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Torre	de	transmissao

Artigos	Tendências	+Populares	Perguntado	por:	Carolina	Vanessa	Antunes	Assunção	Moura		|		Última	atualização:	14.	Februar	2022	Pontuação:	4.6/5	(31	avaliações)	Existem	quatro	grandes	categorias	para	torres	de	transmissão:	suspensão,	terminal,	tensão	e	transposição.	Qual	a	diferença	entre	torre	estaiada	e	autoportante?	As	torres	de
transmissão	estaiadas	possuem	a	vantagem	de	serem	estruturas	leves	e	apresentarem	um	bom	comportamento	mecânico.	Outra	vantagem	diz	respeito	ao	baixo	consumo	de	aço,	se	comparado	às	torres	autoportantes,	o	que	garante	menor	custo	e	mais	facilidade	na	instalação.Quanto	custa	uma	torre	de	transmissão?	5.000.000,00/km.	O	valor	total
desse	tipo	de	intervenção	chega	a	ser	20	vezes	mais	caro	que	a	implantação	das	linhas	de	transmissão	aéreas,	fazendo	com	que	o	projeto	de	uma	nova	torre	se	justifique.	Qual	é	a	função	da	torre	de	transmissão?	As	torres	são	estruturas	cuja	função	é	fazer	a	sustentação	mecânica	dos	cabos	condutores	e	para-raios,	transmitindo	todos	os	esforços
mecânicos	à	fundação.	É	justamente	esse	sistema	que	possibilita	a	ligação	aérea	entre	as	centrais	de	distribuição	de	energia	e	os	consumidores.	Qual	a	altura	mínima	de	uma	torre	de	transmissão	e	qual	a	Diatância	mínima	entre	uma	torre	é	outra?	O	projeto	prevê	que	as	telefônicas	compartilharão	suas	torres	para	preservar	o	conjunto	urbanístico	das
cidades.	As	torres	deverão	ter	altura	mínima	de	30	metros	e	estar	separadas	em	pelo	menos	500	metros,	com	um	mínimo	de	seis	metros	de	distância	dos	lotes	vizinhos.	FAMÍLIAS	-	TIPOS	DE	TORRES	-	TENSÕES	-	CONFIGURAÇÕES	-	CAPACIDADES	MECÂNICAS	26	questões	relacionadas	encontradas	Uma	torre	de	energia	eólica	funciona
transformando	a	energia	cinética	dos	ventos	em	força	mecânica	e,	depois,	em	energia	elétrica.	O	funcionamento	de	um	aerogerador	(gerador	eólico)	começa	pelas	suas	hélices	(ou	pás),	que	giram	ao	contato	com	a	força	dos	ventos,	mas	sempre	de	forma	controlada.	Torres	&	Estruturas	São	componentes	com	dupla	função	fornecem	a	sustentação	do
circuito	ao	mesmo	tempo	que	servem	para	manter	o	espaçamento	entre	cabos	condutores	e	pararraios.	Olhando	mais	atentamente,	é	possível	notar	que	os	cabos	são	colocados	arqueados	ou,	como	se	diz	popularmente,	“fazendo	barriga”.	a	densidade	dos	cabos	tende	a	diminuir	com	o	passar	dos	anos.	a	condução	da	eletricidade	em	alta	tensão	é
facilitada	desse	modo.	A	estrutura	metálica	da	torre,	que	pesa	65	toneladas,	foi	montada	em	seguida.	“Para	erguer	as	peças	maiores,	que	ficam	na	parte	de	baixo,	um	guindaste	foi	usado	até	uma	altura	de	50	metros.	Cada	linha	de	transmissão	possui	um	nível	de	tensão	nominal,	onde	encontramos	valores	até	de	750	kV,	com	diversos	estudos	e
protótipos	em	1	a	1,2	MV.	As	linhas	de	distribuição	são	usualmente	na	faixa	de	13,8	kV	no	Brasil,	e	15	KV	em	Portugal	continental.	Podem	ter	as	funções	de	defesa	e	de	simples	vigia,	ou	servirem	de	habitação	(torre	medieval).	Mais	tarde,	as	torres	passaram	a	fazer	parte	integrante	dos	castelos	distribuindo-se	por	pontos	estratégicos	ao	longo	das
muralhas.	As	torres	autoportantes	parafusadas,	são	soluções	indicadas	para	instalações	de	média	a	grande	carga	ao	vento.	Com	estruturas	quadradas,	a	torre	é	confeccionada	com	montantes	e	travamento	todo	em	cantoneiras.	...	A	fundação	da	estrutura	vai	depender	diretamente	da	altura	e	AEV	definida.	Uma	torre	de	transmissão	é	uma	estrutura
metálica	em	forma	de	torre	que	sustenta	uma	série	de	cabos	através	dos	quais	é	transportada	a	energia	elétrica.	Existem	quatro	grandes	categorias	para	torres	de	transmissão:	suspensão,	terminal,	tensão	e	transposição.	Algumas	torres	de	transmissão	combinam	estas	funções	básicas.	A	estrutura	autoportante	possui	diversas	versões,	desde	um
sistema	de	estantes	em	estrutura	alta,	totalmente	automático,	a	um	sistema	de	estantes	com	operação	manual,	instalado	em	corredores.	Existem	limitações	ao	uso	e	à	ocupação	das	terras	ao	longo	da	faixa	de	servidão	em	função	da	existência	de	campos	elétricos	e	magnéticos	que	podem	causar	riscos	à	segurança	das	pessoas.	As	estruturas	de
transposição	ou	rotação	de	fase	asseguram	equilíbrio	magnético	da	linha	com	rotação	de	fases,	exigindo	estruturas	especiais.	E,	finalmente,	as	estruturas	de	derivação	são	utilizadas	em	casos	de	se	efetuarem	sangrias	na	linha	para	alimentar	um	ramal,	sem	necessidade	de	pátio	de	seccionamento	e	manobras.	Material:	liga	de	alumínio	As	ligas	de
alumínio	mais	conhecidas	e	usadas	como	materiais	condutores	e	mecanicamente	resistentes	são	três:	liga	EC	1350,	liga	6201	e/ou	6202	e	liga	1120	[01].	Pesquisadores	de	diversas	instituições,	ao	longo	de	décadas,	atestam	que	a	proximidade	da	vida	humana	com	linhas	de	transmissão	de	energia	elétrica	de	alta	tensão	pode	causar	tumores,
depressão,	aborto	espontâneo,	esclerose	lateral	amiotrófica,	mal	de	Alzheimer	e	problemas	de	coração,	por	exemplo.	São	proibidas	construções	ou	reformas	próximas	da	rede	elétrica	e	a	distância	mínima	entre	a	obra	e	a	rede	elétrica	é	a	principal	medida	de	segurança	a	ser	seguida.	“Existe	uma	distância	mínima	da	obra	com	a	rede	elétrica
estabelecida	pelo	código	de	obras	de	cada	município	e	que	deve	ser	respeitada.	A	potência	de	geração	elétrica	de	uma	torre	de	energia	eólica	pode	variar	de	forma	diretamente	proporcional	à	sua	altura.	De	50	a	200	metros,	essas	torres	atingem	na	média,	potências	de	100	kW	a	3	MW,	respectivamente.	Câmara	aprovou	projeto	que	estabelece
distância	mínima	de	100	metros.	Texto	também	barra	torres	em	áreas	de	conservação	e	com	vida	silvestre.	A	Câmara	de	Piracicaba	(SP)	aprovou	na	noite	desta	segunda-feira	(30)	uma	lei	que	estabelece	em	100	metros	a	distância	mínima	entre	casas	e	torres	de	telefonia	celular.	Faixa	de	servidão	é	uma	faixa	de	terra	que	acompanha	o	percurso	de	um
duto	ou	linha	de	transmissão.	Por	determinações	legais,	essa	faixa	deve	ter	a	largura	de	20	metros,	alinhada	pelo	centro	do	duto,	e	deve	ser	mantida	livre	de	construções	e	culturas	de	grande	porte	e/ou	perenes.	Identificado	o	local	da	chamada,	as	buscas	se	concentraram	no	raio	de	alcance	do	sinal	de	telefonia	celular	da	torre,	que	varia	entre	2	a	3
km.	Torres	de	transmissão	são	estruturas	que	suportam	Alimentação	aérea	linhas,	também	conhecidas	como	linhas	de	transmissão,	usado	para	transmitir	energia	elétrica	a	longas	distâncias.	Existem	vários	tipos	de	torres	de	transmissão,	cada	um	projetado	para	atender	a	necessidades	e	requisitos	específicos.	Alguns	tipos	comuns	incluem::	Malha
Torre:	Torres	treliçadas	são	o	tipo	mais	comum	de	torre	de	transmissão.	Eles	consistem	em	uma	estrutura	de	aço	de	várias	barras	de	aço	conectadas	entre	si,	formando	uma	estrutura	em	forma	de	treliça.	Essas	torres	são	econômicas	e	têm	um	valor	relativamente	menor	impacto	visual	em	comparação	com	outros	tipos.	Torre	tubular	do	poste	de	aço:
Estas	torres	consistem	em	um	único,	poste	de	aço	cônico	ou	vários	tubos	de	aço	unidos	entre	si.	Os	postes	de	aço	são	ocos,	tornando-os	mais	leves	e	econômicos	que	os	postes	sólidos.	Eles	são	frequentemente	usados	em	áreas	urbanas	devido	à	sua	aparência	elegante	e	menores	exigências	de	direito	de	passagem.	Monopole	Torre:	Torres	monopolo	são
únicas,	postes	de	aço	verticais	com	uma	pegada	menor	em	comparação	com	torres	treliçadas.	Eles	são	frequentemente	usados	em	ambientes	suburbanos	onde	preocupações	estéticas	e	a	disponibilidade	de	terra	são	fatores	importantes.	guyed	Torre:	Torres	Guyed	consistem	em	um	único	mastro	vertical	suportado	por	um	sistema	de	cara	fios,	que
estejam	ancorados	ao	solo	ou	a	outras	estruturas.	Eles	são	leves	e	econômicos,	mas	exigem	uma	área	maior	para	instalação	devido	ao	fios	tensionados.	Torre	de	Suspensão:	Torres	de	suspensão	são	usadas	para	apoiar	os	condutores	(linhas	de	energia)	em	posição	horizontal	ou	ligeiramente	inclinada.	Eles	são	projetados	para	permitir	que	os
condutores	oscilem	livremente	na	direção	da	linha,	que	ajuda	a	acomodar	o	movimento	natural	dos	condutores	devido	ao	vento,	temperatura,	e	outros	fatores.	tensão	Torre:	Torres	de	tensão,	também	conhecido	como	torres	de	ângulo	ou	deformação,	são	utilizados	onde	o	linha	de	transmissão	muda	de	direção	ou	elevação.	Estas	torres	são	projetadas
para	suportar	mais	alto	cargas	mecânicas	em	comparação	com	torres	de	suspensão.	Torre	sem	saída:	Torres	sem	saída,	também	conhecidas	como	torres	de	ancoragem	ou	terminação,	são	utilizados	no	final	de	uma	linha	de	transmissão	ou	em	pontos	onde	a	linha	precisa	ser	ancorada	para	evitar	movimentos	excessivos.	Essas	torres	são	projetadas	para
suportar	altas	cargas	mecânicas,	pois	suportam	toda	a	tensão	da	linha	de	transmissão.	Cada	tipo	de	torre	de	transmissão	tem	suas	próprias	vantagens	e	limitações,	e	a	escolha	da	torre	depende	de	fatores	como	o	terreno,	Configuração	do	condutor,	nível	de	tensão,	e	considerações	estéticas.	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.	Torre	de	Transmissão:	fundamentos	de	estabilidade,	análise	de	carga	e	princípios	de	projeto	para	garantir	eficiência	e	segurança	nas	telecomunicações.Torre	de	Transmissão:	Estabilidade,	Análise	de	Carga	e	Princípios	de	ProjetoAs	torres	de	transmissão	são	estruturas
essenciais	no	transporte	de	energia	elétrica	a	longas	distâncias.	Elas	carregam	linhas	de	alta	tensão	que	conectam	usinas	geradoras	às	subestações	e	posteriormente	à	rede	de	distribuição.	Este	artigo	explora	os	conceitos	básicos	de	estabilidade,	análise	de	carga	e	princípios	de	projeto	das	torres	de	transmissão.Estabilidade	das	Torres	de
TransmissãoA	estabilidade	de	uma	torre	de	transmissão	é	crucial	para	garantir	a	segurança	e	a	eficiência	operacional	da	linha	de	transmissão.	A	torre	deve	resistir	a	diversas	forças	externas,	como	vento,	gelo	e	atividades	sísmicas.	Existem	vários	fatores	que	influenciam	a	estabilidade	dessas	estruturas:Base	Sólida:	A	fundação	desempenha	um	papel
crítico	na	estabilidade	da	torre.	É	geralmente	feita	de	concreto	reforçado	para	resistir	a	movimentações	do	solo	e	outras	forças	externas.Força	dos	Materiais:	O	aço	galvanizado	frequentemente	utilizado	nas	torres	proporciona	resistência	à	corrosão	e	durabilidade.Forma	e	Design:	O	design	triangular	ou	em	treliça	de	uma	torre	garante	que	o	peso	e	as
forças	sejam	distribuídos	uniformemente,	aumentando	a	estabilidade	estrutural.Análise	de	CargaA	análise	de	carga	é	um	componente	vital	no	projeto	das	torres	de	transmissão,	assegurando	que	a	estrutura	possa	suportar	todos	os	tipos	de	cargas.Cargas	Verticais:	Incluem	o	peso	próprio	da	torre	e	as	cargas	das	linhas	de	transmissão.	A	solução	para
gerir	estas	cargas	é	garantir	que	a	tensão	dentro	dos	limites	elásticos	seja	distribuída	de	forma	uniforme.Cargas	Horizontais:	As	pressões	de	vento	e	carga	de	gelo	são	exemplos	de	cargas	horizontais.	As	normas	geralmente	requerem	que	torres	suportem	ventos	de	até	uma	determinada	velocidade,	medida	em	quilômetros	por	hora	(km/h),	e	tenham
adicionalmente	uma	reserva	de	segurança.Cargas	Sísmicas:	Em	áreas	propensas	a	terremotos,	as	torres	também	devem	ser	projetadas	para	lidar	com	esse	tipo	de	carregamento	dinâmico.A	análise	de	carga	é	usualmente	realizada	com	a	ajuda	de	softwares	de	simulação	estrutural,	que	proporcionam	uma	previsão	detalhada	do	comportamento	da	torre
sob	diversas	condições	de	carga.Princípios	de	ProjetoOs	princípios	de	projeto	das	torres	de	transmissão	não	apenas	garantem	a	estabilidade	e	a	segurança,	mas	também	são	orientados	pela	eficiência	econômica	e	operacional.	Os	principais	princípios	de	projeto	incluem:Escolha	de	Materiais:	A	seleção	de	materiais	de	alta	resistência	e	baixo	peso,
como	o	aço	galvanizado	de	alta	tensão,	contribui	para	a	durabilidade	e	economia	de	custo.Simetria	e	Equilíbrio:	Um	projeto	simétrico	assegura	que	as	cargas	sejam	distribuídas	uniformemente,	minimizando	a	inclinação	ou	falhas	estruturais.Modularidade:	Um	design	modular	facilita	a	manutenção	e	a	reconfiguração	das	torres,	adaptando-se	às
futuras	necessidades	de	capacidade	de	carga.Outro	princípio	fundamental	é	a	flexibilidade	no	design	para	enfrentar	as	condições	ambientais	locais.	Por	exemplo,	em	áreas	com	forte	impacto	de	ventos,	torres	podem	ter	arames	de	suporte	adicionais	para	aumentar	a	rigidez	estrutural.Cálculos	Estruturais	BásicosPara	compreender	melhor	os	princípios
de	estabilidade	e	projeto,	é	útil	examinar	alguns	cálculos	estruturais	básicos.	Um	aspecto	central	é	a	análise	de	forças	na	estrutura:Para	calcular	a	carga	total	\(	\sum	F_T	\)	em	uma	torre,	considere:Carga	do	vento	\(	F_{vento}	=	\frac{1}{2}	C_d	\rho	V^2	A	\),	onde	\(	C_d	\)	é	o	coeficiente	de	arrasto,	\(	\rho	\)	a	densidade	do	ar,	\(	V	\)	a	velocidade	do
vento	e	\(	A	\)	a	área	exposta.Carga	de	gelo	\(	F_{gelo}	\sim	t_{gelo}	A_{superfície}	\rho_{gelo}	\),	onde	\(	t_{gelo}	\)	é	a	espessura	do	gelo.Peso	próprio	\(	F_{peso}	=	m	g	\),	onde	\(	m	\)	é	a	massa	total	e	\(	g	\)	é	a	aceleração	devido	à	gravidade.Somas	das	cargas	devem	ser	tal	que	não	excedam	a	capacidade	de	carga	da	estrutura	\(	F_T	\leq	F_{max}
\).Considerações	FinaisO	estudo	de	torres	de	transmissão	incorpora	diversos	ramos	da	física	e	engenharia,	destacando	a	importância	da	análise	estrutural	e	de	materiais	no	projeto	de	sistemas	seguros	e	eficientes.	Compreender	os	princípios	básicos	de	estabilidade,	análise	de	carga	e	design	é	vital	para	qualquer	engenheiro	envolvido	no	projeto	de
infraestruturas	de	energia.	Tais	conhecimentos	asseguram	que	essas	estruturas	essenciais	funcionem	de	forma	confiável,	mesmo	sob	condições	desafiadoras.O	contínuo	avanço	na	tecnologia	de	materiais	e	métodos	de	construção	promete	otimizar	ainda	mais	o	desempenho	e	a	sustentabilidade	das	torres	de	transmissão	no	futuro,	contribuindo	para
redes	elétricas	mais	resilientes	e	eficientes.	Dos	linhas	de	transmissão	de	500	kV	na	Califórnia	Torres	de	distribuição	de	20	e	50	kV	na	Polônia	Uma	torre	de	transmissão	é	uma	estrutura	metálica	em	forma	de	torre	que	sustenta	uma	série	de	cabos	através	dos	quais	é	transportada	a	energia	elétrica.[1][2]	Existem	quatro	grandes	categorias	para	torres
de	transmissão:[3]	suspensão,	terminal,	tensão	e	transposição.	Algumas	torres	de	transmissão	combinam	estas	funções	básicas.	Torres	de	transmissão	e	suas	linhas	elétricas	são	muitas	vezes	consideradas	uma	forma	de	poluição	visual.	Métodos	para	reduzir	o	efeito	visual	incluem	fiação	subterrânea.	A	forma	mais	usual	de	se	medir	o	desempenho	de
uma	linha	de	transmissão	é	a	frequência	e	a	duração	de	suas	interrupções;	sendo	o	fator	de	condicionamento	do	isolamento	de	linhas	de	até	345kv,	a	incidência	de	descargas	atmosféricas	(no	Brasil,	porém	este	limite	se	estende	até	500kv,	devido	a	elevada	resistividade	do	solo).	No	Brasil,	é	muito	comum	buscar	minimizar	os	efeitos	das	descargas
atmosféricas	com	cabos	pára-raios,	que	ficam	conectados	aos	aterramentos	das	torres	constituídos	de	cabos	contrapeso.	Tem	sido	utilizado	além	dos	cabos	pára-raios,	também	dispositivos	pára-raios,	numa	tentativa	de	melhorar	a	performance.[4]	As	torres	de	transmissão	podem	ser	classificadas	em	quatro	principais	categorias,	de	acordo	com	sua
função	na	rede	elétrica:	Torres	de	Suspensão	–	Utilizadas	para	sustentar	os	condutores	ao	longo	do	trajeto	da	linha	de	transmissão,	sem	exercer	tensão	nos	cabos.	Torres	Terminais	–	Localizadas	no	final	de	uma	linha	de	transmissão	ou	próximas	a	subestações,	fixando	os	cabos	condutores.	Torres	de	Tensão	–	Aplicadas	em	trechos	onde	há	mudanças
bruscas	de	direção	ou	em	pontos	intermediários	da	linha	para	garantir	a	estabilidade	mecânica.	Torres	de	Transposição	–	Usadas	em	linhas	de	transmissão	de	longa	distância	para	alternar	a	posição	dos	condutores,	equilibrando	os	campos	elétricos.	Em	algumas	configurações,	uma	única	torre	pode	desempenhar	múltiplas	funções,	combinando	as
categorias	acima.[5]	As	torres	de	transmissão,	juntamente	com	suas	linhas	elétricas,	são	frequentemente	vistas	como	elementos	de	poluição	visual,	especialmente	em	áreas	urbanas	e	paisagens	naturais.	Para	mitigar	esse	impacto,	algumas	técnicas	são	utilizadas,	como:	Fiação	subterrânea	–	Enterrar	os	cabos	para	preservar	a	estética	da	paisagem,
embora	seja	uma	solução	mais	cara	e	complexa.	Design	inovador	de	torres	–	Algumas	empresas	e	governos	optam	por	torres	com	formatos	diferenciados	e	esteticamente	mais	agradáveis.	Uso	de	vegetação	–	A	arborização	planejada	pode	ajudar	a	esconder	parcialmente	as	torres	de	transmissão.[6]	O	desempenho	das	linhas	de	transmissão	é	medido
pela	frequência	e	duração	das	interrupções	de	energia.	Um	dos	principais	desafios	para	a	eficiência	dessas	linhas	é	a	incidência	de	descargas	atmosféricas	(raios),	que	podem	causar	desligamentos	e	danos	estruturais.	No	Brasil,	linhas	de	transmissão	de	até	345	kV	são	projetadas	levando	em	conta	o	impacto	de	descargas	atmosféricas.	No	entanto,
devido	à	elevada	resistividade	do	solo,	esse	limite	pode	ser	estendido	até	500	kV.	Para	minimizar	os	efeitos	de	descargas	atmosféricas,	são	utilizados	diversos	sistemas	de	proteção:	Cabos	para-raios	–	Instalados	no	topo	das	torres	para	interceptar	raios	e	direcionar	sua	energia	para	o	solo.	Aterramento	com	cabos	contrapeso	–	Conectados	às	torres
para	dissipar	a	energia	das	descargas	elétricas.	Dispositivos	para-raios	–	Equipamentos	modernos	que	melhoram	a	performance	da	linha	de	transmissão	ao	evitar	surtos	de	tensão.[7]	Poste	↑	«Torres	de	Transmissão	de	Energia».	Met@lica.	Consultado	em	13	de	Outubro	de	2016		↑	«Definition	-	What	does	Transmission	Tower	mean?».	Techopedia.
Consultado	em	13	de	Outubro	de	2016		↑	«Environmental,	Health,	and	Safety	Guidelines	for	Electric	Power	Transmission	and	Distribution»	(PDF).	International	Finance	Corporation.	30	de	abril	de	2007.	Consultado	em	13	de	Outubro	de	2016		↑	Silvério	Visacro	Filho.	INVESTIGAÇÃO	DE	CONFIGURAÇÕES	OTIMIZADAS	PARA	O	ATERRAMENTO
DAS	TORRES	DO	SISTEMA	DE	TRANSMISSÃO	DA	CEMIG	PARA	MELHORIA	DE	DESEMPENHO	FRENTE	A	DESCARGAS	ATMOSFÉRICAS	↑	«Site	Aneel»		↑	«Organização	ONS»		↑	«Comissão	tecnica	de	energia»		Este	artigo	é	um	esboço.	Você	pode	ajudar	a	Wikipédia	expandindo-o.	Editor:	considere	marcar	com	um	esboço	mais	específico.	Obtida
de	"	Structure	used	to	support	an	overhead	power	line	Transmission	towerTransmission	tower	in	Dnipro,	UkraineComponent	typeStructure,	lattice	tower	and	overhead	power	lineFirst	produced20th	century	A	transmission	tower	(also	electricity	pylon,	hydro	tower,	or	pylon)	is	a	tall	structure,	usually	a	lattice	tower	made	of	steel	that	is	used	to	support
an	overhead	power	line.	In	electrical	grids,	transmission	towers	carry	high-voltage	transmission	lines	that	transport	bulk	electric	power	from	generating	stations	to	electrical	substations,	from	which	electricity	is	delivered	to	end	consumers;	moreover,	utility	poles	are	used	to	support	lower-voltage	sub-transmission	and	distribution	lines	that	transport
electricity	from	substations	to	electricity	customers.	There	are	four	categories	of	transmission	towers:	(i)	the	suspension	tower,	(ii)	the	dead-end	terminal	tower,	(iii)	the	tension	tower,	and	(iv)	the	transposition	tower.[1]	The	heights	of	transmission	towers	typically	range	from	15	to	55	m	(49	to	180	ft),[1]	although	when	longer	spans	are	needed,	such
as	for	crossing	water,	taller	towers	are	sometimes	used.	More	transmission	towers	are	needed	to	mitigate	climate	change,	and	as	a	result,	transmission	towers	became	politically	important	in	the	2020s.[2][3]	Pylon	in	Thirsk	Transmission	tower	is	the	name	for	the	structure	used	in	the	industry	in	the	United	States	and	some	other	English-speaking
countries.[4]	In	Europe	and	the	U.K.,	the	terms	electricity	pylon	and	pylon	derive	from	the	basic	shape	of	the	structure,	an	obelisk	with	a	tapered	top.[5]	In	Canada,	the	term	hydrotower	is	used,	because	hydroelectricity	is	the	principal	source	of	electricity	for	the	country.[6][7]	Three-phase	electric	power	systems	are	used	for	high	voltage	(66-	or	69-kV
and	above)	and	extra-high	voltage	(110-	or	115-kV	and	above;	most	often	138-	or	230-kV	and	above	in	contemporary	systems)	AC	transmission	lines.	In	some	European	countries,	e.g.	Germany,	Spain	or	Czech	Republic,	smaller	lattice	towers	are	used	for	medium	voltage	(above	10	kV)	transmission	lines	too.	The	towers	must	be	designed	to	carry	three
(or	multiples	of	three)	conductors.	The	towers	are	usually	steel	lattices	or	trusses	(wooden	structures	are	used	in	Australia,	Canada,	Germany,	and	Scandinavia	in	some	cases)	and	the	insulators	are	either	glass	or	porcelain	discs	or	composite	insulators	using	silicone	rubber	or	EPDM	rubber	material	assembled	in	strings	or	long	rods	whose	lengths	are
dependent	on	the	line	voltage	and	environmental	conditions.	Typically,	one	or	two	ground	wires,	also	called	"guard"	wires,	are	placed	on	top	to	intercept	lightning	and	harmlessly	divert	it	to	ground.	Towers	for	high-	and	extra-high	voltage	are	usually	designed	to	carry	two	or	more	electric	circuits.[8]	If	a	line	is	constructed	using	towers	designed	to
carry	several	circuits,	it	is	not	necessary	to	install	all	the	circuits	at	the	time	of	construction.	Indeed,	for	economic	reasons,	some	transmission	lines	are	designed	for	three	(or	four)	circuits,	but	only	two	(or	three)	circuits	are	initially	installed.	Some	high	voltage	circuits	are	often	erected	on	the	same	tower	as	110	kV	lines.	Paralleling	circuits	of	380	kV,
220	kV	and	110	kV-lines	on	the	same	towers	is	common.	Sometimes,	especially	with	110	kV	circuits,	a	parallel	circuit	carries	traction	lines	for	railway	electrification.	HVDC	distance	tower	near	the	Nelson	River	Bipole	High-voltage	direct	current	(HVDC)	transmission	lines	are	either	monopolar	or	bipolar	systems.	With	bipolar	systems,	a	conductor
arrangement	with	one	conductor	on	each	side	of	the	tower	is	used.	On	some	schemes,	the	ground	conductor	is	used	as	electrode	line	or	ground	return.	In	this	case,	it	had	to	be	installed	with	insulators	equipped	with	surge	arrestors	on	the	pylons	in	order	to	prevent	electrochemical	corrosion	of	the	pylons.	For	single-pole	HVDC	transmission	with
ground	return,	towers	with	only	one	conductor	can	be	used.	In	many	cases,	however,	the	towers	are	designed	for	later	conversion	to	a	two-pole	system.	In	these	cases,	often	conductors	on	both	sides	of	the	tower	are	installed	for	mechanical	reasons.	Until	the	second	pole	is	needed,	it	is	either	used	as	electrode	line	or	joined	in	parallel	with	the	pole	in
use.	In	the	latter	case,	the	line	from	the	converter	station	to	the	earthing	(grounding)	electrode	is	built	as	underground	cable,	as	overhead	line	on	a	separate	right	of	way	or	by	using	the	ground	conductors.	Electrode	line	towers	are	used	in	some	HVDC	schemes	to	carry	the	power	line	from	the	converter	station	to	the	grounding	electrode.	They	are
similar	to	structures	used	for	lines	with	voltages	of	10–30	kV,	but	normally	carry	only	one	or	two	conductors.	AC	transmission	towers	may	be	converted	to	full	or	mixed	HVDC	use,	to	increase	power	transmission	levels	at	a	lower	cost	than	building	a	new	transmission	line.[9][10]	Further	information:	Traction	current	pylon	Towers	used	for	single-phase
AC	railway	traction	lines	are	similar	in	construction	to	those	towers	used	for	110	kV	three-phase	lines.	Steel	tube	or	concrete	poles	are	also	often	used	for	these	lines.	However,	railway	traction	current	systems	are	two-pole	AC	systems,	so	traction	lines	are	designed	for	two	conductors	(or	multiples	of	two,	usually	four,	eight,	or	twelve).	These	are
usually	arranged	on	one	level,	whereby	each	circuit	occupies	one	half	of	the	cross	arm.	For	four	traction	circuits,	the	arrangement	of	the	conductors	is	in	two	levels	and	for	six	electric	circuits,	the	arrangement	of	the	conductors	is	in	three	levels.	Transmission	towers	must	withstand	various	external	forces,	including	wind,	ice,	and	seismic	activity,
while	supporting	the	weight	of	heavy	conductors.	Typical	T-shaped	110	kV	tower	from	the	former	GDR	Different	shapes	of	transmission	towers	are	typical	for	different	countries.	The	shape	also	depends	on	voltage	and	number	of	circuits.	Guyed	"Delta"	transmission	tower	(a	combination	of	guyed	"V"	and	"Y")	in	Nevada	Delta	pylons	are	the	most
common	design	for	single	circuit	lines,	because	of	their	stability.	They	have	a	V-shaped	body	with	a	horizontal	arm	on	the	top,	which	forms	an	inverted	delta.	Larger	Delta	towers	usually	use	two	guard	cables.	Portal	pylons	are	widely	used	in	the	USA,	Ireland,	Scandinavia	and	Canada.	They	stand	on	two	legs	with	one	cross	arm,	which	gives	them	a	H-
shape.	Up	to	110	kV	they	often	were	made	from	wood,	but	higher	voltage	lines	use	steel	pylons.	Smaller	single	circuit	pylons	may	have	two	small	cross	arms	on	one	side	and	one	on	the	other.	One	level	pylons	only	have	one	cross	arm	carrying	3	cables	on	each	side.	Sometimes	they	have	an	additional	cross	arm	for	the	protection	cables.	They	are
frequently	used	close	to	airports	due	to	their	reduced	height.	Danube	pylons	or	Donaumasten	got	their	name	from	a	line	built	in	1927	next	to	the	Danube	river.	They	are	the	most	common	design	in	central	European	countries	like	Germany	or	Poland.	They	have	two	cross	arms,	the	upper	arm	carries	one	and	the	lower	arm	carries	two	cables	on	each
side.	Sometimes	they	have	an	additional	cross	arm	for	the	protection	cables.	Ton	shaped	towers	are	the	most	common	design,	they	have	3	horizontal	levels	with	one	cable	very	close	to	the	pylon	on	each	side.	In	the	United	Kingdom	the	second	level	is	often	(but	not	always)	wider	than	the	other	ones	while	in	the	United	States	all	cross	arms	have	the
same	width.	In	2021	the	first	T-pylon,	a	new	tubular	T-shaped	design,	was	installed	in	United	Kingdom	for	a	new	power	line	to	Hinkley	Point	C	nuclear	power	station,	carrying	two	high	voltage	400	kV	power	lines.[11][12]	The	design	features	electricity	cables	strung	below	a	cross-arm	atop	a	single	pole	which	reduces	the	visual	impact	on	the
environment	compared	to	lattice	pylons.	These	36	T-pylons	were	the	first	major	UK	redesign	since	1927,	designed	by	Danish	company	Bystrup,	winner	of	a	2011	competition	from	more	than	250	entries	held	by	the	Royal	Institute	of	British	Architects	and	Her	Majesty's	Government.[13]	Y-pylon	with	support	beam	Y-pylons	are	a	newer	concept	for
electrical	transmission	towers.	They	usually	have	a	guy-wire	or	support	beam	to	help	support	the	"Y"	shape	in	the	tower.[14][15]	Christmas-tree-shaped	towers	for	4	or	even	6	circuits	are	common	in	Germany	and	have	3	cross	arms	where	the	highest	arm	has	each	one	cable,	the	second	has	two	cables	and	the	third	has	three	cables	on	each	side.	The
cables	on	the	third	arm	usually	carry	circuits	for	lower	high	voltage.	Branch	pylon	with	a	triangular	shape	Special	designed	pylons	are	necessary	to	introduce	branching	lines,	e.g.	to	connect	nearby	substations.	Towers	may	be	self-supporting	and	capable	of	resisting	all	forces	due	to	conductor	loads,	unbalanced	conductors,	wind	and	ice	in	any
direction.	Such	towers	often	have	approximately	square	bases	and	usually	four	points	of	contact	with	the	ground.	A	semi-flexible	tower	is	designed	so	that	it	can	use	overhead	grounding	wires	to	transfer	mechanical	load	to	adjacent	structures,	if	a	phase	conductor	breaks	and	the	structure	is	subject	to	unbalanced	loads.	This	type	is	useful	at	extra-high
voltages,	where	phase	conductors	are	bundled	(two	or	more	wires	per	phase).	It	is	unlikely	for	all	of	them	to	break	at	once,	barring	a	catastrophic	crash	or	storm.	A	guyed	mast	has	a	very	small	footprint	and	relies	on	guy	wires	in	tension	to	support	the	structure	and	any	unbalanced	tension	load	from	the	conductors.	A	guyed	tower	can	be	made	in	a	V
shape,	which	saves	weight	and	cost.[16]	Steel	tube	tower	next	to	older	lattice	tower	near	Wagga	Wagga,	Australia	Poles	made	of	tubular	steel	generally	are	assembled	at	the	factory	and	placed	on	the	right-of-way	afterward.	Because	of	its	durability	and	ease	of	manufacturing	and	installation,	many	utilities	in	recent	years	prefer	the	use	of	monopolar
steel	or	concrete	towers	over	lattice	steel	for	new	power	lines	and	tower	replacements.[citation	needed]	In	Germany	steel	tube	pylons	are	also	established	predominantly	for	medium	voltage	lines,	in	addition,	for	high	voltage	transmission	lines	or	two	electric	circuits	for	operating	voltages	by	up	to	110	kV.	Steel	tube	pylons	are	also	frequently	used	for
380	kV	lines	in	France,	and	for	500	kV	lines	in	the	United	States.	See	also:	Lattice	tower	A	lattice	tower	is	a	framework	construction	made	of	steel	or	aluminium	sections.	Lattice	towers	are	used	for	power	lines	of	all	voltages,	and	are	the	most	common	type	for	high-voltage	transmission	lines.	Lattice	towers	are	usually	made	of	galvanized	steel.
Aluminium	is	used	for	reduced	weight,	such	as	in	mountainous	areas	where	structures	are	placed	by	helicopter.	Aluminium	is	also	used	in	environments	that	would	be	corrosive	to	steel.	The	extra	material	cost	of	aluminium	towers	will	be	offset	by	lower	installation	cost.	Design	of	aluminium	lattice	towers	is	similar	to	that	for	steel,	but	must	take	into
account	aluminium's	lower	Young's	modulus.	A	lattice	tower	is	usually	assembled	at	the	location	where	it	is	to	be	erected.	This	makes	very	tall	towers	possible,	up	to	100	m	(328	ft)	(and	in	special	cases	even	higher,	as	in	the	Elbe	crossing	1	and	Elbe	crossing	2).	Assembly	of	lattice	steel	towers	can	be	done	using	a	crane.	Lattice	steel	towers	are
generally	made	of	angle-profiled	steel	beams	(L-beam	or	T-beams).	For	very	tall	towers,	trusses	are	often	used.	Wood	is	limited	in	use	in	high-voltage	transmission.	Because	of	the	limited	height	of	available	trees,	the	maximum	height	of	wooden	pylons	is	limited	to	approximately	30	m	(98	ft).	Wood	is	rarely	used	for	lattice	framework.	Instead,	they	are
used	to	build	multi-pole	structures,	such	as	H-frame	and	K-frame	structures.	The	voltages	they	carry	are	also	limited,	such	as	in	other	regions,	where	wood	structures	only	carry	voltages	up	to	approximately	30	kV.	In	countries	such	as	Canada	or	the	United	States,	wooden	towers	carry	voltages	up	to	345	kV;	these	can	be	less	costly	than	steel
structures	and	take	advantage	of	the	surge	voltage	insulating	properties	of	wood.[16]	As	of	2012[update],	345	kV	lines	on	wood	towers	are	still	in	use	in	the	US	and	some	are	still	being	constructed	on	this	technology.[17][18]	Wood	can	also	be	used	for	temporary	structures	while	constructing	a	permanent	replacement.	A	reinforced	concrete	pole	in
Germany	Concrete	pylons	are	used	in	Germany	normally	only	for	lines	with	operating	voltages	below	30	kV.	In	exceptional	cases,	concrete	pylons	are	used	also	for	110	kV	lines,	as	well	as	for	the	public	grid	or	for	the	railway	traction	current	grid.	Concrete	poles	for	medium-voltage	are	also	used	in	Canada	and	the	United	States.	In	Switzerland,
concrete	pylons	with	heights	of	up	to	59.5	metres	(world's	tallest	pylon	of	prefabricated	concrete	at	Littau)	are	used	for	380	kV	overhead	lines.	In	Argentina	and	some	other	South	American	countries,	many	overhead	power	lines,	except	the	ultra-high	voltage	grid,	were	placed	on	tubular	concrete	pylons.	Also	in	former	soviet	countries,	concrete	pylons
are	common,	though	with	crossarms	made	of	steel.[19]	Concrete	pylons,	which	are	not	prefabricated,	are	also	used	for	constructions	taller	than	60	metres.	One	example	is	a	61.3	m	(201	ft)	tall	pylon	of	a	380	kV	powerline	near	Reuter	West	Power	Plant	in	Berlin.[citation	needed]	In	China	some	pylons	for	lines	crossing	rivers	were	built	of	concrete.	The
tallest	of	these	pylons	belong	to	the	Yangtze	Powerline	crossing	at	Nanjing	with	a	height	of	257	m	(843	ft).	Sometimes	(in	particular	on	steel	lattice	towers	for	the	highest	voltage	levels)	transmitting	plants	are	installed,	and	antennas	mounted	on	the	top	above	or	below	the	overhead	ground	wire.	Usually	these	installations	are	for	mobile	phone
services	or	the	operating	radio	of	the	power	supply	firm,	but	occasionally	also	for	other	radio	services,	like	directional	radio.	Thus	transmitting	antennas	for	low-power	FM	radio	and	television	transmitters	were	already	installed	on	pylons.	On	the	Elbe	Crossing	1	tower,	there	is	a	radar	facility	belonging	to	the	Hamburg	water	and	navigation	office.	For
crossing	broad	valleys,	a	large	distance	between	the	conductors	must	be	maintained	to	avoid	short-circuits	caused	by	conductor	cables	colliding	during	storms.	To	achieve	this,	sometimes	a	separate	mast	or	tower	is	used	for	each	conductor.	For	crossing	wide	rivers	and	straits	with	flat	coastlines,	very	tall	towers	must	be	built	due	to	the	necessity	of	a
large	height	clearance	for	navigation.	Such	towers	and	the	conductors	they	carry	must	be	equipped	with	flight	safety	lamps	and	reflectors.	Two	well-known	wide	river	crossings	are	the	Elbe	Crossing	1	and	Elbe	Crossing	2.	The	latter	has	the	tallest	overhead	line	masts	in	Europe,	at	227	m	(745	ft)	tall.	In	Spain,	the	overhead	line	crossing	pylons	in	the
Spanish	bay	of	Cádiz	have	a	particularly	interesting	construction.	The	main	crossing	towers	are	158	m	(518	ft)	tall	with	one	crossarm	atop	a	frustum	framework	construction.	The	longest	overhead	line	spans	are	the	crossing	of	the	Norwegian	Sognefjord	Span	(4,597	m	(15,082	ft)	between	two	masts)	and	the	Ameralik	Span	in	Greenland	(5,376	m
(17,638	ft)).	In	Germany,	the	overhead	line	of	the	EnBW	AG	crossing	of	the	Eyachtal	has	the	longest	span	in	the	country	at	1,444	m	(4,738	ft).	In	order	to	drop	overhead	lines	into	steep,	deep	valleys,	inclined	towers	are	occasionally	used.	These	are	utilized	at	the	Hoover	Dam,	located	in	the	United	States,	to	descend	the	cliff	walls	of	the	Black	Canyon
of	the	Colorado.	In	Switzerland,	a	pylon	inclined	around	20	degrees	to	the	vertical	is	located	near	Sargans,	St.	Gallens.	Highly	sloping	masts	are	used	on	two	380	kV	pylons	in	Switzerland,	the	top	32	meters	of	one	of	them	being	bent	by	18	degrees	to	the	vertical.	Power	station	chimneys	are	sometimes	equipped	with	crossbars	for	fixing	conductors	of
the	outgoing	lines.	Because	of	possible	problems	with	corrosion	by	flue	gases,	such	constructions	are	very	rare.	However,	there	are	also	roof-mounted	support	structures	for	high-voltage.	Some	thermal	power	plants	in	Poland	like	Połaniec	Power	Station	and	in	the	former	Soviet	Union	like	Lukoml	Power	Station	use	portal	pylons	on	the	roof	of	the
power	station	building	for	the	high	voltage	line	from	the	machine	transformer	to	the	switchyard.	Also	other	industrial	buildings	may	have	a	rooftop	powerline	support	structure.	Beside	this,	it	is	also	possible	that	the	lower	parts	of	an	electricity	pylon	stand	in	a	building.	Such	a	structure	a	person,	who	cannot	have	a	view	of	the	interior	of	the	building,
cannot	distinguish	from	a	real	rooftop	pylon.	A	structure	of	this	type	is	Tower	9108	of	a	110	kV	high-voltage	traction	power	line	in	Fulda.[20][21]	An	other	unconventional	way	of	installing	powerlines	are	catenaries	spun	across	a	valley.	Two	such	structures	are	used	at	the	Kemano-Kitimat	Powerline,	another	one	can	be	found	near	Cape	Town	at
34.149954	S	18.926239	E.	A	new	type	of	pylon,	called	Wintrack	pylons,	as	set	to	be	used	in	the	Netherlands	starting	in	2010.	The	pylons	were	designed	as	a	minimalist	structure	by	Dutch	architects	Zwarts	and	Jansma.	The	use	of	physical	laws	for	the	design	made	a	reduction	of	the	magnetic	field	possible.	Also,	the	visual	impact	on	the	surrounding
landscape	is	reduced.[22]	Two	clown-shaped	pylons	appear	in	Hungary,	on	both	sides	of	the	M5	motorway,	near	Újhartyán.[23]	The	Pro	Football	Hall	of	Fame	in	Canton,	Ohio,	U.S.,	and	American	Electric	Power	paired	to	conceive,	design,	and	install	goal	post-shaped	towers	located	on	both	sides	of	Interstate	77	near	the	hall	as	part	of	a	power
infrastructure	upgrade.[24]	The	Mickey	pylon	is	a	Mickey	Mouse	shaped	transmission	tower	on	the	side	of	Interstate	4,	near	Walt	Disney	World	in	Orlando,	FL.	Bog	Fox	is	a	design	pylon	in	Estonia	south	of	Risti	at	58°	59′	33.44″	N,	24°	3′	33.19″	E.	Before	transmission	towers	are	even	erected,	prototype	towers	are	tested	at	tower	testing	stations.
There	are	a	variety	of	ways	they	can	then	be	assembled	and	erected:	They	can	be	assembled	horizontally	on	the	ground	and	erected	by	push-pull	cable.	This	method	is	rarely	used	because	of	the	large	assembly	area	needed.	They	can	be	assembled	vertically	(in	their	final	upright	position).	Very	tall	towers,	such	as	the	Yangtze	River	Crossing,	were
assembled	in	this	way.	A	jin-pole	crane	can	be	used	to	assemble	lattice	towers.[25]	This	is	also	used	for	utility	poles.	Helicopters	can	serve	as	aerial	cranes	for	their	assembly	in	areas	with	limited	accessibility.	Towers	can	also	be	assembled	elsewhere	and	flown	to	their	place	on	the	transmission	right-of-way.[26]	Helicopters	may	also	be	used	for
transporting	disassembled	towers	for	scrapping.[27]	The	International	Civil	Aviation	Organization	issues	recommendations	on	markers	for	towers	and	the	conductors	suspended	between	them.	Certain	jurisdictions	will	make	these	recommendations	mandatory,	for	example	that	certain	power	lines	must	have	overhead	wire	markers	placed	at	intervals,
and	that	warning	lights	be	placed	on	any	sufficiently	high	towers,[28]	this	is	particularly	true	of	transmission	towers	which	are	in	close	vicinity	to	airports.	Electricity	pylons	often	have	an	identification	tag	marked	with	the	name	of	the	line	(either	the	terminal	points	of	the	line	or	the	internal	designation	of	the	power	company)	and	the	tower	number.
This	makes	identifying	the	location	of	a	fault	to	the	power	company	that	owns	the	tower	easier.	Transmission	towers,	much	like	other	steel	lattice	towers	including	broadcasting	or	cellphone	towers,	are	marked	with	signs	which	discourage	public	access	due	to	the	danger	of	the	high	voltage.	Often	this	is	accomplished	with	a	sign	warning	of	the	high
voltage.	At	other	times,	the	entire	access	point	to	the	transmission	corridor	is	marked	with	a	sign.	Sign	warning	of	the	high	voltage	may	also	state	the	name	of	the	company	who	built	the	structures,	and	acquired	and	designated	lands	where	the	transmission	structures	stand	and	line	segments	or	right	of	way.	Tower	structures	can	be	classified	by	the
way	in	which	they	support	the	line	conductors.[29]	Suspension	structures	support	the	conductor	vertically	using	suspension	insulators.	Strain	structures	resist	net	tension	in	the	conductors	and	the	conductors	attach	to	the	structure	through	strain	insulators.	Dead-end	structures	support	the	full	weight	of	the	conductor	and	also	all	the	tension	in	it,
and	also	use	strain	insulators.	Structures	are	classified	as	tangent	suspension,	angle	suspension,	tangent	strain,	angle	strain,	tangent	dead-end	and	angle	dead-end.[16]	Where	the	conductors	are	in	a	straight	line,	a	tangent	tower	is	used.	Angle	towers	are	used	where	a	line	must	change	direction.	Generally	three	conductors	are	required	per	AC	3-
phase	circuit,	although	single-phase	and	DC	circuits	are	also	carried	on	towers.	Conductors	may	be	arranged	in	one	plane,	or	by	use	of	several	cross-arms	may	be	arranged	in	a	roughly	symmetrical,	triangulated	pattern	to	balance	the	impedances	of	all	three	phases.	If	more	than	one	circuit	is	required	to	be	carried	and	the	width	of	the	line	right-of-
way	does	not	permit	multiple	towers	to	be	used,	two	or	three	circuits	can	be	carried	on	the	same	tower	using	several	levels	of	cross-arms.	Often	multiple	circuits	are	the	same	voltage,	but	mixed	voltages	can	be	found	on	some	structures.	Insulators	electrically	isolate	the	live	side	of	the	transmission	cables	from	the	tower	structure	and	earth.	They	are
either	glass	or	porcelain	discs	or	composite	insulators	using	silicone	rubber	or	EPDM	rubber	material.	They	are	assembled	in	strings	or	long	rods	whose	lengths	are	dependent	on	the	line	voltage	and	environmental	conditions.	By	using	disks	the	shortest	surface	electrical	path	between	the	ends	is	maximised	which	reduces	the	chance	of	a	leakage	in
moist	conditions.	Stockbridge	damper	bolted	to	line	close	to	the	point	of	attachment	to	the	tower.	It	prevents	mechanical	vibration	building	up	in	the	line.	Stockbridge	dampers	are	added	to	the	transmission	lines	a	meter	or	two	from	the	tower.	They	consist	of	a	short	length	of	cable	clamped	in	place	parallel	to	the	line	itself	and	weighted	at	each	end.
The	size	and	dimensions	are	carefully	designed	to	damp	any	buildup	of	mechanical	oscillation	of	the	lines	that	could	be	induced	by	mechanical	vibrations	most	likely	caused	by	wind.	Without	them	it	is	possible	for	a	standing	wave	to	become	established	that	grows	in	magnitude	and	destroys	the	line	or	the	tower.	Arcing	horns	Arcing	horns	are
sometimes	added	to	the	ends	of	the	insulators	in	areas	where	voltage	surges	may	occur.	These	may	be	caused	by	either	lightning	strikes	or	in	switching	operations.	They	protect	power	line	insulators	from	damage	due	to	arcing.	They	can	be	seen	as	rounded	metal	pipework	at	either	end	of	the	insulator	and	provide	a	path	to	earth	in	extreme
circumstances	without	damaging	the	insulator.	Towersill	have	a	level	of	physical	security	to	prevent	members	of	the	public	or	climbing	animals	from	ascending	them.	This	may	take	the	form	of	a	security	fence	or	climbing	baffles	added	to	the	supporting	legs.	Some	countries	require	that	lattice	steel	towers	be	equipped	with	a	barbed	wire	barrier
approximately	3	m	(9.8	ft)	above	ground	in	order	to	deter	unauthorized	climbing.	Such	barriers	can	often	be	found	on	towers	close	to	roads	or	other	areas	with	easy	public	access,	even	where	there	is	not	a	legal	requirement.	In	the	United	Kingdom,	all	such	towers	are	fitted	with	barbed	wire.	Some	electricity	pylons,	especially	for	voltages	above	100
kV,	carry	transmission	antennas.	In	most	cases	these	are	cellphone	antennas	and	antennas	for	radio	relay	links	adjoined	with	them,	but	it	is	also	possible	that	antennas	of	radio	relay	systems	of	power	companies	or	antenna	for	small	broadcasting	transmitters	in	the	VHF-/UHF-range	are	installed.	The	northern	tower	of	Elbekreuzung	1	carries	at	a
height	of	30	metres	a	radar	station	for	monitoring	ship	traffic	on	the	Elbe	river	on	its	structure.	The	Tower	93	of	Facility	4101,	a	strainer	at	Hürth	south	of	Cologne,	Germany	carried	from	1977	to	2010	a	public	observation	deck,	which	was	accessible	by	a	staircase.	The	following	electricity	transmission	towers	are	notable	due	to	their	enormous	height,
unusual	design,	unusual	construction	site	or	their	use	in	artworks.	Bold	type	denotes	structure	which	was	at	one	time	the	tallest	transmission	tower(s)	in	the	world.	Tower	Year	Country	Town	Pinnacle	Remarks	Jintang-Cezi	Overhead	Powerline	Link	2018–2019	China	Jintang	Island	380	m	2656	metres	long	span	between	Jintang	and	Cezi	island
Zhoushan	Island	Overhead	Powerline	Tie	2009–2010	China	Damao	Island	370	m	[30]	Built	by	State	Grid[31]	Jiangyin	Yangtze	River	Crossing	2003	China	Jiangyin	346.5	m	Amazonas	Crossing	of	Tucuruí	transmission	line	2013	Brazil	near	Almeirim	295	m[32]	Tallest	electricity	pylons	in	South	America	Yangtze	River	power	line	crossing	of	Shanghai-
Huainan	Powerline	2013	China	Gaogouzhen	269.75	m	Nanjing	Yangtze	River	Crossing	1992	China	Nanjing	257	m	Tallest	reinforced	concrete	pylons	in	the	world	Pylons	of	Pearl	River	Crossing	1987	China	Pearl	River	253	m	+	240	m	Orinoco	River	Crossing	1990	Venezuela	Caroní	240	m	Hooghly	River	Crossing	India	Diamond	Harbour	236	m	[33]
Pylons	of	Messina	1957	Italy	Messina	232	m	(224	m	without	basement)	Not	used	as	pylons	any	more	HVDC	Yangtze	River	Crossing	Wuhu	2003	China	Wuhu	229	m	Tallest	electricity	pylons	used	for	HVDC	Elbe	Crossing	2	1976–1978	Germany	Stade	227	m	Tallest	electricity	pylons	still	in	use	in	Europe	Chushi	Powerline	Crossing	1962	Japan	Takehara
226	m	Tallest	electricity	pylons	in	Japan	Daqi	Channel	Crossing	1997	Japan	Takehara	223	m	Overhead	line	crossing	Suez	Canal	1998	Egypt	221	m	Huainan	Luohe	Powerline	Crossing	1989	China	Huainan	202.5	m	Pylons	of	reinforced	concrete	Yangzi	River	Crossing	of	HVDC	Xianjiaba	–	Shanghai	2009	China	???	202	m[34]	Balakovo	500	kV	Wolga
Crossing,	Tower	East	1983–1984	Russia	Balakovo	197	m	Tallest	electricity	pylon	in	Russia	and	ex-USSR	LingBei	Channel	Crossing	1993	Japan	Reihoku	195	m	Doel	Schelde	Powerline	Crossing	2	2019	Belgium	Antwerp	192	m	Second	crossing	of	Schelde	River	400	kV	Thames	Crossing	1965	UK	West	Thurrock	190	m	Elbe	Crossing	1	1958–1962
Germany	Stade	189	m	Antwerp	Deurganck	dok	crossing	2000	Belgium	Antwerp	178	m	Crossing	of	a	container	quay	Tracy	Saint	Lawrence	River	Powerline	Crossing	?	Canada	Tracy	176	m	Tallest	electricity	pylon	in	Canada	Línea	de	Transmisión	Carapongo	–	Carabayllo	2011	Peru	Lima	170.5	m	Crossing	of	Rimac	River	in	a	1055	metres	long	span	Doel
Schelde	Powerline	Crossing	1[35]	1974	Belgium	Antwerp	170	m	Group	of	2	towers	with	1	pylon	situated	in	the	middle	of	Schelde	River	Sunshine	Mississippi	Powerline	Crossing	1967	United	States	St.	Gabriel,	Louisiana	164.6	m	Tallest	electricity	pylons	in	the	United	States[36][37]	Lekkerkerk	Crossing	1	1970	Netherlands	Lekkerkerk	163	m	Tallest
crossing	in	the	Netherlands	Bosporus	overhead	line	crossing	III	1999	Turkey	Istanbul	160	m	Balakovo	500	kV	Wolga	Crossing,	Tower	West	1983–1984	Russia	Balakovo	159	m	Pylons	of	Cadiz	1957–1960	Spain	Cadiz	158	m	Maracaibo	Bay	Powerline	Crossing	?	Venezuela	Maracaibo	150	m	Towers	on	caissons	Meredosia-Ipava	Illinois	River	Crossing
2017	United	States	Beardstown	149.35	m	Aust	Severn	Powerline	Crossing	1959	UK	Aust	148.75	m	132	kV	Thames	Crossing	1932	UK	West	Thurrock	148.4	m	Demolished	in	1987	Karmsundet	Powerline	Crossing	?	Norway	Karmsundet	143.5	m	Limfjorden	Overhead	powerline	crossing	2	?	Denmark	Raerup	141.7	m	Saint	Lawrence	River	HVDC	Quebec-
New	England	Overhead	Powerline	Crossing	1989	Canada	Deschambault-Grondines	140	m	Dismantled	in	1992	Pylons	of	Voerde	1926	Germany	Voerde	138	m	Köhlbrand	Powerline	Crossing	?	Germany	Hamburg	138	m	Bremen-Farge	Weser	Powerline	Crossing	?	Germany	Bremen	135	m	Pylons	of	Ghesm	Crossing	1984	Iran	Strait	of	Ghesm	130	m	One
pylon	standing	on	a	caisson	in	the	sea	Shukhov	tower	on	the	Oka	River	1929	Russia	Dzerzhinsk	128	m	Hyperboloid	structure,	2	towers,	one	of	them	demolished	Tarchomin	pylon	of	Tarchomin-Łomianki	Vistula	Powerline	Crossing	?	Poland	Tarchomin	127	m	Skolwin	pylon	of	Skolwin-Inoujscie	Odra	Powerline	Crossing	?	Poland	Skolwin	126	m
Enerhodar	Dnipro	Powerline	Crossing	2	1977	Ukraine	Enerhodar	126	m	Inoujscie	pylon	of	Skolwin-Inoujscie	Odra	Powerline	Crossing	?	Poland	Inoujscie	125	m	Bosporus	overhead	line	crossing	II	1983	Turkey	Istanbul	124	m	Tista	River	Crossing	1985	India	Jalpaiguri	120	m	Pile	foundation	Duisburg-Wanheim	Powerline	Rhine	Crossing	?	Germany
Duisburg	122	m	Łomianki	pylon	of	Tarchomin-Łomianki	Vistula	Powerline	Crossing	?	Poland	Łomianki	121	m	Little	Belt	Overhead	powerline	crossing	2	?	Denmark	Middelfart	125.3	m	/	119.2	m	Little	Belt	Overhead	powerline	crossing	2	?	Denmark	Middelfart	119.5	m	/	113.1	m	Pylons	of	Duisburg-Rheinhausen	1926	Germany	Duisburg-Rheinhausen
118.8	m	Bullenhausen	Elbe	Powerline	Crossing	?	Germany	Bullenhausen	117	m	Lubaniew-Bobrowniki	Vistula	Powerline	Crossing	?	Poland	Lubaniew/Bobrowniki	117	m	Świerże	Górne-Rybaków	Vistula	Powerline	Crossing	?	Poland	Świerże	Górne/Rybaków	116	m	Ostrówek-Tursko	Vistula	Powerline	Crossing	?	Poland	Ostrówek/Tursko	115	m	Bosporus
overhead	line	crossing	I	1957	Turkey	Istanbul	113	m	Riga	Hydroelectric	Power	Plant	Crossing	Pylon	1974	Latvia	Salaspils	112	m	Bremen-Industriehafen	Weser	Powerline	Crossing	?	Germany	Bremen	111	m	Two	parallel	running	powerlines,	one	used	for	a	single	phase	AC	powerline	of	Deutsche	Bahn	AG	Probostwo	Dolne	pylon	of	Nowy	Bógpomóz-
Probostwo	Dolne	Vistula	Powerline	Crossing	?	Poland	Nowy	Bógpomóz/Probostwo	Dolne	111	m	Ameren	UE	Tower	2009	United	States	St.	Louis,	Missouri	111	m	Radio	tower	with	crossbars	for	powerline	conductors	Daugava	Powerline	Crossing	1975	Latvia	Riga	110	m	380	kV	Ems	Overhead	Powerline	Crossing	?	Germany	Mark	(south	of	Weener)
110	m	Nowy	Bógpomóz	pylon	of	Nowy	Bógpomóz-Probostwo	Dolne	Vistula	Powerline	Crossing	?	Poland	Nowy	Bógpomóz	109	m	Regów	Golab	Vistula	Powerline	Crossing	?	Poland	Regów/Golab	108	m	Orsoy	Rhine	Crossing	?	Germany	Orsoy	105	m	Kerinchi	Pylon	1999	Malaysia	Kerinchi	103	m	Tallest	strainer	pylon	in	the	world,	not	part	of	a	powerline
crossing	of	a	waterway	Limfjorden	Overhead	powerline	crossing	1	?	Denmark	Raerup	101.2	m	Enerhodar	Dnipro	Powerline	Crossing	2	1977	Ukraine	Enerhodar	100	m	Pylons	standing	on	caissons	Reisholz	Rhine	Powerline	Crossing	1917	Germany	Düsseldorf	?	Under	the	legs	of	the	pylon	on	the	east	shore	of	Rhine	there	runs	the	rail	to	nearby
Holthausen	substation.	Sone	River	Crossing	1983	India	Sone	Bhadra	(Uttar	Pradesh)	96	m	Pylons	standing	on	well	foundation	Ghazi	pond	crossing	Tarbela	Dam	2017	Pakistan	Tarbela	Dam	89.5m	SPT	type	tower.	First	of	its	type	in	Pakistan.	Al	Batinah	expressway	road	&	rail	crossing	at	Sohar	220	kV	Double	circuit	OETC	line	2018	Oman	Sohar	89	m
Tallest	transmission	line	tower	in	Sultanate	of	Oman	Strelasund	Powerline	Crossing	?	Germany	Sundhagen	85	m	Pylons	standing	on	caissons	Pylon	in	the	artificial	lake	of	Santa	Maria	1959	Switzerland	Lake	of	Santa	Maria	75	m	Pylon	in	an	artificial	lake	Facility	4101,	Tower	93	1975	Germany	Hürth	74.84	m	Carried	until	2010	an	observation	deck
Zaporizhzhia	Pylon	Triple	?	Ukraine	Zaporizhzhia	74.5	m	Two	triple	pylons	used	for	a	powerline	crossing	from	Khortytsia	Island	to	the	east	shore	of	Dneipr	Aggersund	Crossing	of	Cross-Skagerrak	1977	Denmark	Aggersund	70	m	Tallest	pylons	used	for	HVDC-transmission	in	Europe	Eyachtal	Span	1992	Germany	Höfen	70	m	Longest	span	of	Germany
(1444	metres)	Leaning	pylon	of	Mingjian	?	Taiwan	Mingjian	?	Earthquake	memorial	Carquinez	Strait	Powerline	Crossing	1901	United	States	Benicia	68	m	+	20	m	World's	first	powerline	crossing	of	a	larger	waterway	Tower	1	of	Powerline	Reuter-West	-	Reuter	1987	Germany	Berlin	61.3	m	Chimney-like	strainer,	however	not	useable	as	smokestack,
design	was	chosen	in	order	to	fit	better	into	the	surrounding	industrial	area	Pylon	310	of	powerline	Innertkirchen-Littau-Mettlen	1990	Switzerland	Littau	59.5	m	Tallest	pylon	of	prefabricated	concrete	Huddersfield	Narrow	Canal	Pylon	1967	UK	Stalybridge,	Greater	Manchester	54.6	m	Pylon	standing	over	a	waterway	shipable	by	small	boats	Anlage
2610,	Mast	69	?	Germany	Bochum	47	m	Pylon	of	220	kV	powerline	decorated	with	balls	in	Ruhr-Park	mall	Colossus	of	Eislingen	1980	Germany	Eislingen/Fils	47	m	Pylon	standing	over	a	small	river	Pylon	24	of	powerline	Watari-Kashiwabara	?	Japan	Uchihara,	Ibaraki	45	m	Pylon	standing	over	a	public	road	with	two	lanes	Designer	high-voltage	pylon
Bog	Fox	2020	Estonia	Risti,	Lääne	County	45	m	The	first	high-voltage	designer	pylon	in	Estonia	Sookurg	2022	Estonia	Tartu-Tiksoja,	Tähtvere	County	44	m	Designer	pylon	Sookureke	2023	Estonia	Jõhvi–Tartu–Valga,	Mustvee	County	40	m	Designer	pylon	Mickey	Pylon	1996	US	Celebration,	Florida	32	m	Mickey	Mouse	shaped	pylon	Source[38]	2004
France	Amnéville	les	Thermes	34	m	/	28	m	4	pylons	forming	an	artwork	Tower	9108	1983	Germany	Fulda	20.4	m	Base	situated	in	a	storage	building,	looks	like	roof-mounted	Western	Tower	of	Overhead	Line	of	Ostrich	Lake	Ferry	1915	Germany	Strausberg	9.7	m	Carries	together	with	its	counterpart	on	the	other	bank	of	Ostrich	Lake	the	longest	span
(length:	370	metres)	of	an	overhead	wire	for	feeding	electric	power	to	a	vehicle	Eastern	Tower	of	Overhead	Line	of	Ostrich	Lake	Ferry	2006	Germany	Strausberg	9.6	m	Carries	together	with	its	counterpart	on	the	other	bank	of	Ostrich	Lake	the	longest	span	(length:	370	metres)	of	an	overhead	wire	for	feeding	electric	power	to	a	vehicle	Architectural
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