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Polling	Question	

•  New	requirement	to	earn	PDH	credits	

•  Two	questions	will	be	asked	during	the	duration	of	today’s	
presentation	

•  The	question	will	appear	within	the	polling	section	of	your	
GoToWebinar	Control	Panel	to	respond	
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Disclaimer	

The	information	presented	herein	is	designed	to	be	used	by	
licensed	professional	engineers	and	architects	who	are	
competent	to	make	a	professional	assessment	of	its	accuracy,	
suitability	and	applicability.		The	information	presented	herein	
has	been	developed	by	the	Steel	Joist	Institute	and	is	produced	
in	accordance	with	recognized	engineering	principles.	The	SJI	
and	its	committees	have	made	a	concerted	effort	to	present	
accurate,	reliable,	and	useful	information	on	the	design	of	steel	
joists	and	Joist	Girders.		The	presentation	of	the	material	
contained	herein	is	not	intended	as	a	representation	or	warranty	
on	the	part	of	the	Steel	Joist	Institute.		Any	person	making	use	of	
this	information	does	so	at	one’s	own	risk	and	assumes	all	
liability	arising	from	such	use.	
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Learning	Objectives	
	
•  Describe	the	factors	which	impact	sloped	seats	on	steel	joists.	
	
•  Identify	the	unique	considerations	for	designing	and	

specifying	special	profile	steel	joists.	
	
•  Summarize	the	general	concerns	with	steel	deck	on	sloping	

roofs,	and	how	to	properly	specify	its	support.	
	
•  Explain	the	interaction	of	uplift	and	shear	in	steel	roof	deck	

diaphragms,	and	how	diaphragms	are	affected	by	hip	roofs.	
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Course	Description		

•  Steel	joists	and	steel	deck	are	used	to	construct	
economical	pitched	roofs.	This	session	will	provide	
designers	with	details	and	design	guidance	to	help	with	
this	situation.	

•  Included	will	be	guidance	on	designing	and	detailing	
pitched	diaphragms,	and	economical	hip	roof	framing	
details.	
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Nothing	Flat	About	Steel	Joists	and	Steel	
Deck	On	a	Pitched	Roof	
•  Parallel	Chord	Joists	
•  Sloped	Seats	
•  Pitched	Top	Chords	
•  Special	Profile	Joists	
•  Joists	in	a	Hip	Roof	
•  Curved	Steel	Deck	
•  Sloped	Roof	Planes	
•  Attaching	Deck	on	Sloped	Surfaces	
•  Uplift	and	Diaphragm	Shear	

6	



Parallel	Chord	Joists	

SJI	first	added	the	Definition	for	Sloped	Joist	in	2002	

The	span	of	a	sloped	parallel	chord	joist	or	Joist	Girder	
shall	be	defined	by	the	length	along	the	slope	
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Parallel	Chord	Joists	
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Parallel	Chord	Joists	

The	SJI	Load	Table	capacity	shall	be	the	component	
normal	to	the	joist	
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Parallel	Chord	Joists	

A	K-Series	Constant	Shear	(KCS)	Joist	shall	be	
parallel	chord	only	

Sloped	KCS	Joists	shall	use	the	appropriate	moment	
and	shear	capacity	for	the	span	as	defined	by	the	
length	along	the	slope	

10	



Parallel	Chord	Joists	

Joist	chords	shall	not	carry	out-of-plane	or	torsional	loads,	
such	as	concentrated	loads	applied	to	laterally	sloped	joists	
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Sloped	Seats	

Where	steel	joists	or	Joist	Girders	are	sloped,	the	
end	bearing,	or	seats,	may	also	be	sloped	

For	K-Series	Joists,	seats	are	permitted	to	not	be	
beveled	for	slopes	of	1/4	inch	or	less	per	foot	
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Sloped	Seats	
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Sloped	Seats	
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Sloped	Seats	
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Sloped	Seats	

When	sloped	seats	are	required,	the	seat	depths	
shall	be	adjusted	to	maintain	standard	height	at	the	
shallow	end	of	the	sloped	seat	

	

SJI	publishes	these	requirements	in:	

Table	2.2-2	and	2.2-3	
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Sloped	Seats	
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Sloped	Seats	

Closer	look	at	Table	2.2-2	for	K-Series	Joists	(LOW	END)	
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Sloped	Seats	

Closer	look	at	Table	2.2-2	for	K-Series	Joists	(HIGH	END)	
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Sloped	Seats	

Minimum	HIGH	END	seat	depths:	
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Sloped	Seats	

Note	that	the	required	SEAT	DEPTH	“d”	is	measured	at	
the	end	of	the	seat,	where	the	TCX	begins		

This	is	commonly	referred	to	as	the	BASE	LENGTH	
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Sloped	Seats	
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Sloped	Seats	
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1:12	Slope	at	HIGH	END	



Sloped	Seats	
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Sloped	Seats	

When	the	low	end	has	a	top	chord	extension	(TCX),	
clearance	must	be	checked	at	the	outer	edge	of	the	
support	

–  3”	minimum	seat	depth	for	K-Series	

–  5	1/2”	minimum	seat	depth	for	LH-	and	DLH-Series	
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Sloped	Seats	
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Sloped	Seats	

When	the	bearing	is	sloping	perpendicular	to	the	joist,	
Canted	Seats	may	be	required	

	

Contact	your	preferred	local	Joist	Manufacturer	to	
discuss	their	capabilities	and	details	
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Sloped	Seats	
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Sloped	Seats	

A	preferred	alternate	solution	to	using	Canted	Seats	
is	to	install	a	bent	plate	to	remove	the	cant	
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Sloped	Seats	
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Pitched	Top	Chords	

Four	standard	types	of	joists	with	pitched	top	chords:	
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Web	systems	shown	are	examples,																																																																							
and	may	vary	depending	on	manufacturer	

Single	Pitch	 Double	Pitch	



Pitched	Top	Chords	

Steel	joists	with	SJI	designations	shall	not	have	a	top	
chord	pitch	exceeding	1/2:12	

•  For	Single	Pitch,	the	designation																							
depth	shall	be	at	mid-span	

•  For	Double	Pitch,	the	designation																						
depth	shall	be	at	the	ridge	
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Pitched	Top	Chords	
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Pitched	Top	Chords	
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Pitched	Top	Chords	

Many	Joist	Manufacturers	can	provide	more	than	
two	pitched	chords	

Most	common	is	Triple	Pitch	

Contact	your	preferred	local	Joist	Manufacturer	to	
discuss	their	capabilities	
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Pitched	Top	Chords	

36	



Pitched	Top	Chords	

37	



Special	Profile	Joists	
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There	are	four	generally	accepted	Special	Profiles:	

–  Bowstring	
–  Arch	
–  Gable	
–  Scissor	



Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	
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Special	Profile	Joists	

Of	Special	Profile	Joists,	Gable	Joists	are	typically	the	
most	cost	effective	to	manufacture	

Scissor	or	Arch	Joists	should	only	be	used	if	the	
additional	clearance	is	needed	below	the	joist,	often	
for	aesthetic	reasons	
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Special	Profile	Joists	

When	using	Scissor	or	Arch	Joists,	there	is	a…	
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Special	Profile	Joists	

Scissor	and	Arch	Joists	may	create	a	horizontal	
reaction	on	the	structure	

To	remove	this	thrust	force,	a	slip	connection	should	
be	used	at	one	end	(roller	support)	
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Special	Profile	Joists	
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Special	Profile	Joists	

Note	that	diaphragm	forces	collected	in	the	joist	top	
chord	must	transfer	through	the	pinned	end	of	the	
joist	
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Special	Profile	Joists	

Special	Profiles	Joists	are	typically	fabricated	with:	

56	



Joists	in	a	Hip	Roof	

Using	Steel	Joists	in	a	hip	roof	can	be	an	economical	
option	

This	is	most	commonly	done	using	Double	and	
Triple	Pitch	Steel	Joists	
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Joists	in	a	Hip	Roof	
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Joists	in	a	Hip	Roof	

This	method	can	be	used	with	low	slope,	such	as	
often	done	for	drainage	

When	the	building	shape	is	simple,	this	can	be	more	
economical	than	building	up	insulation	
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Joists	in	a	Hip	Roof	
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Joists	in	a	Hip	Roof	

•  Joists	can	also	be	used	for	greater	sloped	hip	
roofs	

•  This	is	common	in	schools,	particularly	over	
gymnasiums	and	auditoriums	
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Joists	in	a	Hip	Roof	
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Steel	Joists	used	for	4:12	Hip	Roof	on	School	



Joists	in	a	Hip	Roof	

•  When	roof	overhangs	are	needed,	Steel	Joists	can	
be	turned	90	degrees	at	building	ends	

•  These	bear	on	a	Hip	Support	member,	which	can	
be	a	Joist	Girder	or	Beam	

•  Top	chord	extensions	create	the	overhang	
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Joists	in	a	Hip	Roof	
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Joists	in	a	Hip	Roof	

•  Coordination	is	required	at	connection	of	Hip	
Support	member	to	Triple	Pitch	Joist	
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Joists	in	a	Hip	Roof	

•  A	simpler	solution	is	to	bear	the	Hip	Support	
member	on	top	of	the	Triple	Pitch	Joist	

•  Contact	your	preferred	local	Joist	Manufacturer	
to	discuss	connection	details	and	preferences	
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Joists	in	a	Hip	Roof	
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Polling	Question	#1	

In	order	to	eliminate	the	horizontal	thrust	force	from	a	
scissor	joist,	you	should:	

A.  Weld	both	ends	of	the	joist	to	the	structure	

B.  Use	a	slip	connection	at	one	end	of	the	joist	

C.  Use	a	slip	connection	at	both	ends	of	the	joist	
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Nothing	Flat	About	Steel	Joists	and	Steel	
Deck	On	a	Pitched	Roof	
•  Curved	Steel	Deck	

•  Sloped	Roof	Planes	

•  Attaching	Deck	on	Sloped	Surfaces	

•  Uplift	and	Diaphragm	Shear	
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Nothing	Flat	About	Steel	Roof	Deck	

Source:		Floline	

1-1/2”	WR	Deck	on	Dome	
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Can	Steel	Roof	Deck	Be	Curved?	

The “Easy Way” 

The “Hard Way” 

Source:		New	Millennium	
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Can	Steel	Roof	Deck	Be	Curved?	

Weak	Direction	
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Can	Steel	Roof	Deck	Be	Curved?	
Strong	Direction	Field	Bending	

Approx.	75plf	to	bend	

Fasteners	in	every	rib	at	end	of	panel																Source:		Canam	
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Can	Steel	Roof	Deck	Be	Curved?	
Strong	

Direction	

Field	Bending	

Limit	sum	of	

Residual	stress	

And	flexural	

Stress	to	

0.66	Fy	

•  Source:		Canam	
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Can	Steel	Roof	Deck	Be	Curved?	

Strong	Direction	

Tighter	radius	can	be	shop	crimped	by	some	manufacturers	
and	secondary	suppliers	

Cellular	Deck	usually		
cannot	be	crimped	
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Can	Steel	Roof	Deck	Be	Curved?	

Source:		Canam	

Crimped	
condition	shown	
	
Minimum	radius	
without	crimps	
=	24	foot	
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Can	Steel	Roof	Deck	Be	Curved?	

Source:		Epic	Metals	 77	



Can	Steel	Roof	Deck	Be	Curved?	

Source:		Canam	 78	



Can	Steel	Roof	Deck	Be	Curved?	

Curved	Diaphragm?	

Model	as	a	shell	and	design	diaphragm	from	rational	
analysis	
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Sloped	Roof	Deck	Diaphragms	

Source	for	Sloped	Diaphragms	
•  Monoslope	
•  Gable	
•  Hipped	

•  Free	PDF	download	
•  $30	hard	copy	
•  www.sdi.org	
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How	Does	Roof	Slope	Affect	Diaphragm	
Forces?	
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Sloped	Roof	Deck	Diaphragms	
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Pitched	Roof	Deck	Diaphragms	
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Pitched	Roof	Deck	Diaphragms	

Diaphragm	span	is	on	the	slope	
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Hip	Roof…	What	Changes?	
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Hip	Roof…	What	Changes?	

Rule	of	Thumb	
	

Double	
Fasteners	
On	Fold	
Lines	
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Axial	Force	in	Sloped	Deck?	

Design	bracing	to	carry	downslope	forces	
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Axial	Force	in	Sloped	Deck?	

Source:	SDI	Roof	Deck	Design	Manual	
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How	Planar	Does	the	Bearing	Need	to	Be?	

ANSI/SDI	RD-2017	Standard	for	Steel	Roof	Deck	

G. 	Deck	bearing	surfaces	shall	be	brought	into	contact	as	
required	by	the	fastening	method. 		

Commentary:		Out	of	plane	support	flanges	can	create	knife-edge	
supports	and	air	gaps	between	the	deck	and	support.		This	makes	
welding	more	difficult	and	allows	distortion	under	screw	or	power	
actuated	fastener	washers	or	heads.		Inherent	tolerances	of	the	
supporting	structure	should	be	considered.	
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How	Planar	Does	the	Bearing	Need	to	Be?	

ANSI/AWS	D1.3	Structural	
Welding	–	Sheet	Steel	

7.3.2	Close	Contact.	The	parts	
to	be	joined	by	welding	shall	be	
brought	into	close	contact	to	
facilitate	complete	fusion	
between	them.	
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How	Planar	Does	the	Bearing	Need	to	Be?	
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How	Does	Deck	Bear	in	Hips	and	
Valleys?	
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How	Does	Deck	Bear	in	Hips	and	
Valleys?	
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How	to	Transfer	Diaphragm	Shear	in	
Hips	and	Valleys?	
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Valleys?	
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How	Should	Sloped	Roof	Deck	Be	Fastened?	
•  Arc	Spot	Welds	(aka	“Puddle	

Welds”)	

•  AWS	D1.3	limits	to	“flat	
position”	(15	deg.	=	3.2/12)	

•  AWS	D1.3	does	allow	for	
alternate	positions	if	properly	
documented	
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How	Should	Sloped	Roof	Deck	Be	Fastened?	
•  Screws	and	Power	Actuated	Fasteners	

•  	 No	Limits	on	Roof	Slope	

Source:		Hilti	and	Simpson	Strong-Tie	
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Interaction	of	Wind	Uplift	and	Diaphragm	
Shear	

•  Interaction	of	wind	uplift	and	diaphragm	shear	

•  What	wind	forces	should	be	used?	

•  Let’s	look	at	fastener	behavior	in	shear	and	tension	
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Interaction	of	Wind	Uplift	and	Diaphragm	
Shear	

Diaphragm	Table	with	Zero	Uplift	
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Interaction	of	Wind	Uplift	and	Diaphragm	
Shear	

Source:		AISI	S100	and	AISI	S310	
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What	Wind	Pressure	Should	I	Use?	

Roof	deck	performs	2	functions:	

•  As	Roof	SHEATHING,	carrying	gravity	and	wind	uplift	(or	
downward)	loads	

•  As	a	DIAPHRAGM,	transferring	lateral	loads	into	the	
Lateral	Force	Resisting	System	
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Interaction	of	Wind	Uplift	and	Diaphragm	
Shear	

C26.2	DEFINITIONS:		COMPONENTS	AND	CLADDING:	

	…	Cladding	receives	wind	loads	directly.	Examples	of	
components	include	fasteners,	…	roof	decking	…	
Components	can	be	part	of	the	MWFRS	when	they	act	as	…	
roof	diaphragms,	but	they	may	also	be	loaded	as	individual	
components.		
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Interaction	of	Wind	Uplift	and	Diaphragm	
Shear	

C26.2	DEFINITIONS:		MAIN	WIND-FORCE	RESISTING	
SYSTEM	(MWFRS)	

Can	consist	of	…	an	assemblage	of	structural	elements	that	
work	together	to	transfer	wind	loads	acting	on	the	entire	
structure	to	the	ground.	Structural	elements	such	as		…	
roof	diaphragms	are	part	of	the	Main	Wind-Force	Resisting	
System	(MWFRS)	…	
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Interaction	of	Wind	Uplift	and	Diaphragm	
Shear	

ROOF	DECK	AS	SHEATHING	

Roof	Dead,	Roof	Live,	and	C&C	Wind	Pressures	(uplift	or	
downward)	

ROOF	DECK	AS	DIAPHRAGM	

Roof	Dead,	Roof	Live,	and	MWFRS	Wind	Pressures	(uplift	
or	downward)	and	MWFRS	Wind	Diaphragm	Shear		
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I	Want	a	5	Minute	Solution	for	
Diaphragms.	Can	S.D.I.	Help?	

•  CF,	DDM04	and	S310	Diaphragm	Tool	
•  Nominal,	ASD	and	LFRD	outputs	
•  Tension	–	Shear	Interaction	
•  Calculations	Page	
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Polling	Question	#2	
The	interaction	of	wind	uplift	and	diaphragm	shear	is	
calculated:	

A.  Using	Component	and	Cladding	Pressures	

B.  Using	Main	Wind	Force	Resisting	System	Pressures	

C.  Does	not	need	to	be	considered	
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Polling	Question	Answers	
	

In	order	to	eliminate	the	horizontal	thrust	force	from	a	
scissor	joist,	you	should:	

B.	Use	a	slip	connection	at	one	end	of	the	joist	

	

The	interaction	of	wind	uplift	and	diaphragm	shear	is	
calculated:	

B.	Using	Main	Wind	Force	Resisting	System	Pressures	
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My	Servants	
Will	Now	
Answer	Your	
Questions	
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