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Dear Reader,

We are delighted to present to you the high-rise buildings brochure. It features
suggestions and advice about the optimal use of hot-rolled shapes in tall buildings.

We offer the widest range of structural shape sizes & steel grades and here, you will find a
comprehensive information about their properties as well as their advantages and applications
in high-rise buildings.

Since we operate a policy of continuous product development, this brochure will be subject to
changes. In order to remain up-to-date with our latest developments, we invite you to regularly
consult our website: sections.arcelormittal.com.

In addition to this brochure, our commercial tfeams and technical advisory are at your
disposal to answer any question you may have: sections.sales@arcelormittal.com.

Kind regards,

Tapas Rajderkar

ArcelorMittal Europe - Long Products
CEO Sections and Merchant Bars



Dear Reader,

This ArcelorMittal publication, focusing on high-rise buildings, was produced with the assistance and
guidance of the Council on Tall Buildings and Urban Habitat (CTBUH), the world's leading resource for
professionals focused on the inception, design, construction and operation of tall buildings and future
cities. The Council's research department is spearheading the investigation of the next generation of tall
buildings by aiding original research on sustainability and key development issues. Part of this research
includes examining the optimal structural solutions for tall buildings.

This ArcelorMittal publication highlights how structural steel can be used in tall buildings and directly
references the Outrigger Design for High-Rise Buildings and Recommendations for Seismic Design
Technical Guides developed by CTBUH Working Groups. The Life Cycle Assessment of Tall Building
Structural Systems and Composite Megacolumns Research Reports, which were made possible

through research grants provided by ArcelorMittal, are also discussed in this publication.

Furthermore, CTBUH hosts the world’s premier free database on tall buildings, The Skyscraper Center
(skyscrapercenter.com), which is updated daily with detailed information, images, data and news.

This database houses information on more than 25000 buildings, with ArcelorMittal providing

steel services for over 150 of the buildings featured on this site.

We hope this publication provides you with useful information on the application of steel in tall structures.

Sincerely,

] o

Antony Wood

CTBUH Executive Director
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The term "high-rise building” refers in this brochure to buildings with a minimum height (height understood as height to tip) of about
150m including super tall buildings (300 metres high) and mega tall buildings (600 metres high). The number of floors is understood
as the number of floors above ground.
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Merchant Bars
Web Tailor-Made Shapes

Sections

Columns Channels

Bearing Piles

Beams

B HE 100 - 1000 B HD 260 - 400 H HP 200 - 400 B UPE 80 - 400 Bl L 45x45-300x300
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HZ 680M LT - HZ 880M A - C
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AS 5009.5-13
1.S. max = 6000 kN/m

AU™ 14 - AU™ 25
PU12 -PU32
GU 6N - GU 33N

AZ 18 - 800 - AZ 27 - 800
AZ 28 -750-AZ 32 -750
AZ12-770 - AZ 52-700
AZ 18 - AZ50

Crane & Light rail

Transport Rails and Rails for Crossovers
Grooved & Block Type Gl

Ad

Girder Cranerails Conductors
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Crane rails Light Rails
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Rails for Crossovers

Iy |

Vignole Type

EN13674-1,EN 13674-2, | EN 14811, 2006 +A1, EN 13674-3 DIN 536, ASTM, MRS, GCRD42, STR40, DIN 5901,

AS 1085. 1, GOST P51685, | ArcelorMittal Specifications AS, CR, CRS, JKL, SP, GCRD45, STR74, DIN 17100,

ASCE, IRS, ArcelorMittal RG, ArcelorMittal GCRD108, ArcelorMittal | EN 13674-4,

Specifications, AREMA Specifications GCRD183 Specifications | DIN 20501,
PN-79/H,
ASTM, BS11,
ZN 2004

Mining Other special sections

Flanges

Track Shoes Rail Accessories

AL

Cathode bars

Mining sections  Mining Accessories

AWV,

Square Single grouser TH40 - TH44 GTHN 29 Ribbed baseplates, Rectangular
Rectangular Double grousers V25 -V36 J21-J36 Tie plates standard, L shape
Triple grousers A36 CLAMP Tie plates Type Pandrol, T shape
E74VS Guiding bar for Metro

Cross hearts
Fishplates

Wire Rod

o

Round:@ 15 - 170 mm

Bars: g9 8 - 40 mm Round:@ 5 - 52 mm Round billets: @ 180 - 310 mm

Coils : @ 6 - 25 mm

Hexagon: @ 14,3 - 42,5 mm

Mesh, Low and High carbon steels,
Cold heading, Welding,
Free-cutting, Spring,

Steel cord, Bearing

Hexagon: @ 14,3 - 70,4 mm
Round corner square : 163 - 200 mm?

Square billets : 11207 - 3202 mm

Rectangular billets: 1 155 x 270
190 x 220; 240 x 270; 265 x 385;
280 x 300; 280 x 310; 280 x 400

Visit us on:

Sections & Merchant Bars: sections.arcelormittal.com
Rebars, Mesh & Pre-Stressed concrete: barsandrods.arcelormittal.com
Steel Decks: ds.arcelormittal.com/construction
Facades & Claddings: industry.arcelormittal.com/steelenvelope
Partitions: ds.arcelormittal.com/construction

Sheet piles and Bearing piles: sheetpiling.arcelormittal.com
All products for construction: constructalia.arcelormittal.com
The intelligent construction choice: steligence.arcelormittal.com




1. About ArcelorMittal

ArcelorMittal

ArcelorMittal is the world's leading steel and mining company,
with a presence in 60 countries and an industrial footprint

in 18 countries. ArcelorMittal is the leader in all major global
steel markets, including automotive, construction, household
appliances and packaging, with leading R&D and technology,
as well as sizeable captive supplies of raw materials and
outstanding distribution networks. An industrial presence on
four continents exposes the company to all major markets,
from emerging to developed. We are the largest producer of
steel in the EU, North & South America and Africa, a significant
steel producer in the CIS region, and have a growing presence
in Asia, including investments in China and India.

ArcelorMittal Europe — Long Products

Long Products operates at 29 production sites in 10 countries.
Long products include sections, merchant bars, wire rod,
special quality bars,
rebar, rails, sheet

piles, special sections,
billets, and blooms.
ArcelorMittal

Europe — Long Products
is a leader in sections,
sheet piles, rails and
quality wire rod.

It offers the widest
range from small
sections to jumbo
beams according to
many standards and
covering the full range
of applications.

ArcelorMittal office building
(AOB), Esch-sur-Alzette,
Luxembourg

Electric arc furnace, Luxembourg

We are the largest recycler of steel in the world notably
thanks to the electric arc furnace technology.
ArcelorMittal's facilities of Differdange can provide sections
with unique dimensions in the world, including finishing
from Steligence® Fabrication Centre if requested.

Technical support

ArcelorMittal provides free technical advice to assist
designers in using its unique products and materials to

their full potential. The technical advisory team is available
to answer questions about structural shapes, merchant bars,
design of structural elements, construction details,

surface protection, fire safety and welding.

The team of technical specialists is readily available
to support projects throughout the world.

ArcelorMittal also offers free software and technical
documents to support designers. These tools can

be downloaded at: sections.arcelormittal.com

or upon request at sections.sales@arcelormittal.com



"The competition for material selection between steel, concrete, timber and other materials is as
fierce as ever. Key criteria in the choice of material include element size, fire rating / the need for
supplementary material, sustainability, vibration characteristics, availability, shape opportunity, as
well as cost, including predictability of costs. We have found that the innovations brought to market
by ArcelorMittal and steel’s inherent characteristics enable the material to remain competitive and
most often the material of choice. In particular, the increase in available strength and reduction

in preheat requirements developed by ArcelorMittal and embodied in the A913 / HISTAR®
specifications has made the selection of steel an even easier decision."

2. Advantages of steel

The main advantages of steel are:

- stiffness, ductility and resistance

- prefabrication and speed of construction

- flexibility

sustainability (reusability & indefinitely recyclable)
reliability

® Stiffness

& resistance

Steel is the most
efficient material for
columns thanks to its
stiffness and resistance.
Steel solutions are 5 to
8 times stiffer and about
10 times more resistant
than concrete.

Steel has a very high

strength to weight

ratio, leading to :

- minimum construction
dimensions

- increased usable “carpet” area (the footprint of a column is
approximatively 10 times smaller in steel than in concrete)

- lighter columns (about 3 to 6 times lighter than concrete columns)

- lower loads transferred to foundations (total building
weight is more than 2 times lighter in steel than in concrete)

- long span
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Figure 2.1: Tour D2, half of the
weight is carried by exterior
steel diagrid, Courbevoie, France

Example: Comparison between concrete and steel columns
Load = 15000kN (~ 25 floors), Buckling length = 4m

Class / Grade Concrete C60 HISTAR® 460
Dimensions / Section 650 x 650mm HD 400 x 314
Weight 1060kg/m 314kg/m
Column area 0,42m? 0,04m?

Barry Charnish, P.Eng.

Principal

ENTUITIVE

Toronto, Canada

It is widely acknowledged that steel structures
inherently offer superior performance in earthquakes
compared to masonry or reinforced concrete.
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Figure 2.2: Broad J57 Tower,19 days for 57 storeys, Changsha, China

® Fabrication and speed

Fabrication of steel elements is carried out in a workshop, leading to:
- less material and waste on-site

- minimum disruptions to the surroundings (e.g. less noise)

- ease of construction

- reduced workforce on-site

- higher level of safety for the workers

- reduced management costs on-site

- optimised construction time

- earlier pay-back of investments
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ArcelorMittal offers the widest range of beams — also available with fabrication
® Flexibility ® Sustainability
Structural steel can be combined with other materials to It is ArcelorMittal’s corporate approach to produce safe and
achieve the desired look, properties or functionalities. Steel sustainable steel reflecting our commitment to protect and
is the material “par excellence” when it comes to inventing new improve the environment in which we live and work. We
structures and forms. All solutions are possible, from the very constantly work to develop clean practices in steel production.
simplest to the most challenging ones. No other material More than 1 500 research engineers are constantly trying to
is used to make structures which are so slender, light and develop cleaner and greener processes to produce steel.
transparent. Forms can be created using different structural
effects and envelopes with pure or finely sculpted curves. One example is the development of the modern high strength

steel HISTAR®. By increasing the strength of the steel, less
material is needed. For example, HISTAR® which has been
used in buildings such as One World Trade Center in New York
and Emirates Tower One in Dubai, can reduce CO, emissions
during construction phase by as much as 30%.

Steel is an especially sustainable material as it can indefinitively
be recycled, without quality loss. Thanks to this property,

it surpasses other materials and saves millions of tonnes

of ressources worldwide.

© Marshall Gerometta / CTBUH

o el i : jll =7
Figure 2.3: Emirates Tower One, Dubai, UAE Figure 2.4: Scrap yard, Belval, Luxembourg
Steel provides the flexibility needed to enable a building ® Reliability
to evolve throughout its working life. The building can be All structural steel products made by ArcelorMittal are
initially designed in order to facilitate future evolutions: manufactured using automated and computerised industrial
- modification of applied loads due to change processes. Finished products are subjected to high levels
of the building’s usage of quality controls to ensure the best finished quality.

- floor plan layout
- possibility to create new openings in facade or slab.



Figure 3.1 HISTAR® in Shanghai World Financial Center

3. HISTAR® grades for high-rise buildings

® Conventional steel

ArcelorMittal manufactures I-sections, H-sections, channels,
steel angles and bars. The product range includes all dimensions
for European standards, and many dimensions from the
American and Russian standards. Upon request, sections

can also be produced according to custom dimensions

and geometries.

Rolled sections are delivered in grades complying with European,
American, Russian and Chinese standards. Other grades

(e.g. Canadian CSA standards) can be supplied upon request.

In Europe, ArcelorMittal offers conventional $235, S355, S460
and S500 steel (see table below). S355 is becoming the base
grade for all kinds of applications for steel. S500 is feasible and
will be available as soon as it will be included in the

EN product standard.

® HISTAR®/ASTM A913 & products standards

In addition to conventional steel, ArcelorMittal offers HISTAR®
355 & 460, HISTAR®/ASTM A913 Grade 50, Grade 65, Grade
70 steels and grade, which exceed standard requirements.
HISTAR® steels are advanced thermo-mechanical structural
steels that are manufactured with the in-line QST

(Quenching and Self-Tempering) process.

Product standards for steel grades

They are low-alloyed, high-strength thermo-mechanical
fine grained structured steels with excellent weldability
and good toughness values.

An outstanding feature of these high strength steels is
their low-carbon equivalent, allowing easier processing for
fabricators. As such, preheating before welding can usually
be avoided and lead to substantial time and cost savings.
HISTAR® grade steel products are available for multiple
European, British and American dimensions standards

(see table on the following page).

Weight
and cost
/ saving
Preheating Less
generally weld
nat *
deposits
required HISTAR® p
ADVANTAGES
Better Less
carbon surface to
footprint [l coat

Figure 3.2: HISTAR® advantages

Class / Grade Europe USA China
Yield Strength [MPa] HISTAR® EN10025 - 2 EN10025 - 4 ASTM A913 ASTM A992 ASTM A572 GB/T 33968-2017
355 355 S355J0/JR/J2/K2 S355M/ML Grade 50 Grade 50 Grade 50 Q345QST
460 460 S450J0/JR/12/K2 S460M/ML Grade 65 Grade 60 Q460QST
500 S500 J0/J2 S500M/ML Grade 70 Q485QST
550 Grade 80*

*Sept. 2019: expected in A913
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Dimensions standards for HISTAR® grades

Class / Grade European Standards British Standards American Standards
Parallel flange beams IPE 550*, IPE 600 - IPE 750
UB 610 x 229 - UB 838 x 292 W24 -W 36
Wide flange beams HE 260* - HE 280*, HE 300 - HE 1000
Extra wide flange beams HL 920 - HL 1100 UB 914 x 305 - UB 1016 x 305 W36 -W 44
Wide flange columns HD 260 - HD 400 UC152x152 - UC 356 x 406 W10-wW14
Wide flange bearing piles HP 200 - HP 400 UBP 203 x 203 - UBP 356 x 368 HP 10 - HP 14

*on request

— Benefits of HISTAR®

The yield strengths of HISTAR® grades are superior across
the entire range of material thickness compared to standard
structural steels (Table 3.3). Engineers around the world are
taking advantage of HISTAR® steel in elements such as gravity
columns, long span trusses, belt trusses and outriggers.
HISTAR® is the steel “par excellence” for the high-rise
buildings columns even in severe earthquake conditions,

as seen in the Shanghai World Financial Center (Figure 3.1).
There are countless advantages to using HISTAR® steel
products, notably:

- material savings: HISTAR® steels with higher strength
values can significantly reduce the amount of materials
used. This result is up to 30% savings in total cost

when compared to S355 construction elements.

- Less weld deposits as smaller sections are used.
- Less surface to protect against corrosion and fire.
- Less CO, emissions: it reduces carbon emissions by about 30%.

- Lightness: due to the high yield strength, the steel tonnage

of any element designed by stress can be reduced by around
30% - in some cases even more. Thanks to the lighter construction
process, transportation costs are automatically lowered.
Depending on the location and availability of equipment on the
construction site, smaller cranes or hoists can also be used.

HISTAR® steel always enables economical solutions.

550 | 550 A913 Grade 80
500 500
an A913 Grade 70
460 460 HISTAR® 460
£ 450 - T T T T T T T T T qaso S300M/ML 2973 Crade 63
= 440
= 430
5
o 410
% 4004 400
° 385 S460M/ML
>
£
g 355 HISTAR® 355 A913 Grade 50
'§350—'___—|375____________________'
335
325 I 1320 S355M/ML
300+ 313 | — — — — _ — _ _ _
295 $355 JO/JR/J2/K2
250 | | | | | | |
Fl thick
0 20 40 60 80 100 120 140 Hange thickness (mm)

Figure 3.3: Minimum yield strength according to material thickness
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“LeJeune Steel Company has been using A913 Grade 65 for W-shapes since the late
1990s. This steel brings value to projects in the form of improved fabrication and
erection efficiencies, as well as reduced material and cost.”

— Welding

Provided that the general rules of welding and fabrication are
respected (see EN1090-2, EN1011-2 or local codes), HISTAR®
grades also offer good weldability for all manual and automatic
processes. Due to their low carbon equivalent content, it is generally
not necessary to preheat under the following conditions:

- Heat input Q ranges 10-60kJ/cm

- Temperature of the productis > 5°C

- Electrodes with low carbon equivalent and low hydrogen content,
typically with a diffusible hydrogen content < H10 for HISTAR® 355
and <H5 for HISTAR® 460, are used. The welding of a Jumbo beam
of 140mm flange thickness in HISTAR® 460 was welded without
(see photo below) preheating with a filler metal with low

hydrogen content < H5.

Additional cost savings can be achieved using HISTAR®.

The volume to be welded can significantly be reduced by 35-
40% in function of the groove detail. This induces a total welding
time saving by 40% to 50% in function of the welding process
and the preheating. Energy consumption can also be further
saved. Moreover, under normal conditions, fabrication such as
machining, thermal cutting, stress relieving, flame straightening
and cold forming can be performed under the same conditions

as structural steels with the same level of tensile strength.

For the American steel grades ASTM A913 Gr 50, 65 and 70,
minimum preheat temperature to use it as prequalified steel
grades are given in Table 3.3 of AWS D1.1:2015. Preheating
can be avoided for Grade 50 and 65 when maximum H8

filler metals are used. For Grade 70, a minimum preheat
temperature as defined in the table 3.3 shall be

applied according to the material thickness.

Nevertheless, some preheating* may be required in case of:
- ambient T°< 5°C
- high hydrogen content
- high restraint conditions
(leading, for example, to high tri-axial shrinkage stresses)
- low heat input
- special applications.
12

CEV [%]

0,7

0,6

0,5

0,4

0,3

0,2

Victor Shneur, P.E.
Chief Engineer

STEEL COMPANY

Minneapolis, USA

Thickness [mm]

140 Preheating
temperature ['C]

) 200
~-80 450

40 100

235 275

355 420 460 500

Yield strength R, [MPa]

CEV (%) =C +%+ (Cr+Mo+V) N (Cu+Ni)

5 15

Figure 3.4: Preheating temperatures for conventional
structural steel grades and HISTAR® grades.

No preheat conditions* for HISTAR® grades:
- For R, < 460: H, < 10ml /1009
- For R, 2 460: H, < 5ml /100g

- Q>10kJ/cm

Figure 3.5: Welding of HISTAR® structural steel grades
without preheating* (CJP_Complete Joint Penetration_
splice of HD400 x 1299 in HISTAR® 460)

* More information can be found within the ArcelorMittal HISTAR® brochure,
and for further questions, contact sections.sales@arcelormittal.com.



4. Columns

HD 400x287
Steel is the most efficient material for slender columns W14x193

thanks to its stiffness and resistance. Compared to
concrete, steel is 5 to 8 times stiffer and 10 times
more resistant in compression. This makes steel
sections the ideal material for columns in tall buildings.

® Steel sections

The example in Figure 4.1 shows how a typical HD 400x592 {
185m high office building of 50 storeys, with a W14x358
reinforced concrete core, can use HISTAR® columns
for most of the internal and facade columns
(HISTAR® 460 in this case). In this example, the
floor’s dead and live loads are 5kN/m? and 3kN/m?,
respectively, and the span between the columns

is between 10 and 12 meters.

Combined with the high-strength steel HISTAR® 460,
HD 400 / UC 356 / W14 x 16 series enable
coverage of almost the whole height of the building.
Sizes for an internal column are shown here.

HD/W/UC steel columns have the advantage of having
the same distance h between the flanges. In this way HD 400x1299
two HD/UC/W columns can be piled up on each other W14x873
so that they can easily be spliced (Figure 4.2).
HD Box

® Jumbos and SuperJumbos
To accommodate additional loads, Jumbo and
Super Jumbo sections can be used. Jumbos Figure 4.2: Stacking
(G > 500 kg/m) and Super Jumbos (G > 1000kg/m) up HD 400 columns.
are very heavy rolled wide flange sections, due to a
significant increase in flange thickness. The illustration
here shows HD 400 with flange thickness up to
140mm (5.5in.) and with weight up to 1299kg/m
(873Ibs/ft). In larger sections, such as the HL 920 series,
the weight can go up to 1377kg/m (925Ibs/ft).
ArcelorMittal has the record of the heaviest and the thickest
rolled shape in the world (see page 9). When loads are too
heavy for the strongest single Super Jumbo such as in the
first three floors of the example (Figure 4.2), optimised Figure 4.1: 185m high office building

section such as HD Box can be used (Figure 4.3). 13

h.is constant within
a family of sections




® Optimised built-up sections

Optimised sections can provide more design flexibility.
ArcelorMittal supplies numerous varieties of these welded
sections, such as HD Box, cruciform section, sections with

cover plates and several different welded sections. Pages 24
and 25 show design tables for specific HD Box & cruciform
sections made of HD/HL/W sections to which two tees,
split from the same sections, are welded.

Figure 4.5: Rolled section with coverplates

14

Figure 4.6: Two heavy sections welded together



® Optimised Sections Solutions

Box section welded
from two sections

Composite column:

box section welded from
two sections section
with concrete filling

Composite column:
box section welded
from three sections
encased in concrete

Cruciform section
made out of one rolled
section and two
T-sections

Composite column:
cruciform beam
with concrete filling

Wide flange beam
boxed with
two plates

Composite column: wide

flange beam boxed with two

plates filled with concrete

Box HD section made out
of one rolled section
and two T sections

Partially encased
composite beam
or column

Composite column: wide

flange sections encased in

concrete filled steel tube

Relative weight I
Material costs Il
Buckling length: 3.5m
100 % —
70 %
68 %
Steel grade S355JR HISTAR® 460
Section HD 400 x 677 HD 400 x 463
Ultimate load (kN) 24580 25200

Figure 4.7: Economical use of HISTAR®: heavy columns

Heavy columns:

Gains, when using HISTAR® 460 instead of S355 JR steel:
- 32% weight savings

- 30% costs savings

130
Weight

Fabrication costs

Buckling length: 4.5m

100 %
82 %
62 %

Steel grade S 355 S355JR HISTAR® 460
Section Box column HD 400 x 990 HD 400 x 1086
+plates
Ultimate load (kN) 47463 46568 50544
Weight (kg/m) 1342 1320 1086

Figure 4.8: Economical use of HISTAR®: built-up sections

Built-up sections:

Gains, when using S355 cover plated

column compared to S355 Box column:

2% weight savings  ->  20% costs savings

Gains, when using HISTAR® 460 Super Jumbo
compared to cover plated S355 JR Jumbo:
18% weight savings  ->  38% costs savings

Weight
Material costs Il
Weld volume

A&% 78%
73 %
C -
Steel grade S235R S355 R HISTAR® 460
Section HD 400 x 1086  HD 400 x 634  HD 400 x 463
Ultimate load (kN) 27027 26260 27117

Figure 4.9: Economical use of HISTAR®: beams in truss
applications
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lP

P=6000 kips
KL=11.5 ft

7777

Weight mm
Weld volume I

Steel grade

Section

LRFD Ultimate load (kips)
Weight (Ibs/ft)

iP

P=11690 kips
k=148t |
Weight

Fabrication costs HEl

Steel grade
Section

LRFD Ultimate load (kips)
Weight (Ibs/ft)

Weight HE
Weld volume

P=5013 kips

i
s

Steel grade

Section

LRFD Ultimate load (kips)
Weight (Ibs/ft)

74 Y%
" 68 %
56% 48 %

100 %
80 %
65 %
S355 HISTAR® 460
A992 Grade 50 A913 Grade 65 A913 Grade 70 A913 Grade 80
W14x16x500 W14x16x398 W14x16x370 W14x16x342
6165 6232 6184 6424
500 398 370 342
5.12
v 4}91 5.12 4.91 417
3.54 1.38
110 %
100 % 100 %
85 % 77 % 70%
54 % 54 % 54 %
S355 S355 HISTAR® 460
A572 Grade 50 A992 Grade 50 A913 Grade 65 A913 Grade 70 A913 Grade 80
Box column W14x16x730 W14x16x808 W14x16x730 W14x16x665
+plates
11828 11825 12241 11740 11870
950 949 808 730 665
100 %
80 %
[} (o)
65 % 513{/) 73 %
€ 45 %
S355 HISTAR® 460
A992 Grade 50 A913 Grade 65 A913 Grade 70 A913 Grade 80
W14x16x426 W14x16x342 W14x16x311 W14x16x283
5014 5252 5142 5331
426 342 311 283

Using HISTAR® sections
to reduce column weight

When compared to other
structural steels, high-
strength HISTAR® steel results
in reduced weight and material
costs of structures. HISTAR®
also contributes to cost
savings in welding,

fabrication and erection.

Using HISTAR® sections
to replace built-up
columns

Chosing high-strength
HISTAR® steel enables
designers to substitute
complicated and expensive
built-up sections with
economical hot-rolled
profiles.

Using HISTAR® sections
to reduce weight of
truss chord members

HISTAR® steel brings great
benefit to the design of

tension members in trusses.
When used in these applications,
the high-strength steel can not
only lead to material cost savings
but also reduction of the dead
load of the system. The weight
savings result in the ability

to use thinner, more efficient
sections and ultimately

reduced fabrication

and erection costs.



® HTM / WTM Web Tailor-Made Shape

To offer architects and engineers a solution for increasingly tall and
slim buildings, with optimal net floor area, we now produce Web
Tailor-Made (WTM / HTM) shapes to complement HISTAR® shapes.

This new product has maximum dimensions of 40” width
(1016 mm) by 4” thick (101,6 mm), and it allows something

particularly unique like HISTAR®/ASTM A913 shapes, WTM/HTM

products are hot-rolled with the same thermo-mechanical
controlled process with in-line quenching and self-temperting
(TMCP-QST), thereby enabling the elements to be welded
without preheat like HISTAR/ASTM A913 shapes.

25 WTM/HTM sizes available
Product designation of WTM/HTM is width x unit weight (Ibs/ft respectively kg/m)

Epaisseur/ Thickness/Starke Largeur/Width/Breite (pouce/inch/zoll)

(pouce/inch/zoll)

Figure 4.10: New development: Web Tailor-Made

2,75
2,5

| 24
WTM 24 x 327
WTM 24 x 286
WTM 24 x 245
WTM 24 x 225
WTM 24 x 204

| 28
WTM 28 x 381
WTM 28 x 333
WTM 28 x 286
WTM 28 x 262
WTM 28 x 238

32
WTM 32 x 436
WTM 32 x 381
WTM 32 x 327
WTM 32 x 299
WTM 32 x 272

| 36
WTM 36 x 490
WTM 36 x 429
WTM 36 x 368
WTM 36 x 337
WTM 36 x 306

| 40
WTM 40 x 544
WTM 40 x 476
WTM 40 x 408
WTM 40 x 374
WTM 40 x 340

Epaisseur/Thickness/Stérke

Largeur/Width/Breite (mm)

(mm)

101,6 HTM 610 x 486
88,9 HTM 610 x 425
76,2 HTM 610 x 365
69,8 HTM 610 x 334
63,5 HTM 610 x 304

HTM 710 x 567
HTM 710 x 496
HTM 710 x 425
HTM 710 x 390
HTM 710 x 355

812,8
HTM 810 x 648
HTM 810 x 567
HTM 810 x 486
HTM 810 x 446
HTM 810 x 405

HTM 915 x 729
HTM 915 x 638
HTM 915 x 547
HTM 915 x 501
HTM 915 x 456

HTM 1016 x 810
HTM 1016 x 709
HTM 1016 x 608
HTM 1016 x 557
HTM 1016 x 506

Comparison between solutions

Axial compression
Buckling Length
=31ft(9.5m)
Ibs/ft
Weight (kg/m)
%
kips (kN) 8
Max. Axial Load %
% weight
in.* (cm*?)
Inertia, weak axis %
% weight
in.* (cm*) 18
Inertia, strong axis %
% weight

XL

reference

W14 x 873

(W 360x1299)

873
(1299)
100
604 (38 273)
100

100

6111 (254 372)

100
100

129 (754 600)

100

100

W14 x 873
+2xWTM 40 x 544
(HD 400 x 1299 +
2xWTM 1016 x 810)

1961
(2919)
225
28 835 (128 646)
335

149
48 184 (1994 075)

788
351

60866 (2530521)

336

149

Box of 4 x
WTM 40 x 544
(WTM 1016 x 810)

2181
(3 240)
250
35642 (159 080)
414

166
171 095 (7 121 545)

2800
1121

197 975 (8 240 377)

1092

437

Stack of 10 x
WTM 40 x 544
(WTM 1016 x 810)

5 440
(8 100)
623
84 260 (378 239)
979

157
200210 (8 879 604)

3276
526

200210(8 333 333)

1104

177
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® Predesign tools, design tables:
Different design tables exist according to different standards
(European, British, American etc.). Here are some examples.

Buckling length [m]
[ Axis
1 1,5 2 2,5 3 3,5 4 5 6 7 8 9 10 11 12 13 14

Nb,y rd 74300 74300 74300 74300 74100 73600 73000 71800 70500 69000 67400 65500 63300 60800 57900 54700 51200
HD 400 x 1299

Np,2 rd 74300 74300 73300 71700 70000 68300 66500 62400 57700 52400 46700 41200 36000 31500 27600 24300 21500

Nb,y,rd 68900 68900 68900 68900 68700 68100 67600 66400 65100 63700 62100 60300 58100 55600 52800 49600 46300

HD 400 x 1202
Npors 68900 68900 67800 66300 64800 63200 61400 57500 53000 48000 42700 37500 32700 28600 25000 21900 19400

Nbyrd 62400 62400 62400 62400 62200 61700 61200 60100 59000 57700 56200 54500 52600 50300 47700 44800 41700

HD 400 x 1086
Np,gd 62400 62400 61300 59900 58500 56900 55300 51600 47300 42600 37600 32800 28500 24800 21700 19000 16800

Ny rd 56800 56800 56800 56800 56600 56100 55600 54600 53600 52300 50900 49300 47400 45200 42700 40000 37100

HD 400 x 990

Np, 2 rd 56800 56800 55800 54500 53100 51700 50100 46700 42700 38300 33700 29300 25500 22100 19300 16900 14900

Nb,yrd 51700 51700 51700 51700 51400 51000 50600 49600 48600 47400 46100 44500 42700 40600 38200 35600 32900
HD 400 x 900

Np, 2 rd 51700 51700 50700 49500 48200 46900 45500 42300 38500 34400 30200 26200 22700 19700 17100 15000 13200

NbyRd 48000 48000 48000 48000 47700 47200 46800 45900 44900 43800 42400 40900 39000 36900 34500 32000 29400
HD 400 x 818

Np, 2 rd 48000 48000 47300 46600 45800 45000 44000 41700 38600 34700 30400 26200 22400 19200 16600 14400 12600

Nbyrd 43600 43600 43600 43600 43300 42900 42500 41600 40700 39600 38300 36900 35100 33100 30800 28400 26100
HD 400 x 744

Np, 2 rd 43600 43600 43000 42300 41600 40800 39900 37700 34800 31200 27200 23300 19900 17100 14700 12800 11200

Nb,yrd 39700 39700 39700 39700 39400 39000 38600 37800 37000 35900 34700 33300 31600 29700 27500 25300 23100
HD 400 x 677

Np 2 rd 39700 39700 39100 38500 37800 37100 36300 34200 31500 28200 24500 20900 17800 15300 13100 11400 9970

Nb,y,rd 37200 37200 37200 37200 36800 36500 36100 35400 34500 33500 32400 31000 29400 27500 25500 23400 21300
HD 400 x 634

Np, 2 rd 37200 37100 36600 36000 35400 34700 33900 31900 29300 26100 22600 19300 16500 14100 12100 10500 9180

Nbyrd 34700 34700 34700 34700 34400 34100 33700 33000 32200 31300 30100 28800 27300 25500 23500 21600 19600
HD 400 x 592

Np, 2 rd 34700 34700 34200 33600 33000 32300 31600 29700 27300 24200 20900 17800 15200 12900 11100 9650 8440

Ny rd 32300 32300 32300 32200 31900 31600 31300 30600 29800 28900 27900 26600 25100 23400 21600 19700 17900
HD 400 x 551

Np,2 rd 32300 32200 31700 31200 30600 30000 29300 27500 25200 22300 19300 16400 13900 11900 10200 8840 7730

Nb,y,rd 29900 29900 29900 29800 29500 29200 28900 28300 27600 26700 25700 24500 23100 21500 19700 18000 16300
HD 400 x 509

Np,2 rd 29900 29800 29300 28900 28300 27700 27100 25400 23200 20500 17700 15000 12700 10900 9340 8090 7070

Nbyrd 27100 27100 27100 27000 26800 26500 26200 25600 25000 24200 23200 22100 20700 19200 17600 16000 14500
HD 400 x 463

Np, 2 rd 27100 27100 26600 26200 25700 25200 24500 23000 21000 18500 15800 13400 11400 9690 8320 7210 6300

Nb,yrd 24700 24700 24700 24600 24400 24100 23900 23300 22700 21900 21000 20000 18700 17300 15800 14300 12900
HD 400 x 421

Np, 2 rd 24700 24600 24300 23800 23400 22900 22300 20900 19000 16700 14300 12100 10200 8700 7470 6470 5650

Nb,y,rd 22400 22400 22400 22300 22100 21900 21600 21100 20500 19800 19000 18000 16800 15500 14100 12800 11500
HD 400 x 382

Np,2 rd 22400 22300 22000 21600 21200 20700 20200 18900 17100 15000 12800 10800 9150 7790 6680 5780 5050

Nb,yrd 20300 20300 20300 20200 20000 19800 19600 19100 18600 17900 17100 16200 15100 13900 12600 11400 10300
HD 400 x 347

|\ 20300 20300 19900 19600 19200 18800 18300 17100 15500 13500 11500 9730 8220 6990 6000 5190 4530

Nbyrd 18400 18400 18400 18300 18100 17900 17700 17300 16700 16100 15400 14500 13500 12400 11200 10100 9110
HD 400 x 314

|\ 18400 18300 18000 17700 17300 16900 16500 15400 13900 12100 10300 8660 7310 6210 5330 4610 4020

Nb,yrd 16800 16800 16800 16800 16600 16400 16200 15800 15300 14800 14100 13300 12300 11300 10200 9210 8270
HD 400 x 287

Np 2 rd 16800 16800 16500 16200 15900 15500 15100 14100 12700 11100 9380 7900 6660 5660 4850 4200 3660

Nb,y,rd 15400 15400 15400 15300 15100 15000 14800 14400 14000 13500 12800 12100 11200 10200 9240 8310 7450
HD 400 x 262

Np, 2 rd 15400 15300 15100 14800 14500 14200 13800 12800 11600 10000 8500 7150 6030 5120 4390 3800 3310

Nbyrd 13800 13800 13800 13700 13600 13500 13300 13000 12600 12100 11500 10800 9970 9090 8200 7360 6600
HD 400 x 237

|\ 13800 13800 13600 13300 13000 12700 12400 11500 10300 8950 7570 6360 5350 4550 3890 3370 2940

Ny rd 12700 12700 12700 12600 12500 12300 12200 11900 11500 11000 10500 9830 9070 8260 7450 6680 5980
HD 400 x 216

Np, 2 rd 12700 12600 12400 12200 11900 11700 11300 10500 9440 8170 6900 5790 4880 4140 3550 3070 2680

Table 4.1: Eurocode (EN 1993-1-1: 2005) design buckling resistance [kN] of strong and weak axis of HD columns
sections in HISTAR® 460.
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Design dota ovasdoble

ams

Bernburg fully finished
heavy section . 1 e

Buckling length [m]

Axis
[ 1 1,5 2 2,5 3 3,5 4 5 6 7 8 9 10 11 12 13 14
Noyrs 10900 10900 10900 10800 10700 10600 10500 10200 9880 9480 9000 8420 7760 7050 6340 5680 5080
HD 400 x 187
Np,ga 10900 10900 10700 10500 10300 10000 9750 9040 8090 6970 5880 4920 4140 3510 3010 2600 2270
Nb,y,Rd 11500 11500 11500 11400 11300 11200 11000 10800 10400 10000 9490 8880 8190 7440 6700 6000 5360
HD 360 x 196
Nb,led 11500 11400 11200 11000 10800 10500 10100 9290 8180 6930 5770 4790 4010 3390 2900 2500 2180
Nb,y,Rd 10500 10500 10500 10400 10300 10200 10100 9800 9490 9100 8640 8070 7430 6750 6070 5430 4850
HD 360x 179
Npzga 10500 10400 10200 10000 9800 9540 9240 8460 7430 6290 5230 4340 3640 3070 2630 2270 1970
Noyra 9490 9490 9490 9420 9310 9210 9100 8850 8570 8220 7790 7280 6690 6070 5460 4880 4360
HD 360 x 162
Np.ra 9490 9420 9240 9060 8850 8620 8340 7630 6690 5660 4700 3900 3270 2760 2360 2040 1770
Noyrs 8640 8640 8640 8570 8480 8380 8280 8060 7790 7470 7070 6600 6060 5490 4920 4400 3930
HD 360 x 147
Nb,z,Rd 8640 8570 8420 8250 8060 7840 7590 6930 6070 5120 4250 3520 2950 2490 2130 1840 1600
Nb,y,Rd 7850 7850 7850 7780 7700 7610 7510 7310 7060 6760 6400 5960 5470 4950 4430 3960 3530
HD 360 x 134
Nb,z,Rd 7850 7780 7640 7490 7310 7110 6880 6280 5490 4630 3840 3180 2660 2250 1920 1660 1440
Nbyra 17600 17600 17600 17400 17200 17000 16800 16300 15700 15000 14100 13000 11800 10600 9480 8420 7490
HD 320 x 300
Npoga 17600 17300 16900 16400 15900 15300 14500 12600 10300 8270 6660 5430 4490 3770 3200 2760 2390
Noyrd ~ 14400 14400 14300 14200 14000 13800 13700 13200 12700 12100 11400 10500 9470 8470 7520 6670 5920
HD 320 x 245
Npopd 14400 14100 13800 13400 13000 12400 11800 10200 8310 6650 5350 4360 3600 3020 2570 2210 1920
Nb,y,Rd 11600 11600 11600 11500 11300 11200 11000 10700 10200 9690 9020 8250 7410 6580 5820 5140 4550
HD 320 x 198
Nb,z,Rd 11600 11400 11100 10800 10400 10000 9460 8080 6550 5210 4180 3400 2810 2360 2000 1720 1490
Nbyra 9260 9260 9230 9120 9010 8890 8760 8460 8100 7650 7090 6450 5760 5100 4490 3960 3500
HD 320x 158
Npoga 9260 9070 8850 8600 8300 7930 7480 6350 5110 4060 3250 2640 2180 1830 1550 1330 1160
Noyrs 7420 7420 7390 7310 7210 7110 7010 6770 6470 6090 5630 5090 4540 4000 3520 3100 2740
HD 320x 127
Np,ra 7420 7260 7080 6880 6630 6330 5960 5020 4020 3180 2540 2060 1700 1430 1210 1040 904
Nb,y,Rd 5720 5720 5700 5630 5550 5480 5390 5200 4960 4650 4280 3860 3420 3010 2640 2320 2050
HD 320x 97,6
Nb,led 5720 5600 5460 5290 5100 4860 4570 3830 3060 2410 1930 1560 1290 1080 917 788 684
Nb,y,Rd 4220 4220 4200 4150 4090 4030 3970 3820 3640 3410 3120 2800 2480 2170 1900 1670 1470
HD 320 x 74,2*
Npopa 4220 4120 4010 3890 3740 3560 3330 2770 2190 1730 1370 1110 918 769 653 561 487
Nbyra 17500 17500 17400 17200 16900 16700 16400 15700 14900 13900 12600 11300 9880 8620 7520 6590 5800
HD 260 x 299
Np.ga 17500 17100 16600 16100 15400 14600 13700 11200 8840 6930 5510 4460 3670 3070 2610 2240 1940
Noyrs ~ 13200 13200 13100 12900 12700 12500 12300 11700 11000 10100 9100 7990 6940 6010 5220 4550 4000
HD 260 x 225
Nb,z,Rd 13100 12800 12500 12000 11500 10900 10100 8160 6350 4950 3920 3170 2610 2180 1850 1590 1380
Nb,y,Rd 10100 10100 9990 9850 9690 9520 9340 8900 8320 7590 6740 5860 5060 4360 3770 3290 2880
HD 260x 172
Nb,z,Rd 10100 9820 9540 9210 8800 8280 7650 6160 4780 3710 2940 2370 1950 1630 1380 1190 1030
Nbyra 8290 8290 8190 8070 7940 7790 7630 7250 6740 6100 5370 4640 3980 3420 2960 2570 2250
HD 260 x 142
Npopa 8260 8050 7810 7530 7180 6730 6190 4930 3800 2940 2330 1880 1540 1290 1090 938 814
Noyrs 6700 6700 6610 6510 6400 6280 6150 5820 5390 4850 4240 3650 3120 2680 2310 2010 1760
HD 260x 114
Npopa 6670 6490 6300 6060 5770 5400 4940 3910 3000 2320 1830 1470 1210 1010 858 736 638
Nb,y,Rd 5450 5450 5370 5280 5190 5090 4980 4710 4350 3890 3390 2910 2480 2120 1830 1590 1390
HD 260 x 93,0
Nb,z,Rd 5410 5270 5110 4920 4670 4360 3980 3130 2390 1850 1460 1170 965 806 683 586 508
Nb,y,Rd 3990 3990 3930 3870 3800 3720 3630 3420 3140 2790 2420 2060 1750 1500 1290 1120 977
HD 260 x 68,2
Npoga 3970 3860 3740 3590 3410 3170 2890 2260 1720 1320 1040 841 690 577 489 419 363
Noyrs ~ 3080 3070 3030 2980 2920 2860 2800 2630 2410 2140 1850 1580 1340 1150 985 854 747
HD 260 x 54,1*
Np,ra 3050 2970 2880 2760 2620 2430 2210 1720 1310 1010 794 640 525 439 372 319 276

Table 4.1 (continued): Eurocode (EN 1993-1-1: 2005) design buckling resistance [kN] of strong and weak axis of HD
columns sections in HISTAR® 460.

* Only available in S460M.
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Buckling length [m]

Axis
[ 1 1,5 2 2,5 3 3,5 4 5 6 7 8 9 10 11 12 13 14

Nbyrd 74500 74500 74500 74500 74400 73800 73200 72000 70700 69200 67600 65700 63500 60900 58000 54800 51300
UC 356 x 406 x 1299

Npopa 74500 74500 73500 71900 70200 68500 66600 62500 57800 52500 46800 41200 36100 31500 27600 24300 21500

Noyrs 68900 68900 68900 68900 68700 68200 67600 66400 65200 63800 62200 60300 58100 55600 52800 49600 46300
UC 356 x 406 x 1202

Npopd 68900 68900 67900 66400 64800 63200 61400 57600 53100 48000 42700 37500 32700 28500 25000 21900 19400

Nb,y,Rd 62400 62400 62400 62400 62200 61700 61200 60100 59000 57700 56200 54500 52500 50300 47600 44800 41700
UC 356 x 406 x 1086

Nb,z,Rd 62400 62400 61300 59900 58400 56900 55300 51600 47300 42600 37600 32800 28500 24800 21700 19000 16800

Nb,y,Rd 56800 56800 56800 56800 56600 56100 55700 54700 53600 52300 50900 49300 47400 45200 42700 40000 37100
UC 356 x 406 x 990

Npzpa 56800 56800 55800 54500 53100 51700 50200 46700 42700 38300 33700 29300 25400 22100 19300 16900 14900

Nbyra 51700 51700 51700 51700 51400 51000 50600 49600 48600 47400 46100 44500 42700 40600 38200 35600 32900
UC 356 x 406 x 900

Np,ra 51700 51700 50700 49500 48200 46900 45500 42300 38600 34400 30200 26200 22700 19700 17100 15000 13200

Noyrs ~ 48000 48000 48000 48000 47700 47300 46800 45900 44900 43800 42400 40900 39000 36900 34500 32000 29400
UC 356 x 406 x 818

Nb,z,Rd 48000 48000 47300 46600 45800 45000 44000 41700 38600 34700 30400 26200 22400 19200 16600 14400 12600

Nb,y,Rd 43600 43600 43600 43600 43300 42900 42500 41600 40700 39600 38300 36900 35100 33100 30800 28400 26100
UC 356 x 406 x 744

Nh,l'Rd 43600 43600 43000 42300 41600 40800 39900 37700 34800 31200 27200 23300 19900 17100 14700 12800 11200

Nbyrd 39700 39700 39700 39700 39400 39000 38600 37800 36900 35900 34700 33300 31600 29700 27500 25300 23100
UC 356 x406 x677

Npoga 39700 39700 39100 38500 37800 37100 36300 34200 31500 28200 24500 20900 17800 15300 13100 11400 9970

Noyrs 37100 37100 37100 37100 36800 36500 36100 35400 34500 33500 32400 31000 29400 27500 25500 23400 21400
UC 356 x 406 x 634

Npopa 37100 37100 36600 36000 35300 34600 33800 31900 29300 26100 22600 19300 16400 14000 12100 10500 9160

Nb,y,Rd 34700 34700 34700 34700 34400 34100 33700 33000 32200 31200 30100 28800 27300 25500 23500 21600 19600
UC 356 x 406 x 592

Nb,z,Rd 34700 34700 34200 33600 33000 32300 31600 29700 27300 24200 20900 17800 15200 12900 11100 9650 8440

Nbyrd 32300 32300 32300 32200 31900 31600 31300 30600 29900 29000 27900 26600 25100 23400 21600 19700 17900
UC 356 x 406 x 551

Npoga 32300 32200 31800 31200 30700 30000 29300 27600 25200 22400 19300 16400 13900 11900 10200 8860 7740

Noyrda ~ 29900 29900 29900 29800 29500 29200 28900 28300 27600 26700 25700 24500 23100 21400 19700 18000 16300
UC 356 x 406 x 509

Npopd 29900 29800 29300 28900 28300 27700 27100 25400 23200 20500 17700 15000 12700 10900 9340 8090 7070

Nb,y,Rd 27400 27400 27400 27300 27000 26800 26500 25900 25200 24400 23500 22300 21000 19500 17800 16200 14700
UC 356 x 406 x 467

Nb,z,Rd 27400 27300 26900 26400 25900 25400 24800 23200 21200 18700 16000 13600 11500 9800 8420 7300 6370

Nb,y,Rd 23000 23000 23000 22900 22700 22500 22200 21700 21100 20400 19600 18500 17300 16000 14600 13200 11900
UC 356 x 406 x 393

Npzga 23000 23000 22600 22200 21800 21300 20800 19400 17600 15500 13200 11200 9440 8040 6900 5970 5220

Nbyrd 19900 19900 19900 19800 19600 19400 19200 18700 18200 17600 16800 15900 14800 13600 12400 11200 10100
UC 356 x 406 x 340

Np.ga 19900 19900 19500 19200 18800 18400 17900 16700 15100 13200 11300 9490 8010 6820 5850 5060 4420

Noyrs 16100 16100 16100 16000 15900 15700 15500 15200 14700 14200 13600 12900 12000 11000 10100 9090 8190
UC 356 x 406 x 287

Nb,z,Rd 16100 16000 15800 15500 15200 14900 14500 13600 12300 10800 9220 7790 6590 5610 4810 4170 3640

Nb,y,Rd 13200 13200 13200 13100 13000 12800 12700 12400 12000 11600 11000 10400 9680 8880 8060 7260 6530
UC 356 x 406 x 235

Nh,z,Rd 13200 13100 12900 12700 12400 12200 11800 11100 10000 8760 7460 6290 5320 4520 3880 3360 2930

Table 4.2: Eurocode (EN 1993-1-1: 2005) design buckling resistances [kN] of strong and weak axis of UC columns

sections in HISTAR® 460.
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Design dota ovasdoble

Bernburg fully finished
heavy section

Buckling length [m]
Axis
1 1,5 2 2,5 3 3,5 4 5 6 7 8 9 10 11 12 13 14

Nbyrd 11300 11300 11300 11200 11100 11000 10900 10600 10300 9910 9450 8890 8250 7540 6830 6140 5510

UC356 x368x202
Npzgs 11300 11200 11100 10800 10600 10300 10000 9260 8220 7040 5900 4920 4130 3500 2990 2590 2250

Npyra 9920 9920 9920 9860 9760 9650 9540 9300 9010 8670 8250 7750 7180 6550 5920 5320 4770
UC 356 x368x177

Np,2,rd 9920 9860 9690 9500 9300 9060 8790 8090 7170 6120 5120 4270 3580 3030 2600 2240 1950

Nb,y,rd 8570 8570 8570 8510 8420 8330 8240 8020 7770 7470 7110 6670 6160 5610 5060 4540 4070

UC356x368x153
Nb,z,rd 8570 8510 8360 8200 8020 7820 7580 6970 6170 5260 4390 3660 3070 2600 2220 1920 1670

Nbyrd 7230 7230 7230 7180 7100 7020 6940 6760 6540 6280 5970 5590 5160 4690 4220 3780 3390

UC356x368x129
Npoga 7230 7180 7050 6910 6760 6590 6380 5860 5180 4400 3670 3050 2560 2160 1850 1600 1390

Nby rd 16600 16600 16600 16400 16200 16000 15800 15300 14700 14000 13100 12100 10900 9790 8690 7710 6840

UC305x305x283
Nbora 16600 16300 16000 15600 15100 14600 13900 12200 10100 8170 6600 5400 4470 3760 3200 2750 2390

Nb,y,rd 13500 13500 13500 13300 13100 13000 12800 12400 12000 11400 10700 9830 8900 7960 7070 6270 5570

UC 305 x 305 x 240
Np,ga 13500 13300 13000 12600 12300 11800 11300 9930 8270 6700 5430 4440 3680 3090 2630 2260 1970

Nby,rd 11100 11100 11100 11000 10800 10700 10600 10200 9820 9320 8700 7980 7190 6400 5670 5020 4450

UC305x305x198
Nbzra 11100 10900 10700 10400 10100 9730 9280 8100 6720 5420 4380 3580 2960 2490 2120 1820 1580

Nby rd 8860 8860 8840 8740 8630 8520 8400 8120 7780 7360 6840 6230 5580 4950 4370 3860 3410

UC305x305x158
Np.zs 8860 8710 8510 8290 8040 7730 7350 6370 5240 4210 3390 2770 2290 1920 1640 1410 1220

Npyrs 7670 7670 7650 7560 7470 7370 7260 7020 6720 6340 5880 5340 4770 4220 3720 3280 2900
UC 305 x305x 137

Np,z,rd 7670 7540 7370 7170 6950 6670 6340 5480 4490 3600 2890 2360 1950 1640 1390 1200 1040

Nb,y,rd 6610 6610 6590 6510 6420 6340 6240 6030 5760 5430 5020 4550 4060 3580 3150 2780 2450

UC305x305x118
Nb,z,rd 6610 6490 6340 6170 5970 5730 5440 4680 3820 3060 2460 2000 1660 1390 1180 1020 883

Np,y,rd 5680 5680 5650 5580 5500 5420 5340 5140 4900 4590 4210 3780 3340 2930 2570 2260 1990
UC305x305x97

Nb, 2 rd 5680 5560 5430 5270 5090 4870 4600 3900 3140 2500 2000 1620 1340 1120 955 821 713

Np,y,zd 9370 9370 9270 9140 9000 8850 8680 8290 7770 7120 6350 5550 4800 4150 3600 3140 2750
UC 254 x 254 x 167

Np,2,rd 9340 9110 8860 8550 8180 7720 7140 5780 4490 3500 2770 2240 1840 1540 1310 1120 973

Nb,y,rd 7400 7400 7310 7200 7090 6970 6830 6500 6070 5520 4890 4240 3660 3150 2720 2370 2080

UC254x254x132
Nb,2rd 7370 7180 6980 6730 6420 6040 5570 4460 3450 2680 2120 1710 1410 1180 997 856 742

NbyRd 6000 6000 5920 5840 5740 5640 5520 5240 4870 4400 3870 3340 2870 2460 2130 1850 1620

UC 254 x254x107

Nb.2 rd 5970 5820 5650 5440 5190 4860 4470 3550 2730 2120 1670 1350 1110 927 786 675 585

Np,y,zd 4980 4980 4920 4840 4760 4680 4580 4340 4020 3630 3180 2740 2350 2020 1740 1510 1320
UC 254 x 254 x 89

Np.pd 4960 4830 4690 4520 4300 4030 3690 2930 2250 1740 1380 1110 911 762 645 554 480

No,yzd 4280 4280 4220 4150 4080 4000 3900 3680 3390 3020 2620 2240 1910 1630 1400 1220 1060
UC 254 x254x73

Np, 2 rd 4250 4140 4010 3850 3650 3400 3090 2410 1830 1410 1110 896 736 615 521 447 387

Table 4.2 (continued): Eurocode (EN 1993-1-1: 2005) design buckling resistances [kN] of strong and weak axis
of UC columns sections in HISTAR® 460.
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Shape W14 x 16
Ib/ft 873" 808" 730" 665" 605" 550" 500"
Design ASD LRFD | ASD LRFD | ASD LRFD | ASD LRFD | ASD LRFD | ASD LRFD | ASD LRFD
0 10000 | 15030 | 9260 | 13920 | 8370 | 12580 | 7630 | 11470 | 6930 | 10410 | 6310 | 9480 | 5720 | 8600
11 9340 | 14030 | 8630 | 12970 | 7760 | 11670 | 7060 | 10610 | 6400 | 9610 | 5810 | 8730 | 5260 | 7900
12 9210 | 13850 | 8510 | 12790 | 7650 | 11500 | 6960 | 10450 | 6300 | 9470 | 5720 | 8590 | 5170 | 7780
o 13 9080 | 13650 | 8390 | 12610 | 7530 | 11320 | 6850 | 10290 | 6200 | 9310 | 5620 | 8450 | 5090 | 7640
= 14 8950 | 13450 | 8260 | 12410 | 7410 | 11130 | 6730 | 10110 | 6090 | 9150 | 5520 | 8300 | 4990 | 7500
-f—’g 15 8800 | 13220 | 8120 | 12200 | 7270 | 10930 | 6600 | 9930 | 5970 | 8970 | 5410 | 8130 | 4890 | 7350
= 16 8640 | 12990 | 7970 | 11980 | 7140 | 10730 | 6470 | 9730 | 5850 | 8790 | 5300 | 7970 | 4790 | 7190
5 17 8480 | 12750 | 7820 | 11750 | 6990 | 10510 | 6340 | 9530 | 5720 | 8600 | 5180 | 7790 | 4680 | 7030
E 18 8320 | 12500 | 7660 | 11510 | 6840 | 10280 | 6200 | 9310 | 5590 | 8410 | 5060 | 7610 | 4560 | 6860
B 19 8140 | 12240 | 7500 | 11270 | 6680 | 10050 | 6050 | 9100 | 5460 | 8200 | 4930 | 7420 | 4450 | 6690
2 20 7960 | 11970 | 7330 | 11010 | 6520 | 9810 | 5900 | 8870 | 5320 | 7990 | 4810 | 7220 | 4330 | 6510
= 22 7590 | 11410 | 6970 | 10480 | 6190 | 9310 | 5590 | 8410 | 5030 | 7560 | 4540 | 6820 | 4080 | 6140
b 24 7200 | 10830 | 6610 | 9930 | 5850 | 8790 | 5270 | 7920 | 4730 | 7120 | 4260 | 6410 | 3830 | 5750
2 26 6800 | 10230 | 6230 | 9360 | 5490 | 8260 | 4950 | 7430 | 4430 | 6660 | 3980 | 5990 | 3570 | 5370
E 28 6400 | 9620 | 5850 | 8790 | 5140 | 7720 | 4610 | 6940 | 4130 | 6200 | 3700 | 5570 | 3310 | 4980
= 30 5990 | 9000 | 5460 | 8210 | 4780 | 7180 | 4280 | 6440 | 3820 | 5740 | 3420 | 5140 | 3050 | 4590
: 32 5580 | 8390 | 5080 | 7630 | 4420 | 6650 | 3960 | 5950 | 3520 | 5290 | 3150 | 4730 | 2800 | 4210
= 34 5180 | 7780 | 4700 | 7070 | 4080 | 6130 | 3640 | 5460 | 3230 | 4850 | 2880 | 4320 | 2550 | 3840
= 36 4780 | 7180 | 4330 | 6510 | 3740 | 5620 | 3320 | 4990 | 2940 | 4420 | 2620 | 3930 | 2320 | 3480
& 38 4390 | 6600 | 3970 | 5970 | 3410 | 5120 | 3020 | 4540 | 2660 | 4000 | 2360 | 3550 | 2090 | 3130
g 40 4020 | 6040 | 3620 | 5450 | 3090 | 4640 | 2730 | 4100 | 2400 | 3610 | 2130 | 3200 1880 | 2830
8 42 3650 | 5490 | 3290 | 4940 | 2800 | 4210 | 2480 | 3720 | 2180 | 3280 1930 | 2900 1710 | 2570
= a4 3330 | 5000 | 2990 | 4500 | 2550 | 3830 | 2260 | 3390 1990 | 2990 1760 | 2650 1560 | 2340
46 3040 | 4570 | 2740 | 4120 | 2330 | 3510 | 2060 | 3100 1820 | 2730 1610 | 2420 1420 | 2140
48 2800 | 4200 | 2520 | 3780 | 2140 | 3220 1900 | 2850 1670 | 2510 1480 | 2220 1310 1960
50 2580 | 3870 | 2320 | 3480 1970 | 2970 1750 | 2630 1540 | 2310 1360 | 2050 1200 1810
Shape W14 x 16
Ib/ft 455" 426" 398" 370" 342" 311" 283
Design ASD LRFD | ASD LRFD | ASD LRFD | ASD LRFD | ASD LRFD | ASD LRFD | ASD LRFD
0 5220 | 7840 | 4870 | 7310 | 4550 | 6840 | 4240 | 6380 | 3930 | 5910 | 3560 | 5350 | 3240 | 4870
11 4780 | 7190 | 4460 | 6700 | 4170 | 6260 | 3870 | 5820 | 3590 | 5390 | 3240 | 4870 | 2950 | 4430
12 4710 | 7070 | 4380 | 6590 | 4100 | 6160 | 3810 | 5720 | 3520 | 5290 | 3180 | 4780 | 2890 | 4350
. 13 4620 | 6950 | 4300 | 6470 | 4020 | 6040 | 3740 | 5620 | 3460 | 5200 | 3120 | 4690 | 2840 | 4270
= 14 4530 | 6820 | 4220 | 6340 | 3940 | 5920 | 3660 | 5500 | 3390 | 5090 | 3060 | 4590 | 2780 | 4180
-rf_lé 15 4440 | 6680 | 4130 | 6210 | 3860 | 5800 | 3580 | 5390 | 3310 | 4980 | 2990 | 4490 | 2720 | 4080
= 16 4340 | 6530 | 4040 | 6070 | 3770 | 5670 | 3500 | 5260 | 3230 | 4860 | 2920 | 4380 | 2650 | 3980
5 17 4240 | 6380 | 3940 | 5930 | 3680 | 5530 | 3420 | 5130 | 3150 | 4740 | 2840 | 4270 | 2580 | 3880
B 18 4140 | 6220 | 3840 | 5780 | 3590 | 5390 | 3330 | 5000 | 3070 | 4620 | 2770 | 4160 | 2510 | 3780
B 19 4030 | 6060 | 3740 | 5630 | 3490 | 5250 | 3240 | 4860 | 2990 | 4490 | 2690 | 4040 | 2440 | 3670
2 20 3920 | 5890 | 3640 | 5470 | 3390 | 5100 | 3140 | 4720 | 2900 | 4360 | 2610 | 3920 | 2370 | 3560
- 22 3690 | 5550 | 3420 | 5140 | 3190 | 4790 | 2950 | 4430 | 2720 | 4090 | 2440 | 3670 | 2220 | 3330
s 24 3460 | 5200 | 3200 | 4810 | 2980 | 4480 | 2750 | 4140 | 2540 | 3810 | 2280 | 3420 | 2060 | 3100
a 26 3220 | 4840 | 2980 | 4470 | 2770 | 4160 | 2550 | 3840 | 2350 | 3530 | 2110 | 3160 1900 | 2860
E 28 2980 | 4480 2750 | 4140 2560 | 3840 2360 | 3540 2160 | 3250 1940 | 2910 1750 | 2630
S 30 2740 | 4120 2530 | 3800 2350 | 3530 2160 | 3240 1980 | 2980 1770 | 2660 1600 | 2400
5 32 2510 | 3780 2310 | 3470 2140 | 3220 1970 | 2960 1800 | 2710 1610 | 2420 1450 | 2180
o 34 2290 | 3440 2100 | 3160 1940 | 2920 1780 | 2680 1630 | 2450 1450 | 2180 1310 1960
= 36 2070 | 3110 1900 | 2850 1750 | 2630 1600 | 2410 1460 | 2200 1300 1950 1170 1750
B 38 1860 | 2790 1700 | 2560 1570 | 2360 1440 | 2160 1310 1970 1170 1750 1050 1570
?;j 40 1680 | 2520 1540 | 2310 1420 | 2130 1300 1950 1180 1780 1050 1580 944 1420
8 42 1520 2290 1390 | 2090 1290 1930 1180 1770 1070 1610 954 1430 857 1290
= 44 1390 | 2080 1270 1910 1170 1760 1070 1610 978 1470 869 1310 780 1170
46 1270 1910 1160 1750 1070 1610 980 1470 895 1350 795 1200 714 1070
48 1160 1750 1070 1600 984 1480 900 1350 822 1240 730 1100 656 986
50 1070 1610 983 1480 907 1360 829 1250 758 1140 673 1010 604 908

Table 4.3: American Standard (ANSI/AISC 360-16) design buckling resistance [kips] of W columns in Grade 65.

" Flange thickness is greater than 2 in. Special requirements may apply per AISC Specification Section A3.1c.
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Shape W14 x 16
Ib/ft 257 233 211 193 176 159 145
Design | LRFD_| LRFD LRFD | LRFD_| | LRFD_| | LRFD_| LRFD
0 4010 3630 | 3320 | | 3030 | | 2730 | 2500
11 4010 3630 3280 | 2740 | 2460 2250
12 3560 3220 | 2950 | | 2680 | | 2420 | 2210
. 13 | 3860 | 3490 3150 | 2890 | | 2630 | | 2360 | 2160
o 14 | 3780 | 3420 3080 | 2820 | | 2570 | | 2310 | 2110
2 15 3340 3010 | 2500 | | 2250 | 2060
= 16 | 3600 | 3250 2940 | 2680 | | 2190 | 2000
5 17 | 3510 | 3170 2860 | 2610 | | 2370 | | 2130 | 1950
E 18 | 3410 | 3080 2780 | 2300 | | 2070 | 1890
K 19 | 3310 | 2990 2690 | 2460 | | 2230 | | 2010 | 1830
3 20 | 3210 | 2890 2610 | 2380 | | 2160 | | 1940 | 1770
E 22 | 3000 | 2700 2430 | 2220 | | 2010 | | 1810 | 1640
po 24 | 2790 | 2510 2250 | 2050 | | 1860 | | 1670 | 1520
a 26 | 2570 | 2310 2070 | 1890 | | 1710 | | 1530 | 1390
£ 28 | 2360 | 2120 1900 | 1730 | | 1560 | | 1400 | 1270
S 30 | 2150 | 1930 1720 | 1570 | | 1410 | | 1270 | 1150
s 32 1740 1560 | 1410 | | 1270 | 1030
= 34 | 1750 | 1560 1390 | 1260 | | 1010 | 917
s | 36 | 1560 | 1390 1240 | 1130 | B 818
£ B 10 e L | o e o | s
()
£ a2 | 1150 | 1020 913 | 664 | 601
[
& a4 933 832 548
46 853 761 | 6% | 501
48 878 784 699 634 570 508 460
50 809 722 644 525 468 424

Table 4.3 (continued): American Standard (ANSI/AISC 360-16) design buckling resistance [kips] of W columns in

Grade 65.
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Buckling length [m]

— 1= Axis
2 3 4 5 6 7 8 9 10 11 12 13 14
Nb,y rd 74204 70653 66891 62958 58793 54402 49863 45315 40913 36791 33029 29661 26680
Box HD 400 x 634
No,z,rd 74204 72557 69487 66346 63079 59652 56064 52348 48568 44813 41170 37715 34499
No,y.rd 79291 77676 71647 67498 63109 58480 53688 48873 44196 39799 35773 32157 28948
Box HD 400 x 677
Nb,z rd 79291 75620 74446 71145 67720 64129 60370 56471 52497 48533 44671 40993 37554
Np,yrd 85178 81587 77451 73146 68603 63811 58832 53793 48855 44165 39829 35902 32393
Box HD 400 x 744
Np,z,rd 85178 83767 80409 76990 73450 69748 65875 61851 57729 53584 49521 45609 41920
Nb,yrd 93706 90006 85548 80920 76043 70900 65545 60105 54740 49613 44844 40499 36598
Box HD 400 x 818
No,z,rd 93706 92414 88808 85146 81363 77415 73287 68992 64581 60130 55729 51469 47424
No,y.rd 103232 99424 94614 89629 84385 78857 73093 67213 61384 55779 50532 45724 41386
Box HD 400 x 900
Np,2 rd 103232 102099 98225 94300 90255 86042 81641 77059 72341 67558 62803 58169 53738
Noy,rd 113385 109542 104380 99046 93446 87546 81384 75074 68783 62690 56945 51645 46836
Box HD 400 x 990
Np,z,rd 113385 112462 108314 104121 99810 95331 90656 85788 80764 75652 70541 65527 60700
Np,yrd 124529 120647 115100 109381 103390 97082 90487 83712 76923 70305 64023 58193 52872
Box HD 400 x 1086
Np,2 rd 124529 123878 119443 114970 110384 105629 100673 95513 90178 84729 79253 73847 68605
Nb,y,rd 137443 133346 127291 121056 114530 107663 100480 93090 85665 78408 71494 65056 59165
Box HD 400 x 1202
Nb,2 rd 137443 137162 132412 127633 122746 117693 112435 106963 101297 95491 89624 83795 78099
Noy.rd 148230 144267 137898 131358 124528 117350 109837 102084 94254 86547 79151 72214 65824
Box HD 400 x 1299
No,2 rd 148230 148230 143333 138320 133207 127930 122449 116749 110842 104775 98620 92471 86427
Table 4.4: Eurocode (EN 1993-1-1: 2005) design buckling resistance [kN] of strong and weak axis of HD Box
columns sections in HISTAR® 460.
Buckling length [m]
Axis
2 3 4 5 6 7 8 9 10 11 12 13 14
Nbyrd 71039 71039 71039 70020 68374 66721 65046 63342 61598 59807 57967 56077 54139
Cruciform HL 1100 x 607
Np.2 rd 71039 71039 71039 70221 68615 67004 65375 63719 62027 60292 58511 56682 54806
No,y.rd 75125 75125 75125 73441 71578 69699 67788 65835 63828 61762 59635 57450 55214
Cruciform HL 1000 x 642
Np,2 rd 75125 75125 75125 73708 71899 70078 68229 66343 64408 62419 60373 58270 56116
Noy.rd 76752 76752 76752 74586 72590 70571 68513 66402 64227 61986 59677 57306 54887
Cruciform HL 920 x 656
Np,z,rd 76752 76752 76752 74891 72958 71008 69022 66991 64901 62750 60534 58258 55931
Np,yrd 84801 84801 84801 82472 80280 78064 75805 73489 71105 68647 66116 63517 60863
Cruciform HL 920 x 725
|\ [ 84801 84801 84801 82846 80731 78598 76429 74210 71929 69581 67164 64681 62141
Nb,y,rd 87605 87605 87605 85771 83624 81461 79264 77019 74713 72342 69901 67393 64826
Cruciform HL 1000 x 748
No,z,rd 87605 87605 87605 86129 84054 81969 79854 77698 75489 73220 70886 68488 66031
Noy.rd 92071 92071 92071 89638 87278 84893 82464 79975 77413 74773 72054 69262 66410
Cruciform HL 920 x 787
Np,2 rd 92071 92071 92071 90069 87798 85508 83181 80803 78360 75846 73258 70600 67878
Np,yrd 103402 103402 103402 101400 98899 96381 93826 91216 88540 85787 82955 80045 77065
Cruciform HL 1000 x 883
Np,z,rd 103402 103402 103402 101891 99489 97076 94634 92146 89599 86986 84299 81540 78711
Nb,y,rd 111159 111159 111159 108615 105847 103055 100215 97311 94327 91255 88092 84843 81519
Cruciform HL 920 x 970
Nb,z,rd 111159 111159 111159 109238 106597 103940 101246 98498 95683 92790 89814 86757 83625
Noy.rd 111735 111735 111735 109818 107165 104498 101793 99035 96208 93304 90317 87248 84104
Cruciform HL 1000 x 976
Np,2 d 111735 111735 111735 110389 107851 105305 102730 100111 97434 94689 91870 88975 86007
Noyrd 123331 123331 123331 120665 117625 114562 111448 108266 104997 101634 98172 94616 90975
Cruciform HL 920 x 1077
No,2,rd 123331 123331 123331 121410 118522 115618 112677 109681 106612 103461 100222 96894 93483
Nb,y,rd 136816 136816 136816 134043 130710 127351 123940 120457 116881 113204 109419 105531 101549
Cruciform HL 920 x 1194
Np.2 rd 136816 136816 136816 134941 131789 128622 125418 122156 118819 115395 111878 108264 104559
Nb,y.rd 145357 145357 145357 142531 139014 135471 131876 128205 124438 120566 116581 112487 108294
Cruciform HL 920 x 1269
Np,2 d 145357 145357 145357 143525 140208 136878 133510 130084 126580 122987 119297 115506 111620
Noy.rd 157652 157652 157652 154264 150383 146471 142495 138432 134260 129966 125547 121007 116359
Cruciform HL 920 x 1377
Np,z,rd 157652 157652 157652 155601 151990 148364 144697 140965 137148 133233 129211 125080 120845

Table 4.5: Eurocode (EN 1993-1-1: 2005) design buckling resistance [kN] of strong and weak axis of Cruciform

sections in HISTAR® 460.



Buckling length [m]
— | = Axis
2 3 4 5 6 7 8 9 10 11 12 13 14

Nb,y rd 64259 62945 61150 58917 56299 53354 50147 46745 43215 39623 36030 32494 29063
Box W 360 x 410 x 634

No,z,rd 63684 63684 62432 60859 58990 56855 54488 51923 49200 46356 43429 40457 37475

No,y.rd 68691 67315 65435 63094 60347 57254 53882 50299 46576 42781 38979 35228 31581
Box W360x410x 677

Nb,z rd 68104 68104 66805 65170 63227 61004 58537 55861 53015 50038 46968 43845 40705

Np,yrd 75469 74008 72010 69521 66595 63295 59690 55852 51854 47767 43660 39595 35628
Box W360x 410 x 744

Np,z,rd 74858 74858 73487 71761 69706 67354 64738 61896 58867 55691 52410 49061 45685

Nb,yrd 83100 81550 79428 76781 73664 70144 66291 62180 57885 53483 49045 44638 40321
Box W360x410x 818

No,z,rd 82471 82471 81030 79213 77049 74567 71802 68793 65578 62199 58699 55116 51493

No,y.rd 91586 89940 87685 84868 81548 77792 73672 69265 64652 59910 55114 50335 45639
Box W 360 x 410 x 900

Np,2 d 90942 90942 89429 87520 85243 82628 79710 76527 73120 69531 65802 61974 58091

Np,yrd 100672 98939 96562 93589 90080 86103 81731 77044 72122 67048 61899 56750 51669
Box W 360 x 410 x 990

Np,z,rd 100009 100009 98426 96428 94041 91296 88229 84876 81280 77482 73526 69454 65310

Np,yrd 110572 108744 106236 103096 99383 95168 90526 85538 80288 74859 69333 63789 58298
Box W 360 x 410 x 1086

Np,2 rd 109901 109901 108253 106171 103680 100811 97599 94083 90303 86301 82122 77808 73403

Nb,y,rd 122094 120116 117401 114000 109977 105405 100365 94944 89231 83316 77286 71226 65214
Box W 360 x410x 1202

No,2 d 121458 121458 119742 117572 114972 111975 108613 104924 100950 96732 92315 87741 83057

Noy.rd 132150 130102 127287 123757 119576 114816 109559 103891 97903 91685 85327 78915 72531
Box W360x410x 1299

No,z rd 131503 131503 129734 127495 124810 121711 118230 114405 110276 105886 101278 96496 91585

Table 4.6: American Standard (ANSI/AISC 360-16) design buckling resistance [kN] of W Box columns in Grade 65.

%{ Buckling length [m]
Axis
2 3 4 5 6 7 8 9 10 11 12 13 14
Cruciform W Nb,y,rd 62322 62044 61656 61161 60562 59861 59062 58170 57189 56127 57189 56127 57189
1100 x 400 x 607 No,2,pd 62333 62068 61699 61227 60656 59988 59226 58374 57436 56417 57436 56417 57436
Cruciform W No,y.rd 65873 65536 65068 65536 65068 65536 65068 65536 65068 65536 65068 65536 65068
1000 x 400 x 642 Np,2,rd 65888 65571 65129 65571 65129 65571 65129 65571 65129 65571 65129 65571 65129
Cruciform W Noy.rd 67273 66897 66373 65706 66373 65706 66373 65706 66373 65706 66373 65706 66373
920 x 420 x 656 No,z,rd 67291 66937 66445 65817 66445 65817 66445 65817 66445 65817 66445 65817 66445
Cruciform W Noy,rd 74332 73921 73349 72620 73349 72620 73349 72620 73349 72620 73349 72620 73349
920x420x 725 No,2,rd 74354 73971 73437 72756 73437 72756 73437 72756 73437 72756 73437 72756 73437
Cruciform W Nb,y,rd 76823 76440 75907 76440 75907 76440 75907 76440 75907 76440 75907 76440 75907
1000 x 400 x 748 No,z rd 76843 76485 75986 76485 75986 76485 75986 76485 75986 76485 75986 76485 75986
Cruciform W Noy.rd 80710 80270 79659 78880 79659 78880 79659 78880 79659 78880 79659 78880 79659
920x 420 x 787 Np,z2.rd 80735 80327 79759 79035 79759 79035 79759 79035 79759 79035 79759 79035 79759
Cruciform W Noy,rd 90685 90244 89631 90244 89631 90244 89631 90244 89631 90244 89631 90244 89631
1000 x 400 x 883 Nb,2d 90712 90305 89738 90305 89738 90305 89738 90305 89738 90305 89738 90305 89738
Cruciform W Nb,y,rd 99622 99098 98369 97439 98369 97439 98369 97439 98369 97439 98369 97439 98369
920 x 420x 970 Nb,2 rd 99659 99181 98515 97666 98515 97666 98515 97666 98515 97666 98515 97666 98515
Cruciform W Noy.rd 100177 99697 99029 99697 99029 99697 99029 99697 99029 99697 99029 99697 99029
1000 x 400 x 976 Np,2,pd 100209 99769 99157 99769 99157 99769 99157 99769 99157 99769 99157 99769 99157
Cruciform W Noyrd 110541 109971 109178 108167 109178 108167 109178 108167 109178 108167 109178 108167 109178
920 x 420x 1077 Nb,2d 110585 110069 109351 108435 109351 108435 109351 108435 109351 108435 109351 108435 109351
Cruciform W by, 122638 122020 121159 120062 121159 120062 121159 120062 121159 120062 121159 120062 121159
920x 420x 1194 No,2,pd 122690 122136 121365 120380 121365 120380 121365 120380 121365 120380 121365 120380 121365
Cruciform W Nb,y.rd 130301 129653 128751 127600 128751 127600 128751 127600 128751 127600 128751 127600 128751
920x 420x 1269 Np,2,pd 130358 129781 128977 127950 128977 127950 128977 127950 128977 127950 128977 127950 128977
Cruciform W Noy.rd 141304 140577 139565 138275 139565 138275 139565 138275 139565 138275 139565 138275 139565
920x420x 1377 Nb,2d 141381 140751 139872 138751 139872 138751 139872 138751 139872 138751 139872 138751 139872

Table 4.7: American Standard (ANSI/AISC 360-16) design buckling resistance [kN] of cruciform columns in Grade 65.
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® Megacolumns

Megacolumns are composed of more than one structural

steel wide flange shape with longitudinal rebar and ties
embedded in concrete. These are a convenient solution in terms
of structural behaviour, cost and constructability for the design
of tall buildings (incl. towers over 300m). They serve to support
gravity loads, as well as axial loads from wind and seismic
overturning, and the reinforced concrete surrounding the
megacolumns is not only for structural stability, but

also protects the steel column from corrosion and fire.

High-rise buildings have been built in recent years all around
the world and most of their structures are made using
reinforced concrete as the core and structural steel

as the surrounding frame.

Minimising the size of the vertical structural elements,
without compromising the economic feasibility of projects
and limiting their impact on tall buildings’ floor plans, is a
constant challenge. The use of composite structural elements
combining high grade concrete and steel is a viable solution.

Currently, concrete filled tubes (CFT) or concrete filled
continuous caissons built-up by welding heavy plates are
common structural solutions. Their main drawbacks include
high costs, the need for skilled labour, complex connections,
and requiring welding conditions for heavy plates, such

as preheating and repairing.

This technical solution brings several advantages:
smaller footprint of the column

lower prices thanks to the simplicity of the system itself
safe and reliable (i.e. minimal welding is necessary on
site and, fire protection can be achieved utilising

the surrounding concrete)

construction times are decreased dramatically

due to off-site fabrication and faster erection
optimisation of the section using composite action
decreases significantly the environmental

footprint of the structural system.
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® Experimental Testing of Composite Megacolumns
Experimental performance tests on composite megacolumns
with encased hot rolled steel sections supported and
founded by ArcelorMittal, were carried out between
February and September 2015 at the China Academy

of Building Research Technologies (CABR) Laboratories

and the Laboratories of Tsinghua University, Beijing.

The design office, Magnusson Klemencic Associates,
provided background studies on comparative composite
megacolumn construction projects, both within China
and other international markets and the Council on

Tall Buildings and Urban Habitat (CTBUH) assumed

the role of project coordinator.

© Dario Trabucco / CTBUH

Figure 4.11 Mega-Column scaled (1:4) Specimen
tested to failure

The composite megacolumns considered in this testing were
defined as vertical structural systems with four hot-rolled
steel sections embedded in concrete and subjected to
significant vertical loads and secondary bending

moments from wind and seismic actions.



© Magnusson Klemencic Associates

Although codes and specifications do consider composite
structural elements, they do not offer specific provisions on
the design of composite sections with two or more encased
steel sections (American Institute of Steel Construction AISC
2010 Specifications for instance). The lack of knowledge on
the axial, bending and shear behaviour of composite mega-
columns, along with the resulting lack of clarity in the codes,
is what led to the need for experimental performance tests.

The column specimens’ overall layout and geometry were
based on suggestions from Magnusson Klemencic Associates
and others, with the goal to be representative of full scale
composite columns considered for high-rise buildings.
Overall dimensions of the representative full-scale columns
considered for this testing program are 1800 x 1800mm,
with a height of 9m at the lobby level (base of the tower)
and 4,5m at the typical floor.
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Figure 4.12: Section layout of reinforcement
Example of the Eurocode 4 Design Method
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The experimental campaign
consisted of two sets of tests
that attempt to define the
axial load and moment (P-M)
interaction curves of the
representative columns at
failure. Static tests were
accomplished by applying 0%,
10% and 15% eccentricity
axial loads, on six 1:4 scaled
specimens, until failure
(Figure 4.11). Quasi-static
tests were accomplished by
applying 10% and 15%
eccentricity axial loads with
horizontal forces on four 1:6
Figure 4.13: Scaled (1:6)  scaled specimens, until
Specimen tested to failure failure (Figure 4.13).
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The results of the tests were used to investigate the
specimens’ maximum capacity, displacements, stress
distribution, ductility and stiffness. The experimental results
were further validated by the finite element method (FEM)
models developed by CABR and ArcelorMittal with Abaqus
and Safir software. FEM models also allow for a deeper insight
on steel-concrete interaction forces and stress distribution.

® Designrules

Subsequently, simplified design methods based on European,
Chinese and US codes were suggested, and the results
compared to numerical and experimental values.

This proved the simplified structural design methods

to be an effective and useful design tool.

A complete description of the research programme, design
methods, design examples including all information and
data of the experimental campaign can be

found at sections.arcelormittal.com or

at ctbuh.org/Research Reports.
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® Predesign tools, software
A3C - Verification of steel and composite (partially or
totally encased) columns in cold and fire conditions

Figure 4.12:

pre-design
softwares available on

sections.arcelormittal.com

ANGELINA

AMECO
ACB+ / q?!%

ACOBRI

CoSFB

A3C

ACP cop2

ANGELINA ACB+
TRUSSES+ \ABC A3C
\ Ozone

PORTAL+

A3C: This software is available for free at sections.arcelormittal.com in the "Design aid" menu: Design Software. The A3C
software allows the designer to perform a detailed verification of a single steel member or a composite steel-concrete column
(partially encased, fully encased in concrete or in a concrete filled tube) subjected to axial force and/or bending moments

according to the rules of the Eurocodes.
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Above, an example of a 6m column under a design axial load of 29000kN is shown. A3C software can define the loads,
their combinations as well as the other design parameters such as the fire resistance, the steel sections (i.e. HD 400 x 634)
and their steel grade (i.e. HISTAR® 460). With a single click, a resistance check can be performed (see below), additionally

the fire protection thickness can also be provided.
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5. Bracing systems

Buy at https://store.ctbuh.org/:
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e Structural Systems for Tall Buildings

As height and slenderness of buildings increase, lateral drifts
start to control the design of the structure and the stiffness
of the components become the dominant factor instead of
their strength. Therefore, the need for appropriate structural
systems, beyond the simple rigid frame, must be properly
addressed in the design of tall buildings, accounting for

the prominent loads and forces that differ depending

on a building’s height.

Lateral forces are usually the driving parameter for the design
of a tall building’s structural system, and strength, stiffness
and damping are the main parameters controlling the limiting
factors of displacements (e.g. Building Height/250) and
accelerations (e.g. 18 milli-g per 10-year wind return period).
Therefore, the ideal structure to withstand the effects of
bending, shear and vibrations is a system in which the vertical
elements are located at the farthest extremity from the
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geometric center of the building, such as in a hollow tube.
Here, the parameters that control the efficiency of the
structural element’s layout are bending and shear rigidity.
From the bending rigidity standpoints, the best solution would
be to maximise the total moment of inertia of the overall
structure, positioning columns at the corners along the
outermost perimeter of the building. As far as shear
efficiency is concerned, the ideal solution would be

a continuous wall without openings.

The existing structural systems used in contemporary tall
buildings stem from the basic principles described above.
During the last 50 years, rigid frame systems adopted in older
tall buildings evolved into different structural families that

are used depending on a number of parameters including the
size of the building, the magnitude of the external forces,

the availability and cost of materials, and labour and stylistic
decisions made by the architect and the developer. A common
classification of tall buildings structural systems was given

by Ali and Moon [2007]* that propose two main categories:
interior (Figure 5.1) and exterior (Figure 5.2) (depending

if the main lateral resisting system is at the perimeter or not).
Each system has a wide variety of application height that
depends on several factors (e.g. building stability, aspect

ratio (height/width), architectural functions, etc.).

Interior structures (Figure 5.1) are composed of two main
systems: moment-resisting frames (Figure 5.1a) and shear
truss (braced frame)/shear wall (Figure 5.1b). These systems
alone can provide resistance up to 30 storeys, since higher
buildings would require deeper elements that are not
architecturally and economically feasible. An alternative
system is to combine rigid frames with shear truss/shear
wall through a rigid diaphragm (Figure 5.1¢) and this could
lead to buildings up to 70 storeys. The different sway
behaviour of the two systems permit the movement to be
constrained, making the whole system more rigid (Figure 5.3).
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Figure 5.2: Exterior
Structural Systems
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Figure 5.3: Shear Wall-Rigid Frame Interaction

Another alternative solution, becoming popular today for
super tall buildings, is the so-called outrigger system (Figure
5.1d) that can reach up to 150 storeys or more. The major
benefits are to reduce the core overturning moment, storey
drifts and floor accelerations (i.e. increasing building comfort).
The basis of this structural system is that the overturning
moment resistance of the building core is countered through
coupling of the compression-tension of the external columns
through the help of stiff headers (steel trusses or shear
walls, Figure 5.4). This increases the structure flexural rigidity
without enhancing the shear rigidity. This system is becoming
less efficient if utilised for tube in tube dual systems since the

Source: Taranath (1998) Redrawn by CTBUH
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Figure 5.4: Outrigger structural system principles

*Ali, M.M., and Moon, K.S., 2007. Structural Developments in Tall Buildings: Current Trends and Future Prospects. Architectural Science Review, 50(3), 205-233.



lateral response of the two systems is very similar. Outrigger
performance is a function of the location through the
building height, the presence of belt trusses (to help
engaging perimeter columns) or single megacolumns and
their structural depth. One of the major issues of outriggers
is the differential deformation of core and columns that can
create additional forces in the outriggers. For this reason,

an alternative solution could be belt trusses in conjunction
with rigid diaphragms.

Exterior structures (Figure 5.2) are based on the typical tube
structure in which the whole perimeter is designed to resist
the lateral loads. This structural system has shear lag problems
in which corner columns have larger axial forces due to the
intrinsic nature of the system (Figure 5.6), in which shear is
carried through columns and beams bending. To overcome
these problems different structural solutions have been
adopted: braced tube, bundle tube, tube-in-tube systems

and diagrids. Particularly, diagrid systems are considered
advantageous since they provide both shear and bending
rigidity to the building. Alternative solutions, in the exterior
category are: space trusses, super frames and exoskeletons.

Axial stress Stress in column  Actual stress
in column due duetotrue duetoshearlag
towindonly -~ gantilever\ N\ -l

/I 2

Actual N
stress due

to shear lag /

True cantilever
stress

A

PP

Wind Force
Figure 5.6: Shear lag principles
® Trusses
A truss is essentially a triangulated system of straight
interconnected structural elements and they are utilised
to increase the lateral stiffness. In high-rise buildings,
trusses serve as bracing systems (e.qg. belt truss and
outriggers) as well as super floors.

OUTRIGGER / BELT TRUSS LEVELS

CONCRETE
CORE WALL

STEEL
BELT TRUSS

STEEL
OUTRIGGER
TRUSS

AXIAL LOADED

STEEL FLOOR BEAM

PERIMETER
COLUMN

Figure 5.7: Outriggers trusses and belt trusses

e Qutriggers and Belt Trusses (Figure 5.7)

Outriggers connect the core to the outer columns through
arigid system (e.g. truss). In addition, at the same outrigger
level belt trusses can be utilised to distribute the axial forces
in the exterior frames and to provide additional torsional
resistance (Figure 5.8). Moreover, belt trusses are efficient in
differential elongation and shortening of columns. A gain of
25-30% stiffness can be achieved by combining belt trusses
and outriggers trusses, as well as a column-free space leading
to an increasing functional efficiency of the building.

Source: Khanorkar et al. (2016)
Redrawn by CTBUH

Outrigger
....... Trusses

Belts

Outrigger
Trusses

Belts

Figure 5.8
Outrigger and
belt trusses
location scheme
in a tall building

The design principles of outriggers, virtual outriggers

and belt trusses are based on the conversion of the core
overturning moment into a couple of horizontal forces and
then into axial forces in the exterior columns (Figure 5.9).
Additional information can be found in the CTBUH Technical
Guide “Outrigger Design for High-Rise Buildings” (see p.29).

/N\

Figure 5.9: X shear wall X
Force braced frame

transfer

using an

outrigger ‘\\’/

system ‘ T

Transfer of forces from core to
outrigger columns
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The major benefits of this outrigger-belt truss system are:
- deformation reduction due to increased stiffness
- efficiency in structural usage, lower demands in
the core with uniform exterior columns utilisation
- reduction in foundation forces underneath the core
- enhanced torsional stiffness due to belt truss
- enhanced progressive collapse resistance due
to the presence of an alternative load path
- architectural flexibility since it permits wide spaced
perimeter columns and lower spandrel beam depth.

Instead, the major shortcomings are:

- differential deformation between core and columns that
can create additional forces in the outriggers. For this
reason, an alternative solution can be belt trusses in
conjunction with rigid diaphragms (“Virtual” outriggers
(Figure 5.11) [Nair, 19987*).

- usability of occupied spaces since outriggers interfere
with the space usage at the floor they are allocated.

In alternative, outriggers can be allocated in mechanical
floors or they can serve as super floors for safety
and evacuation purposes.

- floor diaphragms stiffness is important since it allows
transferring the forces from the core to the exterior
column. This is particular relevant for the “virtual”
outrigger system (Figure 5.11).

- foundation dishing due to core and perimeter
column differential settlement

- change in stiffness between outrigger and adjacent
storeys. This can create a sort of “soft” storey behaviour.

77X

© Magnusson Klementic Associates

Figure 5.10: 300 North
LaSalle, Chicago, USA

® Super Floors

There are ideal locations for outriggers and belt trusses but
realities of space planning to suit architectural, mechanical
and leasing criteria leave such consideration to be purely
academic. Then outriggers are located typically to some of
the mechanical or refuge floors (i.e. super floors), which are
composed of belt trusses and located at regular intervals in
the building. Super floors serve also as alternative load path
in case of building partial collapse and therefore increase
building robustness.

® Connections

Care needs to be considered for the outrigger and belt
connection since they need to transfer high loads between
the core and the exterior columns. There are mainly two

Source: Choi et al. (2016); Redrawn by CTBUH
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Diagonal
Outrigger
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Figure 5.12: Outrigger connection with embedded
plates and bar anchors [Choi, 2012] **

Figure 5.11: floor diaphragms
Force /\/ floor diaphragms . =
H
tra}nsfer shear wall /
using braced frame / \ / \
a belt
truss floor diaphragms V
=
4

and a /\/
virtual \\_/

outrigger
a. Transfer of forces from core to
floor diaphragms

T
‘ + floor diaphragms * T

b. Transfer of forces from floor diaphrams to
columns through belt truss

32 *Nair, R., 1998. Belt Trusses and Basement as “Virtual’ Outriggers for Tall Buildings. Engineering Journal, Fourth Quarter, 140-146.
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Figure 5.14: Outrigger connections with continuous steel members [Choi, 2012]**

possible connections: continuous steel members (Figure 5.14)

and steel to concrete with embedded plates and anchors
(Figure 5.12).

e Steel Profiles

Outriggers and belt trusses require large member sizes due to

the high axial load. This is caused by the large portion of the
building overturning that they need to resist, since they are
provided only in few locations throughout the building height.
Therefore, ArcelorMittal Jumbo profiles are ideal for such
applications. HISTAR®/ASTM A91 3 steels develop their full
potential in the design of tension members in trusses. Here,
they allow saving material costs by taking full advantage of
the high yield strength and, therefore, also thinner sections
and smaller welds, which leads to savings in fabrication costs.
Using HISTAR® 460 in truss design will result in direct
tonnage savings. Truss compression and tension members
will achieve 20-25% weight savings (Figure 5.15).

e Wind Design

Many aspects should be carefully considered when
addressing lateral loads, especially in the case of wind:
strength and stability, excessive lateral deflections, frequency

Weight
relative to grade S 355

Material costs
Weld volume

e

100 %

Steel grade S 355 )R HISTAR 460
Section HD 400 x 634  HD 400 x 463
Ultimate load (kN) 26260 27117

Figure 5.15: HISTAR® in trusses

and amplitude of sway (the resonance of building motions can
create problems with an elevator’s hoist rope). Additionally,
wind can also affect the surroundings of a building. There can
be wind acceleration nearby or annoying acoustic disturbances
that can be heard from far distances. Overall, it is necessary to
consider wind loads when determining the required strength
and stiffness of building frames.

**Choi, H.S., Ho, G., Joseph, L., and Mathias, N., 201 2. Outrigger Design for High-Rise Buildings: Am Output of the CTBUH Outrigger Working Group. Council of Tall Buildings and Urban Habitat: Chicago.
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The effect of wind on a building can be described as two
mechanisms: buffeting and vortex-shedding. The bufetting
component acts in the along-wind direction and it is can

be easily estimated from code approaches. The vortex-
shedding component acts mainly in perpendicular direction to
the downstream flow and it less predictable since it induces
dynamic loads that are a function of the building forms and
relative surrounding. Therefore, in addition to a building’s
superstructure, information on local wind conditions is required
in order to determine the necessary strength and stiffness of
wall elements, roof elements and their fastenings. Particularly,
for tall buildings one of the critical design aspects is the
resonant behaviour to vortex-shedding excitation. This is
usually related to vortex-shedding with return periods of
50-100 years that refers to ultimate limit states design wind
loads. However, for super tall and slender buildings, this
resonant effect is more related to serviceability performance
of building that has a critical design return periods between
1-10 years [ASCE, 2015]*. This induces problems with
occupancy comfort rather than strength design.

® Seismic Design

Looking at the seismic design of superstructures, as their
degree-of-freedom increases, there is a higher number of
significant modes to be taken into consideration and the
response to seismic excitement becomes more complex.

Tall buildings appear to be more flexible than low-rise
buildings and thus generally experience lower accelerations
(despite bigger displacements demands). On the other

hand, when the attenuation of seismic waves is considered,
long-period components are not attenuated as fast as short-
period components with the distance from a fault. Thus, taller
buildings can experience more severe seismic loads than low-
rise buildings while located at the same distance from a fault.
Overall, from a seismic design perspective, while members
designed for vertical loads are able to provide the resistance
required for the vertical aspect of the seismic loads, a
dedicated lateral load-resisting system has to be designed

to withstand the inertial forces caused by ground motion.
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Figure 5.16: Shanghai tower, Shanghai, China

In particular, steel is an ideal material for seismic design since it
is very ductile, and it has a great plastic deformation ability that
allows the dissipation of seismic energy. In addition, several
solutions have been adopted to enhance the seismic performance
of steel structures, which is further discussed in Chapter 11.

e Applications
Several applications of outriggers and belt trusses systems
are applied to tall buildings worldwide. Some examples are:

- Shanghai Tower, Shanghai, China (Figure 5.16)

- New York Times Tower, New York City, USA (Figure 5.5)

- 300 North LaSalle, Chicago, USA (Figure 5.10)

- Jin Mao Tower, Shanghai, China (Figure 5.13)

- Ref. projects detailed in chap.13 and summarised in Fig. 5.17.
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Figure 5.17: Bracing systems of the reference projects

*ASCE, 2015. Wind-Induced Motion of Tall Buildings: Design for Habitability. American Society of Civil Engineers.
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6. Beams and floor systems

® |ntroduction

Floor systems are generally made of a steel beam supporting / 2o o 7
. . - Concrete slabs ///'/IA;/IA'-/I”
a metal deck filled with a poured concrete slab. This is called //I//I//I///I/I Joict beam

f//l//l///l///ll/l_'

a composite slab (Figure 6.1). Composite slabs act as a
diaphragm, allowing the shear forces between the steel beams
and the horizontal load forces on the concrete slabs to transfer
to the bracing elements. A range of floor systems are

suitable for different spans, but there are specific systems

that are suitable for high-rise buildings (Table 6.2).

Reinforcement

|7 Secondary beam

Primary beam

Figure 6.1: Composite floor system

Slab span
A
Span (m) om
6 8 10 | 13 16 | 20
Reinforced concrete flat slab —
Integrated beams and deep composite slab Slim-Floor CoSFB Cellular
; Beam ACBY
Integrated beams with precast slabs Beam (Composite 77 elina@'
Composite beams and slab slim Floor g
Fabricated beams with web openings Beam)
Cellular composite beams
Composite trusses H
1 >
Table 6.2: Slab depending on the span 6m 12m 14M  Beam span

® Floor systems specific for high-rise buildings

In high-rise buildings, floor systems must be light and slim
to minimise the weight and maximise the usable height of
the building. Both requirements can be achieved using
castellated beams, which enable an easy integration of
building services within the floor system. Another solution
which provides minimal floor thickness is the Slim-Floor
system, which integrates the slab between the flanges

of the steel beam.
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- lighter

- smaller

Cellular beam

® Castellated beams

The use of castellated beams allows a new architectural
expression. Structures are lighter, and spans are increased,
allowing for more open spaces in buildings. These beams are
created by subjecting a hot rolled section to longitudinal cuts
along its web, following a specific pattern (Figure 6.3). Once
divided, the beam can be reassembled with a longer web,
taking advantage of the cutting pattern. These cutting patterns
can produce several different castellated beams, including
sinusoidal cut (Figure 6.4), cellular (see above) and octagonal.
The cutting pattern also allows openings for technical
installations to be integrated within the structure instead of
below it, which reduces floor-to-ceiling heights. The reduced
castellated beams weight, combined with their high strength,
can inspire architects to create new structural forms:

- Angelina® (sinusoidal cut)

- cellular

- octagonal.

Figure 6.3: Flame cutting table for hot rolled sections

The use of castellated beams now provides effective solutions
to the demands of project owners. This solution allows large
column-free floor areas over a distance from 12 to 18 meters.
Additionally, the total floor thickness is 25 to 40cm less than
conventional solutions, the beams are about 30% lighter,
which allows for more efficient transportation and

installation of the beams, and the costs are reduced

for spans larger than 10m.
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- cheaper for long spans

Figure 6.4: Angelina® beams

Web openings on castellated sizes are typically 60 to 80%

of the beam depth. Stiffeners may be required for elongated
openings and large openings should be in areas with low shear
forces. Shear or buckling of the web posts can occur between
openings, particularly near high point loads or adjacent

to elongated openings. In this case, the spacing between
openings should be increased or heavier sections should be used.

Angelina® beams and cellular beams are fabricated in modern
workshops at ArcelorMittal’s rolling mill for heavy sections in
Differdange, Luxembourg. The proximity of these manufacturing
plants limits transport, maximises responsiveness, and
contributes to the competitiveness of the manufacturing costs.

Beam spacing is function of the floor used.

- For composite floor slabs (steel decks), the distance should be:
- 2,5 to 3m without propping
- 3 to 5m with propping.

- With pre-stressed concrete floor elements:
. 2,7 to 7m with propping when required.

ArcelorMittal’s flooring Cofradal 200/230/260 and
Cofraplus 220 are suitable for 5 to 7m spans.

Typical chord sizes for cellular secondary beams with a
12 to 18m span, a 130mm slab depth, and 3m spacing
are presented in Figure 6.5.



Angelina® beam with filled openings at support

Design table:
Typical spans of cellular beam (m) - S355
Cellular beam parameter
12m 13,5m 15m 16,5m 18m
Opening diameter (mm) 300 350 400 450 500
Beam depth (mm) 460 525 570 630 675
Top chord IPE 360 IPE 400 IPE 400 IPE 450 IPE 500
Bottom chord HE 260 A HE 30<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>