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STANDARD MODULAR FOUNDATION PANELS
FOR HOUSES OF ALL SHAPES

By JeERRY O. NewMmax and LUTHER C. GODBEY, research agrienltural engineers, Agricwlturel Researeh Seruvice,
U8, Department of Agriculture, Clemson, S8.C.

ABSTRACT

A system of standard foundation panels, or modules, was designed,
huilt, and fested to provide builders with a variety of house designs, shanes,
and sizes while incorporating the basic features of simplicity, flexibility,
durability, and soundness, thus insuring economical remodeling of houses to
meet the changing needs of individual families. Pressure-treated, pre-
manufactured panels, built in 2-, 4-, 6-, and 8-foot lengths, have tele-
scoping joints that extend up to 10 inches for adjusting foundation wall
length, thus allowing almost any length of foundation wall to be assembled
from standard parts. Standard and obtuse corner parels eliminate onsite
cutting and fitting and increase the versatility of the foundation. Step-down
notches on the ends of the center beam adapt it for fastening at any
peoint along the foundation panels. Leveling posts, which protrude through
the beam, make beain Installation easy, but custom-fitted blocks attached
to the leveling posts carry most of the load, since they are directly under
the beam. This foundidiion is simply construeted and easy to assemble or

disassemble, and it can be installed in a minimum of {ime.

INTRODUCTION

Increased mechanization and specialization,
increased costs of labor and building materials,
and increased demand for new houses have
resulted in the need for mass production of
panelized, or modular, housing components to
reduce costs, to improve quality, and to meet
demand.

Original foundation panel design and con-
struction vevealed that some of the panels were
built out-of-square, and this defect projected
to adjacent panels. Moreover, the frames were
bulky and difficult to assemble, and plywood
was the only tie between adjacent panels. Also,
the frame projected beyuend the plywood skin
and left unsupported plywood on the opposite
end ¢f the panel. In addition, cutting and fitting
was needed for panels other than the standard
8-foot medules and for forming corners.

A new modular foundation was designed
with the flexibility to provide builders with a
variety of house designs, shapes, and sizes.

This new design allows a house to be easily
and economically remodeled to meet the chang-
ing needs of individnal families.

This panel is for a curtain-wall foundation,
where the roof and floor loads are carried by
a separate structure; it therefore has limited
application. Since several of its features are
not compatible with conventional construction
practices, if was necessary to develop alternate
panels to support vertical loads, adapt to stick-
type construction, and fit premanufactured
modules or trailers.

One of the major uses for a panelized founda-
tion is for panelized houses designed to sit on a
previously buiit foundation and subfloor pack-
age. This type of panel requires a load-bearing
foundation and a footing, which were developed
in the new panel design,

It was necessary to modify the foundation
panel to accept the floor joists and wall and
roof loads and transfer them through the panel
to the soil. Moreover, a compatible center beam
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F1GURE 1—Foundation panel design. A, Original panel.
L7, Redesigned panel.

was required fo make the foundation a complete
package.

This bulletin presents the developmental de-
sign and construction of the new foundation
panels and gives the procedures for testing the
panels under design loads and the reaction of
the panels to those loads.

FUNCTIONAL DESIGN OF
FOUNDATION PANELS

The original panel design (fig. 1A) for =
nole-frame prototype house consists of a La-inch
plywood skin and an 8-foot frame of 2 by 4's
that supports one-half of the attached plywood

o

skin and projects to support one-half of the
skin on the adjacent panel,

Figure 1B shows the new panel design, which
features a frame of 1 by 4’s with a staggered-
joint double plate along the top and bottom of
the panel. This frame fits behind the entire
area of the plywood sheathing, thus holding the
plywood flat at all times and preventing warp-
age when in storage. Two 1 by 4’s project 18
inches from the ends of each panel and fit
snuggly into slots in the adjacent panel. The
use of double-headed nails allows the projecting
memnbers to be easily fastened or unfastened
from the adjacent panel.

Prefabricated, pressure-treated panels, built
in 2-, 4-, 6-, and 8-foot lengths, have telescoping
joints (fig. 2) that allow them to fit nonmodu-
lar structures. The 18-inch projeetions slide or
telescope up to 1€ inches per joint (fig. 3)
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Ficure 2.—Foundation panels built in four lengths.
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Figure 3.—Standard foundation panel with telescoping joints.

thus allowing almost any length of foundation
wall to be a-~axmbled from standard parts.

A standard corner panel provides 2 feet of
wall on each face (fig. 44), and an outside, or
obtuse, corner panel allows offsets and L-shaped
or other plans to be fitted with standard parts
(fig. 4B). These corner panels nearly eliminate
onsite cutting and fitting. However, offsets of
less than 4 feet require specially constructed
panels.

Figure 5A shows the original foundation
panel with narrvow hotterm plates. A Tl -inch-
wide bottom plate provides a footing below the
plywood skin; thus, the panel can be centered
for a standard house or set to one edge to sup-
port a pole frame (fig, 58).

Figmre 64 shows the original foundation
panel with double plates at the top. Figure 6B
shows the new foundation panel with a lowered
top plate, which places the floor joists on the
panel and flush against the plywood and, when
nailed, provides a secure tie between the floor
joists and the panel.

The new panel design also features a 2- by
G-inch framing member (notched
studs) that replaces one of the top plates. This
change increases the ability of the panel to
carry loads from the floor joists, walls, and

into the

roof (fig. 7B). Other kinds of alterations ave
sometimes needed for other special applications.

FUNCTIONAL DESIGN OF
CENTER BEAM

The ends of the center beam must fit the
contour of the side panels and attach directly
to them. The supports along the length of the
beam are of variable length so that beam height
can be adjusted until level {fig. 8). These fea-
tures ailow the beam te be easily installed and
make it compatible with this foundation.

The step-down notches on the ends of the
center beam (fig. 9) allow it to be butted
against and fastened to the foundation panels at
any point along their length. Since the cenfer
beam is built up from relatively short lengths of
timber, it is necessary to stagger the joints to
insure continnity throughout the length of the
beam. The vertical posts, which protrude
through the beam, are actually leveling posts.
One gide of the beam, when held level, ts fasten-
ed to the posts, and then the cther members are
installed. The posts are cut off flush with the
top of the beam. Next, two short posts are cut
to fit after the beam has been leveled. These
posts carry most of the load, since they are
directly under the beam, thus eliminating the

3
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FIGURE 4.—Corner panel design. 4, Standard corner
panel. B, Obtuse corner panel.

need for excessive nailing to the leveling posts.
The post spacing is modular except for the
center span, which is cut and fitted on the job.
However, a special center package could be
produced for each house width. A manufacturer
would likely provide end-span packages, center-
span packages, and standard-span packages.

STRUCTURAL DESIGN OF
FOUNDATION PANELS

Since there are so many factors that influence
the loads that a foundation must resist, it was
important that a system of standard panels be
designed to meet severe conditions and be
overdesigned for more moderate conditions.
Users of the desipn information in this bulletin
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must make certain that loads fall within the
limits prescribed in this section.
Vertical Load Design

The recommended vertical design loads for a
one-story house are as follows:

Roof:
Liveload oo vvvvven... 30 lb/ft"
Dead load .............. 10 lb/fiz
Total -vovvevvneina.. 40 lb/fte
Ceiling .«.cvviiiiiiio 10 lh/ft:
Floor .cvvvevnvnin. e 50 lb/ft:
R | 50 lb/ft

In calculating the total load on a 1-foot length
of foundation wall assume a trussed roof for a
32-foot-wide house and add 2 feet for overhang:

Roof (one-half roof load): (34 40)/2= 680 lb/ft
Ceiling {one-half ceiling load):

(82x10) /2 = 160 lb/ft
Floor {assume a single center support,
one-fourth floor load): (32%50)/4= 400Ib/{t
Wall (wall load) : = bH0lb/ft
Total load =1,290 lb/{t

In caleulating load bearing on soil assume a
16-inch rockfill. Bearing on soil is

Load/ft
Bearing area/ft of wall
1,290 1,290

T(12x16) /144 138 =067.50 1b/ft?,

In determining rockfill depth assume a
foundation base of 7.5 inches. Then, the total
projected width of footing is 8.5 inches (18
minus 7.5 inches), and the projected footing on
each side of panel is 4.25 inches (8.5 inches+2);
the necessary depth is 4.25 inches, assuming a
45° angle of repose, or the depth is 7.36 inches
assuming a 60° angle of repose. Thus, one
would use B-inch rockfill.

For caleulating stress in vertieal studs {com-
pression load) assume a Vh-inch plywood skin,
with 2 by 4's spaced 2 feet on center. The area
of wall section per 2 feet of wall length will be
10.75 in* [2.5> 1.5-£22 {(.25)* inches], or the
area per 1 foot of section will be 5.37 in* (10.75
in*=2). The compression stress is caleulated as
follows:

Load per foot
Areaof plywood and framingnerfoot

_ 1,290
5.37

==2401b/in%.

* One-half thickness of the plywood is effective in
compression, 0.25 inch.
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Figure 5.—Modification of foundation panel to form a wide footing. 4, Original foundation panel. 8, Foundation
panel with wide footing.
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Ficure 6.—Modification of foundation panel to provide a secure tie between fioor joists and panel. 4, Originel
foundation panel. 2, Foundzation panel with lowered top plate.

If the allowable compression stress of wood  beam assume a floor joist spacing of 16 inches
is assumed to be 1,200 ib/in®, the compressive on center for a 32-foof-wide house, with a
stress of 240 1b/in® is not critical. vertical stud spacing of 24 inches on center

In determining the design of the top-plate and a load per foot of foundation wall of 1,290

Y
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Figure 7.—Increasing load-carrying ability by notching 2-inch framing member into studs. A, Original foundation
panel. £, Foundation panel with 2- by §-inch beam.
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Ficure B.—Center beam designed Tor compatibility with panelized foundntion.
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FIGURE 9.-End of center beam with step-down notches,

Ib. Then, the total load of a single floor joist
on the foundation wall is 1,720 lb—{1,290X
16) /12, This load would be most critical at the
center of the 2-foot span between vertical studs.

11,720 ib

3
- o1gY

86016 L oAD

860 1b

860 1b

’ [T
b 86

860
SHEAR

0,320 in-1b
///////#ﬂ_ 0

MOMENT

860 1b

For calculating the desired section modulus
assume that the aliowable S is 1,500 1h/in® and
calculate as follows:

L 16320 o . .
e T BT 1500 £.88 in?,
where J/=moment of inertia of beam cross
section about neutral axis,
e=distance from neubral axis to ex-
treme fibers,
M ==external moment {inch-pounds),
and S=extreme fiber stress (pounds per
square inch}.
Determine timber size as follows:
For a 2 by 4,
I (L/12}1.5%3.5% w
P — 1:7?*'5 — =:3.0G tn.
¥or a 2 by 6,
4 (1/12)1.5%5.5°
e 2.75
One 2 by 6 will support the load between

verticals. Figuve 10 shows the load-bhearing
panel for the load of 1,290 1h/lin f{.

7.06 in™

Horizontal Load Design

One can assume that horizontal loading is
probably the most unceriain loading on the

7
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FiouRe 10— Redesigned foundation panel for load-bearing wall,

foundation panel. It varies with the depth of
Till (either inside or ocutside), and there is the
possibiiity that in some cases the loading may
he outward instead of the usual inward loading.

A Leam action between the top and botlom
X of the panel is required o retain the earthfill.

0 These panels are retained at the top by the flcor

EXTERIOR GRADE Joists or supersiructure which they support,

—— and at least 1 fool of the panel extends below

the crawl-space grade to support the bottom of

the panel hovizontally. In many cases, the

HORIZGHTAL LOAD panels will be supported by peoles or other
structures along the length of the wall

Figuve 17 illustrates vertical load distribution

{using the liquid theory), beginning with zero

/_@ 30 ¥ TaBLE 1.—Tofal horzontul load for foundation

, A ' with buekfill depths of 1 to 4 feet and the
/: 3 maximum bending moment for eerh depth

IHTERIOR GRADE

Back{ill Maximum

1

3

! . depth Load span Total load bending moment

o (1) () e

: ‘s {ft) In-lb Ft-ib

I i .

=l 2 - 60 60 720 0.0
3 G- 20 135 2,430 202.5

4 0-120

FiGURE 11.~—Horizontal loading on foundation panels, o 240 o 5'760 4800

8




load at the ground level and increasing uni-
formly fo the level of the backfill on the crawl-
space side of the panel. Of course, if the backfill
is deeper on the inside of the foundation, the
panels wili tend to bend outward. Table 1 gives
the total horizental load for a foundation at
four backfill depths and the maximum bending
mement for each depth.

For calenlating stresses in vertical studs and

plywood skin assume a typical 2-foot wall sec-
tion.

[
|

4
o T

142" PLYWOOD
2.7

FIGURE 12.—-Design of center-beam span packag.
A, End-span package. £, Standard-span pag¢ a, .
. Doublepost, variable-span package, I}, Tri,
post, variable-span package.

Agcording to the Plywood Design Specifica-
tions, American Plywood Association, 1966,
one-half of the plywood thickness is effective.
The effective width of the 24-inch section is
22 inches. Then centroid ¥ is

(0.2522) (3.75) + (8.5 1.5) (1.75)
= (085x22) + (3.5 1.5)

_20.6349.19  29.82
T 550+5.25 ~ 1075

=2.77 inches.

For calculating total horizontal load assume
backfill to be the full 4-foot depth (3 feet is the
greatest realistic depth).

80 1b *1 0 1b

RESULTANT OF D{STRISUTED LOAD
240 POUNDS

Total Load = 4

—

120 b
LOAD

160 1b
1,478 in-1b

MOMENT

The equation for calculating the moment is
from *“Timber Design & Construction Hand-
book” by Timber Engineering Company, 1956,
page 386. Calculate as follows:

Moment {17) = 0.21283w]
(012831240 4 = 123,168 ft-1b
ar 1,478 in-1b.

Caleulate the moment of inertia for the 2-
foot cross section as follows:

I= {1 plywoed} + (f of 2 by 4 above centroid)
4+ {f of 2 by 4 below centroid)
fo== (101200 4 bhd®)y + 23600 - 15 bl
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I={(1/12x22) (0.25)#22(0.25) (1)*+ {15 x 1.5)
(0.73) 3+ %% x 1.5 ¢ 2. 774
J=18.36,

where b=—effective width of section (inches},
h==effective height of section (inch),
and d=distance from ecentroid of plywood

to centroid of total section.

The moment to be resisted by a 2-foot length
of wall is

M=1,478X2=2,956 in-Ib.
Stress for the outside face of the plywood is

Me _ 2,956%113
Sm=mt = 2P 905,98 1o/ine.

Stress for the inside face of the 2 by 4 is

Af 2,966 % 2.7

16.50 =b00.50 1b/inz.

STEEL BEAM RESTRAINTS
PLYW00D RESTRALNTS

STEEL COLUMH RESTRAINTS

Combined Stress for Compression
and Bending

Combined stress for compression and bend-
ing for the outside skin of the plywood is
445.98 1b/in* compression, and for the inside
face of the 2 by 4 is 9.07 |b/in*® tension (500.50
minus 491.43).

According to Plywood Design Specifications,
Y 510.375, published by American Plywood As-
sociaticn, 1975, the design stress in bending
for a Ve-inch C-D exterior plywood with face
plies made of group 1 species of wood is 900
Ib/in®* if plywood is to be used under et
conditions.

STRUCTURAL DESIGN OF
CENTER BEAM

In the design calcuiations for the center heam
the floor load is 50 lh/ft® and the center beam

Figure 13, —Testing frame designed to load foundation and wall panels.

16
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carries one-half of the tloor load; then (50X
32)/2=800 lb/ft. The actual span for 8-foot
| support spacing {on center) is 7 feet 4 inches
and for 6-foot support spacmg {on center) Is

5 feet 4 inches.

2. ]32 ib 2 132 ib

BOO 1ib/Ft
I

2,932 1b

2,932 16

2,932 1b 2,132 b

R PR 2
e 38 2'g*

2,932 b 2,132 1b
SHEAR SHEAR

64,470 in-1b

/\ 31,590 in-1b
N g
e -~
o 28
MOMENT MOMENT

F¥or calculating the desired section modulus
assume S=1,500 Ib/in%. Calculate as follows:

I 64,474 o _
== = 1,500 = 42,98 in® (8-t spacing)

and 090 22
L 1,500 — 78 in® (6-ft spacing).

In selecting timber size, {/¢ for a standard
2 by 8 is 14.06 in® Since three 2 by 8's will
span 8 feet and two 2 by 8s will span ¢ feet,
use three 2 by 8's with supports 8 feet on centey.
Figure 12 shows the design details for the
center beam.

' .‘].'.. -

‘..1

_} GAGE

FOUNDATION-PANEL TESTS

Tests were designed to determine the vertical
load-caxrrying ability of the foundation panels
on several types of supports. Figure 18 shows
the test apparatus with foundation panels being
loaded.

Two 16-foot walls were assembled with 8-foot
foundation panels in the 14-foot test frame.
They were placed 6 feet apart and directly
opposite each other. A floor built of 2- by 8-inch
joists and Wb-inch plywood spanned between
the two walls and served as a mechanism for
carrying the load to the walls. The load was
applied by a 4- by 8-foot air bag located midway
between the test walls and under the restraining
frame. The air bag was inflated by compressed
air. The air pressure to the bag was controlied
by a variable pressure regulator (zero to §
Ib/in®}, and the pressure in the bag was con-
trolled by a manually operated bleed-off valve.
Defiection was indicated by dial gages and
staticnary hairline indicators.

Vertical Loads on a Continuous Foundation

For the first loading, the panels were con-
tinuously sopported on the concrete floor slab
and were loaded in increments of 200 lb/lin ft
(from zevo {o 1,400 1b/lin ft) with a design-
load reading taken at 1,300 lb/lin {i. Dial gages
were placed under the fop beam of the panel
midway between the vertical 2- by 4-inch studs
{fig. 14}. At 1,400 Ib/lin 1t the dial gages were
removed, and the load was increased to 2,000

-][ 1 x4 TOE PLATE

}\ T 7 a6 BEAN

i

: |
0_._|

I

w0 STUDS - _Ln— 172" PLYHOOD

! et x e

\ S
} 1 x 8 BEARING

=1 prate

FIURE 14.—Location of dial gapes for measuring top-beam deflection.
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F1GURE 15.—Deflection curve for top beam of foundation panel under load of 1,800 Ib/lin £t
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Fioure 16— Vertical settling curve for wood foundation on gravel fill with and without leveling supports at design
load of 1,300 1b/lin ft.
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Ib/lin ft. Figure 15 shows the deflection curve
of the top beam acreoss the four spans at a load
of 1,300 lb/lin ft. The reference line at 0.066
inch is the deflection of 1:380th of the span
for the 2-foot beam length.

Settling of Panels on Crushed Rockfill

The second and third loadings were designed
to determine how much (and how) the wood
footing would settle when placed on an 8-inch

j crushed rockfill. First, the panels were sup-
ported on 8-inch concrete blocks 8 feet on
center; next, a Tti-inch layer of crushed stone
was poured under the footing and tamped to
fill all voids. A plywood box was built under
the panels to retain the erushed stone (similar
to onsite conditions), and then the panels were
loaded from zero fo 1,400 1b‘lin £t over the
center B-foot section of the 16-foot wall. The
settling was measured by the movement of &
hairline ajong a seale attached to the vertical
studs. Figure 16 shows the settling curve at a
load of 1.300 1 lin fi with the leveling-block
supports & feet on center. The maximam settiing
within the 8-foot loaded section was (.16 inch
for three of the five vertieal studs.

For the third loading, the 8-inch leveling
Llocks were removed, the crushed stone was
leveled, and the panels were set back in place.
This time, the panel was loaded to 1,700 b ‘lin
ft. Figure 16 shows the curve for the load of
1,300 1Ib-Hin ft without leveling supports. The
maximum settling for this loading was 0.32
inch. or twice that of the previous test at the
center of the loaded span. At other points aleng
the panel length settling was considerabiy less
and comparable to that of the previous loading.

Deflection of Panels As 2 Function of
Support Location

The fourth loading was to determine the
effect of uneven support for the footing, caus-
ing concentrated loads, and the relative effect
of these concentrated loads at different points
along the footing. The foundation panels were
supported 2 feet on center, first under the
vertical supports and then midway between the
vertical supports.

Figure 17 is a plot of the deflection midway
between supports as the load varied from zero
to L,8G0 1b‘lin ft when supported under the
studs and {from zero to 1,500 1b/lin ft when
supported midway between studs. Both eurves
show the range of values for all spans measured.
A comparison of the two curves at design load
shows that deflection was ahout twice as great
when the supports were between studs, con-
firming that high spot (prefruding stones)
under the footing and between vertical supports
will cause differential movement with con-
siderably greater deflection. However, this de-
flection was internal to the foundation panel
and thus allowed the overall panel to settle into
nlace.

Deflection of Panels Across a Variable Span

A fifth loading war designed to determine
the ability of the foundation panels to support
design load across an unsupported span. The
unsupported span varied from 2 fo 8 feet,
angd the load varied from 500 to 1,500 Ib iin ft.
Deflection was measured midway between sup-
ports for each loading. Figure 18 shows a plot
of the deflection versus unsupported span for
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Freure 21,—Corner-panel  placement  for
shaped house.

irregular-

four different loadings and reveals that the
beam was rigid. Under the design load of 1,300
1b/lin £, the deflection at all spacings up to
8 feet was very close to 1/360th of the span,
which is recommended for floor joists in houses.

In sactual use, the occasion for an B-foot
length of panel to be unsupported would be
rave, and the combination of an 8-foolt unsup-
ported length combined with full design load is
even less of a possibility. In either case, the
panel design tested in this series would ade-
guately support the load.

USE CONSIDERATIONS

This standardized panel systom is broad
based in that it will serve the needs of seif-heip
builders, panelized and modular dealers, mobile-
home owners, and stick builders. For some
uses the basic panel design may need to be
altered, but in each case the same basic features
of simplicity, flexibility, durability, and sound-
ness are easily incorporated. Figure 19 is a
composite showing several assembled parts of
the foundation-panel system. 1L is simply con-
structed and easy to use, and the parts can be
butlt in a factory or by self helpers.

A local dealer would need to survey the type
of housing being constructed in an area to de-
termine if load-bearing or nonload-bearing
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FIGURE 23.——End-span packages fitted Lo foundation panels to begin cenler-henm canstruction.

panels are needed and if the top beam should
be countersunk. e would also need io deter-
mine the height of wall desirved. e could then
select the proper features and either build or
stock standard parts to meet these specifica-
tions. In areas where the market is strong, more
than one basic design might be stocked.

rigure 20 shows the flooy plan for a typical

16

house to be fitted with foundabion panels. The
corner panels are selected first (fig. 21). To
satisfy the irregular shape, both standard
corner panels and obiuse corner panels are
needed. Then, the length of wall between
corners is filled with anv combination of 2-, 4-,
6-, or 8-foot straight paneis (fig. 22}. Tor both
the front and back walls, 8-inch filler strips
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are needed to complete the length of the wall.
Two center beams ave needed to carry the floor
joists (figs. 23 and 24). The 4024-foot span
requires two end-span packages, two standard-
span packages, and one triple-post, variable-
span package. The 20-foot span requires one
double-post, variable-span package and two end-
span packages,

CONCLUSIONS

1. The modular foundation system is broad
based and, with slight adaptations, can be satis-
Tactory for several different types of houses.

2. With these few standard pavts houses of
almost any shape can be fitted with a founda-
tion.

3. Dealers would need to store only a small
number of different-shaped parts, thus avoid-
ing the need to keep an expensive inventory.

4. During remodeling, parts can be removed
and salvaged.

5. With simple jigs, self-helpers and small
Tactories can manutacture the entire foundation
system,

6. All parts can be stacked and packaged
for transportation, thus making efficient use
of space,

T. The parts are easily assembled and can
be disassembled without damage.

8 The completed foundation is pressure
Lreated and will have an expected life far ex-
ceeding the standard mortgage period.

9. The telescoping joints permit walls of
almost any length to be fabricated from the
standard parts.

10. Two major advantages of this system
are the savings in onsite labor and the quickness
with which the foundation can be installed.







