Tech Il — Overview of Structural Systems Classifications and Example Structures

Structural Classification Systems

@ Typological by Geometry
(planar vs. curvilinear)

@ Typological by Stiffness
(rigid vs. flexible)

@ Typological by Span Type

(one-way vs. two-way action)

Structural Classification Systems

#® Typological by Material
(Schodek Chapter 15, Ching Chapters 4-6)
= Wood (light wood frame, heavy timber)

= Masonry (quarried stone, formed brick, concrete
masonry units)

= Concrete (cast-in-place, precast)
» Steel
@ Typological by Load-Carrying Action

(funicular vs. bending)

Typological Structural Classification by Span Type

(chodek, Structures, fig. 1.3)

Ore-way Structses

One-way beam One-way plate
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T Schodek: Structures, i ediion; Pearson Prentce.Hall 2004

One-Way Structures Typical Rigid Structures Two-Way Structures

Post & beam Simple truss
Frame Trussed frame

llustrations: Daniel L. Schodek: Structure
i cditon: Pearson Prontce.tial, 2004
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lllustrations: Daniel L. Schodek: Structures,
fifth edition; Pearson Prentice-Hall, 2004

Typical One-Way Structural Assemblies

(Schodek fig. 1.4)

One-level system Two-level system Two-level system Three-level system
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Load-bearing walls I

(a) Common types of horizontal spanning systems (one-, two-, and three-level awems} used in relation
to different types of load-bearing wall and columnar vertical support systems.
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llustrations: Daniel L. Schodek: Structures, fifth edition; Pearson Prentice-Hall, 2004 Roof loads

Decking carries rool
(Schodek fig. 1.4) Harizantal spanning system A by blam.

Deck i

Columns are in compression. —»

STRUCTURAL UNITS 219

With the priscipal stractural semests of coiumn. beam,
sl and loadbesring weall, it i possible to foom an
elementary stuctueal unit capable of defining and

Column reactions becomsa fofess on
Toursdations {which distribute the forces
inta the earth). %
—_—
{b) Comman assembly of alements. The sur- {c) The decking transfiers roof loads to the secondary
tace -forming decking is supported by & sec- beams. The beams tranaler the loads to the iusses,
ondary framing systom cansisting of closely which in tum carry them 1o the columes. The col-
spacod beams, which I3 In tum suppaned by umns transmit the loads 1o the foundations. These
a primary system of more widely spaced Borce tranahe through
trusses. A one-cn-ane fit exists batween the reactive forces between members and typically get
trusses and the SURPOMENG colurmns, progressively larger at lower bavals.
Francis D.K. Ching,
Thee e M | " Building Construction lllustrated, Ch. 2
L .y
» Oreratay systenss of jiste, panks, o sabs ace mors

efficient when structeral bays are rectangelir - that

5, when bh o of the keng bo the shart dimensions is

greater than |51 ~or when the structaral grid

gerertes abnear pattemolggaces.
= Tty systims of beams aned slibs are more

effectlie bor square ornearly sqare b, o

» A ooty sl spported by four colamns S

defives aborisetalleyer of space. ——
+ The parallel saters of laadbearing walls leads
ntgrally 1o the use of one-nry spanning systems,
+ Becarse badbearing wally are most effecthe whes

up;xr.auru of jotsts, pi.lrl!.ouwms’& s

+ Alinear frmnewort of colarns and beams defnes
three-dimenskonal module of space capable of being ———
ngunded both horfzrntally and vertically.

= Tiwerlodbearing walis natoraly define 38 ek,
IAdirectional space Secondary s canlbe. R
persendicular G the primany ads with opesings
wichin b bl bearing walls,

enclsing a voiume of space for habitation, This structaral - g Flasks or decking
AT dsy p 4 Joksts
el spatial organization of a buikding. R, g i e Bams of girders
+ Harisontal spans muay be traversed by reinforzed £ = T Slabor plate structare
concrete slabs o by 2 layered, hierarchical amasgement. s, =
of ginders, beams, and Jotsts supporting plarks or : g Bearing wall
dacking “~ - S
+ The wertical sapport for & stractural usit may be ) T Comnandben
provided bry keadbearing walls or by 2 framework of d fra
cohems and bearms
Francis D.K. Ching,
Buiding Construction llustrated, Ch. 2
STRUCTURAL PATTERNS 2.n
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and functions in a bulding.

_H“‘\ (Grid finesi represent horizontal

leams and lonsbearing walls.
"‘“h——- Intersections of gridiass
represent the bcations of columms.
ar concertratad gravity s
= A basic structuralent or bay can
Belogicaly extended verticaly
along the aees of columns and
horizontally aleng the spmns of
beamsa )

Sy

The pincpal poets and s of scpport fora structural
system bypicaly define 4 grid The erftlcal pownts of the

d other h spatring
elements snd chasnd these loads verticaly to the
ground foundation

The inheret germatic order of 4 grid can be wsad
s the dsshgn process 1 intiate and reinforce the —
functional ard spital orgarization of a belding desge. N
» Nonkoadhesring walls may be placed to define 2

varkzty of spatlal cofigurations and altowi bulding — l

regiizements of Ivsspucrﬁ

Francis D.K. Ching,
Building Construction lustrated, Ch. 2

sabtraction o accommodate specialneeds sughas |
Larmer spaces or wusual st condtions.

= A arid may be imegular in o or o directions

progran spaces.

= A portionof the grid can be diskocated md rotated
dbouta pobatin the basic pattem.

» Th paraliel grids can be of¥ses from sach other to
dewelzp intervering o intarstitial spaces that define
patterns of moverasnt, mediate betmeen 2 series of
Langer spaces, or house meckanical senvices.

aligned. a thind emert, such 25 2 loadbearing wall 4
orafl |

anbeused
+ Nomueiforr cr imeguiar grids can be employed 12

withina bulding.

Francis D.K. Ching,
Building Construction lllustrated, Ch. 2

llustrations: Daniel L. Schodek: Structures, fifth edition;
Pearson Prentice-Hall, 2004

Memberin Long Member in
Tension Compression
(Fails by pull- (Fails by buckling)
ing apart)
Typological Structure <lP
Classification by \
Loading Type 1
(Schodek fig. 1.8)
Short Member in

1

1 Comprassion

| {Fails by crushing)
|

I

Axial Loadings
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liustrations: Daniel L. Schodek: Structures, fith
edition; Pearson Prentice-Hall, 2004, Figure 1.8

/z\ ding 4] Bearing
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failure

— Bending _
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= Horizontal
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Figure 6.13  Lateral buckling in beams.

Transverse Loadings

Vertical _L - Deflections
L_l'L shear stress —l::}— (Excessive de-
v

Timber Construction Systems

Typological Structure
Classification by
Construction Material

llustrations: Daniel L. Schodek: Structures, fifth edition; Pearson Prentice-Hall, 2004, Fig. 15.2

Primary Structural Elements

(Schodek , Structures, §1.2.2)

@ Beams & @ Walls & Plates

Columns @ Cylindrical Shells & Vaults
@ Frames @ Spherical Shells & Domes
® Trusses @ Cables
@ Arches

@ Membranes, Tents & Nets

Steel Construction Systems

TSE

Typological Structure
Classification by

Construction Material

llystrations: Daniel L. Schodek: Structures, fifth edition; Pearson Prentice-Hall, 2004, Fig. 15.6

Reinforced Concrete Construction Systems

P M4 M- oo o

Typological Structure
Classification by
Construction Material

lllustrations: Daniel L. Schodek: Structures, fifth edition; Pearson Prentice-Hall, 2004, Fig. 15.6

Two-Way
Concrete Slab on
Eraming
One-Way
Slab on
Beams
7 Steel Post
& Beams
Steel
Eraming
Open-Web Typological Structure
Steel Joists Classification by
Construction Material
and Assembly System
(e.g. Ching, Ch. 4)
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lllustrations: Daniel L. Schodek: Structures

fifth edition; Pearson Prentice-Hall, 2004 Typical Brucnres
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Material: Engineered lumber (glued laminated timber)

Pattern: Linear, one way system, two levels
Type: Post & beam system

Pont de I'Alma over the River Seine, Paris Project: Gund Hall (Harvard Architecture GSD)

: Steel Material: Structural steel

Linear, one way system, two levels : Pattern: Linear, one way system, three levels
Type: Girder system, shaped to loading & internal stress . Type: Tubular truss system
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Project: BWI Airport Terminal Project: Jacob Javits Convention Center — .M. Pei, Architect
Material: Structural steel Material: Structural steel
Pattern: Distributed, two way system, two levels Pattern: Distributed, two way system, two levels
Type: Space truss Type: Space truss
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two pin-connection
supports
(typical of

all trusses) "/% \‘\
§(A‘\\ h.\
see detail : k \\\\:
N

\

A
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third pin connection—_{ /Vz\

N

at end trusses only -

e

(makes truss and
supporting columns
behave as arigid frame
to minimize movement
around end glazing)

e 1 L E‘iﬁ”&az ;Ele,;:s“_" y =3l | prism (3-sided)

are cantilevered roof trusses

s al o — sl ) from foundation
Project: Sainsbury Center, Norwich, Enlgand — Foster & Associates, Architect (rigid base connection)
Material: Structural steel

Pattern: One way structure, two levels, linear pattern
Type: SpaCe truss / ”g |d fra’“e llustration: Fuller Moore, Understanding Structures, WPB McGraw-Hill, 1999

tubular cross-bracing
between columns

Project: Riola Church, Riola Italy (Alvar Aalto, architect)
Material: Reinforced concrete

Pattern: One-way structure, regular linear grid, three levels
Type: Rigid frame

Project: Daley Center Building, Chicago

Material: Structural Steel

Pattern: Regular grid, one way system, three levels (probably)
Type: Rigid frame, plate girder spandrel members

Frie e, . : 3

Project: John Deere World Headquarters, Moline, lllinois (Eero Saarinen, architect)
Material: Structural Steel (Cor-Ten®weathering steel)

Pattern: Regular grid, one way system, three levels

Type: Rigid frame

Project: Office Building, Palo Alto, CA

Material: Structural Steel

Pattern: Regular grid, one way system, three levels (probably)
Type: Rigid frame

i
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Project: L'Unite d’Habitation (Marseilles, France; Le Corbusier, architect) Project: University of Maryland, Center for Physics

Material: Reinforced concrete Material: Structural Steel

Pattern: Regular grid, two level (slab on girders) Pattern: Regular grid, one way system, three levels (probably)

Type: Rigid frame Type: Beam and column system, cantilevered spandrel truss (expressed arch’ly.)

II:H

1 floor loads

101

T —] accumulate
L from top
n to bottom

I:iH:H:”]D

Project: Exeter Academy Library, Exeter, NH (Louis I. Kahn Architect) i |
Material: Brick Masonry (exterior walls) & Concrete (interior structure)
Pattern: Regular grid, one way system, two level system

Type: Bearing wall structure

Project: Broadgate Exchange House Office Building, London (SOM Architects)
Material: Structural Steel

Pattern: Regular grid, one way system, three levels (probably)

Type: Unique steel arch structure spanning over railway station below

Interior: Library at Exeter Acad
Exeter, New Hampshire
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- floors above arch
supported by columns
which rest on arch

15 1—t——{—— _— fieers below arch
- 1 supported by suspenders
" h B whlch are hung frem arch

Wy 4 | arch accumulates vertical
- = " P leads and transfers them tof
—| i | side supports

a—horizontal member resists
thrust due to arches and
supports center diagonals

diagonale stabilize the arch
under asymmetrical loading

Project: Minneapolis Federal Reserve Bank
Material: Structural Steel

Pattern: Regular grid, one way system, three levels (probably)
lllustration: Fuller Moore, Understanding Structures, WPB McGraw-Hill, 1999 . .
Type: Centenary cable supporting floor structure

| a—-proposed
addition

" | «—— original
building

lllustration: Fuller Moore, Understanding Structures, WPB McGraw-Hil, 1999

Project: Beaverton City Library, Beaverton Oregon

Material: Engineered lumber (glued-laminated timber)

Pattern: Regular grid, two-way system, two levels

Type: Post and beam structure with unique flared columns that reduce beam span

Project: Kimball Art Museum, Fort Worth, Texas (Louis I|. Kahn, architect)
Material: Reinforced concrete

Pattern: Linear, one-way system, one level

Type: Curved post-tensioned beam (not a vault!)
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Project: Lincoln Library Project: 1972 Munich Olympic Stadium (Frei Otto, Engineer)
Material: Engineered lumber (glued-laminated timber) & structural steel Material: Steel cables w/ acrylic panels

Pattern: Radial grid, one-way system, three levels Pattern: Radial about track (main stadium), Random (natatorium)
Type: Post and beam structure with unique flared central steel column Type: Tensile membrane, two way funicular spanning system

Project: Denver International Airport Terminal Project: Shell Structure, Switzerland (Heinz Isler, Engineer)
Material: Teflon coated fabric membrane Material: Concrete

Pattern: Regular, linear Pattern: Regular, parabolic surface

Type: Tensile membrane, two way funicular spanning system Type: Thin shell funicular surface structure
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- e —_— e i Project: Papal Audience Hall, Vatican (Pier Luigi Nervi, engineer)
Project: Madison Square Garden, New York City Material: Ferro-cement (concrete reinforced with very fine mesh)
Material: Steel tension cables Pattern: Radial, two level system Pattern: Linear, one-way system, two levels
Type: Suspended radial cables w/ central tension ring, exterior compression ring Type: Vaulted arch

Project: Papal Audience Hall, Vatican (Pier Luigi Nervi, engineer)
Material: Ferro-cement (concrete reinforced with very fine mesh)
Pattern: Regular Grid, Two-Way System

Pier Luiai Nervi—Papal Audience Hall. Vatican Type: Isostatic Ribbed Plate

A
Project: San Diego International Airport
Material: Reinforced concrete
Pattern: Radial, two way system, two levels
Type: Waffle slab
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10

Project: Parking Structure Project: Renault Distribution Centre, Wilshire, UK (Norman Foster and Partners)
Material: Reinforced concrete Material: Structural Steel

Pattern: Regular grid, two way system, two levels . Pattern: Regular grid, two way system, three levels

Type: Waffle slab G Type: Cable-stayed

Project: Chapel, Mexico (Felix Candela, Engineer)

Material: Reinforced Concrete

Pattern: Regular, parabolic surface

Type: Thin shell funicular surface structure (hyperbolic parabolid)

Project: Alamillo Bridge, near Barcelona, Spain (Santiago Calatrava, engineer)
Material: Reinforced concrete, structural steel and steel cable

Pattern: Linear

Type: Cable stayed
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Image ® University of California, Berkely, Godden Slide
Library: http:inisee berkeley.edu

diagonal stays support
roadbed and generate
inward thrust

welght of
sloped pylon

resists thrust
due to cable
stays

" roadbed transmits
horizontal thrust
to pulon

A,

suspender cables

roadway
- Y
// Project: Forth Bridge, Firth of Forth, Scotland (Benjamin Baker & John Fowler)
transverse rlos ) Materi _1ructural Steel
hellow spine Pattern: Linear
lustration: Fuller Moore, Understanding Structures, WPB McGraw-Hill, 1099 Type: Tubular steel balanced cantilever truss

Images © James Poppel, Australian National University, hitp://cs.anu.edu.au/~James. Popple/photographs

Project: Pont du Gard, Roman Aqueduct, near Niemes, France
Material: Quarried stone & early form of concrete

Pattern: Linear

Type: Stone arch

Project: Golden Gate Bridge, San Francisco
Material: Structural Steel

Pattern: Linear

Type: Suspension bridge




