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Wood Truss Gable End Frames

By Agron Gjinolli, PE. and Jim Vogt, PE.

Gable End Frame

Continuous Bearing Wall

Figure 1: Example of a non-structural gable end frame with continuous bearing along the entire\span.

Metal plate connected wood trusses
(referred herein as “trusses”) are used
in the roofs of most residential and
many light commercial buildings
constructed in the United States today.
An important advantage of trusses@lis
that they can be designed andfbuilt to
virtually any imaginable configliration
and profile, providing simple soltitions
to complicated framingsituations.
Thegable end frame 152 prime example
of how trusses andgdther components
can'\simplify the framing, process. Gable
end frames are most oftenfused directly
above the non-truss-bearing end walls of
a building, and save the contractor the
time and'@pense of field framing th€ end
wall to match the roof slopel However,
it is imperative to remembBer that a
gable end frame is an integral structural
element of the gable end wall and must
be incorporated into the wall design in
order to function properly. Confusion
sometimes exists as to how much of
this “incorporation” is provided by the
truss manufacturer and how much must
be provided by the building designer.
This article reviews the basic design
considerations used by the truss industry
for gable end frames, and discusses
several items that must be considered
by the building designer to ensure the

Structural Gable End Frame

Support

Figure 2: Example of a structural
gable end frame with bearing ar

specific locations.

successfiilMintegration_ofgfhe gable cnd
ffame into the buildingstructure.

Basig/Design Considerations
for Gable End Frames

A gabledend frame is a manufactured
component, used to complete” the end
wall of a“building, Most gable efid
frames are designed to have contintious
support along their entire %pad. The
truss industry refers 6 this ada non-
structural gabley end fram€®in that the
component is not designed to transfer
load$from_beafing wall to bearing
wall a@rosssa spafi. The web members
in-4 non-structural gable end frame
are oriented vertically (Figure I) as
opposed to the triangulated web
members in a typical truss.

Gable end frames can also be designed
to carry load over openings in the end
wall for the entire span or a portion
of the span. These are referred to
as structural gable end frames and
contain both diagonal and vertical
web members (Figure 2).

Non-structural gable end frames are
designed to receive vertical loads (i.e.,
gravity and/or uplift) applied within
the plane of the frame and to transfer
these loads to the continuous bearing

Support
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SlE T-Reinforcement

below. The vertical web members
in these frames serve as “wall studs”
and are oriented with their narrow
face perpendicular to the plane of the
wall. These web members are typically
spaced at 24 inches on center, but may
also be spaced at 16 or 12 inches on
center. The web members funcfion as
vertical load carrying membef$ as well
as attachment members Yor sheathing
and other end wall coverings (e.g.,
vinyl sidipg)t

If the vertical web members are tall
enough, and) the vertical loads, they
must support fare_ large enough,\ web
member reinforéemeént such as L, T, U,
or'Seab reinforcement (Figure 3) may be
requited to prevent,column buckling of
web members due to the vertical loads
assumed in the design of the frame. The
locations, type, and attachment of this
reinforcemengare provided on the truss
design dpdwing for the gable end frame.
The“russudesign drawing (figure 9) will
also inelude gravity and uplift reactions
for the gable end frame based on the
design loads for which the frame has

been designed.

% L-Reinforcement

Product

Figure 3: Examples

of web member
reinforcement used

to prevent column
buckling in specific
web members of a truss

or gable end frame. Stacked

Web



Key Terminology

BCSI: Guide to Good Practice for
Handling, Installing, Restraining &
Bracing of Metal Plate Connected
Wood Trusses jointly produced by
WTCA - Representing the Structural
Building Components Industry and
Truss Plate Institute.

Building Designer: Owner of the
building or the person that contracts
with the owner for the design of the
framing structural system, and/or who is
responsible for preparation of construction
documents. When mandated by legal
requirements, the building designer shall
be a registered design professional.

Construction Documents: Written,
graphic, and pictorial documents prepared
or assembled for describing the desig
(including the framing structural system),
location and physical ¢ i

Restraint: Also known {las
ous lateral brace or CLB.
ral member installed at right angles
to a chord or web member of a truss to
reduce the laterally unsupported length of
the truss member (See BCSI-B1, BCSI-B2,
BCSI-B3, BCSI-B7, and BCSI-B10).

Permanent Building Stability Bracing:
Lateral force resisting system for the
building that resists forces from gravity,
wind, seismic and/or other loads.

Permanent Individual Truss Member
Restraint: Restraint that is used to prevent
local buckling of an individual truss chord
or web member due to the axial forces in
the individual truss member (See BCSI-B2
and BCSI-B3).

Truss: Individual metal plate connected
wood component manufactured for the
construction of a building.

Truss Design Drawing: Written,
graphic and pictorial depiction of an
individual truss.

Truss Designer: Individual respon-
sible for the preparation of the truss
design drawings.

Truss Manufacturer: Individual en-
gaged in the fabrication of trusses.

Lateral loads acting on the side wall
Figure 4: Typical lateral load path through the g
Ao\ .
fitional
Considerati
nsiderations fo

i nd installed structural sheaghi
estraint, diago ﬁ ing#” and
connections to adequafely these loads

to the permane

for the bild g.
h & g “designer, knowing the
intended flow of loads for the entire building,

is best qualified to take the resultant loads
from the gable end frame and transfer them
safely through the structure. Many building
designers include gable end bracing details in
the construction documents for the project

(figure 10) and some prescriptive details
(figure 11) are available as well.

To assist the building designer in determining
the bracing requirements to transfer lateral
loads from the gable end frame into the
roof and/or ceiling diaphragm, many truss
designers provide standard design tables and
details based on typical design assumptions
used by building designers.(figure 12)

12
varies| =
-'---'
e
TYPICAL § i,f/"
GABLE WEBS q.:;}"'

“n
“O4w

frame against lateral loads applied
lar to the frame. Options vary by
oad assumptions, web spacing, and

al loads {applied both parallel and  web length, and may include individual web
ndicular t@itheir plane from windiand/  member rﬁ\ent, horizontal bracing,
ic events\(&; . an ial racing (Figure 5a and 5b).
end frame ally not designed’ se standard tables and details do some
these loads, but rely on ly \of the work for the building designer with

respect to incorporating the gable end frame
into the overall design of the structure, but
they do not take the place of a complete
and necessary flow of loads analysis by the
building designer.

Some building codes and construction
standards include general prescriptive re-
quirements concerning gable end wall brac-
ing. For example, Section 2304.3.4 of the
2004 Florida Building Code (FBC) states
the following:

2304.3.4 Gable End Wall Bracing.

2304.3.4.1 General. Gable endwalls shall
be structurally continuous between points of
lateral support.

2304.3.4.2 Cathedral endwalls. Gable
endwalls adjacent to cathedral ceiling
shall be structurally continuous from the
uppermost floor to the ceiling diaphragm
or to the roof diaphragm.

continued on page 56
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Figure 5a (above) and 5b (page 56): Examples of web member reinforcement and bracing options used to
brace gable end frames against lateral loads applied perpendicular to the frame.
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2304.3.4.3 Full height studs.
Full height studs may be sized

STRUCTURAL
STANDARD END

SHEATHING W
DROPPED TOP CHORD END
. . oy BLOCKING CUTTO FIT
using the bracing at a ceiling . A—T,GHTBETWEENTRUSSESﬁ \
diaphragm for determining stud . :r—VARIES TNt
length requirements. P s 7= Er —IXI-
A similar provision is provided  besiGn connEcTION g S omconaLsrace L] -MI.- s
. . TO RESIST BOTH PRESSURE ~— > " -
in Section 3.4.1.1.2 of the 2001 50 5uinG Forces , { Y| yLB T AshequiRed LB SECTIONB -8
. 7
Wood Frame Construction Manual /53'4 \ = %
(WFCM), which is referenced in A LATERAL 4~ i/ BOTTOM CHORD
. A7 RESTRAINT 5 [/_ LATERAL RESTRAINT
Section R301.2.1.1 of the 2006 o e o Jo ot
International Residential Code®. ~H___ ceune VERTICAL
3.4.1.1.2 Stud Continuity ot !
STt : s END WALL
Studs shall be continuous between | DIAGONAL BRACE MAY BE TIED INTO -/;ueizws

o H H BOTTOM CHORD LATERAL RESTRAINT
horizontal ~supports, including

but not limited to girders, floor
diaphragm assemblies, ceiling
diaphragm assemblies, and roof
diaphragm assemblies...

These requirements are based on sound
engineering and framing practices aimed
at ensuring that there is an adequate lateral
load path through the structure. These prox
visions prevent framing practices in which

SECTION A-A

Figure 5b: Additional exam, S \@%eb member rei
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BCOL 100 Code [BC2000ANSIS (Matrix) Weight: 14216
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TOP CHORD 23X 4 SPF Stud TOPCHORD  Sheathed or 6-0-0 oc purlins.
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WEBS 10-26=-148/0, 8-28=-167/50, §-23=-160/55, 7-30=-161/53, §-31=-157/51, 5-32=-172/61, 3-33=-112/26, 11-25=-167/48, 12-24=-16055, 13-23=-161/53, 14-22=-157/51, 15-21=-17261,
17-20=--112/25

HOTES
IIUli:dnmdrooflms logds hawve bean considomd for s_g’\
: ASCE 7-08; S0mph; hadSk; TCOL-8.0psk; Erm.so Categary Il; Exp B; enclossd; MWFRS geble and zons; cantlever it andright axpased ;and
pcssd' Lmi:stDOL-Ia‘splmngOL-lm Plate metal DOL=1.23.
Yoads in the plane of the tess only. For studs exposed towind (normal to the face), see MiTek "Standsrd Gable End Detal”
truss has .‘aninspafnmmdoldmhmmmwmnwdbrmhma
a| Aa iales are 124 MT20 unless ofhenwise in.
raquires conlinuous bottom chord bearing.
Gd:lssnxhsmmd 8t 2-0-0 oc.
8) Provide mechanical connection by athers) of trusa to bearing plats capsble of withstanding 66 Ib uplit at joint 2, 26 Ib upkft st joint 28, 30 Ib upit &t joint 23, 30 b
uplhmp'gsalgmaplmmmm 451 uglift at joint 32, 24 Ib upkt & joint 25, 31 b uplit f joint 24, 30 IbuplFt at jont 23, 25 I uplift at joint 22, 451k upkf at
joint 21 and 81 st joink

LOAD CASE(S) Standard

Figure 9: Example of a truss design drawing for gable end frame as provided by the truss designer.
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ames against

acing of this condition is diffi-
possible.

As mentioned earlier, gable end frames experi-
ence lateral lo
dicular to_thejtplan

ied parallel and perpen-
rom wind and/or seismic
evens, and potentially the accumulation
of buckling forces of truss web mem-
bers.

As an example, two similar struc-
tures (with the same geometry and
heights) under wind loads acting per-
pendicular to the gable end walls were
analyzed. One structure had a flat bot-
tom chord gable end frame, while the
other analyzed structure had a gable
end frame that matched the adjacent
scissor truss geometry. Figure 7 illus-
trates the stress concentration on the
flac bottom chord gable end frame
used with adjacent scissor trusses. The
three-dimensional analysis of the struc-
ture when wind acts perpendicular to
the gable end wall shows stresses and
deflections that are considerably higher
than when the gable end frame match-
es the adjacent scissor truss geometry
(Figure 8), and is supported laterally by
the ceiling diaphragm.

Summary

Metal plate connected gable end
frames are widely used above the
end walls of a building to save the
contractor the time and expense of
having to field frame the end wall to
match the roof slope. The gable end
frame is an integral structural element
of the gable end wall assembly and
must be incorporated into the overall
wall and building design in order
to properly transfer loads to the
foundation.



Fasten 0SB to framing
@ 3" 0.c. on edge, 6*
Block sheeting  0.c. infield with 8d  5y4 svp outrigger at 24" on
716 03B gqges within 4 center. Clip to Gable Top Chord

Wain. Zetufl Coalinuc Latersl
Restimnd

2-16d Mads ) Esch ines ‘
Dosam Cherd

ith HB w/(10) 8d.
Block between outiookers. Fasten to
Gable Top Chord wy 10d Toe-nails
@8 0c.
_ Gable Top Chord @
Gayprsum Cailing Paral attached 8 . i ) D
drectly to the Truss BS ! =

ttached to aach Restraint wih

min. 4-10d nails
Figure 11: Prescriptive lateral restraint and bracing detail betwee, bottom
chord of the gable end frame and the end wall and ceiling dj (from

SSTD10-99 and AF&PA’s Wood Frame Construction Manual (WFCM) for

One- and Two-Family Dwellings). end frame bracing and

ided by the building designer.

Maximum Stud Length

2ot GPF SR 12 O.C, | 4012 | 567 | 7100 | BTT 1453 |
|| ek SPF i W O.C. | 44T 458 B-8-8 : B-p-14 S
|| 204 82F it [24°0.C.| 300 | 3110 | 58T | 714 | 114
4  Diagonal braces over §-3° require a 2xd T-Brace atisched io
1 &uamnﬁm Pu::'r‘.:;m?mw Dh%m
| ol weh with 10d common wire nalls Sin cuc., with 3in minimum ?‘i m”-
! wnd digtance. Brace musl cower ST% of disgonsl eagih.

STUD DESIGH 15 BASED 08 COMPONENTS AND
CANLATION OF LOAD IMCREASE - 180 | COMMECTION OF BRACING |8 LASED OM LMAFRE.

Figure 12: Example of standard gable end frame detail as provided by the truss designer.
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Color countours illustrate Von Misses stress

range on the Top surface of the Wood Structural
Panels in psi
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Most gable end frames are designed to
have continuous support along their entire
span and are referred to by the industry as
a non-structural gable end frame. The non-
structural gable end frames are designed to
receive vertical loads (i.e., gravity and/or
uplift) applied within the plane of the frame

and to transfer these loads to the continuous
bearing below. During normal non-wind (Vo Mises) on the flat bottom chord

loadlng, thl's Isa rffasonable presumption. gable end frame used with adjacent scissor
However, in service, gable end frames also wall, High st

resses and deflections creates pote
experience lateral loads applied both parallel bottom ch 30
and perpendicular to their plane from of
wind and/or seismic events, as well as the
possible accumulation of buckling forces of
truss web members. Gable end frames are

typically not designed to resist these loads. _
In order to support and transfer latera

loads to the permanent building stability

bracing, properly designed i

structural  sheathing, i ;
diagonal bracing ¢ i

are required

8: Stress concentration (Von Mises)
and deflections are considerably lower in the case when the gable end frame matches the adjacent
scissor truss geometry and is supported laterally by the ceiling diaphragm.

Figure 7: High stress concentration

Ceiling Diaphragn

Myr. Gjinolli is a Project Engineer with
Qualtim, Madison, WI. Myr. Gjinolli

has 23+ years of combined experience

in structural analysis and design, failure
analysis, forensic structural engineering and

b. . S
Ceiling Diaphragm research and teaching at the university level
3 in the area of structural engineering. Mr.
" : ] Gjinolli has authored or co-authored several
7 Figure 6: Graphics (a) and () are examples of gable end publications pertaining to wood engineering
" walls that are structurally continuous between the supports, .
) . . o o and design, precast and prestressed concrete,
Raked gable end LA | A while graphic (c) shows the structural discontinuity and it is ” s and . /
wall with Scissor | P not recommended as this configurations creates a hinge at the ﬁz thure analysis an forensic structura
able En rame . . .
interface between the gable end frame, which is below the investigations, and has presented or
ceiling diaphragm. co-presented numerous papers on wood

engineering at various industry conferences

and symposiums in the US and Europe. He
Von Mises stress, O, is a scalar function of the components of the stress tensor that gives an can be reached at agjinolli@qualtim.com.

appreciation of the overall ‘magnitude’ of the tensor and is often used to predict failure by ductile
tearing. In 3-D, the Von Mises stress is expressed as:

Mr. Vogt serves as the Director of
Technical Services at Qualtim. Mr. Vogt

(01— 0,7+ (0,— 03 + (03 — 0y has over 19 years experience in the fields of
Oy ='\/ 5 engineering, construction, manufacturing,
quality assurance, testing, and wood
where Gy, G,, 05 are the principal stresses. In 1-D (planar), this reduces to the uniaxial stress and science and technology. He can be reached
in terms of local coordinate system the stress is expressed as follows: at jvogt@qualtim.com.

1
6y=15 YOm0 (6,=0.° + (6,~ 0" + 6(8y + %, + %)

(Tyy, Tyz, and T, are shear stresses)
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