
ARE 
Structural 
Presentation  
Part 1
BY KRIS SWANSON, PE, SE



“When engineers and quantity 
surveyors discuss aesthetics and 
architects' study what cranes do 
we are on the right road.”

- OVE ARUP



Codes and Information



Design Codes
PRIMARY DESIGN LOADS

MATERIAL DESIGN CODES

IBC: Chapters 16 – 21

ASCE 7 – Building Loads

ACI 318 – Structural 
Concrete

MSJC – Structural Masonry

AISC Manual – Structural 
Steel

NDS – Structural Wood



Prescriptive vs Analytic

Prescriptive

Using pre-defined 
processes, limits or 

standards to establish 
code compliance 

Analytic

Using analysis pathways 
in accordance with 
defined criterion to 

establish code compliance



IBC Risk 
Category

Category I – Low Hazard

Category II – Typical Buildings

Category III – Large & Special Occupancy 
Buildings

Category IV – Essential Facilities

Has impact to the minimum 
loading and design criteria 
required by the code.



Table 1604.5



Loads and Load Path



Load Path – The path a load or forces takes 
through the structural elements



Load 
Distribution
One Way vs Two Way

Tributary Area

ONE WAY DISTRIBUTION TWO WAY DISTRIBUTION



Floor Framing Example (1 Way)
Floor DL = 50psf    Floor LL = 40psf

FLOOR PLAN

JOIST

GIRDER



Floor Framing Example – 2 Way
Floor DL = 50psf    Floor LL = 40psf

FLOOR PLAN

JOIST

GIRDER



Load Types

Dead Load (D) Live Load (L) Wind (W) Earthquake (E)

Snow (S)
Earth Pressure 
& Hydrostatic 

(H)
Flood (F) Rain (R)



Dead and Live 
Loads

Dead Load – “The weight of materials of construction 
incorporated into the building, including but not limited 
to walls, floors, roofs, ceilings, stairways, built-in 
partitions, finishes, cladding and other similarly 
incorporated architectural and structural items, and 
the weight of fixed service equipment, such as cranes, 
plumbing stacks and risers, electrical feeders, heating, 
ventilating and air-conditioning systems and automatic 
sprinkler systems.” – IBC Chapter 2

Live Load – “A load produced by the use and occupancy 
of the building or other structure that does not include 
construction or environmental loads such as wind load, 
snow load, rain load, earthquake load, flood load or 
dead load.” – IBC Chapter 2

Dead Load – Reference ASCE 7

Live Loads – Reference IBC first 
and ASCE 7 second

Uniform & Concentrated Loads 
per Table 1607.1

Ice is considered a Dead Load



ASCE 7 - Table 
C3.1
Minimum Dead Loads broken 
down by building component



IBC Table 1607.1 
Minimum Live 
Loads
Loading provided by Occupancy 
or Use

Uniform and Concentrated Load 
requirements



Other Live Loads per IBC

Office 
Partitions Helipads

Fire Truck and 
Emergency 

Vehicles

Vehicular and 
Vehicle 
Barriers

Handrails and 
Guards

Façade Access 
and Fall Arrest



Live Load 
Reduction

Many Live Loads cannot be 
reduced.

Reduction is based upon structural 
element and supporting area.

Has largest impact on columns and 
foundations.

IBC Section 1607.11

Reductions based on if it is a 
horizontal or vertical element

Live Loads over 100psf typically 
cannot be reduced



Wind and Earthquake Loads - ASCE 7

Wind Loads
• Basic Wind Speed
• Exposure Category
• Loads based from Influence 

Area

Earthquake Loads
• Soil Profile
• Structure Type
• Structure Ductility & Response
• Loads based from Building Mass



Load 
Combinations
IBC Section 1605

Strength (LRFD)

Service (ASD)

STRENGTH
IBC 1605.2

SERVICE
IBC 1605.3.1



What does ASD and LRFD mean?

• principle of that stresses should not exceed a certain fraction of 
their elastic limit.  Older method of design which only considers 
the elastic strength of a material.  Can be more conservative.

Allowable Stress 
Design (ASD), aka 

Service Design

• principle that the strength is scaled down by a resistance factor 
formed on the predictability of the material while the loads are 
scaled up by defined factors.  More rational approach which 
considers utilization of elastic, plastic and strain hardening.

Load and Resistance 
Factor Design (LRFD), 
aka Strength Design



Limits of Design



Basic Design Limit States

Stability – the condition in which gravity and lateral loads are resisted 
such that as a whole are in balance.

Strength - the capacity of the individual elements, which together make 
up a structural system, to withstand the load that are applied to them. 

Serviceability – the condition under which a structure or structural 
element is considered useful.



Structural Forces

TENSION COMPRESSION



Structural Forces

SHEAR BENDING TORSION



Degrees of 
Freedom



Supports and Boundary Restraint

Roller – Frictionless support 
free rotate and translate along 

the surface it rests

Pin – Provides translational 
but free to rotate

Fixed – Provides both 
translational and rotational 

support



Simple Beam Formulas (NDS Design Aid No. 6)

Uniform – Pinned Uniform – Fixed



Simple Beam Formulas (NDS Design Aid No. 6)

Single Concentrated -
Pinned

Single Concentrated - Fixed



Simple Beam Formulas (NDS Design Aid No. 6)

Uniform Cantilever Double Concentrated



Stiffness and Deflection



Basic Elements of Stiffness

Elastic Modulus (E) -
quantity that measures a 

materials resistance to 
being deformed elastically 
when a stress is applied to 

it. 

Moment of Inertia, (I) -
geometrical property of an 
area which reflects how its 

points are distributed 
about an arbitrary axis



Modulus of Elasticity of Materials

Material E (psi)

Steel 29,000,000

Concrete 3,000,000 – 6,000,000

Masonry 1,000,000 – 2,000,000

Wood 1,000,000 – 2,000,000



Moment of 
Inertia
Basic Sections – See Table

Steel Sections – Reference AISC 
Manual

Complex Sections – Use a 
computer to assist



Efficiency of 
Shapes & 
Sections
Steel Sections

Built-Up Sections

T-Beams



L/120 – Roof Members w/o ceiling Total Load

L/180 – Typical Roof Members Total Load

L/240 – Typical Floor Members Total Load

L/360 – Typical Floor & Roof Members Live Load

L or H/600 – Members supporting Brittle Finishes

H/400 – Wind Deflection

Deflection Limits may be more 
restrictive and can vary

Seismic Drift limits are based 
on flexibility of lateral resisting 
system

Deflection Limits 
IBC Table 1604.3



Special 
Topics

Fire Resistance
Vibration and 
Motion

Influence of other 
structures

Thermal

Blast & Progressive 
Collapse

Liquefaction



Structural Concepts



Gravity and 
Lateral Systems

Gravity Systems 
Primary purpose is to 

resist loads acting 
vertically

Lateral Systems Primary 
purpose is to resist 

loads acting 
horizontally 

(Wind/Earthquake)

Structural components are 
often affected by both gravity 
and lateral loads



Gravity Systems

Structural Frames

Bearing Walls

Post and Beam

Slabs and Deck

Trusses

Space Frames/Exo Structures 



Lateral Systems

Shear Walls 

Braced Frames

Moment Frames 

Cantilevered Columns

Primary systems used

Can be used in combination

Advantages/Disadvantages

More limits when used in 
Seismic force resisting systems



Diaphragms & Collectors

Diaphragms - Typically horizonal 
elements that transmit lateral loads 
to the vertical resisting elements.

(Rigid vs Flexible)

Collector – a.k.a. Drag Strut, are used to focus lateral loads to 
the lateral resisting element



Role of 
Diaphragms & 
Collectors



Structural Discontinuity

IRREGULARITIES TRANSFERS BUILDING SEPARATIONS



Typical 
Irregularities
• Plan Irregularities

• Shape Irregularities

• Support Irregularities

• Stiffness Irregularities

• Unusual Irregularities



Thank You
QUESTIONS?



Recommended Resources


