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STEEL STRUCTURES

Architecturally Exposed Structural Steel (AESS3tisel that must be designed to be
structurally sufficient to support the primary need the structure and — at the same
time — remains exposed to view, being a signifigeart of architectural language of
the building [4, 6]. The quality requirements of @& typically exceeds the
requirements of Standard Structural Steel (SSS3f imareases the time and costs of
the design and execution of AESS. Currently useakstication of AESS
distinguishes 5 categories of execution qualitys Hategorization has a hierarchical
structure, each higher category of structure ei@tutontains all the properties of
lower category. The basis of presented classifinat the degree of human visual
perception of the structure. It is mainly related the distance of the potential
observer from the structure, which allows in vagyilegrees to see the details of
structure execution. Joints and connections aremb& means of architectonic
expression in architecturally exposed steel strastuThe principles of joints and
connections shaping in AESS are the same as for I&§Sadditionally some
requirements to the expected aesthetic are forewuldthis additional requirements
cause that AESS can be significantly (even a femdred percent) more expensive
than SSS with exactly the same functionality andability. However, PN-EN
1090-2 [7] gives no provisions about AESS executiavhich may impede mutual
understanding between architect, structural engigeatractor and investor.

Keywords: exposition of steel structure, classification of @& higher quality
requirements, higher costs of AESS

1. Introduction

Exposition of steel structure in architecture oblmibuildings is not a new
trend. Many of the 19th century buildings — builridg the initial stage of steel
structures development — utilize architecturallp@sed structural cast iron with
ornate decoration that imitated carved stone elésr(&ig. 1).

High costs of cast iron elements manufacturingtiqaarly in the case of
their reshaping, caused that their degree of repaiess was very large, which
limits the freedom of architectural forming of theilding. Additional disadvantage
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Fig. 1. Interior of the Oxford University Museum &tural History, built 1855-1860, Oxford,
England (author of photography: nz_willowherb [10])

of cast iron — its low ductility — was the causeadew spectacular failures of the
19th century bridges, e.g.: Dee Bridge (1847), Thg Bridge (1879) and the
Portland Road Bridge (1891). The second half of 1®# century brought the
technology development, i.e. mass production oétinedly cheap steel and
rolling techniques of plates and profiles what @aged application of steel
structures in building industry. However, steelustures made of hot-rolled
elements was considered to be visually heavy amsthetically unattractive;

additionally — riveted joints were very labour- atiie-consuming. The above
disadvantages combined with relatively fast degradaf steel element rigidity

due to fire caused that for many decades steelefratructures of public

buildings were hidden under the masonry or conarleigding.

Initiated in late 1940s architectural style, latedled Brutalism from the
French word “brut” (“raw”), placed emphasis on #eosure of raw building
materials and constructions producing expressiweinmalist forms. Built in the
UK in 1954, Hunstanton Secondary Modern School arfélk became one of
the flagship examples of this style, in which pralgafor the first time steel
frame structure of public building was deliberatayhibited, revealing the
architectural rhythm with repeated structural eletsemade of ordinary steel
I-beams. Development of steel manufacturing andingi which took place in
the second half of the 20th century, made possibtiesign and execute large-
area public buildings with large spans and largazedl area providing
appropriate amount of natural light. Steel, becanfsigs high strength to self-
weight ratio, perfectly suited for this purposdoaing shaping slender, visually
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light structural elements with small cross sectiomensions. Wide utilization of
steel hollow sections and ties has become a cleaistat feature of the
developing from the 1970s architectural style knagnhigh-tech architecture.
Exposed structural elements are often shaped ufiagmethod called by
T.M. Boake “a force-varied expression” [4]. It cests of intentional variation
of cross-section dimensions of exposed steel elesmedepending on the force
sign and magnitude. In order to increase the archital expression, many
objects of this type have unnecessarily complexpstmg system that can be
replaced by simpler, but visually less impressore.

It should be noted that modern structural elemant$ their connections
more often become the subject of architecturalgihedi the structural element
performs also aesthetic function, it requires aalatl work effort of an architect,
structural engineer, steel structure manufactuaed erector. For this reason,
architecturally exposed steel structures can evensbveral times more
expensive than the standard steel structures.

2. Classification of architecturally exposed steetructures

Popularisation of architecturally exposed steeicstires in combination with
a variety of applied solutions and their high costsused the need to create
areference document, which would be a point of mfee to facilitate the
understanding between investors, architects, stalcengineers and contractors.
The first work which introduced currently used (Teall) classification of
architecturally exposed structural steel (AESS) wles study of the Rocky
Mountain Steel Construction Association and thecral Engineers Association
of Colorado published in 2003 [2]. This proposalswatroduced to Canadian
standard [5] in 2009, American standard [1] and tralian/New Zealand
standard [3] in 2016.

Classification presented in Table 1 distinguishesategories of execution
quality for architecturally exposed structural 5{@€SS), denoted as AESS+1
AESS 4 and AESS C, which exceed quality requiresnepecified in execution
standards for standard structural steel (SSS). cettegyorization has a hierarchical
structure, each higher category of structure ei@tebntains all the properties of
lower category. The exception is AESS C categohyclwas defined, is intended
for individual requirements that can be freely skdd from the properties set
provided in the classification or additionally sied by the architect. The basis
of presented classification is the degree of hummoal perception of the
structure. It is mainly related to the distancethad potential observer from the
structure, which allows in varying degrees to seedetails of structure execution.

According to AESS category, quality requirements the structure
execution are defined. They may concern: qualityvefd and element surface
finishing, geometric tolerances or the type of {pirused. The specific
requirement, which may optionally be formulated dategory AESS 2 or higher,
is performance of mock-up, usually for joint ortpafrthe structure. Mock-ups are



136 I. Tylek

Table 1. Category array for specifying AESS basefPpn

(@) < ™ N —
Characteristics % 8 % % % ?
L L i i i 0
< < < < <
1.1 Surface preparation to SSP| . . . .
SP-6 [8]
1.2 Sharp edges ground smooth . . . .
1.3 Continous weld apperance . . . .
1.4 Standard structural bolts . . . .
1.5 Weld spatters removed . . . .
2.1 Visual samples optional |optional |optional
2.2 One-half standard fabricatign
tolerances i i i
2.3 Fabrication marks not apparemt . . .
2.4 Welds uniform and smooth . . .
3.1 Mill marks removed . .
3.2 Butt and plug welds groun . .
smooth and filled
3.3 HSS weld seam oriented for
reduced visibility i i
3.4 Cross sectional abutting surfa|
aligned i i
3.5 Joint gap tolerances minimize . .
3.6 All welded connections . .
4.1 HSS seam not apparent .
4.2 Welds contoured and blended .
4.3 Surfaces filled and sanded .
4.4 Weld show-through minimized .
C.1
Estimated cost premium [%)] 20+250| 100+25060+150| 40+100| 20+60 0

used to carry out the arrangements and gettingilatalal acceptance of the
visual aspects of structure final form. They makettéhe form of scaled or full-
scale physical mock-ups or virtual rendered 3D i@sagvhich can be relatively
easy created by using computer programs for stagdtsres 3D detailing, e.qg.
Tekla Structures, Bocad, Advance Steel, etc. Tlessity of mock-up execution,
particularly in the case of physical full-scale rkap, must be clearly indicated
in the design documentation, because it requirdgianal costs and time which
must be included in the schedule of constructiorkaio

The AESS 1 category includes steel structures despite the fact that they
are visible, are not architecturally dominant elateeand their distance from the
observer prevents seeing structural details suchvedds quality or joint gap
distances. They don't focus attention within obsdrspace, usually have the
same colour as the background and are often unolesed, remains in the
shadow (see Fig. 2).
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Fig. 2. Stand roof structure of Cardiff City StadiuBardiff, Wales (author of photography:
Jon Candy [10])

The AESS 2 category includes structures that casbberved from a distance
of not less than 6 m, but their shaping constitwesignificant part of the
architectural composition of the building. These aften a visible, well lit part
of the roof structure or high-level ceilings. Siamlyy as in AESS 1, distance
between the observer and the structure does notv albr assessing the
construction details quality (Fig. 3).

Fig. 3. Roof structure of Edmonton City Hall, EdmamtCanada (author of photography:
Mack Male [10])
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Fig. 4. Concourse B of O’Hare International AirpaZhicago, USA (author of photography:
joevare [10])

The AESS 3 category applies to structures thabeaseen from a distance of
less than 6 m and even touched by the public. @lisvs to see details and
imperfections of elements surface finishing suchgrasd marks. Typical structures
of this category structures include terminals,aig shopping centres, etc. (Fig. 4).

The AESS 4 category is the highest category ofl stieecture execution
guality, it includes highly exposed elements, datiimg in the architectural
composition of the building. In this type of struiet, the architect’s intention is
to present the form of structural element as itsque visually exposed
geometric property (Fig. 5). In this category, stames are often composed of
custom elements, manufactured on investor's indalidrder, e.g.: connection
parts made of cast steel, tapered hollow sect&tnsWelded joints with grinded
weld face are often used. The element surfacealsoggrinded and then surface
defects are supplementing with special synthelier fiThis labour consuming
surface treatment is required for structures cal/evéh high gloss topcoats,
which due to the high light reflection coefficiegteatly reveal all geometrical
imperfections of the surface.
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Fig. 5. Copernicus Airport Wroctaw, Wroctaw, Polagadithor of photography: Paw@wirek)

Careful steel surface preparation in combinatiath wther treatments, makes
that structure is visually deprived of any chamasties allowing to identify the
material of which it was made of. The exampleswal tontemporary structures
executed as AESS 4 are shown in Fig. 6-8.

Fig. 6. Amazon Spheres — spherical conservatogie®e @s employee lounge and workspace located
on the headquarters campus of Amazon company teS&SA, completed in January 2018:
steel structure under construction (author of piyaohy: SounderBruce [9])
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Fig. 7. Amazon Spheres — spherical conservatogie®e @s employee lounge and workspace located
on the headquarters campus of Amazon company teS&SA, completed in January 2018:
connections details (author of photography: MaBaamondez H [10])
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Fig. 8. Atrium in Brookfield Place office complexpfionto, Canada: interior view (author of
photography: Marcos Virgilio [10]) and steel colutmase detail (author of photography:
cbrueck [10])
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In one design, and even in one steel element reiffeAESS categories may
occur. It allows reasonable selection of meansnaetthods for increasing quality
and keeping additional (premium) costs to a minimutnis estimated that
premium costs are in the range from 20% for AES® P50% for AESS 4
categories compared to the SSS.

The AESS category must be clearly specified byatteéitect and indicated
in design and execution documentation (both irteélxeand on the drawings).

3. Shaping and execution of joints and connections

Joints and connections are the main means of ectinil expression in
architecturally exposed steel structures, but gt#lyperform their basic function
that is allowing the safe transfer of loads betweennected elements and
enabling an efficient transport to the site andcstire execution. The way of joint
shaping may drastically affect the labour costhatstage of design and detailing,
manufacturing, transport, and structure execution.

The type, location and quality of joint executidrosld be consistent with the
general aesthetic concept of the building — assaltréwo basic types of joint
shaping may be identified: they may be displayetlidden from the sight of the
observer. Connection, and particularly splice eékelements, is the place where
the continuity of the compositional lines creatgdhe element outlines is disturbed.
These lines naturally “lead” human eye during okeon of the structure and
connections are the points that spontaneously éacobserver’'s attention. This
effect can be undesirable if the essence of anthitd expression are smooth
lines and minimalistic forms used in different etylof modernist architecture.
However, the connection may sometimes be treatadvakiable item of aesthetic
effect intended by the architect, e.g. accentuatiegindustrial style by referring
with bolts arrangement in joint to the textureshaf background surfaces.

The principles of joints and connections shapingAi#SS are the same as
for SSS. Correctly shaped and designed joints amthections of structural
elements should primarily meet the safety, serbidigaand durability requirements
as well as enable easy execution of the strucAdditional requirements to the
expected aesthetic of the structure causes the foeagasonable methods of
AESS shaping, that would allow to meet abovemeatiarequirements with only
a little increase of costs in comparison with SB8s can be achieved by using
one of the following recommendations.

If the joint or connection is visible to the obsamand harmonises with
aesthetic concept of the structure, it shall b@patian a way that refers to lines or
textures of adjacent elements. If the joint or @ation is meant to be “a strong
point” of the composition, its elements, e.g. baits gusset plates, can be
emphasize by increasing their number or dimensiatreducing additional holes
which are unnecessary from structural point of yidesigning gusset plates with
more attractive geometrical shapes, e.g. curvethamipulate colour, lighting and
texture of the surface (Fig. 9).
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Fig. 9. Centre Georges Pompidou, Paris, FrancebMisinlarged gusset plates, additionally
accentuated by the central hole (author of phopdgraV C [10])

Fig. 10. The joint of steel spatial structure aatieow airport, London, England (author of
photography: Andreas Komodromos [10])
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In the case of geometrically complicated joints @omplex three
dimensional steel structures, it often is prefexalbbm both an aesthetic and
financial point of view, to apply prefabricated tateel elements (Fig. 10).

If the joint or connection is visible to the obsembut its accentuation is
inadvisable, the measures ensuring that it willimally focus the observer's
attention should be applied. These can be for elampsing of welded
connections instead of the bolted ones, repladiegwielded shear connections
with the end plate connections, replacing the imieent fillet welds with
continuous fillet welds, minimising of gaps betwettie connected elements,
removal of welding spatters, weld grinding, surfaedects supplementing with
special synthetic filler, placing all bolt headsame side of the joint, etc.

If the location of the joint in particular part tife structure is unfavourable
from the aesthetic point of view, one may try @nsfer it to other, less exposed
place, even if for design or execution reasonsilt be a worse location.
The location of hollow section longitudinal seants the side which is non-
visible to the observer may be the example. Ifjdiet cannot be transferred,
one may try to hide it by appropriate shaping.hiis tase two approaches may
be distinguished. The first one is to hide thetjdiyp such gusset or end plates
shaping that they are practically within the comtaf connected profiles.
The joint can be additionally enclosed by non-gticad cover plates in the shape
of a connected profile. The second approach ingdlve use of cast steel elements
welded to the connected profiles. After assembdyt, beads and nuts are hidden
in hollows of the cast that are later filled in witeld deposit and ground.

If this is consistent with the aesthetic concepthaf structure, some of the
welded joints can be replaced by bent elementsaritbe applied in the case of
both connections of straight elements that formvedirelement and the gusset
plates.

4. Summary

The high vyield strength of steel makes it possitie erect building
structures with slender elements, which only miniynéimit the access of
natural daylight to the interiors. At the same tinexposed steel structural
elements became the means of the architecturalessipn. Joints and
connections, as inherent part of steel structus®y began to be a subject of
architectural design. They are an essential compoofksteel structure visual
appearance, being within the observer’s sight. @ue fact that the fulfilment
of the architect aesthetic expectations requirada@ease effort, both at the stage
of design and execution, AESS can be significaf@ien a few hundred percent)
more expensive than SSS with exactly the same itmadity and durability.
It should be noted that greater part of additicc@dts is associated with joint
execution, that must meet quality requirements mhigher than these for
standard steel structures.



144 I. Tylek

The current standard for execution of steel stmestPN-EN 1090-2 [7],
does not refer to execution of AESS. In the casénobrrect or incomplete
specification of steel structure, it may be an abdlst to the mutual
communication between the architect, engineer amdractor. This leads to
misunderstandings that may sometimes have seramsequences, e.g. financial
— resulting from the necessity to redesign or recekion of structural parts,
which is often associated with delays in termimatiof the investment.
The possibility of such situation may cause tha thvestor will treat the
realization of architecturally exposed steel stites as a venture of higher
financial risk what may limit the application ancewveélopment of AESS.
Therefore, the demand for actions aimed at thedottion to current standard
PN-EN 1990-2 [7] provisions about the executiomahitecturally exposed steel
structures seems to be justified.

References

[1] ANSI/AISC 303-16, Code of Standard Practice fateel Buildings and Bridges,
American Institute of Steel Construction, Chica?2@16.

[2] Architecturally Exposed Structural Steel — Applement to Modern Steel Construction
— joint publication of the Rocky Mountain Steel Gonction Association and the
Structural Engineers Association of Colorado, M2§03.

[3] AS/NZS 5131: 2016, Australian/New Zealand Stmag Structural Steelwork —
Fabrication and erection.

[4] Boake T. M., CISC Guide for Specifying Architacally Exposed Steel, 2nd Edition,
Canadian Institute of Steel Construction, 2012.

[5] CISC Code of Standard Practice for StructutakeS— 7th Edition, Canadian Institute
of Steel Construction, 2009.

[6] CISC. Guide for Specifying Architecturally Exgped Structural Steel, https://cisc-
icca.ca/ciscwp/wp-content/uploads/2017/03/AESS&kdedf (access: 15.03.2018 r.).

[7] PN-EN 1090-2:2009. Wykonanie konstrukcji stajmr i aluminiowych. Cgs¢ 2:
Wymagania techniczne dotygz konstrukcji stalowych.

[8] SSPC-SP6/NACE No.3, Joint Surface Preparatitend@rd — Commercial Blast
Cleaning, SSPC The Society for Protective CoatiBggtember 1, 2000.

[9] Information materials, https://commons.wikimedirg (access: 15.03.2018 r.).

[10] Information materials, https://www.flickr.cofaccess: 15.03.2018 r.).

Przestano do redakcji: 13.04.2018 r.
Przyjeto do druku: 15.06.2018 r.



