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Structural Requirements

Åstrength

Åserviceability

ïdeflections

Åefficiency

ïeconomy of materials

Åconstruction

Åcost

Åother

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

Åstrength & 

equilibrium

ïsafety

ïstresses

not greater

than 

strength

ïadequate 

foundation
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Structure Requirements 

Åstability & 

stiffness

ïstability of 

components

ïminimum 

deflection and 

vibration

ïadequate 

foundation
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Åeconomy and 

construction

ïminimum material

ïstandard sized 

members

ïsimple connections 

and details

ïmaintenance

ïfabrication/ erection

Structure Requirements 



S2018abnAnalysis  6

Lecture 2

Applied Architectural Structures

ARCH 631

Relation to Architecture

ñThe geometry and arrangement of the 
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 
doesnôt fall down.ò    - Onouy & Kane
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Ådead load

ïstatic, fixed, includes 

material weights, fixed 

equipment

Ålive load

ïtransient and moving 

loads (including 

occupants)

Åsnow load

Structural Loads - STATIC
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W d hF C q A=

Åwind loads

ïdynamic, wind pressures 

treated as lateral static 

loads on walls, pressure 

or suction

ïpressure determined from 

wind velocity, qh

ïdynamic effects include 

motion from buffeting or 

ñvortex sheddingò
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Structural Loads ïSTATIC & DYNAMIC
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W

ZICWV
R

=

Åearthquake loads

ïseismic, movement of 

ground (3D)

ïbuilding mass responds

ïstatic models often used, 

V is static shear

Åimpact loads

ïrapid, energy loads
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Structural Loads - DYNAMIC
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Dynamic Response
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Dynamic Response

Åperiod of vibration or 

frequency

ïwave

ïsway/time period

Ådamping

ïreduction in sway

Åresonance

ïamplification of sway
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Statics & Mechanics Review

Åhow loads affect our structures

ïstatics:  things donôt move

Åforces

Åsupports & connections

Åequilibrium

ïmechanics:  things can change shape

Åstress & strain

Ådeflections

Åbuckling
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Structural Math

Åquantify environmental loads

ïhow big is it?

Åevaluate geometry and angles

ïwhere is it?

ïwhat is the scale?

ïwhat is the size in a particular direction?

Åquantify what happens in the structure

ïhow big are the internal forces?

ïhow big should the beam be?
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Physical Math

Åphysics takes observable phenomena 

and relates the measurement with rules: 

mathematical relationships

Åneed

ïreference frame

ïmeasure of length, mass, time, direction, 

velocity, acceleration, work, heat, 

electricity, light

ïcalculations & geometry
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Units

Åmeasures

ïUS customary & SI

Units US SI

Length in, ft, mi mm, cm, m

Volume gallon liter

Mass lb mass g, kg

Force lb force N, kN

Temperature F C



S2018abnAnalysis  16

Lecture 2

Applied Architectural Structures

ARCH 631

Vectors

Åscalars ïany quantity

Åvectors  - quantities with direction

ïlike displacements

ïsummation results in

the ñstraight line pathò 

from start to end

ïnormal vector is perpendicular to 

something

y

x
z
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Forces & Reactions

ÅNewtonôs 3rd law:

ïfor every force of action 
there is an equal and 
opposite reaction along
the same line 

Åexternal forces act on bodies

ïcan cause moments

Åinternal forces are 

ïin bodies

ïbetween bodies (connections)

http://www.physics.umd.edu
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Åconvenient to resolve into 2 vectors

Åat right angles

Åin a ñniceò coordinate system

Åqis between Fx and F from Fx

tan
y

x

F

F
q=

2 2

x yF F F= +

sinyF F q=

cosxF F q=
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Force Components

Fy

Fx

q

F

x

y

Fy

Fx

F

Fy

Fx

F
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Åweight (F = ma)

Åconcentrated

Ådistributed

ïuniform

ïlinear

Åfriction

ïF = mN

W tAg=
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Load Types
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( )
load

w tributary width
area

å õ
= ³æ ö
ç ÷

Åtributary load

ïthink of water flow

ïñconcentratesò load of 

area into center
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Load Tracing

width

../animations/unesco_load.mov
../animations/unesco_load.mov
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Ådefined by magnitude and direction

Åunits:  NÖm, kÖft

Ådirection:  

+ ccw (right hand rule) 

- cw

Åvalue found from F
and ^distance

Åd also called ñleverò or ñmomentò arm

M F d= Ö

F

A

C

B

d
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Moments
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Åanalytically

Åfree body diagrams

0x xR F= =ä
0y yR F= =ä
0M M= =ä

http://www.physics.umd.edu
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Equilibrium



S2018abnAnalysis  23

Lecture 2

Applied Architectural Structures

ARCH 631

Free Body Diagram

ÅFBD (sketch)

Åtool to see all forces on a body or a 

point including

ïexternal forces

ïweights

ïforce reactions

ïexternal moments

ïmoment reactions

ïinternal forces
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Supports and Connections
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Supports and Connections
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( )x A
x
ä D
=

A

( )y A
y
ä D
=

A

Åñaverageò x & y of an area

Åfor a volume of constant thickness

ï where gis weight/volume

ïcenter of gravity = centroid of area

W t AgD = D
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Centroid
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2

x cx yI I Ad= +

Å2nd moment area 

ïmath concept

ïarea x (distance)2

Åneed for behavior of

ïbeams

ïcolumns
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Moments of Inertia


