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Florenceville	Bridge	Bridge	in	Florenceville,	New	Brunswick,	Canada	0	0	rank	#4	The	Florenceville	Bridge	is	a	wooden	covered	bridge	combined	with	a	steel	trusses	which	crosses	the	Saint	John	River	at	Florenceville,	New	Brunswick,	Canada.	Built	in	1907,	the	46.9	metre	(154	foot)	bridge	has	one	wooden	Howe	truss	span,	four	steel	through	trusses
and	one	plate	girder	span.	The	bridge	evolved	from	a	five	span	uncovered	Burr	Truss	bridge	built	in	1885.	One	Burr	span	was	converted	to	a	covered	Howe	truss	and	in	1907	the	others	were	converted	to	steel	thru	trusses.	Howe	Trusses	are	commonly	used	in	pedestrian	and	railway	bridge	structures.	But	why	is	that?	Why	is	in	some	designs	the	Howe
Truss	favoured	over	the	Warren	or	Pratt	Truss?	To	get	an	answer	to	those	questions,	we	need	to	understand	the	structural	system	and	how	the	loads	travel	through	its	different	members.	So	in	this	post,	well	show	what	the	Howe	Truss	is,	its	static	system(s),	which	members	act	in	compression	or	tension	and	calculate	the	internal	forces.	Alright,	lets
talk	HOWE	TRUSSES.	The	Howe	truss	is	a	structural	system	which	can	carry	loads	with	relatively	long	spans	compared	to	beams.	Its	mainly	used	as	bridge	structure	carrying	traffic	and	dead	load	and	distributing	it	to	its	supports.	The	Howe	truss	is	characterized	by	its	diagonal	members,	which	are	inclined	with	the	same	angles.	This	pattern	of
diagonal	and	vertical	truss	members	leads	to	that	the	loads	are	evenly	distributed	across	the	truss.	Lets	have	a	look	at	the	Howe	truss	and	its	members.	Howe	truss	member	names.	Top	chord	Bottom	chord	Diagonals	Howe	trusses	are	mainly	used	as	bridge	structures	of	railways	or	pedestrian	crossings	In	most	cases,	steel	is	the	main	material	for
Howe	trusses,	however	timber	can	also	be	an	option.	And	often	the	deck	is	made	from	concrete.	Lets	look	at	the	static	system	to	get	a	better	understanding	of	the	structural	behaviour	of	the	Howe	Truss.	Most	truss	structures	are	designed	with	hinge	connections,	mainly	due	to	2	reasons:	Easier	to	calculate:	Trusses	with	hinge	connections	make	the
structure	statically	determinate,	which	means	that	the	internal	forces	can	be	calculated	by	hand.	Especially	until	advanced	Finite	element	software	programs	werent	widely	available,	this	was	the	main	reason	for	using	hinge	connections.	If	fixed	connections	are	used,	but	no	software	is	available,	advanced	methods	like	the	method	of	consistent
deformation	can	be	used.	However,	these	methods	are	complicated	and	susceptible	to	calculation	failures.	Cost:	Hinge	connections	are	cheaper	to	build	than	fixed	connections.	It	definitely	makes	sense	to	be	aware	of	the	differences	of	a	truss	with	hinges	and	fixed	connections.	In	the	picture	below,	you	can	see	the	normal	Howe	truss	with	hinge
connections.	We	summarize	the	characteristics	of	the	truss	with	fixed	connections	a	bit	further	below.	Static	System	of	the	Howe	Truss	The	static	system	of	the	Howe	truss	is	characterized	by	having	hinge	connections	at	all	nodes	a	pin	and	roller	support,	which	makes	the	system	statically	determinate.	Therefore,	the	internal	forces	can	be	calculated
with	the	3	equilibrium	equations.	In	most	cases,	the	Howe	truss	is	used	as	a	bridge	structure,	where	dead	and	traffic	loads	are	applied	on	the	top	or	bottom	chords.	1	Pin	and	1	Roller	support	Pin	support:	Horizontal	AH	and	vertical	reaction	force	AVRoller	support:	Vertical	reaction	force	BV	Hinge	connections:	Moment	is	0	in	hinge	connections.	Howe
Truss	with	fixed	connections.	The	Howe	truss	with	fixed	connections	has	the	following	differences	to	hinge	connections:	Bending	moments	in	the	connections	More	rigidity	->	more	robustness	Smaller	vertical	deflection	Alright,	now	that	we	have	learned	how	to	set	up	our	static	system,	we	are	ready	to	calculate	the	internal	compression	and	tension
forces	of	the	truss.	Lets	say	our	Howe	Truss	is	a	bridge	structure.	Therefore,	the	truss	is	exposed	to	dead	and	traffic	load	mainly	on	the	bridge	deck,	which	transfers	the	loads	to	the	bottom	chord.	We	also	simplify	and	say	that	the	design	load	(Load	combination	of	dead	and	traffic	load)	is	200	kN/m.	Check	out	this	article	to	learn	more	about	the	dead
load.	Static	system	with	truss	dimensions	and	design	line	load	of	200	kN/m.	Before	we	start	with	the	calculations,	lets	give	the	nodes	and	bars	some	indices,	so	the	identification	is	easier	later	in	the	internal	force	calculation.	Node	and	bar	indices.	To	calculate	the	compression	and	tension	forces	of	the	truss	members	with	the	3	equilibrium	equations,
we	do	another	approximation.	The	Line	load	of	200kN/m	is	approximated	as	point	loads	in	the	nodes,	because	otherwise	the	bottom	chord	members	would	be	beams	instead	of	bars,	which	makes	the	calculation	a	lot	more	difficult.	The	point	load	applied	to	nodes	(a)	and	(g)	is	calculated	as	$$200	kN/m	\cdot	4m	=	80	kN$$	while	the	point	loads	applied
to	nodes	(b),	(c),	(d),	(e)	and	(f)	is	calculated	as	$$200	kN/m	\cdot	8m	=	160	kN$$	Line	load	approximated	as	point	load	in	nodes.	Lets	calculate.	As	the	structure	is	statically	determinate,	the	reaction	forces	can	be	calculated	with	the	3	Equilibrium	equations.	In	our	case,	we	are	calculating	the	support	forces	AH,	AV	and	BV.	$\sum	H	=	0:	A_H	=	0$
$\sum	V	=	0:	A_V	+	B_V	\,	2	\cdot	80	\,	\mbox{kN}	\,	5	\cdot	160	\,	\mbox{kN}	=	0	$	->	$V_a	=	V_b	=	\frac{2	\cdot	80	+	5	\cdot	160}{2}	\mbox{kN}	=	480	\mbox{kN}$	$\sum	M	=	0:	M_a	=	0$	Node	a	Alright,	now	that	we	know	the	reaction	forces,	we	can	calculate	the	normal	force	of	the	first	bar	elements	1	and	4.	To	do	that,	we	only	look	at	node	1
and	its	point	loads/normal	forces	AV,	80	kN,	N1	and	N7.	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	A_v	80	kN	+	N_7	\cdot	sin(\alpha)	=	0$$	Lets	solve	that	for	N7.	$$	N_7	=	\frac{80	kN	450	kN}{sin(\alpha)}	=	-565.69	kN$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	N_7	\cdot	cos(\alpha)	+	N_1	=	0$$	Lets	solve	that	for	N1.	$$	N_1	=	N_7
\cdot	cos(\alpha)	=	400	kN$$	Node	h	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_8	+	N_7	\cdot	sin(\alpha)=	0$$	Lets	solve	that	for	N8.	$$	N_8	=	N_7	\cdot	sin(\alpha)	=	400	kN$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	N_{18}	N_7	\cdot	cos(\alpha)	=	0$$	Lets	solve	that	for	N18.	$$	N_{18}	=	N_7	\cdot	cos(\alpha)	=	-400	kN$$	Node	b
$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_8	+	N_9	\cdot	sin(\alpha)	-160	kN=	0$$	Lets	solve	that	for	N9.	$$	N_9	=	\frac{N_8}{sin(\alpha)}	+	\frac{160	kN}{sin(\alpha)}=	-339.41	kN$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	-N_{1}	+	N_2	+	N_9	\cdot	cos(\alpha)	=	0$$	Lets	solve	that	for	N2.	$$	N_{2}	=	N_1	N_9	\cdot	cos(\alpha)	=
640	kN$$	Node	i	$$	\alpha	=	45	$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	-N_9	\cdot	sin(\alpha)	+	N_{19}	N_{18}	=	0$$	Lets	solve	that	for	N19.	$$	N_{19}	=	N_{18}	+	N_9	\cdot	cos(\alpha)	=	640	kN$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	-N_9	\cdot	sin(\alpha)	N_{10}	=	0$$	Lets	solve	that	for	N10.	$$	N_{10}	=	-N_{9}	\cdot	sin(\alpha)	=	240
kN$$	Node	c	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_{10}	+	N_{11}	\cdot	sin(\alpha)	160	kN	=	0$$	Lets	solve	that	for	N11.	$$	N_{11}	=	\frac{N_{10}}{sin(\alpha)}	+	\frac{160	kN}{sin(\alpha)}	=	-113.14	kN$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	N_{11}	\cdot	cos(\alpha)	+	N_{3}	N_{2}	=	0$$	Lets	solve	that	for	N3.	$$
N_{3}	=	N_{2}	N_{11}	\cdot	cos(\alpha)	=	720	kN$$	Node	d	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_{12}	160	kN	=	0$$	Lets	solve	that	for	N12.	$$	N_{12}	=	160	kN$$	Well	done!	Now	we	have	calculated	the	normal	forces	of	ALL	bars.	What	all?	But	we	are	missing	half	of	the	bars.	Yes!	But	due	to	symmetry	we	know	that	N1	=	N6,	N2	=	N5,	N3	=
N4,	N7	=	N17,	N8	=	N16,	N9	=	N15,	N10	=	N14,	N11	=	N13,	N18	=	N21,	N19	=	N20.	So,	to	summarize	it,	a	normal	force	diagram	helps	to	understand	how	the	loads	travel	through	the	truss.	Normal	force	diagram	Normal	force	diagram	of	the	Howe	truss.	Now,	as	you	can	see	in	the	normal	force	diagram,	some	members	have	a	positive	(+)	and	some
have	a	negative	(-)	normal	force.	A	negative	(-)	normal	force	means	that	the	member	is	under	compression	,	while	a	positive	(+)	normal	force	means	that	the	member	acts	in	tension	.	Compression	and	tension	members	of	a	Howe	Truss	due	to	point	loads	applied	to	the	bottom	chord	nodes.	Cost-efficient	truss	system	mainly	due	to	its	simple	design	with
equal	angles	which	makes	it	easy	to	construct	Its	a	lightweight	solution	for	longer	spans	Very	durable:	Most	truss	members	act	mainly	in	compression	or	tension	(depending	on	the	static	system	used)	Equal	force	distribution	to	its	diagonal	and	vertical	membersTakes	up	more	vertical	space	compared	to	slab	or	beam	bridges	Now,	that	you	got	an
overview	of	the	Howe	Truss,	and	how	we	calculate	its	internal	forces,	you	can	learn	about	loads,	because	every	truss	is	exposed	to	loads.	Snow	load	on	a	flat	roof	Wind	load	on	a	flat	roof	Wind	load	on	walls	Because	there	are	always	multiple	loads	acting	on	Howe	Trusses,	considering	these	different	loads	in	the	structural	design	is	done	by	setting	up
Load	Combinations	with	safety	factors.	Once	all	load	cases	and	combinations	are	set	up,	the	structural	elements	can	be	designed.	We	have	already	written	a	guide	on	how	to	design	a	timber	truss.	Check	it	out!	I	hope	that	this	article	helped	you	understand	the	Howe	Truss	and	how	to	go	further	from	here.	In	case	you	still	have	questions.	Let	us	know
in	the	comments	below	.	What	is	the	Howe	truss	used	for?	The	Howe	truss	is	mainly	used	for	railway	and	pedestrian	bridges.	However,	it	can	also	be	used	for	roof	structures.	Why	is	the	Howe	truss	good?	Here	are	3	reasons	why	the	Howe	truss	is	good!	Simple	design	and	easy	to	construct;	therefore	cost-efficient	system	Its	a	lightweight	solution	for
longer	spans	Most	members	act	mainly	in	compression	or	tension	->	efficient	structure!	Howe	Trusses	are	commonly	used	in	pedestrian	and	railway	bridge	structures.	But	why	is	that?	Why	is	in	some	designs	the	Howe	Truss	favoured	over	the	Warren	or	Pratt	Truss?	To	get	an	answer	to	those	questions,	we	need	to	understand	the	structural	system
and	how	the	loads	travel	through	its	different	members.	So	in	this	post,	well	show	what	the	Howe	Truss	is,	its	static	system(s),	which	members	act	in	compression	or	tension	and	calculate	the	internal	forces.	Alright,	lets	talk	HOWE	TRUSSES.	The	Howe	truss	is	a	structural	system	which	can	carry	loads	with	relatively	long	spans	compared	to	beams.
Its	mainly	used	as	bridge	structure	carrying	traffic	and	dead	load	and	distributing	it	to	its	supports.	The	Howe	truss	is	characterized	by	its	diagonal	members,	which	are	inclined	with	the	same	angles.	This	pattern	of	diagonal	and	vertical	truss	members	leads	to	that	the	loads	are	evenly	distributed	across	the	truss.	Lets	have	a	look	at	the	Howe	truss
and	its	members.	Howe	truss	member	names.	Top	chord	Bottom	chord	Diagonals	Howe	trusses	are	mainly	used	as	bridge	structures	of	railways	or	pedestrian	crossings	In	most	cases,	steel	is	the	main	material	for	Howe	trusses,	however	timber	can	also	be	an	option.	And	often	the	deck	is	made	from	concrete.	Lets	look	at	the	static	system	to	get	a
better	understanding	of	the	structural	behaviour	of	the	Howe	Truss.	Most	truss	structures	are	designed	with	hinge	connections,	mainly	due	to	2	reasons:	Easier	to	calculate:	Trusses	with	hinge	connections	make	the	structure	statically	determinate,	which	means	that	the	internal	forces	can	be	calculated	by	hand.	Especially	until	advanced	Finite
element	software	programs	werent	widely	available,	this	was	the	main	reason	for	using	hinge	connections.	If	fixed	connections	are	used,	but	no	software	is	available,	advanced	methods	like	the	method	of	consistent	deformation	can	be	used.	However,	these	methods	are	complicated	and	susceptible	to	calculation	failures.	Cost:	Hinge	connections	are
cheaper	to	build	than	fixed	connections.	It	definitely	makes	sense	to	be	aware	of	the	differences	of	a	truss	with	hinges	and	fixed	connections.	In	the	picture	below,	you	can	see	the	normal	Howe	truss	with	hinge	connections.	We	summarize	the	characteristics	of	the	truss	with	fixed	connections	a	bit	further	below.	Static	System	of	the	Howe	Truss	The
static	system	of	the	Howe	truss	is	characterized	by	having	hinge	connections	at	all	nodes	a	pin	and	roller	support,	which	makes	the	system	statically	determinate.	Therefore,	the	internal	forces	can	be	calculated	with	the	3	equilibrium	equations.	In	most	cases,	the	Howe	truss	is	used	as	a	bridge	structure,	where	dead	and	traffic	loads	are	applied	on	the
top	or	bottom	chords.	1	Pin	and	1	Roller	support	Pin	support:	Horizontal	AH	and	vertical	reaction	force	AVRoller	support:	Vertical	reaction	force	BV	Hinge	connections:	Moment	is	0	in	hinge	connections.	Howe	Truss	with	fixed	connections.	The	Howe	truss	with	fixed	connections	has	the	following	differences	to	hinge	connections:	Bending	moments	in
the	connections	More	rigidity	->	more	robustness	Smaller	vertical	deflection	Alright,	now	that	we	have	learned	how	to	set	up	our	static	system,	we	are	ready	to	calculate	the	internal	compression	and	tension	forces	of	the	truss.	Lets	say	our	Howe	Truss	is	a	bridge	structure.	Therefore,	the	truss	is	exposed	to	dead	and	traffic	load	mainly	on	the	bridge
deck,	which	transfers	the	loads	to	the	bottom	chord.	We	also	simplify	and	say	that	the	design	load	(Load	combination	of	dead	and	traffic	load)	is	200	kN/m.	Check	out	this	article	to	learn	more	about	the	dead	load.	Static	system	with	truss	dimensions	and	design	line	load	of	200	kN/m.	Before	we	start	with	the	calculations,	lets	give	the	nodes	and	bars
some	indices,	so	the	identification	is	easier	later	in	the	internal	force	calculation.	Node	and	bar	indices.	To	calculate	the	compression	and	tension	forces	of	the	truss	members	with	the	3	equilibrium	equations,	we	do	another	approximation.	The	Line	load	of	200kN/m	is	approximated	as	point	loads	in	the	nodes,	because	otherwise	the	bottom	chord
members	would	be	beams	instead	of	bars,	which	makes	the	calculation	a	lot	more	difficult.	The	point	load	applied	to	nodes	(a)	and	(g)	is	calculated	as	$$200	kN/m	\cdot	4m	=	80	kN$$	while	the	point	loads	applied	to	nodes	(b),	(c),	(d),	(e)	and	(f)	is	calculated	as	$$200	kN/m	\cdot	8m	=	160	kN$$	Line	load	approximated	as	point	load	in	nodes.	Lets
calculate.	As	the	structure	is	statically	determinate,	the	reaction	forces	can	be	calculated	with	the	3	Equilibrium	equations.	In	our	case,	we	are	calculating	the	support	forces	AH,	AV	and	BV.	$\sum	H	=	0:	A_H	=	0$	$\sum	V	=	0:	A_V	+	B_V	\,	2	\cdot	80	\,	\mbox{kN}	\,	5	\cdot	160	\,	\mbox{kN}	=	0	$	->	$V_a	=	V_b	=	\frac{2	\cdot	80	+	5	\cdot	160}{2}
\mbox{kN}	=	480	\mbox{kN}$	$\sum	M	=	0:	M_a	=	0$	Node	a	Alright,	now	that	we	know	the	reaction	forces,	we	can	calculate	the	normal	force	of	the	first	bar	elements	1	and	4.	To	do	that,	we	only	look	at	node	1	and	its	point	loads/normal	forces	AV,	80	kN,	N1	and	N7.	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	A_v	80	kN	+	N_7	\cdot
sin(\alpha)	=	0$$	Lets	solve	that	for	N7.	$$	N_7	=	\frac{80	kN	450	kN}{sin(\alpha)}	=	-565.69	kN$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	N_7	\cdot	cos(\alpha)	+	N_1	=	0$$	Lets	solve	that	for	N1.	$$	N_1	=	N_7	\cdot	cos(\alpha)	=	400	kN$$	Node	h	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_8	+	N_7	\cdot	sin(\alpha)=	0$$	Lets	solve
that	for	N8.	$$	N_8	=	N_7	\cdot	sin(\alpha)	=	400	kN$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	N_{18}	N_7	\cdot	cos(\alpha)	=	0$$	Lets	solve	that	for	N18.	$$	N_{18}	=	N_7	\cdot	cos(\alpha)	=	-400	kN$$	Node	b	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_8	+	N_9	\cdot	sin(\alpha)	-160	kN=	0$$	Lets	solve	that	for	N9.	$$	N_9	=
\frac{N_8}{sin(\alpha)}	+	\frac{160	kN}{sin(\alpha)}=	-339.41	kN$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	-N_{1}	+	N_2	+	N_9	\cdot	cos(\alpha)	=	0$$	Lets	solve	that	for	N2.	$$	N_{2}	=	N_1	N_9	\cdot	cos(\alpha)	=	640	kN$$	Node	i	$$	\alpha	=	45	$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	-N_9	\cdot	sin(\alpha)	+	N_{19}	N_{18}	=	0$$	Lets
solve	that	for	N19.	$$	N_{19}	=	N_{18}	+	N_9	\cdot	cos(\alpha)	=	640	kN$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	-N_9	\cdot	sin(\alpha)	N_{10}	=	0$$	Lets	solve	that	for	N10.	$$	N_{10}	=	-N_{9}	\cdot	sin(\alpha)	=	240	kN$$	Node	c	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_{10}	+	N_{11}	\cdot	sin(\alpha)	160	kN	=	0$$	Lets	solve
that	for	N11.	$$	N_{11}	=	\frac{N_{10}}{sin(\alpha)}	+	\frac{160	kN}{sin(\alpha)}	=	-113.14	kN$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	N_{11}	\cdot	cos(\alpha)	+	N_{3}	N_{2}	=	0$$	Lets	solve	that	for	N3.	$$	N_{3}	=	N_{2}	N_{11}	\cdot	cos(\alpha)	=	720	kN$$	Node	d	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_{12}	160	kN	=	0$$	Lets	solve
that	for	N12.	$$	N_{12}	=	160	kN$$	Well	done!	Now	we	have	calculated	the	normal	forces	of	ALL	bars.	What	all?	But	we	are	missing	half	of	the	bars.	Yes!	But	due	to	symmetry	we	know	that	N1	=	N6,	N2	=	N5,	N3	=	N4,	N7	=	N17,	N8	=	N16,	N9	=	N15,	N10	=	N14,	N11	=	N13,	N18	=	N21,	N19	=	N20.	So,	to	summarize	it,	a	normal	force	diagram
helps	to	understand	how	the	loads	travel	through	the	truss.	Normal	force	diagram	Normal	force	diagram	of	the	Howe	truss.	Now,	as	you	can	see	in	the	normal	force	diagram,	some	members	have	a	positive	(+)	and	some	have	a	negative	(-)	normal	force.	A	negative	(-)	normal	force	means	that	the	member	is	under	compression	,	while	a	positive	(+)
normal	force	means	that	the	member	acts	in	tension	.	Compression	and	tension	members	of	a	Howe	Truss	due	to	point	loads	applied	to	the	bottom	chord	nodes.	Cost-efficient	truss	system	mainly	due	to	its	simple	design	with	equal	angles	which	makes	it	easy	to	construct	Its	a	lightweight	solution	for	longer	spans	Very	durable:	Most	truss	members	act
mainly	in	compression	or	tension	(depending	on	the	static	system	used)	Equal	force	distribution	to	its	diagonal	and	vertical	membersTakes	up	more	vertical	space	compared	to	slab	or	beam	bridges	Now,	that	you	got	an	overview	of	the	Howe	Truss,	and	how	we	calculate	its	internal	forces,	you	can	learn	about	loads,	because	every	truss	is	exposed	to
loads.	Snow	load	on	a	flat	roof	Wind	load	on	a	flat	roof	Wind	load	on	walls	Because	there	are	always	multiple	loads	acting	on	Howe	Trusses,	considering	these	different	loads	in	the	structural	design	is	done	by	setting	up	Load	Combinations	with	safety	factors.	Once	all	load	cases	and	combinations	are	set	up,	the	structural	elements	can	be	designed.
We	have	already	written	a	guide	on	how	to	design	a	timber	truss.	Check	it	out!	I	hope	that	this	article	helped	you	understand	the	Howe	Truss	and	how	to	go	further	from	here.	In	case	you	still	have	questions.	Let	us	know	in	the	comments	below	.	What	is	the	Howe	truss	used	for?	The	Howe	truss	is	mainly	used	for	railway	and	pedestrian	bridges.
However,	it	can	also	be	used	for	roof	structures.	Why	is	the	Howe	truss	good?	Here	are	3	reasons	why	the	Howe	truss	is	good!	Simple	design	and	easy	to	construct;	therefore	cost-efficient	system	Its	a	lightweight	solution	for	longer	spans	Most	members	act	mainly	in	compression	or	tension	->	efficient	structure!	The	Howe	Truss	was	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.	Many	Howe	truss	bridges	exist	in	the	North	West	United	States,	where	wood	is	plentiful.Here	are	two	diagrams	showing
how	the	forces	are	spread	out	when	the	Howe	Truss	is	under	a	load.	The	first	shows	the	load	being	applied	across	the	entire	top	of	the	bridge.	The	second	shows	a	localized	load	in	the	center	of	the	bridge.	In	both	cases	the	total	load	=	100.	Therefore,	you	can	take	the	numbers	as	a	percentage	of	the	total	load.	Similar	to	all	the	major	truss	designs
(Pratt,	Warren,	K	Truss,	and	Howe),	when	the	load	is	centered	on	the	bridge	the	forces	are	much	greater	on	the	internal	truss	members	than	if	the	load	is	spread	out	along	the	top	of	the	bridge.	The	same	principle	applies	if	the	load	was	coming	from	the	bottom	of	the	bridge.	I	use	diagrams	showing	the	load	applied	to	the	top	of	the	bridge,	because
this	is	how	I	most	often	test	my	bridges.	I	load	my	bridges	from	the	top.When	you	are	designing	your	bridge,	I	recommend	that	you	use	the	Bridge	Designer	program	from	JHU	and	plug-in	your	design.	Load	the	design	in	the	same	way	your	bridge	will	be	loaded	as	specific	in	the	rules	and	guidelines	you	were	given	to	build	your	bridge.One	thing	that
you	have	to	keep	in	mind	when	thinking	about	the	common	truss	designs,	including	the	Howe,	is	that	they	were	designed	a	long	time	ago.	They	were	designed	when	bridges	needed	to	fill	a	specific	role,	and	for	the	particular	resources	that	people	had	available.	For	instance,	the	Howe	truss	design	used	a	lot	of	wood	as	opposed	to	the	Pratt	which	used
more	iron.	This	made	the	Howe	popular	earlier	on	when	iron	was	expensive	to	produce.The	Howe	truss	used	wooden	beams	for	the	diagonal	members,	which	were	in	compression.	It	used	iron	(and	later	steel)	for	the	vertical	members,	which	were	in	tension.	The	Pratt	truss	was	the	opposite.	Thus,	because	the	diagonal	members	are	longer,	the	Howe
truss	used	less	of	the	more	expensive	iron	material.	It	made	good	use	of	the	cheap	wood	which	was	readily	available.For	model	bridges,	we	typically	only	use	wood.	Our	compression	and	tension	members	are	both	made	out	of	wood.	If	you	wanted	to	be	fancy,	you	could	use	string	or	metal	wire	for	the	tension	members.	Nonetheless,	in	reality,	the
reasons	why	the	Howe	design	became	popular	are	not	applicable	to	model	builders.	It	remains	a	solid	engineering	model	design,	but	I	think	I	would	prefer	the	Pratt	truss	over	the	Howe.Pictures	of	Real	Howe	Truss	BridgesHistory	of	Howe	Truss	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	must	give	appropriate	credit	,	provide	a	link	to	the	license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that
suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	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.	Approximately	fifteen	Howe	through	type	timber	truss	rail	bridges	were	built	between	1897	and	1917,	with	three	remaining	in	2021.	Six	5	panel	Howe	deck	type	timber	truss	rail	bridges	were	built	between	1901	and	1915,	with	four	remaining	in	2021.	Three	6	panel	Howe	deck	type	timber	truss	rail	bridges	were	built	between	1903
and	1915,	with	only	one	remaining	in	2021.	Diagrams	of	Deanes	Howe	truss	designs	for	railway	bridges	Howe	trusses	were	invented	and	patented	by	American	William	Howe	in	1840.	They	consist	of	timber	chords	intersecting	diagonal	braces	and	vertical	end	posts.	The	critical	innovation	in	the	Howe	Truss	was	the	use	of	wrought	iron	verticals	with
threaded	ends	instead	of	timber.[21]	The	three	types	of	Howe	trusses	for	NSW	railway	bridges	were	designed	by	Henry	Deane.	Whitton	left	Sydney	for	a	visit	to	England	in	June	1889	and	retired	in	May	1890,	without	returning	to	NSW.	Deane	acted	in	the	role	of	Engineer-in-Chief	until	his	formal	appointment	and	his	quite	different	approach	is
suggested	by	Deanes	official	visit	to	the	USA	in	1894	and	his	1900	paper	for	the	Institution	of	Civil	Engineers	in	Britain,	Economical	railway	construction	in	New	South	Wales.	All	timber	truss	bridges	built	after	1894	were	Howe	truss	designs.	Deanes	designs	based	on	the	American	Howe-truss	bridges	are	examples	of	the	use	of	timber	as	an
economical	material	for	bridges	on	developmental	(Pioneer)	lines	in	NSW.	Deane	did	away	with	cast	iron	shoes	in	his	designs,	which	is	different	to	Whitton	and	to	all	the	timber	truss	road	bridge	designs.	The	design	of	timber	truss	rail	bridges	took	a	separate	path	to	the	design	of	timber	truss	road	bridges	except	for	two	areas	of	overlap	worth
mentioning.	One	is	the	use	of	the	Allan	(road)	truss	bottom	chord	splice	detail	in	the	Howe	through	(rail)	truss	design.	The	other	is	the	appearance	of	H.H.	Dares	signature	as	Assistant	Engineer	in	1905	on	both	the	Borah	and	Oakey	Creek	five-panel	Howe	deck	(rail)	truss	plans.[22]	The	shortest	remaining	timber	truss	road	bridge	(65	over	Tunks
Creek,	Galston	Gorge)	is	longer	than	the	longest	timber	truss	rail	bridge	built	in	NSW	(of	which	three	remain)	at	62	span.	References	[21]Jeff	Brown,	The	Howe	Truss:	From	Timber	to	Iron,	Civil	Engineering,	June	2012,	p	41.	[22]Bill	Phippen,	2020,	The	Timber	Truss	Railway	Bridges	of	New	South	Wales,	ISBN:	978-0-6488842-0-0	Howe	Trusses	are
commonly	used	in	pedestrian	and	railway	bridge	structures.	But	why	is	that?	Why	is	in	some	designs	the	Howe	Truss	favoured	over	the	Warren	or	Pratt	Truss?	To	get	an	answer	to	those	questions,	we	need	to	understand	the	structural	system	and	how	the	loads	travel	through	its	different	members.	So	in	this	post,	well	show	what	the	Howe	Truss	is,	its
static	system(s),	which	members	act	in	compression	or	tension	and	calculate	the	internal	forces.	Alright,	lets	talk	HOWE	TRUSSES.	The	Howe	truss	is	a	structural	system	which	can	carry	loads	with	relatively	long	spans	compared	to	beams.	Its	mainly	used	as	bridge	structure	carrying	traffic	and	dead	load	and	distributing	it	to	its	supports.	The	Howe
truss	is	characterized	by	its	diagonal	members,	which	are	inclined	with	the	same	angles.	This	pattern	of	diagonal	and	vertical	truss	members	leads	to	that	the	loads	are	evenly	distributed	across	the	truss.	Lets	have	a	look	at	the	Howe	truss	and	its	members.	Howe	truss	member	names.	Top	chord	Bottom	chord	Diagonals	Howe	trusses	are	mainly	used
as	bridge	structures	of	railways	or	pedestrian	crossings	In	most	cases,	steel	is	the	main	material	for	Howe	trusses,	however	timber	can	also	be	an	option.	And	often	the	deck	is	made	from	concrete.	Lets	look	at	the	static	system	to	get	a	better	understanding	of	the	structural	behaviour	of	the	Howe	Truss.	Most	truss	structures	are	designed	with	hinge
connections,	mainly	due	to	2	reasons:	Easier	to	calculate:	Trusses	with	hinge	connections	make	the	structure	statically	determinate,	which	means	that	the	internal	forces	can	be	calculated	by	hand.	Especially	until	advanced	Finite	element	software	programs	werent	widely	available,	this	was	the	main	reason	for	using	hinge	connections.	If	fixed
connections	are	used,	but	no	software	is	available,	advanced	methods	like	the	method	of	consistent	deformation	can	be	used.	However,	these	methods	are	complicated	and	susceptible	to	calculation	failures.	Cost:	Hinge	connections	are	cheaper	to	build	than	fixed	connections.	It	definitely	makes	sense	to	be	aware	of	the	differences	of	a	truss	with
hinges	and	fixed	connections.	In	the	picture	below,	you	can	see	the	normal	Howe	truss	with	hinge	connections.	We	summarize	the	characteristics	of	the	truss	with	fixed	connections	a	bit	further	below.	Static	System	of	the	Howe	Truss	The	static	system	of	the	Howe	truss	is	characterized	by	having	hinge	connections	at	all	nodes	a	pin	and	roller
support,	which	makes	the	system	statically	determinate.	Therefore,	the	internal	forces	can	be	calculated	with	the	3	equilibrium	equations.	In	most	cases,	the	Howe	truss	is	used	as	a	bridge	structure,	where	dead	and	traffic	loads	are	applied	on	the	top	or	bottom	chords.	1	Pin	and	1	Roller	support	Pin	support:	Horizontal	AH	and	vertical	reaction	force
AVRoller	support:	Vertical	reaction	force	BV	Hinge	connections:	Moment	is	0	in	hinge	connections.	Howe	Truss	with	fixed	connections.	The	Howe	truss	with	fixed	connections	has	the	following	differences	to	hinge	connections:	Bending	moments	in	the	connections	More	rigidity	->	more	robustness	Smaller	vertical	deflection	Alright,	now	that	we	have
learned	how	to	set	up	our	static	system,	we	are	ready	to	calculate	the	internal	compression	and	tension	forces	of	the	truss.	Lets	say	our	Howe	Truss	is	a	bridge	structure.	Therefore,	the	truss	is	exposed	to	dead	and	traffic	load	mainly	on	the	bridge	deck,	which	transfers	the	loads	to	the	bottom	chord.	We	also	simplify	and	say	that	the	design	load	(Load
combination	of	dead	and	traffic	load)	is	200	kN/m.	Check	out	this	article	to	learn	more	about	the	dead	load.	Static	system	with	truss	dimensions	and	design	line	load	of	200	kN/m.	Before	we	start	with	the	calculations,	lets	give	the	nodes	and	bars	some	indices,	so	the	identification	is	easier	later	in	the	internal	force	calculation.	Node	and	bar	indices.	To
calculate	the	compression	and	tension	forces	of	the	truss	members	with	the	3	equilibrium	equations,	we	do	another	approximation.	The	Line	load	of	200kN/m	is	approximated	as	point	loads	in	the	nodes,	because	otherwise	the	bottom	chord	members	would	be	beams	instead	of	bars,	which	makes	the	calculation	a	lot	more	difficult.	The	point	load
applied	to	nodes	(a)	and	(g)	is	calculated	as	$$200	kN/m	\cdot	4m	=	80	kN$$	while	the	point	loads	applied	to	nodes	(b),	(c),	(d),	(e)	and	(f)	is	calculated	as	$$200	kN/m	\cdot	8m	=	160	kN$$	Line	load	approximated	as	point	load	in	nodes.	Lets	calculate.	As	the	structure	is	statically	determinate,	the	reaction	forces	can	be	calculated	with	the	3
Equilibrium	equations.	In	our	case,	we	are	calculating	the	support	forces	AH,	AV	and	BV.	$\sum	H	=	0:	A_H	=	0$	$\sum	V	=	0:	A_V	+	B_V	\,	2	\cdot	80	\,	\mbox{kN}	\,	5	\cdot	160	\,	\mbox{kN}	=	0	$	->	$V_a	=	V_b	=	\frac{2	\cdot	80	+	5	\cdot	160}{2}	\mbox{kN}	=	480	\mbox{kN}$	$\sum	M	=	0:	M_a	=	0$	Node	a	Alright,	now	that	we	know	the
reaction	forces,	we	can	calculate	the	normal	force	of	the	first	bar	elements	1	and	4.	To	do	that,	we	only	look	at	node	1	and	its	point	loads/normal	forces	AV,	80	kN,	N1	and	N7.	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	A_v	80	kN	+	N_7	\cdot	sin(\alpha)	=	0$$	Lets	solve	that	for	N7.	$$	N_7	=	\frac{80	kN	450	kN}{sin(\alpha)}	=	-565.69
kN$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	N_7	\cdot	cos(\alpha)	+	N_1	=	0$$	Lets	solve	that	for	N1.	$$	N_1	=	N_7	\cdot	cos(\alpha)	=	400	kN$$	Node	h	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_8	+	N_7	\cdot	sin(\alpha)=	0$$	Lets	solve	that	for	N8.	$$	N_8	=	N_7	\cdot	sin(\alpha)	=	400	kN$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:
N_{18}	N_7	\cdot	cos(\alpha)	=	0$$	Lets	solve	that	for	N18.	$$	N_{18}	=	N_7	\cdot	cos(\alpha)	=	-400	kN$$	Node	b	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_8	+	N_9	\cdot	sin(\alpha)	-160	kN=	0$$	Lets	solve	that	for	N9.	$$	N_9	=	\frac{N_8}{sin(\alpha)}	+	\frac{160	kN}{sin(\alpha)}=	-339.41	kN$$	Horizontal	Equilibrium:	$$	\sum
H	=	0:	-N_{1}	+	N_2	+	N_9	\cdot	cos(\alpha)	=	0$$	Lets	solve	that	for	N2.	$$	N_{2}	=	N_1	N_9	\cdot	cos(\alpha)	=	640	kN$$	Node	i	$$	\alpha	=	45	$$	Horizontal	Equilibrium:	$$	\sum	H	=	0:	-N_9	\cdot	sin(\alpha)	+	N_{19}	N_{18}	=	0$$	Lets	solve	that	for	N19.	$$	N_{19}	=	N_{18}	+	N_9	\cdot	cos(\alpha)	=	640	kN$$	Vertical	Equilibrium:	$$	\sum
V	=	0:	-N_9	\cdot	sin(\alpha)	N_{10}	=	0$$	Lets	solve	that	for	N10.	$$	N_{10}	=	-N_{9}	\cdot	sin(\alpha)	=	240	kN$$	Node	c	$$	\alpha	=	45	$$	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_{10}	+	N_{11}	\cdot	sin(\alpha)	160	kN	=	0$$	Lets	solve	that	for	N11.	$$	N_{11}	=	\frac{N_{10}}{sin(\alpha)}	+	\frac{160	kN}{sin(\alpha)}	=	-113.14	kN$$
Horizontal	Equilibrium:	$$	\sum	H	=	0:	N_{11}	\cdot	cos(\alpha)	+	N_{3}	N_{2}	=	0$$	Lets	solve	that	for	N3.	$$	N_{3}	=	N_{2}	N_{11}	\cdot	cos(\alpha)	=	720	kN$$	Node	d	Vertical	Equilibrium:	$$	\sum	V	=	0:	N_{12}	160	kN	=	0$$	Lets	solve	that	for	N12.	$$	N_{12}	=	160	kN$$	Well	done!	Now	we	have	calculated	the	normal	forces	of	ALL	bars.
What	all?	But	we	are	missing	half	of	the	bars.	Yes!	But	due	to	symmetry	we	know	that	N1	=	N6,	N2	=	N5,	N3	=	N4,	N7	=	N17,	N8	=	N16,	N9	=	N15,	N10	=	N14,	N11	=	N13,	N18	=	N21,	N19	=	N20.	So,	to	summarize	it,	a	normal	force	diagram	helps	to	understand	how	the	loads	travel	through	the	truss.	Normal	force	diagram	Normal	force	diagram
of	the	Howe	truss.	Now,	as	you	can	see	in	the	normal	force	diagram,	some	members	have	a	positive	(+)	and	some	have	a	negative	(-)	normal	force.	A	negative	(-)	normal	force	means	that	the	member	is	under	compression	,	while	a	positive	(+)	normal	force	means	that	the	member	acts	in	tension	.	Compression	and	tension	members	of	a	Howe	Truss
due	to	point	loads	applied	to	the	bottom	chord	nodes.	Cost-efficient	truss	system	mainly	due	to	its	simple	design	with	equal	angles	which	makes	it	easy	to	construct	Its	a	lightweight	solution	for	longer	spans	Very	durable:	Most	truss	members	act	mainly	in	compression	or	tension	(depending	on	the	static	system	used)	Equal	force	distribution	to	its
diagonal	and	vertical	membersTakes	up	more	vertical	space	compared	to	slab	or	beam	bridges	Now,	that	you	got	an	overview	of	the	Howe	Truss,	and	how	we	calculate	its	internal	forces,	you	can	learn	about	loads,	because	every	truss	is	exposed	to	loads.	Snow	load	on	a	flat	roof	Wind	load	on	a	flat	roof	Wind	load	on	walls	Because	there	are	always
multiple	loads	acting	on	Howe	Trusses,	considering	these	different	loads	in	the	structural	design	is	done	by	setting	up	Load	Combinations	with	safety	factors.	Once	all	load	cases	and	combinations	are	set	up,	the	structural	elements	can	be	designed.	We	have	already	written	a	guide	on	how	to	design	a	timber	truss.	Check	it	out!	I	hope	that	this	article
helped	you	understand	the	Howe	Truss	and	how	to	go	further	from	here.	In	case	you	still	have	questions.	Let	us	know	in	the	comments	below	.	What	is	the	Howe	truss	used	for?	The	Howe	truss	is	mainly	used	for	railway	and	pedestrian	bridges.	However,	it	can	also	be	used	for	roof	structures.	Why	is	the	Howe	truss	good?	Here	are	3	reasons	why	the
Howe	truss	is	good!	Simple	design	and	easy	to	construct;	therefore	cost-efficient	system	Its	a	lightweight	solution	for	longer	spans	Most	members	act	mainly	in	compression	or	tension	->	efficient	structure!,the	free	encyclopedia	that	anyone	can	edit.117,937	active	editors	7,001,078	articles	in	EnglishThe	English-language	Wikipedia	thanks	its
contributors	for	creating	more	than	seven	million	articles!	Learn	how	you	can	take	part	in	the	encyclopedia's	continued	improvement.GL	Mk.II	transmitter	vanRadar,	Gun	Laying,	MarkI,	or	GL	Mk.I	for	short,	was	an	early	World	WarII	radar	system	developed	by	the	British	Army	to	provide	information	for	anti-aircraft	artillery.	There	were	two
upgrades,	GL/EF	(elevation	finder)	and	GL	Mk.II	(pictured),	both	improving	the	ability	to	determine	a	target's	bearing	and	elevation.	GL	refers	to	the	radar's	ability	to	direct	the	guns	onto	a	target,	known	as	gun	laying.	The	first	GL	sets	were	developed	in	1936	using	separate	transmitters	and	receivers	mounted	on	gun	carriages.	Several	were
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hopLength16:48LanguageKoreanLabelPledis	EntertainmentLOEN	EntertainmentSeventeen	chronology17	Carat(2015)Boys	Be(2015)Singles	from	17	Carat	"Adore	U"Released:	May	29,	201517	Carat	is	the	debut	extended	play	(EP)	by	South	Korean	boy	group	Seventeen.	It	was	released	on	May	29,	2015,	by	Pledis	Entertainment	and	distributed	by
LOEN	Entertainment.	"Adore	U"	serves	as	the	lead	single	for	the	EP.17	Carat	features	five	tracks	written,	co-written,	and	co-produced	by	Seventeen's	group	members.	"Adore	U"	was	chosen	as	the	lead	single	for	the	EP	and	was	performed	on	multiple	music	shows	by	the	group.	"Shining	Diamond"	was	used	as	a	pre-single	on	the	group's	reality	debut
show.	The	group	stated	that	the	tracklist	was	chosen	to	reflect	Seventeen's	core	concept	of	"boys'	passion".[1]	The	album	has	two	physical	versions:	one	with	a	"black"	themed	photo	card	set,	and	the	other	with	a	"white"	themed	photo	card	set.	All	copies	include	a	CD	containing	the	songs	and	a	fold-up	poster/lyric	sheet."Adore	U"	is	the	lead	single	of
the	extended	play.	It	was	written	by	Woozi,	S.Coups,	and	Yeon	Dong-geon.[2]	The	Korea	Herald	states	"'Adore	U'	is	a	funky	pop	song	about	a	teenage	boy	trying	to	navigate	through	puppy	love."[3]	It	marks	the	beginning	of	the	group's	trilogy	composed	of	the	singles	Adore	U,	Mansae,	and	Pretty	U	about	a	boy	meeting,	falling	in	love	and	asking	out	a
girl.	The	track	was	composed	and	arranged	by	Woozi,	Bumzu,	and	Yeon	Dong-geon.	The	music	video	for	the	single	was	released	on	May	29,	2015,	and	was	directed	by	Dee	Shin.	The	dance	choreography	accompaniment	to	the	song	was	choreographed	by	Hoshi	and	focuses	on	"storytelling,	and	on	highlighting	each	member's	strengths	onstage".[4]	The
single	has	sold	more	than	38,000	digital	copies	and	peaked	at	number	13	on	the	Billboard	US	World	Chart.The	EP	has	sold	over	82,972	copies	in	South	Korea.[5]	It	peaked	at	number	4	on	the	Korean	Gaon	Album	Chart[6]	and	number	8	on	the	US	World	Billboard	Chart.[7]Year-end	listsCritic/publicationListRankRef.BillboardThe	10	Best	K-pop	Album
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