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ObjecAves	of	Structural	Engineering	

			Structural	engineering	is	…	

   ...	 the	 field	 of	 engineering	 parAcularly	 concerned	 with	 the	

design	of	economical	and	efficient	load-bearing	structures.	

   Within	civil	engineering,	it	is	largely	…	

   ...	the	implementaAon	of	mechanics	to	the	design	of	the	large	

structures	 that	 are	 fundamental	 to	 basic	 living,	 such	 as	

buildings,	bridges,	walls,	dams,	and	tunnels.	

   Structural	design	is	…:		

   …	 the	 process	 of	 determining	 locaAon,	material,	 and	 size	 of	

structural	elements	to	resist	forces	acAng	in	a	structure	



ObjecAves	of	Structural	Engineering	

   Structural	engineers	need	to	design	structures	that	…	

   …	do	not	collapse	or	behave	in	undesirable	ways	while	serving	

their	useful	funcAons.		

   The	 efficient	 use	 of	 funds	 and	 materials	 to	 achieve	 these	

structural	goals	is	also	a	major	concern.		

   Structural	 engineers	 work	 closely	 with	 geotechnical	

engineers,	 architects,	 construcAon	 managers,	 and	

transportaAon	engineers,	ME/EE,	to	name	only	a	few.	



How	do	I	become	a	Structural	Engineer?	

ApprenAce	structural	engineers	may	design	…		

…	simple	beams,	columns,	and	floors	of	a	new	building,	including	

calculaAng	the	loads	on	each	member	and	the	load	capacity	of	

various	building	materials	(steel,	Amber,	masonry,	and	

concrete).	

	

An	experienced	engineer	would	tend	to	design	more	complex	

structures,	such	as	mulAstory	buildings	or	bridges.	

	

It	is	in	the	design	of	these	more	complex	systems	that	a	

structural	engineer	must	draw	upon	creaAvity	--	this	will	be	part	

design	and	part	art	--	in	the	applicaAon	of	mechanics	principles.	



A	LiHle	History	
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Infrastructure	Investment	

New	infrastructure	is	very	

expensive:	

A	few	staAsAcs:	

US:	Post	World-War	II	

(1950-1970):	3%	of	Gross	

DomesAc	Product	(GDP)	

US:	1980-present:	2%	of	GDP.	

China:	5%	GDP.	

India:	9%	GDP.	

Politicians are eager to talk up 
Infrastructure Investment , but very slow 
to deliver …. 

Delay, delay, delay …. 

Bangkok, Thailand 



Looking	Ahead	

Increasing Population à Increased Demand on Limited Resources à 
Increasing need for improvements to system efficiency. 



Looking	Ahead	



Structural	Design	Process	

•  Determine	types	magnitudes	of	loads	and	forces	acAng	on	the	

structure	

•  Determine	structural	context		

–  geometric	and	geological	informaAon	

–  cost	/	schedule	/	height/	etc.	limitaAons	

•  Generate	alternaAve	structural	systems	(e.g.,	moment	

resistant	frame,	materials	selecAon),	

•  Analyze	one	or	more	alternaAves	

•  Select	and	perform	detailed	design		

•  Implement	(usually	done	by	contractor)	

Note: New structural systems may also require an experimental testing 
phase to verify behavior and system performance. 
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Types	of	loads	

•  Dead	loads	
•  Live	loads		
•  Dynamic	loads	(e.g.,	trains,	equipment)	

•  Wind	loads	

•  Earthquake	loads	
•  Thermal	loads	

•  SeHlement	loads	



Dead	Loads	

•  weight	of	the	structure	itself	
–  floors,	beams,	roofs,	decks,	beams/stringers,	

superstructure	

•  loads	that	are	�always	there�	



Live	Loads	

•  People,	furniture,	equipment	

•  Loads	that	may	move	or	change	mass	or	weight	

•  Minimum	design	loadings	are	usually	specified	in	the	building	

code	



Dynamic	Loads	

•  Moving	loads	(e.g.,	traffic)	

•  Impact	loads	

•  Gusts	of	wind	
•  Loads	due	to	cycling	machinery	



Load	Example:	Water in a dam 

Water, 
ρ = density 

h 
 p = ρgh 



Earthquake	Loads	

•  Structure	loaded	when	base	is	shaken	
•  Response	of	structure	is	dependent	on	the	frequency	content	

and	magnitude	of	ground	moAon.	

•  When	frequencies	of	ground	moAon	match	with	natural	

frequency	of	structure	–	resonance	leads	to	amplified	

displacements.	



Fixed-Base	versus	Base-Isolated	Response	





Two Applications of Base Isolation 



SeHlement	

Note: See link on class web page to article on 
Settlement of Millennium Tower in San Francisco.  



Forces	AcAng	in	Structures	

Vertical: Gravity Lateral: Wind, Earthquake 



Global	Stability	

Sliding Overturning 



Forces	in	Structural	Elements	

 
University of Massachusetts Amherst 

100  
lb 

Compression 
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lb 

Tension 



Forces	in	Structural	Elements	

(cont.)	

100  
lb 

Bending 

Torsion 



Some	Types	of	Structures	

•  Arch	
•  Planar	Truss	
•  Beam/Girder	

•  Flat	plate	
•  Braced	and	Rigid	Frames	

•  Folded	Plate	and	Shell	Structures	
•  Cable	Suspended	Structure	



Arch	

Arch 

Design objective: Structure needs to work 
and be aesthetically pleasing!! 
Analysis objective: What shape should the 
arch be so that forces can be transferred 
to the foundation through compression 
mechanisms alone? 





Science World, 
Vancouver, Canada. 



Truss	

•  CombinaAon	of	square	and	triangle	

– Both	verAcal	and	lateral	support	
	



Planar	Truss	
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Forces in Truss Members 





Three-Dimensional Truss Structure at BWI 



Effelsberg 100-m Radio Telescope, Germany 



Beam/Girder	





New Computer Science Building at UMD (2017) 



Frames	

Braced Rigid 



Frames		

Frame 

Analysis objective: We want to compute the distribution of forces – 
axial, bending moment, shear forces – throughout the structure.  
What are the displacements?  
Will the frame structure be stable? 





Flat	Plate	



Folded	Plate	



Shells	

Circular Shell Structure Lattice Shell Structure 



Cable	Suspended	Structure	

Analysis objectives What are the forces in the cable structure? How will the 
cable profile shape change with different distributions of live load? What 
are the bending moments in the bridge deck? 
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Power Transmission Lines 



Cable	Stayed	Bridge	




