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Content	Menu	High	Maintenance	Costs	Space	Requirements	Heavy	Weight	Complex	Design	and	Construction	Limited	Span	Lengths	Vulnerability	to	Environmental	Factors	Aesthetic	Limitations	Material	Waste	Possibilities	Not	Suitable	for	All	Traffic	Types	Conclusion	FAQ	>>	1.	What	are	the	main	advantages	of	truss	bridges?	>>	2.	How	do
maintenance	costs	compare	between	truss	bridges	and	other	types?	>>	3.	Can	truss	bridges	be	built	in	urban	areas?	>>	4.	What	materials	are	commonly	used	in	constructing	truss	bridges?	>>	5.	Are	there	alternatives	to	truss	bridges?	Citations:	Truss	bridges	are	among	the	oldest	and	most	widely	used	bridge	designs,	characterized	by	their
triangular	framework	that	provides	strength	and	stability.	While	they	offer	several	advantages,	such	as	efficiency	in	material	use	and	the	ability	to	span	long	distances,	truss	bridges	also	come	with	notable	disadvantages.	This	article	explores	the	various	drawbacks	associated	with	truss	bridges,	providing	a	comprehensive	understanding	of	their
limitations.	High	Maintenance	Costs	One	of	the	most	significant	disadvantages	of	truss	bridges	is	the	high	maintenance	costs	associated	with	their	complex	structures.	Truss	bridges	consist	of	numerous	interconnected	parts	that	require	regular	inspection	and	maintenance	to	ensure	safety	and	structural	integrity.	The	maintenance	tasks	include:	-
Inspection	of	individual	members:	Each	component	must	be	checked	for	signs	of	wear,	corrosion,	or	damage.	-	Repairs	and	replacements:	Over	time,	some	components	may	need	to	be	repaired	or	replaced,	which	can	be	costly	and	time-consuming.	-	Regular	cleaning:	To	prevent	corrosion,	especially	in	steel	truss	bridges,	regular	cleaning	is	necessary
to	remove	dirt	and	pollutants.	These	factors	contribute	to	higher	long-term	costs	compared	to	simpler	bridge	designs	that	may	require	less	frequent	maintenance.	For	instance,	steel	truss	bridges	are	particularly	vulnerable	to	corrosion	due	to	exposure	to	moisture	and	environmental	pollutants.	Preventative	maintenance	is	crucial;	otherwise,
neglected	structures	can	deteriorate	quickly,	leading	to	more	extensive	repairs	or	even	complete	replacement[3][6].	Space	Requirements	Truss	bridges	require	a	significant	amount	of	space	due	to	their	design.	The	interconnected	triangular	components	need	ample	room	to	accommodate	their	size	and	load-bearing	capabilities.	This	requirement	can
lead	to	several	issues:	-	Site	constraints:	In	urban	or	densely	populated	areas,	finding	suitable	locations	for	truss	bridges	can	be	challenging	due	to	space	limitations.	-	Impact	on	surroundings:	The	large	footprint	of	a	truss	bridge	can	affect	nearby	structures	and	natural	landscapes,	potentially	leading	to	environmental	concerns.	-	Construction
challenges:	Building	a	truss	bridge	in	constrained	spaces	may	require	additional	engineering	solutions,	which	can	increase	construction	complexity	and	costs.	Additionally,	the	space	needed	for	construction	equipment	and	materials	can	further	complicate	projects	in	urban	settings	where	space	is	at	a	premium[1][10].	Heavy	Weight	The	weight	of	truss
bridges	is	another	disadvantage.	While	their	design	allows	for	efficient	load	distribution,	the	overall	mass	of	the	structure	can	pose	challenges:	-	Foundation	requirements:	The	heavy	weight	necessitates	robust	foundations	that	can	support	the	load	without	settling	or	shifting.	In	some	cases,	additional	reinforcement	may	be	required	for	the	ground
beneath	the	bridge.	-	Transportation	difficulties:	Moving	large	sections	of	a	truss	bridge	during	construction	can	be	logistically	challenging	and	costly.	-	Increased	material	costs:	The	materials	needed	for	a	heavier	bridge	can	drive	up	initial	construction	costs	compared	to	lighter	bridge	designs.	Furthermore,	as	vehicles	have	become	heavier	over
time,	many	older	truss	bridges	struggle	to	accommodate	modern	traffic	loads	without	substantial	reinforcement[7][10].	Complex	Design	and	Construction	The	design	process	for	truss	bridges	is	often	complicated,	requiring	precise	calculations	and	engineering	expertise.	This	complexity	leads	to	several	issues:	-	Design	errors:	Any	mistakes	in	the
design	phase	can	result	in	significant	material	waste	or	even	structural	failures.	-	Skilled	labor	requirements:	Constructing	a	truss	bridge	necessitates	skilled	laborers	who	understand	the	intricacies	of	truss	design	and	assembly,	potentially	increasing	labor	costs.	-	Longer	construction	times:	The	complexity	of	assembling	multiple	components	can
extend	construction	timelines	compared	to	simpler	bridge	types.	Moreover,	different	types	of	trusses	(e.g.,	Pratt,	Howe)	have	unique	characteristics	that	must	be	considered	during	design.	Each	type	has	its	own	advantages	and	limitations	regarding	load	distribution	and	span	capabilities[2][6].	Limited	Span	Lengths	While	truss	bridges	are	known	for
their	ability	to	span	long	distances,	there	are	limitations	based	on	specific	designs:	-	Span	restrictions:	Certain	types	of	truss	designs	may	not	be	suitable	for	extremely	long	spans	without	additional	support	structures	or	modifications.	-	Material	constraints:	The	materials	used	in	constructing	truss	bridges	may	limit	their	effective	span	length	due	to
factors	such	as	weight	and	tensile	strength.	For	example,	while	some	modern	materials	allow	for	longer	spans	than	traditional	wood	or	steel	could	achieve	alone,	many	existing	truss	designs	were	not	intended	for	contemporary	load	demands[2][6].	Vulnerability	to	Environmental	Factors	Truss	bridges	can	be	susceptible	to	various	environmental
factors	that	may	compromise	their	integrity:	-	Corrosion	risk:	Steel	trusses	are	particularly	vulnerable	to	corrosion	if	not	properly	maintained,	which	can	weaken	the	structure	over	time.	-	Weather	impacts:	Extreme	weather	conditions	such	as	high	winds	or	heavy	snow	loads	can	impose	additional	stresses	on	truss	bridges,	potentially	leading	to
structural	failures	if	not	designed	adequately.	In	regions	with	harsh	climates,	such	as	New	England	where	ice	and	snow	are	prevalent,	additional	measures	must	be	taken	during	both	construction	and	maintenance	phases	to	ensure	longevity[3][6].	Aesthetic	Limitations	While	some	people	appreciate	the	industrial	look	of	truss	bridges,	others	find	them
less	visually	appealing	compared	to	modern	bridge	designs:	-	Less	architectural	flexibility:	The	rigid	geometric	shapes	of	trusses	may	limit	creative	architectural	designs	that	could	enhance	visual	appeal.	-	Public	perception:	In	some	cases,	communities	may	prefer	more	aesthetically	pleasing	structures	over	traditional	truss	designs,	impacting	public
acceptance	and	funding	opportunities.	This	aesthetic	concern	has	led	many	municipalities	to	opt	for	more	modern	designs	that	incorporate	curves	or	unique	shapes	rather	than	traditional	angular	forms[1][6].	Material	Waste	Possibilities	Building	a	truss	bridge	involves	significant	material	usage	due	to	its	complex	structure.	If	any	aspect	of	the	design
is	flawedwhether	it's	incorrect	measurements	or	poor	material	choicesit	can	lead	to	substantial	waste:	-	Inefficient	use	of	materials:	If	components	need	replacement	due	to	errors	during	construction	or	design	flaws,	it	results	in	wasted	resources.	-	Environmental	implications:	Excessive	waste	not	only	affects	project	budgets	but	also	has	negative
environmental	impacts	due	to	increased	resource	extraction	and	disposal	concerns.	Efforts	must	be	made	during	planning	stages	to	minimize	waste	through	precise	engineering	practices[2][10].	Not	Suitable	for	All	Traffic	Types	Originally	designed	with	lighter	vehicles	in	mind,	many	older	truss	bridges	cannot	support	today's	heavier	traffic	loads:	-
Load	capacity	issues:	As	trucks	have	become	larger	and	heavier	over	time,	many	existing	trusses	struggle	under	modern	weight	demands	without	significant	reinforcement	or	redesigns.	-	Incompatibility	with	heavy-duty	vehicles:	Some	older	models	may	not	meet	current	safety	standards	required	for	accommodating	emergency	vehicles	or	large
transport	trucks[7][10].	This	limitation	often	necessitates	costly	upgrades	or	even	complete	replacements	when	existing	structures	cannot	handle	contemporary	traffic	volumes	safely.	Conclusion	In	conclusion,	while	truss	bridges	have	been	a	staple	in	engineering	due	to	their	strength	and	efficiency	in	material	use,	they	also	present	several
disadvantages	that	must	be	carefully	considered.	High	maintenance	costs,	space	requirements,	heavy	weight,	complex	design	processes,	limited	span	lengths,	vulnerability	to	environmental	factors,	aesthetic	limitations,	material	waste	possibilities,	and	incompatibility	with	modern	traffic	all	contribute	to	the	challenges	associated	with	this	type	of
bridge.	Understanding	these	drawbacks	is	crucial	for	engineers	and	planners	when	deciding	whether	a	truss	bridge	is	the	appropriate	choice	for	a	given	project.	FAQ	1.	What	are	the	main	advantages	of	truss	bridges?	Truss	bridges	offer	several	advantages	including	high	strength-to-weight	ratios,	efficient	use	of	materials,	ability	to	span	long
distances	without	support	columns,	and	relatively	low	construction	costs	when	designed	correctly.	2.	How	do	maintenance	costs	compare	between	truss	bridges	and	other	types?	Truss	bridges	typically	incur	higher	maintenance	costs	than	simpler	bridge	designs	due	to	their	complex	structures	requiring	regular	inspections	and	repairs	for	numerous
components.	3.	Can	truss	bridges	be	built	in	urban	areas?	Yes,	but	building	in	urban	areas	presents	challenges	due	to	space	constraints	and	potential	impacts	on	surrounding	structures;	careful	planning	is	required.	4.	What	materials	are	commonly	used	in	constructing	truss	bridges?	Common	materials	include	steel	(for	its	strength),	timber	(for
smaller	spans),	reinforced	concrete	(for	durability),	and	occasionally	aluminum	for	lightweight	applications.	5.	Are	there	alternatives	to	truss	bridges?	Yes,	alternatives	include	beam	bridges	(simpler	design),	arch	bridges	(aesthetic	appeal),	suspension	bridges	(for	very	long	spans),	and	cable-stayed	bridges	(efficient	for	medium	spans).	Citations:	[1]
[2]	[3]	[4]	[5]	[6]	[7]	[8]	[9]	[10]	There	are	various	types	of	bridge	designs,	with	each	having	its	own	set	of	strengths	and	weaknesses,	and	among	these	designs	having	a	superstructure	with	link	elements	creating	triangular	units	are	known	as	truss	bridges.	They	are	among	the	oldest	types	of	bridges	that	are	found	all	over	the	world	and	are	still
regarded	as	state-of-the-art	technology.	Their	linked	elements	that	are	normally	straight	are	thought	to	be	designed	to	be	stressed	from	tension,	compression	or,	most	of	the	time,	both	aspects	to	handle	to	lively	loadsin	fact,	these	bridges	have	a	unique	ability	to	take	compression	and	tension	more	than	other	bridge	designs.	Their	simple	styles	have
been	analyzed	since	the	19th	century.However,	like	other	major	structures,	truss	bridges	have	been	a	subject	of	debates	that	discuss	whether	they	are	appropriate	to	construct	or	not.	To	build	or	own	opinion	about	this	matter,	let	us	take	a	look	at	their	pros	and	cons.List	of	Pros	of	Truss	Bridges1.	They	are	light,	but	strong.	Most	of	the	time,	these
bridges	effectively	use	materials	needed	for	their	construction,	making	them	very	economical	to	build,	while	not	compromising	on	their	grounds.	As	they	use	small	timbers	or	beams	of	metal,	the	trusses	would	be	light,	but	are	strong	enough	to	handle	loads	thanks	to	the	ridged	triangles	that	are	an	integral	component	of	their	designs.2.	Their	designs
are	true	and	tested.	While	truss	bridges	are	among	the	oldest	types	of	bridges	still	used	in	the	world	today,	they	are	still	considered	as	among	those	having	the	best	state-of-the-art	designs.	These	structures	tend	to	hold	up	well	for	a	long	time,	serving	a	lot	of	communities	very	well.3.	They	can	be	constructed	virtually	anywhere.	One	of	the	primary
reasons	that	truss	bridges	have	been	the	preferred	structures	over	other	types	is	their	versatility	to	be	constructed	in	places	where	construction	could	be	difficult,	such	as	locations	needing	long	span	of	areas	like	deep	trenches.	Aside	from	this,	it	does	not	take	much	effort	to	create	a	suitable	environment	for	these	bridges	to	be	properly	installed.
Even	in	areas	where,	initially,	it	might	be	impossible	to	build	such	a	structure,	truss	bridges	can	allow	for	a	strong	span	and	can	still	effectively	hold	heavy	amounts	of	traffic.	In	some	situations,	you	will	see	truss	bridges	built	conveniently	to	connect	over	railways	and	between	mountains.4.	They	can	be	built	under	extreme	conditions.	These	types	of
bridges	can	be	built	quickly	in	places	where	many	other	types	cannot,	linking	areas	that	other	types	will	not	work	in.	This	is	definitely	a	huge	advantage	when	it	comes	to	using	these	bridges.5.	They	allow	placement	of	roadways	on	the	structure	itself.	A	truss	bridge	is	the	only	type	of	bridge	that	allows	a	roadbed	to	be	placed	on	the	structure	itself.	As
it	has	a	deck	tress,	it	allows	certain	transportation	options,	such	as	a	rail,	to	be	placed	straight	across	it,	offering	a	stable	point	for	crossing	any	span.6.	They	make	good	use	of	materials.	A	truss	bridge	can	be	built	from	metal	or	wood.	Because	of	its	design,	it	makes	good	use	of	limited	construction	materials	to	achieve	strength	that	far	outweighs	its
cost.	Though	it	uses	more	of	the	materials	and	requires	many	support	rods	and	poles,	these	components	can	be	made	from	different	materials,	while	other	types	of	bridges	usually	depend	only	on	metal.List	of	Cons	of	Truss	Bridges1.	They	take	up	a	lot	of	space.	These	bridges	need	additional	amount	of	space	when	compared	to	other	types,	which
means	that	certain	locations	might	need	adjustment	of	existing	structures	in	order	to	accommodate	these	bridges.2.	They	require	high	costs.	While	it	is	said	that	these	bridges	design	efficiently	uses	materials,	it	does	use	a	lot	of	them.	Building	a	truss	bridge	can	be	costly,	and	its	upkeep	requires	time	and	money.	And	even	if	this	type	of	structure	is
strong,	having	the	capability	to	support	a	lot	of	force,	it	is	not	seen	to	be	built	anymore	these	days	due	to	the	high	costs	that	come	with	it.	Maintaining	a	truss	bridge	can	be	more	complicated	and	expensive,	thus	it	can	be	a	huge	drawback	for	a	community	that	is	having	a	tight	maintenance	budget.	As	many	people	realized,	this	bridge	may	not	be	the
most	cost-effective	option	for	their	communities.3.	They	are	quite	difficult	to	maintain.	Because	of	the	amount	of	materials	they	use,	these	types	of	bridges	require	a	lot	of	upkeep.	While	the	extra	materials	provide	them	with	a	lot	of	strength,	they	would	cost	a	lot	of	money	for	the	labor	to	keep	them	functional.	With	this	in	mind,	installation	and
maintenance	of	these	bridges	might	be	unmanageable	for	certain	communities.4.	They	require	efficient	design	to	really	work.	The	main	purpose	of	a	truss	bridge	is	to	have	all	of	its	trusses	to	supports	the	weight	of	its	span	over	time,	and	if	its	design	is	not	managed	properly,	there	could	be	some	trusses	created	that	have	zero-pressure	members,
which	means	that	they	would	only	look	nice,	but	are	not	working	effectively	for	the	entire	structure.5.	They	can	lead	to	wasting	of	materials.	Without	the	proper	design	and	work	practice,	constructing	a	truss	bridge	can	result	to	waste	of	materials.	As	previously	mentioned,	it	could	have	trusses	with	zero-pressure	members	that	are	doing	nothing.6.
They	are	not	always	the	best	option.	Originally,	the	truss	bridge	concept	was	created	to	be	a	perfect	solution	to	the	many	limits	in	materials	and	construction.	But	since	then,	many	truss	bridges	have	been	re-evaluated	and	replaced	with	more	structurally	sound	and	efficient	types	of	bridges.Truss	bridges	are	incredibly	string	and	durable,	so	they	can
be	utilized	for	many	years	with	proper	maintenance.	While	they	are	considered	as	ideal	in	many	situations,	it	is	not	always	the	case.	By	knowing	the	pros	and	cons	that	come	with	them,	you	and	your	community	can	properly	decide	if	they	are	the	type	of	bridges	that	are	appropriate	to	meet	your	needs.	Author	Bio	Natalie	Regoli	is	a	child	of	God,
devoted	wife,	and	mother	of	two	boys.	She	has	a	Master's	Degree	in	Law	from	The	University	of	Texas.	Natalie	has	been	published	in	several	national	journals	and	has	been	practicing	law	for	18	years.	List	of	the	Cons	of	Truss	BridgesTruss	bridges	can	sometimes	become	structurally	unsound	quickly.	Truss	bridges	require	perfect	construction	to	be
useful.	Truss	bridges	tend	to	create	a	substantial	outcome.	Truss	bridges	have	a	lower	weight	tolerance	than	other	designs.What	are	disadvantages	of	roof	trusses?The	biggest	downside	to	roof	trusses	is	that	many	types	of	trusses	do	not	leave	much	space	for	a	usable	attic.	There	are	certain	designs	that	will	create	a	small	space,	but	this	space	is	often
half	the	span	of	the	truss.Why	is	a	Fink	Truss	good?Fink	truss	Fink	trusses	are	the	most	common	truss	for	residential	projects.	Fink	trusses	are	the	most	common	truss	seen	in	residential	roof	construction.	The	webbing	in	fink	trusses	has	a	W	shape,	giving	them	a	great	load-carrying	capacity.What	is	a	fink	truss	used	for?Fink	design	trusses	are	used
today	for	pedestrian	bridges	and	as	roof	trusses	in	building	construction	in	an	inverted	(upside	down)	form	where	the	lower	chord	is	present	and	a	central	upward	projecting	vertical	member	and	attached	diagonals	provide	the	bases	for	roofing.Why	is	a	truss	bridge	bad?Requires	a	lot	of	space	The	structure	of	a	truss	bridge	is,	by	design,	large.	The
interconnecting	triangular	components	need	to	be	large	in	order	to	bear	and	distribute	heavy	loads.	This	means	that	in	certain	restricted	spaces,	the	truss	bridge	may	not	be	the	best	option.What	are	pros	and	cons	for	truss	bridges?A	truss	bridge	requires	high	levels	of	ongoing	maintenance.	Truss	bridges	may	provide	high	levels	of	support,	but	the
additional	components	and	connections	of	the	bridge	mean	it	requires	high	levels	of	maintenance	as	well.	Every	part	of	the	bridge	plays	an	important	role	in	how	the	span	functions.What	is	a	disadvantage	of	small	dimension	wood	truss	systems?The	timbers	used	to	construct	a	truss	are	smaller	in	dimension	and	span	greater	distances.	On	the
downside,	timber	is	subject	to	rot	or	warp,	especially	if	exposed	to	the	elements.	Wood	attracts	insect	invaders,	such	as	termites,	and	is	more	likely	to	suffer	damage	during	violent	weather	or	high	winds.Do	Fink	trusses	need	center	support?Nearly	all	types	of	trusses	used	in	roofs,	from	kingpost	and	queenpost	to	bowstring	and	cambered,	possess	a
central	support	beam.	Though	few	roof	truss	designs	lack	central	support,	these	designs,	such	as	attic,	fink	and	fan,	appear	commonly	in	pitched-roof	homes	and	other	domestic	buildings,	like	sheds	and	garages.How	much	weight	can	a	Fink	Truss	hold?Usually,	these	local	building	codes	follow	the	IRC	or	International	Residential	Code.	According	to
the	IRC,	the	minimum	live	load	capacity	of	a	roof	truss	for	non-sleeping	areas	should	be	around	40	pounds	per	square	foot.	Again,	if	its	built	for	sleeping	areas,	it	should	be	around	30	pounds	per	square	foot.How	does	a	Fink	truss	work?The	fink	is	a	basic	webbed	truss	design	that	provides	the	most	economical	roof	solution.	The	web	members	form	a	W
to	provide	a	high	strength	structure	with	good	load-carrying	capacity.	The	roof	load	is	transmitted	entirely	to	support	on	the	wallplates.What	is	1	disadvantage	to	a	truss	bridge?The	key	disadvantage	of	utilizing	a	truss	bridge	to	span	a	distance	is	that	they	typically	require	more	width	than	other	bridges.	When	there	is	limited	space	for	placing	a
bridge,	a	truss	bridge	may	not	be	the	best	option	since	it	may	not	fit.Why	are	Fink	trusses	used	for	roof	support?The	web	members	form	a	W	to	provide	a	high	strength	structure	with	good	load-carrying	capacity.	The	roof	load	is	transmitted	entirely	to	support	on	the	wallplates.	The	fink	truss	can	also	be	used	as	a	support	for	other	trusses	by	doubling
or	trebling	the	number	of	plies,	i.e.	in	a	hip	roof.	When	did	Albert	Fink	invent	the	Fink	truss?The	Fink	truss	is	a	type	of	truss	that	is	commonly	used	in	residential	houses	and	bridge	engineering.	Although	it	started	as	a	bridge	truss,	its	present	application	in	bridges	is	uncommon.	Albert	Fink	patented	the	Fink	Truss	Bridge	in	1854.	What	are	the
disadvantages	of	a	truss	bridge?The	key	disadvantage	of	utilizing	a	truss	bridge	to	span	a	distance	is	that	they	typically	require	more	width	than	other	bridges.	When	there	is	limited	space	for	placing	a	bridge,	a	truss	bridge	may	not	be	the	best	option	since	it	may	not	fit.	Which	is	better	a	Fink	truss	or	a	Pratt	truss?Prices	of	building	homes	with	Fink
trusses	is	lower	than	that	of	homes	with	traditional	trusses,	however,	it	needs	more	time	to	build	and	cut	materials.	It	is	better	for	the	structural	integrity	when	compared	to	Pratt	trusses,	especially	in	areas	with	high	wind	speeds.	Truss	BridgeHigh	SchoolScienceEngineeringThe	drawbacks	or	limitations	associated	with	truss	bridge	designs.Page
2QuestionTrueBasis	of	judgmentWhile	often	perceived	as	harmless,	static	electric	shocks	can	cause	involuntary	muscle	contractions.These	contractions	can	lead	to	falls,	dropping	objects,	or	other	accidents	resulting	in	injury.Individuals	with	certain	medical	conditions,	such	as	heart	problems,	may	be	more	vulnerable	to	adverse	effects	from	static
shocks.Corrective	notesN/ARelevant	knowledgeStatic	Electricity:	An	imbalance	of	electric	charges	within	or	on	the	surface	of	a	material.	The	buildup	of	static	electricity	can	be	caused	by	triboelectric	effect	(friction),	where	charge	separation	occurs	when	two	materials	are	separated.Physiological	Effects	of	Electric	Shock:	The	severity	of	an	electric
shock	depends	on	factors	such	as	the	voltage,	current,	duration,	and	path	of	the	current	through	the	body.	Even	low-voltage	shocks	can	cause	pain,	muscle	contractions,	and	burns.Typical	Points	of	ConfusionSeverity	of	Static	Shock:	Many	people	underestimate	the	potential	for	injury	from	static	shocks	because	they	are	usually	brief	and	low-energy.
However,	the	sudden,	involuntary	reaction	can	be	dangerous.Direct	vs.	Indirect	Injury:	The	injury	is	usually	not	a	direct	result	of	the	electricity	itself,	but	rather	from	the	reaction	to	the	shock	(e.g.,	falling).See	Full	AnswerOpen	in	AppAnswered	Mar	7	at	04:53	(Basic	Model)	Open	in	AppWant	a	more	accurate	answer?Super	Answer	offers	95%	accuracy
with	key	concepts	and	common	mistakes	analysisElectric	shockHigh	SchoolSciencePhysicsUnderstanding	the	potential	dangers	of	static	electricity.Page	3QuestionCorrect	Answer	Explanation	of	the	Correct	AnswerThe	instruction	MOV	A,	#27H	moves	the	immediate	value	27H	into	the	accumulator	(A).	The	#	symbol	indicates	that	27H	is	an	immediate
value,	meaning	the	actual	number	27H,	not	the	content	of	a	memory	location,	is	being	moved.In	8051	assembly	language,	MOV	A,	#data	is	the	correct	syntax	for	loading	an	immediate	value	into	the	accumulator.Analysis	of	Other	Options(a)	MOV	A,	P27:	This	is	syntactically	incorrect.	There	is	no	register	or	memory	location	named	P27.	It	seems	to	be
an	attempt	to	refer	to	a	port,	but	the	syntax	is	wrong.(c)	MOV	A,	27H:	This	instruction	would	attempt	to	move	the	content	of	the	memory	location	at	address	27H	into	the	accumulator,	not	the	value	27H	itself.(d)	MOV	A,	@27:	This	instruction	is	also	syntactically	incorrect	and	doesn't	have	a	standard	meaning	in	8051	assembly.	The	@	symbol	is
typically	used	for	indirect	addressing	with	registers	like	R0	or	R1.Key	TakeawaysThe	#	symbol	is	crucial	for	specifying	immediate	data	in	8051	assembly.Understanding	the	difference	between	immediate	addressing	and	direct	addressing	is	essential.Pay	close	attention	to	the	syntax	of	assembly	instructions.	Correct	Answer	Explanation	of	the	Correct
AnswerThe	instruction	MOV	R3,	P2	moves	the	content	of	Port	2	(P2)	into	register	R3.	In	8051	assembly,	you	can	directly	access	the	port	registers	(P0,	P1,	P2,	P3)	using	the	MOV	instruction.The	8051	architecture	allows	direct	access	to	special	function	registers	(SFRs)	like	the	port	registers.Analysis	of	Other	Options(a)	MOV	P2,	R3:	This	instruction
would	move	the	content	of	register	R3	to	Port	2	(P2),	not	the	other	way	around.(c)	MOV	3P	R2:	This	is	syntactically	incorrect	and	doesn't	have	a	standard	meaning	in	8051	assembly.(d)	MOV	R2,	R3:	This	instruction	would	move	the	content	of	register	R3	to	register	R2.	It	does	not	involve	any	port.Key	TakeawaysThe	direction	of	data	transfer	in	the
MOV	instruction	is	from	the	second	operand	to	the	first	operand	(destination,	source).Port	registers	(P0-P3)	can	be	directly	accessed	in	8051	assembly.Pay	attention	to	the	order	of	operands	in	the	MOV	instruction.See	Full	AnswerOpen	in	AppAnswered	Mar	7	at	04:53	(Basic	Model)	Open	in	AppWant	a	more	accurate	answer?Super	Answer	offers	95%
accuracy	with	key	concepts	and	common	mistakes	analysisMOV	instructionsUndergraduateScienceComputer	ScienceUnderstanding	how	to	move	data	into	the	accumulator	and	between	registers	and	ports	in	8051	assembly.Page	4Question:	What	are	three	significant	ways	Facebook	has	impacted	social	interaction,	political	discourse,	and	the	spread
of	information?Thesis	Statement:	Facebook	has	significantly	altered	social	interaction	by	facilitating	global	connectivity,	influenced	political	discourse	through	targeted	advertising,	and	accelerated	the	spread	of	both	verified	news	and	misinformation.Topic	Sentence	1:	Facebook's	global	connectivity	has	transformed	social	interaction	by	enabling
users	to	maintain	relationships	across	geographical	boundaries.Topic	Sentence	2:	The	platform's	targeted	advertising	capabilities	have	profoundly	influenced	political	discourse,	allowing	for	personalized	messaging	and	potential	manipulation.Topic	Sentence	3:	Facebook's	role	in	disseminating	information	has	accelerated	the	spread	of	both	verified
news	and	misinformation,	impacting	public	opinion	and	societal	understanding.AbsenteeismQuestion:	What	are	three	primary	factors	contributing	to	increased	absenteeism	in	the	workplace,	and	how	do	these	factors	affect	productivity,	employee	morale,	and	company	costs?Thesis	Statement:	Increased	absenteeism	in	the	workplace	is	primarily	driven
by	health	issues,	burnout,	and	lack	of	engagement,	which	collectively	decrease	productivity,	lower	employee	morale,	and	increase	company	costs.Topic	Sentence	1:	Health	issues,	including	both	physical	and	mental	health	concerns,	are	a	major	factor	contributing	to	increased	absenteeism,	directly	impacting	workforce	availability.Topic	Sentence	2:
Burnout,	resulting	from	excessive	workload	and	stress,	significantly	contributes	to	absenteeism	by	reducing	employee	motivation	and	overall	well-being.Topic	Sentence	3:	A	lack	of	engagement	in	the	workplace	leads	to	higher	rates	of	absenteeism,	as	employees	feel	less	connected	to	their	jobs	and	less	motivated	to	attend	work	regularly.Online	Game
AddictionQuestion:	What	are	three	major	psychological,	social,	and	physical	consequences	of	online	game	addiction,	and	how	do	these	consequences	affect	academic	performance,	personal	relationships,	and	overall	health?Thesis	Statement:	Online	game	addiction	leads	to	significant	psychological	consequences	such	as	anxiety	and	depression,	social
consequences	including	isolation	and	strained	relationships,	and	physical	consequences	like	sleep	deprivation	and	eye	strain,	which	collectively	impair	academic	performance,	damage	personal	relationships,	and	degrade	overall	health.Topic	Sentence	1:	The	psychological	consequences	of	online	game	addiction,	including	increased	anxiety	and
depression,	significantly	impair	cognitive	function	and	emotional	stability.Topic	Sentence	2:	Social	isolation	and	strained	relationships,	resulting	from	excessive	online	gaming,	negatively	impact	an	individual's	support	system	and	social	development.Topic	Sentence	3:	Physical	health	deteriorates	due	to	online	game	addiction,	with	sleep	deprivation
and	eye	strain	leading	to	decreased	physical	well-being	and	overall	health.Potential	Points	of	ConfusionDistinguishing	between	a	topic	and	a	thesis	statement:	A	topic	is	a	general	subject,	while	a	thesis	statement	is	a	specific	argument	or	point	of	view	about	that	topic.Confusing	topic	sentences	with	supporting	evidence:	Topic	sentences	introduce	the
main	idea	of	a	paragraph,	while	supporting	evidence	provides	specific	details,	examples,	or	data	to	support	that	idea.Page	5QuestionCorrect	AnswerQuestion	13:	A.	spendQuestion	14:	B.	muchQuestion	15:	C.	whoQuestion	16:	D.	takeQuestion	17:	A.	Instead	ofQuestion	18:	B.	food	optionsExplanation	of	the	Correct	Answer	The	word	"spend"	fits	the
context	of	using	time	in	a	particular	way.	The	sentence	likely	refers	to	spending	time	doing	something."Spend"	is	commonly	used	with	time,	as	in	"spend	time,"	"spend	hours,"	etc."Much"	is	used	with	uncountable	nouns.	The	context	likely	involves	an	uncountable	noun	like	"time"	or	"effort.""Much"	is	appropriate	for	expressing	a	large	quantity	of
something	that	cannot	be	counted	individually."Who"	is	a	relative	pronoun	used	to	refer	to	people.	The	sentence	likely	needs	a	pronoun	to	connect	a	clause	to	a	person."Who"	is	the	correct	choice	when	the	relative	pronoun	refers	to	a	person	as	the	subject	of	the	relative	clause."Take"	often	combines	with	nouns	to	form	common	expressions.	The
context	likely	requires	a	specific	expression	using	"take."Without	the	full	sentence,	it's	hard	to	be	certain,	but	"take"	is	frequently	used	in	idiomatic	expressions.Question	17:	A.	Instead	of"Instead	of"	indicates	a	substitution	or	preference	for	one	thing	over	another.	The	sentence	likely	presents	an	alternative."Instead	of"	is	used	to	show	that	one	thing	is
being	done	or	used	in	place	of	something	else.Question	18:	B.	food	options"Food	options"	is	the	most	natural	and	grammatically	correct	phrase.	It	refers	to	different	choices	of	food.The	word	order	"food	options"	is	standard	and	commonly	used	to	describe	available	food	choices.Analysis	of	Other	OptionsQuestion	13:[Option	B]:	start	-	While	"start"	can
be	used	with	time,	it	doesn't	fit	as	well	as	"spend"	in	the	context	of	using	time.[Option	C]:	stay	-	"Stay"	doesn't	typically	collocate	with	time	in	the	same	way	as	"spend."[Option	D]:	play	-	"Play"	is	usually	associated	with	games	or	activities,	not	with	time	in	a	general	sense.Question	14:[Option	A]:	little	-	"Little"	is	used	with	uncountable	nouns	but	implies
a	small	amount,	which	might	not	fit	the	context.[Option	C]:	lots	-	"Lots"	is	less	formal	and	might	not	be	appropriate	depending	on	the	tone	of	the	sentence.[Option	D]:	many	-	"Many"	is	used	with	countable	nouns,	not	uncountable	nouns.Question	15:[Option	A]:	which	-	"Which"	is	used	for	things,	not	people.[Option	B]:	where	-	"Where"	is	used	to	refer	to
places.[Option	D]:	whose	-	"Whose"	indicates	possession	and	might	not	fit	the	context	if	possession	isn't	involved.Question	16:[Option	A]:	give	-	Without	context,	it's	hard	to	rule	out	completely,	but	"take"	is	more	likely	to	form	a	common	expression.[Option	B]:	make	-	Similar	to	"give,"	it's	possible	but	less	likely	than	"take"	to	fit	a	common	expression.
[Option	C]:	have	-	"Have"	could	work	depending	on	the	context,	but	"take"	is	often	used	in	idiomatic	phrases.Question	17:[Option	B]:	On	account	of	-	"On	account	of"	means	"because	of"	and	doesn't	indicate	a	substitution.[Option	C]:	Irrespective	of	-	"Irrespective	of"	means	"regardless	of"	and	doesn't	fit	the	context	of	choosing	one	thing	over	another.
[Option	D]:	In	view	of	-	"In	view	of"	means	"considering"	and	doesn't	indicate	a	substitution.Question	18:[Option	A]:	option	foods	-	This	is	grammatically	incorrect	and	doesn't	make	sense.[Option	C]:	food	optional	-	This	doesn't	form	a	coherent	phrase.[Option	D]:	optional	food	-	While	grammatically	correct,	it	implies	that	the	food	itself	is	optional,
rather	than	referring	to	choices	of	food.Key	TakeawaysQuestion	13:	Pay	attention	to	common	collocations	(words	that	frequently	appear	together)	like	"spend	time."QuestionSee	Full	AnswerOpen	in	AppAnswered	Mar	7	at	04:53	(Basic	Model)	Open	in	AppWant	a	more	accurate	answer?Super	Answer	offers	95%	accuracy	with	key	concepts	and
common	mistakes	analysisGrammarHigh	SchoolLanguageEnglishIdentifying	correct	grammar	usage.Page	6Question	(Mr):	(Ar)	.	:	,	.	':	(Cl)	(O).	.	,	.	,	.	.	Ar(Cl)	=	35.5Ar(O)	=	16	2:	7	,	:7	*	Ar(O)	=	7	*	16	=	112	3:	Mr()	=	183	Ar(Cl)	=	Mr()	-	Ar(O)	=	183	-	112	=	71	4:	Cl	=	Ar(Cl)	/	Ar(Cl)	=	71	/	35.5	=	2	5:	2	7	,	ClO.	:	ClO	.	.,	.See	Full	AnswerOpen	in
AppAnswered	Mar	7	at	04:53	(Basic	Model)	Open	in	AppWant	a	more	accurate	answer?Super	Answer	offers	95%	accuracy	with	key	concepts	and	common	mistakes	analysis	High	SchoolScienceChemistry	.Page	7Page	8Page	9Page	10QuestionMatur	nuwun	kanggo	pitakonan	sampeyan.	Ing	ngisor	iki	jawaban	lan	panjelasan	ing	basa	Jawa:Gagasan
kanggo	Ngatasi	MasalahTegese	Pangudung:	Pangudung	iku	tegese	gagasan	utawa	ide	pokok	sing	dadi	dhasar	crita,	tulisan,	utawa	karya	liyane.Unsur-unsur	Crita:	Crita	biasane	nduweni	unsur-unsur	kaya	ta	tema,	alur,	paraga,	latar,	lan	amanat.	Pangudung	iku	gegayutan	raket	karo	tema.Cara	Nemtokake	Pangudung:	Kanggo	nemtokake	pangudung,
kudu	maca	utawa	ngamati	karya	kanthi	tliti,	banjur	nggoleki	ide	pokok	sing	paling	dominan.Langkah-langkah	SolusiLangkah	1:	Nganalisis	Tembung-tembungTembung-tembung	"basa,"	"crita,"	lan	"nulis"	nuduhake	babagan	komunikasi	lan	ekspresi.Langkah	2:	Nemtokake	HubunganHubungan	antarane	tembung-tembung	kasebut	yaiku	basa
digunakake	kanggo	nyritakake	crita	lan	nulis.Langkah	3:	Nemtokake	PangudungAdhedhasar	analisis,	pangudung	sing	paling	cocog	yaiku	komunikasi	lan	ekspresi	liwat	basa.Jawaban	PungkasanPangudung	saka	tembung	"basa,"	"crita,"	lan	"nulis"	yaiku	komunikasi	lan	ekspresi	liwat	basa.SorotanPangudung	iku	ide	pokok	sing	dadi	dhasar
karya.Nemtokake	pangudung	mbutuhake	analisis	sing	tliti.Pangudung	bisa	beda-beda	gumantung	interpretasi.See	Full	AnswerOpen	in	AppAnswered	Mar	7	at	04:53	(Basic	Model)	Open	in	AppWant	a	more	accurate	answer?Super	Answer	offers	95%	accuracy	with	key	concepts	and	common	mistakes	analysisBasa	JawaHigh	SchoolGeneral
StudiesOtherPertanyaan	tentang	bahasa	Jawa,	termasuk	kata-kata	dan	konsep.Page	11Revenue	MaximizationHigh	SchoolBusinessEconomicsFinding	the	order	size	that	yields	the	highest	total	revenue.Page	12Page	13Questionbreak	.	.	break	,	.2-:	break	break	,	.	.	break	,	.break	.	,	break	.See	Full	AnswerOpen	in	AppAnswered	Mar	7	at	04:53	(Basic
Model)	Open	in	AppWant	a	more	accurate	answer?Super	Answer	offers	95%	accuracy	with	key	concepts	and	common	mistakes	analysis	UndergraduateScienceComputer	Science	.Page	14Liham	pang	negosyoWorkingGeneral	StudiesOtherAng	paggawa	ng	isang	liham	pang	negosyo	gamit	ang	block	style.Page	15Calculate	Opening	Capital:	The	opening
capital	is	already	provided	in	the	question	for	both	Ajay	and	Vijay.Calculate	Closing	Capital:	Closing	capital	is	calculated	by	subtracting	total	liabilities	from	total	assets	at	the	end	of	the	accounting	period	(31st	March	2024).Adjusted	Closing	Capital:	Adjust	the	closing	capital	by	adding	back	drawings	made	by	the	partners	during	the	year.Calculate
Profit:	Profit	is	calculated	by	subtracting	the	opening	capital	from	the	adjusted	closing	capital.Prepare	Balance	Sheet:	The	balance	sheet	is	prepared	using	the	assets	and	liabilities	as	of	31st	March	2024,	including	the	depreciation	on	Plant	&	Machinery	and	Furniture.	First,	we	need	to	determine	the	total	assets	and	total	liabilities	as	of	March	31,
2024.Assets:Cash	in	hand:	Rs.	400Cash	at	Bank:	Rs.	15,800Sundry	Debtors:	Rs.	30,300Stock:	Rs.	66,700Bills	Receivables:	Rs.	8,800Plant	&	Machinery:	Rs.	80,000	-	(10%	depreciation)	=	Rs.	80,000	-	Rs.	8,000	=	Rs.	72,000Furniture:	Rs.	5,000	-	(10%	depreciation)	=	Rs.	5,000	-	Rs.	500	=	Rs.	4,500Total	Assets	=	400	+	15,800	+	30,300	+	66,700	+
8,800	+	72,000	+	4,500	=	Rs.	198,500Liabilities:Sundry	Creditors:	Rs.	21,200Bills	Payable:	Rs.	6,600Total	Liabilities	=	21,200	+	6,600	=	Rs.	27,800Closing	Capital:Closing	Capital	=	Total	Assets	-	Total	Liabilities	=	198,500	-	27,800	=	Rs.	170,700Step	2:	Calculate	Adjusted	Closing	CapitalWe	need	to	add	back	the	drawings	made	by	Ajay	and	Vijay	to
the	closing	capital.Ajay's	Drawings:	Rs.	10,000Vijay's	Drawings:	Rs.	8,000Total	Drawings:	Rs.	10,000	+	Rs.	8,000	=	Rs.	18,000Adjusted	Closing	Capital	=	Closing	Capital	+	Total	Drawings	=	170,700	+	18,000	=	Rs.	188,700Step	3:	Calculate	ProfitOpening	Capital	=	Ajay's	Opening	Capital	+	Vijay's	Opening	Capital	=	80,000	+	80,000	=	Rs.
160,000Profit	=	Adjusted	Closing	Capital	-	Opening	Capital	=	188,700	-	160,000	=	Rs.	28,700Step	4:	Prepare	Balance	Sheet	as	on	31st	March	2024LiabilitiesRs.AssetsRs.Bills	Payable6,600Cash	in	Hand400Sundry	Creditors21,200Cash	at	Bank15,800Capital	Accounts:Bills	Receivables8,800Ajay	(80000+14350-10000)84,350Sundry	Debtors30,300Vijay
(80000+14350-8000)86,350Stock66,700Plant	&	Machinery72,000Furniture4,500Page	16Page	17QuestionEl	significado	denotativo	se	refiere	al	significado	literal	y	objetivo	de	una	palabra	o	frase,	mientras	que	el	significado	connotativo	implica	asociaciones	y	emociones	subjetivas.Anlisis	de	la	EvidenciaDenotativo:	La	nieve	cubre	la	montaa.	[Describe
un	evento	fsico	observable.]Connotativo:	Tiene	un	corazn	de	piedra.	[Implica	falta	de	empata	o	sensibilidad.]Denotativo:	El	perro	es	un	animal	mamfero.	[Define	al	perro	segn	su	clasificacin	biolgica.]Connotativo:	Su	mirada	era	un	ocano	de	tristeza.	[Compara	la	tristeza	con	la	inmensidad	del	ocano.]Denotativo:	La	luna	brilla	en	el	cielo.	[Describe	un
fenmeno	astronmico.]Connotativo:	Ese	poltico	tiene	las	manos	sucias.	[Sugiere	corrupcin	o	acciones	deshonestas.]Denotativo:	La	rosa	es	una	flor	con	espinas.	[Describe	caractersticas	fsicas	de	la	rosa.]Connotativo:	Su	risa	era	una	meloda	encantadora.	[Compara	la	risa	con	una	meloda	agradable,	evocando	emociones	positivas.]Puntos	de	Vista
AlternativosAmbigedad	Contextual:	Algunas	frases	pueden	tener	elementos	tanto	denotativos	como	connotativos	dependiendo	del	contexto.	Por	ejemplo,	"La	rosa	es	una	flor	con	espinas"	podra	tener	una	connotacin	de	belleza	y	peligro	en	un	contexto	romntico.Interpretacin	Subjetiva:	La	connotacin	puede	variar	ligeramente	entre	diferentes	individuos
o	culturas,	aunque	las	connotaciones	comunes	tienden	a	ser	ampliamente	compartidas.ConclusinLa	distincin	entre	denotacin	y	connotacin	es	crucial	para	comprender	la	riqueza	y	complejidad	del	lenguaje.	El	significado	denotativo	proporciona	una	base	objetiva,	mientras	que	el	significado	connotativo	aade	capas	de	emocin	y	simbolismo.Posibles
Puntos	de	ConfusinConfusin	entre	Metfora	y	Smil:	Tanto	las	metforas	como	los	smiles	utilizan	lenguaje	figurado,	pero	una	metfora	afirma	que	algo	es	otra	cosa	(corazn	de	piedra),	mientras	que	un	smil	usa	"como"	o	"parece"	para	hacer	una	comparacin	(su	mirada	era	como	un	ocano).Dependencia	del	Contexto:	El	significado	de	una	palabra	o	frase
puede	cambiar	drsticamente	dependiendo	del	contexto	en	el	que	se	utiliza.	Es	importante	considerar	el	contexto	para	determinar	si	el	significado	es	principalmente	denotativo	o	connotativo.See	Full	AnswerOpen	in	AppAnswered	Mar	7	at	04:53	(Basic	Model)	Open	in	AppWant	a	more	accurate	answer?Super	Answer	offers	95%	accuracy	with	key
concepts	and	common	mistakes	analysisDenotativo,	connotativoHigh	SchoolLanguageEnglishDiferencia	entre	significado	literal	y	figurado.Page	18QuestionOpen	in	AppAnswered	Mar	7	at	04:53	(Basic	Model)	Open	in	AppWant	a	more	accurate	answer?Super	Answer	offers	95%	accuracy	with	key	concepts	and	common	mistakes	analysisPolynomial
EvaluationHigh	SchoolMathAlgebraSubstituting	a	value	into	a	polynomial	and	simplifying.	Most	Popular	Educators	Say	Most	Shared	Recently	Added	Editor's	Pick	Roller	coasters	are	one	of	the	most	thrilling	ways	to	feel	engineering	in	action!	In	this	activity,	students	act	as	mechanical,	civil,	and	structural	engineers	as	they	design	and	build	a	roller
coaster	with	their	teammates	that	allows	a	table	tennis	ball	to	roll	through	...	Read	more	Truss	bridges	are	a	popular	type	of	bridge	structure	known	for	their	efficient	use	of	materials	and	load-bearing	capabilities.	In	the	following	list,	we	will	explore	40	pros	and	cons	of	truss	bridges,	covering	their	advantages	in	terms	of	strength,	cost-effectiveness,
and	ease	of	construction,	as	well	as	the	potential	drawbacks	and	considerations	associated	with	their	use.	Strength	and	Load-Bearing	Capacity:	Truss	bridges	are	known	for	their	high	strength-to-weight	ratio,	allowing	them	to	bear	heavy	loads	over	long	spans.	Cost-Effectiveness:	Truss	bridges	often	require	fewer	materials	compared	to	other	bridge
types,	making	them	cost-effective	for	construction	projects.	Versatility:	Truss	bridges	can	be	designed	and	adapted	to	various	spans	and	conditions,	providing	versatility	in	bridge	construction.	Ease	of	Construction:	Truss	bridges	are	relatively	easy	to	construct,	with	prefabricated	truss	components	that	can	be	assembled	on-site.	Structural	Stability:
Truss	bridges	offer	excellent	structural	stability,	providing	reliable	support	and	durability.	Minimal	Maintenance:	Truss	bridges	typically	require	minimal	maintenance	due	to	their	sturdy	design	and	materials.	Aesthetically	Pleasing:	Truss	bridges	often	have	a	visually	appealing	design,	adding	architectural	value	to	the	surrounding	environment.	Quick
Construction:	The	simplicity	of	truss	bridge	construction	allows	for	faster	project	completion	compared	to	other	bridge	types.	High	Resistance	to	Earthquakes:	Truss	bridges	can	be	designed	to	withstand	seismic	forces,	making	them	suitable	for	earthquake-prone	areas.	Durability:	Truss	bridges	can	have	a	long	lifespan	when	properly	maintained,
ensuring	long-term	functionality.	Flexibility	in	Material	Choice:	Truss	bridges	can	be	constructed	using	a	variety	of	materials,	such	as	steel,	concrete,	or	timber,	allowing	for	flexibility	in	design	and	cost.	Easy	Inspection:	Truss	bridges	have	accessible	components,	facilitating	visual	inspection	and	maintenance	checks.	Sustainability:	Truss	bridges	can
be	designed	with	sustainable	materials	and	construction	practices,	reducing	their	environmental	impact.	Rapid	Replacement:	If	necessary,	truss	bridges	can	be	quickly	replaced	or	repaired,	minimizing	disruptions	to	traffic	flow.	Scalability:	Truss	bridges	can	be	scaled	up	or	down	in	size	to	accommodate	different	spans	and	traffic	volumes.	Proven
Track	Record:	Truss	bridges	have	been	used	for	centuries,	demonstrating	their	reliability	and	effectiveness.	Adaptability	to	Environmental	Conditions:	Truss	bridges	can	be	designed	to	withstand	various	environmental	conditions,	such	as	strong	winds	or	extreme	temperatures.	Ease	of	Inspection:	The	open	structure	of	truss	bridges	allows	for	easier
visual	inspection	of	components,	facilitating	maintenance	and	repairs.	Simplicity	of	Design:	Truss	bridges	have	a	straightforward	design	concept,	making	them	easier	to	understand	and	analyze	structurally.	Architectural	Freedom:	Truss	bridges	offer	architectural	freedom,	allowing	for	the	creation	of	unique	and	aesthetically	pleasing	bridge
designs.Limited	Span	Length:	Truss	bridges	have	a	maximum	span	length	limitation	compared	to	other	bridge	types.	Spatial	Requirements:	Truss	bridges	require	more	horizontal	space	compared	to	other	bridge	types	due	to	their	structural	configuration.	Maintenance	Challenges:	Certain	truss	bridge	designs	may	pose	challenges	in	terms	of
maintenance,	requiring	specialized	access	equipment	or	techniques.	Aesthetic	Limitations:	The	visual	appearance	of	truss	bridges	may	not	suit	every	location	or	architectural	preference.	Limited	Design	Flexibility:	Truss	bridges	may	have	design	limitations	in	terms	of	curvature	or	complex	architectural	features.	Restricted	Clearance:	Some	truss
bridge	designs	may	have	limited	clearance,	impacting	navigation	or	transportation	under	the	bridge.	Material	Limitations:	Truss	bridges	may	have	material	limitations	based	on	their	span	length	and	load-bearing	requirements.	Complex	Load	Distribution:	The	load	distribution	in	truss	bridges	can	be	complex,	requiring	careful	engineering	and
analysis.	Construction	Time:	While	truss	bridges	are	relatively	quick	to	construct,	more	complex	designs	may	require	longer	construction	times.	Noise	and	Vibrations:	Truss	bridges	may	generate	noise	and	vibrations	from	passing	vehicles,	impacting	nearby	residents	or	structures.	Environmental	Impact:	The	construction	and	maintenance	of	truss
bridges	can	have	environmental	implications,	such	as	habitat	disruption	or	resource	consumption.	Retrofitting	Challenges:	Modifying	or	retrofitting	existing	truss	bridges	can	be	challenging	due	to	their	structural	complexity.	Weight	Restrictions:	Truss	bridges	may	have	weight	restrictions	that	limit	the	types	of	vehicles	or	loads	that	can	pass	over
them.	Limited	Adaptability:	Once	a	truss	bridge	is	built,	it	may	be	less	adaptable	to	changing	traffic	demands	or	design	requirements.	Visual	Obstruction:	The	structural	components	of	truss	bridges	may	obstruct	views	or	sightlines	in	certain	locations.	Non-Uniform	Loading:	The	load	distribution	in	truss	bridges	may	not	be	uniform,	requiring	careful
consideration	of	load	placement.	Limited	Corrosion	Resistance:	Depending	on	the	material	used,	truss	bridges	may	require	corrosion	protection	measures,	especially	in	corrosive	environments.	Height	Restrictions:	Some	truss	bridge	designs	may	have	height	restrictions,	affecting	clearance	for	tall	vehicles	or	ships.	High	Initial	Cost	for	Special
Designs:	More	complex	truss	bridge	designs	or	specialized	materials	may	result	in	higher	initial	construction	costs.	Maintenance	Accessibility:	Certain	areas	of	truss	bridges	may	be	challenging	to	access	for	routine	maintenance	or	repairs.	Pros	Strength	and	Load-Bearing	CapacityCost-EffectivenessVersatilityEase	of	ConstructionStructural
StabilityMinimal	MaintenanceAesthetically	PleasingQuick	ConstructionHigh	Resistance	to	EarthquakesDurabilityFlexibility	in	Material	ChoiceEasy	InspectionSustainabilityRapid	ReplacementScalabilityProven	Track	RecordAdaptability	to	Environmental	ConditionsEase	of	InspectionSimplicity	of	DesignArchitectural	Freedom	Cons	Limited	Span
LengthSpatial	RequirementsMaintenance	ChallengesAesthetic	LimitationsLimited	Design	FlexibilityRestricted	ClearanceMaterial	LimitationsComplex	Load	DistributionConstruction	TimeNoise	and	VibrationsEnvironmental	ImpactRetrofitting	ChallengesWeight	RestrictionsLimited	AdaptabilityVisual	ObstructionNon-Uniform	LoadingLimited	Corrosion
ResistanceHeight	RestrictionsHigh	Initial	Cost	for	Special	DesignsMaintenance	Accessibility	January	5,	2023	May	31,	2019	February	9,	2020	Truss	bridges,	known	for	their	structural	efficiency,	represent	a	common	bridge	design	analyzed	using	principles	of	structural	engineering.	Despite	their	widespread	use	and	the	calculations	performed	by
experts	at	the	American	Institute	of	Steel	Construction	(AISC)	to	ensure	their	integrity,	susceptibility	to	buckling	remains	a	critical	concern.	This	inherent	weakness	begs	the	question:	what	is	1	disadvantage	to	a	truss	bridge	that	necessitates	careful	consideration	during	design	and	maintenance?	The	vulnerability	to	concentrated	loads	leading	to
catastrophic	failure	is	a	principal	factor	that	engineers	must	diligently	address	during	the	bridge's	lifecycle,	especially	in	areas	under	the	jurisdiction	of	entities	like	the	Department	of	Transportation	(DOT).	Truss	bridges,	with	their	distinctive	web-like	structures,	have	been	a	cornerstone	of	engineering	for	centuries.	Their	strength	and	efficiency	in
spanning	distances	are	undeniable.	However,	beneath	the	apparent	robustness	lies	a	critical	disadvantage	that	can	lead	to	significant	vulnerabilities.	We	will	examine	"what	is	1	disadvantage	to	a	truss	bridge"	with	a	focus	on	redundancy	and	the	cascading	effect	of	failure.The	Problem	of	Redundancy	(or	Lack	Thereof)A	key	concept	in	structural
engineering	is	redundancy.	Redundancy	refers	to	the	ability	of	a	structure	to	redistribute	loads	if	one	component	fails.	A	highly	redundant	structure	can	tolerate	damage	and	continue	to	function,	albeit	perhaps	at	a	reduced	capacity.	Truss	bridges,	depending	on	their	specific	design,	often	lack	this	critical	redundancy.The	Definition	of	Redundancy	in
BridgesLet's	clarify	what	redundancy	means	in	the	context	of	bridges:Multiple	Load	Paths:	A	redundant	structure	possesses	multiple	pathways	for	transferring	loads	from	the	deck	to	the	supports.	If	one	path	is	compromised,	the	load	can	be	redirected	through	another.Resilience	to	Damage:	Redundancy	provides	resilience.	Damage	to	one	member
does	not	necessarily	lead	to	catastrophic	failure	of	the	entire	structure.Early	Warning	Signs:	A	redundant	system	is	more	likely	to	exhibit	warning	signs	of	impending	failure,	allowing	for	intervention	and	repairs	before	a	collapse	occurs.The	Redundancy	Deficiency	in	Certain	Truss	Bridge	DesignsMany	older	truss	bridge	designs	are	non-redundant	or
possess	a	low	level	of	redundancy.	This	means:Single	Points	of	Failure:	Certain	members,	often	key	chords	or	diagonals,	carry	a	substantial	portion	of	the	load.	If	one	of	these	critical	members	fails,	the	entire	load	it	carried	must	be	immediately	transferred	to	other	members.	If	those	other	members	cannot	handle	the	increased	stress,	they	too	will	fail,
leading	to	a	progressive,	cascading	collapse.Dependence	on	Individual	Members:	The	structural	integrity	relies	heavily	on	the	perfect	condition	of	each	key	element.	Corrosion,	fatigue,	or	impact	damage	to	a	single,	non-redundant	member	can	have	devastating	consequences.Difficulty	in	Inspection	and	Maintenance:	Identifying	subtle	damage	in
critical,	non-redundant	members	can	be	challenging,	increasing	the	risk	of	undetected	flaws	leading	to	sudden	failure.Understanding	the	Cascading	FailureThe	lack	of	redundancy	in	some	truss	bridge	designs	makes	them	particularly	susceptible	to	cascading	failures.	You	also	like	Initial	Failure:	The	process	begins	with	the	failure	of	a	single,	critical
member.	This	could	be	due	to	factors	like:Corrosion	weakening	the	steel.A	vehicle	impact	damaging	a	key	strut.Metal	fatigue	from	repeated	stress	cycles.Load	Redistribution:	The	load	that	the	failed	member	was	carrying	is	now	abruptly	transferred	to	adjacent	members.	This	sudden	increase	in	stress	can	exceed	the	capacity	of	those	members.	You
also	like	Progressive	Collapse:	The	overloaded	members	subsequently	fail,	further	redistributing	the	load.	This	creates	a	domino	effect,	where	the	failure	of	one	member	triggers	the	failure	of	others	in	a	rapid	and	uncontrolled	sequence.Total	Structural	Failure:	The	cascading	failure	continues	until	the	entire	bridge	structure	loses	its	integrity,
resulting	in	a	partial	or	complete	collapse.Consider	this	simplified	example:StageEventConsequence1Bottom	chord	member	corrodes	and	failsLoad	shifts	to	adjacent	bottom	chord	members2Adjacent	members	overload	and	buckleLoad	shifts	to	vertical	supports,	and	diagonal	braces3Vertical	supports	buckleLoss	of	support	for	the	deck	above,	further
instability	of	the	remaining	structure4Deck	collapses;	bridge	failsComplete	or	partial	collapse	of	the	entire	bridgeMitigation	Strategies:	Addressing	the	DisadvantageWhile	this	lack	of	redundancy	presents	a	serious	concern,	engineers	have	developed	strategies	to	mitigate	its	impact.Strengthening	Existing	Structures:	Retrofitting	existing	truss	bridges
with	additional	supports	or	reinforcing	critical	members	can	increase	their	redundancy	and	load-bearing	capacity.Improved	Inspection	Techniques:	Advanced	non-destructive	testing	methods	are	used	to	detect	hidden	flaws	and	corrosion	in	critical	members	before	they	lead	to	failure.Modern	Design	Principles:	Current	bridge	design	practices
prioritize	redundancy	and	incorporate	features	that	allow	for	easier	inspection	and	maintenance.Load	Monitoring	Systems:	Installing	sensors	to	monitor	the	stress	on	critical	members	can	provide	early	warnings	of	potential	problems	and	allow	for	timely	interventions.By	understanding	the	inherent	disadvantage	of	limited	redundancy	in	some	truss
bridge	designs,	and	by	implementing	effective	mitigation	strategies,	engineers	can	work	to	ensure	the	safety	and	longevity	of	these	vital	structures.	Video:	Truss	Bridge	Downfall:	The	Shocking	Disadvantage	Revealed!	This	FAQ	section	addresses	common	questions	and	concerns	arising	from	the	"Truss	Bridge	Downfall:	The	Shocking	Disadvantage
Revealed!"	article.	You	also	like	Why	aren't	truss	bridges	used	more	often	if	they	seem	strong?While	strong,	truss	bridges	can	be	more	susceptible	to	lateral	buckling,	especially	under	high	winds	or	seismic	activity.	This	weakness	means	added	costs	for	bracing	and	reinforcement.	Therefore,	designers	might	opt	for	different	structural	forms	depending
on	site-specific	risks	and	cost	considerations.What	is	1	disadvantage	to	a	truss	bridge	concerning	aesthetics?Truss	bridges,	with	their	intricate	web	of	members,	can	be	considered	less	aesthetically	pleasing	than	other	bridge	designs	like	beam	or	suspension	bridges.	The	visual	clutter	can	be	particularly	pronounced	in	urban	environments.	You	also
like	How	does	the	redundancy	issue	impact	truss	bridge	safety?The	failure	of	even	a	single	critical	member	in	a	truss	bridge	can	lead	to	catastrophic	collapse.	Many	truss	designs	lack	sufficient	redundancy;	this	means	there	aren't	alternative	load	paths	if	a	main	component	fails.	Consequently,	regular	detailed	inspections	are	vital	to	preventing
disastrous	outcomes.Are	there	situations	where	a	truss	bridge	is	still	the	best	choice	despite	its	disadvantages?Yes,	truss	bridges	are	frequently	preferred	in	specific	scenarios.	Their	efficient	use	of	materials	makes	them	very	economical	for	medium-span	crossings,	especially	in	situations	where	the	bridge	needs	to	be	assembled	quickly.	They	can	also
be	a	good	fit	in	areas	where	the	ground	conditions	are	less	than	perfect.	What	is	1	disadvantage	to	a	truss	bridge	doesn't	always	weigh	out	the	benefits	based	on	the	use	case.	So,	next	time	you	see	a	truss	bridge,	remember	what	is	1	disadvantage	to	a	truss	bridge.	Hopefully,	this	information	will	encourage	people	to	think	about	what	is	truly	going	on
behind	the	scenes	of	these	massive,	everyday	structures.	Related	Posts:	Type	of	truss	bridgeLattice	Truss	BridgeInterior	structure	of	a	covered	bridge	utilizing	a	plank-lattice	structureAncestorTruss	bridgeRelatedNoneDescendantNoneCarriesPedestrians,	livestock,	vehiclesSpan	rangeshort	to	mediumMaterialwood	planks	and	beams	or	steel	angles
and	beams,	appropriate	decking	materialMovableNoDesign	effortmediumFalsework	requiredSometimesA	lattice	truss	bridge	is	a	form	of	truss	bridge	that	uses	many	small,	closely	spaced	diagonal	elements	forming	a	lattice.	The	design	was	patented	in	1820	by	architect	Ithiel	Town.Originally	a	means	of	erecting	a	substantial	bridge	from	mere	planks
employing	lowerskilled	labor,	rather	than	heavy	timbers	and	more	expensive	carpenters	and	equipment,	the	lattice	truss	has	also	been	constructed	using	many	relatively	light	iron	or	steel	members.	The	individual	elements	are	more	easily	handled	by	the	construction	workers,	but	the	bridge	also	requires	substantial	support	during	construction.	A
simple	lattice	truss	will	transform	the	applied	loads	into	a	thrust,	as	the	bridge	will	tend	to	change	length	under	load.	This	is	resisted	by	pinning	the	lattice	members	to	the	top	and	bottom	chords,	which	are	more	substantial	than	the	lattice	members,	but	which	may	also	be	fabricated	from	relatively	small	elements	rather	than	large	beams.Belfast
trusses	as	roof	supports	in	an	aircraft	hangar	from	the	First	World	War	at	the	Duxford	Imperial	War	MuseumThe	Belfast	truss	is	a	cross	between	Town's	lattice	truss	and	the	bowstring	truss.	It	was	developed	in	Ireland	as	a	wide-span	shallow	rise	roof	truss	for	industrial	structures.	McTear	&	Co	of	Belfast,	Ireland	began	fabricating	these	trusses	in
wood	starting	around	1866.	By	1899,	spans	of	24	metres	(79ft)	had	been	achieved,	and	in	the	20th	century,	shipyards	and	airplane	hangars	demanded	ever	greater	clear	spans.[1]Root	Road	Covered	Bridge,	Ashtabula	County,	Ohio	Bartonsville	Covered	BridgeBrown	Covered	BridgeBurt	Henry	Covered	BridgeCornish-Windsor	Covered	BridgeEuharlee
Covered	BridgeGreen	River	Covered	BridgeKingsley	Covered	BridgeNewton	Falls	Covered	Bridge,	Newton	Falls,	OhioPoole's	Mill	Covered	BridgeRoot	Road	Covered	BridgeWaterford	Covered	BridgeWatson	Mill	Covered	BridgeWindsor	Mills	Covered	BridgeWorrall	Covered	BridgeFrankenfield	Covered	BridgeUhlerstown	Covered	Bridge,
PennsylvaniaVan	Tran	Flat	BridgeZehnder's	Holz	BruckeRailroad	bridge	across	the	Iowa	River	in	Iowa	City,	Iowa.Howard	Carroll	built	the	first	completely	wrought-iron	lattice	truss	bridge.	This	was	built	for	the	New	York	Central	Railroad	in	1859.[2]Bennerley	ViaductBridge	in	Brown	TownshipDowery	Dell	Viaduct,	also	known	as	Hunnington	or
Frankley	ViaductKew	Railway	BridgeNorwottuck	Rail	Trail	BridgeWillow	Creek	Bridge	(1913),	in	Pierce	County,	NebraskaUpper	Slate	Run	Bridge	(1890),	a	'quintangular'	lattice	truss	in	Lycoming	County,	PennsylvaniaWikimedia	Commons	has	media	related	to	Town	Lattice	truss	bridges.Lattice	girderBrown	truss^	J.	R.	Gilfillan,	S.	G.	Gilbert,	The
Historic	Belfast	Timber	Truss	-	A	Way	to	Promote	Sustainable	Roof	Construction,	2002.^	J.	A.	L.	Waddell,	Bridge	Engineering	Vol.	1,	Wiley,	New	York,	1916;	page	23.Picture	and	description	of	Town's	lattice	truss	Archived	2013-10-30	at	the	Wayback	MachineWatson	Mill	Bridge,	Georgia,	USRetrieved	from	"	A	Warren	truss	is	a	type	of	structure	used
in	different	kinds	of	construction	for	supporting	a	load.	Trusses	are	items	that	architects	and	engineers	use	in	both	residential	and	public	works	design.	The	Warren	truss	is	often	part	of	the	structure	professional	designers	use	in	bridge	construction.	Some	experts	define	a	Warren	truss	as	a	truss	having	a	set	of	diagonals	in	a	W	design	relative	to	a
horizontal	structure.	Others	include	trusses	with	both	diagonals	and	verticals	in	the	definition	of	a	Warren-style	truss.	The	common	version	has	a	distinctive	look,	where	a	series	of	triangles	hooks	up	to	a	long	span.	Bridges	utilizing	the	Warren	truss	are	blocky,	rigid	designs,	rather	than	arched	ones.	Many	engineers	working	with	these	types	of	trusses
will	reference	a	top	and	bottom	chord,	which	are	the	horizontal	parts	that	the	individual	diagonals	attach	to.	These	steel	diagonals	are	sometimes	called	web	diagonals.	Warren	trusses	also	commonly	include	interior	railing	attached	to	the	web	diagonals	to	prevent	pedestrians	or	others	from	falling	from	a	bridge.	Warren	trusses	have	a	long	history	of
providing	the	basis	for	continuous	bridges	in	many	parts	of	the	world.	This	truss	style	was	patented	in	1848	by	a	James	Warren,	and	quickly	became	a	common	type	of	construction.	Historians	show	it	as	an	element	in	British	and	European	bridges,	that	later	spread	to	become	a	common	landmark	in	the	American	scenery.	In	America,	the	Warren	truss
was	often	the	type	of	engineering	workers	used	for	constructing	the	traditional	railway	bridges	that	were	part	of	the	rail	infrastructure	that	paved	the	way	for	easy	cross-country	travel	and	shipping	in	the	nineteenth	century.	Now	that	some	of	the	older	bridges	across	the	country	are	in	need	of	some	structural	examinations,	public	officials	in	many
states	are	looking	at	bridge	design	to	see	if	modern	engineering	can	add	safety	to	some	of	the	traditional	installations	that	are	still	in	use	across	America.	Engineers	might	look	at	whether	an	older	Warren	truss	bridge	includes	verticals,	or	how	to	limit	the	stress	from	either	live	load	or	dead	load	on	the	bridge.	Live	load	is	defined	as	some	load	factor
that	will	change	with	time,	such	as	snow	or	ice.	Dead	load	is	a	load	that	is	constant.	All	of	these	factors	contribute	to	stress,	which	engineers	study	to	make	sure	that	a	bridge	can	withstand	the	demands	that	are	placed	on	it.	All	The	Science	is	dedicated	to	providing	accurate	and	trustworthy	information.	We	carefully	select	reputable	sources	and
employ	a	rigorous	fact-checking	process	to	maintain	the	highest	standards.	To	learn	more	about	our	commitment	to	accuracy,	read	our	editorial	process.	Enjoy	sharper	detail,	more	accurate	color,	lifelike	lighting,	believable	backgrounds,	and	more	with	our	new	model	update.	Your	generated	images	will	be	more	polished	thanever.See	What's
NewExplore	how	consumers	want	to	see	climate	stories	told	today,	and	what	that	means	for	yourvisuals.Download	Our	Latest	VisualGPS	ReportData-backed	trends.	Generative	AI	demos.	Answers	to	your	usage	rights	questions.	Our	original	video	podcast	covers	it	allnow	ondemand.Watch	NowEnjoy	sharper	detail,	more	accurate	color,	lifelike	lighting,
believable	backgrounds,	and	more	with	our	new	model	update.	Your	generated	images	will	be	more	polished	thanever.See	What's	NewExplore	how	consumers	want	to	see	climate	stories	told	today,	and	what	that	means	for	yourvisuals.Download	Our	Latest	VisualGPS	ReportData-backed	trends.	Generative	AI	demos.	Answers	to	your	usage	rights
questions.	Our	original	video	podcast	covers	it	allnow	ondemand.Watch	NowEnjoy	sharper	detail,	more	accurate	color,	lifelike	lighting,	believable	backgrounds,	and	more	with	our	new	model	update.	Your	generated	images	will	be	more	polished	thanever.See	What's	NewExplore	how	consumers	want	to	see	climate	stories	told	today,	and	what	that
means	for	yourvisuals.Download	Our	Latest	VisualGPS	ReportData-backed	trends.	Generative	AI	demos.	Answers	to	your	usage	rights	questions.	Our	original	video	podcast	covers	it	allnow	ondemand.Watch	NowMany	iconic	Truss	Bridges	in	the	US	have	a	historical	significance	but	have	also	have	redefined	engineering.	The	Newark	bay	bridge	or
Freemont	Mill	Bridge;	the	world	knows	the	cities	because	of	these	engineering	marvels.	More	than	600000	bridges	across	the	United	States	connect	the	cities	while	being	the	center	of	attraction	for	millions.	Out	of	those,	around	17000	are	truss	bridges.	Best	known	for	enduring	loads	and	heavy	traffic,	the	Truss	Bridges	also	withstand	extreme
weather	conditions.	However,	there	are	certain	limitations	of	Truss	bridges	consider.	The	Advantages	and	Disadvantages	of	a	Truss	Bridge	explain	the	arguable	sides	of	this	structure.	A	truss	bridge	is	a	type	of	bridge	that	utilizes	the	principle	that	tension	and	compression	are	equally	distributed	along	parallel	beams.	This	means	that	they	are
powerful	as	long	as	the	load	on	both	sides	of	each	beam	is	balanced	or	nearly	equal.	Truss	bridges	can	be	built	with	steel,	timber,	concrete,	or	other	materials.The	Pros	and	cons	of	truss	bridge	bring	out	some	details	so	you	can	make	an	informed	decision	about	whether	they	would	be	suitable	for	your	project.What	are	the	Advantages	of	a	Truss
Bridge?Truss	bridges	are	famous	because	they	are	lightweight	but	can	be	reinforced	to	make	them	strong.	The	triangular	design	of	the	bridge	helps	to	support	each	other	and	makes	for	an	efficient	design.	Truss	bridges	are	traditional	in	design	and	date	back	to	the	early	19th	century	times.	They	come	with	economic	construction,	as	they	use
materials	efficiently.	Further	advantages	of	a	truss	bridge	are	listed	below.1.	Variety	of	designTruss	bridges	allow	for	a	greater	variety	of	designs	than	other	bridge	types.	For	instance,	trusses	can	span	long	distances	and	shorter	spans	that	require	wide	clearance	underneath.	In	addition,	they	can	be	configured	as	nearly	any	type	of	bridge	structure,
including	suspension	bridges,	arch-types,	or	beam	types.	This	versatility	offers	advantages	of	a	truss	bridge	over	other	traditional	bridge	designs	because	it	is	easy	to	customize	based	on	each	situation's	needs.2.	Cost	is	one	of	the	major	advantages	of	Truss	Bridges	to	considerTruss	bridges	are	cheaper	to	build	than	other	structures	because	they	don't
require	a	lot	of	material.	Trusses	use	less	steel,	typically	more	expensive	per	tonne	or	cubic	meter	than	concrete	and	wood.	The	lack	of	vertical	supports	in	the	truss	design	means	that	they	require	less	material	such	as	concrete	or	iron	rods	and	are	cheaper	to	build,	making	them	good	examples	of	an	economical	and	efficient	engineering	solution.3.
Produce	Lower	Noise	LevelTruss	bridges	use	fewer	materials	which	can	have	advantages	such	as	reducing	waste	from	construction	or	creating	more	space	for	traffic	below.	They	also	produce	lower	noise	levels	because	their	cross	members	help	absorb	sound	waves	generated	by	vehicles	traveling	over	the	bridge	deck.	Some	locations	prefer	this	type
of	structure	to	reduce	ambient	noise	pollution	related	to	vehicular	traffic.4.	No	Span	RestrictionsThe	main	advantage	of	a	truss	bridge	is	that	it	can	span	much	greater	distances	than	other	bridge	types	without	the	need	for	lengthy	and	expensive	approaches.	They	can	also	be	built	in	places	where	it's	impossible	or	practical	to	construct	a	more
traditional,	solid	structure,	such	as	deep	valleys	and	steep	slopes.5.	The	road	is	placed	on	the	Top	of	the	SpanTruss	bridges	are	designed	to	have	the	bridge	deck	placed	on	top	of	the	truss.	The	road	is	typically	supported	by	a	suspended	system	built	off-site	and	then	lifted	into	place,	which	makes	it	easy	to	build	near	rivers	or	other	obstructions	without
demolishing	any	existing	structures.What	are	the	Disadvantages	of	a	Truss	Bridge?The	number	of	truss	bridges	on	the	worlds	roads	is	growing	rapidly.	According	to	a	study	by	Construction	Weekly,	while	just	20	percent	of	all	bridge	structures	worldwide	are	made	from	steel	or	reinforced	concrete,	this	percentage	increases	to	54%	in	China	and	53%
in	India.	Truss	bridge	benefits	when	it	comes	to	cost-effectiveness	but	also	comes	with	some	limitations.	These	disadvantages	of	a	truss	bridge	need	consideration	before	it	can	be	constructed	in	an	area.1.	Requires	Professional	Team	of	Construction	workersUnquestionably,	the	materials	needed	to	construct	bridges	aren't	expensive.	For	example,
trucks	just	hauling	steel	beams	and	concrete	can	cost	up	to	$1000	in	fuel,	not	counting	any	labor	expenses	for	construction	workers	or	equipment	operators	on	site.	In	addition,	a	team	of	experienced	civil	engineers,	welders,	and	crane	operators	are	required	to	build	these	metallic	structures.This	means	that	if	a	truss	bridge	is	an	option,	it	will	most
likely	be	more	affordable	than	other	options	like	box	girder	bridges	because	of	their	lower	material	costs	and	fewer	steps	required	during	construction	due	to	its	design	which	simplifies	the	process	by	eliminating	some	welding	work	(which	could	add	another	expense).2.	High	Cost	of	MaintenancePainting	and	maintenance	can	be	the	most	expensive
disadvantage	of	a	truss	bridge.	Truss	bridges	are	more	vulnerable	to	corrosion;	they	require	much	more	maintenance	than	box	girder	and	beam	bridges	because	steel	is	a	weighty	material	that	needs	to	be	replaced	regularly	to	weaken	over	time	due	to	wear	and	tear.When	repairs	need	to	be	done,	or	replacement	work	happens,	it	usually	requires
shutting	down	traffic	which	means	these	types	of	projects	often	take	longer	and	cost	significantly	more	money	than	other	solutions	like	building	new	roads	above	where	the	old	ones	were	(a	process	called	decking).3.	Requires	Lot	of	Height	No	Chance	for	Low	BridgesTruss	bridges	cannot	be	built	in	locations	that	require	less	than	35	feet	(11	meters)
height	because	the	trusses	would	have	to	be	too	long	for	them	not	to	touch	the	ground	during	construction	with	this	leaves	little	room	for	any	other	infrastructure	on-site	like	roads	or	buildings.One	potential	solution	is	building	a	temporary	structure	around	the	area	where	the	bridge	is	being	constructed	so	it	doesn't	interfere	with	anything	else.	At
the	same	time,	it's	being	put	together,	but	this	process	costs	significantly	more	money	and	time	than	it	would	build	a	box	girder	bridge.4.	No	Ability	for	Differing	Widths	Between	the	Support	StrutsThe	trusses	of	this	type	of	bridge	are	typically	made	from	steel,	which	is	not	very	malleable	in	its	shape	without	being	cut	or	bent.	Therefore,	they	must	be
welded	together	precisely	with	little	room	for	any	improvisation	on-site.This	means	that	if	two	lanes	were	going	across	one	end	of	the	bridge,	both	lanes	would	have	to	fit	into	each	truss	rather	than	having	some	space	between	them	because	otherwise,	they	would	interfere	with	one	another	at	their	joint	points.5.	Heavy	Weight	is	one	of	the	biggest
disadvantages	of	a	Truss	bridgeThe	steel	used	for	truss	bridges	weighs	a	lot,	which	means	they	can	only	be	built	in	areas	where	the	ground	has	enough	natural	strength	to	support	its	weight.	Unfortunately,	this	limitation	also	comes	with	the	economic	disadvantages	of	truss	bridges.It	limits	possible	locations	when	trying	to	avoid	expensive	and	time-
consuming	methods	like	building	temporary	structures	around	the	bridge	site	or	widening	roads,	so	there's	more	room	on	either	side	of	them	while	construction	happens.Conclusion	on	the	Pros	and	Cons	of	a	Truss	Bridge	Truss	bridges	are	a	significant	economic	and	cost-effective	solution	for	locations	needing	a	bridge	but	limited	space.	They	can	be
built	in	areas	with	enough	natural	ground	strength	to	support	their	weight	which	means	they	don't	have	the	same	limitations	of	beam	or	box	girder	bridges,	like	height	requirements	or	width	restrictions	between	the	joints.	But	because	these	types	of	bridges	require	steel	material,	it	does	come	with	some	considerable	limitations	when	it	comes	to	high
maintenance	costs	and	heavyweight.	Thats	why	heeding	to	the	pros	and	cons	of	a	truss	bridge	is	helpful	before	planning	its	construction.	Frequently	Asked	QuestionsThe	top	and	bottom	of	a	truss	bridge	are	two	long,	usually	straight	components	known	as	chords;	they're	linked	by	a	network	of	vertical	posts	and	diagonals.	The	ends	of	the	bridge	are
supported	by	abutments,	which	may	also	be	used	in	the	center.	A	truss	bridge	is	a	form	of	the	bridge	with	its	primary	component,	which	is	made	up	of	connected	parts	that	form	triangular	units.	Because	it	is	a	highly	sturdy	structure,	trusses	distribute	the	load	from	one	point	to	several	spots.	The	load-bearing	capacity	of	truss	bridges	is	significant	due
to	the	interconnecting	triangle	design.	The	structure	effectively	distributes	the	weight	across	its	complicated	system	by	compressing	and	tensing	it.	The	main	disadvantage	of	using	a	truss	bridge	to	span	a	distance	is	that	they	generally	take	up	more	space	than	other	bridges.	Therefore,	a	truss	bridge	might	not	be	the	best	option	when	there	isn't
enough	room	for	a	structure	since	it	may	not	fit.	The	most	significant	benefit	of	truss	bridges	is	that	they	allow	us	to	span	a	considerable	distance	without	incurring	a	significant	weight	penalty	for	the	structure.	In	addition,	this	style	allows	us	to	build	bridges	in	areas	where	the	volume	of	the	building	affects	the	natural	environment.	Truss	BridgeThis
kind	of	bridge	is	called	the	Truss	Bridge	and	is	commonly	used	when	iron	and	other	metals	were	scarce,	and	wood	was	abundant.	This	kind	of	bridge	is	suitable	for	long	spans.	This	bridge	is	considered	one	of	the	best	designs	for	railroad	bridges.Most	Truss	Bridges	use	the	strength	of	triangles	and	spreads	the	force	out	across	the	bridge.All	forces	are
spread	out	through	the	triangle	formation	due	to	equal	side	lengths	and	angles,	The	forces	of	compression	and	tension	along	the	sides	of	the	triangles	balance	out	equally	in	order	to	carry	the	load.Although	this	bridge	is	generally	considered	the	best,	most	of	the	Truss	Bridge	types	use	some	kind	of	metal	for	more	support.Unfortunately	we	do	not
have	access	to	metal	material,	which	may	pose	to	be	a	problem	when	we	try	to	build	Truss	Bridges.	Furthermore,	more	modern	kinds	of	bridges	using	different	types	of	materials	put	this	bridge	into	the	shadow.	Simulator	for	K	Truss	Design:Using	a	bridge	simulator,	our	team	created	the	K	Truss	Design	and	tested	it	against	100N.	The	result	is	a
bridge	that	survives	the	test	and	able	to	withstand	more	weight.The	numbers	represented	on	each	member	is	the	percentage	of	the	load	that	will	be	forced	onto	the	bridge.	In	this	bridge,	the	highest	percentage	will	be	75%	near	the	center	of	the	load.	This	means	that	the	section	is	distributed	good	and	will	not	take	all	the	stress	by	itself.	We	are
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perspectives	Popular	picks	Genetic	engineering	is	manipulation	of	cell	DNA.	Though	many	people	question	the	ethics,	genetic	engineering	is	commonly	used	for...	Solar	power	is	energy	derived	from	the	sun	and	converted	into	heat	or	electricity.	Versatile	and	renewable,	solar	power	can...	All	The	Science,	in	your	inbox	Our	latest	articles,	guides,	and
more,	delivered	daily.	Privacy	Policy	Terms	and	Conditions	All	The	Science,	in	your	inbox	On	a	truss	bridge,	the	primary	element	of	construction	involves	trusses.	A	truss	is	typically	a	structure	of	several	connected	elements	that	usually	from	the	shape	of	a	triangle.	The	elements,	which	are	usually	straight,	can	be	stressed	from	compression	or	tension
to	support	a	dynamic	load.	It	is	one	of	the	oldest	construction	methods	for	a	bridge	because	it	is	simple	and	effective	in	the	way	it	provides	supports.The	key	benefit	of	using	a	truss	bridge	to	span	a	distance	is	that	they	are	relatively	lightweight,	but	can	still	be	reinforced	to	provide	strength.	Many	bridges	of	this	type	use	small	timbers	or	lightweight
metals	that	are	braced	for	tension	and	wind	impacts.	Because	of	the	triangular	design,	each	part	of	the	bridge	helps	to	support	other	parts,	making	it	an	effective	design.The	key	disadvantage	of	utilizing	a	truss	bridge	to	span	a	distance	is	that	they	typically	require	more	width	than	other	bridges.	When	there	is	limited	space	for	placing	a	bridge,	a
truss	bridge	may	not	be	the	best	option	since	it	may	not	fit.	There	are	specific	spatial	requirements	which	must	be	met	before	this	type	of	bridge	could	be	considered.Here	are	some	more	truss	bridge	pros	and	cons	to	think	about	as	well.More	Truss	Bridge	Pros	to	Consider1.	Truss	bridges	can	span	virtually	any	distance.	Many	truss	bridges	tend	to	be
small,	spanning	small	distances	within	transportation	networks.	The	design	of	the	truss	makes	it	possible	for	this	style	of	bridge	to	cover	virtually	any	distance.	As	long	as	the	necessary	width	of	the	bridge	can	be	supported	and	column	placements	is	not	an	issue,	then	a	truss	bridge	can	be	installed	almost	anywhere.2.	It	offers	a	superior	level	of
strength.	The	truss	design	of	this	bridge	allows	it	to	support	a	great	deal	of	weight	with	a	minimal	impact	on	the	local	environment.	That	allows	it	to	be	useful	for	high	population	traffic	areas,	railroad	crossings,	and	other	spans	that	are	necessary.	A	correctly	designed	truss	bridge	can	support	virtually	any	modern	vehicular	or	transportation	vehicle.3.
The	road	is	placed	on	top	of	the	span.	Most	bridges	are	designed	in	a	way	that	incorporates	the	road	or	rail	supports	being	built	into	the	bridge.	With	a	truss	bridge,	the	transportation	surface	is	placed	on	top	of	the	support	structures.	That	makes	it	easier	to	integrate	existing	construction	principles	into	the	bridge	while	minimizing	traffic	delays.
Modern	truss	bridges	can	even	have	the	road	sections	pre-built	for	easy	installation.4.	They	are	an	affordable	bridge	design	option.	Compared	to	other	bridge	types,	a	truss	bridge	requires	a	minimal	number	of	materials	to	build	it.	Many	of	the	pieces	of	the	bridge	quickly	connect	to	one	another	as	well,	which	can	save	on	labor	and	engineering	costs.
At	the	same	time,	the	amount	of	waste	that	is	generated	from	the	manufacturing	and	installation	of	a	trust	bridge	is	also	reduced,	adding	another	layer	of	savings	for	communities	that	need	a	new	bridge.5.	Truss	bridges	are	highly	adaptable.	A	truss	bridge	can	be	constructed	under	conditions	that	would	be	considered	extreme	by	other	design	options.
Sometimes,	the	truss	bridge	design	is	the	only	option	that	a	span	will	support.	It	has	an	overall	versatility	that	other	design	options	cannot	match,	which	is	why	it	tends	to	be	one	of	the	first	choices	considered	when	a	new	bridge	is	required.6.	There	are	multiple	material	options	available.	Most	bridges	today	are	constructed	from	some	type	of	metal,
usually	iron	or	steel.	A	truss	bridge,	however,	can	still	be	constructed	with	wood.	It	can	also	be	built	with	lightweight	metals.	Each	material	option	offers	a	different	weight	tolerance	which	must	be	considered	during	the	design	phase.	Either	way,	this	bridge	option	provides	several	different	design	options	so	every	community	can	complete	a	bridge
that	best	suits	their	needs.More	Truss	Bridge	Cons	to	Consider1.	A	truss	bridge	requires	high	levels	of	ongoing	maintenance.	Truss	bridges	may	provide	high	levels	of	support,	but	the	additional	components	and	connections	of	the	bridge	mean	it	requires	high	levels	of	maintenance	as	well.	Every	part	of	the	bridge	plays	an	important	role	in	how	the
span	functions.	That	means	routine	inspections	are	mandatory	and	repairs	tend	to	be	frequent	because	of	the	normal	wear	and	tear	the	truss	design	tends	to	produce.	The	ongoing	costs	of	a	truss	bridge	can	quickly	eat	into	the	installation	savings	that	a	community	may	experience.2.	Engineering	and	architectural	specialists	are	required.	A	truss
bridge	might	seem	like	a	simple	design,	but	it	can	be	quite	complex.	The	trusses	must	be	spaced	at	specific	intervals	to	maximize	the	weight	distribution	and	support	features	they	provide.	If	the	engineering	and	architectural	design	is	not	specifically	followed	during	every	step,	from	conception	to	completion,	then	there	is	a	higher	risk	of	bridge	failure
that	will	be	present.3.	Truss	bridges	have	a	lower	per	capital	weight	tolerance.	The	original	truss	bridges	were	designed	to	support	early	locomotives	and	vehicles.	Although	they	can	handle	appropriate	levels	of	traffic,	there	are	some	designs	that	cannot	support	certain	modern	vehicles	or	equipment.	Drivers	in	a	tractor-trailer	or	heavy	vehicle	must
pay	attention	to	the	approved	load-bearing	ratings	of	a	bridge	before	crossing	to	ensure	their	safety.4.	It	tends	to	be	a	heavy	design,	even	with	lightweight	materials.	Modern	truss	bridges	may	utilize	lightweight	materials,	but	the	design	tends	to	be	somewhat	heavy	compared	to	other	design	options	that	are	possible.	Additional	column	supports	are
often	necessary	for	truss	bridges,	even	if	the	span	is	relatively	short.	If	space	is	minimal	and	these	supports	are	necessary	to	maintain	the	safety	of	the	bridge,	then	there	is	a	good	possibility	that	it	may	not	be	successfully	installed.5.	Truss	bridges	can	become	structurally	unsound	faster	than	other	bridges.	Even	with	regular	monitoring	and
maintenance,	a	truss	bridge	may	experience	faster	wear	and	tear	than	other	bridges.	If	that	wear	and	tear	is	not	addressed	immediately,	then	the	bridge	tends	to	become	unsound	in	a	shorter	time.	This	is	especially	true	when	a	bridge	design	may	place	more	pressure	on	certain	members	while	having	other	trusses	be	zero-pressure	members	that	do
not	provide	their	intended	supports.These	truss	bridge	pros	and	cons	show	us	that	engineering	innovations	from	the	past	can	still	have	modern	applications.	If	we	can	adapt	the	traditional	truss	design	to	accommodate	new	materials	and	utilize	comprehensive	supports,	then	many	of	the	negatives	of	this	bridge	design	can	be	limited.	In	return,
communities	can	install	an	affordable	bridge	that	connects	them	to	the	rest	of	the	world.	Blog	Post	Author	Credentials	Louise	Gaille	is	the	author	of	this	post.	She	received	her	B.A.	in	Economics	from	the	University	of	Washington.	In	addition	to	being	a	seasoned	writer,	Louise	has	almost	a	decade	of	experience	in	Banking	and	Finance.	If	you	have	any
suggestions	on	how	to	make	this	post	better,	then	go	here	to	contact	our	team.	Thanks	to	the	industrial	revolution,	the	tradition	of	building	bridges	from	stone	became	a	thing	of	the	pastreserved	for	the	English	countryside,	Lord	of	the	Rings	novels	and	ancient	European	monuments.	Readily	available	wood	and	soon	thereafter,	wrought	iron,	saw	the
arrival	of	truss	bridges	onto	the	19th	century	engineering	scene.Truss	bridge	designIn	1820,	the	first	truss	bridge	design	was	patented,	and	the	concept	quickly	took	off,	with	engineers	beginning	to	experiment	with	different	truss	styles.	Before	long	there	were	dozens	of	different	types	of	truss	to	excite	the	keen	bridge-builder!	The	Warren,	Pratt,
Howe	and	K	Truss	remain	some	of	the	most	widely	used	truss	designs	to	this	day.Truss	bridges	are	characterised	by	their	interconnecting	triangular	structures,	which	give	them	the	strength	to	withstand	more	heavy	and	dynamic	loads	than	the	bridges	of	old.	Nowadays	however,	there	are	an	abundance	of	bridge	designs	available	to	us.	Suspension,
beam,	arch	and	cantilever	designs	are	all	able	to	cope	with	our	modern-day	heavy	loads	of	trafficso	why	choose	a	truss	bridge?	Well,	despite	the	fact	that	they	are	a	hobbyist	model-builders	dream,	they	pose	a	number	of	advantages	and	disadvantages.	Lets	take	a	look	at	a	few	of	them.AdvantagesExtremely	strongThe	structure	of	interconnecting
triangles	means	that	the	load-bearing	capacity	of	truss	bridges	is	huge.	The	structure	effectively	manages	both	compression	and	tension,	by	spreading	out	the	load	from	the	roadway	throughout	its	intricate	structure.	This	means	that	no	one	part	of	the	structure	is	carrying	a	disproportionate	amount	of	weight.	Sort	of	a	chain	is	only	as	strong	as	its
weakest	link	type	of	situation.Uses	materials	effectivelyWhile	the	truss	bridge	has	many,	many	linked	parts	to	make	up	its	structureits	use	of	materials	is	extremely	effective.	Materials	such	as	wood,	iron	and	steel	are	all	utilised	to	their	highest	potential,	and	every	piece	plays	a	role.	The	building	of	a	large	truss	bridge	can	be	a	very	economical	option,
when	compared	to	other	bridge	designs.Withstands	extreme	conditionsWhere	other	bridges	such	as	beam	and	arch	bridges	may	not	be	a	viable	option,	truss	bridges	come	into	their	own.	They	are	able	to	span	great	lengths,	and	often	used	in	precarious	locations	such	as	deep	ravines	between	mountaintops.	Youll	regularly	see	truss	bridges	in	use
throughout	mountainous	areas	to	carry	railways.Roadways	built	on	to	the	structureUnlike	other	bridge	designs,	the	truss	bridge	is	able	to	carry	its	roadway	on	its	structure.	The	load	can	be	carried	above	(deck	truss),	along	the	middle	(through	truss)	or	on	a	bottom	truss,	which	sits	below	the	major	truss	structure.	The	options	make	the	truss	bridge
both	versatile	and	economical	to	build.Fun	fact:	the	longest	truss	bridge	in	the	world	is	the	Ikitsuki	Bridge	in	Japan,	which	stretches	for	400	metres.	DisadvantagesRequires	a	lot	of	spaceThe	structure	of	a	truss	bridge	is,	by	design,	large.	The	interconnecting	triangular	components	need	to	be	large	in	order	to	bear	and	distribute	heavy	loads.	This
means	that	in	certain	restricted	spaces,	the	truss	bridge	may	not	be	the	best	option.High	maintenance	costsEconomies	of	scale!	The	truss	bridge	uses	a	LOT	of	parts.	Each	of	these	are	relatively	light,	and	used	effectively	within	the	design,	which	means	that	if	youre	building	a	huge	truss	bridge	it	is	economically	sensible.	Howeverthe	maintenance
costs	of	so	many	parts	can	be	expensive.	A	truss	bridge,	like	any	load-bearing	structure,	will	require	regular	and	detailed	maintenance.	So	many	parts	to	look	after	can	mean	that	this	is	expensivenot	to	mention	time	consuming!How	good	is	your	engineer?Truss	bridges	are	intricate,	complex	structures.	Each	and	every	piece	needs	to	fit	perfectly	in
order	to	perform	its	function,	and	anything	less	will	mean	that	the	bridge	simply	does	not	hold	a	load.	A	truss	bridge	requires	detailed	engineering	and	specialist	constructionthis	does	not	come	cheap.	You	knowanyone	can	build	a	bridge,	but	it	takes	an	engineer	to	get	you	over	it.Theyre	heavyBecause	truss	bridges	are	so	large,	and	use	a	lot	of
materials,	they	are	heavy.	Depending	on	the	landscape	supporting	the	bridge,	some	reinforcement	may	be	necessary	to	cope	with	the	weight.	There	may	be	other	bridge	options	such	as	suspension	or	beam	bridges,	which	might	be	more	suitable,	if	your	landscape	cant	support	a	truss	bridge.As	one	of	the	oldest	styles	of	modern	day	bridges,	the	truss
has	been	a	trusty	go-to	design	for	many	an	engineer,	since	the	early	19th	century.	Whether	youre	building	over	steep	ravines,	crossing	vast	lakes	or	planning	a	creepy	B-grade	railway	horror	movietheres	a	truss	bridge	to	suit	your	needs.	Who	We	AreGravity	Inc.	is	a	world	renowned	engineering	firm	that	strives	everyday	to	ensure	the	best	safety	and
well	being	for	the	citizens.	We	are	comprised	of	highly	skilled	and	talented	engineers	that	have	receiveddoctorate	degreesfrom	Harvard	University,	Yale,	Oxford	and	McGill	just	to	name	a	few.	We	understand	how	stressful	it	is	to	trust	engineers	these	days,	which	is	why	we	put	a	lot	of	thought	and	creativity	in	our	design	for	our	bridge	projects
because	we	feel	that	a	civilian's	safety	should	not	be	compromised,	and	so	each	complex	situation	we	are	faced	with	everyday	is	tackled	with	care	and	integrity.	Come	and	visit	us	at	our	Head	Office	located	at	550	Courtneypark	Dr	WMississauga,	ON	L5W	1L9Suite	212	Our	HistoryFounded	in	1964	by	the	most	famous	engineer	of	his	time,	William
Gravity,	Gravity	Inc.	today	does	our	best	to	keep	Dr.	Gravity's	legacy	of	success	and	perfection	the	top	priority	of	any	project,	as	well	as	civilian	safety.	Since	then	Gravity	Inc.	has	expanded	its	engineering	staff	to	a	dedicated	team	of	four	engineers;	Doctors	Nabeel,	Hammad,	Kelvin	and	Edmund.	Meet	the	Team!	Dr.	Nabeel	(Designer/Civil
Engineer)Dr.	Nabeel	is	one	of	the	main	constructor	and	architect	behind	the	bridge	as	well	as	the	co-web	designer.	He	likes	spending	his	free	time	traveling,	trying	out	new	foodsand	spending	time	with	family	and	his	parrot.	Gravity	Inc.	is	very	proud	to	have	Dr.	Nabeel	as	part	of	the	team!	Dr.	Kelvin	(Designer/Mechanical	Engineer/Researcher)The
main	designer	of	the	bridge	test,	researcher,	and	web	designing.	He	spends	most	of	his	time	in	the	virtual	world	searching	for	information.	Although	he	is	mostly	in	the	virtual	world,	he	is	not	afraid	of	putting	in	some	sweat	and	blood	into	his	work	to	get	it	done.	Dr.	Edmund	(Structural	Engineer)As	a	co-constructor	of	the	bridge	Dr.	Edmund	works	on
the	physical	part	of	the	job.	Managing	the	purchase	of	materials	and	building	the	bridge.	He	spends	most	of	his	time	thinking	about	how	problems	can	be	approached.	Dr.	Hammad	(Designer/Mechanical	Engineer)The	assistant	to	the	main	designer	of	the	bridge.	He	is	responsible	for	creating	the	various	support	structures	of	the	bridge	and	has	lead
the	team	with	precise	calculations	and	analysis.	NGSS	Performance	Expectation	HS-ETS1-2.	Design	a	solution	to	a	complex	real-world	problem	by	breaking	it	down	into	smaller,	more	manageable	problems	that	can	be	solved	through	engineering.	(Grades	9	-	12)	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Click	to	view	other
curriculum	aligned	to	this	Performance	Expectation	This	lesson	focuses	on	the	following	Three	Dimensional	Learning	aspects	of	NGSS:	Science	&	Engineering	Practices	Disciplinary	Core	Ideas	Crosscutting	Concepts	Design	a	solution	to	a	complex	real-world	problem,	based	on	scientific	knowledge,	student-generated	sources	of	evidence,	prioritized
criteria,	and	tradeoff	considerations.Alignment	agreement:	Thanks	for	your	feedback!Criteria	may	need	to	be	broken	down	into	simpler	ones	that	can	be	approached	systematically,	and	decisions	about	the	priority	of	certain	criteria	over	others	(trade-offs)	may	be	needed.Alignment	agreement:	Thanks	for	your	feedback!	NGSS	Performance
Expectation	HS-ETS1-3.	Evaluate	a	solution	to	a	complex	real-world	problem	based	on	prioritized	criteria	and	trade-offs	that	account	for	a	range	of	constraints,	including	cost,	safety,	reliability,	and	aesthetics,	as	well	as	possible	social,	cultural,	and	environmental	impacts.	(Grades	9	-	12)	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!
Click	to	view	other	curriculum	aligned	to	this	Performance	Expectation	This	lesson	focuses	on	the	following	Three	Dimensional	Learning	aspects	of	NGSS:	Science	&	Engineering	Practices	Disciplinary	Core	Ideas	Crosscutting	Concepts	Evaluate	a	solution	to	a	complex	real-world	problem,	based	on	scientific	knowledge,	student-generated	sources	of
evidence,	prioritized	criteria,	and	tradeoff	considerations.Alignment	agreement:	Thanks	for	your	feedback!When	evaluating	solutions	it	is	important	to	take	into	account	a	range	of	constraints	including	cost,	safety,	reliability	and	aesthetics	and	to	consider	social,	cultural	and	environmental	impacts.Alignment	agreement:	Thanks	for	your	feedback!New
technologies	can	have	deep	impacts	on	society	and	the	environment,	including	some	that	were	not	anticipated.	Analysis	of	costs	and	benefits	is	a	critical	aspect	of	decisions	about	technology.Alignment	agreement:	Thanks	for	your	feedback!	NGSS	Performance	Expectation	HS-ETS1-4.	Use	a	computer	simulation	to	model	the	impact	of	proposed
solutions	to	a	complex	real-world	problem	with	numerous	criteria	and	constraints	on	interactions	within	and	between	systems	relevant	to	the	problem.	(Grades	9	-	12)	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Click	to	view	other	curriculum	aligned	to	this	Performance	Expectation	This	lesson	focuses	on	the	following	Three
Dimensional	Learning	aspects	of	NGSS:	Science	&	Engineering	Practices	Disciplinary	Core	Ideas	Crosscutting	Concepts	Use	mathematical	models	and/or	computer	simulations	to	predict	the	effects	of	a	design	solution	on	systems	and/or	the	interactions	between	systems.Alignment	agreement:	Thanks	for	your	feedback!Both	physical	models	and
computers	can	be	used	in	various	ways	to	aid	in	the	engineering	design	process.	Computers	are	useful	for	a	variety	of	purposes,	such	as	running	simulations	to	test	different	ways	of	solving	a	problem	or	to	see	which	one	is	most	efficient	or	economical;	and	in	making	a	persuasive	presentation	to	a	client	about	how	a	given	design	will	meet	his	or	her
needs.Alignment	agreement:	Thanks	for	your	feedback!Models	(e.g.,	physical,	mathematical,	computer	models)	can	be	used	to	simulate	systems	and	interactionsincluding	energy,	matter,	and	information	flowswithin	and	between	systems	at	different	scales.Alignment	agreement:	Thanks	for	your	feedback!	(+)	Recognize	vector	quantities	as	having
both	magnitude	and	direction.	Represent	vector	quantities	by	directed	line	segments,	and	use	appropriate	symbols	for	vectors	and	their	magnitudes	(e.g.,	v,	|v|,	||v||,	v).	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	(+)	Use	matrices	to	represent	and	manipulate	data,	e.g.,	to
represent	payoffs	or	incidence	relationships	in	a	network.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Solve	systems	of	linear	equations	exactly	and	approximately	(e.g.,	with	graphs),	focusing	on	pairs	of	linear	equations	in	two	variables.	(Grades	9	-	12)	More	Details	View	aligned
curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	(+)	Represent	a	system	of	linear	equations	as	a	single	matrix	equation	in	a	vector	variable.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	(+)	Find	the	inverse	of	a	matrix	if	it	exists	and	use	it	to	solve	systems	of
linear	equations	(using	technology	for	matrices	of	dimension	3	3	or	greater).	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Students	will	develop	abilities	to	apply	the	design	process.	(Grades	K	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for
your	feedback!	Students	will	develop	abilities	to	use	and	maintain	technological	products	and	systems.	(Grades	K	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Students	will	develop	an	understanding	of	and	be	able	to	select	and	use	construction	technologies.	(Grades	K	-	12)	More	Details
View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Identify	the	design	problem	to	solve	and	decide	whether	or	not	to	address	it.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Evaluate	the	design	solution	using	conceptual,	physical,	and
mathematical	models	at	various	intervals	of	the	design	process	in	order	to	check	for	proper	design	and	to	note	areas	where	improvements	are	needed.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Evaluate	final	solutions	and	communicate	observation,	processes,	and	results	of	the
entire	design	process,	using	verbal,	graphic,	quantitative,	virtual,	and	written	means,	in	addition	to	three-dimensional	models.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Use	computers	and	calculators	to	access,	retrieve,	organize,	process,	maintain,	interpret,	and	evaluate	data
and	information	in	order	to	communicate.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Infrastructure	is	the	underlying	base	or	basic	framework	of	a	system.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!
Structures	are	constructed	using	a	variety	of	processes	and	procedures.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	The	design	of	structures	includes	a	number	of	requirements.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for
your	feedback!	Structures	can	include	prefabricated	materials.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Optimize	a	design	by	addressing	desired	qualities	within	criteria	and	constraints.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?
Thanks	for	your	feedback!	Apply	a	broad	range	of	making	skills	to	their	design	process.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Use	various	approaches	to	communicate	processes	and	procedures	for	using,	maintaining,	and	assessing	technological	products	and	systems.
(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Develop	a	plan	that	incorporates	knowledge	from	science,	mathematics,	and	other	disciplines	to	design	or	improve	a	technological	product	or	system.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this
alignment?	Thanks	for	your	feedback!	Apply	appropriate	methods	to	diagnose,	adjust,	and	repair	systems	to	ensure	precise,	safe,	and	proper	functionality.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	calculate	a	resultant	force;	(Grades	11	-	12)	More	Details	View	aligned
curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	apply	the	concept	of	equilibrium	to	force	calculations;	(Grades	11	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	calculate	a	force	using	a	free-body	diagram;	(Grades	11	-	12)	More	Details	View	aligned	curriculum	Do	you
agree	with	this	alignment?	Thanks	for	your	feedback!	calculate	the	magnitude	of	force	applied	to	a	rotational	system;	(Grades	11	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	apply	the	moment	equilibrium	equation	to	force	calculations;	(Grades	11	-	12)	More	Details	View	aligned	curriculum
Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	calculate	forces	in	truss	using	a	six-step	problem-solving	method;	(Grades	11	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	apply	trigonometric	ratios,	including	sine,	cosine,	and	tangent,	to	spatial	problems;	and	(Grades	11	-	12)
More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	illustrate	and	calculate	all	forces	acting	upon	a	given	body;	(Grades	11	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	define	and	calculate	static	equilibrium;	(Grades	11	-	12)	More	Details	View
aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	differentiate	between	scalar	and	vector	quantities;	(Grades	11	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	identify	magnitude,	direction,	and	sense	of	a	vector;	(Grades	11	-	12)	More	Details	View	aligned
curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	calculate	the	X	and	Y	components	given	a	vector;	(Grades	11	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	calculate	moment	forces	given	a	specified	axis;	(Grades	11	-	12)	More	Details	View	aligned	curriculum	Do	you
agree	with	this	alignment?	Thanks	for	your	feedback!	calculate	unknown	forces	using	equations	of	equilibrium;	and	(Grades	11	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	calculate	external	and	internal	forces	in	a	statically	determinate	truss	using	translational	and	rotational	equilibrium
equations.	(Grades	11	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	apply	mathematics	to	problems	arising	in	everyday	life,	society,	and	the	workplace;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	use	a	problem-solving
model	that	incorporates	analyzing	given	information,	formulating	a	plan	or	strategy,	determining	a	solution,	justifying	the	solution,	and	evaluating	the	problem-solving	process	and	the	reasonableness	of	the	solution;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	select	tools,
including	real	objects,	manipulatives,	paper	and	pencil,	and	technology	as	appropriate,	and	techniques,	including	mental	math,	estimation,	and	number	sense	as	appropriate,	to	solve	problems;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	communicate	mathematical	ideas,
reasoning,	and	their	implications	using	multiple	representations,	including	symbols,	diagrams,	graphs,	and	language	as	appropriate;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	solve	systems	of	three	linear	equations	in	three	variables	by	using	Gaussian	elimination,	technology
with	matrices,	and	substitution;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	determine	the	values	of	the	trigonometric	functions	at	the	special	angles	and	relate	them	in	mathematical	and	real-world	problems.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree
with	this	alignment?	Thanks	for	your	feedback!	determine	the	value	of	trigonometric	ratios	of	angles	and	solve	problems	involving	trigonometric	ratios	in	mathematical	and	real-world	problems;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	use	trigonometry	in	mathematical	and
real-world	problems,	including	directional	bearing;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	use	vectors	to	model	situations	involving	magnitude	and	direction;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!
apply	mathematics	to	problems	arising	in	everyday	life,	society,	and	the	workplace;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	use	a	problem-solving	model	that	incorporates	analyzing	given	information,	formulating	a	plan	or	strategy,	determining	a	solution,	justifying	the
solution,	and	evaluating	the	problem-solving	process	and	the	reasonableness	of	the	solution;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	create	and	use	representations	to	organize,	record,	and	communicate	mathematical	ideas;	(Grades	9	-	12)	More	Details	View	aligned
curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	analyze	mathematical	relationships	to	connect	and	communicate	mathematical	ideas;	and	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	display,	explain,	or	justify	mathematical	ideas	and	arguments	using
precise	mathematical	language	in	written	or	oral	communication.	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	express	and	manipulate	relationships	among	physical	variables	quantitatively,	including	the	use	of	graphs,	charts,	and	equations.	(Grades	9	-	12)	More	Details	View
aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	express	and	interpret	relationships	symbolically	in	accordance	with	accepted	theories	to	make	predictions	and	solve	problems	mathematically,	including	problems	requiring	proportional	reasoning	and	graphical	vector	addition.	(Grades	9	-	12)	More	Details	View	aligned
curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	calculate	the	effect	of	forces	on	objects,	including	the	law	of	inertia,	the	relationship	between	force	and	acceleration,	and	the	nature	of	force	pairs	between	objects;	(Grades	9	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your
feedback!	Suggest	an	alignment	not	listed	above	Start	class	with	this	question:	What	is	the	most	efficient	path	to	move	to	one	point	to	another	point,	and	why?	(Expected	answer:	a	straight	line,	because	it	is	the	shortest,	the	fastest,	or	easiest	distance).Figure	1.	Desire	paths	are	the	result	of	the	natural	human	instinct	to	find	the	shortest	way	between
two	points.(Show	students	Figure	1.)	Common	sense	indicates	that	the	straight	line	is	the	most	efficient	pathway,	something	that	is	verified	by	the	existence	of	many	desired	paths	people	create	walking	to	avoid	a	longer	way.	(Show	Figure	2.)	The	straight	path	is	not	always	the	easiest	way	to	move,	you	can	have	a	river,	or	a	ravine	between	the	two
points.	What	do	you	have	to	do	if	you	still	want	to	move	straightaway?Figure	2.	Even	though	the	straight	path	is	the	most	efficient	way	to	move	from	one	point	to	another,	in	many	situations	this	path	may	be	very	difficult	or	impossible	to	follow.	The	solution	is	to	build	something	across	the	obstacle:	a	bridge.Bridges	are	important	structures	in	the
modern	world.	They	allow	the	safe	and	quick	passage	over	rivers,	creeks,	ravines,	roads,	or	across	any	other	obstacle.	Bridges	can	be	constructed	of	different	materials	and	sizes,	and	some	of	them	are	incredible	achievements	of	human	resourcefulness.	(Show	students	Figure	3.)Figure	3.	Bixby	Creek	Bridge,	Big	Sur,	Central	Coast	of	California.	It	has
a	length	of	714	feet	(218	m),	24	feet	(7.3	m)	wide,	260	feet	(79	m)	above	the	creek	bed	below,	and	had	a	main	span	of	360	feet	(110	m).	When	it	was	completed	on	October	15,	1932,	it	was	the	largest	arched	highway	structure	in	the	Western	states.One	critical	step	in	a	bridge	design	process	of	is	to	determine	if	the	proposed	structure	will	be	strong
enough	to	withstand	heavy	traffic,	strong	winds	or	earthquakes.	Civil	engineers	must	perform	precise	calculations	and	select	the	proper	materials	and	sizes	for	every	bridge	part.	A	mistake	in	these	estimations	may	lead	to	fatal	accidents	(Figure	4).You	will	work	like	civil	engineers	performing	the	basic	calculations	for	a	very	simple	bridge	structure.
But	even	though	you	will	solve	for	a	very	simple	structure,	the	same	procedure	is	used	for	more	complex	structures.	Therefore,	by	understanding	the	simple	cases	you	will	be	able	to	understand	and	solve	more	complex	cases.This	lesson	will	give	you	the	background	for	your	next	job:	the	design,	construction,	and	test	of	a	wooden	truss	bridge	(see	the
associated	activity	Trust	in	the	Truss:	Design	a	Wooden	Truss	Bridge).	You	will	also	use	math	and	technology	to	estimate	the	tensions-compressions	on	the	truss	elements,	as	well	as	the	maximum	strength	of	this	bridge	based	on	the	wood	and	the	thickness	selected	to	build	it.	You	will	finish	up	by	performing	a	strength	test	of	your	bridge.	Your	bridge
must	be	able	to	support	at	least	90%	of	the	estimated	maximum	strength.Figure	4.	A	pedestrian	bridge	on	the	Florida	International	University	(FIU)	campus	collapsed	in	2018,	causing	multiple	deaths.	The	bridge	had	not	yet	been	opened	to	the	public,	but	it	fell	onto	pedestrians	and	cars	that	were	traveling	on	the	multi-lane	highway	underneath	This
challenging	lesson	is	originally	designed	as	an	application	of	right	triangle	trigonometry	and	is	directed	to	pre-calculus	or	trigonometry	students.	This	section	is	divided	into	three	parts.	Parts	1	and	3	are	core	of	this	lesson,	and	the	see	the	associated	activity	Trust	in	the	Truss:	Design	a	Wooden	Truss	Bridge	and	have	to	be	taught	during	class.	Teacher
may	or	may	not	teach	Part	2,	depending	on	the	students	background.	The	Notetaking	Sheet	will	help	students	follow	along	and	easily	annotate	all	of	the	explanations.	There	are	also	some	video	tutorials	available	(see	Additional	Multimedia	Support	below)	that	the	teacher	can	assign	to	students	to	provide	background	or	to	reinforce	the	concepts	in	the
lesson.1.	Truss	BridgesWe	are	going	to	focus	on	a	specific	class	of	bridges:	truss	bridges.	In	civil	engineering,	a	truss	is	a	regular	structure	built	with	straight	members	with	end	point	connections.	No	member	is	continuous	through	a	joint.	The	straight	elements	usually	form	triangular	units,	because	this	is	the	most	stable	structure	in	this	type	of
bridge.Truss	bridges	were	widely	used	in	the	19th	century,	because	of	their	relative	low	cost	and	efficient	use	of	materials.	The	truss	design	uses	only	tension	and	compression	elements,	which	makes	this	structure	strong	and	allows	for	simple	analysis	of	forces	on	its	structure.Engineers	have	designed	different	kinds	of	truss	bridges	while	searching
for	the	optimal	combination	of	strength,	weight,	span,	and	cost.	(See	Figure	5.)Figure	5.	A	pure	truss	can	be	represented	as	a	pin-jointed	structure,	where	the	only	forces	on	the	truss	members	are	tension	or	compression,	and	not	bending.	Engineers	have	created	different	kind	of	trusses	that	optimize	span,	weight,	and	strength	This	lesson	and	its
associated	activity	will	focus	on	four	truss	bridges:	the	Warren,	the	Warren	with	verticals,	the	Pratt,	and	the	Howe	(Figure	6).Warren	Truss.	A	design	distinguished	by	equal-sized	components	and	the	ability	of	some	of	the	diagonals	to	act	in	both	tension	and	compression.	The	type	is	generally	characterized	by	thick,	prominent,	diagonal	members,
although	verticals	could	be	added	for	increased	stiffness.	This	design	was	patented	by	the	British	engineer	James	Warren	in	1848.Warren	truss	bridges	gained	popularity	in	the	United	States	after	1900	as	American	engineers	began	to	see	the	structural	advantages	of	riveted	or	bolted	connections	over	those	that	were	pinned.	The	design	was	well
suited	to	a	variety	of	highway	bridge	applications	and	was	very	popular	from	about	1900	to	1930.Pratt	Truss.	In	this	truss,	its	elements	are	arranged	in	right	triangles.	The	United	States	railroad	expansion	in	the	19th	century	required	strong,	dependable	bridges	to	carry	trains	over	ravines	and	rivers.	In	1844,	Caleb	and	Thomas	Pratt	developed	a
bridge	that	was	built	initially	with	wood	and	diagonal	iron	rods.	Later,	the	bridge	was	built	entirely	of	iron.	This	bridge	had	the	advantage	of	low-cost	construction,	and	could	also	be	quickly	erected	by	semi-skilled	labor.	This	design	became	the	standard	American	truss	bridge	for	moderate	spans	from	7.62	meters	(~25	feet)	to	45.72	meters	(~150
feet),	well	into	the	20th	century.Howe	Truss.	Similar	to	the	Pratt	truss,	elements	of	the	Howe	truss	are	also	arranged	in	right	triangles,	but	with	different	orientation.	Designed	by	William	Howe	in	1840,	it	used	mostly	wood	in	construction	and	was	suitable	for	longer	spans	than	the	Pratt	truss.	Therefore,	it	became	very	popular	and	was	considered	one
of	the	best	designs	for	railroad	bridges	back	in	the	day.	The	diagonal	structural	beams	slope	toward	the	bridge	center,	while	Pratt	truss	utilizes	diagonal	beams	that	slope	outward	from	the	center	of	the	bridge.	This	approach	makes	diagonal	members	of	Howe	truss	bridge	in	compression,	while	vertical	web	members	are	in	tension.Figure	6.	Diagrams
of	four	types	of	truss	engineering.2.	Analysis	of	Forces.	Basic	ConceptsIn	physics,	a	force	is	any	action	that	tends	to	maintain	or	alter	the	motion	of	a	body	or	to	distort	it.	When	a	bridge	is	loaded	it	is	expected	to	be	still,	so	all	the	forces	applied	on	the	bridge	have	to	be	absorbed	by	its	structure.	In	other	words,	all	forces	are	in	equilibrium.In	a	truss,	it
is	assumed	that	the	forces	along	the	elements	converge	at	the	nodes	of	the	structure.	This	fact	allows	us	to	use	a	free	body	diagram	to	find	the	acting	forces	values.By	definition,	a	free	body	diagram	(FBD)	is	a	representation	of	an	object	with	all	the	forces	that	act	on	it.	The	external	environment,	as	well	as	the	forces	that	the	object	exerts	on	other
objects,	are	omitted	in	a	FBD.	This	allow	us	to	analyze	an	object	in	isolation.A	FBD	can	be	constructed	in	three	simple	steps:	first,	sketchwhat	is	happening	on	the	body;	second,	identifythe	forces	that	act	on	the	object;	and	third,	represent	the	object	as	a	point	with	the	forces	as	arrows	pointing	in	their	acting	direction:	with	an	origin	at	the	point
representing	the	object,	with	a	size	proportional	to	their	magnitude	and	a	label	indicating	the	force	type.	Figure	7	shows	the	FBD	for	a	spherical	object	rolling	on	an	incline.Figure	7.	The	forces	acting	on	a	spherical	body	freely	rolling	on	an	incline	are	the	bodys	weight,	and	the	contact	friction	force.	The	FBD	represents	these	forces.	The	bodys	weight
is	split	in	two	components,	one	parallel	to	the	incline	and	the	other	perpendicular	to	this.	A	coordinate	system	is	also	drawn	centered	at	the	point	and	aligned	with	the	incline,	and	this	make	the	forces	analysis	simple.When	all	the	forces	that	act	upon	an	object	are	balanced,	then	the	object	is	said	to	be	in	state	of	equilibrium.	This	does	not	mean	that
the	forces	are	equal,	but	that	the	sum	of	all	forces	add	up	to	zero.	FBDs	are	used	to	decompose	forces	into	their	vertical	(x)	and	horizontal	(y)	components;	then	the	state	of	equilibrium	can	be	stated	as	the	sum	of	all	these	vertical	and	horizontal	components	equal	to	zero.Using	the	sigma	notation	to	represent	sum,	the	equilibrium	conditions	can	be
mathematically	written	as:Fx	=	0	Fy	=	0	(1)where	Fx	represents	all	the	forces	components	along	the	x-axis	(horizontal),	and	Fy	all	the	components	along	the	y-axis	(vertical).	These	components	are	determined	using	the	magnitude	of	the	force,	and	the	value	of	the	sine	or	cosine	of	the	angle	the	force	make	with	the	horizontal.	These	components	will
have	a	(+)	sign	when	pointing	in	the	positive	direction	of	the	axis,	or	(-)	sign	when	pointing	in	the	negative	direction	of	the	axis.Next	is	an	example	(included	in	the	Notetaking	Sheet)	you	can	use	with	students	about	how	set	up	a	FBD	to	obtain	equilibrium	equations.	Some	forces	T	and	S	and	W	are	acting	on	a	weight	suspended	from	the	ceiling	by	two
ropes	(Figure	8(a)).	The	FBD	for	this	situation	is	shown	in	Figure	8(b).Figure	8.	(a)	A	weight	suspended	from	the	ceiling	by	two	ropes	at	different	angles.	(b)	FBD	representing	the	forces	acting	on	a	body,	depicted	as	a	dot.	FBD	also	specifies	the	angle	the	forces	make	respect	the	x-	axis.	(c)	The	force	T	components	along	the	coordinate	axis	can	be
found	multiplying	the	T-force	magnitude	times	the	trigonometric	ratios	for	the	angle	the	T-force	makes	with	the	x-axis.	(c)	The	force	S	components	along	the	coordinate	axis	can	be	found	multiplying	the	S-force	magnitude	times	the	trigonometric	ratios	for	the	angle	the	S-force	makes	with	the	x-axis.	Forces	T	and	S	make	horizontal	angles	of	60	and	40
respectively.	Force	W	works	along	the	vertical	axis.	What	should	be	the	values	for	forces	T	and	S	to	keep	the	systems	static	when	W	=	10	N?Tx	=	Tcos60	Ty	=	Tsin60	(2)The	equilibrium	conditions	(1)	requires	that	all	the	forces	x-components	and	y-components	add	up	to	zero.	The	T-force	components	(Tx,	Ty)	can	be	found	using	the	trigonometric
ratios	sine	and	cosine	of	the	60	angle,	because	the	force	makes	a	right	triangle	with	these	axes	(Figure	8(c)):Sx	=	Scos40	Sy	=	Ssin40	(3)The	S-force	components	(Sx,	Sy)	can	be	found	in	a	similar	way	(Figure	8(d)):The	W-force	only	has	a	y-component:	Wx	=	0	,	Wy	=	W.	Adding	up	the	x-components	and	the	y-components	of	the	forces	in	equations	(2)
and	(3),	and	making	these	additions	equal	to	zero,	we	obtain	the	equilibrium	equations	for	this	problem:Fx	=	Tx	+	Sx	=	Tcos60	-	Scos40	=	0	(4)Fy	=	Ty	+	Sy	+	W	=	Tsin60	+	Ssin40	-	Wy	=	0	(5)where	the	minus	signs	in	equations	(4)	and	(5)	are	assigned	because	these	components	are	pointing	to	the	negative	direction	of	the	axis.	Using	now	the	given
value	for	W	=	10	N,	and	taking	cos60	=	0.5,	sin60	=	0.866,	cos40	=0.766,	and	sin40	=	0.643,	equations	(4)	and	(5)	can	be	used	to	determine	the	values	for	T	and	S	to	keep	the	system	in	equilibrium:	0.5	T	-	0.766	S	=	0	(6)	0.866	T	+	0.643	S	-	10	=	0	(7)The	system	of	linear	equations	(6)-(7)	can	be	easily	solved.	Using	the	substitution	method,	we	can
solve	for	T	in	equation	(6)T	=	1.532	Sand	substituting	this	expression	for	T	in	equation	(7),	is	possible	to	find	a	value	for	S:0.866	(1.532	S)	+	0.643	S	-	10	=	0	S	=	5.077	NUsing	the	found	value	for	S,	is	now	possible	top	find	the	value	for	T:T	=	1.532	(5.77)	=	7.778	N3.	The	Joints	MethodNote	to	Teacher:	In	this	section,	a	step-by-step	example	of	the
simplest	method	used	in	civil	engineering	to	solve	for	the	unknown	forces	acting	on	members	of	a	truss	is	presented.	The	bridge	structure	will	be	the	smallest	and	simplest	possible:	The	Warren	truss	with	three	equilateral	triangles	(Figure	9).	Larger	structures,	or	different	like	Pratt	or	Howe,	are	solved	in	the	same	way.	Use	the	Notetaking	Sheet	to
help	students	to	follow	you	during	this	long	process.Figure	9.	Warren	truss	made	up	with	equilateral	triangles	4	inches	side,	to	be	solved	using	the	Joints	Method.	This	method	will	produce	a	system	of	linear	equations	whose	solutions	will	be	the	tensions	and	compressions	on	the	truss	elements.The	joints	method	determine	forces	at	the	truss	joints	or
nodes	using	FBDs.	The	general	assumptions	to	apply	this	method	are:(a).	All	truss	elements	are	considered	rigid,	they	never	bend.(b).	A	force	applied	to	the	truss	structure	will	only	produce	compression	or	tension	on	the	elements.(c).	Tension	-	compression	forces	directions	are	parallel	to	the	elements.(d).	Any	force	on	a	truss	element	is	transmitted
to	its	ends.(e).	A	truss	structure	in	equilibrium	means	that	every	joint	or	node	is	at	equilibrium.(f).	Once	determined	the	value	of	a	tension	or	compression	force	at	one	of	the	ends	of	an	element,	the	complementary	force	at	the	other	end	of	the	element	will	be	equal	but	in	opposite	direction.	(equilibrium	condition).In	this	specific	example	(Figure	9)	it	is
assumed	that:(g).	Vertical	and	equal	downward	forces	of	10	lbf	are	applied	on	the	top	nodes	(nodes	2	and	4),	and	at	the	central	node	(node	3).(h).	The	bridge	stands	only	at	its	end	bottom	nodes	(nodes	1	and	5).(i).	The	equilateral	triangles	are	4	inches	side.Step	1.	Identify	the	corresponding	forces	acting	on	each	of	the	truss	elements.It	is	convenient	to
identify	the	forces	on	the	truss	elements	making	reference	to	the	corresponding	end	nodes.	For	example,	the	force	acting	on	the	element	joining	nodes	1	and	2,	is	denoted	F12,	(Figure	10),	and	the	force	acting	on	element	between	nodes	4	and	3	is	denoted	F43.	The	vertical	forces	acting	on	nodes	2,	3,	and	4,	are	denoted	as	F2,	F3,	and	F4.Figure	10.
The	force	acting	on	the	element	joining	the	nodes	i	and	j,	will	be	denoted	F_ij.	So	the	force	acting	on	the	element	between	nodes	3	and	5	will	be	F_35,	and	the	force	on	the	element	between	nodes	3	and	2	will	be	F_32To	simplify	a	little	the	big	number	of	variables	generated,	assumption	(f)	is	applied.	For	example,	because	the	element	between	nodes	1
and	3	is	in	equilibrium,	then	the	magnitude	of	the	force	F13	has	to	be	the	same	as	the	magnitude	of	the	force	F31.	So,	replacing	force	Fji	by	Fij	the	number	of	variables	is	reduced	by	half	(Figure	11).Figure	11.	Because	the	element	joining	the	nodes	i	and	j,	is	in	equilibrium,	the	forces	acting	at	the	ends	of	this	element	must	be	equal	in	magnitude	but
opposite.	This	means	that	the	force	F_ji	can	be	replaced	by	the	force	F_ij.	This	assumption	reduce	the	number	of	variables	to	work	with	in	half.Step	2.	Find	the	value	of	reaction	forces	on	the	end	bottom	of	the	truss	(nodes	1	and	5)Reactions	are	forces	developed	at	the	supports	of	a	structure,	to	keep	the	structure	in	equilibrium.	To	find	the	reaction
forces	on	the	truss	it	is	required	to	calculate	the	moments	all	the	forces	applied	on	the	truss	can	produce,	respect	to	every	of	the	end	bottom	nodes.By	definition,	the	moment	of	a	force	is	the	product	of	the	distance	from	the	point	to	the	point	of	application	of	the	force	and	the	component	of	the	force	perpendicular	to	the	line	of	the	distance:M	=	FdThe
moment	of	a	force	M	quantifies	the	turning	effect	or	rotation	the	force	can	produce.	In	the	case	of	a	structure	in	equilibrium,	the	moment	of	all	the	forces	applied	has	to	be	zero.In	this	example	(Figure	12),	forces	F1,	F2	and	F3,	tend	to	rotate	the	truss	clockwise	respect	to	node	1,	but	the	reaction	force	R5	on	node	5	cancels	this	effect	(Figure	12a),
keeping	the	truss	in	equilibrium.	This	equilibrium	condition	is	expressed	mathematically	as	the	sum	of	the	moments	of	all	forces	and	reactions	equal	to	zero:M1	=	F1	x1	=	0	(8)	=	R1	0	F2	2	-	F3	4-F4	6	+	R5	8	=	0where	the	minus	signs	indicate	that	the	forces	point	in	the	negative	direction.Figure	12.	Forces	applied	on	a	rigid	body	certain	distance
away	of	a	potential	rotation	point,	tend	to	produce	a	rotation	of	the	body	around	this	point.	These	forces	also	tend	to	rotate	the	truss	counter	clockwise	respect	node	5,	but	the	reaction	force	R1	on	node	1	cancels	this	effect	(Figure	12b).	This	equilibrium	condition	can	be	also	expressed	as:M5	=	F1	x1=	0	(9)	=R1	8	F26	-F3	4-F42	+R5	0	=	0For	this
example,	given	F1	=	F2	=	F3	=	10	lbf,	the	value	of	reaction	R5	can	be	found	solving	equation	(8):=	R1	0	10	2	-	10	4-	10	6	+	R5	8	=	0-120	+R5	8	=	0R5=	15	lbfand	the	value	of	reaction	R1	can	be	found	solving	equation	(9):=R1	8	10	6	-	10	4-	10	2	+R50	=	0R1	8	-	120	=	0R1	=	15	lbfStep	3.	Analysis	of	Forces	on	Nodes	using	FBD	and	the	equilibrium
conditions	Fy	=	0	and	Fx	=	0.Figure	13.	Free	Body	Diagrams	(FBD)	for	the	analysis	of	forces	at	truss	nodes.	These	FBDs	show	the	components	along	the	vertical	and	horizontal	axis	necessary	for	the	equilibrium	conditions	Putting	together	equations	(10)-(19)	we	can	see	that	we	have	obtained	a	system	of	linear	equations:	ten	equations	with	seven
variables.	The	solution	of	this	system	will	give	the	values	of	the	tension	-	compression	forces	on	the	truss	elements	because	the	10	lbfloads.For	those	experienced	solving	systems	of	linear	equations,	is	going	to	be	odd	to	have	an	overdetermined	system	for	a	truss	structure	(more	equations	than	variables).	However,	we	know	from	Algebra	that	even
though	most	of	the	times	an	overdetermined	system	of	equations	has	no	solution,	there	are	overdetermined	systems	of	equations	that	have	a	solution.	This	is	the	case	for	this	example.In	structural	analysis,	a	truss	is	statically	determinate	when	all	the	forces	on	its	elements	can	be	found	by	equations	of	statics	alone.	This	is	what	we	have	in	this
example.	In	Step	4	we	can	verify	that	our	system	has	a	solution.Step	4.	Solve	the	System	of	Equations.	Identify	the	obtained	forces	as	Compressions	(-)	or	Tensions	(+)Note	to	teacher:	Continue	using	the	Notetaking	Sheet	to	help	students	to	follow	you	during	this	long	process.	Is	recommended	to	model	how	to	the	first	four	or	five	equations	and	then
ask	students	to	work	in	small	groups	to	obtain	the	solutions	for	the	rest	of	the	equations.In	this	example,	the	substitution	method	is	going	to	be	used.	The	variables	to	solve	are:	F12,	F13,	F23,	F24,	F34,	F35,	and	F45.	F1,	F2,	F3,	R1	and	R5	are	known	constants:	F1	=	F2	=	F3	=	10	lbf,	and	R1	=	R5	=	15	lbf.It	is	simple	to	verify	that	the	obtained	values
for	F34,	F35	and	F45	satisfy	equations	(17),	(18),	and	(19):Step	5.	Create	the	Matrix	for	the	above	System	of	EquationsNote:	This	simple	concept	is	important	in	the	computer	graphic	interface	explained	in	Step	6.	Continue	using	the	Notetaking	Sheet.	Guide	students	to	obtain	the	associated	matrix	for	the	system	of	equations	(10)-(19):Step	6.
Spreadsheets	to	Calculate	TrussesThe	procedure	shown	in	Steps	1	-	5	is	also	used	to	solve	other	type	of	trusses,	larger	trusses,	isosceles	triangles	or	right	triangles	trusses,	or	when	different	loads	are	applied	on	the	nodes.	However,	a	larger	truss	will	produce	a	larger	system	of	equations,	which	it	will	be	more	difficult	to	solve	by	hand.	For	example,	a
Warren	truss	with	nine	equilateral	triangles	will	produce	a	19	x	22	system	of	linear	equations.	Also,	every	change	in	the	triangles	angles	or	in	the	loads	values	will	require	to	perform	all	the	calculations	again.Because	the	procedure	is	always	the	same,	no	matter	the	truss	type	or	the	number	of	elements,	it	is	possible	to	use	Excel	or	Google	Sheets	and
create	a	graphical	interface	to	perform	all	these	calculations	automatically,	giving	the	loads	and	the	elements	angles	as	entry	values.Note	to	teacher:	It	is	not	in	the	scope	of	this	lesson	that	students	write	themselves	such	interface.	But	for	those	advanced	or	curious,	the	procedure	used	to	write	this	interface	is	detailed	in	the	Annex.Figure	14.
Computer	Graphic	Interface	created	in	Google	Sheets	to	find	the	tensions-compressions	in	a	Warren	truss.	Calculations	are	performed	automatically	once	the	loads	on	the	nodes	are	typed	in,	and	the	material	and	thickness	of	the	truss	elements	are	chosenThis	section	summarizes	how	to	use	a	very	friendly	computation	interface	developed	by	the
author	in	Google	Sheets.	This	graphic	interface:Calculates	the	tensions-compressions	for	the	Warren	truss,	Warren	with	Vertical	truss,	Pratt	truss,	and	Howe	truss.Estimates	maximum	strength	of	the	trusses	considering	the	kind	of	wood	used	and	elements	thickness.Gives	solutions	when	the	truss	is	supported	only	on	its	bottom	end	nodes,	the	truss
diagonal	elements	are	round	or	square,	and	the	truss	rails	are	square.Figure	15.	The	graphic	interface	worksheet	has	specific	cells	to	type	values,	and	sections	that	perform	the	operations	and	display	the	results.Visit	this	Trusses	Calculations	webpage	for	more	information.In	this	web	page	there	are	four	interfaces	(Figure	14(a))	corresponding	to	the
four	different	trusses.	Truss	size	is	defined	here	by	the	number	of	triangles	in	the	truss.	The	following	table	summarizes	truss	types	and	sizes:Truss	Types	Size	(No.	of	triangles)Warren3,	5,	7,	9,	11	(equilateral-isosceles)Warren	w/	Verticals3,	5,	7,	9,	11	(equilateral-isosceles)Pratt6,	10,	14,	18	(right	triangles)Howe6,	10,	14,	18	(right	triangles)To
activate	an	interface	on	a	PC,	laptop,	or	tablet,	click	on	the	gray	square	at	the	right	top	of	the	window.	(Figure	14(a));	click	on	the	window	when	using	a	cellphone.	(Note:	these	sheets	are	open	to	the	public	for	distribution	and	to	copy;	the	master	will	always	remain	locked.)Once	the	spreadsheet	is	active,	you	can	see	its	different	sections	(Figure
14(b)):A	truss	diagram	with	entries	for	the	loads	on	each	node.Two	entries	for	the	truss	elements	length	and	angle	respect	the	horizontal.Cells	to	select	the	truss	elements	thickness	and	kind	of	wood	they	are	made	of.Section	displaying	the	calculated	truss	elements	tensions-compressionsThe	operational	section:	matrix	associated	to	the	system	of
linear	equations	obtained	from	the	FBDs,	the	inverse	matrix,	and	the	solutions	of	the	system	of	equations.Students	only	have	to	input	values	in	the	cells	in	sections	(1)	and	(2),	select	round	or	square	diagonals	(3),	and	select	the	elements	wood	type	and	thickness	in	the	cells	in	section	(4)	(Figure	15).	Sections	(5)	and	(6),	or	other	cells	do	not	have	to	be
altered.	The	tension-compression	on	the	truss	elements	are	automatically	calculated	once	values	in	sections	(1),	(2),	(3)	or	(4)	are	entered.Next	is	suggested	a	guided	practice	to	teach	students	the	efficient	use	of	these	interfaces.Important:	Before	this	practice,	reset	the	values	in	the	Warren	truss	in	the	third	sheet:	5	in	the	loads,	5	in	the	triangles
base	length,	select	round	diagonals,	and	hardwood	+	1/8	in	the	Diagonals	entries,	and	also	Hardwood	+	1/8	in	the	Rails	entries.	There	is	a	hardcopy	of	these	instructions	in	the	Notetaking	Sheet,	make	enough	copies	for	students.	You	will	also	need	to	be	familiar	with	how	to	access	and	work	with	Google	Drive	and	Google	Sheets	with	a	cellphone	or
computer.	Use	projections	of	these	notes	to	support	the	practice	steps.Tell	students:	Because	it	is	required	in	the	associated	activity	to	estimate	the	strength	of	the	bridge	to	build,	and	this	bridge	is	going	to	be	larger	than	the	one	solved	here,	the	number	of	nodes	is	going	to	increase,	so	the	resulting	system	of	equations	will	be	larger,	and	the	time	to
solve	will	be	longer.	For	example,	the	analysis	of	a	Warren	truss	with	11	equilateral	triangles	will	produce	a	linear	system	with	26	equations	and	23	variables!But	there	is	more.	Any	change	in	the	loads	values,	or	truss	angles,	will	require	to	repeat	all	the	analysis	again.	Repeating	by	hand	the	same	process,	even	after	the	simplest	change,	is	not	really
efficient.You	are	going	to	learn	how	to	use	a	graphic	interface	to	easily	perform	all	this	calculations.	You	should	have	a	basic	knowledge	of	Google	Sheets	or	Excel,	a	Google	Drive	account,	and	your	cellphone	or	a	computer	with	internet	access.These	interfaces	are	very	easy	to	use.	You	have	in	your	notes	a	hardcopy	of	these	instructions	in	your	notes
for	quick	reference.First	you	have	to	open	the	webpage	where	these	interfaces	are	located.	Open	Google	Chrome	in	your	cellphones	or	on	the	computer	and	type	the	next	address:	this	page	select	the	Warren	Truss	interface.	Click	on	this	window	to	open	the	interface,	and	click	on	the	Open	button	at	the	top	of	the	document.	(You	will	be	required	to
use	your	Google	account	here.)	Once	the	worksheet	is	open	you	con	scroll	this	and	identify	the	different	parts	of	the	graphic	interface	(Show	to	students	Figure	15).You	can	easily	see	the	cells	where	you	can	input	information.	Do	not	type	anything	yet.	Because	this	document	is	shared	to	every	one	of	you,	so	every	change	made	by	one	of	you	is	going
to	be	displayed	in	all	other	cellphones	and	computers.	For	this	little	practice	it	is	necessary	you	work	with	your	own	copy	of	this	document.	So	create	your	own	copy	in	your	Google	Drive,	using	the	commands	Share	&	export	+	Make	a	copy,	give	a	new	name	to	the	file	and	save	it	in	your	Drive.	You	will	work	now	in	your	saved	file.Note	to	Teacher.	It	is
very	important	you	inform	students	that	even	though	the	original	file	cells	that	do	not	have	to	be	modified	are	protected,	the	copies	they	save	possibly	will	not	be	protected.	So	ask	them	to	be	very	careful	and	not	to	modify	or	erase	other	cells	but	the	indicated	in	the	practices.Your	first	assignment	is	to	use	the	interface	to	calculate	the	Warren	truss
with	three	equilateral	triangles	we	have	solved	in	class.	You	know	the	correct	solutions	for	this	problem,	so	the	interface,	if	correctly	developed,	will	give	you	the	same	answers.	Click	on	the	cells	next	to	the	truss	nodes	(show	Figure	16),	and	type	the	number	10	+	ENTER	in	each	one.	Select	now	the	cell	for	triangles	base	length	and	type	4	+	ENTER.
Verify	the	diagonals	angle	is	60.	Check	the	numbers	below	the	legend	Tensions-Compressions	on	Truss	Elements,	Are	these	the	same	as	the	previously	obtained?	(Give	some	time	to	students	to	do	this	and	then	display	the	Warren	truss	interface	with	these	values)Figure	16.	The	graphic	interface	solution	for	the	problem	solved	step-by-step	in	section
3.	The	Joints	Method.	Solutions	are	automatically	updated	after	any	change	on	the	loads	values	or	in	the	elements	angles.Once	you	verified	that	the	interface	gave	the	same	values,	you	can	use	the	interface	for	more	complex	calculations.	Your	next	assignment	is	to	overload	the	little	truss.	Change	the	10	lbf	load	on	the	central	bottom	node	(Node	3)	by
65	lbf,	and	check	the	new	tensions-compressions.	What	do	you	see	now?The	expected	answer	is:	four	cells	changed	color.	Ask	to	students	now:	What	does	this	mean?Check	in	the	color	code	table.	The	answer	is:	the	four	diagonal	elements	break	under	this	new	load.	The	next	question	to	students	is:	Assuming	you	need	a	bridge	able	to	support	this
load,	what	could	be	the	solution	to	this	problem.	The	expected	answer	is:	use	a	stronger	material.Continue	saying:	Lets	first	change	the	shape	of	the	diagonal	elements	from	round	to	square,	what	happened	now?	The	expected	answer	is:	Only	two	diagonals	are	broken	now.	Ask	students:	Why	is	this	possible?	You	only	changed	a	round	element	of	1/8
inch	dimeter	by	a	square	of	1.8	inch	side?	Draw	on	the	board	a	square	representing	1/8	inch	and	inside	a	circle	with	the	same	diameter	to	help	students	with	their	reasoning.	It	is	expected	they	see	that	the	squares	area	is	greater	than	the	circles	area,	and	therefore	it	is	a	thicker,	and	consequently,	a	stronger	element.Continue	with	the	next:	Change
the	diagonals	to	round	again,	and	go	now	to	the	cells	under	the	legend	Wood	Compressive	Strength	Truss	Elements	Strength.	Here	you	have	two	options:	Choose	a	different	wood	or	choose	a	thicker	element.	Begin	with	the	second	option,	click	on	the	Diameter	and	Side	cells	and	select	thicker	elements	than	1/8.	Select	the	next	in	size	element.
(Students	will	find	3/16	for	Diagonals,	and	Rails).	What	happened	now?	Students	should	answer	something	like:	The	thicker	element	of	3/16	inch	resists	this	new	load.Ask	students	now	to	return	Diagonals	and	Rails	thicknesses	to	1/8.	Now	ask	them	to	change	wood	to	Birch	in	both	Diagonals	and	Rails,	and	ask	students:	What	happened	now?	Students
should	answer:	Birch	is	a	stronger	wood,	1/8	inch	elements	of	this	wood	can	resist	the	load	1/8	Hardwood	elements	cannot.In	the	last	part	of	this	practice,	students	should	independently	manipulate	the	larger	trusses.	Assign	problems	from	the	last	section	of	the	Notetaking	Sheet,	four	per	student.	Here	is	the	first	problem	of	this	list:Find	the	minimum
diagonals	and	rails	thicknesses	for	a	hardwood	Warren	truss	20	inches	long,	made	up	with	nine	equilateral	triangles	that	are	able	to	resist	a	load	of	50	lbf	on	every	top	node	and	100	lbf	on	every	bottom	node	(Figure	17).Figure	17.	Students	have	to	find	the	Diagonals	and	Rails	thicknesses	such	that	a	hardwood	Warren	Truss	made	up	with	nine
equilateral	triangles	be	able	to	resist	250	lbf	at	the	top	and	400	lbf	at	the	bottomThe	next	table	contains	the	approximate	solutions	for	the	practice	problems	at	the	end	of	the	Notetaking	Sheet.	There	is	really	more	than	one	acceptable	answer	for	every	problem,	depending	on	the	wood	type	and	thickness,	or	if	round	or	square	diagonals	are	used.	The
next	table	shows	some	possible	answers	to	the	proposed	problems.A	last	remark	about	the	graphic	interfaces.	The	wood	options	in	these	worksheets	include	only	the	most	common	dowels	can	be	found	in	stores:	hardwood,	pine,	basswood,	poplar,	oak,	and	birch.During	this	assignment	move	around	the	room	and	check	students	work	and	provide	the
necessary	help	and	support.	It	is	very	important	they	understand	completely	the	use	(and	limitations)	of	these	interfaces.	bridge:	A	structure	that	is	built	over	a	railroad,	river,	or	road	so	that	people	or	vehicles	cross	from	one	side	to	the	other	in	a	safe	way.	center	of	moment:	The	actual	point	about	which	a	force	causes	rotation.	compression:	Force
that	is	transmitted	through	a	solid	when	it	is	pulled	tight	by	forces	acting	from	opposite	ends.	The	tension	force	is	directed	along	the	length	of	the	solid	and	pulls	equally	against	the	acting	forces	on	the	objects	opposite	ends.	equilibrium:	In	Physics,	the	condition	of	a	system	when	neither	its	state	of	motion	nor	its	internal	energy	state	tends	to	change
with	time.	It	is	also	defined	as	the	condition	in	which	the	total	force	acting	on	an	object	is	zero.	equilibrium	conditions:	Forty-components	of	all	the	acting	forces	be	equal	to	zero:	Fx	=	0,	Fy	=	0	force:	In	Physics,	a	force	is	any	interaction	that,	when	unopposed,	will	change	the	motion	of	an	object.	Force	can	also	be	described	intuitively	as	a	push	or	a
pull.	A	force	has	both	magnitude	and	direction,	making	it	a	vector	quantity.	When	analyzed	in	two	dimensions,	a	force	F	is	separated	in	components	along	the	x-y	axes,	using	the	forces	magnitude,	its	angle	with	the	horizontal	axis,	and	basic	right	triangle	trigonometry.	free	body	diagram:	In	Physics	and	Engineering,	a	graphical	illustration	used	to
visualize	the	applied	forces,	movements,	and	resulting	reactions	on	a	body	in	a	given	condition.	A	tool	used	to	solve	the	various	forces	acting	on	an	object.	It	is	used	to	minimize	the	complexity	of	any	problem.	linear	equation:	An	equation	between	two	variables	that	gives	a	straight	line	when	plotted	on	a	graph.	method	of	joints:	A	method	widely	used
by	civil	engineers	to	find	the	forces	acting	on	a	structure.	It	considers	that	every	portion	of	the	structure	is	in	equilibrium	and	every	joint	with	the	bars	connected	to	it	as	a	free	body.	Truss	members	are	assumed	to	be	hinged	together	at	the	joints	and	all	bars	connecting	at	the	joint	do	not	pass	through	the	joint.	Bar	forces	do	not	produce	any	moments
or	rotation	at	the	joint,	then	only	two	equations	of	statics	are	used	to	find	the	unknown	forces:	F_x	=	0,	F_y	=	0	moment	of	a	force:	In	Statics,	it	is	a	measure	of	the	tendency	of	a	force	to	cause	a	body	to	rotate	about	a	specific	point	or	axis.	The	magnitude	of	the	moment	is	defined	as	the	product	of	the	magnitude	of	the	perpendicular	force	(F),	and	the
arms	length	(d).	rigid	body:	It	is	a	solid	body	in	which	deformation	is	zero	or	so	small	that	can	be	neglected.	The	distance	between	any	two	given	points	on	a	rigid	body	remains	constant	in	time	regardless	of	external	forces	exerted	on	it.	A	rigid	body	is	usually	considered	as	a	continuous	distribution	of	mass.	sigma	notation:	A	convention	used	to	write
out	a	long	sum	in	an	abbreviated	way,	consisting	in	the	capital	letter	S	from	the	Greek	alphabet,	Sigma	(),	followed	by	an	indexed	term	representing	the	elements	or	numbers	to	add:	x_i	substitution	method:	A	sequence	of	algebraic	steps	to	solve	systems	of	equations,	that	for	a	2x2	system	with	x-y	variables	follows	the	next	way:	Step	1:	Solve	one	of
the	equations	for	either	x	=	or	y	=	.	Step	2:	Substitute	the	solution	from	step	1	into	the	other	equation.	Step	3:	Solve	this	new	equation.	Step	4:	Solve	for	the	second	variable	in	the	first	equation,	using	the	value	obtained	in	step	3	system	of	equations:	A	collection	of	two	or	more	equations	with	a	same	set	of	unknowns.	The	equations	in	the	system	may
be	linear	or	non-linear.	tension:	It	is	the	force	that	is	transmitted	through	a	solid	when	it	is	pulled	tight	by	forces	F	acting	from	opposite	ends.	The	tension	force	is	directed	along	the	length	of	the	solid	and	pulls	equally	against	the	acting	forces	on	the	objects	opposite	ends.	truss:	A	regular	structure	or	frame	built	with	straight	members	with	end	point
connections	and	forces	that	act	only	at	these	end	points.	No	member	is	continuous	through	a	joint.	truss	bridge:	A	bridge	whose	load-bearing	superstructure	is	composed	of	a	truss,	a	structure	of	connected	elements	usually	forming	triangular	units.	The	connected	elements	(typically	straight)	may	be	stressed	from	tension,	compression,	or	sometimes
both	in	response	to	dynamic	loads.	Benson,	Harris:	University	Physics.	Revised	Edition.	Chapter	2	Vectors.	John	Wiley	&	Sons.	1996	Learn	Civil	Engineering.	Structure	Engineer	Section	Review	/	AM	Section.	Mechanics	of	Materials-Tension	and	Compression.	Mr.	Waynes	Classroom.	Free	Body	Diagrams.	The	Basics.	NCDOT	North	Carolina
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Release.	November	29,	2018	Last	modified:	June	13,	2025	Share	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	You
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No	additional	restrictions	You	may	not	apply	legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The
license	may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	AdvantagesExtremely	strong.	The	structure	of	interconnecting	triangles	means	that	the	load-bearing	capacity	of	truss	bridges	is	huge.	Uses	materials	effectively.
Withstands	extreme	conditions.	Roadways	built	on	to	the	structure.	Requires	a	lot	of	space.	High	maintenance	costs.	How	good	is	your	engineer?	Theyre	heavy.What	are	some	strengths	of	a	truss	bridge?Advantages	of	Steel	Truss	BridgesStrong	load-bearing	capacity.Effective	use	of	materials.Affordable	to	construct.Versatile	and	adaptable
design.Professional	bridge	engineering.What	are	some	disadvantages	of	a	truss	bridge?List	of	the	Cons	of	Truss	BridgesTruss	bridges	can	sometimes	become	structurally	unsound	quickly.	Truss	bridges	require	perfect	construction	to	be	useful.	Truss	bridges	tend	to	create	a	substantial	outcome.	Truss	bridges	have	a	lower	weight	tolerance	than	other
designs.Are	truss	bridges	strong?Truss	bridges	are	extremely	effective	because	they	have	a	high	strength	to	weight	ratio.	In	this	experiment	we	have	tested	which	type	of	truss	bridge	is	the	strongest,	yet	uses	the	least	amount	of	material.	Two	of	the	most	used	truss	bridges	are	of	the	Pratt	and	Howe	design.What	makes	a	truss	strong?Trusses	are
physically	stronger	than	other	ways	of	arranging	structural	elements,	because	nearly	every	material	can	resist	a	much	larger	load	in	tension	or	compression	than	in	shear,	bending,	torsion,	or	other	kinds	of	force.Why	is	the	truss	bridge	so	strong?Load-bearing	capacity	of	truss	bridges	is	huge	due	to	the	structure	of	interconnecting	triangles.	The
structure	effectively	manages	both	compression	and	tension	by	spreading	the	load	from	the	roadway	throughout	its	intricate	structure.What	is	the	strongest	part	of	a	truss?Wood	roof	trusses	are	essentially	a	series	of	triangles,	triangles	are	considered	to	be	the	strongest	of	the	geometrical	shapes,	their	symmetry	aids	in	the	distributing	of	weight.	This
stability	is	why	the	shape	is	so	common	in	wood	roof	truss	manufacturing.What	are	the	advantages	and	disadvantages	of	a	truss	bridge?It	Takes	so	Much	Space:	One	major	advantage	of	truss	bridge	is	that	it	requires	more	space	in	building	and	sometimes	the	main	cause	of	accidents.	Heavy:	This	is	another	drawback	of	truss	bridge,	aside	from	being
heavy;	building	this	bridge	is	costly	as	well	as	requires	time	and	money	to	upkeep.	What	gives	truss	bridge	its	strength?A	truss	bridge	is	a	bridge	that	relies	on	its	cross	sections	to	provided	strength	and	the	frame	around	it.	Arch.	The	arch	bridge	gets	its	strength	from	the	arch	which	disperses	the	weight	or	load.	It	also	has	beams	like	the	truss	bridge
for	extra	strength.	It	is	stronger	then	the	truss	bridge.	Are	there	any	disadvantages	of	a	truss	bridge?List	of	the	Cons	of	Truss	Bridges.	1.	Truss	bridges	can	sometimes	become	structurally	unsound	quickly	.	The	way	that	trusses	distribute	weight	and	pressure	can	cause	premature	wear	and	tear	to	occur	when	using	this	technology	for	a	bridge.	What
kind	of	bridge	design	is	the	strongest?An	arch	bridge	is	stronger	than	a	beam	bridge,	simply	because	the	beam	has	a	weak	point	in	the	center	where	there	is	no	vertical	support	while	arches	press	the	weight	outward	toward	the	support.	



Advantages	of	a	truss	bridge.	Truss	bridge	pros	and	cons.	What	is	the	disadvantage	of	truss.	One	advantage	and	one	disadvantage	of	a	truss	bridge.
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