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51 Converslon Units

In view of the present accepted practice in this country for building technology,
commen U. 5. units of measurement have been used throughout this publication. In recog-
nition of the position of the United States as a signatory to the General Conference on
Weights and Measures, which pave official status to the metric ST system of units in
1960, appropriate conversion factors have been provided in the table below., The reader

interested in making further use of the coherent system of SI units is referred to:

NBS SP 330, 1972 Edition, "The International System of Units"

ASTM E380-75/1EEE Std, 268-1976 ASTM/IEEE, ''Standard Metric Practice Guide”

Table of Conversien Factors to Metric (5.I.) Unita

Physical To Convert To Multiply By
Quantity From
Length inch (in} meter (m) 2.540 x 10-2*
Foot (ft) meter (m) 1.048 x 10-1*
Area inch? neter? (m?) 6.4516 x 10 %%
foot? necer® (m?) 9.290 x 1072
volume inch’ meter> (m>) 1.639 x 107°
foot> meter> (m>) 2.832 x 107°
Force pound (1bf} newton (N} 4.448
Pressure or Stress psi pascal (Pa) or 6.895 x 103
psE newltl:nrl,?'n:Leter2 (N,J’mz) 4,788 x 10t
Maas pound (1lbm) kilogram (kg) 4,536 x 10_l
. 3 3 1
Unit Welight pcf kilogram/meter™ (kg/m™) 1.602 x 10
Veloclty mile/hr {(mph) meter/sec (m/s) 4,470 x 10-l
2 2 2 =1
Acceleraticn foot/sec meter/sec” (m/s”) 3.048 x 10

*Exact value.
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Abstract

An experimental {nvestigation of wind loads acting on a full-scale mobile home 1s
reported. The objectives of the Inveatrigation were (1) the direct measurement of surface
pressured and overall drag and lifc forces, {2) the formulation cf recommended loads for
the deaign of mobile homes and their anchoring systems to resist forces due to wind apd
(3) the measurement of deflections and the identification of failure modes with application

of simulated wind lcads.

Measurements were cbtained for a varlety of wind speeds and relative wind directions
using a mobile home with nominal plan dimensions of 12 by 60 fr (3.7 by 18.3 m). Wind
speeds were measured at five levels ranging from 1.5 to 18 m and the mean velocity profiles

were found to be best described by a power law with expeonent a = 0.18.

Extreme negative pressure fluctuatilons were found to occur on the end walls and along
the perimeter of the roof. The resonant component of response of the mobile home to drag
and 1ift forces is negligible for basic wind speeds up to 90 mph (40 m/s) and the average

maximum 1ift loads are not atrongly influenced by the presence or absence of skirting.

Recommended design loads are based on the average maximum event in a time interval of
1000 seconds and are tabulated for assumed bagic wind speeds of 70 and 90 mph (31 and 40 m/s)

and a moderately open wind exposure.

Keywords: Aerodynamics; buildings; codes and standards; full-scale testing; mobile homes;

wind loads.
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NOTATION

A = area
a = amplitude level at upcrossing

¢ = Weilbull parameter

GE = mean drag ccefflcient
GE = mean 1ift coefficient
GE = mean pressure coefficient
Cp = r.m.s. pressure coefficient (similarly for drag and lift)
g
C; = maximum or minimum pressure coefficient as appropriate (similarly for drag and 1ift)

g = peak factor = {peak value - mean)/(standard deviation)
h = reference height (top of mobile home)

H = height of mobile home superscructure (floor to celling)
1 = intensity of turbulence (percent)

k = Weibull parameter

L = length of member

n = frequency (Hz)

=
n

upcrossings of amplitude level "a" per unic time

n_ = upcrossings of the mean per unit time

=]
n

average rate of occurrence of positive or negative peaks in the record

p = mean pressure over record lengrh

p = maximum or minimum pressure as appropriate
p' = maximum or minimum pressure between successive upcrossings of the mean
P, = freestream static prassure

F(>X) = complementary cumulative distribution functiom of X.

EL = reference dynamic pressure at height h
S = spectral density

t = cime

U = mean velocity over record lengch

; = maximum velocity cobserved in record

Upy = speed based on fastest wile of wind

VR = coefflclent of variation of resistance
ix



w = welght factor

widtly of mobile home

=
]

@ = mean wind speed profile index

mean wind directicen relative to true north

had
"

|
il

mean wingd direction relative to axis of moblle home measured clockwise from front
p = mass denaity of air

o standard deviation

#R = Factored ultimate resistance

y,D factored dead load

d
Y

factored wind 1load
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SUMMARY

This report describes instrumentation, experimental techniques and test resulcs obtained
from a study of wind forces acting on a full-scale mobile home. The information presented
herein forms the basis for recommended revisions of Section 280.305 "Structural Design
Requirements,” Part (c) "Wind, Snow, and Roof Loads," Subsections (1), (2}, and (3) of the
federal Mobile Home Construction and Safety Standards, dated December 18, 1975. These
recommended revisions are included as an appendix to this report and are intended as

minimum requirements for the design of mobile homes to resist wind loads.

vy



1. TIWTRODUCTLON

Although the general area of wind research has made tremendous advances over the past
decade, most of the effort has been concentrared on tall buildings and other major engineering
structures, Only recently have wind loading problems associated with low-rise buildings
begun to receive proper attention, There are several reasons {or this set of circumsctances,
among them the lack of economic incentive for seeking design refinements in individual
buildings of relatively low initial cost and a prevailing belief that conventicnal low-rise
buildings, single-family dwellings in particular, do not merit the same concern for Struc-
tural integrity that 1s assoclated with larger buildings. Studies of damage caused by
hurricanes, tornadoes and other strong winds consistently point to housing as the major
contributor to economic loss and in the case of mobile homes, wind is second only co fire

3]lj. As mobile homes currently

in causing deaths, injuries and property damage [1, 2,
account for 20 to 30 percent of single-family housing production in the United States {4],

the benefits to be derived from better load definition are substantial.

The determination of wind forces on mobile homes 1s complicated by the fact that, near
ground level, the local terrain and adjacent buildings can have a proncunced effect on the
mean wind speeds and on the intensity of wind gusts {turbulence). In addition, the rela-
tively high racio of wind load to dead load and the limited physical size of mobile homes
tend to make them more sensitive to wind effects than Is the case for buildings of larger
dimensions where spatial averaging can substantially reduce the effectiveness of gusts in

producing load fluctuacions.

The purpose of this research effort i1s to document both localized and overall leading
due to wind, to provide a rational basis for the determination of wind forces acting on mobile
homes and thelr anchoring systems, to develop specilfic wind load requirements on which to
base revisions of the federal Mocbile Home Constructien and Safety Standards [5], and to pro-
vide reference data for future investigations of wind forces on mobile homes and similar low-
rise buildings, This study was sponsored by the Energy, Building Techneology and Standards
Division of the Office of Pelicy Development and Research, Department of Housing and Urban
Development (HUD) as part of its series of research projects directed towards the improvement
of the federal Mobile Home Construction and Safety Standards as required by Title VI of the

Housing and Development Act of 1974,
2, FULL-SCALE MEASUREMENT PROGRAM
The systematic Investigation of wind forces acting on a structure and the response of

the structure to those forces can wmost conveniencly be carried out in a wind tumnel. To be

valid, this approach requires that certain features of the atmospheric surface flow be

1/ Figures iIn brackers indicate literature reference on page 112.
1



adequately simulated at some reduced scale and that the structure under consideracion be
wodeled at this same scale., Adequate wind tunnel simulations of atmospheric surface flows
have been accomplished at scale ratios of from 1:200 to 1:500 which would make it extremely
difficult to construct and instrument models of mobile homes and their supports and tile-

down systems at the required scale. For the measurement of surlace pressures a simple geo-
metric model is usually sufficient, but for those cases in which the dynamic response 1s of
concern, structural characteristics such as sciffness, mass distribution and damping must also
be modeled, If load-deflection relationships and faillure modes are of interest, individual
structural members and connections must be modeled and this is usually done at scale ratios

of From 1:3 to 1:10.

In view of these problems associated with model studies, it was decided early in che
program that a comprehensive set of wind leoad measurements should be cbtained in full scale
to provide the basls for design load recommendations for conventional "single-wide"” units
and to provide a means for checking the validity of any future wind tunnel studies of more
complex mobile home geometries and various types of wind exposure. The experimental techni-
ques and test results described in this report congsist of two distincer phases; a first phase
involving the measurement of wind loads on a full-scale mobile home under strong wind condi-
tiona, and a second phase in which simulated wind loads were applied to the mobile home to
egstablish load-deflection relationships and tc identify failure modes. It 1s important
to understand that the results of the first phase form the basia for che design load recom-
mendations contained in this report and that these recommendations are in no way related ta
the results obtained In the second phase, The spec¢imen mobile home and experimental setup are
described in the following secticns. Consultations were held with the project spensor and
technical representatives of the mobile home manufacturing indusetry to reach a consensus on
the choice of the specimen mobile home and the experimental setup prior to conducting the

full-scale measurement program,

2.1 The Mobile Home — The mobile home used in this study was obtained From the HUD inventory

at Wilkes-Barre, Pennsylvania, where several thousand units had been stored following deploy-
ment as temporary shelter for victims of Hurricane Agnes in 1972. WNominal plan dimensicns are
12 by 60 fr (3.7 by 18.3 m) and an overall view of the mobile home installed at the test site
1s shown in Pigure 2.1. The floor plan and a typical cross-section are shown in Figures 2.2
and 7.1, respectively. The dead load with furnishings removed averaged 260 1lbf/ft (3.8 kN/m).
Thus the exterior geometry and masa distribution (those paramenters which largely govern the
wind loads and response to those loads for a given wind condition) of the gpecimen mobile
home are typical of current "single-wide' units. Detalls of the mobile home constructien,
which are pertinent to the load-deflection studies carriled out following completion of the

wind load measurements, are presented in Section 7.

2.2 The Test Site - A parking area at the south end of the Gaithersburg Campus of the
National Bureau of Standards (NBS) was selected for the field test site. The availability of

electric service lines and a flat, paved surface on which to totate the mobile home greatly
2
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simplified the experimental setup. The surrounding terrain in the direction of the prevailing
winds can best be described as genctly rolling grassland and cultivated fields with a few
scattered trees. Two bulldings are located adjacent to the test site as shown in Figure

2.3. However, for the records discussed 1in this report, the influence of these buildings

on the wind field around the mobile home was insignificant. Strong winds in the Gailthersburg
area are most frequent during the winter months from November through March and usually

come From the wesc-northwesc alchough several events can be expected each winter from the

southwest. Maximum gusts of 45 to 60 mph {20 ro 27 m/s) are normal.

2.3 Support Frame and Turntable — The criteria for the design of the mobile home suppert

Frame were as follows: (1) that rotacion of the mebile home and support frame be possible
under strong-wind conditions in crder tec change the relative wind direction, (2} that the
support frame provide a realistic simulation of the in-service foundatien condicions of

a typical mobile home installation, and (3) chat the stiffness of the support frame be

much greater than that of the mobille home to avoid resonance problems.

The first criterion was important because of the limited range of wind directions that
could reasonably be expected to occur at the test site during the winter months and the
need to complete the field studies in a relacively shart pericd of time., The support frame
can best be described as three separate components; the foundation system, the force
measurement system and the main support frame, The foundation system consists of four
identical steel beam and column assemblies which simulate footings and plers and include
diagonal and over-~the-top tie-downs as shown in Figure 2.4. The force measurement system
consists of four force links to measure horizontal forces (drag) and eight force links Eto
measure vertical forces (lift). These force links transmit the loads acting on the beam
and column assemblies to the maln frame which is supported by four leveling jacks and a
turntable as shown in Figures 2.4 and 2.5. To rotate the mobile home the jacks are
retracted and the load 1s transferred te a set of casters leocated at the front end of the
main support frame (Figure 2.6). A manometer system installed in the mobile home facilitated
adjustment of the leveling jacks after rotation. The turntable-caster arrangement allowed
216 degrees of rotaticn (Figure 2.3) and a set of guide rollers kept the main support frame

centered on the turntable during rotation.

In designing the various components of the supporc frame the lowest first-mode natural
frequencies (both vercical and horizontal) were required to be at least Yy 2 times the highest
first-mode natural Erequencles of the mobile home. This requirement prevented resonance of
the mobile home and foundation sysctem and approximately uncoupled the dynamic response of
the moblle home and the support frame. The meblle home natural frequencles were determined
by temporarily mounting the home on piers located as shown in Figure 2.4, exciting che
home and measuring the free vibration with an accelerometer. The highest flrst-mode

natural frequencies were approximately 8 Hz vertical and &4 Hz horizontal.

%)
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Locationa of the force linke are shown in Figures 2.4 and 2.5 and a view of a vercical
force link is shown in Figure 2.7. A knife edge welded to the top arm and a ball joint
mounted on the bottom arm allow the transmission of wvertical forces only. The channel
section at the bottom of Figure 2.7 supports plywood skirting (removed). Both skirted and
unskirted configurations were investigated. The horizontal force links were designed to
act as cantilevers, being clamped to the main support frame at the top and contacting the
beam and column assembly of the foundation system through knife edges at the bottom as

shown 1n Figure 2.4,
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3. INSTRUMENTATION

The followlng sections describe the arrangement and essential characteristics of instru-
mentation used to obtain measurements of wind speed, pressure, drag, 1ift and acceleration in

the first phase of the study.

3.1 Wind Speed - An 18 m guyed maet was located to the scuthwest of the mobile home
{(Figure 3.1) and instrumented with propeller anemometers (Gill Mod. 27100 equipped with
4-blade propellers) at the 18, 10, 5, 3 and 1.5 m levels. The anemometers were clamped

to a pipe running the height of the mast so that they could be manually aligned with a
wind direction vane mounted at the top of the mast. So that wind speed data could be
correlated with Naticnal Weather Service records, a standard 3-cup anemomecer {Mod. F420-C)
was mounted on a boom at the 10 m level., This anemometer provided the signal for trig-
gering the data acquisition system while coperating in the automatic mode and a continuous
stripchart record of wind speed was obtained from this anemometer during the course of the
study. In addition Lo che mast-mounted anemometers, two propeller anemometers were mounted
on portable tripods which were usually located directly upwind of the mobile home. The

helghts of these anemometers were adjustable from 1.5 to 2.5 m.

The anemometer signals were filtered by means of a simple RC network to remove brush
ripple and the output voltages were trimmed to a nominal sensitivity of 10 mv/mph (22 mvfms_l).
The output impedance of the signal conditioning circult required a sensitlvity correccion of
approximately 5 percent when operating with analog tape recorders. The anemometers were
calibrated in a wind tunnel prior to being installed on the mast and were periodically
calibrated in place during the study using synchroncus mocers. Maximum changes in sensi-

tivity of the anemometer circults durlng cthe study were of the order of + 2 percent.

3.2 Pressure- Pressures on Che exterlor surfaces of the mobile home and the internal
presgure were measured by means of differential pressure transducers of the variable-
reluctance type that had been used successfully in previous WBS studies of wind loading

[6, 7]. To account for changes in the zerc readings due cto thermal drift and repositioning
of the transducers a scheme developed at che Bullding Research Station (U.K.) [B] for obtaipn-
ing tranaducer offsets under windy conditions was used in this study. A solenoid valve is
placed in the reference pressure line and normally transmits the reference preasure to Lhe
‘back side of the transducer. When acrtuated, the valve connects the back side of the
transducer to the accive pressure line, thus providing a net transducer electrical offset
for a zero pressure differential. The cransducer-valve arrangement and dectalls of the
pressure taps used in this study are shown in Figures 3.2 and 3.3. The complete assembly
was mounted in a bracket as shown in Figure 3.4 and this allowed the transducer array to

be changed 1n a matter of a few minutes between recordings.

An ambient pressure probe developed at the NBS [9] was mounted on the anemometer mast

at a height of 11 m and served all of the pressure taps through a manifold system of 3/16-in
12



I

B & #

B
#
#

g%%-’?@"%&saz

5 E

H

u\é;.% E 2
;ff;;& # i W e

e

oPOL

i

i

Me Te

m

g

[

4
J

yiew O

13



EXTERIDR WALL

pgmm—

PRESSURE TRANSDUCER

DIAPHRAGM

SHURT ——~

K\ SOLENQID VALVE

NORMALLY CLOSED —

~—— NGRMALLY QPEN

o

l— REFERENCE PRESSURE

Fig. 3.2 - Pressure Transducer and Sovlencid Valve Arvangement

14



et 212" '-(

- 1/16"

t— () G0 — et 1207 ————— ]

W/%m;my/ 178" 1.D.

oy N ——

222775 twawsuucen

\— 172°0.D.,3/8" 1.D.,1/16" WALL

INTERIOR WALL —==
~=— EXTERIOR WALL

el — 1/8"

Fig. 3.3 - Details of Pressure Tap

15



R quaasy aa7py

= Jdaonpsupay - by Bag

R

16



(4.B=-mm) I.D. flexible tubing. The probe, shown 1in Figure 3.5, registers true amblent
pressure for all wind directions in the horizonctal and accommodates vertical angles of

actack up to + 10 degrees.

Dynamic calibration of the tap-tube-transducer arrangement shown in Figures 3.2 and
3.3 indicated a flat responmse to 40 Hz. Nominal output was + 10 volts at the full-scale
range of + 0.1 psi (+ 689 N/mz}. A switch-selectable filrer on the ourput scage of the
transducer demecdulator could be set at 5, 10, 200 or 1000 Hz. For most of the pressure
tecordings obrained in this study the outputs were Elltered at 10 Hz. Twenty-seven

pressure transducers were used in the study.

Although the pressure taps were designed to operate under conditicns of wind-driven
rain, problems were encountered with the accumulation of water in the celling taps. Porous
drain plugs at the bottoms of these taps had a tendency to clog during perlods of heavy
rainfall with the result that water entered the active line to the pressure transducers.
This required that the celling taps be blown out pericdically. The meniscus formed in
the active line caused a proncunced shift in the transducer cffset and it was therefore

cbviocus when a clogging cendition had occurred.

Transducer offsets were recorded at the beginning of each record and full-scale cutputs
were checked agailnst a secondary pressure standard once each week on average. Maximum error
due to transducer drift, changes in sensitivity, recorder drift and A-D conversion is

esﬁimated to be of the order of + 0.03 psf (1.4 Nlmz).

3.3 Drag and Lift - Direct measurements of response to drag and lift forces were obtalned
from the force links briefly described in Section 2.3. Stiffness requirements for the force
links and the relatively high 1nput levels required by the data acquisition system complicated
the instrumencation scheme for the force links. Foil straingages in a full-bridge configura-
tion were used Iin conjunction with DC amplifiers to obtain output levels which were compatible
with the input sectlon of rthe data acquisition system. The gages were sealed with a
protective rubber coating and were powered with a common 10 VDC supply. A shunt resistor on
each bridge allowed the condition of the bridges te be menitored under load. The nominal
sensicivicies (without amplification) were 4.5 and 12.3 pv/1lbf (1.0 and 2.8 uv/N) for the
vertical and horizontal force links, respectively. Amplifiers with a nominal gain of X200

and an adjustable DC offset were used with the vercical force links, the amplifier ocutputs
being nulled under calm conditions. The outputs of the horizontal force links were nulled
with a trimming resistor prior to amplification (X100). Only four of the vertical force

links were operated continuously as transducers during the study due to problems with drifc

in the amplifiers and offset suppressicon circuits. Problems encountered with the vertical
force links are discussed in a subsequent section. The bridge-amplifier configuration for

the horizontal force links proved to be far more stable, the offsets of the individual

links measured under calm condiclons being caused by warping of cthe moblle home superstructure

with changes in cemperature and humidity,
17






3.4 Acceleration - In addition to the preliminary acceleration measurements used to deter-
mine the mobile home natural frequenciles, recordings of the transverse acceleration of che
roof structure under windy conditicns were obtained by mounting a single-component
accelerometer on the bottom chord of a roof cruss directly below tap R10 (See Figure 2.2).
These recordings were used to obtain estimates of the structural damping. Damping is

discussed in Section 5.5,

3.5 Data Acquisition - The data acquisitlon sysctem used in cthis phase of the study consists

of a2 computer-controlled multiplexer, sample-and-hold amplifier, 12-bit A-D converter and
7-track tape deck. Triggering level, sampling rate, amplifier gain and record length are
selected during program entry, and initiation and termination of recording can alsoc be
accomplished by manual lntervention. Channels are multiplexed at a rate of 20 kHz. The
system also provides for a l4-track analop tape recorder to be operated under computer
conctrol. Master time 1s supplied to both the digital and analog systems by a time code

generator. Detaills of the system have been previously described in the literature [6].

It was intended ar the outser te record the outputs of all data channels (49 maximum)
on digital tape and to record selected chamnnels on analog tape as well sco that higher
sampling rates could, if necessary, be obtained at a later date. However, problems with
the digital tape recorder resulted in most of the data being recorded in analog form and
only a few records 1ncorporating all data channels were recorded on digital tape near the
end of the test schedule. Two l4-track znalog tecorders were used at other times to record
a total of 26 channels of data simultaneously, one channel on each recorder being reserved

for time code.

The maximum sampling rate is governed by the number of channels being recorded. For
this study the limit was approximately 30 samples per channel per second. However, a
rate of 24 samples per second was generally used, being reduced to 12 samples per second
for records consisting only of wind speed data. Record lengths of 20 minutes were the usual
case, but continuous analog recerdings of up to 2 hours were obtained on certain occasiouns.
It was standard procedure to also record cpen-scale stripchart records of wind speed and
direction. A continuous closed-scale record of wind speed at the 10 m-level was also
obralned during che course of this study. The data acquisition system is shown in Figure 3.6.
The three cabinets on the left contain signal conditioning equiément and the analeg tape

recorder while those on the right contain the digital dara acquisition system.

1%
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4.  DATA REDUCTION AND ANALYSIS

Approximarely 45 hours of recordings were obtained during six menths of operation at
the test site and it was essential that che data be carefully screened for quality and
coutent prior to committing time and funds for computer processing. The open-scale
stripchart records of wind speed and direction proved to be extremely valuable in this
screening process and the procedure was to visually estimate the maximum and mean speeds,
and the mean direction. Also, a subjective index of statiomarity (1 = poor to 5 = excellent)
was assigned to each record. This informaction, combined with a table indicating the types
of transducers, their locations and the orientation and confipuration of the mobile home,

greatly simplified che process of determining which records were to be analyzed.

4.1 A-D Conversion - As indicated previously, problems with the digital tape recorder
required that a good portion of the dava (approximately 70 percent) be recorded in analog
form. The analog tapes were played back ar the original record speed (3 3/4 ips) for A-D
conversion and a 30 Hz lowpass filter was used on each channel to improve the signal-to-
noise ratio. The A-D conversion was accomplished with the same digital system used in the
data acquisition stage. A rate of 24 samples per second was standard, but certain records
contalning only wind speed data were sampled at a rate of 12 samples per second because of
the mechanical filrering of the anemometers., In most cases a record length of 1000
seconds was used for the A-D conversien, but this was reduced to 500 seconds and in some
cases 300 seconds where portions of the original record exhibited poor stationarity. Spot
checks were made for tape dropouts during the A-D conversion process and several channels
of data were rejected at this stage. However, some records were processed and later found
to contain dropouts, this effect being quice cbvicus in the plets of the cumulative dis-—

tribucion Functions.

Once the records had been converted to digital form, a routine procedure was used to
carry out the data analysis. This involved the use of three computer programs developed
at the NBS for the analysis of random data. These include PROGRAM 2 which formats sequential
channel samples into sequential samples for a given channel; CDF which contains subroutines
for data condensation, trend removal, calculation of mean and r.m.s. values, peak values
associared with upcrossings, and probability discributions of peak values; and SUMP which
combines multiple records into a single time series. A flow chart for the data acquisition

and analysis process is given in Flgure 4.1.

4.2 Mean and Standard Deviatlon - The mean and standard deviation were calculated for each

record using all samples remaining iIn the series after lowpass digital filtering or conden-
sation. Following thils analysis of the entire series, the record was divided into chree
equal blocks and the block means and standard deviations determined. Finally, a new time
series was formed by removing the block means and the standard deviation of the resulcting

series was determined. While the block means and standard deviations provided some insight

21
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as to the stationarity of the record and could have been used to obtain estimates of mean
and fluctuating coefficients, most of the coefficients presented in this report are based

on the total record length.

4.3 Peak Values - The average rate of occurrence of peaks, np, and upcrossings of che mean,
n,, were determined for each record. In addition, the maximum (or minimum) value of the
signal associated with each upcrossing of the mean was determined. These values were then
put in the form of a reduced or standardized variate (see Sec. 5.3) and plotted as cumulative

distribution funcrions.

4.4 Spectral Analysis - While computer routlnes have been used in the past for the calcu-

larion of spectral density functions from digital data, the scheme used in this study was

to determine the autocorrelation fumction directly from analog data and ro then carry out

a Fourier transformation using digital cechnigques. A combined correlacion and probability
analyzer was used to obtain a 400-peint representation of the autocorrelaticn function.

The analog records were reproduced at 16 tilmes the record speed to simplify removal of the
DC component with a highpass Eilter and approximately five entries of the record were used
to obtain an estimare of the autocorrelacion function. The 400-point function was then
operated on using a window function described in Ref, 10 to obtaln estimates of the spectral

density function,
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5. TEST RESULTS

Twenty-three records were selected for detailed analysis and cercaln characteristics
of these records, including the test configurations and digical sampling rates, are
presenced in Table 1. The first twenty records were Initially recorded in analog form
and subsequently converted to digital form fer analysis. The last three records were

initlally recorded in digiral form.

5,1 Wind Speed - Mean wind speeds Giﬂ measured at the 10 m level with the standard 3-cup
anemometer are listed in Table 1 along with the maximum speed observed in the record 010
and the turbulence Intensity I = cufulo. Alse listed in Table 1 are the mean wind direction
B measured clockwlse from true north and the relative mean wind direction O measured
clockwise from the front end of the mobile home. As expected, most of the stcrong winds
during the course of this study came from the west-northwesr and a lesser number [rom the

south~southwest (see Figure 2.3).

Details of the wind speed measurements obtained with the propeller anemomecers at
heights of 1.5, 3, 5, 10 and 18 m are presented in Table 2. With the exception of
Records 5-1 and 10-5, mean wind speeds measured by the propeller anemomecer at the 10 m
level are consistently lower than the speeds measured at the same height with the 3-cup
anemometer. This is Lo be expected as the propeller anemometers have a fixed orientation
while the cup anemometer accommodates fluctuations and trends in the wind direection. The
mean speeds measured by the propeller anemometer at the 10 m level average about 85
percent of the speeds measured by the cup anemometer for the first five records iIn Table
2 and about 98 percent for the other records. This anomaly cannot be explained by
anemometer misalignment or errors in sensicivicy. It seems likely that insufficient
clearance between the anemometer body and the weather shroud on the propeller hub was the
cause of this temporary problem since subsequent records taken ac nearly the same wind
directions show much berter agreement between cup and propeller., No corrections were
applied to the propeller anemometer data to account for departure from ideal response at
higher frequencles. Dynamic response characteristics of these fixed-orientatlion anemometers

have been established and reported in Ref. 11.

The mean veloclty profiles ate of interest In defining a reference wind speed for the
pressure, drag and lift coefficients. Both a logarithmic law and a power law representation
of the variation of mean wind speed with height above ground were compared with the

measurements obtained in this study. The logarithmic law
— *
u, = in — 1)

where E; = mean velocicy at height =z

shear velocity

=
il
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Table 1 - Test Configuration and Characteristics of Records

Record Time Record — — = Sampling Rate for Digical Analysis
No. GMT Lengrh B @ Y10 "0 110 93,3 93.3 Mobile Home {Samples/sec)
(day:hr:min) (seconds) {(degrees) (degrees) (mph) (mph)} (percent) (mph) (psf) Skirts Speed Pressure Force
1-5 033:12:21 1008 295 295 23.0 38.4 15.8 17.6  0.79 OFF 12/2% 12 -
2=7 033:08:49 922 298 298 31.2  53.9 18.4 24,1 1.49 " 12/2 12 -
4-4 042:16:59 898 287 287 23.3 354.0 15.5 18.4 0.87 " 12/2 - -
4=5 042:19:33 1008 291 291 25.1 43.4 16.2 18.7 0.90 " 12/2 12 -
4-9 047:07:41 1008 194 194 19.5 34.5 22.1 16.0 0.66 " 12/2 12 -
5-1 054:23:38 931 301 301 14,3 27.6 18.1 13.5 0.47 " 12/2 - -
5-3 055:15:33 1008 303 303 18.4 27.2 20.1 15.0 0.58 " 12/2 - -
6-6 073:19:2%9 1008 288 258 31.7 49.9 16.2 25.3 1.68 OoN 12/2 - 12/2%*
Bg-2 074:03:53 302 296 266 21.6 30.5 14.8 17.3 0.77 " 24 - 24
B-5 077:00:12 302 301 271 24.0 42,0 19.5 19.7  0.99 " 24 - 24
9-1 077:01:36 504 301 271 21.5 138.2 18.0 17.7  0.80 " 24/2 24 24
9-2 077:02:17 504 302 272 21.3  34.4 21.0 17.5 0.78 OFF 2472 24 24
9-3 077:03:09 504 303 273 21.0 31.9 20.3 17.1  0.75 " 24/2 24 24
10-4 081:08:31 504 200 g2 16.2 31.9 18.2 13.0 0.43 ON 2414 24 -
10-5 081:09:09 433 195 87 15.2 36.9 24.5 12.6 0.41 ' 24/2 24 -
10-6 081:11:44 504 211 271 16.3 28.1 25.9 12.9  0.43 " 24/2 24 -
10=7 081:12:19 504 205 255 17.0 27.8 22.6 13.9 0.49 " 2474 24 -
12-5 088:08:47 504 294 354 27.6 39.9 13.1 22.6  1.31 " 24 24 -
13-1 088:08:47 1008 294 354 26,7 138.6 15.6 21.9 1.23 " 12/2 - 12/2
15-1 117:14:50 1008 251 266 21.7 3z.1 18,6 17,0 0.74 " 12/2 24 12/2
23-4 102:21:38 302 307 282 25.0 38.1 16.4 21.2  1.15 oN 24/4 24 24
29-2 118:20:50 501 305 280 19.8 30.9 19.4 16.1 0.66 OFF 2474 24 24
35-1 140:18:17 501 289 264 27.6 39.3 16.1 20,7  1.10 " 2474 24 24

*Denotes 12 samples/sec. initfally and digital filtering by averaging evary 2 successive samples.
*#% Analysis of combined drag forces based on 12 samples/sec.
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Table 2 - Wind Characteristice From 1.5 to 18 Meters

as Measured by Propeller Ansmometers

Record “h 0h Ih o
No. (mph)_ (mph) {percent)

h=1.5 3 5 10 18 = 1.5 3 5 10 18 |h=1.5 3 5 10 18
1-5 15.4 17.2  19.3 19.4 23.4 | 27.8 30.0 35.0 31.6 36.7 | 22.8 22.1 22.6 20.0 16.2 |0.17
2-7 21.1 23.5 26.5 26.8 31.4| 43.2 49.8 51.1 49.1 54.6| 25.3 24,7 24.8 22.1 19.0(0.18
4-4 16.1 18.0 20.2 20.4 24.7 | 32.4 36.1 38.8 34.7 35.6| 25.3 23.3 23.0 19.7 15.1(0.18
4-5 16.6 17.9  20.3 20.7 25.6 )| 35.3 36.4 39.0 39.3 43,4} 24.7 23.5 24,1 22.2 17.3|(0.18
4-9 13.6 16,0 17.9 16.3 18.8 1] 29.9 31.8 38.8 32.5 33.7| 27.7 26.4 26.7 27.4 23,9 |0.19
5-1 - 13.2 - 16.7 - - 23.7 - 27.6 - - 22.2 - 18.9 - 0.19
5-3 - - - 18.3 - - - - 28.7 - - - - 23,2 - -
6-6 - - 26.7 31.0 34.7 - - 47.2 50.6 48.6 - - 20.3 17.4 14.810.18
10-4 - 12.6 - 16.0 =~ - 21.8 - 29.3 - - 25.1 - 19.7 - -
10-5 - 12.3 - 15.5 - - 25.3 - 30.1 - - 27.1 - 24,5 - 0.19
10-6 - 12.6 - 16.2 - - 28.4 - 31.6 - - 34.3 - 28.3 - -
10-7 12.2 13.4 14.1 17.0 18.0 | 21.7 2.9 29,1 27.3 28.3} 32.2 32.5 29.7 24,2 25,3(0.17
13-1 - 17.8 21.6 25.7 29.5 37.9  37.6 38.8 40.9 - 23.3 19.7 17.8 14.3|0.17
15-1 14.1 14,1 17.2 20.8 24.0 | 2B.6 27.8 31.6 32.8 35.4| 26.4 28.8 25.0 20.9 16.8 | 0.19
23-4 17.8 19.7 21.6 24.3 27.0 | 33.4 37.0  37.0 39.4 40.6 | 23.3 23.8 22.6 18.7 17.8 | 0.17
29-2 14.8 15.8 17.1 19.4 21.1 | 30.4 29.4 30.3 32.2 35.5} 25.0 25.3 24.7 20.3 19.3|0.16
35-1 18.1 20.3  22.5 26.0 2B.9 | 33.6 35.0  35.2 39.3 39.6 | 23.7 23.1 21.4 18.2 14.9 | 0.19




k = a constant (usually taken to be 0.4}

zero—-plane displacement

]
n

N
]

surface roughness length,

can be derived from dimensional analysis and has been shown teo be an adequate expression
of mean velocity proflles measured in neutrally scracified flows over flat terrain of

uniform roughness [12, 13]. However, the empirical power law

- — gfzla .
= z 2
w, =0 (h) (2)
where Eh = mean velocity at some reference helght I
@ = exponent which depends upon the surface roughness,
is widely used in codes and standards dealing wich wind loading [14, 153]. Tn praccice,

both descriptions of the mean velocity profile Involve a subjecrive asscossment of surface
roughness. The power law was found to best fit the wind speed measurements cohtained in
this study and it has, therefore, been used in the presentation of test results as well as

in the formulation of recommended design loads in Section 6.

Typical mean velocity profiles are shown in Figure 5.1. Estimates of « obtained [rom
these and similar plots ranged from Q.17 to 0.2)1 and averaged 0.18. The plot cof a versus

wind directien in Figure 5.2 indicates little change in surflace rouphness with direction.

Wind speceds at the reference height of 3.3 m (the height of the rocf-wall intersection
of the mobile home) were obtained from the mean velocity profiles or were calcularted using
the mean speeds at 10 m and values of a interpolated f{rom Figure 5.2. Values of the mean

wind speed u at the reference height of 3.3 m and the corresponding mean dynamic pressure,

3.3

=1/2 paz

.30 are listed in Table 1.

3.3

5.2 Time Histories and Spectra of Wind Speed and Pressure - The time histories of wind

speed and pressure plorted in Figure 5.3 represent a typical l-minute segment of record

No. 10-4 for which the wind direction was approximactely normal {face-on) to che right side

of the mobile home. The pressures are pletted in terms of neon-dimensional pressure coeffic-
ients (to be discussed in the following sectlen) and provide some insight regarding the
variation of pressure with respect to time and locatlon of the pressure tap. Pressure tap
designations are given in Figure 2.2, It should be noted that the location of the meceorologi-
cal mast relative to the center of the mobile home for this particular record was approxi-
mately 60 ft (18 m) upwind and 80 fr (24 m) transverse to the wind direction, Thus, while
there appears to be a very strong correlation between wind speed fluctuations at 10 m and

3 m, the correlation between the wind speed flucctvations at 3 m and the pressure [luctuations
on the windward Fface (rap 79) 1s weak. The superlor frequency response of the propeller
anemometer compared with the standard 3-cup anemometer is obvious. Comparing the time

histories for taps 79 and Rl1 sugpests a falrly scrong correlation bertween the two and
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indicates a dramatic change in both the mean and [luctuaring componencts of the surface
pressure as the flow passes over rhe windward edge of tlie roof and actually becomes detached
or separated from the roof surface. This separation is highly intermittent and is influenced
by the turbulence and relative direction of the oncoming wind, the geometry of the reof in
the region of separated flow, and to some extent by the ratio of width to depth of the
mobile home. The effect of flow separation is a negative mean pressure with intense
negative-going Fluctuations which eccur at frequencies consideraﬁly higher than those

observed on the windward wall.

The time histories for taps R1l and R9 are also well correlated. llowever, the
intensitics of both the mean and fluctuating compenents at RY are substantially less owing
to the reattachment of the flow a short distance downwind of the separation point, A
further reduction in mean and fluctuating components of the pressure is cbserved at the
leeward side and in the mobile home interior (tap 18 and internal pressure), and while
they appear to correlate poorly with the other pressures and with the wind speed, there is
a fair degree of correlation between the two. This is to be expected since the internal
pressure 1s related to the permeability of the mobile home and the major portion of the
exterior surflace area is subject to pressure [luctuations occurring in the wake created

by the mobile home,

While the time histories of wind speed and pressures are informative, a clearer
picture of thelr fluctuating components can be obrained from the spectral density function
S{n) which indicares the manner in which the harmonic content of a signal is distributed

over the fregquency range. The spectral density function has the property

oi = T S(n} dn (3
]
in which ci Is the variance of the variable x{t), and n is the frequency. The spectral
functions presented in Figures 5.4{a) to 5.4(f) are plotted in terms of a dimensionless
ordinate nS(n){c2 and an abscissa which is the log of the frequency n. Thus the ratic of
the area associated with any frequency inerement fAn to the total area under the curve

represents that fraction of the total variance related to an.

Comparing the spectrum of the wind speed fluctuations at 3 m (Figure 5.4(a)) with
that of the pressure fluctuations on the windward wall {(Figure 3.4(b)), the peaks in the
low-frequency range occur at approximately the same frequency and there is little concributicn
to the variance from frequencies above 1 Hz. This suggests a quasi-static relationship
between speed and pressure fluctuations in the case of the windward wall. As the flow
passes over the roof the contribution of higher frequencies becomes signilicant as is
clearly Indicated by the spectrum for tap R11l shown in Fipure 5.4(c}. On the leeward
portion of the roof where the flow tends to become reattached the high-frequency components

are still significant, but the low-[requency peak is beginning to cmerge again as is shown
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in Figure 5.4(d). The spectra for the leeward side and for the internal pressure, Figure
5.4(e) and 5.4{f) respectively, indicate z dominant low-frequency peak which again coincides
with that of the wind speed spectrum. Contributions from the higher frequenciles are

proportionately less.

The observations described above are in general agreement with the measurements
obtained by Eaton and Mayne [8] on a two-story house and illustrate the dramatic changes
in the characteristics of pressure signals that occur in reglone of separated flow. The
consequences of intense preasure fluctuations at high frequencles can be serious when

construction materlals are involved that do not perform well under repeated loading.

5.3 Presasure Coefficients — It 1s usual in experimental studies such as thls to express
pressurea in terms of some dynamic reference pressure and a dimenslonless pressure coefficient

defined as

PP,

P 1/2 0u2 “
where p 18 the local pressure on the surface of the building, P, is the freestream ambilent
or atmospheric pressure, p 1s the mass densicy of air, and u 15 a reference wind speed,
wsually taken at some point in the undisturbed wind field. For the case of building
aerodynamics, specified design wind speeds and surface pressures are usually assoclated
with short time periods (2 to 3 seconds) and represent maximum values likely co occur.

The reference height for the wind speed usually corresponds to the height of the building.

In this study the pressure records were analyzed in terms of mean and fluctuating
components ag outlined in Sectiont 4.1 The reference wind speed was based on measurements
cbtained from the instrumented mast and tripod-mounted anemometers, interpolated to a
height of 10.8 fr (3.3 m) which corresponds to the height of rhe roof-wall intersection
of the mobile home, The averaging time for mean preasure and mean speed was equal te the
record length (300 to 1000 seconds) and both mean and fluctuating pressure coefficients

were determined in accordance with che definicions

P o pu 2
3.3
and
U S (6)
p_ - — 2
o 1/2 Pus g

in which p will be understood to indicate the mean pressure over the record length relative
to freestream ambient pressure {(p - po), Up is the atandard deviation of the pressure

fluctuations (rms level wich respect to the mean), and u is the mean wind speed over

3.3
the record length at the reference height of 10.8 ft (3.3 m). The maximum (or minimum)
pressure in the record can then be expressed as
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p=1/2 PU, 4

(c—+gC N

P & Po)
where g is the number of standard deviationms by which the maximum (or minimum) pressure
departs from the mean pressure over the record length. The definitions of the mean,
standard deviation and the peak factor g for a random variable x(t) are shown graphically

in Figure 3.5.

It 15 not sufficient to simply determine the maximum departure from the mean in a
given record. As will be demonstrated in Section 6.3, the average rate of fluctuation and
the probabllity distribution of the [luctuation amplitudes will also be required when

specifying design pressures.

For a statlonary, narrow-band, gaussian process with zero mean 1t can be shown [16]
that the probability that any peak in the record is greater than some value, a, 1s
-a’/2a? ®
P(x > a) = e
It can also be shown that for a narrow-band gaussian process with most of the energy
centered at some frequency n, the average rate of upcrossings of the value x = a can be
expressed as
~a%/202 (9)
n_*n_ e
a (¢
It follows from Eq. 8 that for sufficiently large values of n s
“a
P{x » a) = — (10}
o
Note chat the Rayleigh prehabllity distribution function (Eq. 8) is a special case of the
Welbull distribution function
-(2)

P(x > a)=e ©

(11)
where k = 2 and ¢ ~ v 2 9. When plotted on &n{-tn) versus in coordinates, Eq. 11 should

exhibit a linear relationship since
tn[-En P(x > a)] = k(in a —-in o) (12)

Although a narrow-band gaussian process has been assumed in the above, the relationship
indicated by Eq. 10 has been used in the analysis of various records cbtained in this
study, many of which are wide-band random and highly incermittent. The procedure used in
the analysis of pressure measurements was tc determine the maximum (or minimum) value p'
of the pressure signal fcllowing each upcrossing of the mean and to define X as a reduced

or standardized variate as followsa:
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x =B =P (13)

The probability distribucion of X was then determined from Eq. 10 using a class intsrval

of 0.25 o . In addition to the maximum (or minimum} values of the variable, the rate

of cccurrence of peaks in the recerd, np, was also determined. Typical values for C;,

Cp - and nP are gilven 1n Table 3. Typical plots of probability discributioas sre
shown 1in Figures 5.6 and 5.7. Values of the Weibull parameters k and ¢ (slope and imrercept)
resulting from these plots are listed in Table 3. Mean pressure coefficients

obrained from recordings for which the wind direction was approximately face-on to the

sides of the mobile home are plotted for the skirted and unskirted configurations im

Figures 5.8 and 5.9, respectively.

The procedure just described was also used in the analysis of combined records which
were generated using cthe SUMP program menciconed in Section 4.1. In chis program wedghting

factors, w, are selected for each data chamnel, n, such that

N
I w =1 (14)

and the summed channels thus represent a spatial average of N concurrent time histories.
In the case of an array of pressure transducers with each transducer representing adjacent
surface areas of approximarely equal size and shape, the weights for each data channel
would be 1dentical. For irregular transducer spacing the choice of weights is somawhalt
subjective, but in either case it is implied that all pressure fluctuations sensed at a
point by a transducer act with equal intensizy over the entire surface area assigned to
the transducer. That is to say, the coherence is assumed to be unity between all pointe
in the area for the entire range of frequencies in the signal. Thus, for a given set of
flow conditions, the ameunt by which the contribution of a pressure fluctuation 1s over-
estimated will increase with the size of the assigned surface area and with the reciprocal
of the duratdon of the fluctuations. The weight factors used in this znalysis were

all equal and resulcs for selected combined pressure time histories are given in Table &.

The test resulcts presented 1n Tables 3 and 4 provide some insight concerning the spatial
extent of excreme pressure fluctuations on the exterior surface of the mobile home. Of
particular interest are the largest Instantaneous loads imposed on tributary surface areas
supported by sctrucrural elements such as wall studs and roef trusses and on assembliea such
as doors and windows. The degree to which these loads can be approximated by pressures
measured at discrete points without regard to the coherence of the pressure signals will,
of course, depend upon che size and shape of the tributary area as mentioned above and
upon cthe nature of the pressure flucruations cypified by the time histories shown in

Figure 5.3.

41



4

Table 3 - Single-Point Pressure Coeffictents

Record

Presaure Tap c E n n c
No. No. P Py ° P :
1-5 36 -0.08 0.37 4.94 0.92 1.77
ag 6.51 0.31 6.09 0.58 1.44
43 0.65 0.37 8.97 0.58 1.36
R4 -2,32 1.15 4.10 1.19 1.85
2-7 30 0.73 0.39 5,90 0.59 1.38
36 0.19 0.32 6.21 1.05 1.85
39 0.67 0.33 10.33 0.48 1.30
43 0.75 0.39 4.05 0.57 1.30
4-5 76 -0.50 6.2% §8.18 G.26 1.24
B4 -1.29 G.36 3,46 0.18 1.40
85 -1.34 0.37 3.56 0.20 1.39
R4 -2.86 1.42 2.79 1.09 1.83
4-9 76 =-0.50 0. 4% 7.81 0.43 1.38
84 -0.28 0.20 5.91 0.42 1.39
85 -0.30 0.21 5.27 0.42 1.43
R4 =0.54 0.31 7.18 0.60 1.63
9-1 R2 -2.42 1.43 * 1.38 3.11
g-2 R2 -2.42 1.39 * 1.47 2.97
10-4 18 -0.43 0.19 -3.37 0.35 1.28 0.53 0.86
77 0.54 0.37 3.78 0.52 2.01
79 0.67 0.48 5.74 0.51 1.99 0.45 0.71
83 0.65 0.41 5.02 0.61 1.82
R8 ~0.65 0.35 -71.56 1.12 2,66
R9 -0.73 .31 -7.13 1.14 2.99 0.86 0.87
R10 -0.90 0.40 -5.99 1.22 2,98
R1l -1.52 0.71 =4.65 1.49 3.04 0.72 0.86
Internal -0.32 0.15 3.32 0.35 1.29 0.20 0.54
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Table 3 - Single-Point Pressure Coefficients

{(continued)
Record Pressure Tap C— c g n n c k
No. No. P Py ° P
10-5 57 -0.80 0.47 -8.74 0.96 2.77 0.67 0.77
61 ~0.84 0.50 -7.8% 0.90 2.59 0.65 0.74
63 -0.92 0.59 -6.58 0.95 2.41
64 -0.90 0.58 -6.98 0.86 2.38 0.72 0.79
69 -1.01 0.60 =-5.07 0.53 2,30
70 -1.17 0.72 -5.38 0.55 2,28
71 =1.45 0.85 -4.23 0.47 2.10 0.55 0.71
72 1.58 1.13 * 0.59 2.22
Internal -0.27 0.22 2.34 0.27 2,98 0.20 0.55
10-6 57 -1.03 1.05 -14.78 0.53 2,32
61 -1.02 0.85 -7.66 0.47 1.87
63 -1.03 0.80 =5.13 0.52 2.13
64 -1.01 06.83 -4.89 0.46 1,85
69 -0.87 0.71 -5.76 G.35 1.69
i0 -0.81 0.67 =5.73 0.40 1.80
71 -0.73 0.56 -7.34 0.59 2,32
12 -0.75 0.72 -8.22 0.68 2.14
Internal =0.17 0.20 4,72 0.40 2.19 0.58 0.81
10-7 RS ~2.47 1.28 * 2,21 4.10
RS -1.44 0.96 13.47 1.41 3.24 0.55 0.82
R10 -0.95 0.51 9.42 1.25 3.29 0.70 0.87
R11 -0.65 0,35 5.76 1.13 2,98 0.77 0.81
12-5 70 =-0.32 0.10 -3.82 0.40. 2.74 0.63 0.94
72 -0.28 0.10 -3.71 0.42 2.66 0.56 0.92
R2 -2.56 2,21 * 2.76 -
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Table 3 - Single-Point Pressure Coefficiente

{continued)

Record Pressure Tap Cc— E n n c k
No. No. P Pg ° P
12-5 (comt.)} R3 -0.88 0.32 -5.47 1.62 3.22 1.03 1.15
R4 -0.49 0.23 -6.25 1.92 3.34 0.95 1.02
RS =0.40 0.21 -6.34 1.93 3.64 0.95 1.00
RE -0.47 0.50 * 2.18 2.64
RS -0.33 0.15 -11.68 1.10 2.99 0.58 0.84
R9 -0.27 0.12 =5.70 0.98 3.04 .49 0.72
R10 -0.20 0.10 -4.90 1.15 3.27
R11 -0.21 0.11 =5.95 1.15 3.21
Floor -0.22 0.09 2.50 0.3 3.49 0.22 0.53
15-1 36 0.39 0.36 4,44 1.00 2.83
37 0.66 0.38 4,29 0.54 2.00
ia 0.79 0.35 4,32 0.45 2.00
39 0.70 0.31 4.32 0.47 2.21
73 =-0.52 0.29 =-10.30 0.47 2,34
75 -0.60 0.30 -3.79 0.23 2,37
78 =-0.43 0.28 -5.85 0.49 1.99
79 -0.47 0.25 -4.03 0.36 2,22 0.57 0.92
80 -0.38 0.24 -4.13 0.26 2.42
81 -0.37 0.24 -4.,37 0.25 2.50
82 -0,58 0.29 -10.09 0.46 2.09
83 -0.55 0.27 -5.10 0.33 2.10 0.52 0.81
84 ~-0.48 0.26 -4.95 0.36 2.44
85 -0.48 0.25 =5.30 0.38 2,77
23-4 0.60 0.42 4.00 0.84 2.43
4 0.63 0.42 4,75 0.69 2.01
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Table 3 - Single-Point Pressure Coefficients

{continued)
Record Pressure Tap c— C B n n c k
No. No. P Py ° P
23-4 {cont.) 5 0.45 0.40 5.33 0.78 2.11
14 0.64 0.3% 4.11 0.57 1.94
15 0.76 0.39 4.18 0.47 1.75
16 0.69 0.33 4.10 0.52 1.89
29 0.37 0.33 4,36 0.94 2.79
3o 0.71 0.36 4.37 0.55 2.04 0.78 0.81
31 0.66 0.34 4,42 0.51 1.92
32 0.64 0.29 4,61 0,49 2.18
49 0.64 0.38 4,39 0.68 2,10
50 0.74 0.39 4.33 0.50 1.80
51 0.64 0.35 4,57 0.46 1.98
52 0.73 0.35 4.64 0.57 1.85
54 0.52 0.37 5.09 0.82 2.30
74 ~-0.56 0.29 -3.84 0.34 1.75 0.46 0.75
79 =0.59 0.22 -4.28 0.44 1.93
Rl -2.43 0.93 -3.69 1.66 4.15
R2 -2.21 0.91 -4.08 1.40 3.62 0.68 0.77
R3 -1.24 ¢.50 -9,.34 1.53 3.35
R4 -1.76 0.71 -5.87 1.09 3.00 0.70 0.85
R5 -2.17 0.96 -3.94 1.06 3.33 0.71 0.77
R6 -1.35 0.55 -6.59 1,40 3.10 0.77 0.83
R8 -2.50 1.87 * 1.48 1.77
R9 -1.55 0.66 -6.10 1.20 3.01 1.60 0.99
RI1O -1.25 0.53 -5.94 1.30 2.88
R11 -0.91 0.42 -7.64 1.23 2.71 0.79 0.79
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Table 3 - Single-Point Presgure Coefficients

{(continued)
Record Pressure Tap c— C E n n c k
No. No. P Py o P
29-2 23 0.40 0.33 5.52 0.83 2.57
24 0.75 0.39 4.05 0.40 1.80
26 0,62 0.38 4.30 0.51 1.88
27 0.78 0.38 3.73 0.32 1.54
28 0.81 0.36 3.95 0.35 1.99
29 0.35 0.34 5.82 0.79 2.51
30 6.71 0.38 4.13 0.46 1.86
31 0.79 0.36 4.24 0.36 1.81
32 0.70 0.31 4.45 0.47 2,25
33 0.60 0,37 4.61 0.59 2.09
34 0.80 G.38 3.97 0.39 1.63 0.80 .79
a5 0.81 0.34 4.40 0.38 1.89
36 0.32 0.32 6.43 0.76 2.56
37 0.74 0.37 5.16 0.38 1.78
k1] 0.81 0.36 4,22 0.33 1.76
39 0.70 0.30 4,84 0.48 2,32
R2 -2,22 0.97 * 1.33 3.2
R3 -1,12 0.56 -5.49 1.13 2.86
R4 -1.69 0.78 -3.09 0.87 2.3 0.58 0.78
RS -2.06 0.99 -2.64 0.80 2.28 0.57 0.91
R6 -1.28 0.61 -4.,77 1.14 2.63
35-1 11 0.75 0.41 5.12 0.56 1.83
i3 0.59 0.37 4.94 0.60 2.04
34 0.80 0.39 5.71 0,42 1.77
35 0.77 0.36 4,50 0.39 1.80
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Table 3 - Single-Point Pressure Coefficients

{continued)
Record Pressure Tap c— c g n n c k
No. No. P Py ° P
35-1 (cont.) 36 0.32 0.34 6.50 0.91 2.64
37 0.55 0.20 4.42 0.66 3.00
38 0.79 0.38 4,79 0.40 1.76
39 0.69 0.33 4,35 0.52 2,27
41 0.87 0.54 * 0.47 1.72
46 0.77 0.42 4.91 0.42 1.78
50 0.73 0.46 4.70 0.41 1.53
54 0.71 0.44 4,66 0.58 1.74
78 -0.65 0.25 -6.63 0.56 1.94
79 -0.61 0.23 =-4.42 0.36 1.54
80 =-0.61 0.23 -4.04 0.23 1.79
al -0.64 0.23 =-4.14 0.24 1.82
R1 -2.03 0.95 -4.69 1.75 3,79 0.61 0.89
R2 -1.89 0.90 -5.08 1.41 3.48 0.79 0.94
R3 -1.16 0.50 -6.4% 1.57 3.21 0.82 0.94
R4 -1.60 0.70 -5.98 1.13 2.85 0.95 .08
R5 -1.89 0.96 ~-4.76 1.17 3.17 0,62 0.74
RE -2.61 1.92 -2.13 1.16 1.93
R9 -1.56 0.60 * 1.09 2.11
R10 -1.29 0.56 -2,28 1.22 2.64
R11 -0.93 0.43 =-3.73 1.19 2.82
Floor -0.53 0.23 2.03 0.45 3.55 0.24 0.61
Internal -0.55 .22 7.00 0.41 2.60 0.16 0.52

Peak values exceeded range of recorder.
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Fig, 5.8 - Digtribution of Mean Pressure Coefficients, Skirting Installed
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Table 4 - Multiple-Point Pressure Coeffictiente

Record Pressure Tap C— C g o n c k
No. _Combination P Pg ° P
10-4 R8 to Rl11l -0.95 0.35 -4.93 0.81 j.12 0.50 0.72
10-5 71,72 -1.57 0.89 -4.23 0.50 2.43
57,61,63,64,69,70 -0.94 0.51 ~-5.07 0.37 2.31 0.35 0.58
10-6 57,61,63,64 ~1.03 0.82 -8.52 0.29 2.05 0.42 0.72
57,61,64,69,70,71,72 =-0.89 0.65 =-8.54 0.22 2.26 0.33 0,57
12-5 R2,R3 -1.71 1.13 -1.75 2,83 3.85
R2 to Rb -0.94 0.48 -2,53 3.04 4.48
R8 to R1l -0.25 0,11 -6.25 0.67 2.96 0.26 0.56
23-4 29 to 32 0,60 0.31 3.97 0.44 2.05 0.80 0.83
4,15,30,50,52,54 0.68 0.26 3.72 0.58 2,20 0.45 0.68
3,4,5,14,15,16,29,30,31,32 0.61 0.28 4,71 0.46 1.93 0.52 0.71
49,50,51.52,54 0.65 0.33 4.18 0.43 1.90 0.62 0.77
R1,R2,.R5 =-2.27 0.82 =4.31 0.99 3.67 0.47 0.74
R2,R4,R5 -2.05 0.76 -4.58 0.98 3.42 0.52 0.79
R2 to R3 -1.84 0.65 -4.81 0,82 3.36 0.48 0.73
R8 to R11 -1.55 0.68 =3.43 1.22 3.35 1.18 1.74
29-2 30,31,34,37,38 0.82 0.39 3.99 0.22 1.46 1.02 0.93
27,30,31,33,34,35,37,38,41 0.81 0.38 4.03 0.20 1.38 1.12 0.99
26 to 44 0.74 0.35 4,21 0.23 1.51 1.01 0.93
R1,R2,R5 -1.99 0.67 -2.64 1.02 3.35 0.64 1.11
R3,R4,RE -1.37 0.58 -4.41 0.68 2.68 0.41 0.72
Rl to R6 -1.68 0.58 =3.49 0.79 3.16 6.39 0.79
35-1 R1,R2 -1.96 0.87 -4,66 1.27 3.59 0.52 0.82
R1,R2,R5 -1.94 0.82 -4.76 1.04 3.42 0.42 0.73
Rl to R5 -1.71 0.67 -4.81 0.82 3.37 0.36 0.68




Wicth regard te the windward wall, the following reductions in the r.m.s. pressure
coefficients and the peak pressure fluctuations were determined by comparing results of
the multiple-polnt analysis {see Table 4} with average values based on the single-point

results presented 1in Table 3,

c gC
Record Tap Combination Area Py a
No. {(ft2) {percent reduction) {percent reduction)
23-4 29 to 32 10 6 16
4,15,30,50,52,54 : 120 32 44
49,50,51,52,54 3o 11 18
29-2 30,31,34,37,38 12 0 3
27,30,31,33,34,35,37,38,41 24 3 5
26 to 44 50 8 9

The areas listed above are somewhat subjective, it being assumed that continuous strips
Or zones can be represented by the pressure taps located within those strips or zomnes as,
for example, in the case of the second combination for Record Ne. 23-4 where the area
represents a continuous strip 60 fr (18.3 m} long and 2 fr {0.61 m) wide. It is clear that
only when cthe cransducer array becomes line-like in shape and is of apprecisble length do
the individual pressure méasurements significantly overestimate the maximum lecads acting on
triburary areas. In the case of Record No, 29-2, individual measurements overestimate the
r.m.s. pressure coefficient and the maximum load fluctuation on the 50—ft2 (4.6-m2) area of
regular shape by less than 10 percent. Since the pressure fluctuvations on the windward
wall are due primarily to the leongitudinal component of the incident turbulence, strongly

coherent pressure fluctuations are to be expected over tributary areas whose dimensions are

small compared to the scale of the turbulence.

For che case of end walls with the wind approximately normal to cthe axis of the mobille
home, flow separation occcurs at the windward corner and the nature of the pressure fluctu-
ations is more complex than is the case for a windward wall. Referring to Record Nes. 10-5

and 10-6, the following reductions were determined for the indicated tributary areas.

Record Tap Combination Area Cpc ngU
No, (££2) (percent reductlon) {percent reduction)
10-5 71,72 5 11 -~
57,61,63,64,69,70 16 12 32
10-6 57,61,63,64 il 3 7
57,61,64,69,70,71,72 19 17 12
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While the true maximum pressure fluctuation for the first tap combination of Record
No. 10-5 cannot be determined because the range of che recorder was exceeded, it is obvious
that the reductions in both the r,m.s coefficlents and the max{mum locads are more pronounced
for atreamwise surfaces than for surfaces normal to the flow. However, the reglon of
extreme negative mean and fluctuating pressures (tap 72, Record No. 10-5) is of very limired
extent and the coefficients based on combined records (Table 4) are sufficient for calculating
loads acting over the entire end wall. As pointed out previously, the relative wind direction
gignificantly influences the magnitude of surface pressures in regions of separated flow.
In the case of Record Nos. 10-5 and 10-6, it appears that the flow over the end walls is
fully separated with the possaibility of reattechment occurring just at the trailing edge of
the end wall for Record We. 10-6,

Referring to Filgurea 5.8 and 5.9, the magnitude of the mean or steady component of the
pressure acting on the roof changes very rapldly near the leading edge. This 1s alsc true
of the fluctuating component as can be seen from the results presented in Table 3. Compared
with average values of the single-point results in Table 3, the following reductions are
obtained for the r,m.s, pressure coefficients and the peak pressure fluctuations when based

on combined tecords (see Table 4).

Record Tap Combination Area Cpc gCPO
No. {(£t2) (percent reduction) (percent reduction)
10-4 R8 to R1ll 16 26 34
12-5 R2,R3 20 28 -

R2 to R6 50 53 -
RE to R11 16 8 22
23-4 R1,R2,R5 30 12 3
R2,R4,R5 30 13 11
RZ to RS 40 18 23
R8 to R11 1l 35 i3
29=-2 R1,R2,R5 30 29 -
R3,R4,R6 0 12 9
Rl to R6 60 25 -
35-1 R1, R2 20 6 10
R1,R2,R5 30 13 14
Rl to R5 50 18 24

As expected, estimates of both the r.m.s. pressure coefficients and the peak fluctu-
ations obtalned from combined records are significantly less than the averaged values
obtained from the single-point analysis. This is particularly true where the tributary
area 1includes pressure taps located along the leading edge as well as taps near the middle
of the roof. On the other hand, those combinatlions that include taps located only along
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the leading edge or only well back from the leading edge exhiblt substantially smaller
reductions for combined records. Flow over the roof clearly inveolves two reglons:

{l) a narrow strip along the leading edge where extremely low mean pressures and strong
negacive-going fluctuations occur and (2) the remainder of the roof where the mean pressure
increases and the amplitudes of the pressure fluctuaztions decrease toward the trailing edge.
Because local failures of the roof membrane can lead to complete failure of the roof system,
special attention must be given to the membrane and fasteners along the perimeter of the

roof.

5.4 Drag and Lift Coefficients - Dara reduction and analysis techniques previously

descrlbed for pressure measurements were also applied to the time histories of drag and
1ift reactions., Both single and combined records were reduced to mean and fluctuating
components and distributions of the fluctuation amplitudes were described in terms of the

Weibull coefficients discussed in Section 5.3.

As mentioned in Section 3.3, warping of the mobile home sﬁperstructure with changes
in temperature and humidity caused shifts in the output signals of the instrumented force
linke that were difficult to distinguish from wind effects. Also, rotation of the mebile
home and support frame to alter the relative wind direction introduced signal offsets
that could only be evaluated under relatively calm wind conditions. This was not a
serlous problem in evaluating total drag response since all four horizontal force links
were operated continuously during the scudy. For the vertical force or lift measurements,
however, these induced cffsets could not always be evaluated or eliminated since difficulcties
with stability in some of the data channels did not allow the simultaneous measurement of
forces in all elght force links. The mean or steady components could thus be estimated
with confidence only for those cases where the mobile home was not rotated between initial
and final readings obtained under calm conditions. These problems with the evaluation of
force-link cffsets did not affect the evaluation of the fluctuating components of. 1ift
and drag response, however. In the following discussion, the numbering syscem in Figure 2.5

19 used to identify the force links.

A typilcal spectral density function for the drag force fluctuations measured at the
forward foundation assembly is shown in Figure 5.10. The same cocordinates as described
in Section 5.2 have been used with force replacing pressure as the time-dependent variable.
Most of the contribution to the total measured variance is assoclated with frequencies of
less than 0.6 Hz with a spectral peak at approximately 0.03 Hz. There 1s another peak
centered at 3,6 Hz which represents the contribution of the resconant response of the forward
portion of the mobile home. As pointed out in the discussion of pressure fluctuations, the
area assoclated with a frequency increment 4n 1s proportional to that fracticn of the
varlance contributed by frequencies over the same increment, For the pleotted spectrum the
resonant component amounts to less than 3 percent of the total variance and the assumption

of a quasl-sracic response to wind fluctuations 1s reasonable, At higher wind speeds the
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area of the low-frequency portion of the spectrum will be preserved, but the Erequencies
will increase in direct proportion to the mean speed. For a basic wind speed of 90 mph
(40.2 m/s) (see Sectlon 6.1) the corresponding speed at the reference height of 10.8 ft
(3.3 m) and averaged over the same record length of 300 seconds as was used for Rec. No.
8-2 would he approximately 63 mph {28.2 m/s). Since the reference wind speed (see Table 1)
was 17.3 mph (7.7 m/s), the frequencies would be multiplied by a factor of 3.6. Thus,

for the assumed basic wind speed of 90 mph, the energy-containing frequency range would
still be well below the first-mode natural frequency of 3.6 Hz and the resonant component

of response would net be significant.

As with the pressure coefficlents, the drag and lift coefficients are defined in

terms of a dynamic pressure at the reference height h = 3.3 m and have the form

F
N 1/2 :E 24 3)
3.3
and
Ca = ai 2 e
g 1/2 pu3.3A

where f& and gd denote the mean and standard deviation of the drag force and A 1s the
projection on a vertical plane of the moblle home area served by a given horizontal force
link. Similar notatlon and expressions apply to the lift forces. It should be noted
here that the projected areas for drag forces reflect the presence or absence of skirting

at the bottom of the mobile home.

Drag ccefficlents based on individual and combined time histories are presented in
Tables 5 and 6, respectively, for records obtained with the wind direction approximately
normal to cthe longitudinal axis of the moblle home., Also included feor certaln records are
the Weibull coefficients determined Erom plots of crhe probability distribution functions.

Lift coefficients are presented in Table 7.

The mean drag coefficients, CE' for the combined records listed in Table & exhibit
congilderable scetter. However, the test results do suggest a larger mean drag coefficient
for the unskirted configuration and this i1s in agreement with the mean pressure coefficlents
plotted in Figures 5.8 and 5.9. Neglecting end effects, these plots suggest that the mean
drag coefficient for the unskirted configuration is approximately 1.2 times that for the
skirted configuration. This same ratio for the averages of the mean drag coefficients of
Table 6 is 1.24. Removal of the skirting results in a larger aspect ratiec and a larger

drag coefficient 1s, therefore, to be expected.

Drag and lift coefficients have been measured by Harris [17] using 1:16 scale models
of mobile homes placed in a wind tunnel having a uniform flow with low intensity of tur-
bulence. For the unsakirted configuration, mean drag coefficients of 1.22 and 1.23 were

57



8%

Table 5 - Individual Drag Coefficiente

Rgz?rd For;z-Link GE Cdc n, np k
6-6 9 0.85 0.29 6.88 0.25 0.83 0.40 0.56
10 0.93 0.12 4,75 0.21 0.71 0.64 0.83
11 0.94 0.22 7.18 0,19 0.65 0.44 0.62
12 0.97 0.29 53.61 0.17 0.61 0.79 0.86
8-2 9 1.03 0.23 3.33 0.41 2.11 0.42 0.73
10 1.13 0.11 3.92 0.46 3.53
11 0.94 0.13 3.74 0.54 3.21
12 0.79 0.16 4,21 0.39 3.24
8-5 2 .93 0.41 10.18 0.27 1.71
10 1.05 0.19 4.95 0.35 2.80
11 0.80 0.29 5.35 0.35 2.44
12 0.67 0.36 5.34 0.23 2.43
9-1 9 1.27 0.54 9.20 0.24 1.62 0.20 0.54
10 1.14 0.20 5.53 0.40 2,78 0.18 0.55
11 0.95 0.25 4,52 0.33 2.54 0.23 0.55
12 0.93 0.33 4.56 0.32 2.71 0.22 0.53
9-2 9 1.59 0.36 4.74 0.59 2.10 0.35 0.66
1a 1.48 0.18 4.12 0.58 3.20 0.13 0.46
11 1.08 0.27 6.30 0.45 2.65 0.34 .71
12 1.05 0.37 7.53 0.41 2.56 0.26 0.61
9-3 9 1.46 0.41 4.32 0.38 1.94
10 1.43 0.18 4,26 0.26 3.12
11 0.85 0.24 4.40 0.41 2.86
12 1.05 0.32 4,02 0.36 2.86
15-1 9 0.94 0.35 5.47 0.14 0.65
10 0.70 0.14 5.06 0.14 0.56
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Table § - Individual Drag Coefficients

{continued)
R§§?rd For;z-Link CE Cdg £ n, np c k
15-1 (cont.) 11 1.08 0.15 3.94 0.18 0.57
12 0.89 06.21 4.57 0.16 0.56
23-4 9 0.96 0.30 4 .42 . 0.45 2.42 0.57 0.74
10 0.67 0.14 3.86 0.46 2.94 0.46 0.67
11 1.13 0.18 4.29 0.47 3.11 0.36 0.65
12 0.66 0.27 5.57 0.43 2.65 0.37 0.67
29-2 9 1.50 0.43 3.93 0,31 1.87 0.21 0.54
1qQ 0.62 0.19 3.57 0.42 3.25 0.22 0.58
11 1.18 0.20 3.71 0.60 3.38 0.18 0.58
12 0.483 0.23 3.90 0.56 3.04 0.23 0.64
35-1 9 0.81 0.38 5.90 0.44 1.87
10 0.98 0.17 4.53 0.34 2,51
11 1.2¢9 0.24 4.29 0.39 2.49

12 0.90 0.35 4.53 .30 2,25
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Table 6 - Combined Drag Coeffie{ents

Recard Force Link OE Cd B n, np c k
No. .- Combination o

6-6 9,10,11,12 0,92 0,19 5.96 0.28 1.44 0.42 0.65
8-2 " 1.03 0.16 3.54 0.22 2.74 0.40 0.68
8-5 " 0.86 0.29 6.09 0.21 2.70

9-1 " 1.07 0.28 7.09 0.26 2.40 0.10 0.37
9-2 " 1.29 0.27 5.24 0.36 2,71 0.28 0.57
23-4 " | Q.85 0.19 3.41 0.27 2.59 0.38 0.54

29-2 " 1.06 0.24 . 0.35 2.83 0.21 0.55
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Table 7 - Lift Coefficients

~ Record Force Link CE Cg g n np c k
No. Combination g
8-2 1.2 0.83 0.21 3.54 0.48 2.93 0.47 0.70
5,6 0.89 0.22 3.87 0.30 3.15 0.41 0.64
1,2,5,6 0,86 0.19 3.79 0.38 3.00 0.30 0.59
8-5 1,2 0.33 4.78 0.42 2.81 0.25 0.68
5,6 0.28 15.20 0.33 2,98 0.27 0.64
1,2,5,6 0.28 9.71 0.31 2,79 0.28 0.76
9-1 1,2 1.063 0.38 5.69 0.40 2.92 0.20 0,52
5,6 0.91 0.27 4.81 0.27 2.65 0.39 0.62
1,2,5,6 0.97 .29 5.30 0.35 2.73 0.20 0.50
9-2 1,2 0.26 4,45 0.71 3.75 0.32 0.70
5,6 0.18 4.63 0.48 2.94 0.64 0.76
1,2,5,6 0.1% 4,69 0.68 3.30 0.26 0.59
23-4 1,2 0.19 6.32 0.61 3.10 0.50 0.71
3,6 0.19 3.90 0.42 3.28 0.64 0.76
1,2,5,6 0.17 5.04 0,44 3,04 0.65 0.77
29-2 1,2 0.21 4.40 0,67 3.36 0.37 0.69
5,6 0.18 4.45 0.32 3.20 0.46 0.67
1,2,5,6 0.16 4.30 0.54 3.30 0.31 0.65




obtained for prototype lengths of 50 and 60 ft (15.24 and 18.29 m), respectively, with the
wind normal to the longitudinal axis of the model. The width of the model corresponded

to a prototype width of 10 ft (3.05 m). With skirting installed, a mean drag coefficient
of 1.31 was obtained for the 50-ft prototype length. However, since the surface area on
which these coefficients are based does not include the area of the skirting, the actual
drag coefficient for the skirted configuration would be approximately 1.05. Thus the
trends observed in the wind tunmel with uniform flow are in line with the full-scale

measurements of drag forces in the atmospheric boundary layer.

Harris also measured lift forces and calculated lift coefficients for several relative
wind directions. For the model of a 50-ft prototype without skirting, a maximum lift
coefficient of 0,62 was obtained with the wind at 45 degrees to the longitudinal axis.

With the wind normal to the longirtudinal axis, the 1lift coefficlent was 0.13. With skirting
installed, the 1ift coefficlents for these same relative wind directions were 0.89 and

0.78. Although surface pressures are not discussed in Ref. 17, the 11ft coefficients for
wind normal to the longitudinal axis of the model suggest a change of 0,13 - 0.78 = -0.65

in the average preassure coefficient on the underside of the model with removal of the

skirting.

The mean lift coefficients Iin full scale could be determined with some confidence
for only two records as is indicated in Table 7, skirting being attached in both cases and
the mean lift coefficlent averaging 0.92. Referring again to the mean pressure coefficients
plotted in Figures 5.8 and 5.9 and noting the floor pressure coefficients listed in
Table 3, mean 1lift coefficients of 1.05 and 0.80 are obtained for the skirted and unskirted
configurations, respectively, These are only rough estimates, it being assumed that the
pressures acting on the underside of the mobile home (measured at the centerline) are
uniform across the width of the home and that end effects are negligible. The change in
the mean pressure coefficient on the underside of the moblle home (see Table 3} with
removal of the skirting is 0.22 - 0.53 = -0.31, approximately half that observed in the
model studies conducted by Harris. While skirting apparently has a pronounced effect on the
mean lifr coefficient in uniform flows, this is not the case in the atmospheric boundary

layer.

5.5 Structural Damping - Recordings of accelerations under strong wind conditions afforded

an opportunity to cbtain eetimates of the cowmbined structural damping of the moblile home
superstructure and the Eoundation system. Two methods were used in the analysis; the random
decrement or "randomdec" technique [18, 19], and the autocorrelation technique. The details
of the analysis and the teat results have been reported by Yang (20] and only a summary of the
procedure and typical results are presented herein. In the randomdec technique, estimates

of the damping ratio are obtained from the decay of a signature resulting from the averaging
of a large number of segments of the acceleration time history, the initial point of the
segments corresponding to consecutive crossings (with both positive or negative slope) of

some specified amplitude. The main advantages of the randomdec technique over the commonly-
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used autocorrelation technique are a fixed amplitude of signature and a signature which has
the same dimensions as the original time history since no multiplications are involved. The
fixed amplitude feature stabilizes the form of the signature for nonlinear variations of

damping with amplitude and simple summations replace summations of time-lagged products.

A typical randomdec signature is shown in Figure 5.11{a) and 1s based on the acceleration
time history obtained with skirting installed on the mobile home and with the accelerometer
mounted as described in Section 3.4. The mean wind speed at the reference height of 3.3 m
was 22.5 mph (10.1 m/s) and the relative wind direction ranged from 265 to 270 degrees.

Thus, the wind was blowing nearly face-on to the left side of the moblle home and the mobile
home superstructure was responding in the horizontal bending and racking modes, The autc-
correlation function and the spectral density function for the same acceleration time history
are shown in Figures 5.11(b) and (¢), respectively. With reference to Figure 5.11l{c}, the
predominant peak in the spectrum is centered at approximately 4.3 Hz with a second well-defined

peak at approximately 9 Hz. There is no significant contribution above 15 Hz.

The sampling rate for the randomdec analysls was 66.7 samples per second and the
record length was approximately 300 seconds. An amplitude of 1.50 o was selected for which
there occurred 766 segments in the record and the curt-off frequency was 7.8 Hz, The results

of the analysis are given in Table 8,

The damping ratio estimates obtained by the randomdec technique are more consistent
than those obtalned from the autocorrelation function which 1a to be expected because of
ics "fifgd amplitude” feature. The autocorrelation function, on the other hand, incorporates
the entdre time history and 1s therefore more sensitive to nonlipear damping and cross products

of modes.
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6, RECOMMENDED DESIGN WIND LOADS

This chapter describes the criteria, assumptions and procedures used to establish
appropriate static loade for the design of mobile homes and their anchoring systems to
resist wind forces. These design loads are largely based on the test results presented and
discussed in Section 5 and represent the average maximum loads likely to occur for the stated
conditions.

6.1 Basic Wind Speeds — Section 280,305 of the current verslon of the federal Mobile Home

Construction and Safety Standards (December, 1975) speclfies design wind loads for a "Standard

Wind Zone" and a "Hurricane Wind Zone." Approximately, thaese zonea are defined by the 80 mph
isotach Eor a 50~year mean recurrence lnterval as presented in Ref. 14. Implicit in the spec-
ified design loads for the two zones are basic wind speeds of 70 and 90 mph (31 and 40 m/s)
based on the "fastest mile of wind" at 30 fr (9.15 m) above ground in open terrain.

Thus, there are substantial portions of each zone for which the basic wind speeds are
exceeded by the "map"” values of Ref. 14. The wind speed distributions specified in Ref. 14
are currently under review snd the zone designations and basic wind speeds of 70 and 90 mph
will continue to be used in the interim. However, it 1s important to note that these wind
speeds imply a mean recurrence interval of approximately 30 years for portions of the two

zones.

6.2 Design Wind Speeds - In calculating dimensionless pressure, drag and lift coefficiente

in Section 5, the mean wind speed at a fixed reference height wae used to determine a
Ercestream dynamic pressure. This reference height 1s usually taken as the helght of the
building or etructure for convenience In specifying pressure and force coefficlents for
buildings of various aspect ratioa. For a minimmn clearance of 1 ft (0.31 m) between the
ground surface and the mobile home underframe as specified in Ref. 21, a suitable reference
height would be 9.5 £t (2.90 m). All other condirions being equal, the mean wind speed at
this height will be less than that at the 30 ft reference height used in Ref. 14, the
reduction depending upon the average terraln roughness at the site. Using the power law
representation of the mean velocity profile and selecting an exponent of 0,17 as being
repreéentative of & moderately open exposure, the following relatlonship between wind apeed
at the standard reference height of 30 ft (9.15 m} and at the reference height of 9.5 ft
(2.90 m) is obtained,

2.5 (53 an
3 3o
3o
= 0.82

The choice of averaging time 1s somewhat arbitrary, but it should be long enough to reflect
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the effects of low-frequency components of turbulence generated by the terrain roughness
and short enough so that a reasonably gtationary time history free of significant trends
will be obtained. Experience has shown that averaging times of from 15 to 30 minutes

generally satisfy these requirements and a time interval of 1000 seconds will be used here.

To relate the fastest mile speeds to speeds averaged over 1000 seconds, reference is
made to data obtained by Durst [22] in strong winds over flat, unobstructed terrain. A
plot based on Durat's results and which gives the ratio of the averape probable maximum
wind speed to the mean hourly speed for a terrain roughness In line with the exponent of
0.17 has been presented by Vellozzl and Cohen [23] and is reproduced in Figure 6.1 Fastest
mile speeds of 70 and 90 mph correspond to averaging times of 51 and 40 seconds, respectively.

The corresponding speed ratlios for an averaging time of 1000 seconds are

" (1000)

— = 0.80 (18)
" (40)

and
u
—{1009) _ g7 (19)
Y(51)

Taking 0.81 as an average ratio, the design wind speed at the reference helght of h =
5.5 ft {2.90 m) and averaged over a period of 1000 seconds is related to the fastest mile

baslc wind speed by the following expression.

“n

{0.82)(0.81) U (20}

0.66 U

The corresponding mean dynamic reference pressure for astandard atmospheric conditions is

- — 2
q, = UV2p u {21}
0 2
= (,0011 Upny

with Eh expressed 1n psf and Ue in mph.

6.3 Selection of Peak Factors — To obtain pressures or forces for design purposes, reference

is made to the dimensionless coefficients discussed in Section 5. For the record lengths
used in this study, the coefficients based on the means and standard deviations can be
assumed to be independent of averaging time and the determination of design values Lhus
involves the selection of appropriate peak factors, g. Taking surface pressure as an

example, the design value is
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=g O (22)
h “p

- C-+gC_)
9 (Cx+8 2,

with g corresponding to the average maximum value of the peak factor occuring in a time
interval of 1000 seconds. From similarity arguments 1t can be readily shown that the probabi~

lity of the peak factor exceeding some value, X, is

u
POR) = e @y
o FM
where Eﬁ 3 is the measured mean reference wind speed and n, is the average upcrossing rate

cbtained from the analysis of peak values. Having established P(>X), the value of g 1ls
obtained from the plot of the probability distriburion function. It is assumed in Eq. 23

that the upcrosaing rate scales directly with the reference wind speed, i.e.,

L)

This only requires that the characteristic length scales for the two wind speeds be equal
and that the flow process be independent of the Reynolds number. Experimental results

cbtained from atudies on bluff bodies in both model and full scale support these assumpcions.

To illustrate the effect of averaging time on the average maximum fluctuating component

of pressure or lead, peak factors have been calculated for two values of the ratio 3 3fn0
and for averaging times ranging from 3 seconds to 1 hr. A basic wind speed of 90 mph was

asgumed and the Weibull ccoefficients ¢ = 0.7 and k = 0.8 were used to obtain the values of
which

—2 —2
"(e) *° 8(1000) “(1000)
represents the change in the peak value of the fluctuating component with averaging time.

E. The resulte are plotted in Figure 6.2 as a ratdio of g(t)
The values of the ratilo u!noand the Welbull coefficients are typical of the values obtained
in this study. It is seen from Figure 6.2 that the maximum change 1s less than 10 percent

for averaging times ranging from 100 te 1000 seconds.

6.4 Internal and External Pressures — Having established a procedure for selecting the

peak factor, the pressure coefficients presented in Tablea 3 and 4 can be used to

obtain the average maximum (or minimum) pressure coefficients asscciated with a time

interval of 1000 seconds. In calculating the pressures tabulated in this section and

the drag and lift forces presented in the following eection, the dynamic reference

pressure defined by Eq. 21 has been used. Single-point and multiple—point preasure
coefficlenta (see Sec. 5.3) are liagted in Tables 9 and 10, respectively, for basic wind speeds
of 70 and 90 mph. Note that the peak factors increage slightly with wind speed because of the
larger number of upcrossings occurring in a given time interval., The peak departures

from the mean have been estimated for the critical cases, i.e., positive-going values for
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Table § - Average Maximum Single-Point Pressure Coefficients

upy = 70 mph Upy = 20 mph
Record Pressure Tap P(>X} B c P(>X) g . C
No. No. x 103 b x 102 3
10-4 18 0.80 -5.3 -1.44 | 0.63 -5.4 -1.46
79 0.55 7.7 4,37 | 0.43 8.1 4.56
R11 0.19 -8.8 -7.77 | 0.15 -9,2 -8.05
Internal 0.80 8.0 0.88 | 0.63 8.4 0.94
10-5 57 Q.28 ~10.5 -5.74 { 0.22 -10.9 -5.92
61 0.30 -11.1 -6.39 | 0.24 -11.7 -6.69
64 0.32 -9.5 -6.41 | 0.25 -10.0 -6.70
71 0.58 -9.2 -9.27 | 0.45 -9.7 -9.70
Internal 1.01 6.6 1.18 | 0.79 7.2 1.31
10-6 Internal Q.70 6.7 1.17 | 0.54 7.0 1.23
10-7 R9 0,21 -7.3 -8.45 | 0.17 -7.8 -8.93
12-5 70 1.2 -4.8 -0.80 | 0.95 -5.0 -0.82
72 1.2 -4.5 -0.73 | 0.91 -4.7 -0.75
Flooxr 1.4 7.5 0.46 | 1.12 8.0 0.50
15-1 79 1.0 -4,7 -1.65 | 0.80 -5.0 -1.72
83 1.1 -5.6 -2.06 | 0.87 -5.9 -2.14
23-4 30 0.83 8.8 3.88 | 0.65 9.1 3.99
74 1.35 -5.9 -2.27 | 1.05 -6.1 -2.33
R2 0.33 -10.2 0.26 -10.7 -11.9
R5 0.43 -10.1 0.34 -10.5 -12.3
R9 0.38 -8.1 0.% ~8.4 -7.09
29-2 % (W .6 2.2 .0 o}
%-1 51 s T -he® Ja. b . -»
) am ~7.3 e 7.8 .73
1
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Table 9 - Average Mazimem Single-Point Pressure Coefficienta

{continued)
Y ™ 70 mph Uy = 90 mph

Record Pressure Tap P(>X) g c P (>X) g c
No. No. x 103 P | x 103 p
35~1 (comt.) R3 0.29 -7.7 -5.01 | 0.22 -8.0 -5.16
R4 0.40 6.4 -6.08 | 0.31 -6.7 -6,29

RS D.38 -10.0 ~11.5 0.30 -10.4 -11.9
Floor 1.00 5.7 0.78 ) 0.77 6.1 0.87
Internal 1.09 6.2 0.81 | 0.85 6.6 0.90




Table 10 - Average Maximum

Multiple-Point Pressure Coefficients

uFM=70 mph um=-90mph

Record Pressure Tap P (>X) g ¢ P (>X} B c

No. Combination x_103 b x 107 B
10-4 RS to RI11 0.35 -8.6 -3.96 0.27 -9.1 -4.14
10-5  57,61,63,64,69,70 0.74 -10.9 -6.50 0.57 -11.4 -6.75
10-6  57,61,63,64 0.96 -6.3 -6.20 0.75 ~6.6 -6.44
57,61,64,69,70,71,72 1.27 -9.1 -6.81 0.99 -9.8 -7.26
12-5 R8 to R11 0.73 -8.9 -1.23 0.57 -9.5 -1.30
23-4 29 to 32 1.04 8.3 3.17 0.80 8.7 3.30
4,15,30,50,52,54 0.79 8.3 2,84 0.62 8.7 3.02
3,4,5,14,15,16,29,30,31,32] 1.00 8.8 3.07 0.78 9.5 3.27
49,50,51,52,54 1.07 7.6 3.16 0.83 7.9 3.26
o R1,R2,RS 0.46 -7.5 -8.42 0.36 -7.9 -8.75
RZ,R4,R5 0.47 -7.0 -7.37 0.36 -7.3 -7.60
R2 to RS 0.56 -7.8 -6.91 0.44 -8.1 -7.11
RS to R11 0.38 -3.8 -4.13 0.29 -3.9 -4.20
29-2  30,31,34,37,38 1.58 7.5 3.75 1.23 7.8 3.86
27,30,31,33,34,35,37,38,41| 1.74 7.4 3.62 1.36 7.7 3.74
26 to 44 1.52 7.6 3.40 1.18 8.0 3.54
R1,R2,R5 0.34 -4.2 -4.80 0.27 -4.3 -4.87
R3,R4,R6 0.51 -6.9 -5.37 0.40 -7.2 -5.55
Rl to Ré 0.44 -5.2 -4.70 0.34 -5.4 -4,81
35-1  R1,R2 0.35 -6.5 -7.62 0.27 -6.8 -7.88
R1,R2,R5 0.43 -7.1 -7.76 0.33 ~7.3 -7.93
Rl to RS 0.55 -7.1 -7.47 0.42 -7.4 -6.67




windward faces and negative-going values for the roof and leeward faces. Internal pressures
and pressures acting on the underside of the floor system are based on peak positive departures

from the mean.

The pregsure coefficients listed in Tablee 9 and 10 have been averaged where more than
one record is available for relative wind directions which are approximately equal. The
regulting coefficlents are listed in Table 11 along with the corresponding maximum or

minimum pressures for basic wind speeda of 70 and 90 mph (31 and 40 m/s).

Also liated in Table 11 are the combined pressures for the roof, roof overhange, wslls
and floor. Combined preassures for tributary areas of the roof represent the average maximum
distributed loads acting on areas typical of those supported by individual roof trusses.

The combined pressures listed for the perimeter of the roof represent the average maximum
loads acring over a perimeter strip approximately 2 ft (0.6 m) wide, this width being based
on the shape of the mean pressure diastributions as plotted in Figures 5.8 and 5.9. For the
case of walla, the pressures represent worst—case net loadings for tributary areas typical

of doors, windows and wall elements supported by individual wall studs. These combined pres-
sures, adjusted to account for code-specified working stresses as discussed In Section 6.6,
are the basia for the recommended deeign wind loads. An example which illustrates the proce-

dure used to determine design loads 1s presented in Appendix A,

6.5 Maximum Drag and Lift Coefficients - Eatimates of peak factors and maximum drag coef-

ficients for individual and combined recorda are listed in Tables 12 and 13, respectively.
The procedure for obtaining these coefficients is identical with that used 1in the previous
section for pressure coefficients. Although the combined records suggest a larger drag
coefficient for the unskirted configuration, the variation in the values liasted in Table 13

1a too large to reach auy definite conclusions.

There is no obvious explanation for the very flat slope of the Weibull distribution
for the combined force link outputs of Record No., 9-1. The distributions for the Individual
force links respult in much smaller peak factors as is indicated in Table 12 and the results

of the combined analysis for Record No. 9-1 must, therefore, be discounted.

Averaging the waximum drag coefficients for all records except No. 9-1 of Table 13,
the following values are obtained for the overall drag coefficlents and for the equivalent
statle loads which are to be taken as acting on the area obtained by projecting the area of

the mobile home onto a vertical plane normal to the wind direction.

Basic Wind Speed Ca P
{mph) (psf)
70 2.6% 14,5
90 2.74 24.5
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Table L1 -

Average Maximum Combined Pressures

Uy ™ 70 mph Yem = 30 mph Combined Presaures (psf)
ITEM Cp P Cls # Uy = 70 mph Upg = 90 mph
(psf) (psf)
ROGF
Tributary areas =-4.30 -23.2 ~4.45 ~40.1 -23.2 ~ 5.4 = -2B.6 -40.1 - 9.8 = -49.9
Perimeter of rtoof ~7.35 -39.7 -7.50 -66.8 =39.7 - 5.4 = -45.1 -66.8 - 9.8 = -76.6
Overhangs (net uplifc) -39,7 - 17.0 = -56,7 | -66.8 — 29.4 = -96.2
WALLS
Sides (windward) 3.15 17.0 3.30 29.4 17.0+ 1.9 = 18.9 29.4 + 3.1 = 32.5
v (leeward) -1.85 ~10.0 -1.90 -16.9 =10.0 - 5.4 = -15.4 -16.9 - 9.8 = -26.7
Ends (windward) 3.15 17.0 3.30 29.4 17.0 + 1.9 = 18.9 29.4 + 3.1 = 32.5
" (leeward) =-6.50 =35.1 -6.80 -60.5 =35.1 - 5.4 = -40.5 -60.5 - 9.8 = -70.3
FLOOR 1.00 S.4 1.00 8.9 5.4+ 1.9=17.3 8.9+ 3.1 =12.0
INTERNAL
Maximum 1.00 5.4 1.10 9.
Minimum -0.35 -1.9 =0.35 -3.1
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Table 12 - Average Maximum Drag Coefficients (Individual)

u_. = 70 mph = 90 mph
R;;ord For;: Liok POX) ¥ 2 Ca PON “rm P’ C&
. ’ x 103 x 103
6-6 9 2.19 9.6 3.63 1.70 10.2 3.81
10 2,61 5.4 1.58 2.03 5.6 1.60
11 2.88 7.8 2.66 2.24 8.3 2.77
12 3.22 6.0 2,71 2,51 6.2 2.77
8-2 0.91 6.1 2.43 0.71 6.4 2.50
9-1 1.60 . 6.2 4.61 1.24 6.5 4.78
10 0.96 6.3 2.40 0.75 6.8 2.50
11 1.16 7.3 2,78 0.90 7.9 2.93
12 1.20 7.8 3.50 0.93 8.4 3.70
9-2 . 9 0.64 6.4 3.89 0.50 6.7 4,00
10 0.65 7.8 2,88 0.51 8.2 2,96
11 0.84 5.2 2.48 0.66 5.4 2.54
12 0.92 6.1 3.1 0.72 6.5 3.45
23-4 9 1.02 6.5 2,91 0.79 6.9 3.03
10 1.00 8.3 1.83 0.78 8.9 1.92
11 0.98 7.2 2.43 0.76 7.7 2.52
12 1.07 6.2 2.33 0.83 6.7 2.47
29-2 9 1.12 7.2 4.59 0.87 7.8 4.85
10 0.83 6.6 1.87 0.65 7.0 1.95
11 0.58 4.2 2,02 0.45 4.4 2.06
12 . 0.62 4.7 1.91 0,48 4.9 1.96
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Table 13 - Average Maxzimum Drag Coefficients (Combined)

Ung = 70 mph Uiy ™ 90 wph
R;:):ord Force Link Combination P(>x% p Ca 1E339) 2 Ca
. x 10 x 103
6~6 9 to 12 1.96 7.0 2.25 1.52 7.2 2.29
8-2 " 1.70 5.7 1.94 1.32 5.9 1,97
9-1 " 1.47 16.0 5.55 1.15 17.2 5.89
9-2 " 1.05 7.9 3.42 0.82 8.2 3.50
23-4 " 1.70 11.1 2.96 1.32 11.3 3.00
29-2 " 1.00 7.5 2,86 0.77 7.9 2,96




Because the ends of the mobile home are cantilevered from the Foundatilon assemblies, the
dynamlc response at the front and rear assemblies can be expected to be larger than for the
intermediate agsemblies. This is in agreement with the results for individual force links
presented in Table 12, The following values were obtained by averaging the peak drag
coefficlents for force link Nos. 9 and 12,

Basic Wind Speed i Ca B
(mph) {psf)
70 3.21 17.3
90 3.30 29 .4

Estimates of peak factors and average maximum 1ift coefficients are presented in Table 14.
With the exception of Record Nos. B-2 and 9-1, a mean lift coefficlent of 0.90 has been
agsumed in estimating the peak value, A8 with the estimates of drag coefficients, the lift
coefficlents for Record No. %=1 are questionable. Discounting thils record, the following
average maximum lift coefficients and equivalent static loads are considered to be repre-
sentative of the load conditions for the individual foundation assembliies, no distinction

being made between skirted and unskirted configurations.

Basic Wind Speed CE B
(mph) (pst)
70 2.40 13.0
90 2.50 22,3

For the case of extreme uplift, it 18 assumed that failure of the windward skirting can occur
or that the area under an unskirted mobile home can become blocked with debria during a
severe storm, thus subjecting the underside of the mobile home to positive pressure, The
intensity of thia positive or uplift pressure will, of course, depend upon the size of
opening in the windward skirting or the degree of debris blockage, but it i1s reascnable to
assume that pressures at least as large as the mean pressure on the windward face at ground
level can develop. Fipure 5.8 suggests a meaun preseure coefficlent of 0.6. When added to
the average maximum uplift loads determined above, the extreme uplift loads for basic wind

speeds of 70 and 90 mph are 16.2 and 27.6 psf (775 and 1320 N!mz), respectively.

6.6 Design Wind Loads — The surface pressures acting on localized areas (see Table 11} and

the drag and 1lifr loads determined in Sections 6.4 and 6.5 are tabulated as design loads

for standard and hurricane wind zones in Table 15 with adjustments being made for working
stresses as will be discussed later in thls section. The areas over which the loads act are
shown in Figure 6.3. These design loads, expressed Iin terms of wind pressure acting on pro-
jected surface areas, represent the average maximum values to be expected For the criterla

and assumptions diascussed in Sections 6.1 to 6.3.

78



6L

Table 14 - Average Maximm Lift Coefficients

= 70 mph Uy = BQ mph
Record Force Link Combination P{PX) g c P{>X) e cr
No. ' x. 103 . x 103 -
B-2 1,2 0.78 7.3 2.36 0.61 7.7 2,45
5,6 1.25 8.1 2.67 0,97 8.6 2.78
1,2,5,6 0.99 8.0 2.38 0.77 8.4 2.46
8-5 1,2 1.02 4.2 2.29 0.79 4.5 2.39
5,6 1.29 5.3 2.38 1.00 5.5 2.44
1,2,5,6 1.38 3.4 1.85 1.07 3.5 1.88
-1 1,2 Q.96 7.9 4.03 0.75 8.3 5.18
5,6 1.42 8.2 3.12 1.10 4.7 3.26
1,2,5,6 1.09 8.8 3.52 0.85 9.4 3.70
§-2 1,2 Q.53 5.9 2.43 0.42 6.2 2,51
5,6 Q.79 8.0 2.34 0.61 8.3 2.39
1,2,5,6 0.56 8.2 2.46 0.43 8.6 2.53
23-4 1,2 G.75 8.1 2.44 0.59 8.5 2,52
5,6 1.09 8.9 2.42 0.85 8.4 2.50
1,2,5,6 1.04 7.4 2.16 0.81 7.8 2.23
29-2 1,2 0.52 6.9 2.35 0.41 7.2 2,41
5,6 1.09 8.1 2,36 0.85 8.6 2.45
1,2,5,6 0.65 6.6 1.96 0.50 7.0 2.02
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Table 15 - Recommended Deeign Loads for Standard and Hurricame Wind Zones

Degign of truamses, roof membrane and fasteners (except as noted below)

Reof membrane and fasteners on atrip 2 feet wide extending around perimeter
of roof

Overhangs (net uplift)

Derign of studs, dogrs, windows, exterior wall covering and fasteners

(except as noted below)

Exterlor wall covering and fasteners at ends of sidewalls on vertical strips
6 feer wide

Design of studs, windows, exterior wall covering and fasteners

Deaign of jolata, floor panels and fasteners (occupancy load excluded)
Load mcting on horizontally projected ares of atructute and used for
dealgn of structural subsystems to resist racking

End sections (1/4 length)

Central section (1/2 length)

Load acting vertically upward on plan area of structure and used for

design of atructural subsystems to resist bending im vertical plane

1. All pressures In pounds per square foot.

2. MNegative sign Indicates pressures acting outward,

3. Loads indicated by (

) are to be applied to double-wide units only.

STANDARD HURRICARE
-23 (-18) -40 (-30)
-36 -61
45 77
15 26
-12 -21
=24 -40
15 26
-32 (-24) -56 (-40)
6 10
17 (15) 29 (24)
15 24
16 28



DRAG AND UPLIFT

Fig. 6.3 - Loading Diagrams for Recommended Design Loads Listed in Table 15
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The loads presented in Table 15 are based on measurements obtained from a single-wide
mobile home and cannokb, in all cases, be directly applied with confidence vo double-wide
units. Roof geometry and the width-to-depth ratio of a double-wide unit can be expected Lo
substantlally reduce the loads acting on tributary roof areas and on end walls. In addirionm,
the dynamic reaponse of the cantilevered end sections will be attenuated because of the
increased width. Therefore, certain design loads in Table 15 for double-wide units are based
on the provisions of Ref, 14. This includes the provision for exterlor wall covering and
fasteners at the ends of side walls on vertical strips 6 ft (1.8 m) wide since no reliable
measurements for this case were obtained in the full-scale study of the single-wide unit.
Unless otherwise Indicated, the tabulated loads are to be applied to both single- and double-

wide mobile homes.

To account for the inherent randomness and uncertainties in the various design parameters,

load and/or resistance factors are applied to some appropriate limit atate equation
$R > YdD + YWW (25)

in which ¢R, TdD and wa are the factored ultimate resistance, dead load and wind load,
regpectively. Alternatively and aquivalently, this equation may be reduced to the working

stress design relationship that many building codes currently prescribe:

R 110w > D+W (26)
in which R is an allowable stress or resistance. Since dead load generally constitutes a

stabilizing force, it may be neglected in the limit state equation for wind-critical members.

The resistance factor ¢ or allowable stress depends upon the coefficient of variation
of resistance VR and some measure of the required design reliability. For wood conscructionm,
VR ranges from 0.16 for tension and flexure to 0.28 for compression perpendicular to grain
[24], with B representative value of about 0,2, The reliability may be measured by the
safety index which is about 3 for typical steel and concrete construction [25]. This

information 18 utilized to obtain the following working atress deaign equation:

RUBC = 0.8W (27)

in which RUBC is the reeistance based on allowable stresees for wood gpecified by the
Uniform Building Code [26] and W is the wind load determined using the methods outlined in
this chapter. The wind loads listed in Table 15 have been reduced by the factor 0,8 and
are Intended to be used directly with the requirements {(including allowed increases in
working stresses for wind) of the various standards listed in Sec. 280.304 ''Materiala"

of the federal Mobile Home Conatruction and Safety Standardas [5].
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The reduccion factoer of 0.8 has not been applied to the average maximum drag and 1lift

loads determined in Section 6.5. To establish an appropriate working stress deaign equation

for tie-down hardware, a representative value of the coeffilcient of variation of resistance,

VR' is required. The ultimate resistance of tie-down components can be expected to decrease
with the repeated application of extreme loads and this should be accounted for in the

experimental determination of VR.
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7. LOAD-DEFLECTION STUDIES

Upon completion of the first phase of the study concerned with pressure and force measure-
ments (presented iIn Sectiona 2 through 6) a second phase, involving the measurement of deflec-
tions of the mebile home superstructure and the foundation aystem under known applied loads,
was conducted. The primary purpose was to obtain estimates of stiffness in the racking and
lateral bending modes and to measure the forces in certain components of the tie-down system.
Finally, modes of failure were established under load conditions which were a reasonable ap-

proximation of actual wind loads.

Relevant to the load-deflection measurementsa and the observed failure modes are the
Following construction details of the aspecimen mobile home. Wall studs are 1 1/2 by 2 1/2 in
(38 by 64 mm) actual dimenaion on 16-in {(406-mm) centers and plates and headers are 1 by 3
nominal. The roof eystem conslats of standard bowed trusses on l6-in centers, nailed into
the top wall plate through the 1/2-in (13-mm)} fiberboard ceiling. The roof membrane is 26
gauge galvanized steel sheet attached by staples to a header nailed into the ends of the
roof rrusgses, With the exception of the hallway, which has been retrofitted with 5/16-in (Bmm)
gypsum board, interior paneling is 5/32-in (4-mm) plywood stapled to the wall studs. The
floor aystem consista of 5/8-in (16-mm) particle board supported on 2 by 4 nominal joists,
Bar joiste on 48-in (1.22-m) centers and 10-in junior beams make up the underframe as 1is
shown in Figure 2.4. Exterior cladding is 22 gauge aluminum sheet attached to let-in longi-
tudinal nailing strips by screws on 8-in (203-mm) centers.

7.1 Experimental Setup - The load-deflection tests were conducted at the field teat site

using the game support frame and drag and 11ft insctrumentation described in Section 2.3.
Based upon the pressure and load measurements previously described and the fact that the
overall response of the mobile home is quasi-static in nature, it was decided that drag
lcads could best be simulated by the application of equivalent static line loads applied
to the "windward" wall, To apply these loads, the following acheme was used. Four equally-
spaced booms were installed as shown in Flgure 7.1, the outer ends being restrained
by vertical cables attached to earth anchors and the inmner ends bearing directly
on the main support frame at points in line with the steel beam and column assemblies of
the foundation system. Tenslon rodse, connected to the booms and passing through the mobile
home, were attached to a system of whiffletreea as shown in Figure 7.1. Tension was applied
by hydraulic rams and the applied loads were measured at the centers of the whiffletrees by
load cells installed on the ends of the tension rods. Two rams were placed back-to-back in
the upper tenslon rods to accommodate deflectioms up to 10 inches (250 mm). Views of the
booms and whiffletrees are shown in Figures 7.2 and 7.3, In addition to the lateral line
loads applied to the "windward™ wall, a vertical line load was applied to the 'windward"
edge of the roof syatem by means of hydraulic rams and pipe columns bearing on the left=-
hand longitudinal member of the main support frame. The load was distributed to the roof
truases through a system of eight whiffletrees, three of which are shown in Figure 7.4.
Ideally, the uplift load gshould have been applied directly to the roof membrane by meauns of
84
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Fig. 7.1 - Loading Scheme for Load-Deflection Studies
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alr bags, but this would have required removal of the ceiling panels and some of the partition
walls, thereby reducing the stiffness of the mobile home superstructure. In view of the

fact that the roof membrane acts ag a true membrane, being secured only at the perimeter to
headers which are in turn nailed into the ends of the roof trusses, cthe uplift line load
applied directly to the ends of the roof trusses was deemed to be an acceptable approximation
of actual wind loading. Ne corresponding line load was applied to the "leeward" edge of

the roof system as this would have required penetrating all of the parcition walls wich the
wiffletrees. Thila omission was not considered to be significant because the intensities

of both the mean and fluctuating pressures are much less on the leeward half of the roof.

The rams were controlled by a multiple-channel hydraulic load malntainer which allowed
the lecad increments te be simultaneously applied to each wiffletree while maintaining a
constant relative load intensity. The force links between the foundation system and the
main support frame allowed a direct comparison between applied loads and reactions. Load
cells were installed in the diagonal and over-the-top tie~dowms at load peint Heo. 3 (see
Figures 7.1 and 7.5)}. Horizontal deflections were measured by means of displacement
transducers mounted on supports along the leeward wall. These transducer supporCLs were
isolated from the mobile home and the main support frame and the measured defleccions
therefore included contributions from both the mobile home proper and the foundation system.
Verical displacements of the floor system were measured at selected points along the
"windward" wall so that apparent horizontal deflections due to rotatiom of the mobile home
could be accounted for, Two displacement transducers mounted on telescoplng supports

provided a meagure of diagonal strain In a2 vertical plane at midlength of the mobile home.

The digital data acquisition system used in this phase of the study can multiplex up to
200 low-level signal inputs at a rate of 10 channels per second and averages each sample over
a 16 msec period to improve the signal to noise ratio. Maximum error due to transducer

drift, nonlinearity and A-D conversion was approximately + 1 percent,

7.2 Load-Deflection HMeasurements and Failure Modes - All loads were applied in increments

and deflections were in most cases recorded from 1 to 2 minutes after the load increment
had been applied. The line leoads were proportioned so as to approximate the pressure
discributions suggested by Figure 5.8 and the load intensities were calculated for assumed
basic wind speeds using the drag and 1ifr coefficients presented in Section 6.5. In the
following discussion, reference las wade to Figure 7.5 which indicates the locations of the
booms (load points 1 to 4) and the sections at which horizontal deflections were measured
at the ceilling and floor planes (designated as 1T, 1B, 2T, etc.) Unless otherwise noted,
horizontal deflections at the celling plane are relative to the floor plane and have been
corrected for rotation of the floor system. The loadsa plotted againat deflectiona at the
floor plane correspond to the total shear per unit lemgth, 1.e., the sum of the top and
bottom horizontal line leads. In addition to direct measurement of horizontal displacements,
extension and contractlon of the interlor dilagonals of a cross-—section through the mobile
home were measured at section 3 (see Figure 7.5). In the following discussion Diagonal "A"
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refers to the line extending from the floor at the windward wall to the ceiling at the

leeward wall and vice versa for Diagonal "B",

Load Case No, 1 - Line loads were applied to the windward wall cnly and only one

boom-whiffletree combination was loaded at a given time. The measured absolute deflecticns
for loads applied sequentially to load poeints 1 through 4 are plotted in Figure 7.6. Load
intensitles are listed on the figure and correspond approximately to the drag forces associ-
ated with a basic wind speed of 50 mph {22 m/e). The loads were applied in a single

Increment.

As expected, the forward portion of the mobile home superstructure exhibits less stiff-
ness than do the central and rear portions where the transverse partition walls are located.
It is also appatrent from Figure 7.6 that the indicated stiffness of the foundation system
at load point No, 4 is substantially less than at the other three load peints. This 1s
believed to be due to slack in the connections between the mobile home floor s;stem and the
underframe {(bar jolsts and stringers) eince the foundarion aggemblies were all identical
in congtruction and all tile-down cables were given the same preload {(approximately 100 1bf
or 450 N) prior to testing. Alsc note that the main support frame does not transfer any

horizontal lecads te the ground and does not, therefore, contribute to horizontal deflections.

Load Case No, 2 - Line loads were applied to the windward wall at all load points

simultaneously and, as with Load Case No, 1, corresponded to a basic wind speed of approxi-
mately 50 mph (22 m/s). The relative horizontal deflections are plotted in Figure 7.7.

Note that although the load vs. deflection relationships at both the Eleoor and ceiling

planes are nonlinear, the foundation system respcnds directly to load while the superstructure
requires an initial racking load of approximately 10 1bf/ft (15 N/m) before the "leeward"

wall on which the deflections were meapured becomes fully mobilized.

Load Case No. 3 - This load case included horizontal line loads acting on the windward

wall to simulate drag and a vertical lime load acting at the leading edge of the roof to
simulate uplift. The maximum load actained during the test corresponds to a basic wind
speed of approximately 70 mph (31 m/s). The horizontal loads and deflections are plotted
in Figure 7.8. The vertical line loads for this load case were as follows.
Increment Number Load Intensity
1 21 1bf/ft

44

63

82
105
120
106

61

21
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Fig. 7.6 - Load versus Deflection for Load Case No. 1
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It is important to note that the deflections plotred for the celling plane in
Figure 7.8, while being referenced to the floor plane, have not been corrected for rotation
of the floor plane and thus do not reflect the true stiffneass of the superstructure under
the loads described above. The totatlions for the load teste involving application of a
vertical line load were in all cases large enough to preclude rellable corrections of the
measured horizontal displacements at the celling plane, To obtain an estimate of the super-
structure stiffnesa, reference is made to Figure 7.9 in which che diagonal displacements have
been plotted against the intensity of the upper horizontal line load. Based on simple
geometric relationships, the true relative horizontal displacements between the floor and

ceiling planes are approximately 17 percent greater than the measured diagonal displacements.

Load Case No. 4 - This load combination was identical to Load Case No. 3 and was

applied with the intention of eastablishing the ultimate load capacity of the mobile home
superstructure under combined 1ift and drag loading. Also of interest was the failure mode
of the mobile home underframe to which the dlagonal ties were attached. However, the test
had to be terminated at a load level corresponding to a basic wind speed of approximately
90 mwph (40 w/9) because the alignment of the vertical rams could not be maintained under
the large rotation and lateral deflections encountered. The test was repeated after the
over-the-top tle-downs had been preloaded to approximately 650 1bf (2,9 kN). Initial
faillure of the superstructure occurred in the roof-to-wall connecticn on the windward side
between load pointas 1 and 2 and was followed very shortly by an identical failure between
load polnts 3 and 4 with the same locads applied, Load levels at the time of failure were

as follows.

Load Point Load Intensity
1 & 4 Top horizontal 95 1hf/fc
"  Bottom " 164
2 & 3 Top " 73
Bottom " 143
Vercical 255

The reglon of initial failure with loads still applied is shown in Figure 7.10, In
Figure 7.11 the roof membrane has been peeled back and the facia strip removed to expose
the header and wall plate, Separation of the header from the plate was approximately 2 in
(50 mm) with the uplift loading of 255 1lbf/ft (3.7 kN/m) applied. The faillure was pro-
gressive and extended over the region between the load spreaders under the tie-down cables.
Load-deflection data for the celling plane could not be plotted with accuracy because of
che large rotations. As with lcad case No. 3, reference is made to the measured diagonal
dieplacements for an esatimate of stiffness of the central portion of the superstructure.
The regulra for load case No, 4 are presented in Figure 7.12, the final increment of dis-
placement being meapured after failure of the roof-to-wall connection. Although the relative
horizontal deflection at the ceiling plane for this load level averaged 0.8 in (20 mm), the
partition walle and end walls showed no eignificant signa of distress.
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97

load

T
L

?7.10 - View of Failure in Roof-to-Wall Cormection (

Fig.



86

~<Z WHIFFLETREE
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Firsc signs of distress in the mobile home underframe for Load Case No. 4 were observed
at load point No. 2 when a weld falled in one of the bar jolsts, allowing the botrom chord
to buckle. This occurred when the sum of the horizontal line loads (applied drag) was
approximately 200 1bf/ftr (2.9 kN/m}. At thils same load level, initial yielding was
observed in the web of the longitudinal stringer at load polnt No. 1 where the diagonal
tie wap connected to the web by means of an eyebolt. No additional fallures were observed
in the underframe during application of the remaining load increments. However, splitting
of the headers in the floor system was observed at pointe where the bar jolsts of the
underframe were attached by lag screws., A view of the yleld lines in the web of the longi-
tudinal stringer at load point No. 1 18 shown in Figure 7.13. A short section of steel
channel was used at each load point to distribute the load at the eyebolt. The maximum
drag load applied to load point No. 1 was 260 lbf/ft (3.8 kN/m).

Load Cage No, 5 - This final loading configuration applied to the mobile home consisted

ouly of a horizontal line load acting aleong the top of the windward wall. The purpose of
the test was to examine the fallure mechanism of the partition walls and end walls in =8
aimple racking mode. Prior to conducting the test, the system of rams and whiffletrees for
applying the vertical line load was removed and 2 x 4 cleats were placed againgt the inside
of the windward wall at the ceiling and were nailed into the bottom chords of the roof
trusses, This allowed the roof-to—wall comnection, which had been damaged in the previcua
test, to transefer the upper horizontal line load into the roof trusses. A preload of
approximately 500 lbs (2.2 kN) was applied to the over-the-top tie-downa to prevent exces-—

give rotation of the mobile home.

Load-deflection diagrama for pointa along the leeward wall at the ceiling plane are
plotted in Figure 7.4, The deflections are relarive to the floor plane and have been

corrected for rotation of the mobile home floor syatem.

Movement of the end walls and particion walls relative to the floor and ceiling was
monitored during application of the load incrementa. Following the application of load
increment No. 5 (see Figure 7.14) this relative movement or 'slip" averaged 0.1 in
(2.5 mm) at both the floor and ceiling for all walls. Wo significant change was observed
for the end walls at load increment No., 7, but averaged about 0.2 in (5 mm) for the
partition walle. Vertical separaticn of the partition walls from the floor became
significant during application of load increment No. 8, averaging 0.5 in {13 mm). During
the application of load increment No. 9, portioms of the interior paneling separated
from the front end wall and from most of the partition walls. Also, the exterior sheet on
the front end wall developed a pronounced buckle as is shown in Figure 7.15, This was
the highest load level attained during the test, 1t being obvious that no additiomnal
resistance to racking could be developed in the superstructure. The separation of the
partition walls from the floor averaged 2 in (50 mm) along the hallway and slip averaged
0.4 in (10 wm) at both flocor and ceiling. No separation of the end walls from the floor
or ceiling was observed. However, the slip after application of load increment No. 9
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averaged 0.2 in (5 mm). Diagonal displacements at Section 3 for Load Case No. 5 are
plotted against the horilzontal load intensity in Figure 7.16. The range of the displace-
ment transducers was exceeded with the application of lecad increment No. 7 and the remainder

of the pleot is speculative,

7.3 Stiffness Coefficlents - There are several accepted proceduras for quantifying stifiness

coefficients for nonlinear load-deflection plots. For wood frame constructlon the load

per unit length of structure corresponding to a net deflection of 0.1 in (2.54 mm) has been
ugsed [27]. Relevant to auy definition of stiffness 1is the load duration (particularly

for wood frame construction) and the anticipated range of structural deformaticn. The
deflections measured in thils study correspond to load durationa that are substantially
longer than those assoclated with peak wind gusts and tend, therefore, to overestimate

the deflections due to actual load fluctuations. However, this consideration is offset
somewhat by the fact that deflection limitations usually relate to service conditions
rather than to ultimate load conditions and the assoclated short load duratioms,

It is usual for codes and standards to specify deflectilon limitarions as fractions of
gpan ot length of member, L, typical limitations being L/180 for simple spans and L/90
for cantilevers. For a mobile home of typlcal dimensions the range of allowable deflections
using these criteria would be approximately 0.5 to 1.0 in (13 to 25 mm) for the super-
structure. The following stiffness coefficients are proposed as best representing the load-
deflection relationships presented in Section 7.2 for the foundation configuration used in

this study and for the range of deflectlons relevant to service conditions.

Racking of end walls 170 (lbs/ft)/in
Racking of central portion
of superstructure 100 "

Transverse loading of underframe
and foundation system 430 "

Stiffness coefficients for mobile homes constructed in accordance with the provisilons of the
current federal Mobile Home Construction and Safety Standards can be expected to be substan-
tially greater than the values listed above due to improvements Iin structural connections and
the design of partition walls, floors and cellings to act as true diaphragms. However, the
coefficients determined in this study can serve as a reference by which to Judge the effec-

tiveness of recent structural innovationms in mobile home construction.

7.4 Forces in Tie-Down Cables - The tie—-down scheme used in the load~deflection studies

is shown in Figure 7,1, If it is assumed that (1) the load distribution over the mobile home
cross-sectlion 1s known} {2) that the windward pier or pedestal is unloaded; and {(3) that the
diagonal tie connecting the underframe to the leeward anchor 1s slack; there are Eive
unknowvn forces in the mobile home support and tie~dowm aystems, These are valid assumptions

when the overturning moment equale or exceeds the restoring moment due to dead load and
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the system of forces becomes statically determinate if two addirional assumptions are
made; (1) that there Is no load acting on the leeward portion of the over-the-top tie and
(2) that the coefficient of friction between the mobile home underframe and the leeward
pler is konown or that the supporting pier 1s free to rotate and can, therefore, develop no
resistance to transverse forces. The forces in the tie-doun cables and thelr variacion

with applied 1ift and drag forces are discussed in the following.

Load Case No. 3 - In Figure 7.17 the meagured forces in the active diagonal tie and

in the over-the-ctop tile at the windward wall are plotted againat the applied drag and lift
forces, respectively., It 1s seen that the force in the dilagonal tile Increases rapidly

when the applied drag load exceeds 82 1bf/fc (1.2 kN/m), indicating that sliding of the
longitudinal scringers on the plywood pads covering the support columns has occurred.

Beyond thils point approximately 63 percent of the increase in the applied drag load is
resisted by the diagonal tle. From measurements of vertical forces in the foundation
assembly, the change in the vertical reaction at the leeward stringer between load increments
4 and 6 of Figure 7.17 was approximately 500 1bf (2.2 kN), suggesting a coefficient of
friction of 0.4 between the plywood pads and the bottom flange ¢f the longitudinal stringer
of the mobile home,

The force in the over-the-top tie, while plotted sgainst the vertical lime load in
Figure 7.17, actually depends upon both the applied drag and lift forces as the restoring
moment due to the dead load of the moblle home 1s exceeded. However, with the drag and
lift forces maintained at a conetant relative intensity a linear plot should be ocbtained.
This is i1llustrated by Load Case No. 4.

Load Case No. 4 - With reference to Figure 7.18, the cthreshold of aliding is not

clearly defined, but 1t has been substantially increased by preloading the over-the-top
tie. The relationship between the force in the tie and the applied 1ift and drag loads
becomes highly linear after the fourth lead increment. Changes in the overturning moments
due to lift and drag and the resisting moment due to the tie-down cable on the windward

side differ by approximately 3 percent over the linear range.

On the basls of these results it can be concluded that accurate estimates of tle-dowm
forces under extreme loading conditions which overcome the restoring moment due to dead lecad
can be made with proper choice of friction coefficient and the assumption that the force
in the leeward portion of the over-the-top tie 1s zero. As suggested earlier, the assumption
that t.e supporting pilers can resist transverse forces may not always be valid. Given the
fluatr. aring nature of 1ift and drag forces, it is entirely possible that a mobille home can
"walk" arcoss the pler cap if the over-the-top tles are slack, thus subjecting the diagonal
tie to the full intemsity of the drag load.
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8. CONCLUSIONS AND RECOMMENDATIONS

Based on full-gcale meagurements of wind epeeds and concomitant loads acting on a
12 by 60 £t (3.7 by 18.3 m) mobile home and the behavior of this moblle home under simulated
loads corresponding to basic wind speeds of 70 and 90 wph (31 and 40 m/s}, the following

conclusions can be stated:

(1) The loads listed in Table 15 represent the average maximum values likely to occur for

moderately open wind exposures and for basic wind speeda of 70 and 90 mph (31 and 40 w/s).

(2) Measured drag loads tend to confirm the design drag loads currently specified in the
federal Mobile Home Construction and Safety Standards (December 1975). For the same basic
wind speeds, uplift loads extrapolated from full-scale measurements are approximately 80

percent greater than the desilgn uplift loads currently specified.

(3) Extreme negative pressure fluctuations on the exterior of single-wide mobile homes
occur on the end walls and along the perimeter of the roof over strips approximately
2 fr (0.6 m) wide.

(4) Average maximum uplift loads are not strongly influenced by the presence or absence of
skirting. Drag loads can be assumed to vary directly with the projected area of the mobile

home.

It 18 felt that the following conclusions will be useful irn any future work dealing with

wind forces on mobile homes.

(5) The resonant component of response to drag and lift forces is negligible for basic wind

speeds up to 90 mph (40 m/s).
(6} The average maximum values of pressure and force coefficients can convenlently be
expresaed in terms of a mean coefficient and the product of a peak factor and a root-mean-—

square (r.m.s.) coefficient.

(7) A Weibull distribution sacisfactorily describes the probability distribution of peak

presaure and load fluctuations,

(8) Accurate estimates of tle-down forces under loading conditioms which overcome the dead-

load restoring moment can be made on the basis of simplifying assumptions.
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The followling recommendations are made with regard to the utilization of results obtalned

from this study and with regard to future research into wind effects on mobile homes.

(1) The loads listed in Table 15 should form the basis for the design of mobile homes to
resiat wind forces and wind load provisilons of the federal Mobile Home Construction and Safety

Standards should be revised as suggested by the wording of Appendix B of this report.

{2) Consideration should be given to the testing of moblle home scale models of various
geometries in wind tunnels to augment the reccmmended design loads listed in Table 15,

Experimental data présented in this report should be used to validate the modeling technique,

{3) Realistic limitations on structural deflections should be establighed for service load

conditions, taking into account recent innovations in mobile home design and construction.

(4) Additional research should be conducted to establish an appropriate working stress design
equation for tie—down hardware and its interface with the mobile home. Estimates of the
coefficlent of variation of resistance for various tie-down components should be based on

load tests that simulate the mean and fluctuating components of 1ift and drag forces reported

herein.

In conclusion, it must be emphasized that the recommended design wind loads listed in
Table 15 and in Appendix B are based on direct field measurements carried out on a full-
scale mobile home, the gecmetry and mass distribution of which are representative of current
single-wide moblle home construction. These load recommendations are in no way related to
the construction details, load-deflection relationships and failure modes discussed in
Section 7 of this report. The measurements presented in Section 7 are expleoratory in nature
and are not claimed to be representative of structural characteristics of current mobile

home construction.
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11, APPENDIX A
Illustrative Example - Determination of Design Loads

To illustrate the precedure outlined in Section 6.4, the average maximum preasure coef-
ficienrs and the recommended design pressure for tributary roof areas (excluding the roof

perimeter) are determined for a single-wide mobile home in the following example.

The multiple-point pressure coefficients for Record No. 10-4, taps R8 to Rll, are
presented in Table 4. These coefficients were computed using a record length of 304 seconds
and a mean wind speed of 13.0 mph at the helght of the mobile home (see Table 1). Also
listed in Table &4 are the peak factor g, the upecrossing rate s the peak rate np, and the
Weibull parameters ¢ and k. As previously discussed, the values of CE’ CP , ¢ and k are

considered to be invariant with wind speed, °

Agsuming a basic wind speed of 70 mph, the mean dynamic reference pressure, 9 is

obtained from Eq. 21,
3 = (0.0011) (705 = 5.4 psf.

The value of P(>X) is obtained from Eq. 23

13,0
(660) (0.81)(70)

= 1.5 x 1072

P(>X) =

The associated peak factor, g, can now be determined, either by using Eq. 11 or by resorting

to probability paper as shown in Figure 5.6.

72
_(O.SJ
e

From Eq. 11,

- 3.5 x 10”2

and

Since negative departures from the mean are of intereat for external pressures acting
on the roof (suction), the peak factor is based on negarive departures from the mean and

the peak negative pressure coefficient is obtained as follows:
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C-a=C-+gtC see Eq. 22)
- gpo ( q

-0,95 + (-8.6)(0.35)
-3.96

These are the values of P(>X), g and Cﬁ listed in Table 10 for Record No. 10-4 and for
Upy ™ 70 mph. An identical procedure is used to obtain the corresponding values for
YFd
on pooltive departurea from the mean since this will, when combined with the negative

= 90 mph. In determining the internal pressure coefficients, the peak facter im based
external pressure acting on the roof, produce the most critical pressure combination,

Again with regard to tributary areas of the roof, the values of Cﬁ listed in Table 11 are
obtained from averaging the relevant multiple point pressure coefficients listed in Table 10
and the internal pressure coefficients listed in Table 9. For Uy = 70 mph (Table 11), the
values of Ca for tributary roof areas and for the maximum internal pressure are -4,30 and
+1.00, respectively. The corresponding values of p (see Eq. 22) for ah = 5.4 paf are
-23.2 psf and +5.4 psf, reapectively. Since these pressures both act upward on the roof, the

combined pressure 1s -23.2 -5.4 = -28,6 psf for u__ = 70 mph. Finally, applying the load

F
reduction factor of 0.8 for working streas deaign as 1s diacusaed in Section 6.6, the
recommended load for the design of trusses, roof membrane and fasteners in the standard wind

zone (Table 15) 1s (0.8)(-28.6) = -23 paf,
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12. APPENDIX B

Recommended Revisione of Sectlon 280,305 "Structural Design Requirements" = Federal Mobile

Home Congtruction and Safety Standards, December 18, 1975.

The following changes in the rules and regulations of Section 280.305 "Structural
Design Requirements' are recommended on the bagils of full-scale measurements, deslgn criteria
and procedures described elsewhere in thls report. The loads indicated in the following
paragraphs are equivalent static loads for the design of mobile homes and their anchoring

systems to resist wind forces and represent average maximum loads for the conditions stated.
RULES AND REGULATIONS

Sec. 280.305 Structural design requirements.

{a) (See original text)

(b) Design Loads. (1) Deeign dead loads. Deslgn dead lcads shall be the actual dead load
supported by the structural assembly under consideration. (2) Design live loads. The design
live loads, including wind and snow loads, shall be as specified in this Section and shall

be considered to be uniformly distributed. The roof live load or snow load shall not be
considered as acting simultaneously with the wind load and the roof live or snow load and
floor live loads shall not be considered as resisting the overturning moment or sliding due
to wind. (3) When engineering calculations are performed, allowable unic stresses may be
increased as provided in the documents referenced in Sec. 280.304 except as shown otherwise
in Sec. 280.306(a). (4) The Data Plate posted in the mobile home (See Sec. 280.5) shall

ghow for which structural zone(s) of the USA the mobile home has been designed and the actual
design external snow and/or wind live locads. The Data plate shall include reproductions cf the
Load Zone Maps shown Ln S5ec. 280,305(c) and (d) and related information. The Load Zone Maps

shall be not less than one-half the size i1llustrated,

(¢) Wind Loads. (1) Standard Wind (Zone I). When a moblle home 1s not designated as
"Hurricane-Resistive," the moblle home and each wind resisting part and portion thereof shall
be designed for the loads listed under "Standard Wind (Zone I)" in the table below.

(2) Hurrioane Resistive (Zone II). (i) When a mobile home is designated as "Hurricane
Resistive," the home and each wind resisting part and portion thereof shall be designed for
the leads listed under "Hurricane Resistive (Zome II)" in the table below. (i1) For exposures
in coastal and other areas where wind records indicate significantly higher loads than the
loads specified for Zone I and Zone II, the Department may establish mere stringent require-

ments for homes known to be destined for such areas.
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(@) Roof .icads. (1) Flat, curved and pilctched roofs shall be designed to resist the fol-
lowing live loads, applied downward on the horizontal projection as appropriate for the
design zene marked on the mobile home:

Pounds per square foot

North Zone e e e e e e e e e 40
Middle Zone================ 30
South Zone-- 20

(2) For exposures in areas {mouncalnous or other) where snow records or experience
indicate significant differences from the loads stated above, the Department may establish
more stringent requirements for homes known to be destined for such areas, For snow
loads, such requirements are to be based on a roof snow load of 0.6 of the ground snow
load for areas exposed to wind and a roof snow lcad of 0.8 of the ground snow lead for

sheltered areas.
{(e) Design Load Deflection. (S5ee original text)
(f) Fastening of Structural Systems. (See original text)

(g) Walls. The walls shall be of sufficient strength to withstand the load requirements
a8 defined in Sec. 280.305(c) and (d) of this part and, when sub]ected to horizontal loads
of 15 and 25 lbs;‘ft2 for Zone I and Zone II, respectively, shall not exceed the deflectilons
as specified in Sec. 280.305(e). The cconnections between the bearing walls, floor, and rocof
framework members shall be fabricated in such a manner as to provide support for the material
used to enclose the mobile home and to provide for tranafer of all lateral and vertical loads
to the floor and chassis,

(1) Except where substantiated by engineering analysils or tests, studs shall not be
notched or drilled in the middle one-third of their length.

(2) Interior walls and partitions shall be constructed with structural capacity
adequate for the intended purpose and shall be capable of resisting a horizontal load of
not less than five pounds per square foor, Finish of walls and partitioms shall be securely

fFagtened to wall framing.
{(h} Floors. (See oripginal text)

(1) Roofs. (1) Roofs shall be of sufficlent strength to withstand the load requirements

as defined in Sec. 280.305(b), (c) 'and (d) of this part and, when subjected toc uplift loads
of 9 and 15 lbs/ft2 for 2one I and Zone II reapectively, or the roof loads of Sec. 280.305(d),
shall not exceed the deflections specified in Sec. 280.305{e). The connectlons between roof
framework members and bearing walle shall be fabricated in such a manner to provide for the
tranafer of design vertical and horizontal loads to the bearing walls and to resist uplifr

foreces.
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{2) Roofing membranes shall be of sufficient rigidity to prevent deflection which would
permit ponding of water or separation of seams due to wind, snow, lce, erectlon or transpotr-
tation forces.

(1) Cutting of roof framework members for passage of electrical, plumbing or mechanical
systems shall not be allowed except where subatantiated by engineering analysis.

(4) All roof penetratioms for electrical, plumbing or mechanical systems shall be
properly flashed and sealed. In addition, where a metal rocf membrane is penetrated, a
wood backer shall be installed. The backer plate shall be not less than 5/16 inch plywood,
with exterior gluea, secured to the roof framing system beneath the metal roof, and shall

be of a size to assure that all screws securing the flashing are held by the backer plate.
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Degign Loade for Standard and Hurricane Wind Zones

STANDARD HURRICANE
(Zone I) {(Zone II)

ROOF Deaign of trussea, roof membrane and fasteners (except as noted below) =23 {-18) =40 (-30)
Roof membrane and fastenexs aon strip 2 feet wide extending around perimeter
of roaf =36 -61
Overhangs (net uplift) 45 77
SIDE WALLS Depign of studs, doora, windows, exterior wall covering and fasteners
(except as noted below) 15 26
=12 -21
Exterior wall covering and fasteners at ende of sidewalls on vertical arripe
6 feet wide -24 -40
END WALLS Deaign of studs, windows, exterior wall covering and fasteners 15 26
=32 {-24) =56 (-40)
FLOOR Deaign of Joista, floor panels and fasteners (occupancy load excluded) 6 10
DRAG LOAD Lead acting on horilzontally projected area of structure and used for
design of structural subsystems to resist racking (See Note &)
End sections (1/4 length) 17 (15) 29 (24)
Central section (1/2 length) 15 24

UPLIFT LOAD Load acting verticaelly upward on plan area of structure and uped for
deslgn of atructural subsyscems to resist bending in vertical plane (See Note 5) 16 28

1, All preasures in pounds per square foot.
2, Negative gign lndicates pressures acting outward,
3. Loads indicated by ( ) are to be applied to double-wide unita only.
Resultant to be applied at {.6h above ground level. h is height of roocf-wall intersection.
5. Resultant to be applied at 0.4W from windward edge of roof. W 1s width of wobile home.
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