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RESILIENCE

BY JLC STAFF

Earthquake-Resilient Buildings
Shear walls and strong connections are essential 

W
hile we usually hear about only the most damaging 
earthquakes, every day the world shudders. On the day 
this article was completed, there were 22 earthquakes 
worldwide over M4 (M is the most common way to no-
tate “moment magnitude,” the most reliable estimate 

of earthquake size), including one at M4.6 on the U.S. border 
in El Sauzal, Mexico. In the past month, there were 642 earth-
quakes over M4.5 in the U.S. alone. The National Earthquake 
Information Center locates about 20,000 earthquakes around 
the world each year, an average of 55 per day. But while the U.S. 
Geological Survey has gotten good at tracking them, no one can 
accurately predict when they will hit. The best anyone can say 

is “There will be an M4 earthquake somewhere in the U.S. in the 
next 30 days, and there will be an M2 earthquake on the West 
Coast of the U.S. today.” 

SEISMIC FORCES
While many of the building elements used to resist earthquake 
forces are similar to those that resist hurricanes and tornadoes, 
the forces themselves are generally quite different. In high 
winds, uplift is the most significant force, whereas the predom-
inant forces from earthquakes are lateral forces that apply hor-
izontal loads. Earthquake waves do impose vertical forces on a 
building, but its weight often provides resistance to this load. A 
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In an earthquake, the ground accelerates horizontally, both back-and-forth and side-to-side. When the force is parallel to a wall 
(in-plane loading), it can cause that wall to slide off its foundation. When applied perpendicular to the same wall (out-of-plane 
loading), it causes the top to drift, in turn causing the meeting walls to rack. Partial resistance by building elements to these 
forces can transfer the horizontal force into rotational forces that can topple walls, pull out hold-downs, and destroy unreinforced 
masonry. Large openings in a lower story with a large gravity load overhead are especially vulnerable to racking and collapse.
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building’s weight also contributes to its response to the strong 
lateral force: As the ground shifts sideways (a force known as 
“ground acceleration”), the inertia of gravity delays movement in 
the upper parts of the house. By the time the upper parts move 
(the degree of deflection here is called “drift”), the ground is shift-
ing in the other direction.

If we break down this force on just one wall, the lateral forces act 
both parallel and perpendicular to that wall plane: 

In-plane forces acting parallel to the wall threaten to shear 
foundation-to-wall anchors and cause the building to slide off its 
foundation if those anchors fail. Partial failure of the anchor bolts 
can impose uplift forces on one side of the wall section and cause 
walls to overturn. In-plane forces acting on a wood-framed wall are 
resisted by “shear nailing”—the nails attaching wall sheathing to 
the top plate, studs, and sill—and by the anchor bolts attaching the 
sill to the foundation. 

Out-of-plane forces act perpendicular to the wall and can 
cause the same wall to tilt forward and backward, and this motion 
can force the perpendicular walls to rack out of plumb. Partial fail-
ure of shear components can result in rotation of floor and roof dia-
phragms (torsion). And racking in the walls of a lower story (a “soft 
story”) with a significant dead load over it may cause the building 
to collapse entirely. Out-of-plane forces are resisted by connections 
between the wall’s top plate into floor and roof framing, and at the 
bottom by anchor bolts in the sill plate. 

NEW CONSTRUCTION  
In seismic zones, almost all new construction must be built ac-
cording to an engineer’s plan. Details in plans will vary, but they 
almost all share some basic elements.

Reinforced foundations. Foundations primarily support gravi-
ty loads, but in a seismic zone, they are called on to resist significant 
horizontal loads, as well as greater uplift on anchors that prevent 
shear walls from racking and overturning. This resistance is accom-
plished with thicker and wider footings, deeper turned-down slab 
edges, thicker walls and slabs, and much more and larger reinforc-
ing steel. Common details are vertical rebar tying the footing to the 
stem walls at close intervals and extended rebar hooks overlapping 
horizontal rebar at corners and height transitions.

Slab-on-grade foundations often fare better than stem-wall 
foundations, owing to the continuous support under interior walls. 
If stiff enough, interior walls can provide bracing to an overall 
structure, so many buildings in seismic zones include intentional 
interior braced walls. To stiffen these walls, slabs usually require a 
thickened footing running under them. And in stem-wall and base-
ment foundations, beams must be added to stiffen interior braced 
walls, even though these walls do not support gravity loads. Crip-
ple, or “pony,” walls that are part of a stem-wall foundation can cre-
ate a short soft story; these are generally limited to 4 feet in height 
and require full shear panels.

Shear walls. Shear walls are designed to resist the lateral loading 
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Seismic-resistant new-construction details may vary according to engineered plans, but most wood-frame buildings 
include these elements: wider, thicker footings with closely spaced rebar verticals (1); reinforcing around wide openings 
like garage doors (2); larger sill anchors and ties to connect the sill and floor framing (3); and strap ties or other 
connections to complete the load path between floors (4).

1

3

2

4

caused by ground movement in an earthquake and transfer those 
loads to the foundation. Engineering plans typically include a shear-
wall schedule calling for 15/32-inch CDX (plywood) or 7/16‑inch “APA 
Rated Sheathing” (OSB). All panel edges that don’t fall on plates must 
be blocked between studs to accept edge nailing (see “Typical Shear 
Wall Details,” next page). The shear-wall schedule also calls out 
the attachment of sheathing to framing and the attachment of the 
wall to the foundation and roof. It’s critically important that panels 
are gapped 1/8 inch at joints to allow panels to expand and contract 
without buckling. Longer panels (9 and 10 feet) are often preferred, 
as they require less blocking in the walls and a lot less edge nailing.

For shear panel to be fastened correctly, it must be nailed off at 
the correct spacing and the nails set properly. The shear-wall sched-
ule provided by a designer or engineer typically includes nail size 
and spacing. It will specify both edge nailing and field nailing.

All shear walls must be mechanically attached to the founda-
tion. The plans usually specify metal straps, hold-downs, closely 
spaced anchor bolts, or some combination. 

Force collectors. The lateral forces from earthquakes (or high 
winds) are spread out over the entire area of the floor and roof di-
aphragms, which in many contemporary home designs is a much 
greater area than shear-wall areas. Many structural designs will 
therefore require force collectors (sometimes called “drag struts” or 
“drag ties”) that gather lateral forces spread through a diaphragm 
and transfer, or “drag,” them to the shear wall. 

Often, much of this work is done by nailing off the roof sheath-
ing, which transfers force to the eaves blocking and from there into 
the double top wall plate. In seismic zones, frieze blocking is often 
secured to the top plate with clips or structural screws to ensure 
the force is transferred to shear walls. In some seismic designs, P
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Rim joist

Typical Shear Wall Details
Exterior Shear Walls

Interior Shear Walls

Tight nailing of roof sheathing 
to frieze blocks, typical

Tight nailing of wall sheathing 
to bottom plate, typical

Where interior shear wall extends
to roof, do not interrupt

for ceiling joists

Shear wall 
sheathing

Shear wall 
sheathing

Edge nailing schedule,
21/2"-long x .131"-dia. nails
at 2" to 6" o.c., typical

Shear wall panel 
(plywood or drywall). 
For plywood, see typical panel 
grade, edge- and field-nailing 
requirements above.

3x4 stud may be required at 
panel joints (depending 

on nailing schedule)

Field nailing schedule,
2 1/2"-long x .131"-dia. nails
at 6" to 10" o.c., typical

Place plywood seam 
at header midspan

4'-0" by 9'-0" plywood extends 
from fire blocking (shown) or 
double top plate to bottom of mudsill 

Minimum 1/8" expansion 
gap between sheets

Mudsill

See roof 
detail below

All shear walls must be mechan-
ically attached to foundation. 
Building plans usually specify 
metal straps (shown), metal hold-
downs, closely spaced anchor bolts, 
or some combination of these.

Roof sheathing 
nailed to frieze block 
per engineering

Framing clip

2x6 studwall

2x4 studwall

Frieze block

Metal hold-down may 
be required (3x4 or 
4x4 usually required 
for attaching anchors)

Subfloor 
and floor joists

Footing

Framed pony wall with 
shear wall panel (shear walls 
mechanically attached to foundation 
with closely spaced anchor bolts, 
metal straps, metal hold-downs, 
or some combination of these) 

16d nails, on-center
spacing per engineer

Anchor bolts with 
3"-square washers,
on-center spacing 
per engineer

Double blocking 
between joists

Shear wall panel (PS 2 
for structural OSB or 
PS 1 structural plywood)

2x4 studwall

In seismic zones, most engineered plans require exterior walls, and often some interior walls, to be framed as shear walls. 
This is not just continuous sheathing. True shear wall also requires continuous foundation support; hold-downs to tie posts in 
shear-wall sections to the foundation; and all panel edges secured with tight nailing and supported by blocking or framing. 

EARTHQUAKE-RESILIENT BUILDINGS
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This type of portal frame can be used if the supporting walls are 8 feet tall and at least 24 inches wide (wider for taller walls), 
and must be bolted to concrete. Other types of wood portal frames are possible (see “The Portal Frame Option,” Aug/17).

A steel moment frame can be used to provide shear strength for narrow-walled structures when standard framing solutions are 
inadequate. In all cases, beam and column sizes and connection details need to be designed by a structural engineer.

Portal Frame at Garage Door Openings

Front 
Elevation A

A

A

A

Section A

Extent of header with double portal frame (two braced wall panels)

Extent of header with single portal frame (one braced wall panel)

2'-0" to 18'-0" finished width of opening for single or double portal

Pony wall 
height

Max.
12'-0"

total wall
height

Min. 3"x 111/4" header (if padded out for thick-
ness, place spacer material on the interior side 
of header). Steel headers are prohibited. 

Fasten wood structural panel (WSP) to header with 8d common or 
galvanized box nails in 3" grid pattern as shown

Min. double 2x4 framing covered with min. 7/16"-thick WSP 
with 8d common or galvanized box nails at 3" o.c. in all 
framing (studs and sills) as shown, typical

Header to jack-stud strap per IRC Table R602.10.6.4 on 
both sides of opening, placed on interior side of wall

Min. length of panel per IRC Table R602.10.5

Min. double 2x4 post (king and jack stud). Number of 
jack studs per IRC Tables R602.7(1) and (2).

Min. (2) 1/2"-diameter anchor bolts installed per IRC Section R403.1.6 with 2"x 2"x 3/16" plate washers

Fasten top plate to 
header with two rows 
of 16d sinker nails at 
3" o.c. typ. Fasten king 
stud to header with 
(6) 16d sinkers.

Min. 7/16"-thick wood 
structural panel (WSP)

Tension strap per 
IRC Table R602.10.6.4 
(placed on interior 
side of wall)

If needed, panel splice 
edges shall occur over 
and be nailed to common 
blocking within 24" of the 
portal leg mid-height. 
One row of 3" o.c. nailing 
is required in each 
panel edge.

Intermittent braced 
wall panel required 
adjacent opening for 
single portal frame

Anchor bolts per IRC Section R403.1.6

Max.
10'-0"
height

Steel Moment Frame

Wide garage door opening +/– 18'-0" 

Structural steel 
moment frame

Footing 
designed 
by engineer

10"-wide
garage wall

10"-wide
garage wall

Nailing of subfloor
to plate designed 
by engineer

Moment frame,
steel beam, or 
rectangular tube

Garage slab

Moment 
connection

Front wall 
section

Base detail

Continuous 2x plate
bolted to steel beam

Steel column 
welded to 
base plate

Rebar per
engineer

Nonshrink
grout leveling bed Anchor bolts

cast into footing

Stiffener 
plates (as 
required)

Flanges beveled 
with full penetration 
welds to beam

Front studwall 
with structural 
sheathing

Continuous 2x plate
bolted to steel beam

Subfloor
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blocking or bracing, often reinforced with strap ties, may be added 
in the midspans of roof and floor members to further collect and 
transfer lateral loads.

Moment frames. When a lateral force is applied at the top plate 
of an unsheathed wall, and the wall racks, the studs rotate with 
respect to the top plate. Shear panels resist this rotation and transfer 
that force to the foundation. But in a wall with a large opening, such 
as a garage door or large window wall without enough sheathing 
area, the opening requires a “moment frame.” In some cases, this 
can be built with plywood as a “portal frame” if the supporting walls 
are wide enough, but often it requires steel (see details, page 39). In 
many garages, the rear wall must be detailed as an interior shear 
wall to add sufficient resistance to racking.

SEISMIC RETROFIT
Older homes built in seismic zones are often at risk of failure and 
need to be retrofit to improve stiffness. In many West Coast hous-
es, cripple walls and poor foundation connections are the weakest 
structural links and (in addition to retrofit moment frames) are 
the most common fixes to increase a home’s chance of surviving 

an earthquake. Most of these homes would benefit from stiffening 
the upper walls and connections as well, but the cost of those re-
pairs is often prohibitive.

The goal of below-floor retrofitting is to connect a house firmly 
to the foundation and stiffen cripple walls by turning all or part of 
them into shear walls so that lateral forces are transferred through 
them into the foundation. In addition to turning cripple walls 
into shear walls, most of the focus is on strengthening the floor-
to-wall connection to transfer lateral loads to the shear walls, and 
the sill-to-foundation connections to resist sliding. Overturning is 
often not an issue with cripple walls because the walls are typically 
relatively short. Therefore, hold-downs to resist uplift at the ends of 
shear-wall sections are not often called for. 

This work assumes the foundation is adequate to hold anchors, 
which in some older homes it isn’t. The shear strength of the con-
crete is not the issue. Even unreinforced, 1,500‑psi concrete will be 
sufficient against shear (the wood members anchored to it are often 
weaker), but the old concrete may be too weak or too shallow to hold 
anchors. In these cases, it may be necessary to pour new footings. 
But usually, this new concrete can be poured around the old.

A house with cripple walls must be reinforced at three common weak spots below the floor: The floor must be tied to the 
cripple walls, the cripple walls must be stiffened with plywood and tied to the mudsill, and the mudsill must be bolted to 
the foundation. When access is tight and anchors can’t be drilled in from above the plate, Simpson Strong-Tie URFP plates 
can be used for making the mudsill-to-foundation connection.

Floor-to-Wall Connection

Wall-to-Mudsill Connection Mudsill-to-Foundation Connection

Mudsill-to-Foundation Connection
Existing

condition

First-floor
decking

Decking

Stem wall

Stem wall

Lateral
load Lateral

load

Lateral
load

Vent holes
as required

Existing mudsill Existing joist
and mudsill

Existing foundation

Simpson 
URFP retrofit 
foundation plate

Concrete
anchor 
screws

Connector
screws

Plywood
shear wall

Shear
transfer
ties

Mudsill

Cripple wall

Cripple 
wall

Floor may slide
sideways

Shear transfer ties
prevent movement

Existing
condition

House may slide
off foundation

Anchor bolts
prevent movement

Existing
condition

Cripple wall
may collapse

Shear panel
prevents movement

Retrofit
foundation plate

Section
view

Bolts with 
2"x 2"
washer 
plates

21/2" max.

1/2" 
max.

URFP
plate


