73 | 203 | 638 | 082 | 47.9 | 1.09
60 | 55 | 11 | 12 | 109 |2304| 3500 | 450 | 52 | 73 | 249 | 638 | 082 | 47.9 | 1.09
60 | 55 | 11 | 12 | 109 |[2304| 3500 | 600 | 52 | 73 | 287 | 638 | 082 | 47.9 | 1.09
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Geometry SFEA DSM Design
Column
by | br [ bs | t |bu/be) Al L | f | fu |fas | Ac | fre |fuffac| faer (fuffier
Cc2_L1 80 70 10 1 1.14 |240.0| 3000 75 61 134 0.75 | 59.4 1.03 59.4 1.03
80 | 70 | 10 | 1 | 114 |2400| 3000 | 150 | 8 | 134 | 106 | 940 | 094 | 885 | 1.00
80 | 70 | 10 | 1 | 114 |2400| 3000 |300| 95 | 134 | 149 |117.9| 081 | 885 | 1.08
80 | 70 | 10 | 1 | 114 |2400| 3000 | 450 | 95 | 134 | 1.83 |117.9| 081 | 885 | 1.08
80 70 10 1 1.14 |240.0 | 3000 600 95 134 211 | 1179 | 081 88.5 1.08
Cc2_L2 80 70 10 1 1.14 |240.0| 3500 75 56 103 0.85 | 55.2 1.02 55.2 1.02
80 70 10 1 1.14 |240.0| 3500 150 73 103 121 | 814 0.89 67.5 1.08
80 | 70 | 10 | 1 | 114 |2400| 3500 |300| 74 | 103 | 171 | 90.0 | 083 | 67.5 | 1.10
80 | 70 | 10 | 1 | 114 |2400| 3500 | 450 | 74 | 103 | 209 | 90.0 | 083 | 67.5 | 1.10
80 | 70 | 10 | 1 | 114 |2400| 3500 | 600 | 74 | 103 | 242 | 90.0 | 083 | 675 | 110
c213 [ 80 [ 70 | 10 | = | 114 [2400( 4000 | 75 | 50 | 81 | 097 | 508 | 0.98 | 50.8 | 0.98
80 | 70 | 10 | 1 | 114 |2400| 4000 | 150 | 58 | 81 | 1.36 | 68.8 | 0.84 | 53.0 | 1.09
80 | 70 | 10 | 1 | 114 |2400| 4000 |300| 58 | 81 | 193 | 706 | 082 | 53.0 | 1.09
80 | 70 | 10 | 1 | 114 |2400| 4000 | 450 | 58 | 81 | 236 | 706 | 082 | 53.0 | 1.09
80 | 70 | 10 | 1 | 114 |240.0| 4000 | 600 | 58 | 81 | 273 | 706 | 082 | 53.0 | 1.09
C2_ L4 80 70 10 1 1.14 | 240.0 | 4500 75 43 65 1.08 | 46.2 0.93 42.7 1.01
80 70 10 1 1.14 |240.0 | 4500 150 46 65 152 | 56.9 0.81 42.7 1.08
80 70 10 1 1.14 |240.0 | 4500 300 46 65 2.15 | 56.9 0.81 42.7 1.08
80 70 10 1 1.14 |240.0 | 4500 450 46 65 2.63 | 56.9 0.81 42.7 1.08
80 | 70 | 10 | 1 | 114 |2400| 4500 | 600 | 46 | 65 | 304 | 569 | 081 | 42.7 | 1.08
c311 [100|100| 10 | 2 | 100 |[6400| 4000 | 75 | 61 | 123 | 078 | 581 | 1.06 | 58.1 | 1.06
100 | 100 | 20 | 2 | 100 |640.0| 4000 | 150 | 88 | 123 | 110 | 90.0 | 098 | 80.9 | 1.09
100 | 100 | 20 | 2 | 100 |640.0| 4000 |300 | 94 | 123 | 156 |107.8| 088 | 80.9 | 1.17
100 | 100 | 20 | 2 | 100 |640.0| 4000 | 450 | 94 | 123 | 191 |107.8| 088 | 80.9 | 1.17
100 | 100 | 10 | 2 | 100 |640.0| 4000 | 600 | 94 | 123 | 221 |107.8| 088 | 80.9 | 1.17
€312 [100[100| 20 | 2 | 100 [640.0| 4500 | 75 | 57 | 100 | 087 | 54.8 | 1.05 | 548 | 1.05
100 | 100 | 20 | 2 | 100 |640.0| 4500 | 150 | 75 | 100 | 123 | 80.0 | 093 | 658 | 114
100 | 100 | 20 | 2 | 100 |640.0| 4500 |300 | 76 | 100 | 173 | 87.7 | 087 | €58 | 1.16
100 | 100 | 20 | 2 | 100 |640.0| 4500 |450 | 76 | 100 | 212 | 87.7 | 087 | €58 | 1.16
100 | 100 | 20 | 2 | 1.00 |640.0| 4500 | 600 | 76 | 100 | 245 | 87.7 | 087 | 658 | 116
€313 [100[100| 20 | 2 | 100 [6400| 5000 | 75 | 53 | 83 | 095 | 514 | 103 | 51.4 | 1.03
100 | 100 | 20 | 2 | 100 |640.0| 5000 | 150 | 63 | 83 | 134 | 70.4 | 089 | 54.6 | 115
100 | 100 | 20 | 2 | 100 |640.0| 5000 |300 | 63 | 8 | 190 | 728 | 086 | 54.6 | 1.15
100 | 100 | 20 | 2 | 100 |640.0| 5000 |450 | 63 | 83 | 233 | 728 | 086 | 54.6 | 115
100 | 100 | 20 | 2 | 1.00 |640.0| 5000 |600 | 63 | 83 | 269 | 728 | 086 | 54.6 | 115
C314 [100[100| 10 | 2 | 100 [6400| 5500 | 75 | 48 | 70 | 103 | 480 | 099 | 46.3 | 1.03
100 | 100 | 20 | 2 | 100 |640.0| 5500 | 150 | 52 | 70 | 146 | 614 | 085 | 46.3 | 1.13
100 | 100 | 20 | 2 | 100 |640.0| 5500 |300 | 52 | 70 | 207 | 61.7 | 085 | 46.3 | 1.13
100 | 100 | 20 | 2 | 100 |640.0| 5500 |450 | 52 | 70 | 253 | 617 | 085 | 46.3 | 1.13
100 | 100 | 10 | 2 | 1.00 |640.0| 5500 | 600 | 52 | 70 | 292 | 617 | 085 | 46.3 | 1.13
C4l1l [100[120| 20 | 2 | 083 [7200| 5000 | 75 | 52 | 80 | 097 | 506 | 1.02 | 50.6 | 1.02
100 | 120 | 20 | 2 | 083 [720.0| 5000 | 150 | 62 | 80 | 137 | 684 | 090 | 526 | 1.17
100 [ 120 | 20 | 2 | 083 [720.0| 5000 |300 | 62 | 8 | 194 | 70.1 | 089 | 526 | 1.18
100 | 120 | 20 | 2 | 083 [720.0| 5000 |450 | 62 | 80 | 237 | 701 | 089 | 526 | 1.18
100 | 120 | 20 | 2 | 083 |720.0| 5000 |600 | 62 | 80 | 274|701 | 089 | 526 | 1.18
C4 L2 100 | 120 | 10 2 0.83 |720.0 | 5500 75 47 68 105 | 471 0.99 44.5 1.05
100 | 120 | 20 | 2 | 083 [720.0| 5500 | 150 | 53 | 68 | 149 | 59.2 | 089 | 445 | 1.18
100 [ 120 | 20 | 2 | 083 [720.0| 5500 |300 | 53 | 68 | 211 | 59.3 | 089 | 445 | 118
100 | 120 | 20 | 2 | 083 [720.0| 5500 |450 | 53 | 68 | 258 | 59.3 | 089 | 445 | 118
100 | 120 | 10 | 2 | 083 [720.0| 5500 | 600 | 53 | 68 | 298 | 59.3 | 089 | 445 | 118
C413 [100 120 10 | 2 | 083 [7200| 6000 | 75 | 42 | 58 | 114 | 436 | 096 | 382 | 110
100 | 120 | 20 | 2 | 083 [720.0| 6000 | 150 | 45 | 58 | 161 | 50.8 | 088 | 38.2 | 1.17
100 | 120 | 20 | 2 | 083 [720.0| 6000 |300 | 45 | 58 | 227 | 508 | 088 | 38.2 | 1.17
100 | 120 | 20 | 2 | 083 [720.0| 6000 |450 | 45 | 58 | 279 | 50.8 | 088 | 38.2 | 1.17
100 | 120 | 10 | 2 | 083 [720.0| 6000 | 600 | 45 | 58 | 322 | 50.8 | 088 | 38.2 | 117
C4 L4 | 100 | 120 | 10 2 0.83 |720.0| 6500 | 75 37 50 | 122 | 402 | 093 | 332 | 112
100 120 | 20 | 2 | 083 [720.0| 6500 | 150 | 39 | 50 | 172 | 442 | 087 | 332 | 116
100 | 120 | 20 | 2 | 083 [720.0| 6500 | 300 | 39 | 50 | 244 | 442 | 087 | 332 | 116
100 | 120 | 20 | 2 | 083 [720.0| 6500 |450 | 39 | 50 | 299 | 442 | 087 | 332 | 116
100 | 120 | 10 | 2 | 083 |720.0| 6500 | 600 | 39 | 50 | 345 | 442 | 087 | 332 | 116
Cc5 11 (130|120 | 10 | 25 | 108 [9750| 5000 | 75 | 62 | 129 | 076 | 588 | 1.06 | 58.8 | 1.06
130 | 120 | 10 | 25 | 108 |975.0| 5000 | 150 | 90 | 129 | 108 | 921 | 098 | 847 | 1.06
130 | 120 | 10 | 25 | 1.08 |975.0| 5000 | 300 | 97 | 129 | 153 |1129| 086 | 847 | 114
130 | 120 | 10 25 1.08 [975.0| 5000 450 97 129 187 | 1129 | 0.86 84.7 1.14
130 | 120 | 10 25 1.08 |[975.0| 5000 600 97 129 216 | 1129 | 0.86 84.7 1.14
c512 [130 120 | 10 | 25 | 108 [9750| 5500 | 75 | 59 | 109 | 083 | 562 | 1.06 | 56.2 | 1.06
130 | 120 | 10 25 1.08 |975.0 | 5500 150 79 109 117 | 843 0.94 7.7 111
130 | 120 | 10 | 25 | 1.08 |975.0| 5500 | 300 | 8 | 109 | 166 | 955 | 085 | 717 | 114
130 | 120 | 10 | 25 | 1.08 |975.0| 5500 | 450 | 8 | 109 | 203 | 955 | 085 | 717 | 114
130 | 120 | 10 | 25 | 1.08 |975.0| 5500 | 600 | 8 | 109 | 235 | 955 | 085 | 7.7 | 114
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Geometry SFEA DSM Design

b | br | b | t bube| A} L 1 fy | fu |foe | Ao | fre |fulfac| Forr [fulforr

C513 | 130 | 120 | 10 | 25 | 1.08 |975.0| 6000 75 56 94 0.90 | 53.6 | 104 | 53.6 | 1.04
130 | 120 | 10 | 25 | 108 |975.0| 6000 | 150 69 94 127 | 76.6 | 090 | 61.5 | 1.12
130 | 120 | 10 | 25 | 108 |975.0| 6000 | 300 69 94 179 | 820 | 085 | 61.5 | 113
130 | 120 | 10 | 25 | 108 |975.0| 6000 | 450 69 94 219 | 820 | 085 | 615 | 113
130 | 120 | 10 | 25 | 1.08 |975.0| 6000 | 600 69 94 253 | 820 | 085 | 615 | 113
C514 | 130 | 120 | 10 | 25 | 1.08 |975.0 | 6500 75 52 81 0.96 | 51.0 | 1.02 | 51.0 | 1.02
130 | 120 | 10 | 25 | 108 |975.0| 6500 | 150 60 81 136 | 693 | 086 | 53.5 | 111
130 | 120 | 10 | 25 | 1.08 |975.0| 6500 | 300 60 81 192 | 713 | 084 | 535 | 111
130 | 120 | 10 | 25 | 108 |975.0| 6500 | 450 60 81 235|713 | 084 | 535 | 111
130 | 120 ) 10 | 25 | 108 |975.0| 6500 | 600 60 81 272 | 713 | 084 | 535 | 111

Column

Mean 0.894 1.110
Sd. Dev. 0.072 0.053
Max 1.062 1.185
Min 0.808 0.980

Table I5: PS columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design

by | br | bs | t |byb| A L || fu |fac| A | Trs |fuffic

[ g W § 60 55 11 | 1.2 | 109 |2304| 2300 75 60 122 | 079 | 57.9 | 104
60 55 11 | 1.2 | 109 |2304| 2300 | 150 91 122 | 111 | 89.5 | 102
60 55 11 | 1.2 | 109 |2304| 2300 | 300 | 105 122 | 157 | 106.6 | 0.99
60 55 11 | 1.2 | 109 |2304| 2300 | 450 | 106 122 | 192 | 106.6 | 1.00
60 55 11 | 1.2 | 109 |2304| 2300 | 600 | 106 122 | 222 | 106.6 | 1.00
CllL2 60 55 11 | 1.2 | 109 |2304| 2500 75 57 104 | 085 | 55.4 | 1.03
60 55 11 | 1.2 | 109 |2304| 2500 | 150 82 104 | 1.20 | 81.9 | 100
60 55 11 | 1.2 | 109 |2304| 2500 | 300 91 104 | 1.70 | 91.1 | 0.99
60 55 11 | 1.2 | 109 |2304| 2500 | 450 91 104 | 208 | 91.1 | 1.00
60 55 11 | 1.2 | 109 |2304 | 2500 | 600 91 104 | 240 | 91.1 | 100
ClL3 60 55 11 | 1.2 | 109 |2304| 3000 75 49 74 101 | 49.0 | 100
60 55 11 | 1.2 | 109 |2304| 3000 | 150 62 74 143 | 64.0 | 096
60 55 11 | 1.2 | 109 |2304| 3000 | 300 64 74 202 | 64.7 | 0.99
60 55 11 | 1.2 | 109 |230.4| 3000 | 450 64 74 247 | 64.7 | 0.99
60 55 11 | 1.2 | 109 |2304 | 3000 | 600 64 74 2.85 | 64.7 | 0.99
Cl L4 60 55 11 | 1.2 | 109 |2304| 3500 75 41 55 116 | 426 | 096
60 55 11 | 1.2 | 109 |2304| 3500 | 150 47 55 165 | 48.6 | 097
60 55 11 | 1.2 | 109 |2304| 3500 | 300 48 55 233 | 48.6 | 0.99
60 55 11 | 1.2 | 109 |230.4| 3500 | 450 48 55 2.85 | 48.6 | 0.99
60 55 11 | 1.2 | 109 |2304] 3500 | 600 48 55 3.29 | 48.6 | 0.99

Column

C2 L1 80 70 10 1 114 |240.0 | 3000 75 58 112 | 082 | 56.7 | 103
80 70 10 1 114 |240.0| 3000 | 150 82 112 | 116 | 85.8 | 0.96
80 70 10 1 1.14 |240.0| 3000 | 300 90 112 | 163 | 985 | 092
80 70 10 1 114 |240.0 | 3000 | 450 90 112 | 200 | 985 | 0.92
80 70 10 1 114 |240.0 | 3000 | 600 90 112 | 231 | 985 | 092
C2L2 80 70 10 1 114 |240.0| 3500 75 52 84 0.94 | 51.7 | 101
80 70 10 1 114 |240.0| 3500 | 150 66 84 133 | 71.3 | 093
80 70 10 1 114 |240.0| 3500 | 300 70 84 189 | 740 | 094
80 70 10 1 114 |240.0 | 3500 | 450 70 84 231 | 740 | 0.94
80 70 10 1 1.14 |240.0 | 3500 | 600 70 84 267 | 74.0 | 0.94
C2_L3 80 70 10 1 114 | 240.0 | 4000 75 45 66 107 | 46.5 | 0.98
80 70 10 1 114 |240.0 | 4000 | 150 54 66 151 | 575 | 093
80 70 10 1 1.14 |240.0 | 4000 | 300 55 66 214 | 57.5 | 0.95
80 70 10 1 114 |240.0 | 4000 | 450 55 66 262 | 57.5 | 0.95
80 70 10 1 114 |240.0 | 4000 | 600 55 66 3.02 | 57.5 | 0.95
C2_ L4 80 70 10 1 114 | 240.0 | 4500 75 39 53 119 | 41.3 | 095
80 70 10 1 114 |240.0 | 4500 | 150 44 53 169 | 46.1 | 0.95
80 70 10 1 114 |240.0 | 4500 | 300 44 53 239 | 46.1 | 0.95
80 70 10 1 114 |240.0 | 4500 | 450 44 53 293 | 46.1 | 0.95
80 70 10 1 114 |240.0 | 4500 | 600 44 53 338 | 46.1 | 0.95
C3_L1 | 100 | 100 | 10 2 1.00 |640.0 | 4000 75 57 101 | 0.86 | 55.0 | 104
100 | 100 | 10 2 100 |640.0| 4000 | 150 79 101 | 1.22 | 80.6 | 0.98
100 | 100 | 10 2 100 |640.0 | 4000 | 300 86 101 | 172 | 88.7 | 097
100 | 100 | 10 2 100 |640.0 | 4000 | 450 86 101 | 211 | 88.7 | 097
100 | 100 | 10 2 100 |640.0 ] 4000 | 600 86 101 | 244 | 88.7 | 097
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Geometry SFEA DSM Design

Column
by | bf| bs| t |buby| A L fy | fu | e | A | foe |fulfae
€312 [ 100|100 | 10 | 2 | 100 [6400| 4500 | 75 | 52 | 81 | 096 | 5.0 | 102
100 | 100 | 10 | 2 | 100 |640.0| 4500 | 150 | 67 | 81 | 136 | 69.4 | 0.96
100 | 100 | 20 | 2 | 100 |640.0| 4500 | 300 | 70 | 8 | 192 | 7.4 | 098
100 | 100 | 10 | 2 | 100 |640.0| 4500 | 450 | 70 | 81 | 235 | 7.4 | 098
100 | 100 | 10 | 2 | 100 |640.0| 4500 | 600 | 70 | 81 | 271 | 714 | 098
€313 [ 100|100 | 10 | 2 | 100 [6400| 5000 | 75 | 47 | 67 | 106 | 47.0 | 100
100 | 100 | 20 | 2 | 100 |640.0| 5000 | 150 | 56 | 67 | 149 | 589 | 0.96
100 | 100 | 20 | 2 | 100 |640.0| 5000 | 300 | 58 | 67 | 211 | 589 | 098
100 | 100 | 20 | 2 | 100 |640.0| 5000 | 450 | 58 | 67 | 259 | 589 | 0.98
100 | 200 | 20 | 2 | 100 |640.0| 5000 | 600 | 58 | 67 | 299 | 589 | 098
C314 | 100|100 | 10 | 2 | 100 [6400| 5500 | 75 | 42 | 56 | 115 | 43.0 | 097
100 | 100 | 10 | 2 | 100 |640.0| 5500 | 150 | 48 | 56 | 163 | 49.5 | 097
100 | 100 | 10 | 2 | 100 |640.0| 5500 | 300 | 49 | 56 | 231 | 495 | 098
100 | 100 | 10 | 2 | 100 |640.0| 5500 | 450 | 49 | 56 | 282 | 49.5 | 098
100 | 200 | 20 | 2 | 100 |640.0| 5500 | 600 | 49 | 56 | 326 | 49.5 | 098
C411l [ 100|120 | 10 | 2 | 083 [7200| 5000 | 75 | 46 | 65 | 107 | 46.4 | 0.99
100 | 120 | 10 | 2 | 083 |7200| 5000 | 150 | 54 | 65 | 152 | 57.3 | 0.94
100 | 120 | 10 | 2 | 083 |7200| 5000 | 300 | 56 | 65 | 214 | 57.3 | 097
100 | 120 | 10 | 2 | 083 |7200| 5000 | 450 | 56 | 65 | 262 | 57.3 | 097
100 | 120 | 10 | 2 | 083 [7200| 5000 | 600 | 56 | 65 | 303 | 57.3 | 097
C4_L2 100 | 120 | 10 2 0.83 |720.0| 5500 75 41 55 117 | 423 0.96
100 | 120 | 10 | 2 | 083 |7200| 5500 | 150 | 46 | 55 | 165 | 48.1 | 0.96
100 | 120 | 10 | 2 | 083 |7200| 5500 | 300 | 47 | 55 | 234 | 481 | 098
100 | 120 | 10 | 2 | 083 |7200| 5500 | 450 | 47 | 55 | 286 | 481 | 098
100 | 120 | 10 | 2 | 083 |7200| 5500 | 600 | 47 | 55 | 331|481 | 098
C413 [ 100|120 | 10 | 2 | 083 [7200| 6000 | 75 | 36 | 47 | 127 | 383 | 095
100 | 120 | 10 | 2 | 083 |7200| 6000 | 150 | 40 | 47 | 179 | 41.0 | 098
100 | 120 | 10 | 2 | 083 |7200| 6000 | 300 | 41 | 47 | 253 | 41.0 | 099
100 | 120 | 10 | 2 | 083 [7200| 6000 | 450 | 41 | 47 | 310 | 41.0 | 099
100 | 120 | 10 | 2 | 083 |7200| 6000 | 600 | 41 | 47 | 358 | 41.0 | 099
C414 [ 100|120 | 10 | 2 | 083 [7200| 6500 | 75 | 32 | 40 | 136 | 345 | 0.94
100 | 120 | 10 | 2 | 083 |7200| 6500 | 150 | 35 | 40 | 193 | 355 | 098
100 | 120 | 10 | 2 | 083 |7200| 6500 | 300 | 35 | 40 | 272 | 355 | 099
100 | 120 | 10 | 2 | 083 |7200| 6500 | 450 | 35 | 40 | 334 | 355 | 099
100 | 120 | 10 | 2 | 083 |7200| 6500 | 600 | 35 | 40 | 385 | 355 | 099
C5L1 | 130|120 | 10 | 25 | 108 [9750| 5000 | 75 | 58 | 107 | 084 | 55.9 | 104
130 | 120 | 10 | 25 | 108 |9750| 5000 | 150 | 82 | 107 | 118 | 83.4 | 098
130 | 120 | 10 | 25 | 108 |9750| 5000 | 300 | 89 | 107 | 168 | 93.8 | 095
130 | 120 | 10 | 25 | 108 |9750| 5000 | 450 | 89 | 107 | 205 | 93.8 | 095
130 | 120 | 10 | 25 | 108 |9750| 5000 | 600 | 89 | 107 | 237 | 938 | 095
C512 | 130|120 | 10 | 25 | 108 [9750| 5500 | 75 | 55 | 90 | 091 | 529 | 103
130 | 120 | 10 | 25 | 108 |9750| 5500 | 150 | 72 | 90 | 129 | 745 | 096
130 | 120 | 10 | 25 | 108 |9750| 5500 | 300 | 76 | 90 | 183 | 78.8 | 0.96
130 | 120 | 10 | 25 | 108 |9750| 5500 | 450 | 76 | 90 | 224 | 78.8 | 0.96
130 | 120 | 10 | 25 | 108 |9750| 5500 | 600 | 76 | 90 | 258 | 78.8 | 0.96
C513 | 130|120 | 10 | 25 | 108 [9750| 6000 | 75 | 51 | 77 | 099 | 49.8 | 102
130 | 120 | 10 | 25 | 108 |9750| 6000 | 150 | 63 | 77 | 140 | 66.1 | 095
130 | 120 | 10 | 25 | 108 |9750| 6000 | 300 | 65 | 77 | 198 | 67.2 | 097
130 | 120 | 10 25 108 |[975.0| 6000 450 65 7 242 | 67.2 0.97
130 | 120 | 10 | 25 | 108 |9750| 6000 | 600 | 65 | 77 | 280 | 67.2 | 097
C514 | 130|120 | 10 | 25 | 108 [9750| 6500 | 75 | 47 | 66 | 106 | 46.7 | 1.00
130 | 120 | 10 | 25 | 108 |9750| 6500 | 150 | 55 | 66 | 150 | 58.1 | 0.95
130 | 120 | 10 | 25 | 108 |9750| 6500 | 300 | 56 | 66 | 213 | 581 | 097
130 | 120 | 10 | 25 | 108 |9750| 6500 | 450 | 56 | 66 | 261 | 58.1 | 0.97
130 | 120 | 10 | 25 | 108 |9750| 6500 | 600 | 56 | 66 | 301 | 58.1 | 0.97
Mean 0975
Sd. Dev. 0.026
Max 1.043
Min 0916
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ANNEX J: H Column Data

Table J;: PCy, columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column |
bu [ by | bs | t [bub| A | W Be| Loy | fu o | Ao | o [fulfac| b | @ | fuer [fulfier
H1 L1 60 55 11 12 1.09 |230.4 51.4 3.93 2300 75 55 90 091 | 52.8 104 | 149 (071 | 52.8 1.04
60 55 11 12 1.09 |230.4 51.4 3.93 2300 150 76 90 129 | 745 1.03 | 149 (071 | 745 1.03
60 55 11 12 1.09 |230.4 51.4 3.93 2300 300 96 90 1.83 | 78.6 121 | 149 (071 87.1 1.10
60 55 11 12 1.09 |230.4 51.4 3.93 2300 450 111 90 224 | 78.6 142 | 149 (071 | 96.7 1.15
60 55 11 12 1.09 |230.4 51.4 3.93 2300 600 123 90 259 | 78.6 156 | 149 (071 | 104.1| 118
H1_ L2 60 55 11 12 1.09 |230.4 51.4 3.93 2500 75 51 7 0.98 | 50.0 103 | 1.49 | 0.71 | 50.0 1.03
60 | 55 | 11 | 1.2 | 109 |230.4| 514 | 393 | 2500 | 150 | 69 | 77 | 1.39 | 66.6 | 103 | 149 |0.71| 66.6 | 1.03
60 55 11 12 1.09 |230.4 51.4 3.93 2500 300 87 7 197 | 67.8 128 | 149 (071 78.1 111
60 55 11 12 1.09 |230.4 51.4 3.93 2500 450 101 7 241 | 67.8 149 | 149 | 0.71 | 86.6 1.17
60 55 11 12 1.09 |230.4 51.4 3.93 2500 600 111 7 279 | 67.8 163 | 149 (071 | 93.3 1.19
H1 L3 60 55 11 12 1.09 |230.4 51.4 3.93 3000 75 43 56 1.16 | 429 099 | 149|071 | 429 0.99
60 55 11 12 1.09 |230.4 51.4 3.93 3000 150 55 56 1.63 | 49.3 111 | 149 (071 | 515 1.06
60 55 11 12 1.09 |230.4 51.4 3.93 3000 300 71 56 231 | 493 145 | 149 (071 | 61.6 1.16
60 | 55 | 11 | 1.2 | 109 |230.4| 514 | 393 | 3000 | 450 | 82 | 56 | 2.83 | 49.3 | 166 | 149 |0.71| 68.3 | 1.20
60 55 11 12 1.09 |230.4 51.4 3.93 3000 600 87 56 3.27 | 49.3 177 | 149 (071 | 73.6 1.18
H1 L4 [ 60 [ 55 | 12 | 12 | 109 [2304| 514 [ 393 | 3500 | 75 | 36 | 43 | 132 [ 363 | 099 | 149 [071 | 36.3 | 0.99
60 55 11 12 1.09 |230.4 51.4 3.93 3500 150 46 43 186 | 37.9 121 | 149 (071 | 424 1.08
60 | 55 | 11 | 1.2 | 109 |230.4| 514 | 393 | 3500 |300| 60 | 43 | 264 | 37.9 | 158 | 149 |0.71| 50.6 | 1.18
60 55 11 12 1.09 |230.4 51.4 3.93 3500 450 66 43 323 | 37.9 176 | 149 | 0.71 | 56.2 1.18
60 55 11 12 1.09 |[230.4 51.4 3.93 3500 600 69 43 3.73 | 37.9 182 | 149 | 0.71 | 60.5 1.14
H2_L1 80 70 10 1 114 |240.0 | 159.2 | 6.02 3000 75 55 92 0.90 | 53.3 104 | 161|075 | 53.3 1.04
80 70 10 1 114 |240.0| 159.2 | 6.02 3000 150 7 92 1.28 | 75.6 102 | 161 | 0.75 | 75.6 1.02
80 70 10 1 114 |240.0 | 159.2 | 6.02 3000 300 94 92 1.81 | 80.4 117 | 161|075 | 86.5 1.09
80 70 10 1 114 |240.0 | 159.2 | 6.02 3000 450 107 92 222 | 80.4 133 | 161|075 | 93.6 1.14
80 | 70 | 10 | 1 | 114 |240.0| 159.2 | 6.02 | 3000 | 600 | 109 | 92 | 256 | 80.4 | 136 |1.61|0.75| 99.0 | 1.10
H2_L2 80 70 10 1 114 |240.0 | 159.2 | 6.02 3500 75 48 70 1.04 | 47.8 101 | 161 | 0.75 | 47.8 1.01
80 70 10 1 114 |240.0 | 159.2 | 6.02 3500 150 63 70 1.47 | 60.9 103 | 1.61 | 0.75 | 60.9 1.03
80 70 10 1 114 |240.0 | 159.2 | 6.02 3500 300 79 70 2.08 | 61.0 129 | 161|075 | 69.3 1.13
80 70 10 1 114 |240.0 | 159.2 | 6.02 3500 450 88 70 254 | 61.0 144 | 161|075 75.0 1.17
80 70 10 1 114 |240.0 | 159.2 | 6.02 3500 600 89 70 294 | 61.0 146 | 161|075 79.3 112
H2_L3 80 70 10 1 114 |240.0 | 159.2 | 6.02 4000 75 42 55 117 | 42.2 099 |161|0.75| 42.2 0.99
80 70 10 1 114 |240.0 | 159.2 | 6.02 4000 150 53 55 1.66 | 47.8 110 | 1.61 | 0.75 | 49.8 1.06
80 70 10 1 114 |240.0 | 159.2 | 6.02 4000 300 67 55 235 | 47.8 140 | 1.61 | 0.75 | 56.9 1.18
80 70 10 1 114 |240.0 | 159.2 | 6.02 4000 450 74 55 287 | 47.8 155 | 161 | 0.75 | 61.6 1.20
80 70 10 1 114 |240.0 | 159.2 | 6.02 4000 600 76 55 332 | 47.8 158 | 161 | 0.75 | 65.2 1.16
H2_L4 80 70 10 1 114 |240.0 | 159.2 | 6.02 4500 75 36 44 131 | 36.7 099 |[1.61|0.75| 36.7 0.99
80 70 10 1 114 |240.0 | 159.2 | 6.02 4500 150 46 44 185 | 385 118 | 161 [ 0.75 | 41.8 1.09
80 70 10 1 114 |240.0 | 159.2 | 6.02 4500 300 58 44 261 | 385 151 | 161 | 0.75 | 47.9 1.22
80 70 10 1 114 |240.0 | 159.2 | 6.02 4500 450 63 44 3.20 | 385 163 | 161 |0.75 | 51.8 121
80 70 10 1 114 |240.0 | 159.2 | 6.02 4500 600 64 44 3.69 | 38.5 165 | 1.61 | 0.75 | 54.8 1.16
H3 L1 [ 100 [100 | 20 | 2 | 100 [640.0 13655 | 411 | 4000 | 75 | 55 | 90 | 091 [ 53.0 | 1.04 | 150 [072| 53.0 | 1.04
100 | 100 | 10 2 1.00 |640.0 | 1365.5 | 4.11 4000 150 76 90 129 | 74.8 1.02 | 150 | 0.72 | 74.8 1.02
100 [ 100 | 10 | 2 | 100 |640.0 | 1365.5 | 411 | 4000 | 300 | 92 | 90 | 1.82 | 79.1 | 116 |150 |0.72 | 87.3 | 1.05
100 | 100 | 10 | 2 | 100 |640.0 | 1365.5 | 411 | 4000 | 450 | 105 | 90 | 2.23 | 79.1 | 133 | 150 | 0.72 | 96.7 | 1.09
100 | 100 | 10 2 1.00 |640.0 | 1365.5 | 4.11 4000 600 112 90 258 | 79.1 142 | 150 | 0.72 | 104.0| 1.08
H3 L2 100 | 100 | 10 2 1.00 |640.0 | 13655 | 4.11 4500 75 50 73 1.01 | 488 1.02 | 150 | 0.72 | 48.8 1.02
100 [ 100 | 10 | 2 | 100 |640.0| 13655 | 411 | 4500 | 150 | 65 | 73 | 143 | 635 | 102 | 150 | 0.72 | 635 | 1.02
100 [ 100 | 10 | 2 | 100 |640.0| 13655 | 411 | 4500 | 300 | 81 | 73 | 2.03 | 640 | 126 |150 | 0.72| 746 | 1.08
100 | 100 | 10 2 1.00 |640.0 | 13655 | 4.11 4500 450 92 73 248 | 64.0 144 | 150 | 0.72 | 82.6 112
100 | 100 | 10 | 2 | 1.00 |640.0 | 13655 | 411 | 4500 | 600 | 99 | 73 | 2.87 | 640 | 155 | 150 |0.72| 888 | 112
H3 L3 100 | 100 | 10 2 1.00 |640.0 | 1365.5 | 4.11 5000 75 45 60 111 | 446 1.00 | 1.50 | 0.72 | 44.6 1.00
100 | 100 | 10 2 1.00 |640.0 | 13655 | 4.11 5000 150 57 60 157 | 53.1 1.07 | 150 | 0.72 | 54.4 1.04
100 | 100 | 10 | 2 | 100 |640.0| 13655 | 411 | 5000 | 300 | 72 | 60 | 223 | 53.1 | 135 |150 |0.72 | 64.8 | 111
100 | 100 | 10 2 1.00 |640.0 | 1365.5 | 4.11 5000 450 82 60 273 | 53.1 154 | 150 | 0.72 | 71.7 1.14
100 | 100 | 10 | 2 | 1.00 |640.0 | 1365.5 | 411 | 5000 | 600 | 87 | 60 | 315 | 53.1 | 163 | 150|072 77.1 | 112
H3 L4 100 | 100 | 10 2 1.00 |640.0 | 13655 | 4.11 5500 75 40 51 1.21 | 40.6 098 | 150 |0.72 | 40.6 0.98
100 | 100 | 10 2 1.00 |640.0 | 1365.5 | 4.11 5500 150 50 51 171 | 448 112 | 150 | 0.72 | 48.0 1.05
100 | 100 | 10 2 1.00 |640.0 | 13655 | 4.11 5500 300 64 51 242 | 448 144 | 150 | 0.72 | 57.1 1.13
100 | 100 | 10 2 1.00 |640.0 | 13655 | 4.11 5500 450 72 51 297 | 448 161 | 150 | 0.72 | 63.2 1.14
100 | 100 | 10 | 2 | 1.00 |640.0 | 1365.5 | 411 | 5500 | 600 | 76 | 51 | 343 | 448 | 169 | 150 |0.72| 68.0 | 111
H4_ L1 100 | 120 | 10 2 0.83 | 720.0 | 2209.8 | 3.47 5000 75 42 59 113 | 4.1 094 | 146 |0.70 | 44.1 0.94
100 [ 120 | 10 | 2 | 083 [720.0| 2209.8 | 3.47 | 5000 | 150 | 54 | 59 | 1.59 | 51.9 | 1.03 |146 | 0.70 | 53.6 | 1.00
100 [ 120 | 10 | 2 | 083 [720.0| 2209.8 | 3.47 | 5000 | 300 | 69 | 59 | 225 | 5.9 | 133 |146 |0.70 | 64.7 | 107
100 | 120 | 10 2 0.83 | 720.0 | 2209.8 | 3.47 | 5000 | 450 | 79 590 | 276 | 51.9 | 153 |1.46 |0.70 | 72.2 | 1.10
100 | 120 | 10 | 2 | 083 [720.0| 2209.8 | 347 | 5000 | 600 | 8 | 59 | 318 | 5.9 | 165 | 146|070 | 78.1 | 110
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Geometry SFEA DSM Design
Column 0
bu | br | bs |t ibob) Al R Ber | Loy | fu | fae | As | fae [fuffac| D | @ | Foer |fuffoer
H4 L2 [ 100 [ 120 | 10 | 2 | 083 [720.0 | 2209.8 | 3.47 | 5500 | 75 39 50 | 1.23 | 40.0 | 098 | 1.46 | 0.70 | 40.0 | 0.98
100 | 120 10 2 0.83 | 720.0 | 2209.8 | 3.47 5500 150 49 50 173 | 43.7 113 | 146 | 0.70 | 47.3 1.04
100 | 120 10 2 0.83 | 720.0 | 2209.8 | 3.47 5500 300 65 50 245 | 43.7 149 | 146 | 0.70 | 57.1 114
100 | 120 10 2 0.83 | 720.0 | 2209.8 | 3.47 5500 450 74 50 3.00 | 43.7 170 | 1.46 | 0.70 | 63.7 1.16
100 | 120 | 10 | 2 | 083 |720.0| 2209.8 | 3.47 | 5500 | 600 | 79 50 | 347 | 43.7 | 180 |1.46 | 070 | 68.9 | 1.14
H4 13 [ 100 [120 | 10 | 2 | 083 [720.0| 2200.8 | 3.47 | 6000 | 75 35 43 | 133359 098 [146]070] 35.9 | 0.98
100 | 120 10 2 0.83 | 720.0 | 2209.8 | 3.47 6000 150 45 43 187 | 37.4 120 | 1.46 | 0.70 | 42.3 1.06
100 | 120 | 10 | 2 | 083 |720.0| 2209.8 | 3.47 | 6000 | 300 | 59 43 | 265 | 37.4 | 159 | 146|070 | 5.0 | 1.16
100 | 120 10 2 0.83 | 720.0 | 2209.8 | 3.47 6000 450 67 43 325 | 374 178 | 1.46 | 0.70 | 56.9 117
100 | 120 10 2 0.83 | 720.0 | 2209.8 | 3.47 6000 600 70 43 375 | 374 187 | 1.46 | 0.70 | 61.5 114
H4_L4 100 | 120 10 2 0.83 | 720.0 | 2209.8 | 3.47 6500 75 32 37 142 | 321 099 (146 |0.70 | 32.1 0.99
100 | 120 10 2 0.83 | 720.0 | 2209.8 | 3.47 6500 150 41 37 2.01 | 325 126 | 146 | 0.70 | 38.1 1.08
100 | 120 | 10 | 2 | 083 |720.0| 2209.8 | 3.47 | 6500 | 300 | 54 37 | 285 | 325 | 167 | 146|070 | 46.0 | 1.18
100 | 120 | 10 | 2 | 083 |720.0| 2209.8 | 3.47 | 6500 | 450 | 60 37 | 349 | 325 | 185 | 146|070 | 51.3 | 1.17
100 | 120 | 10 | 2 | 083 |720.0| 2209.8 | 3.47 | 6500 | 600 | 62 37 | 403 | 325 | 192 | 146|070 | 555 | 1.13
H5_L1 | 130 | 120 | 10 | 25 | 1.08 [975.0 | 50685 | 4.71 | 5000 | 75 57 99 | 0.87 | 54.6 | 104 | 153|073 | 54.6 | 1.04
130 | 120 | 10 | 25 | 1.08 |975.0 | 50685 | 471 | 5000 | 150 | 78 99 | 123|795 | 098 |153|073| 79.5 | 0.98
130 | 120 | 10 | 25 | 1.08 |975.0 | 5068.5 | 4.71 | 5000 | 300 | 94 99 | 174 | 868 | 1.09 | 153|073 | 93.1 | 1.01
130 | 120 10 25 1.08 |975.0 | 5068.5 | 4.71 5000 450 105 99 213 | 86.8 121 | 153 |0.73 | 102.4| 1.02
130 | 120 | 10 | 25 | 1.08 |975.0 | 5068.5 | 471 | 5000 | 600 | 115 | 99 | 2.46 | 86.8 | 1.33 |1.53 | 0.73 | 109.5| 1.05
H5 12 | 130 | 120 | 10 | 25 | 1.08 [975.0 | 50685 | 471 | 5500 | 75 53 83 | 095 | 515 | 1.04 | 153073 | 51.5 | 1.04
130 | 120 | 10 | 25 | 1.08 |975.0 | 50685 | 471 | 5500 | 150 | 72 83 | 1.34 | 70.6 | 101 | 153|073 | 706 | 1.01
130 | 120 | 10 | 25 | 1.08 |975.0 | 5068.5 | 471 | 5500 | 300 | 85 83 | 190 | 731 | 117 | 153|073 | 8.6 | 1.05
130 | 120 | 10 | 25 | 1.08 |975.0 | 5068.5 | 471 | 5500 | 450 | 95 83 | 232|731 | 130 | 153|073 | 82.8 | 1.06
130 | 120 | 10 | 25 | 1.08 |975.0 | 5068.5 | 471 | 5500 | 600 | 101 | 83 | 2.68 | 73.1 | 1.38 | 153 |0.73 | 96.0 | 1.05
H5_L3 130 | 120 10 25 1.08 |975.0 | 5068.5 | 4.71 6000 75 49 71 1.03 | 48.3 102 | 153 |0.73 | 48.3 1.02
130 | 120 10 25 1.08 |975.0 | 5068.5 | 4.71 6000 150 64 71 145 | 62.2 103 | 153 |0.73 | 62.2 1.03
130 | 120 10 25 1.08 |975.0 | 5068.5 | 4.71 6000 300 7 71 2.05 | 62.5 124 | 153|073 | 724 1.07
130 | 120 | 10 | 25 | 1.08 |975.0 | 5068.5 | 471 | 6000 | 450 | 86 71 | 251 | 625 | 137 | 153|073 | 79.6 | 1.07
130 | 120 | 10 | 25 | 1.08 |975.0 | 5068.5 | 471 | 6000 | 600 | 89 71 | 290 | 625 | 142 | 153|073 | 852 | 1.04
H5_L4 130 | 120 10 25 1.08 |975.0 | 5068.5 | 4.71 6500 75 45 62 110 | 45.1 100 | 153 |0.73 | 45.1 1.00
130 | 120 | 10 | 25 | 1.08 |975.0 | 50685 | 471 | 6500 | 150 | 57 62 | 156 | 54.2 | 1.06 | 153|073 | 55.2 | 1.04
130 | 120 | 10 | 25 | 1.08 |975.0 | 50685 | 471 | 6500 | 300 | 71 62 | 220 | 542 | 130 | 153|073 | 64.9 | 1.09
130 | 120 10 25 1.08 |975.0 | 5068.5 | 4.71 6500 450 78 62 270 | 54.2 143 | 153|073 | 714 1.09
130 | 120 | 10 | 25 | 1.08 |975.0 | 5068.5 | 471 | 6500 | 600 | 80 62 | 311 | 54.2 | 147 | 153|073 | 764 | 1.05
Mean 1.310 Mean 1.083
Sd. Dev. 0.271 Sd. Dev. 0.067
Max 1.922 Max 1.216
Min 0.942 Min 0.942

Table J,: PC,,, columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column
bw | br | bs | t |bube| A | L || fu |foe| A | fre |fuffac | frrr |fulfuer
H1 L1 60 55 11 12 11 1000 75 71 330 0.48 | 68.2 1.05 68.2 1.05
60 55 11 12 11 1000 150 138 330 0.67 | 1240 | 111 | 1240 | 111
60 55 11 12 11 1000 300 239 330 095 | 2051 | 117 | 2051 | 1.17
60 55 11 12 11 1000 450 292 330 117 | 2543 | 115 | 2543 | 115
60 | 55 | 11 | 12| 11 1000 | 600 | 324 | 330 | 1.35 [280.3| 116 |280.3 | 1.16
H2 L1 [ 100 60 | 20 | 2 | 17 2000 | 75 | 70 | 334 | 047 | 683 | 103 | 68.3 | 103
100 | 60 10 2 17 2000 150 136 334 0.67 | 1243 | 1.09 | 1243 | 1.09
00|60 |10 2| 17 2000 | 300 | 236 | 334 | 0.95 |206.0| 115 |206.0 | 115
00|60 |10 2| 17 2000 | 450 | 278 | 334 | 116 |256.0 | 1.09 |256.0 | 1.09
00| 60 | 10 | 2 | 17 2000 | 600 | 292 | 334 | 134 |2828| 103 |282.8 | 103
H3 L1 120 | 80 15 3 15 1900 75 72 476 0.40 | 70.2 1.03 70.2 1.03
20| 8 | 15 | 3 | 15 1900 | 150 | 142 | 476 | 056 |1315| 108 |1315| 1.08
120 | 80 15 3 15 1900 300 267 476 0.79 | 2304 | 116 | 2304 | 1.16
120 80 | 15 | 3 | 15 1900 | 450 | 355 | 476 | 0.97 [3028| 117 |302.8 | 1.17
120 | 80 | 15 | 3 | 15 1900 | 600 | 397 | 476 | 112 [3539| 112 [3539 | 112
H4 L1 140 | 70 10 3 3.0 2600 75 71 385 0.44 | 69.1 1.02 69.1 1.02
140 | 70 10 3 2.0 2600 150 138 385 062 | 127.4| 1.08 | 127.4 | 1.08
1“o| 70 |10 3| 20 2600 | 300 | 249 | 385 | 0.88 | 2165| 115 | 2165 | 115
140 | 70 10 3 2.0 2600 450 311 385 1.08 | 2759 | 113 | 2759 | 113
140 | 70 | 10 | 3 | 20 2600 | 600 | 334 | 385 | 125 |3125| 107 |3125| 107
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Geometry SFEA DSM Design
Column
b | br | bs | t |bu/by Lo fy| fu |fus| A | fre |fulfc| frrr |fuffuer
H5 L1 150 | 100 | 10 4 15 3300 75 71 330 0.48 | 68.2 1.04 68.2 1.04
150 | 100 | 10 4 15 3300 150 136 330 0.67 | 1240 | 110 | 1240 | 1.10
150 | 00 | 10 | 4 | 15 3300 [ 300 | 236 | 330 | 095 |2051| 115 |205.1 | 115
150 | 100 | 10 4 15 3300 450 281 330 117 | 2544 | 110 | 2544 | 110
150 | 100 | 10 | 4 | 15 3300 | 600 | 296 | 330 | 135 | 280.4| 106 |280.4 | 1.06
H6 L1 | 80 | 65 | 15 | 12 | 12 1900 | 75 | 68 | 204 | 061 | 643 | 105 | 643 | 1.05
80 65 15 12 1.2 1900 150 123 204 086 |110.2| 112 | 1102 | 1.12
80 65 15 12 1.2 1900 300 177 204 121 |1620| 109 | 162.0 | 1.09
80 65 15 12 1.2 1900 450 197 204 149 | 1786 | 110 | 178.6 | 1.10
80 65 15 12 1.2 1900 600 206 204 172 | 178.7| 115 | 2029 | 1.02
H7 L1 | 95 [ 50 | 10 | 18| 19 1800 | 75 | 70 | 346 | 047 | 685 | 103 | 685 | 1.03
9% | 50 | 10 | 18 | 19 1800 | 150 | 136 | 346 | 0.66 1251 | 109 |125.1 | 1.09
9% |50 | 10 | 18 | 19 1800 | 300 | 239 | 346 | 0.93 2087 | 114 |208.7 | 114
95 50 10 18 1.9 1800 450 288 346 114 | 261.2 | 110 | 261.2 | 1.10
9% | 50 | 10 [ 18] 19 1800 | 600 | 305 | 346 | 1.32 [290.5| 1.05 |290.5| 1.05
H8 L1 | 75 [ 60 | 10 | 1 | 13 2100 | 75 | 66 | 164 | 0.68 | 61.9 | 1.06 | 619 | 1.06
75 60 10 1 13 2100 150 112 164 096 | 1023 | 1.09 | 102.3 | 1.09
75|60 | 10| 1| 13 2100 | 300 | 147 | 164 | 135 | 139.6 | 105 |139.6 | 1.05
75 60 10 1 13 2100 450 158 164 166 | 144.0| 110 | 1579 | 1.00
75 60 10 1 13 2100 600 166 164 191 | 1440 | 115 | 180.5| 0.92
H9 L1 80 45 11 16 18 1400 75 71 381 0.44 | 69.1 1.03 69.1 1.03
80 45 11 16 18 1400 150 138 381 063 | 127.2| 1.09 | 127.2 | 1.09
80 45 11 16 1.8 1400 300 248 381 0.89 | 2157 | 115 | 2157 | 1.15
80 45 11 16 1.8 1400 450 310 381 1.09 | 2743 | 113 | 2743 | 113
80 | 45 | 11 | 16| 18 1400 | 600 | 336 | 381 | 1.26 [310.1| 108 |310.1| 1.08
H1 L2 | 60 | 55 | 11 | 1.2 | 11 1400 | 75 69 225 | 058 | 65.2 | 1.05 | 65.2 | 1.05
60 55 11 12 11 1400 150 127 225 082 | 1134 | 112 | 1134 | 112
60 55 11 12 11 1400 300 189 225 116 |1715| 110 | 1715 | 110
60 55 11 12 11 1400 450 217 225 142 |1945| 112 | 1945 | 112
60 55 11 12 11 1400 600 246 225 163 |197.0| 125 | 2143 | 115
H2 L2 [ 100 60 | 10 | 2 | 17 2800 | 75 | 67 | 189 | 0.63 | 635 | 105 | 635 | 1.05
100 | 60 10 2 17 2800 150 119 189 0.89 | 107.7| 111 | 107.7 | 111
100 | 60 10 2 17 2800 300 166 189 126 | 1546 | 1.07 | 1546 | 1.07
100 | 60 10 2 17 2800 450 187 189 154 |166.1| 113 | 169.7 | 1.10
00|60 | 10 | 2 | 17 2800 | 600 | 209 | 189 | 178 |166.1| 1.26 |189.9 | 1.10
H2 L2 [100] 60 | 10 | 2 | 17 2800 | 75 | 67 | 189 | 0.63 | 635 | 105 | 635 | 105
100 | 60 10 2 17 2800 150 119 189 0.89 | 107.7| 111 | 107.7 | 111
100 | 60 10 2 17 2800 300 166 189 126 | 1546 | 1.07 | 1546 | 1.07
100 | 60 10 2 17 2800 450 187 189 154 |166.1| 113 | 169.7 | 1.10
00| 60 | 10 | 2 | 17 2800 | 600 | 209 | 189 | 178 | 166.1| 1.26 |189.9 | 1.10
H2 L2 [100] 60 | 20 | 2 | 17 2800 | 75 | 67 | 189 | 063 | 635 | 1.05 | 635 | 105
100 | 60 10 2 17 2800 150 119 189 0.89 | 107.7| 111 | 107.7 | 111
100 | 60 10 2 17 2800 300 166 189 126 | 1546 | 1.07 | 1546 | 1.07
100 | 60 10 2 17 2800 450 187 189 154 |166.1| 113 | 169.7 | 1.10
00| 60 | 10 | 2 | 17 2800 | 600 | 209 | 189 | 178 |166.1| 1.26 |189.9 | 1.10
H2 L2 [100] 60 | 10 | 2 | 17 2800 | 75 | 67 | 189 | 0.63 | 635 | 105 | 635 | 1.05
100 | 60 10 2 17 2800 150 119 189 0.89 | 107.7| 111 | 107.7 | 111
100 | 60 10 2 17 2800 300 166 189 126 | 1546 | 1.07 | 1546 | 1.07
100 | 60 10 2 17 2800 450 187 189 154 |166.1| 113 | 169.7 | 1.10
00| 60 | 10 | 2 | 17 2800 | 600 | 209 | 189 | 178 | 166.1| 1.26 |189.9 | 1.10
H2 L2 [ 100 60 | 10 | 2 | 17 2800 | 75 | 67 | 189 | 0.63 | 635 | 105 | 635 | 1.05
100 | 60 10 2 17 2800 150 119 189 0.89 | 107.7| 111 | 107.7 | 111
100 | 60 10 2 17 2800 300 166 189 126 | 1546 | 1.07 | 1546 | 1.07
100 | 60 10 2 17 2800 450 187 189 154 |166.1| 113 | 169.7 | 1.10
00| 60 | 10 | 2 | 17 2800 | 600 | 209 | 189 | 178 | 166.1| 1.26 |189.9 | 1.10
H2 L2 [ 100 60 | 10 | 2 | 17 2800 | 75 | 67 | 189 | 0.63 | 635 | 105 | 635 | 1.05
100 | 60 10 2 17 2800 150 119 189 0.89 | 107.7| 111 | 107.7 | 111
100 | 60 10 2 17 2800 300 166 189 126 | 1546 | 1.07 | 1546 | 1.07
100 | 60 10 2 17 2800 450 187 189 154 |166.1| 113 | 169.7 | 1.10
00| 60 | 10 | 2 | 17 2800 | 600 | 209 | 189 | 178 | 166.1| 1.26 |189.9 | 1.10
H2 L2 [ 100 60 | 20 | 2 | 17 2800 | 75 | 67 | 189 | 063 | 635 | 1.05 | 635 | 105
100 | 60 10 2 17 2800 150 119 189 0.89 | 107.7| 111 | 107.7 | 111
100 | 60 10 2 17 2800 300 166 189 126 | 1546 | 1.07 | 154.6 | 1.07
100 | 60 10 2 17 2800 450 187 189 154 |166.1| 113 | 169.7 | 1.10
00|60 | 10 | 2 | 17 2800 | 600 | 209 | 189 | 178 |166.1| 1.26 |189.9 | 1.10
H2 L2 [ 100 60 | 20 | 2 | 17 2800 | 75 | 67 | 189 | 063 | 635 | 1.05 | 635 | 1.05
100 | 60 10 2 17 2800 150 119 189 0.89 | 107.7| 111 | 107.7 | 111
100 | 60 10 2 17 2800 300 166 189 126 | 1546 | 1.07 | 1546 | 1.07
100 | 60 10 2 17 2800 450 187 189 154 |166.1| 113 | 169.7 | 1.10
00|60 | 10 | 2 | 17 2800 | 600 | 209 | 189 | 178 |166.1| 1.26 |189.9 | 1.10
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Geometry SFEA DSM Design
Column
bw | br | bs | t |bube| A | L || fu |foe| A6 | fre |fuffac | frrr |fulfuer
H2 L2 [ 100 60 | 10 | 2 | 17 2800 | 75 | 67 | 189 | 0.63 | 635 | 105 | 635 | 1.05
100 | 60 10 2 17 2800 150 119 189 0.89 | 107.7| 111 | 107.7 | 111
100 | 60 10 2 17 2800 300 166 189 126 | 1546 | 1.07 | 1546 | 1.07
100 | 60 10 2 17 2800 450 187 189 154 |166.1| 113 | 169.7 | 1.10
00| 60 | 10 | 2 | 17 2800 | 600 | 209 | 189 | 178 | 166.1| 1.26 |189.9 | 1.10
H3 L2 120 | 80 15 3 15 2660 75 70 291 051 | 67.3 1.04 67.3 1.04
120 | 80 15 3 15 2660 150 133 291 0.72 | 1209 | 110 | 1209 | 1.10
120 | 80 15 3 15 2660 300 221 291 1.02 | 1949 | 113 | 1949 | 113
120 80 | 15 | 3 | 15 2660 | 450 | 257 | 291 | 124 |2356| 109 | 2356 | 1.09
120 | 80 15 3 1.5 2660 600 276 291 144 | 2532 | 1.09 | 253.2 | 1.09
Mean 0.902 1.140
Sd. Dev. | 0.063 0.044
Max 1.062 1.204
Min 0.836 1.019

Table J3: PS columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design

by | br | bs | t |bu/bi| A L || fu |fas| A | Trs |fuffic

H1 L1 60 55 11 | 1.09 | 230.4 | 2300 75 55 90 091 | 528 | 1.04 | 105
60 55 11 | 1.09 | 230.4 | 2300 150 74 90 129 | 745 | 099 | 111
60 55 11 | 1.09 | 230.4 | 2300 300 7 90 183 | 786 | 099 | 117
60 55 11 | 1.09 | 230.4 | 2300 450 7 90 224 | 786 | 099 | 115
60 55 11 | 1.09 | 230.4 | 2300 600 7 90 259 [ 786 | 099 | 116
H1 L2 60 55 11 | 1.09 | 230.4 | 2500 75 51 7 0.98 | 50.0 | 1.03 | 1.03
60 55 11 | 1.09 | 230.4 | 2500 150 65 7 139 | 66.6 | 098 | 1.09
60 55 11 | 1.09 | 230.4 | 2500 300 67 7 197 | 67.8 | 098 | 115
60 55 11 | 1.09 | 230.4 | 2500 450 67 7 241 | 67.8 | 098 | 109
60 55 11 [ 1.09 | 230.4 | 2500 600 67 7 279 | 67.8 | 098 | 103
H1 L3 60 55 11 | 1.09 | 230.4 | 3000 75 42 56 116 | 429 | 098 | 1.03
60 55 11 | 1.09 | 230.4 | 3000 150 48 56 163 | 493 | 098 | 1.08
60 55 11 | 1.09 | 230.4 | 3000 300 48 56 231 | 493 | 098 | 116
60 55 11 | 1.09 | 230.4 | 3000 450 48 56 283 | 493 | 098 | 117
60 55 11 [ 1.09 | 230.4 | 3000 600 48 56 327 | 493 | 098 | 112
H1 L4 60 55 11 | 1.09 | 230.4 | 3500 75 34 43 132 | 36.3 | 095 | 1.02
60 55 11 | 1.09 | 230.4 | 3500 150 37 43 186 | 379 | 097 | 1.08
60 55 11 | 1.09 | 230.4 | 3500 300 37 43 264 | 379 | 097 | 115
60 55 11 | 1.09 | 230.4 | 3500 450 37 43 323 | 379 | 097 | 113
60 55 11 [ 1.09 ] 230.4 | 3500 600 37 43 373 | 37.9 | 097 | 107
H2_ L1 80 70 10 | 1.14 | 240.0 | 3000 75 55 92 0.90 | 53.3 | 1.04 | 104
80 70 10 | 1.14 | 240.0 | 3000 150 73 92 128 | 756 | 097 | 110
80 70 10 | 1.14 | 240.0 | 3000 300 74 92 181 | 804 | 092 | 115
80 70 10 | 1.14 | 240.0 | 3000 450 74 92 222 | 80.4 | 092 | 110
80 70 10 [ 1.14] 240.0 | 3000 600 74 92 256 | 80.4 | 092 | 106
H2_L2 80 70 10 | 1.14 | 240.0 | 3500 75 48 70 104 | 478 | 101 | 1.05
80 70 10 | 1.14 | 240.0 | 3500 150 57 70 147 | 609 | 094 | 112
80 70 10 | 1.14 | 240.0 | 3500 300 57 70 208 | 61.0 | 0.94 | 109
80 70 10 | 1.14 | 240.0 | 3500 450 57 70 254 | 61.0 | 094 | 110
80 70 10 | 1.14 | 240.0 | 3500 600 57 70 294 | 610 | 094 | 115
H2_L3 80 70 10 | 1.14 | 240.0 | 4000 75 41 55 117 | 422 | 097 | 1.03
80 70 10 | 1.14 | 240.0 | 4000 150 45 55 166 | 47.8 | 094 | 1.09
80 70 10 | 1.14 | 240.0 | 4000 300 45 55 235 | 478 | 094 | 114
80 70 10 | 1.14 | 240.0 | 4000 450 45 55 287 | 47.8 | 094 | 110
80 70 10 [ 1.14 ] 240.0 | 4000 600 45 55 332 | 47.8 | 0.94 | 105
H2_L4 80 70 10 | 1.14 | 240.0 | 4500 75 35 44 131 | 36.7 | 094 | 1.06
80 70 10 | 1.14 | 240.0 | 4500 150 36 44 185 | 385 | 094 | 1.09
80 70 10 | 1.14 | 240.0 | 4500 300 36 44 261 | 385 | 094 | 105
80 70 10 | 1.14 | 240.0 | 4500 450 36 44 320 | 385 | 094 | 110
80 70 10 [ 1.14 ] 240.0 | 4500 600 36 44 3.69 [ 385 | 094 | 115
H3_L1 | 100 | 100 | 10 | 1.00 | 640.0 | 4000 75 55 90 0.91 | 53.0 | 1.04 | 1.03
100 | 100 | 10 | 1.00 | 640.0 | 4000 150 74 90 129 | 748 | 098 | 1.09
100 | 100 | 10 | 1.00 | 640.0 | 4000 300 76 90 182 | 79.1 | 096 | 115
100 | 100 | 10 | 1.00 | 640.0 | 4000 450 76 90 223 | 79.1 | 096 | 113
100 | 100 | 10 | 1.00 | 640.0 | 4000 600 76 90 258 [ 79.1 | 0.96 | 108
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Geometry SFEA DSM Design
Column
by | bf | bs| t [byb| A L fy | fu | e | A | foe |fulfac
H3_L2 100 | 100 | 10 | 1.00 | 640.0 | 4500 75 49 73 1.01 | 488 | 1.01 1.05
100 | 100 | 10 |1.00 | 640.0 | 4500 | 150 | 61 | 73 | 143 | 635 | 097 | 112
100 | 100 | 10 |1.00 | 640.0 | 4500 | 300 | 62 | 73 | 203 | 64.0 | 097 | 110
100 | 100 | 10 |1.00 | 640.0 | 4500 | 450 | 62 | 73 | 248 | 64.0 | 097 | 112
100 | 100 | 10 | 1.00 | 640.0 | 4500 | 600 | 62 | 73 | 287 | 64.0 | 097 | 125
H3_13 | 100 | 100 | 10 [ 100 640.0 [ 5000 | 75 | 44 | 60 | 111 | 446 | 099 | 105
100 | 100 | 10 |1.00 | 640.0 | 5000 | 150 | 51 | 60 | 157 | 531 | 097 | 111
100 | 100 | 10 |1.00 | 640.0 | 5000 | 300 | 52 | 60 | 223 | 531 | 097 | 1.07
100 | 100 | 10 |1.00 | 640.0 | 5000 | 450 | 52 | 60 | 273 | 531 | 097 | 113
100 | 100 | 10 | 1.00 | 640.0 | 5000 | 600 | 52 | 60 | 315|531 | 097 | 126
H3_L4 | 100 | 100 | 10 [ 100 640.0 [ 5500 | 75 | 39 | 51 | 121 | 406 | 097 | 105
100 | 100 | 10 |1.00 | 640.0 | 5500 | 150 | 44 | 51 | 171 | 448 | 097 | 111
100 | 100 | 10 |1.00 | 640.0 | 5500 | 300 | 44 | 51 | 242 | 448 | 097 | 107
100 | 100 | 10 |1.00 | 640.0 | 5500 | 450 | 44 | 51 | 297 | 448 | 097 | 113
100 | 100 | 10 | 1.00 | 640.0 | 5500 | 600 | 44 | 51 | 343 | 448 | 097 | 126
H4_ L1 100 | 120 | 10 | 0.83 | 720.0 | 5000 75 41 59 113 | 441 | 094 1.05
100 | 120 | 10 |0.83| 720.0 | 5000 | 150 | 49 | 59 | 159 | 519 | 095 | 111
100 | 120 | 10 | 0.83| 720.0 | 5000 | 300 | 49 | 59 | 225 | 519 | 095 | 1.07
100 | 120 | 10 | 0.83| 720.0 | 5000 | 450 | 49 | 59 | 276 | 519 | 095 | 1.13
100 | 120 | 10 | 0.83 | 720.0 | 5000 | 600 | 49 | 59 | 318 | 51.9 | 095 | 1.26
H4_12 | 100 | 120 | 10 | 083 720.0 | 5500 | 75 | 38 | 50 | 123 | 40.0 | 096 | 105
100 | 120 | 10 |0.83| 720.0 | 5500 | 150 | 43 | 50 | 173 | 437 | 097 | 111
100 | 120 | 10 | 0.83| 720.0 | 5500 | 300 | 43 | 50 | 245 | 437 | 097 | 107
100 | 120 | 10 | 0.83| 720.0 | 5500 | 450 | 43 | 50 | 3.00 | 437 | 097 | 113
100 | 120 | 10 | 0.83 | 720.0 | 5500 | 600 | 43 | 50 | 347 | 437 | 097 | 126
H4_13 | 100 | 120 | 10 |083| 720.0 [ 6000 | 75 | 34 | 43 | 133 | 359 | 094 | 105
100 | 120 | 10 |0.83| 720.0 | 6000 | 150 | 37 | 43 | 187 | 37.4 | 098 | 111
100 | 120 | 10 | 0.83| 720.0 | 6000 | 300 | 37 | 43 | 265 | 37.4 | 098 | 107
100 | 120 | 10 | 0.83| 720.0 | 6000 | 450 | 37 | 43 | 325 | 37.4 | 098 | 113
100 | 120 | 10 | 0.83| 720.0 | 6000 | 600 | 37 | 43 | 375 | 374 | 098 | 126
H4_L4 100 | 120 | 10 | 0.83 | 720.0 | 6500 75 30 37 142 | 321 | 094 1.05
100 | 120 | 10 |0.83| 720.0 | 6500 | 150 | 32 | 37 | 201 | 325 | 098 | 111
100 | 120 | 10 |0.83| 720.0 | 6500 | 300 | 32 | 37 | 285 | 325 | 098 | 1.07
100 | 120 | 10 | 0.83| 720.0 | 6500 | 450 | 32 | 37 | 349 | 325 | 098 | 113
100 | 120 | 10 | 0.83 | 720.0 | 6500 | 600 | 32 | 37 | 403 | 325 | 098 | 126
H5_L1 | 130 | 120 | 10 [ 108 975.0 [5000 | 75 | 57 | 99 | 087 | 546 | 1.04 | 105
130 | 120 | 10 |1.08| 975.0 | 5000 | 150 | 80 | 99 | 123 | 795 | 101 | 111
130 | 120 | 10 |1.08| 975.0 | 5000 | 300 | 82 | 99 | 174 | 86.8 | 0.95 | 1.07
130 | 120 | 10 |1.08 | 975.0 | 5000 | 450 | 82 | 99 | 213 | 86.8 | 095 | 113
130 | 120 | 10 | 1.08 | 975.0 | 5000 | 600 | 82 | 99 | 246 | 86.8 | 095 | 1.26
H5_L2 | 130 | 120 | 10 [ 108 975.0 [ 5500 | 75 | 53 | 83 | 095 | 515 | 1.03 | 105
130 | 120 | 10 | 1.08| 975.0 | 5500 | 150 | 69 | 83 | 134 | 70.6 | 097 | 111
130 | 120 | 10 |1.08 | 975.0 | 5500 | 300 | 70 | 83 | 190 | 731 | 096 | 1.07
130 | 120 | 10 |1.08| 975.0 | 5500 | 450 | 70 | 83 | 232 | 731 | 096 | 113
130 | 120 | 10 | 1.08 | 975.0 | 5500 | 600 | 70 | 83 | 268 | 731 | 096 | 1.26
H5_L3 | 130 | 120 | 10 [ 108 975.0 [ 6000 | 75 | 49 | 71 | 103 | 483 | 1.01 | 105
130 | 120 | 10 |1.08 | 975.0 | 6000 | 150 | 60 | 71 | 145 | 622 | 096 | 111
130 | 120 | 10 |1.08| 975.0 | 6000 | 300 | 60 | 71 | 205 | 625 | 0.96 | 1.07
130 | 120 | 10 |1.08 | 975.0 | 6000 | 450 | 60 | 71 | 251 | 625 | 0.96 | 113
130 | 120 | 10 | 1.08 | 975.0 | 6000 | 600 | 60 | 71 | 290 | 625 | 096 | 1.26
H5_L4 130 | 120 | 10 | 1.08 | 975.0 | 6500 75 45 62 110 | 451 | 0.99 1.04
130 | 120 | 10 |1.08| 975.0 | 6500 | 150 | 52 | 62 | 156 | 54.2 | 0.96 | 110
130 | 120 | 10 |1.08| 975.0 | 6500 | 300 | 52 | 62 | 220 | 542 | 096 | 113
130 | 120 | 10 | 1.08 | 975.0 | 6500 | 450 | 52 | 62 | 270 | 542 | 0.96 | 1.09
130 | 120 | 10 | 1.08 | 975.0 | 6500 | 600 | 52 | 62 | 311 | 542 | 096 | 1.09
Mean 0970
Sd. Dev. 0.025
Max 1.043
Min 0923
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ANNEX K: RLC Column Data

Table K;: PCy, columns: (i) geometries, (ii) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column |
bw bf bs bI t bvv/ bt A % lv(v)e ﬁ FT L fy 1:u 1:ch lc; 1:nG 1:u/ fnG b a anT fu/ anT
RLC1 L1| 60 | 55 | 10 | 10 1 1.09 [210.0| 1146 |7.08 | 2000 | 75 | 64 | 167 | 067 | 62.1 | 103 |1.67 | 0.77 | 62.1 | 1.03
60 | 55 | 10 | 10 1 1.09 |210.0| 114.6 | 7.08 | 2000 | 150 | 110 | 167 | 0.95 | 102.9 | 1.07 | 1.67 | 0.77 | 102.9| 1.07
60 | 55 | 10 | 10 1 1.09 |210.0| 114.6 | 7.08 | 2000 | 300 | 146 | 167 | 1.34 | 141.1 | 103 | 1.67 | 0.77 | 141.1| 1.03
60 | 55 | 10 | 10 1 1.09 |210.0| 114.6 | 7.08 | 2000 | 450 | 157 | 167 | 1.64 | 146.0 | 1.07 | 1.67 | 0.77 | 150.5| 1.04
60 | 55 | 10 | 10 1 1.09 |210.0| 114.6 | 7.08 | 2000 | 600 | 162 | 167 | 1.90 | 146.0 | 111 | 1.67 | 0.77 | 157.7 | 1.03
RLC1 L2| 60 | 55 | 10 | 10 1 1.09 [210.0| 1146 |7.08 | 2500 | 75 | 58 | 109 [ 083 | 56.2 | 1.03 | 1.67 | 0.77 | 56.2 | 1.03
60 | 55 | 10 | 10 1 1.09 |210.0| 114.6 |7.08 | 2500 | 150 | 85 | 109 | 1.18 | 84.1 | 1.02 | 1.67 | 0.77 | 84.1 | 1.02
60 55 10 10 1 1.09 | 210.0 | 114.6 | 7.08 | 2500 | 300 | 102 | 109 | 1.66 | 95.2 | 1.07 | 1.67 [0.77 | 985 | 1.03
60 | 55 | 10 | 10 1 1.09 |210.0| 114.6 |7.08 | 2500 | 450 | 108 | 109 | 2.04 [ 95.2 | 114 | 1.67 | 0.77 | 105.2| 1.03
60 | 55 | 10 | 10 1 1.09 |[210.0| 114.6 |7.08 | 2500 | 600 | 112 | 109 | 2.35 | 95.2 | 118 | 1.67 | 0.77 | 110.2| 1.02
RLC1 L3| 60 | 55 | 10 | 10 1 1.09 [210.0| 114.6 |7.08 | 3000 | 75 | 50 | 76 [ 099 | 49.7 | 1.00 | 1.67 | 0.77 | 49.7 | 1.00
60 55 10 10 1 1.09 | 210.0 | 114.6 | 7.08 | 3000 | 150 | 65 76 | 140 | 659 | 099 | 167 [0.77 | 659 | 0.99
60 | 55 | 10 | 10 1 1.09 |210.0| 114.6 |7.08 | 3000 | 300 | 75 | 76 | 198 | 67.0 | 113 |1.67 | 0.77 | 73.4 | 1.03
60 | 55 | 10 | 10 1 1.09 |210.0| 114.6 |7.08 | 3000 | 450 | 81 | 76 |243 | 67.0 | 120 |1.67 | 0.77 | 78.4 | 1.03
60 | 55 | 10 | 10 1 1.09 [210.0| 114.6 |7.08 | 3000 | 600 | 83 | 76 | 280 | 67.0 | 1.25 | 1.67 | 0.77 | 82.1 | 1.02
RLC1 L4| 60 | 55 | 10 | 10 1 1.09 [210.0| 1146 |7.08 3300 | 75 | 45 | 64 | 109 | 45.8 | 098 | 1.67 | 0.77 | 45.8 | 0.98
60 55 10 10 1 1.09 | 210.0 | 1146 | 7.08 | 3300 | 150 | 56 64 | 154 | 558 | 101 | 167 [0.77 | 56.2 | 1.00
60 55 10 10 1 1.09 | 210.0 | 114.6 | 7.08 | 3300 | 300 | 65 64 | 217 | 558 | 116 | 167 [0.77 | 629 | 1.03
60 | 55 | 10 | 10 1 1.09 |210.0| 114.6 |7.08 | 3300 | 450 | 69 | 64 | 266 | 55.8 | 124 |1.67 | 0.77 | 67.2 | 1.03
60 | 55 | 10 | 10 1 1.09 [210.0| 114.6 |7.08 | 3300 | 600 | 72 | 64 |3.07 | 55.8 | 1.28 |1.67 | 0.77 | 70.5 | 1.02
RLC2_L1| 100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 5000 | 75 51 80 | 097 | 50.6 | 1.00 |1.72 [0.78 | 50.6 | 1.00
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 5000 | 150 | 68 80 | 137 | 683 | 099 | 172 |[0.78 | 68.3 | 0.99
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 5000 | 300 | 78 80 | 194|699 | 111 | 172|078 | 75.2 | 1.03
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 5000 | 450 | 82 80 | 238|699 | 118 | 172 |0.78 | 79.7 | 1.03
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 5000 | 600 | 84 80 | 274|699 | 120 | 172 (078 | 83.0 | 1.01
RLC2_L2| 100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 5500 | 75 46 66 | 1.06 | 46.7 | 098 |1.72 [ 0.78 | 46.7 | 0.98
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 5500 | 150 | 58 66 | 150 | 58.1 | 1.00 |1.72 [0.78 | 58.2 | 1.00
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 5500 | 300 | 67 66 | 213 | 58.1 | 115 (172 ]0.78| 64.2 | 1.04
100 | 100 | 20 | 15 | 15 | 1.00 |555.0 | 3094.4 | 7.80 | 5500 | 450 | 71 | 66 |261 | 58.1 | 1.21 |1.72 |0.78 | 67.9 | 1.04
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 5500 | 600 | 72 66 |3.01| 581 | 124 (172]0.78| 70.8 | 1.02
RLC2_L3| 100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 6000 | 75 41 56 | 116 | 42.8 | 096 |1.72 [ 0.78 | 42.8 | 0.96
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 6000 | 150 | 51 56 | 164 | 49.1 | 103 | 172 (078 | 50.3 | 1.01
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 6000 | 300 | 58 56 | 232 | 49.1 | 118 |1.72 | 0.78 | 55.5 | 1.05
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 6000 | 450 | 62 56 | 284 | 49.1 | 125 | 172 |0.78 | 58.8 | 1.05
100 | 100 | 20 | 15 | 15 | 1.00 |555.0 | 3094.4 | 7.80 | 6000 | 600 | 62 | 56 |3.27 | 49.1 | 1.27 | 172 |0.78 | 612 | 1.02
RLC2_L4| 100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 6500 | 75 37 48 | 125|389 | 095 | 172 |0.78 | 389 | 0.95
100 | 100 | 20 | 15 | 15 | 1.00 |555.0 | 3094.4 | 7.80 | 6500 | 150 | 45 | 48 | 177 | 42.0 | 1.06 |1.72 | 0.78 | 44.0 | 1.02
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 6500 | 300 | 51 48 | 250 | 42.0 | 122 | 172 |0.78 | 48.6 | 1.06
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 6500 | 450 | 54 48 | 3.06 | 42.0 | 129 | 172 [0.78 | 51.4 | 1.05
100 | 100 | 20 15 15 1.00 | 555.0 | 3094.4 | 7.80 | 6500 | 600 | 55 48 | 354 | 420 | 130 |1.72 (078 | 53.6 | 1.02
RLC3_L1| 110 [ 100 | 20 | 15 | 15 | 1.10 |570.0 | 3552.5 | 8.55 | 4000 | 75 | 62 | 142 | 0.73 | 60.2 | 1.03 | 1.76 [ 0.80 | 60.2 | 1.03
110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 4000 | 150 | 101 | 142 | 1.03 | 96.5 | 105 | 1.76 | 0.80 | 96.5 | 1.05
110 [ 100 | 20 | 15 | 15 | 1.10 |570.0 | 3552.5 | 8.55 | 4000 | 300 | 128 | 142 | 1.45 | 124.1 | 1.03 | 1.76 | 0.80 | 124.1 | 1.03
110 | 100 | 20 | 15 | 15 | 1.10 |570.0 | 3552.5 | 8.55 | 4000 | 450 | 136 | 142 | 1.78 | 124.8 | 1.09 | 1.76 | 0.80 | 130.0 | 1.05
110 [ 100 | 20 | 15 | 15 | 1.10 |570.0 | 3552.5 | 8.55 | 4000 | 600 | 137 | 142 | 2.05 | 124.8 | 1.10 | 1.76 | 0.80 | 134.5| 1.02
RLC3_L2| 110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 4500 | 75 58 | 114 | 081 | 56.9 | 1.03 |[1.76 | 0.80 | 56.9 | 1.03
110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 4500 | 150 | 88 | 114 | 1.15| 86.3 | 1.02 | 1.76 | 0.80 | 86.3 | 1.02
110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 4500 | 300 | 105 | 114 | 1.63 | 99.6 | 1.06 | 1.76 | 0.80 | 101.5| 1.04
110 [ 100 | 20 | 15 | 15 | 1.10 |570.0 | 3552.5 | 8.55 | 4500 | 450 | 112 | 114 | 1.99 | 99.6 | 1.12 | 1.76 | 0.80 | 106.5 | 1.05
110 [ 100 | 20 | 15 | 15 | 1.10 |570.0 | 3552.5 | 8.55 | 4500 | 600 | 114 | 114 | 2.30 | 99.6 | 1.14 | 1.76 | 0.80 | 110.2 | 1.03
RLC3_L3| 110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 5000 | 75 54 93 | 090 | 534 | 101 |1.76 [0.80 | 53.4 | 1.01
110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 5000 | 150 | 76 93 | 127 | 76.1 | 100 |1.76 [ 0.80 | 76.1 | 1.00
110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 5000 | 300 | 88 93 | 180 | 81.2 | 1.09 |1.76 [0.80 | 84.8 | 1.04
110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 5000 | 450 | 94 93 | 220 | 812 | 115 | 1.76 [ 0.80 | 89.0 | 1.05
110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 5000 | 600 | 96 93 | 255|812 | 118 |1.76 [0.80 | 92.1 | 1.04
RLC3_L4| 110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 5500 | 75 50 77 | 099 | 499 | 100 |1.76 [ 0.80 | 49.9 | 1.00
110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 5500 | 150 | 66 77 | 140 | 66.4 | 099 |1.76 [ 0.80 | 66.4 | 0.99
110 [ 100 | 20 | 15 | 15 | 1.10 |570.0 | 3552.5 | 8.55 | 5500 | 300 | 76 | 77 |1.97 | 675 | 1.12 | 176 | 080 | 72.1 | 1.05
110 | 100 | 20 15 15 1.10 | 570.0 | 3552.5 | 8.55 | 5500 | 450 | 80 77 | 242 | 675 | 119 |1.76 [ 0.80 | 75.6 | 1.06
110 | 100 | 20 | 15 | 15 | 1.10 |570.0 | 3552.5 | 8.55 | 5500 | 600 | 82 | 77 |279| 675 | 1.21 |1.76 | 080 | 78.2 | 1.05
RLC4 L1| 130 | 130 | 20 | 20 | 1.5 | 1.00 |705.0| 9150.8 | 8.60 | 6000 | 75 | 52 | 85 [ 094 | 51.9 | 1.01 | 177 [0.80| 51.9 | 1.01
130 | 130 | 20 20 15 1.00 | 705.0 | 9150.8 | 8.60 | 6000 | 150 | 72 85 | 133 | 71.8 | 100 |1.77 [ 0.80 | 71.8 | 1.00
130 | 130 | 20 20 15 1.00 | 705.0 | 9150.8 | 8.60 | 6000 | 300 | 83 85 | 188 | 747 | 112 |1.77 [ 0.80 | 78.8 | 1.06
130 | 130 | 20 20 15 1.00 | 705.0 | 9150.8 | 8.60 | 6000 | 450 | 85 85 | 230 | 747 | 114 | 177 [ 080 | 826 | 1.03
130 | 130 | 20 20 15 1.00 | 705.0 | 9150.8 | 8.60 | 6000 | 600 | 85 85 | 265 | 747 | 114 |1.77 [ 0.80 | 854 | 1.00
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Geometry SFEA DSM Design
Column |
bw bf bs bI t bvv/ bt A % 1"(\/)6 ﬁ FT L fy 1:u 1:ch l@ 1:nG 1:u/ fnG b a anT fu/ anT
RLC4_L2| 130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 9150.8 |8.60 | 6500 | 75 | 48 | 73 | 101 | 48.8 | 099 |1.77 | 0.80 | 48.8 | 0.99
130 | 130 | 20 | 20 | 1.5 | 1.00 |705.0 | 9150.8 | 8.60 | 6500 | 150 | 64 | 73 | 143 | 635 | 100 | 1.77 | 0.80 | 63.5 | 1.00
130 | 130 | 20 | 20 | 1.5 | 1.00 | 705.0 | 9150.8 | 8.60 | 6500 | 300 | 73 | 73 | 203 | 64.1 | 115 |1.77 | 0.80 | 68.8 | 1.07
130 | 130 | 20 | 20 | 1.5 | 1.00 |705.0 | 9150.8 | 8.60 | 6500 | 450 | 76 | 73 | 248 | 64.1 | 1.18 | 1.77 | 0.80 | 72.1 | 1.05
130 | 130 | 20 | 20 | 1.5 | 1.00 |705.0 | 9150.8 | 8.60 | 6500 | 600 | 76 | 73 | 287 | 64.1 | 1.18 | 1.77 | 0.80 | 746 | 1.02
RLC4_L3| 130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 9150.8 |8.60 | 7000 | 75 | 45 | 63 | 1.09 | 45.7 | 098 | 1.77 | 0.80 | 45.7 | 0.98
130 | 130 | 20 | 20 | 1.5 | 1.00 | 705.0 | 9150.8 | 8.60 | 7000 | 150 | 57 | 63 | 154 | 55.6 | 1.02 | 1.77 | 0.80 | 55.9 | 1.01
130 | 130 | 20 | 20 | 1.5 | 1.00 | 705.0 | 9150.8 | 8.60 | 7000 | 300 | 65 | 63 |2.18 | 55.6 | 1.18 | 1.77 | 0.80 | 60.7 | 1.08
130 | 130 | 20 | 20 | 1.5 | 1.00 |705.0 | 9150.8 | 8.60 | 7000 | 450 | 69 | 63 | 266 | 55.6 | 1.24 | 1.77 | 0.80 | 63.6 | 1.08
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 9150.8 | 8.60 | 7000 | 600 | 69 | 63 |3.08 | 55.6 | 124 |1.77 | 0.80 | 65.8 | 1.04
RLC4_L4| 130 | 130 | 20 20 15 1.00 | 705.0 | 9150.8 | 8.60 | 7500 | 75 41 55 | 116 | 42.6 096 |1.77|0.80 | 42.6 0.96
130 | 130 | 20 | 20 | 1.5 | 1.00 |705.0 | 9150.8 | 8.60 | 7500 | 150 | 51 | 55 | 164 | 48.6 | 1.05 | 1.77 | 0.80 | 49.7 | 1.02
130 | 130 | 20 | 20 | 1.5 | 1.00 |705.0 | 9150.8 | 8.60 | 7500 | 300 | 59 | 55 | 233 | 48.6 | 121 |1.77 | 0.80 | 53.9 | 1.09
130 | 130 | 20 | 20 | 1.5 | 1.00 | 705.0 | 9150.8 | 8.60 | 7500 | 450 | 62 | 55 | 2.85| 48.6 | 1.28 | 1.77 | 0.80 | 56.5 | 1.10
130 | 130 | 20 | 20 | 1.5 | 1.00 | 705.0 | 9150.8 | 8.60 | 7500 | 600 | 62 | 55 |3.29 | 48.6 | 1.28 | 1.77 | 0.80 | 58.5 | 1.06
RLC5_L1| 150 | 130 | 20 15 25 1.15 |1200.0( 17952.8 | 6.62 | 5000 | 75 64 | 156 | 0.69 | 61.3 104 | 1.65|0.76 | 61.3 1.04
150 | 130 | 20 15 25 1.15 |1200.0( 17952.8 | 6.62 | 5000 | 150 | 107 | 156 | 0.98 | 100.2 | 1.07 | 1.65 | 0.76 | 100.2 | 1.07
150 | 130 | 20 15 | 25 | 1.15 |1200.0|17952.8| 6.62 | 5000 | 300 | 139 | 156 | 1.39 | 133.9 | 1.03 | 1.65 | 0.76 | 133.9| 1.03
150 | 130 | 20 15 25 1.15 |1200.0( 17952.8 | 6.62 | 5000 | 450 | 150 | 156 | 1.70 | 136.5| 1.10 | 1.65 | 0.76 | 142.8 | 1.05
150 | 130 | 20 15 | 25 | 1.15 |1200.0|17952.8| 6.62 | 5000 | 600 | 157 | 156 | 1.96 | 136.5 | 1.15 | 1.65 | 0.76 | 150.2 | 1.04
RLC5_L2| 150 | 130 | 20 15 | 25 | 1.15 |1200.0|17952.8|6.62 | 5500 | 75 | 61 | 130 | 0.76 | 58.9 | 1.04 |1.65 |0.76 | 58.9 | 1.04
150 | 130 | 20 15 | 25 | 1.15 |1200.0|17952.8| 6.62 | 5500 | 150 | 96 | 130 | 1.07 | 92.6 | 1.04 |1.65 |0.76 | 92.6 | 1.04
150 | 130 | 20 15 25 1.15 |1200.0( 17952.8 | 6.62 | 5500 | 300 | 119 | 130 | 1.52 | 1141 | 105 | 1.65 | 0.76 | 1146 | 1.04
150 | 130 | 20 15 25 1.15 |1200.0( 17952.8 | 6.62 | 5500 | 450 | 129 | 130 | 1.86 | 114.1 | 113 | 1.65 | 0.76 | 123.2| 1.04
150 | 130 | 20 15 2.5 1.15 |1200.0( 17952.8 | 6.62 | 5500 | 600 | 135 | 130 | 2.15 | 114.1 | 118 | 1.65 | 0.76 | 129.6 | 1.04
RLC5_L3| 150 | 130 | 20 15 | 25 | 1.15 |1200.0|17952.8|6.62 | 6000 | 75 | 58 | 110 | 0.82 | 56.4 | 1.03 | 1.65 | 0.76 | 56.4 | 1.03
150 | 130 | 20 15 25 1.15 |1200.0( 17952.8 | 6.62 | 6000 | 150 | 87 | 110 | 1.17 | 84.9 1.02 | 1.65 | 0.76 | 84.9 1.02
150 | 130 | 20 15 | 25 | 1.15 |1200.0|17952.8| 6.62 | 6000 | 300 | 104 | 110 | 1.65 | 96.7 | 1.08 | 1.65 | 0.76 | 100.1 | 1.04
150 | 130 | 20 15 25 1.15 |1200.0( 17952.8 | 6.62 | 6000 | 450 | 112 | 110 | 2.02 | 96.7 116 | 165 | 0.76 | 107.5| 1.04
150 | 130 | 20 15 2.5 1.15 |1200.0( 17952.8 | 6.62 | 6000 | 600 | 117 | 110 | 2.33 | 96.7 121 | 165 |0.76 | 113.1| 1.04
RLC5_L4 | 150 | 130 | 20 15 | 25 | 1.15 |1200.0|17952.8|6.62 | 6500 | 75 | 55 | 95 | 089 | 53.8 | 1.02 | 165 |0.76 | 53.8 | 1.02
150 | 130 | 20 15 25 1.15 |1200.0( 17952.8 | 6.62 | 6500 | 150 | 78 95 | 126 | 77.3 100 | 1.65|0.76 | 77.3 1.00
150 | 130 | 20 15 | 25 | 1.15 |1200.0|17952.8|6.62 | 6500 | 300 | 92 | 95 |1.78| 83.0 | 1.10 | 165 |0.76 | 88.3 | 1.04
150 | 130 | 20 15 | 25 | 1.15 |1200.0|17952.8 | 6.62 | 6500 | 450 | 99 | 95 | 218 | 83.0 | 1.19 | 165|076 | 94.8 | 1.04
150 | 130 | 20 15 | 25 | 1.15 |1200.0|17952.8 | 6.62 | 6500 | 600 | 103 | 95 | 252 | 83.0 | 1.25 | 165|076 | 99.8 | 1.04
Mean 1.104 Mean 1.028
Sd. Dev. 0.095 Sd. Dev. 0.027
Max 1.305 Max 1.100
Min 0.946 Min 0.949

Table K;: PC;,, columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column
bw bf bs bI t bvv/ bt A L fy 1:u 1:ch l@ 1:nG 1:u/ fnG anT fu/ anT
RLC1_L1| 60 | 55 | 20 | 10 | 1 | 109 [210.0] 2000 | 75 | 67 | 220 [ 058 | 65.0 | 1.03 | 65.0 | 1.03
60 | 55 | 10 | 10 | 1 | 109 |210.0| 2000 | 150 | 120 | 220 | 0.83 | 112.8| 1.07 |112.8| 1.07
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 2000 | 300 | 166 | 220 | 1.17 | 169.6 | 0.98 | 144.8 | 1.15
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 2000 | 450 | 169 | 220 | 1.43 | 191.2 | 0.89 |144.8 | 1.17
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 2000 | 600 | 169 | 220 | 1.65 | 193.0 | 0.88 | 144.8 | 1.17
RLC1_L2| 60 | 55 | 10 | 10 | 1 | 109 [210.0| 2500 | 75 | 63 | 146 | 0.72 | 60.5 | 1.04 | 60.5 | 1.04
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 2500 | 150 | 99 | 146 | 1.01 | 975 | 1.02 | 96.0 | 1.03
60 | 55 | 10 | 10 | 1 | 109 |210.0| 2500 | 300 | 110 | 146 | 1.43 | 126.9| 0.87 | 96.0 | 1.15
60 | 55 | 10 | 10 | 1 | 109 |210.0| 2500 | 450 | 110 | 146 | 1.76 | 128.0 | 0.86 | 96.0 | 1.15
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 2500 | 600 | 110 | 146 | 2.03 | 128.0| 0.86 | 96.0 | 1.15
RLC1_L3| 60 | 55 | 10 | 10 | 1 | 109 [210.0[ 3000 | 75 | 57 | 104 |[0.85| 55.4 | 1.02 | 55.4 | 1.02
60 | 55 | 10 | 10 | 1 | 109 |210.0| 3000 | 150 | 76 | 104 | 1.20 | 81.8 | 0.92 | 68.2 | 1.11
60 | 55 | 10 | 10 | 1 | 109 |210.0| 3000 | 300 | 77 | 104 | 1.70 | 90.9 | 0.84 | 68.2 | 1.13
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3000 | 450 | 77 | 104 | 2.08 | 90.9 | 0.84 | 68.2 | 1.13
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3000 | 600 | 77 | 104 | 2.41 | 90.9 | 0.84 | 68.2 | 1.13
RLC1_L4| 60 | 55 | 10 | 10 | 1 | 109 [2100[3300| 75 | 52 | 87 [093| 522 | 1.00 | 52.2 | 1.00
60 | 55 | 10 | 10 | 1 | 109 |210.0| 3300 | 150 | 63 | 87 |1.32| 727 | 0.87 | 57.0 | 1.11
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3300 | 300 | 63 | 87 |1.86| 759 | 0.83 | 57.0 | 1.11
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3300 | 450 | 63 | 87 |2.28| 759 | 0.83 | 57.0 | 1.11
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3300 | 600 | 63 | 87 |2.63| 759 | 0.83 | 57.0 | 1.11
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Geometry SFEA DSM Design

Column
bw bf bs bI t bvv/bt A L fy 1:u 1:ch l(; 1:nG 1:u/fnG anT fu/anT

RLC2_L1| 100 | 100 | 20 15 | 15 1.00 |[555.0| 5000 [ 75 57 | 111 {082 | 565 | 1.01 | 56.5 | 1.01
100 | 100 | 20 15 | 15 1.00 |[555.0| 5000 [ 150 | 81 | 111 {116 | 852 | 095 | 73.0 | 111
100 | 100 | 20 15 | 15 1.00 |[555.0| 5000 [ 300 | 84 | 111 (164 | 97.3 | 087 | 73.0 | 1.15
100 | 100 | 20 15 | 15 1.00 |[555.0| 5000 | 450 | 84 | 111 {201 | 973 | 087 | 73.0 | 1.15
100 | 100 | 20 15 | 15 1.00 [555.0] 5000 [ 600 | 84 | 111 {233 | 973 | 087 | 73.0 | 115

RLC2_L2| 100 | 100 | 20 15 | 15 | 100 |[555.0| 5500 | 75 53 | 93 (090 | 534 | 1.00 | 53.4 | 1.00
100 | 100 | 20 15 | 15 | 100 |[555.0| 5500 ( 150 | 69 | 93 |[1.27 | 76.2 | 090 | 60.9 | 1.13
100 | 100 | 20 15 | 15 | 100 |[555.0| 5500 300 ( 70 | 93 [1.80 | 812 | 0.86 | 60.9 | 1.14
100 | 100 | 20 15 | 15 | 100 |555.0| 5500 [ 450 | 70 | 93 [220 | 81.2 | 0.86 | 60.9 | 1.14
100 | 100 | 20 15 | 15 | 100 [555.0] 5500|600 | 70 | 93 |[255| 812 | 0.86 | 60.9 | 1.14

RLC2_L3| 100 | 100 | 20 15 | 15 | 100 |[555.0| 6000 [ 75 49 | 79 (098 | 503 | 098 | 50.3 | 0.98
100 | 100 | 20 15 | 15 | 100 |555.0| 6000 [ 150 | 58 | 79 |[1.38 | 67.4 | 0.86 | 51.7 | 1.13
100 | 100 | 20 15 | 15 | 100 |[555.0| 6000 [ 300 | 58 | 79 [1.95| 689 | 0.85 | 51.7 | 1.13
100 | 100 | 20 15 | 15 | 100 |[555.0| 6000 [ 450 | 58 | 79 [239 | 689 | 085 | 51.7 | 1.13
100 | 100 | 20 15 | 15 | 100 |555.0| 6000 [ 600 | 58 | 79 [2.76 | 689 | 085 | 51.7 | 1.13

RLC2_L4| 100 | 100 | 20 15 | 15 1.00 |[555.0| 6500 [ 75 44 67 | 1.05| 47.1 | 0.94 | 444 | 1.00
100 | 100 | 20 15 | 15 1.00 |555.0| 6500 [ 150 | 49 67 | 149 | 59.1 | 0.84 | 444 | 111
100 | 100 | 20 15 | 15 1.00 |555.0| 6500 [ 300 | 49 67 (211 | 59.2 | 0.84 | 444 | 111
100 | 100 | 20 15 | 15 1.00 |555.0| 6500 | 450 | 49 67 | 258 | 59.2 | 0.84 | 444 | 111
100 | 100 | 20 15 | 15 1.00 |555.0| 6500 [ 600 | 49 67 | 298| 59.2 | 084 | 444 | 111

RLC3_L1| 110 | 100 | 20 15 15 110 [570.0 | 4000 | 75 66 | 190 [ 0.63 | 636 | 1.04 | 63.6 | 1.04
110 | 100 | 20 15 15 110 |570.0 | 4000 | 150 | 114 | 190 | 0.89 | 107.7| 1.06 |107.7| 1.06
110 | 100 | 20 15 15 1.10 |570.0 | 4000 | 300 | 145 | 190 | 1.26 | 154.7 | 0.94 |124.7| 116
110 | 100 | 20 15 15 1.10 |570.0 | 4000 | 450 | 145 | 190 | 1.54 | 166.2 | 0.87 |124.7| 117
110 | 100 | 20 15 15 1.10 |570.0 | 4000 | 600 | 145 | 190 | 1.78 | 166.2 | 0.87 |124.7| 117

RLC3_L2| 110 | 100 | 20 15 | 15 110 [570.0 | 4500 | 75 64 | 153 [ 0.70 | 61.1 | 1.04 | 61.1 | 1.04
110 | 100 | 20 15 | 15 110 [570.0 | 4500 | 150 | 103 | 153 [ 0.99 | 99.4 | 1.03 | 99.4 | 1.03
110 | 100 | 20 15 | 15 110 [570.0 | 4500 | 300 | 116 | 153 | 1.40 | 131.8| 0.88 |100.5| 1.16
110 | 100 | 20 15 | 15 110 [570.0 | 4500 | 450 | 116 | 153 | 1.72 | 133.9| 0.87 |100.5| 1.16
110 | 100 | 20 15 | 15 110 [570.0 ] 4500 | 600 | 116 | 153 | 1.98 | 133.9| 0.87 [100.5| 1.16

RLC3_L3| 110 | 100 | 20 15 | 15 | 110 [570.0| 5000 [ 75 61 | 125 [ 0.77 | 58.4 | 1.04 | 58.4 | 1.04
110 | 100 | 20 15 | 15 | 110 [570.0| 5000 [ 150 | 90 | 125 [ 1.09 | 90.9 | 0.99 | 825 | 1.09
110 | 100 | 20 15 | 15 | 110 [570.0| 5000 [ 300 | 95 | 125 | 1.55 | 110.0| 0.86 | 825 | 1.15
110 | 100 | 20 15 | 15 | 110 [570.0| 5000 | 450 | 95 | 125 | 1.89 | 110.0| 0.86 | 825 | 1.15
110 | 100 | 20 15 | 15 | 110 [570.0| 5000 [ 600 | 95 | 125 |2.19 | 110.0| 0.86 | 825 | 1.15

RLC3_L4| 110 | 100 | 20 15 15 110 [570.0 | 5400 | 75 57 | 109 {083 | 56.2 | 1.01 | 56.2 | 1.01
110 | 100 | 20 15 15 110 |570.0 | 5400 | 150 | 78 | 109 | 1.18 | 841 | 0.92 | 71.4 | 1.09
110 | 100 | 20 15 15 110 [570.0 | 5400 | 300 | 80 | 109 | 1.66 | 952 | 0.84 | 71.4 | 112
110 | 100 | 20 15 15 110 |570.0 | 5400 | 450 | 80 | 109 | 2.04 | 952 | 0.84 | 714 | 112
110 | 100 | 20 15 15 110 [570.0 | 5400 | 600 | 80 | 109 {235 | 952 | 0.84 | 714 | 112

RLC4_L1| 130 | 130 | 20 20 | 15 1.00 |705.0| 6000 [ 75 57 | 111 {082 | 565 | 1.01 | 56.5 | 1.01
130 | 130 | 20 20 | 15 100 |705.0| 6000 [ 150 | 80 | 111 {116 | 851 | 094 | 729 | 110
130 | 130 | 20 20 | 15 100 |705.0| 6000 [ 300 | 84 | 111 (165 | 971 | 086 | 729 | 115
130 | 130 | 20 20 | 15 100 |[705.0| 6000 | 450 | 84 | 111 {202 | 97.1 | 086 | 729 | 115
130 | 130 | 20 20 | 15 1.00 [705.0] 6000 | 600 | 84 | 111 {233 | 971 | 086 | 729 | 115

RLC4_L2| 130 | 130 | 20 20 | 15 | 100 |705.0 | 6500 | 75 54 | 96 |0.89 | 540 | 1.00 | 54.0 | 1.00
130 | 130 | 20 20 | 15 | 100 |705.0| 6500 | 150 | 71 | 96 |125| 778 | 0.91 | 629 | 113
130 | 130 | 20 20 | 15 | 100 |705.0 | 6500 | 300 | 72 | 96 |1.77 | 839 | 0.86 | 629 | 115
130 | 130 | 20 20 | 15 | 100 |705.0 | 6500 | 450 | 72 | 96 | 217 | 839 | 0.86 | 629 | 115
130 | 130 | 20 20 | 15 | 1.00 |705.0 | 6500 | 600 | 72 | 96 | 251 | 839 | 0.86 | 62.9 | 115

RLC4_L3| 130 | 130 | 20 20 | 15 | 100 |705.0| 7000 | 75 51 | 83 095 | 514 | 098 | 51.4 | 098
130 | 130 | 20 20 | 15 | 100 |705.0| 7000 | 150 | 62 | 83 |1.34| 706 | 0.88 | 54.8 | 114
130 | 130 | 20 20 | 15 | 100 |705.0( 7000 | 300 | 63 | 83 | 190 | 730 | 0.86 | 54.8 | 114
130 | 130 | 20 20 | 15 | 100 |705.0| 7000 | 450 | 63 | 83 |232| 730 | 0.86 | 54.8 | 114
130 | 130 | 20 20 | 15 | 1.00 |705.0| 7000 | 600 | 63 | 83 | 268 | 730 | 0.86 | 54.8 | 114

RLC4_L4| 130 | 130 | 20 20 | 15 1.00 |[705.0| 7500 | 75 47 73 | 1.01| 488 | 0.96 | 48.1 | 098
130 | 130 | 20 20 | 15 1.00 |705.0| 7500 | 150 | 55 73 | 143 | 636 | 086 | 481 | 113
130 | 130 | 20 20 | 15 1.00 |705.0| 7500 [ 300 | 55 73 | 202 | 642 | 085 | 481 | 113
130 | 130 | 20 20 | 15 1.00 |705.0| 7500 | 450 | 55 73 | 248 | 642 | 085 | 48.1 | 113
130 | 130 | 20 20 | 15 1.00 [705.0| 7500 | 600 | 55 73 | 286|642 | 085 | 481 | 113

RLC5_L1| 150 | 130 | 20 15 | 25 1.15 (1200.0| 5000 | 75 66 | 196 [ 0.62 | 639 | 1.04 | 63.9 | 1.04
150 | 130 | 20 15 | 25 1.15 (1200.0| 5000 | 150 | 115 | 196 | 0.87 (108.9 | 1.05 |108.9| 1.05
150 | 130 | 20 15 | 25 1.15 [1200.0| 5000 | 300 | 147 | 196 | 1.24 | 158.2| 093 |129.1| 114
150 | 130 | 20 15 | 25 1.15 (1200.0| 5000 | 450 | 148 | 196 | 1.51 (172.1| 0.86 |129.1| 1.15
150 | 130 | 20 15 | 25 1.15 [1200.0| 5000 | 600 | 148 | 196 | 1.75 |172.1| 0.86 |[129.1| 115

RLC5_L2| 150 | 130 | 20 15 | 25 1.15 (1200.0| 5500 | 75 65 | 165 [ 0.67 | 620 | 1.04 | 62.0 | 1.04
150 | 130 | 20 15 | 25 1.15 (1200.0| 5500 | 150 | 106 | 165 | 0.95 | 102.6 | 1.03 | 102.6 | 1.03
150 | 130 | 20 15 | 25 1.15 [1200.0| 5500 | 300 | 124 | 165 | 1.35 | 140.4 | 0.88 |108.8 | 1.14
150 | 130 | 20 15 | 25 1.15 [1200.0| 5500 | 450 | 124 | 165 | 1.65 | 145.0 | 0.86 |108.8 | 1.14
150 | 130 | 20 15 | 25 1.15 [1200.0] 5500 | 600 | 124 | 165 | 1.90 | 145.0| 0.86 |108.8| 1.14
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Geometry SFEA DSM Design

bw bf bs bI t bvv/bt A L fy 1:u 1:ch l@ 1:nG 1:u/fnG anT fu/anT

RLC5_L3| 150 | 130 | 20 15 | 25 1.15 (1200.0| 6000 | 75 63 | 141 | 0.73 | 60.0 | 1.04 | 60.0 | 1.04
150 | 130 | 20 15 | 25 1.15 (1200.0| 6000 | 150 | 96 | 141 [ 1.03 | 96.1 | 1.00 | 92.8 | 1.04
150 | 130 | 20 15 | 25 1.15 (1200.0| 6000 | 300 | 105 | 141 | 1.46 (123.2| 085 | 92.8 | 1.13
150 | 130 | 20 15 | 25 1.15 (1200.0| 6000 | 450 | 105 | 141 | 1.79 (123.7| 085 | 92.8 | 1.13
150 | 130 | 20 15 | 25 1.15 [1200.0| 6000 | 600 | 105 | 141 [ 2.06 |123.7| 0.85 | 92.8 | 1.13
RLC5_L4| 150 | 130 | 20 15 | 25 1.15 [1200.0| 6500 | 75 60 | 122 | 0.78 | 58.0 | 1.04 | 58.0 | 1.04
150 | 130 | 20 15 | 25 1.15 [1200.0| 6500 | 150 | 86 | 122 | 1.11 | 89.6 | 0.96 | 80.1 | 1.07
150 | 130 | 20 15 | 25 1.15 [1200.0| 6500 | 300 | 90 | 122 | 1.57 |106.8| 0.84 | 80.1 | 1.12
150 | 130 | 20 15 | 25 1.15 [1200.0| 6500 | 450 | 90 | 122 | 1.92 (106.8| 0.84 | 80.1 | 1.12
150 | 130 | 20 15 | 25 1.15 [1200.0] 6500 | 600 | 90 | 122 | 2.22 | 106.8| 0.84 | 80.1 | 1.12

Column

Mean 0.910 1.105
Sd. Dev. 0.075 0.053
Max 1.065 1.169
Min 0.833 0.975

Table K3: PS columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design

bw bf bs bI bv\/bt A L fy 1:u 1:ch lc; 1:nG 1:u/fnG

RLC1_L1| 60 55 10 10 109 |210.0 | 2000 | 75 64 | 167 | 067 | 62.1 | 103
60 55 10 10 109 |210.0 | 2000 | 150 | 110 | 167 | 0.95 | 102.9 | 1.07
60 55 10 10 109 |210.0 | 2000 | 300 | 143 | 167 | 1.34 | 141.1| 1.01
60 55 10 10 109 |210.0 | 2000 | 450 | 146 | 167 | 1.64 | 146.0 | 1.00
60 55 10 10 1.09 |210.0 | 2000 | 600 | 146 | 167 | 1.90 | 146.0 | 1.00
RLC1_L2| 60 55 10 10 109 |210.0 | 2500 | 75 58 | 109 | 0.83 | 56.2 | 103
60 55 10 10 109 |210.0 | 2500 | 150 | 85 | 109 | 1.18 | 84.1 | 1.01
60 55 10 10 109 |210.0 | 2500 | 300 | 96 | 109 | 1.66 | 95.2 | 1.01
60 55 10 10 109 |210.0 | 2500 | 450 | 96 | 109 | 2.04 | 95.2 | 1.01
60 55 10 10 109 |210.0 | 2500 | 600 | 96 | 109 | 235 | 95.2 | 1.01
RLC1_L3| 60 55 10 10 109 |210.0 | 3000 | 75 50 76 [ 099 | 49.7 | 100
60 55 10 10 109 |210.0 | 3000 | 150 | 64 76 | 140 | 659 | 097
60 55 10 10 1.09 |210.0 | 3000 | 300 | 67 76 [ 198 | 67.0 | 101
60 55 10 10 1.09 |210.0 | 3000 | 450 | 67 76 | 243|670 | 101
60 55 10 10 1.09 |210.0 | 3000 | 600 | 67 76 [280] 67.0 | 101
RLC1_L4| 60 55 10 10 109 |210.0 | 3300 | 75 45 64 | 109 | 458 | 097
60 55 10 10 109 |210.0 | 3300 | 150 | 55 64 | 154 | 558 | 0.98
60 55 10 10 109 |210.0 | 3300 | 300 | 56 64 |217| 558 | 101
60 55 10 10 109 |210.0 | 3300 | 450 | 56 64 | 266 | 558 | 101
60 55 10 10 1.09 |210.0 | 3300 | 600 | 56 64 [307] 558 | 101
RLC2_L1| 100 | 100 | 20 15 | 1.5 | 100 |[555.0| 5000 [ 75 51 80 [0.97| 50.6 | 100
100 | 100 | 20 15 | 1.5 | 1.00 |555.0| 5000 | 150 | 66 80 | 137 | 683 | 097
100 | 100 | 20 15 | 15 | 1.00 |555.0| 5000 [ 300 | 71 80 [ 194|699 | 101
100 | 100 | 20 15 | 15 | 1.00 |555.0| 5000 | 450 | 71 80 [238] 699 | 101
100 | 100 | 20 15 | 1.5 | 1.00 |555.0| 5000 | 600 | 71 80 [274] 699 | 101
RLC2_L2| 100 | 100 | 20 15 | 1.5 | 100 |[555.0| 5500 [ 75 46 66 | 1.06 | 46.7 | 0.98
100 | 100 | 20 15 | 15 | 100 |555.0| 5500 | 150 | 57 66 | 150 | 58.1 | 0.97
100 | 100 | 20 15 | 15 | 1.00 |555.0| 5500 | 300 | 59 66 |213| 58.1 | 101
100 | 100 | 20 15 | 15 | 1.00 |555.0| 5500 | 450 | 59 66 |261| 58.1 | 101
100 | 100 | 20 15 | 1.5 | 1.00 |[555.0| 5500 | 600 | 59 66 |[301] 581 | 101
RLC2_L3| 100 | 100 | 20 15 | 1.5 | 100 |[555.0| 6000 [ 75 41 5 | 116 | 428 | 095
100 | 100 | 20 15 | 15 | 1.00 |555.0| 6000 | 150 | 49 56 | 164 | 49.1 | 099
100 | 100 | 20 15 | 15 | 1.00 |555.0| 6000 | 300 | 50 5 [232] 49.1 | 101
100 | 100 | 20 15 | 15 | 1.00 |555.0| 6000 | 450 | 50 56 [284| 49.1 | 101
100 | 100 | 20 15 | 1.5 | 100 |555.0| 6000 | 600 | 50 56 [327] 49.1 | 101
RLC2_L4| 100 | 100 | 20 15 | 1.5 | 100 |[555.0| 6500 [ 75 37 48 [ 125|389 | 094
100 | 100 | 20 15 | 15 | 100 |555.0| 6500 | 150 | 42 48 | 177 | 420 | 100
100 | 100 | 20 15 | 15 | 1.00 |555.0| 6500 | 300 | 42 48 | 250 | 420 | 101
100 | 100 | 20 15 | 15 | 100 |555.0| 6500 | 450 | 42 48 [3.06| 420 | 101
100 | 100 | 20 15 | 1.5 | 100 |555.0| 6500 | 600 | 42 48 [354] 420 | 101
RLC3_L1| 110 | 100 | 20 15 | 1.5 | 110 |[570.0 | 4000 | 75 62 | 142 | 0.73 | 60.2 | 103
110 | 100 | 20 15 | 1.5 | 110 [570.0 | 4000 | 150 | 101 | 142 | 1.03 | 96.5 | 105
110 | 100 | 20 15 | 15 | 110 [570.0 | 4000 | 300 | 123 | 142 | 1.45 | 124.1 | 0.99
110 | 100 | 20 15 | 1.5 | 110 [570.0 | 4000 | 450 | 124 | 142 | 1.78 | 1248 | 0.99
110 | 100 | 20 15 | 1.5 | 110 |570.0 | 4000 | 600 | 124 | 142 | 2.05 | 1248 | 0.99

Column
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Geometry SFEA DSM Design
Column
by | br| bs| b | t |byb| AL |Tf|Ff]|fu| ]| frc |fulfac
RLC3 L2 | 110 | 100 | 20 15 15 110 |570.0 | 4500 | 75 58 114 | 0.81 | 56.9 1.03
110 | 100 | 20 15 15 110 |570.0 | 4500 | 150 | 87 114 | 1.15 | 86.3 1.01
110 | 100 | 20 | 15 | 15 | 110 [570.0 | 4500 | 300 | 99 | 114 | 163 | 99.6 | 1.00
110 | 100 | 20 | 15 | 15 | 110 [570.0 | 4500 | 450 | 99 | 114 | 199 | 99.6 | 1.00
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 4500 | 600 | 99 | 114 | 230 | 99.6 | 1.00
RLC3_L3| 120 [ 100 | 20 | 15 | 1.5 | 1.10 [570.0 | 5000 | 75 | 54 | 93 [o0.90 | 53.4 | 101
110 | 100 | 20 | 15 | 15 | 110 [570.0| 5000 | 150 | 75 | 93 | 127 | 76.1 | 098
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5000 | 300 | 81 | 93 | 180 | 812 | 1.00
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5000 | 450 | 81 | 93 |220 | 812 | 1.00
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5000 | 600 | 81 | 93 |255| 812 | 100
RLC3_L4| 110 [ 100 | 20 | 15 | 1.5 | 1.10 [570.0 | 5500 | 75 | 50 | 77 [0.99 | 49.9 | 1.00
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5500 | 150 | 64 | 77 | 140 | 66.4 | 097
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5500 | 300 | 68 | 77 | 197 | 675 | 1.00
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5500 | 450 | 68 | 77 |242 | 675 | 100
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5500 | 600 | 68 | 77 | 279 | 675 | 100
RLC4_L1]| 130 | 130 | 20 | 20 | 1.5 | 1.00 [705.0 | 6000 | 75 | 52 | 85 [0.94 | 519 | 101
130 | 130 | 20 | 20 | 15 | 100 |705.0| 6000 | 150 | 70 | 85 | 133 | 718 | 097
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6000 | 300 | 74 | 85 | 188 | 747 | 099
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6000 | 450 | 74 | 85 |230| 747 | 099
130 | 130 | 20 | 20 | 15 | 1.00 |705.0 | 6000 | 600 | 74 | 85 |265| 747 | 099
RLC4 L2 130 | 130 | 20 | 20 | 1.5 | 1.00 | 7050 | 6500 | 75 | 48 | 73 | L0l | 488 | 0.99
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6500 | 150 | 61 | 73 | 143 | 635 | 097
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6500 | 300 | 63 | 73 | 203 | 641 | 099
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6500 | 450 | 63 | 73 | 248 | 641 | 099
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6500 | 600 | 63 | 73 | 287 | 641 | 099
RLC4 13| 130 [ 130 | 20 | 20 | 1.5 | 100 [705.0 | 7000 | 75 | 44 | 63 | 109 | 457 | 0.97
130 | 130 | 20 | 20 | 15 | 100 |705.0| 7000 | 150 | 54 | 63 | 154 | 556 | 097
130 | 130 | 20 | 20 | 15 | 100 |705.0| 7000 | 300 | 55 | 63 | 218 | 55.6 | 0.99
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7000 | 450 | 55 | 63 | 266 | 55.6 | 0.99
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7000 | 600 | 55 | 63 |3.08 | 55.6 | 0.99
RLC4_ L4 130 | 130 | 20 20 15 1.00 |705.0| 7500 | 75 41 55 | 116 | 42.6 0.95
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7500 | 150 | 48 | 55 | 164 | 486 | 098
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7500 | 300 | 48 | 55 |233 | 486 | 099
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7500 | 450 | 48 | 55 | 285 | 486 | 099
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7500 | 600 | 48 | 55 |329 | 486 | 099
RLC5_L1| 150 | 130 | 20 | 15 | 2.5 | 1.15 [1200.0| 5000 | 75 | 64 | 156 | 0.69 | 61.3 | 1.04
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5000 | 150 | 106 | 156 | 0.98 | 100.2 | 1.06
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5000 | 300 | 133 | 156 | 1.39 | 133.9 | 0.99
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5000 | 450 | 134 | 156 | 1.70 | 136.5 | 0.98
150 | 130 | 20 | 15 | 25 | 115 |1200.0| 5000 | 600 | 134 | 156 | 1.96 | 136.5 | 0.98
RLC5_L2| 150 | 130 | 20 | 15 | 2.5 | 1.15 [1200.0| 5500 | 75 | 61 | 130 | 0.76 | 58.9 | 104
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5500 | 150 | 96 | 130 | 107 | 926 | 1.04
150 | 130 | 20 15 25 115 |[1200.0| 5500 | 300 | 112 | 130 | 1.52 | 1141 | 0.98
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5500 | 450 | 113 | 130 | 1.86 | 114.1 | 0.99
150 | 130 | 20 | 15 | 25 | 115 |1200.0| 5500 | 600 | 113 | 130 | 215 | 1141 | 099
RLC5_L3| 150 | 130 | 20 | 15 | 2.5 | 1.15 [1200.0| 6000 | 75 | 58 | 110 | 0.82 | 56.4 | 1.03
150 | 130 | 20 15 25 115 |(1200.0| 6000 | 150 | 86 110 | 1.17 | 84.9 1.01
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6000 | 300 | 96 | 110 | 165 | 96.7 | 0.99
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6000 | 450 | 96 | 110 | 202 | 96.7 | 0.99
150 | 130 | 20 | 15 | 25 | 115 |1200.0| 6000 | 600 | 96 | 110 | 233 | 96.7 | 099
RLC5_L4| 150 | 130 | 20 | 15 | 2.5 | 1.15 [1200.0| 6500 | 75 | 55 | 95 |0.89 | 53.8 | 102
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6500 | 150 | 76 | 95 | 126 | 77.3 | 099
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6500 | 300 | 82 | 95 | 178 | 830 | 099
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6500 | 450 | 82 | 95 | 218 | 830 | 099
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6500 | 600 | 82 | 95 | 252 | 830 | 099
Mean 0.999
Sd. Dev. 0.021
Max 1.070
Min 0938
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ANNEX L: R Column Data

Table L;: PCy, columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column |
bw bf bs bI t bvv/ bt A % lv(v)e ﬁ FT L fy 1:u 1:ch lc; 1:nG 1:u/ fnG b a anT fu/ anT
R1 L1 | 60 | 55 | 10 | 10 1 1.09 [210.0| 126.9 |6.84 | 2000 | 75 | 65 | 169 | 067 | 62.3 | 1.04 | 1.66 | 0.76 | 62.3 | 1.04
60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 2000 | 150 | 112 | 169 | 0.94 | 103.5| 1.08 | 1.66 | 0.76 | 103.5| 1.08
60 | 55 | 10 | 10 1 1.09 |210.0| 126.9 |6.84 | 2000 | 300 | 149 | 169 | 1.33 | 142.8 | 1.04 | 1.66 | 0.76 | 142.8 | 1.04
60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 2000 | 450 | 160 | 169 | 1.63 | 148.3 | 1.08 | 1.66 | 0.76 | 152.7 | 1.04
60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 2000 | 600 | 165 | 169 | 1.88 | 1483 | 111 | 1.66 | 0.76 | 160.3 | 1.03
R1L2 | 60 | 55 | 10 | 10 1 1.09 [210.0| 126.9 |6.84 | 2500 | 75 | 59 | 111 [ 082 | 56.5 | 1.04 | 1.66 | 0.76 | 56.5 | 1.04
60 | 55 | 10 | 10 1 1.09 |210.0| 126.9 |6.84 | 2500 | 150 | 87 | 111 | 1.16 | 85.2 | 1.03 | 1.66 | 0.76 | 85.2 | 1.03
60 | 55 | 10 | 10 1 1.09 |210.0| 126.9 |6.84 | 2500 | 300 | 104 | 111 | 1.64 | 97.3 | 1.07 | 1.66 | 0.76 | 100.4 | 1.04
60 | 55 | 10 | 10 1 1.09 |210.0| 126.9 |6.84 | 2500 | 450 | 111 | 111 | 201 | 97.3 | 114 | 1.66 | 0.76 | 107.6 | 1.03
60 | 55 | 10 | 10 1 1.09 [210.0| 126.9 |6.84 | 2500 | 600 | 115 | 111 | 233 | 97.3 | 118 | 1.66 | 0.76 | 113.0| 1.02
R1_L3 60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 3000 | 75 51 78 | 098 | 50.2 | 101 | 166 |[0.76 | 50.2 | 1.01
60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 3000 | 150 | 67 78 | 139| 672 | 1.00 | 166 [0.76 | 67.2 | 1.00
60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 3000 | 300 | 78 78 | 196 | 685 | 113 | 166 [0.76 | 75.1 | 1.03
60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 3000 | 450 | 83 78 | 240 | 685 | 121 | 166 |[0.76 | 80.4 | 1.03
60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 3000 | 600 | 86 78 | 277 | 685 | 125 | 166 [0.76 | 845 | 1.02
R1_L4 60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 3300 | 75 46 65 | 1.07 | 46.3 | 099 | 166 [0.76 | 46.3 | 0.99
60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 3300 | 150 | 58 65 | 152 | 57.0 | 1.02 | 166 [0.76 | 57.3 | 1.01
60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 3300 | 300 | 67 65 | 215 | 57.0 | 117 | 166 [0.76 | 645 | 1.04
60 55 10 10 1 1.09 | 210.0 | 126.9 | 6.84 | 3300 | 450 | 72 65 | 263 | 57.0 | 126 | 166 [0.76 | 69.1 | 1.04
60 55 10 10 1 1.09 | 210.0| 126.9 | 6.84 | 3300 | 600 | 74 65 | 304|570 | 129 |166 [0.76| 725 | 1.02
R2_L1 100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 5000 | 75 51 81 | 096 | 509 | 101 |1.71 078 | 50.9 | 1.01
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 5000 | 150 | 69 8l | 136 | 69.0 | 1.00 |1.71 [ 0.78 | 69.0 | 1.00
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 5000 | 300 | 79 8l | 193 | 709 | 112 | 171 (078 | 76.3 | 1.04
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 5000 | 450 | 84 8l | 236 | 709 | 118 |1.71 [0.78 | 81.0 | 1.03
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 5000 | 600 | 86 81 | 273 | 709 | 121 (171]0.78| 845 | 1.01
R2_L2 100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 5500 | 75 46 67 | 1.06 | 47.0 | 099 | 1.71 [ 0.78 | 47.0 | 0.99
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 5500 | 150 | 59 67 | 149 | 589 | 101 |1.71 (078 | 58.9 | 1.01
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 5500 | 300 | 68 67 | 211|589 | 115 |1.71 [0.78 | 65.2 | 1.04
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 5500 | 450 | 72 67 | 259 | 589 | 122 (171]0.78| 69.2 | 1.04
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 5500 | 600 | 73 67 | 299 | 589 | 125 (171]0.78| 72.2 | 1.02
R2 L3 | 100 | 100 | 20 | 15 | 15 | 1.00 |555.0| 3304.6 | 7.59 | 6000 | 75 | 42 | 57 | 115 43.1 | 097 |1.71|0.78 | 43.1 | 0.97
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 6000 | 150 | 52 57 | 163 | 498 | 104 | 171|078 | 51.0 | 1.01
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 6000 | 300 | 59 57 | 230 | 498 | 119 | 171 [0.78 | 56.5 | 1.05
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 6000 | 450 | 63 57 | 282 | 498 | 126 |1.71 [0.78 | 59.9 | 1.05
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 6000 | 600 | 64 57 | 325| 498 | 128 | 171 (078 | 625 | 1.02
R2_L4 100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 6500 | 75 38 49 | 124 | 393 | 096 |1.71 [0.78 | 39.3 | 0.96
100 | 100 | 20 | 15 | 15 | 1.00 |555.0 | 3304.6 | 7.59 | 6500 | 150 | 46 | 49 | 176 | 42.6 | 1.07 | 171 |0.78 | 44.7 | 1.02
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 6500 | 300 | 52 49 | 249 | 426 | 123 | 171 [0.78 | 49.5 | 1.06
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 6500 | 450 | 55 49 | 3.04| 426 | 130 |1.71 [0.78 | 525 | 1.05
100 | 100 | 20 15 15 1.00 | 555.0 | 3304.6 | 7.59 | 6500 | 600 | 56 49 | 351|426 | 131 | 171 (078 | 54.8 | 1.02
R3 L1 | 110 | 100 | 20 | 15 | 15 | 110 |570.0 | 3808.5 |8.35 | 4000 [ 75 | 63 | 144 | 0.72 | 60.3 | 1.04 | 1.75|0.79 | 60.3 | 1.04
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 4000 | 150 | 103 | 144 | 1.02 | 96.9 | 106 | 1.75 [ 0.79 | 96.9 | 1.06
110 [ 100 | 20 | 15 | 15 | 1.10 |570.0 | 3808.5 | 8.35 | 4000 | 300 | 130 | 144 | 1.44 | 1253 | 1.04 | 1.75 | 0.79 | 125.3 | 1.04
110 | 100 | 20 | 15 | 15 | 1.10 |570.0 | 3808.5 | 8.35 | 4000 | 450 | 138 | 144 | 1.77 | 126.1 | 1.09 | 1.75 | 0.79 | 131.5| 1.05
110 [ 100 | 20 | 15 | 15 | 1.10 |570.0 | 3808.5 | 8.35 | 4000 | 600 | 139 | 144 | 2.04 | 126.1 | 1.10 | 1.75|0.79 | 136.3| 1.02
R3 L2 | 110 | 100 | 20 | 15 | 15 | 110 [570.0| 3808.5 [8.35 | 4500 [ 75 | 59 | 115 | 081 | 57.1 | 1.03 | 1.75|0.79 | 57.1 | 1.03
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 4500 | 150 | 90 | 115 | 1.14 | 8.9 | 103 |1.75 | 0.79 | 86.9 | 1.03
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 4500 | 300 | 107 | 115 | 1.61 | 100.9 | 1.06 | 1.75 | 0.79 | 102.8 | 1.04
110 | 100 | 20 | 15 | 15 | 1.10 |570.0 | 3808.5 | 8.35 | 4500 | 450 | 113 | 115 | 1.98 | 100.9 | 1.12 | 1.75 | 0.79 | 108.2 | 1.05
110 [ 100 | 20 | 15 | 15 | 1.10 |570.0 | 3808.5 | 8.35 | 4500 | 600 | 116 | 115 | 2.28 | 100.9 | 1.15 | 1.75|0.79 | 112.1| 1.03
R3_L3 110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 5000 | 75 55 94 | 089 | 53.7 | 1.02 |1.75|0.79 | 53.7 | 1.02
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 5000 | 150 | 77 94 | 126 | 769 | 101 | 175|079 | 76.9 | 1.01
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 5000 | 300 | 90 94 | 179 | 825 | 109 | 175079 | 86.2 | 1.05
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 5000 | 450 | 95 94 | 219 | 85 | 116 | 175|079 | 90.6 | 1.05
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 5000 | 600 | 98 94 | 253 | 825 | 119 | 175 (079 | 93.9 | 1.04
R3_L4 110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 5500 | 75 50 78 | 098 | 50.2 | 1.00 |1.75[0.79 | 50.2 | 1.00
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 5500 | 150 | 67 78 | 138 | 672 | 100 | 175|079 | 67.2 | 1.00
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 5500 | 300 | 77 78 | 196 | 68.6 | 112 | 175|079 | 73.3 | 1.05
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 5500 | 450 | 82 78 | 240 | 686 | 119 | 175079 | 77.1 | 1.06
110 | 100 | 20 15 15 1.10 | 570.0 | 3808.5 | 8.35 | 5500 | 600 | 84 78 | 277 | 686 | 122 | 175079 | 79.9 | 1.05
R4 L1 | 130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 9975.9 |8.44 | 6000 | 75 | 53 | 87 | 093 | 522 | 1.02 | 1.76 | 0.79 | 52.2 | 1.02
130 [ 130 | 20 | 20 | 15 | 1.00 |705.0 | 9975.9 | 8.44 | 6000 | 150 | 73 | 87 |1.31 | 72.8 | 1.01 | 176 |0.79 | 72.8 | 1.01
130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 6000 | 300 | 85 87 | 186 | 76.1 | 111 |1.76 [ 0.79 | 80.2 | 1.06
130 [ 130 | 20 | 20 | 15 | 1.00 |705.0 | 9975.9 | 8.44 | 6000 | 450 | 87 | 87 |228| 76.1 | 1.14 |1.76 | 0.79 | 84.3 | 1.03
130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 6000 | 600 | 87 87 | 263 | 761 | 114 | 176 [0.79 | 87.3 | 0.99
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Geometry SFEA DSM Design
Column |
bw bf bs bI t bvv/ bt A % 1"(\/)6 ﬁ FT L fy 1:u 1:ch l@ 1:nG 1:u/ fnG b a anT fu/ anT
R4 L2 | 130 | 130 | 20 | 20 | 15 | 1.00 [705.0| 9975.9 |8.44 | 6500 [ 75 | 49 | 75 | 1.00 [ 49.2 | 1.00 | 1.76 | 0.79 | 49.2 | 1.00
130 | 130 | 20 20 15 1.00 | 705.0 [ 9975.9 | 8.44 | 6500 | 150 | 65 75 | 142 | 646 | 100 |1.76 [ 0.79 | 646 | 1.00
130 | 130 | 20 20 15 1.00 | 705.0 [ 9975.9 | 8.44 | 6500 | 300 | 75 75 | 201|654 | 115 (176 |0.79 | 70.2 | 1.07
130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 6500 | 450 | 78 75 | 246 | 654 | 119 | 176 [0.79 | 73.8 | 1.05
130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 6500 | 600 | 78 75 | 284|654 | 119 (176 ]0.79| 76.4 | 1.01
R4_L3 130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 7000 | 75 46 65 | 1.08 | 46.2 | 099 |1.76 [ 0.79 | 46.2 | 0.99
130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 7000 | 150 | 58 65 | 152 | 56.8 | 1.02 |1.76 [ 0.79 | 57.0 | 1.02
130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 7000 | 300 | 67 65 | 215 | 56.8 | 118 | 1.76 [ 0.79 | 62.0 | 1.08
130 | 130 | 20 20 15 1.00 | 705.0 [ 9975.9 | 8.44 | 7000 | 450 | 70 65 | 264 | 56.8 | 124 | 176 [ 0.79 | 65.2 | 1.08
130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 7000 | 600 | 70 65 | 3.04| 568 | 124 | 176 [0.79 | 67.5 | 1.04
R4 L4 | 130 | 130 | 20 | 20 | 15 | 1.00 [705.0| 9975.9 |8.44 | 7500 | 75 | 42 | 57 | 115 43.1 | 097 |1.76 | 0.79 | 43.1 | 0.97
130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 7500 | 150 | 52 57 | 163 | 49.7 | 105 |1.76 [ 0.79 | 50.7 | 1.03
130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 7500 | 300 | 60 57 | 230 | 49.7 | 121 | 176 [ 0.79 | 55.2 | 1.09
130 [ 130 | 20 | 20 | 15 | 1.00 |705.0 | 9975.9 | 8.44 | 7500 | 450 | 64 | 57 |2.82| 49.7 | 1.28 |1.76 | 0.79 | 58.0 | 1.10
130 | 130 | 20 20 15 1.00 | 705.0 | 9975.9 | 8.44 | 7500 | 600 | 64 57 | 325| 49.7 | 128 | 176 [ 0.79 | 60.1 | 1.06
R5_L1 150 | 130 | 20 15 25 1.15 |1200.0 18992.6 | 6.53 | 5000 | 75 64 | 158 | 069 | 61.5 | 1.04 | 164 |0.76 | 61.5 | 1.04
150 | 130 | 20 15 25 1.15 |1200.0( 18992.6 | 6.53 | 5000 | 150 | 108 | 158 | 0.97 | 100.8 | 1.07 | 1.64 | 0.76 | 100.8 | 1.07
150 | 130 | 20 15 25 1.15 |1200.0( 18992.6 | 6.53 | 5000 | 300 | 140 | 158 | 1.38 | 1355 | 1.03 | 164 | 0.76 | 135.5| 1.03
150 | 130 | 20 15 25 1.15 |1200.0( 18992.6 | 6.53 | 5000 | 450 | 151 | 158 | 1.69 | 1385 | 1.09 | 1.64 | 0.76 | 1446 | 1.04
150 | 130 | 20 15 25 1.15 |1200.0( 18992.6 | 6.53 | 5000 | 600 | 157 | 158 | 1.95 | 1385 | 113 | 164 | 0.76 | 152.2 | 1.03
R5 L2 | 150 | 130 | 20 | 15 | 25 | 115 [1200.0{18992.6 | 6.53 | 5500 | 75 | 62 | 132 | 0.75 | 59.1 | 1.04 | 1.64 | 0.76 | 59.1 | 1.04
150 | 130 | 20 15 25 1.15 |1200.0( 18992.6 | 6.53 | 5500 | 150 | 98 | 132 | 1.07 | 93.3 | 105 | 164 [0.76 | 93.3 | 1.05
150 | 130 | 20 | 15 | 25 | 1.15 |1200.0|18992.6 | 6.53 | 5500 | 300 | 121 | 132 | 151 | 115.9 | 1.04 | 1.64 | 0.76 | 116.1 | 1.04
150 | 130 | 20 | 15 | 25 | 1.15 |1200.0|18992.6 | 6.53 | 5500 | 450 | 130 | 132 | 1.85 | 115.9 | 1.12 | 1.64 | 0.76 | 124.9 | 1.04
150 | 130 | 20 15 2.5 1.15 |1200.0( 18992.6 | 6.53 | 5500 | 600 | 136 | 132 | 2.13 | 115.9 | 117 | 164 [ 0.76 | 131.5| 1.03
R5_L3 150 | 130 | 20 15 25 1.15 |1200.0( 18992.6 | 6.53 | 6000 | 75 59 | 112 | 082 | 56.7 | 1.04 | 1.64|0.76 | 56.7 | 1.04
150 | 130 | 20 | 15 | 25 | 1.15 (1200.0|18992.6 | 6.53 | 6000 | 150 | 88 | 112 | 1.16 | 85.7 | 1.02 | 1.64 | 0.76 | 85.7 | 1.02
150 | 130 | 20 15 25 1.15 |1200.0( 18992.6 | 6.53 | 6000 | 300 | 105 | 112 | 1.64 | 98.3 | 1.07 | 164 | 0.76 | 101.5| 1.04
150 | 130 | 20 | 15 | 25 | 1.15 [1200.0|18992.6 | 6.53 | 6000 | 450 | 113 | 112 | 2.00 | 98.3 | 1.15 | 1.64 | 0.76 | 109.1 | 1.04
150 | 130 | 20 | 15 | 25 | 1.15 [1200.0|18992.6 | 6.53 | 6000 | 600 | 119 | 112 | 231 | 98.3 | 1.21 | 1.64 | 0.76 | 114.9| 1.03
R5_L4 150 | 130 | 20 15 25 1.15 |1200.0( 18992.6 | 6.53 | 6500 | 75 56 9% | 088 | 541 | 103 | 164|076 | 541 | 1.03
150 | 130 | 20 | 15 | 25 | 1.15 [1200.0|18992.6|6.53 | 6500 | 150 | 79 | 9 |1.25| 78.1 | 1.01 |1.64 | 0.76 | 78.1 | 1.01
150 | 130 | 20 15 25 1.15 |1200.0( 18992.6 | 6.53 | 6500 | 300 | 93 9% | 177 | 8.4 | 110 | 164 [0.76 | 89.5 | 1.04
150 | 130 | 20 15 25 1.15 |1200.0( 18992.6 | 6.53 | 6500 | 450 | 100 | 96 | 2.16 | 844 | 119 | 164 [0.76 | 96.3 | 1.04
150 | 130 | 20 15 2.5 1.15 |1200.0( 18992.6 | 6.53 | 6500 | 600 | 105 | 96 | 250 | 84.4 | 124 | 164 |0.76 | 101.4| 1.04
Mean 1.109 Mean 1.031
Sd. Dev. 0.094 Sd. Dev. 0.025
Max 1.313 Max 1.096
Min 0.956 Min 0.933

Table L,: PC;, columns: (i) geometries, (ii) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design
Column
bw bf bs bI t bvv/ bt A L fy 1:u 1:ch l@ 1:nG 1:u/ fnG anT fu/ anT
RILL [ 60 | 55 [ 20 | 20 [ 1 | 109 [210.0[ 2000 | 75 | 67 | 221 [ 058 | 651 | 1.04 | 65.1 | 104
60 | 55 | 10 | 10 | 1 | 109 |210.0| 2000 | 150 | 120 | 221 | 0.82 | 113.0| 1.06 |113.0| 1.06
60 | 55 | 10 | 10 | 1 | 109 |210.0| 2000 | 300 | 165 | 221 | 1.16 | 170.1 | 0.97 |145.7 | 1.13
60 | 55 | 10 | 10 | 1 | 109 |210.0| 2000 | 450 | 167 | 221 | 1.43 | 192.2| 0.87 |145.7 | 1.14
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 2000 | 600 | 167 | 221 | 1.65 | 194.2 | 0.86 | 145.7 | 1.14
R1L2 [ 60 | 55 [ 20 | 20 [ 1 | 109 [210.0( 2500 | 75 | 63 | 150 [0.71 | 60.8 | 1.04 | 60.8 | 1.04
60 | 55 | 10 | 10 | 1 | 109 |210.0| 2500 | 150 | 101 | 150 | 1.00 | 98.7 | 1.03 | 98.6 | 1.03
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 2500 | 300 | 114 | 150 | 1.41 | 129.8| 0.88 | 98.6 | 1.16
60 | 55 | 10 | 10 | 1 | 109 |210.0| 2500 | 450 | 114 | 150 | 1.73 | 131.5| 0.87 | 98.6 | 1.16
60 | 55 | 10 | 10 | 1 | 109 |210.0| 2500 | 600 | 114 | 150 | 2.00 | 131.5| 0.87 | 98.6 | 1.16
R1L3 | 60 | 55 [ 20 | 20 [ 1 | 109 [210.0( 3000 | 75 | 58 | 107 [0.84 | 55.9 | 1.03 | 55.9 | 1.03
60 | 55 | 10 | 10 | 1 | 109 |210.0| 3000 | 150 | 79 | 107 | 1.18 | 83.4 | 0.94 | 70.4 | 1.12
60 | 55 | 10 | 10 | 1 | 109 |210.0| 3000 | 300 | 81 | 107 | 1.67 | 93.9 | 0.86 | 70.4 | 1.15
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3000 | 450 | 81 | 107 | 2.05| 93.9 | 0.86 | 70.4 | 1.15
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3000 | 600 | 81 | 107 | 2.37 | 939 | 0.86 | 70.4 | 1.15
R1L4 [ 60 | 55 [ 20 | 20 [ 1 | 109 [2100[3300| 75 | 53 | 90 [091| 528 | 1.01 | 52.8 | 101
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3300 | 150 | 67 | 90 |1.29 | 744 | 0.89 | 59.0 | 1.13
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3300 | 300 | 67 | 90 |1.83| 786 | 0.85 | 59.0 | 1.13
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3300 | 450 | 67 | 90 |2.24 | 786 | 0.85 | 59.0 | 1.13
60 | 55 | 10 | 10 | 1 | 1.09 |210.0| 3300 | 600 | 67 | 90 |2.59 | 78.6 | 0.85 | 59.0 | 1.13
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Geometry SFEA DSM Design
Column
bw bf bs bI t bvv/ bt A L fy 1:u 1:ch l@ 1:nG 1:u/ fnG anT fu/ anT
R2_L1 [ 1200 [ 100 [ 20 | 15 [ 15 | 1.00 |555.0 | 5000 | 75 | 58 | 113 [0.82 | 56.8 | 1.02 | 56.8 | 1.02
100 | 100 | 20 | 15 | 15 | 1.00 |555.0| 5000 | 150 | 82 | 113 | 1.15 | 86.0 | 0.96 | 743 | 1.11
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 5000 | 300 | 86 | 113 | 1.63 | 99.0 | 087 | 743 | 116
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 5000 | 450 | 86 | 113 |2.00 | 99.0 | 087 | 743 | 116
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 5000 | 600 | 86 | 113 |2.31 | 99.0 | 087 | 743 | 1.16
R2_L2 [ 1200 [ 100 [ 20 | 15 [ 15 | 1.00 [555.0 | 5500 | 75 | 54 | 94 [089 | 538 | 1.01 | 53.8 | 101
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 5500 | 150 | 70 | 94 |1.26 | 77.1 | 091 | 62.1 | 113
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 5500 | 300 | 72 | 94 |178 | 828 | 087 | 621 | 115
100 | 100 | 20 | 15 | 15 | 1.00 |555.0| 5500 | 450 | 72 | 94 |2.18 | 828 | 087 | 621 | 115
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 5500 | 600 | 72 | 94 |252 | 828 | 087 | 621 | 115
R2_L3 [ 1200 [ 100 [ 20 | 15 [ 15 | 1.00 [555.0| 6000 | 75 | 50 | 80 [0.97 | 50.7 | 0.98 | 50.7 | 0.98
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 6000 | 150 | 60 | 80 |1.37 | 685 | 0.88 | 527 | 1.14
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 6000 | 300 | 60 | 80 |1.94 | 70.2 | 086 | 527 | 1.14
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 6000 | 450 | 60 | 80 |2.37 | 70.2 | 086 | 527 | 1.14
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 6000 | 600 | 60 | 80 |274 | 70.2 | 086 | 527 | 1.14
R2_L4 [ 1200 [ 100 | 20 | 15 [ 15 | 1.00 [555.0| 6500 | 75 | 45 | 69 [1.04 | 475 | 095 | 45.3 | 1.00
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 6500 | 150 | 51 | 69 |1.48 | 60.3 | 0.85 | 45.3 | 1.13
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 6500 | 300 | 51 | 69 |209 | 60.4 | 085 | 45.3 | 1.13
100 | 200 | 20 | 15 | 15 | 1.00 |555.0| 6500 | 450 | 51 | 69 |256 | 60.4 | 085 | 45.3 | 1.13
100 | 100 | 20 | 15 | 15 | 1.00 |555.0| 6500 | 600 | 51 | 69 |2.95| 60.4 | 085 | 45.3 | 1.13
R3_L1 | 120 {1200 | 20 | 15 | 15 | 110 |570.0| 4000 | 75 | 66 | 190 [ 0.63 | 63.6 | 1.03 | 63.6 | 1.03
110 | 100 | 20 | 15 | 15 | 110 |570.0| 4000 | 150 | 112 | 190 | 0.89 | 107.8 | 1.03 |107.8| 1.03
110 | 200 | 20 | 15 | 15 | 110 |570.0| 4000 | 300 | 142 | 190 | 1.26 [ 155.0 | 091 |125.1| 113
110 | 200 | 20 | 15 | 15 | 110 |570.0| 4000 | 450 | 142 | 190 | 1.54 | 166.8 | 0.85 |125.1| 1.13
110 | 100 | 20 | 15 | 15 | 110 |570.0| 4000 | 600 | 142 | 190 | 1.78 | 166.8 | 0.85 |125.1| 1.13
R3_L2 [ 110 [ 100 [ 20 | 15 [ 15 | 110 [570.0| 4500 | 75 | 63 | 155 [0.70 | 61.2 | 1.03 | 61.2 | 1.03
110 | 100 | 20 | 15 | 15 | 110 |570.0| 4500 | 150 | 101 | 155 | 0.98 | 100.0 | 1.01 |100.0| 1.01
110 | 200 | 20 | 15 | 15 | 110 |570.0| 4500 | 300 | 116 | 155 | 1.39 | 133.3| 0.87 |101.9| 1.14
110 | 100 | 20 | 15 | 15 | 110 |570.0| 4500 | 450 | 116 | 155 | 1.70 | 135.8 | 0.85 |101.9| 1.14
110 | 200 | 20 | 15 | 15 | 110 |570.0| 4500 | 600 | 116 | 155 | 1.97 [ 135.8| 0.85 |101.9| 1.14
R3_L3 [ 110 [ 100 [ 20 | 15 [ 15 | 110 [570.0( 5000 | 75 | 60 | 128 [0.77 | 58.7 | 1.03 | 58.7 | 1.03
110 | 200 | 20 | 15 | 15 | 110 |570.0| 5000 | 150 | 89 | 128 | 1.08 | 91.8 | 0.97 | 84.1 | 1.06
110 | 200 | 20 | 15 | 15 | 110 |570.0| 5000 | 300 | 95 | 128 | 153 [112.0| 085 | 84.1 | 1.14
110 | 100 | 20 | 15 | 15 | 110 |570.0| 5000 | 450 | 95 | 128 | 1.88 [112.0| 085 | 84.1 | 1.14
110 | 200 | 20 | 15 | 15 | 110 |570.0| 5000 | 600 | 95 | 128 | 2.17 [112.0| 085 | 84.1 | 1.14
R3_L4 | 110 [ 100 [ 20 | 15 [ 15 | 110 [570.0 | 5500 | 75 | 57 | 107 [0.84 | 55.9 | 1.01 | 55.9 | 1.01
110 | 200 | 20 | 15 | 15 | 110 |570.0| 5500 | 150 | 77 | 107 | 1.18 | 834 | 093 | 70.4 | 1.10
110 | 200 | 20 | 15 | 15 | 110 |570.0| 5500 | 300 | 79 | 107 | 1.67 | 938 | 0.85 | 70.4 | 113
110 | 100 | 20 | 15 | 15 | 110 |570.0| 5500 | 450 | 79 | 107 |2.05 | 938 | 085 | 70.4 | 113
110 | 200 | 20 | 15 | 15 | 110 |570.0| 5500 | 600 | 79 | 107 |2.37 | 938 | 085 | 70.4 | 113
R4_L1 [ 130|130 | 20 | 20 [ 1.5 | 100 [705.0| 6000 | 75 | 57 | 113082 | 56.8 | 1.01 | 56.8 | 101
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 6000 | 150 | 81 | 113 |1.15 | 859 | 0.94 | 741 | 1.09
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 6000 | 300 | 84 | 113 |1.63 | 98.7 | 085 | 74.1 | 113
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 6000 | 450 | 84 | 113 [2.00 | 987 | 085 | 741 | 113
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 6000 | 600 | 84 | 113 |2.31 | 987 | 085 | 74.1 | 113
R4_L2 [ 130 [ 130 [ 20 | 20 [ 15 | 1.00 [705.0| 6500 | 75 | 54 | 98 [0.88 | 544 | 1.00 | 54.4 | 1.00
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 6500 | 150 | 72 | 98 |1.24 | 789 | 091 | 64.4 | 112
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 6500 | 300 | 73 | 98 |175| 858 | 0.85 | 64.4 | 1.14
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 6500 | 450 | 73 | 98 |2.15| 858 | 0.85 | 64.4 | 1.14
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 6500 | 600 | 73 | 98 |2.48 | 858 | 0.85 | 64.4 | 1.14
R4_L3 [ 130 [ 130 [ 20 | 20 [ 1.5 | 100 [705.0| 7000 | 75 | 51 | 86 [ 094 | 52.0 | 0.99 | 52.0 | 0.99
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 7000 | 150 | 64 | 86 |1.32 | 720 | 089 | 56.3 | 1.13
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 7000 | 300 | 64 | 86 |1.87 | 750 | 085 | 56.3 | 1.14
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 7000 | 450 | 64 | 86 |229 | 750 | 085 | 56.3 | 1.14
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 7000 | 600 | 64 | 86 |2.65| 750 | 085 | 56.3 | 1.14
R4_L4 [ 130 [ 130 [ 20 | 20 [ 15 | 100 [705.0| 7500 | 75 | 48 | 75 [1.00 | 49.4 | 097 | 49.4 | 097
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 7500 | 150 | 56 | 75 |1.41 | 652 | 0.87 | 495 | 1.14
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 7500 | 300 | 56 | 75 |2.00 | 66.0 | 0.85 | 49.5 | 1.14
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 7500 | 450 | 56 | 75 |2.44 | 66.0 | 0.85 | 49.5 | 1.14
130 | 130 | 20 | 20 | 15 | 1.00 |705.0| 7500 | 600 | 56 | 75 |2.82 | 66.0 | 0.85 | 49.5 | 1.14
R5_L1 [ 150 [ 130 [ 20 | 15 [ 25 | 1.15 [1200.0{ 5000 | 75 | 67 | 199 [ 061 | 641 | 1.04 | 641 | 104
150 | 130 | 20 | 15 | 25 | 115 [1200.0{ 5000 | 150 | 115 | 199 | 0.87 | 109.4 | 1.05 |109.4| 1.05
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5000 | 300 | 148 | 199 | 1.23 [ 159.7 | 093 |131.0| 1.13
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5000 | 450 | 149 | 199 | 1.50 | 174.7 | 0.85 |131.0| 1.14
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5000 | 600 | 149 | 199 | 1.74 | 174.7| 0.85 |131.0| 1.14
R5_L2 | 150 | 130 | 20 | 15 | 25 | 1.15 [1200.0| 5500 | 75 | 65 | 169 | 0.67 | 62.3 | 1.04 | 62.3 | 1.04
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5500 | 150 | 107 | 169 | 0.94 | 103.3| 1.03 |103.3| 1.03
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5500 | 300 | 127 | 169 | 1.33 | 142.4| 0.89 |110.9| 1.14
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5500 | 450 | 127 | 169 | 1.63 | 147.8 | 0.86 |110.9| 1.14
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5500 | 600 | 127 | 169 | 1.89 | 147.8 | 0.86 |110.9| 1.14
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Geometry SFEA DSM Design

bw bf bs bI t bvv/bt A L fy 1:u 1:ch l@ 1:nG 1:u/fnG anT fu/anT

R5_L3 | 150 | 130 | 20 15 | 25 1.15 (1200.0| 6000 | 75 63 | 144 | 0.72 | 60.3 | 1.05 | 60.3 | 1.05
150 | 130 | 20 15 | 25 1.15 (1200.0| 6000 | 150 | 98 | 144 [ 1.02 | 97.0 | 1.01 | 948 | 1.03
150 | 130 | 20 15 | 25 1.15 (1200.0| 6000 | 300 | 108 | 144 | 1.44 | 1255 086 | 94.8 | 114
150 | 130 | 20 15 | 25 1.15 (1200.0| 6000 | 450 | 108 | 144 | 1.77 |126.3| 0.85 | 94.8 | 114
150 | 130 | 20 15 | 25 1.15 [1200.0| 6000 | 600 | 108 | 144 [ 2.04 | 126.3| 085 | 948 | 114
R5_L4 | 150 | 130 | 20 15 | 25 1.15 [1200.0| 6500 | 75 61 | 124 | 0.78 | 58.3 | 1.04 | 58.3 | 1.04
150 | 130 | 20 15 | 25 1.15 [1200.0| 6500 | 150 | 88 | 124 | 1.10 | 90.6 | 0.97 | 81.9 | 1.07
150 | 130 | 20 15 | 25 1.15 [1200.0| 6500 | 300 | 93 | 124 | 155 |109.1| 085 | 81.9 | 1.13
150 | 130 | 20 15 | 25 1.15 (1200.0| 6500 | 450 | 93 | 124 [ 1.90 (109.1| 0.85 | 81.9 | 1.13
150 | 130 | 20 15 | 25 1.15 [1200.0] 6500 | 600 | 93 | 124 [ 2.20 |109.1| 0.85 | 81.9 | 1.13

Column

Mean 0.911 1.105
Sd. Dev. 0.073 0.054
Max 1.059 1.162
Min 0.847 0.968

Table Lj: PS columns: (i) geometries, (i) buckling stresses and ultimate strengths, (iii) ultimate strength predictions by
current and proposed DSM design curves, and (iv) numerical-to-predicted ultimate strength ratios (mm and MPa)

Geometry SFEA DSM Design

bw bf bs bl bm/bt A L fy 1:u 1:ch lc; 1:nG fu/fnG

R1_L1 60 55 10 10 109 |210.0 | 2000 | 75 65 | 169 | 0.67 | 62.3 | 104
60 55 10 10 109 |210.0 | 2000 | 150 | 112 | 169 | 0.94 | 103.5| 1.08
60 55 10 10 109 |210.0 | 2000 | 300 | 144 | 169 | 1.33 | 1428 | 1.01
60 55 10 10 109 |210.0 | 2000 | 450 | 147 | 169 | 1.63 | 148.3 | 0.99
60 55 10 10 1.09 |210.0 | 2000 | 600 | 147 | 169 | 1.88 | 148.3 | 0.99
R1_L2 60 55 10 10 109 |210.0 | 2500 | 75 58 | 111 | 082 | 56.5 | 103
60 55 10 10 109 |210.0 | 2500 | 150 | 87 | 111 | 1.16 | 85.2 | 1.02
60 55 10 10 109 |210.0 [ 2500 | 300 | 97 | 111 | 1.64 | 97.3 | 1.00
60 55 10 10 109 |210.0 | 2500 | 450 | 98 | 111 | 2.01 | 97.3 | 1.00
60 55 10 10 109 |210.0 | 2500 | 600 | 98 | 111 | 233 | 97.3 | 1.00
R1_L3 60 55 10 10 109 |210.0 | 3000 | 75 50 78 (098] 50.2 | 101
60 55 10 10 109 |210.0 | 3000 | 150 | 66 78 [ 139|672 | 098
60 55 10 10 1.09 |210.0 | 3000 | 300 | 69 78 [ 196 | 685 | 101
60 55 10 10 1.09 |210.0 | 3000 | 450 | 69 78 |240| 685 | 101
60 55 10 10 1.09 |210.0 | 3000 | 600 | 69 78 [277] 685 | 101
R1_L4 60 55 10 10 109 |210.0 | 3300 | 75 45 65 | 107 | 463 | 0.98
60 55 10 10 109 |210.0 | 3300 | 150 | 56 65 | 152 | 57.0 | 0.98
60 55 10 10 109 |210.0 | 3300 | 300 | 58 65 [215| 57.0 | 101
60 55 10 10 1.09 |210.0 | 3300 | 450 | 58 65 [263| 57.0 | 101
60 55 10 10 1.09 |210.0 | 3300 | 600 | 58 65 [304| 570 | 101
R2_L1 | 100 | 100 | 20 15 100 |555.0 | 5000 | 75 51 81 [096| 509 | 101
100 | 100 | 20 15 100 |555.0 | 5000 | 150 | 67 81 | 136 | 69.0 | 0.97
100 | 100 | 20 15 1.00 |555.0 | 5000 | 300 | 72 81 [193| 709 | 101
100 | 100 | 20 15 1.00 |555.0 | 5000 | 450 | 72 81 [236| 709 | 101
100 | 100 | 20 15 | 1.5 | 1.00 |[555.0| 5000 | 600 | 72 81 [273] 709 | 101
R2_L2 | 100 | 100 | 20 15 | 1.5 | 100 |[555.0| 5500 [ 75 46 67 | 106 | 47.0 | 098
100 | 100 | 20 15 | 15 | 100 |555.0| 5500 | 150 | 57 67 | 149 | 589 | 097
100 | 100 | 20 15 | 15 | 1.00 |555.0| 5500 | 300 | 60 67 211|589 | 101
100 | 100 | 20 15 | 1.5 | 1.00 |555.0| 5500 | 450 | 60 67 |[259| 589 | 101
100 | 100 | 20 15 | 1.5 | 1.00 |555.0| 5500 | 600 | 60 67 [299] 589 | 101
R2_L3 | 100 | 100 | 20 15 | 1.5 | 100 |[555.0| 6000 [ 75 41 57 | 115] 431 | 096
100 | 100 | 20 15 | 15 | 100 |555.0| 6000 | 150 | 49 57 | 163 | 49.8 | 0.99
100 | 100 | 20 15 | 15 | 1.00 |555.0| 6000 | 300 | 50 57 [230| 498 | 101
100 | 100 | 20 15 | 1.5 | 1.00 |555.0| 6000 | 450 | 50 57 [ 282|498 | 101
100 | 100 | 20 15 | 1.5 | 1.00 |555.0| 6000 | 600 | 50 57 [325] 498 | 101
R2_L4 | 100 | 100 | 20 15 | 1.5 | 100 |[555.0| 6500 [ 75 37 49 [ 124 393 | 094
100 | 100 | 20 15 | 15 | 1.00 |555.0| 6500 | 150 | 43 49 | 176 | 426 | 100
100 | 100 | 20 15 | 15 | 1.00 |555.0| 6500 | 300 | 43 49 249 426 | 101
100 | 100 | 20 15 | 15 | 100 |555.0| 6500 | 450 | 43 49 304|426 | 101
100 | 100 | 20 15 | 1.5 | 100 |555.0| 6500 | 600 | 43 49 [351] 426 | 101
R3_L1 | 110 | 100 | 20 15 | 1.5 | 110 |[570.0 | 4000 | 75 63 | 144 | 0.72 | 60.3 | 104
110 | 100 | 20 15 | 1.5 | 110 [570.0 | 4000 | 150 | 102 | 144 | 1.02 | 96.9 | 106
110 | 100 | 20 15 | 1.5 | 110 [570.0 | 4000 | 300 | 124 | 144 | 1.44 | 125.3 | 0.99
110 | 100 | 20 15 | 15 | 110 [570.0 | 4000 | 450 | 124 | 144 | 1.77 | 126.1 | 0.99
110 | 100 | 20 15 | 1.5 | 110 |570.0 | 4000 | 600 | 124 | 144 | 2.04 | 126.1 | 0.99

Column
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Geometry SFEA DSM Design
Column
by | br| bs| b | t |byb| AL |Tf|Ff]|fu| ]| frc |fulfac
R3_L2 110 | 100 | 20 15 15 110 |570.0 | 4500 | 75 59 115 |1 081 | 57.1 1.04
110 | 100 | 20 15 15 110 |570.0 | 4500 | 150 | 89 115 | 1.14 | 86.9 1.02
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 4500 | 300 | 100 | 115 | 161 | 100.9 | 0.99
110 | 100 | 20 | 15 | 15 | 110 [570.0 | 4500 | 450 | 100 | 115 | 1.98 | 100.9 | 0.99
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 4500 | 600 | 100 | 115 | 2.28 | 100.9 | 0.99
R3L3 | 110 [ 200 | 20 | 15 | 15 | 110 {5700 5000 | 75 | 55 | 94 |[089| 537 | 1.02
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5000 | 150 | 76 | 94 | 126 | 76.9 | 099
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5000 | 300 | 82 | 94 | 179 | 825 | 1.00
110 | 100 | 20 | 15 | 15 | 110 [570.0 | 5000 | 450 | 82 | 94 |219 | 825 | 1.00
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5000 | 600 | 82 | 94 |253 | 825 | 1.00
R3_L4 | 110 [ 200 | 20 | 15 | 15 | 1.10 |[570.0| 5500 | 75 | 50 | 78 |098| 50.2 | 1.00
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5500 | 150 | 65 | 78 | 138 | 67.2 | 097
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5500 | 300 | 69 | 78 | 196 | 686 | 1.00
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5500 | 450 | 69 | 78 | 240 | 686 | 1.00
110 | 100 | 20 | 15 | 15 | 110 |570.0 | 5500 | 600 | 69 | 78 | 277 | 686 | 100
R4_L1 | 130 [ 130 | 20 | 20 | 15 | 100 [7050] 6000 | 75 | 53 | 87 |093| 522 | 1.02
130 | 130 | 20 | 20 | 15 | 100 |705.0| 6000 | 150 | 71 | 87 |131| 728 | 097
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6000 | 300 | 74 | 87 | 186 | 76.1 | 097
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6000 | 450 | 74 | 87 |228| 76.1 | 097
130 | 130 | 20 | 20 | 15 | 1.00 |705.0 | 6000 | 600 | 74 | 87 |263| 76.1 | 097
R4_L2 | 130 | 130 | 20 | 20 | 15 | 100 |705.0| 6500 | 75 | 49 | 75 | 100 | 49.2 | 1.00
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6500 | 150 | 62 | 75 | 142 | 646 | 096
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6500 | 300 | 64 | 75 |201 | 654 | 098
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6500 | 450 | 64 | 75 | 246 | 654 | 098
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 6500 | 600 | 64 | 75 | 284 | 654 | 098
R4_L3 | 130 [ 130 | 20 | 20 | 15 | 100 [7050| 7000 | 75 | 45 | €5 | 108 462 | 098
130 | 130 | 20 | 20 | 15 | 100 |705.0| 7000 | 150 | 55 | 65 | 152 | 56.8 | 0.96
130 | 130 | 20 | 20 | 15 | 100 |705.0| 7000 | 300 | 56 | 65 |215| 56.8 | 098
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7000 | 450 | 56 | 65 | 264 | 56.8 | 098
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7000 | 600 | 56 | 65 |3.04 | 568 | 098
R4_L4 130 | 130 | 20 20 15 1.00 |705.0| 7500 | 75 41 57 | 115 | 431 0.96
130 | 130 | 20 | 20 | 15 | 100 |705.0| 7500 | 150 | 48 | 57 | 163 | 49.7 | 098
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7500 | 300 | 49 | 57 |230| 49.7 | 099
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7500 | 450 | 49 | 57 |282 | 49.7 | 099
130 | 130 | 20 | 20 | 15 | 100 |705.0 | 7500 | 600 | 49 | 57 |325| 49.7 | 099
R5_L1 | 150 | 130 | 20 | 15 | 25 | 1.15 [1200.0{ 5000 | 75 | 64 | 158 | 0.69 | 615 | 1.04
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5000 | 150 | 107 | 158 | 0.97 | 100.8 | 1.06
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5000 | 300 | 134 | 158 | 1.38 | 135.5 | 0.99
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5000 | 450 | 135 | 158 | 1.69 | 1385 | 097
150 | 130 | 20 | 15 | 25 | 115 |1200.0| 5000 | 600 | 135 | 158 | 1.95 | 1385 | 097
R5_L2 150 | 130 | 20 15 25 115 |[1200.0| 5500 | 75 62 132 | 0.75 | 59.1 1.04
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5500 | 150 | 97 | 132 | 107 | 93.3 | 1.04
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5500 | 300 | 113 | 132 | 151 | 1159 | 098
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 5500 | 450 | 114 | 132 | 1.85 | 115.9 | 0.98
150 | 130 | 20 | 15 | 25 | 115 |1200.0| 5500 | 600 | 114 | 132 | 213 | 1159 | 098
R5.L3 | 150 | 130 | 20 | 15 | 25 | 1.15 [1200.0( 6000 | 75 | 59 | 112 | 082 | 56.7 | 1.04
150 | 130 | 20 15 25 115 |(1200.0| 6000 | 150 | 87 112 | 1.16 | 85.7 1.01
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6000 | 300 | 97 | 112 | 164 | 98.3 | 0.99
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6000 | 450 | 97 | 112 | 200 | 98.3 | 0.99
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6000 | 600 | 97 | 112 | 231 | 98.3 | 099
R5_L4 | 150 | 130 | 20 | 15 | 25 | 1.15 [1200.0 6500 | 75 | 56 | 96 |0.88| 541 | 1.03
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6500 | 150 | 77 | 96 |125| 78.1 | 0.99
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6500 | 300 | 83 | 96 | 177 | 844 | 099
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6500 | 450 | 83 | 96 | 216 | 844 | 099
150 | 130 | 20 | 15 | 25 | 115 [1200.0| 6500 | 600 | 83 | 96 | 250 | 844 | 099
Mean 0998
Sd. Dev. 0.024
Max 1.080
Min 0.944
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