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SPECIFYING STEEL JOISTS
AND JOIST GIRDERS

A primer on using SJI load tables

D. Ed Ryan, P.E., has worked
in the steel joist industry for 13
years as a design engineer and is
currently engineering manager
for the Vulcraft-Utah Division in
Brigham City, UT. He is a regis-
tered professional engineer in 10
western states and a member of
the Structural Engineers
Association of Utah. This article
is adapted from a paper deliv-
ered at the 1996 National Steel
Construction Conference.
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HE STEEL JOIST INSTITUTE IS

I IN ITS SEVENTH DECADE OF

ESTABLISHING STEEL JOIST
INDUSTRY STANDARDS and in 1994
published the 40th Edition
Standard Specifications Load
Tables and Weight Tables for
Steel Joists and Joist Girders.
Significant changes in this latest
edition include the addition of
KCS Joists to the K-series,
revised stability criteria and the
addition of the recently revised
ASTM A529 steel to the materi-
als section of all series.

The SJI standard specification
consists of three distinct series:
open web steel joists (K series);
long span and deep long span
steel joists (LH and DLH series);
and joist girders.

K-series and LH/DLH series
joists are defined as simply sup-
ported, uniformly loaded trusses,
supporting a floor or roof deck so
constructed as to brace the top
chord against lateral buckling.
The KCS joist is a K-series joist
that is designed to support uni-
form plus concentrated loads or
other non-uniform loads. KCS
joist chords are designed for con-
stant moment capacity at all
interior panels. All webs are
designed for a vertical shear
equal to the specified shear
capacity. Further, all webs
except the end diagonal are
designed for 100% stress rever-
sal. Joist girders are designed as
simply supported primary mem-
bers. Loads will be applied
through steel joists, and will be
equal in magnitude and evenly
spaced along the joist girder top
chord.

K-series

¢ Depth: 8 in. to 30 in.

e Span: Up to 60 ft.

® Uniform Loading: 550 plf
max.

e Parallel chord joists
installed to a maximum
slope of '/,-in. per ft.

¢ 2'/,-in. standard bearing
depth

KCS-series

e Depth: 10 in. to 30 in.

®* Shear capacity: up to 9.2
kips

* Moment capacity: up to
1833 in.-kips

LH-series

® Depth: 18-in. to 48-in.

e Span: Up to 96 ft.

® Uniform Loading: up to
1,000 plf

¢ 5-in. standard bearing
depth

DLH-series

® Depth: 52 in. to 72 in.

e Span: Up to 144 ft.

* Uniform Loading: Up to
700 plf

® 5-in. and 7%/,-in. standard
bearing depth

Joist Girders

® Depth: 20 in. to 72 in.

¢ Span: Up to 60 ft.

® 6-in. and 7%/,-in. standard
bearing depth

The standard load tables facil-
itate specifying joists through
the use of standard designations
and defines the joist depth,
series designation, live load
deflection capacity, erection sta-
bility bridging and approximate
joist weight. Joist girder tables
include member depth, number
of joist spaces and loading at
each joist location.



DESIGN EXAMPLE:
UNIFORMLY LOADED JOIST
AND Joist GIRDER

For a given bay size we would
select the member spans, spac-
ing and depths based on specific
loading needs and serviceability
requirements.

Given: 50-ft. x 40-ft. bay with
Joists spaced 6-ft.-3-in. on center:
roof live load equals 20 psf (non-
reducible); dead load equals 15
psf (includes joist and joist girder
self-weight) for a total load of 35
psf-

Step One:
Determine the number of joist
spaces (N)

N=1

Step Two:
Select joist
a. span = 40-ft.
b. TL = 6.25 ft. x 35 psf = 219
plf
¢. From K-series load table
select 22 K 7 (self weight of
joist = 9.7 plf)
from table:
TL = 231 plf
LL for 1./360 = 123 plf
LL for 1/240 =123 x 1.5

Step Three:

Select joist girder

a. Panel point load, P = 219
plf x 40-ft. = 8.8 kips

b. Select girder depth using
50-ft. span, 8 panel and 9
kips. Refer to “Joist Girder
Design Guide Weight
Table.” The rule of about
one inch of depth for each
foot of span applies in this
example. Therefore, select a
depth of 48-in.

c. Joist girder designation will
be 48G8N8.8K. Table
shows self weight of
approximately 40 plf.

d. Weight of joist/joist girder
is approximately:

Joist 9.7 plf/6.25-ft. = 1.55;
Girder 40 plf/40-ft. = 1.00
Total equals 2.55 psf.

Step Four:

For rectangular bay with

joists and girders spanning
opposite direction:
Joist (26K10) =2.07
Girders (40G6N12K) = .94
Total equals 3.01 psf.

Use original layout

Step Five:

22 K 7 joist spanning 40-ft.
requires three rows of bridging
(from Section 5-Application of
the SJI Specification). Standard
load table indicates the center
row to be bolted diagonal bridg-
ing.

The joist, joist girder and
bridging designations can be
adequately specified on a design
drawing plan.

DESIGN EXAMPLE:
CONCENTRATED AND
VARYING LOADS

Concentrated and varying
loads, such as those imposed by
mechanical units and drifting
snow, present a slightly more
complex joist selection. However,
the specifier has options to help
make this process easier. The
desired end result is the presen-
tation of a standard joist selec-
tion on design drawing plans or
a joist special loading diagram.

Our first option is the selec-
tion of a standard K-series or
LH-series designation from the
SJI load tables using a method
equivalent to that used for uni-
form loading. Secondly, however,
we can select a KCS joist from
the load table. Either of these
two methods also may be applied
by using “double joists” if we
assure the loading is transferred
into each joist. Generally, these
two methods will resulting a
more economical selection. The
third method incorporates a spe-
cial loading diagram on the
design drawings outlining the
information to be considered in
the manufacturer’s designs.
Though generally considered a
less desirable option, under some
circumstances this method may
be the only realistic option when
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standard joist capacities are
exceeded or requirements are
complex.

With all three options it is
prudent to consider the effect of
top chord bending when loads
are judged to be significant—
either place loads at panel points
or direct the manufacturer to
design for chord bending. The
addition of extra diagonal webs
in the shop or field can minimize
or eliminate chord bending con-
siderations.

Selecting A Standard Joist:
Select a joist to span 36-ft. and
carry a uniform load of 200 plf
plus a concentrated load of 600
Ibs. located 6-ft. from one end.

600#

6 ,I, 30°

5 W=200PLF
RL

Step One:
Solve for reactions
R, = 4100 Ibs.
R = 3700 lbs.

L=36

7]

Step Two:
Solve for the maximum moment:

zero shear is located at
3700/200 = 18.5 ft. from the right
end (note location of point of zero
shear; possible shear reversal is
insignificant)
M = 8.5(3700)-200(18.5)2/2

= 34255 ft.-1bs.

Step Three:

Solve for the end shear to
completely cover the actual
shear diagram:

V... =4100-200(6)
= 2900 lbs.

V., =18/12x2900
= 4350 Ibs.
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THE COMPUTER
VIBRATION ANALYSIS
PROGRAM FOR
STEEL JOIST
CONCRETE
SLAB FLOORS.

Lets you do in
minutes what
used to take
hours!

i,

Now you can get results at the
touch of a button. The computer
vibration analysis for floor systems
employing steel joist/concrete slab
floor construction lets you . ..

« calculate frequency and
amplitude resulting from transient
vibration caused by human
activity on joist-concrete floors

« perform various “"what-if"
scenarios—variation in slab
thickness, concrete strength, joist
size, joist spacing, floor decking,
live and dead loads and span
lengths

= verify your own calculations
= handles up to 100 foot spans

The program is available on 5" and
3%z inch disks, is IBM PC compatible
and comes with a comprehensive
58-page user’s manual. And at just
$125.00, this program pays for itself
after just one project. So fill out the
coupon to order this time-saving
program today.

Please send me
___ program(s)
at $125.00 each
(includes Postage
and Handling).

ALL ORDERS
MUST BE PREPAID

Disk Size: 32"

Total Remittance
U.S. Currency Only

Name

Company

Street Address

City State, Zip

Mail to: Managing Director

Div. A-1
., Steel Joist Institute
1205 48th Avenue North

Myrtle Beach, SC 29577
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Step Four:

Solve for equivalent unlform
loads based on the maximum
moment and joist end shear:

Shear:

W =V,_,/18 = 242 plf
Moment

W, = 8M/L2 = 211 plf
Therefore, choose 22K6 with

W =257 plf

allow

Another example: Utilizing
KCS joists follow a similar proce-
dure. Select a KSC joist to span
30-ft., carry a uniform load of
270 plf, a drift load of 160 plf to
zero plf over 8-ft. at one end and
a series of loads at 3-ft., 7-ft. and
9-ft. of 300 lbs., 800 lbs. and 500
Ibs. respectively on the other end.

500# 800# 300#

[T

W =270 PLF

W =160 PLF

Step One:
Solve for reactions:
RL = 5000 Ibs.
RR = 5430 1bs.

Step Two:
Solve for
moment:

MMAX = 443 in.-kips

maximum

Step Three:
Select a 22KCS2
M = 488 in.-kips
R = 5900 1bs.
Bridging for section no.
6 and L = 30 ft.

Since the maximum uniform
load of 430 plf does not exceed
550 plf and a standard KCS joist
can be selected from the load
table, a load diagram is not
required.

JOIST AND JOIST GIRDERS
SUBJECTED To UPLIFT LOADING

Joist and joist girders in roof
systems will be subjected to net
uplift loads if the code imposed
wind uplift exceeds the perma-
nent dead load. This uplift load-
ing will affect the design of the
members and the bridging.
Under gravity loads, the top
chord of the joist is in compres-
sion and the bottom chord is in
tension. If a net uplift loading
occurs, the bottom chord of the
joist will be in compression. Due
to this load reversal in the
chords, the bridging design must
always be adjusted to account for
the uplift condition. Uplift also
causes a stress reversal in the
joist webs. This condition must
be checked by the manufacturer.

SJI specifications require the
joist manufacturer be informed
of the net uplift occurring on the
joists and joist girders. This may
be accomplished with a note on
the drawings such as “Design
and furnish joists and bridging
for a net uplift of 15 psf.” Many
building codes require that com-
ponents and cladding be
designed to resist increased wind
loading at corners and edges. In
this situation, the best method
for informing the manufacturer
of the net uplift on the joists is to
provide a net uplift diagram.

NET UPLIFT

29 psf

As mentioned, the engineer
also should specify the uplift
load on the joist girders. The
manufacturer will design bottom
chord braces for the girder as
required by the uplift load. Joist
girders may be considered as pri-
mary members when determin-
ing the uplift loads. Because of
this, the uplift load on joist gird-
ers would usually be less than
the uplift load on joists, and
therefore the engineer may elect



to specify a lower net uplift load
on the joist girders.

END MOMENT AND CHORD
FORCES IN JOISTS

Joist End Moments

When joists are used as part
of a rigid frame, the engineer
must provide the joist end
moments to the manufacturer.
This may be accomplished
through the use of notes, a joist
load diagram or a schedule of
joist moments. (See sample joist
schedule and load diagram at
right.) All should include the
magnitude and direction of the
moments for the various load
cases considered. In addition, the
specifying engineer should speci-
fy that the bottom chord braces
be designed and furnished by the
joist manufacturer. Unless
specifically instructed otherwise,
the general procedure is to
design the joist as a simple span
member and then to check the
chords and web members for the
affects of the end moments. The
manufacturer will allow a one-
third stress increase for all load
combinations containing wind or
seismic loads unless they are
specifically requested not to do
so.

Chord Forces

Bracing systems and moment
frames may impart axial loads
into joist chords. These forces
should be specified to the manu-
facturer through notes, on a load
diagram or in a schedule. Again,
the engineer should specify that
bottom chord braces be designed
and furnished by the joist manu-
facturer. The manufacturer will
check the affect of the chord
forces and adjust the chord
design accordingly.

SLOPING JOISTS

Currently, SJI specifications
do not address joists that are to
be used at a slope greater than
/,-in. per ft.Due to a lack of
information, designers currently
have no easy means for the prop-
er selection of sloped joists. Some
of the commonly encountered
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Selecting A Sloping Joist

v ¥ ¢ Ju
DL
<]
LL xcos®@
DL
<]

Joists are specified by their actu-
al length and the load normal to
the joist as the values that are
used in the SJI load table. The
dead and live loads for a roof
system are typically oriented on
two different axis.

The live load is applied over the
plan length and the dead load is
applied over the slope length

To orient both loading to the
same axis, multiply the live load
by the cos 0.

To determine the normal com-
ponent of each, multiply again
by the cos 9.

Using the normal and parallel
components of the loading, we
may properly select an SJI desig-
nated joist.

JOIST SCHEDULE
MARK | DEPTH | TOTAL | LIVE | SPAN | MOMENT MOMENT | NOTES
{inches} LOAD LOAD | (fest) | LIVE LOAD LATERAL
(plf) {plf} (ft-Kips) {:Og)
+ +
2D
LEFT [RIGHT [LEFT [RIGHT
problems with sloped joist desig-
nation including: St e
e Decrease in joist moment DEAD LOAD = 100 PLF
capacity with increased 3 ¢ ¥ ¢ & ¥
joist slope. (. \___’J
¢ Overspanning of joists. T
e Inconsistency in how loads
1 i 67 FT-KIPS Me= 12667 FT-KIPS
are being applied to sloped Me SSVIFRRES s
joists. I DIA
e Affect of the load compo-
nent parallel to the chords

of the joists.
The method illustrated above
(Selecting A Sloping Joist) pro-
duces several benefits in that it:
¢ Eliminates the need for
additional loads tables

e Ensures the joist will be
designated for the moment
capacity for which it was
specified

¢ Considers the actual joist
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length during selection,
preventing overspan condi-
tions ,

e Adds the parallel compo-
nent into the top chord
axial force of the joists

s e i
Vy DL
6
39°-0" J
>
Example:
Roof slope = 6:12
LL = 14 psf
DL = 22 psf

Plan dimension of bay,
L, =39t
Typical joist spacing
= 5-ft. on center
8 = tan'1(6/12) = 26.6°
LL x cos®0 x joist space
= 56 plf
DL x cos6 x joist space
Actual joist length,
L = 43-ft.-7-in.

Note that the SJI specifica-
tions for short span joists limits
the length of joists to 24 times
the joist depth. Therefore, the
minimum joist depth for this sit-
uation is 22-in.

Enter the joist load table
using TL = 155 plf and LL = 56
plf and joist length = 43-ft.-7-in.

Specify a 22K5 (for 44-ft.
span, allowable uniform total
load = 157 plf, live load that pro-
duces deflection of L/360 = 76
plf).

In addition, the manufacturer
will need to design this joist for

the affects of the load parallel to
the joist. This load would be:

[(LL x cos 8)+DL]sin 6 = 77 plf

This load will be applied as an
additional top chord axial force
in the joist.

This selection can now be
incorporated in the design draw-
ings as in earlier examples.

BRIDGING CONSIDERATIONS

Joist bridging is required for
the following reasons:

¢ Align the joists during erec-
tion.

e Provide stability for the
joist during erection.

e Provide gravity load stabili-
ty for joists with standing
seam roofs,

® Provide bracing for the bot-
tom chord for wind uplift
and axial loads.

¢ Control the slenderness
ratio of the bottom chord.

e Assist in stabilizing the
web systems.

In typical situations, the size,




type and number of rows of
bridging required depend on the
length, spacing and designation
of the joists in the area under
consideration. The bridging
requirements also are affected by
wind uplift loading and the type
of deck supported by the joists.
The two types of bridging are
horizontal and diagonal.
Horizontal bridging consists of
continuous rods or angles con-
nected to the top and bottom
chords. Diagonal bridging con-
sists of pairs of angles that cross
diagonally from the top chord to
the bottom chord in the space
between each joist. For typical
situations, the required number
of rows of bridging is given in
tabular form in the SJI standard
specifications. These specifica-
tions also indicate when diagonal
bridging and erection stability
bridging are required during
construction. The size type and
number rows of bridging can be
illustrated on the drawings or,

alternatively, a notation on the
drawings can be used to specify
the bridging requirements.

Bridging for all joists requires
positive anchorage at the end of
the bridging line, the bridging is
normally anchored to the beam
or the wall. When a joist exists
at the end of the bridging line, X-
bridging should be used between
the last two joists. This condition
often exists at expansion joints
and when joists are used in lieu
of beams at end walls.

Standard bridging is required
to laterally stabilize the top
chord of the joists until the per-
manent deck is attached.
Construction loads must not be
applied to the joists until the
bridging is attached to the joists
and anchored at its ends.

Floor and roof decks usually
have adequate stiffness to pro-
vide lateral stability to the top
chord of joists subjected to
design loads. The most common
exception is standing seam roof
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systems. The engineer should
assume that the standing seam
roof has no diaphragm capabili-
ty, and specify that sufficient
bridging be provided to laterally
brace the joists under design
loads. The standing seam roof
may be able to stabilize the top
chord of the joists, but this
should be substantiated with
test data. If the roof does not
have sufficient diaphragm stiff-
ness to brace the top chord, the
bridging design (size and spac-
ing) must be adjusted to provide
sufficient lateral bracing.

Wind loading on joists will
affect the design of the bridging.
Under net uplift, the bridging is
required to provide lateral stabil-
ity to the bottom (compression)
chord of the joists. The SJI speci-
fications requires the bridging
design to account for the uplift
forces. The specifications require
joists subjected to uplift have a
line of bridging near each of the
first bottom chord panel points.

THE ARCHITECTURE OF THIS 214-FT. DIAMETER OCTOGONAL STRUCTURE REQUIRED

AN OPEN INTERIOR WITHOUT CENTRAL SUPPORTING TOWER OR HORIZONTAL TIE

MEMBERS. CANAM ENGINEERS ROSE TO THE CHALLENGE WITH RIGID FRAMES

weeks ahead of schedule

MEETING AT THE CENTER OF THE BUILDING AND STABILIZED AT THE PERIMETER

BY A TENSION RING. A SOLUTION BUILT IN SEVEN WEEKS INSTEAD OF NINE!

Engineered solutions

Engineered service

OUR SYSTEMS, EXPERTISE AND FACILITIES ALLOW US TO EXPLORE

ALTERNATIVES-DESIGNING, ENGINEERING AND MANUFACTURING SOLUTIONS

THAT SAVE TIME AND MONEY. FOR MORE INFORMATION, CALL THE

NEAREST CANAM OFFICE OR DIAL | (301) 874-5141| AND ASK FOR

CHARLIE WATSON, VICE-PRESIDENT.

@\ Canams:s

SOLUTIONS + SERVICE
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MOST OF THE INFORMATION
- NEEDED TO WELD A STEEL
STRUGTURE IS FOUND

BETWEEN THE COVERS
OF D1.1 STRUGTURAL
WELDING CODE-STEEL

Thousands of professionals have relied
on D1.1 Structural Welding Code-Steel to
provide the answers on allowable stress,
inspection, qualification, structural details,
statically or cyclically-loaded structures,
stud welding, tubular and nontubular
structures, welded joint details, and
workmanship.

Now with the 1996 edition of D1.1,
owners and their design teams including
architect and engineers can extract more
performance and quality while fabricators,
contractors and inspectors can deliver
easier and more economically.

The 1996 D1.1 Structural Welding
Gode-Steel features:

 Completely rearganized with side-by-
side 1994 and 1996 section numbers
for orientation

* 62 tables

* 147 figures

* Underlying principles and practices are
in the Annexes

* Need-to-know insight is found in
the Commentary

* Qver 450 pages, 3-hole punched,
softbound with new rugged cover,
editorial and technical changes
underlined, and indexed.

1998

structural |
| Welding Code |
-*‘*"_étel

 Togelyour ooy of e mos efcen,

economical and practcal code in e .S,
nd abroad, call (800) 334-WELD, 8 a.m.
{0 5:00 p.m. EST. Have AWS Membership
~ umber PO or credit card reaty.

 List $180/8120 for AWS embers.

Ameian Welding Society

Depending on the actual amount
of uplift, additional bridging may
be required.

SERVICEABILITY

The two most common service-
ability concerns are deflection
and camber.

The SJI load tables provide
deflection information for K, LH
and DLH-series joists as a uni-
form load that will cause an
approximate L/360 deflection.
This can be directly proportioned
for more or less stringent crite-
ria. When a special deflection
requirement is desired it should
be specifically noted on the
design drawings. Examples
when this may be necessary are
perimeter steel joist loaded with
building cladding and interior
joists carrying folding partition
walls. In both cases, it is com-
mon for greater deflection limita-
tions to be required, which can
be defined by deflection ratios or
actual deflection dimensions.

The SJI specification tabu-
lates the camber for K, LH and
DLH-series, though camber is
optional with the manufacturer
for K-series joists. If camber is
required on K joists, it should be
specified. A problem that can
occur with LH and DLH joists is
these may have a significant
amount of camber. The problem
arises in connecting the deck
materials to the end walls of
buildings if the camber is not
recognized. For example, if the
deck is to be connected to a shear
wall at the end of the building
and a joist is placed next to the
end wall, then allowance must
be made for the camber in the
edge joists in order to connect
the deck to the wall system. If
proper details are not provided,
the deck may not be able to be
connected and field adjustments
may be required. In those cases
where the edge joist is eliminat-
ed from the end wall, the deck
can often be pushed down flat on
an end wall support unless the
camber is such that the bending
in the deck would be so severe as
to buckle the deck. If special
camber is required, it must be

indicated on the design draw-
ings.

FRAMING CONSIDERATIONS

One common framing consid-
eration and frequently asked
question is, which direction to
span joists in rectangular bays.
For floor systems, it is almost
always more economical to span
the joists in the long direction of
framing. Since the joists sit on
top of the girder, they can be
made deeper than the joist gird-
er without infringing upon the
clear height requirements. The
deeper joists allow larger pene-
trations through their web open-
ings.

For roof framing, varies based
on design requirements and lay-
out. Some manufacturers pro-
vide information on various lay-
outs to aid the designer. A more
definite recommendation is pro-
vided for joist spacing. Wider
spacing will almost always be
preferred for floors and roofs.
Maximizing the roof deck and
floor slab design results in fewer
pieces to erect, equating to a
more economical solution.

The SJI specifications provide
for a maximum span-to-depth
ratio for all series equal to 24.
The optimum joist girder depth
in inches is approximately equal
to the span of the girder in feet.
The designer should generally
follow this rule of thumb; howev-
er, for expensive wall systems a
1-ft. savings in height of struc-
ture may prove more economical
as compared to the extra cost of
shallower joist girders.

Joist depth should be selected
based on the economy table
found in the SJI specifications.
The designer should examine
bridging requirements for the
selected joists. It may be that by
selecting a slightly heavier joist,
a line of bridging can be elimi-
nated, thus resulting in a sub-
stantial decrease in the total cost
of erected steel. If possible for
joists spanning less than 40-ft.,
selections should be made so
that X-bridging is not required.





