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Structural Requirements

A strength
A serviceability
I deflections

A efficiency
I economy of materials

A construction
A cost
A other

www.pbs.org/wgbh/buildingbig/
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Structure Requirements

A strength &
equilibrium
| safety

| stresses
not greater
than
strength

| adequate
foundation

Figure 1.16 Equilibrium and Stability?—sculpture by
Richard Byer. Photo by author.
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Structure Requirements

A stability &
SUHIESS
I stabllity of
components
I minimum
deflection and
vibration
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Structure Requirements

A economy and
construction
I minimum material

I standard sized
members
STRESSING In I

I simple connections E=Wg R s |
and details A
I maintenance

I fabrication/ erection
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Relation to Architecture

NThe geometry and arr
load-bearing members, the use of
materials, and the crafting of joints all
represent opportunities for buildings to
express themselves. The best
buildings are not designed by
architects who after resolving the
formal and spatial issues, simply ask
the structural engineer to make sure it
doesnot f aduldyaksko wn . O
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Structural Loads - STATIC

A dead load
I static, fixed, includes /i

I I I AR S e STROTAE

material weights, fixed S0y

eCIUipment "1 . S o

Alive load S| DRy

| transient and moving
loads (including
occupants)

A snow load

Figure 1.12 Typical building loads,
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Structural Loads i STATIC & DYNAMIC

A wind loads

I dynamic, wind pressures
treated as lateral static
loads on walls, pressure
or suction

| pressure determined from
wind velocity, g,

I dynamic effects include
motion from buffeting or FW — quhA
Avortex sheddingo
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Structural Loads - DYNAMIC

Aearthquake loads

I seismic, movement of
ground (3D)

I building mass responds
| static models often used, EREEEEEEETEEEE
V Is static shear
Aimpact loads

I rapid, energy loads V = ZICW
Rw
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Dynamic Response

Statue in front of the cathedral of
Palermo, Sicily

Sliding
failure

Inertial force

Ground

—>p

Lateral ground motions
associated with earthquakes
cause inertial forces to develop
that are dependent on the weight
of the structure. Sliding failures
can oCcur.

accelerations

Overturning
failure

Inertial force

Ground
—>

The lateral ground motions can
also cause a sculpture to overturn.
The magnitude of the overturning
effect depends on the weight of
the sculpture and its height above
the ground.

accelerations

™. Overturning

g \"-, failure
L

Rapid back

| I and forth

maotion

Back and forth ground motions
can cause different parts of the
sculpture to move in different
directions. Overturning or
cracking of elements can
consequently occur.




Dynamic Response

A pe”Od Of Vlbrathn Or Properties of a sine wave:

Frequency, F= /T

frequency ‘o gy

I wave
I sway/time period
A damping
I reduction in sway
A resonance
I amplification of sway

mplitude, A

=1

T
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Statics & Mechanics Review

A how loads affect our structures
istati cs: t hings donot
Aforces
Asupports & connections
Aequilibrium
I mechanics: things can change shape
Astress & strain

Adeflections
Abuckling

Fig. 2.11 Stress-strain diagram for a typical
brittle material.

Analysis 12 Applied Architectural Structures S2018abn
Lecture 2 ARCH 631



Structural Math

A quantify environmental loads

I how big is it?
A evaluate geometry and angles

I where Is It?

I what is the scale?

I what is the size in a particular direction?
A quantify what happens in the structure

I how big are the internal forces?
I how big should the beam be?
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Physical Math

A physics takes observable phenomena
and relates the measurement with rules:
mathematical relationships

A need

NEEERERIEE ﬁt

I measure of length, mass, time, direction,
velocity, acceleration, work, heat,
electricity, light

| calculations & geometry
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Units

A measures

I US customary & Sl

Units US S
Length In, ft, mi mm, cm, m
Volume gallon liter
WETSS b mass g, kg
Force Ib force N, kKN
Temperature = C
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Vectors

A scalars i any quantity

Avectors - quantities with direction
I like displacements

I summation results In
the nstraight 11 n pat
from start to end

i normal vector is perpendicularto 1Y
something
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Forces & Reactions

ANe wt oMdlavs 3

| for every force of action
there Is an equal and
opposite reaction along
the same line

A external forces act on bodies
I can cause moments

Ainternal forces are
I In bodies
I between bodies (connections)

http://www.physics.umd.edu

Tension "T"
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Force Components

A convenient to resolve into 2 vectors
A at right angles

Ain a Ainiced co
A gis between F, and F from F,
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Load Types

A weight (F = ma)
W = gtA
A concentrated
A distributed
I uniform
I linear
A friction
i F= M7
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Load Tracing

A tributary load
I think of water flow

TAfconcentrat
area into center

dload o, . .
W=g5— gl tributary width
carea %( Y )
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../animations/unesco_load.mov
../animations/unesco_load.mov

Moments

A defined by magnitude and direction
Aunits: N@, k@

A direction:
+ ccw (right hand rule)
- CW

A value found from F
and " distance

M=F @
Ad al so called Al ever
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Equilibrium

A analytically
R=a FK 9
R=aF 9 [m k
M=aM 9 ==

A free body diagrams
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Free Body Diagram

A FBD (sketch)

Atool to see all forces on a body or a
point including

| external forces

I weights

| force reactions

| external moments
I moment reactions
| Internal forces
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Supports and Connections

PPECAST
LPNCERE = 2
&7 LUMIN /BEAY

Rocker

Roller

rocker
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Supports and Connections

smooth pin or hinge

——_—— Mg | I‘-\.\_HpI"A{_‘;’B
COHERETE
& |- |MNJ4:/E:.E;ALI'
...Lh"dr;-r;

hw.,g- AFFiNGT fixed support

S M FPR-CEMENT

MM——F% AE“E?M:‘;La
MEMNZ LI THI &

Analysis 25

Applied Architectural Structures
Lecture 2

S2018abn
ARCH 631




Centroid

Afiaverageo x & y of a
A for a volume of constant thickness

i DW =gt & where gis weight/volume
I center of gravity = centroid of area

:é(;:D\) .

a(yDy
A
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Moments of Inertia

A 2nd moment area

I math concept
| area x (distance)?

A need for behavior of

I beams ' ‘ i
_ stresses

I columns

/7 '\ \
/ \ ///

Ad '
I - I ' Deflections
X CX y w (Excessive de-
formations)
Transverse Loadings
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