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the basis for this report 

the Department of Housing and 

and conclusions contained

necessarily reflect the

research and studies forming 

contract with
The

were conducted pursuant to a
FOREWORDThe statementsUrban Development (HUD).

those of the contractor and do not
government in general or HUD in particular.

herein are
At the present time, 10 million Americans live in 

For them, and for the increasing numbersviews of the United States 

Neither the United States nor 

implied, or assumes responsibility for the accuracy or

mobile homes.
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.

HUD makes any warranty, expressed or

completeness of Out of that

the information herein.
i 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.
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The Division of Energy, Building Standards and Technology, 
of HUD1s Office of Policy Development and Research should be 
recognized for its contribution to this worthwhile project.
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Secretary
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!
This analysis also related analytically predicted changesmember loads.

iSUMMARY in structural parameters to degradation of the mobile home. Equations 

were developed that, in part, statistically compare structural parameters
undertaken to provide aThe research contained herein was of any given mobile home to a home that is considered to be 100 percent 

Solution of these equations result in an estimation of mobile 

These equations were modified as required to provide

of the Mobile Home Construction and 

"Adequate" is defined as
basis for determining the adequacy 

Safety Standards, effective June 15, 1976.

Standards that result in mobile homes with sufficient durability to

degraded.

home degradation.i
j

"best fit" estimates consistent with test data and are subject to further
provide the homeowner with an acceptable useful life; currently defined 

for purposes of this Study ast a minimum of 15 years for a single—wide

The research

! This research activitymodification as additional data becomes available.

A detailed rationale for analyticalis described in Volumes 1 and 4.
and as a minimum of 20 years for a double-wide unit. equations is not presented since emphasis was put on the "best fit" 

relationship of analytical computer simulations and test data.
(1) the development ofmethodology to evaluate the standard included:

'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 

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

methodology that could be used by enforcement agencies to evaluate 

proposed mobile home designs.

Volumes 1 and 4 also includes a computer oriented methodology

This data provides a basisfor the analysis of mobile home structures.

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

stresses, joint loads and structural deflections.|
;re-

or test
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

!
i

;
Test data was obtained from single-wide andfit" experimental data.

To determine mobile home structural member loads caused by in- 

were used. Critical
double-wide homes built per the current standard and from homes builttransit conditions , computer modeling techniques 

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

analytically related to critical

Test homes were subjectedprior to implementation of the current standard.
towing velocity) were to transportation and site-installation conditions to simulate years of

structural parameters (i.e., 

stiffness, flexural stiffness, and damping) in order
torsional Volume 2 describes the test program with supportive dataactual use.

to calculate estimated
sheets included in Volume 3.

i
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The Southwest Research Institute's Study offers an innovative
revisions to the Standards is to 

mobile homes where current design 

and observed degradation that exceeds

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

reduce the incremental degradation of
home structural durability, or conversely, structural degradation. The

practices result in predicted
Study's findings should offer a base upon which to develop proposed

acceptable levels. Volume 5 contains proposed changes to the current

contained in Volumes 1 through 4.
Standards.

standard based on an analysis of data 

The proposed changes include increased design loads to resist in-transit
The rationale of using degradation of torsional and flexural

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

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

sensitive to degradation appears to have merit.
roads and highway speeds greater than 45 MPH. Minimum stiffness criteria

were based on values obtained from the single-wide home built to the
This Study's findings should therefore be considered in thecurrent standards.

whole context of the research effort rather than narrowly disected.

Certain assumption's made upon the best available information from data,Volume 6 contains a proposed field test method 

used to measure the stiffness parameters of

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

new or used mobile homes.
I of the Study's results.These parameters are required to verify adherence 

and to perform calculations
to the proposed standard, 

remaining usefulnecessary to predict the

:life of the mobile home. !

Volume 7 (yet to be printed) will 

of the other six volumes and will
summarize the major results

provide a cohesive

reader interested primarily in understanding 

than becoming technically involved in 

the study.

evaluation for the

the broader aspects rather
the specific technical aspects of

ix
viii
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1

I. INTRODUCTION

The requirements of Task IV involve a detailed review, evaluationI
and analysis of the Federal Mobile Home Construction and Safety Standard,

I Subpart J, Transportation and its affect upon Subparts 'D and E .!

The evaluation consists of a detailed analysis of each paragraph

of Subparts J, D and E and relation of these paragraphs to the results of

the predictive analysis and test program delineated in Tasks I and III,

respectively. This task effort identifies the appropriate portions of

the Standard in terms of being;

• Acceptable as is,
• Excessive,
• Too weak,

• Ambiguous, or
• In some instances, new material was added to the standard.

]

:

:
:

The paragraphs that need changing, additions, or deletions have

been noted within the context of this volume by first recording the

Standard as it is currently written in the first column followed by the

recommended language in the third column. The language used within the

recommended rewrite is based on performance criteria similar to that already

used in the standard.

The technical basis for the recommended changes is discussed briefly

in Part II of each of the three Subparts, including reference to applicable

documentation. These references are predominantly found in the various

volumes of Tasks I and III (currently compiled in Volumes 1 through 4).

1
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PART II

RATIONALE FOR DESIGN RECOMMENDATIONS

29



s
The recommended changes noted in Subpart "J (Volume I of this Task)

and analysis conducted on the

Since Subpart "D"

are those resulting from the various tests 

different models of mobile homes selected for the program.

the Body and Frame Construction Requirements and the program has de

veloped forces/loads input by the transportation mode (Subpart J ), the cross 

correlation of these two Subparts needs to be conducted.

Due to the loads/forces/accelerations recommended in Subpart "J", it

covers

■

:

is possible that, in many cases, the transportation loads will be greater than 

the static dead and live loads required by Subpart "D".

ft
II

Therefore, the designexr-
1

will necessarily have to determine which loads are greater and use them accord

ingly. For these reasons several paragraphs have been cross referenced to Sub*—

part "J" to cover this subject.

The critical design criteria that have been added to Subpart "J" are also

noted in Subpart "D" and these are:

I Torsional stiffness

Vertical stiffness

Vibration

Since the application is primarily a result of the transportation mode, 

the basic requirement was inserted in Subpart "J" and cross referenced to Sub

part "D".'

Definitions for these items and joint integrity (as a function of stiff

ness) have been added to the list of definitions of Subpart nD"*.

Tests to be conducted on mobile homes, components or materials need to 

be properly programmed by submission of a test plan for approval prior to con

ducting the tests.

f1

This is for two reasons:

30
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The agencies involved need to approve the methodology, equipment,1.

fixtures and data retrieval or instrumentation while scheduling

their manpower (if they need be present).

The agencies may be able to save the cost of the test by furnishing2.

reference material already available or suggest alternate methods

to assist the manufacturer or testing facility.

The Dynamic Model/Analysis as well as the Finite Element Model/Analysis

both require considerable detail for development, application and use. This
!
! amount of data would be entirely too voluminous for the Standard and for this
1 reason it is suggested that it be contained or referenced in an Interpretive:

Bulletin for access by those who desire to use it or apply it to any specific

design.

The comments noted in the Discussion Section of Subpart "J" should be

read along with those contained in this volume since the basic reasons for

revision to Subpart "D" are the changes in Subpart "J".

The wind and snow loads are not to be considered as acting simultaneously

with the transportation forces because the dynamics associated with the towing

of a mobile home would preclude the snow load from piling on the roof. Also,

wind limits are set by most states for the transporting of mobile homes.

Setup and takedown loads/forces have not been included heretofore and

have been measured as being a significant factor in the degradation cycle. A

good setup crew will introduce minimum deflections in a mobile home by raising

it very evenly with minimum out-of-level conditions. However, the result of

witnessing numerous setups and takedowns proved that:

The majority of crews assume that the mobile home box structure

can easily support itself, or

They (the crew) have no knowledge of mobile home structure, or

They (.the crew) are in a hurry to complete the job and permit

31=
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si
be generated during the setup/maximum loads and deflections to

takedown mode, or

Insufficient equipment and personnel are on hand to properly do
:!

the job.

The testing of the mobile home in order to develop the deflection mea

surements for calculating El, GJ, and J is also a detailed procedure.

it is inserted in Subpart E, testing for use in both testing and 

developing the El, GJ, and J for design purposes. Continuing experience 

should provide an increasing confidence factor for use of the deflection

Application of the EI/GJ/J fac

tors to the design criteria of mobile homes could probably be best contained 

in an Interpretive Bulletin where details and examples could be presented.

One of the direct factors resulting from the SwRI test program is the 

loosening of joints that result in increased deflections, both torsionally and 

vertically. In order to generate the maximum in stiffness, the critical joints 

must have rigidity and integrity. These factors cannot be achieved if the

I

How-:
'

■

1 ever,

•i

measurements as indicators of degradation.

•t
:

.jj

joint has the capability of loosening up under dynamic, vibratory and cyclic load
iconditions. Anytime a soft material is inserted in a multiple interface joint,

and the joint is subjected to vibratory and cyclic loads In all three theaxes

soft material will be compressed, chaffed or destroyed if the loading is applied 

The sidewall upper joint to roof and the lower joint to floor 

are considered as critical joints since the sidewalls are the primary resistance 

to vertical bending and assist the shear walls in torsion type bending, 

the soft material inserted in these joints gradually deteriorates, the joints 

loosen-up and the deflections increase which results in increased stresses or 

loads.

long enough.
;=

When
1!

Both Celotex and gypsum board in the upper sidewall to roof joints and 

the 1/8” asphalt or vinyl in the lower sidewall to floor joint are considered

as soft materials that result in an "unstable joint" and have caused looseness

i
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due to deterioration during cyclic loading and the 5-10-Hz vibration frequency.

Shear walls and stiff joints are the greatest resistance to the torsional

Therefore, the attachments of the shear walls to the sidewalls, floormode.
; and roof are considered as critical.
:

The following specific paragraphs need to be clarified:

280.305 - Structural Design Requirements.'

The loss of rigidity in the wall structure can be caused by the
I

soft joint between the base plate and the floor. This joint normally contains

the vinyl floor covering. The accelerations and cyclic loading on the soft

vinyl causes compression of the material, thereby loosening the attachments.

This increased the flexibility of the joint to move or the wall to rotate.

For example, an 8-ft 2x3 stud in a wide wall compresses the 1/8-in. vinyl only

0.015 in., permitting the top of the stud to move laterally 0.32 in. This

0.32 in. is considered a significant degree of movement and will cause in-

The wall tocreasingly larger deflections due to the associated dynamics.

floor deflections were measured and increased with miles on the highway during

the test program (see Task III, Vol. I, Part II).

Also, inspection of the test mobile home and the crushed vinyl

flooring under the plates, verifies the deflections. The same process is

taking place at the upper plate if soft celotex is placed between the roof

truss and the plate.

280.305(c)(1) & (2) - Standard Wind (Zone I) & Hurricane Resistive
(Zone II).

The new design criteria recommended in Subparts D and J, resulting

from the transportation study, do not affect the wind loads specified in Sub-

It will be necessary for the designer to evaluate the requirementspart D.

in each Subpart of the Standard in order to determine which criteria is more
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Generally, the wind loading will 

be remembered that the wind loads are

critical by introducing the greater loads, 

be more critical. However, it must 

introduced into the mobile home when it is fully supported on the piers and

!

The transportation loads plus thewith adequate tie-downs to resist the loads.

5-10-Hz vibration factors are introduced into the mobile home while traveling on_

Therefore,the running gear with the maximum in dynamic action in evidence, 

for the first few designs, both criteria need to be checked to determine which

The Zone II wind loads are high, but the mobile home is wellwill control.

Unless the mobile homesupported and restrained for load distribution.

components have a high weight factor in the walls or roof construction, thef

critical criteria may indicate that the only area to check against Subpart J

are the roof loads when designing for Zone I winds.

280.305(c)(3) - Roof Loads.

As stated in 280.305(c)(1) & (2), the designer will have to make

several checks to determine which is more critical, the Zone I or II wind/

uplift loads of Subpart D or the transportation requirements of Subpart J.

Once several iterations of this process are completed, a precedent will be 

established for the designer who will be able to effectively plot the relation

ship, and thereby, eliminate the costly process of checking both areas, 

appears that the Zone II wind loads may be more critical than the transporta- 

However, a detailed check will be required to verify this factor 

for each size of mobile home.

it

:
tion forces.I

■- ; i\
■

280.305(c)(4) - Setup/Takedown Design Loads.
. • R

Setup and takedown are critical static conditions to which a 

mobile home unit may be subjected. Manufacturers provide procedures for each 

of these maneuvers for the purpose of minimizing induced loads, 

cannot be assumed that these procedures will be followed exactly.

'I
'

However, it,;
:

Hence,
i!

m j •
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designers must allow for asymmetrical loading conditions, for instance, support-

The loads are determined by knowing theing with minimum jack assistance.

It is believed that the Torsion Test describedmobile home weight distribution.

in Task III, Volume I, Part I results in typical forces and deflections for this

In order to examine the effect of this possible load condition oncondition.

localized structure, the finite element model was analyzed for one typical

asymmetrical loading condition. This condition assumes that the mobile home

is partially lifted from a level position by applying a vertical up-load at aI
point near the rear end of the right longitudinal I beam. The adjacent struc-

ture effected by this loading condition is shown by the stress distribution

The same structure is effectedfigures for Load Case 4 in Task I, Volume III.
■

: by removing support from under the same point on the longitudinal I beam; tension:'
members are then loaded in compression and vice versa.

?
The test data in support of the recommendations are presented

Typical forces and deflections for these conditions are tabulatedin Task III.
■

and are those in excess of the forces required to support that corner of thei
:

In Task III, the first and last tests aremobile home under level conditions.
■ See Volume 3 for total datapresented indicating the increase in deflections.
:

collected from inspection.
f

280.303(e) - Fastening of Structural Systems

The history of the integrity of the mobile home structural system

indicates that in very few cases have the basic structural members failed, such

In the majority of cases, the jointsas studs, floor joints, or roof trusses.

or fasteners loosen to a significant degree causing greater flexibility and

The use of adhesives has contributed to an integralresulting deflections.

structural system, but the large pre-assembled components such as side walls,

shear walls, and roofs must still be joined together. These joints then
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These same jointsbecome the critical areas subject to torsion and bending, 

are further degraded by the insertion of soft celotex ceiling material in the

upper plate to roof joint and soft vinyl floor material in the lower plate to 

These joints start out "soft" with the fasteners in bending and

These are also the two joints that are critical in 

the torsion mode as is evidenced by the wall deflection data and verified by the

The loosening of the metal straps from stud 

to floor and roof truss to stud are excellent indicators of this phenomena.

Direct reference to data in this area are the torsion and vertical bending

floor joint.

tension, rather than shear.

visual inspection of degraded areas.

deflection tests/data plus the wall deflection data and the visual inspections

for correlation of actual degradation versus predicted degradation (Task III) .

280.305(g) - Floors

Moisture of a significant degree deteriorates particle board very

quickly. Results of tests performed to date indicate:

300 hours in 100-percent relative humidity deteriorates 
5/8-in. particle board flooring to the point that it can be 
flaked away by hand and it falls far below the test requirement 
of a 200-lb load on a 1-in. diameter disc.

The leaking faucet test (one drip every 10 seconds for two 
weeks) in a new mobile home resulted in buckling the bathroom 
floor 3.6-in. upward. When the board dries out, it does not 
regain its original position or strength. The areas of the 
mobile home floor requiring frequent replacement are:

Bathroom - all areas,
Kitchen - under sink,
Service room - under clothes washer, 
Hot water heater closet.
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Design for Transportation Loads

I* Accelerations

In this study, design recommendations for transportation loads 

are based on measured accelerations incurred vertically, longitudinally, 

and laterally during transport of both single- and double-wide mobile 

homes. The variations in accelerations from front to rear during trans-
PART II

portation do not remain constant. The variation depends, in part, on

RATIONALE FOR DESIGN RECOMMENDATIONS the road surface condition generating the vertical displacement in

Small surfaceresponse to the weight and velocity of the test unit.

waves on the road produce higher accelerations over the axle. Large

distortions generate higher accelerations in the rear. Undulations can

produce the higher acceleration at any one of the three locations

depending on the wave shape, velocity, and number and period of oscil-

A sharp hole in the road will produce the higher accelerationlations.

Road roughness also varies from run to run because theover the axle.

same track in each road cannot be duplicated each trip; the route is the

the weight and velocity are the same, but the exact bump or holesame,

that was hit the first trip may not have been hit the second. Varying

accelerations also occur with respect to the location of walls, windows,

doors, etc.

Since the accelerations vary at each of the three locations,

in the vertical, lateral, and longitudinal directions, the differential 

between these accelerations is a key factor.

wall bends downward and generates a high acceleration because of its

For example, if the rear

24
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caused by the rear wall accelera- 

at the rear wall, but over the axle at the point of 

lower acceleration may have been recorded.

response phenomenon occurs, in part, because the joints in the 

mobile home structure have not yet begun significant loosening from 

initial transportation.

cantilever design, the critical stresses

tion will not occur

Sim- Based on data from tests on new and used testmaximum bending where a 

ilarly, the lateral acceleration, during the majority of test conditions, 

will be higher at the rear wall than over the axle or at the front wall

units, the greater the unit stiffness, the higher the vertical accel

eration peaks; and conversely, the ''softer" and more flexible the unit 

becomes, the lower the vertical acceleration peaks.
i

Moreover, while theThis is indicated by thedue to the "overhang" behind the running gear.

road test data generally reflect a reduction in vertical acceleration 

peaks as degradation increases, lateral accelerations may increase due to a 

"racking" mode (as demonstrated in Modification 2, Task II, which presents

Since the tow tractor stabilizes the front end, the prerecorded data.

dominant lateral motion at the axles is "side-sway" and roll due to the

action of the springs/shackles/tires; this is amplified by the rear overhang.

data tabulated in Table 1 from testing a unit with and without temporary 

stiffeners corresponding to new and degraded units, respectively).

Volume 3 consists of significant raw data traces reproduced 

during the test program by the playback method from magnetic tape to the

Briefly then, accelerations are affected by several items

including:

• Road conditions,

• Velocity of tractor/mobile home combination,

• Weights, including furnishings and fixed equipment,
• Weight distribution,

• Joints and fabrication tolerances or variations,

• Variations in towing vehicles.

Tabu-Peak accelerations were measured from these traces.Visicorder.

lated summaries of maximum and minimum peak accelerations derived from
!

The data presented are particularlythe traces precede each set of traces.

significant for use in the formulation of the recommended acceleration 

factors (AF) for inclusion in the revision to Subpart J "Transportation" 

of the Federal Mobile Home Construction and Safety Standards, 

recommendations are to be based, in part, on average acceleration occur- 

mile that are considered related to the damage and degradation

In order to derive realistic design acceleration factors from the 

data, the "average peak occurrence"

test

data reduction technique was used, 

and then these average accelerations were modified to allow for inherent
jf These

variables. The measured accelerations and modification of these accelera

tions are described later in this section.
rences per

of the mobile home structure during transportation, 

factors

production quality, excessive transportation loads and on-site loads and 

vibrations as well as inconsistencies in production, transportation,

In addition, design
2. Test Data

for mobile homes must include adequate allowances for minimum
The test data included in this report cover the spectrum of tests 

from the new Condition I, to the "used" (secondary move) Condition II. 

These data reflect the maximum stiffness factor for

i

each unit when new,
predicted loads, etc.

resulting in higher vertical and lower lateral accelerations. The dynamic
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3. Data Reduction Technique ■:

a, e are minimum download positive peaks;
b, g are maximum download positive peaks;
c, h are maximum upload negative peaks;
d, f are minimum upload negative peaks;
Area under the curve relates to energy contained in the acceleration.

+1.5 g measured plus 1.0 g static = 2.5 gfs total 
positive (downward);
-1.5 g measured plus 1.0 g static = -.5 g total 
negative (upward)

The interpretation of "significant11 peak traces is related to

Rather

In order to determine the occurrences per mile of the various 

levels of accelerations (peaks) generated by the varying road conditions, 

a "g" level intercept count for every 1/2 g of magnitude was made using 

the computer and the tape recorder with accelerometer data channels, 

range of accelerations checked during the intercept analysis were from

This data reduction technique was applied to several 

recorded accelerometer signals in each direction that were generated over 

a 3.75 mile section of typical mobile home transport road, 

and 4 present the results of the peak count measurements for the vertical 

accelerometer located on the floor over the axles of Test Units T-l, T-2A,

V

i ■

The Note Example:i

6.0 g down to 0.5 g.

Tables 2, 3 the degree of "damage-energy" each acceleration peak contains, 

than the amplitude of an acceleration, the dwell time or duration of the 

acceleration seems to be the more significant cause of degradation in a

and T—2B, one of each mobile home type, 

and 3, illustrate the typical signal patterns measured by these three 

transducers.

The three traces, Figures 1, 2, For example, 6-g peak acceleration that occurs in 2 msecmobile home.

contains practically no energy or dwell time (area under curve).

, a 3-g peak acceleration that occurs over a period of 85 msec

The range

How-

A sketch follows to elucidate the method used in measuring 

and interpreting the acceleration traces generated by the mobile home 

road tests:

everi
contains significant energy, more energy than the 6-g peak.

of 2 to 3 g's shown in Table 2, contains acceleration levels with 

significant area (duration of occurrence) under the curve, creating the

Hence, a review of the tables containing
-(upload)

damaging fatigue-like effect, 

acceleration occurrences per mile and a study of the degree of energy

'I
(“)2.0c

(r)1.0zero g 
static zero

x, e ™ to-l.
contained in various types of acceleration curves indicate, that the 

higher "g" levels of 4, 5, and 6 would probably do less damage than those 

2.0, 2.5, and 3.0 g levels occurring per mile of travel.

3 , and 4 .) The 1.5 to 3-g levels occur 20 to 20,000 

frequent as the high g's.

siderations in selecting the damaging g levels* for each axis for input 

the design recommendations.

i
1 V+(download) +1.52x

in the 1.5,
small
area

large
area : (See Tables 2 ,!

8 This theory was one of the prime con-times as
where

peak to peak measurement;
= peak measurement (from static zero); 

x2 “ high "g" factor with minimum area (or energy);

x =
into

available from SwRI.* Data
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i
itPEAK COUNTS (RC=1.2)T-l FLOOR OVER AXLE VERTICAL ACCELEROMETERTABLE 2. FLOOR OVER AXLE VERTICAL ACCELEROMETER 

PEAK COUNTS FOR T-2A AND T-2B (RC=@1.0)
TABLE 3.l

!
!

■. •

RUN if 6 T-2B Run #2 
‘ RC=1.0___

_T-2A Run //I 
RC=1.1 to 1.0

RUN //3"G"s*
(-) ct "G"s*(+) ct(-) ct(+) ct (-) count(+) count(+) count (-) count

116.0 - 5.5 1
6.0 - 5.5

1115.5 - 5.0
5.5 - 5.0

fl415.0 - 4.5 2
5.0 - 4.5

1 54.5 - 4.0 1
4.5 - 4.0

44.0 - 3.5 511
4.0 - 3.5 11

6 103.5 - 3.0 l8 2
13.5 - 3.0 1

3.0 - 2.5 318 6 10
3.0 - 2.5 5

2.5 - 2.0 31 3 13 18 3112.5 - 2.0

{2.0 - 1.5 103 8 27 81 1f 30 
** /

( 347

102.0 - 1.5
1.5 - 1.0 2683 43 116 295 238271.5 - 1.0
1.0 - 0.5 33,188 120 953 6095 2021iy>64940,8731.0 - 0.5
0.5 - 0.1 2096 1012 20,775 ' 33,538 28,02929,23553437970.5 - 0.1

* Measured 0 to peak from zero static reference line which is 1-g above 
static.

** Maximum damage area.

(1) These peak occurrences were measured over 
typical mobile home transport road.

(2) The raw data traces indicate the 
area under the acceleration

* Measured 0 to peak from zero static reference line which is 1-g above 
static.

** Maximum damage area.
(1) These peak occurrences were measured over a 3.75 mile section of 

typical mobile home transport road.
(2) The raw data traces indicate the comparative energy via the area 

under the acceleration curve.

NOTE: a 3.75 mile section of NOTE:

comparative energy via the
curve.

;:
;

;:

j

31

30

!
!



TABLE 4. FLOOR OVER AXLE VERTICAL ACCELEROMETER 
PEAK COUNTS FOR T-2A AND T-2B (RC=1.2) rrrn
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These peak occurrences were measured over a 3.75 mile section of 
typical mobile home transport road.

(2) The raw data traces indicate the comparative 
under the acceleration curve.
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4. Measured Accelerations for Structural Box
selected that relateThe following are the average accelerations

r-'r-vO r».covOto the structural box assembly. +CO rHQJ
Vertical Acceleration, gTs - 2.50* CQX

•H <r
3 I= 1.25Longitudinal Acceleration, g's 

Lateral Acceleration, gfs = 1.80 (at ceiling)
based on a

HI OvOT—fQJ r*-o\IrH .
X ooo3
O

The selection of a single acceleration for each axis was

generated along each of the three axes in the

X pu i ocoo60 I vOm+3 4-4
0) rH rHreview of the accelerations 

front, over the axle, and in the rear section of the mobile home test

Accelerations among the units, single-wides, and each half of the 

double-wides were then compared to determine the relationship to model

P CO
CMX

■ 9
O

H oCO<r <ysmI3 P
ooo!units. TO

g
ONo CMm in•H i£>+■M

CO TO rHrH
0)CO <0XUvariations. <rcd •HO I vO3> vOvOM H COI 00H m1(0

* g
P TO
W
O CO v
u cu £
< P ^
1-2 G ^
< O ^ 
CJ *H
M -U G 
H cd *H

W <D . 
> tH *Ps g 
/IS ®

X

(a) Rationale for Selection of Single Acceleration for Each Axis oi—i oo
*3
oAlong the Length of the Mobile Home P CMI rH mooi + TO4H QJ• Vertical—Comparison of vertical accelerations for the three rHrHrH rH CJ<03 COI CMX ulmobile home configurations appears in Table 5 , which presents data from a 4-1H cnCM4-1 o COin03 vOI XI3 Cooo cdselected section of road (Culebra Road) with an RC of 1.0 to 1.1, over which

i TO
uinCOI-*. coeach mobile home test unit was towed. These are not maximum accelerations. ONCOCM+ X: ■rl

CMCM3: XW CO
I QJP IThe data in Table 5 indicate that the acceleration peaks gen

erated by this stretch of road have a degree of commonality, 

accelerations in general varied depending on the type of road condition 

causing the movement (accelerations over the axle

0) 4JFQ HrH< vOO! mH 00I—\TO3 ON 3IQJo XThe oX op CO
•H 4J
3Ga) uCM0) inQJa ovOONi—I o+ 4H
00

rH3 CMQJ <were usually the

highest); however, because of the minimal variation evidenced

•Hm
CO I

0) H vOo> xo ON00between G 1 G. (D a 0)ooo CX
OJ

4Hthe front, middle, and rear sections of the mobile home, 

acceleration was chosen for the entire structural box.

ex<one vertical
4H

o*rt
: 4-JP 4-1QJ 3I rHU OXcd <uuXQJ;• Longitudinal—The following longitudinal accelerometer 

were generated during sudden stops and starts of the

4-4iH 0)values 2 X*
tow tractor and i

i
■;

37
* Includes 1-g static (dead weight) load; 

equals 0.5 g's, usually not critical. negative (upward) loading

i
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in the longitudinalTwo accelerometersmobile home Test Unit T-l. 

direction were mounted along the centerline of the unit on the floor at

made in both the forward and

of lighter mobile homes and heavier Hence, the magnitude of 

accelerations is dependent upon the relative weights of the mobile home 

and tractor; however, since the particular tractor/mobile home combina

tion to be used during transport is not known or controlled, a single

tractors.

the front wall. Stops and starts were

rearward directions denoted by F and R, respectively, 

speeds of 5 and 20 mph were recorded as indicated on the traces (See

Also, stops from

longitudinal acceleration factor was considered for all units. The final
Volume 3). Table 6 summarizes the longitudinal accelerations experienced 

under each of these conditions.
design acceleration factor (discussed later in this section) reflects a

conservative situation of a heavy tractor unit towing a light mobile
TABLE 6 . LONGITUDINAL ACCELERATION PEAKS FOR TEST UNIT T-l home.

Acceleration (gTs)*Direction Velocity (mph) Also note that forward deceleration values from 5 and 20 mph differ
+

little. This indicates that even at velocities as low as 5 mph, maximumForward start/stop 0.4 0.4
decelerations occur.0.4 0.36

0.46 0.4 Lateral—The measured lateral accelerations were generally greater
Rearward start/stop 0.3 0.4 at the ceiling than the floor because of the greater radius of rotation at

0.28 0.4
The values were assumed to vary linearly between the twohigher points.Forward 5 0.48

This is a reasonable assumptionvertical extremes of the structural box.0.56
Rearward 5 0.4 since (1) the angular acceleration should be fairly constant along a vertical 

line at a point in time and (2) the tangential (or lateral) acceleration is 

the rate of change of the tangential velocity which varies linearly with the

Because of this vertical variation of the lateral

0.3
Forward 20 0.54

0.54
* Positive longitudinal acceleration 

of the mobile home.

These longitudinal accelerations

mobile home because of the inherent

Therefore, a single longitudinal

throughout the length of the unit.

Note that the acceleration values

what would be expected under

are low because Test Unit T-l

considered light. Greater acceleratio

radius of rotation.

accelerations, the recommended lateral acceleration factor of the structural 

box is actually a linear function which increases with height.

is toward the rear

i
are consistent along the length 

stiffness of 

acceleration factor

of the 

a unit in this direction, 

is applicable

Although the lateral accelerations at the ceiling do vary somewhat

a definite trend does seem to exist, as noted in Table 7 . 

the accelerations generated by the same section of road

I

from front to rear,;

which summarizes
of Table 6 The trend indicateswhich the vertical accelerations were selected, 

that the middle or over-the-axle lateral ceiling accelerometer readings are 

general magnitude as the front and rear.

several sections of road from RC = 1.0 to RC = 1.5, similar

are low compared to from
normal transport ;

conditions. These values
was heavy and the SwRI As a result of atow tractor 

generated by combinations

within the samewas
ns are review covering

39
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results were indicated that would justify the use of a single lateral 

acceleration factor function for the entire length of the mobile home.

(b) Rationale for Selection of Same Accelerations or Acceleration 

Function for Both Single- and Double-Wide Units

A prime consideration in the selection of "g's" was the condition 

of the test mobile home following the road test program. As indicated by 

the data, T-l performed adequately as did T-3 (although degradation did 

occur), while T-2A and T-4A and B did not withstand the test series within

vot—I v£><r
+ oooCO

QJ PQX)
•H ONI; ONCOH OI;

QJ I OOrC rHrH4-1
00 2c oQ) Q

hJ OnI i—I vO<TI m+s oorH oPQO CCrH CMsc< IH r--COCM 00CO COu CMIc oo o00 orHc 4-)
cQrH

acceptable margins. The difference in degradation is not because inputCMLOONuQJ CO<r<r+QJO > m Ooo accelerations differed substantially among the units, but, rather, because4J 0) <cCO T3c
* !3 v£>CM r-- the response to the accelerations differed, particularly in the lateralH

g CD V
m co r|
H 0) ^
<3 A, I2 * u
W Cl H 
•J o JP
O 4J £ 
O CO w

<d o co 
p& o 
w o ® 
H <J *P 
<5 W £
►J ?

I vOCOCOI0)
rH OOOrO The double-wides logically offer less resistance to vertical, 

lateral, and longitudinal acceleration than single-wides, which are 

inherently more stiff, 

the same stiffness requirements (vertically, longitudinally, and laterally) 

and they both achieve the minimum required El and J recommended in Sub

part J, then they both should perform the same with respect to degradation. 

Since acceleration factor design requirements are related to stiffness,

direction.3
O
Q

CMmI n»+ vo in4-<
COI—I
QJOoo<CO If both single- and double-wides are designed tou33 CM
COI
HH4J
Uin onQJ

I co 003 VO
T3

«H PO o
cO

I m CM COCM
QJ + CO 4-Jin

rH cO
o o o T33 CO

Ow I TOQ►J H QJ
PQ •UG< CO CM vD O COQ)H IQJ 00 mQJ the same accelerations for single- and double-wide units were selected

(Presently, only the vertical acceleration perfor-

TJ 33 •H O o o
coQJ 1 4JPQ QJ for design purposes.r-» co rH uQJ 00 + St- m oCOo p <4HG mance criteria are required by the Federal Standard.) Since the double- 

wides degraded at a rapid rate, then they should be assembled to generate

use temporary stiffeners to supple-

•H i—1 O oQJ OCO 1 <u IEh
QJ

X4-1 m CM ■H<4-1 OnI ON•H VO 00 T3
Q Go o QJO a higher El and J, and if necessary, 

stiffness during transportation.

5. n^sign for Joints and Attachments

aa<
o ment+ju QJhJOO<3Hwo;z; 4JCQ rH G UQJ rO QJO03 TJ U <4H

•H QJ Loosening of joints used in assembling the structure of the 

the largest contributor to the degradation of mobile 

structural components of the unit do not fail; rather, the

S 03*

mobile home is
40

Thehomes.
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the structural box 

stiffness and integrity.

the point that hitch coupler and A-frame:and fasteners simply loosen tojoints
of its original Vertical Acceleration, g's = 2.50*

Longitudinal Acceleration, g's - 1.80 

Lateral Acceleration, gfs = 1.10

These accelerations represent the combined inputs from the mobile 

home running gear and the tow tractor.! Table 8 presents data used to 

support the selection of the aforementioned accelerations. The tabulated

then loses a large percentage
attachment of these

deflections resulting

fail, but theThe stud, header or plate do not

works loose and permits large 

of seams/joints.

items to other items

in high stresses and opening up 

In order to design for 

safety in the joints and attachments, a 

times the loads and moments in the joint under consideration are

increased stiffness and margins of

"joint design factor" of 1.5

values are average peak accelerations in the vertical, lateral, and 

longitudinal directions experienced at the front wall of a mobile home 

which represent accelerations virtually identical to those at the A-frame

application of this factor is made by first determining 

the loads in the joint, multiplying these loads by the 1.5 factor, and 

then applying these loads to the detailed analysis for the joint stresses 

The 1.5 factor is introduced to increase the stiffness

r ec ommend ed. The

and hitch coupler. These acceleration values are typical for both

! single- and double-wide units.and fasteners.

TABLE 8. AVERAGES OF T-l's FRONT ACCELEROMETER 
SIGNAL PEAKS (g's)*or integrity of the joints, which in turn, will increase the integrity of 

The 1.5 factor is also used to offset any inconsisten-

This joint design 

factor is based upon road test measurements indicating a significant 

looseness of the joints, thereby requiring added integrity in the form

Tests on the mobile home units also revealed a 5- to 

10-Hz frequency throughout the mobile home structure causing the joints 

The designer should also consider the structure, chassis, 

hitch/coupler, components, and appliances as subject to a vibration of: 

0.3-g amplitude, 8-Hz frequency, and 540,000 cycles (total application 

equivalent to 825 miles).

the mobile home.
LATERAL LONGITUDINALVERTICALcies in the joints during fabrication and assembly.

2.1 (0.5)t1.102.40POSITIVE

1.4 (0.5)t1.031.73NEGATIVE

* Refer to Volume 3 for tabulated data and traces, 
t Minimum g's with lightweight tow tractor.

The longitudinal minimum acceleration values in the parentheses were

produced during normal test runs with the SwRI light tractor (about

8950 lb) compared to heavy diesel equipment weighing as much as

18,000 lb for use as a tow unit generating the higher g's.

acceleration peaks in the longitudinal direction reflect sudden starts,

of the 1.5 factor.

to degrade.

The

6. Measured Accelerations for Hitch Coupler and 

In addition to the accelerations for the 

the following accelerations were selected from data
static load (dead weight); negative (upward) loadingstructural box assembly, * Includes 1-g 

not critical, 
t See Modification 2, Task IV.applying to the

42
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the size, we;ight,
and stops, the severity of which depend greatly upon TABLE 9 . AXLE vertical acceleration PEAK AVERAGES (g*s)*of the brake system. 

, the effect 

since the majority of

and power of the tow tractor and the effectiveness

determining the longitudinal acceleration factor MOBILE HOME POSITIVE NEGATIVEThus, in

of heavy tractors was given more consideration 

mobile homes are towed by these heavy rigs.

T-l 4.22 4.76

T-2B 2.3 1.9
7. Measured Accelerations for Running Geari * Refer to Volume 3 for 

Higher g's peak were measured
tabulated data and traces, 

on the axle along with the frequency of 

g values cannot be considered because

accelerations selected from data applying 

to the running gear and its points of attachment to the mobile home

The following are the

accelerations, but these higher 

of the action of the springchassis: system; therefore, only frequency 

ments were taken from these traces of vertical
measure-

Vertical Acceleration, g's = 2.80*
accelerations.

Longitudinal Acceleration, g's = 1.25 

Lateral Acceleration, g's = 1.80
i The axle (running gear) design is factored by the axle 

facturer for normal road dynamics using the spring as the absorbing 

media as well as acting as the damper between the road and box

manu-!

As far as the mobile home manufacturer is concerned, these !

structure.acceleration factors apply only to the attachment of the spring hangers :
The axle manufacturer will certify his axle, spring, wheel, shackle and 

hanger assembly to the designated static weight rating without 

reference to the dynamic capabilities.

and other connection points between frame and running gear, such as
any

equalizer brackets and shackle brackets.

The recommended lateral and longitudinal acceleration 

for the running gear assembly are equal to those of the frame and 

ture of the mobile home.

The running gear will experience 

higher vertical accelerations than the box structure, and the interface
factors

struc-
spring will damp the inputs into the box structure resulting in lower 

inputs for the structure, 

classed as "limited life" which interprets to mean up to 2000 miles. 

However, concern is expressed for a set of limited life running gear 

that is delivered 800 miles to the first setup site where it is static

The lateral accelerations are the same because 

there is minimal damping in the lateral direction; the longitudinal 

accelerations because of the rigid attachment between the 

chassis, floor, and box structure.

The running gear on most mobile homes is

running gear,

However, the determination of the 

vertical acceleration was based on the axle accelerometer that measured for 2 or 3 years and then put back on the road in this condition for 

another 700 miles with rusty/sticking components.
vertical accelerations with peaks averaging those presented in Table 9 .

* Includes 1-g static load (dead weight); 
critical. negative (upward) loading not

45
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5
;forStruc- !of AccelerationsModification8. Acceleration Factorsi This ratio factor is 

established in this
considered realistic since correlation

area between the predictive analysis 

a significant indicator of the

and the Running-gear was
tural Box, Hitch Coupler and A-frame

of the aforementioned and the testinvolved the modificationThe next analysis program. Moreover, it isi
conditions applicable to the contribution!reflect the nominalmeasured accelerations to

transporting of a mobile home, 

generated by most transporters 

road conditions, and the usual setup and

of speed and road 

during the transportation mode.

i conditions in the degradation cycle of mobile homesthe actual velocitySwRl believes
average

, the, the handling of the mobile homes

takedown procedures vary signi-
Using this modification factor 

factors (AF) listed on
of 1.45 produces the accelerationi

the following page. These AF's are recommended to

be incorporated in Subpart J "Transportation" of the Federal Mobile
than the conditions officantly, and, frequently, may be much more severe 

The selection
Home

See Task IV for recommended revisions 

Considerable work has heen accomplished on 

the correlation of data supporting these recommendations.

of the accelerations from the predictivethe SwRI testing. Construction and Safety Standards.
covered controlled conditions at 45 mph and 

Therefore, in order to compensate for the potential 

difference between the controlled test conditions and those of actual 

operating modes, the test accelerations were increased by a factor of 

The 1.45 factor was developed by application of the following

analysis and tow test data to the existing standard.
Inominal weight.

Refer to the;

predictive analysis, test data, and correlative analysis, 

through 4.)

(Volumes 1
|

1.45.

ratio formulas to the critical rear section of the test units: STRUCTURAL BOX
!

X Measured
Accelerations

Recommendedf RC (norm)G /V \ l norm) ' Axis Factor AFRC (norm)
!=

Vertical 2.50
(v ) \ test)

1.45 3.6*RC (test)G
RC (test) ! Longitudinal 1.25 1.45 1.8.

where, 1.80Lateral 1.45 2.6(roof)
.5(floor/frame 

interface)
.3(frame/running 

gear interface)

V = velocity (45 mph for test and 55 mph for normal highway speeds) ; 

x = 0.734 (Task III, Volume II);

RC (test) = 1.2.

RC (norm) = 1.5.

* Includes 1-g static load (dead weight).
This is the RC factor of most SwRI test roads; During the application of the AF's, it must be kept in mind that because 

of impact loads, the NFPA material design allowables can be increased by 

Also, the lateral load is to be applied as uniformly

However, because of the

This is the RC factor to apply to many "back roads" 
over which mobile homes ;l

are being transported.
i a factor of 2.0.Therefore,

distributed along the side of the mobile home, 

vertically increasing acceleration, the lateral acceleration factor shall

the following page.

.734(55$° :1.5G1.5 /
= 1.450.734(45) 1.2G1.2

(Refer to Task III, Volume II.) be as diagrammed on

I
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!
Roof RUNNING GEAR2.6 X

Measured
Accelerations

Recommended
Axis Factor AF

! Vertical 2.80 1.45 4.0*
I

LongitudinalFloor/Frame Interface 
Frame/Running Gear 

Interface

1.25 1.45 1.8.5
.3 Lateral 1.80 1.45 2.6

noted above as acting independently

of combined loading
The designer is to consider the AF's 

in order to simplify the analysis and eliminate the use The above acceleration factors were developed for the running gear

because of the detailed test data that was assembled. However, therequirements.
designer normally would not use these data for purposes other than the

attachment of the running gear to the chassis or I-beams. The manu-HITCH COUPLER AND A-FRAME
facturer of the running gear has his own design criteria for certifica-RecommendedMeasured

Accelerations AFFactorAxis The designer of the mobile home simplytion of the axle assemblies.
1.45 3.6*2.50Vertical the maximum weight of the mobile home and subtracts the 12 percentuses

1.451.80 2.6Longitudinal applicable to the tongue and divides the results by the axle rating to

Therefore, these AF's1.10 1.45Lateral 1.6 determine the number of certified axles required.

have minimum applicability for the mobile home designer.

Because the loads induced by these acceleration factors at the 

running gear are transmitted to the mobile home frame through the spring

The hitch coupler and A-frame AFfs differ slightly than those of the 

structural box, especially in the longitudinal axis, because of the 

centrated input point as well as the panic stops and sudden starts, 

concentrated inputs are damped as they progress aft along the chassis and 

structural box.

con-
■\

hangers and other attachment hardware, it is recommended that special

In particular, he should
These

attention be given this area by the designer.

that the weldment of the hangers is capable of withstanding these 

Therefore, the recommended revisions of Subpart J include the

ensure

forces.

of 100% weld between hanger and frame.* Includes 1-g static load (dead weight). requirement

:
:

static load (dead weight).* Includes 1-g

•D.S. GOVERNMEST PRINTING OFFICE : 1980 0-625-549/1955
48

I •
I ;

I



I

SIS?ml
O q alis1 2 2- ©

3 lm ©oS
— cn

x
if)
H
O

>
C/5c/>
5>
F (O

!
May 1980 
HUD-PDR-545-5i

V
L



I

ji x 0) C ~0 
C aW§3

JJi; C/5
H1

05 o-
5.2 ffl 
oo“-O — -n
3 19 5 o a

c/>

Or
>
C/5
C/5

! 2
>
F <3

N

May 1980 
HUD-PDR-545-5

l


