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Design for Combined Shear and

Uplift from Wind

By Borjen Yeh, Ph.D., PE.

System Description

Using wood structural panels that are required to resist lateral loads
and normal wind load requirements of the IBC Section 1609.6.4.4.1,
Chapter 30 of ASCE-7, or IRC Section R301.2.1, additional wind
uplift resistance from the panel can be achieved by providing addi-
tional nails to the shear nailing at the top and bottom of the panel.
These additional nails are used to transfer the uplift forces from the
top plate to the panel, from panel to panel at splice locations (if
present), and from panel to sill plate at the foundation, effectively
eliminating the need for uplift straps at these locations. Uplift straps
may still be required around window and door openings in exterior
walls to transfer the wind uplift loads acting on the header to the
foundation below.

Basis of the APA System Report SR-101

* 2015, 2012, and 2009 International Building Code: Sections
104.11, Alternative materials, design and methods of construc-
tion and equipment, and 1604.4, Analysis
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Figure 1. Panel attachment for shear and uplift.

* 2015, 2012, and 2009 International Residential Code:
Sections R104.11, Alternative materials, design and methods of
construction and equipment, and R301.1.3, Engineered design

* 2015 ANSI/AWC National Design Specification for Wood
Construction (NDS)

* 2010 ASCE/SEI 7-10 Minimum Design Loads for Buildings and
Other Structures

* 2015 ANSI/AWC Special Design Provisions for Wind and
Seismic (SDPWS)

* 2015 ANSI/AWC Waod Frame Construction Manual (WFCM)

* APA Test Reports, Combined Shear and Uplift Tests on Vis-inch
Oriented Strand Board Panels, Combined Shear and Wind Uplift Tests
with 10d Common Nails; and Development of Anchor Bolt Spacings
Jfor Combined Shear and Uplift Applications

Methodology

Wood structural panel sheathing or siding shall be permitted to

simultaneously resist shear and wind uplift loads provided the fol-

lowing conditions are met:

¢ Panels shall have a minimum thick-
ness of 7/16 Performance Category
and may be installed with the
strength axis parallel or perpendicu-

. lar to the studs,

* Anchor bolt spacing shall be in
accordance with 7able 1 (online),
depending on the magnitude of shear
and uplift forces,

* 3- x 3- x 0.229-inch steel plate
washers shall be used at anchor bolt
locations,

. * Nails in any single row shall not
be spaced closer than 3 inches on
LT center, and
1z * Nails in any double rows shall be
. & . spaced ¥2 inch between rows.

o * Framing anchors and uplift straps
that form all parts of the wind uplift
resistance system shall be attached to
framing on the wood structural panel
sheathing side of the exterior walls.

The above conditions effectively elimi-
nate the cross-grain bending as a failure
mode in the bottom plate, as shown by
full-scale test results. Assuming conditions
are met, the following steps may be used
to design wood structural panel sheathing
or siding to simultaneously resist shear and

wind uplift loads.

continued on nextpﬂge
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Step 1 — Design the Shear Walls

Stress Designs)©!
The first step in designing for combined ' J

shear and wind uplift is to design the
shear walls for the structure under the
applied wind loads. This method may
be used for either the conventional seg-
mented shear wall or perforated shear

Sheathing
Sheathing Performance Mall

. Material Ca Slze™
wall methods. When using the segmented Rars :?:rr 1: -
method, a table similar to 7zble 2 (APA S I ad
System Report SR-101) can be used to i 10d
determine the required panel thickness Sheathing 1118 &d
(Performance Category), nail size, and Gorei, 1532 s

. .. Plywood 10d
spacing for the individual shear walls. Siding e .

Note that a minimum 7/16 Performance
Category wood structural panel sheathing
or siding panel must be used.

When using the perforated shear wall
method, an additional step is required
in the shear wall design. This is the step
where the Shear Resistance Adjustment
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Factor (C,) is used to adjust the Table 2
design values for the geometry of the
wall penetrations (see AWC SDPWS).
Once the perforated shear wall design is
complete, however, the nailing type and
schedule information is used in exactly

Table 4. Uplift Capacity (Allowable Stress Design) of Wood Structural Panel Sheathing or Siding When Used fo
Simultaneously Resist Shear and Wind Uplift Loads/ .
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require hardware specifically designed
for such applications.

0.4% spgr

Step 2 — Determine Required
Uplift

The required wind uplift at the top-of ,
the wall can be found prescriptively by
using Table 3 (online), which was taken
from the AWC WEFCM. Note that the WFCM tables are based on

allowable stress design values.

Step 3 — Determine Combined Shear and Uplift Nailing
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Based on the nail size and spacing determined in Step 1, find an
uplift capacity larger than or equal to the required wind uplift loads
determined in Step 2 using 7able 4.

Design Examples

A designer wants to use a conventional segmented shear wall segment
for combined shear and uplift in a structure being designed for high
wind. The shear on the wall segment is determined to be 420 plf, and the
uplift along this wall segment is 570 plf. The framing, including bottom
plate, is southern pine (G = 0.55) with studs at 16 inches on center.

Step 1 — Design the Shear Walls

From 7able 2, using sheathing-grade wood structural panels, a 7/16
Performance Category is selected and attached with 8d nails at 4
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inches on center at panel edges and 12 inches on center in the field
of the panel. This yields a shear capacity of 490 plf. Note that this
value may be increased to 530 plf (see Footnote e to 7zble 2) because
the studs are spaced at 16 inches on center; 530 > 420, therefore OK.

Step 2 — Determine the Required Uplift Force
The uplift force is given as 570 plf.
Step 3 — Determine Combined Shear and Uplift Nailing

From 7Table 4, based on 8d nails at 4 and 12 inches on center, look
for any number that is larger than or equal to 570 plf. There is none.
Notice, however, that a double row of nails at 3 inches on center yields
a capacity of 540 plf and that Footnote a to 7zble 4 provides an 8
percent increase for framing with a specific gravity of 0.49 or higher
540 plf x 1.08 = 586 plf. 586 > 570, therefore OK.

The designer should specify a double row of 8d nails at 3 inches
on center at top and bottom plates (see Footnote f to Table 4 and
Figures 1, 2, 3 (online), and 4), which satisfies the combined shear
and uplift requirements for this wall segment. For the shear of 420
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Figure 2. Panel attachment for shear and uplift = at rim joist.
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Figure 4. Panel attachment for shear and uplift — at raised wood floor.

plf and uplift of 570 plf, this segment is required to use %-inch
anchor bolts spaced at 16 inches on center with 3- x 3- x 0.229-
inch square steel plate washers from 7able 1(online) 8d nails and

framing G of 0.50.
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Note that the designer must still size the
hold-down for the ends of the segmented
shear wall based only on the design shear,
as is done in shear walls designed for shear
only. Similarly, for the perforated shear wall
method, hold-downs are required at the ends
of the perforated wall and are designed in the
same manner as walls without wind uplift.
Uplift forces resulting from wind uplift at
headers over windows and doors may still
have to be resisted by straps or other tie-down
devices as when conventionally framed.

Installation Requirements

The installation of wood structural panel walls
for resisting combined shear and wind uplift
loads shall be as follows:

a) Multiple rows of nails applied at
panel ends and edges shall be installed
in accordance with Figure 1. Panel
splice that occurs across studs or
horizontal framing such as rim joists
shall be installed in accordance with
Figure 2.

b) “All horizontal joints shall occur over
framing or blocking and shall be
attached per Figures 2, 3 (online), and 4.

¢) On single-story construction, panels
shall be attached to bottom plates
and top member of the double top
plate. Lowest plate shall be attached
to foundation with minimum %-inch
bolts at a specified spacing with 3- x
3- x 0.229-inch steel plate washers,
and with minimum embedment of 7
inches or by connectors of sufficient
capacity to resist the uplift and shear
loads developed in the wood structural
panel sheathing or siding walls.

d) On two-story construction, upper
panels shall be attached to the top
member of the upper double top plate
and to rim joist at bottom of panel.
The panel edges need not fall in the
center of the rim joist. Upper attach-
ment of lower panel shall be made
to rim joist and lower attachment
made to lowest plate at first-floor
framing, which shall be attached to
foundation with minimum %-inch
bolts at a specified spacing with 3- x
3- x 0.229-inch steel plate wash-
ers, and minimum embedment of 7
inches or by connectors of sufficient
capacity to resist the wind uplift and
shear loads developed in the wood

structural panel sheathing or siding walls. When a shear and
uplift connection is made at a rim joist or with an inter-story
splice, the rim joists and/or splice plates must have the abil-

ity to withstand the resulting tensile stresses perpendicular
to the grain. Since sawn lumber, glulam, and most SCL do



not have a published allowabletensile stress perpendicular
to the grain, the shear and uplift connection can be made
by a wood structural panel splice plate that is sandwiched
between the wall sheathing/siding and the rim joist or
splice plate. This wood structural panel splice plate must
be of the same thickness, grade, and strength axis orien-
tation as the wall sheathing/siding material. This can be
seen in Figures 5 and 6. Note that OSB or plywood rim
joists are a suitable material for the shear and uplift splice
connections shown in Figures 2 through 6.

Tension splice made
at lumber or LYL rim
joist. Wood structural
panel tension splice

Lumibser or LVL rirm joist
offset to allow use of
wood structural panel
tension splice.

e) If a wood structural panel splice plate is to be used over required Wood structural panel
1 b im ioist. d h ial f hrink £ : tension splice plate, Maich
a lumber rim joist, due to the potential for shrinkage o sheathing construction,
the lumber as it dries out, the wood structural panel splice Leave a minimum thickness, and strength
. X ! 1/2 inch space axis arientation. Tension
plate shall be cut slightly under height (approximately %4 hetween sheathing splice plate not required
inch) to permit room for shrinkage of the rim joist. panels when a with wood structural panel
f) Where windows and doors interrupt wood structural pancl lumber rim jois i rim board.
ere windows and doors interrupt wood structural pane e i

sheathing or siding, framing anchors or connectors shall be

date pabential

Maintain gops al fop and
battomn of splice plate to

shrinkage of the joist.

=

accommodate shrinkage

used to resist the appropriate wind uplift loads, as required. o R s foiet

g) Roof or upper-level uplift connectors shall be installed
on the same side of the wall as the sheathing to pre-
vent twisting of the top plate due to eccentric loading.
This may be accomplished by installing the roof-to-wall
connectors (hurricane ties) on the outside of the wall [A |
beneath the wood structural panel sheathing. It is also ¥

possible to install the roof to wall connectors (hurricane Notes Onily it uplift nailing ot thadplics is shewn for clarity, A complete lood path

. . may include odditional noils in the panel fension splice plate’s upper and lower half
ties) on the outside of the wall over the wood structural v ccclikonal il ok sheor fansher Pumber of nail shown is for wiompie only,
panel sheathing or to install both the roof to wall con- Atual rurribar qutd“l'!,:;wﬂm design uplit, panel thickness (Performancs
nectors (hurricane ties) and top plate to stud connectors

Category), nail size, deod-lood weight of everying structene and lumber species,
on the inside of the wall when the recommendations of

connector manufacturers, such as Simpson Strong-Tie,
(www.strongtie.com) are followed.

h) When wood structural panels are used and centered over the
rim joist, as shown in Figure 3(online), an engineered wood
rim board is recommended for dimension (depth) compati- B
bility with I-joist floor framing and low dimensional changes.

Figure 5. Tension splice made at VL or lumber rim joist, showing offset rim joist
to permit the use of wood structural panel tension splice plate.

Limitations

Recommendations provided in the APA System Report SR-101
are subject to the following conditions:

a) The structural systems provided in the report shall be
designed by a design professional qualified in wood design
and installed in accordance with the installation require-
ments specified in the report.

b) The structural systems shall be constructed with wood struc-
tural panels meeting the requirements of DOCPS 1 or PS 2
and trademarked by an approved agency required by the code.

¢) The structural systems shall be limited to dry service condi-
tions where the average equilibrium moisture content for
solid-sawn lumber is less than 16 percent. N

d) The latest copy of APA System Report, Form
SR-101 can be downloaded for free from

www.apawood.org/resource-library.s

Please note that Figure 3, and Tables 1 and 3, are included in the
online version of this article (STRUCTUREmag.org).
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This article was previously published in the February 2015 APA A
System Report, Form SR-101. It is reprinted with permission. wo

Dr. Borjen Yeh is Director of Technical Services at APA — The Engineered

Wood Association. Figure 6. Required sheathing/siding shear and uplif

splice between plafes.
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Table 1. Anchor Bolt Spacing (Inches) for Combined Shear and Wind Uplift .

Allowable Design

Hail Size
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Table 3. Uplift Connection Loads from Wind (for Roofto-Wall, Wallo-Wall, and Walko-Foundation) (Adopted from
Table 2.2A of the 2015 Wood Frame Construction Manual, Courtesy of American Wood Council).

700-Year Wind Speed
3-Second Gust (mph) M0 115 120 130 140 150 140 170 180 195
Roof/Colling Assembly  Rool Span
Design Dead Load ) ~ Unit Connaction Loads (plfj=onsswme
12 1B 128 140 164 190 219 249 281 315 369
M W6 a3 ) AT Slo  96E e aGn S0 612 N
0 pai 36 272 298 374 380 441 506 574 450 729 86
4B 350 383 417 489 567 651 741 B36 938 1100
60 430 Ak 509 S9% 693 7RG FOG 1032

12 70 8 91 M6 142 171 201 23 24
24 111 129 148 188 2 2?5 IIR,S\
*‘e‘?
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48 94 3T 261 333 a

60 236 276 :ﬂ? 4%@01

12 45 86 i1
15 pof
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524 2 788
638 Tel 961
161 195 249
. 2 42 105 151 202 955 311 402
25 paf ) — —_— 24 8D 141 2% TS 350 429 554
48— = % 177 21 381 M6 58 710
&0 — — % 118 33 31& 424 541 b4 BAS

mum il UpE exenoetion loads shall be permiiod te h-mmwwnummwmmmswmmmuw
s than 308 in wadth (W), o WIS for buildings groataer than 30

|b) Tobulaied wplift keods assume o building locmied in umBMﬁurrummoH‘mﬁa‘lnfaﬂﬁ
1mmiwﬂmlmdm&"h Hhhwhmhhwmilliﬁhw

thars techuced by the cpprepicts
Mecn rool helght (7] 0.15 20 25 30 a3
[em— 118 125 12 138 139
Eeposurs D 143 150 154 141 I
o e e
Conneciion Spadng (k) 12 18 192 24 48
Mokiplier 100 133 160 2.00 400

| Tobubated walilt loods equal iotal vl miren 016 of the woliosiling osembly deign deod load,

|a} Tobulated wplitt loods are specfied for roofioswall conneciians. When calouiating uplift Ioads far wilkiguwall or wall-sadoundafion connec.
tions, lobulaled uplift keads shall be parmitted o be reduced by 73 pl for soch wall shava.

If mﬂm#ﬁb&hﬂidw rrultiphy the tobulaind unit upbl lood by hall of the headargirder span (i) Crigple

studs neod only be afached per fpical uplt requinmonts.

|g) Far jack rofier uplift connections. use o rood span sgoal io half the jock rafer length. Tha jack rofier langsh inciodos the overhang kength and
tha etk rafrer spon.

W) Takeatated wnlilt loads o 0 paf design loods cre inchuded for inferpalation or use with eohl reol deod loodi.
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