. Table C-4B
Vertical Anchor Capacity For Longitudinal Foundation Wall®"?
- (In pounds per linear foot of wall)

{}* Reguired Av

—

Nailing-‘———-—u%

APA Rated »
Sheathing

5 Anchor Bolt
Concrete ==
Footing | :’ .- ___u“r (2) #4 Continuous
. L 12°Min. |
Treated Wood Wall
Vertical o _ _ e 5 3
Capacity | Required Nailing*® | Min. Plywood Required Anchorage”
1bs./ft. (Edge Spacing, in.) Thickness L :
Standard ' - Anchor Bolt | Bolt Spacing®
Washer : - Diameter .. |-
146 6d @ 6” o.c. 3/8” 172 6’-0”max.
164 l . 5’_4” :
187 , 4’-8,’
218 8¢ @ 6” o.c. 407
262 8d @ 4" o.c. _ 3747
327 8d @ 4” oc. 15/327 R A i
437 10d @ 2 1/2” o.c. v v 2’-0”
skk :

**%  For required Av greater than 437 1bs./ft., consider using a different foundation matenal or uuhze an
‘engineered design with a hxgher capacity. : -

! Compare with required Av for Type E units.

- In the case of a treated wood foundation wall, the wood wall and its connections must be desxgned to transfer the

anchor load to a concrete footing. This table does not apply to treated wood foundation walls on gravel bases.

Values are based on vertical capacity per foot of wall.

Assuming 1 1/2” thick sifl plate, 3/4” edge distance for wood or composite nailer plates or 20 diameter end distance for
plywood sheathing; APA rated, properly seasoned wood; Group III woods, not permanently loaded, and a 25% length
of bearing factor increase.

Nailing schedule in this table is mtended to secure the superstructure to the foundation only, and not to provide

required edge fastening for plywood siding or sheathing.

Spacing and capacity is based on allowable compression of woed perpendicular to grain for F. = 565 psi and standard

washer = 1 3/8” 0.D. and 9/16” L.D. washer (for 1/2” ¢ bolt).




Horizontal Anchor Capacity For Transverse or Longitudinal Shear Walls'
(In pounds per foot of wall)

Concrete or Masonry

Table C-5A

}é‘;;:g:;%l Required Anchorage®
ibs./ft. | Anchor Bolt’|  Rebar Spacing®
300 1727 #4 72" o.c. max.
600 36” o.c.
675 32” o.c.
900 24” o.c.
1350 16" o.c.
1800 v 12”7 o.c.
seoksk

( s?e Table C-3A For Rebar Detalﬂs )

*#% For required Ah greater than 1800 1bs./ft., consider us-

re——
pver—>: : / diagonal strap
J 4 4 anchor
80 ber}d I s / Bolt

r-vs—--—I Required
. . " ’fl>c orB
O o Led-3-#4

sw. t&b

¢ t
r 1
3 1
1 1

Pier Footing Used With X-Bracing
4 i

]:> Required Ah :
Concrete or Masonry
_______________ Required Ah
TN T T T T ' ’
I
! It

) [ = = }
ing an engineered design with a higher capacity. Treated Wood
Table C-5B
Treated Wood
Horizontal | Required Nailing®* | Min. Plywc_a'od4 Required Anchorage
Capacity” (Edge Spacing, in.) Nailer Thickness | Anchor Bolt Bolt Spacine’
1bs./ft. Diameter ° _ pacng
300 8d @ 4" o.c. 7/16” 1/27 4’-0” max.
360 8d @ 4" o.c. 15/32” 3’4~
449 10d @ 4" o.c. 15/32” 2°-8”
600 10d @ 3" o.c. 19/32” 2°-0”

Compare capacity with required Ah in transverse or longitudinal direction.

Values are based on horizontal load per foot of wall. Select Ah for pier spacing of 4 feet for use with this tabie.
Assuming 1 1/2” thick sill plate. 3/4™ edge distance for wood or composite nailer plates or 20 diameter end distance for
plywood sheathing; APA rated. properly seasoned wood; Group III woods, not permanently loaded.

Nailing schedule in this table 15 intended to secure the superstructure to the foundation only, and not to provide

required edge fastening for plvwood siding or sheathing.

on gravel bases.

It is assumed that a reinforcing bar of the same diameter as the anchor is adequately embedded in the footing and
lapped with the anchor. In the case of a treated wood foundation wall, the wood wall and its connections must be
designed to transfer the anchor load to a concrete footing. This table does not apply to treated wood foundation walls

Spacing based on bearing capacity of bolt against concrete/grout,
Spacing based on capacity of anchor bolt in bearing against the wood plate. (see also #5.)







APPENDIX D |
DERIVATION OF FOUNDATION DESIGN

D-100. CONDITIONS AFFECTING

DESIGN. Values for the Foundation Design
-Load Tables have been derived based on major
foundation design factors, foundation design
criteria, and design assumptions.

D-100.1 MAJOR FOUNDATION DESIGN
- FACTORS determine the appropriateness of
foundations for manufactured Homes:

A. Soil and site conditions.

1. Soil types

2. Bearing capacities
- 3. Drainage

4. Slopes

B. Load Conditions and Combinations.
Various combinations of (1) through (5) with
appropriate factors -

Dead loads

Occupancy live loads

Wind loads

Snow loads / Minimum roof live
loads - '
Seismic loads - -

b A

5.
. Foundation Design and Capacity.

Footing depth
Footing size
Remforcing
Materials

e D

 D. Connection Compatibility  with
Manufactured Home. Adequate capacity plus
a safety factor is required to transfer forces

from the manufactured house to the foundation
without failure.

D-1002 CRITERIA FOR FOUNDATION
DESIGN for manufactured homes must meet
the following:

A. Assumptions made in foundation

. system design must be compatible with the de-

sign of the housmg unit and actual site condi-
tions.

B. Stress Limitations. The design must
sustain all loads within. stress limitations of

connection systems..

C. Acceptable Foundation Design must
provide for the Permanent Foundation criteria

" as smpmﬁed in Section H'lﬂ-] .

2l 2R 2230 W ALRARTEE 2R

D 100. 3 DESIGN ASSUMPTIONS

A. Values Included In Appendix B &
C. The foundation tables in Appendices B & C
are based on a number of design assumptions:

1. Building width is discussed in terms
: of minimum chassis beam spacing
in Chapter 1. 100-1.A.5 and again
m Chapter 6: 600-2.A.1. for com-
parison of nominal and range of
actual width, and then is illustrated
in Figure 6-1. It is clear that many
actual widths are possible. The fol-
lowing actual widths and projec-
tions {dc) were used in the Tables of
Appendix B:




Wt
(nominal)

Wit dc

(actual)

12
14°
16

11-87(11.67")
13°-87(13.67")
15°-6"(15.5")

32.257(2.69)
417(3.42°)
45.257(3.77")

The Overturning (Av) and Sliding
(Ah) Tables in Appendix B assume

- hn=8.0 feet and assume a chassis

beam depth of 10” (0.833 ft).

The manufactured home is located
on a flat, open site with no protec-
tion from the wind.

Wind force on the manufactured
home, instead of seismic force, is
the controlling factor for the foun-
dation overturning anchorage design
in the transverse direction. Seismic
forces or wind force may control
sliding anchorage in the transverse
or longitudinal direction.

Uplift, o_verﬁlfniﬁg, and sﬁ_ding
caused by wind or seismic forces

Double width units
constructed to behave
as a single box

Double width units
hot connected

I I I
p%ot & p‘i;ot éL .. :

Marriage Wall Connection Options

Figure D - 1

acting on the manufactured home
are transferred to the foundation by
the structural integrity of the manu-
factured home.

The manufactured home unit, single
or multi-width, is assumed to be a
box with flexible floor and roof dia-
phragms. End walls and selected
interior shear walls were assumed to
transfer lateral forces based on
tributary area methodology. The
unit’s shear wall locations must

. closely coincide with the foundation

shear walls or vertical X-bracing
planes.. A structural engineer shall
design the system if deviations from
these assumptions exist.

Multi-section units are assumed to
be connected at the marriage wall to
act as a single box for overturning

~ consideration, and do not act sepa-
*rately as illustrated in Figure D-1.

This is particularly necessary in
high seismic locations.

B. List of Variables. These variables are
used throughout Appendix D.

Aa

Ah

Av

Seismic coefficient representing
effective peak ‘acceleration

Required horizontal anchorage
(1bs. or 1bs./LF)

Required vertical anchorage (Ibs.
or Ibs./LF)

Seismic coefficient representing
effective peak velocity related
acceleration : :




dc
DL

Fr

Tl

Distance

Exposure - factor - (See ASCE

7-93)
Thermal factor (See ASCE 7-93)

External wall or roof pressure
coefficient (See ASCE 7-93)

" Roof slope factor (See ASCE

7-93)

Seismic design coefficient (See
ASCE 7-93)

from perimeter of

structure to chassis beam line.

T.otal -dead load of structure for

. each foot of length -

- Force resisting sliding

Sliding force (Ibs.)

GCpi Internal wall or ceiling pressure
- coefficient (See ASCE 7-93)

Gh

hn

Gust response factor (See ASCE
7-93) -

Height of the exterior wall acted
on by lateral wind pressure

importance factor (See ASCE
7-93)

Velocity pressure exposure coef-
ficient (See ASCE 7-93)

Live load
Overturning moment of structure

Moment resisting overturning

D200,

p Design wind pressure

Design roof snow load (See
ASCE 7-93)

Ground snow load (See ASCE
7-93)

or 'S.pacing:' Sﬁacirig of founda-
tion elements in the longitudinal
direction.

-Basic wind speed. (See ASCE
7-93) :

Width of structure (or 1/2 the
 total width of a multi-section
unit)

wt

LOAD  CONDITIONS  IN-
CLUDED IN FOUNDATION DESIGN. The
following load conditions have been used as

| assumptions in design of the foundation sys-

‘tems 1 in this h Hafnao0oK.

andbook. This information is im-

- portant for engineers who may be designing

connection details or modifying foundations
designs. ‘All Design Loads are based on ASCE
7-93, except as noted otherwise.

D-200.1 DEAD LOAD DESIGN FAC-
TORS. Dead loads consist of the material
weight of the manufactured home without fur-
nishings or occupants. Dead load includes the
weight of ‘the roof, floor, walls, and chassis,
and may inciude permanent attachments such
as cabinets and attached appliances.

Dead loads
heavy and

A. Dead Load Categories.
were grouped into two categories:

light. The heaviest combinations of dead loads

_ seismic activity.

were used for the computation of footing areas,
and the determination of inertia forces for the
computation of sliding and overturning due to
Heavier loads generate the




largest inertia forces and produce the largest
footings. The lightest combinations of dead
loads were used for the computation of hori-
zontal and vertical anchorage due to wind.
Lighter loads offer less resistance to overturn-
ing and sliding and thus require greater anchor-
age. The following dead loads in Table D-1
have been included in the calculations for the

Foundation Design Load Tables on the next
page. o

- B. Dead Load Equations for use in
computing the required vertical and horizontal
anchorage to resist overtuming and sliding are
listed below by type. The equations are for the
total “Dead Load per foot of Manufactured
Home length. Figure D-2 illustrates the indi-
vidual component loads and the total dead load
situated at the geometric centroid of the unit.

- Lightest combination of loads:

DL = (34.5)2 + (6 + 8.6Wt + 9 x 2
(walls)+(floor+roof)+(chassis beams_)

IDL =87 + (14.6)Wt

'MULTI-SECTION TYPES C,E, & I

DL =(34.5)2 + (26.25)2 +
- 2(6+B8.00Wt+9 x4
(ext. walls) + (marriage wall) +
~(floor + roof) + (chassis beams)

DL = 157.5 + (29.2)Wt

" Heaviest combination of loads:

SINGLE-SECTiON TYPESC.E, &1

DL =(44.25)2 + (134 9.7)Wt + 9 x 2

(walls) + (floor + roof) +
- - {chassis bea.ms)_

DL =106.5 + (22.7)Wt

MULTI-SECTION TYPES C, E, & 1

DL = (44.25)2 + (26.25)2 +
2(13+9.7)Wt+9x4
(ext. walls) + (marriage wall) +
~ (floor + roof) + (chassis beams)

DL = 177 + (45.4)Wt

- exterior - exterior
wall ¥ - : -Wwall
- [F}]
I v I
- fioor
2 _| @
Y v
» roof raof :
ex‘tenor‘ . marriage
wall wall wall
11 1 L]

I v 1 Iov 1

— floor - floor

Individual Components

Total

" Dead Load Components and Total
' Figure D -2




TABLE D-1

L DEAD LOAD ON FOUNDATION .
LOCATION ITEM HEAVY LIGHT HEAVY LIGHT
' (psf) “(psf) (pif of (plf of length)
. ' o length) '
EXTERIOR | 7/16" siding 1.4
WALL .019 aluminum ' 0.1
2x 4studs @ 16"o.c. 1.5 1.5
3 1/2" fiberglass insu- 1.0 1.0
lation '
172" gypsum - 2.0 2.0
SUM = 59 4.6 _ _
TOTAL 7'-6" WALL 44.25 34.5
FLOOR carpet & pad 1.0 _ '
' 1/16” vinyl 0.7
5/8" plywood L7 1.7
2x 10 joist @ 16"0.c.- 26 _.
2 x 6 joist @ 16"0.c. 1.4
11" fiberglass insula- 22
o - e L
5 1/2" fiberglass insu- |- 1.2
- | lation
mechanical 2.0 1.0
misc. partitions. 3.5 0.0 :
 SUM=| 13.0% 6.0 13xWt+9 | 6xWt+9
3 _* plus 9 plf for each manufactured home beam
'ROOF asphalt shingles with 2.5 '
S feélt
3/8" plywood 1.1 :
20 ga. steel . 2.5
2 x 3 truss 1.5 1.5
9 1/2" fiberglass insu- 2.6 2.6
fation : :
1/2" gvpsuin ceiling 2.0 2.0
_ - SUM = 9.7 8.6 9.7 x Wt 8.6 x Wt
MARRIAGE | 2x4 studs @ 16" 1.5 1.5
WALL ‘| 1/2" gypsum (one 2.0 2.0
side)
SUM = | 3.5 3.5 :
TOTAL 7'-6" WALL 26.25 26.25




D-200.2 LIVE LOAD DESIGN FACTORS

A. Description. Design live loads consist

of the weight of all moving and variable loads -
(from use and occupancy) that may act on the

manufactured home including loads on floors,
operational loads on roofs and ceilings, or snow
loads, but do not include wind, earthquake or
dead loads. All live loads are assumed to be

uniformly distributed and roof live loads are

horizontally projected on sloped surfaces. The
design live loads specified herein for the floor
and attic are the minimums recommended by
the ASCE standard. The design live loads
specified herein for the roof are the minimum
recommended by the Minimum Property Stan-
dard, HUD Handbook 4910.1, 1994 Edition.
The roof live load used for the design of the
foundation system should be the greater of the
appropriate value indicated in the Data Plate
shown here or as obtained from the ASCE 7-93
for snow load.

B. Design Assumptions. The following
values for live loads were used in the engineer-

Minimum Uniformly Distributed

Live Loads
(used for Foundation Design Load Tables)
Location Live 1oad
(psf)

Roof (slope 3/12 or less, £14°) 20%*
Roof (slope over 3/12, >14°) 15%
(Over the entire width of the unit.
Compare with snow load value.
Use the larger value.)
Dwelling rooms 40
(Floor design live loads over the
entire area of the unit.)
Attics 10

(uninhabitab_le_, without storage)

* Due to snow load factors, the 30 psf ground
snow load used on the Foundation Design Load
Tables is equivalent to a 20 psf roof live load.
The 20 psf ground snow load is equivalent to a

ing calculations and are included in the tables.

- They are provided here as background infor-

" mation only. The field inspector will not need

to calculate live loads under nommal circum-

stances. See box of live loads.

D-200.3 SNOW LOAD DESIGN
TORS

FAC-

Pi
i ¥ ¥ vy vy

/"“* . root
T
i3 ls 1y - Tiil
Snow Load Distribution

" Figure D - 3

—grade
~ {ground)

15 psf roof live load.

A. Ground Snow Load. The ground
snow load values (Pg) to be used in the design

‘of the manufactured home are found in Ap-

pendix H. The ground snow load is converted
to a roof snow load to account for wind and
thermal factors (see Figure D-3). The value
(Pg) modified by snow load design factors has
been included in the derived values for the
Foundation Design Load Tables. The follow-
ing assumptions were made to find Pf, the hori-
zontally projected uniformly distributed design
roof snow load:

B. Design Assumptiohs.

Basic Snow Load .Equation: |
PI=07xCexCtxIxPg

Where:.




1. Ground snow load (Pg) from the
Ground Snow Load maps on pages
H-11, H-12 and H-13.

2. Importance factor I = 1.0
(residential buildings)
3. Exposure factor Ce = 1.0 (locations

where snow removal cannot be re-
lied on to reduce snow loads)

Thermal factor Ct = 1.0 (heated
structures)

Slope factor Cs = 1.0 (4/12 slope or
less)

Flat roof factor = 0.7 (contiguous
U.S.; Use 0.6 in Alaska.)

Therefore, the Required® Effective
Footing Area Tables are based on:

Pf = 0.7 x Pg (Roof snow load)

C. Drifted Snow. At locations where the
manufactured home is adjacent to a higher
structure, drifted snow loads MUST be calcu-
lated i accordance with ASCE 7-93: An aver-
age value including the drifted load may be
used with the Foundation Design Load Tables.

D-2004 WIND LOAD DESIGN FAC-
TORS.

A. Model for Analysis. The methodol-
ogy for resistance of the box to uplift, overtumn-
ing and shiding utilizes equations for Main
Wind-Force Resisting ‘Systems as defined in
ASCE 7-93. '

B. Basic Wind Speed. The basic wind
speed map is found on page H-14. Wind fac-
tors have been included in the derived values

for the Foundation Design Load Tables of Ap-
pendix B.

C. Design Assumptions.

1. To convert mile per hour (MPH)
‘wind speed to a basic wind velocity
pressure (q) in pounds per square
feet (psf) use the following equation
from ASCE 7-93:

q=0.00256 X Kz x (V x I )*
where:

a. Mean roof height is assumed to
be less than or equal to 15 feet

from grade.

Basic Wind Speed (V) is from
 the isobar map on page H-14 for
the unit’s geographic location.

Velocity Pressure Coefficient
(Kz) is based on Exposure C:
open terrain with scattered ob-
structions having heights gen-
erally less than 30 feet. This
Category includes flat open
country and grasslands. For
these conditions, including item
(a) above, Kz = 0.8.

Importance Category I
(residential) for inland sites, sets
I = 1.0, while for coastal sites
(hurricane oceanline) I = 1.05.
Linear interpolation can be util-
ized for sites between the
oceanline and 100 miles inland;
however, this was not done for
the tables of Appendix B. Thus,
only the above two values have
been included.




- 2. Velocity pressure (q) is applied to
surfaces, i.e. walls and roof planes,
to generate design wind pressures
(p) for Main Wind-Force Resisting
Systems. Design wind pressures (p)
are based on external and internal
effects utilizing the following equa-
tion from ASCE 7-93:

p=g X GhxCp-qx(xGCpi)
(external) - (internal)

where:

a. The Gust Response Factor (Gh)
is assumed to be based on Expo-

. sure C (see section
D-200.4.C.1.c).. The Minimum
Property Standard (MPS) per-
mits use of Exposure C regard-
less of whether the site is inland
or coastal. Thus, for units of as-
sumed mean height less than or
equal to 15 feet, Gh = 1.32.

b. External Roof and Wall Pres-
sure Coefficients (Cp) vary on
the windward roof surface based
on the structural issue being
analyzed. Figure D-4 illustrates
the various (Cp) values for the
transverse and longitudinal di-

Wind
Upfift
Direction Overturning
E
Sliding
Transverse Direction
A
:—0..7‘ roof & side walls
1
. . J :-0.2  single-section units
B }:-0.275 multi-section units —
2] F oo Lo meecton Sliding
Cp :
Windward Leeward

Longitudinat Direction

Exterior (Cp) Coefficients

Figure D - 4




rections. A roof slope of 10 to
15 degrees { 2 in 12 to 3 in 12)
produces 2 possible situations:
(+0.2) pressure and (-0.9) suc-
tion. . The value (-0.9) was se-
lected to produce maximum
suction for uplift and overturn-
ing while (+0.2) was selected to
maximize sliding.  Note that (+)
means pressure on the external
surface, while (-) means suction
on the external surface. For the
leeward wall in the longitudinal
direction the proportions of the
unit (L/Wt) are important to es-
' tablishing the proper exterior
(Cp) value. Singlé-section units,

regardless of the combination of
width or length, has a ratio L/Wt
= 4.0; therefore, Cp = -0.2. For
multi-section units An average
proportion of unit (28° x 70°, or
32’ x 80") was assumed. Thus,
the L/Wt ratio was 2.5 and by

interpolation Cp = -0.275. Sin-

gle or multi-section units have a
W/L ratio, which is < 1.0 for all
proportions of units. Thus, the
leeward value for Cp = -0.5 in

sthe transverse direction.

c. Internal Roof and Wall Pressure

Coefﬁcients assume a uniform
distribution of openings on all

GCpi

cancel

Transverse Direction

Uplift
Overtumning

2i--> sliding

- A
1
1

h 4

cancel

Longitudinal Direction
Interior (GCpi) Coefficients
Figure D - 5

<z {--> Sliding

R g ' £0.25 *




surfaces, thus GCpi = +0.25. ized for the calculation of over-

Figure D-5 illustrates the pres- turning and sliding in the trans-
sures and suctions used for vari- verse direction. Intermal roof
ous structural considerations. Pressures are not utilized in the
Note that the walls receive off- - longitudinal direction.

setting values that cancel any _

internal effect; therefore, only d. "Wind pressures and suctions are
the roof (GCpi) values are util- typically treated as uniformly

Sliding

Ph p(Wt)sme p(WI)tane
2cosb

Wind

Direction

Upilift
Overturning

Pv=p (W) cos 8 = p (Wi)
4 ?Poosﬁ

Uplift
Overturning

| - .
Ph'=p (Wi} sin 8 = p (W) tan 6

cos 6
w2
z 1
Multl-Sectlon Units
Roof Plane - Wind Components - Transverse Direction

Figure D -6
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distributed and typically applied
perpendicular to the orientation
of any planar surface. This
usually requires the calculation
of horizontal and vertical com-
ponents when wind is applied to
sloping surfaces, in this case
only roof planes. Figure D-6
illustrates that by the use of
trigonometry the resultant force
(P) on any sloping surface has
components (Py) and (P,
which can be arrived at as
shown. Note that for the verti-
cal components (Py) it is possi-
ble to merely multiply the pres-
sure (p) by the horizontal length
of the slope (Wt/2) for single

section umits or by (Wt) for .

multi-section units. This ap-
proach simplifies the sample
calculations provided in section
D-300. for. uplift, . overturning
and sliding in the transverse di-

- rection.

D-200.5 SEISMIC LOAD FACTORS.

A. Seismic Versus Wind Forces. It has
been stated in Chapters 4 and 6 that seismic
forces did not control over wind forces in the
computations for consideration of overturning
in the transverse direction; however, ‘seismic
forces did sometimes control over wind for
certain situations of sliding in the transverse
and longitudinal direction. This is particularly
true in the longitudinal direction because only
the end wall elevations are exposed to the
wind, producing small applied horizontal
forces. Seismic inertia forces are a function of
mass that is the same in both directions, which
may be larger than the wind forces in particular
when the geographic region is also a high snow
TEZION.

B. Dead Loads. The model assumes use
of the “heavy” dead load values for roof, floor
and wall components from Table D-1. It is as-
sumed that the weight of the exterior walls and
the weight of the marriage wall (for multi-
section units only) are distributed half to the
roof plane and half to the floor plane. The

'\L snow

end wail area .=~
assignedto - -!
roof mass :

T T

Fxr mass at

R

—— l-7= e m === ——— =

1 exterior}
wall g

s .
1 1
\)—/ ‘! 1/2 marriage
' .:s:wall*
______________ I v —

----------- = —

. %7}», roof plane
‘l Wr P

11/2 exterior
|W8“

} [ [
1/2 exterior:é !$| 1/2 marriage é!ﬂZ exteroir mass at

hry2z  wal 1 : :wall Vpwall floor plane
l/ | - '] FXf Wf
1

. . 8 S =5

end wall area I floor I

assignedto _ _ _

floormass - _1 = include only for multi-section units

Seismic Dead Load Distribution
Figure D-7
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marriage wall was assumed continuous, with-
out any large openings to maximize the dead
load. This distribution of the dead load is illus-
trated in Figure D-7 to arrive at inertia forces
(Fxr) and (Fxf). The weight of the end walls
- was included in the total mass of the unit and
distributed to the roof and floor as shown in
Figure D-7 and defined by the equations below:

1. Areas at each end of a Single-
Section unit; '

Ar = tha-i‘EXWt
2

A :thh—n
2

2. Areasateachendofa Mult_i;Section -

unit:

A, =th_a+2><_Wt><_h?n"
A, =‘2><Wt><—-hZ§-

3. These areas are multiplied by the
heavy wall weight of 5.9 psf result-
ing 1in total roof and floor load addi-
tions respectively for Single or
‘Multi-Section units as follows:

W, =2X 59>< A,

W irioor = 2 X 39X A
The above loads are in pounds and are smeared
into the unit’s dead load for overturning by us-
ing an average length of 60 feet, while for
sliding they are smeared into the unit’s dead
load by dividing by “L”. See Section
D-200.5.E.7.a for further clarification.

C. Snow Loads. When the flat roof snow
load (Pf) is less than 30 psf, the snow load to
be attributed to the mass at the roof plane shall

 be zero. Where siting and snow duration and
“conditions warrant, and roof snow load is equal

to or exceeds 30 psf . the snow load shall be
added to the mass of the roof plane. The local
authority may permit a reduction in snow load
by as much'as 80%. See Figure D-7. Note that
roof snow load (Pf) has been previously de-
fined as 70% of the ground snow load (Pg) in
section D-200.3B.

D. Miscellaneous Loads. No considera-
tion of partial occupancy live load was included
in the mass of the floor plane; however, me-

- chanical and partition load was included in the

floor plane.

E. Seismic Analysis Method.  The
Equivalent Lateral Force Procedure (ELF) was

-assumed for manufactured housing units, as

defined by. ASCE 7-93.. No plan or elevation
irregularities were assumed, Thus, the manu-
factured home superstructure was assumed to
be a simple rectangular box with proportions of
length to width not exceeding 5 to 1.

1. The Fundamental Period (T): the
manufactured home is assumed to
have the same period in either di-
rection, transverse or longitudinal,
determined from the following

equation:
T=Ctxh*
where:

a. Ct=0.02 for the category of: all
other buildings.




b. the height from bottom of foot-
ing to the mean roof height (h)
has been assumed as 13.5 feet.

¢. Thus: T =0.14 seconds.

. Site Coefficient (S): the site has

been selected for the most signifi-
cant soil classiﬁc_atior_l, thus S =2.0.

. The Response Modification Coeffi-
cient {R): the structure has been
‘selected as a bearing wall system
with light frame walls with shear
panels. Thus, R=6.5.

. Effective peak velocity-related ac-
celeration coefficient (Av): is se-
lected for the geographic location
based on the map H-16 in Appen-
dix H. -

. The Seismic Design Coefficient
(Cs) is determined by the following
- equation:

12x AvxS

Cs= R x T

Insertion of all the above values in
the equation for (Cs) leads to the re-
sults tabulate_d b_elow:

Av ' Cs

0.15 0.204
0.2 0.273
0.3 0.409
0.4 0.546

. But (Cs) need not exceed the fol-
lowing equation:

25% Aa

 Cs=
=TT

where:

a. Effective peak acceleration co-
efficient (Aa): selected for the
geographic location based on
map H-15 in Appendix H.

b. The results are tabulated below:

Az Cs

0.15 0.058
0.2 0.077
0.3 - 0.115
0.4 0.154

¢. The wvalues for (Cs) are defi-

nitely smaller in item (6.b)

above rather than in item (5.a),

thus Cs is based on the equation

in item (6). Thus, for this Man-
~ual assuming Aa = Av:

_ 25X Aa

ESN

7. The basic equation for base shear

(Vg), using the (ELF) methed, is:

Vp=Csx W

where:

a. The total weight (W) is the
summation of the roof plane
mass and the floor plane mass,
including snow as applicable, as
a function of unit length. It is
advantageous to keep the roof
and floor loads separated for

* calculation ease and kept in
units of Ibs/ft of unit length as
follows:




For a Single-Section Unit:

W
_97><Wt+4425+ "E‘“"’f + %P, x Wt

roof

mezlaoxuh+4425+13+fﬂer

For a Multi-Section Unit:

W
=194 x Wt + 44.25 + 26.25 4 —udwoof. °E‘°°f +

rouf

2X %P, x Wt

W
Woor = 26.0 X Wt +36 +44.25 +26.25 + ——=odfleor. =nLdﬂ°°r

Note: For overturning calcula-
'tion_s, where (L) does not enter
the equations, use L=60 ft as an
average length to smear the end
wall load. For Sliding (L) is al-
ways.required and the end wall
weight is smearing over the real

length (L).

Where for either the Single or
Multi-Section unit, the total
dead load per foot of length of
the unit becomes:
W = Wroof + Wﬂoof

b. The _seisnﬁc boefﬁcient (Cs) is
based on equation in item (6.b).

8. The base shear (V) is then distrib-
uted vertically as inertia forces (Fy,
and Fxs) to the floor and roof levels
according to the mass that exists at
each level (see Figure D-7), based
on the following generic equation:

E=C XVB

where also generically:

C,,

a.

w, xXh,

Z(W xh)

=l

The weight and height at each
respective level is subécripted
with an (x) while the sum of the
product of each level’s weight
and height are generically sub-

- scripted with an (I). The up-

permost level of the building (n)

is in this case the roof. For a one

story manufactured home, there

~will only be two levels, Wroor and

Waeor Teducing to two expres-
sions substituting Single or
Multi-Section unit values as
felows:

L X h
Cro:)f = h h

roof X + Wﬂoor X
C ’ — Wﬂnor X hf

floor

wrc_oof th +Wﬂoor th

Thus, the inertia forces in lbs/ft
of unit length at the two respec-
tive levels becomes:

Fxr =C >4 VB and,

roof

F,=C, XV,

floor

Sample spreadsheet - 3tput for

" two cases (snow Pg= . psf and

snow Pg =100 psf) indicates the
range of (Fy,) and (Fyp) values at
the roof and floor levels respec-




tively for a single section unit.
These examples include the 12,
14 and 16 nominal width units
and are labeled as Tables D-2
and D-3. Note: nominal , rather
than actual unit width (Wt) were
used in the dead load calcula-
tions for conservatism.

9. The forces (Fy and Fyy) were ap-

plied to the manufactured home unit
as illustrated in Figure D-7 and used
for transverse and longitudinal
overturning and sliding calculations
for comparison to the wind forces.
The forces that produced the largest
required resistance values were used
in the Foundation Design Load Ta-
bles - Appendix B. Values that are
‘grayed in the Tables of Appendix B
are controlled by seismic inertia
forces. . '

D-300. SAMPLE EQUATIONS
USED FOR FOUNDATION DESIGN
LOAD TABLE VALUES.

. EFFECTIVE
Refer to Figures

D-300.1 REQUIRED
FOOTING AREA.

‘D-8(A&B) and D-9(A&B) for the free-body
- diagrams illustrating the applied gravity loads

on the superstructure and on the foundation for
a Type C and Type E or I single-section unit,
and a Type C multi-section unit with consid-
eration of a continuous mamage wall and a
marriage wall with a large opening. Note that
the “heavy” dead loads are used from Table
D-1. For allowable stress design methodology,
the load combination from ASCE 7-93 is:
DL(heavy) + LL(occupancy) + LL(attic) +
SL{or min. roof LL.).

L Pf .
A A VR VR A I A
L attic LL = 10 psf '
L2 R I A I RV
' ' Superstructure
: Free-body
- DL (heavy) . Dlagram -
LL-= 40 psf
VR A AR idf\l/d/‘lr\!'\ir‘lr\[*
4;*" @“ |
R _ Foundation
700 ibs. 700 lbs. .| Free-body
Diagram
- 1.
PSOL_._._I G |

Aﬁg 4

Type C Smgle-Sectlon Unit

Gravity Loads

Figure D -8A
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- Seismic

Smax= 2 R= 6.5 ' hne 11.0 ft

Exposure Group | : Ct=- - 0.02
Seismic Performance Ato D Assume no plan or elevation irregularities
Equivalent Lateral Force Procedure -
Period:  Ta=Ct(hn)\3/4= 0.120802 - '
Tmax=Ta*Ca Ca= 1.5 (1.5 maxfor Av=.15)
' " Tmax= 0.181203 :

" Cs max=2.5"Aa/R " Aa Cs max

: ' 0.15 0.057692
-0.20 0.076923
0.30 0.115385
0.40 0.153846

Snow Load: Pg=. 0 pst Pf=" - 0 psf
' Wit S _ :
DL 12.0 . 140 - 160
roof - 160.65 - 180.05 199.45
floor . 218.25 24425 | 270.25
total . 378.90 42430  469.70
Width 12 ft o -  Vbase= 2186 - 2915 = 4372 58.29
Fx=Cwvx*Vbase
: . Az i

_ w h wh Cvx 0.15 0.2 0.3 . 04 _
roof 160.65 1.0 1767.15 0.729654 15,95 21.27 31.90 42.53
fioor - . 218.25 3.0. 654.75 0.270346 581 . 7.8 11.82 15.76
sum 378.90 - 2421.90 1.0 21.86 29.15 43.72 58.20
Width 14 ft Vbase= 24.48 32.64 48.96 65.28

: - R Fx=Cvx*Vbase

: . . : Aa
_ w h w*h. Cvx 0.15 0.2 0.3 04

roof 180.05 - 11.0  1980.55 0.729941 17.87 23.82 35.74 47.65
fioor 244.25 3.0 732,75 0.270058] = 6.61 8.81 13.22  17.63
sum 424.30 - 2713.30 . - -1.0] 2448 32.64 48.96 = -65.28
Width 16 ft Vbase= 27.10 '36.13 5420 . 72.26

i Fx=Cvx*Vbase o

S Aa .

_ w h wh cw | o015 . 0.2 0.3. 0.4
roof 199.45 11.0:  2193.95 0.730173 1978~ 26.38 39.57 - 5276
floor 270.25 . 3.0 810.75 0.269827 7.31 9.75 14.62 19.50
sum 463870 3004.70 1.0 27.10 36.13 5420 - 72.26

Seismic Forces - Ground Snow < 30 psf
I_'ai_ﬂe D-2 '
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Seismic

'-sum

Smax= 2 -R= 6.5 hn= 11.01t
Exposure Group | Ci= 0.02
Seismic Performance Ato D . Assume no plan or elevation irregularities
Equivalent Lateral Force Procedure
Period: Ta=Ct(hn*3/4= 0.120802
Tmax=Ta*Ca . Ca= 1.5 (1.5 max for Av=.15}
' Tmax= 0.181203 '
Cs max=2.5*Aa/R Aa "~ Cs max
0.156 0.057692
0.20 0.076923
030 0.115385
. . 0.40 = 0.153846 : -
Snow Load: Pg= 100 psf Pi= 70 pstf
wi
DL 12.0 14.0 16.0
roof 1000.65 1160.05 1319.45
floor 218.25 24425 270.25
total 1218.80°  1404.30 1589.70
Width 12 ft Vbase= 70.32 . 93.76 140.64 187.52
) Fx=Cvx*Vbase
. Aa
g w h w*h Cvx 0.15 0.2 0.3 0.4
“roof ~1000.865 ~  11.0 11007.15 0.943856] =  66.37 88.50 132.75 176.99
" floor 218.25 3.0 "654.75 0.056144 3.95 5.26 790 10.63
1218.80 11661.90 1.0 70.32 g3.76 140.64 187.52
Width 14 ft Vbase= -81.02 108.02 . 162.03 216.05
' Fx=Cvx*Vbase
_ ' Aa
W h w*h Cwx 0.15 02 03 0.4
roof 1160.05 11.0 1276055 0.945685 76.62 102.16 153.24 204.31
floor ©244.25 30 73275 0.054305 4.40 5.87 8.80 11.73
sum’ 1404.30 13493.30 1.0 B1.02 108.02 162.03. 216.05
Width 16 ft Vhase= 21.71 122.28 183.43 244 57
Fx=Cvx*Vbase
Aa
w “h ~ wh Cvx 0.15 0.2 0.3 0.4
roof 1319.45 11.0  14513.85 0.847035 . 86.86 115.82 173.72 231.83
floor 270.25 3.0 810756  0.052905 4.85 6.47 8.70 12.94
sum +1589.70 15324.70 - 1.0 91.71 12228 183.43 24457

Seismic Forces - Ground Snow 100 psf

Table D

-3




A. Gravity Load Considerations for the
Type C Single-Section Unit.

1.

General: The foundation to support
the superstructure gravity loads is
provided only by the spaced plers
under the chassis beams.

Superstructure load to a pier: As
shown in Figure D-8A the snow
load, the attic live load and the roof
dead load are transferred equally to
each exterior wall. The exterior
walls in turn transfer the roof loads
to the floor framing. The floor live
and dead load combine with the
roof and wall load to reach the
chassis beam, where the foundation
piers receive the total concentrated

superstructure Joad (Rp) in propor-

tion to the pier spacing.

3. Typical chassis beam pier founda-

pier: 2.67° % L. 33" x 84 psf =

tion weight. The typical pier as-
sumed for the calculations is based
on a pier composed of four
8”x8”x16” concrete masonry umits
grouted solid with a 2 foot square

footing that is 8 inches deep. Thus
-~ the assumed pier weight is as fol-

lows:

298.0 1bs.

footing: 150 pcf X2 X2 % .67 =402.0 Ibs.

total =

4. Réqﬁired chassis beam Pier Footing

size: The footing area (Aftg) must
be large enough so that the net al-
lowable soil bearing pressure (Pso)

= 700.0 Ibs.

is not exceeded under the full grav-
ity dead, live and snow loads. Note
that the pier and footing weight be-

come additional dead load.
' Afte = Rp+700
&= Pso '

B. Gravity Load Considerations for the
Type E and I Single-Section Unit.

1.

General: Support of the superstruc-
ture gravity loads is shared by the
exterior longitudinal walls and the
spaced interior piers under the
chassis beams, which together com-
prise the foundation. :

Superstructure load to the exterior
longitudinal foundation walls:  As
shown in Figure D-8B, the snow
load, the attic live load and the
heavy roof dead load are transferred
equally to each exterior wall. The
exterior wall weight is added, and
both loads transfer directly to the
exterior foundation walls. A por-
tion (dc/2) of the floor live and
heavy dead load also goes to the
exterior foundation walls. The total
superstructure = gravity load (Rw)
transferred to the exterior founda-
tion wall is in units of Ibs./ft. of
home length. The equation is as
follows: -

Wt
Rw=[Pf+(9.7+10)]><7+
- de

- (40+13) X +4425

[snow + (roof DL+attic LL)]
(floor LL+DL) + (wall DL)




3. Superstructure load to an interior
- pier: The remainder of the floor
dead and live load is-equally divided
- between the chassis beam lines, and
~ concentrated at the foundation piers
‘based on their spacing. The total
superstructure concentrated gravity

" load to a pier (Rp) is as follows:

Rp _=I|:(40% 13 . 9}x spacing

(floor DL+LL) (chassis beam DL)

4. Typical exterior longitudinal foun-
 dation wall weight: - The typical
exterior longitudinal foundation
wall 1s assumed to be composed of a

6 poured concrete wall, 3’-8” high,
and a 6” x 24” continuous concrete

- footing. Thus, the assumed weight

15 as follows:

wall: 150 pef X 3.67° x 0.5 = 275.0 plf
footing: 150 pef X 2’ x 0.5 = 150.0 pIf
 total = 425.0 plf

5. Required Exterior Wall Footing
Width: The footing width (Wf)
must be large enough so that the net
allowable soil bearing pressure
(Pso) is not exceeded under the full
‘gravity dead, live and ‘snow loads.
“Note that the longitudinal founda-
tion wall and footing weight. be-
come additional dead load. The re-

quired footing width: -
- Rw+425
W§ = __."Y_
o Pso

6. Regquired Interzor Pier Footing
Area: The: footmg area (Aftg) must

L¢¢¢¢¢¢¢¢¢»‘,¢¢v¢¢¢y¢
atticLL = 10 psf
v v o L L b S N TN
) Superstructure
Free-body
‘DL (heavy) Diagram
LL=40psf
\I/V\vaéflérvv_\fl\bv PRI
T & ([IF T
de o
W‘
Rw Rp Rp Rw ]
@ Jb @ JL Foundation
425 Ibs. 700 Ibs. . 700 Ibs. 425 fbs. Fl:ee—bcdy
. . - | Diagram
L .
et 3

' Pso

E

Type E and | Single-Section Units
Gravity Loads
Figure D -8B
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be large enough so that the allow-
able soil bearing pressure (Pso) is
not exceeded under the full gravity
- dead and live loads.- Note that the
- pler and footing weight become
additional dead load. The required

.. footing area:
~ Rp+700.
Aftg = ————
: g, - Pso.

C. Gravity Load Considerations for the
Type C Multi-Section Unit with a Continu-

live load and the roof dead load are
transferred between the marriage
wall and the exterior walls as bear-
ing walls. The marriage wall in turn
transfer the roof loads to the floor
framing. ~ A small portion of the
floor live and dead load is assumed
to combine with the roof loads and
marriage wall weight to reach the
top of the foundation pier as the to-
tal concentrated superstructure load
{Rpm) in proportion to the pier

: ) spacing.
ous Superstructure Marriage wall. _
S | o [525+(Pf+19.7)xWt+] .
1. General: The foundation to support -Rpm =L Jx spacing

the superstructure gravity loads is
provided only by spaced piers under
the chassis beams and under the
continuous marriage wall.

(40 +13) x dc

' [matr.wall+(snow+roofDL+attic LL)]
__(ﬂoor DL+LL)

2. Superstructure continuous marriage 3. Super. structure load to an exterior
wall load to a pier: As shown in chassis beam pier: _ As shown in
Figlirc D-9A the snow load. the attic ‘Figure D-9A the snow load, the attic

d > " L.
. Pi —
PV PR PSPV A P2V ARV B PR
' attic LL = 10 psf .
72tV AR RNV PRV PP PRV .
: . o Euperstgzciure
Continuous _ ree-body
L/ Marriage Wall Diagram
_ . | LL = 40 psf
PP PRV P PR PRS0 PP P PR 0 PRSP
R T P |
P ! 3- .
e e S 1 _
i : ik
- p R Rpi. n R Rpi i R
LT LT LT LT L
. Foundation
00 700 [@]sss 700 [9]700 - Fres-body
: .bs. : Ibs. - tbs: 1Y Ibs. | s. Diagram
Pso T Tt £ T Pso

o L Aitg iy'-..

Type C - Multi-Section Unit w/Continuous Marriage Wall
 Figure D - A
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Rpe

Rpi = |:(4O +13) x(

live load and the roof dead load are
- transferred equally between the ex-
terior wall and the marriage wall.
The exterior wall in tum transfers
“the roof loads to the floor framing.
The floor live and dead load com-

. bine with the roof and wall weight

to reach the chassis beam, where the

-foundation - piers receive the total
concentrated = superstructure load
{(Rpe) in proportion to the pier
spacing.

T(Pf +19.7+40+13) x Wt /2 +]
L4425 +9)

[snow+roofDLA+atticLL+floorDLA+LL]
(ext.wall DL+chassis bm.)

. Superstructure load to an interior

chassis beam pier: As shown in
Figure D-9A The floor live and

1 A < i Ter 1 A
dead load comprise the only load to

reach the interior chassis beam,
where the foundation piers receive
the total concentrated superstructure

load (Rpi) in proportion to the pier

spacing. -

Wt-dc

] + 9} X spacing

[(floorLL+DL)+chassis bm.]

Typical Continuous Marriage Wall

Pier: The typical continuous mar-

riage wall within the superstructure
of the multi-section unit is assumed
to have a foundation pier composed
of five courses of 8"x8”"x16” con-

crete block (ungrouted), and a con-

crete footing 2°x2’ by 8 deep. The

Jx spacing

-21

dead load of a typical continuous
marriage wall foundation pier is as
follows:

pier: 42 psfx 3.33° x 1.33" = 186.0 Ibs.
footing: 150 pef x 2°x .67’ =  402.0 Ibs.

total = 588.0 Ibs.

6. Regquired continuous marriage wall

pier footing. - The footing area

~ (Aftg) must be large enough so that

the net allowable soil bearing pres-

'sure (Pso) is not exceeded under the

full gravity dead, live and smow

- loads. Note that the pier and foot-
' ing weight become additional dead

load. The required footing area:

- _ Rpm +588

Aft
5 Pso

. Reguired exterior chassis beam Pier

Footing Area: The footing area
(Aftg) must be large enough so that
the allowable soil bearing pressure
(Pso) is not exceeded under the full
gravity dead and live loads. Note
that the pier and footing weight be-
come additional dead load. The re-
quired footing area:

* Rpe +700
Aftge = Pso

. Required interior chassis beam Pier

Footing Area: The footing area
(Aftg) must be large enough so that
the allowable soil bearing pressure
{Pso) is not exceeded under the full
gravity dead and live loads. Noté
that the pier and footing weight be-
come additional dead load. The re-
quired footing area:




_ Rpi+700 lustrated in  Figure D-9C, is

.Aftgim ~ Pso - bounded by posts at the ends of the
_ : opening with continuous marriage
D. Gravity Load Considerations for the walls extending beyond the opening
Type C Multi-Section Unit with a Super- : width in both directions, and (2)
structure Marriage wall containing one -~ two adjacent marriage wall
opening or two large adjacent openings. o openings, as illustrated in Figure
] D-9D, consisting of three posts with
1. General: The foundatn?n to support _ the outer two posts having continu-
the superstructure gravity logds, as - ous marriage walls extending be-
11'1ustratcd in Figure ]?-9]3-, s pro- yond the two openings.
vided only by spaced piers under the _
chassis beams, piers placed under Note: A maximum 10 foot pier
the posts at the ends of marriage ‘spacing was assumed under all con-
wall openings, and equally spaced tinnous marriage wall portions.
~ piers under the continuous portions ' '
of the marriage wall. : _ Note: The center post between the
_ . -~ twc zdjacent openings of the later
2. Marriage wall openings: limitations - scheme produces the largest con-
and assumptions. Two marriage centrated load to a marriage wall
wall opening situations were re- ~ pier. This is the condition used for
‘viewed: (1) a single opening, as il- R '
_ Pt =
N PR P P P SRV SRV RV VARV AR '
E gidge
o P R A A SRR RN R A e SR .
: : ' : Superstructura
$ Free-body
<+—Post Diagram
: tL = 40 psf
Sele e e el b b lii\l\i.ff_\i/_\!f_‘\b\!
¢ T 4

in me in Jper

I
o
70
; b

Foundatic

0 588 700. [@]700 Free-body

s, bs. bs. lbs. * Diagram =
T o

(K S

_ {g‘p
Sk
Pso S

Afgext  Atging  Atgmar  Aftgint - Aftg ext o _
Type C - Multi-Section Unit w/Openings in Marriage Wall
Figure D - 9B
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centrated load to a marriage wall
pier. This is the condition used for
the equations that follow.

~Note: It is conservatively assumed
that the footing size required under
the center post will be used under
all three posts in the Appendix B
Part 1 Tables for Multi-section
units. '

Note: The opening width used for
two adjacent openings in the Ap-

pendix B Tables, is the average of
the two opening widths: (x+x,) + 2.
The marriage wall opening tables
use 2 foot increments for single
openings, or the average of two ad-
jacent opemngs from 10 feet to 20
feet.

. Superstructure: Two large adjacent

marriage wall openings: load to the
Dier under center post. As shown in
Figure D-9D the snow Ioa'd, the attic

Xz
. Tributary Floor
- . / Area Carried By Post
- End
Roof Trusses Post
Wit J B e
-% End A
) -~ (Z Post ) W2
N T = Trcrrr i =FeE
Plywood Beam/ /// // w2
Wt r Roof Trusse: _ e
—— - ” " :
Opening  *
Assume Smax = 10 ft
Roof Plan
*_'S—'{ Tributary Floor
. | Area Carried By Post
" " - 7 ” - T
Wi - : L - : i [>» Chassis Beam Line
‘*’ng‘t - e E? &L Cont
~ AP : -' ! ontinuous
~— = o W 4 - ~ Mairiage Wall
Wt : Z Openin 3 { :
N - — - - -
: \ - M:croiam Floor_Beam Typical Chassis
Typical Continuous Beam Pier

Marriage Wall Pier

Floor Plan

Marriage Wall w/Large Single Opening
Figure D - 9C
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live load and the roof dead load are
transferred between the marriage
‘wall ridge beam and the exterior
walls as bearing points. The mar-
riage wall ridge beam (assumed o
act as two simple span beams)
transfers the average of the two

loads to the center post. The floor
live and dead load is assumed to be
carried by floor beams, and also is
transferred based on the average
width of the two openings.

Note: For a single -opening x,=0

opening widths of the roof and attic ‘and all the formulas still work.
X+Xi X g
2 2 _
Tributary Floor
‘ Area Carried By Post
i Plywood Ridge N P
Bg;um 9 ; : . TRoof Trusses
Wi < X=X 4 { End :
Wt // . &}’TPost L ‘/———Continuous Marriage
— 2 . J - - > Wall Portion
t N | |
Wit o - AN ; TRoof Trusses
X x1 L 1o D :
Opening Opening”.  Max.
Roof Plan
X +X1
{;! Tributary Floor

~ Area Carried By Post

a

B ERREEE S ;
: : Chassis Beam Line
: < Continuous
5 B_ " A Marriage Wall

\Typical Cantinuous Marriage
Wali Piers

X1
7" "Opening Opening
Flo_or Plan
Marriage Wall w/Two Adjacent Openings
Figure D-9D
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The floor beam is assumed to weigh
10 pIf and the ridge beam is as-
- sumed to be composed of 6 layers
- of 3/8”plywood at a depth of 3 feet.
Thus, the ridge beam weighs 19.8
plf. The post is assumed to be a 4x4
of weight 32 Ibs. The total concen-
trated superstructure load to the pier

Rpi = {(40 +13) x (

Wit-dc

) + 9} X spacing

[(floorLL+DL)+chassis bm.]

Reguired pier footing area for mar-
riage wall containing large open-
ings. The footing area (Aftg) must

(Rmax): be large enough so that the net al-

lowable soil bearing pressure {Pso)

I_(Pf +19.7)x Wt + ] [x+x ] is not exceeded under the full grav-

Rpm = |_(40 +13)xdc+10+ 19 8_‘ +32 ity dead, live and snow loads. Note

that the pier and footing weight be-
- come additional dead load. The re-

[( snow+roofDL-+attic LL)] :
quired footing area:

~ (floor DL+LL)+floor bm+Ridge bm)

- +post DL _ .
P o ' Rpm+588
o Aftg  =———
4. Superstructure load to an exte- S Pso

rior chassis beam pier: the super-
structure load to an exterior pier is
-unchanged from that for a Type C
multi-section unit with a continuous
marriage wall. Thus, the total con-
centrated superstructure load (Rpe)

.lb L :_pcau:u llCIU

Required pier footing areas for ex-
terior and interior chassis beam
lines. See items 7 and 8 for a Type
C Multi-section unit with a con-
tinuous marriage wall. Equations

. are the same and are repeated here

A odiliv Qo

for ease of use:
F(Pf+19 7+40+13)x Wt/2+]

R Rpe + 700
{snow+roofDL+atticLL+floorDL+LL] Afte. — Rpi+ 700
(ext.wall DL+chassis bm.) Bim =7 poo

. Superstructure load to an interior
chassis beam pier: the superstruc-
ture load to an interior pier is umn-
changed from that for a Type C
multi-section unit with a continuous
marriage wall. Thus, the total con-
centrated superstructure load (Rpi)
is repeated here:

D-25

" E. Gravity Load Considerations for the
Type E and Type I Multi-Section Unit with a
Continuous Superstructure Marriage Wall,

1.

Note:

General: As illustrated in Figure
D-9E, the foundation to support the

 superstructure gravity loads is pro-
- vided by spaced piers under the

chassis -beams, along the exterior
wall and by spaced piers under the
continuous marriage wall.

Foundation Concepts ES and E7 do
not follow the equation develop-
ment presented here and are treated




separately, later in Section D.300.1.

. Superstructure continuous marriage
wall load to a pier: Identical to that
shown in Figure D-9A for the Type
C multi-section upit; the snow load,
the attic live load and the roof dead
load are transferred between the
marriage wall and the exterior walls
as bearing walls. As shown in Fig-
~ ure D-9E the marriage wall in tum
transfers the roof loads to the floor
framing. A small portion of the
floor live and dead load is assumed
to combine with the roof loads and
marriage wall weight to reach the
top of the foundation pier as the to-
- tal concentrated superstructure load
- (Rpm) in proportlon to the pier
spacmg

Rpm=

1525+ (Pf +19.7)x Wt + | ,
| (40+13)xdc |xspacing

[marr.wall+(snow+roofDL+attic LL)]
(floor DLA4LL)

3. Superstructure load to an exterior

and interior chassis beam pier: As
shown in Figure D-9E there are no
gravity roof loads or exterior wall
load transferred to the piers under

- the chassis beams. The floor live
.and dead load comprise the only
load to reach the exterior and inte-
rior chassis beam, where the exte-
rior and interior foundation piers re-
ceive the total concentrated super-
_structure load (Rpe and Rpi) equally
~ in proportion to the pier spacing.

P{

VAN

P PR P PR P R P FRVAR PR AV PR VR VR VAR |
. attic LL|= 10 psf.
CPE N P P P P VAN P P PR A P P T P P
gupe%siructure
_ Continucus reg-dody
e e Marriage Wall Diagram
R LL = 40 psi
T LT L e L v VL T L L L L L
T I LT Il
TP T T
F B F.s
RW R pe Rp] Rpm Rp| Rpe hw o/
L & L 4; Lre g
425 @ 00 700 588 700 |’$‘| 700 [o] 425 Foundation
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1(40+13)x

Rpe = Rpi = (W’t# 2dc dc) X spacing
N —F+—]+9

2

(floorDL+LL)  (chassis bm.)

4. Superstructure load to the exterior

 foundation wall. As shown in fig-
ure D-O9E the snow load, the attic
live load and the roof dead load are
 transferred equally between the ex-

terior wall and the marriage wall.

The exterior wall in mrn transfers
the roof loads to the floor framing.
A small portion of the floor live and
dead load combine with the roof
and wall weight to reach the foun-
dation wall as a lineal uniform load
(Rw).

- and footing weight become addi-

tional dead load. The required

footing areas:
' Rpe + 700
Aftg, = Aftg, =———
- gext gm: PSO

. Reguired exterior foundation wall
Footing Width: The footing width

(Wf) must be large enough so that
the allowable soil bearing pressure
(Pso) is not exceeded under the full

gravity dead and live loads. Note
that the wall and footing weight be-

come additional dead load. The re-
quired footing width becomes:

N Rw+425 -

WfF
Pso

F. Gravity Load Considerations for the
Type E and I Multi-Section Units with a Su-
perstructure Marriage wall containing one
opening or two large adjacent openings.

Rw = (pf + 19.7)x—tit-+ (4041_3)x%+52.5

5. Required continitous marriage wall

pier  footing. ~The footing area
* (Aftg) must be large enough so that
the net allowable soil bearing pres-
sure (Pso) is not exceeded under the
full gravity dead. live and snow
_loads. Note that the pier and foot-
‘ing weight become additional dead
load. The required footing area:

Rpm + 588

Aft ' =
e = hea

- “Required exterior and interior

chassis beam Pier Footing Area: -

The footing areas (Aftg) must be
large enough so that the allowable
soil bearing pressure (Pso) is not
exceeded under the full gravity dead
and live loads. Note that the pier

1. Continuous marriage wall. The

equation development presented in
Section D.300.1.E for loads and
footing sizes at exterior foundation

‘wall and exterior and interior chas-
sis beam line piers is identical to

that ‘when a continuous marriage

- wall exists and will not be repeated

here.

One opening or.two adjacent open-
ings. The considerations for the
foundation piers under the posts that
define one opening, or two adjacent
large openings within the length of
the continuous marriage wall, is the
same as that for the Type C Multi-
section unit presented in Section
D.300.1D and illustrated in Figure




Rpm =!-

(40+13)xdc +10419.8

weight

D-9D. The equation for t:¢ maxi-
mum reaction under the center post
will be repeated here:

2

[( snow+roofDL+attic LL)]

(ﬂoor DL+LL)+floor bm+Ridge bm }

+post DL

Note: For a single opening x; = 0

~and all the equations still work.

[ (Pf +19.7)x Wt + ] {Hxl)
+32

Required rhafﬁag’e wall pier footing

at center post. The pier and footing
become additional dead
load. The required footing area un-
der the center post location repeats
also: .

© Rpm-+588

.. Pso

Aftg

Note: Regardless of Multi-Section
Unit Type C, E or I the equations

~-developed for piers under the con-

tinuous marriage walls and the
equations developed for the pier un-
der the center post, when two large

change. The only exception is for
the Type ES. (E6 uses ES Tables)
and E7 Mulu-secuon units, which

- are presented further on in this Sec-

tion D.300.1.

- 3. Gravity Load Considerations for the

Type Cnw Multi-Section Unit with a con-
tinuous marriage wall (without any mar-
riage wall piers)..

marriage wall openings exist, do not .

1.

General: As illustrated in Figure
D-OF, the foundation to support the
superstructure gravity loads is pro-
vided by spaced piers under the ex-
terior and interior chassis beams.
Note: A marriage wall with large
openings is not considered feasible
for this foundation concept, since it
would require piers under the posts.

Superstructure load to an interior

or exterior chassis beam pier:
Similar to that shown in Figure

- D-9A for the Type C multi-section

unit; the snow load, the attic live
load and the roof dead load are

transferred between the marriage

wall and the exterior walls as bear-
ing walls. The marriage wall and
the exterior wall in turn transfer
their dead weight and the roof loads
to the floor framing. The floor live
and dead load is equally distributed
each chassis beam line. These loads
from both levels combine to reach

“tb :op of the foundation pier as the

tcial  concentrated = superstructure
load (Rp) in proportion to the pier
spacing. '

Note: The only difference between
the exterior pier load and the inte-
rior pier load is in the difference of
the weight of the exterior wall and
marriage wall. . Since the exterior
wall has a greater weight that the
marriage wall, it will be used and
thus the load to the exterior and in-
terior chassis beam piers will be as-
sumed equal.




Rpe = Rpi=

3. Reguired exterior and

T T
(pf+19.7)><22t-+

(40+ 13)x% Xspacing

+(44.25+9)

|

interior
chassis beam Pier Footing Area:
The footing area (Aftg) must be
large enough so that the allowable
soil bearing pressure (Pso) is not
exceeded under the full gravity dead
and live loads. Note that the pier
and footing weight become addi-
tional dead load. The required ex-
terior and interior footing areas be-
come:

Aftg, =

Rp +700

Aftg;y = Pso

H. ' Gravity Load Considerations for the
Type ES Multi-Section Unit with a Continu-
ous Superstructure Marriage Wall.

1.'

General: = As illustrated in Figure

- D-9G., the foundation to support the

superstructure gravity loads is pro-
vided by spaced transverse steel
girders (under the chassis beams)
that span between pilasters built into
the exterior foundation walls and by
spaced piers under the continuous
marriage wall. A crawlspace exists
below the first floor. The transverse

- steel girder is assumed to be com-

posed of two simple spans that run
from exterior wall to the central
marriage wall piers, rather than

Pf

R RVEVE AN TN

VAR ARV P2

10 psf

VAR VAR RORURY)
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Note:

create a continuous two span girder.

A licensed professional shall be re-
sponsible for the design of the
transverse steel girders.

Superstructure floor load trans-

© ferred to the transverse steel girder
" and then to the exterior foundation

wall pilaster. As shown in Figure
D-9G the floor dead and live load
transfer to the chassis beam lines
and present concentrated loads to
the transverse girder. This concen-
trated load is then assumed to trans-
fer to the end of the transverse
girder and bear on the pilaster.
Based on the transverse girder

.- spacing, the concentrated load (F1)

Wt-2dc
—_—t

Fl=|(40+13)x| 2
| - de

2

+9 | X spacing

(floorLL+DL)

3. Superstructure load to the exterior
foundation wall: As shown in Fig-
ure D-9G the snow load, the attic
live load and the roof dead load are
transferred between the marriage
wall and the exterior walls as bear-
-ing walls. The exterior wall trans-

- fers this load down to the top of the
foundation wall. A small portion of
floor load is-assumed to also go to
the foundation wall. This is a uni-
form linear load (F2) as follows:

becomes:
. Pi ' _ S -
é N P P P PR PR PP P P Y PR P P VO P P P P A P
attic LL‘;: 10 psf _
‘\.I,‘,-E[il.\bl,ll\.ll\\p\l,
E Continuous . Superstruciure
e J— "Marrlage Wall oy Free-body

Fof* TEy_ Fr Tl Fe AR, Diagram
b Lanids b L

N RN AN AR AR AR SRV R A RN A P RN R AN

T I 1 @ L I 7

I Transverse Beams

Wt

Wt

L

E!QS Ibs.
f “Pso T
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wt " Ang

Jrem

l;[ 588 Ibs.
x Pso

|
T

E#zs Ibs.
I Pso J

Wi
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F2=(Pf+19.7)><‘§—t+(40+13)x

E+4«425
2

(snow +roof DL+atticLL)
(floorLL+DL) (exterior wallDL)

4. Superstructure total load to the ex-
terior foundation wall: As shown in
Figure D-9G the pilastér receives
load (F1) and this load plus the
~ transverse girder weight of 20 plf
spreads at a 45° angle along the wall
length based on an assumed wall
depth of 2 feet. Therefore, the
spread in the wall is 4 feet. This
spread Joad combines with the roof
and exterior wall load (F2) to pro-

duce a total reaction (Rw) to the

footing as folIoWS' '

Fn('"‘

k‘” - _)

: Supéfstructure load at the marriage
wall: As shown in Figure D-9G the
snow load, the attic live load and

the roof dead load are tramsferred

between the marriage wall and the
exterior walls as bearing walls. The
continuous marriage wall transfers
this Joad down to the floor level and
to a short steel post as a concen-
trated load, based on the spacing of
the transverse girders. This concen-
trated load (F3) is as follows:

[(Pf+19.7)th+52.5+

= X spacin
(13+40)xdc } pacing

(snow +roof DL+LL) (marriage wall weight)

(floor DL+LL)

. Superstructure total load to a con-

tinuous marriage wall pier: As
shown in Figure D-9G two concen-
trated floor loads (F1) plus the con-
centrated load (F3) in addition to
the transverse girder weight of 20

- pif are assumed to be transferred to
- the contiriuous marriage wall pier as

a total concentrated load (Rpm) as
follows:

"Rpm=2XFI1+F3 +20x Wt

. Regquired exterior foundation wall

Footing Width: The footing width
(wf) must be large enough so that

- the allowable soil bearing pressure

(Pso) is not exceeded under the full

- gravity. dead and live loads. Note

that the wall and footing weight be-
come additional dead load. The re-
quired footing width becomes:

Rw.+425

Wi =
Pso

Note: The width of the footing
between pilasters is assumed to be
the same as at the pilaster. If is un-
economical to continually jog foot-
ing forms. Plus the spread through
the wall will almost encompass the
the entire wall between npilasters
anyway.

- Reguired continuous marriage wall

pier footing. The footing area
(Aftg) must be large enough so that
the net allowable soil bearing pres-
sure (Pso) is not exceeded under the




full gravity dead, live and snow
loads. Note that the pier and foot-
ing weight become additional dead
load. The required footing area:

~ Rpm+588
Al e = Pso

| L. Gravity Load Considerations for the
Type E7 Multi-Section Unit with a Continu-
ous Superstructure Marriage Wall.

1. General: As illustrated in Figure
D-9H, the load flow of the super-
structure gravity Joads is identical to
that for the Type ES multi-section
unit, and the equation development
is very similar. The only difference
is that instead of a crawlspace, a full
basement exists below the first
floor. Thus, the exterior foundation

is a full depth basement wall and
footing with space pilasters. Again,
the transverse steel girder is as-
sumed to be composed of two sim-
ple spans that run from exterior
basement wall to the central mar-
riage wall, where steel pipe columns
and a spread footing are used in-

~ stead of piers.

Note:

- and footing assumptions.

A licensed professional shall be re-
sponsible for the design of the
basement wall for gravity loads and
lateral earth pressures; as well as the
transverse steel girders and the steel

-pipe column.

Exterior foundation basement wall
A 67-8’!
headroom ~is assumed under the

‘transverse girders that are assumed

Bf

aftic LLi=

10 psf
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footing:1.0 x 2.0 x 150 pef =

to be 12 inches deep. The chassis
beams are assumed to be 10” deep.
Thus, the total wall height to the top
of basement floor is 8-6”. To
maximize the gravity loading the
walls are assumed to be § “ solid
concrete, rather than the also ac-
. ceptable reinforced concrete block.
The linear footing proportions are
set at 1 foot deep x 2 fest wide.
Since the pilaster only exists at the
spacing of transverse “girders its
weight has been ignored. The foun-
dation dead load becomes:

850 pIf

Conc. wall: 0.67°x 8.5"x 150 pef = '
- 300 pIf

total = 1150 plf

3. Foundation under the marriage
wall: Steel pipe columns 3.5”¢ are
- assumed’ spaced under the trans-
- verse girders with a base plate at the
-bottom and a cap plate at the top
- with holes for bolting. The footing
is assumed to be 1°deep x 3" x 3’.
The column/footing load is there-
fore: :

identical to that for the Type ES5
Multi-Section Unit found in section

- D.300.1.H.3.

. Superstructure load at the marriage

wall: The load (F3) is identical to
that for the Type ES Multi-Section
Unit found in section D.300.1 H.5.

. Superstructure total load to the ex-

terior foundation wall: The pilaster
receives load (F1) and the trans-
verse girder weight of 20 plf. This
load spreads at a 45° angle along the
wall length based on an assumed
wall depth of 8°-6” below the su-
perstructure. Therefore, the spread
in the wall would be greater than the
maximum 10 foot spacing for trans-
verse girders. The maximum Code

‘prescribed spread is thus the spacing

(s). This spread load combines with
the roof and exterior wall load (F2)
to produce a total reaction (Rw) to

‘the footing as follows:

Fl+(20><E
Rw = 2

= — ]+F2
’ S

Column: 7.6 plf x7 feettall= 54 1bs.

Footing: 150pcfx1'x3'x3" = 1350 Ibs. : 8. Superstructure total load to a con-
' tota! = 1404 Ibs. ' - tinuous marriage wall pier: The
total concentrated load to the steel

4. Superstructure floor load transferred pipe column is identical to that for

to the transverse steel girder and
then to the exterior foundation wall
pilaster. The load (F1) is identical

to that for the Type ES5 Multi-

Section unit found in section
D.300.1.H.2.

. Superstructure load to the exterior
Sfoundation wall: The load (F2) is

the Type ES Multi-section unit con-
centrated load to a pier, found in
section D.300.1.H.6. The total con-
centrated load (Rpm) is repeated
here as follows:

Rpm=2xF1+F3 +20x Wt




9.

10.

11.

Required exterior foundation wall
Footing Width: The footing width
(wf) must be large enough so that
the allowable soil bearing pressure
(Pso) is not exceeded under the full

- gravity dead and live loads. Note
- that the wall and footing weight be-

come additional dead load. The re-
quired footing width becomes:

Wf _ Rw+1150
: Pso

Required continuous marriage wall
pipe column footing. The footing

~area {Aftg) must be large enough so

that the net allowable soil bearing
pressure (Pso) is not exceeded under
the full gravity dead, live and snow
loads. Note that the steel column
and footing weight become addi-

tional dead load: The required

footing-area: -

' Afig_ = Rpm + 1404
Pso

Basement longitudinal beams used
to space steel pipe columns further
apart: It would be possible to add
longitudinal steel beams to support
the transverse steel girders in order
to avoid a large number of pipe col-

~umns. This produces concentrated

loads to the longitudinal beams,
which could be spaced (b) distance
apart, assuming (b)>(s) by a signifi-

cant amount.- The value (n) is the

number of transverse beams that oc-
curs within the distance (b). The
area of footing would then become:

2%xF3+F4
X [ ———

_ 7 b [ +n><20><Wt}+1404
Aftg,, =——> -

Pso

Note: There are no tables in Appendix B
to cover this situation. The steel
pipe column, the transverse and
longitudinal steel beams would re-

. quire design by an engineer.

J. Gravity Load Considerations for the
Type E5, E6 and E7 Multi-Section Units
with a Superstructure Marriage Wall con-
taining one opening or two large adjacent
openings. '

1. General: The presence of regularly
spaced steel transverse girders in
these foundation concepts compli-
cates the equation development to
account for randomly placed large
openings along- the marriage wall
line. Any concentrated post load,
defining the ends of an opening, that
falls between transverse girders
would require either another pier or

~ column, that would in many cases
be close enough to the grid of trans-
verse girder piers and posts, as to
overlap or abut- clearly uneconom-
ical and impractical to construct.

2. Marriage wall openings: assump-
tions and limitations: It has been
. assumed and is now recommended
in this Handbook, that opening
widths for these three foundation
concepts bé a multiple of the trans-
verse girder spacing for the practical
reasons stated above. Any other as-
sumptions would require the design

of a licensed professional.




The equation development will
~again follow the logic and assump-
tions of Section D.300.1.D.2 and
will not be repeated here. Thus, two
adjacent openings will be consid-

- ered, with the center post receiving

the largest concentrated load. All
three post locations will have their
foundation sized based on that cen-
ter post, thus introducing a degree
of conservatism.

The equations for the exterior foun-
dation footing width are identical to
those of the individual concepts for
the Type E5 (E6 uses ES) and E7
already developed for a continous
marriage wall, and will not be re-
peated here.

. Roof load to a center post between
two large marriage wall openings:
The given situation, illustrated in
the roof plan of Figure D-9], shows
two adjacent marriage wall open-
ings that follows the assumption of
openings being a multiple of the
transverse girder spacing; one
opening twice the width of the
other, hence x =2s and x,=s The
tributary area of gravity loads car-
ried by the center post as the con-
centrated load (P1) is as follows:

P1=[(Pf +19.7)x Wt +19.8]><(x ";x‘ )'a— 32

(snow+roof DL+LL) (ridge bm) (postDL)

4. Floor load to a center post be-

tweeen two large marriage wall
openings: Refering to the floor plan
of Figure D-9I, the tributary area

illustrated produces the concen-
trated gravity load (P2) to the foun-
dation below the post as follows:

P2 =[(40+13)x Wi +10 +18]x

(_—z—]x(#+x‘)+20xw):
3 2 .

(floorl. L+DL) (floor bm) (two chassis brmns)

(transverse girder wt)

Note: The 2/3rds factor in the above
equation is to account for an aver-
age floor load situation as illustrated
in Figure D-91.

5. Total concentrated load (Rpm)
to the foundation at a center post
location: The roof and floor loads
combine to produce the total reac-
tion (Rpm) to the foundation pier or
column as follows: '

Rpm = P1+P2

. Required, adjacent opening center

post location, marriage wall pier
Jooting for Foundation Concept
Type E5 and E6. The footing area
(Aftg) must be large enough so that
the net allowable soil bearing pres-
sure (Pso) is not exceeded under the
full gravity dead, live and snow
loads. Note that the pier and foot-
ing weight become additional dead
load. The required footing area:

_ Rpm+3588

Aft
€ rar Pso

- Required, adjacent opening center

post location, marriage wall pier
footing  for Foundation Concept




footing for Foundation Concept
Type E7. The footing area (Aftg)
must be large enough so that the net
allowable soil bearing pressure
(Pso) is not exceeded under the full
gravity dead, live and snow loads.
Note that the pier and footing
weight become - additional dead

- load. The required footing area:

Note: A foundation pier or column exists,
centered below the larger marriage
wall opening (x = 2xs) at a trans-
verse girder line. The pier or col-
umn footing here should be sized
only for the floor concentrated load
{P2). Substitute (P2) for (Rpm) in

" the above two equations. This is left
to the engineer and is not reflected

: in the Tables of Appendix B.
- Rpm +1404 ,
Aftg,, = ——
: : Pso
, S X X1, S
F e I! 23 7 S 7 . Ji
T = T KEX]
T :
w End / " '_.’_./ End
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D-300.2 REQUIRED VERTICAL AN-
CHORAGE BASED ON WIND IN THE
- TRANSVERSE DIRECTION. Refer to Fig-
ures D-10 to D-12 for the free-body diagrams
of the superstructure and foundation, illustrat-
ing the overturning forces due to wind and the
element dead loads providing resistance. The
- foundation Types C, CL, E and I are mncluded
for single-section units. Figure D-4, D-5 and
D-6 are also related to the equation develop-
ment of this section. For allowable stress de-
sign methodology, the load combination from
ASCE 7-93 is: (Wind) - DL.

_ A. Wind Load Coh'sideration’s for the
Type C Single-Section Unit. : -

I. General: = The superstructure re-
~ceives external and internal wind
-pressures or suctions (p) on the two
walls and two sloping roof planes in
~accordance with the equation of
section D-200.4.C.2. These wind
_pressures tend to overturn the su-
. Pperstructure, rotating it about the
_pivot point at the bottom of the
chassis beam as shown on Figure
D-10. The vertical anchorage force
(Av) necessary to prevent this uplift
action is located at the opposite
foundation - pier. ~ The anchorage
connection - of superstructure to

- foundation must be capable of trans-
ferring the -(Av) force to the pier.
The dead load of the pier, footing
and soil overburden must be equal
to or greater than the (Av) force to
keep the superstructure from over-
- turning.

Wind Loads on the Supersrrucrure:
As shown in Figure D-10, the resul-
tant wind force at the top and bot-

tom of the wall are (Pt) and (Pb) re-
spectively. The vertical component

- of the resultant wind force on the
windward and leeward slope are
(Pvw) and (Pv]) respectively. They
are calculated as follows:

Pt:Pb:(pww +lpwll)x%

P\'rw=prw.><—‘zv—t
2
Wit
Pvl=p, x—
e

Ové}'ruming Moment of the Super-
structure: The resultant wind loads
on each surface. rotate about the
pivot point shown in Figure D-10.
- The summation of the force times
distance values define the equation:

IxXWt

Mo =Ptx (h, +0.833)+|Pvw| x ( - _d.c) +

Pyl (v_:;_ -’dcj +Pb x (0.833)

‘4. Resisting moment of the superstruc-

- ture: The total dead Toad provides

the only gravity load resistance to

~ overturning.  Using the light dead
load from section D-200.1.B:

Mr = DL X[‘E—— - dc)
5. Required  Vertical = Anchorage

Force: If the overturning moment
(Mo) exceeds the resisting moment
(Mr), an uplift force exists. The
'ASCE 7-93 restricts the usable dead
“load to 2/3rds of the actual dead
load. This is the same as inverting




the ratio and making the overturning
moment 3/2 times the calculated
value. Thus, the final equation for
(Av) at a specific pier spacing is:

A [ 15%xMo-— Mﬂx
V= Wi—2xdo J<Spacing

B. Wind Load Considerations for the
Type C1 Single-Section Unit.

1.

General: The same wind pressures
as for Type C tend to overturn the
superstructure, rotating it about the
pivot point at the bottom of the
chassis beam as shown on Figure
D-10. The vertical anchorage force

(Av) necessary to prevent this uplift

action is a tie-down strap that wraps
over the roof of the unit and down
the side walls to anchorage below
grade at concrete deadmen. The ca-

_pacity of the steel straps must be

. capable of transferring the (Av)

force to the deadman. The dead
load of the concrete deadman and
soil overburden must be equal to or
greater than the (Av) force to keep
the superstructure from overturning.

Wind Loads on the Superstructure:
As shown in Figure D-10, the resul-
tant wind forces are the same as for
the Type C single-section unit. See
equations in section D-300.2.A.2.

Overturning Moment of the Super-
structure: The resultant wind loads
on each surface rotate about the
pivot point shown in Figure D-10.
The equation is the same as for the
Type C single-section unit.

A

fure:

| Required

Resisting moment of the superstruc-
The resisting moment is the
same as for the Type C single-
section unit.

Vertical ~ Anchorage
Force: The final equation for (Av)
at a specific vertical tie-down strap
or tie spacing is:

[15xMo— Mr_l

| Wego [xspcing

C. Wind Load Considerations fbf the
Type E Single-Section Unit (excludmg Types
E3 and E4, which follows).

T,

General: The applied wind loads to
the superstructure are the same as
for the Type C single-section unit.
These wind pressures tend to over-
turn the superstructure, rotating it
about the pivot point at the exterior
foundation wall as shown in Figure
D-11A. The vertical anchorage

-~ force (Av) necessary to prevent this

uplift action is located at the oppo-
site exterior foundation wall. The
anchorage connection of superstruc-

- ture to foundation must be capable

of transferring the (Av) force to the
wall. The dead load of the wall,
footing and soil overburden must be
equal to or greater than the (Av)
force to keep the superstructure

from overtumning.

Wind Loads on the Superstructure:
Same as for the Type C single-
section unit. The equations are

- shown is sectlon D-300.2.A2.




Overturning Moment of the super-
structure: The resultant wind loads
on each surface rotate about the
pivot point shown in Figure D-11A.

The summation of the force times
distance values define the equation:

e 3Wt/4 —
] Wt/ 4
P Puig, 2
- ’ . A - I
- prw 1 . 1 Jprl
Wind 8 .
: " o Pt s l§uperstm::ture
] H. ree-body
o %c; : E . pL {light) Diagram
irection o Wi hn
(rpww]_f—9¢ 1 | ol
5 . = iubte o R
windward I gpiv ot leeward 1 0.833 (10"
@ Av . .
L Wi-2dc ! -
1 4 .
: Avﬁﬁ_upiiﬁ \Lcompression ) .
— Foundation
Free-body
Diagram
‘ _ Pso —
Type C Single-Section Unit
Y 3Wi/4 —
1 Wi/ 4
_*va PV]Q o -
Wind Superstructure
Free-body
Diagram
Direction
. . S S -
'QL Av i L pivot ; 10833 (10)
1 I J—
: N ¢— fie-down straj
. s — Wt-dc 1Iz o p Eoun%itéon
Avﬁ} uplift _ \Lcompressipn D!i-:s-ram Y
; - : _
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oA Pso ;‘

- Wind Related Overturning Loads - Transverse Direction
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M0=Ptxhn+|va|x(

4. Resisting moment of the superstruc-
ture: The total dead load provides
‘the only gravity load resistance to
overturning. Using the light dead
load from section D-200.1.B:

Wi
Mr —DLX( > )

5. Required  Vertical Anchorage
Force: Similar to  Section
D-300.A.5. Thus, the final equation
for anchorage force (Av) to be
transferred to the exterior founda—
tion wall becomes:

A  15%xMo—Mr
V=—"r
Wi

C-X. Wind Load Considerations for the

L

3x Wt-) [Pyl x [_\ﬂ) | Type E3 and E4 Single-Section Unit.

General The applied wind loads to
the superstructure are the same as
for the Type C single-section unit as
shown in Figure D-10. These wind
pressures tend to overturn the su-
perstructure, rotating it about the
pivot point at the exterior founda-
tion wall as shown in Figure D-11B.
The vertical anchorage force (Av)
necessary to prevent this uplift ac-
tion is located at the two chassis
beam piers and the opposite exterior
foundation wall. The anchorage
connection of superstructure to
these piers and foundation wall

- must be capable of transferring the

(Av) force in proportion to their
distance from the pivot. The dead

load of the exterior wall, footing

- and soil overburden; plus the dead

load of the two piers, footings and
soil overburden must all be equal to

y 3Wt/4 ) —
| pWi4
1 . I
. § ]
] I ’

Wind //3\ cmm3 P glj:pers’tbondlcture
,%> . ' B : ree-body
_ DL (fight} Diagram

Directtan . : CWh hn
pivot
i I
' \L compression ]
: Foundation
: = Free-body
= Diagram
‘Pso _

Type E Single-Section Unit

~Wind Related Overturning Loads - Transverse Direction
Figure D - 11A
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-~ Section” unit:

Mo=Ptxh, +|va|><('

or greater than the portion of the
(Av) force each must resist to keep
the superstructure from overturning.

Wind Loads on the Superstructure:
Same as for the Type C single-
The equations are
shown is section D-300.2.A2.

Overturning Moment of the super-
Structure: - The resultant wind loads
on each surface rotate about the
pivot point shown in Figure D-11B.
The summation of the force times
distance values define the equation:

3% Wt) +{Pvl|x (—“ﬁ)
4 4

4. Resisting moment of the superstruc-

ture: The total dead load provides
the only gravity load resistance to
overturning. Using the light dead_
"load from section D-200.1.B:

| Wt
Mr =DLx [?J

. Required vertical Anchorage Force:
Assuming the anchorage force at the
exterior wall to be (Av), and using
triangle proportions, the intermedi-
ate vertical anchorage force at the
furthest pier from the pivot (Av)
becomes:

Av, = (Wt -dc) X AV
Wt

Note:  As illustrated in Figure
D-11B the anchorage force at the
pier closest to the pivot is very
small and is ignored. The anchorage

M,, _Avx[:Wt+M:I

Avl pier = ( Wt

D. Wind Load Considerations for the
Type I Single-Section Unit.

force (Avy) shall be used at both
piers for conservatism.

The resisting moment created by
these two anchorage locations is:

M,y = AVX Wi+ Av, x (Wt - de)

Substitution of the anchorage force
value (Av;) into the above equation
results in the following:

Wt

Since the anchorage moment (M,y)
must balance the net overturning
moment (1.5 x Mo-Mr), the maxi-
mum vertical anchorage force (Av),
which is used in the Foundation
Design Load Tables of Appendix B,

Part 2 for the exterior wall per foot
n*F ]P‘ngt‘ hpr-nmne

Zwrll 1y Una i

(1.5xMo-Mr)
(Wt de)*
Wt
Note that the vertical anchorage
force (Avy) used in the Tables for
anchorage at both piers under the
chassis beams is based on pier

spacing (s) and renamed (AVipier) In
the equation becdmes:

Av=

Wt-dc

) X Av X spacing




L.

General: The applied wind loads to
the superstructure are the same as
for the Type C and E single-section

‘unit. These wind pressures tend to

overturn the superstructure, rotating
it about the pivot point at the exte-
rior foundation wall as shown in
Figure D-12. The vertical anchor-
age force (Av) necessary to prevent
this uplift action is located at the far
side chassis beam at the interior pier
spacing. The anchorage connection
of superstructure to foundation must
be capable of transferring the (Av)
force to the pier. The dead load of
the wall, footing and soil overbur-
den must be equal to or greater than

the (Av) force to keep the super- |
structure from overturning.

Wind Loads on the Superstructure:
Same as for the Type C single-
section umit. The equations are
shown is section D-300.2.A.2.

Overturning Moment of the super-
structure: Same as for the Type E

single-section unit.

Mo = Ptx_h? +|Pvw] X(s

ﬂWw . Mh
. ] : 1
" ' $ oL (light) TP YT Supsrstuicture
Diagram
Wit Ehn
pwo! t
I ) I =3»Phb —
s Ay E el compression
ay 2 \\1gnore ;
2T “thus force _
A4 L
Av Avt s AV2 compression
ﬁF e AN 2 B
. \Foundation
i Free-body
Diagram
4 Tie Downs

Type E3 and E4 Single-Section Unit

Wind Related Overturning Loads -

Transverse Direction-

Figure D-11B
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Wt ] + [PVl % (%]

4. Resisting moment of the superstruc-
. ture: Same as for the Type E sin-



gle-section unit.

' Wt

MI=DLX(—J
5. Required  Vertical  Anchorage
Force: Similar to  Section

D-300.A.5. Thus, the final equation
for anchorage force (Av) to be

described in Section D-300.2.A.1.
The pivot point is under the exterior
chassis beam on one side. Anchor-
age connection of superstructure to
foundation is either two tie-downs
or four tie-downs as illustrated in
Figure D-13 at the other chassis

" 'beams.

transferred to the exterior founda- 2. Wind Loads on the Superstructure:
tion wall becomes: As shown in Figure D-13, the resul-
, : tant wind force at the top and bot-
(5% Mo- Mr)| ) tom of the wall are (Pt) and (Pb) re-
Av = (Wt-do) X spacing spectively. The vertical component
of the resultant wind force on the
ind Load Considerati fo windward and leeward slope are
E. Wm . oa onst erations for a (Pvw) and (Pvl) respectively. They
Type C Multi-Section Unit. - are calculated as follows:
1. General: The superstructure is as-
sumed to behave as a single box for
- overturning. It receives wind loads
and tends to overturn in a simiiar
" manneér to the single-section unit as
3Wt/4 —
i . Wi 4
. N ) 1
/\I\
Wind o
: Superstrict
%) 3 ki — Fll.'iepe—rl?ody e
DL (light) Diagram
Direction . Wt hn
dc .
pivot
: —n e B P 5k
I 7
Wi - de _ o -
\l,compressmn i
Foundation
= Free-body
Diagram
Pso

Type | Single-Section Unit

Wind Related Overturning Loads - Transverse Direction
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. Pt'; Pb = (pw +|pw1])><—%“—

Pvw=p_ X Wt
Pvl=p, x Wt

3. Overturning Moment of the Super-
structure:
force times distance values defines
the equation:

Mo =Pt x (hs +0.833) + [Pvw] x(3 XZWt —dc)+

. Pvllx [,‘%@ - dcj + Pb x (0.833)

4.. Resisting Moment of the Superstruc-
ture: 'The total dead load provides
the only gravity load resistance to
overturning. Using the light dead
load for a multi-section unit from
section D-200.1.B:

- Mr=DL X (Wt-dc)
Vertical

5. Required Anchorage

Force:

a. Two tie-downs:

Ay = I:(l.SxMo-Mr)

2% (Wi-dc) }XSng

b. Four tie-downs: by triangle

proportions the Intermediate
vertical anchorage forces (Av)

arc:

zA‘V1 = __L X Ay
2 (Wt - dc)

The summation of the

szz[Wt-Zxdc

BALES. L WY
2X(Wt—dc)}x Y

The resisting moment created by
the three anchorage locations is:

M,, = Av, X Wt + Av, X (Wt -2 x dc)+
Av x2x(Wt-dc)

Substitution of the anchorage
force values into the above
equation results in the follow-
ing:

[ (Wt-2xdc)?
{ 2x(Wt-do)
|

M., =Avx
AY (Wt)?

.
|
|
: |_—_2x_(Wt'-dc) +2x (Wt 'dC)J

Since the “anchorage moment
(Mav) must ‘balance the net
overturning moment (1.5 x Mo-
Mr), the maximum vertical an-
chorage force (Av) concentrated
at the exterior pier, which is

~ used in the Foundation Design
Load Tables of Appendix B,
Part 2, becomes:

(1.5xMo-Mr)

(Wt -2xdc)”

2x(Wt-de)
- (we)?

| 2x(Wit-do)

X spacing

Av

= |
l |
i |
+2><(Wt-dc)J

"Note that the smaller vertical
anchorage forces (Av;) and
{Av;) are not used in the Tables.




F. Wind Load Considerations for a

1.
at the exterior

General: The pivot point is located
foundation wall on

Type E Multi-Section Unit.
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one side. Anchorage connection of
. superstructure to foundation is ac-
complished at the opposite exterior
wall and at specific pier locations
resulting in either two tie-downs or
four tie-downs as illustrated in Fig-
ure D-14. Foundation Concept Type

E3 has six tie-downs. The illustra-

tion would be similar to that for four
tie-downs; however, the calcula-
tions are included here. '

Wind Loads on the Superstructure.

Wind loads on the walls and roof
planes are the same as for the Type
C multi-section unit.

. Overturning Moment of the Super-
structure: The summation of the
force times distance values defines
the equation:

3X Wt

Mo=Ptxh, +!va]x[
Pv]|x (E)
2

. Resisting Moment of the Superstruc-
ture: The total dead load provides
the only gravity load resistance to
overturning. Using the light dead
load for a multi-section unit from
section D-200.1.B:

)+
/

Mr=DL x Wt

. Required  Vertical  Anchorage
Force: '

a. Two tie-downs: at the exterior
wall in 1bs/ft:

|05 X Mo- Mr)
2xX Wt

b. Four tie-downs: by triangle
proportions the intermediate
vertical anchorage forces (Av),
also in Ibs/ft, are:

Av, = Wt+dc % Av
| 2X Wt

Av, = Wt-dc}x_Av
_ | 2xX Wt

The resisting moment created by
the three anchorage locations is:

M,y = Av; X (Wt +dc)+ Av, x (Wt -dc)+
- AvXZXWt

Substitution of the anchorage
force values into the above
~ equation results in the follow-
Ing:

2 N2
oo (Wr+de)®  (Wi-de) +2th}

2X W 2 X Wt

Since the anchorage moment
(M,v) must balance the net
overturning moment (1.5 x Mo-
Mr), the maximum vertical an-
chorage force (Av) at the exte-
rior wall in Ibs/ft, becomes:

(1:5x Mo- Mr)

(Wt + dc)® . (Wt -dc)® o

2xWt
2x Wt 2Zx Wt




And the next largest anchorage
force (in Ibs.) (Av,) at the first

interior pier becomes:
Av, = {Wt a dc} X Av X spacing
Wt

b. Six tie-downs: by triangle pro-
portions the intermediate verti-
cal anchorage forces (Av), in
Ibs/ft of unit length, are:

A 1:[ZXVVI—dc]XAV
2xX Wt

Av2=[Wt-f-dc Ay

: ZXWt |

Av, :[Wt—dc X Av
2X Wt |

The resisting moment created by
the four anchorage locations is:

M,y = Av; X (2X Wt +dc)+ Av, X (Wt +dc) +
Av, X (Wt —dc)+ Avx 2x Wt

Substitution of the anchorage

force values into the above re-

sults in the following:

2 =
(2x Wt -dc) +(Wt+dc) N

M,, = Avx 2><W§ 2x Wt
“__(Wt—dc) +2x Wt
2x Wt

Since the anchorage moment
(May) must balance the net
overturning moment (1.5 x Mo-
Mr), the maximum vertical an-

chorage force (Av) at the exte-
rior wall in lbs/ft, becomes:

ve. (1.5x Mo - Mr)
| (2xWt-de) L (Wt +de)? .
2X Wt 2x Wt
(Wt —dc)?
T 2xWt

+ 2 X Wt

And the next Jargest anchorage
force (in Ibs.) (Av;) at the first
interior pier becomes:

2 x Wt -
Av, = lj—tﬁjl X Av X spacing
2x Wt
The smaller values of Av are not
printed in the tables for fabrica-
tion economy.

~G. Wind Load Considerations for a
Type I Multi-Section Unit.

1. General: The pivot peint is located
at the exterior foundation wall on
one side. Anchorage connection of
superstructure to foundation is ac-
complished at specific pier locations
“resulting in either two tie-downs or
four tie-downs as illustrated in Fig-
ure D-15.

2. Wind Loads on the Superstructure:
Wind loads on the walls and roof
planes are the same as for the Type
C or E unit.

3. Overturning Moment of the Super-
structure: The summation of the
force times distance values defines
the equation:




Mo=Pixh +|va|x[3XWt)+|Pvllx[—W—EJ _
i 2 2 ture:

4. Resisting Moment of the Superstruc-
The total dead load provides
the only gravity load resistance to
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i i . .
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overturning. Using the light dead
load for a multi-section unit from
section D-200.1.B:

Mr=DL x (Wt)

5. Required  Vertical  Anchorage
Force:

. a. Two tie-downs: Concentrated

load in Ibs. at the exterior pier
becomes:

Av[

b. Four tie-downs: by triangle

- -proportions the intermediate
vertical anchorage forces (Av)
are similar to the Type E multi-
section unit.

(1.5% Mo - Mr)
(2xWt-dc)

:! X spacing

The resisting moment created by

the three anchorage locations is:

M,y = Av, x (Wt +dc)+ Av, x(Wt-dc)+
AvX(2xWt-dc)
Substitution of the anchorage

force values into the above
equation results in the follow-

ng:
r (Wt +de)” 1|
I (2xWt-dc) M f
May =Av><l (Wt-dc) * - ‘ [
——(ZXWt—dc) +(2><Wt-dc)J

Since the anchorage moment
(May) must balance the net
overturning moment (1.5 x Mo-

D-300.3

Mr), the maximum vertical an-

chorage force (Av) at the exte-

rior pier, used in the Foundation

Design Load Tables of Appen-
. dix B, Part 2, becomes:

(1.5x Mo - Mr)
{Wt+dc)?
,’ (2xWi-do)
| (Wt-dc)?
i_(2><Wtadc)

Av =T | X spacing
l
|

I
+(2><Wt-dc)J

And the next largest anchorage
force (Av,) at the first interior

pier becomes:
J X Av

{ Wt +dc

Av, =) ——o—

(2xWt-dc)

This (Av;) force equation is not
used in the Foundation Design Load
Tables of Appendix B. X is shown
here for engineers who wish to re-
duce the design (Av) force at inte-
tior pier locations.

REQUIRED VERTICAL AN-
CHORAGE BASED ON SEISMIC IN THE
TRANSVERSE DIRECTION. Refer to Fig-

- ure D-16 to D-18 for the free-body diagrams of

the- superstructure and foundation for single-
section units, illustrating the overturning forces
due to seismic activity and the elemert dead

- loads providing resistance.

- A.- General. The seismic provisions of
ASCE 7-93 are a limit state methodology that
must be modified to an allowable stress meth-
odology for comparison to wind. This is ac-
complished in the load combination as follows:




The basic load combination from E-DL
ASCE 7-93: : :

The seismic equation from ASCE
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7-93:

E=%Qg+0.5x AvxDL

where Qg is the effect of horizontal
seismic. Substitution of E into the ba-
sic equation:

Qe-Dx(1-05xAvV)

.. Thus, for Seismic the net overturning
equation generalizes to:

1.5 x Mo - (1 -o._s'xév) X Mr

which includes the same 1.5 factor of-
safety as used for wind.

B. Seismic Force Consideration for the -
Type C, C1, E or I Single-Section Units.

1.

Seismic Inertia Forces on the Su-
perstructure: Determination of the
horizontal forces was explained in
section D-200.5. The “heavy” com-
ponent dead loads were used to ar-
rive at the inertia forces F, and Fyy.

. Overturning Moment of the Super-

structure: The moment components
are force times distance from the
pivot.

a. For Type C and Ci single-
section units:

Mo =Fy; X (h, +0.833) + Fyr x 0,833

b. For Type E or I single-section
units:

Mo=F_ xh,

. Required

[ 15% Mo —(1—05x Av)x Mr |
V=

. Resisting moment of the Superstruc-

ture: The dead load and snow load,
where applicable, constitute the
gravity load resisting overturning.
The “Tight” unit dead load was used
for overturning resistance to be con-
servative, even though the “heavy”
dead loads for single-section units
were used for the calculation of the
floor and roof inertia forces. Gen-
erally the equations become:

a. For Type C and Cl1 single-
section units:

Mr = (DL + %P; x Wt) x [?- dcj

b. For Type E and 1 single-section
units:

Mr = (DL + %P, X Wt)x (?)

Vertical ~ Anchorage
Force: Using the general equation
described in section D-300.3.A and
using the appropriate Mo and Mr
equarions for each unit Type, the
equations become:

a. For Type C single-section units:

_|_15><Mo—(1-—05><Av)><Mr—l

Wt—2xdc - | spacing

b. For Typé C1 single-section unit:

Wi—do Jx spacing




c. For Type E single-section units:

_[15xMo—(1-05x Av)x Mr |

\Lcombres'sif;m

concrete deadman

Type C1 Single-Section Unit

Seismic Related Overturning Loads - Transverse Direction

Figure D - 16
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Pf (where applicable)
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d. ForTypel single—svect.ion units:

_F15xMo-(1_~05xAv)xMrTX _
- Wt—dc . J spacmg

5. Comparison: Wind vs. Seismic: The
values for the vertical anchorage
force (Av), based on overturning in
the transverse direction, will be the

larger value of wind or seismic.

F:f {where applicable)
MR U AN
v .
DL (light)
Wit

dc ;

I
%Av Wi-dc

Avﬁ}jb uplift

Type | Single-Section Unit

Superstmctu re
Free-body -

"= Fxr —r upe
' Diagram

Foundation
Free-body
Diagram

Seismic Related Overturning Loads - Transverse Direction

Figure D.- I8
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This is reflected in the Foundation
Design Load Tables of Appendix B,
Part 2. Note: should any (Av) value
become negative, there is no uplift.

C. Seismic Force Considerations for the
Type C, E and I Multi-Section Units.

1.

General: The moment equilibrium
equations for anchorage resistance
are similar to those for the multi-

. section units subjected to wind load

as shown in Figures D-13 to D-15.
The applied roof and floor inertia
forces (Fy and Fye respectively) are
based - on heavy dead loads -for
multi-section units and positioned
where shown in Figures D-16 to
D-18. Calculation of the horizontal

~ roof and floor forces was explained
in section D-200.5.

. Overtummg Moment of the Super-
structure '

a. For Type C multi-section units:
Use the same equation found in
section D-300.3.B.2.a., except
calculate F,; and Fy from the

- expressions for Multi-Section
units.

b. For Type E or I multi-section
units: Use the same equation
found in section D-300.3.B.2.b.,
except calculate Fy; and Fys from
the expressions for Multi-
- Section units.

. Resisting Moment of the Superstruc-

ture:

a. For Type C multi-section units:

D-354

V=

Av=

M, = (DL + %P; X 2 X Wt} x (Wt — dc)

b. For Type E or I multi-section
umnits:

M, = (DL +%P; x 2 x Wt)x Wt

4. Required  Vertical  Anchorage
Force: Using the general equation
described in section D-300.3.A the
equations become:

a. For Type C multi-section units:
The concentrated force at the
exterior pier for two tie-downs:

[15xMo—(1—05xAvV)x Mr |
2 (Wt —dc) |xspacing

with four tie-downs:  The
maximum concentrated (Av)
force that is used in the Founda-

an Necian T na ak'ian af An
tion LACSIEN 1 0al 1aoics Of Ap

pendix B, Part 2 is:

" {1.5xMo-(1-0.5% Av) x Mr)

[ (Wt-2x de)* | Trepeeine
i 2x(Wt-do) I
i. 5 x((v\zft) 3 +2%x{Wt- dc:)J|

Note: that the smaller vertical an-
chorage forces (Avy) and (Av,) de-
rived in Section D-300.2.E.5 are not
. used in the tables. Note: negative
values of (Av) produce no uplift.

b. For Type E multi-section units,
anchored at the exterior walls,
the (Av) value is in units of
Ibs/ft. With two tie-downs:



Av=

[ 15x Mo —(1-05x Av) X Mr |
2x Wt

For four tie-downs:  The
maximum vertical anchorage

- force (Av) that is used in the

Av=

Foundation Design Load Tables
of Appendix B, Part 2 at the
exterior wall in units of Ibs/ft is:

(1:5x Mo-{1-0.5% Av)x Mr)

=

Av, =

. 2 2
Wi+ de)  (Wi-do)® 2><Wt}
2xWt 2xXWt

"The next larcest anchorage force
(Av1 in.1bs.) at the first interior
pier as used in the Appendix B,
Part 2 T_ables becomes:

rWt+dc1 Avx
X
2 WtJ v spacmg

For six tle-downs This condi-

tion exists only for the Type E3
Foundation  Concept.  The
maximum vertical anchorage
force (Av) that is used in the
Foundation: Design Load Tables
of Appendix B. Part 2 at the
‘exterior wall in units of Ibs/ft is:

:(ISXM0~(I—05><AV)><M)

(2x Wt-de) (Wt+dc) .

2 x Wt 2 x Wt
WZdo) s e
2x Wt '

The next largest anchorage force
{Av, in Ibs.) at the first interior
pier as used in the Appendix B,
Part 2 Tables becomes:

Av, = [:B—W-E_—dCJ X Av X spacing
2xXWt

¢. For Type I multi-section units:
The - concentrated force at the
- exterior pier for two tie-downs:

A 15x Mo~ (1 05><z:w)><1\/{1~1><
V= L — _ZX(Wt—dc)_ J spacing

with four tie-downs: The
maximum- vertical anchorage
- force (Av in Lbs.) at the exterior
~ pier, which is used in the Foun-
dation Design Load Tables, Part

2, is: -

(1.5xMo-(1- 05><Av)><1\/1r)>< .
v= s a in
| | (Wt +dc)? . _f pacng
| (ZVXWt—dC)

I
+(2><Wt dc){

And the next largest anchorage
“ force (Av;) at the first interior

pier is:
AVI M X Av
(2x Wt - dc)

This (Av;) force equation is not
used in the Foundation Design
Load Tables of Appendix B. It
is shown here for engineers who
wish to reduce the design (Av)
force at interior pier locations.

'D-3004 REQUIRED HORIZONTAL AN-

CHORAGE BASED ON WIND IN THE

- TRANSVERSE DIRECTION. Refer to Fig-

ures D-19 and D-21 for the free-body diagrams




of the superstructure and foundation for single
section and multi-section units, illustrating the
horizontal forces due to sliding and element
dead loads providing resistance. Horizontal
- sliding is not influenced by the foundation
Type C, E or I; thus the same analysis applies
to all of the foundation types. Figure D-4, D-5
and D-6 are also related to the equation devel-

opment of this section. A roof slope of 10-15°

(20° also) (approx. 3 in 12 slope) was used so
-as to utilize the maximum exterior pressure co-
efficient on the windward slope (Cp = +0.2) to
produce the largest horizontal windward force
. component, and thus the largest sliding force.
An external windward slope uses a Cp=-0.9 to
produce the smallest resistance force. These
were conservative assumptions for the Tables.
Note that internal pressures on the walls cancel;
. therefore, only internal pressures of +GCpi on
the roof planes are considered (see Figure D-5).
For allowable stress design methodology, the
load combination from ASCE 7-93 is:  (Wind -

DL). Figure D-20 illustrates that a tributary
width approach is used to calculate the forces
to each foundation horizontal load resisting
plane.

| A. Wind Load Considerations for the

Type C, E and I Single-Section Unit.

1. General: As shown in Figure D-19
the extermal wind pressure on the
windward wall and the external
~suction on. the leeward wall are
transferred into the roof (plus ceil-
ing) and floor diaphragms. The roof
(plus ceiling) diaphragm transfers
.the force into superstructure shear

. walls perpendicular to the unit
- length, and then in tum to the floor
diaphragm, assuming all comnnec-
tions are properly designed to resist
the horizontal wind forces. From
the floor diaphragm the horizontal

- & AP y Wi/2 —
used for {I . .i -
resistance {-)prw: .
Cp=-09 | X : Pvia
. L X
d f : T4 - or roof / ceiling
:ﬁgingc}rorce (+)pn:f L P = diaphragm
Cp=402 | | \ Phw PhI % - S o
. —_ — - —— uperstructure
Wind : 1L> 6= ; 3215. ¥ ' . qupe-body
' i DL (iight) : ' Diagram
| = wi - (Jow hn
irecti ‘ : leeward
Direction (+)pww ] % Fel _&\
i windward | N . "--z--)Pb L
floor ' I 1
diaphragm U e Fr U AN manufactured home
_ <YL"' Ah rated shear wall
D ]
u ' l_l ~ ] Foundation
. —— foundation Free-body
5 : shear wall Diagram
| | ' |

Type C,Eori Single-Section Units

‘Wind Related'Sliding - Transverse Direction -
Figure D - 19
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force is transferred into the founda-
tion shear wall or vertical X-bracing
plane. Reference Figure 6-4. It is
assumed that the location of super-
structure shear walls coincides with
the foundation shear wall locations.

. Wind Loads on the Superstructure:
As shown in Figure D-19, the resul-
tant wind force at the top and bot-
tom of the wall are (Pt) and (Pb) re-
spectively. The vertical component
of the resultant wind force on the
~windward and Jeeward slope are
(Pvw) and (Pvl) respectively. The
horizontal components of the roof
~wind loads both contribute to slid-
- ing; and are calculated as follows:

Pt=Pb = (p,., +[p.) x%

PVW:pm', X—-‘gfi

For éaIculation of (Fr) use (Cp) = ~

-0.9 in the above equation.

: Wt
Pi=pox—-

Py =D, x(%) X tan20°

For calculation of (Fg;) use (Cp) =
+0.2 in the above equation.

- _ Wi
P, =|p,[x (—53) X tan20°

. Sliding Force on the Superstruc-

ture: The sliding force is a function

of the number of foundation shear

walls (transverse foundation walls)

- (I-."t'-l.- Pb)x [%} . (Paw + Py )% (E}

Ky, =(Pt+Pb) x(l—ojf(PHw +Py ) x[ﬁ J

that are used. Note that all four
sliding force horizontal components
point in the same direction and thus
are additive.

a. For two end shear (transverse)
walls: the end wall sliding force
distributjon is illustrated in Fig-
ure D-20 and caiculated as fol-
lows:

L= :(Pt + Pb') X (-211) + (Paw + Py ) % (%]

b. For four shear (transverse)
walls: the interior and end wall
sliding force distribution is illus-
trated in Figure D-20 and calcu-
lated as follows:

o = BB o s3]

L

¢. For six shear (transverse) walls:
the interior and end wall sliding
force distribution is illustrated in
Figure D-20 and calculated as
follows:

| LY L
F,_=(Pt+Pb) x(;)ﬂpm +Py ) x.(—s—)

L)

4. Resisting Force supplied by the Su-

perstructure. At the shear walls the
sliding force (Fg;) is resisted by the
friction from the dead load of the




Fr_ =

- structure, reduced by the differential

uplift pressure on the roof planes. -

~ Note that the “light” unit dead load
was assumed for the calculations.
The coefficient of static friction is
assumed to be 0.4 for wood against
concrete o1 masonry.

a. For two end shear (transverse)
walls: the frictional resistance is
a function of dead load as iilus-
trated in Figure D-20 and calcu-
lated as follows: '

Fr,,, = (DL [Py |- [Pyw)x 04 % [@}

- Spacing has been conservatively
set to 4 feet, regardless of actual
pier spacing. If (Frepg) is nega-
tive, set Freng=0.

For four shear (transverse)
walls: the frictional resistance is
distributed to an end and interior
shear wall location as illustrated
in Figure D-20 and calculated as
follows:

(DL - [Py |- [Pyy|) % 0.4 X spacing

Fr,y = (DL =[Py |- [Puyf) x 0.4 % F&;@}

Spacing has been conservatively

set to 4 feet, regardless of actual

pier spacing. I (Friy or Freng) is

negative, set Frin or Freng = O as
_ appropriate.

¢. For six shear (transverse) walls:
the frictional resistance is dis-
tributed to an interior and end

wall the same as for four shear
walls as illustrated in Figure
-D-20.

5. Required Horizontal Anchorage

Force: If the horizontal shiding
force exceeds the horizontal sliding
resistance, then sliding occurs. This
net sliding force (Ah) must be re-
sisted by connections between the
superstructure and the foundation
shear walls or vertical X-bracing
planes with an appropriate factor of
safety, generally assumed to be 1.5

- - as for overturning. Refer to section

D-300.2.A.5 for a full description.
The equation  requires substitution

of the above (Fs1) and (Frix and

Freng) values for the selected 2, 4 or

6 shear walls. For the interior shear

wall locations:

Fr

int

- 15xFy -~
mt Wt

Ah

_and for the end. shear wall locations:

1.5% IFSLmd — Fro

Wt

engd

B. Wind_ _Load Considerations for a
Type C, E or I Multi-Section Unit.

L
- and D-21, it is clear that the behav-

General: Comparing Figures D-19

ior of a multi-section unit is identi-
cal to the single-section unit in re-
gards to sliding. The behavior de-
scribed in section D-300.4.A. can be
applied here, except that the multi-

~section unit is twice as wide (2 X

Wt).
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1 : {wind or seismic load) spacin

4 _ 3 & = =

% : 2 Transverse

RN Foundation

G
Ah end - Ahend Walls
. ; fore] o = o) Fe ) [ o = ™= 1 -

I pei) / L= = e = = r p=i | A

K ¥

, 5| ibutary width B
2 fg;zg ?g:d ' Wind or Seismic/l/
wind only) Direction
: rFslen
(wind or seismic [oad) {wind or seismic load)

LRSI

. ’ = bd ;
; X 4 Tra
_ .JL % : AL Founrcliz‘t'i?:r:e
© Ahint / E { 7 Ahena Walls
R NN _

-
=

1]

Ah end

Y

K]

B AW AN AV [

(I
1]
0] [
C

tributary width

; s/2 for Frend s g?gﬁg{mdﬂ!
' (dead load : (dead load
wind only) _ : wind only)
- Wind or Seismic
Direction
", fributary width tributary width
L/10 for Fslend o _ L5 for Fsl int
) {wind or seismic load) : . (wind or seismic load)
. § . 1] ; 11
______ RN " W - NSRRI, ;' IR - SPq 1N 7 N e 7 I i
¢ &0 : a # _ é : &
K g ¥ ] ; 6 Transverse
11
(] .
by & NI ‘ & AL Foundation
Ah end[d>C Ah int Anhint TH Ahint Ahend Yvalls
i ...... 13 ;_ [ . PR ¢ R g .
% . Y 4 1
t ) .
i, .| tributary width tributary width
#3512, for Fr end S__tforFrint
{dead load (dead load
.. wind only) ] wind only)
Wind or Seismic .
Direction

Foundation Shear Wall Planes - Sliding - Transverse Direction
Figure D - 20




. Wind Loads on the Superstructure:
As shown in Figure D-21, the same
wind force components are re-
quired, except that the roof forces
are twice as large for the multi-
section unit as follows:

Pt =Pb = (p,,, +[Pu]) X

Pvw=p,  XWt~

For calculation of (Fr) use (Cp) =
-0.9 in the above equation.
Pvl=pgx Wt

= P, X Wt X tan20°

Puw

For calculation of (Fsy) use (Cp) =
+0.2 in the above equation. .

Py =p, X Wt x tan20°
3. Sliding Force on the Superstruc-
ture: The sliding force equations
. for single-section units from section
D-300.4.A.3 are applicable, substi-
tuting the force values from section
D-300.4B.2 for multi-section units.

. 4. Resisting Force supplied by the Su-
perstructure; . The resisting force
equations for single-section units
from section D-300.4.A.4 with the
same notes are applicable, substitut-
ing the “light” dead load for a multi-

- section unit and the wind force val-
ues from section D-300.4.B.2.

5. Required Horizontal Anchorage
Force: Similar equations are util-
ized as for the single-section units
except for unit width (2 x Wt). The

*va
/:/ PVI*
Wind Phw Phi
- $DL (iight)
Direction Wt ' Wi

floor

Ah

. _ 9Fsl %
diaphragm

v

|

roof / ceiling
diaphragm
rm=PpPt. — Superstructure
Free-body
Diagram
hn -
cmmpPh —
manufactured home
rated shear wall
Foundation
: foundation Ezagrarcfy
J shear wall

Type C, E'or | Muiti-Section Units
Wind Related Slldmg Transverse Dn‘ectlon
Figure D - 21
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equation requires substitution of the
above (Fsp) and (Friy and Frepg) val-
ues for the selected 2, 4 or 6 shear

walls. For the interior shear wall
location: '
Ah_ = 1.'5XFSL,-,“ —Fr,

m _ 2xX'Wt

and for the end shear Wall location:

1.5xF, -Fr,
Ah,, = . .SLmd d
2xWt
C. Horizontal Anchorage with X-

- Bracing. The calculation of (Ah) is necessary
to proceed to analyze X-bracing alternatives.
Refer to Figure 6-10 and section 602-5.G for
illustration and explanation of two horizontal
anchoracre 0pt10ns o

1. To use steel straps to complete the
transverse foundation walls, or

verse foundation walls.

- D-300.5 REQUIRED HORIZONTAL AN-

CHORAGE BASED ON SEISMIC IN THE
TRANSVERSE DIRECTION. Refer to Fig-
ures D-22 and D-23 for the free-body diagrams
of the superstructure and foundation for single
section and multi-section units, illustrating the

- horizontal forces due to seismic induced slid-
~ ing. No gravity load frictional resistance is
cconsidered due to the dynamic vertical compo-

nent of acceleration. Horizontal sliding is not
influenced by the foundation Type C, E or I;
thus the same analysis applies to all of the
foundation types. . Figure D-7 is related to the

_equation development for the calculation of

horizontal inertia floor and roof forces.

A. Seiémic Force Considerations for the
Type C,E and I Single-Section Units.

1. General: Figure D-22 shows all the
applied and resisting forces in-
volved in the horizontal equilibrium

2. To use steel straps instead of trans- equations.
roof / ceiling 7
diaphragm
N .
EQ .
~ hn/2 Superstructure
£ V] N Free-body
“fioor - : 7 _ %F | i manifactured home Diagram
_diaphragm L s = rated shear wall
i = EEEY 335
]IlDLﬂoor% ]Il
w )
A
=) Ah
) - Foundation
u l__| 7 % | foundation Free-body
shear wall Diagram
{short foundation :
I wall)

" Type C, E or | Single-Section Units

Seismic Related Sliding - Transverse Direction
Figure D - 22
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2. Seismic Inertia Forces on the Su-
perstructure: Determination of the
“horizontal forces was explained in
section D-200.5. The “heavy” com-
ponent. dead loads were used to ar-
rive at the inertia forces for single-
section units. )

3. Sliding Force on the Superstruc-

ture: The sliding force is a function
~ of the number of foundation shear

walls (transverse foundation walls)
" that are used. o '

a. For two end shear (transverse)
walls: - the end wall sliding
seismic force distribution is il-
lustrated in Figure D-20 and
calculated as follows:

FSLE; = (Fxr + Fxf ) X [%)

b. For four shear (transverse)

- walls: the interior and end wall
sliding seismic force distribution
is illustrated in Figure D-20 and
calculated as follows:

FSLim = (Fx: + Fx{ ) X (‘13':)

e = (Fxr.*' Fy ) X (*Ié) '

c. For six shear (transverse) walls:
. the interior and end wall sliding
seismic force distribution is .ii-
lustrated in Figure D-20- and
calculated as follows: o

E,_= (F, +E;)x (%)

entorn(})

4. Resisting Force supplied by the Su-

perstructure: The unreliability of
friction to provide horizontal resis-

. tance to sliding during a seismic

event requires :

Fr = 0 for interior and end wall re-
sistance.

. Regquired ~ Horizontal '_Aﬁckorage

Force: The equations require sub-
stitution of the above (Fg) values

for the selected 2, 4, or 6 shear

walls. The horizontal sliding force
for interior shear wa_ll locations is:

. 13xE;
AT T SLe
JAli -

int wt

The horizontal sliding force for the

end shear wall locations is:’

L5xF

B. Seismic Force Considerations for the
Type C, E and I Multi-Section Units.

1. General: Figure D-23 shows all the

applied and resisting forces in-
volved in.the horizontal equilibrium
equations.

. ‘Seismic Inertia Forces on the Su-

perstructure: Determination of the
horizontal forces was explained in
section D-200.5. The “heavy” com-




ponent dead loads for multi-section
units were used to arrive at thc iner-
tia forces.

. Sliding Force on the Superstruc-
ture: The sliding force is a function
of the number of foundation shear

friction to provide horizontal resis-
tance to sliding durmg a seismic
event requires :

Fr = 0 for interior and end wall re-
sistance.

Type C, Eorl .MuttE-Section Units

. walls .(transverse foundation walls) 5. Required Ho'rizontal _"Anchorage
that are used. Reference Figure Force: The equations require sub-
D-20 as a similar illustration, stitution of the above (Fs.) Multi-
changing the unit width from (Wt) Section unit values for the selected
zontal sliding are the same as for tal ) sliding force _for the interior
single-section units, except that the shear wall locations is:

-magnitude of the inertia forces is for

. S . ) L5xE,
multi-section units as described in Ah. =l
section D200.5B  and ST 2XW
D.200.5.E.7.2. and D-200.5.E.8. o :

 The sli ding (Fs1) ‘equations then | and the horizontal sliding force for
duplicate as. shown in section the end shear wall location is:
D-300.5.A.3 with the larger F,, and
o ) 1 Sx Fo_,

Fy¢ values used in the equations. Ah:  =—— "=

- o 2 Wt

. _Rési.éting Force supplied by the Su- _ S ' : ' .

perstructure: - The unreliability of C. Hpnzontal Anchorage  with
roof / ceiling ]
" diaphragm
EQ ; i Y, 7 p—
: . : ' f tn/2 “Superstructure
4 é d —_ FI_'ee-body
fioor 0 £ _manufactured home Dlag@m
diaphragm™ |1 _J, oL ﬂoor") sl rated shear wall
= —=Fx
1L ['— | u (,)é. ] l__l [
3 A -
=}Ah ]
' : . Foundation
E - e o
: (short foundation
{_ wall) _1
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X-Bracing. The calculation of (Ah) is neces-
sary to proceed to analyze X-bracing alterna-
tives. Refer to Figure 6-10 and section 602-5.G
for illustration and explanation of two horizon-
tal anchorage options:

1. To use steel straps or rods to com-
plete the transverse foundation
“walls, or

2. To use steel straps or rods instead of
transverse foundation walls.

D-300.6 REQUIRED HORIZONTAL AN-
CHORAGE BASED ON WIND IN THE
LONGITUDINAL DIRECTION. Refer to
Figure D-24 for the free-body diagram of the
‘superstructure and foundation for single section
and multi-section, illustrating the horizontal
forces due to longitudinal sliding from wind
loading. The longitudinal sliding force (Ah) is
not influenced by the foundation Type C, E or
1. The same free-body diagram is used for the
analysis; howeve_r, the detailing does differ
based on foundation Type C, or E and I. The

Type E or I foundation, where structural exte-
rior longitudinal foundation walls are used, is
illustrated in Figure D-25. A Type C unit,
where non-structural exterior longitudinal walls
are typically used, incorporates vertical X-
bracing planes along the chassis beam lines for
longitudinal sliding resistance as illustrated in
Figure D-26. Figure D-4 is also related to the
equation development of this section. A roof
slope of 20 degrees (approx. 4 in 12 slope) was
used so as to maximize the end wall area to
produce the largest horizontal windward and
leeward forces. Note that internal pressures
GCpi on the end walls cancel (see Figure D-5).
For allowable stress design methodology, the
load combination from ASCE 7-93 is: (Wind -
DL). Figures D-25 and D-26 also illustrate that
a tributary width approach is used to calculate
the (Ah) force transferred to each foundation
horizontal load resisting plane.

A. Wind Load Considerations for the
- Type C, E and I Single-Section Units.

- 1. General: As 'shown in Figure D-24

i 1 ceil ) ]
. Do roof / ceiling
Wind — diaphragm —
% ' E_y . : . Ple
Direction - . s==3 Phe ] I N
we s [—end - DL (light) end il | |Cp=-02 Efe‘ﬁf;’c};d‘“re
Cp= +5”-g g wall . . wall (single-section) | pizgram
) i_e' <— Fr — floor diaphragm —1Cp = -0.275
Lo - L, (mulii-section)
windward <2F’ Ah leeward
L
= Ah
" " Foundation
exterior foundation . Free-body
_ shear wall (long) Diagram

‘Single or Muiti-Séction Unit

Wind Related Sliding - Longitudinal Direction
Figure D - 24
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the external wind pressure on the
windward wall and the external
‘suction on the leeward wall are
transferred into the roof (plus ceil-
ing) and floor diaphragms. The roof
(plus ceiling) diaphragm transfers
the force into the exterior super-
structure shear walls parallel to the
unit length, and then in turn to the
floor diaphragm, assuming all con-
nections are properly designed to
resist the horizontal wind forces.
From the floor diaphragm the hori-
zontal force is transferred into the
exterior (longitudinal) foundation
shear walls for Type E or I units, or
15 transferred from the exterior walls
~ to the vertical X-bracing planes un-
.der chassis beam lines for Type C
units as shown in Figures D-25 and

D-26 respectively. Also, reference
Figure 6-6 for further illustration of
both longitudinal resistance sys-
tems. Note: it is assumed that the
exterior superstructure shear walls
can transfer their force through the
floor diaphragm and send the total
shiding force over to the chassis
beam lines for the Type C founda-
tion.

Wind Loads on the Superstructure:
The resultant wind forces occur on
the end elevations of the single-
section unit. The windward pres-
sure (pwg) and the leeward suction
(pi) include exterior effects only
(internal effects cancel) as shown in
Figures D-4 and D-5. The areas
over which these pressures act are

J‘ 2 X 25 . 2 X b7 . 4 =,
A |
. I
Wind _ [
.%) Aend1| ' Wi
o ‘ W2 =tributary width carried exterior foundation
Direction i by exterior wali shear walls {fong)
! ' '
G=an
Single-Section Unit
&an _
< I e 5 b4 X " b4 = 4 X
Wind \ |
Aend2: R “
'%> : Wt =tributary width carred . %o 2Wh
by exterior wall wall exterior foundation

Direction

shear walls (long)

A4

EY

&an

Mulii-Section Unit
Type E or I - Foundation Shear Wall Plans - Wind Related Sliding - Longitudinal Direction

Figure D - 25
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illustrated in Figure D-27 for single-
section units, and is calcufated as
follows:

. 2
Ay = Wtxh, +(-—‘Z—t) X tan20°

The combined longitudinal resultant
- force for the windward and leeward
end walls of a single-section unit is:

PHE = (pWE +IPLE.|) X ‘Aend1

For selection of external pressure
coefficients (Cp) on the leeward
side, use Cp = -0.2 for single-

section units

Sliding Force on the Superstruc-
ture:  The sliding force is distrib-
uted to the two longitudinal exterior
superstructure walls and then to the

... floor diaphragm as follows:
_ L
ST 2xL

minimum required

vertical

vertical
, X-bracing x-bracing at ends of unit x-bracing ,
W2 = . _
o tributary width -l o A N - x\
- Wind camied by all =% R il N T
. x-braces along : —\ Wi
one chassis ; s " : :
. beam line :" chassis beam lines ! : )
Direction . | . /\ : Ab-4 R M
: . ! q
typical L ,}/ non-structura nsverse
pier " additional exterior long wall | direction
x-bracing at each side shear wall
as required at each end
Single-Section Unit
verticé! minimum required vertical
, X-bracing , x-bracing at ends of unit , ¥-bracing ,
(I - ! 1
Wt= o N ; ] I
tributary width
carmied by all .
Wind x-braces along N
one chassis ; \E]\ -
beam line - . : : ; 7 e 2 Wt
Direction rESE oy DS A ww:ﬁmngﬂx '
| chassis beam lines | : :
B D i T g v Pl - -1~
— — [

. y— nen-structural transverse
typical  additional exterior long wall  direction
pier - x-bracing at each side shear wall

as required at each end
Multi-Section Unit

Type C - Foundation Vertical X-Bracing - Wind Related Sliding - Longitudinal Direction

Figure D - 26
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4, Resisting Force supplied by the Su-

perstructure: Superstructure gravity
dead loads are distributed differ-
ently to the Type C and Type E or I
foundations as described in section
- D-300.1.A to C. Also, the roof
planes are subjected to external and
interior combined suctions as shown
in Figures D-4 and D-5 that would
offset much of the dead load in most
cases. Note: the “light” unit' dead
load was assumed. For these rea-
sons, and for simplicity in the
analysis, no frictional resistance was
assumed to exist. This is a conser-
vative approach. It should be
‘pointed out that for. wind speeds of
80 and 90 MPH incorporating the
Cp=-0.7 on both roof sloping planes
would have resulted in no sliding,
meaning values of Fg. that are
negative. This was. ignored for ad-
ditional conservatism. '

. Required Horizontal Anchorage
Force:  The longitudinal sliding
force (Ay), without any assumed
frictional resistance, is the same
magnitude as the sliding force on
the superstructure (Fs;). This -slid-
1ing force (Ah) must be resisted by
connections between the superstruc-
. ture and the longitudinal foundation
shear walls for Type E or I Founda-
tions, and it must be resisted by
vertical X-bracing planes for Type
C foundations. The appropriate
factor of safety is assumed to be 1.5
(as for overturning). Refer to sec-
tion D-300.2.A.5 for a full descrip-
tion. The longitudinal sliding force
per foot of length of unit is:

Ah=15xF

B. Wind Load Cohsiderations for the
Type C, E and I Multi-Section Units.

1. General: The analysis process is

the same as for single-section units,
except that the end elevation area is
greater than the single section unit.
Figures D-24 to D-27 illustrate the

- multi-section unit information re-

quired.

. Wind Loads on the Superstructure:

The resultant wind forces occur on
the end elevations of the Thulti-
section unit. The windward pres-
sure (pwe) and the leeward suction
(pe) include exterior effects only
(internal effects cancel) as shown in
Figures D-4 and D-5. The area over
which these pressures act is illus-
trated in Figure D-27 and is calcu-

lated as follows:

A, = (2XWE)xh, +(Wt) x tan20°

The combined longitudinal resultant
force for a multi-section uriit is:

| : Py = (PWE +IPLEDXAend2

and Cp = -0.275 for multi-section
units in the calculation of (pig) as
required above.

. Sliding Force on the Superstruc-

ture: The sliding force is distrib-
uted to the two longitudinal exterior
superstructure walls and then to the
floor diaphragm as follows:




P
F, =&
SL 2XL

4. Resisting Force supplied by the Su-
perstructure: Same discussion ap-
plies as for single-section units.

5. Required Horizontal Anchorage

Force: The same discussion applies

- as for single-section units. The

- longitudinal  sliding force, distrib-

uted to each exterior longitudinal
wall, per foot of length of unit is:

Ab=15X%E;

Noté if 4 lines of vertical X-bracing
are to carry the sliding force (Fgp) as
depicted in:Figure D-26 then:

| 15xE,
==

C. Horizontal Anchorage with X-
Bracing. The calculation of (Ah) is necessary
to proceed to. analyze X-bracing. Refer to Fig-
ure 6-11 and section 603-6.F for illustration
and explanation of the horizontal anchorage
with X-bracing in the longitudinal direction:

Note: X-bracing is typically used for Type
C units. Only Perimeter longitudinal

in Figure D-26.
~ seismic terms and is related to the equation de-

foundation walls would typically be
required for Type E or I units.

D-300.7 REQUIRED HORIZONTAL AN-
CHORAGE BASED ON SEISMIC IN THE
1L ONGITUDINAL DIRECTION. Refer to
Figure D-28 for the free-body diagram of the
superstructure and foundation for single section
and multi-section units, illustrating the horizon-
tal forces due to longitudinal sliding from
seismic forces. The longitudinal sliding force
(Ah) is not influenced by the foundation Type
C, E or I. The same free-body diagram is used
for the analysis; however, the 'detailing does
differ based on foundation Type C, or E and L.
The Type E or I foundation, where structural
exterior longitudinal foundation walls are used,

- is similar to that illustrated for wind in Figure

D-25. - A Type C unit, whereé non-structural

- exterior longitudinal walls are typically used,

incorporates vertical X-bracing planes along

. the chassis beam lines for longitudinal sliding

resistance is similar to that illustrated for wind
Figure D-7 illustrates the

velopment found in section D-200.5.B. and

"E.7. and E.8. for the calculation of horizontal

inertia floor and roof forces. These forces are
the same magnitude in the transverse and longi-

‘tudinal directions. For allowable stress design

methodology, the load combination from
ASCE 7-93 is: (Seismic)-DL.

end - hn \ end
J Wt ' ' 2wt
Single-Section Multi-Section

End Elevation Areas - Wind - Longitudinal Direction
Figure D -27
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A. Seismic Force Considerations for the
Type C, E and I Single-Section Units.

1.

General: Figure D-28 shows ali the
applied and resisting forces in-
volved in the horizontal equilibrium
equations. The seismic inertia floor
and roof forces are transferred into
the roof (plus ceiling) and floor dia-
phragms. The roof (plus ceiling)

-diaphragm transfers the force into

the exterior superstructure shear
walls paralie] to the unit length, and
then in turn to the floor diaphragm,
assuming all connections are prop-
erly designed to resist the horizontal
inertia forces. From the floor dia-
phragm the horizontal force is trans-
ferred into the exterior

(longitudinal): foundation shear

walls for Type E or I units, or is
transferred from the exterior walls
to the vertical X-bracing planes un-
der chassis beam lines for Type C

units.  Figures D-25 and D-26,

drawn for wind loads, can be simi-
larly applied. Also, reference Fig-
ure 6-6 for further illustration of
both longitudinal resistance sys-
tems. It i1s assumed that the exterior
superstructure shear walis can trans-
fer their force through the floor dia-
phragm and send the total sliding
force over to the chassis beam lines
for the Type C foundation.

. Seismic Loads on the Superstruc-

ture: Calculation of the seismic in-
ertia forces is the same as that de-
termined for the transverse direction
seismic related sliding found in sec-
tion-D-200.5.B and E.7. and E.8.

'.-Sliding Force on the Superstruc-

ture:. The sliding force is distrib-
uted to the two longitudinal exterior
superstructure walls and then to the
floor diaphragm in ibs/ft of length
as follows: :

EQ

T roof / caifing
i dlaphragm . cem 3 Fxr
Superstructure
hn Free-body
Diagram
— floor diaphragm
=== Fxf -
: <;‘:|Ah '
I L
£= —
% Ah
" . R Foundation
| exterior foundation Frea-body
i shear wa!i (long) Diagram

Single or Multi-Section Unit.

Seismic Related Sliding - Longitudinal Direction

Figure D - 28
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_(F, +F)
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Resisting Force supplied by the Su-
perstructure:.

tance to sliding during a seismic
event requires :

- Fr=0: for all foundation types

Required Horizontal Anchorage
Force: The longitudinal sliding
force (Ap), without any assumed
frictional resistance, is the same
magnitude as the sliding force on
the superstructure (Fsp). This slid-
ing force (Ah) must be resisted by
connections between the superstruc-
ture and the longitudinal foundation

. shear walls for Type E or I Founda-

The unreliability of
. friction to provide horizontal resis-

tions, and it must be resisted by -

vertical X-bracing planes for Type
C foundations. The appropriate
factor of safety is assumed to be 1.5
(as for overturning). Refer to sec-
tion D-300.2.A.5 for a full descrip-
tion. The longitudinal sliding force
per foot of length of unit is:

Ah=15%xF,

B. Seismic Load Considerations for the
Type C, E and I Multi-Section Units.

1.

General: The analysis process i1s
the same as for single-section units,
except that the dead load for the
multi-section unit is greater than the
single section unit, and the inertia
forces will be greater. Figures D-24

- C. Horizontal Anchorage
Bracing. The calculation of (Ah) is necessary
to proceed to analyze X-bracing. Refer to Fig-
ure 6-11 and section 603-6.F for illustration

section unit information required for
seismic forces.

. Seismic Loads on the Superstruc-

ture: Calculation of the seismic in-

ertia. forces is -the same as that de-

termined for the transverse direction
-seismic related sliding.

. Sliding Force on the Superstruc-

ture: -~ The sliding force is distrib-

+ - uted to the two longitudinal exterior

superstructure walls and then to the
floor diaphragm in lbs/ft of unit
length as follows:

B (F, +F,)
SL '_ 2

.. Resisting Force supplied by the Su-

perstructure: Same discussion ap-
plies as for single-section units.
Thus, (Fr) = 0.

. Required Horizontal Anchorage

Force: The same equation applies
as for single-section units. The
longitudinal sliding force per foot of
length of unit is:

Ah=15xF,

with X-

‘and explanation of the horizontal anchorage

to D-26, although illustrating wind.
loads, are similar for the multi-

with X-bracing in the longitudinal direction:

N_ote: X-bracing is typically used for Type

- C units. Only Perimeter longitudinal
foundation walls would typically be
required for Type E or I units.




APPENDIX E
OWNER’S SITE ACCEPTABILITY WORKSHEET

Owner's
Name:

Address:

Telephone:

Site Location:

Legal Description:

Have you provided a copy of a map pinpointing the site? ' . yes  no
Have you submitted a foundation plan? o : : yes  no

(See #10 of Manufacture’s Worksheet)

Preliminary Site Information

Before approval of the site can begin, the applicant must provide preliminary site information to the
field office. Refer to Chapter 2, “Site Acceptability Criteria” for clarification.

1. Provide survey results showmg existing grade elevation. (201-1) _ ft.

2. Isthe buildingin a ﬂood-prone area? (201-2) yes  no
If the answer to 2 is Yes, answer 3, 4, & 5.
If the answer to 2 is No, answer 6, below.




10.

11.

What is the Base Flood Elevation?
What is the Flood Protection Elevation?

Has approval for drainage, gfading and berming been apProved_
for flood-prone sites?

Have permits been provided?
(Permits must be obtained for any alteration of the building site in
a flood protection area.)

Provide geotechnical report in areas of known high water table.
(201-4)

Provide geotechnical report if adverse site conditions are found or
suspected. (203)

Provide site-drainage plan complying with CABO R301.3 or local
requirements. (301)

Provide fill speciﬁcations if site is to be prepared with earth fill.
(303-2) o o '

If a geotechnical report is required, what is the net allowable soil
bcaring pressure? (202)

If no adverse soil conditions are known or suspected, and if the
home is individually sited, assume a soil bearing pressure of 1,000
psf. and use this value when a determination of soil bearing pres-
sure is called for.

yes

yes

yes

yes

.yes

yes

ft.

no

no

no

no

. no

no

pst.

1,000 psf.




APPENDIX E

MANUFACTURER'S WORKSHEET

Manufacturer's

Company Name:

Address:

Telephone:

Determination of Building Structure and Size

The manufacturer shall provide the following information:

L.

10.

Type of unit

Method. location and types of support:
Refer to Figures 6-7 and 6-8 and Section 601-4
Isthe homea C,E,or 1?7

Length of umt L

- Actual width of unit Wt

Height of exterior wall x

Height of roof peak **

Roof slope **
Self weight of total unit (W) including mechanical équipment *ok
Distance between chassis members

One foundation design concept (See Appendix A)
(C1-C4; E1-E8; or I) '

_Sihgle-Sectibn
_Multi-S_ection

ft.
ft.

ft.

ibs.

ft.




il

12.

13.

14.

15.

16.

Recommended pier spacing **
a. Exterior
b. Interior

c. Continuous Marriage Wall

Length df largest isolated marriage wall opening or average of -

largest two adjacent openings

d.- Tie-down Strap (C1 concept only)

One installation method recommendations (include documenta-
tion showing connection details pertinent to geographlc area for
seismic or wind). ** . S :

Interior shear wal] locations (include doc'umentatior_l showing lo-
cations). **

Design wind speed used in designing connection details for hori-
zontal anchorage (Ah) and vertical anchorage (Av) in the trans-
verse direction. **

Seismic acceleratioh values used in designing connectidn details
for horizontal anchorage (Ah) in the transverse and longitudinal
directions. **

Shear wall connection details with rated capacity for wind and
seismic are provided. ** T

a. Connection locations at foundation end and interior walls
shown? **

b. Rated connection capacity for uplift and overturning **

c. Rated connection capacity for sliding in transverse direction **¥

d. Rated connection capacity for sliding in longitudinal direction **

e. Vertical X-bracing tension strap capaéity **

(Number)

ft.

ft.

 ft.

ft.

(Spacing)

. yes - no
yes  no
yes Mo
yes " no

Ibs./1t.

(or Ibs./tie-down)

lbs./ft.

(or Ibs./diag. strap)

Ibs./1t.

Ibs./diag. strap




f. Engineering calculation by licensed structural engineer? ** yes  no

** Optional values: It is optional for the manufacturer to provide these values. If the manufacturer
does not provide the values, it is the responsibility of the owner to supply values, based on engineer-
ing analysis by a licensed structural engineer.

T Item 16 is provided in California.







APPENDIX F
DESIGN WORKSHEET

Owner’s Name:

Address:

Builder’s Name:

Site Location:

PART 1: SITE CONDITIONS
(Accompanies Chapter 2)

1. Has the Manufacturer’s Worksheet been provided?
Existing Grade Elevation (201-1)

- 2. Does the site require a survey?
- (Answer yes if: 1) elev. to be altered by grade or fﬂl 2) site near

flood zone; 3 ) subdivision. Answer no if 1nd1v1dualty-51ted Wlth.

‘no alteration of buﬂdmg site.)
3.- If yesto above, what is the surveyed existing grade elevation?
Flood Protection Elevation (201-2)

4. Isthe building site in a flood zone?
(If yes to 4, then answer 3, 6, 7 & 8. If no, skip t0 9.)

5. What is the Base Flood Elevation or the Flood Protection Eleva-
tion (use highest vaiue)?

6. Is the site to be graded, filled, or bermed?
(If no, skipt0 9.)

7. If yes to 6, have all permits been provided?

8. If no to 6, then are the buildings to be built on elevated founda-
tions?
(If yes, this handbook cannot be used Refer to FEMA Manual )

- yes

yes

yes

yes

yes

yes

no

no

ft.

no

no

no

no

ft.




Frost Penetration Depth (201-3)

9. What is the maximum frost penetration depth? in.
(see Appendix H, page H-4) '

10a. Does foundation plan show base of footing extending beiow frost
penetration depth? - : yes  no
(If yes proceed if no, apphcant should revise plans )

10b. Does foundation plan show base of footmg extendmg below top-
soil layer (min. 12”) to undisturbed soil? - - _ yes  no

G_reund Water Table Elevation (201-4) .

11. For subd1v151ons does a ‘Geotechnical Engmeer recommend
drainage of subsurface water? _ yes  no
(If no, skip to 13.)

12. Has groundwater drainage plan been provided? - yes no
Soil Conditions (202, 203)

13. If any of the following adverse site conditions are djsc_:oirered, specific recommendations by a
Geotechnical Engineer will be required (applies to subdivisions and individually-sited homes.)

Organic soil (8" topsoil 'leyer)' S yes no
Expansive (shrink-swell) soil | ' ' yes  no
Sloping site .. yes no
‘Subsidence yes " ono

{Applicant may be referred to Geotechmcal Engmeer if any of the above are yes. If 10, to all
of above, move to next step:) - : : . :

14. Ts area in a known termite infestation area? _ yes  no

Region classification?
(Sec Appendix H, Termite Infestation Map, page H-10) (If no,
skip to 16.)

15. Has applicant complied with CABO R-308 or local ordinance for -
construction procedures and treatment? yes  no
(If yes, continue; if no, refer applicant to CABO requiremel‘_lt&)




16.

17.

18.

PART 2: SITE PREPARATION
(Accompanies Chapter 3)

Acceptable surface drainage plan provided? (301)
(If no, one must be provided for subdivision)

Grading plan provided? (302)

Fill specifications conforming to those cited in HUD Land Plan-

- - ning Data Sheet (79g)? (303)

19.

(If fill is used, below the home's foundation, a report by Geotech.
Eng. should be submitted to provide fill specifications.)

Finish grade elevation? (304)
(Check answers to Part 1: #4 & #5. The finish grade eIevatlon

must be higher than #5 if in flood zone.)

PART 3: DESIGN LOADS
(Accompanies Chapter 4)

Information from Manufacturer's Worksheet

20

21.

22.

23

24.

Has all the mfonnatlon been prov1ded on the Manufacturer's
Worksheet? { Appendix F)

Vilnallwwll (LApHLIUIA 4‘_]}

What is the building self weight (W)?
(Mfg. Wksht. #8)

What is the building length (L)?
(Mfg. Wksht. #3)

What is the distributed welght per foot of unit length? (w=W/L)
(402-1.B, )

What is the building type?
(Mfg. WkSht. #2)

Foundation design concept?
(Cl C2,C3,C4,E1, E3, E4, E5, E6, E7, E8 I)

yes  no

yes  no

yes  no
E3

m-_yeS" no

Ibs.
ft.
Ibs./ft.

Single-Section
Multi-Section

C, E, orl




Dead Load (402-1)

25. What is the light dead load value from Table 4-1? . *
(402-1.A.1). . : . (Ibs./ft.)

26. What is the heavy dead load value from Table 4-12 ' *
- (402-1.A.2) S - (Ibs./ft)

27. Does the answer from Question #23 fall within the values in #25 _ _
and #267 (402-1.D) S .¥€s no
(If the answer is yes, continue. If no, the foundation is not thhm
the limits of this document and must be redesigned by a structural
engineer.) - o

Snow Load (402-2) / Minimum Roof Live Load {402-2.C)

28a. What is average annual ground snowfall (Pg)? o S o *
(See Ground Snow Load map, pages H-11, H-12 and H-13) ~ (Ibs./sq.ft.)
28b. What is 0.7 multiplied by Pg? - o psf.

2%a. What is the roof slo’pé‘? (Mfg. Wksht. #7)

29b. What is the minimum roof live load for the roof slope? T _. - psft
(D-200.2.B) '
" 30. Record the larger rnagﬁitude of item 28b or item 29b. Use this _
magnitude for roof load where required. - psf.
Wind Load (402-3)
31a. What is the basic wind speed (V)? o ___ mph.

(See Wind Speed map, page H-14.)

31b. If Vis less than 80 mph record MPS min. 80 mph for wind de-

sign. (402-3.A) co _ mph.
32. Is the site inland or coastal? (402-3.B) Inland
(If inland, skip to question #38.) Coastal

33. If acoastal area, has the manufacturer provided connection de- N
tails? (402-3.D) (Mfg. Wksht. #12) : ~ yes.  no




34,

35.

36.

37,

If yes to #33, what design wind speed has the manufacturer used
in designing connection details?
(Mfg. Wksht. #14)

Are the connection locations shown? (Mfg. Wksht. #16a)

Are connection details proVided for feundat;ion shear walls?
(For an answer of yes, all questions under Mfg. Wkht #16 must
be answered satisfactorily.)

Is the value for Question 34 equal to or greater than the number
given in Question 31?7

(If yes, proceed. If no, return design to manufacturer for clarifica-
tion.)

Seismic Load

38a.

38b.

39.
40.

41,

42.

What are the seismic acceleration values? Aa

(See Seismic maps, pages H-15 and H-16)

Is Av < 0.15? :
(if no, proceed. If yes, seismic need not be cons1dered Sklp ques-

_tions 39 to 41 )

Seismic performance category.

(See H-300 for Special Requirements of Foundation Design.)

‘What is the applicant's proposed design concept?

(Design Wksht. #24)

Do the Foundation Design Concept Tables approve the foundation

system for use in seismic areas of Questlon #38 above? (See Ap-

pendix A)
(If yes, proceed. If no, retum to apphcant for foundauon design
choice more suited to high seismic areas.)

PART 4-FINAL DESIGN PROCEDURE
{Accompanies Chapter 6) k

What is the actual building width?
(Mfg. Wksht. #4)

yes

yes

yes

"yes'

yes

mph. *

no

no

‘no

no

no




43. The nominal building width to be used in the Foundation Design
Tables, (Aftg, Av & Ah) is Wt:

(600-2.A and Figure 6-1)

44. Where are the foundation supports located? Check drawings
submitted by the owner and Foundation Design Concepts in
Appendix A. Circle the support locations shown on the
Manufacturer's foundation concept plan. '

45. Do these locations match the Foundation Concept shown in Ap-
pendix A? Do the locations match Question #24 on the Design
Worksheet?

(If yes, proceed. If no, return to Owner for clarification.)
46. Is Vertical Anchorage present?
(601-2.B, 601-3.B & 601-4.B (Figures 6-7 & 6-8); Mfg Wksht.
#1 2 & #16)
| APPENDIX A
47. Whaf is the basic system type?
(From Part 3: #24; Mfg. Wksht. #2)

48. What is the spacing between piers? Exterior:
(Mfg. Wksht. #11) _ o
(602-2) S o - Interior:

. Continuous Marriage Wall:
Largest or Average Marriage Wall Opening: |
Tie Down (C1)
APPENDIX B
Required Footing Size

49. The required Exterior Wall Footing, for the foundation type, is

found in the Required Effective Footing Area table in App. B,
Part 1. (Use maximum value from item #30.)

The Required Exterior Square Footing size is: Type C _

TypeEorl

Chassis Beams
Exterior Walls
Marriage Wall

yes 1o

yes  no

41 Si 67 7‘? 81
41 5! 6l 7| Sl

456 78

sq.ft.

(width)




50. The Required Interior Footing area is:
(Also exterior piers for foundation type E)

51a. The Required Continuous Marriage Wall Footing area is:

51b. The Required Footing area under posts at the ends of marriage
wall opening(s) is: '

Vertical Anchorage Requirements in the Transverse Direction (602-4)

52a. Using the Foundation Design Load Tables (Appendix B, - Exterior Av

Part 2), determine the Required Vertical Anchorage.
52b. Number of vertical tie-down locations for multi-section units:
52¢c. For units with additional vertical anchorage at the interior piers,.
determine the Required Vertical Anchorage. Interior Av
53. What is the manufacturer-supplied value? Ekterior
(#16b, Mfg. WkSht.)
: Interior
54. 1Isthis value (#53) gréater than the value giv’en. in #52a?

(If yes, continue. If no, return to owner for clarification.)

Horizontal Anchorage Requirements In The Transverse Direction (602-5)

sq.ft.
sq.ft.

sq.ft.

*

(Ibs./pier spacing;
Ibs./ft for E type;
Ibs./tie-down spacing)

2 or 4.01' 6

%

(Ibs./int pier spacing)

*

yes no

“trial 1| trial 2 | trial 3

55a. What number of transverse foundation walls 2
was selected? (602-5.E) (If vertical X-bracing
planes are used, complete items #55a, #56 and
#57 for 2 transverse walls. and then skip to
item #59.)

4 6

55b. Are diagonal ties used to complete the top of

the transverse short wall for horizontal anchor- no no no

age? (602-5.G.1)

yes yes yes

Estimate height (h) for appropriate illustration
in Figure 6-10.

ft.




36.

37a.

37b..

58a.

58b.

58c.

59.

Using the tables, find the Required Horizontal End Wall Ah
Anchorage (Ah). (Appendix B; Part 3)

Int Wall Ah

What is the manufacturer’s-supplied rated ca-
pacity for sliding? (#16¢, Mfg. WkSht.)

If answer to item #55b is yes, record manufac-
turer or product supplier rated strap tension ca-

pacity

Is value #57a greater than item #567

If yes, continue. If no, return to section
602-4.C and to question #55a and select a
larger number of transverse foundation walls.
If the maximum number selected (6) does not
work, return to owner (who may wish to con-
tact the manufacturf;r for clarification).

If answer to #35b is yes, required tension in di-

‘agonal (Ty). (Complete procedure in Section

602.5.G.1.)

Is value #37b greater than #58b?
If yes, continue to item #62. If no, return to
owner for product with greater capacity.

trial 1 § trial 2 | trial 3
yes yes yes
‘no ‘| no Bo
yes yes yes
no no no

If using vertical X-bracing planes in lieu of transverse short walls (and the formulas in

section 602-5.G.2). determine anchorage values and sizes for diagonal members.

(If shear walls are selected in item #55, skip to item #62.)

a. Vertical X-bracing spacing proposed. __

b. Number of vertical X-bracing locations proposed.
(Item #13, Mfg. WkSht. for trial 1.)

trial 1

trial 3

trial 2.

1 Ibs./fft.

Ibs./ft.

Ibs./ft.

Ibs./strap

1bs.

ft. *




60

6la.
- If yes, continue. If no, return to Section 602-5.G and to

61b.

c. Required horizontal anchorage (C) value, based on for-
mula. (602-5.G.2.c)

d. Estimated height (h) in Figure 6-10.
e. Tension (Ty) required. (602-5.G.2.d)

What is the manufacturer -supplied rated strap tension ca-

pacity? (#16, Mfg. WkSht.) (or capacity defined by literature |
supplied by product suppher)

Is value #57 greater than value #59¢?

question #59 and select a greater number of X-brace loca-
tions as a next trial. Repeat unnl answer is yes, then con-
tinue.

Is value #60 greater than value #59e? _

If yes, continue. If no, return to section 602-5.G and to
question #59 and select a greater number of X-bracing loca-
tions. If the maximum number selected does not work, re-

turn to owner (who may wish to contact the manufacturer for

clarification or product supplier for clarification).

Horizontal Anchorage Requirements In The Longitudinal Direction (602-6)

62a.

62b.

Usihg the tables, find the required horizontal anchor-
age (Ah) in the longltudmal direction. (Appenchx B,
Part 4) (602.6.E)

If using vertical X-bracing planes (and the formulas in sec-
tion 602-6.F) determine anchorage value for X-bracing
planes. (If using exterior long walls, skip to item #63.)

1. Number of chassis beam lmes used for vertical X-
bracing planes. |

trial 1 | trial 2 { trial 3
yes yes yes
no no no
yeé yes yes
no no no

Exterior Wall Ah
trial 1 | tnal 2 | trial 3
2ord | 2or4| 2014

Ibs./
X-brace
set

ft.

Ibs./diag.

ibs. *

1bs./t.




63.

64a.

64b.

65.

66.

Number of X—bracing planes proposed under each chas-
sis beam along the length of the unit.

2. Horizontal anchorage (B) required force, based on for-
mula.

3. Assumed height (h-b) based on Figure 6-11.

4. Tension (T;) based on formula. (602-6.F.(3)).

What is the manufacturer-supplied value for horizontal an-
chorage? (#16d, Mfg. WkSht.) '
For shear walls: is value #63 greater than #62a?

If ves, skip to item #67. If no, contact owner for clarifica-
tion.

‘For X-bracing: is value #63 greater than value #62b.2?

If yes, return to item #62b.3. If no, increase number of ver-
tical X-bracing planes and repeat items 62b.1 and 62b.2 until
answer is yes. For multi-section units consider 4 lines of

vertical X-bracing under all chassis beams. -

What is the manufacturer-supplied rated strap tension?
(#16e, Mfg. WkSht. or product supplier)

Is value #65 greater than #62b.4? _ _ _
If yes, continue. If no, contact owner to obtain straps with
greater capacity, or return to item #62b.1 and increase the
number of vertical X-bracing planes until answer is yes..

- APPENDIX C

Withdrawal Resistance Verification (603-2.B)

67.

tion #67a for type E. Answer question #67b for types C,

Using Appendix C, Table C-1 or C-2, verify that the
foundation system will resist withdrawal. Answer ques-

I, or type E with interior pier anchorage.

(item #9)

trial

1] thal 2

trial

3

Ibs.

1bs.

lbs./ft.

1no

yes

yes

no

yes

no

-3
[#]

yes.

yes .

3
(&}

yes

o}
Q

ibs.

no

'yes _

yes

‘no

 yes

no

Extetior

Grade \ 12

=Frost

|

Depth

hw =
(Table C-1)

T




a. Withdrawal Resistance for long foundation wall. (Type E)
Circle the type of material that is to be used.

1)

2)

3)

4

5)

6).

7).

- 8)

Circle pier type:

Using Table C-1, which capacity is greater than required
Av7 (603-2.B.(1)) (#522)

Using Table C-1, what is the height of the wall + footing
for required withdrawal resist'ance? (hw + 6”)

What is the hewht of the wall + footing for frost protec—

_ tion? (frost depth (#9) + 127) -

What is the greatest height #67a.2 or #67a.3?

Circle the height which controls.

Record the bottom of footmg depth from grade
(Item #67a.4 - 127)

Using Table C-1, what is the reqnii-éd width o._f the wall -

footing for withdrawal?

Is item #672.6 greater than or equal to item #49?

If yes, continue. If no, change footing width to iteni #49,

Record design exterior wall footing width.

Withdrawal Resistance for Piers. (Types C, C1 Exterinr
(concrete dead-man), I or type E with interior pier :
anchorage - multi-section units.) . -

(item #3)

Reinforced Concrete
Masonry-Fully Grouted
Masonry-Grouted @ 48” o.c.
All-Weather Wood / Footing

Ibs./£t.

in.
in.
in.
Withdrawal
Frost Depth
mn.
in.
yes  no
in.
T hp = —
=Frost | - (Table C-2)
Depthi
_ -

-Reinforced Concrete

Reinforced Masonry - fully grouted
Reinforced Concrete Dead-man




1)

2)

3)

4)

5

6)

_ What is the greatest helght #67b 2 or #67b 3?

Record the bottom of footing depth from grade.

Exter_ior x

Interior

Using Table C-2, which capacity is greater than
required Av? (#52a and #52¢) (603-2.B.(2))

(when used)

Ibs.fpier *

Using Table C-2, what is the height of the pier +
footing for required withdrawal resistance?

(hp +8")

What is the required height of pier + footing for
frost protection? (frost depth (#9) + 127)

1.

in.

~ Circle the height which controls. . ' ~ Withdrawal -
Frost Depth

Withdrawal
Frost Depth

in.

(Item #67b.4 - 127)

Using Table C-2, what is the "requirei.i'width of
the square footing if withdrawal resistance con-
trols or if frost depth controls?

'Frostrdepth for marriage walls. What is the required depth of

footing below grade for frost protectxon" (frost depth (#9))
(no withdrawal resistance)

n.

Vertical Anchorage and Reinforcement for Longltudmal Foundation Walls and Piers

(603-2.D)

68 Using Append1x C, Table C-3, C—4A or C-4B, verify-that the '
foundation anchors will resist uplift. Answer question #68a for °
type E. Answer question #68b for types C, I, or type E with inte-
rior pier arichotrage. -

a.

Vertical Anchor Capacity for longitudinal foundalibn wall
(type E). (603-2.D.2)

"

Using Table C-4A (concrete & masonry), which capacity
is greater than the required Av? (#52a, Design Wksht.)

If treated wood wall, skip to item #68a.3. Tbs./ineal ft. of wall




Circle correct washer choice for the capacity selected

2) Using Table C-4A (masonry and concrete):
a) Required anchor bolt diameter
b) Required anchor bolt spacing
¢) Using Table C-3A:
(1) Rebar size
(2) Lap splice

(3) Rebar hook Iength

Standard Washer
Oversized Washer

in.

in.

in.

in.

3) Using Table C-4B (wood), which capacﬁy is greater than

the required Av? (#52a, Design Wksht.)
If using concrete or masonry wall, skip to item #68b.

4) Using Table C-4B (wood): '
| a) Requil_"ed nailing
b) Minimum plywood thickness
¢) Required anchor bolt diamétef
d) Required anchor bolt spacing

b Vertical Anchor Capacity for Piers
(Types C. L. or ivpe E with interior pier anchorage)
(603-2.D.1)

Ibs./lineal ft. of wall

in.
in.

iﬂ.‘

Exterior - Interior

1) Using Table C-3. which capacity in the table is
- .greater than the required Av?

(when used for
anchorage in
multi-section units)

Ibs./pier

(From #52a. Design Wksht.)




2) Using Table C-3:
a) Number of anchor boits
b) Anchor diameter
3) Using Table C-3A:
a) Rebar size
b) Lap splice

c) Rebar hook length

Exterior Interior
lor2 1 or 2
172" or 5/8"  1/2" or 5/8"
#4 or #5 #4 or #5
in.
n.

Horizontal Anchorage and Reinforcement for Transverse Foundation Walls (603-3)

69. Using Appendix C, Table C-5A or C—SB, verify that the founda-
- tion anchorage will resist sliding at the transverse end foundation

walls. Use for types C,E, or L.

a. For continuous foundations.

Using Table C-5A (concrete & masonry) or C-5B
(wood), which capacity is greater than the required

(Ah) (603-3) (item #56)7

1) Using Table C-5A, find:

a) Required anchor bolt diameter

b) Reguired anchor bolt spacing

¢) Using Table C-3A:
(I} Rebar size
(@ Lap splice
(3) Rebar hook length
2) Using Table C-5B. find:

a) Required nailing

Enc_i_ Wall  Interior Wall

lbs./ft.

in.

in.

n.

n.




End Wall  Interior Wall

b) Minimum plywood thickness - in.
¢) Required anchor bolt diameter | . in.
d) Required anchdr bolt spacing E : in.

b. For transverse short Sfoundation walls completed with diagonal braces.
(603-5) _ _ | ,

Using Appendix C, Table C-5A, verify the diagonal - .
anchorage capacity to the short fOundation_ wall.

End o Iﬁteinr

1) Record the required horizontal force (Ah x Wt)

from 602-5.G.1.a and item #56. . : : ' Ibs.
2) Table C-5A capacity for one 1/2” diameter bolt at _ L

12”7 o.c. ' A o 1800 .. 1800 Ibs.
3) Number of bolts (Ah x Wt = 1800; one mini-

mum) at concrete or masonry top of short wall. N *
4) Size of anchor bolts ' . - in.
5) Using Table C-3A:

a) Rebar size *

- b) Lap splice _ : in.
¢) Rebar hook length : in.

c. For vertical X-bracing planes in the transverse direction.
(603-6)

Using Appendix C, Table C-5A, verify the diagonal anchorage
to the pier footings and the tension capacity of the diagonals.

1) Record the required horizontal force (C) from item #59. o Ibs.

2) Table C-5A capacity for one 1/2” diameter boltat 12 o.c. - 1800 Ibs.




3)

4)

3)

Number of bolts (C + 1800; one minimum) at top of a

footing.

Record the required tension force (T} from item #59.

Select tension strap capacity greater than or equal to T,
from owner’s product supplier or manufacturer’s supplied

- capacity (item #60).

6)

Horizontal Anchorage for Longitudina’ * sundation Walls (603-4)

70. Using Appendix C, Table C-5A or _C-SB, verify that the founda-
tion horizontal anchorage will resist sliding at the long foundation

Record diagonal strap data

walls. Use for types C, E and 1.

a. For continuous exterior foundation walls.

Using Table C-5A (concrete and masonry) or Table C-5B
“(wood), which capacity is greater than the required exterior

Ah? (602-6.E) (item #62a)

D

2)

Using Table C-3A, find:

. a) Required anchor bolt diameter

b) Required anchor bolt spacing
¢) Using Table C-3A:

(1) Rebar size

(2) Lap splice

(3) Rebar ﬁobk length
Using Table C-3B, fiﬁd:

a) Required nailing

b) Minimum plywood thickness

c¢). Required anchor bolt diameter

d) Required anchor bolt spacing

F-16

%

Ibs./diag.

1bs./diag.

Tbs./ft.

. in.

in.

in.

mn.

in.
in.

n.




b.. For vertical X-bracing planes.
{603-6.A.(2))

Using Appendix C, Table C—SA, verify the diagonal anchorage
to the pier footings and the tension capacity of the diagonals.

1) Record the required horizontal force (B) from item #62b.2. 1155.

2) Table C-5A capacity for one 1/2” diameter bolt at 12”7 o.c.. 1800 Ibs.

3) Number of bolts (B + 1800; one minimum) | . __ - *

4) Record the required tension force (T.) from item #62b.4. Ibs./diag.

5) Select tension strap capacity greater than or equal to T,
from owner’s product supplier or manufacturer’s supplied
capacity (item #60). e lbs./diag.

6) Record diagonal strap data

SUMMARY SHEET
(Accompanies Chapter 7)

alues from preceding questions.

Select the largest value.
a. Bearing area and vertical anchorage
1. Pier footings: types C, E & I.
Pers

Mérriage Wall
Exterior _Interior Cont. At Post

Required Effective Footing Area _ : .
from questions #49, #50, & #51. _ _ sq:ft.

Required footing area to resist

withdrawal due to uplift from

Question #67. (for single-section

or 2 tie-down system, only the

exterior piers resist uplift, for 4

tie-down only the interior piers _
and exterior walls resist uplift) : a sq.ft.




- - Piers ,
- Marriage Wall
Exterior _Interior Cont. At Post

Pier Footing Sizes (largest of _
above) ' : : sq.ft.

“Dead-man” footing size. sq.ft.

Reinforcing for pier footings:

Bring forward answers from previous questions. (#68b)
(Types C, I, or E with interior pier anchorage.)

Exterior Interior

Number of anchor bolt_s
Anchor bolt diameter | ' ' in.
Rebar size
Lap splice o S _ . in.
Rebar hiook length | , ) ___in

| | .Malﬁage

Exterior Interior Wall
Footing depth: grade to bottom of - ' o '
footing _ _ _ in.
Pier footing and “dead-man” footing reinfor#ing bars: #4 at 10" o.c.
“Deéd-_rnaﬁ” footing depth:__gr_ade to bottom of footing in.
) Long f’oundqtion wall footing: type E or I:

Required Effective Footing Width
Required Footing Width for soil bearing (#49) : ft.
Required Footing Width to resist uplift withdrawal |
(#672.6) o N : _ft.
Wall Footing Size (largest of above) _ ft.
Footing Depth: Grade to bottom of footing (#67a.5) in.




Footing reinforcing bars.

Reinforcing for longitudinal foundation walls: Record an-
swers from item #68a and record sizes and spacings.

From 68a.2: masonry and concrete:

Required anchor bolt diameter

Required washer size Standard

Required anchor bolt spacing
Rebar size

Lap splice

Rebar hook length

From 68a.4: wood: Record answers from item #68a.4 and
record sizes and spacings.

Required nailing

Required anchor bolt diameter

Required anchor bolt spacing

b. Horizontal anchorage in the transverse direction - foun-.
dation walls

L.

Continuous foundation walls (#69a)

Number of transverse foundation walls
(#35a)

Required Footing Width (minimum)

From #69a.1: concrete / masonry:

End Wall

2 #4 bars

in.
Oversized

in

in.

in.

fave
=
5

in

12 n.

Interior Wall

Anchor boit diameter

in.




End Wall  Interior Wall

Anchor bolt spacing - - in.
Rebar size

Lap splice | : in.
Rebar hook length H _ _ in.

| From #6_9a.2: wood:

Required nailing

Minimum plywood nailer

Anchor bolt diameter

Anchor bolt spacing in.

. For transverse short foundation walls completed with di-
agonal braces (#69b)

End Interior

Number of pairs of diagonals (1 for single-
section units, 2 for multi-section units) times _
number of short walls (end or interior) (#552)

Diagonal spacing (same as number of short
walls)

From £#69b: concrete / masonrv:

Anchor bolt diameter - in:

Number of bolts

Rebar size

Lap splice - . : in.

Rebar hook length : _ : 1.

. For vertical X-bracing planes in lieu of short walls. (#69¢)

Number of X-brace locations (#59)




Spacing of vertical X-brace planes (#59)

Items from #69c.3 and #69¢.5

Required anchor bolt diameter
Number of bolts at top of footing to connect diagonal
Diagonal strap size

Connection to top flange of chassis beéam (describe)

¢. Horizontal anchorage in the longitudinal direction - exte-
rior foundation walls

1. Continuous foundation walls

Reinforcing for longitudinal foundation walls: record only
if larger sizes or closer spacing than recorded for vertical
anchorage (#71a.2).

From #70a.1: concrete / masonry:

Anchor bolt diameter

Amnchor bolt spacing
Rebar size
Lap splice

Rebar hook length

From #70a.2: wood: record only if larger sizes or closer
spacings than recorded for vertical anchorage (#71a.2)

Required nailing
Minimum plywood nailer
Anchor bolt diameter

Anchor bolt spacing

in.

in.

in.







APPENDIX G
SAMPLE PROBLEMS

All the data necessary for the approval of
the adequacy of a permanent foundation for the
- manufactured home can be located in this hand-
book and on worksheets submitted by the home-
owner. The HUD field office (or user) must refer
to Design Worksheet as a guide through the
process of collecting and verifying data.

There are two steps in the approval proc-
ess: (1) the Owner’s Site Acceptability / Manu-
facturer’s Worksheets, with accompanying forms
as required, from the owner, and (2) the Design
Worksheet. The reader is referred to the com-
pleted worksheet samples in Appendix E.

Example #]1 is a proposed site for a multi-
section manufactured home in Champaign, Illi-
nois. - The marriage wall has two adjacent
large openings of 16 and 12 feet respectively.
The remainder of the wall is continuous. Both the
Owner's Site Acceptability / Manufacturer’s
- Worksheet and the Design Worksheet for Ex-
ample 1 have been filled out. Asterisks (*) on

the Design Worksheet mark the items that were

filled in based on data submitted by the owner.
The remaining data on the Design Worksheet
must be collected from the handbook as de-
scribed herein.

COMMENTS - EXAMPLE # 1
em#  DESIGN WORKSHEET
Part 1 -- Site Conditions

9. Refer to the Average Depth of Frost
Penetration map on page H-4. The aver-
age frost depth for Champaign Tlinois is
30 inches.

‘14, Refer to the Termite Infestation map on
page H-10. The site is in a moderate to
heavy infestation region. -

15. The owner has indicated compliance with
CABQ R.308.

.Part 3 -- Design Loads

21. Calculate the distributed weight per foot

~ of length by dividing the total weight of
the home by its length: 33,040/56=590
bs/ft.

Dead Load

25. From Table 4-1 (402-1.A1). The light
dead load value is 560 Ibs./ft.

26. From Table 4-1, the heavy dead load value
is 805 Ibs./ft.

27. Yes, the distributed weight of the home is
-within the limits defined by this docu-
ment. The design tables may be used.

| Snow Load

-1

- 28. Refer to the Ground Snow Load (Pg) map

on page H-12 for the central United
~ States: The average ground snow load is
20psf.

29. Refer to Section D-200.2.B for minimum

- roof live load based on roof slope. For a 2

in 12 roof slope, the minimum roof live
load is 20 psf.

30, Comparison of roof smow load (14 psf)

and minimum roof live load, minimum




roof live load is greater; therefore, it con-
trols.

Wind Load

31.

32

Refer to the Design Windspeed map on
page H-14. The site Jocation is near the
70 mph design wind isobar. . Use mini-
muin 80 mph for MPS in lieu of map
value. '

Based on the map provided by the owner,
the site is not near a hurricane coastline.
The site is Inland.

‘Seismic Load

38a.

38b.

41.

42,
~ width for a 13'-6" home width is 14'-0".

Refer to the maps for Seismic acceleration
Aa and Av on pages H-15 and H-16. The
site has Seismic acceleration = values:
Aa=0.05 and Av=0.05.

Residential construction is exempt from
seismic cons1derat10ns 1f Av 1s less than

L P

Checking the Foundation Design Concept
Tables for Type El, this foundation type
is not recommended for seismic areas
where Aa and: Av are greater than or equal
to 0.3. This is because the piers are unre-
inforced. The Type E1 concept is permit-

. ted in seismic areas where Aa and Av are
‘greater than 0.3, if the piers are reinforced.

Part 4 -- Final Design Procedure

From the table (600-2.A.1), the nominal

The user will compare the Foundation
Design Concept, Figures 6-7 and 6-8 with
foundation drawings and details provided
by the owner.  The concept drawings
identify the bearing and vertical anchorage
locations. An anchorage system for the

transverse and longitudinal directions
must be clearly shown on the documents
provided by the owner.

Regquired F ooting Size

49 In order to determine the Required Foot-

49.

#43

. #48

ing sizes, the user needs the data from the
following items on the Owner’s Site Ac-

| _ ceptability Worksheet: Nos. 10 or 11 and

on the Design Worksheet: Nos. 24, 30, 43,
48. :

Item Number

#10 or #11 Net al.lowable' soil bearing
pressure = 1000 psf

#24 Foundation System, Multi-

o Section type E1 - '

#30- Ground snow load Pg=20
- psf.  Use 30 psf for the Foun-
dation Design Table. The 30
pst value with load factors
P b -t fa on

'a.yyucd is el.luj.va..I.ELLL W0 a

minimum live load of 20 psf.
Nominal - Building width:
Wt=14-0" -

Pier Spacing: = Interior and
exterior piers, 5'-0"; Continu-
ous Marriage' wall piers, 8-
0". ’

Next the user will locate the Required

‘Effective Footing Area tables in Appendix

B, Part 1. The user locates the table for a
multi-wide E with a nominal width of 14
feet.

The user finds a note which indicates that
the minimum loncltudmal foundatlon wall
footmg width is 1 foot. '

50. Interior pier and exterior pier




51a.

51b.

_,3)

1) For the interior and exterior piers, the
user finds the block of values for
minimum roof live load of 20 psf.

2) Next, the user finds the two rows of

values for a Net Allowable Soil pres-

sure of 1000 psf (read ext, int row).

Under the column for a pfer spacing of
5 feet, the required pier footing area is
2.1 square feet (1'-6" x 1'-6").

Continuous Marriage Wall Piers

D Refer to the same block of values as for
the extertor/interior footings.

2) Next the user finds the second line of

values for a Net Soil Pressure of 1000

psf (labeled mar).

Under the column for a marriage wall
pier spacing of 8 feet, the required pier
footing area is 6.9 square feet (2'-8" x
2-8"). '

3

Marriage Wall Openings

1) Refer to the lower bld_ck of values as
- for the ext/int footing.

2) Next, the user finds the average of two
adjacent openings from item#48 (14
feet). Read area of footing at piers un-
der posts as 11.4 sq.ft. (3°-67x3°-6").

Vertical Anchorage Requirements In The Trans-

verse Direction

32. In order to determine the Required Verti-

~cal Anchorage the user needs the data
from the following items on the Design
Worksheet: Nos. 24, 31, 32, 43. With this
information, the user can determine Verti-
~al Anchorage in the transverse direction

53.

by using the appropriate table in Appendix
B, Part 2.

1) The user locétes the Tables for a Multi-
Section E with 2 nominal width of 14
feet and 2 tie-downs.

Thén the user finds a block of values
for the Inland condition.

2)

3) To the right of the 80 mph wind value,
the user finds a value of 130 Ibs./ft

along the longitudinal exterior walls.

The user verifies that the manufacturer's
design value (200 lbs./ft.) shown on line
16b of the Manufacturer’s Worksheet is
greater than the required value shown on
line 52a. Otherwise repeat the process
with four tie-downs.

Horizontal Anchorage Requirements In The
Transverse Direction

55.

56.

Two (2) transverse foundation shear walls
are initially selected in order to compare
the required horizontal anchorage with the

- values provided by the manufacturer. This

18 trial #1.

In order to determine the Required Hori-
zontal Anchorage the user needs data from
the same items on the Design Worksheet
that were required for Approval item
number 52a plus item No. 22 (namely, the
building length L =56'-0"), No. 30, roof
snow/minimum roof live load and No. 36,
Seismic Acceleration values. Proceed
knowing that you are exempt from seismic
considerations.

Next, the user will locate the Required
Horizontal Anchorage table in Appen-
dix B, Part 3. '




58.

1) - The user locates the tables for 2 Multi-
Section E with a width of 14 feet and
two (2) transverse walls.

2) Then the user finds the block of values
for the Inland condition and the line of
values for a design wind speed of 80
mph. :

3) Then the user finds Seismic Aa range
0.05-0.2 and snow load range 0-100
psf. Only one row of values remains.

4) For a length L of 56 feet, the user

rounds the value to the next highest

" number shown on the top line of the
table -- 60 feet.

5) Under the column of vaiues for 60 feet,
the user finds the required anchorage
Ah =420 pounds per lineal foot along
the length of each transverse shear
wall. Note that the value was not
grayed over, indicating the force calcu-
lations were controlled by wind.

" Note: if the manufacturer .'h_a's specified (1)

diagonal metal straps to complete the
transverse short foundation walls, or (2)
_vertical x-bracing in place of transverse
foundation walls, for comparative pur-
poses, the user shall use the formulas in
section 602-5.G.1 or 602-5.G.2 and pro-
ceed with item #35b or #59 respectively.

Veri:fy'_the Maﬁufactu_r_er's design value
shown on line 57a (400 plf) is greater than
the required value shown on line 56.

~ Since it is not (420 > 400), attempt trial #2

ans consider 4 short walls. Repeat steps
1) to 5).. Read (Ah) exterior 140 plf and
(Ah) interior 280 plf, both less than the
manufacturer’s value 400 plf. Thus, 4
short walls will provide adequate sliding
resistance.

Horizontal Anchorage in the Longitudinal Di-

rection

62a. In order to determine the Required Hori-

zontal anchorage in the longitudinal di-
rection the user needs the same data as
used in steps 52 and 56 from the Design
Worksheet.

Next, the user will locate the Required
Horizontal Anchorage in the Longitudinal
Direction tables in Appendix B, Part 4.

1) The user locates the table for a Multi-
section unit Type E with a nominal
width of 14 feet.

~2) Then the user finds Seisniic Aa range

0.05-0.1 and snow load range 0-100
psf.

) 3) Then the user finds the block of values

for the Inland condition and the row of
values for a design wind speed of 80

ammam [
11pHL.

4) For a length L of 56 feet, thé user
rounds the value to the next highest
number shown on the. top row of the
table -- 60 feet. '

5) Under the column for 60 feet, the user
finds the required anchorage force
Ah = 67 plf along each of the longitu-
dinal exterior shear walls. Note that
the value was not grayed over indicat-
ing that the force calculations were
controlled by wind, not seismic.

Note: if the manufacturer has specified a
diagonal metal strap X-bracing in place of

the shear wall, for commarative purposes,
the user shall-use the :.-mulas in section
602-5.F, which are based n the required
anchorage (Ah) found in the tables. This
could be the case for Type C or I units.




64.

Verify the manufacturer’s design value on
line 63 is greater than the required value

shown on line 62a.

Withdrawal Resistance Verification

67.

67a.

For type E foundations answer item 67a.

For this example, a masonry foundation
fully grouted was depicted on the docu-
~ments submitted by the owner.

1) Checking the tabular columns of Table
C-1, Appendix C, for Masonry-Fully
Grouted, the lowest value greater than
(Av) is 231 Ibs. per foot. Thus, 231 >
130 (from item #52).

2) The footing depth (Hw) is found in the
far left column, hw = 2’0" This value
corresponds to the minimum depth of

 the footing below grade which is shown
in the illustration above the table.

3) The width of the footing is found at the
top of the column, 12", :

"~ 4) Based on item _#9,.'the frost depth for

- Champaign, IL. is 30 inches. Based on
Table C-1, the depth of the base of the
footing below gradeis:

from Table C-1:
hw= 24" _
+ 6" (footing thickness)
30" for withdrawal
resistance

for frost protection:
hw= 30" (depth below grade)
+ 12" (min. wall height
" above grade)
4

-5

therefore; frost protection controls over
. withdrawal resistance

427
~12” (min. wall height
above grade)
30” (bottom of footing
to grade)

for establishing the number of block
courses:

42" _
-6” (footing depth)
36” min. required
. foundation wall
height

Use hw = 40", which is a multiple of
the 8" masonry unit - 40" = 5 block
courses. '

5) Interior piers under (item #67b.3.) chassis
beams do not participate in vertical an-

chorage for this example. Frost depth

considerations are accounted for at the
perimeter walls. Interior piers may be set
below the 18 “ of topsoil on undisturbed
soil. See item #50 for required footing
size.

6) Item #67c.; Marriage wall piers do not
participate in-vertical anchorage in amy
case, and do not need to set at frost depth.
Again, set footings below the 18 of top-
soil onto undisturbed soil.

Vertical anchorage and reinforcement for
longitudinal foundation walls and piers

68. - For type E foundations answer item 68a.

68a.

1) From item #52, the value for (Av) was
130 Ibs./ft. Using Table C-4A for a ma-




- sonry foundation wall, the first value in
the left hand column is 146 Ibs. per foot of
wall. The 146 lbs./ft. value utilizes the
maximum recommended anchor spacing
by code as 6’:0” o.c. The wood material
connected to the anchor bolt with a stan-
dard washer controls the final capacity.
{(Note the similarity in capacities with a
treated wood foundation wall, Table
C-4B, since wood bearing on washer con-
trols).

2) For a masonry wall grouted solid, the
following sizes are required:

On Table C~4A - on the same line as
+146 1bs./ft., read:

‘a} Anchor Bolt diameter = 1/2"
b) Anchor Bolt spacing = 72"

. On Table C—3A - on the same line as
1/2" anchor bolt diameter read:

c.1) Rebar size = #4
2) Lap splice = 16"
3) Rebar hook length = 6

Horizontal Anchorage and Reinforcement for
Transverse Foundation Walls

69a. From item number 56, the value for trans-
- verse (Ah) is 140 Ibs. per foot along the
transverse end (shear) wall and 280 Ibs.
per -foot along the. interior transverse
‘walls. Using Table C-5A for a masonry
foundation wall, the first value in the left
~hand column is 300 Ibs. per foot of wall

* which is greater than either end or interior
(Ah). The 300 lbs./ft. value is based on
the maximum recommended anchor
spacing of 6’-0” o.c. by code. The mate-

rial connected to the anchor bolt will con-
trol the final capacity.

1) For masenry walls grouted solid, the
following sizes are required:

On Table C-5A: On the same line as
Ah = 300 Ibs./ft., read:

" a. Anchor bolt diameter = 1/2"

b. Anchor bolt spacing 72" (cores
must be grouted solid)

On Table C-3A: On the same line as
1/2" anchor bolt diameter, read:

c.l) Rebar=#4
2) Lap sPIic.e =16"
3) Rebar hook length = 6"

Horizontal Anchorage and R_eiﬁforcement for

- Longitudinal Foundation Walls -

70a. From item #62a, the value for longitudinal

-~ (Ah) is 67 plf. From Table C-5A, again

~ the 300 plf value is adequate. All other

information for reinforcement is the same
along the exterior longitudinal walls.

Summary Sheet

The values can be broﬁght forward on to
the summary sheet and the design approved.

EXAMPLE 2

Example #2 is a proposed site for a single-
section manufactured home in Tampa Florida.
The data on ‘the Owner's Site Acceptability
Worksheet remains the same as Example #1,
with the exception of item 1. The grade eleva-
tion is 28 feet. The data on the Manufacturer's
Worksheet, regarding the superstructure, remains




the same as Example #1 with the exceptlon of
the following items:

14.
16b.
16¢c.

16d.
‘16e.

) 2;_055

Item # Data
1. Single-section (Nominal 14’ wide unit)
2. TypeC
7. Roof slope=41in 12
8. Unit weight = 16,500 1bs.
10. TypeCl" :
lia. Pier Spacing = 7 ft.
I1b. NA
lic. NA- : :
11d. 7 Tie-down straps at 8'-8" spacing

Note: Tie-downs are required to be at
in from each end of the unit.
{Section 601-2.B.)

Design wind = 120 mph

Uplift capacity = 3,150 bs./tie-down
Sliding capacity = 4,800 Ibs./diag. set
Sliding capacity = 4,800 lbs./diag. set
Vertical X-bracing tension capacity =

- 5600 1bs./strap

Asterisks (*) on the HUD Approval Work-

sheet mark the items that were filled in based on

“data submitted by the owner. As demonstrated in
Example #1, the remaining data must be col-
lected from the handbook as described herein.

: Itef_n#
79'
14,

13.

- DESIGN WORKSHEET
Part - Site conditions

Refer to the Frost Penetration map on

‘page H-4. The average frost depth for

Tampa Flonda is zero inches.
Refer to the Termite Infestation map on
page H-10. The site is in a very heavy

infestation area.

Yes, the owner has mchcated comphance
with CABO R-308.

Part 3 -- Design Load -

23.

25.

26.

27.

The distributed weight is the weight of the
home divided by its length:

16,500 / 56 = 295 1bs./ft.

From Table 4-1 (402-1), the light dead
load value is 290 Ibs./ft.

From Tabie 4—1 the heavy dead load value
is 425 Ibs./fft. :

Yes, the chstnbuted welght of the home is
within the limits defined by this docu-
ment. The design tables may be used.

Snow Load

28.

29.

- 30.

Refer to the Ground Snow Load map on
page H-13 for the Eastern United States.
The average ground snow load is zero.

Based on a 4 in 12 roof sldpe, the mini-
mum roof live load is 15 psf (D-200.2.B).

‘The 15 psf minimum roof hve load con-

trols.

Wind Load

31.

32.

Refer to the Design Wind Load map for
the Eastern United States on page H-14.
The average wind load is near the 100
mph- design wind isobar, which exceeds
the MPS minimum of 80 mph. Thus, 100
mph wind speed is used for the founda-
tlon design.

Based on the map provided by the owner,
the site is located on a hurricane coastline.
The site is Coastal.

33-36. The manufacturer should supply details

consistent with a coastal high wind site.

Seismic Loqd




38.

4]1.

43.

Refer to the Seismic Acceleration maps on
pages H-15 and H-16. The seismic coef-
ficients for Hillsborough County, Aa and
Av =10.05. Residential construction is ex-
empt from seismic consideration since Av
<0.15. B :

Checking the Foundation Design concepts

for Type Cl, it is permitted for use when

seismic coefficient Av < 0.15. Tt is not

- acceptable for use in areas where Aa and

Av greater than or equal to 0.3.

~ Part 4 -- Final Design Procedure

From the Section 600-2.A table, the

nominal width for a 13'-8" home width is

140",

The wuser will compare the Foundation
Design concept illustrations with founda-

" tion drawings and details provided by the

owner.- The concept drawings identify the
anchorage locations.  An anchorage Sys-

tem must be clearly shown on the docu-
ments provided by the owner.

Required Footing Size

49,

In order to determine the Required Foot-
ing size, the user needs the data from the

following jtems on the Owner’s Site Ac-
- ceptability Worksheet item #10 or #11 and
~ on the Design Worksheet: Nos 24, 28-30,
- 43, 48.

Itern Number

#10 or #11 Net allowable soil beéﬁng pres-

sure = 1000 psf from Owner’s

Worksheet
#24 Foundation System,  Single-
section type C1

- #28-#30 Ground Snow Load Pg = 0 psf.

Use a minimum roof live load of
15 psf for the Foundation Design
Load Tables.

#43 Building noﬁlinal width: Wt =
14-0"

#48 Pier Spacing: Exterior = 7'-0"

Next the user will locate the Required
Effective Footing Area Tables in Appen-
. dix B, Part 1.

1) The user locates the tables for a Single-
section Type C with a width of 14 feet.

2) Find the block of valtes for a Mini-
mum Roof Live Load of 15 psf.

3) Next the usef finds the row of values
for a net ‘allowable soil pressure of
1000 psf

Ly 11K A2R10 213352 30 ~

that row with the column for a 7-0"
foot pier spacing. The’ r_equ_lred footing
area is 5.3 square feet (2‘-4" x2'4").

'4) Last, the user finds the intersection of

Veértical . Anchorage Requirements in the
Transverse Direction

52a, In order to determine the Required Verti-

cal Anchorage the user needs the data

- from the following items on the Design

Worksheet: Nos. 24, 31, 32, 43 and 48.

__With this information, the field officer can
locate and determine the Required Verti-
cal Anchorage tables in Appendix B, Part
2.

Use the tables for a Type C1 system.
Then multiply Av x Tie-down spacing.

Itemn No. Data




#24

#31
#32
#43

#48

Foundation System: Type C! - Single-
section

Design Windspeed: 100 mph
Site Lo_ceition: Co_astal
Building Nominal Width: 14'-0"

Tie-down Spacing: s, = 8’-8”. Number of
tie-downs is 7 from (N):

N=L—2><2 +1
. S .

1) - The user locates the Required Vertical
Anchorage (Appendix B, Part 2) tables
for a Single-section Type Cl with a
nominal width of 14 feet.

2) Then the user finds a block of values
for the Coastal con_dition.

"3) Locate the row for 2 wind speed 100

54.

Tha ser finde tha raqmirad

T rarts
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mph.
cal anchorage Av = 350 Ibs./ft. of home
length and multiplies this by a tie-down
spacing of 8.667 feet (3033 Ibs.) or
conservatively move across the row to

- the next largest anchor spacing (10°)
and reads 3460 lbs. as an approximate
check.

4) The Required Vertical Anchorage force
for a tie-down is 3033 1bs.

The manufacturer's supplied value, item
#53, is 3,150 pounds, which is more than
the Required Vertical Anchorage of 3,033
pounds: Note: see optional details in Ap-
pendix A for Type C1. If the manufac-
turer's supplied value had been less than
Av, the owner would have been notified.
The owner would need to contact the
manufacturer -in order to have a licensed

structural engineer verify the existing de-
sign or modify the anchor design or spac-
ing to comply with the required anchor-
age. s

Horizontal Anchorage in the Transverse Di-
rection

© 56. In order to determine the Required Hori-

zontal Anchorage, the user needs data
from the same items on the Design Work-
sheet that were required for Approval item
number 52a and item No. 22 (the building
length L = 56'-0"). ' Also required is item
#0 (6°-10") from the Manufacturer’s
Worksheet.

Next, the user will locate the Required
Horizontal Anchorage table in the trans-
verse direction in Appendix B, Part 3.

1) The user locates the tables for a Single-
section Type C,-E or I with a nomtinal
width ‘of 14 feet and initially selects

two transverse walls for trial #1. This

is required-to initiate the process of se-
lecting vertical X-bracing planes for
horizontal anchorage in the transverse
direction.

2} Then the user finds the block of values
for the Coastal condition and the row of
values for a design wind speed of 100
mph. All Seismic is on the same hori-
zontal line, even though it need not be
checked.

3} For a length L of 56 feet, the user
rounds the value to the next highest

number shown on the top row of the
table -- 60 feet.

4y Under the column of values for 60 feet,
the user finds the required anchorage
(Ah) of 1240 pounds per lineal foot




along the length of each transverse
foundation wall (2 shear walls).

59c. The required .horizontal anchorage per X-

H

L 1240%13.67%2

brace set (C) is calculated using the pro-
cedure of Section 602-5.G.2, illustrated in
Figure 6-10.

Process always begins by selecting 2 short -

~walls, then:

1. From item #56, Ah = 1240 1bs./ft.

- 2. Solving equation'for H:.

56

Note: actual unit width, rather than
nominal width is used here.

3. - For a first t;ial,_sef spacing equal to a

multiple of pier spacing: try 14°-07.
Solving 5quah'nn for horizontal force at

AV WAL RANFLAEAJLILGL ANIE e

each X-brace set (C):

C = 605 x 14’-0” = 8475 Ibs./X-brace
set.

Note: . number of vertical X-brace
- planes =
L +1—§9+i45
‘spacing 14T

therefore, nufnber of X-braced planes
equals 5.

' 61 a. Verify that the Manufacturer's design

value on line #57a is greater than the re-
quired value (C) shown on line #59c. In
this example, the manufacturer's design
value of 4800 Ibs. (#57) is less than the
Required Horizontal Anchorage (C) =

= 605 Ibs./ft. of unit length

“G-10

H

8475 Ibs. This indicates that the connec-
tion of unit to a foundation diagonal is in-
adequate for sliding resistance.

The owner would be contacted at this
point and notified that the horizontal an-
chorage is not adequate. If an inspector or
owner wanted to .determine how many
vertical X-bracing planes would be re-
quired, they could use the following:

Trial #2:

Piers must be present at the extremities of
any vertical X-bracing plane; therefore,
the next logical choice is the actual pier
spacing of 7°-0".

1. From item #56, Ah = 1240 1bs./ft.

2. -Soiving equation for H:.

_1240x13.67x2

56 = 605 Ibs./ft. of unitlength

- Note: actual unit width, rather than
nominal width is used here. '

3. C =605 X 70" = 4235 1bs./X-brace

594,

set.

Number of vertical planes =

= +1=9
The required horizontal anchorage of 4235
is-less than the manufacturer’s rated ca-
pacity of 4800 lbs., thus 9 vertical X-
bracing planes are required at the same
spacing as the piers (7°-07).

The user must estimate a height (h) on
Figure 6-10, which can be revised later if
necessary. 1ry h =4 feet.




59.

61b.

From item #9, Manufacturer’s Worksheet,
Wt-2dc=6283":

683

- cosB, = ——== 03863
| 74? +(6.83)

theréfore: 6,=304°"

T = 4235
0.863

= 4907 1bs. tension in strap

The rated capacity of a strap in tension,
item #60 is greater than the required T,
(item #59) for 9 wvertical X-bracing
planes 5600 > 4907, therefore OK.

Horizontal Anchoragé Requirements in the

Longitudinal Direction -

62a. In order to determine the Required Hori-

P

zontal Anchorage (Ah) in the Longitudinal

" Direction, the user needs data from the

same items in the Design Worksheet that
were required for item #56.

Next, the user will locate the Required
Horizontal Anchorage Table in the Longi-
tudinal Direction (Appendix B, Part 4).

The user locates the table for a Single-
section, Type C, E, or I with a nominal
. width of 14 feet.

1y

Then, the usér finds the block of values
for Aa =0.05-0.10, ground snow 0-100
-psf and coastal site. .

2)

The user finds the row of values for
wind speed of 100 mph.

4y For a length (L) of 56 feet, the user
rounds to the next highest length shown
across the top row of the table - 60 feet.

62b

5) Under the column for 60 feet, the user
finds the intersection value with the
row for 100 mph wind speed. Read Ah
= 47 1bs./ft. of length along the longi-
tudinal exterior foundation walls, if
shear walls exist.

For this example of a2 Type C1 foundation,
no structural exterior longitudinal walls
exist, thus vertical X-bracing planes are
required between piers under chassis
beam lines. Follow the procedure of Sec-
tion 602-6.F and use the illustration in
Figure 6-11 and Figure D-26.

Begin Trial 1 with the minimum required

. vertical X-bracing planes: n = 2; one pair

under each chassis at both ends of the unit
length. Follow the equation:

47 plf x56
B_'__..............__'_

2
force carried by each X-brace set.

=1316 Ibs. of horizontal

. Verify that the manufacturer’s rated value

(item #63) is greater than the required
horizontal anchorage force (B) of item
#62b.2. 'In this example the manufac-
turer’s value of 4800 Ibs. is greater than B.
Thus, vertical X-bracing planes at both

- ends of the unit and under each chassis

 62b3

. 62b4

“beam line is adequate.

Approximate the height (h) in Figure 6-11
by assuming the chassis beam is 1 foot
deep, thus: h=4"-1"=3".

Return ‘to the calculation procedure of

‘section 602.6.F and determine the tension
force in a diagonal strap:

. g _
ﬁ,rSt': COSBIT = W ={0919

therefore: 6, = 23.2°




- 66.

67b.

6T, -—ﬁ— 14321b
nex 919 8.

Verify that the manufacturer’s (or product
supplier) rated value (item #65) is greater
than the required tension (Ty) from item
#62b.4. In this example, the manufac-
turer’s value of 3600 Ibs. is greater than
(Ty). Thus, the straps proposed are ade-

' quate as tension diagonals.

Withdrawal Resistance Verification

For Type C1 foundation answer item 67b
for concrete “deadman” footings.

- For this example, square concrete footings
used as “deadmen” are depicted on the

documents submitted by the owner to an-
chor the tie-down straps. See Appendix A
- concept details for Type C1 foundation.

1. From item number 52a, the value for
Av is 3033 1bs. per tie-down anchor

2. Use Tablc C 2 The Wxthdrawal Resis-

tance for Piers, in Appendix C. Table

C-2 can conservatively be used for

concrete footings used as “deadman”

anchors. The footing depth (hp) in the

- far left column can either-be hp = 3'-4"

for a 3'-0" sq. ft. footing or hp = 2'-0"

~ for a 4-0" sq. ft. footing. Assume the

least costly solutlon is the 3°-0” square
footing.

3. Based on item #9, the frost depth for

Tampa,  FL. is 0. Thus, the
“deadman” footings are at an adequate
depth. The pier footings under the
chassis beams can be set 87 below
grade, if undisturbed soil (not organic
material) is available, otherwise, foot-
ing must extend to firm bearing strata.

-12

Vertical Anchorage and Reinforcement for
Long Foundation Walls and Piers

68. For type C foundations answer item 68b.

1) From item number 52a, the value for
Av is 3033 1bs. per foot. The lowest
value greater than Av on Table C-3 is
4240 pounds

2) For the size of bolt set in concrete

“deadman” to complete connection to

the tie-down rod, from Table C-3:

~ a) Number of anchor bolts = 1
b) Anchor bolt diameter = 1/2"

3) Use Table C-3A for the reinforcement
of the piers under the chassis beams.
‘Even though these piers do not directly
receive anchorage overtarning force, it
is desirable to reinforce them to assist

“in force dlstnbunon 1n the vertical X-

bracine n}qnpc i

bracing planes.
a) Rebar size = #4
b) Lap splice = 16"

'c) Rebar hook length = 6"

Horlzontal Anchorage and Reinfercement for
Transverse Foundatlon Walls

69c.

Prom item number 59¢ (Assume the
owner dewided to use 9 X-bracing planes),
the value for (C) is 4235 1bs. per diagonal.

© Use Table C-5A for concrete. The hori-

zontal capacity of a single bolt is shown at
a spacing of 12",

_ Capacity

1800 Ibs.

Bolt size
172"




Three 1/2" bolts would be required to
connect the diagonal to the footing. Detail
the pier footing as shown in Table C-5A.

Verify that the rated capacity of the strap
exceeds the required tension (T)).

Horizontal Anchorage and Reinforcement for
Longitudinal Foundation Walls

70b. From item #62b.2, record the horizontal

anchorage force (B) as 1316 lbs. per X-
brace. Again, from Table C-5A, the shear
capacity of a 1/2” diameter bolt in con-

crete is 1800 lbs. One anchor bolt is suf-
ficient into the concrete footing. Detail
the pier footing as shown in Table C-5A.
Verify that the rated strap capacity ex-
ceeds the required tension (Ty).

Smnmary Sheet

The values can be brought forward on to

the summary sheet and the design approved.







APPENDIX E
OWNER’S SITE ACCEPTABILITY WORKSHEET

Name: ] AoHN _DOE

Address: | (c_;OO S FRsST ST .
CHAMPAIGY) | 1L

Telephone: :

SiteLocation: - _______ CHAMEAIGN | (L

Legal Description: | :

no

Have you provided a copy of a rhap pinpointing the site? o ' no
Have you-submitted a foundation plan? e :
(See #10 of Manufacture’s Worksheet)

Prelumnary Site Information -

Before approval of the site can begin, the applicant must provide preliminary site information to the
field office. Refer to Chapter 2, “Site Acceptability Criteria” for clarification. ‘

1. Provide survey results showing existing grade elevation. (201-1) M A ft.
2. Isthe building in a flood-prone area? (201-2) yes
H the answer to 2 is Yes, answer 3, 4, & 5.

If the answer to 2 is No, answer 6, below.

E-1 (Appendix G - Example 1)




3. What is the Base Fiood Elevation? ft.
What is the Flood Protection Elevation? ‘ | — ft.

4. Has approval for drainage, grading and berming been approved
for flood-prone sites? yes no

5. Have permits been provided? = k ' yes  no
(Permits must be obtained for any alterauon of the buﬂdmg site in
a flood protection area.)

6. Provide geotechnical report in areas of known high water table.
(201-4) yes no

7. Provrde geotechnical report if adverse srte COHdlthIlS are found or

Q)
suspected. (203) yes '

8. - Provide site-drainage plan complying with CABO R301.3 or local

requirements (301) . no

9. Provuie fill specifications if site is to be prepared with earth fill. A
(303-2) - © yes

10. - If a geotechnical report is required, what is the net allowable soil
bearing pressure? (202) _ _ : psf.

M-l 2kl Sl

11. If no adverse soil conditions are known or suspected, and if the
home is individually sited, assume a soil bearing pressure of 1,000
psf. and use this value when a determination of soil bearing pres-
sure is called for. _

(Appendix G - Example 1) E-2




APPENDIX E
MANUFACTURER'S WORKSHEET

Manufacturer's

Company Name: H"Q\UARD ‘.’DM\T& CO 5 \Mé .
Address: . \QO"{* W . "'{1.—3'114: é’T _

NEW Yok  N.Y. 1OOB)
Telephone: (3\4'\ %Zq - XX XE

Determination of Building Structure and Size

The manufacturer shall provide the following information:

1. Type of unit V) E o _ Single-Section
SR CMulti-Section )
2. . Method, location and types of support: -
Refer to Figures 6-7 and 6-8 and Section 601-4 -

Is the home a C, E, or I? __ _ E

3. LengthofunitL - ' 6(0 _ ft.
4. Actual width of unit Wt | 1%2-8 &
5. Height of exterior wall ** | | I 1 s ZR
6. Height of roof peak ** : : _ Z - 2 f
7. Roof slope ** 212

8. Self weight of total unit (W) including mrechanical equipment ** 2204 O 1.
9. Distance between chassis members _ 7 2] "_' O 1.
10. One foundation design concept (See Appendix A) E1l

(C1-C4; E1-E8;0r I)

E-3 {Appendix G - Example 1)




11. Recommended pier spacing ** ‘
a. Exterior _ ' 2.0 1«
b. Imterior H 2.0
¢. Continuous Marriage Wall ' & .0 1
Length of largest isolated mafriage wall opening or average of -
largest two adjacent openings lo+iz 4 |4.0 1.
' 2
d. Tie-down Strap (C1 concept only) 43 A £ A - ft
(Number) (Spacing)
12. One installation method recommendations (include documenta-
" tion showing connection details pertinent to geographic area for ‘
seismic or wind). ** 3 . no
13. Interior shear wall locations (include documentation showing lo- .
cations). ** no
14. Design wind speed used in designing connection details for hori- o '
3 zontal anchorage (Ah) and vertical anchorage (Av) in the trans- '
verse direction. ** _ _ - I OO mph
15. Seismic acceleration values used in designing connection details CAv _O. oo |
for horizontal anchorage (Ah) in the transverse and longitudinal :
directions. ** | Aa_©.0%
16.  Shear wall connection details with rated capacity for wind and

seismic are provided. ** 1 no
a. Connection locations at foundation end and interior walls

shown? ** o no

' b, Rated connection capacity for uplift and overturning ** 200 s

{or ibs./tie-down)

¢.' Rated connection capacity for sliding in transverse dire_ctidn ** 400 Ibs./ft.
' s "~ (or Ibs./diag. strap)

d. Rated connection capacity for sliding in longitudinal directiqn k- ﬂ o] @) _ Tbs./ft.

" e. Vertical X-bracing tension strap capacity ** ' N A

Ibs./diag. strap

(Appendix G - Example 1) | E-4




f. Engineering calculation by licensed structural engineer? ** no

** Optional values: It is optional for the manufacturer to provide these values. If the manufacturer
does not provide the values, it is the responsibility of the owner to supply values, based on engineer-
ing analysis by a licensed structural engineer.

4 Item 16 is provided in California.

E-5 (Appendix G - Example 1}







APPENDIX F

DESIGN WORKSHEET

Owner’s Name: | - OHRN DOE
Address: ! Q)QO S, F[Ré"' 6’T CHAMPAl ; L .
Builder’s Name: ACME LTD _
Site Location: c HAM?A\ 6&3 N l___..

P-ART 1: SITE CONDITIONS

(Accompanies Chapter 2)
1. Has the Manufacturer’s Worksheet been provided? . no

Existing Grade Elevation (201-1)

2. Does the site require a survey? . yes
(Answer yes if: 1) elev. to be altered by grade or fill; 2) site near
' flood zone; 3) subdivision. Answer no if individually-sited with
no alteration of building site.) s :

3. If yes to above, what is the surveyed existing grade elevation? . _ NA

Flood Protection Elevation (201-2)

4. Isthe building site in a flood zone? yes
(If yes to 4, then answer 5, 6, 7 & 8. Ifno, skipto 9.)

‘5. What'is the Base Flood Elevanon or the Flood Protectlon EIeva—
tion (use highest value)? _ ft.

6. Ts the site to be graded, filled, or bermed‘7 S yes  no
(If no, skip te 9. ) _

7. If yes to 6, have all permits been pfovided? | | | yes  no

8. If no to 6, then are the buildings to be bullt on elevated founda-
tions? yes. no
af yes this handbook cannot be used. Refer to FEMA Manual )
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Frost Penetration Depth (201-3)

9.

10a.

10b.

What is the maximum frost penetration depth? _ % O i
(see Appendix H, page H-4) '

Does foundation plan show base of footing exte.nchng below frost _ )
penetration depth? no

{If yes proceed; if no, applicant should revise plans.)

Does foundation plan show base of footing extending below top-

soil layer (min. 12”) to undisturbed soil? no

Ground Water Table Elevation (201-4)

For subdivisions, does a Geotechnical Engineer recommend

11.
drainage of subsurface water? _ ' yes
(If no, skip to 13.) '

12. Has groundwater drainage plan been provided? | o yes 1o

Seil Conditions (202, 203) o

13. Ifany of the following adverse site conditions are discovered, specific recommendations by a

“Geotechnical Engmecr wﬂ] be requxred (apphcs to subdmsmns and 1nd1v1dua12y-sxted homes.)
o - _
Organic soil (8” topsoil layer) ‘D iauﬁe.\" ﬁ ‘D?(’m " ' no
ét-L&J ' : -

Expansive (shrink-swell) soil ~ D\AA L.\.\ o\ ' yes
Sloping site - yes
Subsidence _ yes ”
(Applicant may be referred to Geotechnical Engineer if any of the above are yes. I no, to all
of above, move to next step.): _ :

14. Is area in a known termite infestation area? : _ no
Region classification? MO‘DERATE TO HEeEAYY

* (See Appendix H, Termite Infestation Map, page H-10) (If no,

skip to 16.)

15. Has applicant complied with CABO R-308 or local ordinance for

‘construction procedures and treatment? : no

(If yes, continue; if no, refer applicant to CABO requirements.)
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16.

17.

18.

19.

PART 2: SITE PREPARATION
{Accompanies Chapter 3

Acceptable surface drainage plan provided? (301)
(If no, one must be provided for subdivision)

‘Grading plan provided? (302)

Fill specifications confenning to those cited in HUD Land Plan-
ning Data Sheet (79g)? (303)

(If fill is used, below the home's foﬁndatlon a report by Geotech.

Eng. should be submitted to provide fill specifications.)

Finish grade elevation? (304) _
(Check answers to Part 1: #4 & #5. The finish grade elevatlon
must be higher than #5 if in flood zone.) :

PART 3: DESIGN LOADS
{Accompanies Chapter 4)

Information from Manufacturer's Worksheet

- 20.
21.
22.
2.

. 24.

‘Has all the information been provided on the Manufacturer's

Worksheet? Annendly E)

L DAl P LW

What is the building self weight (W)?
(Mfg. Wksht. #8)

What is the building length (L)?
(Mfg. Wksht. #3)

‘What is the distributed weight per foot of unit length? (w=W/L)

(402-1.B, C)

 What is the building type?
(Mfa. WkSht, #2)

Foundation design concept?
(C1, C2, C3, C4,El, E3, E4, ES, E6 E7,ES, I)

@0

no

1o

-

5 ';O‘(-O Ibs.

56 g

| '59 O  1bss.

Single-Section
(_ﬁulti-Section D}
C,@or 1 |

BE1 .
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Dead Load (402-1)

25.

26.

27.

What is the light dead load value from Table 4-17
(402-1.A.1)

What is the heavy dead load value from Table 4-1?
(402-1.A.2)

Does the answer from Questioﬁ #23 fall wiihin the values in #25

and #267 (402-1.D)

(If the answer is yes, continue. If no, the foundation is not within
the limits of this document and must be redesigned by a structural

engineer.)

Snow Load (402-2) / Minimum Roof Live Load (402-2.C)

28a. What is average annual ground snowfall (Pg)?

28b.
292,

29b.

30.

(See Ground Snow Load map, pages H-11, H-12 and H-13.)
What is 0.7 multiplied by Pg?
What is the roof stope? (Mfg. Wksht. #7)

What is the minimum roof live load for the roof slope?

M0N0 2 By
(ER L VNN )

Record the larger magnitude of item 28b or item 29b. Use this |

magnitude for roof load where required.

Wind Loéd (402-3)

31a.
31b.
32.

- (If inland, skip to question #38.)

33.

What is the basic wind speed (V)?

- :(See Wind Speed map, page H-14.)

If V is less than 80 mph, record MPS min. 80 mph for wind de-

 sign. (402-3.A)

Is the site inland or coastal? (402-3.B)

If a coastal area, has the manufacturer provided connection de-
tails? (402-3.D) (Mfg. Wksht. #12) -
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(Ibs./ft.)

- _BO0% -«
T (bs./it)

no

(Ibs./sq.ft.)
| 4 __ psf.
2l
20 pst.
20 psf.
_ 70 mph
80 mph.

Coastal

yes  no




34. If yes to #33, what design wind speed has the manufacturer used

in designing connection details? o B mph. *

(Mfg. Wksht. #14)
35.. Are the connection locations shown? (Mfg. Wksht. #16a) _ yes  no

36. Are connection details provided for foundation shear walls? =~~~ yes' "o
(For an answer of yes, all questions under Mfg. Wksht #16 must ER
be answered satisfactorily.) . '

37. s the value for Question 34 equal to or greater than the number

given in Question 31? © - yes no
* (If yes, proceed. If no, return desxgn to manufacmrer for clarifica- '
tion.)
Seismic Load
38a. What are the seismic acceleration values? Aa _ O Nel-

(See Seismic maps, pages H-15 and H-16) ”
. ' \ Av O ' 05 *

38b. Is Av <0.15? . _ 1o

(if no, proceed. If yes, seismic need not be considered, skip ques-
tions 39 to 41 )

39. Seismic performance category. ' NAL
(See H-300 for Special Requirements of Foundation Design.) :

40. What is the applicant's proposed design concept? NA. #
(Design Wksht #24)

41. Do the Foundatlon Design Concept Tables approve the foundauan
system for use in seismic areas of Question #38 above? (See Ap-
pendix A) yes  no
(If yes, proceed. If no, return to apphcant for foundation design '
choice more suited to high seismic areas.)

- PART 4-FINAL DESIGN PROCEDURE
- (Accompanies Chapter 6)

_ . i i
42. What is the actual building width? | 12-5 #
(Mfg. Wksht. #4) '
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43. The nominal building width to be used in the Foundation Design
Tables, (Aftg, Av & Ah)is Wt:
(600-2.A and Figure 6-1)

H’LO fr.

44. Where are the foundation supports located? Check drawings @
- submitted by the owner and Foundation Design Concepts in E Exterior Walls

Marriage Wall

Appendix A. Circle the support locations shown on the
Manufacturer's foundation ¢oncept plan. '

45. Do these locations match the Foundation Concept shown in Ap-
pendix A? Do the locations match Question #24 on the Design
Worksheet? _ '
(If yes, proceed. If no, return to Owner for clarification.)

46. Is Vertical Anchorage present?
(601-2.B, 601-3.B & 601-4.B (Figures 6-7 & 6-8); Mfg. Wksht.

®®

@ =

no

#12 & #16) _
APPENDIX A '-
47. What is the basic system type? E ’L *
(From Part 3: #24; Mfg. Wksht. #2) .
48. What is the spacing between piers? Exterior: 4(5)6' 7' &
(Mfg. Wksht #11) | | . _ o
(602-2) o Interior: 4' (506 7' 8
Continuous Marriage Wall: 4' 5' ¢' 7'
L+l | 4’ Largest or Average Marriage Wall IOpen_ing: < ft.
TieDown (C1) _ W A - ft
APPENDIX B
Required Footing Size
49. The required Exterior Wall Footing, for the foundation type, is
found in the Required Effective Footing Area table in App. B,
Part 1. (Use maxirmum value from item #30.) _E4
The Required Exterior Square Footing size is: Typé C__ WA, sq.ft.
TypeEorl __ 10O fi MW,
{width)
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50. The Required Interior Footing area is: 2 .| sq.ft.
 (Also exterior piers for foundation type E)

51a. The Required Continuous Marriage Wall Footing area is: .9 sq.ft.

51b. The Required Footing area under posts at the ends’ of marnage
wall opening(s) is: . , ' 1.4 sq.ft.

Vertical Anchorage Requirements in the Transverse Direction (602-4)

52a. Using the Foundation Design Load Tables .(Appendix B, Exterior Av (20 =

Part 2), determine the Required Vertical Anchorage. - (Ibs./pier spacing;
_ (Ibs./ft for E type>
Ibs./tie-down spacing)

52b.. Number of vertical tie-down locations for multi-section units: @or'"4 or 6

52¢. For units with additional vertical anchorage at the interior piers, B |

' determine the Required Vertical Anchorage. _ Inteno; Av _ WA *

. : o (Ibs.fint pier spacing)
53. What is the manufacturer-supplied value? | - . Exterior 20 O * |bs /-H‘

(#16b, Mfg. WKSht.)
T ' CInterior WA *

54. Is this value (#353) greater than the value given in #52a? - no
(If yes, continue. If no, return to owner for clarification. ) ' o

Horlzont_al Anchorage Requirements In The Transverse Direction (.602-5_)

thal 1| mal 2 | trial 3

S5a. What number of transverse foundation walls @ @ 6
" was selectcd" (602-5 E)f vertical X-bracing ' — '
planes are used, complete items #55a, #56 and
#57 for 2 transverse walls, and then skip to
1tem #59. )

55b. Are dxagonal ties used to complete the top of yes yes yes

 the transverse short wall for horizontal anchor- 1 no

age? (602-5.G.1).

Estimate height (h) for appropriate 111ustratlon ' WA ' ft.
in Figure 6-10. AR o
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56.

57a.

57b.

58a.

Using the tables, find the Required Horizontal
Anchorage (Ah). (Appendix B; Part 3)

What is the manufacturer’s-supplied rated ca-
p_acity for sliding? (#16¢, Mfg. WkSht.)

If answer to item #55b is yes, record manufac-
turer or product supplier rated strap tension ca-

~ pacity

Is value #57a greater than item #3567
If yes, continue. If no, return to section
602-4.C and to question #55a and select a

. larger number of transverse foundation walls.

58b.

58c.

59.

If the maximum number selected (6) does not
* work, return to owner (who may wish to con-

tact the manufacturer for clarification).

If answer to #55b is yes, required tension in di-
agonal (T;). (Complete procedure in Section
602.5.G.1.) '

Is value #57b greater than #58b?
If yes, continue to item #62. I no, return to
owner for product with greater capacity.

End Wall Ah

Int Wall Ah

trial 3

If.-using vertical X-bracing planes in lieu of transvérse short walls (and the formulas in
section 602-5.G.2), determine anchorage values and sizes for diagonal members.
(If shear walls are selected in item #55, skip to item #62.) '

a. Vertical X-bracing spacing proposed.

b. Number of vertical X-bracing locations proposed.

(Item #13, Mfg. WkSht. for trial 1.)
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trial 1 { trial 2
420 \ 4_ O los./ft.
- Z 80 Ibs./ft.
400 400 Ibs./ft.
1bs./strap
NOA WA
yes yes
' no- no
- A Tbs.
yes | yes | yes
no no no
trial 1§ trial 2| trial 3
N ' A b t_A- fi.*




60.

6la.

61b.

é. Regnired horizontal anchorage (C) value, based on fqr- _
mula. (602-5.G.2.c)

d. Estimated height (h) in Figure 6-10.
e. Tension (T} required. (602-5.G.2.d)

What is the manﬁfacturer—suppligd rated strap tension ca-
pacity? (#16, Mfg. WkSht.) (or capacity defined by literature
supplied by product supplier)

Is value #57 greater than value #59¢? _
If yes, continue. If no, return to Section 602-5.G and to

‘question #59 and select a greater number of X-brace loca-

tions as a next tnal Repeat unt:l answer is yes, then con-
tinue.

Is value #60 greater than value #59¢?
If yes, continue. If no, return to section 602-5.G and to

question #59 and select a greater number of X-bracing loca-

tions. If the maximum number selected does not work, re-
turn to owner (who may wish to contact the manufacturer for

~  clarification or product supplier for clarification).

trial ]

trial 2

trial 3

yes .

no

yes

no

yes

. .no

yes

no.

yes

no-.

yes

no

Horizontal Anchorage Requirements In The Longitudinal Direction (602-6)

62a.

62b.

Usmg the tables, find the required horizontal anchor-
age (Ah) in the longitudinal direction. (Append:x B,
Part 4) (602.6.E)

If using vertical X-bracing planes (and the formulas in sec-
tion 602-6.F) determine anchorage value for X-bracing
planes. (If using extenior long walls, skip to item #63.)

1. Number of chassis beam lines used for vertical X-
bracing planes.

Extenor Wall Ah- 67

trial 1

trial 2

trial 3

2o0r4

2ord

2or4
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ft.
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Ibs. *

Ibs./ft.




trial 1 | trial 2 | trial 3

Number of X-bracing planes proposed under each chas-
sis beam along the length of the unit.

2. Horizontal anchorage (B) requlred force, based on for- | . Ibs.
mula. -
3. Assumed height (h-b) based on Figure 6-11. ' 1 ft.
4. Tension (T, ) based on formula. (602-6.F.(3)). o ' 1 _ Ibs.
63. What is the manufacturer-supplied value for honzontal an- 4 00 | lbs/tt.
chorage? (#1 6d, Mfg. WkSht.)
64a. For shear walls: is value #63 greater than #62a? =~ _. yes yes
If yes, skip to item #67. If no, contact owner for clarifica- no no | no
tion. :
64b. For X-bracing: is value #63 greater than value #62b.2? AN R ACHN R A
If yes, return to itern #62b.3. If no, increase number of ver- nc | no | no

tical X-bracing planes and repeat items 62b.1 and 62b.2 untﬂ
- answer is yes. For multi-section units cons1der 4 lines of
: vertlcal X-bracmg under all chassis beams _

65. What is the manufacturer-supplied rated strap tension? _ i 1 | 1bs.
(#16e, Mfg. WkSht. or product suppher) . -

66. Is value #65 greater than #62b.47 : ' yes _ yes | s
If yes, continue. If no, contact owner to obtain straps Wlﬂl no no no

greater capacity, or return to item #62b.1 and increase the
number of vertical X-bracing planes until answer is yes.

'APPENDIX C

Withdrawal Resistance Verification (603-2.B)

67. Using Appendix C, Table C-1 or C-2, verify that the E):ta%lm““\ 127 | - E o
‘foundation system will resist withdrawal. Answer ques- "—‘ﬁ iw = 24
tion #67a for type E. Answer question #67b for types C, 20  =Frost ! —(Table C-1)
(ltem #9) Depth

I, or type E with interior pier anchorage.

_ le"
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a. Withdraewal Resistance for long foundation wall, (Type E)
Circle the type of material that is to be used. Reinforced Concrete
( Masonry-Fully Grouted )
Masonry-Grouted @ 48” 0.c.
All-Weather Wood / Footing

1) Using Table C-1, which capacity is greatcr than reqmred

- Av?(603-2.B.(1)) (#52a) o __ , N 25\ Ibs./ft.
2) Using Table C-1, what is the height of the wall + footing
for required withdrawal resistance’? (hw +6") P 20 in.
' 3) Whatis the helght of the wall + footmg for frost protec-
tion? (frost depth (#9) + 12°) s VY
~ 4). What is the greatest helght #672.2 or #67a.3? o 4 2 __in.
Circle the height which controls. Withdrawal
' ' : ' - _ _Frost Depth
) 5) Record the bottom of footzng depth from grade S %0 in.
(Item #67a 4-12™ _ ) _
6) Using Table C-1, what is the requxred width of the wall ' u
f(}Oﬂ“U for W}’;hd.."a‘.‘."ﬂ‘) ) i ?_ in.
7) Ts item #67a.6 greéter. than or equal to item #497 . o _ no
. If yes, continue. If no, change footing width to item #49.
: ’ 1]
8) - Record design exterior wall footing width. _ ‘ 2. _ in.

(concrete dead-man), 1 or type E with interior pier rade _-\——

anchorage - multi-section units.) % O =Frost

b. Withdrawal Resistance for Piers. (Types C, Cl Exterior —% %r
(oo #3)_ Deth

Wi=

Circle pier type: I Reinforced Concrete
‘Reinforced Masonry - fully grouted
Reinforced Concrete Dead-man
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Exterior

Interior
(when used)

1) Using Table C-2, which capacity is greater than

required Av? (#52a and #52¢) (603-2.B.(2)) AL lbs./pier *
2) Using Table C-2, what is the height of the pier + .

 footing for required withdrawal resistance? NLAL in. ¥

(hp +8")

3) What is the required height of pier + footing for | 2 | 1% belocws '{0?9« ‘
ion? ' 27 W - i .

frost protect:o_n. (frost ge‘:gth # + 12™) u_u.m _ e in. 2’%{‘;\_0&‘

4) What is the greatest height #67b.2 or #67b.3? in. '

Circle the height which controls.

5) Record the bottom of footing depth from grade.

Withgrawal  Withdrawal
Frost Depth  Frgst Depth

in.

.\M:\H,l 8 .wﬁ“‘ |__2)

T {(Item #6764 - 127 T

6) Using Table C-2, what is the required width of
the square footing if withdrawal resistance con-
trols or if frost depth controls?

_M"-A-_ -

in.

c. Frost depth for marriage walls. What is the required depth of
footing below grade for frost protection? (frost depth (#9)) -
(no withdrawal resistance) S

wiv. | B

Yelouws
soil level

in. .
S0} \1 @ vwdite

Vertical Anchorage and Reinforcement for Longitudinal Foundation Walls and Piers

(603-2.D)

68. Using Appendix C, Table C-3, C-4A or C4B; verify that the
foundation anchors will resist uplift. Answer question #68a for
type E. Answer question #68b for types C, I, or type E with inte-
rior pier anchorage.

a. Vertical Anchor Capacity for longitudinal foundation wall
(type E). (603-2D.2)

1) Using Table C-4A (concrete l&g masonry), which capacity
is greater than the required Av? (#52a, Design Wksht.)
If treated wood wall, skip to item #68a.3.
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Circle correct washer choice for the capacity selected

2) Using Table C-4A (masonry and cor_lcr'ete):
a) Required anchor bolt diameter
b) Reéuired anchor bolt spacing
¢) Using Table C-3A:
(1) Rebar size
(2) Lap splice

(3) Rebar hook length

3) Usmg Table C-4B (wood), whlch capacity is greater than

the required Av? (#52a, D631gn Wksht.)

If using concrete or masonry wall, skip to item #68b.

4) Using Table C4B (wood):
| a) Reqﬁifed nailing
b) Minimum plywood thickness
¢) Required anchor bolt diameter
d) Required anchor bolt spacing

b. Vertical Anchor Capacity for Piers -
(Types C, 1, or type E with interior pier anchorage)
_ (603-2.D.1) - '

Standard Washer

Oversized Washer

PR
/_Z-cipin.

1 2. in.
wmax. allow .

#4
lCD .
— G

N A -
Ibs/lineal ft. of wall

in.
in.

in.

Exterior. Interior

1) Using Table C-3, which capacity in the table is
greater than the required Av?

{when used for
anchorage in
multi-section units)

LA Ibs./pier

(From #52a, Design Wk_sht.)
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Exterior Interior
2) Using Table C-3:
a) Number of anchor bolts | lor2  lor2
b) Anchor diameter | | 1/2" or 5/8" 1/2" or 5/8"
3) UsingT able C-3A: |

a) Rebar size #4 or #5 #4 or #5

b) Lap splice - in.
¢) Rebar hook length ' in.

‘Horizontal Anchorage and Reinforcement for Transverse Foundation Walls (603-3)

69. Using Appendix C, Table C-5A or C«SB, verify that the founda-
tion anchorage will resist sliding at the transverse end foundation
walls. Use fortypes C,E, or L.

End Wall  Interior Wall
a. For continuous foundations. _ C

Using Table C-5A (concrete & Qasonry) or C-5B
(wood), which capacity is greater than the required

(Ah) (603-3) (ilem #56)? 46 280 200 - _ZOO  1bsi.
1) Using Table C-5A, find: S

a) Required anchor bolt diameter - | l/?- ‘b l/Z ‘#’ in.

b) Required anchor bolt spac.ing. | 12 12 in.

wone allsw -
c) Using Table C-3A:

(1) Rebar size #4 0 # 4 .
@ Lap splice " | (o \ & in.
(3) Rebarhook length lo 2

2) Using Table C-5B, find:

a) Required nailing ; *
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End Wall  Interior Wail

b) Minimum plywood thickness _ in.
¢) Required anchor bolt diameter ' in.
d) Required anchor bolt spacing | ' - in.

b. For transverse short foundation walls completed with diagonal braces.
(603-5) ) .

Using Appendix C, Table C-5A, verify the diagonat
anchorage capacity to the short foundation wall.

‘End ___ __Interior

1) Record the required horizontal force (Ah X Wt)

from 602-5.G.1.a and item #56. | NLA - | Ibs.
2) Table C-5A capacity for one 1/2” diameter bolt at 7 :

12” o.c. 1800 . 1800 Ibs.
3) Number of bolts (Ah x Wt + 1800; one mini-

mum) at concrete or masonry top of short wall. - : *

~ 4) Sizeof anchor bolts - in.

5) Using Table C-3A:

a) Rebarsize - *

b) Lap splice ' in.

c) Rebar hook length : . in.

c. For vertical X-bracing planes in the transverse direction.
(603-6)

Using Appendix C, Table C-5A, verify the diagonal anchorage
to the pier footings and the tension capacity of the diagonals.

1) Record the required horizontal force (C) from item #59¢. NCA - Ibs.

2) Table C-5A capacity for one 1/2” diameter bolt at 12” o.c. | 1800 lbs.
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End Wall _ Interior Wall

Anchor bolt spacing ' 1z 12 i
Rebar size | | - *4 7 4

Lap splice - 6 | & i
Reba: hook 1¢ngth b | Co in.

From #69a.2: wood:

Required nailing

Minimum plywood nailer

An;:hor b_olt diameter

Axnchor bolt spacing _ - in.

2. For transverse short foundation walls completed with di-
agonal braces (#69b) '

End Interipr

- Number of pairs of diagonals (1 for single-
section units, 2 for multi-section uni_ts) times —
number of short walls (end or interior) (#35a)

Diagona] spacing (same as number of short
walls)

From #69b: concrete / masonry:

. Anchor bolt diameter - ' - - in,
Number of bolts
Rebar size
Lap splice | | i | - in.
Rebar hook length - ___in.

. 3. For vertical X-bracing planes in lieu of short walls. (#69c)

Number of X-brace locations (#59)
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Spacing of vertical X-brace planes (#59) . ft.

Items from #69¢.3 and #69¢.5

Required anchor boit diameter . | | | in.
Number of bolts at top of footing to connect diagonal

Diagonal strap size |

Connection to top flange of chassis beam .(describe)

c. Horizontal anchorage in the longitudinal direction - exte-
rior foundation walls

1. Coririnuousfoundétion walls
Reinforcing for longitudinél foundation walls: record only

if larger sizes or closer spacing than recorded for vertical
.anchorage (#71a.2).

From #70a.1: concrete / masonry:

Anchor bolt diameter

Anchor bolt spacing

Rebar size

Lap splice _in.
Rebar hook length | __in.

From #702.2: wood: record only if larger sizes or closer
spacings than recorded for vertical anchorage (#71a.2)

Required nailing
Minimum plywood nailer
Anchor bolt diameter

Anchor bolt spacing in.
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2. Vertical X-bracing planes under chassis beam lines

(#70b.)
Number of X-brace locations along one chassis beam Iine; NA .

| Spacing of X-brace locations along one chassis beam iine. ' ft.
Required anchor bolt diameter. | _ in.

Number of bolts at top of footing at connection to the di-
agonal. :

Diagonal strap size.

Connection to bottom flange of chassis beam (describe).

72. Do foundation dimensions and details comply with Foundation |
Capacities Table, based on Foundation Design Table Values? no

73. If #72 yes, approve. If nb, return to applicant. : - (APPROVE

DISAPPROVE
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APPENDIXE |
OWNER’S SITE ACCEPTABILITY WORKSHEET

Name: AoHN oMt

Address: %9 "ERAMD‘(\L_J WE
TAMPA _®L

Telephone:

Site Location:

Legal Description:

Have you submitted a foundation plan?
(See #10 of Manufacture’s Worksheet)

Have you provided a copy of a niap pinpointing the site? _ - no

no

Preliminary Site Information

Before approval of the site can begin, the applicant must provide preliminary site information to the
field office. Refer to Chapter 2, “Site Acceptability Criteria” for clarification.

1.

2.

Provide survey results showing existing grade elevation. (201-1) _ 28 ft.

Is the building in a flood-prone area? (201-2) yes
If the answer to 2 is Yes, answer 3, 4, & 5.
If the answer to 2 is No, answer 6, below.
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3. What is the Base Flood Elevation? ft.
What is the Flood Protection Ele_vation? ft.

4. Has approval for drainage, gradihg and berming been a;iproved
for flood-prone sites? yes no

3. Have permits been provided? ' yes no
(Permits must be obtained for any alteratJon of the building site in
a flood protection area.)

6. Provide geotechnical report in areas of known high water iable.
(201-4) yes
7. Provide geotechnical report if adverse site condmons are found or _
suspected. (203) . - : yes

8. Provide site-drainage plan complymg with CABO R301.3 or local

requirements, (301) _ _ no

9. Provide fill specifications if site is to be prepared with earth fill.

(B03-2) | yes

10. H a geotechnical report is requlred what is the net allowable soil
bearing pressure? (202)

11. If no adverse soil conditions are known or suspected, and if the _
home is individually sited, assume a soil bearing pressure of 1,000
psf. and.use this value when a determination of soil bearmg pres-
sure is called for.
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APPENDIX E
MANUFA CTURER'S WORKSHEET

Manufacturer's

Company Name: . MEU\.’ : HOME% _. | _

Address: _ %‘q F‘E}\CH'TRE_E LANE |
ATLAMTA | GA

Telephone: - __2\9 'l/ 22 ~ \7.-‘:1 Z |

Determination of Building Structure and Size

The manufacturer shall provide the following information:

1L

2.

10.

Type of unit Single-Section

Method, location and types of support:

* Refer to Figures 67 and 6-8 and Section 601-4 | A
Is the home a C, E, or I? ' _ C/
Length of unit L i | _ L : S5& ft.

Actual width of unit Wt | - _1%-8 =&
B . : ¢ '
Height of exterior wall ** | . [~-& 1

Height of roof peak ** _ S _ 2 - ft.
Roof sloﬁe ** | | ” 4 (2
Self weight of total unit (W) including mechanical equipment ** ! &, 200 s,
Distaﬁ_ce between chassis members (" - 10 ft.
One fouﬁdation design .cc.mc.ep.t (See Appendix A) C' 1—

(C1-C4; E1-E8; or I)
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11. Recommended pier spacing **

a. Exterior ' 7 ft.

b. Interior | | | - ft

¢. Continuous Marriage Wall T ft
Length of largest isolated rﬁarﬁage wall opening or average of

largest two adjacent openings ' ‘ o ft

) 1o
d. Tie-down Strap (C1 concept only) | B-9 1
o ' (Number) (Spacing)

12. One installation method recommendations (include documenta-
tion showing connection details pertinent to geographic area for
seismic or wind). ** . o . yes / Do

13. Interior shear wall locations (include documentation showing lo-

cations). ** _ | no

- 14. -Design wind speed used in designing connection-details forhori- - -~ — ——— — —

. zontal anchorage (Ah) and vertical anchorage (Av) in the trans-

verse direction. ** 120 mph.
15. Seismic acceleration values used in designing connection details ~ Av : 0 : o5 -

for horizontal anchorage (Ah) in the transverse and longxtudmal ' '

directions. ** ‘ - - Aa 0.0

16. Shear wall connection details with rated capacity for wind and ' |
seismic are provided. ** 1 ' no
a. Connectlon locations at foundation end and mtenor walls

shown? ** ' no

b. Rated connection capacity for uplift and overturning ** 2150 bt
: (or Ibs./tie-down)

. ¢. Rated connection capacity for sliding in 'tr;insver-sc direction ** 48 OO s it
' ' ' (or 1bs./diag. strap)

d. Rétcd connection capacity for sliding in longitudinal djréction *k h 4 &OO Ibs./ft.
€. Vei'tical X-bracing tension strap capacity ** o , ; @
‘ bs./diag. strap
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f. Engineering calculation by licensed structural engineer? ** no

*+ Optional values: It is optional for the manufacturer to provide these values. If the manufacturer
does not provide the values, it is the responsibility of the owner to supply values, based on engineer-
ing analysis by a licensed structural engineer.

%+ Ttem 16 is provided in California.
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APPENDIX F

DESIGN WORKSHEET
Owner’s Name: | —\ OH'D ST
Address: 25 BRALSDYWINE | TAHPA \FL
Builder’s Name: ERA PEQ IND L_JﬁR\_E_’:
Site Location: TAMTA N EL. .

PART 1: SITE CONDITIONS |
(Accompanies Chapter 2)
1. Has the Manufacturer’s Worksheet been provided? no
Existing Grade Elevation (201-1)

2. Does the site require a survey? ' no
- (Answer yes if: 1) elev, to'be altered by grade or fill; 2) site near _
flood zone; 3) subdivision. Answer no if individually-sited with

no alteration of building site.)
| ‘3. If yes to above, what is the surveyed existing grade elevation? | Z & ft.
Flood Protection Elevation (201-2)

- 4. s the building site in a flood zone? yes
(Ifyesto4 thenanswerS 6, 7&8 Ifno,sk1pto9) '

5. 'What is the Base Flood Elevanon or the Flood Protectlon E]eva- :
tion (use highest value)? - fr.

6. the site to be graded, filled, or bermed? yes 1o
“(If no, skipt0 9.)

7. If yes to 6, have all permits been proQided? o yes  no

8. If no to 6, then are the buildings to be built on elevated founda-
tions? _ yes  no
(If yes, this handbook cannot be used. Refer to FEMA Manual )
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Frost Penetration Depth (201-3)

0.

10a.

- 10b.

What is the maximum frost penetration depth? . O in.
(see Appendix H, page H4)

Does foundation plan show base of footing extending below frost

-penetration depth? | S no

(If yes proceed; if no, apphcant should revise plans.)

Does foundation plan show base of footing extendmg below top-
soil layer (min. 12”) to undisturbed s0il? : no

Ground Water Table Elevation (201-4)

11.

12.

For subdivisions, does a Geotechmcal Engmeer recommend

drainage of subsurface water? = yes
(If no, skip to 13.) '
Has groundwater drainage plan been provided? o yes 10

Soil Conditions (202, 203)

13.

i4.

15.

if any of the following adverse site conditions are discovered, specific recommendations by a
Geotechnical Engineer will be reqmred (applxes to subchwswns and individually-sited homes.)

Organic soil (8” topsoil layer) . | . no |
Expansive (shrink-swell) soil - S : yes
Slopi_n“g site : . yes
Subsidence yes .

(Applicant may be referred to Geotechmcal Engmeer if any of the above are yes. If no, to all
of above, move to next step.) . _

Isareaina known tcrmxte infestation area? _ o no
Region classification? - VERN HEA\M
(See Appendix H, Termite Infestation Map, page H-IO) (If no,

skip to 16.)

Has applicant complied with CABO R-308 or Jocal ordinance for

construction procedures and treatment? : no
(If yes, continue; if no, refer applicant to CABO requuements ) o
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16.:

17.

18.

19.

PART 2: SITE PREPARATION
(Accompanies Chapter 3)

Acceptable surface drainage plan provided? (301)
(If no, one must be provided for subdivision)

Grading plan provided? (302)

Fill specifications conforming to those cited in HUD Land Plan-
ning Data Sheet (79g)? (303)

(If {11l is used, below the home's fotiﬂdation, a repbrt by Geotech.

Eng. should be submitted to provide fill specifications.)

Finish grade elevation? (304)
(Check answers to Part 1: #4 & #5. The finish grade elevation
must be higher than #5 if in flood zone.)

" PART 3: DESIGN LOADS
{Accompanies Chapter 4)

Informa_tion from Manufacturer's Worksheet

o0

Has all the information been provided on the Manufacturer S

 “Worksheet? (Appendix E)

21.

22.

23,

24,

What is the building self Welght (W)?

(Mfg. Wksht. #8)

What is the building length (L)?

- (Mfe. Wksht. 43)

What is the distributed weight per foot of unit length? (w=W/L)
(402-1.B, C)

What is the building type‘?
(Mfg. WkSht. #2)

Foundation design concept?

cz C3, C4, El, E3, B4, E5, E6, E7, 8, 1)

no

no

yes

_28 .

yes) mno

L6 200 ibs.

| "5@, N

2% e

Single-Section
Multi-Section
C,E,or]l

e .
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Dead Load (402-1)

25.
26.

27.

28a.

28b.
29a.

2%b.

30.
magnitude for roof load where reguired.

What is the light dead load value from Table 4-1?
(402-1.A.1) |

What is the heavy dead load value from Table 4-17
(402-1.A.2)

Does the answer from Question #23 fall Wirl_lin the values in #25 .

and #267? (402-1.D)

(If the answer is yes, continue. If no, the foundation is not within
the limits of this document and must be redesigned by a stmcmral

engineer.)

s_now Load (402-2) / Minimum Roof Live Load (402-2.C)

What is average annual ground snowfall (Pg)?
(See Ground Snow Load map, pages H-11, H-12 and H-13.)

What is 0.7 multiplied by Pg?
What is the roof slope? (Mfg. Wksht. #7)

What is the minimum roof live load for the roof slope?
(D-200.2.B)

Record the larger magnitude of item 28b or item 29b. Use this

Wind Load (402-3)

'3la.
31b.
. sign. (402-3.A)

32.

33.

What is the basic wind speed (V)?
(See Wind Speed map, page H-14.)

If V is less than 80 mph, record MPS min. 80 mph for wmd de-

Is the site inland or coastal? (402-3.B)
(If inland, skip to question #38.)

“If a coastal area, has the manufacturer provided connection de-

tails? (402-3.D) (Mfg. Wksht. #12)
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34. Ifyesto #33, what design wind speed has the manufacturer used _
in designing connection details? ' ] Z @) mph. *
(Mfg. Wksht. #14) ,

35. Are the connection locations shown? (Mfg. Wksht. #16a) _ no

'36. Are connection details provided for foundation shear walls? ' no
(For an answer of yes, all questions under Mfg. Wksht #16 must -
be answered satlsfactonly )

37. Is the value for Quesnon 34 equal to or greater tha.n the number

given in Question 317 ' no

(If yes, proceed. If no, return desxgn to manufacturer for clanfica-
tion.)

Seismic Load

38a. What are the seismic acceleration values? Az 0.05
(See Seismic maps, pages H-15 and H-16)

38b. Is Av<0.15? : - : ' no

(if no, proceed. If yes, seismic need not be considered, skxp ques-
- tions 3910 41.)

39. Seismic performance category. S NAC
(See H-300'for Special Requirements of Foundation Design.) :

40. What is the applicant's proposed design concept? C l *
(Design Wksht. #24) '

41. _Do the Foundatlon Design Concept Tables approve the foundation
system for use in seismic areas of Question #38 above? (See Ap-

pendix A) no
(If yes, proceed. If no, return to apphcant for foundation design

choice more suited to high seismic areas.)

PART 4-FINAL DESIGN PROCEDURE
(Accompanies Chapter 6)

42. What is the actual building width? | | ' : l% . 8) ft.
(Mfg. Wksht. #4) :
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43,

44,
~ submitted by the owner and Foundation Design Concepts in

45.

46.

47.

The nominal building width to be used in the Foundation Design
Tables, (Aftg, Av & Ah) is Wt:
(600-2.A and Figure 6-1)

Where are the foundation supports located? Check drawings

Appendix A. Circle the support locations shown on the
Manufacturer's foundation concept plan. '

Do these locations match the Foundation Concept shown in Ap-
pendix A? Do the locations match Question #24 on the Design

Worksheet?
(If yes, proceed. Ifno, return to Owner for clarlﬁcauon )

Is Vertical Anchorage present?

"(601-2.B, 601-3.B & 601-4.B (Figures 6-7 & 6-8); Mfg Wksht.

14-0 &

D

Chassis Béams

Exterior Walls

Marriage Wall

- #12 & #16)
APPENDIX A
What is the basic system type? C 1 *
(From Part 3: #24; Mfg. Wksht. #2) '
. What is the spacing between 'piers‘? Exterior: 4' 5' ¢ @8‘
(Mfg. Wksht. #11) _ . : _
(602-2) - ' ' Interior: 4' 5' 6' 77 8 N AL

.- Continuous Marriage Wall: 45678 N.A.

Largest or Average Marnage Wall Opemng

K\A ft.

- Tie Down (CI) & ft.

APPENDIX B

Required Footing Size

49. The required Exterior Wall Footing, for the foundation type, is

found in the Required Effective Footing Area table in App. B,
Part 1. (Use maximum value from item #30.)

The Required Exterior Square Footing size is: Type C

TypeEorl
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50. The Required Interior Footing area is: — sq.ft.
(Also exterior piers for foundation type E)
51a. The Required Continuous Marriage Wall Footing areais: - a sq.ft.
51b. The Reguired Fodting area under posts at the ends of marriage )
' wall opening(s) is: : _ sq.ft.

Vertical Anchorage Requirements in the Transverse_Direcﬁon (602-4)

52a. Using the Foundation Design Load Tables (Appendix B, Exterior Av __ 20 95 «

Part 2), determine the Required Vertical Anchoragc _ - (Ibs./pier spacing;
250"« g.oeT= 20352 - lbs/itforE type:
(ibs./tie-down spacing)
52b. Nurﬁber of vertical tie-down locations for multi-section units: 2ordorb

52¢. For units with additional vertical anchorage at the interior piers,

determine the Required Vertical Anchorage. 7 InteriorAv __ NA . %
' : (Ibs./int pier spacing)
53. What is the manufacturer-supplied value? R Extérior 2150 =+
(#16b, Mfg. WkSht.) : - -
| Interior _ 212 O *
54. Isthis va]ué (#53) greater than the value giVen in #52a? _ : . no

(If yes, continue. If no, return to owner for clarification.)

Horizontal Anchorage Requirements In The Transverse Direction (602-5)

trial 1 | trial 2 | trial 3

55a. What number of transverse foundation walls _ @ 4 6
was selected? (602-5.E) (If vertical X-bracing 1
planes are used, complete items #55a, #56 and
#57 for 2 transverse walls, and then skip to
item #59.)

55b. Are diagonal ties used to complete the top of yes yes yes

the transverse short wall for horizontal anchor- :® no no
age? (602-5.G.1)

Estimate height (h) for appropriate 111ustrat10n . g,& | ' ft.
in Figure 6-10.
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56.

57a.

57b.

58a.

S8b.

58c.

59,

Using the tables, ﬁnd the Required Horizontal End Wall Ah
Anchorage (Ah). (Appendxx B; Part 3)

Int Wall Ah

What is the manufacturer’s-supplied rated cé-
pacity for sliding? (#16¢, Mfg. WkSht.)

If answer to item #55b is yes, record manufac-
turer or product suppher rated strap tension ca-

pacity

Is value #57a greater than item #56?

If yes, continue. If no, return to section -
602-4.C and to question #55a and select a
larger number of transverse foundation walls.
If the maximum number selected (6) does not
work, return to owner (who may wish to con-

tact the manufacturer for clarification).

If answer to #55b is yes, required tension in di-
agonal (Ty). (Complete proccdure in Section
602.5.G.1.)

Is value #57b greater than #58b?
If yes, continue to item #62. If no, return to
owner for product with greater capacity.

no

trial 1 | trial 2 | trial 3

1240

NA |

4800

' yes yes
no no | no
yes | yes yes
no no

If using vertical X-bracing planes in lieu of traﬁsversé short walls (and the formulas in

section 602-5.G.2), determine anchorage values and sizes for diagonal membcrs

(If shear walls are selected in item #535, skip to item #62 )

a. Vertical X-bracing spacing proposed.

b. Number of vertical X-bracing locations proposed
(Item #13, Mfg WkSht. for trial 1.) :
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60.

61a.

61b.

¢. Required horizontal anchorage (C) value, based on for-
mula. (602-5.G.2.c)

d. Estimated height (k) in Figure 6-10.
e. Tension (Ty) required. (602-5.G.2.d)

What is the manufacturer-supplied rated strap tension ca-
pacity? (#16, Mfg. WkSht.) (or capacity defined by literature
supplied by product supplier)

Is value #57 greater than value #59¢?

If yes, continue. If no, return to Section 602-5.G and to
question #59 and select a greater number of X-brace loca-
tions as a next trial. Repeat untll answer is yes, then con-
tinue.

1s value #60 greater than value #39¢?

If yes, continue. If no, return to section 602-5.G and to

" question #59 and select a greater number of X-bracing loca-

tions. If the maximum number selected does not work, re-
turn to owner (who may wish to contact the manufacturer for
clarification or product supplier for clarification).

trial 1 | trial 2 | trial 3
8415|4235
4

4ac
15000

yes yes

@ no no

yes yes

no no no

| Horizontal Anchorage Requirements In The Longitudinal Direction (602-6)

62a. Using the tables, find the required horizontal anchor-

62b.

age (Ah) in the Jongitudinal direction. (Appendix B,
Part 4) (602.6.E) '

If using vertical X-bracing planes (and the formulas in sec-
tion 602-6.F) determine anchorage value for X-bracing
planes. (If using exterior long walls, skip to itern #63.)

1. Number of chassis beam lines used for vertical X-
bracing planes.

trial 1

trial 2

trial 3

(24|

2or4

Joréd
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Numbeér of X-bracing planes proposed under each chas-
sis beam along the length of the unit.

2. Horizontal anchorage (B) requ1red force, based on for—
mula.

3. Assumed height (h-b) based on Figure 6-11.

4. Tension (Ty) based on formula. (602-6.F.(3)).

63. What is the manufacturer-supplied value for horizontal an-
chorage? (#16d, Mfg. WkSht)

64a. For shear walls: is value #63 greater than #623.‘? _ ,.
If yes, skip to item #67. If no, contact owner for clarifica-
tion.

64b. For X-bracing: is value #63 greater than value #62b.27
If yes, return to item #62b.3. If no, increase number of ver-
tical X-bracing planes and repeat items 62b.1 and 62b.2 until
answer is yes. For multi-section units cons1der 4 lines of
vertical X—bracmg under all chassis beams.

65. What is the manufacturer-supplied rated strap tensmn‘? :
(#16e, Mfg. WkSht. or product supplier) '

66. Isvalue #65 greater than #62b. 47
If yes, continue. If no, contact owner to obtain straps with
greater capacity, or return to item #62b.1 and increase the
number of vertical X-bracing planes until answer is yes.

APPENDIXC
Wlthdrawal Resistance Verification (603-2 B)

67. Using Appendxx C, Table C-1 or C-2 verify that the
foundation system will resist withdrawal. Answer ques-
tion #67a for type E. Answer question #67b for types C,

1, or type E with interior pier anchorage. {
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| 1bs.

trial 1 | trial 2 | trial 3
Z
1216
- A
%
14%7
4800
yes ‘| yes | yes
no " no no
- - yes | yes
no " no no
5600
_ yes yes
‘no | no | mo
' Exteri.or ) . :
Grade _Li_‘ ]h
Ii\i_-i\! W
O =Erostth |
ltem #9) ep :
e 1

Ibs./ft.

utAc

Ibs.




a. Withdrawal Resistance for long foundation wall. (Type E)
Circle the type of material that is to be used.

)

Using Table C-1, which capac1ty is greater than requrred

Reinforced Concrete
Masonry-Fully Grouted
Masonry-Grouted @ 48” o.c.
All-Weather Wood / Footing

Av? (603-2.B.(1)) (#522) lbs./ft.
2) Using Table C-1, what is the height of the' wall + footing

for required withdrawal resistance? (hw + 67) ' in.
3) What is the height of the wall + footing for frost protec-

tion? (frost depth (#9) + 127) in.
4) What is the greatest height #67a.2 or #67a.3? in.

Circle the height which controls. Withdr_awal

- Frost Depth

5) Record the bottom of footing depth from grade m.

(Item #67a.4 - 12™) '
6) Using Table C-1, what is the required width of the wall

footing for withdrawal? n.
7) Is item #672.6 greater than or equal to item #497 yes  no

If yes, continue. If no, change footing width to item #49.
8) Record design exterior wall footing width. - e im.

b. Withdrawal Resistance Jor Piers. (Types C @ Euderior  1on | : :
{concrete dead-man), I or type E with interior pier : fp= 2" 4
anchorage - multi-section units.) : O cFrest (Table C-2)

: . : (tem#9) Depth
I |
M = 6' o K 6 - O
Circle pier type: * Reinforced Concrete

Reinforced Masonry - fully grouted
@orced Concrete Dead-man )

N
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b

2)

3)

4)

5) '

6)

Usmg Table C-2, which capacity is greater than
required Av? (#52a and #52c) (603-2.B.(2))

Using Table C-2, what is the height of the pier +
footing for requlred withdrawal resistance?

(hp + 8")

What is the reqmred hclght of pier + footmg for
frost protecﬂon" (frost depth (#9) + 12”)

What is the greatest he1ght #67b2 or #67b.37

 Circle the height which controls.

Record the bottom of footing depth from g'rade.
(Item #61%4 -127)

Using Table C-2, what is the required width of
the square footing if withdrawal re51stance con-
trols or if frost depth controls? .

Exterior Interior

(when used)
2540 lbs./pier *
(1%]
4 83 in. *
_ |z in.
4 E) - | .

Withdrawal) Withdrawal
" FrostDepth  Frost Depth

i in.

. % e.l\ | | in. .

F rost depth for marriage walls. What is the reqmred depth of
footing below grade for frost protection? (frost depth (#9)) 7 W.A - i
(no withdrawal resistance)

‘Vertical Anchorage and Reinforcement for Longitudinal Foundation Walls and Piers

(603-2.D)

68." Using Appendix C, Table C-3,C4A or C-4B ver:fy that the
foundation anchors will resist uplift. Answer question #68a for
type E. Answer question #68b for types C, 1, or type E with inte-
rior pxer anchorage.

a. Vemcal Anchar Capacity for longitudinal foundatwn wall
(typc E). (603-2.D.2)

1 Usmg Table C-4A (concrete & masonry), which capacity
is greater than the required Av? (#52a, Design Wksht.) WA

If treated wood wall, skip to item #68a.3.
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Circle correct washer choice for the capacity selected Standard Washer

Oversized Washer
2) Using Table C4A (masonry and concrete):_
a) Required anchor bolt diameter | . in
b) Required anchor bolt spacing | _ in.
c) Using Table C-3A: |
(1) Rebar size | *
(2) Lapsplice _ | in.
(3) Rebar hook length & | _ | _ _ in.
3) Using Table C-4B (wood), which capacity is greater than -
the required Av? (#52a, Design Wksht.) : -
If using concrete or masonry wall, skip to item #68b. - | Ibs./lineal ft. of wall
_ 4_)' Using Table C-4B (wood):
a) Required nailing *
b) Minimum plywood thickness | ___in.
-¢) Required anchor bolt diameter - | . in.
d) Regquired anchor boit spacing ' . in.
b. “Vertical Anchor Capacity for Piers
(TypesC, L ortype E with interior pier anchorage)
(603-2.D.1) :
Exterior _Interior

(when used for
anchorage in
multi-section units)

1) Using Table C-3, which capacity in the table is
greater than the required Av? %0%% 47240 Ibs./pier
(From #52a, Design Wksht.) _
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Exterior Interior

2) Using Table C-3:

a) Number of anchor bolts ' ®>r 2 1or2

b) Anchor diameter . 'r 5/8"  1/2" or 5/8"

3) Using Table C-3A:

a) Rebar size r #5 - #dor#5

b) Lap splice | e . in.

" ¢) Rebar hook length & ~_in.

Horizontal Anchorage and Reinforcement for Transverse Foundation Walls (603-3)

69. Using Appendix C, Table C—SA or C-SB venfy that the founda-
tion anchorage will resist sliding at the transverse end foundatzon
walls. Use for types C,E, or L

End Wall Interior Wall
a. For continuous foundations. ' o

~ Using Table C-5A (concrete & masonry) or C-5B
(wood), which capacity is greater than the reqmred
(Ah) (603-3) (item #56)7 _ __ Tbs./ft.

1) Using Table C-5A, find:

a) Required anchor bolt diameter 7 in.

b) Regquired anchor bolt spacing B : : in.

c¢) Using Table C-3A:

(1) Rebarsize *
(2) Lap splice __ in.
(3) Rebar hook length | SR in.

2) Using Table C-5B, find:

a) Required nailing _ *

(Appendix G - Example 2) F-14




End Wall Interior Wall

- b) Minimum plywood thickness in.
¢) Required anchor bolt diameter | _ in.
d) Required anchor bolt spacing . - _ | : in.

b. For transverse short foundation walls completed with diagonal braces.
(603-5)

Using Appendix C, Table C-5A, verify the diagonal
anchorage capacity to the short foundation wall.

End _ _ Interior
1) Record the required horizontal force (Ah x Wt) |
from 602-5.G.1.a and item #56. o _ } Ibs.
2) Table C-5A capacity for one 1/2” diameter bolt at
12”7 o.c. . 1800 1800 Ibs.
~3) Number of bolts (Ah x Wt < 1800; one mini-
mum) at concrete or masonry top of short wall. - — e *
4) Size of anchor bolts x _ : : in.
- 5) Using Table C-3A:
a) Rebar size | _*
~ b) Lap splice | IR in.
¢) Rebar hook length _ in.

c. For vertical X-bracing planes in the transverse direction.
(603-6)

Using Appendix C, Table C-5A, verify the diagonél anchorage
to the pier footings and the tension capacity of the diagonals.

1): Record the required horizontal force (C) from item #59c. 4735  1bs.

2) Table C-5A capacity for one 1/2” diameter bolt at 12” o.c. 1800 1bs.

F-15 (Appendix G - Example 2)



3) Number of bolts (C + 1800; one minimum) at top of a
footing. -

4) Record the required tension force (Ty) from item #59.

5) Select tension strap capacity greater than or equal o T:

from owner’s product supplier or manufacturer’s supplied

capacity (item #60).

6) Record diagonal strap data

Horizontal Anchorage for Longitudinal Foundatioﬂ Wa]ls (6'03-4) '

70. Using Appendlx C, Table C-5A or C-5B, verify that the founda-
tion horizontal anchorage will resist sliding at the long foundation

walls. Use for types C,Eand L.
a. For continuous exterior .founddtion walls.

Using Table C-5A (concrete and masonry) or Table C-5B
(wood), which capacity is greater than the required exterior
Ah? (602-6.E) (item #62a)

. 1) Using Table C-5A, find:
a) -Required anchor bolt diameter
b) Required anchor bolt spacing
. ) -Usjng Table C-3A:
(1) Rebar size
(2) Lap splice
(3) Rebar hook length
2) Using Table C-5B, find:
a) Required nailing
 b) Minimum piwbod thickness
c) Required anc"hor bolt diameter -

d) Required anchor bolt spacing

(Appendix G - Example 2) F-16
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b. For vertical Xébracing planes.
(603-6.A.(2))

Using Appendix C, Table C-5A, verify the diagonal anchorage
to the pier footings and the tension capacity of the diagonals.

1) Record the required horizontal force (B) from item #6,213.2. | 21 (9 Ibs.

2) Table C-5A capacity for one 1/2” diameter bolt at 12" o.c. : 1800 Ibs.

3) Number of bolts (B + 18.00.; oné_ﬁiininiur-rx). o . l _*

4)  Record the required tension force (Ty) from item #62b.4. 14%2  Ibs/diag.

5) Select tension strap capacity greater than or equal to T
from owner’s product supplier or manufacturer’s supplied

- . capacity (item #60). o 5 &00 Ibs./diag.
- 6). Record.'diagonal strap data AL ﬁ \/Af“ w "

SUMMARY SHEET
(Accompanies Chapter 7)

71. Compare values from preceding questions.
Select the largest value.

a. Bearing area and vertical anchorage
1. Pier footings: z)fpe§ CE&I
| Piers -

e Marriage Wall
Exterior _Interior _ Cont. At Post

Required Effective Footing Area ' s
from questions #49, #50, & #31. 5% N sq.ft.

Required footing area to resist

withdrawa! due to uplift from

Question #67. (for single-section

or 2 tie-down system, only the

exterior piers resist uplift, for 4

tie-down only the interior piers _

and exterior walls resist uplift) WA _ sq.ft.
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Piers

Marriage Wall
, Exterior _Interior Cont. At Post
Pier Footing Sizes (largest of - - v v,
above) 53 CZ -4 "L_a- 4’3 sq.ft.
“Dead-man” footing size. ~ _ 320 sqft.
| v Lo
Reinforcing for pier footings: (% OX , )
Bring forward answers from previous questions. (#68b)
(Types C, I, or E with interior pier anchorage.)
- __Exterior Interior
Number of anchor bolts ' [
o | | L
Anchor bolt diameter v z & | in.
- Rebar size 4 _
Lap splice : . : \& in.
Rebar hook length - b in.
| | o Marriage
- _ Exterior Interior “Wall
Footing depth: grade to bottom of - R I
footing O-% _ in.
Pier footing and “dead-man” footing reinforcing bars: | #4 at 10" oc. E.W -
“Dead-man” footing depth: gfade to bottom of footing 20 in.
2. Long Fi aunddtion wall footing: type EorI:
Required Effective Footing Width
Required Footing Width for soil bearing (#49) - ft.
Required Footing Width to resist uplift withdrawal
(#67a.6) L __ _ ft.
Wall Footing Size (largest of above) . o ft.
Footing Depth: Grade to bottom of footing (#67a.5) in.

(Appendix G- Exainp]e 2) F-18.




Footing reinforcing bars.

Reinforcing for longitudinal foundation walls: Record an-
swers from item #68a and record sizes and spacings.

From 68a.2: masonry and concrete:

Required anchor bolt diameter

Required washer size . ‘Standard
Required anchor bolt spacing o
Rebar size |

Lap splice |

Rebar hook length

From 68a.4: wood: Record answers from 1tem #682.4 and
record sizes and spacings. : :

Required nailing

Minimum plywood thickness.
Required anchor bolt diameter

Required anchor bolt spacing

b. Honzontal anchorage in the transverse direction - foun-
datlon walls

1.

Continuous foundation walls (#69a)

Number of transverse foundation walls
(#53a) '

Reguired Footing Width (minimum)

From #69a.1: concrete / masonry:

End Wall

Anchor bolt diameter

2 #4 bars
in.
Oversized
in
in.
in.
m.
in
2 4 6
12 m
Interior Wall
in.
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End Wall . Interior Wall

Anchor bolt spacing : ' -~ in.
Rebar size | |

Lap splice | o . _ __in.
Rebar hook length | | L in.

From #69a.2: wood:

Required nailing

Minimum plywood nailer

Anchor bolt diameter

Anchor bolt spacing .. : ' . in.

| 2. For transvérse short foundation walls bampleted with di-
agonal braces (#69b) '

End Interior

‘Number of pairs of diagcnals (1 for single-
section units, 2 for multi-section units) times
number of short walls (end or interior) (#55a) .

. Diagonal spacing (same as number of short
walls)

From #69b: concrete / masonry:

Anchor bolt diameter R _ in,

Number of bolts

Rebar size

Lap splice _ | | ' | | in.

Rebar hook length | O ' in.

3. For verﬁcal X-bracing planes in lieu of short walls. (#69c¢)

Number of X-brace locations (#59) - C\
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Spacing of vertical X-brace planes (#59) . B . 1 ft.

Items from #69¢.3 and #69¢.5

. o W
Required anchor bolt diameter _ 1z in.
Number of bolts at top of fooﬁng to connect diagonal | ‘ >

: : Vo i
Diagonal strap size : | A36 i - 4 x|

Conngct_ion to top ﬂangc of chéSsis beam (describe) \M-C'{"r' '_ | QH" l -

~ c. Horizontal anchorége in the longitudinal direction - exte- -
rior foundation walls

1. - Continuous foundation walls

 Reinforcine for longitudinal foundation walls; record only R
. if larger sizes or closer spacing than recorded for vertical”
anchorage (#71a.2).

From #70a. 1: concrete / masonry:

Anchor bolt diameter _ in.

Anchor bolt spacing : .

Rebar size

Lap splice in.
- Rebar hook length in.

From #70a.2: wood: record only if larger sizes or closer
spacings than recorded for vertical anchorage (#71a.2)

Required nailing
Minimum plywood nailer
Anchor bolt diameter

Anchor bolt spacing - in.
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2. Vertical X-bracing planes under chassis beam lines
(#70b.)

Number of X-brace locations along one chassis beam line.

Spacing of X-brace locations along one chassis beam line.

ReQuired anchor bolt diameter.

. Number of bolts at top of footing at connection to the di-
agonal. . ' .

Diagonal strap size.

%
49 o

| ‘/zé_ o
o
L AZe® A%
wi - DY

Connection to bottom flange of chassis beam (describe).

72. Do foundation dimensions and details comply with Foundation
Capacities Table, based on Foundation Design Table Values?

73. If #72 yes, approve. If no, return to applicant.

(Appendix G - Example 2} - F-22

i

- @O

DISAPPROVE




APPENDIX H
MAPS

H-100. GENERAL. The following col-
lection of maps is intended to assist the user in
the foundation sclection and design process.

pacities of the foundations, subjected to the

. prescribed seismic forces of the Tables in Ap-
_pendix B shall meet the following reguire-

The maps provide information for geographic

locations within the 50 States of the United
States covering a wide range of issues: flood-

. ing, frost penetration, expansive soils, land-

slides, subsidence, termites, snow, wind and
earthquakes. The maps have been accumulated
from various sources, most notably the U.S.
Department of Commerce Weather Bureau, the
U.S. Army Corps of Engineers Waterways Ex-
periment Station, and the American Society of
Civil Engineers. '

H-200. SEISMIC PERFORMANCE

CATEGORIES. Table H-1 is a condensed
version of the ASCE 7-93 Seismic Perform-
ance Category Table as it applies to manufac-
tured housing.

H-300. SPECIAL SEISMIC DE-
SIGN CONSIDERATIONS FOR
FOUNDATIONS.

H-300.1. General. Based on the Seismic Per-
formance Category for the geographic location
involved, special requirements must be satis-
fied that involve the foundation:

A. Secismic Performance Category A.
There are no special requirements for the foun-
dations of manufactured housing assigned to
this Category.

B. Seismic Performance Category B.
The site coefficient has been assumed as 2.0 for
all Tables in Appendix B. The resulting ca-

H-1

ments:

1. Structural Components. The design
strength of foundation components
subjected to seismic forces alone or

in combination with other pre-
scribed loads and their detailing re-
quirements shall conform to the re-
quirements of the applicable mate-
rial codes (wood, concrete or ma-
sonry) referenced by the local
authority having jurisdiction.

Soil Capacities. For the load com-
bination including earthguake, the
capacity of the foundation soil in
bearing or the capacity of the soil
interface between pile, pier or cais-
son and the soil must be sufficient
to resist loads at acceptable strain
considering both the short duration
of loading and the dynamic proper-
ties of the soil.

C. Seismic Performance Category C.
Foundations for buildings assigned to Category
C shall conform to all of the Foundations for
Categories A and B and to the following addi-
tional requirements of this section.

1. Investigation. The authority having
jurisdiction may require the sub-
mission of a written report that shall
include, in addition to the evalua-
tions required in this section, the re-
sults of an investigation to deter-




mine the potential hazards due to
slope instability, liquefaction and
surface rupture due to faulting or
lateral spreading, all as a result of
earthquake motions.

. Foundation Ties. Individual drilled
piers shall be interconnected by ties.
All ties shall have a design strength
in tension or compression, greater
than a force equal to 25 percent of
the effective peak velocity related
acceleration (Av) time the larger
column dead plus live load.

3. Special Pile Requirements. For un-
cased concrete drilled piers, there
shall be a minimum of four longi-
tudinal bars (with a minimum rein-
forcement ratio of 0.005) and No. 3
closed ties with maximum spacing

- of 3inches.

~ D. Seismic Performance Category D.
Category D does not add any additional re-
quirements for manufactured housing. The re-
quirements of Category C plus A and B shall

be followed.
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Table H-1

Seismic Performance Category for
Seismic Hazard Exposure Group I

—

Effective Peak Velocity-Related™
Acceleration A, .

 Séismic Performance
Category

A, < 0.05 | . A
0.05 < A, < 0.10 B
0.10 < A, < 0.20 | .- C
020<4A, -

M_ﬁnufaétured Housing of Category A and B (one story. detached one and two family
dwellings which are located in seismic map area having an effective peak velocity-related

acceleration (A,) value less than 0.15) are exempt from the requirements of these
provisions. ' ' R

Manufactured Housing of Category C and D shall comply with all the requirements of
these provisions.
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