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ARCHITECTS complete studies in:
¤ Architecture Design Studios (Many)
¤ Architecture Theory
¤ Drawing, Painting, Sculpture
¤ Architectural and Art History (at least two courses)
¤ Urban Design and Landscape Architecture
¤ Architectural Materials & Methods
¤ Lighting Design (inc.luding Solar)
¤ Acoustical Design
¤ Geology
¤ Environmental Philosophy and Sciences
¤ Architectural and Environmental Standards and codes

n Master Plans, AIA and LEED standards, Building Codes
¤ Communications (at least two courses) 

n (Visual Comm, Graphic Design, Web Design, Video, Cinema, etc)
¤ Common Electives:

n Real Estate Development
n Music (Frank Lloyd Wright’s school required this)

¤ Some HVAC Design inc.luding Solar  (in practice, consult Engineers as needed)
¤ Some Electrical Power (in practice, consult Engineers as needed)
¤ Some Water and Wastewater Design (in practice, consult Engineers as needed)
¤ STRUCTURAL DESIGN (in practice, consult Engineers as needed)  . . . . . . . . . .  à



STRUCTURAL COURSES
ARCHITECTS need knowledge of many things, and for very large structures consults Engineers 

in fields of Mechanical(HVAC), Electrical(Power), Water & Wastewater, and Structural
¤ Architects need:

1. Structural concepts covered in courses relating to Architecture
2. Typically #1 and #2 below

Courses taken by STRUCTURAL ENGINEERS:
(1) PHYSICS

¤ Introduces topics covered in extreme depth in later Engineering courses
¤ Calculus or Algebra-Based

(2) GEOLOGY

(3) STATICS (Sum of Forces = Zero)
(4) DYNAMICS (Sum of Forces does not = Zero, so objects are in motion)

¤ (5) ANALYTICAL MECHANICS (Advanced Dynamics  for Physicists and some Engineers)
(6) STRENGTH OF MATERIALS (Material internal reactions to Static & Dynamic Forces)

¤ (7) MATERIAL SCIENCE  (material properties from molecular level up, studied by some 
Engineers)

(8) STRUCTURAL ANALYSIS (Statics & Dynamics of Complex Structures)
(9) STEEL STRUCTURAL ENGINEERING
(10) REINFORCED  CONCRETE STRUCTURAL ENGINEERING (A composite material)
(11) WOOD DESIGN STRUCTURAL ENGINEERING

NOTE:  Dr W took all 11 courses



FORCES
(Loads and Material Reactions)



LOADS
(Seismic)

source

https://www.sms-tsunami-warning.com/pages/richter-scale


LOADS
(Seismic)

source

https://www.sms-tsunami-warning.com/pages/richter-scale


LOADS
(Seismic)

¨ “P Waves ( Primary Waves) are the first waves to be released. They compress and 
expand the ground. S Waves ( Secondary Waves) are the second waves released. They 
shake the earth up, down , and side to side. Surface Waves are the waves that hit the 
surface. They are slower than P and S waves but make the most severe damage. 
Surface waves shake building side to side”

https://sites.google.com/site/dormevilscience/home/04-earthquakes/waves


¨ Method 1 SHEAR WALL (VIDEO)

Designing for Seismic LATERAL LOAD

https://www.youtube.com/watch?v=rvoeqohdiJ4


Method 2 BRACED-FRAME Method 3 MOMENT CONNECTION

(with Diagonal braces)                             (Stiff FIXED MOMENT-resisting joints)

A MOMENT is a TORQUE

Designing for Seismic LATERAL LOAD



Designing for Seismic LATERAL LOAD
Method 2 BRACED-FRAME Method 3 MOMENT CONNECTION

(with Diagonal braces)                             (Stiff FIXED MOMENT-resisting joints)

- A MOMENT is a TORQUE



Designing for Seismic LATERAL LOAD
Method 2 BRACED-FRAME Method 3 MOMENT CONNECTION

(with Diagonal braces)                             (Stiff FIXED MOMENT-resisting joints)

- A MOMENT is a TORQUE



LOADS                    

MOMENT 
(TORQUE)



¤ BEAM 

with a POINT LOAD, and ends that are free to rotate

¤ R are reaction forces at ends

Shown on a  FREE BODY  DIAGRAM (FBD)

¤ SHEAR felt by beam

Shown on a  SHEAR  FORCE  DIAGRAM (SFD)

¤ MOMENT  (TORQUE) 

Shown on BENDING MOMENT DIAGRAM  (BMD)

TORSION is the twisting of the beam
due to the MOMENT(TORQUE)

https://structx.com/Beam_Formulas_007.html


¤ BEAM 

with a POINT LOAD and ends that are FIXED (can’t rotate)

¤ R is reaction force at ends

Shown on a  FREE BODY  DIAGRAM (FBD)

¤ SHEAR felt by beam

Shown on a  SHEAR  FORCE  DIAGRAM (SFD)

¤ MOMENT  (like TORQUE without motion) 

TORSION felt by beam

Shown on BENDING MOMENT DIAGRAM (BMD)

https://structx.com/Beam_Formulas_016.html


¤ BEAM 

with a UNIFORM LOAD and beam-ends that are FIXED (can’t rotate)

and with MOMENTS applied at ends (from adjoining structure)

¤ R are reaction forces at beam-ends (supports)

Shown on a  FREE BODY  DIAGRAM (FBD)

¤ SHEAR felt by beam

Shown on a  SHEAR  FORCE  DIAGRAM (SFD)

¤ MOMENT  (like TORQUE without motion) 
TORSION felt by beam

Shown on BENDING MOMENT DIAGRAM (BMD)

https://structx.com/Beam_Formulas_032.html


¤ BEAM DEFLECTION (DEFORMATION)

with a POINT LOAD and ends that are free to rotate



¤ BEAM 

with a POINT LOAD and ends that are free to rotate
FORMULAS

E = MODULUS OF ELASTICITY and depends on the beam’s matrial (units = PSI or Pascals)
I = MOMENT OF INERTIA and depends on the shape of beam’s cross-section (units = feet^4 or meters^4)
L = Length of beam (it’s SPAN)   (units = feet or meters)
M = MOMENT (units = foot-pounds or Newton-meters)
P = POINT LOAD  (units = pounds or Newtons)
R = REACTION FORCE  (units = pounds or Newtons)
V = SHEAR FORCE  (units = pounds or Newtons)

= DEFLECTION (DEFORMATION)   (units = feet or meters)

https://structx.com/Beam_Formulas_007.html
https://continuingeducation.bnpmedia.com/courses/american-institute-of-steel-construction/resilience-why-material-selection-matters/4/


¤ BEAM 

with a POINT LOAD and ends that are FIXED (can’t rotate)

E = MODULUS OF ELASTICITY and depends on the beam’s material (units = PSI or Pascals)
I = MOMENT OF INERTIA and depends on the shape of beam’s cross-section (units = feet^4 or meters^4)
L = Length of beam (it’s SPAN)   (units = feet or meters)
M = MOMENT (units = foot-pounds or Newton-meters)
P = POINT LOAD  (units = pounds or Newtons)
R = REACTION FORCE  (units = pounds or Newtons)
V = SHEAR FORCE  (units = pounds or Newtons)

= DEFLECTION (DEFORMATION)   (units = feet or meters)

FORMULAS

https://structx.com/Beam_Formulas_016.html
https://continuingeducation.bnpmedia.com/courses/american-institute-of-steel-construction/resilience-why-material-selection-matters/4/


¤ BEAM 

with a UNIFORM LOAD and ends that are FIXED (can’t rotate)

and with MOMENTS applied at ends (from adjoining structure)

E = MODULUS OF ELASTICITY and depends on the beam’s material  (units = PSI or Pascals)
I = MOMENT OF INERTIA and depends on the shape of beam’s cross-section (units = feet^4 or meters^4)
L = Length of beam (it’s SPAN)   (units = feet or meters)
M = MOMENT (units = foot-pounds or Newton-meters)
w = UNIFORM LOAD  (units = pounds per foot or Newtons per meter)
R = REACTION FORCE  (units = pounds or Newtons)
V = SHEAR FORCE  (units = pounds or Newtons)

= DEFLECTION (DEFORMATION)   (units = feet or meters)

FORMULAS

https://structx.com/Beam_Formulas_032.html
https://continuingeducation.bnpmedia.com/courses/american-institute-of-steel-construction/resilience-why-material-selection-matters/4/


¤ BEAM 

with a UNIFORM LOAD and ends that are FIXED (can’t rotate)

and with MOMENTS applied at ends (from adjoining structure)

E = MODULUS OF ELASTICITY and depends on the beam’s material  (units = PSI or Pascals)
I = MOMENT OF INERTIA and depends on the shape of beam’s cross-section (units = feet^4 or meters^4)
L = Length of beam (it’s SPAN)   (units = feet or meters)
M = MOMENT (units = foot-pounds or Newton-meters)
w = UNIFORM LOAD  (units = pounds per foot or Newtons per meter)
R = REACTION FORCE  (units = pounds or Newtons)
V = SHEAR FORCE  (units = pounds or Newtons)

= DEFLECTION (DEFORMATION)   (units = feet or meters)

FORMULAS

https://structx.com/Beam_Formulas_032.html
https://continuingeducation.bnpmedia.com/courses/american-institute-of-steel-construction/resilience-why-material-selection-matters/4/


Revit STRUCTURAL video 

https://www.youtube.com/watch?v=jOUid33ho4E


Revit STRUCTURAL video 

https://www.youtube.com/watch?v=jOUid33ho4E


¨ BUILDING CODE is enforced
by government jurisdictions:

¨ International Building Code (IBC) is 
updated every 3 years

n IBC Minimum Design 
Loads for Snow, Wind, 
Seismic, and Rain are 
taken from ASCE 7-16

n The building code sets 
minimums to be enforced 

¨ Can just use tables to size beams 
for small structures

¨ STRUCTURAL ENGINEER is 
needed for complex structures

¤ Uses MATERIAL CODES
¤ Creates structural working 

drawings and specifications  

https://www.amazon.com/Associated-Criteria-Buildings-Structures-Standard/dp/0784414246/ref=pd_sbs_14_1/147-4206128-1072428?_encoding=UTF8&pd_rd_i=0784414246&pd_rd_r=13854a89-f144-4806-b155-d1d0334332fa&pd_rd_w=bEze2&pd_rd_wg=7d9gH&pf_rd_p=bdd201df-734f-454


DESIGN beam
using tables

¨ Step 1
¤ BUILDING CODE

requirements

¤ MINIMIZE 
DEFLECTION 

https://awc.org/codes-standards/spantables/tutorial


DESIGN beam
using tables

¨ Step 2
¤ Use a table applicable to the 

material you’ve chosen

¤ This one is for Wood, and is specific 
to a L/360 maximum defection, and 
a 40 pound live load

¤ And the designer is looking for a 
FLOOR JOIST that will span 15 feet, 
and where joists will be spaced 16 
inc.hes apart

¤ So a 15’-3” long 2”x10” will work, 
or a 15’-10” long 2”x12”

¤ We will discuss Modulus of Elasticity 
and Bending Design Value (Fb) in 
later lectures 

https://awc.org/codes-standards/spantables/tutorial


DESIGN beam for complex structure
using MATERIAL CODES

ALUMINUM

¨ ADM 1-00, "Aluminum Design Manual: Part 1-A 
Aluminum Structures, Allowable Stress Design “

¤ The IBC designates the ADM as the code 
required Aluminum Design Manual. 

CONCRETE

¨ ACI 318-xx, "Building Code Requirements for 
Structural Concrete and Commentary"

¤ The main concrete code in use. 

MASONRY 

¨ ACI 530, "Building Code Requirements for Masonry 
Structures"

¨ ASCE 5/ TMS 402 

¨ MSJC Code : Building Code Requirements for 
Masonry Structures 

¨ ACI 530.1/ ASCE 6/ TMS 602 

STEEL 

¨ AISC 341, "Seismic Provisions for Structural 
Steel Buildings“

¤ Seismic design criteria for structural 
steel. 

¨ AISC 360, "Specification for Structural Steel 
Buildings (13th Edition)"

¤ Design criteria for all elements of a 
structure (e.g. beams, columns, bolts, 
welds, etc.) 

WELDING 

¨ AWS D1.1-xx, "Structural Welding Code, 
Steel"

WOOD 

¨ AF&PA NDS-xx, "National Design 
Specification (NDS) for Wood Construction 
with 20xx Supplement"

http://www.wikiengineer.com/Structural/DesignCodes


FACTOR OF SAFETY built into Material codes

¨ A FACTOR OF SAFETY is built into Material Code to compensate for varying 
qualities of materials when manufactured and installed

¨ Materials have different predicted structural strength certainties based on 
statistical destructive testing of materials

¨ STEEL is the most predictable because of the highly controlled quality during 
manufacturing
¤ REINFORCED CONCRETE is less predictable than steel because of variations in 

size of aggregate (rocks) despite what has been specified, or improper mixing 
(e.g, too much WATER will greatly reduce strength),  or improper CURING
(e.g., how long you keep water and heat within it), or not enough VIBRATING
(to get out air pockets) 

¨ WOOD is less predictable than steel because of variations in dryness, or 
inaccurate grading of material (e.g., Structural Grade #1, or #2, or “Common 
grade”)



Structural Building Material choices

¨ We will have entire lectures on WOOD, MASONRY, 
REINFORCED-CONCRETE, and STEEL
¤ And other building materials

¨ However, start comparing materials HERE

¨ A few Wunderlich projects will be CASE STUDIES:

https://skyciv.com/technical/commonely-used-materials-in-structural-engineering/


Wunderlich Pennsylvania 
Residence (2000’s)

WOOD



Wunderlich Pennsylvania Residence (2000’s) WOOD



Wunderlich Pennsylvania Residence (2000’s) Masonry



JT Wunderlich 1984,85 Project Manager / Designer

“West Lake Oaks” (13 building Hi-Tech office park),

Doerring Development, Austin TX

My office

STEEL FRAME



JT Wunderlich 1985,86
Director of Projects / Designer
JDC Development, La Jolla, CA

CURTAIN WALL
and Reinforced ConcreteSTEEL and 

REINFORCED CONCRETE



STEEL and 
REINFORCED CONCRETE

JT Wunderlich 1985,86
Director of Projects / Designer
JDC Development, La Jolla, CA



CURTAIN WALL
and Reinforced Concrete

Structural Failure Analysis
¨ 1989 San Francisco Bay Area Earthquake

¤ “Loma Prieta Earthquake,” Magnitude 6.9

¨ NOTE: J Wunderlich worked for PSI inc. as a Structural and Environmental Engineer up until one year 
before this earthquake, and lived in San Francisco very close to this structure

WOOD



CURTAIN WALL
and Reinforced Concrete

Structural Failure Analysis
¨ 1989 San Francisco Bay Area Earthquake

¤ “Loma Prieta Earthquake,” Magnitude 6.9

¨ NOTE: J Wunderlich worked for PSI inc. as a Structural and Environmental Engineer up until one year 
before this earthquake, and lived in San Francisco very close to this structure

WOOD



CURTAIN WALL
and Reinforced Concrete

Structural Failure Analysis
¨ 1989 San Francisco Bay Area Earthquake

¤ “Loma Prieta Earthquake,” Magnitude 6.9

¨ NOTE: J Wunderlich worked for PSI inc. as a Structural and Environmental Engineer up until one year 
before this earthquake, and lived in San Francisco very close to this structure

WOOD

The critical failure 
in this design was 
that the first floor, 
being made of 
parking garages, 
had less SHEAR 
WALL resistance to 
lateral seismic 
loads



CURTAIN WALL
and Reinforced Concrete

Structural Failure Analysis
¨ 1989 San Francisco Bay Area Earthquake

¤ “Loma Prieta Earthquake,” Magnitude 6.9

¨ NOTE: J Wunderlich worked for PSI inc. as a Structural and Environmental Engineer up until one year 
before this earthquake, and his wife worked in San Francisco near brick facades like on this structure

MASONRY

The critical 
failure in this 
design was that 
UNREINFORCED 
MASONRY 
should simply 
not be used in 
earthquake 
prone areas



CURTAIN WALL
and Reinforced Concrete

Structural Failure Analysis
¨ 1989 San Francisco Bay Area Earthquake

¤ “Loma Prieta Earthquake,” Magnitude 6.9

¨ NOTE: J Wunderlich worked for PSI inc. as a Structural and Environmental Engineer up until one year 
before this earthquake, and his wife worked in San Francisco near brick facades

MASONRY



CURTAIN WALL
and Reinforced ConcreteREINFORCED CONCRETEStructural Failure Analysis

¨ 1989 San Francisco Bay Area Earthquake
¤ “Loma Prieta Earthquake,” Magnitude 6.9

¨ NOTE: J Wunderlich worked for PSI inc. as a Structural and Environmental Engineer up until one year 
before this earthquake, and would often drive on Nimitz freeway to meetings in Oakland



CURTAIN WALL
and Reinforced ConcreteREINFORCED CONCRETEStructural Failure Analysis

¨ 1989 San Francisco Bay Area Earthquake
¤ “Loma Prieta Earthquake,” Magnitude 6.9

¨ NOTE: J Wunderlich worked for PSI inc. as a Structural and Environmental Engineer up until one year 
before this earthquake, and would often drive on this Nimitz freeway to meetings in Oakland



CURTAIN WALL
and Reinforced ConcreteREINFORCED CONCRETEStructural Failure Analysis

¨ 1989 San Francisco Bay Area Earthquake
¤ “Loma Prieta Earthquake,” Magnitude 6.9

¨ NOTE: J Wunderlich worked for PSI inc. as a Structural and Environmental Engineer up until one year 
before this earthquake, and would often drive this on Nimitz freeway to meetings in Oakland



CURTAIN WALL
and Reinforced ConcreteREINFORCED CONCRETEStructural Failure Analysis

¨ 1989 San Francisco Bay Area Earthquake
¤ “Loma Prieta Earthquake,” Magnitude 6.9

¨ NOTE: J Wunderlich worked for PSI inc. as a Structural and Environmental Engineer up until one year 
before this earthquake, and would often drive on this Nimitz freeway to meetings in Oakland

The critical failure in 
this design was that 
this connection being 
reinforced concrete, 
when subjected to 
seismic oscilating
loads, resulted in the 
concrete crumbling 
away and leaving 
only a bundle of 
rebar to hold up the 
enormous weight of 
the upper deck



Structural Failure Analysis

My office

STEEL
¨ 1989 San Francisco Bay Area Earthquake

¤ “Loma Prieta Earthquake,” Magnitude 6.9

NOTE: J Wunderlich worked for PSI inc. in LaFayette CA as a Structural and Environmental Engineer up until 
one year before this earthquake, and often commuted over this bridge at the time of this earthquake



Structural Failure Analysis

My office

STEEL
¨ 1989 San Francisco Bay Area Earthquake

¤ “Loma Prieta Earthquake,” Magnitude 6.9

NOTE: J Wunderlich worked for PSI inc. in LaFayette CA as a Structural and Environmental Engineer up until 
one year before this earthquake, and often commuted over this bridge at the time of this earthquake



Structural Failure Analysis

My office

STEEL

¨ 1987 San Francisco Earthquake

NOTE: J Wunderlich worked for PSI inc. in LaFayette CA as a Structural and Environmental Engineer up until 
one year before this earthquake, and often commuted over this bridge at the time of this earthquake

The critical failure in 
this design was that 
these types of 
connections were 
simply riveting 
together huge heavy 
sections of roadway.

Oscillating seismic 
lateral forces (and 
likely some tensile 
forces due to overall 
land movement) 
sheared rivets.



PREPARE !

My office

NOTE: J Wunderlich worked for PSI inc. in LaFayette CA as a Structural and Environmental Engineer up until 
one year before this earthquake, and had a map like this, and a EARTHQUAKE PLAN, on kitchen wall

Soft or Sandy 
soils are 
subject to 
LIQUIFACTION 
when 
subjected to 
seismic forces 
… the soil 
acts like a 
liquid, and 
structures fail !


