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ABSTRACT

This Task Report presents the approach and results of the cost-
effectiveness analysis of 13 temporary housing systems pre-
selected in Task I-B-2 (Volume 4).

The preceding analysis in Task I identified potentially appli-
cable technology by surveying the entire range of currently
available housing systems and screening out those products

that did not meet a set of first-level criteria. Systems pass-—
ing the test of this broad and mainly qualitative analysis
were pre-selected for gquantitative analysis in this Task.

The "cost per family assisted" for a given housing system was
determined to be the best measure for comparing cost-effective-
ness. It is defined as the cumulative average cost incurred by
the government over the average useful life of a given housing
unit divided by the cumulative numker of families who used that
unit.

Two sets of assumptions formed the basis for computing "cost
per family assisted":

1. A standardized model scenario for using temporary
housing systems for HUD disaster relief missions;
within this scenario, two types of factors affect-
ing cost-effectiveness were identified: cost
parameters and inventory parameters.

2. Estimates for each cost and inventory parameter ap-
plied to each of the 13 pre-selected systems.

The model scenario for using the housing systems was then ex-
pressed as a mathematical formula with the cost and inventory
parameters as variables.



The analysis yielded the following results: The Special Design
Mobile Home (a proposed, smaller and more rugged adaptation of
the Single-Wide Standard Mobile Home) ranked as the most cost-
effective housing system. Its overall cost per family assisted
is approximately $7,600 and lies 10% below the Single-Wide
Standard Mobile Home currently employed by HUD (if used the most
cost-effective way).

A system consisting of Two Sectional Boxes built to container
standards ranked third, an Expandable Box fourth, and a Sectional
Box and Knock-Down fifth.

These results must be regarded as hypothetical, as they are based
on estimates for products which are, with the exception of the
Single-Wide Standard Mobile Home, not currently manufactured

and used as specified in the study. Prototypes of these spe-
cially adapted housing systems would have to be built and field-
tested during the subsequent stage of HUD's temporary housing
evaluation project to determine actual costs. To prepare HUD's
decisions on this subsequent stage, Task III provides for the
four highest ranking systems a detailed use scenario and outline
performance specifications.
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| INTRODUCTION AND SUMMARY

This volume is part of an extensive study of the cost-
effectiveness of using housing systems as temporary shelter
during federal disaster relief missions. It documents the
work performed under Task II of the study, with the purpose

of analyzing in detail the most cost-effective, currently
available technology.

EVALUATION CRITERIA AND APPROACH

HUD required that the cost-effectiveness of housing systems
for disaster relief be evaluated on the basis of specified
criteria. As discussed in Volume 4 of the study (Report
for Task I-B-2), these HUD criteria apply to different
levels of analysis.*

The first criterion, Livability, is clearly directed to

the qualitative characteristics of ‘each housing system

and was applied to the initial evaluation of the entire
spectrum of current lightweight housing systems technology
in Task I. Housing systems that could not be adapted to
conform to Minimum Livability Standards for Temporary Hous-
ing established for the study were excluded from further
analysis.

Likewise the last criterion, Temporary versus Permanent Use,
is directed to qualitative characteristics. It served as
another initial screening device to sort out relocatable
systems suitable as temporary housing from systems designed

* For a complete list of the HUD evaluation criteria
see Volume 4, pp. 82-82.



for permanent use only. While it would have been meaningless
to analyze the cost-effectiveness of applying such permanent
housing systems to temporary uses, the study showed that
certain permanent housing systems could become an important
resource for disaster relief if the federal government adopts
a proposed new Fast Delivery Permanent Home program.

This program would provide disaster victims whose house

is destroyed beyond repair with the option of receiving,

in lieu of temporary housing, logistical and financial
assistance for the purchase of a new permanent home.*

By applying the qualitative HUD criteria as first-level
screening devices in Task I, 13 housing systems were pre-
selected as potentially cost-effective if applied to disaster
relief missions. Figure 1 lists these products in relation
to all temporary housing systems identified and evaluated.

Thus, while the principal objective of Task I was to identify
existing, potentially cost-effective technology, Task II

had the purpose of measuring or estimating the cost-effective-—
ness of pre-selected systems and to rank them accordingly

for further consideration by HUD.

The method selected for Task II was a life-cycle cost approach,
integrating all quantifiable aspects of using a temporary
housing system for disaster relief, including all those

HUD criteria that directly influence cost. These criteria
were: transportability, storage, site erection, maintenance
and the economics of acquisition, use and reuse.

Overall life-cycle costs for different temporary housing
systems for disaster relief can best be estimated and
compared in the following manner:

First, a model scenario must be established, including all
the major elements for a typical use cycle.

Second, all factors influencing cost-effectiveness must be
identified for each element in the scenario, including
cost factors, attrition or loss factors and salvage values.

* For the Fast Delivery Permanent Home program, see Volume 4,
Report for Task I-B-2, pp. 193-31l6.
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Third, the cumulative net cost after each use cycle must be
divided by the cumulative number of families assisted by
that system during that use cycle.

The resulting measure was termed "cost per family assisted.”
The lowest overall "cost per family assisted" during the
lifetime of a temporary housing system is achieved after
completion of the last use cycle and was considered the
best measure of overall cost-effectiveness.

The model scenario for evaluating the cost-effectiveness
of temporary housing systems in this study was developed
from an analysis of HUD's current method of administering
housing relief.* It includes the following major steps:

MAJOR STEPS OF USING TEMPORARY HOUSING FOR DISASTER RELIEF

First Use Cycle Second to ILast Use Cycle
Acquisition(a) Inter—Mission(d)
Erection(b) Erection(b)
Maintenance(c) Maintenance(c)

(a) Including all activities required to purchase the unit
and to deliver it from the F.O.B. purchase point to
the place of its first storage.

(b) Including all activities to deliver the unit from a
storage to a disaster area and to set it up for use by
disaster wvictims.

(c¢) All maintenance activities during use of the unit by
disaster victims.

(d) All activities between uses, including deactivation,
repair and storage.

* See Volume 2 of this study: “Federal Experience with
Disaster Housing Assistance."



A gsecond element of the model scenario is the inventory

of residual and salvage values after each use cycle. Both
major steps and inventories can be directly expressed in
terms of factors influencing cost-effectiveness.

FACTORS INFLUENCING COST-EFFECTIVENESS

Two types of variables correspond to major steps and inven-
tories of the model scenario and influence the "cost per
family assisted": cost parameters and inventory parameters.
The latter consists of attrition parameters and residual

and salvage values.

In addition, the cost of developing.group sites for temporary
housing increases the cost per family of any temporary
housing system by a constant value.

1. COST PARAMETERS

The following categories served to organize all costs of
a temporary housing mission* according to the major
steps of the model scenario.

a. Acquisition Costs

(1) F.0.B. Price (initial cost)
(2) Transportation to Storage**
(3) Initial Storage**

**k

Excluding HUD's administrative costs.

For purposes of this study, it was assumed HUD would make
future purchases of housing units prior to an immediate need
and stockpile them in existing regional storage centers so that
they would be ready for deployment when a disaster strikes.

If HUD decides to continue its past practice of purchasing
temporary housing units for immediate deployment, these two
cost parameters would not apply. However, in this case,
based on sudden demand, F.0.B. prices can be expected to be
higher than estimated in this study.



b. Erection Costs¥*

(1) Transportation: Storage to Staging
(2) Hold at Staging
(3) Set-up Contract
(a) Transportation: Storage to Staging
{(b) Rough Grading
(¢) Foundation and Unit Erection
(d) Skirting
(4) Utility Hook-up
(a) Sewer, Water, Electric
(b) Gas
(5) Damage Repair
(6) Labor Import

¢. Maintenance Costs

(1) Maintenance and Repair
(2) Spare Parts

d. Inter-Mission Costs

(1) Deactivation

(2) Prepare for Shipment and Storage
(3) Transportation to Storage

(4) Storage

(5) Repair for Reuse

These major cost parameters account for all expenses
incurred by the federal government in providing temporary
housing, excluding administrative costs.

* Excluding the cost of preparing group sites. Current
legislation calls for this cost to be paid by the state or
local government rather than the federal government.
Therefore, for the purposes of this study it is considered
as an average constant applying to any housing system used
and to be added to the federally borne, variable "cost per
family assisted.”



2.

INVENTORY PARAMETERS

a. Attrition Parameters

Because of the lack of data, this variable could not be
related to experience as readily as the cost parameters.
Two main parameters determining attrition were identi-
fied and served as a basis for attrition estimates:

(1) Maximum Number of Uses

This parameter varies from system to system and was
defined as follows: If HUD acquires a statistically
and operationally meaningful number of units of a
given system (say, 1(000) and if these units are used
as temporary housing in successive disasters, there
will be a gradual loss or attrition until the last
unit of that procurement is phased out. The maximum
number of uses for a housing system is defined, in
this sense, as the number of use cycles after which
the last unit of a procurement can no longer be em-
ployed for disaster relief.

(2) Attrition Rate

For lack of more differentiated empirical data a
straight-line attrition rate was assumed for all
systems under study, similar to the straight-line de-
preciation rate often assumed for tax purposes. Ac-
cording to this assumption, a procurement of 1,000
units of a given system with an estimated maximum
number of 10 use cycles would be reduced by 100 units
after each use. In other words, after the first use
100 units would be non-reusable while 900 units could
be refurbished for a second deployment, after which
only 800 units would remain for reuse, and so on un-
til there were no more reusable units remaining after
the tenth use.

b. Salvage and Residual Values

The assumptions regarding attrition parameters imply
that after any use cycle, except the last one, there
are reusable units available for a subsequent mission
as well as non-reusable units to be disposed of.

7



After the last use cycle, only non-reusable units are
left. Of course, whether a unit is reusable or not
will be reflected in its value. Likewise, the number
of use cycles during which a given unit has served

as temporary housing will affect its residual value.
Consequently, salvage values of non-reusable and re-
sidual values of reusable units after completion of
the first use cycle of a system were identified as
two variables. Furthermore, assumptions were made

as to the rate at which these values would decline
after subsequent use cycles.

To arrive at the net cumulative cost of a given
housing system through a given use cycle, the salvage
and residual values of the cumulative non-reusable

and reusable units must be deducted from the cumulative
cost. The "cost per family assisted" is this net
cumulative cost divided by the cumulative number of
families served.

3. SUMMARY OF COST-EFFECTIVENESS FACTORS AND SOURCE OF
ESTIMATES

In summary, the following main variables affect the
cost-effectiveness of temporary housing systems for

disaster relief:

Cost Parameters

= Acquisition Costs
Erection Costs
Maintenance Costs
Inter-Mission Costs

gaQwy
i

Attrition Parameters

N = Maximum Number of Uses

Salvage and Residual Values

S = Salvage Value of Non-Reusable Units After the First
Use (It was assumed this value would decrease by a
% multiplier after each subsequent use.)



T = Residual Value of Reusable Units After the First Use
(It was assumed that this value would decrease by a
1/£fT multiplier after each subsequent use.)

fT = Devaluation Factor of Reusable Units (It was assumed

that this factor is smaller than 2:; i.e., T decreases
less rapidly than S); estimated for each system

In addition to the variables, the following constant ap-
plies to all systems and must be included in the total
"cost per family assisted" if the cost-effectiveness of
temporary housing assistance is to be compared with the
proposed Fast Delivery Permanent Home assistance:

E = Average Cost Per Family Assisted for Group Site
Preparation

Based on information from HUD, manufacturers and nation-
wide cost data files, the firm of McKee-Berger-Mansueto,
Inc., under a subcontract, analyzed all factors involved
in applying each pre-selected housing system to each
step of the model scenario and estimated numerical values
for each variable and for the constant.

MODEL FOR LIFE-CYCLE COST ANAILYSIS AND CONCLUSIONS

The model scenario defines the total cost per family assisted
as a relationship between the variables and the constant. To
facilitate computer application the scenario was expressed in
the following mathematical form:

21
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where Wl = cost per family assisted after the first use,

W. = cost per family assisted after the last use, and

the number of a given use cycle.

The formula permitted testing the impact of individual
variables on the "cost per family assisted." Acguisition
Costs (A) and Maximum Number of Uses (N) were found to be
the two most significant variables. For example, one
system, Two Sectional Boxes (Containerized), was found
highly cost-effective despite its high estimated acquisition
cost because of a high estimated number of uses.

The most cost-effective housing system, according to the
approach chosen and the estimates supplied by the subcontractor,
is the Special Design Mobile Home. With a $7,590 overall
cost per family assisted after the last use it is expected

to be a significantly more economic system than the second
most effective system, the Single-Wide Standard Mobile

Home currently used by HUD ($8,265 per family assisted

after the last use). Controlling for the constant E (share
of group site development cost), which was the same value

for all systems, the cost per family assisted after the last
use for the Special Design Mobile Home is expected to be

10% below the corresponding value for the Single-Wide
Standard Mobile Home. On the other end of the spectrum

were metal structures and geodesic domes, the systems requir-
ing the highest degree of site assemblage ($14,000-21,000

per family assisted).

10




As shown in Figure 1, the systems evaluated in the previous
Task (Volume 4) were classified in a matrix of two main
organizing principles: industry segment and a fundamental
design characteristic termed "Basic Configuration."”

The intent of this classification was to facilitate a
systematic transition from the initial focus on industries
and their existing products to generic systems which can
be specially adapted for use as cost-effective temporary
disaster relief housing.

The five housing systems that ranked highest in the Task II
analysis represent, in this order, the following four types
of Basic Configuration:

Basic Configuration Housing System Analyzed

1. One Box on Wheels Special Design Mobile Home

2. Two Sectional Boxes Fruehauf or similar
{(Containerized)

3. Expandable Box Altair Industries

4. Sectional Box and Atlantic International
Knock-Down

Upon completion of Task II the HUD Government Technical
Representative selected these four system types for more
detailed study in Task III.

11
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LIFE-CYCLE COST ANALYSIS

MODEL SCENARIO FOR USING TEMPORARY HOUSING SYSTEMS
FOR DISASTER RELIER

The model scenario for using temporary housing systems

in successive disaster relief missions was developed from

an analysis of HUD's past and current disaster relief
operations. It served as a uniform framework for life-

cycle cost analysis and was applied to all pre-selected housing
systems. The model scenario is expanded to a more detailed
description in Task III.

The model scenario was conceived in two main parts per
each use cycle: major steps and inventories.

1. MAJOR STEPS

The first major step during the first use cycle is
Acquisition (including all activities to purchase
the unit and to deliver it from the F.O.B. purchase
point to the place of the first storage®*).

The first major step during each subsequent use cycle
includes all activities between uses such as deactivation,
repair, transportation, 12 months' storage and delivery
to the place of the next use. It is referred to as
Inter-Mission.

*¥ It was assumed that HUD would purchase and stockpile
units.

13




II

Two additional major steps in the model scenario are
repeated in each use cycle: Erection (including all
activities to deliver a unit from a manufacturer or stor-
age area to a disaster site and to set it up for use by
disaster victims) and Maintenance (during the use of the
unit by disaster victims).

2. INVENTORIES

The second main part of the model scenario per use cycle
is an inventory of what is available for the subsequent
mission. Such an inventory can best be discussed and
estimated for statistically large enough samples of a
housing system. For the purpose of the study a procure-
ment of 1,000 units was assumed as a basis for estimat-
ing inventories.

Figure 2 lists the sequence of major steps and inventor-
ies per use cycle.

FACTORS AFFECTING COST-EFFECTLVENESS

The purpose of the model scenario was to express the
elements of typical disaster relief missions in a format
which would facilitate accounting for estimated costs and
values and, at the same time, form the basis for a life-
cycle cost-effectiveness model.

All major steps of the model scenario are directly related
to cost parameters. Likewise, the inventories of the
scenario are related to inventory parameters.

1. COST PARAMETERS

Table 1 lists the estimates for the cost parameters for
the 13 pre-selected systems, prepared by McKee-Berger-
Mansueto, Inc. (MBM) under a subcontract.

The only systefi that has been used by HUD as temporary
housing for disaster relief is the Single-Wide Standard
Mobile Home. Therefore, an effort was made to establish
the actual costs of HUD's past mobile home operations

as a base line for further estimates.

14
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The main source of these historical costs were HUD's
records from relief operations in Wilkes-Barre,
Pennsylvania, from June to September 1972, in the after-—
math of tropical storm Agnes. As the HUD data were not
available in the complete, consistent and aggregate

form required for the.life-cycle cost analysis, they
had to be reviewed, reorganized and tabulated.

Cost parameters for the 12 housing systems pre-selected
in addition to the Single-Wide Standard Mobile Home were
estimated by the subcontractor from extensive contacts
with the manufacturers of these systems, supplemented

by MBM's construction estimating experience. Since
these 12 housing systems represent modifications and
special adaptations of existing technology which have
not yet been fully engineered, built and tested, the
cost figures are based on estimates only.

The Appendix to this volume provides MBM's assumptions
and sources for the cost estimates.

INVENTORY PARAMETERS

a. Attrition Parameters

The loss of units or attrition after a use cycle of
temporary housing assistance is a major factor in-
fluencing cost-effectiveness. At the same time,

this variable is particularly difficult to estimate.

HUD's own records on past mobile home operations were

not sufficiently conclusive regarding the number of
disaster relief use cycles a Standard Mobile Home can be
expected to survive without unreasonably high repair costs.

Two main parameters served to estimate attrition for
this study:

(1) Maximum Number of Uses
The rate of depletion of a fleet of housing units,
termed the "attrition rate," is a function of the

maximum number of uses that can reasonably be
expected of a procurement of temporary housing

17
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units. The maximum number of uses was estimated

by MBM by analyzing the inherent factors of construc-
tion, erection, maintenance, storage, livability

and transportation associated with each housing
system in relation to the Single-Wide Standard

Mobile Home currently used by HUD/EPS. These

factors are descriptively summarized in Figure 2.

(2) Attrition Rate

The attrition rate equals the share of an initial
fleet of 1,000 housing units that cannot be

reused in subsequent missions after each mission.*
It is based on the premise that after the last

use assigned to the fleet none of the units would
be left in usable condition; that is, by then

they would all have been salvaged. For example,

a fleet (of any system) that could reasonably

be expected to last for ten uses would experience
an attrition of 100 units per use. Thus, at the
end of five uses 500 reusable units would remain,
while after ten missions no reusable units would
remain. In the absence of data supporting a
variable attrition rate, a constant rate of
attrition was assigned for each housing system.
The attrition rate (the number of units lost after
each use) for any system is calculated by dividing
the size of the fleet by the maximum number of uses
expected for that system. Thus, when the fleet
consists of 1,000 units and the maximum number of
uses is N, the attrition rate is

1000
N

(1]

The estimates for N are shown in Table 2.

* The 1,000-unit fleet is a reasonable minimum acquisition
for a single housing system from the viewpoint of the
economics of production, procurement, management, maintenance
and storage, transportation and deployment in relief
missions. The life-cycle analysis is based on a 1,000-
unit fleet for all housing systems.

18



FIGURE 1

SUMMARY OF SYSTEMS CHARACTERISTICS INFLUENCING

Advantages - LIVABILITY
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Expandable Box: USA Home
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Sectional Box: Atlantic

Knock Down: Atlantic

Goodyear

Core & Panel:

Core & Panel: Atco

Panelfab

Core & Panel:

Dome System: Geodesic

Metal System: Armco

Negative psychological impact

Limited privacy between room:

Advantages - TRANSPORTABILITY

Metal System: Concor

A1l subsystems shipped inside

Potential integral chassis & wheels

Efficient hauling (greater than 1 du./truck)

Integral chassis and running gear

Designed for continual relocation
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Open side needs protection
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COST AND INVENTORY PARAMETERS OF TEMPORARY HOUSING SYSTEMS

Potential parts damage during erection

Large/heavy part size

Many parts to assemble
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b. Salvage and Residual Values

Salvage values were identified for "non-reusable"
housing units that cannot be repaired for reuse after
a mission and can only be sold for scrap. Residual
values were identified for "reusable" housing units
that are available for a subsequent housing mission.
It was determined that the depreciation in the value
of a housing unit is proportional to the number of
times a unit is used. Initial salvage and residual
values upon which the values in subsequent housing
missions were based were established by MBM for each
housing system. Both salvage and residual values were
based on a share of the acquisition cost of the unit.
The salvage value of a non-reusable housing unit at
the end of a specific housing mission can be expressed

as
S
V1 {2]
2
where S = initial salvage value of the non-reusable
unit and y = present use (mission) number.
The residual value of a reusable housing unit at the
end of any housing mission can be expressed as
—I [3]
g Y1
T

where T = initial residual value of the reusable unit
and f, = the factor by which T is reduced after a

given number of uses. (The f,, factor, which was assumed
constant within a system, variles depending on the

system type.

The salvage and residual values for any one mission
are always percentages of the values for the preceding
use. In the case of non-reusable units, the value is
one-half the value for the preceding use. For
reusable units it depends on the type of housing
system. The estimates for salvage and residual values
are shown on Table 2.
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MODEL FOR LIFE-CYCLE COST ANALYSIS

A model for the life-cycle cost analysis was established
to apply the recurring HUD and state constant costs,
attrition rate and salvage and residual values to each
housing system. Using these costs and values, it was
possible to construct an equation which could be used to
obtain the caost per family assisted on a per-use basis
for each system. The equation is based on a hypothetical
procurement of 1,000 units.

The cost per family assisted for any use can be described
as: the total net cost for the current use, plus the net
costs of all preceding uses less the residual value of
reusable units remaining after the current use divided

by the number of families assisted for the current use plus
the cumulative number of families assisted from all previous

uses.

Thus, the gross expenditure by HUD for a hypothetical fleet

of 1,000 units of any system, for the first use, is

1000 (A+B+C)

where: = Acquisition Costs (from Table 1),
Erection Costs (from Table 1) and

= Maintenance Costs (from Table 1);

I}

A
B
C
and for the second and any subsequent use is

(1000 - (y-1) (i%%g) 1 (B+C+D)

where: D Inter-Mission Costs (from Table 1), and
N = Maximum Number of Uses expected of a system.

22
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However, from these gross expenditures HUD is able to
recover the salvage value of the non-reusable units lost
as a result of the current use. This value, which can be
expressed as

S (1009,

[ 6]
2y—l N

must be subtracted from the gross HUD expenditures. Thus,
the net HUD expenditure for the first use is

S 1000
+ _ —mf
1000 (A+B+C) 1 ( ) [7]

2

and for the second and any subseqguent use is

1000, S 1000
[1000 - (y-1) (=) 1(B+C+D) - SY_-I(T) [8]

At the end of any use, HUD has also to consider the
residual value of the remaining reusable units, which will
further reduce the HUD expenditure. Therefore, this wvalue,
which can be expressed as

1000

T 150515
(1000 - y N ) (9]

yv-1
o

must also be subtracted. Thus, the total expenditure by
HUD minus all recoverables is, for the first use,

T 1000
1000 (a+B+C) - 5 (2000, _ (1000 ~ y—) (10
2¥-1 N £q¥ N *

and for the second and any subsequent use is

1000 5 1000 T 1000

[1000 - (y-1) (——)] (B+C+D) - ( ) - (1000 - y——) [11]
N y-1 N

2Y—l N fop
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Having determined the total HUD expenditure minus all
recoverables, it is possible to divide this sum by the
cumulative number of families assisted through any given
number of uses. The cumulative number of families
assisted can be expressed as

1000y - #8208 (&) (y-1) [12]

This equation states that the cumulative number of
families assisted is 1,000 multiplied by the given use
number minus the total number of units lost through
attrition. Thus, the total HUD cost per family assisted
for the first use is

T
1000 (a+B+c) - —— (2009 . (1000 - y220
2¥-1 N £o¥~d N
[13]
1000 |y
1000y = —— (=) (y-1
Y N (2)(y )

As stated above, the total HUD cost per family assisted

for any use is the cumulative costs of all preceding uses
plus the net cost of the current use less the residual

value of reusable units remaining after the current use
divided by the cumulative number of families assisted. Thus,
to calculate the HUD cost per family assisted for the

second and subsequent uses all previous HUD costs must

be carried over and added to the cost of the current use.
This can be expressed as

000 T 1000
o1+ 11000 = (y-1) A2 mrermy - S22 - T 000 - y= 20
N L¥-1 N £rY N [14]
1000 |y
000y - =222 &) (y-1
1000y - 222 &) (y-1)

where Z2 = the HUD costs from all previous missions.

24




(It should be noted that the value of Z never includes

i1

the residual value of the reusable units shown as equation
which is the cost of the first use and is

[9]. Thus 2z,

carried over to calculate W_,

2
y-1°

while 2
of 2

is the same as expression

(71

c..Z2._ is the same as expression [8] plus the value

) N

To arrive at the total cost per family assisted for each
use, the site cost (a state expenditure on a per-family-

assisted basis) must be added to expressions [13] and

[14] (the costs to HUD for assisting each family).

Equations
expressions
extent of the Z values.

Thus,

[15] and [16] below show this cost added to
[13] and [14] as well as the position and
the total cost per family

assisted, for the first use, is
21
| ]
1000
1000 (A+B4C) |- — (1000 _ 71000 - y——)
2y—l N fTY" N
E
Wl - 1000 [15]
- Yy (y-
1000y 8 (2)(y 1)
where Wl = the cost per family assisted after the first
use cycle
and E = site costs,
and for the second and any subsegquent use is
Zoe ooy
! T
1000
%,y + [1000 - (y—l)(5999)1(3+c+D) - 5 (2000, _ (1000 - y—)
Y N Pt go¥ L N
WZ"'WN = + E
_ 1000 'y _
1000y w (2)(y 1)
[16]
.where W2 = the cost per family assisted after the second
use cycle
and WN = the cost per family assisted after the last
use cycle.
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Table 2 gives the values of the notations used in the
formulas. Table 3 recapitulates the location and derivation
of each notation.

LIFE-CYCLE ANALYSIS AND RANKING

The results of the life-cycle cost analysis shown in
Table 4 are the sums derived by applying the values

(Table 2) to equations [L5] and [l6]. The cost per family
assisted is shown for each use, through the maximum
number of uses established for each system.

Costs for the Single-Wide Standard Mobile Home were calcu-
lated for five and seven uses in order to demonstrate the
sensitivity of the cost per family assisted to N, a variable
particularly difficult to estimate. The results shown in
Table 4 show that the overall cost per family assisted would
drop only by 4%, from $8,265 to $7,945, if N is seven instead
of five uses.

Figures 4 through 16 illustrate the total cost per family
assisted for each use for each of the 12 specially

adapted housing systems plus the Single-Wide Standard
Mobile Home. Each. system exhibits the lowest overall

cost per family assisted after its maximum number of
missions (N). However, in most cases the cost curves tend
to "flatten out" the more the units are used.

Table 5 shows the ranking of the systems on the basis of the
cost per family assisted after the last use established for
each system. The Special Design Mobile Home is the most
cost-effective housing system, with a cost per family
assisted over ten uses of $7,590. At the estimated
maximum number of uses (five) anticipated from the
Single-Wide Standard Mobile Home, the cost will be $8, 265
per family assisted. Controlling for the constant E,

this value is 10% above the Special Design Mobile Home.

The third most cost-effective system would be one made up
of two sectional boxes, built to container standards

and, therefore, of superior ruggedness. With 14 maximum
uses anticipated from this system, it would cost $9,710 per
per family assisted.
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If HUD wishes to employ any system as a disposable shelter,
the costs per family assisted in line 1 of Table 4 apply.
Based on the cost and value data estimated and compiled,
such single use would not be a cost-effective approach

for any of the systems evaluated.

27




BTNULIOF WOIJ DPO3IBTNOTED

BTOUWIO] WOIJF pajeTnoTed

SUOT3RTNOTED WEW

q-z-v 3xed IT 3sel

v-z~-¥ 3aed II MselL

T 3xed IT 3sel
JUB3lSUOD ¥

a Te3jo3qns T 9T9RL
O Te3jo3qns T STdERL
g Te3ojdqns T aTdel

¥ Te3o3qns T oTdel

uoT3RATISA

[4

[4

aTqeL

STqeL

sTqeL

STqeL

sTqeL

aTqeL

aTqer

aTqeL

aTqeL

UOT3IedDOT

dnE o3 3s0D 9sM sSnoTa’aad

uoTjeubISaQg IoqunN osn Auy

po3sTssyY ATTwed Iod 350D

L I0J I030BJ uoTlonpsay

S3TUn STdesnay JO anTea 2beaTes Ter3TUul

S3TuUnN STgqesnsay
—UON JO onTeA obeaTes TeTITUI

walsAg uaA1H Auy 103
poiloadxy sasn FJO JoqunN WnNWIXeR

§380D 93TS

S3S0D UOTISSTIH-I93UI
S3S0) ©9DUBRUS3UTERY
S3S0D UOT3D9IH

§380D uoT3TSTnboy

uoT3dTIDsad

YIOWJ0d NI J¥SnN SNOILYION J0

NOILVAIYHQ ANV NOIIJI¥OSHA ‘NOILYDOT

€ WIdVL

UOTJRION

28



*g$ 3sBIRIU Y3 03 pIpunox a2Ie SAnbTI IV

0TIL‘6
seL’s
S9L‘6
o
»
sz8‘e <]
f 4 ’
S16°6 8 065°L
088°11 S€0°0T 5 019°L
m
0EE‘TT SY6‘TT SET’TT S6T°0T w 059°L
08E°‘TT 558°C1 $80°C1 S6T'TT o1’ 01 S1Z‘01 OST'ET m ozL‘L
S9CY1 sev’11 056°21 oze‘el SEE’TT 00L‘0T SLZ’0T OLZT'ET > sz8°L
06E‘VT 0zZT‘v1 069°T1 09T'€T 589°C1 SLS'TT SOT‘TT ST¥‘0T STS'ET 3 SL6L
a
(=]
SOL‘YT  00T'1C 06z v1 s10‘eT SPSET 09Z°'€1 0L6'TT 0TL'‘TT 59901 066‘€T 3 S6T°8
0TE‘ST  059°'T1¢C S0L' YT 69621 STZ V1 S0Z V1 0v9'Z1 00L‘ZT SOT'TT 008°‘v1 m 0s5°8
095°9T  00Z'€C 685'ST 089°€1 695°ST §60‘9T S96'€T 059°'v1 066°TT S6E‘9T = c€z'e
56Z°0C$ 0OLI'8CS OvI‘81$  086°91$ SIS‘6TS k4 A 4] SEB'LIS ovs‘ozs S95°'v1$  S56°0Z$ STE‘TTS
Joduod odwxy DISIPOID TRUOT3RU P31 SSYdW TReUOT3RU IeTTWES 59TI3 SWOH SWoH BUWOH
-I93uUl saTI} aeaipood ~-I33ul Io0 ~snpul ¥sn 2TTqOoW 9T TqOW
qezsuedq -snpul 2T3URTIY Fueyenxg ITe3Ty uopxand ubrseq
OOLY a1qepuedxd Tetoads
4 11 ()¢ 6 8 L 9 S 14 € [4 1

(@80 ydey R poyETEEY ATTued Ied 380D TRIOL)
SHELSAS ONISNOH AYVYOIWIL JILOITIS-HYd YOod SISXIUYNY LSOO TIDAD HJIT

v TIEUL

1 930N

A

"€

*Z1

‘I

‘01
6
'8
Sve‘L ‘L
oL6‘L ‘9
0€0‘8  S9z’s "S
SET’8  01E’8 v
0ze’s  o0sv'’s ‘€
ooL's ssL's 4
00865 SZ8'6 S 1

SROH STTAOW §980
pIepue3s Jo
apTM-31Buts “oN

29



TABLE 5

RANKING OF PRE-SELECTED TEMPORARY HOUSING SYSTEMS

Housing System

Special Design Mobile Home
Single-Wide Standard Mobile Home
Fruehauf or similar

Altair Industries

Atlantic International

Panelfab International
Goodyear MPASS

ATCO Industries

*USA Home

Geodesic

Cconcor

Armco

Expandable Guerdon Mobile Home

Basic Configuration

One Box on Wheels

One Box on Wheels

Two Sectional Boxes
{(Containerized)

Expandable Box

Sectional Box and
Knock-Down

Core and Panelized
Core and Panelized

Sectional Box and
Knock-Down

Expandable Box

Core and Special Pack-

aged Enclosure

Core and Special Pack-

aged Enclosure

Core and Special Pack-

aged Enclosure

Expandable Box

30

Max. Cost Per
# of Family
Uses Assisted Rank
10 $ 7,590 1
5 8,265 2
14 9,710 3
7 10,215 4
8 11,135 5
8 11,330 3
9 11,880 7
7 12,855 8
7 13,150 9
5 14,120 10
6 4,265 11
4 21,100 12

data not made available
to contractor
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FIGURE 4

COST PER FAMILY ASSISTED
System:

SINGLE-WIDE STANDARD MOBILE HOME O
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FIGURE 5

COST PER FAMILY ASSISTED
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FIGURE 6

COST PER FAMILY ASSISTED

System:  ExpANDABLE GUERDON MOBILE HOME 2
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FIGURE 7

COST PER FAMILY ASSISTED

System: USA HOME 3
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FIGURE 8

COST PER FAMILY ASSISTED

System:  ALTAIR INDUSTRIES 4
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FIGURE 9

COST PER FAMILY ASSISTED

System: FRUEHAUF OR SIMILAR 5
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FIGURE 10

COST PER FAMILY ASSISTED

System:  ATLANTIC INTERNATIONAL (5]
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FIGURE 11

COST PER FAMILY ASSISTED
System: GOODYEAR MPASS 7
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FIGURE 12

COST PER FAMILY ASSISTED

System:  arco INDUSTRUES LTD. 8
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FIGURE 13

COST PER FAMILY ASSISTED
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FIGURE 14

COST PER FAMILY ASSISTED
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FIGURE 15

COST PER FAMILY ASSISTED

System: ARMCO 11
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FIGURE 16

COST PER FAMILY ASSISTED
System:  concor 12
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Il CONCLUSIONS

Upon completion of the life~cycle cost analysis performed
under this Task the HUD Government Technical Representative
selected the five highest ranking housing systems for further
study. Figure 16 shows these systems within the matrix for
classification and evaluation used throughout Volumes 4 and 5
of this study (reports for Task I-B-2 and Task II). They
represent the following four types of "basic configuration":

1. One Box on Wheels

2. Expandable Box*

3. Two Sectional Boxes (Containerized)
4. Sectional Box and Knock-Down

This selection completed the transition from the initial
focus of this study on industries and their products to a
focus on generic types of systems meaningful for subsequent
stages in HUD's effort to identify and procure more cost-
effective housing systems for disaster relief.

Volume 6 of this study (Report for Task III) completes the
analysis of applicable systems technology under the present
contract stage with outline performance specifications for
the four types of basic configuration selected, and with

a detailed use scenario for the four selected systems types.

* Since no data for evaluating the Expandable Guerdon
MObile Home were made available for the study, the
gquestion whether this system is more cost-effective
"on wheels" or "general" was left open.
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11T

The performance specifications are to guide the develop-
ment of prototypes designed to better meet disaster relief
requirements by modifying existing technology in certain
respects. Systematic field tests of such prototypes will
then enable HUD to collect data on actual performance
measured in terms of the life-cycle cost and inventory
parameters outlined in this Task Report. A more rigorous,
complete and consistent procedure for monitoring the cost
of HUD's current mobile home operation in terms of the
life-cycle parameters would establish a more reliable
basis for comparing the costs of alternative housing
systems with the Single-Wide Standard Mobile Home.
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APPENDIX

SOURCES AND ASSUMPTIONS FOR HUD COST PARAMETERS

(Table 1)
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A. ACQUISITION COSTS

1. FOB PRICE

The FOB purchase price was based on information obtained
from the manufacturers of the 12 pre-selected housing sys-
tems. MBM's estimates supplemented these costs where major
components (i.e., plumbing and heating systems) were not
included by the manufacturer in the basic system. Systems
presently not manufactured were estimated separately, using
MBM historical data and information supplied by the Joint
Venture.

2. TRANSPORTATION TO STORAGE

Transportation to storage is the cost to transport the unit
400 miles from the manufacturer to a HUD/EPS storage area.*

3. INITIAL STORAGE

Initial storage is the cost for storing the unit for one
year at a HUD/EPS storage area. Included in this cost is
protective maintenance, security, eguipment, setting units
in place, personnel, quality control and required storage of
subsystems.**

B. ERECTION COSTS

1. TRANSPORTATION: STORAGE TO STAGING

Transportation from storage to staging is the cost to trans-
port the unit 375 miles from a HUD/EPS storage area to the
disaster staging area.**%*

* All transportation costs are based upon applicable tariffs,
truck load rates and other information supplied by the Mobile
Home Carriers Conference, Inc., and private carriers.

** A shorter period of storage -- for example, six months -- has
very little effect on the cost per family assisted for each
system.

**% The 375-mile figure for transportation from storage to staging
was supplied by EPS.

49



2. HOLD AT STAGING

These costs are incurred in monitoring the unit at the
staging area prior to dispatching it to a housing site.

3. SET-UP CONTRACT

a. Transportation: Staging to Site

Transportation from staging to site is the cost of
transporting the unit 25 miles from the staging area to
the housing site.

b. Rough Grading

Rough grading is the cost to level a site sufficient
for foundation placement.

¢. Foundation and Unit Erection

Foundation and unit erection is the cost (including mater-—
ials, equipment, manpower, inspection and quality control,
where regquired) of erecting, blocking and leveling the
unit. Foundation costs were based on the requirements of
each system. Erection data were based on general informa-—
tion supplied by manufacturers. Labor costs and necessary
equipment costs were estimated by MBM.*

d. Skirting

Skirting is the cost of materials and labor for placing
a metal shield around the perimeter of those systems
which require it.

4. UTILITY HOOK-UP**

a. Sewer, Water, Electric

Sewer, water and electric hook-ups are the costs of con-
necting these utilities to the individual unit.

* The average cost per man-hour used in these calculations was $10,
the rate paid in Wilkes-Barre during the Agnes relief effort.
** Costs were based on historical data obtained from Wilkes-Barre
and Brandenburg, Kentucky. The monies paid by HUD for the utility
hook-ups in Brandenburg were seemingly quite excessive. However,
these costs were carried in this study to maintain consistency
within the report. 50



b. Gas

The gas hook~up is the cost of installing and connecting
gas service to the unit.

DAMAGE REPAIR

Damage repair is the cost to HUD of repairing damage incurred
in travel. These costs are based on descriptive HUD data.

LABOR IMPORT

Labor import is the cost of providing supervisory personnel
with specialized skills for erecting the unit (as recommended
by the manufacturer of the system) that may not be available
locally.

C. MAINTENANCE COSTS

1.

MAINTENANCE AND REPAIR

Maintenance and repair on individual unit sites includes one
man with truck, small tools and average maintenance items to
service 40 units for one year. For group sites, maintenance
includes one man with truck, small tools and average mainte-
nance items to service 70 units for one year. Maintenance
costs are based on descriptive data furnished by HUD repre-

sentatives at the Brandenburg disaster site and HUD historical
data.

SPARE PARTS

Spare parts is an estimate of the materials needed to cover
repair and replacement of parts in the field.

D. INTER-MISSION COSTS

1.

DEACTIVATION

Deactivation is the cost of disconnecting the unit prepara-
tory to shipment. Costs are based on HUD historical data and
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do not include removal of underground utilities, which are
commonly left in place and back-filled.

PREPARATION FOR SHIPMENT AND STORAGE

Costs incurred in preparation for shipment and storage in-
clude disassembly, cleaning, fumigating, protecting and
securing interior items like furniture, inspecting and re-
moving foundations. Costs are based on disassembly informa-
tion supplied by the manufacturers and HUD historical -data.

TRANSPORTATION TO STORAGE

Transportation to storage is the cost to transport the unit
400 miles from the disaster site to a HUD/EPS storage area.

STORAGE

This inter-mission outlay repeats the same costs involved in
Initial Storage, and also includes storage of those items
not supplied with the original unit, such as heating and
plumbing systems. It also includes site preparation at

the storage area, power, standby personnel and inspection
as required.

REPATIR FOR REUSE

Repair for reuse is the cost of fully restoring and recondi-
tioning the unit for use in subsequent relief missions. This
cost was established by MBM and is derived from the following
factors: 35% of the basic unit price (excluding non-replace-
able items such as added utility systems) was determined to
be the maximum cost beyond which repair is no longer feasible,
plus the cost of a complete furniture replacement after every
fourth mission. This sum is then prorated over the maximum
nunmber of uses expected for any given housing system. One-
half the established basic unit price was used for housing
systems (i.e., Special Design Mobile Home and Fruechauf or
similar) designed for extensive travel.

An equation for repair for reuse was devised where N is the

maximum number of uses for any given housing system and
$2,000 is the cost for complete furniture replacement. Thus,
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maximum ]
number
of uses
furniture
basic furniture replacement
Repair E35 unit + [replacement every fourth
for = cost ost L. mlssion
Reuse maximum number of uses

which can be restated as

basic N
. (:351 unit + $2,000 _
Repair cost 4
for =
Reuse N

and, for systems originally designed for extensive travel, can
be stated as

basic N
] El75] unit + $2,000 [.—:|
Repailr 4

cost
for =

Reuse N
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