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The research and studies forming the basis for this report

were conducted pursuant to a contract with the Department of Housing and

Urban Development (HUD). The statements and conclusions contained

herein are those of the contractor and do not necessarily reflect the

views of the United States government in general or HUD in particular.

Neither the United States nor HUD makes any warranty, expressed or

implied, or assumes responsibility for the accuracy or completeness of

the information herein.
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FOREWORD

At the present time, 10 million Americans live in 
For them, and for the increasing numbers 

of people who will come to live in such homes in the future, 
HUD, at the request of the Congress, has undertaken research 
to improve mobile home safety and durability, 
research, HUD is to develop, promulgate, and enforce one 
nation-wide construction standard for the industry.

mobile homes.

Out of that

The six volumes that constitute this report should prove 
invaluable to those who develop standards as well as those 
architects and engineers who design both manufactured housing 
and mobile homes. That some of the research may be contro­
versial is only to be expected. It is pioneering work that 
offers a new approach to resolving difficult problems.

The Division of Energy, Building Standards and Technology 
of HUD's Office of Policy Development and Research should be 
recognized for its contribution to this worthwhile project.

Moon Lar^hieu 
Secretary
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SUMMARY

The research contained herein was undertaken to provide a

basis for determining the adequacy of the Mobile Home Construction and

"Adequate" is defined asSafety Standards, effective June 15, 1976.

Standards that result in mobile homes with sufficient durability to

provide the homeowner with an acceptable useful life; currently defined 

for purposes of this Study as a minimum of 15 years for a single-wide

and as a minimum of 20 years for a double-wide unit. The research

methodology to evaluate the standard included: (1) the development of

analytical methods to determine transportation and site-installation

induced loads and the resulting member stresses, joint-loads and de­

flections; (2) the development of a means to predict degradation caused

by the aforementioned forces; (3) the conduct of a test program that

compares analytically determined input loads and predicted degradation

with actual physical test measurements and observations; (4) if re­

quired, proposed changes to the Standards; and (5) analytical or test

methodology that could be used by enforcement agencies to evaluate

proposed mobile home designs.

To determine mobile home structural member loads caused by in­

transit conditions, computer modeling techniques were used, 

in-transit conditions (i.e., road roughness and towing velocity) 

analytically related to critical structural parameters (i.e., torsional 

stiffness, flexural stiffness, and damping) in order to calculate estimated

Critical

were
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member loads. This analysis also related analytically predicted changes
! in structural parameters to degradation of the mobile home. Equations

were developed that, in part, statistically compare structural parameters

of any given mobile home to a home that is considered to be 100 percent

degraded. Solution of these equations result in an estimation of mobile

home degradation. These equations were modified as required to provide

"best fit" estimates consistent with test data and are subject to further

modification as additional data becomes available. This research activity

is described in Volumes 1 and 4. A detailed rationale for analytical

equations is not presented since emphasis was put on the "best fit"

relationship of analytical computer simulations and test data.

Volumes 1 and 4 also includes a computer oriented methodology

for the analysis of mobile home structures. This data provides a basis

for future research oriented to the rapid analysis of mobile home member

stresses, joint loads and structural deflections.

A test program was conducted to obtain data that could be

compared to analytically derived data. Emphasis was placed on measured

test data which resulted in equation modifications as necessary to "best

fit" experimental data. Test data was obtained from single-wide and

double-wide homes built per the current standard and from homes built

prior to implementation of the current standard. Test homes were subjected

to transportation and site-installation conditions to simulate years of

actual use. Volume 2 describes the test program with supportive data

sheets included in Volume 3.

vii



The objective of proposed revisions to the Standards is to 

reduce the incremental degradation of mobile homes where current design 

practices result in predicted and observed degradation that exceeds 

acceptable levels. Volume 5 contains proposed changes to the current 

standard based on an analysis of data contained in Volumes 1 through 4. 

The proposed changes include increased design loads to resist in-transit 

and on-site forces; increased design criteria for attachment of joints

as required to minimize loosening of joints during transportation; and 

a requirement for a minimum integrated structure stiffness criteria to

ensure that degradation with respect to time is consistent with a

reasonable useful life. Recommended design loads were based on actual

measured test data multiplied by a factor selected to account for rough

roads and highway speeds greater than 45 MPH. Minimum stiffness criteria

were based on values obtained from the single-wide home built to the

current standards.

Volume 6 contains a proposed field test method that could be

used to measure the stiffness parameters of new or used mobile homes.

These parameters are required to verify adherence to the proposed standard, 

and to perform calculations necessary to predict the remaining useful 

life of the mobile home.

Volume 7 (yet to be printed) will summarize the major results 

of the other six volumes and will provide a cohesive evaluation for the 

reader interested primarily in understanding the broader aspects rather 

than becoming technically involved in the specific technical 

the;study.

aspects of
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The Southwest Research Institute’s Study offers an innovative

approach in terms of a concept and a model upon which to assess mobile 

home structural durability, or conversely, structural degradation. The 

Study’s findings should offer a base upon which to develop proposed

Standards.

The rationale of using degradation of torsional and flexural

rigidity as a measure of mobile home durability is innovative for mobile

home design and would appear to be basically sound. Changes in stiffness

(torsional and flexural) and damping, have been used for several years

in engineering practice as a measure of structural degradation in other

applications. The concept of seeking a measurable parameter that is

sensitive to degradation appears to have merit.

This Study’s findings should therefore be considered in the

whole context of the research effort rather than narrowly disected.

Certain assumptions made upon the best available information from data^ 

may later be modified as experience is gained in the use and application 

of the Study’s results.
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RELATED DOCUMENTATION

The research program, from which this volume and six others were 

derived, was originally organized into eight project tasks under each of 

which a varying number of reports were written; e.g., Task I consisted of

In order to reduce the number of separateVolumes I, II, III, and IV.

volumes produced from this research, certain reports that were considered

related were combined into one volume.

Volume 1 consists of Task I, Vols I, II, III, IV;
Volume 2 consists of Task II and Task III, Vol I, Parts I & II;
Volume 3 consists of Task III, Vol I, Part II Raw Data;
Volume 4 consists of Task III, Vols II & III;
Volume 5 consists of Task IV, Vols I, II, & III;
Volume 6 consists of Tasks V, VI, & VII; and
Volume 7 consists of Task VIII.

The reader is made aware of this in order to understand the cross-

references that occur throughout these documents as they were originally

Thus, for example, references to Task I, Vols I and II can bewritten.

found in the first two parts of what is now Volume 1. It is hoped that any

confusion created by this compilation will be offset by the convenience

of having fewer volumes of analogous material.

NOTE: Volume 3 is available through the national Technical Information 
Service; 5282 Port Royal Road, Springfield, Va. 22161. To order 
by phone call (703) 557-4610.
Government Printing Office since it is believed that the demand 
for Raw Data will be relatively small.

This volume was not printed by the
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ABSTRACT

This volume summarizes the results of extensive computer modeling of intransit mobile homes. The study 
included a parametric investigation of the effect of changes in structural properties of mobile homes to probabilistic 
dynamic response and vice versa. In addition, the effect of road type and transport speed was also evaluated in terms 
of induced dynamic loadings. Results include regression equations that can be used by designers to define probable 
dynamic loadings of a mobile home during transit. Moreover, methodology is presented that can be used to gain 
insight into the anticipated remaining useful life of a particular unit. A detailed report of development and potential 
application is contained in Volume II of this Task.
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DEFINITIONS

The following pages contain definitions of physical words or terms used within the context of the TASK I
effort.

CONSUMED LIFE: This is defined using the structural system of the mobile home as the basis for progressive 
degradation that eventually deteriorates the unit to the point that the useful life has been used up or consumed render­
ing the home unfit for:

— Transportation Modes
— Live-ability or occupancy
— Mortgage, Financial or Insurance Risk (See RUL, Remaining Useful Life and Structural Degradation)

STRUCTURAL DEGRADATION: Degradation measured in the form of structural stiffness and integrity with 
a factory new mobile home noted as “un-degraded”. The reduction in structural stiffness is measured in two forms:
(1) vertical stiffness designated as El and (2) torsional stiffness designated as GJ. Other indicators of structural degrada­
tion are: increased deflections with decreased accelerations indicating a “softening” or loosening of the structure.

REMAINING USEFUL LIFE (RUL): TASK I utilizes this percent of useful life that is used up due to the 
transportation, setup and takedown cycle with a new/un-used mobile home designated as a unit of 1.0 or has 100 percent of 
its useful life left. Any operation will degrade the mobile home to some degree there-on. A zero percent RUL indicates 
the unit (or part of the unit) has been totally degraded.

DYNAMIC ANALYSIS MODEL: In order to totally analyze the mobile home, it was necessary to separate the 
TASK I predictive analysis into two modes: dynamic and static. The dynamic model evaluates the dynamic loads (or 
accelerations) generated by the mobile home during the transportation mode. The dynamic model is of the lump 
mass-beam element configuration with the key masses placed at the proper distance from the centerline of the system. 
During highway operations, this configuration generates the various accelerations,velocities and displacements as a 
result of induced excitations from the road surface. From their data, loads can be generated for use in the static 
finite element model in order to develop the various stress patterns in designated components of the mobile home.

FINITE ELEMENT STATIC ANALYSIS/MODEL: The finite element model consists of dividing the various 
components of the mobile home into a fine mesh system that is compatible with the actual structural system. All 
nodal points of the mesh on each component interconnect in order that the program can complete individual element 
analysis as well as the overall component and mobile home analyses. The finite element method analysis can be used 
with various basic computer programs such as STARDYNE, STRUDAL or ANSYS. The analysis output can provide 
stresses at selected points or junctions under various loadings that are usually obtained from the dynamic model.
In this analysis, the mobile home structure was divided into major components such as chassis, floor, left wall, right 
wall, front end wall, rear end wall, roof and individual partitions within the mobile home.

VERTICAL STIFFNESS: The average mobile home can be considered a long box-like structure that has a 
certain structural stiffness with respect to bending in the vertical plane. Usually the longer the mobile home, the 
less the vertical stiffness and conversely the shorter the mobile home the greater the stiffness. Vertical stiffness is 
the ability of the mobile home structure to resist vertical loads/deflection and is synonymous with “flexural rigidity” 
and “El”. The mobile home can have two basic El’s, one forward of the running gear and one aft of the running 
gear.

TORSIONAL STIFFNESS: The average mobile home can be considered a long box-like structure that has a 
certain structural stiffness with respect to torsion about the fore and aft longitudinal axis. The torsional rigidity, 
like the flexural rigidity is higher in the shorter length mobile homes and lower in the longer mobile homes.
Also, the torsional rigidity is a function of the “completeness” of the box structure with respect to the cross section

v



of the mobile home. If there is no plywood structure on the roof under the metal to complete the structural torque 
box, the torsional rigidity or stiffness is lower than the mobile home with the maximum section properties.

DYNAMIC LOADS AND DYNAMIC RESPONSE: During development of the RUL and dynamic model, it was 
anticipated that the TASK I program would be divided into the:

—Dynamic lump mass model

-Predictive, (RUL) remaining useful life formula

—Finite element static analysis model

—Exploded isometrics of detailed points on the mobile home for stress analysis

The finite element static analysis model requires inputs other than the static one “g” loadings. These inputs 
simulate the actual road condition excitations induced in the mobile home during transit. Accordingly, the accelera­
tion levels from the dynamic model are input to the finite element as “equivalent” G (inertial) loads. The repetitive 
roadrun dynamic response, even if at a low G level, can be very damaging in terms of accumulative degradation.

STRUCTURAL INTEGRITY VERSUS DEGRADATION: The predictive analysis contained in Volumes I and II 
of TASK I, is based on the assumption that there exists a direct correlation between the structural integrity of the mobile 
home and the degree to which it has been or can be degraded. This degradation is attributable to—:

—Transportation modes

-Setup

-Take down

-Occupancy periods of high traffic and poor maintenance.

The structural integrity of a mobile home is measured as a function of the flexural rigidity and torsional stiffness; 
both of which may change significantly during transit as well as setup-takedown procedures. The mobile home can 
have a varying stiffness, both in flexural rigidity and torsional rigidity from the front of a mobile home to the rear. 
However, for the purpose of this report, the mobile home structural rigidity has been analyzed in two areas only: hitch 
to front axle and front axle to rear wall.

BEAM ELEMENTS: These elements are referred to in two areas:

-Dynamic model

-Finite element model

These elements predominently refer to elements used in the finite element analysis/model because the chassis acts 
as a beam; the floor acts as a beam and the side walls act as a beam. Also, the dynamic analysis utilizes a simplified 
lump/mass model with the various eccentric beam elements taken off the longitudinal beam (or axis) for the various 
dynamic responses generated by designated road conditions and velocities as inputs.

As an example, the sidewall or beams are divided into various elements or a grid mesh of approximately 32-inch 
centers (to match the 16-in. stud spacing). Each element of this side wall beam is specifically designated or located by 
the nodal points connecting each corner of the element to the adjacent element. Each beam element has the capacity 
of determining the stress at any point around the periphery of the element. Therefore, the finer the mesh, the finer 
the stress points. But, the finer the mesh, the more costly the program to run and analyze or interpret.

POWER SPECTRAL DENSITY (PSD): In terms of physical reality, the spectral density at any particular frequency 
may be regarded as the average power passing when a random signal is filtered by a narrow band pass filter centered at that 
frequency.

vi



EFFECTIVE FLEXURAL RIGIDITY (El): This is the equivalent bending (vertical) stiffness of a mobile home 
if the a priori assumption is made that the unit in flexure can be modeled as an Euler beam.

EFFECTIVE TORSIONAL RIGIDITY (GJ OR J): This is the mobile home’s equivalent structural resistance 
to torsion if the a priori assumption is made that the unit in torsion responds as a closed channeled rectangular tube.

MOBILE HOME TEST UNITS: The mobile home test units are designated by the following prefixes:

T-l 1976 14 X 64-Single wide (new)
T-2A 1976 Double wide 24 X 56-Wet half (new) 
T-2B 1976 Double wide 24 X 56—Dry half (new) 

*T-3 1971 14 X 64-Single wide (used)
*T-4A 1974 Double Wide 24 X 56—Wet half (used) 
*T-4B 1974 Double Wide 24 X 56-Dry half (used)

I

ATTACHMENTS OR FASTENERS: Refers to mechanical devices such as tacks, nails, bolts, screws or staples 
used to assemble the various joints or structural components. This does not include glue or welding.

JOINTS: Comprises the interface between two pieces of structure or components that are assembled using the 
attachments noted above. Examples of joints are stud to plate; header to stud; shear wall to side wall; side wall to end 
wall and roof to wall.

EXPLODED ISOMETRICS: The test mobile homes are shown in an overall exploded isometric configuration 
with a breakdown of the major components. The critical joints of each model are then detailed in an enlarged/exploded 
isometric drawing showing the load/stress input, transfer or flow. The exploded isometrics offer a pictorial presentation 
of the output from the finite element analysis.

RANDOM LOAD INPUT: Induced dynamic inertial loads incurred by the mobile home during transit due to the 
random excitations from the road surface.

TRANSPORTATION MODE: The mobile home transportation mode is divided into two sections as follows: 
Condition I covers the transportation from the manufacturer to the dealer and from the dealer to the initial setup site, 
including setup. Condition II covers the secondary moves including takedown, transportation and setup.

:

5
5

;

♦Purchased from first occupant/owners
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1.0 INTRODUCTION

The objective of Task I was to develop and apply the analytical methodology which would accurately measure 
the effects of highway transportation and site installation activities upon the structural durability performance of 
typical mobile homes (both single-wide and double-wide types) during their useful life. Accordingly, in Task I a 
comprehensive dynamic and static analysis was performed by SwRI to identify and assess the probable dynamic and 
static loads (and stresses) imposed on the mobile homes during transit as well as typical setup-takedown procedures.

In an effort to make this Task I report comprehensible to those interested in the direct applicability of the 
Institute’s findings as well as those more research oriented, this Dynamic Analysis Section (I) was divided into two 
volumes. Volume I (Applied Engineering Text) of Section I briefly describes the overall investigation. It also defines 
in detail the pertinent results as well as how the developed methodology can be readily applied to evaluating mobile 
home remaining useful life (RUL). Volume II (Research and Development Text) describes in detail the systematic 
development and utilization of this mobile home dynamic analysis. Specifically, it includes the construction of the 
computer model through its utilization in the structural parametric study to the formulation of the predictive 
equations for defining RUL. Accordingly, with Volume I, the R & D text (Volume II) should be referred to for 
background information, development methodologies, etc.

i
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2.0 PARAMETRIC INVESTIGATION FINDINGS

In the dynamic analyses, those parameters that were suspect at the beginning of this investigation 

Effective flexural stiffness (Ef),

Effective torsional stiffness (GJ),

Road surface condition (re),

Mobile home transporting speed (V), and

• Mobile home damping properties (Cjf).

The effective flexural stiffness of the mobile home, a term “coined” by Battelle Memorial Institute (BMI), is 
the equivalent vertical bending stiffness of the unit, when considered as a simple beam rigidly supported at the hitch 
and wheel locations. It was BMI’s belief that this structural property had a major influence on degradation, and 
could be used as a tool to estimate the quality and/or degradation of a mobile unit.

Similar to the effective bending stiffness, the effective torsional stiffness (GJ or J) can be considered in 
studying the mobile home’s response to torsion (racking). Accordingly, in the Institute study, these stiffnesses, as 
well as speed, damping and road condition were investigated to determine which of these variable(s) has a significant 
effect on degradation. This was accomplished through a series of computer simulations of a 60-ft long, 14,000-lb 
unit, varying the parameters outlined above.

were:

Results from the simulations emphasized the extreme sensitivity of induced “G" loadings in the mobile home 
to variations in effective torsional stiffness (GJ). It was further shown that variation in effective flexural stiffness 
(Ef) did not affect the mobile home response accelerations to the same degree as the torsional stiffness.

Based on this parametric investigation via computer model simulations (detailed discussion in Volume II), the 
influence which the aforementioned structural and road-related properties have on mobile home degradation, is 
given below in descending order of importance.

(1) Effective torsional stiffness (GJ or /),

(2) Road surface condition (re),

(3) Mobile home in-transit speed (V),

(4) Effective flexural stiffness (Ef)*,

(5) Mobile home damping properties (Qp)*.

As noted from the computer simulations, the effective torsional stiffness seems to be the key parameter 
which should be considered and controlled if optimum useful lives for typical mobile homes are to be realized.

:“srada,ion ,o a sreater ex,em than in
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%
3.0 PREDICTIVE EQUATION METHODOLOGY AND APPLICATION

Based on the findings outlined above, predictive equations were formulated* which incorporated the structural 
aspects of the mobile home as well as speed and road conditions and which addressed the problem of in-transit and 
setup-takedown degradation. These equations were based, in part, on results from the United Computer Systems 
(UCS) MULFIT computer program2 which was used to develop regression equations based on SwRI findings. 
Specifically, from the data collected, utilizing the dynamic model simulations, the MULFIT program did a “best fit” 
analysis and derived the following expressions for evaluating mobile home degradation due to initial and secondary 
moves.

V0.734rc
or = 6.42 X 104 (OtLn 10"“^ 2.046[£>y0.468c 0.363 Ln 10"-

*2

^yO.208 j/0.530j.c
aF = 7.13 X 10“3 (2)t

[ Ln 10"“ 1 Jl-610Cfl0.448 Ln 10" -
n2

In the above,

or - is the RMS$ vertical acceleration (G units) of the mobile home rear comer,

op — is the RMS vertical acceleration at an upper side wall location approximately midpoint between front 
axle and hitch,

TABLE 1
V— is transport velocity (mph),

El - is the effective vertical flexural stiffness (lb-in.2),
Road Condition rc

Paved (smooth)* 
Paved (waves)** 
Paved (rough)** 
Unpaved (waves) 
Gravel
Unpaved (rough)

1.0
1.2J - is the effective torsional stiffness (in.4), 1.5
2.5

Co — is the structural damping of the unit (0 < Co < 1.0). 3.0
10.0

and rc and n are found in Table 1. Equations (1) and (2) give 
an estimation of what the dynamic response of a particular 
mobile home will be during its move to a planned site. They 
also can be used to define the change in dynamic response due 
to setups and takedowns by substituting the appropriate re­
duced flexural and*torsional stiffness (due to on-site proce­
dures) into Expressions (1) and (2).

Effective Torsional Stiffness (J in.4) n

10 1
10* 2
105 3
104 4
10m m

♦Typical of primary roadways. 
•♦Representative of secondary roadways.

The remaining useful life (RUL) equation based on the
above is:

(7.2 X 102)fdP{oi>aB)
i-R or F (3)**RUL = 1—

VNB

♦Subject to modifications based on experimental findings from Task III study, 
t Coefficient 6.42 X 104 and 7.13 X 10-3 defined to make expressions dimensionally homogeneous.
tRoot mean square value of acceleration also referred to as standard deviation. In terms of probabilities and random processes it 
correlates to a 68 percent confidence level that the actual acceleration levels will be equal to or less than this value.
**As with Expressions (1) and (2), Expression (3) coefficient 7.2 X 103 was defined to make equation dimensionally homogeneous.

:
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where
R,F refer to the rear and front sections of the unit, 
f — “apparent” response frequency of unit (Hz),

V— planned velocity of unit (mph), 
d — distance between sites (miles),

p (a,- > ob)* is the probability of the unit exceeding the “base” RMS acceleration and Nq is estimated number of 
times the “base” RMS value will be exceeded per 100 miles traveled by the unit. The aforementioned “base ’values 
are input by the user arid are assumed to be the RMS vertical acceleration response (ob) and number of occurrences 
(Nb) that a “zero remaining useful life" or unsafe mobile home would experience if it were transported 100 miles. 
Physically, then, Expression (3) assumes the Remaining Useful Life (RUL) of a unit as zero when the total G levels 
experienced by the unit per 100 miles of travel exceeded the defined “base” values.

The overall procedure for estimating the RUL of a specific unit entails the following (see Appendix A for
example):

(1) The user specifies the “base” structural parameters of a proposed “zero” life unit as well as planned 
velocity and probable road condition for this unit. He then utilizes Equations (1) and (2) to estimate the 
RMS acceleration (ob) at the rear corner and midpoint wall location between axle and hitch for this 
“zero” life unit.

The user then estimates the number of occurrences (Nb) (per 100 miles traveled by the “zero” life unit) 
that ob will be exceeded. This is obtained from:

(2)

fB
[P'(0B)]ItNb = 7.2X 10s

VB

where fs and Vb are estimated “base” frequency of response (Hz) and “base” velocity (mph).

The user now estimates the RMS vertical acceleration (a/) for the present mobile home in question. This 
is obtained by inserting the appropriate structural parameters into Equations (1) and (2) along with the 
anticipated road condition and in-transit speed. (These values are either measured or estimated from 
available tables such as Table 1).

Having determined the standard deviations (o/) for the mobile home, the probability of exceeding ob 
[i.e., P (i0/ > ob)], assuming a normal distribution, can be obtained from any standard statistical 
handbook.ft

The user then inputs P (a/ > ob) into (3) to obtain an estimation for the RUL of the unit when it 
reaches its setup site.

It is noted in Expression (2) that the RMS response for the location between axle and hitch is directly 
proportional to the unit’s effective flexural stiffness (£7). Due to this, a newer mobile home would experience higher 
inertia loadings (G’s) in this area than after this stiffness parameter has degraded. As a result, if the “base” values of 
a highly degraded unit were input into (2), the RMS response (oFB) would give an unrealistic level of degradation to 
the front section of the mobile home. This problem can be minimized if the user, when evaluating OfB, utilizes in 
(2) the actual flexural stiffness El in place of EIb .

0)

(4)

(5)

Further details of how the above predictive methodology can be utilized may be found in Volume II.

■*P (di > ob) is a function of the units speed, stiffness and damping as well as the type of road the unit is traveling.
fThe probability. [P,toB) ] of the “base” unit exceeding aB is simply 0.317 or approximately 32 percent. (Definition of Standard
Deviation)
ft For example “Handbook of Probability and Statistics” by R. S. Burington and D.C. May.
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4.0 DYNAMIC ANALYSIS OF SINGLE-WIDE (T-1)

As alluded to in the previous sections, transportation degradation is related to both the structural makeup of 
the unit as well as the transportation-related variables (i.e., road traveled and speed). Accordingly, an assessment of 
the performance of the T-1 under conditions I and II of Task I can vary substantially depending upon these 
variables. Because of this, the performance of the unit for each “condition” was investigated for various transporta­
tion modes (i.e., distance, speed, road type).

TABLE 2. TRANSPORTATION ARRAY (CONDITION I)4.1 CONDITION I (T-1)

Typical Speed,Distance, miles Road Condition*For this initial transportation condi­
tion (250-500 miles) from the manufac­
turer’s plant to the owner’s site the transpor­
tation modes shown in Table 2 were consi­
dered.

mphCondition Paved,
waves

Paved,
rough

Well
Paved250 500 35 45 50

X X X1A
IB X X X
1C X X XBased on assumptions concerning a 

totally degraded T-1 unit (base unit), pre­
dictive Equations (1), (2) and (3) were 
utilized to define anticipated remaining use­
ful life (RUL) or degradation for the various 
transportation modes given in Table 2. The 
results in terms of anticipated RMS vertical 
acceleration levels for the rear and front sec­
tions of the T-1 as well as degradation are 
given in Volume II. The degree of degrada­
tion was evaluated to be as low as 
0.3 percent for the rear section of the T-1 
and as high as over 10 percent for the front 
section, depending on the typical speed and 
the roughness of the (paved) road. It was 
also shown that the dynamic response and 
the degree of degradation for the front sec­
tion of the T-1 were anticipated to be great­
er than the rear portion of the unit. This was 
attributed to the front section having tor- 
sionally weaker structural properties in com­
parison to the rear portion of the unit.

ID X X X
IE X X X
IF XX X

*Well paved: rc = 1.0 (primary roadways; above average secondary roads) 
Paved (waves): rc= 1.2 (typical secondary roadways)
Paved (rough): "rc = 1.5 (rough secondary roads)

TABLE 3. TRANSPORTATION ARRAY FOR EACH MOVE 
(CONDITION II)

Typical Speed,Distance, miles Road Condition* mphCondition Paved,
waves

Paved,
rough

Well
Paved300 600 35 45 50

X2A X X
2B XX X
2C X XX
2D X X X

I 2E X X X
2F X X X

*Wcll paved; rc = 1.0 
Paved (waves); rc = 1.2 
Paved (rough); rc = 1.5

4.2 CONDITION II (T-1)

For this condition, the T-1 undergoes 
15 years of use including three occupancy
periods and two secondary moves ranging from 300 to 600 miles (including 4000 lb of added internal weight). As 
with Condition I, the unit’s degradation depends, in part, on the transportation mode involved (i.e., road condition, 
speed, etc.). Accordingly, for these secondary moves, the transportation modes shown in Table 3 were considered.

From preliminary experimental data for the T-1, each setup and takedown was estimated to degrade the 
effective torsional and flexural stiffnesses for the front and rear sections of the unit in the following manner:

30-percent reduction in torsional stiffness for the front section (Jp).

40-percent reduction in torsional stiffness for the rear section (Jr).

j
5



• 20-percent reduction in flexural stiffness for the rear section (£7/?).

• 55-percent reduction in flexural stiffness for the front section (EIp).

Based on the above, for each secondary move the structural parameters (El, J) were reduced by these 
percentages when utilized with the predictive equations for defining transportation-related degradation.

As per the procedures used for Condition I along with the above-mentioned reduction in stiffnesses, the 
predictive Equations (1), (2) and (3) were used to estimate degradation of the T-l for the modes shown in Table 3. 
For the initial secondary move, the degradation to the unit varied from 0.2 percent to 42.2 percent depending on 
the transportation mode. In comparison with the T-l’s initial move, it was found that for this initial secondary 
move, the rear section degraded at a greater rate than the front section. Tliis was the result of the dynamic 
response (RMS value) for the front section being directly proportional to the effective stiffness (EIp). Accordingly, 
when a reduction in EIp due to Condition I and setup and takedown occurred, the G levels experienced between 
axle(s) and hitch also diminished.

For the second secondary’ move, the structural properties were further reduced based on the previously 
defined percentages. With these reduced effective stiffnesses and the transportation modes defined in Table 3, the 
analytically evaluated degrees of degradation varied from undefinable for the front section to 100 percent for the 
rear section.

TABLE 4. TYPICAL SUMMATIONS IN TRANSPORTATION MODES 
FOR T-l UNIT4.3 CONDITION I AND II (T-l)

Typical Speed,Road ConditionDistance, milesBased on the predictive analysis, the 
total degradation to this unit was assumed to 
be the sum of the degradation percentages 
for the various moves and setups and take­
downs. As previously stated, the degradation 
depends, in part, upon the transportation 
modes experienced by the unit during the 
specified 15-year period. Based on the 
“best” and “worst” conditions from 
Tables 2 and 3, an assumed 15-year transpor­
tation mode array is given in Table 4. For 
these transportation modes, the probabilistic 
degradation to the T-l was analytically 
evaluated. In terms of probable degradation 
levels for the entire unit (front and rear sec­
tion), the lowest anticipated degradation to 
the unit was approximately 36 percent. For 
seven of the defined twelve transportation modes the unit was anticipated to be totally degraded (i.e., zero RUL) 
after or during transit to its proposed third site (second secondary move) *

mphCondition(s)* Paved,
waves

Paved,
rough

Well
Paved 35550 1700 45 50

1A plus 2A 
IB plus 2B 
1A plus 2C 
IB plus 2D 
IA plus 2E 
IB plus 2F 
1C plus 2C 
ID plus 2D 
1C plus 2E 
ID plus 2F 
IE plus 2E 
IF plus 2F

X X X
X X X

X X X X X
X X X X X

X X X X X
X X X X X

X X X
X X X

X X X X X
X X X X X

X X X
X X X

'Conditions arc summations taken from Tables 2 and 3. Includes degradation 
due to setup-takedown procedures.

Furthermore, it was noted that the rate of degradation was anticipated to be substantially greater for the rear 
section of the single-wide in comparison to the front section. Specifically, while a maximum 100 percent degrada­
tion was estimated for the rear section (for certain modes), the maximum level of degradation to the front section of 
the unit was estimated as 20 percent.

♦Note: The analysis did not consider the degradation incurred by the T-l during its final setup at its third and last site. This would be 
included if the unit was taken down to be moved to a fourth site.
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5.0 DYNAMIC ANALYSIS OF DOUBLE-WIDE (T-2A, T-2B)

For the evaluation of this unit, the a priori assumption was made that the T-2 could tolerate acceleration levels 
(G levels) no greater than the single-wide (T-l). Accordingly, in the following the “base” RMS values assumed for a 
totally degraded T-l were used (details are given in Volume II).

5.1 CONDITION I (T-2B)

For this half of the double-wide (dry side, containing no plumbing fixtures), the transportation modes defined 
in Table 2 were also utilized. Based on these modes, the anticipated RMS acceleration levels and resulting degrada­
tion were evaluated. For the initial move, the anticipated degradation varied from a low of 0.2 percent for the front 
section to a high of 28 percent for the rear section, depending on the road traversed by the unit and the transport 
speed. It is further noted that the predictive analysis also defined a higher degree of degradation for the rear section 
of the T-2B in comparison to its front section. This is opposite the anticipated degradation effect for the T-l and is 
believed due, in part, to the T-l having a structurally very sound rear section compared to the T-2B rear section. It is 
also due to the flexural stiffness (EIp) for the front section of the T-2B, which is less than the T-l’s counterpart. 
Specifically, as noted previously, the dynamic response for the front section was found to be directly proportional 
to its flexural stiffness. Accordingly, the combination of a weaker rear section for the T-2B and a flexurally less stiff 
front section, when compared with the T-l, resulted in this anticipated reverse sense of degradation.

5.2 CONDITION II (T-2B)

For this condition, the T-2 unit (both wet and dry sides) is to experience 20 years of use including two 
occupancy periods and one secondary transportation move ranging from 300 to 600 miles. The transportation 
modes given in Table 3 are hence, still applicable. In addition, as per the T-l unit, preliminary mobile home 
transportation test data performed at SwRI indicated the following reduction in structural properties for the T-2B as 
the result of a single setup and takedown: v

40-percent reduction in effective flexural stiffness for the front section (EIp),

50-percent reduction in effective flexural stiffness for the rear section (Elr),

45-percent reduction in effective torsional stiffness for the front section (Jp), and

60-percent reduction in the effective torsional stiffness (Jr) for the rear section of the unit.

With this reduction in structural properties, 
the anticipated dynamic response and 
amount of degradation during the unit’s 
secondary move, were evaluated. The results 
show that prior to or upon arrival at the 
secondary setup site, the T-2B’s rear section 
is predicted to have totally degraded. Con­
versely, only minimal degradation to the 
front section was anticipated. The total an­
ticipated degradation to the T-2B for both 
the initial move to the owner's setup site and 
secondary move (in terms of transportation 
modes given in Table 5), were found to vary 
from a minimum of 0.4 percent to 
19.4percent for the front section of the 
unit. For all the transportation modes, the 
rear section was anticipated to be totally de­
graded prior to or upon reaching its final 
setup site.

;
I TABLE 5. TYPICAL SUMMATIONS IN TRANSPORTATION MODES 

FOR T-2 MOBILE HOME

Typical Speed,Distance, miles Road Condition mphCondition(s)* Well
Paved

Paved,
waves

Paved,
rough550 501100 35 45

1A plus 2A 
IB plus 2B 
1A plus 2C 
IB plus 2D 
1A plus 2E 
1B plus 2F 
1C plus 2C 
ID plus 2D 
1C plus 2E 
ID plus 2F 
IE plus 2E 
IF plus 2F

X X X
X X X

X X X X X
X X X X X

X X X X X
X X X X X

X X X
XX X

X X X X X
. X X X X X

X X X
XX X

^Conditions are summations taken from Tables 2 and 3.
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5.3 CONDITION I (T-2A)

For this half section of the double-wide (wet side), using the same evaluation procedures (and transportation 
modes) utilized with the T-l and T-2B, the anticipated degradation for the T-2A was estimated to vary from 
0.2 percent to 12.8 percent for the front section. The rear section was found to degrade from 4.6 percent to 
35.4 percent depending on the transportation mode. *

5.4 CONDITION II (T-2A)

As with the T-2B, preliminary experimental data indicated the following reductions in flexural and torsional 
stiffness due to a single setup and takedown.

50-percent reduction in £7/?,

6-percent reduction in EIr ,

50-percent reduction in Jp, and

20-percent reduction in Jr .

Utilizing the above-defined reductions, the appropriate stiffnesses were substituted into the predictive equa­
tions for the transportation modes defined in Table 3. Based on this analysis the rear section of this half of the 
double-wide was anticipated to degrade from 9.4 to 72.6 percent while the front was anticipated to degrade from 
1.2 to 25.6 percent.

The total anticipated degradation for the T-2A was based on the transportation modes defined in Table 5. For 
these modes the unit was estimated to degrade from 1.4 to 38.4 percent for the front section. The rear section of the 
T-2A was anticipated to degrade less than the T-2B, i.e., from 14.0 to 100 percent. Only one transportation mode 
resulted in total degradation of the rear portion of the unit compared with all the modes for the secondary move of 
the T-2B. In addition, as with the T-2B, the front section of the T-2A was anticipated to degrade at a slower rate 
than the rear section of the unit.

♦Further details in Volume II.

8
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6.0 COMPARISON OF IN-TRANSIT VERSUS SETUP-TAKEDOWN DEGRADATION

In the previous sections, degradation due to initial and secondary moves as well as on-site procedures was 
analytically evaluated for both the single-wide (T-l) and double-wide (T-2) units. The same methodology was 
applied to gain insight on the sensitivity to degradation that typical on-site procedures induce in a unit in com­
parison to degradation experienced by a unit while on the road. This was handled by making the a priori assumption 
that the unit makes the initial and secondary moves without any setups and takedowns. Accordingly, the evaluated 
degradation would then be wholly due to in-transit phenomena. A comparison of this section’s findings with 
Sections 4 and 5 would then approximate the amount of degradation due solely to typical on-site procedures.

6.1 SINGLE-WIDE (T-1)

For the T-l, the degradation due to the initial move was as previously defined (for the transportation modes 
defined in Table 2). For the secondary moves, Table 3 as well as Table 4 are still valid with the exception that no 
setup-takedown degradation is assumed after each move. In terms of structural properties for the unit, the initial 
values assumed were held constant for all the moves. While it was realized that this is not the case, at present there 
does exist enough information available which would permit one to conjecture on a definable relationship between 
the structural parameters (Elp, EIr ,JF,JR)and in-transit conditions (e.g., speed, road-type). Furthermore, in terms 
of reductions in torsional stiffness, a reduced parameter was input to the predictive equations to account for 
reductions in this variable due to a move. In terms of the flexural stiffness, it was noted that a change in this variable 
had only a small effect on the dynamic response of the unit. Accordingly, based on the above, the appropriate T-l 
stiffness expressions were substituted into the predictive Equations (1), (2) and (3) for the conditions given in 
Table 3. The degradation results for each secondary move varied from a low of 0.4 percent (rear section) to a high of 
12.5 percent for the front section. For the total transportation mode array (Table 4), the anticipated degradation 
varied from 1.1 percent for the rear section to 35.4 percent for the front section.

Comparing these results with the previous findings, it was noted that the setup-takedown procedure attributed 
to well over 90-percent of the degradation in the rear section of the T-l for most of the transportation modes. 
Contrary to this phenomenon, the front section was evaluated to degrade more when no setups and takedowns were 
considered. It is noted, however, that the values in this instance cannot be wholly relied upon and are attributed to 
the predictive equations for front unit response (Equation 2) being directly proportional to flexural stiffness (Elf).

Due to the above limiting assumptions, it is anticipated that the estimated degradation (percentages) are 
probabilistically low for the rear section of the T-l and high for the front section. The findings are, however, of 
value in that they exemplify the following:

Setup and takedown procedures for Conditions I and II for the T-l may cause a larger degree of 
degradation to the unit’s rear section in comparison to the corresponding degradation resulting from 
move between sites.

A reduced flexural stiffness for the front section of the unit may result in significant “savings” in terms 
of a smaller degradation rate.

6.2 DOUBLE-WIDE (T-2)

As per the case with the single-wide, in an effort to define degradation due to setups and takedowns for this 
unit, the same a priori assumptions concerning structural stiffnesses were made. Accordingly, for the initial moves, 
degradation evaluations previously defined were still valid, as well as the transportation arrays illustrated in Tables 2 
and 3. With the above conditions imposed, precluding degradation resulting from setups and takedowns, the de­
gree^) of degradation for the T-2A and T-2B were evaluated and found to vary from 0.2 percent (front section T-2A 
and T-2B) to 42.5 percent (rear section, T-2A). A comparison of findings illustrated a substantial savings in “useful 
life” when degradation due to setup-takedown procedures are excluded. As with the T-l, however, the degradation 
levels are anticipated to be on the low side. With this in mind, however, the following pertinent findings can be 
made:

9



The majority of the degradation to the rear section of the T-2B may be due to setup-take down 
techniques.i

The degradation effects of setup and takedown for the T-2A is not as severe as for the T-2B.

For both the T-2A and T-2B, typical setup and takedown procedures degrade the rear sections of the 
unit to a greater extent than what is incurred by the front sections.

;
i
:
i
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7.0 POTENTIAL APPLICATIONS OF CRITERIA

As a result of the dynamic analysis and correlation of data with the necessary factors to develop the Remain­
ing Useful Life Analysis, the following method of obtaining design loads for mobile home manufacturers is recom­
mended.

A set of predictive equations have been presented to be used as a tool for estimating degradation due to the 
effects of transportation. These regression formulae can also be utilized to define dynamic load levels for both the 
rear and front sections of the unit. This latter aspect can be of use to the manufacturer during the construction of 
the individual homes. Specifically, if the probable dynamic load levels within a particular unit can be defined prior to 
the design of the unit, then the designer can determine if the present construction warrants modifications to enhance 
its structural integrity.

Based on the above premise, a set of graphs were constructed to estimate design load requirements for mobile 
homes. Figures 1 through 4 are given to define dynamic load levels for the rear section, while Figures 5 through 8 are 
for the front section (between axle and hitch). In either case, the resultant design loads are a function of the input 
structural stiffnesses(£Yand/), damping property (Cp), speed and road conditions. Accordingly, depending upon the 
structural integrity of the unit as well as the anticipated speed and road to be safely traversed, the dynamic response 
(in G’s) can be estimated for which the unit can be safely designed to withstand.

It is noted that resultant loads obtained from Figures 4 and 8 present a 99-percent confidence level That is, 
99 percent of the induced dynamic loads to the unit for a specific travel condition (speed, road) will probabilistically 
be equal to or less than these values. The graphs can hence be used by a manufacturer to define acceptable design 
requirements for structural components within a mobile home.

As noted, these enclosed graphs allow the builder, designer, etc., to set his own design loads by presenting a 
range of structural properties (£7,/ and Cp). The values input can be based on actual field test data of existing units 
or be based on anticipated structural properties after a degree of degradation has occurred. This latter approach 
would be advantageous since, the dynamic response (and load levels) are anticipated to increase as the unit degrades. 
An example of how this criteria can be applied is given in the Appendix of Volume II.These potential criteria will be 
evaluated in a later task.
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8.0 DYNAMIC ANALYSIS CONCLUSIONS

Based on the dynamic modeling of the single-wide (T-l) and the double-wide (T-2A and B), the following 
tentative conclusions concerning degradation to mobile homes during transit have been drawn:

• The principal parameter affecting high inertial repetitive loads is the effective torsional stiffness (Jf and 
Jr) of the mobile home.

• The effective flexural stiffness for the rear section of a unit (EIr) is inversely proportional to the inertial 
loadings induced in this section.

• The effective flexural stiffness for the front section (EIF) of a mobile home is directly proportional to 
the induced inertial loadings.

• Changes in torsional stiffness (Jr and Jr) affect degradation of the rear section of a unit to a larger 
degree than the front section (from axle to hitch).

• Accumulative degradation of the rear section of a mobile home is more sensitive to transport speed than 
is the front section.

For Conditions I and II the T-l and T-2 units’ rear sections are anticipated to degrade at a substantially 
faster rate than their front sections.*

The rear section of the dry side (T-2B) of the double-wide is anticipated to degrade at a greater rate 
during transit than the rear section of the wet side (T-2A).t

For the required initial and secondary moves (Conditions I and II), the T-l was determined to have 
longer useful life than the T-2.

a

Degradation due to typical setup and takedown procedures may cause more degradation to a mobile 
home than in-transit phenomena.

• The degradation effect of setup-takedown procedures is greatest in the rear section of a mobile home.

As alluded to in this text, further details concerning the above findings may be found in Volume II (Section I) 
of this report.

•Based on Tables 14. 17 and 19 in Volume II. 
fBased on Tables 17 and 19 in Volume II.
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APPENDIX A

SAMPLE PROBLEMS OF PREDICTIVE METHODOLOGY

In an effort to give a better understanding of the predictive equations, three illustrative “hypothetical” 
examples are given in the following:

A. A mortgage company has defined a high risk mobile home as one which has approximately a 32-percent 
probability (standard deviation) of experiencing at an upper rear corner location, inertia loadings (vertical direction) 
of 8.2 G’s*or more when being transported over a paved highway at 55 mph. In terms of the pertinent structural 
properties, this “base” unit has:

E1b= 164 X 108 lb .-in.2 

JB ~ 10 in.4 (n = 1)

0)5 = o.io

The number of probable occurrences at which this acceleration level will be exceeded assuming a frequency response 
(fB) of 5 Hz is:

(7.2 X 10s)(0.317)5
= 2.07 X 104 (per 100 miles)Nb =

55

The mortgage company is interested in making a secondary loan on a particular mobile home. The owner plans to 
transport the unit from Childress to San Antonio, Texas (d = 400 miles) at the maximum allowable speed (55 mph) 
over essentially well paved and secondary roads. The unit’s structural integrity is estimated in terms of its effective 
flexural stiffness, torsional stiffness, apparent frequency, and structural damping, i.e.,:

I EI= 120 X 108 lb-in.2

/= 1000 in.4 (n — 3)
:

Co = 0.10 

/= 5 Hzt

•This value would be based on available data or from predictive equations with input of “poor structural properties” (i.e., EIB, JB etc.), 
fit is noted that the apparent response frequency is dependent upon the type of road traveled as well as anticipated speed and structural 
makeup of the unit. Here it is assumed same as “base” value. The procedure for estimating/is given in Appendix A of this report
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Substituting this data into equation (1), the mortgage company obtains:

(55)°'734(1)
oR =6.42X 10* LnJO^j 2.046

(120 X 10* )° 468(0.10)0*363 Ln 103 -

1.22 X 106
= 1.2 G’s

1.01 X 106

The standard deviation (RMS) of the mobile home is 1.2 G’s..

The probability of exceeding 8.2 G’s [/fy > oR)*] is less than 0.002 (0.2 percent). Assuming 0.002 and substituting 
this data into equation (3) one obtains:

(7.2 X 103)(5X400)(0.002) 
55(2.07 X 104)

RUL = 1 -

= 1 - 0.03 = 0.97

The unit’s anticipated RUL when it reaches San Antonio is 97 percent or the unit lost 3 percent of its useful life 
during the move.

B. The second hypothetical example is same as the former except that the proposed road conditions are 
primarily unpaved (wavy). In this instance (from Table 1) rc = 2.5.

Substituting this change into equation (1), the RMS vertical acceleration is:

0 734(55) (2.5)
aR = 6.42 X 104

Ln 1021 2.046

9J
(120 X 108)°‘468(0.10)°'363 £ Ln 103

3.04 X 106
= 3.0 G’s=:

1.01 X 106

The probability P(oR > oR) of exceeding 8.2 G’s (2.73 a) is approximately 0.007 (0.7 percent). Substituting the 
required data in (3):

(7.2 X 103)(5X400)(0.007)
RUL = 1 -

55(2.07) X 104)

= 1-0.09 = 0.91

The units anticipated RUL when it reaches San Antonio is 91 percent (the move would consume an estimated 9 per­
cent of the mobile homes “useful life”). It is noted that in Example B the mobile home was assumed transported 
400 miles over unpaved road to show an example where the RUL is substantially reduced.

For a variety of different road conditions and speed during transit of the unit, equations (1), (2) and (3) are modified 
as:

= 8.2 G; a ~ 1.2 G; hence Og = 6.83c and P (ct’>6.83o) is less than .002
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Vk0JMrck
O')= 6.42 X 104°RK Ln 10"'( 2 046£^0.468C/) 0*363 Ln icy1- a

El0.20Syk0.S30rCk
(2')= 7.13 X 10“3°FK Ln 10"" 1 .610

^0.448 Ln Uf ~
n2

7.2 X 103 (3')k =1,2,3..RUL= 1 -
NB

where the subscript “fc” denotes the different anticipated road conditions ([rc/c) during transit, the corresponding 
miles of each type of road (djc) and proposed speed (F* for each road).

As an example, consider the following:

C. The above unit is to be transported under the following conditions to San Antonio from Childress, Texas 
(a total of 400 miles).

di = 200 miles

Fj = 55 mph

rc\ = 1 (paved road)

/, = 4 Hz

di = 100 miles
l

F2 = 45 mph

re2 = 2.5 [unpaved (waves) road]

/2 = 5 Hz

d3 = 100 miles

V3 = 35 mph

rc3 = 3.0 (gravel road)

;
/3 = 6 Hz

: It is decided that equation (1'), the response of the rear section, will be used to evaluate anticipated RUL. Accor­
dingly, for each road condition we obtain:

:

(55)°-734(l)
aRJ = 6.42 X 104

r=] 2.046
(120 X 108)°-468(0.10)0.363 Ln 103 -

;
1.22 X 106' = 1.2 G’s
1.01 X 106

:
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0.734 (2.5)(45)
= 6.42 X 104 2.046°R2

0.363(120 X 108)°-468(0.10) Ln 103 -

2.62 X 106
= 2.60 G’s

1.01 X 106

(35)°'734(3.0)
0^3 = 6.42 X 104 2.046Ln 1020.363(120 X 108)°-468(0.10) Ln 103 -

9

2.62 X 106
= 2.60 G’s

1.01 X 106

The above are the RMS vertical accelerations for the unit for the three different road speeds and road conditions. 
The corresponding probabilities of exceeding the “base” RMS value (8.2 G’s) are:

Pi (oRl> Og) < 0.002 (0.2 percent)

P^RT* °B) = °B) ~ 0.003 (0.3 percent)

These probabilities along with the corresponding velocities, frequencies and distances are substituted into expres­
sion (3*) i.e.,

7-2 X 103 (200)(4X0.002) (100)(5)(0.002) (100)(6X0.003)
2.07 X104

RUL = 1 - = 1 - 0.04 = 0.9655 45 35

which approximates the remaining useful life of the mobile home upon reaching the installation site as 96 percent 
or in terms of degradation, the trip has “cost” 4 percent of the unit’s RUL.
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ABSTRACT

This volume is the result of extensive computer modeling of intransit mobile homes. The study included a 
parametric investigation of the effect of changes in structural properties of mobile homes to probabilistic dynamic 
response and vice versa. In addition, the effect of road type and transport speed was also evaluated in terms of 
induced dynamic loadings. Results include regression equations that can be used by designers to define probable 
dynamic loadings of a mobile home during transit. Moreover, methodology is presented that can be used to gain 
insight into the anticipated remaining useful life of a particular unit.
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INTRODUCTION

The mobile home program conducted by the Institute is an eight task work effort entitled “Measurement and 
Evaluation of Structural Durability and Transportation Effects on Mobile Homes”. These factors include over-the- 
road transportation, on-site setups and takedowns, and occupancy during the designated periods of time.

The objectives of the overall mobile home program are noted as:

(1) accurately measure, by analysis and/or test, the effects of highway transportation and site installation 
activities upon the structural durability performance of typical mobile homes (both single-wide and 
double-wide types) during their useful lives;

(2) to evaluate the current Federal Mobile Home Construction and Safety Standards to determine if
clarification or revision is needed, particularly in “Subpart J”, based upon the results of this research 
program;

(3) to develop a transportation-analysis methodology which could be used as a guide by enforcement agencies 
in uniformly evaluating the adequacy of manufacturer’s plans and calculations for compliance with the 
Federal Construction and Safety Standards; and

(4) to develop an effective transportation field test method to judge the actual performance of a mobile 
home in meeting the Federal Standard.

The program is divided into eight (8) distinct Tasks or individual work efforts and a separate volume or report 
will be prepared for each task in order to submit the sequential work efforts in progressive steps for approval by the 
GTR..

'
The basic program involves the development of an analytical and predictive methodology for use on mobile 

home design and analysis in TASK I that is to be verified by experimental testing in TASK III. In order to better 
understand the program, the contractual requirements of TASK I, they are quoted as follows:

TASK I: ANALYTICAL DYNAMIC STRESS ANALYSIS: SwRI shall perform a comprehensive 
analytical dynamic stress and fatigue analysis and assessment for the new single-wide (Tl) and the new double­
wide (T2) mobile homes. The analyses shall identify and compute the probable dynamic loads and stresses 
which may be cumulatively imposed upon these new mobile homes as a result of normal transportation and 
site installation activities and assess the capability of the mobile homes to successfully resist these effects 
over their useful life spans.

SwRI shall calculate, analyze and assess the performance of the aforementioned mobile home assuming 
the following two separate and distinct loading conditions:

Condition I: Newly purchased units transported between 250 to 500 miles from the manufacturer’s 
plant and installed upon the purchaser’s site (initial transportation);

Condition II: The aforementioned units after the following activities have occurred:

Tl: Fifteen (15) years of use, including three occupancy periods and two secondary transportation 
movements ranging between 300 to 600 miles. An added distributed weight of 4,000 pounds of 
occupants’ personal effects shall be included in the transportation calculations.

T2: Twenty (20) years of use including two occupancy periods and one (1) secondary transporta­
tion movement ranging between 300 to 600 miles. An added distributed total weight of 8,000 
pounds of occupants’ personal effects shall be included in the transportation calculations.

1



For purposes of this task the SwRI shall assume a mix of seasonal highway travel factors (including wind 
forces) which will simulate various interstate, secondary and rural road conditions in terms of climate, grade, 
roadway surface, speed and traffic. Prior to conducting the dynamic stress and fatigue analyses, SwRI shall 
develop, justify and provide for approval by the GTR, the assumptions made as to the magnitude of raw shock 
and vibration forces that could realistically be encountered by each of the mobile home s chassis and frames 
under varying transportation and set-up conditions.

The SwRI’s dynamic stress and fatigue analyses shall be clearly presented on exploded isometric type 
of drawings which shall display the transportation and site installation input forces and the resulting loads 
and stresses imposed upon the mobile homes, both as integrated structures and their separate systems. Support­
ing calculations shall be in full detail and presented in an organized manner to key with the specific drawings.
The Institute shall identify and calculate the applicable input shock (measured in gravitational G forces) and 
vibration (frequency in Hertz). The stresses resulting from these induced forces (measured in terms of fatigue, 
bending, shear, etc.) and deflections upon the various structural members shall be identified and calculated. The 
performance of these structural members shall be assessed. SwRI shall separately compute, analyze and assess 
the probable structural degradation, or consumed life, for both Conditions I and II earlier defined, at the follow­
ing points and locations as a minimum:

Structure: Roof-At the connection of the roof trusses to the sidewall framing, at the roof membrane/ 
sidewall interface, on the top and bottom chords of the roof trusses, on top of the furnace vent outlet. Ceil­
ing— At the attachment to the roof trusses. Exterior Walls—At the sidewall and endwall interface with win­
dow and door frames, on window glazing, on exterior siding panels particularly on the foreward side of the 
mobile home. Interior Walls-On sidewall and endwall paneling, on partition walls particularly at the junc­
ture with the sidewall and the ceiling. Floor-kt selected points particularly over the axles and in the 
corridor, at joist splices and large notches; and at window and door locations. Frame—On the longitudinal 
“I” beams, crossmembers and outriggers particularly above the axles.

Plumbing: On the shower stall, bathroom sink and tub, toilet and flush tank, water heater, kitchen 
sink, selected locations on piping, joints and connections and supports.

Heating and Cooling: At the connection of the furnace vent with the furnace, at the supply duct 
connection with the furnace, on the longest supply duct and on the air-conditioning unit.

Electrical: On selected “snap-in” type receptacles.

Running Gear: On axles, wheels, tires, brakes, spring suspension, drawbar and coupling mechanism. 

SwRI, upon completion of all of the above-defined research shall provide a comprehensive report embodying the
results.

The analyses and assessments for both Conditions I and II above shall be presented in the following form:

Exploded isometric scale drawings identifying the probable input forces and the resulting loads and stresses 
imposed upon specific members or sections of each of the mobile homes.

2. Calculations fully supporting the drawings and graphs.

3. An evaluation assessing the performance of specific sections of each mobile home as well as the entire 
unit as an integral structure, and

4. Narrative explaining the concept, methodology and meaning of the analytical results.

The above requirements constitute a pioneering effort in predictive analyses for an integrated composite structure

1.
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■ In addition to providing the above listed contract-deliverables, for the completion of TASK I, it is also necessary 

to provide the requisite analytical, predictive and detailed stress analysis as the basis for the conduct of the actual 
experimental instrumentation and test program of two (2) used and two (2) new mobile homes to confirm, if possible, 
the predictions of TASK I.

!
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DEFINITIONS

following pages contain definitions of physical words or terms used within the context of the TASK IThe
effort.

CONSUMED LIFE: This is defined using the structural system of the mobile home as the basis for progressive 
degradation that eventually deteriorates the unit to the point that the useful life has been used up or consumed render­
ing the home unfit for:

— Transportation Modes

— Live-ability or occupancy
— Mortgage, Financial or Insurance Risk (See RUL, Remaining Useful Life and Structural Degradation)

STRUCTURAL DEGRADATION: Degradation measured in the form of structural stiffness and integrity with 
a factory new mobile home noted as “un-degraded”. The reduction in structural stiffness is measured in two forms:
(1) vertical stiffness designated as El and (2) torsional stiffness designated as GJ. Other indicators of structural degrada­
tion are: increased deflections with decreased accelerations indicating a “softening” or loosening of the structure.

REMAINING USEFUL LIFE (RUL): TASK I utilizes this percent of useful life that is used up due to the 
transportation, setup and takedown cycle with a new/un-used mobile home designated as a unit of 1.0 or has 100 percent of 
its useful life left. Any operation will degrade the mobile home to some degree there-on. A zero percent RUL indicates 
the unit (or part of the unit) has been totally degraded.

DYNAMIC ANALYSIS MODEL: In order to totally analyze the mobile home, it was necessary to separate the 
TASK I predictive analysis into two modes: dynamic and static. The dynamic model evaluates the dynamic loads (or 
accelerations) generated by the mobile home during the transportation mode. The dynamic model is of the lump 
mass-beam element configuration with the key masses placed at the proper distance from the centerline of the system. 
During highway operations, this configuration generates the various accelerations,velocities and displacements as a 
result of induced excitations from the road surface. From their data, loads can be generated for use in the static 
finite element model in order to develop the various stress patterns in designated components of the mobile home.

FINITE ELEMENT STATIC ANALYSIS/MODEL: The finite element model consists of dividing the various 
components of the mobile home into a fine mesh system that is compatible with the actual structural system. All 
nodal points of the mesh on each component interconnect in order that the program can complete individual element 
analysis as well as the overall component and mobile home analyses. The finite element method analysis can be used 
with various basic computer programs such as STARDYNE, STRUDAL or ANSYS. The analysis output can provide 
stresses at selected points or junctions under various loadings that are usually obtained from the dynamic model.
In this analysis, the mobile home structure was divided into major components such as chassis, floor, left wall, right 
wall, front end wall, rear end wall, roof and individual partitions within the mobile home.

VERTICAL STIFFNESS: The average mobile home can be considered a long box-like structure that has 
certain structural stiffness with respect to bending in the vertical plane. Usually the longer the mobile home, the 
less the vertical stiffness and conversely the shorter the mobile home the greater the stiffness. Vertical stiffness is 
the ability of the mobile home structure to resist vertical loads/deflection and is synonymous with “flexural rigidity” 
and “El”. The mobile home can have two basic El’s, one forward of the running gear and one aft of the running 
gear.

a

TORSIONAL STIFFNESS: The average mobile home can be considered a long box-like structure that has a 
certain structural stiffness with respect to torsion about the fore and aft longitudinal axis. The torsional rigidity 
like the flexural rigidity is higher in the shorter length mobile homes and lower in the longer mobile homes ’ 
Also, the torsional rigidity is a function of the “completeness” of the box structure with respect to the cross section
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of the mobile home. If there is no plywood structure on the roof under the metal to complete the structural torque 
box, the torsional rigidity or stiffness is lower than the mobile homes with the maximum section properties.

DYNAMIC LOADS AND DYNAMIC RESPONSE: During development of the RUL and dynamic model, it was 
anticipated that the TASK I program would be divided into the:

-Dynamic lump mass model

—Predictive, (RUL) remaining useful life formula

—Finite element static analysis model

—Exploded isometrics of detailed points on the mobile home for stress analysis

The finite element static analysis model requires inputs other than the static one “g” loadings. These inputs 
simulate the actual road condition excitations induced in the mobile home during transit. Accordingly, the accelera­
tion levels from the dynamic model are input to the finite element as “equivalent” G (inertial) loads. The repetitive 
roadrun dynamic response, even if at a low G level, can be very damaging in terms of accumulative degradation.

STRUCTURAL INTEGRITY VERSUS DEGRADATION: The predictive analysis contained in Volumes I and II 
of TASK I, is based on the assumption that there exists a direct correlation between the structural integrity of the mobile 
home and the degree to which it has been or can be degraded. This degradation is attributable to—:

—Transportation modes

.
—Setup

-Take down

-Occupancy periods of high traffic and poor maintenance.

The structural integrity of a mobile home is measured as a function of the flexural rigidity and torsional stiffness; 
both of which may change significantly during transit as well as setup-takedown procedures. The mobile home can 
have a varying stiffness, both in flexural rigidity and torsional rigidity from the front of a mobile home to the rear. 
However, for the purpose of this report, the mobile home structural rigidity has been analyzed in two areas only: hitch 
to front axle and front axle to rear wall.

BEAM ELEMENTS: These elements are referred to in two areas:

—Dynamic model

—Finite element model

These elements predominently refer to elements used in the finite element analysis/model because the chassis acts 
as a beam; the floor acts as a beam and the side walls act as a beam. Also, the dynamic analysis utilizes a simplified 
lump/mass model with the various eccentric beam elements taken off the longitudinal beam (or axis) for the various 
dynamic responses generated by designated road conditions and velocities as inputs.

As an example, the sidewall or beams are divided into various elements or a grid mesh of approximately 32-inch 
centers (to match the 16-in. stud spacing). Each element of this side wall beam is specifically designated or located by 
the nodal points connecting each corner of the element to the adjacent element. Each beam element has the capacity 
of determining the stress at any point around the periphery of the element. Therefore, the finer the mesh, the finer 
the stress points. But, the finer the mesh, the more costly the program to run and analyze or interpret.

POWER SPECTRAL DENSITY (PSD): In terms of physical reality, the spectral density at any particular frequency 
may be regarded as the average power passing when a random signal is filtered by a narrow band pass filter centered at that 
frequency.
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EFFECTIVE FLEXURAL RIGIDITY (El): This is the equivalent bending (vertical) stiffness of a mobile home 
if the a priori assumption is made that the unit in flexure can be modeled as an Euler beam.

EFFECTIVE TORSIONAL RIGIDITY (GJ OR J): This is the mobile home’s equivalent structural resistance 
to torsion if the a priori assumption is made that the unit in torsion responds as a closed channeled rectangular tube.

MOBILE HOME TEST UNITS: The mobile home test units are designated by the following prefixes:

T-l 1976 14 X 64-Single wide (new)
T-2A 1976 Double wide 24 X 56-Wet half (new) 
T-2B 1976 Double wide 24 X 56-Dry half (new) 

*T-3 1971 14 X 64-Single wide (used)
*T-4A 1974 Double Wide 24 X 56-Wet half (used)
*T-4B 1974 Double Wide 24 X 56-Dry half (used) ,

ATTACHMENTS OR FASTENERS: Refers to mechanical devices such as tacks, nails, bolts, screws or staples 
used to assemble the various joints or structural components. This does not include glue or welding.

JOINTS: Comprises the interface between two pieces of structure or components that are assembled using the 
attachments noted above. Examples of joints are stud to plate; header to stud; shear wall to side wall; side wall to end 
wall and roof to wall.

EXPLODED ISOMETRICS: The test mobile homes are shown in an overall exploded isometric configuration 
with a breakdown of the major components. The critical joints of each model are then detailed in an enlarged/exploded 
isometric drawing showing the load/stress input, transfer or flow. The exploded isometrics offer a pictorial presentation 
of the output from the finite element analysis.

RANDOM LOAD INPUT: Induced dynamic inertial loads incurred by the mobile home during transit due to the 
random excitations from the road surface.

TRANSPORTATION MODE: The mobile home transportation mode is divided into two sections as follows: 
Condition I covers the transportation from the manufacturer to the dealer and from the dealer to the initial setup site, 
including setup. Condition II covers the secondary moves including take down, transportation and setup.

♦Purchased from first occupant/owners
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PRELIMINARY METHODOLOGY

At the outset of this program, the initial problem was to determine the methodology for the pioneering develop­
ment effort of the predictive analyses, a simplified dynamic analysis, as well as the possible applications of the finite ele­
ment theory to a composite material assembly or structure, such as a mobile home. Also, one of the outstanding questions 
that need be answered at some point in the program pertains to the definition of “consumed life” or “when is a mobile home 
unfit for transportation, live-ability and a bad financial risk?” A recommendation will be made after completion of TASK III 
as to a more positive definition of these factors. However, a preliminary definition is contained in the preceding section.

Inspection and discussion of/with mobile home dealers, mobile home transporters, mobile home financial institu­
tions and mobile home owners as well as repair shops resulted in a wealth of information pertaining to the various degrada­
tion factors associated with mobile home transportation and setup/takedown operations. From these data, the initial 
methodology or approach to the problem was developed in the form of anticipated or projected factors or projections of 
the probable direction or course the degradation cycle will follow.

It is anticipated at this time that a mobile home will degrade in proportion to the structural integrity or structural 
stiffness of the overall assembly. A steady rate of degradation, anticipated in the form of a downward curve as presented 
in Figure ii is generated by factors associated with transportation and setup/takedown cycles starting with a new mobile home 
that is considered as new with 100 percent integrity. Each trip over any type of road will degrade the structure to some 
degree. Also, the usual setup and takedown as accomplished by many transporters or dealers, adds to the degradation along 
with the time and environmental or weathering factors such as wind, rain, snow and temperature variations plus occupancy loads.

Various factors need be developed for these variables that will be used to develop the theoretical curves for the degrada­
tion cycle wherein mode 1 could include wind, snow, occupancy and material aging. Mode 2 could be designated as trans­
portation, while mode 3 could be designated for setup and takedown factors. Torsion is to be included in these early pre­
dictions since it has been found to be a significant and critical factor in the structural response of the mobile home type 
structure.

The predictive analysis, dynamic analysis, and finite element analysis required in TASK I and discussed within this 
program requires an in-depth pioneering effort involving the many parameters associated with the transportation mode of 
mobile homes being moved from one site or location to another plus the setup and takedown mode as well as the occupancy 
mode. Due to the broad spectrum of operating conditions and parameters involved in the mobile home structure and running 
gear on various types of roads and under varying environmental conditions combined with the setup/takedown and occupancy 
forces, the three above-noted basic types of analysis will be necessary to comply with the requirements of TASK I.

The first program constitutes a SwRI-developed theoretical predictive analysis of “Remaining Useful Life” (RUL). 
The formulation was developed for the utilization of basic parameters that are available or can be generated via tests on the 
mobile home in question utilizing simplified tests with basic equipment. The predictive analysis will utilize factors such as 
velocity, effective vertical stiffness, effective torsional stiffness, road surface type or class and structural damping plus other 
factors that can be programmed into the development of the predictive formulas.

During the development of the various parameters required for the assembly of the predictive analysis, it was first 
necessary to also develop the simplified dynamic model because the degradation generated during the transportation mode 
occurs as a result of various dynamic applications with a certain degree of dampening between the wheel/axle and the 
mobile home box structure.

The simplified dynamic model is flexible in that the varying types of parameters can be added or subtracted, increased 
or decreased to fit the mobile home in question. Also, the model can be applied to both single- and double-wide units with 
emphasis on the placement of off-center masses such as refrigerator, bath units, washer, dryer, ovens, stoves and water 
heaters. The weight eccentricity due to location has a greater dynamic effect on the double-wide units than on the single 
wide units because of the absence of the rigidity in the mating wall. Wind effects are also a part of the dynamic factors and 
are considered significant due to the under-carriage system that is more narrow than the box structure and the soft spring 
systems that contribute to basic lateral and torsional instability. From the dynamic analysis, predictive accelerations at 
various locations and directions can be assessed as a result of the accelerations generated during the transportation mode.
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These accelerations,in turn,can be applied to the finite element programs in the form ot equivalent static loading for 
the analysis of components or joints. Once again, the effects of wind loads during the transportation mode can be 
applied or added to the dynamic loads generated due to vehicle velocity and road conditions for the overall input load 
spectrum for use in the finite element model. All of these data/analyses (with exception of the finite element analyses) 
are presented in Volume II. The finite element model is presented in Volume III while the exploded isometrics are pre­
sented in Volume IV.
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DYNAMIC ANALYSIS
!

: I. BACKGROUND DISCUSSION,
During the past decade in the United States, there has been a significant increase in the utilization of mobile 

homes as a normal family dwelling. It has also been realized by the mobile home industry and the Federal Govern­
ment that mobile homes are subjected to unique conditions (e.g., manufacturing, transportation and siting) which 
differ significantly from conventional housing. Because of these conditions, typical mobile homes during their life­
time may experience unusual dynamic as well as static loading conditions. The static loadings may be the result of 
placement, leveling and settling of the mobile home in its foundation and also due to environmental conditions. The 
dynamic loadings may include environmental as well as transportational-related loads (e.g., road roughness, railroad 
crossings, potholes). This is exemplified by the number of intransit unit losses during high wind periods and rain storms.f

As a result of these rather complex loading phenomena, mobile homes have exhibited significant problems over 
relatively short periods of time. This performance problem is closely related to the reduction or degradation in the 
structural integrity of the mobile unit. Therefore, the structural integrity of the newly manufactured mobile homes, 
especially those in excess of 50-ft long, is important since any transportation except a very smooth highway and slow 
towing speeds will induce dynamic forces in the unit which may seriously diminish the unit’s “remaining useful life.”

The major damage to the mobile home’s structure by external forces as well as occupant forces (e.g., furniture 
locations, excessive concentration of furniture, etc.) is fatigue-like in nature. Repeated dynamic and/or static loads 
which may be minor for each application, can, on a cumulative basis, result in progressive degradation and eventual 
structural failure.

The main objective of Task I is to develop the analytical methodology which will identify these variables as 
well as compute the probable dynamic and static loads and resulting stresses due to normal transportation and site 
installation activities. Since the dynamic loading conditions are highly random in nature, any methodology must be 
probabilistic in nature and should be based upon analytical and experimental studies. Additionally, an in-depth ana­
lytical investigation of mobile home response to both dynamic and static loads has been performed by SwRI. This 
phase, utilizing sophisticated finite element computer programs has identified those pertinent variables associated 
with the mobile home’s structural integrity which affect the rate of degradation. This analytical phase has also 
estimated the probable G loadings which would be experienced by a mobile home in transit, under various trans­
portation conditions, such as different towing speeds and road conditions (paved, rough, gravel, wavy). Based on 
these findings, regression equations have been formulated which can be utilized to estimate a mobile home’s remain­
ing useful life. This formulation will be modified, if necessary, after the experimental phase of this study is complete. 
A detailed discussion of the approach SwRI has taken to date as well as the resulting methodology and regression 
formulae are given in the following sections. In the dynamic analysis volume SwRI addresses the problem of mobile 
home degradation resulting from in-transit and setup and takedown effects. In the static analysis volume a more 
detailed look at degradation due to setups and takedowns is considered, in addition to the effect on specific com­
ponents within the unit.

I
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II. DEVELOPMENT

11.1. Model Selection

The beneficial aspects of simulating the dynamic response of a mobile home due to transportation-related 
excitations includes the ability to investigate the effect of changes in inherent structural properties and variations 
in external loadings on the unit. Accordingly, for this analysis, the Institute required a math model which would 
effectively model the mobile home's structural properties and the random excitations from a road surface that is 
imposed on the unit. After considering various available computer programs to handle these aspects, Control Data

U) was selected to consider the dynamic analysis phase of Task I.Corporation's MRI/STARDYNE analysis system

The MRI/STARDYNE analysis system consists of a series of compatible, digital computer programs designed 
to analyze linear, elastic structural models. These programs provide the analyst with a sophisticated, cost effective, 
structural-dynamical analysis system. Specifically, the STARDYNE system can be used to evaluate a wide variety 
of static and dynamic problems, e.g.

• The static capability includes the computation of structural deformation and member loads and stresses 
caused by an arbitrary set of thermal, nodal applied loads and/or prescribed displacements.

• Utilizing either the direct integration or the normal mode technique, dynamic response analysis can be 
performed for a wide range of loading conditions, including transient, steady state, harmonic, random 
and shock spectra excitation types.

Dynamic response results can be presented as structural deformations (displacements, velocities, or accelerations) 
and/or internal member loads/stresses.

II.2. Model Construction

The programs (of the STARDYNE system) chosen by the Institute as most applicable to the present study are 
STAR and DYNRE 3. The STAR program has two distinct functions; they are static load analysis and eigenvalue 
(natural frequency) eigenfunction (mode shape) extraction. This program was used to construct the dynamic model 
which consists of 17 beam elements, 18 nodal points and three material properties (steel, wood, rubber). In the con­
struction of this model, the nodal points located at the mobile home’s weight distribution concentration points 
displaced from the beam elements to simulate the eccentricities in the internal loading environment due to concentrated 
masses such as furniture, kitchen appliances, bathroom fixtures, etc. The suspension systems at the hitch and wheel 
locations were modeled by beam elements with similar compressive resistive properties of typical suspension systems. 
For our model, this program performs a modal analysis of the mobile home, extracting the various eigenvalues and 
eigenfunctions based on the computer-calculated stiffness and associated mass matrix. In the present study, the STAR 
program was utilized with varying structural characteristics of the mobile home to simulate various degrees of structural 
degradation.

were

The DYNRE 3 program was utilized to evaluate mobile home response to random road excitations. It 
used in conjunction with the structural models formulated by the STAR program. In DYNRE 3, the random dynamic 
road excitations are input in terms of power spectral density (PSD) functions. In terms of physical reality, the power 
spectral density at any particular frequency, may be regarded as the average power passing when a random signal is 
filtered by a narrow power pass filter. In this analysis, it is the limiting mean square value (e.g., of acceleration, 
velocity and displacement) per unit bandwidth i.e., the limit of the mean square value in a given rectangular band­
width divided by the bandwidth as the bandwidth approaches zero. The output from this program includes:

Root mean square (RMS) response of the mobile home (i.e., displacement, velocity and accelerations) at 
the designated nodal points.

was

• Power spectral density (PSD) curves for selected locations (nodal points) in the unit.

10



11.3. Computer Model Input and Methodology

!For the dynamic model described above, certain structural input data for the mobile home as well as road sur­
face condition were required. In terms of the structural program STAR, the most essential input requirements were 
the effective flexural stiffness (£7) of the mobile home and the effective torsional stiffness (GJ). In a previous study*2^ 
investigators evaluating mobile home degradation concluded that the effective flexural stiffness of a mobile unit was a 
significant factor relating to the structural integrity of a mobile unit as well as a key in determining its potential to 
degrade as a result of transit. In Ref. 2 it was noted that when a unit was subjected to careful El measurements both 
before and after extensive roadway loadings, the value of El changed significantly (i.e., decreased).

Due to these findings, the STAR program was run with various values of EJ to simulate the degradation phenom­
enon due to transit as well as-setups and takedowns. In addition to this structural aspect, the computer program was 
run varying the effective torsional stiffness (GJ) of the unit. SwRI early in this study, believed that the effective GJ 
could be a significant factor in terms of defining the structural adequacy of a unit to withstand numerous moves from 
take down site to installation site. Accordingly, utilizing the STAR program, a total of twenty (20) structural models 
(each with different El and GJ combinations) were computed to simulate the various degrees of structural integrity 
(or degradation) of a mobile home (see Table 1).

The road condition excitation data input to the DYNRE 3 program were based on previous research efforts. 
Specifically, descriptions of highway roughness measurements in terms of power spectra (PSD) have been studied by 
Pevzner^3\ Parkhilovskiy^ and Van Deusen^. These studies followed an investigation in 1958 by Thompson^ 
on airport runway roughness measurements. More recently, roughness in terms of power spectra has been studied 
by Jaeger and Schuring^7^ who investigated surface roughness for the moon’s Mare Cognitum. A detailed description 
of this approach is given in Bekker’s “Introduction to Terrain Vehicle Systems”^.

!

In the present study, the PSD values for various road conditions quoted in Ref. 5 were utilized, as shown in 
Table 2. These coefficients are input into the empirically derived equation^

PSD(£l) = KvQ,-nv (0
to estimate the road excitation PSD for a given frequency S2 where Kv and nv are constants related to the type of 
road traveled and Q. is spatial frequency in cycles per foot. It is noted that equation (1) was obtained by approxi­
mating PSD data collected experimentally and gives a good approximation of the PSD for the ground profile in the 
low frequency range (i.e., 0 to 6.0 Hz). For the DYNRE 3 program Equation (1) was modified from a spatial to temporal 
domain to be compatible with the program input requirements (i.e., PSD in <S2/Hz). It is further noted that while Table 2 
includes both paved and unpaved roads, only paved roads were considered as being typical for initial and secondary 
moves of mobile homes. Accordingly, while paved, unpaved and gravel roads were considered in the overall methodology 
of Task I, the conclusions derived from the dynamic analysis are based on paved highways and secondary roads.

11
■
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TABLE 1

STAR STRUCTURAL MODELS OF MOBILE HOMES

4Effective Torsional Stiffness (J)** in.
2 1043El (lb-in.2)* 1023 1010

8 t XXX88 x 10 X X

8 X XX158 x 10 XX

8 X X194 x 10 X X X

8264 x 10 X X XX X

* Effective flexural stiffness
**Effective torsional stiffness divided by torsional rigidity constant (G) 
^Each X signifies a model with specified effective flexural and torsional 
stiffnesses.
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TABLE 2

VALUES OF PSD EQUATION COEFFICIENTS FOR
VARIOUS ROAD SURFACES

*
nvSurface

-6Paved road 2.11.2 x 10

1. 1 x 10"5Unpaved with gravel 2. 1

-6Unpaved, waved 3.7 x 10 2.4

-6Unpaved, rough 2. 0 x 10 

1.6 x 10’3

3.8
*

Virgin, cross-country 2.0

* Empiric ally evaluated constants defined by B.D. Van Deusen. ^
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III. MODEL APPLICATION 

111.1. Parametric Investigation

If the rate of degradation of a mobile home due to transportation effects as well as setups and takedowns is to 
be defined and hopefully, substantially reduced, it is essential that the pertinent parameters having the greatest effect 
on these phenomena be identified. In the dynamic model described above, those parameters that were suspect at the 
beginning of this investigation were:

Effective flexural stiffness (El),

Effective torsional stiffness (GJ),

Road surface condition,

Mobile home transporting speed,

Mobile home damping properties.

The effective flexural stiffness of the mobile home is the equivalent vertical bending stiffness of the unit, if it is con­
sidered as a simple beam, firmly supported at the hitch and wheel location. In the reference study(2*, Battelle Mem­
orial Institute (BMI) evaluated this effective stiffness by jacking up the unit at the wheel and hitch locations and 
then by applying known loads in the vertical direction, first at the midpoint of the unit between the hitch and the 
wheels, and then at the rear of the home. Deflections were measured and then by using Euler’s beam equation, the 
effective stiffness (El) was estimated. It was BMI’s belief that this structural property had a major influence on 
degradation, and could be used as a tool to estimate the quality and/or degradation of a mobile unit.

Similar to the effective bending stiffness, the effective torsional stiffness (GJ or J) can be considered in studying 
the mobile home’s response to torsion (racking). Accordingly, in this parametric study, these stiffnesses, as well as 
speed, damping and road condition were investigated to determine which variable(s) has a significant effect on 
degradation. A series of simulations were performed for a 60-ft long, 14,000-lb unit, varying the parameters out­
lined above.

IIl.l.a Flexural and Torsional Stiffness Effects

In the first series of simulations, variations in the mobile home’s flexural and torsional stiffness were made 
(Table 1). In these computer runs a paved road was modeled, the speed of the unit was maintained at 45 mph and 
the damping of the unit was specified at 0.04 and 0.10. The response parameters monitored were the vehicle’s root 
mean square (RMS), accelerations, velocities and displacements. (It is noted that by definition a random response 
will be probabilistically equal to or less than the RMS value 68.3 percent of the time.)

Results emphasized the sensitivity of induced “G” loadings in the mobile home to variations in effective 
torsional stiffness (GJ). This is clearly shown in Figures 1 through 4 where the “monitored” RMS accelerations at 
a rear upper corner of the mobile home dramatically increase as the effective torsional stiffness is reduced. Figures 
1 through 4 also show that variation in effective flexural stiffness (El) does not effect the mobile home 
accelerations to the same degree as the torsional stiffness. It is further noted that an increase in damping (fr 
0.04 to 0.10) can substantially diminish the G loadings the unit may experience during

In terms of probability of occurrence, the significance that the torsional stiffness of a mobile home has 
probable G loadings experienced during transporting of the unit from site to site is illustrated in Appendix C.

response
om

a move.

on
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111.1.b. Effect of Road Condition and In-Transit Speed

The second series of simulations investigated the influence of speed and road condition on the rate of degra­
dation of a mobile home. As shown in Figures 5 and 6, for a paved road the mobile home response does not vary 
significantly as the speed increases from 45 to 65 mph. However, it was anticipated that the velocity effect on deg­
radation for a unit traveling along a paved road would be small in comparison to other types of road surfaces (e.g., 
gravel, rough, etc.). Accordingly, simulations were made of a mobile home traveling at 45 mph along both paved 
and unpaved roads. As illustrated in Figures 7 and 8, the acceleration levels within the unit can be substantially 
increased going from a paved to unpaved road, while maintaining the same speed.

111.2. (T-1) Model-1976 14 X 65-ft

As alluded to in the aforementioned parametric study, a total of twenty (20) structural models of mobile homes 
were constructed to simulate the dynamic response of a unit during transporting between site locations. Of these 
models, the one which structurally comes closest to the mobile home test unit T-1, has a flexural and torsional stiff­
ness of:

El = 264 X 108 lb-in.2

J= 104 in.4

This model was utilized to simulate the T-1 traveling along a well paved road at 45 mph. As anticipated, due to the 
unit’s stiff construction, the RMS (root mean square) vertical acceleration response (in G’s) throughout the unit, as 
shown in Figure 9 and Table 3 was rather small. The lateral acceleration levels ( not shown in figure) were approxi­
mately 75 percent the vertical G loads.

While small in amplitude, these dynamic loadings are cyclic in nature. The “apparent” frequency of random 
load input (based on analysis in Appendix A) for this particular model is:

ei0.036Cd 0.427

p/0.102j0.028/= 11.74

11.74(264 X 108)°-036(0.2)°-427
(45)0 102(104)0028

= 7.34 Hz

where a damping coefficient (CD) of 20 percent was utilized for the single wide model. Based on the above, 
dynamic loadings equal to or greater than those RMS values illustrated in Figure 9, (31.7 percent probability 
of being exceeded) can be assumed having an occurrence rate of:

/rms = 7.34(0.317)

= 2.32 Hz

over 2 cycles per second or 8,000 cycles per hour (16,000 load applications per hour). Here then, exists an environ­
ment where dynamically induced inertial loads, though small in magnitude can conceivably result in substantial deg­
radation because of a cumulative damage effect.

19



The degradation for the T-l was simulated with '^y , properties of the model. The effect which
unit from 10 to 103 in.« while keepingconstaitt heothers jfshown in Table 4 and Figure 10.
this reduction in torsional stiffness had on the inducedI ver RMS G ^ RMS ,oadjngs were approxi.

Z approximate 50-percent increase in G loadings

is realized (left side, rear).
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TABLE 3

SINGLE WIDE (T-l) MODEL DYNAMIC RESPONSE LOADS (G's)*

Right SideLocation (in, ) Left Side Centerline

. 202.226 .214-235**

. 167. 192 . 179-180
■

i. 138. 148-120 . 159

-60 . 125. 137 . 131

. 128. 129 . 128Rear most axle

. 128. 129 . 128Center axle

. 128. 129 . 128Front axle

6 0*** . 163 . 145. 154

. 176. 188120 .201

.216 .205.227180

.223.233240 .243

.223.233.243300

.206.216.226360

. 181.200 . 191420

El = 264 X 108 lb-in.2 
J= 104 in.4 

Velocity = 45 mph 
CD = 20%
f = 7.34 Hz 
frms = 2.32Hz

Refer to 
page 19 for 
discussion of 
these factors.

*

❖Vertical RMS accelerations 
❖❖Behind rear most axle 

❖❖❖In front of foremost axle

Note: Values are small due to strong construction as well as paved (smooth) road. 
In addition, as previously noted, the RMS value represents a level which 
would be exceeded approximately 32 percent of the time during transit.
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TABLE 4

SINGLE WIDE (T-l) MODEL DYNAMIC RESPONSE LOADS (G's)*

Location (in, ) Left Side Centerline Right Side

.348 '-235** .222 . 096

.323 . 196-180 .069

.264-120 . 159 . 054

-60 . 193 . 134 . 075

. 130Rear most axle . 129 . 128

Center axle . 130 . 129 . 128

Front axle . 130 . 129 . 128

60** .257 . 168 . 079

120 .330 .209 . 088

180 .316 .222 . 128

i 240 .308 • .239 . 170;

300 .293 .240 . 187>-
I

360 .268 .226 . 184

420 . 166.234 .200

El = 264 X 108 lb-in.2 
J= 103 in.3 

Velocity = 45 mph 
CD = 20% 
f = 7.34 Hz 

= 2.32 Hz

Refer to 
page 19 for 
discussion of 
these factors.

f rms

*Vertical RMS acceleration 
**Behind rear most axle 

***In front of foremost axle
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IV. MODEL LIMITATIONS

The Institute realizes the analysis of degradation in mobile homes resulting from transportation-related 
effects is difficult because of the complexity of a typical unit and the random nature of the induced dynamic loads. 
For example, due to interior walls, fixtures, etc., the flexural and torsional stiffness for a mobile home will vary sub­
stantially between the front and rear sections of a unit. The dynamic model, however, was constructed with these 
structural properties considered independent of the location within the unit. Accordingly, the dynamic model 
simulations described above can realistically only be considered a simplification of a unique phenomenon which is 
stochastic. With this in mind, the Findings in terms of exact values should only be used in terms of defining struc­
tural parameter sensitivity to overall mobile home degradation. This sensitivity approach was investigated by SwRI 
in developing predictive equations for estimating the remaining useful life (RUL) of a mobile home.

I
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V. PREDICTIVE ANALYSIS

V.1. Methodology and Formulation*

Based on the findings outlined in the previous section, predictive equations have been formulated which incor­
porate the structural aspects of the mobile home as well as speed and road conditions and which address the problem 
of in-transit and setup-takedown degradation. These equations are based in part, on results from the United Com­
puter Systems (UCS) MULFIT computer program(9) which were used to develop regression equations based on 
SwRI findings. Specifically, from the dynamic model simulations utilizing the data collected, the MULFIT pro- ' 
gram performed a “best fit” analysis of the data and derived the following expressions for evaluating mobile home 
degradation due to initial and secondary moves.

oR = 6.42 X IO4 (2)t2.0460.3630.468 (Ln J)CD

^yO.208 j^0.530
oF = 7.13 X IO'3 (3) t1.6100.448 (Ln J)CD

In the above,

a^-is the RMS 4 vertical acceleration (G units) of the mobile home at rear corner,

Op—is the RMS vertical acceleration at an upper side wall location approximately midpoint between front 
axle and hitch,

V—is transport velocity (mph),

El—is the effective vertical flexural stiffness (lb-in.2),

J—is the effective torsional stiffness (in.4) and

Co—is the structural damping of the unit (0 <C/> < 1.0).

Since the MULFIT program could not input PSD functions, equations (2) and (3) were modified to handle the 
various road condition effects on the unit as well as a reduction in the torsional stiffness (f) during the move. 
These modified equations were taken as:

y0.734rc
oR = 6.42 X 104 (4)Ln 10"-1 2.046

£/°-468Q>0-363 Ln 10" -
*2

gj0.20S y0.530rc
Op = 7.13 X 10"3 (5)Ln 10”-H 1610

Q,0-448 Ln 10” -
n2

where rc and n are found in Table 5. Equations (4) and (5) give an estimation of what the dynamic response of a 
particular mobile home will be during its move to a planned site. They also define the change in dynamic response 
to a unit due to setups and takedowns. This latter aspect is achieved by substituting the appropriate reduced 
flexural and torsional stiffnesses (due to on-site procedures) into expressions (4) and (5).

♦Subject to modifications based on experimental findings from Task III study. 
fCocfficient 6.42 X 104 and 7.13 X 10-3 defined to make expressions dimensionally homogen 
jRoot mean square values also referred to as standard deviations. eous.
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TABLE 5

Road Condition rc

Paved (smooth) * 1.0[

Paved (waves) ** 1.2

Paved (rough) ** 1.5

Unpaved (waves) 2.5

Gravel 3.0;

Unpaved (rough) 10. 0

Effective Torsional Stiffness (J in.^) n

10 1

2 210

103 3

4 410

m10 m

^Typical of primary roadways 
^Representative of secondary roadways
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The remaining useful life (RUL) equation based on the above is.

(7.2 X 103)fdP(oi>aB) i - R or F (Rear or Front) (6)*RUL = 1 -
VNB

where

/ = ‘‘apparent” frequency of response of unit (Hz)

V - planned velocity of unit (mph), 

d = distance between sites (miles),

P(o{ > oB)t is the probability of the unit exceeding the “base” RMS acceleration and NB is estimated number of 
times the “base” RMS value will be exceeded per 100 miles traveled by the unit. The aforementioned “base ” 
values are input by the user and are assumed to be the RMS vertical acceleration response (oB) and number of 
occurrences (NB) that a “zero remaining useful life ’*or unsafe mobile home would experience if it were trans­
ported 100 miles. As an example, from these simulations the following “base” values were taken for the upper 
rear wall location:

fB = 5 Hz (frequency of response),

VB = 55 mph (on paved road),

oB = 7.4 G’s4(RMS vertical acceleration).

From these values the probability [P'(oB)] of the base unit exceeding oB is simply 0.317 or approximately 32 per­
cent. Accordingly, based on the expression (6) for an RUL = 0, the estimated number of occurrences that oB will be 
exceeded per 100 miles traveled is:

fB
Nb = 7.2 X 10s — lP'(oB)] = 2.07 X 104

Vb

The overall procedure for estimating the RUL of a specific unit entails the following:

(1) The user specifies the “base” structural parameters of a proposed “zero” life unit as well as planned 
velocity and probable road condition for this unit. He then utilizes equations (4) and (5) to estimate 
the RMS acceleration (oB) for this “zero” life unit at the rear corner and midpoint wall location be­
tween axle and hitch.

(2) The user estimates the number of occurrences (NB) (per 100 miles traveled by the “zero” life unit) 
that oR will be exceeded. This is obtained from:

fB
NB = 7.2 X 10s — [P'ip^]

VB

where fB and VB are estimated “base’Trequency of response (Hz) and “base” velocity (mph).**

(3) Tire user now estimates the RMS vertical accelerations (a.) for the present mobile home in question. 
This is obtained by inserting the appropriate structural parameters into equations (4) and (5) along 
with the anticipated road condition and in-transit speed. (These values are either measured or esti­
mated from available tables such as Table 5.)

*7.3 X 103 coefficient defined to make expressions dimensionally homogeneous.
tP(o{ > oB) is a function of mobile home speed, stiffness, damping as well as the type of road the unit is traveling. 
♦Measured at upper rear corner of unit.
**These values would be based on best available data.
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(4) Having determined the standard deviations (a.) for the mobile home, the probability of exceeding 
Oq [i.e.j/^0/ > Or)] can be obtained from any standard statistical handbook.

(5) The user then inputs P{ai > aB) into (6) to obtain an estimation on the RUL of the unit when it 
reaches its setup site.

It is noted in expression (5) that the RMS response for the location between axle and hitch is directly pro­
portional to the unit’s effective flexural stiffness (El). Due to this, a newer mobile home would experience higher 
inertia loadings (G’s) in this area than after this stiffness parameter has degraded. As a result, if the “base” values 
of a highly degraded unit were input into (5), the RMS response (opB) would give an unrealistic level of degradation 
to the front section of the mobile home. This problem can be minimized if the user, when evaluating opB, utilizes 
in (5) the actual flexural stiffness El in place of EIB. This can be justified since, as shown in Figures 3 and 4, the 
dynamic response of the “modeled” mobile homes were found to vary only slightly to changes in flexural stiffness.

■

;
!

V.2. Examples

In an effort to give a better understanding of the predictive equations, three illustrative “hypothetical” 
examples are given in the following:

A. A mortgage company has defined a high risk mobile home as one which has approximately a 32-percent 
probability (standard deviation) of experiencing at an upper rear corner location, inertia loadings (vertical direction) 
of 8.2 G’s*or more when being transported over a paved highway at 55 mph. In terms of the pertinent structural 
properties, this “base” unit has:

ElB = 164 X 108 lb .-in.2

JB = 10 in.4 («= 1)

0)5 = 0.10

The number of probable occurrences at which this acceleration level will be exceeded assuming a frequency response 
{fB) of 5 Hz is:

(7.2 X 10s)(0.317)5
= 2.07 X 104 (per 100 miles)Nb =

55

The mortgage company is interested in making a secondary loan on a particular mobile home. The owner plans to 
transport the unit from Childress to San Antonio, Texas (d = 400 miles) at the maximum allowable speed (55 mph) 
over essentially well paved and secondary roads. The unit’s structural integrity is estimated in terms of its effective 
flexural stiffness, torsional stiffness, apparent frequency, and structural damping, i.e.,

El - 120 X 108 lb-in.2

J= 1000 in.4 (n = 3)

CD = 0.10 

/= 5 Hzt

♦This value would be based on available data or from predictive equations with input of “poor structural properties” (i.e., EI& JB etc.), 
fit is noted that the apparent response frequency is dependent upon the type of road traveled as well as anticipated speed and structural 
makeup of the unit. Here it is assumed same as “base” value. The procedure for estimating/is given in Appendix A of this report.
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Substituting this data into (4) the mortgage company obtains:

(55)°'734(1)
oR = 6.42 X 10" r Ln 10f

(120 X 10S)°'468(0.10)°-363 Ln 103 ;------ -
2.046

1.22 X 106
= 1.2 G’s

1.01 X 106

The standard deviation (RMS) of the mobile home is 1.2 G’s..

The probability of exceeding 8.2 G’s [Pip^ > Ojj)*] is less than 0.002 (0.2 percent). Assuming 0.002 and substituting 
this data into equation (6) one obtains:

(7.2 X 103 )(5)(400)(0.002) 
55(2.07 X 104)

RUL = 1 -

= 1 - 0.03 = 0.97

The unit’s anticipated RUL when it reaches San Antonio is 97 percent or the unit lost 3 percent of its useful life 
during the move.

B. The second hypothetical example is same as the former except that the proposed road conditions are 
primarily unpaved (wavy). In this instance (from Table 5) rc = 2.5.

Substituting this change into equation (4), the RMS vertical acceleration is:

0.734(55) (2.5)
oR = 6.42 X 104

(120 X 108)°-468(0.10)°-363 j^Ln 103 Ln 102J 2.046

9

3.04 X 106
= 3.0 G’s

1.01 X 106

The probability P(pR > oR) of exceeding 8.2 G’s (2.73 a) is approximately 0.007 (0.7 percent). Substituting the 
required data in (6):

(7.2 X 103 )(5X400)(0.007)
RUL= 1-

55(2.07) X 104)

= 1-0.09 = 0.91

The units anticipated RUL when it reaches San Antonio is 91 percent (the move would consume an estimated 9 per­
cent of the mobile homes “useful life”). It is noted that in Example B the mobile home was assumed transported 
400 miles over unpaved road to show an example where the RUL is substantially reduced.

For a variety of different road conditions and speed during transit of the unit, equations (4), (5) and (6) are modified
as:

♦aB = 8.2 G; o = 1.2 G; hence og = 6.83o and P (oj>6.&3o) is less than .002
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;

Vk°™rck
(4')aRK = 6.42 X 10"

Ln 10" ~ f 2 046
£/0-468Q)0-363 Ln 10" -

r?

: EI0.20SVk0.S30rCk
■

= 7.13 X 10"3 (S')°FK, Ln i(y»-ni-6l6
Q}0*448 Ln 10" -

*2

7.2 X 103 TXkfkPk<Pi>oR')
(6')/?£//,= 1 - k= 1,2,3....

A*

where the subscript “A:” denotes the different anticipated road conditions (rc/c) during transit, the corresponding 
miles of each type of road (d/c) and proposed speed for each road).

As an example considering the following:

C. The above unit is to be transported under the following conditions to San Antonio from Childress, Texas 
(a total of 400 miles).

d i = 200 miles

Vt = 55 mph

rc i = l (paved road)

/. = 4 Hz

d2 = 100 miles

V2 = 45 mph

rc2 - 2.5 [unpaved (waves) road]

f2 = 5 Hz

d3 = 100 miles

V3 = 35 mph

rc3 = 3.0 (gravel road)

f3 = 6 Hz

It is decided that equation (4'), the response of the rear section, will be used to evaluate anticipated RUL. Accor­
dingly, for each road condition we obtain:

0.734(,)(55)
= 6.42 X 104°Rl r , Ln iQ2i 2.046

(120 X 108)0 468(0.10)0.363

1.22 X 106
= 1.2 G’s

1.01 X 106
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(45)°'734(2.5)
6-42 X 104 ‘ "~T Ln 102|

(120 X 108)°-468(0.10)°-363 j^Ln 103-------—j
2.046

2.62 X 106
= 2.60 G’s

1.01 X 106

0.734(3.0)(35)
0^3 = 6.42 X 104 LnJO^j 2.046

(120 X 108)°-468(0.10)°-363 Ln 103 -

2.62 X IO6
= 2.60 G’s

1.01 X 106

The above are the RMS vertical accelerations for the unit for the three different road speeds and road conditions. 
The corresponding probabilities of exceeding the “base” RMS value (8.2 G’s) are:

Pi (oRj> oB) < 0.002 (0.2 percent)

Pi(^2> °b) = °B) ~ 0-003 (0.3 percent)

These probabilities along with the corresponding velocities, frequencies and distances are substituted into expres­
sion (6') i.e.,

7.2 X 103 (200X4X0.002) (100)(5X0.002) (100)(6X0-003) 
2.07 XI04

RUL = 1 - = 1 - 0.04 = 0.96
55 45 35

which approximates the remaining useful life of the mobile home upon reaching the installation site as 96 percent 
or in terms of degradation, the trip has “cost” 4 percent of the unit’s RUL

V.3. Application to Single-Wide (T-1) and Double-Wide (T-2)

As alluded to in the previous sections, transportation degradation is related to both the structural makeup of 
the unit as well as the transportation related variables (i.e., road travelled and speed). Accordingly, an assessment of 
the performance of the T-1 and T-2 (A and B) under conditions I and II of Task I can vary substantially depending 
upon these variables. Because of this, the performance of the units for each “condition” will be investigated for 
various transportation modes (distance, speed, road type).

V.3.1. Condition I (T-1)

For this initial transportation condition (250-500 miles) from the manufacturer’s plant to the owner’s site the 
transportation modes shown in Table 6 were considered. Based on preliminary experimental data for the T-1, the 
structural properties for a “new” single-wide were taken as:

EIr = 1000 X 108 lb-in.2 

Jr = 3500 in.4 

Elp- 250 X 108 lb-in.2 

Jp = 875 in.4 

Cdf = Cqr = Cq = 0.20
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where the subscripts “/?” and “F” signify structural properties pertaining to the rear and front sections of the unit. 
For a “zero life” or “base” unit, the structural properties were assumed as:

EIrb = EIr = 1000X 108 lb-in.2

ElFB = Elf = 250 X 10s lb-in.2

Jrb = (0.05)/ r - 175 in.4

JpB - (0.05) Jf = 43.8 in.4

where it was conjectured that a reduction in flexural stiffness (El) during a unit’s “life span ’ would not change 
(reduce) substantially in comparison to the torsional stiffness and hence, can be assumed constant. A reduction 
by 95 percent of the units ‘'original” torsional stiffness would be considered structurally unsafe. It was further 
assumed that this “base” unit could withstand a maximum 100-mile move between sites over a paved (rough) 
road at an average speed of 55 mph (i.e., before RUL- 0). Under these conditions the RMS vertical acceleration 
response and the “apparent” frequency at the rear and front locations of the base unit are:

= 3.15 G’s°FB
ffB ~ /rb ~ 8 Hz

arb — 0.81 G’s

Based on the above assumptions, predictive equations (4), (5) and (6) were utilized to define anticipated remaining 
useful life (Rl/L) or degradation for the various transportation modes given in Table 6. The results in terms of 
anticipated RMS vertical acceleration levels for the rear and front sections* of the T-l, as well as degradation are 
given in Table 7. As noted in this table the degree of degradation was evaluated to be as low as 0.3 percent for 
the rear section of the single-wide and as high as over 10 percent for the front section, depending on the 
typical speed and the roughness of the (paved) road. Furthermore, from Table 7 it is shown that the dynamic response 
and the degree of degradation for the front or fore-section of the T-l is anticipated to be greater than the rear portion 
of the unit. This is attributed to the front section having torsionally weaker structural properties in comparison to 
the rear portion of the unit.

V.3.2 Condition I (T-2B)

For this half section of the double-wide, which does not contain the plumbing fixtures (dry side), the pertinent 
structural properties (based on limited experimental data) were taken as:

EIr - 730 X 108 lb-in.2 

JR = 2600 in 4 

EIF= 170 X 108 lb-in.2 

JF = 600 in.4 

Cdf - CDR - Cp = 0.20

Making theapriori assumption that the T-2 can tolerate acceleration levels no greater than the T-l, the previously 
defined “base” RMS values were used, i.e.,

♦Upper rear corner and midpoint location between axle and hitch.
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®PB — 3.15 G s
fFB -fRB = 8 Hz

orb ~ 0.81 G’s

As with the T-I, based on the above for the various transportation modes defined in Table 6, anticipated RMS accel­
eration levels and degradation for the T-2B are given in Table 8.

As noted, anticipated degradation for the initial move varied from a low of 0.2 percent for the
section, depending on the road traversed by the unitfront section to a high of 28 percent for the rear 

and the transport speed. It is further noted that the predictive analysis anticipated a higher degree of degradation 
for the rear section of the T-2B in comparison to its front section. This is opposite the anticipated degradation 
effect for the T-l and is due, in part, to the T-l having a structurally very sound rear section compared to the 
T-2B rear section. It is also due to the fact that the flexural stiffness (EIp) for the front section of the T-2B is 
less than the T-l’s counterpart. As noted previously, the dynamic response for the front section was found to be 
directly proportional to its flexural stiffness. Accordingly, the combination of a weaker rear section for the T-2B 
and a flexurally less stiff front section, when compared with the T-l, resulted in this anticipated reverse sense of
degradation.

V.3.3. Condition I (T-2A)

For this half section of the double-wide (wet side), based on preliminary experimental data, the required 
structural properties for the predictive equations were taken as:

EIr = 720 X 108 lb-in.2

JR = 2500 in.4

EIp = 170 X 108 lb-in.2

JF = 600 in.4

Cdp - Cdr - Co = 0.2

As with T-l and T-2B, utilizing the previously defined assumptions, the anticipated RMS acceleration levels and 
degradation for the T-2A are given in Table 9. As noted, degradation to the rear section of this half of the double­
wide is somewhat greater than the T-2B.

V.3.4. Condition II (T-1)

For this condition, the T-l undergoes Fifteen (15) years of use including three (3) occupancy periods and two 
secondary moves ranging from 300 to 600 miles (including 4000 lb of added internal weight). As with Condition I, 
the unit’s degradation will depend, in part, on the transportation modes involved (i.e., road condition, speed, etc.). 
Accordingly, for these secondary moves, the transportation modes shown in Table 10 were considered.

From preliminary experimental data for the T-l, each setup and takedown degrades the effective torsional 
and flexural stiffnesses for the front and rear sections of the unit in the following

• Thirty (30) percent reduction in torsional stiffness for the front section (Jp).

• Forty (40) percent reduction in torsional stiffness for the rear section (JR).

• Twenty (20) percent reduction in flexural stiffness for the rear section (EIr).

• Fifty-five (55) percent reduction in flexural stiffness for the front section (EIp).

Based on the above, for each secondary move the structural parameters (El, J) were reduced by these percen­
tages when utilized with the predictive equations for defining transportation-related degradation.

manner:
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A. First Seconder}’ Move- As alluded to above, the pertinent structural parameters utilized for the Condition 1 
analysis were estimated to degrade to the following values after the units first setup an ta e own.

EIr = 800 X 108 lb-in.2

JR = 2100 in.4

EIp — 113 X 10s lb-in.2

Jp = 6\3 in.4

Utilizing the same “base” conditions defined in the previous section, the predictive equations (4), (5) and (6) 
used to estimate degradation of the T-l for the modes shown in Table 10. The degrees of degradation for this 
initial secondary move are given in Table 11. As noted in this table, the degradation to the unit varied from 0.2 per­
cent to 42.2percent depending on the transportation mode. In comparison with Table 7, it is also noted that for 
this initial secondary move, the rear section is shown degrading at a greater rate than the front section. This is the 
result of the dynamic responses (RMS value) for the front section being directly proportional to the effective stiff- 

(EIp). Accordingly, when a reduction in EIp due to Condition I and setup and takedown occurs, the G levels

were

ness
experienced between axle(s) and hitch also diminish.

B. Second Secondary Move-ks per case A, the reduced structural stiffness for the T-l based on the aforementioned 
percentages were taken as:

EIr = 640 X 108 lb-in.2

Jr = 1260 in.4

EIp =51 X 108 lb-in.2

Jr = 429 in.4

With these effective stiffnesses and the transportation modes defined in Table 10, the degrees of degradation for the 
T-l are shown in Table 12. As noted, the analytically evaluated degrees of degradation varied from unde finable for 
the front section to 100 percent for the rear section.*

V.3.5. Condition I and II (T-1)

Based on the predictive analysis, the total degradation to this unit is assumed to be the sum of the degradation 
percentages for the various moves and setups and takedowns. As previously stated, the degradation depends in part, 
upon the transportation modes experienced by the unit during the specified 15-year period. Based on the “best” and 
“worst” conditions from Tables 6 and 10, an assumed 15-year transportation mode array is given in Table 13. For 
these transportation modes, the probabilistic degradation to the T-l was analytically evaluated and is shown in 
Table 14. In terms of the entire unit (front and rear sections), the lowest anticipated degradation to the unit is ap­
proximately 36 percent. For seven (7) of the defined twelve (12) transportation modes the unit is antici­
pated to be totally degraded (i.e., zero RUL) after or during transit to its proposed third site (second secondary move).

Furthermore, as noted in Table 14, the rate of degradation is anticipated to be substantially greater for the 
section of the single-wide in comparison to the front section. The maximum level of degradation to the front section 
of the unit is limited to 20 percent.

rear

V.3.6. Condition II (T-2B)

For this condition, the T-2 unit (both wet and dry sides) experience twenty (20) years of use including two 
(2) occupancy periods and one (1) secondary transportation move ranging from 300 to 600 milest. Accordingly,

* Note: The analysis does not consider the degradation incurred by the unit during its final setup at its third and last site This 
would be included if the unit was taken down to be moved to a fourth site, 
t Includes added distributed weight of 8000 lb (occupant’s personal effects).

44



P-I

£ M
W 1-1
C/3 aa o

l-l
H

H M
QM

Z zoH oo
H wM >
P O

SQ
Z >*

S3o
H
H g<dw 1 o

h4 U
§ wo C/3
H W aQ

HI
H Hz
Q M
W
H<P
<J I>w o

Q

9 H
Ow
H
>■<

3Z<u



Iw rH
CO «r> i—!

cd
>• W B§ 2 co
G O 
Z M 
O H 
U M

iH
CU
&gw <uCO uO ■uO o

H cu
w <uG >
G 2 cu

J3Z 5<NJ O

§M COH 0)w c g 3G rHo« njC o >H O W 
W co
O COg §Ol
H O =w

CUQ CO
COw
cflH g<

G <d
G

I M<
d> •HW O

Qa CU
G CU<3 CJ

H
(Uu

M
H m>i oa CO

§ CU
•H
4J
•H
rH
•H

cd
G
O
U

Pm
■K

46



I

I
o

'V
<U

!: co
4J
I
P*
3
■u
<u
CO

o
■u

QJ
3H

T3H

333
O

•H
4J«H
•3
cdPio
CIOPh
QJ

T3COw coQ <U9 ”3
3

i—i2
OO 3H
MEh

CO H
Pi oow P4
COpp ndS3C 3H cd
H

vD
53 COI—I

0)
iHCO
rOS3
3O EhM

H e3 o
u

<4H
CO 3

<DhJ
< cdo ■uW
Q-i

COpH
3H o

•H
■U

CO

<U

cd
co co 
3 <U o u 
•H 3
■U Td
•H QJ 
•3 O 
3 O O £ c_> a

•K

47

;•



Pi
o

w
M

i<
wW s 03

03OC/3 33 J-i
PO w TOH a)H H OH pq op o ua,oo g

i
H TOO <uW M

►J H
PQ <3 W COp 4-><3 1 wH 5 TO

fOO
W cOw° £ a.

3
■U

OOw 03
CO

S32 Ouw 4->
Mw
PHH 0)tH 3
HM TO

p4
CP o1=3 •H

H ■U

& CO
TO

CO
H M
03 00
1=3 03

TO

CO
03

TO
P

t—Ia
0
M
•K

48



the transportation modes considered shown in Table 10 still are applicable. In addition, as per the T-l unit, prelim­
inary experimental data indicated the following reduction in structural properties for the T-2B to be the result of a 
single setup and takedown:

Forty (40) percent reduction in effective flexural stiffness for the front section (EIp).

Fifty (50) percent reduction in effective flexural stiffness for the rear section (EIr).

Forty-Five (45) percent reduction in effective torsional stiffness for the front section (JF).

Sixty (60) percent reduction in the effective torsional stiffness (Jr) for the rear section of the unit.

Based on this data and the assumed initial structural properties for the T-2B (defined in Section V.3.2.), the reduced 
stiffnesses after setup and takedown of the unit were assumed as:

EIr - 365 X 108 lb-in.2

Jr = 1040 in.4

£//? = 102 X 108 lb-in.2

JF = 330 in.4

With these structural properties, the anticipated dynamic response and amount of degradation during the unit’s 
secondary move, are given in Table 15. As shown in this table, prior to, or upon arrival at the secondary setup 
site, the T-2B’s rear section is predicted to have totally degraded. Conversely, only minimal degradation to the 
front section is anticipated. The total anticipated degradation to the T-2B for both the initial move to the owner’s 
setup site and secondary move (in terms of transportation modes given in Table 16), are shown in Table 17.

V.3.7. Condition II (T-2A)

As with the T-2B, preliminary experimental data indicated the following reductions in flexural and torsional 
stiffness due to a single setup and takedown.

Fifty (50) percent reduction in EIp,

Six (6) percent reduction in EIr,

Fifty (50) percent reduction in//?, and

Twenty (20) percent reduction in Jr .

Utilizing the initial data defined in Section V.3.3. for the T-2A, the pertinent structural properties after take­
down were defined as:

EIr = 677 X 108 lb-in.2

Jr = 2000 in.4

EIf= 85 X 108 lb-in.2

JF = 300 in.4

Cdf ~ Cdr ~Cd ~ 0.2
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Substituting the above properties into the predictive equations (4), (5) and (6) for the transportation modes 
defined on Table 10, one obtains the anticipated degradation to this half of the double-wide because of setup, take­
down and secondary move. These results are given in Table 18. As noted, the rear section of the half of the double­
wide is anticipated to degrade at a substantially faster rate than the front portion of the unit. In addition, when com­
pared with Table 15 it is seen that the rear section of this unit will probabilistically degrade at a slower rate than the 
corresponding section of the T-2B.

The total degradation for the T-2A for the transportation modes given in Table 16 (i.e., Conditions I and II) 
are given in Table 19. As illustrated by this table, the T-2A is predicted overall to degrade less than the T-2B during 
its move to the secondary setup site. Specifically, only one transportation mode would result in total degradation 
of the rear portion of the unit compared with all the modes for the secondary move of the T-2B. In addition, as 
with the T-2B, the front section of the T-2A is anticipated to degrade at a slower rate than the rear section of the unit.

V.4. Comparison of In-Transit Versus Setup-Takedown Degradation

In the previous section (V.3.), degradation due to initial and secondary moves as well as on-site procedures were 
analytically evaluated for both the single-wide (T-l) and double-wide (T-2) units. The same methodology can be 
applied to gain insight on the sensitivity to degradation that typical on-site procedures possess in comparison to 
degradation experienced by a unit while on the road. This will be handled by making the a priori assumption that 
the unit makes the initial and secondary moves without any setups and takedowns. Accordingly, the evaluated 
degradation would then be wholly due to in-transit phenomena. A comparison of this section findings with Section 
V.3 would then define the amount of degradation due solely to typical on-site procedures.

V.4.1. Single Wide (T-1)

For the single-wide (T-l), the degradation due to the initial moves is as shown in Table 7 (for the transportation modes 
defined in Table 6). For the secondary moves, Table 10 as well as Table 13 are still valid with the exception that no 
setup-takedown degradation is assumed after each move. In terms of structural properties for the unit, the initial 
values assumed will be held constant for all the moves. While it is realized that this is not the case, at present there 
does exist enough information available which would permit one to conjecture on a definable relationship between 
the structural parameters (EIp, EIr, Jp, Jr) and in-transit conditions (e.g., speed, road-type). Furthermore, in terms 
of reductions in torsional stiffness, a reduced parameter was input to the predictive equations to account for reductions 
in this variable due to a move. Furthermore, in terms of the flexural stiffness, it was noted that a change in this variable 
has only a small effect on the dynamic response of the unit. Accordingly, based on the above, the following expressions 
for the T-l are assumed valid for all the moves:

EIr « 1000 X 108 lb-in.2

Jr = 3500 in.4

EIp = 250 X 10s lb-in.2

CDF ~ Cdr ~Cd ~ 0.2

Substituting the above expressions into the predictive equations (4), (5) and (6) for the conditions given in Table 10, 
one obtains the degradation results shown in Table 20 for each secondary move. For the total transportation mode 
array (Table 13), the anticipated degradation is given in Table 21.

Comparing Table 21 with Table 14, it is noted that the setup-takedown procedure attributed to well over 
90 percent of the degradation in the rear section of the T-l for most of the transportation modes.* Contrary 
to this phenomenon, the front section was evaluated to degrade more when no setups and takedowns were con­
sidered. The values in this instance, however, cannot be wholly relied upon and are attributed to the predictive 
equation for front unit response ( equation 5) being directly proportional to flexural stiffness (EIp).

♦Divide typical values from Table 21 by the corresponding values from Table 14 to estimate degradation attributed to in-transit 
move only.
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Due to the above limiting assumptions, it is anticipated that the degradation (percentages) shown in Table 21 
are probabilistically low for the rear section of the T-l and high for the front section. The table is of value, however, 
in that it exemplifies the following:

• Setup and takedown procedures for Conditions I and II for the T-l may cause a larger degree of degra­
dation to the unit’s rear section in comparison to the corresponding degradation resulting from 
move between sites.

A reduced flexural stiffness for the front section of the unit may result in significant “savings” in terms 
of a smaller degradation rate.

V.4.2. Double-Wide (T-2)

As per the case with the single-wide, in an effort to define degradation due to setups and takedowns for this 
unit, the same a priori assumptions concerning structural stiffnesses are made. Accordingly, for the initial moves, 
degradation evaluations defined in Tables 8 and 9 are still valid, as well as the transportation arrays illustrated in 
Tables 10 and 16. With the above conditions imposed, precluding degradation resulting from setups and takedowns, 
the degree(s) of degradation for the T-2A and T-2B were evaluated as shown in Tables 22 and 23 (for secondary 
move only). A comparison of Tables 15,18, 22 and 23 illustrates a substantial savings in “useful life” when degra­
dation due to setup-takedown procedures are excluded. As with the T-l, however, the values in Tables 22 and 23 
are anticipated to be on the low side. With this in mind, the following pertinent findings can be made from these 
tables:

The majority of the degradation to the rear section of the T-2B may be due to setup-takedown techniques.

The degradation effects of setup and takedown for the T-2A is not as severe as for the T-2B.

For both the T-2A and T-2B, typical setup and takedown procedures degrade the rear sections of the 
unit to a greater extent than what is incurred by the front sections.
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VI. DYNAMIC ANALYSIS CONCLUSIONS

Based on the dynamic modeling of the single-wide (T-l) and the double-wide (T-2A and B) the following 
tentative conclusions concerning degradation to mobile homes during transit have been drawn:

The principal parameter affecting high inertial repetitive loads is the effective torsional stiffness (Jr and 
Jr) of the mobile home.

The effective flexural stiffness for the rear section of a unit (EIr) is inversely proportional to the inertial 
loadings induced in this section.

The effective flexural stiffness for the front section (EIr) of a mobile home is directly proportional to 
the induced inertial loadings.

Changes in torsional stiffness (Jr and Jr) affect degradation of the rear section of a unit to a larger 
degree than the front section (from axle to hitch). ■

Accumulative degradation of the rear section of a mobile home is more sensitive to transport speed than 
is the front section.

For Conditions I and II (see Tables 14,17 and 19) the T-l and T-2 units’ rear sections are anticipated 
to degrade at a substantially faster rate than their front sections.

The rear section of the dry side (T-2B) of the double-wide is anticipated to degrade at a greater rate dur­
ing transit than the rear section of the wet side (T-2A) (see Tables 17 and 19).

For the required initial and secondary moves (Conditions I and II), the T-l was determined to have a 
longer useful life than the T-2.

Degradation due to typical setup and takedown procedures may cause more degradation to a mobile 
home than in-transit phenomena.

• The degradation effect of setup-takedown procedures is greatest in the rear section of a mobile home.
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VII. PREDICTIVE EQUATION LIMITATIONS

The predictive equations as well as conclusions are based on a regression analysis of the dynamic model simu­
lations. Due to this dependency wholly on an analytical model, their utilization as an effective tool to measure mobile 
home degradation should be restrained until the experimental phase (Task III) of the present contract is complete.
This cautionary measure is warranted, due to the complexity of a mobile home structure. Accordingly, care must be 
used at present in utilizing the predictive RUL formulae.

It is also noted that, in the above analysis, a “zero” life mobile home was based on certain percent reductions 
in the unit’s original structural integrity. Whether or not such figures are apropos cannot be confirmed until the data 
collected from actual testing (Task III) are evaluated. Furthermore, it may be that significant structural stiffness re­
ductions in a unit which is initially very stiff can be realized and still be “useful” in terms of a family dwelling. 
Conversely, a unit which is initially rather weak structurally may not be able to sustain near this level of degradation 
and be either safe to transport or suitable to live in.

It is realized, however, that a substantial reduction in the mobile home’s structural integrity will have a pro­
nounced effect on its level of risk in terms of safety during transporting of the unit, resalability, repairability po­
tential, etc. Accordingly in the above analyses, the estimated degradation was based on conjectured structural 
properties of a zero life unit. Based on the experimental phase of this study, these structural property values may 
warrant change as well as the overall methodology used to define transportation-related degradation for typical 
mobile homes.
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APPENDIX A
APPROXIMATING "APPARENT" FREQUENCY OF MOBILE 

HOME REAR SECTION

I

As stated in the Task I report, from the STARDYNE computer results, it was noted that the response frequency 
of the unit is dependent on the structure, speed and road surface during transit. In an effort to better define the 
apparent frequency, the UCS MULFIT computer program has been utilized to calculate a regression equation based 
on the early STARDYNE runs.

In this evaluation of the response frequency (in vertical direction), it was assumed that the frequency can be 
approximated by:

JL Ei
2tt o2

where o-z and oz are the RMS vertical velocity and displacement of the mobile home’s rear section (node 1 in STAR­
DYNE runs). Assuming (A-l), a-2 and az regression equations were calculated (by MULFIT) as:

(A-l)/=

p/0.504
(A-2)a- = 168.5 ^/O^llyO.OOSQ^O.llS

p/0.606y0.023
(A-3)oz = 2.28

£7°-247 CD0-542

where

V = home velocity (mph),

El = effective flexural stiffness (Ib-in.2),

J = effective torsional stiffness (in.4),

Cq = damping constant.

and where o-z and are in in./sec and inches respectively.

Substituting (A-2) and (A-3) into equation (A-l), the apparent response frequency (in Hz) for the rear section 
of the unit (on paved roadway) is:

£7°-036CD0-427
p/0.102y0.028 (A-4)/= 11.74

This regression equation was then modified to consider the various road surface effects on the frequency, i.e.,

^.036^0.427

p0.102y0.028 (A-5)/= 11.74R

where R is a constant dependent upon the road traveled by the mobile home (Table A-l). Equation (A-5) should be 
used to estimate/in equations (6) and (6*) of the Task I report.

A-l
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TABLE A- 1

EFFECT OF ROAD SURFACE ON FREQUENCY OF MOBILE HOME

RRoad Type

Paved 1. 00

Unpaved (gravel) 1. 00

. 86Unpaved (waves)

Unpaved (rough) . 05

A-2



APPENDIX B
THEORETICAL-PREDICTIVE ANALYSIS 

EXAMPLES OF POTENTIAL APPLICATION OF DESIGN LOADS

As a result of the Dynamic Analysis and correlation of data with the necessary factors to develop the Remaining 
Useful Life Analysis, the following method of obtaining design loads for mobile home manufacturers is recommended. 
In the TASK I report, a set of predictive equations are presented to be used as a tool for estimating degradation due 
to the effects of transportation. These regression formulae can also be utilized to define dynamic load levels for both 
the rear and front sections of the unit. This latter aspect can be of use to the manufacturer during the construction 
of the individual homes. Specifically, if the probable dynamic load levels within a particular unit can be defined prior 
to the design of the unit, then the designer can determine if the present construction warrants modifications to enhance 
its structural integrity.

Based on the above premise, a set of graphs were constructed to estimate design load requirements for mobile 
homes. Figures B-l through B-4 are given to define dynamic load levels for the rear section, while Figures B-5 through 
B-8 are for the front section (between axle and hitch). In either case, the resultant design loads are a function of the 
input structural stiffnesses (El and/), damping property (Q>), and speed and road conditions. Accordingly, depending 
upon the structural integrity of the unit as well as the anticipated speed and road to be safely traversed, the dynamic 
response (in G’s) can be estimated for which the unit can be designed to withstand.

It is noted that resultant loads obtained from Figures B-4 and B-8 present a 99-percent confidence level. That is, 
99 percent of the induced dynamic loads to the unit for a specific travel condition (speed, road) will probabilistically 
be equal to or less than these values. The graphs can hence be used by a manufacturer to define acceptable design 
requirements for structural components within a mobile home.

As noted, these enclosed graphs allow the builder, designer, etc., to set his own design loads by presenting a 
range of structural properties (EI,J and Q>). The values input can be based on actual field test data of existing units 
or be based on anticipated structural properties after a degree of degradation has occurred. This latter approach would 
be advantageous since, the dynamic response (and load levels) are anticipated to increase as the unit degrades. In the 
following, an example is given of how the enclosed figures may be used.

EXAMPLE:

A mobile home manufacturer is interested in structurally enhancing its units by strengthening components in 
the rear section of the unit where a high degree of degradation has been reported during moves. From available data 
on test procedures, the following structural properties for the rear section of this particular unit are:

EIR' = 600 X 108 lb-in.2

JR• = 3000 in.4

CD‘ - 0.2

To minimize actual degradation and, since the dynamic loads for the rear section will increase as degradation 
occurs, the manufacturer assumes a reduction in the above structural properties, i.e.,

EIr = 400 X 108 lb-in.2

Jr =2000 in.4

CD = 0.2

For the above properties, he obtains from Figures B-l through B-3 the following:

\R\ - 0.6

B-l



\r2 ~ 0.558

\R3 = 63.4

The product of these values (X/?j X \R2 X X/?3) is then input into Figure B-4. The manufacturer is interested in 
defining loads (to be designed against) induced by the unit traveling along a gravel road at 35 mph. Accordingly, 
as shown in Figure B-4, a vertical line is drawn to intersect the appropriate curve from which a horizontal line is 
formed. For this case, the recommended design load is 1.92 G’s. Hence, components within the rear section of 
the unit, designed to withstand both vertical and lateral loads of this magnitude, would significantly enhance the 
useful life of the homes by minimizing transportation-related degradation.

B-2
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APPENDIX C

EFFECT OF STRUCTURAL PROPERTIES 
ON IN-TRANSIT EXCITATIONS

The effect of torsional stiffness on probable G loadings induced in an in-transit mobile home is shown in 
Figures C-l and C-2. As shown in these Figures, a torsionally weak mobile home (i.e., J = 10 in.4) would have over 

90-percent probability of experiencing a one G or more loading compared to less than a 10-percent probability 
for the torsionally stiffer unit (i.e., J = 104 in.4). These Findings can also be shown in terms of probable loadings 
and number of occurrences during the transporting of the Unit (Figures C-3 and C-4). For example, a comparison 
of probable lateral G loadings in Figure C-4, show that for the same occurrence rate of 100 times per mile, the 
weakest unit experiences over 5 G’s while the stiffest unit experiences less than 0.1 G.

The type of road traveled as well as in-transit speed also has a signiFicant effect on transportation-related 
degradation to a mobile home. It is of interest to note that for the unpaved road, the acceleration levels were found 
to be substantially smaller for a torsionally very stiff unit when compared with a torsionally weak unit traveling an 
unpaved road at the same speed. This is shown in Figures C-5 and C-6,emphasizing the substantial influence a tor­
sionally very rigid mobile home has on diminishing the rate of degradation. The combined effect of speed and 
road condition is illustrated in Figure C-l. Note that the probable acceleration responses (for all types of roads) for 
the stiffer unit (T = 104 in.4) are less than 2 G’s while for the torsionally weak unit (T = 10 in.4), the probable accele­
ration levels go as high as 20+ G’s.

a
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ABSTRACT

Finite element modeling and analysis of mobile homes are used

to predict the stresses and loads imposed upon test units in dynamic

A finite element model is a mathe-and static loading conditions.

matical representation of a complex structure by a simpler collection

of discrete members. For this effort, the computer program ANSYS

develops the models and uses them to generate stress and displacement

plots of mobile home members. Analysis of these data details the

effects of the various loadings on the mobile homes.
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DEFINITIONS

The following pages contain definitions of words or terms used

in this document.

ANSYS - A large-scale general purpose computer program developed 

by Swanson Analysis Systems, Incorporated, Elizabeth, Pennsylvania.

(1) static and dynamic,Analysis capabilities of the program include:

(2) plastic, creep and swelling, (3) small and large deflection,

(4) steady state and transient heat transfer, and (5) steady state

The matrix displacement method of analysisfluid flow types of problems.

based on finite element idealization of the structure is employed in the

The library of finite element types in the program numbers moreprogram.

than 40 for static and dynamic analyses and 10 for heat transfer analyses.

This variety of elements gives the program user the capability of analyzing

frame structures, piping systems, two-dimensional plane and axisymmetric

solids, flat plates, three-dimensional solids, axisymmetric and three-

dimensional shells, and nonlinear problems. In this study, the program

is used for static analysis of the mobile home structure, idealized as an

assemblage of bar, beam, and membrane elements.
:

ELEMENT - A component part of a structure for which the relation­

ships between forces and displacements at a finite number of points (or

nodes) on the element are known. In this study, elements used are bars,

prismatic beams, tapered beams, and membranes.

NODAL POINT - A point in space where two or more elements are

connected in the idealization of the structure.

viii
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:

DEGREE OF FREEDOM - The direction of force or displacement at a

For example, the three-dimensional elastic beam element used innode.
!

the study has two nodes, one at each end. The element has six degrees of

freedom at each node: translations in the nodal x, y, and z directions

and rotations about the nodal x, y, and z axes.

BOUNDARY CONDITIONS - Specified external loads and/or displacements

applied at the nodes of the idealized structure.

RESTRAINT - A displacement boundary condition specified as zero i

in ANSYS. For example, if the node at the hitch is assumed stationary,

displacements in the x, y, and z directions are all specified as zero.

MODULUS OF ELASTICITY - The slope of the stress-strain diagram of

a material in the elastic range.

MASS DENSITY - The mass of a body per unit volume. When multiplied

by the acceleration of gravity, the mass density becomes the specific weight

in pounds per unit volume.

GRAVITY LOAD - Load applied to the structure by the weight of a

component part.

EQUIVALENT STATIC LOAD - The load obtained by multiplying the

weight of a structural component by its root-mean-square acceleration, as

determined from the dynamic analysis (.32 percent probability of not being 

exceeded or multiply by a factor of 3 to obtain 99,9 percent probability).

MAXIMUM/MINIMUM IN-PLANE STRESSES - The maximum and minimum

(Noteprincipal stresses acting in the plane of a membrane element.

that a membrane element is not capable of resisting a force component

applied perpendicular to the plane of the element.)

STRESS CONTOUR PLOT - A plot of a membrane element showing con-

fours (or lines) of constant maximum or minimum stress levels.

ix



EXPONENTIAL - Standard form of presentation of a number in E

format, showing the number of places the indicated decimal must be

moved to the right (plus exponent) or left (negative exponent). For

example , 1.4 E + 03 = 1400., and 1.4 E - 02 = 0.014.

CARD SET - A group of input cards used in ANSYS for common

input data (e.g., card set D defines the element types and card set

E defines the nodes to which the elements are connected). The total

conglomerate of all the various card sets forms the specified input

data required to conduct a run of the program.

ISOTROPIC - Characteristic of a material that has identical

properties in all directions.

x



I. INTRODUCTION

The objective of Task I, Volume III was to develop and apply a 

finite analysis theory or methodology that would accurately measure the 

stresses and/or loads in a mobile home resulting from various forces 

imposed by the transportation mode or the setup/takedown mode. This 

analysis would be applicable to both the single- and double-wide models* 

Accordingly, in Task I, a comprehensive dynamic and static analysis was 

performed by SwRI to identify and assess the probable dynamic and static

loads occurring in mobile homes during transit and typical setup and

takedowns.

For the static finite element model, realistic inputs were neces- •

sary to develop and validate the formulation. Actual dimensions of the

mobile home units were used as well as the predicted accelerations and

loads developed in the dynamic analysis. These were used as input into

the finite element model as equivalent static loads, noting that the

analysis was limited to static loads. The model was used in conjunction

with the "predictive analysis" to analyze the structure at any two given

The accelerations and loads, whichpoints in the degradation cycle.*

vary with degradation,** were inserted into the computer program to mea-

the loads and stresses at the two points in the degradation cycle.sure

The data employed herein will be used for correlation with actual

test analysis in Task III.

* Refer to Task III, Volume III.
** Condition I parameters were used: Avg. 500 miles.

1



II. BACKGROUND DISCUSSION

The overall objectives of the finite element method of analysis

were to:

Identify critical structural areas in a mobile home (i.e., 
stress concentrations around door or window openings and 
at load application points);

Assess the mobile home structure and the effects that static 
and dynamic loads have on it;

Consider the effects of setup and takedown procedures;

Evaluate resulting data for use in economic analysis;

Support (if possible) the Development of an Analytical 
Methodology required by Task V;

Evaluate resulting data for use in recommendations for 
Subpart J.

Through the application of the finite element analysis, the

influence of transportation effects was established by comparing stress-

trajectory plots before and after application of (dynamically induced)

equivalent static loads to the structure. Restart capabilities were

available in the computer program to apply new loads without regenerating

the master stiffness matrix. When the structural model was changed, such 

as by relocating wall panels, doors or windows, the associated input data

were appropriately modified and complete computer runs conducted. The 

capability of the computer program to be modified easily enabled the 

modeling of the mobile home units at various stages in their life, 

parison of results of different conditions of the same unit can be used 

as a predictive tool in the analysis of the consumed life and remaining 

useful life of the mobile home.

Com-

2



The proposed computer programs for use in the static inves­

tigation included ANSYS, STARDYNE, and STRUDL. An evaluation of these

programs revealed that each have advantages and disadvantages for studying

the mobile home degradation problem. As an example, the member release

features in STARDYNE and STRUDL are much superior to the necessity for 

degree of freedom coupling in ANSYS; however, neither STARDYNE nor STRUDL

have the important stress plot capability for the membrane elements.

Furthermore, STARDYNE does not have the tapered beam element warranted for

members such as outriggers and roof trusses. Consequently, despite the

programming effort required to effect member releases, ANSYS was selected

as the most appropriate program for the study.

ANSYS is a large-scale general purpose computer program designed for

the solution of several classes of engineering analysis problems. For

the analysis of mobile homes in this program, the static analysis capa­

bilities of the ANSYS computer program were utilized.

The method of analysis in ANSYS is based on finite element idealiza­

tion. Therefore, each structure analyzed in this program was broken down

into an approximate assembly of discrete structural elements connected

After a unit was properlyat a finite number of points (nodal points).

modeled, loading conditions were defined to represent the transportation

or setup/takedown mode. From this input, a solution was generated that

obtained the nodal point displacements at each node in the structure which

in turn, enabled the calculation of the forces and stresses within each

structural element.

Figure 1 is a brief summary of this computer modeling procedure with

A detailed description of the ANSYS computer program and its appli-ANSYS.

cation to the mobile home is contained in the appendix.

3
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III. DEVELOPMENT

The first step in the development of the finite element method

analysis was to model the T-5 mobile home (the first unit transported to

Southwest Research). This unit was 12-ft wide and 65-ft long with two

The model consisted of the series of idealized finite or discreteaxles.

elements shown in Figures 2 and 3. Measurements of the structure were

made and properties of the various materials were estimated for the

required input to the program. (A description of the input data necessary

for a typical computer run can be found in the appendix.)

At the start of the developmental effort, only membrane elements

were used for the floor, ceiling, and walls. This approach was taken to

minimize computer time. The model was then loaded with the distributed

weights of the various elements and the concentrated weights of typical

appliances and furniture.

At this stage the thicknesses to be used for the wall, floor

and ceiling elements had to be determined. Two methodologies were

utilized for this determination. The first assumed a material thickness

based upon the estimated weight of the panels and their respective areas.

The results of this analysis indicated unrealistically low stresses in

the home but areas of high stress concentration in the vicinity of the

At this point, it wasaxles and at the edges of some doors and windows.

decided to run the same model with what was considered the smallest wall

thickness in the home (one layer of 5/32-in. lauan plywood). The dif­

ference in the original and the final thickness varied from about 0.45 to

5
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0.15-in. wood thickness for the first and second approach, respectively. 

Comparison of the two results showed that the stresses in the thinner

The interesting feature, however, was 

that the stress concentration locations did not significantly change

wall were only slightly greater.

These results demonstrated that the high stressbetween the two analyses, 

concentration areas were not significantly sensitive to the wall thickness.

On inspecting the deflections predicted with this finite element 

model, it was noted that the membrane elements alone were not adequate and 

stiffening was required to prevent unrealistic deflections of the structure

To alleviate this problem, stud stiffeners for• about the chassis beams.

the walls, joists for the floor, and the roof trusses for the ceiling were

Computer simulations were then made to correlate theadded to the model.

The 400-lbmodel predictions with the field measurements shown in Table 1.

load was selected, and the following runs were made:

. The 400-lb rear loading was added to the dead loads of the 
fully stiffened structure. Subtracting the dead load de­
flection from the combined load deflection yielded 0.277 - 
0.206 = 0.071 inch for the 400-lb load. With a field 
measurement of 0.412 inch, the model was too stiff.

. Since the model prediction should be linear, it was decided 
to remove all dead loads and apply only the 400-lb load. 
This would eliminate the double runs of combined load and 
then dead load only. For this run, the wall studs were re­
duced from two 2 x 3’s at each panel interface to only one 
2x3, and the rotational inertias were reduced to zero.
The results, however, yielded a deflection of 0.034 inch 
which was too small.

. Due to the actual construction, it was considered that the 
wall stud connections at the floor and ceiling could not 
transmit moments. In order to release these moments and 
develop pinned connections, it was necessary with the ANSYS 
program to double number all of the common nodes and couple 
the translational degrees of freedom. With this condition 
of "pinned" stud points, the computer yielded a deflection of

10



TABLE 1

STIFFNESS CALCULATIONS
(T-5 USED 12 ft x 65 ft)

From Battelle Memorial Institute Final Report:*

(EI)f = 36^f3 (|)f & (EI)r = 575Xr H3 ,PB l + —y r

For Forward Loading:

P 2P (lb)jGf (ft) y (in) Bf db/in) (EI)f (lb- in )

4.356 x 109 
6.041 x 109 
6.242 x 109 
6. 513 x 109 
5. 744 x 109

10037.33 
37.33 

37. 33 
37.33 
37.33

0. 043 
0. 062 

0. 090 
0. 115 
0. 163

2326
3226
3333
3478
3067

200
300
400
500

5. 779 x 109lb-in2Avg =

For Rear Loading:

P 2(^)r (lb/in)(ft) P (lb) y tin)/ (EI)r (lb-in )

1020. 67 

20.67 
20.67 

20. 67 

20.67 

20. 67

100 0. 114 

0. 187 
0.331 

0.412 

0. 504

877 1.250 x 10 

1. 525 x 1010 

1.291 x 1010 

1.384 x 1010 

1.413 x 1010 

1.630 x 1010

200 1070
906300

400 971
500 992

0. 638730 1144

1.416 x 1010 lb-in2Avg =

* D. E. Bearint and H. A. Cress, "The Development of Performance - Based Tests 
to Determine the Minimum Structural Integrity of Mobile Homes," Batelle 
Memorial Institute, July 25, 1966, p. 29.
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Additional runs, reducing the wall panel thick- 
from 5/34-inch to 1/32-inch, and another removing the

0.034 inch, 
ness
the ceiling and interior walls to check the effect of an open 
structure (with 1/32-inch wall panel thickness), predicted 
deflections of 0.093 inch and 0.118 inch, respectively.
Each of these deflections indicated the unit modeled was
still too stiff.

. It was calculated that, with a 400-lb rear load, the chassis 
beams by themselves would deflect 0.9 inch. Thus, it was 
conjectured that the wall panels were carrying a dispropor­
tionate share of the load and effecting a deep beam type of 
response. Consequently, it was decided to reduce the wall 
panel modulus of elasticity to simulate the "looseness" that 
was apparent in many of the joint connections. Hand calcu­
lations were made to determine the approximate modulus of 
elasticity needed to effect the El value determined from 
field measurements. The wall panels were returned to the 
5/32-inch thickness,^and the modulus of elasticity was re­
duced from 1.45 x 10 psi to 50,000 psi. Interior walls were 
not put back in the model. The deflection was 0.313 inch, 
fairly close to the 0.412 measured value.

. The forward loading of 400-lb was checked with the reduced 
modulus. A deflection of 0.051 inch was predicted as opposed 
to a measured value of 0.115 inch.

. The program was again modified to uncouple the wall panels, as 
well as the wall studs, at the wall/ceiling and wall/floor 
nect points. The deflection for the 400-lb forward loading was 
0.051 inch which represented no change from the previous run.

con-

To determine the degree of accuracy obtained with the final model, 

linear extrapolations were calculated from the 400-lb load run. The results

are shown in Table 2, where it can be seen that the comparisons of the 

simulation results and in-field measured results are fairly consistent. 

Specifically, the model predicted averages of 39 percent of the measured 

deflections for forward loading and 78 percent for rear loading, 

results were considered to be about as close as could reasonably be 

expected, and further reductions in the modulus of elasticity for tuning 

purposes were considered unwarranted.

These

12



TABLE 2

COMPARISON OF FIELD TEST RESULTS AND FINITE
ELEMENT PREDICTIONS

Forward Loading:

Deflections (in.) Error 
F, E, /TestLoad (lb) Test F, E.*

0. 043 0. 300. 013100

0. 062 0. 026 0.42200

0. 090 0.420. 038300

0. 115 0.051 (run) 0.44400

0. 163 0. 064 0. 39500

Av. 0.39
Rear Loading:

Error 
F. E. /Test

Deflections (in.)
Test F. E.Load (lb)

0. 680. 114 0. 078100

0. 840. 187 0. 157200

0. 710.2350.331300

0. 760.313 (run)0.412400

0. 780.3910. 504500

0. 890.638 0. 57173 0

0. 78Av.

* F. E. = Finite Element

13
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The attempt to minimize the complexity of the model by using only 

membrane panel elements was not successful; stiffeners had to be added

It was decided that all future models shouldto obtain reasonable results.

be prepared on 32-in. modules (every other wall stud) and that the structure

should be idealized to fit this pattern in order to reduce the size as much

as possible and eliminate the necessity for the odd-shaped panels as shown

in Figure 2. This approach requires that certain members - windows, doors,

The size of the model, how-etc. - be moved slightly to fit the pattern.

ever, can be reduced significantly without affecting the results. Furthermore,

the model should be developed in the same way the unit is constructed; i.e.,

model separately the floor, the walls, and the ceiling. The separate models

can then be combined by coupling the translational degrees of freedom at 

the wall stud/floor joist and wall stud/ceiling truss connect points.

14



IV. PROBLEM AREAS

The finite element approach assumes a compatibility between con­

tiguous elements that, in actuality, does not exist in a typical mobile 

home (particularly in the advanced stages of degradation). In order to

simulate the condition that wall panel connections to the studs have

loosened and movement has taken place before the full loads are trans­

mitted into the panels, the elasticity modulus of the wall panels was

The predicted stresses, however, are directly proportionate toreduced.

the modulus used. Thus, for an upper boundary on the stress levels, the

actual modulus of the panel material should be used.

The shear panels were modelled with a linear elastic and isotropic

membrane element that yeilds stress results from loadings, regardless of

load magnitudes. Local buckling of individual panels can be investigated

by comparing the compressive loads of each element to a hand-calculated

buckling strength (dependent upon the material properties and dimensions

of the panel in question). Because of the large quantity of shear panel

elements in the mobile home models, a buckling analysis was not feasible.

Furthermore, to compare the cyclic stresses imposed on the material with

As mentioned before,fatigue data of the material itself is not realistic.

the problem exists in the connections of the shear panels and studs, and

fatigue tests of typical panel configurations would be required to generate

The process of determining flexural and torsional stiff-the needed data.

nesses of the unit by simple field measurements, and then relating these

The designvalues to degradation appears to be a much simpler technique.

loads for appliances, fixtures, etc., can also be determined by dynamic

15



The effect of (dynamic) equivalent static loads on stress con-analysis .

centration areas can then be determined from the finite element analysis.

This methodology has been applied in the analysis of the T-l and T-2 units.

16
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V. T-l ANALYSIS METHODOLOGY

The model for the T-l mobile home is detailed in Figures 4, 5

and 6. On comparing this model with the T-5 model in Figures 2 and 3,

it is noted that a coarser, modular mesh idealization is used. However,

the use of separate parts for the chassis, floor, walls, and ceiling is

considered more representative of the actual structure. These separate

modules are integrated into the program input by coupling the translational 

degrees of freedom at the common nodes. The following computer runs were

then conducted:

Data check run to generate geometry plots (see Figure 6) and 
check boundary conditions, elements, material property definitions, 
and other input data for completeness and inconsistencies.

Load 1 - Gravity load run to generate the base-line stresses 
and deformations for the unit under gravity loads of the 
structure and its furnishings.

Load 2 - Gravity loads of the structure and its furnishings plus 
equivalent static loads from the dynamic analysis (well-paved 
road, 45 mph, Test Run No. 1),

Condition I*

Load 3 - Gravity loads of the structure and its furnishings plus 
equivalent static loads from the dynamic analysis (well-paved 
road, 45 mph, Test Run No. 5).

Load 4 - Gravity loads of the structure and its furnishings plus 
a concentrated load of 4000 lb acting on the right longitudinal 
I-beam at the rear of the chassis (nodal point 2 on Figure 3).
This loading case, unlike the preceding two cases, was developed 
to simulate site installation activities where the unit is jacked 
up at each corner and set on blocks. (For this loading condition, 
the unit was restrained at the hitch, the three axles, and at the 
front end at the longitudinal I-beams. This last restraint 
assumes that the front end was blocked prior to this step in the 
installation procedure.)

Load 5 - Gravity loads of the structure and its furnishings plus 
equivalent static loads from the dynamic analysis, 
case represents probabilistic "worst case" conditions.

Condition II*

This load

Load Cases 1 through 5 are summarized in Table 3. 
*See Table 3 for description of Conditions I and II.

17
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a) Floor Plan
I

Left
Sidewall

ROOF TRUSSES 16" O.C.
INTERIOR PANELING

FIBREGLASS INSULATION
BLANKET

Rear
Sidewall VAPOR barrier

CELOTEX CEILINC

016 ALUMINUM SIDING

1X4 PLATES

Right
Sidewall

IXJ STUDS 16' O.C

Front
Sidewall

^.2X6 FLOOR JOISTS 20 1/2* O.C.
OPEN NEB TRUSS MEMBERS------

3 AXLES WITH EQUALIZERS^

SINGLE LEAP SLIDER -VAPOR BARRIER
WEATHERBOARD _

b) Exploded Isometric

FIGURE 4. T-l MOBILE HOME LAYOUT
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The equivalent static loads used from the dynamic analysis for

3 and 5 were based upon three times the RMS*, or sigma (a) ,

These values pro-

Load Cases 2,

values calculated in Task I, Volume I of this report, 

babilistically assure a 99.9 percentile level that the dynamic loads 

induced via the road condition are equal to or less than the associated

G levels.

From the dynamic analysis, the computer-evaluated RMS (G loads)

With these values, thewere obtained throughout the mobile home unit, 

forces were calculated for the components that most influence the dynamic 

Knowing the acceleration of these components, SwRI factored 

their weights to produce the equivalent static loads to be input into the 

finite element program - thus, symbolizing the dynamic condition.

loadings.

For

value of 3.0 G’s is obtained from the dynamicexample, if a vertical GRMS
analysis for a position where a particular component of weight W is located,

its contributing load in the finite element program would be 3 times the

^RMS va^ue ti™68 W, or 9W. 

would correlate to 9 times W or 9W.

The equivalent static load of 3a times weight

When this is done for all components

considered (with their respective G and weight values), the mobile home 

model is subjected to a static load equivalent to the forces induced by 

the dynamic response characteristics obtained from the dynamic analysis.

It is noted that in applying the equivalent static loads, from the 

dynamic analysis to the unit, the assumed directional sense for all vertical 

loads was downward (-z direction) and all lateral loads were applied from 

left to right looking from the rear to the front of the unit (-y direction).

RMS

* Root mean square values of acceleration response.
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In actuality, the loading directions would be random in nature. The assumed

directions represent a possible service loading condition. (Figure 7)

Complete details of a typical computer run are contained in the

appendix.

li:
Hri - =:
&
%
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:
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JLPy* v*-~7
<P

Py - vertical load 
Pl - lateral load 

x, y, z - origin of unit's
coordinate system/+z

+y -x

v and PL are not lump loads. They provide directional sense only.* p

T-l EQUIVALENT STATIC LOAD DIRECTIONAL SENSEFIGURE 7.
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VI. DISCUSSION OF T-l RESULTS

Output plots*for the ANSYS program were specified for stress tra­
iljectories and displacements of the membrane elements in the floor, walls,

Output results for all elements of the structure are avail-and ceiling.

able in the computer output sheets (available upon request at Southwest

Research). The before and after results of the analysis (i.e., results

for dead load only and results for dead load plus equivalent static loads

from the dynamic analysis) are shown in Figures 8 through 13.
&

Note that the two stress plots for each load case associated with

each component (floor, ceiling, etc.) of the unit refer to the maximum

and minimum in-plane principal stresses.

These plots can be useful in several ways:

:. For each load case, the plots locate areas where stress 
gradients are high (the lines of equal stress come closer 
together indicating stress concentrations).

. When comparing load cases,' the plots locate areas of changing 
stress due to the different load applications.

The stress plots of the various load cases for the T-l mobile home
;
;show definite patterns of high stress concentrations at locations of maximum 

bending along the unit, around doors and windows, and particularly at the

corners of these openings.

Comparison of the stress plots for Condition I, Load Cases 1, 2

The conditionsand 3 reveals that the increases in stress levels were small.

for analyses, although not severe (well-paved road, 45 mph), were based on 

equivalent static loads induced by a range of acceleration levels from 0.1

The result of these loads is moreto 1.0 GTs, vertically and laterally.

recognizable only in cases such as Figure 8, where stress contours do vary

in a more obvious pattern between the first load case and the next two load

cases.
*See Appendix C for method of interpretation.
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Load 1 (min.)Load 1* (max.):
! ■

!
;

Load 2 (max.) Load 2 (min.)

i!
Load 3 (max.) Load 3 (min.)

.

4:

Load 4 (max.) Load 4 (min.)

*For load descriptions, see Figure 8 or Table 3.

FIGURE 12. COMPARISON OF T-l STRESS PLOTS - FRONT
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Load 5 * (max.)
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* For load description, see Figure 8 or Table 3.

FIGURE 12 (Cont'd)
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(right side)
Load 1 (miii.)

Load 2 (min.)

Load 3 (max.) Load 3 (min.)

Load 4 (max.) Load 4 (min.)
;

*For load description, see Figure 8 or Table 3.
:
! j FIGURE 13. COMPARISON OF T-l STRESS PLOTS - REAR
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:
:

Load 5 (min.)

* For load description, see Figure 8 or Table 3.

FIGURE 13 (Cont'd)
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Refining these results one step further, however, a comparison 

of the ANSYS output plot summary data between Load Cases 1 and 2 shows 

increases in maximum stress levels in the order of +10 percent tensile,

+10 percent compressive in the floor; and +9 percent tensile, +7 percent 

compressive in the ceiling; +13 percent compressive on the front sides.

Little change is noted in the levels of maximum stress between 

Load Cases 2 and 3 because of their similar loading conditions, 

these results do support the type of changes in stresses expected in 

the behavior of the unit caused by the loading conditions defined for 

These are static (or equivalent static) loads.

Yet,

One ofthis study.

cyclicthe most degrading phenomena* is the repetitive 0.1 to 1.0 g 

loading at a 10-Hz frequency for the entire duration of the trans­

portation cycle.

Comparison of the stress plots between Load Cases 1 and 4 (Con­

dition I and II, respectively) shows results quite different from the

previous comparison of Load Cases 1, 2 and 3.** It is evident from the

stress plot information that the stresses have developed a substantially 

different pattern. Changes in maximum stress levels occur in the order

of +14 percent tensile, -30 percent compressive in the floor; -28 percent 

tensile, -52 percent compressive in the ceiling; -63 percent tensile,

-37 percent compressive in the right side; +13 percent tensile, +44 

cent compressive in the left side; -10 percent tensile, +22 percent 

compressive in the back side; and -42 percent tensile, -6 percent compressive 

for the front side.

per-

Unlike the comparison between Load Cases 1 and 2

above, these results substantiate the expectation that certain sections

*See Task III, Volume I for supporting data. 
**See definitions for Load Cases in Table 3.
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of the unit will experience a stress relief rather than an increase

because of the nature of the jacking load imposed in this particular

loading scheme.

IUnlike the previous load cases, a comparison of results between
;
!
ithe baseline and ’’worst-case" conditions, Load Cases 1 and 5, respectively,
j

indicates severe changes in maximum stress levels. Results show increases

in maximum stress of +117 percent tensile, +113 percent compressive in

the floor; +96 percent tensile, +63 percent compressive in the ceiling;

+110 percent tensile, +141 percent compressive in the right side; +178

percent tensile, +170 percent compressive in the left side; +154 percent

tensile, +138 percent compressive in the back side; and +130 percent

tensile, +132 percent compressive in the front side of the unit. El and

J stiffness factors used were from the mobile home in test and analysis.

Examining the stress plots for Load Case 5 in Figures 8 through 13

or areas of high stress levels and/or concen-the critical areas,

trations, remain along the perimeter and around the window and door

openings of each section of the unit as in previous loading cases; but,

It should bethe magnitude of the stress levels is much more critical.

recalled that the previous load cases using equivalent static loads from

the dynamic analysis were based upon acceleration levels ranging from

0.1 to 1.0 G’s, vertically.* Load Case 5 was based on infrequent accel­

eration levels from 5.0 to 9.4 G’s.

The deformations of the structure for each load case are shown in

Unlike the stress data, the deformation data wereFigures 14 through 16.

calculated from the reduced elasticity modulus for the wall panels,

developed during the correlation of the T-5 mobile home computer model.

Note that because of the scale factor involved, the results shown in

41
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!;
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*For load descriptions, see Figure 8 or Table 3.
The deformations are not to scale. See Table 4 for actual deflections.

COMPARISON OF T-l DISPLACEMENT PLOTS - 
FLOOR AND CEILING

FIGURE 14.
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(front)(rear)(front)(rear)

Load 1Load 1*

r
-/ \

■
p7nr

/~t\ i\
Load 2Load 2

-As
r^l~~i—jfp\ rdi

B kiEs
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or Table 3.
See Table 4 for actual deflections.

*For load descriptions, see Figure 8 
The deformations are not to scale.

COMPARISON OF T-l DISPLACEMENT PLOTS - 
LEFT AND RIGHT SIDEWALLS

FIGURE 15.
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■ T

these figures are magnified considerably to readily identify the movement 

It is necessary, therefore, to collaborate this information 

with the results compiled in Table 4 to define the magnitude of these

in the unit.

movements.

In studying the results of each load case individually, it was

revealed that several displacement characteristics appear common to each

The lateral displacement of the floor of the unit is considerablyunit.

less than the rest of the unit. The vertical displacement of the front

sidewall is less than the other components of the unit because of its

proximity to the hitch.

Comparison of the results of Load Case 1 to Load Cases 2, 3 and

i5 shows the torquing effect on the unit. Not only does the vertical

deflection of the unit increase with the severity of loading, but also

the twisting of the unit becomes more severe, particularly in Load Case

5. In this case, the lateral deflections sharply increased and the

torquing effect lifted the left sidewall over 0.7 in. and dropped the

right sidewall approximately 1.2 in. from their original positions

(Load Case 1).

Comparison of the results of Load Case 4 with the other load

cases shows results similar to that of the stress plots. The jacking

load has decreased the deflections in both directions. This indicates

However, areas suchareas of stress relief in many sections of the unit.

as over the main door on the right sidewall of the unit should be noted
=

(see Figure 15). The lack of cross-sectional area at this point along

the unit appears to be critical to its vertical bending strength.
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VII. T-2 ANALYSIS METHODOLOGY
K

The models for the T-2A (wet side) and T-2B (dry side) mobile

home unit are detailed in Figures 17 through 19 and Figures 20 through

22, respectively. Again these models are a coarser, modular mesh

idealization compared to that of the T-l. Separate parts for the chassis,
Ifloor, walls, and ceiling were utilized, integrating these parts into 

the computer program input by coupling the translational degrees of f
.freedom at the common nodes. The following computer runs were then

conducted for each model, T-2A and T-2B:

Data check run to generate geometry plots (see Figures 24 
and 27) and check boundary conditions, elements, material 
properties, definitions and other input data for complete­
ness and inconsistencies.

Load 1 - Gravity load run to generate the base line stresses 
and deformations for each unit under gravity loads of the 
structure and its furnishings.

i

Condition I
Load 2 - Gravity loads of each structure and its furnishings 
plus equivalent loads from the dynamic analysis (well-paved 
road, 45 mph).

Load 4 - Gravity loads of the structure and its furnishings plus 
a concentrated load of 4000 lb acting on the right longitudinal 
I-beam at the rear of the chassis (nodal point 2 on Figure 3).
This loading case, unlike the preceding two cases, was developed 
to simulate site installation activities where the unit is jacked 
up at each comer and set on blocks. (For this loading condition, 
the unit was restrained at the hitch, the three axles, and at the 
front end at the longitudinal I-beams. This last restraint 
assumes that the front end was blocked prior to this step in the 
installation procedure.)

Load 5- Gravity loads of the structure and its furnishings plus 
equivalent static loads from the dynamic analysis, 
case represents probabilistic "worst case" conditions.

Condition II

This load

Load Cases 1 through 5 are summarized in Table 3. 
*See Table 3 for description of Conditions I and II.
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Again, the equivalent static loads calculated from the dynamic

analysis were based on three times the RMS, or sigma (a), values defined

Values applied to each side of thein Volume I, Task I of this report.

T-2 unit were the same, except in directional sense.

From the dynamic analysis, the computer-evaluated RMS (G loads)

With these values, thewere obtained throughout the mobile home unit.

forces were calculated for the components that most influence the dynamic 

With- the acceleration of the latter components known, theseloading.

accelerations were factored to produce the equivalent static loads to be 

input into the finite element program, symbolizing the dynamic condition.

For example: if a vertical Gj^g value of 3.0 GTs is obtained from the

dynamic analysis for a position where a particular component of weight

W is located, its contributing load in the finite element program would

be 3 times the G^g value times W, or 9W. The equivalent static load of

3o times weight would correlate to 9 times W or 9W. When this is done

for all components considered (with the respective Gj^g and weight

values) the mobile home model is subjected to a static load equivalent

to the forces induced by the dynamic response characteristics obtained

from the dynamic analysis.

For the equivalent static loading of the T-2A, all vertical loads

input from the dynamic analysis were assumed to be acting downward (-z 

direction), and all lateral loads were applied from right to' left looking 

down the unit from rear to front (4y direction). For the equivalent

static loading of the T-2B, all vertical loads input from the dynamic

analysis were assumed to be acting downward (-z direction) and all

lateral loads were applied from left to right looking down the unit from
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t; i

to front (- y direction). The directional sense of these loadingrear
i

schemes is shown in Figure 23.

As in the T-l analysis, the loading directions in each of these 

two conditions are actually random in nature.
i

The directions assumed
i represent a possible loading condition.

Details of a typical computer run similar to that used to analyze 

these units are contained in the appendix.

i

:

Page 47 contains the Condition I load cases for analysis. 

Condition XI load cases are the same with the only variable relating to

The!

the El and J stiffness factors resulting from the degradation of the mobile

As the mobile home structure degrades and loosens, the 

accelerations are reduced but the deflections increase resulting in higher

home structure.

stresses.

!
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VIII. DISCUSSION OF T-2A RESULTS

Output plots *£or the ANSYS program were specified for stress 

trajectories and displacements of the membrane elements in the floor,

Plots could not be developed for walls containingwalls and ceiling.

too few membrane elements such as the marriage wall side of this double-wide.

Output results for all elements of the structure are available in the computer

output sheets (available upon request at Southwest Research).

The before and after stress results of the analysis (Condition I,

Loads 1 and 2) are shown in Figures 24 through 27. Comparing the plots of

Load Cases 1 and 2 shows increased stress levels in areas of maximum

bending moments, particularly near axle locations on the floor, and

Because of the existence ofwindow and door locations on the sidewalls.

interior wall along most of the right side of the T-2A unit, thean

The increased loadstresses were well distributed throughout the unit.

Results fromin Load Case 2 had a limited effect on the stress pattern.

the plot data from the ANSYS output show that the increases in maximum

floor, 4-6 percent 

tensile and +4 percent compressive; ceiling, -1 percent tensile and 

+5 percent compressive; left side, -6 percent tensile and 4-3 percent

stresses for various sections of the unit were:

compressive; right side, 4-27 percent tensile and 4-6 percent compressive;

and front side, 4-3 percent tensile and 4-5 percent compressive.

The deformations of the structure for each load case are shown in

Figures 28 and 29. A summary of the maximum deflections is compiled in Table 

These deformation data were derived from the same load cases used to5.

calculate the stress data, but the elasticity modulus of the wall panels

was reduced, as detailed previously in the T-5 mobile home computer model. 

*See Appendix C for method of interpretation.
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I

(left side) (right side)
Load 1 (min.)

.
;

Load 2 (max.)

I

Load 4 (min.)Load 4 (max.)

Load 5 (min.)Load 5 (max.}

*See Table 3 for load descriptions.
FIGURE 27. COMPARISON OF T-2A STRESS PLOTS - FRONT END
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(front)(roar) (front)(rear)

Load 1Load 1

iUiJTJUll L.L
I I LULL

^qin„nuTiyr
—mri [TryTiiZipm..,,,I

SHI EffiJ

Load 2 Load 2

] crHE^UkLI
I h? iiTiriTV i ni i iijiiii i IMIII

Load 4Load 4

3I

TOrjilffflq-rr

3anEBM- 11
I

Load 5 Load 5

Floor Ceiling

*See Table 3 for load descriptions.

FIGURE 28. COMPARISON OF T-2A DISPLACEMENT PLOTS - FLOOR AND CEILING
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Load 1

(rip.hc)Oclt)
Load 1

j —

=^mm-
Load 2

Load 2

HU !JU
-;^izrrr-~r~ . ,

ii

Load 4

Load 4

Load 5

LEFT SIDE

*See Table 3 for load descriptions. 

FIGURE 29.

Load 5
FRONT END

COMPARISON OF T-2A DISPLACEMENTS PLOTS - LEFT SIDE AND FRONT END
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Analysis of the results of each load case revealed that the max­

imum vertical deflections occur at the left front end of the unit. It

is on this area of the unit along the sidewall that the main exterior door

and several large windows are located.
:

The effect of the lateral load was obtained through comparison

of the two load cases revealing an increase in lateral displacements

Ithroughout the unit. Vertical deformations also increased. Since the

lateral loads were input acting from right to left, these increased

:downward vertical deformations on the left sidewall of the unit were :

predictable.

The stresses and displacements of Load Case 4, presented in the

same figures as Load Cases 1 and 2, twisted the rear of the mobile home counter-

Coupled with this was a slight twist about theclockwise about the forward axis.

Stress concentrations occurred in the floor and ceilingleft lateral axis.

over the axles, at the right rear floor, right front side wall, and about

The vertical displacements of the right wall, upwardthe front wall window.
:

rear of the axles and downward forward of the axles, explain the floor over

axle concentrations.

Load Case 5 also generated stress concentrations in the floor over the

axles and around the front end wall window. This dynamic case forced the front

The left side experiencedend down to the left, the closed and heavier side.

stress concentrations at the lower forward corner joining those of the floor

at its left front corner.
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IX. DISCUSSION OF T-2B RESULTS

Again, output plots*for the ANSYS program were specified for stress 

trajectories and displacements of the membrane elements in the floor, walls, 

Because of the large size of the wall membrane elements, wallsand ceiling.

containing too few elements had less than minimal information to develop a

Output results for all elements of the structure are available 

in the computer output sheets (available upon request at Southwest Research).

stress plot.

The before and after stress results of the analysis (Condition I, 

Loads 1 and 2 are shown in Figures 30 - 33. Inspection of the plots for

the gravity load case shows significantly more areas of higher stress con-

Although the structural components were modeledcentrations than T-2A.

identically for the T-2A and T-2B, the latter has very little wall support

along the left side of the unit (see Figure 21). Hence, the stress pat-

This has greatly increasedterns were developed along a different path.

the stresses on the exterior face, or right side, of the unit.

A comparison of maximum stresses between Load Cases 1 and 2, taken

from the ANSYS output plot data, shows stress increases of +2 percent

tensile, +7 percent compressive in the floor; +5 percent tensile, +5

percent compressive in the ceiling; +12 percent tensile, +3 percent

compressive in the right side; and +3 percent tensile, +5 percent com­

pressive in the front side. Since the second load case for T-2A and T-2B

was the same except for the directional sense of the lateral load, these

results detail the net effect of opening one side of the unit and allowing

the other side to accept a greater share of the load.

*See Appendix C for method of interpretation.
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(right side)

Load 2 (min.)

7/ 777
■

f

\

Load 4 (max.) Load 4 (min.)

/ s

7777TTX\---- -
Load 5 (max.) Load 5 (min.)

*See Table 3 for load descriptions.

COMPARISON OF T-2B STRESS PLOTS - FRONT ENDFIGURE 33.
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Results of the displacement plots are shown in Figures 34 and 35.

A summary of the maximum deflections is compiled in Table 6. These deformation

data were derived from the same load cases used to calculate the stress data.

However, the elasticity modulus of the wall panels was reduced as detailed
!

in the T-5 mobile home computer model correlation.

Examining the results of these two load cases, it was found that
}vertical deflections maximize at the left front area of the unit as in the T-2A

model. In this model, there is no wall support existing along this area

of the unit. Also, a problem area exists along the right sidewall because of a

large window opening between the axles and front hitch. (Figure 35)

Through comparison of the results of the load cases, it again appears

that the "torsional" deflection of the unit increased due to the lateral loads.

As expected, however, the rotation of the ceiling and right sidewall were both

in the direction of the applied lateral load.

The stress and displacement plots of Load Cases 4 and 5 accompany those

of Load Cases 1 and 2 in Figures 30 through 33. The plots for Load Case 4 show

the results of a counter-clockwise twist at the rear of the mobile home about the

forward axis resulting from the simulated right rear jacking load. This loading

condition created stress concentrations in the floor at that corner as indicated

Over the right side of the axlesby the crowded isostress lines of Figure 30.

The displacement plots of Figures 34the floor also experienced high stresses.

and 35 show why these stresses occur. Almost all of the floor displacement

Other points of high stress for Load Case 4occurred rearward of the axles. were

along the left side of the ceiling and around windows and doors.

The worst dynamic condition, Load Case 5, is also presented in the figures.

Displacement plots show the mobile home to be uplifted to the left in the front
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and slightly down in the rear. This situation concentrates stresses in the floor

over the left side of the axles and at the forward end of the right wall, and 

especially about the window in the front end wall.
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i AJ.tkin i rrfi JJJi4U iiU 11u

(front) (front)(rear) (rear)

!Load 1Load 1
:

l|ppM7' B
: ■= - 

Ut pvi

1^4I

l iWJ E23

Load 2Load 2

TTTJT fmflmiTOnsI jfci
i tkflI mi

Load 4Load 4

1
1

Load 5

FLOOR CEILING

*See Table 3 for load descriptions.

FLOOR AND CEILINGCOMPARISON OF T-2B DISPLACEMENT PLOTS -FIGURE 34.
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(front)(rear)

(right)(rear)Load 1

!

u

Load 2

Load 2

IrniXJ

Load 4

Load 4

Jturn
Load 5

Load'5 
FRONT END

RIGHT SIDE

*See Table 3 for load descriptions.

T-2B DISPLACEMENT PLOTS — RIGHT SIDE AND FRONT ENDFIGURE 35.
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X. CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the static modeling of the single-wide

(T-l) and the double wide (T-2A and B) mobile homes the following tenta­

tive conclusions can be drawn:

. A reduced modulus of elasticity was developed for the wall 
panel elements to simulate more closely the stiffness of 
the actual mobile home structural system.

. Stress concentrations were most predominant around window 
and door openings, over the axles and above the front hitch.

. The stress concentrations were not sensitive to the wall 
thickness designated for the wall panels.

. The "torquing" effect resulting from lateral loads sig­
nificantly increases the lateral deformations and stresses 
associated with that type of load.

. The jacking mode develops stress relief in some areas of the 
unit, and increased stress concentrations in other sections 
of the unit.

. In the double-wide units, the elimination of an interior wall 
along the ''marriage" joint increases vertical deflections 
in the unit, and increases stresses along the remaining exterior 
walls due to the transportation mode.

. The resulting loads and stresses in the unit due to the trans­
portation and setup/takedown modes appear low. This is a 
static case, however, and the effects of cyclic loading should 
continually be considered.

It has been shown how mobile home structures are idealized and

analyzed by application of the ANSYS program. Although the process of

model development (i.e., mesh generation, member size and dimension

determinations, and material property characterizations) is not difficult

to accomplish, it requires a painstaking, time-consuming effort to generate

and punch the required input data. Meticulous care must be exercised in

coding the data for ANSYS input, and the computer runs are expensive

because of the large size of the problem. (See the appendix for a typical
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computer run.) The problems might be reduced by developing a special

purpose program with large wall panel elements (modules) that typically

represent solid panels, panels with window openings, or panels with door

The development, however, would be a major undertaking,openings.

particularly if the plot capability were included.

The finite element analysis is a static analysis methodology. It

is not the intent of the finite element analysis to predict the consumed;
It can be used in the "predictive analysis"life of the mobile home unit.i

only as a static checkpoint by analyzing the structure at any point in

the degradation cycle. A more complete method of analyzing degradation
I

would be to compare the structure at two different points in the cycle.
| For a set of given conditions developed in the dynamic analysis, it can be

used to locate areas of stress concentration and determine what effect

the equivalent static loads caused by the transport or the loads caused

Such an analysisby setup and takedown procedures have on the structure.

can be of importance in establishing areas of a unit that need stiffening

Remedial changes, however, in the structuralto resist these loads.

configuration require input modifications and a complete rerun of the program

to determine how the stresses are redistributed.

As previously mentioned, the volume of calculations and computer

printout developed to complete the analysis of each finite element model

However, all records per-was too large to include as part of this report.

taining to the analysis of each mobile home unit, including the punch card

computer decks, are on file at Southwest Research and are available on request.

81



f

'

. *

■

■■

•'1

r

■

'
*



\

!

A. 1

:■

*
|

.•

1APPENDIX A
rtANSYS COMPUTER PROGRAM DEVELOPMENT
::
?

;

i

I

i

A. 1



¥

ANSYS COMPUTER PROGRAM DEVELOPMENT

This appendix is included to provide a basic understanding of the ANSYS

computer program used to develop the static analysis computer models. This is

discussion of the problem-solving technique of theaccomplished in three steps:

ANSYS program, a brief explanation of how a typical model was developed, and most 

importantly, an example using a typical computer run with input and output data.

1. ANSYS Analysis Methodology

The ANSYS computer program is a large scale general purpose computer

program for the solution of several classes of engineering analysis problems.

For the computer model of this report, the static analysis capabilities

were utilized.

For the static analysis, the matrix displacement method of analysis

based upon finite element idealization was employed to develop a solution. The

structure analyzed was approximated as an assembly of discrete structural elements

connected at a finite number of points (called nodal points). Knowing the force-

displacement relationship for each of these discrete structural elements (the 

element "stiffness matrix"), the force-displacement relationship for the entire

structure was assembled using standard matrix methods.

When sufficient boundary conditions were given for the displacement

matrix to guarantee a unique solution, a solution was generated that obtained 

the nodal point displacements at each node in the structure, 

displacements, forces and stresses within each structural element were calculated. 

Model Development

From these

2.

The static analysis of each mobile home unit (T-l, T-2A and T-2B) was 

developed under the same procedures for each finite element model. First, each

unit was accurately measured and detailed. With this information, the layout of

each unit was drawn to scale.
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From the layout of each section of the unit (floor, walls, ceiling,

etc.), a finite element mesh was developed for each component. As detailed in

Figures A.l and A.2, each component was idealized as a series of finite or

discrete elements. Each element was connected to a set of nodes. Since all

nodes were located within a three-dimensional orthogonal coordinate system,

the elements, therefore, were properly defined and located within the system.

With the elements located, the next step was to define each type of

For each analysis, all elements were either membrane (or shell) ele-element.

ments for the floor, wall and ceiling panels, elastic beam elements for the

floor joists and wall studs, or tapered, unsymmetrical beam elements for the

During this step in the analysis, it was alsochassis outriggers and roof trusses.
iimportant to define the cross-sectional and material properties of each element. \

Next, each section of the unit (floor, walls, ceiling, etc) was
"

"pinned", or connected, together by coupling the translational degrees of free-
i

dom at the wall stud/floor joist and wall stud/roof truss connect points. This \
;;

type of joint connection models more closely to the way the unit is constructed.
i
;The remainder of the input data required to model each unit was for Si
'

For the boundary restrictions, the translationalboundary and loading conditions.

displacement were defined as zero for the nodes at the hitch and at the axle/

chassis I-beam connection points.
|

The basic loading condition for all load cases was the unit's own weight 

The weight of the unit was developed by introducing a 1.0 g
ii

and furnishing loads.

Based on the material densi-vertical acceleration to all elements in the model.
i

ties, this was equivalent to a static loading based on the weight of the unit.

The actual weightFurnishing loads were applied as concentrated loads, 

of each furnishing was applied equally to all nodes on which it rested.
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Pertaining to the equivalent static loads, this system of con­

centrated loads was calculated based on the accelerations developed along

Additional con-the unit from the dynamic analysis in Task I, Volume I.

centrated loads, acting vertically and laterally, were applied at the

ceiling level of each wall section due to weight of the roof. Other

concentrated loads were those caused by accelerations acting vertically

and laterally on appliances, bathroom fixtures, and heating and water

heater units.

3. Typical Input and Output Computer Data

This section of the appendix contains a typical computer run of

the static model developed using the ANSYS analysis technique. Because

of its length, however, only partial listings of many sections of the data

All data for this example are taken from the T-l mobileare presented.

home model (see Figures A.l and A.2), Load Case 1. Although the entire

analysis is not presented, the segments presented contain elements common

to each step of the analysis.
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INTERPRETATION OF NODE FORCE OUTPUT FROM 
ANSYS FINITE ELEMENT COMPUTER PROGRAM

This appendix is included to provide an example and an expla­

nation of the application of the nodal forces calculated by the ANSYS

A longitudinal I-beam in the chassis of T-l isfinite element program.

selected to demonstrate how these data can be used to examine the total

stresses on a single member of the finite element model.

The model used to simulate the structure represents each structural

member as a combination of elements connected at nodes. The I-beam of

interest is represented by the elements and nodes below.

62955 124 _ 200 272. 300 .348 376 439 495 562 628 688
2 6 10 14 18 22 26 30 34 38 42 49 46 52

Rear Front

A partial listing of a typical run of the ANSYS program is presented

in Figure B.l. (See also Figure A.14). This section of output^ entitled 

"Element Stresses," details the stress information as calculated by the

finite element program for each element of the structure. The nodal forces

listed are the forces in each of the three directions and the moments about

each of the three axes transmitted to the node by the element, 

to investigate the elemental forces and moments, the signs of the nodal

In order

Tabulated here are elemental values forforces and moments are reversed.

a pair of adjacent elements that make up the longitudinal I-beam.

Element Node F (lbs) x F (lbs) y Fz(lbs)* M^in-lbs) M (in-lbs) M (in-lbs)

376 26 2356.21
-2356.21

30.0196
-30.0196

1658.17
-1610.18

184.140
-184.140

-96425.1
8162.1

928.002
993.25130

-7152.63
7152.63

439 30 37.3235
-37.3235

1543.84
-1495.84

227.651
-227.651

9989.48
-1072.59

1203.79
1184.8534

COMPUTER CALCULATED STRESSES FOR ELEMENTS 376 and 439 
(Compiled from Figure B.l)

TABLE B.l.

*Errors due to roundoff. B-2
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CUrt. ITEK.'s iLOAD STEP= l ITERATIONS 1• «»*** ELEMENT STRESSES ***** TIME =

LINE ELEMENT STRESSES ASSUME RElGrtT IS CONCENTRATED AT NOOAL POINTS 
REACTION FORCES AND ELEMENT FORCES ASSUrtt DISTRIBUTED WEIGHTS

(1.

TTOPZs 70.0 
SYB-ZT 

120bS. 
-Sb'n. 

-.lBti'uiE+ua 
.lBtlHliE + 03

3-0 TAPERED HEAM 37b 
DIRECT 

-BOR,
-RPR.

FORCES ON NODE 2b 
FORCES UN NOwE 3U

NODES 2b 3U mA T s 1 
SZROT 
-2R35. 

1301.
-,3lifJlRbEf02 
.3u01RbE+02

TErtPs 70. 
SZTOP SYB-ZB 

1157.
-307R•

lb58l7E + 0t 
• 1b101 BE*OH

TBOTYs 
SYT-Z8 
-138*3.

3 B 71. 
.Rb*25lE*05 
.BlbaiOE + O**

70.0 
3YT-ZT 

-R 7b1.
-SuR.

-.R2B0II2E + 03 
-.RR32S1E+03

SYrtOT
lOOlR.
-345R.

SYTQP 
-11 7 R 7 . 

1 b81 • 
-. 235b2 lE + OH 
.23Sb2lEfin

EnO
7R72.

-12bR.
1
2

3H MATs 1 TErtPs 7CJ • tTUI’Zi >di‘0 TBUTYs 70.0 
S2B0T SZTOP SYB-Zd 1IYB-ZT SYT-Zd SYT-ZT

9b7S«
-RIP?.

-.lS^BYEfflY -• 227h5lE'f 03 
.ltRSanEtO1* .22705 lE+03

3-D TAPERED meAM 4 3 R NODES 3U
End direct sybot sytop

2KMR. 
2bRR.

FORCfS ON NODE 3U 
FORCES ON NODE 3*

b02U.
-bSl*.

-b22.mu.
.7i52b3E + 0«*

-•7152b 3E + OH

1 T5. 5353. 33bb.
-3RU2.

2032.
R300.
-.12037RE+04
-.imm+o*

-3277.
1*525.

-.RR8M*8E+0* 
. l(J72SRE*0b

2 5312,
-.373225E+02 
•37322GE+02

fl?.

FIGURE B.l. ANSYS OUTPUT DATA, ELEMENT STRESSES

Z

f
130

,Y
376 X

I

L439 ->I30 IKEY:

FORCE

MOMENT

FREE BODY DIAGRAMS OF ELEMENTS 
376 AND 439

FIGURE B.2.
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The freebody diagrams, Figure B.2, of these elements, 376 and 439,

Also included in theshow the above stresses applied to the elements.

diagrams are the weight forces (.48 lbs) of each element acting at their

Both elements are 64-in. long.centroids in the negative (-)z directions.

A. STATIC MEMBERS

To prove that the forces tabulated are all those exerted on the element,

the sums of the forces in each direction and the sum of the moments about each

axis are taken for each element and for the entire I-beam. If these quantities

are zero, the member is static, thereby, proving the point.

1. Stresses on a Single Element

First consider element 376. The sums of its forces and moments

approach 0 as follows. Moments are taken about node 30 and include the

effect of the weight.

ZF = 2356.21 - 2356.21 = 0x
ZF = 30.0196 - 30.0196 = 0

y
ZF = 1658.17 - 1610.18 - 48.0 = -0.01z
ZM = 184.140 - 184.140 = 0x
ZM = ZM . + ZL.F . + £(wt) yi i zi

= [-96425.1 - 8162.1] + [64 (1658.17) + 32 (-48)] = -0.32
y

ZM = ZM . + ZL.Fzi i yiz
= [928.002 + 993.251] + [-64 (30.0196)] = - 0.0014

Some round-off error is present and accounts for the - 0.0014 and - 0.32 values.

2. Stresses on a Pair of Adjacent Elements

Programming the same activity with the adjacent elements 376 and

439 produces the same results. Here moments are taken about node 34. Again

some round-off error is apparent.

B-4



I
EF = 2356.21 - 2356.21 - 7152.63 + 7152.63 = 0x
EF = 30.0196 - 30.0196 + 37.3235 - 37.3235 = 0

y
EF = 1658.17 - 1610.18 + 1543.84 - 1495.84 - 2 (48) = -0.01z
EM = 184.140 - 184.140 + 227.651 - 227.651 = 0x
EM = EM . + EL.F . + EA. (wt) y yi i zi i

= [-96425.1 - 8162.1 + 9989.48 - 107259.] +[128 (1658.17)

+ 64 (-1610.18 + 1543.84)] + [96 (-48) + 32 (-48)] = - 0.72

EM = EM . + EL.Fzi i yiz

= [928.002 + 993.251 + 1203.79 + 1184.85] - [128 (30.0196)

+ 64 (-30.0196 + 37.3235)] = - 0.065

3. Stresses on Entire I-Beam

Similarly, the above quantities can be calculated for all the

elements which make up the I-beam. Table B.2 lists and sums the elemental

forces and moments as calculated by a typical ANSYS finite element program. 

The total force in the z direction is equal to the opposing weight force

of the beam. The suras of the total moments about the y- and z- axes take

into account moment inducing eccentric forces in the Z and Y directions,

Due to round-off errors magnified by the number of terms andrespectively.

sum (29.997 or -0.0214) vanishes completely.length of the beam neither moment

B. SHEAR AND MOMENT DIAGRAMS

These data produced by the ANSYS Finite Element Computer Program can

also be used to calculate stresses throughout the beam or in any particular

To demonstrate this, again consider element 376 of the longitudinalelement.

The stresses on the element in theI-beara and its stresses in Table B.l.

X-Z plane are diagrammed in the freebody diagram in Figure B.3a. From

these values the shear and moment diagrams in Figure B.3b are derived.

B-5



1658.17
8162.1

■22356.21X 2356.21
*2ff I94625.1

1610.1848

a.) X-Z Plane Freebody Diagram, Element 376

1 My (x)

x
-8162.1

•<3363.66

-96425.1

i, V (x)

1658.17 1610.18

x

b.) Shear and Moment Diagrams

FIGURE B.3. FREEBODY, SHEAR, AND MOMENT 
DIAGRAMS OF ELEMENT 376
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APPENDIX C

INTERPRETATION OF STRESS PLOTS

C.l



INTERPRETATION OF STRESS PLOTS

One of the output options with the ANSYS finite element analysis 

program is the plotting of shell and plate stresses, 

imum and minimum in-plane stresses calculated by ANSYS for each element

Given information specifying a particular shell or surface 

of the model, the routine plots the surface and its isostress lines which

These are the max-

of the model.

are contour lines connecting points within the geometric profile having

Stress plots are similar to topographic maps; theyequal stress values.

indicate lines of constant stress rather than constant elevation.

Along with other information in the element summaries produced by 

ANSYS, the calculated maximum and minimum stresses are tabulated. Similar­

ly, both maximum and minimum stresses can be plotted as they are in this

volume. A maximum stress plot presents lines connecting the maximum stresses

of all the elements of the desired surface. These lines may be either ten­

sile or compressive stresses since the maximum stress of an element completely

in compression would be a compressive stress. Similarly, a minimum stress plot

indicates lines of constant stresses which are the minimums of the elements

In both cases, dashedshown and could be tensile as well as compressive.

stress lines indicate the boundary of tensile and compressive stresses, that

is, the line of zero stress. Although in this volume the signs of the

stresses are not indicated, they can be determined by comparing the plots

of maximum and minimum stresses. Lines parallel in both plots are of the

same sign; perpendicular of opposite sign.

The stress contours, or lines, of the plots are drawn at equal inter­

vals of stress such that each line indicates an increase or decrease of,

Where isostress lines are spaced 

widely, stresses change gradually, similar to how a rolling plain is indicated

for example, 100 psi over its neighbor.

C. 2



As stress lines become more crowded stress concen-on a topographic map.

trations, akin to cliffs topographically, occur. The concentrations may

be of compressive or tensile stresses.

/
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ABSTRACT

Exploded isometric drawings of selected areas of the mobile home

Essentially, the drawings arestructures are presented in this volume.

freebody diagrams of elements of the finite element model depicting loads

imposed upon these elements by various static and dynamic load conditions

and the resulting in-plane stresses. The elements diagramed from the

various areas of the structure are those with the greatest stresses -

compressive as well as tensile - as computed by the finite element

analysis.
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DEFINITIONS

The following pages contain definitions of words or terms used in
i < cthis document.

ANSYS - A large-scale general purpose computer program developed by 

Swanson Analysis Systems, Incorporated, Elizabeth, Pennsylvania. Analysis 

capabilities of the program'include: (1) static and dynamic, (2) plastic, 

creep and swelling, (3) small and large deflection, (4) steady state

and transient heat transfer, and (5) steady state fluid flow types of

problems. The matrix displacement method of analysis based on finite

element idealization of the structure is employed in the program. The

library of finite element types in the program numbers more than 40 for

static and dynamic analyses and 10 for heat transfer analyses. This

variety of elements gives the program user the capability of analyzing

frame structures, piping systems, two-dimensional plane and axisymmetric

solids, flat plates, three-dimensional solids, axisymmetric and three-

In this study, the programdimensional shells, and nonlinear problems.

is used for static analysis of the mobile home structure, idealized as

an assemblage of bar, beam, and membrane elements.

ELEMENT - A component part of a structure for which the relation­

ships between forces and displacements at a finite number of points

In this study, elements used are(or nodes) on the element are known.

bars, prismatic beams, tapered beams, and membranes.

NODAL POINT - A point in space where two or more elements are con­

nected in the idealization of the structure.

DEGREE OF FREEDOM - The direction of force or displacement at a node.

For example, the three-dimensional elastic beam element used in the study

ix
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r
The element has six degrees of freedomhas two nodes, one at each end.

translations in the nodal x, y, and z directions and rota-at each node:

tions about the nodal x, y, and z axes.

BOUNDARY CONDITIONS - Specified external loads and/or displacements

applied at the nodes of the idealized structure.

RESTRAINT - A displacement boundary condition specified as zero in ANSYS. 

For example, if the node at the hitch is assumed stationary, displacements

in the x, y, and z directions are all specified as zero.

MODULUS OF ELASTICITY - The slope of the stress-strain diagram of a

material in the elastic range.

MASS DENSITY - The mass of a body per unit volume. When multiplied by

the acceleration of gravity, the mass density becomes the specific weight

in pounds per unit volume.

GRAVITY LOAD - Load applied to the structure by the weight of a com­

ponent part.

EQUIVALENT STATIC LOAD - The load obtained by multiplying the weight of

a structural component by its root-mean-square acceleration, as determined

from the dynamic analysis (32 percent probability of not being exceeded or.

multiply by a factor of 3 to obtain 99.9 percent probability).

MAXIMUM/MINIMUM IN-PLANE STRESSES - The maximum and minimum principal

stresses acting in the plane of a membrane element. (Note that a membrane

element is not capable of resisting a force component applied perpendicular

to the plane of the element).

STRESS CONTOUR PLOT - A plot of a membrane element showing contours

(or lines) of constant maximum or minimum stress levels.

EXPONENTIAL - Standard form of presentation of a number in E format,

showing the number of places the indicated decimal must be moved to the

right (plus exponent) or left (negative exponent). For examples, 1.4 E

x



+ 03 - 1400., and 1.4 E - 02 = 0.014.

CARD SET - A group of input cards used in ANSYS for common input

data (e.g., card set D defines the element types and card set E defines

the nodes to which the elements are connected). The total conglomorate

of all the various card sets forms the specified input data required

to conduct a run of the program.

ISOTROPIC - Characteristic of a material that has identical properties

in all directions.

xi
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I.__ INTRODUCTION

The dynamic and finite element static analyses have been demonstrated

as an effective approach to analyze the structural behavior of the mobile

The main purpose of this part of Task I was to investigate thehome.

effects of transportation on a unit through the use of exploded isometric

drawings of selected areas of the mobile home structure. The dynamic 

analysis determined the accelerations generated during the transportation

mode. The finite element static analysis generated the resulting stresses

and displacements based on structure weight and the equivalent static

loads developed in the dynamic analysis.

In this study, the aforementioned isometrics for mobile homes T-l,

T-2A and B were made indicating the type of structure and method of 

assembly.* These isometrics are used to display transportation and site

installation stresses and forces not only on separate components or

structural systems of a mobile home, but also on the integrated structure

Tables preceding the isometrics present theof the unit, where possible.

maximum and minimum in-plane stresses (i.e., greatest tensile and

compressive stresses) of individual components of interest. These values

were calculated in the finite element analysis for each load case

A summary of load case descriptions is shown in Table 1. Indeveloped.

addition to the stresses, the finite element analysis can generate, upon

request, the deflection and comer loads for each element, as well as the 

deflection for the overall unit. (Task I, Volume III.) The analysis,

however, cannot generate cumulative damage of individual or isolated joints

because:

. The basic conditions or parameters associated with each joint 
are not known at the start of each test.

* The stresses and forces indicated in the isometrics are those present in
the test units and are not to be interpreted as typical for all mobile homes.

1
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TABLE 1

DESCRIPTION OF LOAD CASES AND LOAD CONDITIONS

Gravity Load - Weight of Mobile 
Home Unit With Furnishings Included

LOAD
CASE

1
Furnishings Added With Dynamic 
Loading Induced by Well-Paved Road 
at 45 mph (Test Run No. 1)

LOAD
CASECONDITION

I 2
LOAD
CASE

Furnishings Added With Dynamic 
Loading Induced by Well-Paved Road 
at 45 mph (Test Run No. 5)• 3
Setup/Takedown (Jackup) Loading 
with Furnishings Included

LOAD
CASE

CONDITION 4
II LOAD

CASE
Worst Case Condition - Furnishings 
Plus Dynamic Loading Induced by 
Paved, Secondary Road5

2



. As each joint degrades it is supported by the adjacent joints 
to which the unabsorbed load is transferred. Therefore, the 
stability or integrity of each joint is indeterminate by this 
method.

. Individual joint analysis for cumulative damage would be the 
source of a completely separate study requiring development of 
degradation curves that involve load, frequency, displacement 
and time from typical laboratory tests. Once such "joint- 
curves" were available, the loads or stresses and frequencies 
generated by the finite element analysis would be applied to 
the curves for the degree of degradation or the remaining use­
ful life of each particular joint. Such a family of curves 
would have to assume a certain standard of integrity for each 
joint, although we know the integrity of joints varies con­
siderably because of the construction/assembly methodology 
used for mobile home production.

In this program, it is important to note that the entire mobile home

has been analyzed as an integrated structural unit via the dynamic and

finite element methods. To develop the loads and stresses in each unit,

the finite element analysis method divided each mobile home into hundreds

There exists a trade-off with regardof small elements to form a mesh.

the finer the mesh, the more detailed and accurate theto the mesh size:

analysis, but the more points there are to analyze and the more costly the

program to run.

The computer printout of the finite element program furnishes data

Results for particular components of the unit -over the entire unit.

such as windows, doors, door openings, corner joints, wall attachments,

If you want to investigate the effectsetc. - are accessible from the data.

of loads at any point in the structure, choose the element that repre­

sents this point from the mesh and follow through the computer printout 

(as indicated in Volume III) to determine the stresses and deflection for

The stresses for the exploded iso-that particular loading condition.

For concentrated weight items - suchmetrics were handled in this manner.

3



as the central heater, refrigerator or toilet - the equivalent static load

obtained by applying the acceleration in the area of the item developedwas

A designer can usefrom the dynamic analysis to the c.g. of the component, 

these equivalent static loads to provide adequate attachments for each

In addition to the latter loads, the frequency of vibrationscomponent.

of the component generated by road and speed conditions should be con­

sidered by a designer since this kind of stress has proven to be more

A frequency of between 5 and 10damaging than that of the static loads.

Hz has been recorded as the average for the mobile homes tested. This

frequency seems low, but when augmented by accelerations of 0.3 to

1.0 g's, these repetitive loadings can be damaging. An example is a

toilet with only two hold-down screws that are inadequately anchored and

improperly located. The screws are inserted into a plastic ring which

is screwed into a particle board floor. The c.g. of the heavy unit is not

located above the screws but toward the tank creating an eccentric loading

condition. Because of vibrations, the soft wax seal cold flows and

develops leaks. Two hold-down screws are inadequate to prevent this

situation, which could result even on site as well as during transportation.

4



II. DISCUSSION

The exploded isometrics present selected areas of the mobile home

structure and heavy-weight components listed as follows:

Structure

• Roof: (1) At the connection of the roof trusses to sidewall 
framing;
At the roof membrane/sidewall interface;
At the top and bottom chords of the roof trusses; and 
On top of the furnace vent outlet.

(2)
(3)
(4)

• Ceiling: At attachment to roof trusses.

(1) At sidewall and endwall joint;
(2) At sidewall interface with window and doors;
(3) At window glazing; and
(4) On exterior siding panels.

• Exterior Walls:

• Interior Walls and 
Electrical: (1) On sidewall and endwall paneling;

(2) On partition walls;
(3) Juncture of sidewalls and ceiling; and
(4) On selected snap-in type wall receptacles.

(1) Over axle area;
Along the hall or corridor;
At joist splices and large notches; and 
At sliding doors, doors, and window cutouts.

• Floor:
(2)
(3)
(4)

• Frame (Chassis) 
and Running Gear: (1) On the large, longitudinal I-beam;

(2) On the cross-members;
(3) On the outriggers above the axles;
(4) On axles, wheels, tires, brakes and spring 

suspension; and
(5) On drawbar and coupling mechanism.

(1) On the sink, tub and toilet; and
(2) On the water heater.

• Plumbing:

On the connection of the furnace vent at 
the furnace;
At the supply duct connection with the 
furnace; and
At the air conditioning unit (if internal 
A-frame mounted).

• Heating & Cooling: (1)

(2)

(3)

5



These items are detailed in the following sketches. A table is pre­

sented with those sketches of areas of the unit structure that have been

modeled as elements in the finite element analysis; specifically, areas of the

exterior and interior walls and the floor. a . , and min
in the latter isometrics, are the prinicipal in-plane stresses.

The stresses, 0max*
T , max
The calculations that support the drawings and the tabulated data are con­

tained in the dynamic and finite element analysis in Task I, Volumes II and III.*

No tables accompany the sketches of areas of the mobile home and heavy-

Note that theweight components that have not been modeled in the analysis, 

celotex ceiling was not considered a load carrying item of the structure

because data obtained in testing the module indicated that the installation,

using staples and interlock attachments, offers little resistance as a panel,

particularly in the torsion mode.

*The finite element computer printouts as well as the computer card 
for T-l, T-2A and T-2B are available at SwRI.

program
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The freebody diagrams on the following pages are of the form below.

This figure is intended as a guide with which to interpret the later

diagrams. Units are indicated here for forces and stresses. In-plane

membrane stresses are parallel to the mobile homes axes in most cases.

and Oj are rotatedFrom these, the maximum and minimum stresses,Omav &in>
RMS g accelerations are given for theat some angle within the plane.

dynamic Load Case 5 only r— not the static Load Case 4. These

accelerations are in the vertical direction. Lateral accelerations are

3/4 of the vertical accelerations.

445 lb

852 lb 0 lbw

Nodal
Forces

8 psi

w
In-Plane
Membrane
Stresses

Negative - Compression 
Positive ■ Tension

2 psi

—4^Node

t0 lb 847 lb
402 lb

Element No.j----------------------------------------

Maximum (or minimum) in-planej-----------
Stress (or shear stress,!) I

Vertical g
of the Element For Load Case 5

-Element 103 

amax= 117 Psi

- .264 g'sAcceleration ----grms rms

f-See Table 1, page 2 for 
description of Load Cases

•Load Case 4

Mobile Home Coordinate System 
Indicating Positive Axes Directions

8



r

*

T-l

14 x 64 SINGLE-WIDE 
MOBILE HOME UNIT
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For interior panel elements 
along the interface:

Kin
(psx)

Element
Location

Element * 
Location

LoadLoading
Condition

Max
El era.(psi) El era.Case****

Lower Left 
Front

Lower R ight 
Front

**
-358 8027644491

Cond.
-408 8027642 502

I
-409 8027645053

Forward 
Left Side

'.Forward 
Left Side4 328 737 -337 737Cond.

764 -8455 1002 802II

* Element locations are detailed in Table 2 and Figure 35. 
Positive stress value signifies tension on the element 
Negative stress value signifies compression on the element 
See Table 1 for details

**
***

****

FIGURE .5. T-l - SIDEWALL/ENDWALL INTERFACE
14



= 328 
= -337

o
GmaXmin

ELEMENT 737

LOAD CASE 4

3054
0 2603

(594) 2449
266

598

2160-^ ^A* 2772

4325 2702
397,

\|@)
1495 Q 259

= 2,36g 2800476rms

ELEMENT 764 ELEMENT 802 a= 1002 = -845a LOAD CASE 5 minmax

Srms 2.92FIGURE 6. FREEBODY DIAGRAMS 
T-l SIDE WALL/END WALL INTERFACE-NODE
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X

LEFT SIDEWALL:’

fc***j|o7toJC 
Ccse (PSI)

Kin*7"

(PSI)
Max T

(?SD
Eic.-.cnt

Location*
Element

Location*
Element

Location*
Loading

Condition Elea.Elea.Elen.

**
Rear

Left Side
Rear

Left Side
Rear

Left Side 72 229-49 2281 229111

Rear
Left Side

Rear
Left Side

Rear
Left Side

Cood.
-46 229228 792 229132

I
Rear

Left Side
Rear

Left Side
Rear

Left Side-45 228 78 2293 133 229

Rear
Left Side

Rear
Left Side

Rear
Left Side229 634 61 175 -83 175Cond.

Renr Ronr llcuf
Left Side

'TT
229 Left Side5 299 -50 228 14ft 229Left Side

RIGHT SIDEWALL, REAR:
a a a a
Load
Case

<hux
(PSD

°Min
(PSI)

r
Element

Location*
Element 
Locacion *

Loading
Condition

Kax
(PSD

Element 
Location •*Elen. Elen. Elem.

Center 
Right Side

Rear
Right Side

Rear
Right Side1 267 -211333 192 219 192

Cond. Center 
Right Side

Rear
Right Side

Rear
Sight Side2 267 192371 -232 140 192

X Center 
Right Side

Ronr
Right Side

Rear
Right Side3 374 267 -234 192 242 192

Reor
Right Side

Rear
Sight Side

Rear
Right SideCond. 4 134 196 -139 192 112 192

Center 
Right Side

Rear
Right Side

Rear
Right Side

II 5 726 267 -430 1S6 430 267

RIGHT SIDEWALL, FRONT:
Lena
Case

Loading
Condition

.Kax
(PSI)

Element
Location*

Min Eler.eat 
Location * flax Element 

Locacion *Elem. (?1D Elea. (PSJ) Elex.
G~

Forward 
Right Side

Forward 
Right Side

Forward 
Right Side1 159 524 524-277 21S 524

Cond. Forward 
Right Side

Forward 
Sight Side

Forward 
Right Side2 227 524 -355 524 291 524

Forward 
Rl^ht Side

Forward 
Right Side

Forward 
Right Side

I
2313 524 -360 524 296 524

Forward 
Risht Side

Forwa rd 
Right Side

Forward 
Right SideCond. 4 64 524 -208 524 136 524

Forward 
Right Side

Forward 
Right Side

Forward 
Right Side

XI 5 614 524 -854 524 734 524

* Element locations are detailed in Table 2 and Figure 35. 
Positive stress value signifies tension on the element 
Negative stress value signifies compression on the element 
See Table 1 for details

**
***

****

FIGURE 7. T-l - DOOR FRAME INTERFACE WITH SIDEWALL
16



0

(366)

186

0

u^v
-1712

130V z
12 A x144

0

362
J\ 86179
0

ELEMENT 175
O =61
T =63max

ELEMENT 229 

amin = -83max LOAD CASE 4

0m308 439

36'

234

0

632

>Sz>t 999

0

284 579357
ELEMENT 229
a = 299
T = 148max

0 ELEMENT 228
a . = -50min= 1.63g max LOAD CASE 5rms

= 1.63grms
FIGURE 8.

T-l DOOR FRAME INTERFACE WITH LEFT SIDE WALL
FREEBODY DIAGRAMS-NODE

i
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0

3Q

00 z
XY

361
357

0

ELEMENT 192 
= -139 
= 112

ELEMENT 186 a .min
maxTLOAD CASE 4

0u 1017

1718

1033
1215

08rms= 1*67 

= 726 

- 430

ELEMENT 186ELEMENT 267 = -430a . rama LOAD CASE 5max
=1.77gT rmsmax FIGURE 9. FREEBODY DIAGRAMS 

T-l DOOR FRAME INTERFACE WITH REAR RIGHT SIDE WALL-NODE
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0

3 Vi -531
0

127 *

125

0

ELEMENT 524 
= 64 
= -208 
= 136

t481 a307 maxa0 min
maxT

LOAD CASE 4

0

*41421369

0
942

1524

^ 1635 

^1034

= 614 
=-854 
= 734

amaxa . TminA max
0

= 2.93g

30^ ,
rmsELEMENT 524t203 1466

0 LOAD CASE 5XXX)~ NODE

FIGURE 10. FREEBODY DIAGRAMS 
T-l DOOR FRAME INTERFACE WITH FRONT RIGHT SIDE WALL
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\

Stresses in elements adjacent to the 
windows are;

frfrfr
Load
Case

flax ^(rsn(PSI)
Eleoont 

Location *
K Elcocnc

LorntIonMax V 
(PSD

Elcnont
Location*

Load Inc 
Condition Elea.Elen.Elen.

****** Center 
Left Side

Center 
Le.'t Side

Rear
Left Side 314250338-2821 285272

M Center 
Left Side

Cond.
314253-290 3382 285287

il Center 
Left SideX 314254338-2853 285284

Center 
Left Side

Center 
Left Side 3141484814 -223Cond. 162 285

Center 
Left Side

Forward 
Left Side

n
3143765 -483 589285466II

Rear
Right Side

Forward 
Right Side

Rear
Right Side 1541881 -245 657190233

Cond. Rear
Right Side

Forward 
Righc Side

•i
1922 240-255 657435280

Forward 
Right Side

ii1
244-255 4353 435 657269

Forward 
Right Side

Rear
Right Side

ii

4 -208 1*4657 634161 684Cond.
■i Center 

Right Side
Center 

Right Side4665 -658 626722 435 466XX

Right
Roar Center

Right 
Rear Ccnte

Right
Rear Center1 -33 18 3838 18 18

Cond. M Right
Rear Center

M

2 48-4947 17,18 18 18

h •l Right
Rear CenterX 3 -47 4646 17,18 18 18

Upper 
Rear Side

Lower 
Tear Side

Lower 
Rear Side4 45-6337 13 10 10Cond.

Lower 
Right Rear

Right
Roar Center

Wight 
Rear Center

XI 5 17 -107 18 105104 IS

Right 
Front Side

Center
5’rcnt

Center
Front796 -123 6362 794 794

Cond. ii n Center
Front2 -152104 796 794 90 794

■I Center
Front

nZ 3 -151103 796 90794 794

Left
Front Side

Right 
Front Side

Right 
Front Side4 58 -44Cond. 786 31796 796

II Right
Front Si<V:

Center
Front

187 794 Center
Front5 283 796 -298 794

Element locations are detailed in Table 2 and Figure 35.
Positive stress value signifies tension on the element 

Negative stress value signifies compression on the element 
See Table 1 for details

*
**

***
****

FIGURE 11. T-l - WINDOW GLAZING
20



I

385

^441

0

ELEMENT 314
T = 148 max

ELEMENT 285
O = 162 max

ELEMENT 481
a . = -223mm

LOAD CASE 4

0

ij* 12 

1216

\
1240

826
46

410

1249 -314

t 11591214

00 (§3409

338 660 1206252

0 ELEMENT 314
T = 376
g = 1.67 rms

ELEMENT 589
a . = -488mm
8ms LOAD CASE 5

ELEMENT 285
a = 466 max max

= 2.901.67g rmsXXX,-NODE
FIGURE 12. FREEBODY DIAGRAMS 

T-l LEFT SIDE WALL ADJACENT TO WINDOW
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■^-296 
^506

33

■f 201

(323) \|^800 
^*436

@
^-243

297

Z

0
ELEMENT 657 

amin = “208

Y-ELEMENT 684

<w = 161
Tmax - 154

■X

LOAD CASE 4

1270

0 0 1587
\1594 U

1909^

132

<399r
1413'

1665

J.243t1534

0
297
A\

1286 1217

0 grms
ELEMENT 435

anax = 722

1463 1513
W 2‘60

0 ELEMENT 466 
a = -658 
t = 626max

LOAD CASE 5 min

FIGURE 13. FREEBODY DIAGRAMS 
T-l RIGHT SIDE WALL ADJACENT TO WINDOW-NODE
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110
050

(560)
88 172

i204

P
KP>

238

<s$72 189<& )
0 y^h0^|

113 93ELEMENT 13
O =37 max

ELEMENT 10 
a. = -63 

1 = 45LOAD CASE 4 Tmax

291
327 / 0

382188

^zB>
320

333© ©
335

340 340 = -107 
= 105

a . Tmm= 104a ELEMENT 17max ELEMENT 18 max
LOAD CASE 5= 2.63grms r = 2.63 rms

FIGURE 14. FREEBODY DIAGRAMS 
T-l REAR WALL ADJACENT TO WINDOW

-NODE
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49.
86

t85,
592f

-3P

/
123

32

ELEMENT 786 LOAD CASE 4 ELEMENT 796

= -44 
= 31

= 58 aa min
max

max
T

181

,(596)

253

51

0
409249

692

ELEMENT 796
a = 283 max

ELEMENT 794 
°min = -298 

- 187LOAD CASE 5 !T
= 2.49 maxgrms

= 2.49g rms
-NODE FIGURE 15. FREEBODY DIAGRAMS 

T-l FRONT WALL ADJACENT TO WINDOW
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4'r/SUtC.LS.

(

l

Light
Switch

& EjjO
2

:

RIGHT SIDE WALL:

*Xmc
(psi)

^Min
(PSD

Loading
Condition

Load
Case

kkkk
Elen: one 

Location
Element

Location*Elen. Elen.
i kkkkk

Center 
Rlnha Side

Front
Right Side1 267333 -283 754

Cond.
Forward 

Right Side2 371 267 | -355 524
Z

3 364 267 -360 524

Forward 
Right Side*Cond. 4 164 756 524-203

II 5 726 267 -354 524

LEFT SIDE WALL:

L oading 
Condition

Load
Case

kkkk

Max Element
Location*

Min
(PSD

Element
Location(?SI) Elea. Elea.

Forward ! 
Left Side \I 7372S5 -2941 737

Cond.
7372 -334323 737

I 325 7373 -335737

4 328 -377 737Cond. 737i

II 5 6S9 -710 737737

* Element locations are detailed in Table 2 and Figure 35 .
** Positive stress value signifies tension on the element

Negative stress value signifies compression on the element 
**** See Table 1 for details
***.

FIGURE 17. T-l - SIDEWALL PANELING - INTERIOR
26



0

I301 531

@)

125.

175
315

i 128
0©

\!481 307

0

ELEMENT 756
c = 164 max

ELEMENT 524
a . min = -208LOAD CASE 4

0
_ I 1162 

(28 ><
13690 11621613

942
280.

1522196
635

Z 315.
>\1034Y

0

&

20314461033
0

§rms 2.93 
ELEMENT 524
a . min

= 1.67grms
ELEMENT 267
a = 726 nax

= -854LOAD CASE 5

FIGURE 18. FREEBODY DIAGRAMS 
T-l RIGHT SIDE WALL PANELING INTERIOR

-NODE
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I

ELEMENT.737

1158

LOAD CASE 4
a = 328
0®** = 377 min

0

I 874

45.,

819

t = 689 
= -710

amax
min

2233

X)

LOAD CASE 5

- 2.58g rras
-NODE

FIGURE 19. FREEBODY DIAGRAMS 
T-l LEFT SIDE WALL PANELING INTERIOR
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FRONT WALL:

**** Max
(PSI)

crLoading
Condition

Element
Location*

Element
Location*Case Elem. (PSI) Elem.

** ickkL ower 
Left Front

Front
Bottom1 449 764 -367 773

Cond.
Lower 

Left Front
778 & Front

Bottom2 502 764 -409 802

1 Lower 
Left Front

Front
Bottom3 505 7 7*764 —*M>*3

Lover
Right Front

Front
Bottom4 296 802 -295 802Cond.

Lower 
Left Front

Front
Bottom5 1002 764 -845 802II

REAR 'WALL:

^Load
Case

(T>Iax
(PSI)Case

Loading
Condition

Element
Location*

Min Element
Location(PSI)Elen.

Right
Rear Center

Right
Rear Center-3818 181 38

Right
Rear Center

Right
Rear Center

17 &Cond.
18 -49 18472

Right
Rear Center

Right
Rear Center

17 &
I 1818 -47463

Upper 
Rear Side

Lower 
Rear Side-63 10134 37Cond.

Right
Rear Center

Lower
Right RearII 1817 -1075 104

Element locations are detailed in Table 2 and Figure 35. 
Positive stress value signifies tension on the element 
Negative stress value signifies compression on the element 
See Table 1 for details ; \. <;

*
**

•kick
kkkk

FIGURE 20. T-l - ENDWALL PANELING
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774

U°
(598)

\

H-48 71

1081 Z
= 295 
= “296

amax
amin

ELEMENT 802

LOAD CASE 4

3271 2449wa

^2266
578

3054i1590 2603
-27
l\ 56

\i
0

0A 1495
476 2800

575]

I 2160 2772

4325 g_ = 2.36 rms
ELEMENT 764
a =“1002 max

2702 Srms 2.58
ELEMENT 802 
°min = “845

LOAD CASE 5-NODE
FIGURE 21. FREEBODY DIAGRAM 
T-l FRONT END WALL PANELING
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!

r >C°
(560)

31

V
\

.Ng-2 y 52
93

0
93

ELEMENT 13
a =37 max

ELEMENT 10
O . ram

LOAD CASE 4
= -63

291335
0

(564)

I 214 ^ 320t184
333

„ .56(1
o^t 335

Srms 2 * 
ELEMENT 17 

= 104

g = 2.63 rms340 340
ELEMENT 18 

= -107CT LOAD CASE 5 a . minmax

FIGURE 22. FREEBODY DIAGRAMS 
T-l REAR END WALL PANELING-NODE
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££££222*

^6*PCV»»<.U

^•F?*r*cjC.2. / ■3'CVrwx*4C.

I
I

:
?=■£//,'+str

In the finite element model, the different 
sections of the unit (floor, sidewalls, ceil­
ing, etc.) were "pinned" at the nodal points 
at the floor and ceiling lines to simulate 
the unit’s stiffness. The shear stresses, 
therefore, for this model will be zero along 
the partition/sidewall and partition/ceiling 
interfaces. Values for the individual wall 
panels do exist, however.

Element 
Location *

Element
Location*

Load fI Max 
Case I (PST) 

0~~

Min Max
(PSD

Loading
Condition

Element
Location* Elea.o£rsn Elea.Elem.

Interior 
Wall E

Ir.tericr 
Wall E

** ** AInterior
Kail E 309 22;2241 294 -324 224

Crad. Interior 
Wall E

InteriorInterior 
Wall E 337 224-361 224 Wall E2 314 224

Z Interior 
Kail E

Interior 
Wall S

Interior 
Wall E 343 2243 224 -263 224318

Interior | 
Wall »

Interior 
Wall E

Interior 
.Jail :113 224103 2244 117 -noGood.

Interior 
Wall E

Interior 
Wall E

Interior 
Wall 3 665 2242245 578 -751 224II

* Element locations are detailed in Table 2 and Figure 35.
** Positive stress value signifies tension on the element 

***• Negative stress value signifies compression on the element 
See Table 1 for details****

T-l - INTERIOR PARTITION TO CEILING AND SIDEWALLFIGURE 23.
32



24.0A 0891

<S}
285

A 8

<|p) @)

t871 876
16328

90mo847
402 330

ELEMENT 224 
= -130

ELEMENT 103 
a = 117 max a . mm

T . = 118mm
LOAD CASE 4

804
A3554

(682)
976

3569 A

ELEMENT 224

= 578aLOAD CASE 5 max
amin - -751 

= 665(xxx) -NODE Tmax

i-71FIGURE 24. FREEBODY DIAGRAMS 
T-l INTERIOR PARTITION TO CEILING AND SIDE WALL
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310 6134 M193 423

147.

(U2)143. 213403 fs170
6

= 33 
* -15

aELEMENT 281
amaxmin

LOAD CASE 4

6 6
67\t1987

12052000-<
& &

1966136.137
1240 -5=

t\t\
I 515

ELEMENT 250
= 170 
- -181

a1825 maxa .mm
66

Srms 1 • 6 7LOAD CASE 5-NODE

FIGURE 26. FREEBODY DIAGRAMS 
T-l FLOOR OVER AXLES
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1

6 68M 338

HU-72@)\
72-^

32
j
-
i b

!
.5 60 831 76

t\t\ t\196 2261276 66
:■

ELEMENT 215
a =14 max

ELEMENT 164
0 . = -18 min

i LOAD CASE 4

•».%
Lf:

a: 6 6420 6314 25 \t\t 141298 •; «s-^ 140538*"^
13 8, -20

i

5-13-£
X

(l3l)12 4-c 235^ 522 203 KK\\cr. Ic
299 6 123108

6 6256 6

ELEMENT 97
O . = -24min

ELEMENT 215
a =47 max LOAD CASE 5

= 1.778 8rms= 2*17rms

-NODE

FIGURE 28. FREEBODY DIAGRAMS 
T-l HALL FLOOR OVER OUTRIGGERS
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Zx<£ ZTO/3T

****
Load
Case

aMax
(psi)

aMin
(PSI)

Element * 
Location

Element
Location

Loading
Condition Elem.Elem.

Forward of 
Axles

Behind
Axles357 - 86*** 1581 117**Cond.

1582 121 357 -107
I 1583 119 357 -111

4Cond. - 84 15855 357
II 5 -282180 357 158

and a . are the in-plane min
principal stresses.

NOTE: amax

* Element locations are detailed in Table 2 and Figure 35. 
Positive stress value signifies tension on the element 
Negative stress value signifies compression on the element 
See Table 1 for details

***
****

FIGURE 29. T-l - FLOOR JOINT
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670 11 462 1 1500 1

2\t M150 ^ 280260 76 <§)©

58y© 356110 K\\
831x 256 1

LOAD CASE 4 LOAD CASE 5
= 180= 55 aa maxmax

= 2.11gELEMENT 357 rms

T-l FLOOR BEHIND AXLES
11 16055 1 1172

/
588

51

LOAD CASE 4
= -282a= -84a minmin

ELEMENT 158
= 1.63grms

-NODE
FIGURE 30. FREEB0DY DIAGRAMS 

T-l FLOOR JOINT
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VevT Mil.

4 a.***

SM S&ZCV*' 72>o 
l~o*Jes,.

Cf //£"* TC/Z r^sjcc.

see.. A-A

------ LJO L&TJ. 77?/^?/^^ ^7- 7~HIS

4L»- -<

•A

“— C&J7&Z. Of" MASS

C&sjTr?/<u- Ms^rr/a

av
0,0° . OP e'*i

gl6"1"

FW&-

Mo jg6.%T&*f*i~rs <rr i L^r^LrC

■^Coo/^ Z/+/E OF /ifaL C

= 1-63 to 1.71 gfsgrms

FIGURE 34. T-l - CENTRAL HEATER TO VENT
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..

TABLE 2

T-l ELEMENT DIRECTORY

NODAI. CONNECT POINTS*ELEMENT
Oft*NO.

556560555 55910 55856256155713 56056456355917 56156556456018
11511512011496
11612112011597
608610609607103
121126125120136
27126726S272153
270266267271154
129129128123158
126132131125164
363366365362175
473468469474180
274271272277186
275273274276190
275269270273192

132138137131215
626682681625224
365369367364228
366366369365229
47847S473479235
279276277280241
135140 135134245
137142141136250
279279280285267
143148147142281
373376375370285
376380379375314
382332381 384338
164164163158357

297 301298302435
305301302306466
398398402397481

312 315316 313524
404410406 409546
410410412409589

323321324 322657
329325326330684
227232226 231733
422422421419737
336333334337754
335335333336756
576580579575764
580586585579778
5825845S3581786
588591595587794

596 592595591796

594598597593802

*See Figure 35 for nodal point locations. 
**Computer reference symbols
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Stress in elements adjacent to the windows are:

0 min

(psi)
0 max max TElement

Location
Element
Location*

Element
Location(PSI) (PSI) Elem.Load Case Elea. Elem.

** Center 
Right Side

*** Center 
Right Side

Center 
Right Side1 251 391 -238 470 234 469

Center 
Right Side

Center 
Right Side

Center 
Right Side2 281 391 -266 470 261 469

Center 
Right Side

Center 
Right Side

Center 
Right Side4 19 527 -25 527 22 527

Center 
Right Side

Center 
Right Side

Center 
Right Side5 38 389 -31 390 34 390

* Element locations for T-2A are detailed in Table 3 and Figure 69; 
for T-2B, Table 4 and Figure 70.
Positive stress value signifies tension on the element.
Negative stress value signifies compression on the element 
See Table 1 for details.

***
****

T-2B DOUBLE-WIDE - WINDOW GLAZING - LIVING ROOMFIGURE 42.
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1

0

102 1/
:
I•: 0

101^1
!

89

62
363

A^
108

0359,

ELEMENT 527 
3 max = 19 0 min = -25

LOAD CASE 4

159

12
35

0

t 3

t40 20 187
0Element 389 

0 max =* 38
= 1.67

(421, 422)Element 390 
0 min " "31

= 1.67
LOAD CASE 5g rmsNODE grms

FIGURE 43.
T-2B WINDOW GLAZING, LIVING ROOM

FREEBODY DIAGRAMS
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4-ft PANELS

/

/

\/
fa J

RIGHT SIDEWALL:

a min
(psi)

****
Load
Ca3e

C max 
(PSD

Element
Location

Element
Location*Elen. Elem.

*** Front
Right Side

Front 
Right Side

**
852-858531 154

Front 
Right Side

Front 
Right Side -92 8528532 205

T-2A
Rear
Right
Side

Rear
Right Side -78 4877 484

Center 
Right Side

Center 
Right Side -119 3275 103 327

Center 
Right Side

Center 
Right Side-2381 391 470251

Center 
Right Side

Center 
Right Side-2382 281 391 729

T-2B
Rear
Right Side

Rear
Right Side4 123 88 -135 87

Center 
Right Side

Center 
Right Side -125 3623621155

* Element locations for T-2A are detailed in Table 3 and Figure 69; 
for T-2B, Table 4 and Figure 70.
Positive stress value signifies tension on the element 
Negative stress value signifies compression on the element 
See Table 1 for details„

***
****

T-2A/B DOUBLE-WIDE - RIGHT SIDE WALL PANELINGFIGURE 44.
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0

{564 190

(^304)

0
573

(302)/
198

193

>453)t 563
0

ELEMENT 48

amin = -78^ max = 77

LOAD CASE 4 0

416770

(£320)

ELEMENT 327

0 min = -119a max = 103

©>- 1.67grms

301 785

0

©- NODE
LOAD CASE 5

FIGURE 45. FREEBODY DIAGRAMS 
T-2A RIGHT SIDE WALL PANELING
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12
339

. 306 '0

I329
465(g) ”V 10265 187

196

K30 39 8
328

0
30 146

t 057 305
0

ELEMENT 87 
a max = -135

ELEMENT 88 
° max = 123 LOAD CASE 4

162

ELEMENT 362 
a max =115 amin = -125

- 1.67gLOAD CASE 5 rms- NODE

FIGURE 46. FREEBODY DIAGRAMS 
T-2B RIGHT SIDE WALL PANELING
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4-ft PANELS

1 i

LEFT SIDEWALL
T Element 

Loo cion*
Element 
LocaCion *

0 o Bin 
(PSI)

max
(PSDad Case Elem. Elen.-

*• Prone 
Left Side

Center 
Left Side -153 834144 4101

Center 
Left Side

Front 
Left Side834410 -1582 152

T-2A
Front 
Left Side

Center 
Left Side 4104 68 307 • -184

Front 
Left Side

Center 
Left Side 834-1694104465

Rear
Left Side

Rear
Left Side 64-37103621

64 Rear
Left Side

Rear
Left Side -46103762

T-2B
Rear
Left Side

Rear
Left Side 103-510384

Rear Rear
Left Side5 103-110103102 Left Side

Element locations for T-2A are detailed in Table 3 and Figure 69; 
for T-2B, Table 4 and Figure 70.
Positive stress value signifies tension on the element 
Negative stress value signifies compression on the element 
See Table 1 for details

*

**
•kick

****

T-2A/B DOUBLE-WIDE - LEFT SIDE WALL PANELINGFIGURE 47.
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85

I L
/<91

(1440)

\

^17°
/

0

(1439)
125

1450,

200
\t 0

14
76

ELEMENT 410 
^min =“184

ELEMENT 307 
° max = 68

LOAD CASE 4

ELEMENT 834

°max = 446 ° min - -169* •#**

- 1.898 - 2.68LOAD CASE 5rms g
(XXX)- NODE rms

FIGURE 48. FREEBODY DIAGRAMS 
T-2A LEFT SIDE WALL PANELING
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.'
8

i

49

ELEMENT 103 
amax = 8 amin = -5

0

778 ^ 

/(409)

335

01782

©
196

240

770ELEMENT 103
=102 ^ min = -110 (406)max 0

grms= 1-80
i. 291 788

0NODE
LOAD CASE 5

FIGURE 49. FREEBODY DIAGRAMS 
T-2B LEFT SIDE WALL PANELING
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4-ft PANELS FRONT

CEILING

1 i WALL

I

II It

FLOOR LINE

FRONT ENDWALL:

a min 
(PSI)

**** c max 
(PSI)

Element
Location*

Element
LocationElea. Elea.Load Cage

** Lower
Front

*** Lower
Front1 105 890 -168 889

Lower
Front

Lower
Front2 110 890 -177 889

T-2A
889+ Lower

Front
Center
Front4 12 903 -18 902

Right
Front

Lower
Front5 40 908 -29 889

Lower
Front

Center
Front891 866 -124 871

Lower
Front

Center
Front2 92 866 -127 871

T-2B

Center
Front

Upper
Front4 26 871 -27 873

Lower
Front

Lower
Front-67 8665 65 866

* Element locations for T-2A are detailed in Table 3 and Figure 69; 
for T-2B, Table 4 and Figure 70.

** Positive stress value signifies tension on the element
Negative stress value signifies compression on the element 
See Table 1 for details

***
****

T-2A/B DOUBLE-WIDE - FRONT END WALL PANELINGFIGURE 50.
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49

©>/'
16

ELEMENT 902
^min = -18ELEMENT 889

a max

LOAD CASE 4

ELEMENT ELEMENT 889 
a min = -29amax =40 

Srms= 2-58 
(xxx)- NODE

= 2.36gLOAD CASE 5 rms
FIGURE 51. FREEBODY DIAGRAMS 
T-2A FRONT EM" HALL PANELING

63

:
,;



ELEMENT 873 
amin = -27ELEMENT 871 

a max = 26

LOAD CASE 4Z

‘I1i^°491

<3>81

481

0

>^°
I 492

182(75

0 ELEMENT 866 
a max = 65

479
a min = -67160

= 2.36 rmsNODE LOAD CASE 5
FIGURE 52. FREEBODY DIAGRAMS 
T-2B FRONT END WALL PANELING
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p

4-ft PANELS LEFT

CEILING

AI I
!
;
i i*

WALL

1
FLOOR LINE

REAR ENDWALL:
*

**** Element
Location*

Element
Location

O min 
(PSD

O min
(psi) Elem.Elen.Load Case

Lover
Rear

Lower
Rear 22 -19191

Lover
Rear

Lover
Rear-2122 21 2

T-2A
Left
Rear

Center
Rear6-4848 84

2 Lover
Rear

2 -194197 Lover
Rear

5

Lover
Rear

Lower
Rear 6-206191

Upper
Rear

Lower
Rear -18 917 92

T-2B
Upper
Rear

Lover
Rear 9-599584

Right
Rear

Right
Rear5 66 -6.6

* Element locations for T-2A are detailed in Table 3 and Figure 69; 
for T-2B, Table 4 and Figure 70.

** Positive stress value signifies tension on the element
Negative stress value signifies compression on the element 
See Table 1 for details

***
****

T-2A/B DOUBLE-WIDE - END WALL PANELINGFIGURE 53.
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118
342

710)

126

t^355

344

1^
0ELEMENT 8 ELEMENT 6 

0 min = -48
143amax = 48

LOAD CASE 4

704,

520

o.@
2

l\1433
513

©
><1439

495ELEMENT 2 
^max =197 
amin = -194 

LOAD CASE 5
§rms 2.63

NODE
FIGURE 54. FREEBODY DIAGRAMS 
T-2A REAR END WALL PANELING
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!
154

Element 9
0 min = -59max =58

LOAD CASE 4
18
\ 370

12
\

48

o

° ^ 703

36 (S)14

048
15ELEMENT 6 

a max = 6 a min = -6

« 2.63LOAD CASE 5 grms
NODE FREEBODY DIAGRAMSFIGURE 55.

T-2B REAR END WALL PANELING
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CELOTEX CEILING

i
SIDEWALL

i

PARTITION---^
PANELS

!
i yi

ri j
!

HALL
» I

FLOOR LINE !!

Having "pinned" all components of each unit 
at the wall/floor and wall/ceiling interfaces,
the shear stresses along these surfaces will 
be zero. However, values for the individual wall
panels do exist.

T
o min
(psi)

O max 
(PSI)

Element
Location

Element
Location*

max T 
(PSI)

Element
LocationLoad Case **** Elem. Elem. Elem.

** Interior 
'./all I

» • * Interior 
Wall B

Interior 
Wall I1 75 791 -63 191 66 791

Interior 
Wall I 191+ Interior 

Wall B
Interior 
Wall I2 78 791 -75 293 68 791

T-2A
Interior 
Wall J Interior 

Wall J
Interior
Wall
Interior
Wall

4 146 349 -217 349 181 349
Interior 
Wall J

Interior
Wall J

l
5I 766 349 -1331 349 1043 349

i
I Interior 

Wall F
Interior 
Wall B

Interior 
Wall B1 63 659 -75 181 64 181

Interior
Wall B

Interior
Wall F2 69 659 -74 187 60 187 Interior 

Wall BT-2B

Interior 
Wall K

Interior 
Wall K

Interior 
Wall K4 57 667 -57 667 57 667
Interior 
Wall KInterior 

Wall x
Interior 
Wall X5 202 667 -201 667 201 667

Element locations for T-2A are detailed in Table 3 and Figure 69; 
for T-2B, Table 4 and Figure 70.
Positive stress value signifies tension on the element 
Negative stress value signifies compression on the element 
See Table 1 for details

T-2A/B DOUBLE-WIDE - INTERIOR PARTITION TO CEILING AND SIDE WALL

*

***
kkkk

FIGURE 56.
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0

1287

(^870)
0

I1404

452
(^869)

(±868) 322

1376

1249

ELEMENT 349 
a max = 146 amin = -217

LOAD CASE 4
0

7272

(^870)
0

8299

(^869)
2601

2241

8011
0

(l867)

6974360
0

ELEMENT 349 
^ max = 766 amin = -1331

= 1.67grmsLOAD CASE 5NODE
FIGURE 57. FREEBODY DIAGRAMS 

T-2A INTERIOR PARTITION TO CEILING AND SIDE WALL
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0

145

145

422

0
ELEMENT 667 

amax =57 G min = -57

LOAD CASE 4

Element 667
G max = 202 Gmin ="201

= 3.03grms

LOAD CASE 5
FIGURE 58. FREEBODY DIAGRAMS 

T-2B INTERIOR PARTITION TO CEILING AND SIDE WALL
NODE
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ELEMENT 238 
amin = -56

LOAD CASE 4

462

a min - -543 i= 1.67
= 1.67grms

NODE LOAD CASE 5
FIGURE 60. FREEBODY DIAGRAMS 

T-2A FLOOR OVER AXLE
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i112 18

2321,67

500

x
16'

692

1

ELEMENT 297 
G max = 130

ELEMENT 218
0 min = -158

LOAD CASE 4

I

ELEMENT 297 ELEMENT 252
amax = 346 amin = -39

LOAD CASE 5(XXX;- NODE
FIGURE 61. FREEBODY DIAGRAMS 

T-2B FLOOR OVER AXLE
73



/
7

]7/(
PARTICLE BOARD FLOORING__ ____^I JOINT->

z
I-BEAM

0 min0 max
(psi)

****
Element
Location

Element
Location*

Elem.
(PSI) Elem.Load Case

•• ***Center
Floor

Rear
Floor1 45 359 -40 183

Center
Floor

Rear
_Fioor2 48 359 -46 188T-2A

Center
Floor

Rear
Floor4 169 348 -298 238

Center
Floor

Rear
Floor5 388 359 -543 238

Center
Floor

Front
Floor1 84 297 -47 803

Center
Floor

Front
Floor2 84 297 -50 803

T-2B

Center
Floor

Rear
Floor4 130 297 -158 218

I Front
Floor

Center
FloorI 3465 801-140297

__L

* Element locations for T-2A are detailed in Table 3 and Figure 69; 
for T-2B, Table 4 and Figure 70.

** Positive stress value signifies tension on the element
Negative stress value signifies compression on the element 
See Table 1 for details

kkk
kkkk

FIGURE 62. T-2A/B DOUBLE WIDE - FLOOR JOINT
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ELEMENT 238 
ainin = -56

LOAD CASE 4

385

0 min — -543 i
= 1.67

= 1.67grms

LOAD CASE 5NODE

FIGURE 63. FREEBODY DIAGRAMS 
T-2A FLOOR JOINT
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I

>g^2321

ELEMENT 297 ELEMENT 218
°max = 130 amin = -158

LOAD CASE 4

317

32

1834
^1922

411

ELEMENT 297 
0 max = 346 

= 1.67

ELEMENT 801 
CTmin = -140 

= 2.81LOAD CASE 58 grms rms- NODE
FIGURE 64. FREEBODY DIAGRAMS 

T-2B FLOOR JOINT
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/ Ye*jt P>p&
■ Rodf=r Ju*/e

D• Attach n zr+j ?rr C^:-j/L/AiCk P^7,e’

ytetfrr^P-
T*/9 /*&**<*x —=-* V&rroz T&O

.-Sfec. A-A

.H&WTTjg. Attach c.t> To >v5^4 C.
£>/= CZCoJST oy STAG'S** 1=*

A-mocHyiEUT or /c^r VS h7ev»rerr<
(SJOs/a }

1
1

:4.
f^tZSTrS'AfrJ'rs------------

(OtfL-y 2> /3Rpt-'^b 7o 
-T-ZA )

-— «£Va//->2v<7Z. //& 7-er*?
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rTABLE 3 !
T-2A ELEMENT DIRECTORY

ELEMENT NODAL CONNECT POINTS*
NO. I ** J ** K** L **

2 1703 1701 1702 1704
188 1129 1134 1135

1140
1130
1135
1810

189 1134 1139
191 1809 1811 1812

293 1817 1819 1820 1818
359 1163 1168 1169 1164
410 1450 1456 1457 1457
791 1843 1845 1846 1844
834 1501 1504 1505 1502
852 1349 1351 1352 1350

1352853 1351 1353 1354
889 1751 1753 1754 1754
890 1751 1754 1755 1752

*See Figure 69 for nodal point locations. 
**Computer reference symbols
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TABLE 4

T-2B ELEMENT DIRECTORY

NODAL CONNECT POINTS*ELEMENT
LKI JNO.

704702703 7016
710708709 7079
403402 40540464

407408 409406103
132136 137131171
812814811 813181
806808805 807187

167160 166 167297

340343339 342391

347469 346 350 351
470 354 355 351350

839 839659 836 838

381729 380 383 381

803 250 256 251255
866 751 754 752753
871 753 758 755757

*See Figure 70 for nodal point locations. 
**Computer reference symbols
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III. PERFORMANCE EVALUATION

At this point, the methodologies of the dynamic and finite element 

analyses have been revised and improved for the third time.
I

is now in a usable configuration, 

odologies through the comparison of predicted data with that of the actual

Each program

Task III will verify these analysis meth-

road tests.

Evaluation of the finite element analysis indicates areas of high

stress, such as:

• Large openings like sliding glass doors and double windows;

• Front and rear doors;

• Maximum open spans (in the longitudinal direction);

• Joints that can be described as "soft" or "unstable** like the
sidewall to roof joint with soft celotex in between or the sidewall 
to floor joint with asphalt or vinyl flooring in between;

• Over the axles, especially when large cutouts or doors are added 
in the sidewalls.

Of the above, the joints are believed to be the primary problem in

If one joint suffers a reduction in inte-the degradation of a mobile home.

grity or rigidity, then all or part of its load-carrying capability is trans­

ferred to the adjacent joints which, in turn, may be overloaded. This over­

loading of adjacent joints causes increased degradation within the joint and

activates a sort of chain reaction of degradation along an entire length of

joints, like the joints between the sidewalls and the roof trusses, 

reason, SwRI found torsion to be more critical in the degradation of a unit

For this

than the vertical bending mode. The application of adhesives significantly

improved the integrity and rigidity of many of the joints in the mobile

home system; but the remaining joints need to be similarly improved.

Furthermore, SwRI preliminary tests revealed that the galvanized metal 

roof cover of a mobile home offers no structural resistance to normal deflec-
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This lack of structuraltion of the unit structure during transportation.

resistance to deflection is the result of the metalTs tendency to wrinkle

diagonally in either direction prior to becoming a tension member. Because

the roof membranes are fastened with staples only around the folded down edges,

any torsional deflections in the box structure introduce roof wrinkles in one

direction, loading in tension at the edge attachments and shear at the

The repeated flexing and reversal of loadinglateral joints in the membrane.

causes loosening of seals around vents, edge drop rails, lateral joints and 

edge attachments, inevitably causing water leaks in the ceiling and/or walls.

The use of plywood sheathing on roof trusses and under the galvanized

metal membrane of mobile homes provides a significant increase in torsional

rigidity in that such sheathing completes all sides of the torque box. The

plywood then absorbs the loads the single metal membrane cannot, reducing the

damage caused by the flexing metal roof.

For the most part, steel chassis strength is analyzed with respect

to vertical loading. This is evidenced by the fact that "pre-cambering" of

/ the longitudinal I-beams offsets vertical loading only. There are no cal-/
culations for the rigidity of the chassis in the torsional mode. In fact,

many of the chassis have only lateral spacer angles between the I-beams -

particularly if the unit employs lateral floor joists. There are no tests for

torsion on the chassis or box structure.

However, torsion tests conducted on each mobile home did reveal the

significance of nonsymmetry in the cross-section of the units. Torsion in the

cross-section was noted to be directly proportionate to the degree of torsional

resistance in the counterclockwise direction versus the clockwise direction.

In the single-wide, where all but one shear wall are attached to one side

and the corridor is placed along the opposite side, the difference in torsional
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resistance in- the two directions was found to be significant. In the double-

the difference is further amplified by the lack of wall structure alongwide 9

the mating line. Even as a double-wide sits unsupported on the running gear,

it indicates as much as 7 or 8 degrees asymmetrical loading in the direction

of the exterior wall.

methodology, application, programsIn tasks to follow, the concept,

and results will be chronicled in the development and application of Task I*s

dynamic and finite element analyses. =
5
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