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(57) ABSTRACT 

A Wall panel has elongate members connected together to 
form a rectangular frame having a top, a bottom and 
opposite sides, a sheathing extending over the rectangular 
frame; and connectors providing a connection betWeen the 
sheathing and the rectangular frame. The connectors are 
varied so that the strength of the connection increases from 
the top and bottom toWards the middles of the opposite sides 
of the frame. 
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WOOD FRAME WALL CONSTRUCTION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the construction of 
Wood frame Walls for buildings. 

[0003] 2. Description of the Related Art 

[0004] It is knoWn in the art to construct a building 
diaphragm consisting of a skin and a frame that are attached 
to each other by means of connectors (nails, screWs, staples, 
etc.). Abuilding diaphragm is subject to lateral forces as in 
roofs and ?oors, Where Wind and seismic forces are trans 
ferred to side Walls and by the side Walls to the ground. Walls 
that transfer horiZontal loads in the plane of the Walls are 
called shear Walls. Shear Walls resist horiZontal loads 
imposed by shear and moment forces, i.e. the Wall is subject 
to shear forces and rotated by an overturning moment. Shear 
forces and overturning moments are resisted at the Wall-to 
ground interface by tie-doWns and anchors driven through 
bottom members of the frame Walls into foundations. 

[0005] Shear Walls and roof and ?oor diaphragms are 
subject to tWo design considerations, namely ultimate load 
and alloWable deformation. 

[0006] In a shear Wall, the frame is usually made from 2x4 
or 2x6 lumber framing members at 16“ or 20“ spacings, and 
provided With a skin is made from 4‘><8‘ particle board or 
plyWood sheathing. In ?oor or roof diaphragms, frame 
members are usually joists made conventionally of 2x8 to 
2x12 lumber or of engineered I-j oists. The prevailing failure 
mode in prior art shear Walls is shearing at connectors (nails) 
in frame corners due to rotation of the skin panels that are 
very stiff in that phase compared to the relatively pliant 
frames. Hitherto, this has been counteracted by driving more 
nails into the frames or by reinforcing connection Zones by 
attaching steel strips and driving nails through the strips. 
While the corner nails (connectors) are sheared, all other 
nails are less stressed and do not contribute to the overall 
resistance to their full capacity. 

BRIEF SUMMARY OF THE INVENTION 

[0007] It is accordingly an object of the present invention 
to strengthen Wood frame Wall constructions 

[0008] According to one aspect to the present invention, a 
sheathing is attached to a Wood frame by connectors (nails, 
screWs, staples, etc.) so as to transfer shear force uniformly 
to all panel areas. This is achieved by strategically placed 
and/or selected connectors. 

[0009] This may be achieved by: 

[0010] A. Driving stiffer nails into a control Zone of 
the sheathing close to the centre of rotation or by 
driving more nails in the same Zone; or 

[0011] B. Installing diagonal members ?ush to the 
frame and skin and driving nails (connectors) into 
the frame and driving nails into diagonal members 
provided Within the frame; or 

[0012] C. Providing the frame With corner connectors 
that counteract movement of sheathing relative to the 
studs. 
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[0013] According to another aspect of the present inven 
tion, there is provided a Wood frame Wall construction Which 
comprises rectangular frames of eg lumber provided With 
sheathing, eg in the form of panels, With corner connectors 
connecting the corners of the rectangular frames, the corner 
connectors being fastened directly to the sheathing. 

[0014] According to a further aspect of the present inven 
tion, the corner connectors at loWer ends of the rectangular 
frames are secured to a foundation or other support by 
resilient tie-doWn devices Which alloW limited resilient 
displacement of the corner connectors and thus of the 
rectangular frames relative to the foundation or support. 
Resiliency in the corner connectors may be achieved by tWo 
principal methods, i.e. by a combination of resilient neo 
prene rubber-like materials and steel inserts or by spiral, 
conical, ?at or Washer-type steel springs, or by a combina 
tion of both of these methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The invention Will be more readily understood 
from the folloWing description thereof taken With reference 
to the accompanying draWings, in Which: 

[0016] FIG. 1 shoWs a diagrammatic vieW in elevation of 
a pair of Wall panels in shear; 

[0017] FIGS. 2 and 3 shoW vieWs in front elevation of a 
pair of Wall panels embodying the present invention; 

[0018] FIGS. 4 through 6 shoW vieWs in front elevation 
of three different frame constructions for use in the panels of 
FIGS. 2 and 3; 

[0019] FIGS. 7 and 8 shoW, respectively, a broken-aWay 
vieW in front elevation and a horiZontal cross-section of a 
further Wall panel construction; 

[0020] FIG. 9 shoWs a broken aWay vieW in front eleva 
tion of a corner of a Wall panel frame provided With a metal 
corner connector; 

[0021] FIGS. 10 and 11 shoW, respectively, a front eleva 
tional vieW and a plan vieW of a further corner connector; 

[0022] FIGS. 12 and 13 shoW a broken-aWay front eleva 
tional vieW and a broken-aWay plan vieW, respectively, of a 
frame corner employing the connector of FIGS. 10 and 11; 

[0023] FIGS. 14 and 15 shoW vieWs corresponding to 
those of FIGS. 13 and 14 but illustrating a still further frame 
corner; 

[0024] FIGS. 16 through 21 shoW broken-aWay vieWs in 
vertical cross-section of corner connectors provided With 
resilient tie-doWns; 

[0025] FIGS. 22 through 26 shoW plan vieWs of the 
corner connectors of FIGS. 17 through 21, respectively; 

[0026] FIGS. 27 to 29 illustrate panel under de?ection: 

[0027] FIG. 30 shoWs a pair of panels subject to a shear 
force; 

[0028] FIGS. 31 through 33 each shoW a pair of panels 
connected to one another; 

[0029] FIGS. 34 and 35 shoW vieWs in horiZontal cross 
section through a pair of panel connectors and Wall compo 
nents connected thereby; 
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[0030] FIG. 36 shows a vieW in front elevation of a Wall 
structure according to a further embodiment of the present 
invention; and 

[0031] FIGS. 37 to 41 shoW broken-aWay vieWs, taken in 
front elevation, of connections betWeen adjacent panels in 
further embodiments of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] FIG. 1 shoWs a pair of Wall panels 10 of the type 
comprising a rectangular Wooden frame provided on one 
side With a sheathing of plyWood or other suitable material. 
Assume that, due to the rigid body of sheathing, the 
deformed shape of adjacent panels 10 of a shear Wall subject 
to a shear load is linear as shoWn in broken lines in FIG. 1 
and indicated by reference numeral 12. 

[0033] The nail stress and shear forces in nails 14 used as 
connectors betWeen sheathing and lumber frames of the 
panels 11 are proportional to deformation, and are maXimum 
at the top and minimum at the centre of rotation RC. 

[0034] If a stiff nail has to be deformed to the same eXtent 
as a Weaker one, a proportionally larger force must be used. 
If A=deformation, F=force and K=nail stiffness, the defor 
mation relationship is described as A=F/K. 

[0035] For full utiliZation of the nails, With proportionally 
lesser de?ection as one approaches the centre of rotation RC, 
the nail stiffness should be increased, as in Fconstant=A 

(reduced)><K (increased). 
[0036] This can be achieved by using progressively stron 
ger nails from the top and bottom of the panel to the middle, 
as shoWn in the left-hand half of FIG. 2, Which shoWs the 
use of 8d nails at the top and bottom sections of the panel, 
10d nails at intermediate sections thereof and 12d nails at 
middle sections. As shoWn in the right-hand half of FIG. 2, 
this arrangement is reversed. 

[0037] Alternatively, as shoWn in the left-hand half of 
FIG. 3, uniform nails can be used but With spacings varying 
from 12“ at the top and bottom sections, through 9“ spacings 
at the intermediate sections to 6“ spacings at the middle 
sections. As shoWn in the right-hand half of FIG. 3, this 
arrangement is reversed. 

[0038] Another alternative is for different stiffnesses of 
nails to be achieved by using nails made of different quality 
materials and/or alloys. 

[0039] FIGS. 4 to 6 illustrate Wall panel frames 20, 21 and 
22 of three Wall units embodying the present invention, With 
the sheathings of these Wall units omitted. The frames 20 
through 22 can be installed betWeen conventional Wall studs 
(not shoWn) or can be used as frame members in lieu of 
standard vertical and horiZontal frame members. 

[0040] The frames 20 through 22 each have a top member 
24, a bottom member 26 and opposite side members 28. 

[0041] The frame 20 has inclined brace members 30, the 
frame 21 has brace members 32 forming triangles and the 
frame 22 has horiZontal braces 34 and inclined braces 36 
betWeen the top and bottom members 24 and 26 and the 
horiZontal braces 34. 
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[0042] In each of the Wall units in Which the frames 20 
through 22 are provided, the sheathing, indicated by refer 
ence numeral 38 in FIGS. 7 and 8, is in face-to-face contact 
With one side of each of the frame members, Which are all 
?ush With one another and Which are indicated by reference 
numerals 40 in FIGS. 7 and 8. This facilitates full contact 
of all frame members With the sheathing 38. The brace 
members and any other members of the frames betWeen the 
side members are attached along their entire lengths to the 
sheathing 38 by connectors, Which as shoWn comprise nails 
42 but Which may alternatively comprise screWs, staples, 
etc. 

[0043] The frames 20 through 32 may be replaced by the 
frames disclosed in my co-pending patent application Ser. 
No. 08/955,805, ?led Oct. 22, 1997, the disclosure of Which 
is incorporated herein by reference. Also, the present frames 
may have their frame members ?ush With Wall studs and 
other components of Wall framing so that the latter likeWise 
contact face-to-face With the sheathing 38. 

[0044] Prior art diaphragm Walls (shear-Walls) are built 
With non-direct connections betWeen the most stressed parts. 
Tie-doWns in such Walls are usually connected to studs, 
Which are usually connected to the sheathing. The sheathing 
panels are normally connected separately to the Weak 
frames. The entire systems lack simple straightforWard 
load-paths. 

[0045] Embodiments of the present invention include 
metal corner connectors Which directly connect anchor bolts 
to the sheathing, by-passing the Weak frames, Which alloWs 
for maXimum transfer of vertical force in the studs While not 
resisting stud rotation that is detrimental to the connections, 
and alloWs for resisting horiZontal forces at the Wall-foun 
dation interfaces While alloWing for sheathing rotation. 

[0046] In addition to this, the neW corner connectors 
described beloW may be designed and utiliZed as energy 
absorption components that Will act as isolators and Will 
reduce ground motion (earthquake) effects on buildings, 
since most of the energy Will be spent in deformation of 
these isolators. 

[0047] FIG. 9 shoWs a ?rst one of such corner connectors, 
Which is indicated generally by reference numeral 50 and 
Which comprises an abutment portion in the form of a tube 
52 of square cross-section, against Which abut the ends of 
Wood frame members 54 and 56 connected by the connector 
50. 

[0048] The connector 50 has ?anges 58 and 60 in face 
to-face contact With sides of the frame members 54 and 56, 
and co-planar side ?anges 62 and 64 Which eXtend from and 
at right angles to the ?anges 58 and 60. The ?anges 62 and 
64 are formed With nail openings through Which nails 66 are 
driven through the ?anges 62 and 64 into the frame members 
54 and 56 to connect the latter at the corner of a Wall unit 
frame Which may, for eXample, be similar to any of the 
above-described frames. A sheathing 68 of plyWood or other 
suitable sheathing material, shoWn in chain-dot lines, is 
secured directly to the co-planar side ?anges 62 and 64 at the 
outer sides of the ?anges 62 and 64, i.e. at the sides of the 
?anges 62 and 64 opposite from the frame members 54 and 
56, by rivets 70, Without being otherWise connected to the 
frame members 54 and 56. This ensures a direct transference 
of shear loads from the sheathing 60 to the ?anges 62 and 64 
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of the connector 50, by-passing the frame members 54 and 
56. Instead of nails and rivets, other means, eg prongs 
punched out from the ?anges 62 and 64, may be provided for 
connecting the latter to the frame members 54 and 56 and to 
the sheathing 68 

[0049] When the frame is subjected to shear stress, the 
metal corner connector 50 Will be deformed, as illustrated in 
broken lines, to alloW deformation of the frame. 

[0050] FIGS. 10, 11, 12 and 13 shoW another embodiment 
of the corner connector, Which in this case is indicated 
generally by reference numeral 70, and Which includes a 
square-sectioned abutment portion 72 in one piece With a 
pair of ?anges 74 and 76, Which each extends from the 
middle of a respective side of the abutment portion 72, at 
right angles thereto, betWeen a pair of Wood frame members 
78, 80 and 81, 82, respectively, (FIGS. 12 and 13), to Which 
the ?anges 74 and 76 are connected by prongs 84 punched 
from the ?anges 74 and 76. Co-planar side ?anges 83 and 85 
extend at right angles to the ?anges 74 and 76 from the 
abutment portion 72. 

[0051] A sheet 86 of plyWood or other suitable sheathing 
material, Which is shoWn broken-aWay ion FIGS. 10 and 11, 
is connected to the ?anges 83 and 85 and the frame members 
78, 80 and 81, 82 by nails 88. Which extend through the nail 
holes 89 in the ?anges 83 and 85. 

[0052] In FIGS. 14 and 15 there is shoWn a corner 
connector comprising a square-sectioned abutment portion 
90 With side ?anges 92 and 94 but no ?anges corresponding 
to the ?anges 74 and 76 of FIGS. 10-13. The ?anges 92 and 
94 are secured by nails 96 to Wood frame members 98, and 
a sheathing panel 100 secured by nails 102 to the frame 
members 98. 

[0053] FIGS. 16 through 26 shoW various tie-doWn 
devices for securing the square-sectioned abutment portions 
of the above-described corner connectors to a foundation 

(not shoWn). Each of these anchor devices has an energy 
absorbent insert Which acts as a linear or non-linear spring. 

[0054] More particularly, FIG. 16 shoWs a square-sec 
tioned abutment portion, indicated generally by reference 
numeral 102, of a corner connector, Which may eg be one 
of the above-described corner connectors or a modi?cation 

thereof, and Which is formed With an internal horiZontal Web 
103. An anchor bolt 104, the loWer end of Which is embed 
ded in a foundation 106, extends through the Web 103, a 
Washer 106 and a retaining nut 108, With rubber blocks 110 
and 112 interposed betWeen the foundation 106 and the Web 
103 and betWeen the Web 103 and the Washer 106. The 
anchor bolt 104 extends through a circular hole 111 in the 
Web 103 and has a diameter less than that of the hole 111 to 
alloW the anchor bolt 104 to de?ect laterally relative to the 
Web 103. 

[0055] FIGS. 17 through 26 shoW various modi?cations 
of the tie-doWn device of FIG. 16. 

[0056] In FIGS. 17 and 22, an anchor bolt 114 has a head 
embedded in a rubber ball 116; in FIGS. 18 and 23 rubber 
discs 118 are interposed betWeen Washers 120 on an anchor 

bolt 122 and a transverse Web 124; in FIGS. 19 and 24 a 
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disc 126 ?xed to an anchor bolt is embedded in a rubber 

block 128; in FIGS. 20 and 25 a disc 130 on an anchor bolt 

is located on a rubber block 132 and in FIGS. 21 and 26 a 

vertical plate 132 is sandWiched betWeen tWo rubber blocks 

134. 

[0057] By the above-described means, the ultimate load 
capacities and deformation under load of the frames are 
controlled by connectors attached directly to the sheathing 
or diaphragm panel and to the frame. 

[0058] The stiffness of the frames may be controlled by 
any combination of the above-described embodiments. 

[0059] When a frame Wall comprising rectangular frames 
provided With sheathing in the form of sheathing panels is 
subject to shear stress, and if there is no relative movement 
betWeen adjacent sheathing panels, the Wall Will have the 
same strength and stiffness as a single sheathing panel 
having the same dimensions as the entire Wall. It is possible 
to provide sheathing panels Which are larger than standard 
siZed sheathing panels, and Which may for example be 8 feet 
by 16 feet, 8 feet by 24 feet, 16 feet by 16 feet, et cetera. 
Although such large siZe sheathing panels Would have 
increased strength and stiffness compared With standard 
sheathing panels, they are nevertheless too rigid, heavy, 
expensive and dif?cult to handle. The present invention 
alloWs for the building of a large siZe continuous skin from 
a plurality of standard siZed sheathing panels. Also, the 
present invention provides for the ?exibility in design, eg 
by varying the siZe and number of connectors employed to 
connect adjacent sheathing panels, thus retaining the ben 
e?ts of small, conventionally siZed sheathing panels While 
also achieving the bene?ts of large siZe sheathing panels. 

[0060] Standard shear Wall design can sustain an alloW 
able force Which is limited to that producing one half inch 
horiZontal de?ection, provided that the force is less than one 
third of the ultimate strength of the Wall unit. 

[0061] The alloWable shear force is in the range of 275 
550 pounds per linear foot. For an 8-foot sheathing panel, 
this translates to 2200 to 1400 pounds, approximately. If a 
single sheathing panel of 8 feet by 8 feet dimensions is 
loaded by 4400 pounds, the de?ection Will be given by the 
equation: 

A=A panel rotation+A panel shear 

[0062] FIG. 27 diagrammatically illustrates, in broken 
lines, the de?ection under shear of a Wall unit, While FIG. 
28 shoWs the de?ection under rotation. The panel rotation 
illustrated in FIG. 28 is caused by yielding of connections 
at the corners A and B of the Wall unit due to yielding of the 
nails betWeen the sheathing panel and the studs. 

[0063] FIG. 29, in broken lines, the combined effects of 
the rotation and the de?ection under shear of the Wall unit. 

[0064] When the sheathing panel is connected directly to 
a corner connector as described above, the upWard and 
doWnWard de?ections of the panel are greatly reduced due 
to the direct transfer of force from the sheathing panel to the 
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corner connectors, and the remaining shear deformation is 
negligible, as indicated for example by the folloWing equa 
tion: 

6 4400 
Ashear : — 5 X 0.5 x96 >< 100000 2 0001 << < 0'5 

[0065] Consequently, most of the deformations of present 
shear Walls are caused by yielding of the connectors, i.e. 
nails or staples, and the consequential relative movement of 
the sheathing panels relative to one another and to the corner 
connectors. 

[0066] The present invention proposes to counteract rela 
tive movement of adjacent sheathing panels by connecting 
the adjacent sheathing panels directly to one another through 
connectors 140, such as those shoWn in FIGS. 9 to 15, as 
shoWn in FIG. 31. 

[0067] In this Way, it is possible to counteract relative 
movement of the sheathing panels Within an 8-foot by 8-foot 
Wall, betWeen the corners of the sheathing panels and anchor 
bolts securing the Wall to a foundation or other anchorage 
and betWeen the shear Wall units in order to form, for 
example, an 8-foot by 24-foot continuous shear Wall. 

[0068] By increasing the number of the connectors 140, as 
shoWn in FIG. 32, and by increasing the siZes of the 
connectors 140, as shoWn in FIG. 33, the shear Wall stiffness 
can be correspondingly increased. 

[0069] FIGS. 34 and 35 shoW tWo types of connectors 
Which may be employed for interconnecting adjacent Wall 
units and their sheathing panels 

[0070] In FIG. 34, a metal connector indicated generally 
by reference numeral 150 has parallel ?anges 152 secured 
by nails 154 to a stud 156. The ?anges 152 extend from a 
plate 158, to Which a pair of sheathing panels 160 are 
secured by fasteners Which, in the present embodiment, 
comprise rivets 162. If required, an additional backing plate 
(not shoWn) may be provided at the sides of the sheathing 
panels 160 opposite from the connector 150. 

[0071] In FIG. 35, there is shoWn a metal connector, 
indicated generally by reference numeral 164 Which is of 
generally H-shaped cross section and Which is secured by 
nails 166 to studs 168, With sheathing panel edges 170 
sandWiched betWeen the studs 166 and the metal connector 
164. 

[0072] FIG. 36 shoWs a reinforcement structure indicated 
generally by reference numeral 180 provided With corner 
connectors such as those of FIGS. 9 through 15, indicated 
by reference numeral 181 installed betWeen tWo studs 182. 
More particularly, the modi?ed reinforcement structure 180 
comprises rectangular frames, having side members 184 and 
186 and top and bottom members 188 and 190, With sheet 
material diaphragms or panels 192A-F secured to the side 
members 184 and 186 and the top and bottom members 188 
and 190. A WindoW opening 194 interrupts the four central 
rectangular frames, and has a sill 196 and an upper board 
198. 

[0073] FIG. 37 shoWs broken-aWay portions of tWo 
sheathing panels 200 and 201, Which are secured to a 
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vertical elongate Wood member 202 by means of a cross 
shaped metal fastener 204, Which is pressed into embedded 
engagement With the elongate Wood member 202 and the 
panels 200 and 201. 

[0074] In FIGS. 38 and 39, there are shoWn modi?ed 
cruciform connectors, indicated by reference numerals 206 
and 208, respectively, Which are embedded in plyWood 
panels 200 and 201 and in the elongate Wood member 202 
for the same purpose. 

[0075] FIGS. 40 and 41 illustrate the use of generally 
S-shaped fasteners 210 and 212 for the same purpose. These 
fasteners 210 and 212 may also be used to interconnect 
elongate members. 

1. A Wall panel, comprising: 

a plurality of elongate members connected together to 
form a rectangular frame having a top, a bottom and 
opposite sides; 

a sheathing extending over the rectangular frame; and 

a plurality of connectors providing a connection betWeen 
the sheathing and the rectangular frame; 

Wherein 

the connectors are varied so that the strength of the 
connection increases from the top and bottom 
toWards the middles of the opposite sides of the 
frame. 

2. A Wall panel as claimed in claim 1, Wherein the 
strengths of the connectors increase along the opposite sides 
of the rectangular frame from the top and bottom to the 
middles of the opposite sides of the rectangular frame. 

3. A Wall panel as claimed in claim 2, Wherein the 
connectors are nails. 

4. A Wall panel as claimed in claim 1, Wherein the 
connectors are spaced apart from one another along the 
opposite sides of the rectangular frame by distances Which 
decrease from the tops and bottoms to the middles of the 
opposite sides of the rectangular frame. 

5. A Wall panel as claimed in claim 4, Wherein the 
connectors are nails. 

6. A Wall panel, comprising: 

elongate frame members; 

the frame members comprising top and bottom members 
and side members and having ends connected to one 
another to form a rectangular frame; 

metal corner connectors connecting the ends of the frame 
members to one another at corners of the frame; 

the metal corner connectors each comprising a holloW 
intermediate portion abutting the ends of a pair of the 
frame members, and ?anges extending from the abut 
ment portion along the pair of frame members; 

the ?anges comprising a pair of co-planar ?anges extend 
ing at right angles to one another; 

a sheathing covering the frame, the sheathing extending in 
surface-to-surface contact With the coplanar ?anges; 
and 

connectors securing the coplanar ?anges directly to the 
sheathing. 
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7. A Wall panel as claimed in claim 6, wherein the 
intermediate portion is in the form of the tube of square 
cross-section. 

8. A Wall panel as claimed in claim 6, Wherein the 
intermediate portion is in the form of a tube of square 
cross-section. 

9. AWall panel as claimed in claim 6, Wherein the corner 
connectors each have further ?anges extending to along and 
at right angles to the co-planar panels. 

10. AWall panel as claimed in claim 9, Wherein the frame 
members comprising pairs of frame members at opposite 
sides of the further ?anges. 
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11. In combination, a corner connector and a tie doWn 

device, 
the corner connector comprising a holloW intermediate 

portion and a pair of ?anges extending from the inter 
mediate portion at right angles to one another; and 

the tie doWn device comprising an anchor bolt having an 
upper end Within the holloW intermediate portion of the 
corner connector and a resilient retainer resiliently 
retaining the upper end of the anchor bolt in the 
intermediate portion of the corner connector. 

* * * * * 


