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Essential ParametersEssential Parameters
in Structural Designin Structural Design

! A Structure fails when it does not do what it is intended to do.     The 
above happens to be good definition of unsuccessful design in general
! Fracture
! Yielding
! Buckling
! Connection failure
! Excessive displacement
! Vibration

! Causes of failure:
! Wrong estimation of loads
! Mistakes in Analysis of elements
! Connection failures
! Imprecise processes during construction phase Some poorly designed structural forms collapse by 

themselves.  No earthquake is necessary.

A well d
esigned structure 

should reflect th
e form 

and vice versa
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What we will discussWhat we will discuss
! 

! Loads (Axial & Flexural) - Forces / Vectors & 
Moments

! Tributary Areas (& refer Portal Method)
! Overview of Code ASCE07 and IBC
! Loading and definition of Stress and Strain

! Material  and Geometric qualities
! Types of Materials, Elastic vs Brittle 

behavior
! Modulus of Elasticity, Resilience, 

Toughness

! Axial Loading and Buckling
! Tensile Members
! Slender Members & Euler's Formula
! Truss systems

! Joint & Section Method
!     Loading of Flexural Members

! Shear  and integration to Moment
! Standardized formulae for Moment 

Calculation

! Transfer of loads through structure 
(includes shear, bracing, trusses, 
connections, etc)

! Effects of geometric forms vs material
! Moment of Inertia and the concept 

of Stiffness
! Center of Gravity vs Center of 

Shear (Center of rotation)

! Types of connections
! Continuity
! Systems
! Lateral Loads

! Wind & Earthquake
! Deflections

4

LoadingLoading
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What is the Portal Method?What is the Portal Method?

! Main advantages:
! Strength
! Homogeny
! Elasticity
! Ductility
! Speed of erection
! Defined set of forms (dimensions)
! Adaptability
! Longevity
! Simplicity
! Quality control
! Recyclability / Scrap value (Use bolts instead of welds)
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Let's start with some Basics of CodesLet's start with some Basics of Codes

! Safety Factors:
! We apply safety factors in measuring loads 

and in designing
! Once the loads are estimated we call them 

“Service loads”
! Usually we apply 1.2 to Dead Load and 1.6 

to Live Load.  The loads after application of 
safety factors are called “Design Loads”

! But we also apply a safety factors on the 
design of elements too.  That can vary 
between 0.9 all the way down to 0.65 
depending on the importance of the specific 
behavior.
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" LRFD system
" The abbreviation stands for Load and Resistance Factor Design System developed much earlier and 

implemented in late 80s replacing the Allowable Stress Design (ASD) that came back again in 2005 integrated 
in the same AISC Steel Construction Manual.

For simplification, in this class, combination #2 is a default pg. 2-10 of AISC manual.

Excep&on:	
  The	
  load	
  factor	
  on	
  L	
  in	
  load	
  combina&ons	
  3,	
  4,	
  and	
  5	
  shall	
  equal	
  1.0	
  for	
  garages,	
  areas	
  occupied	
  as	
  places	
  of	
  public	
  
assembly,	
  and	
  all	
  areas	
  where	
  the	
  live	
  load	
  is	
  greater	
  than	
  100	
  psf

And More CodesAnd More Codes

12

Let's Address the Fundamentals of Loads Let's Address the Fundamentals of Loads 
in terms of Vectorsin terms of Vectors

! Example:
!    Determine the resultant force of the 

represented forces in the two 
dimensional diagram, and analyze it in 
components on the x and y directions:

x component=10lbf∗cos60º+8lbf∗cos24º=12.31lbf

y component=10lbf∗sin60º+8lbf∗sin24º=11.91lbf
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Material QualitiesMaterial Qualities
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What is Stress?What is Stress?

!  Besides taking these ARE?
! At this point we want to focus on the axial 

type of stress which is given by the division 
of Load over Area.

! The term psi stands for pounds 
per square inch!

! There is also the flexural stress which is 
given by the Moment, multiplied by the 
distance from the N/A to the extreme fiber, 
and then divided by the Moment of Inertia.

σ A=
P
A

σ B=
M⋅c
I
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Example – Steel  Example – Steel  

! Main advantages:
! Strength
! Homogeny
! Elasticity
! Ductility
! Speed of erection
! Defined set of forms (dimensions)
! Adaptability
! Longevity
! Simplicity
! Quality control
! Recyclability / Scrap value (Use bolts instead of welds)

! Main disadvantages:
! Corrosion
! Fireproofing
! Susceptibility to buckling 

! Very strong but thin
! Fatigue
! Brittle fracture

! A rapid propagation of cracks that allows no chance 
for plastic deformation to happen before fracture.
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Let's Address the Behavior of SteelLet's Address the Behavior of Steel

  

!     1:  Yield of Gross Area:
! This occurs when the cross sectional area of the steel member yields and 

deforms within its plastic region
! Let's consider a 15' long plate of A-572 steel, welded to gussets and 

subjected to a tensile force.  It carries a thickness of ½” and width of 12”

φPn=φ∗Ag∗F y (J4-1)
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Euler's Buckling principleEuler's Buckling principle

!   Euler's elastic buckling:
!    The buckled shape resembles 

½ a sinusoidal distribution.
!    The buckling load Pe is 

proportional to the Moment of 
Inertia of the element

!     Buckling is proportional to the 
Young's modulus of elasticity (E) 
but independent of the yield 
strength of the material (Fy)

!    The buckling load is inversely 
proportional to the square value 
of the length of the element (   ) 

!    The longer the element the 
more susceptible to buckling

P E=
π 2 E I
L2

π2E I
L2

L2
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Euler's Buckling principleEuler's Buckling principle
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proportional to the Moment of 
Inertia of the element
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L2

π2E I
L2
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Euler's Buckling principle in StressEuler's Buckling principle in Stress

!   Load divided by Area will give us...
! A lot of stress!
! Not really a lot but it will give us the stress.

!   But there's another factor that is very    
important to note here.  It is the 
Slenderness ratio of the column (λ)
!    The greatest reductions in strength are noticed in 

columns that have a “Slenderness ratio” between the 
values of 70 – 90. 

!    But there is also the “K” factor            
that we did not talk about.

F E=
π 2E

( KLr )
2

λ= L
r
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How Geometry Affects How Geometry Affects 
Structural StrengthStructural Strength

! For the HSS shape @ Fy=42ksi, Lu=15': 

! For the W 14x30 @ Fy=50ksi, Lu=15': 

  

I x
I y

=1 r x=r y=2.95 ΦPn=236kip

r x
r y

≈5.5I x
I y

=14.85

ΦPn≈15.5ksi∗8.85inches≈137 kip

r y=1.49

KL
r

=1∗15∗12
1.49

=120.8

ΦPn=not even listed withinTable 4−1of the AISC.   Using Table 4−22

ΦPn=Φ∗Ag∗Fcr Φ∗F cr   frοmtable≈15.5ksi

Ag=8.85inches
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Analyzing TrussesAnalyzing Trusses

  

! Joint Method:
! The method of Joints, ...and
! The method of Sections!
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Bending TheoryBending Theory
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How Geometry Affects How Geometry Affects 
Structural StrengthStructural Strength

! Which of the options on the right 
would you pick to double the size 
of a wooden beam?
! Option A doubles the cross 

sectional area of the beam.
! Option B also does that.
! But the resistance the beam will 

develop depends on its Moment of 
Inertia:

! Formula for “I” (Moment 
of Inertia):

! Formula for “fb” or “σb”  
flexural stress

! Option B has a larger “h” which is 
raised to the 3rd power!

  

I= b∗h
3

12
+A⋅d 2

f b=
M∗c
I

Where “M” is the Moment, and “c” is the distance 
between the Neutral Axis and the extreme fiber.

The A*d2 component of the equation is applicable to 
parts that are not centered or to asymmetrical elements.
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Material Behavior and MechanicsMaterial Behavior and Mechanics

! More specifically, the diagram below indicates the Tensile
 trajectories and the directions that cracks would occur due to
 shear in a beam
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Material Behavior and MechanicsMaterial Behavior and Mechanics

  

Wood will shear more 
longitudinally along the 
weak direction of the 
fibers.  The effect of 
transversal shear will 
be limited.
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Shear to MomentShear to Moment

! There are standard formulae that can give us the critical shear and moment 
of most loaded beam configurations, but there are occasions where the 
location of loads does not help to use these standard formulae:

!  In those cases, the designer has to produce a Shear diagram and then a 
Moment diagram to find the critical shear and moment values

M u=
w⋅L2

8

M u=
P⋅L
4
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Limits of DeflectionLimits of Deflection

  

! Deflection can be a failure
! Granted the redundant statement that “if a Structure fails to do what it is supposed to do, it fails” 

the principle is applicable to deflection as well.
! Some deflection should be anticipated, but there are limits given by codes that should not be 

surpassed:
! The table gives the limits according to the American Concrete Institute Code 318-14/Table 24.2.2:

Member Condition Deflection to be Considered Limitation

Flat Roofs Not supporting or attached to 
nonstructural elements likely to be 
damaged by large deflections

Immediate deflection due to max Lr, S, or R L/180

Floors Immediate deflection due to L L/360

Roofs and Floors Supporting or 
attached to non 
structural 
elements

Likely to be 
damaged by large 
deflections

That part of the total deflection occurring after 
attachment of nonstructural elements, which 
is the sum of the time-dependent deflection 
due to all sustained loads and immediate 
deflection due to any additional live load

L/480

Not likely to be 
damaged by large 
deflections

L/240
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Lateral LoadsLateral Loads
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Some Hints on Lateral LoadsSome Hints on Lateral Loads

! These are just random hints pertaining to Lateral Loads for the ARE
! Historic Buildings may need to be retrofitted to withstand seismic and wind loads because they were likely not 

designed for them initially
! Wood connections have a special factor of safety (1.6) added to address lateral loads
! It is unnecessary to design for Wind and Seismic loads as if they  would act concurrently
! Wind may cause substantial uplift to structures that may put elements such as columns that were in compression act 

in tension to hold the roof that uplifts
! Negative pressure often governs over positive pressure.  It is safer to design all openings for the higher value rather 

than anticipate that wind will always have the same direction
! Smooth terrain produces laminar wind flow, whereas uneven/rough terrain generates turbulence
! Most of the US receives a high wind value of 90mph.  Coastlines are much more prone to have higher wind values
! Drift occurs due to both wind and earthquake.  Drift should not exceed 0.002 x building height
! Window Design Pressure (DP) needs to be determined for every project according to location so that windows will 

have withstand the anticipated pressures
! Although there is a lot of hype about it, rain does not increase wind load dramatically
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Seismic LoadsSeismic Loads
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Problems with Plan EccentricityProblems with Plan Eccentricity

Center  of  Mass

Center of Rigidity

Center  of  Rigidity

Center  of  Mass

Center  of  Mass

Center  of  Rigidity

! The effect of lateral loads depends 
upon the rotation that the force may 
generate:
! Plan  eccentricity  increases  

deformation demand  on  elements  far 
 from  center  of  rigidity 
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Lesson Learnt from PeruLesson Learnt from Peru

! Photo, courtesy of Dr. R. 
Klingner:
! The Embassy Hotel at Pisco Peru.  A 

corner building.  
! Results of moment generated due to 

the distance of Center of gravity 
(mass) and center of shear (rigidity).
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Estimating Earthquake ForcesEstimating Earthquake Forces

!  How to estimate the maximum forces generated by the earthquake?

!  For each specific site a Maximum Considered Earthquake (MCE) is defined. This is an event 
with a 2% probability of exceedence in 50 years or a Tr ~ 2500 years.
!  There are three Methods to obtain seismic forces

 1. Simplified Lateral Analysis (Equivalent Lateral Force analysis)
  2. Spectral Analysis-Modal Response
  3. Time History Analysis

!  The American Society of Civil Engineers and its branch the Structural Engineering Institute 
produce a very useful reference that is coded as ASCE/SEI 7, which provides data for the 
calculation of seismic loads

 



  

 

82

Estimating Earthquake ForcesEstimating Earthquake Forces

!  A step by step process:
!  For each specific site a Maximum Considered Earthquake (MCE) is defined. This is an event 
!  Step1- Determination of maximum considered earthquake and design spectral response 
accelerations:
    1) Determine the mapped maximum considered earthquake MCE spectral response accelerations
    2) Determine the site class based on the soil properties
    3) Determine the maximum considered earthquake spectral response accelerations adjusted for site class effects “SM”
    4) Determine the 5% damped design spectral response accelerations “SD”
!  Step 2-Determination of seismic design category andImportance factor
!  Step 3-Determination of the Seismic Base Shear
!  Step 4-Vertical Distribution of Seismic Forces  
!  But this reaches beyond the boundaries of what should be anticipated in the Architectural Record 
Examinations, so it may be optimum to move to another subject...
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Wind LoadsWind Loads



  

 



  

 



  

 



Rigid Diaphragm subject to Wind Loads

A rigid diaphragm structure is subjected to wind loads
as indicated in the diagram.  The windl loads are
transferred to the shear walls.  Each of the shear
walls carry relative rigidity as indicated in the diagram

•Determine the forces on Shear walls A and E

Shear Walls R values RA 5:= RB 4:= RE 4:= RC 1:= RD 1:=

w load w .35
kip
ft

:= Total Length: LEW 200ft:= Length AB: LAB 65ft:= Length BE: LBE 135ft:= Length N/S: LNS 65ft:=

Solution:
1) Calculating the moment resultant force:

V w LEW⋅:= V 70 kip⋅=

2) Calculating the center of rigidity of the system (using the West wall as reference):

χ
0ft RA⋅ LAB RB⋅+ LEW RE⋅+

RA RB+ RE+
:= χ 81.54 ft⋅=

υ
LNS
2

32.5 ft=:= (By observation of symmetry)

3) Calculating the torsional moment:

M V
LEW
2

χ−







⋅:= M 1292.31 k'⋅=

3) Calculating the polar moment of inertia for the walls that resist the torsional moment:

J RA χ2⋅ RB χ LAB−( )2⋅+ RE χ LEW−( )2⋅+ 2
LNS
2








2

+:= J 92581.73 ft2⋅=

4) Calculating the maximum lateral force resisted by walls A and E (adding the contribution of each of these walls to direct shear V
and the resistance due to torsional moment :

VA
RA V⋅( )

RA RB+ RE+

M RA⋅ χ⋅

J
+:= VA 32.61 kip⋅=

VE
RE V⋅( )

RA RB+ RE+

M RE⋅ LEW χ−( )⋅

J
+:= VE 28.15 kip⋅=



Flexible Diaphragm subject to Wind Loads

A single story commercial buildingcarries a roof that
consists of wood joists, supported by timber beams
and sheathed with a nailed and blocked plywood
diaphragm.  NS lateral forces are indicated in the
diagram.  The plywood shear wals carry the
dimensions shown in the diagram and below

• Determine the axial compression and tension
forces in the Shear walls B.  
Disregard accidental torsion as it may be required by
code.

Wall height h 14ft:=

w load w1 .2
kip
ft

:= w2 .33
kip
ft

:= Length AB: LAB 60ft:= Length BC: LBC 120ft:= Length N/S: LNSwall 25ft:=

Solution:
1) Calculating the resultant force:

V w1
LAB
2

⋅ w2
LBC
2

⋅+:= V 25.8 kip⋅=

2) Calculating the Compressive and Tensile reactions:

M V h⋅:= M 361.2 k'⋅=

T
M

LNSwall
:= T 14.45 kip⋅=

C T 14.448 kip=:=
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On the VignetteOn the Vignette
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4.0 Vignette4.0 Vignette

! Let's see, what is this beam doing here?




