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A COST EFFECTIVENESS STUDY
OF PREFABRICATED MEMBRANE SURFACINGS

I. INTRODUCTION
BACKGROUND

1. Prefabricated membrane surfacings are required to provide
the Army with improved capability to produce the required
aircraft landing facilities, in theaters of operations,

which are essential for support of air mobility concepts.

The primary function of the membrane is to provide a rapid
means of waterproofing and dustproofing airfield runways,
helipads, taxiways, aircraft parking areas, and military
roads around airfields. The membrane may be used for this
purpose under landing mats or, wnere soil strength is
adequate, as the main wearing surface, in which case it must
also provide an all-weather nonskid surface for proper air-
craft control, particularly when short-field takeoff and
landing procedures are used. Use of the membrane will enable
fn-situ soil strength to be maintained, reducing airfield
construction and maintenance effort required, and provide
dust control, reducing safety hazards to aircraft operation
and airfield detection.

2. The wide variation in severity of service conditions 1is
such that three weights (strengths) of membrane are currently
in use or under engineering development. These are all
neoprene-coated nylon fabrics with characteristics listed in
Table 1.

Table 1
Neoprene Coated Nylon Fabric Membranes

Average Tensile

Membrane Breaking Strength Weight Relative
Designation (1b/1n) (1b/sq ft) Cost
T-16 (1 ply) 480 0.130 1
T=-17 (2 ply) 956 0.333 2
WX-18 (4 ply) 2058 0.456 3

Tabulated data for several membranes which have bec2n tested
in the laboratory or in the field are presented in
Appendix D.

3. A Department of the Army Approved Qualitative Materiel
Requirement for Prefabricated Airfield Surfacings (QMR) has

Preceding page tlank
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been developed which 1ists the desired functional character-
istics of membranes, based on experierce with current
membranes but involving some apparently reasonable improve-
ments, particularly in weights and placement rates (rkof. 1).*
While three classes of membranes are contemplated (lignt,
medium, and heavy duty), the QMR aiso expresses the desire
to simplify the procurement, stocking, and distribution of
membranes by the use of a sirgle membrane for all severities
of service. By implication, a rational system using only
two weights of membrare would also be responsive to this
general goal.

OBJECTIVE

4. The objective of this study is to provide a basis for
deciding whether to develop a femily of membranes of various
weights, or a single membrane of cptimum weicht, to satisfy
military requirements for membrane as set forch in the IMR.

STUDY BOUNDS

5. For the purpose of this study, a Eﬁgfabricated membrane
is defined as a thin, soft, pliable sheet fabricated at a
factory so that field installaticen will consist mainly of
assembling and uniting standardized parts. Other means of
waterproofing and dustproofing, such as extra-light landing
mat, surfacings which are not prefabricated (e.g., sprayed-
on coatings), or chemical soil stabilization, are not
considered.

6. Although the membrane surfacings may be utilized to
support air cgperations in any land area of the world,
primary use is evpected to be in underdeveloped areas where
airfields are either non-existent or inadequate. The use of
such membranes on ice or snow subgrades (e.g., winter sub-
arctic and arctic operations) is not anticipated. Secondary
uses of membranes are not considered.

7. Three families of membranes involving one, two, or three
membrane wefghts (duty classes), respectively, were examined
for use on airfield traffic areas. A fourth membrane weight
class was considered for use on non-traffic areas. Each

*For convenience, a copy of the QMR is included in
Appendix A.
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family wes optimized for selected theater scenarios with the
stipulation that the QMR must be satisfied for each airfield
in each theater. In addition, for a given optimum family of
membranes, three alternative policies for membrane use in

the construction of a given class of airfield were examined:

a) The use of only one membrane, of those available 1in
a family (i.e., the membrane which satisfies the heaviest
duty requirement of the airfield), throughout the airfield
(used for two- or three-membrane families),

b) The optimum use of two membranes of those available
in a family to satisfy the duty requirements of the various
portions of the afirfield (used for three-membrane families).

c) The optimum use of all membranes in a family to
satisfy the duty requirements of the various portions of the
airfield (used for one- to three-membrane families),

8. Membrane performance is defined as the capability of the
membrane to withstand applied loads from aircraft or wheeled
ground vehicles while providing a means of waterproofing and
dustproofing graded subgrades at airfields. Other perform-
ance characteristics specified in the QMR which are
independent of applied wheel loads (e.g., resistance of
adverse effects from POL spillage and ambijent temperature
varietions) are assumed to be met by the membrane material;
otherwise the material must be rejected out of hand.

APPROACH

9. To accomplish the overall objective, the study consisted
of three major phases o analysis:

a) Phase I: A trade-off analysis was performed to
determi-e the =ffect on membrane cost and mission effective-
ness resulting from specific changes to the QMR. The
following parameters were considered:

Performance (operational capability)
Weight

Reliability and durability
Transportability

Maintainability

Placement rate

Producibility

Logistical support

Availability

Service lite

QUOUWONOO LW —
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b) Phase II: A cost effectiveness analysis was
performed to determine the most cost-effective membrane, or
combination of membranes, from those currently available
that are capabie of satisfying the QMR. Criteria for
membrane effectiveness and models for cost and effectiveness
were developed. Effectiveness parameters were weighted to
reflect their relative importance and priority according to
the general guidance of vhe QMR and of the Project Advisory
Grouo (PAG), A sensitivity analysis was performed on
important parameters to determine what varfations in
effectiveness would result from changes in the value of
these parameters.

¢) Phase IIIl: To answer the basic questica posed in
the overall study objective, a membrane development plan is
provided, based on the results of Phases I and II. Technical
characteristics for the membrane(s) most suitable for
military requirements are recommended.

1C. Before the analyses indiczated under Phases I, II, and
I[{I could be undertaken, several preliminary tasks had to
be per‘ormed. These included collection of available data
ard experience, identification and definition of impnrtant
parameters, and Jdevelopment of models and programs to
facilitate the analysis.

DATA SOURTES

11. Much of the required data for this study was found in
standard technical bulletins and manuals and in data
packages supplied by WES. Standard planning rates for
mititary personnel costs and shipping costs were supplied by
AMC. Data on theater scenarios were not readily available
ard unanticipated delays were encountered in obtaining the
desired information in suitable form. Although some
information was obtained directly from the CDC Engineer
Agency, additional estimates and assumptions were required
to develop the theater models.

12. A 1ist of 11terature used in this study is provided
und2r REFERENCES.

MEMBRANE EFFECTIVENESS CRITERIA

13. An essential and critical task is the development of
criteria for membrane effectiveness. After installation,
a membrane becomes a part of an airfield, which is a
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facility to permit operation, storage, and maintenance of
some array of aifrcraft types (including helicopters) in
various quantities. The airfield is a subsystem of various
aerial surveillance, transport, and/or combat systems,
Therefore, the lowest order at which membrane effectiveness
may usefully be studied is at the level of its influence
upon airfield effectiveness. For this suboptimization, it
is feit that feedback into the major systems is not
appropriate; i.e., study at the airfield effectiveness level
is not only necessary but also adequ:te,

14. The controlling function of an airfield of a given
class is to permit takeoff and Tanding of specified aircraft,
The effect of membrane damage upon the airfield function is
to interfere with this basic capability. Accordingly, it
appears that one primary measure of airfield effectiveness
(and hence membrane effectiveness) for the present study
will be the membrane-related airfield availability. Since
the membrane is merely one of many components upon which
airfield effectiveness depends, a cost effectiveness study
in which membrane effectiveness is held constant is thought
to be both appropriate and adequate.

15, At this pcint some definiticns and explanatory notes on
terminology are in order. Membrane-related airfield avail-
ability is defined in this study as the percentage of time
during a 24-hour day when aircraft takeoffs and landings

are not prohibited due to membrane inspection, damage, or
repair, It is assumed that damages to the membrane are
repaired as they occur,

16. In discussing availability, the word “fatlure" has
carefully been avoided in connection with membrane damage
because the QMR defines a failure as a repair necessitating
more than 24 manhours of engineer effort to restore. Thus
a damage to the membrane (i.e., a break or tear) may reduce
availability but may not constitute a failure.

17. Placement rate and service life of the membrane will
also influence the effectiveness of the airfield and must
therefore be included as a part of the membrane effective-
ness criteria. Placement rate is the rate at which the
membrane is initially Installed in terms of square feet per
manhour, Since placement rate is expressed in square feet
per manhour, the effective placement rate is the placement
rate times crew size. Service life of the membrane is the
number of sorties for which the total area of membrane of a
given type expended for repairs reaches 10 percent of the
total airfield area covered by membrane of that type.
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18. Membrane effectiveness is determined by the following:

a) How soon the membrane-covered airfield is available
after initial airfield const.iuction is completed (placement
rate).

b) How much it is available on a day-to-day basis
(avatlability).

c) How long it is available after the membrane is
installed (service 11fe).

Membrane effectiveness is expressed in terms of placement
rate, availability, and service 1ife. (see EFFECTIVENESS).
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I11. UEVELOPMENT OF MODELS

OVERALL ASSUMPTIONS

19, The development of models for the cost effectiveness
study was influenced by the following overall assumptions:

a) Traffic areas* of afirfields in theaters of
operations will be surfaced with membrane or landing mat
over membrane or left bare,

b) A given airfield will use the same means of
surfacing for all traffic areas, although different duty
classes for a given type of surfacing may be intermixed.

c¢) The lightest available membrane will be used under
all landing mat.

d) The lightest available membrane will be used for
water/dustproofing non-traffic areas,** {f required.

e) Membrane under mats requires no maintenance per se
to meet QMR.

f) Placement rate for membrane under mats is not
considered.

g) In systems involving more than one weight of
membrane, all membranes will be of the same basic
construction and material, e.g., a family of neoprene-coated
nylon fabrics.

h) Membrane service 1ife will be expressed as the
number of sorties during which the total amo.nt of membrane
expended on repairs does not exceed 10 percent of the total
ajirfield area covered by membrane of the same type.

i) Initial strength requirements for each membrane
duty class wtll be based upon availabilitv, maintenance,
and service 11fe requirements, with placement rate being
dependent,

J) Rate of occurrence of membrane damage fs a function
of the number of sorties (of a given afrcraft and load) and
is independent of time, per se,

#*Includes runways, taxiways, wvarmup aprons, parking areas,
and helipads.

*#Includes shoulders, overruns, and peripheral areas vhere
vater/dustproofing is required.

7
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k) ihe subgrade strength (airfield index) remains
adequate for the critical aircraft of a given airfield.

1) Subgrade strength effects on membrane service 1ife
will be neglected.

m) Tire wear effects, other than those reflected 1n
the mean sorties between damage, will be ignored; e.g.,
loss of antiskid surface with time.

n) For the purpose of placing membranes of optimum
weight, "runway ends® (1.e., the landing zone) will be
defined as 1/6 of the length of the runway on each end of
the strip, and "runway centers® will be defined as the
center 2/3 of runway length,

MEMBRANE PERFORMANCE UNDER AIRCRAFT WHEEL LOADS

20. The following assumptions were made regarding membrane
performance:

a) Nominal maximum tensile load on membrane under
aircraft loading is given by TECOM formula (Ref. 2):

NL = SW X Cr g 1b/1in, (1)
nxb L
where GW = aircraft weight, 1b
Cr = coefficient of friction, tire to

membrane surface

n = number of tires in main landing gear

b ire section width, in.

KL material compliance, multiwheel and/or
dynamic multiplier

= 1.0 for TECOM formula (neoprene-coated

nylon fabric; up to 4 tires in main
gear; afrcraft up to C-130).

b) Nominal tensile stren?th (NS) of membranes {s the
mean of mean warp and mean fill breaking strengths. For
current membranes for which experience is available (all
neoprene-coated nylon), these figures are as follows:

T-16: NS = 480 1b/in. Ref. 4
T-17: NS = 956 1b/1inm. Ref. 2
WX-18: NS = 2058 1b/in. (Ref. 3).

While numerous membranes have been subjected to field
testing in varying degrees, only these three have been sub-
jected to a variety of wheel loads and reported in sufficient
detail to permit the establishment of a performance model.

8
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c) Mean sorties between tears for a given membrane
in a given section of an atrfield under traffic from a given
aircraft is primarily a function of the ratio of nominal
tensile load to nominal tensile strength, 1.e.,

MSBD = fF(NL/NS), (2)
d) With a membrane which is marginal to acceptable

for service with a given atrcraft loading, tears occur most
frequently at runway ends, at touchdown,

Availzole Data on Membrane Tears

21, Tests of membrane performance under aircraft wheel
loads have been documented for three neoprene-coated nylon
fabrics (T-16, T-17, and WX-18) subjected to traffic by one
or more of the following aircraft: 0-1, OV-1, CV-2, and
C-130. These data are summarized in Table 2. )

Aircraft Data and Nominal Loadings

22, For the aircraft types and loads given in Table 2,
nominal tensile loads on membranes were computed by using
the TECOM formula (1) as shown in Table: 3. The coefficient
of friction, Cs, 1s assumed to be 0.5 (Ref, 2), and the
multiplier, K;, is set equal te¢ 1.0,

Analysis

23, From Tables 2 and 3, membrane load/strength ratios and
mean sorties between damage (MSBD) were computed and are
included in Table 4, These values are plotted in Fig. 1,
from which for runway ends, an approximate relationship for
mean sorties between damage is given by

MSBDE =~ 5(NSg/NL)3, (3)
It {s noted from the T-17 tests {Table 2) that the number
of tears on runway ends was roughly eight times greater than
on runway centers, Thus, for runway centers

MSBDc ~ 40(NSg/NL)3 ; (4)
while for taxiways and parking areas, with less confidence,

MSBDp ~ 320(NSq/NL)3 . (5)

These three relatfonships are shown as dotted lines 1in
Fig. 1.



Table 2
Summary of Membrane Performance Data

e — —————— e ——_ Pt 4 e 2 e W W 4 A .

Air- i Test )
Membrans | craft Weight! |Sorties’ | Tears ~ lReference
' Runway | Runvay |Tari- i
(1! | Ende?® | Center’| Park

T-16 0-1 2,000 33 ' 0 - - 5
ov-l 12,000 184 29 . " 3 ,
1-17 ov-1 13,000 102 1 0 0 ? |
Cv-2 25,000 36 0 0 0 ? g
; c-130 81,000 75 84 0 0 3 g
; C-130 {115,000 288 33 | 4 0 2 1

[ WX-18 C-130 75,000 48 o | 0 0 3

| C-130 {127,000 107 3 L 0 0 3

IData pooled where full information on distribution of landing
weights not given, or when range is small and tears were few, 1If
weights are known, average take-coff weight durinpg test is used. If
weights are not given, maximum take-off weight is assumed,

2Where number of landings and take-offs are not equal, number
of landings is taken as number of sorties.

3Ends = 1/6 length at each end, center = 2/3 in center.

“"Misses" during WX-18 tests, assumed to be in T-17 panels
300-500 feet from runway end; i.e., within "runway end" zone
defined in footnote 3.
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Table 3
Nominal Tensile Loads on Membranes
[ Test No. Tires in | Tire
Afrcraft | Weight Main Gear Width N (1b/1n,)
(lb) {(in.) (Cf=0.5, KL-I.O)
01 2,000 2 5.95 84
ov-1 12,000 2 7.4 406
ov-1 13,000 2 7.4 439
Cv-2 25,000 4 9.5 330
C-130 75,000 4 17.1 548
C-130 81.000 4 17.1 590
C-130 {115,000 4 17.1 840
C-130 127,000 4 17.1 925
Tabie 4
Analysis of Membrane Perfcrmance Data
Test NL Sorties!
Membrane |Afrcraft | ueight s MSBD = vygaFs
Runway | Runway Taxi-
(lb) Ende Center Park
T-16 0-1 2,000 .18 >44 - -
T-16 ov-1 12,000 .85* 6.2 - -
Y-17 ov-1l 13,000 LA6" 58.3 >131 (»>131
T=-17 Cv-2 25,000 .35 >48 (>48) (>48
T=-17 c-130 81,000 .62* 8.6 >100 (>100)
T-17 €-130 115,000 .88 8.5 61 >384
WX-18 C-130 75,000 .27 >64 (>64) (>64)
WX-18 C-130 127,200 .45 28,3 >143 (>l43)J

INo test sequence ended on a tear.

In calculating MSBD,

it was assumed in all cases that 3/4L of the interval to the
next tear was exhausted at the end of the sequence;

line 2, for example, 184 sorties and 29 tears give
18L/(29+3/L4)=6.2 sorties per tear,

Parentheses indicate no data availabdble.

shown indicate minimum expected values ..d

®Tears recorded for these tests only.

| R

i.e.,
that "3/4" of a tear more than recordea had occurred.

On

The numbers

«re obtalned
from the more severe runvay centers cr ends,
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A Check Point from Vietnam Experience

24, During 15 June to 28 June 1966 at the “Golf Course"
airfield near An Khe, Republic of Vietnam, 76 tears occurred
in T-17 membrane when subjected to the traffic iisted in
Table 5 (Ref. 6). From the curves in Fia. 1 (eq. 3,4,5),
the expected number of tears due to the traffic indicated in
Table 5 may be projected as shown in Table 6. The total
estimated number of tears was 65.43, while the actual number
was 76, a difference of approximately 14 percent. With a
small margin of safety, a correction of 15 percent is
considered reasonable.

Model for Mean Sorties Betwe2en Damage

25. By adjusting the constants 1in equations 3, 4, and 5 by
15 percent, so that

MSBDg = 4.25(NSg/NL)3, (6)
MSBD, = 34(NS./NL)3, and (7)
MSBDq = 272(NSp/NL}3, (8)

the expected number of tears can be made to match the actual
number with a small margin of safety. The revised 1ines are
drawn in Fig. 1 (solid 1ines) and appear to fit the scatter
diagram about as well as the ‘:nitfal dotted lines.

26. In lieu of sufficient data for a statistical analysis,
equations 6, 7, and 8 will be used with due caution to
estimate the mean number of sorties between damage. It must
be emphasized that these relationships were derived from
experience with neoprene-coated nylon fabrics only. While
they may be applicable to other materials with similar
stress-strain characteristics, it is unlikely that these
equations are appliceble to a wide range of fabric mate' fals
and coatings. Also 1t should be noted that these relation-
ships were derived for fixed-wing afrcraft only, since there
were insufficifent data to develop a separate performance
model for rotary-wing aircraft. It {is anticipated, however,
that MSBD's for helicopter wheel and skid loads during
landing will be roughly equivalent to MSBD's for atrcraft
wheel loads during taxiing and maneuvering on the taxiway
and parking areas, Thus, for helicopters, equation 8 will
be used to compute MSBD,

13
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Table 5

T-17 Membrane Performance in Vietnam

Tires in Tire
Afrcraft | Sortias | Weight (1b)! Main Gear Width NL
0-1 94 2,400 2 5.95 101
u-10 26 3,600 2 5.95 151
U-6 22 5,100 2 7.4 172
C-45 4 7,500 2 9.5 197
U-1 7 8,000 2 9.5 210
u-8 28 7,700 2 7.4 260
Cv-2 696 28,500 4 9.5 375
ov-1 90 12,700 2 7.4 428
C-47 2 30,000 2 14.8 506
c-123 38 48,000 2 14.7 816
C-130 216 130,000 4 17.1 950

1Assumption:

Aircraft loaded as for support area
medium 1ift airfield.

Table 6

Projected Membrane Performance

Total est. tears = 57.38+7.16+0.89 = 65.43

NL NL] 3 3
Atrcraft| RS [NS] Sorties S-[#%] Expected No. of Tears*
(S) Runway | Runway Taxi-
Ends Centersg | Park
B K=5 K=40 K=320
0-1 {.106 {.0012 94 0.112 0.02 S o
U-10 ([.158 |.0039 26 0.101 0.02 - -
Uu-6 (.180 |.0058 22 0.128 0.03 = -
C-45 1,206 |.0087 4 0.035 0.01 = -
U-1 |.220 (.0106 7 0.074 0.0i - -
u-8 1,272 |.0201 28 0.563 0.11 0.01 -
Cv-2 1.392 |.0602| 696 41.900 8.38 1.05 0.13
Ov-1 ].448 |.0900 2 8.100 1.62 0.20 0.03
C-47 [.530 {.1490 90 0.298 0.06 0.01 -
C-123 |.853 |.6210 38 23.600 4,72 0.59 0.07
C-130 {.994 |.9820 216 212,000 42.40 5.30 0.66
57.38 7.16 0.89
e S s o L S _.1

*No. of tears =

S

NL\ 3
s(§s)

MSBD

K

14
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Additional Notes on Mean Sorties Between Damage

27. Combined MSBD from equations 6, 7, and 8 is

1.1 .2,
WO ~ MSBDg = HSBD; ~ MSBDy

1 . 1 . 1
4.25(NS/NL)3 ~ 34(NS_/NL)3 ~ 272(Ns,/NL)3

Let NSg = NS, NSc = aNS, NS¢ = BNS, so that

] = 1 + 1 + )

—

MO  4.25(NS/NL)3 34a3(NS/NL)3 27283 (NS/NL)?

B 0 IR SR I T4 TR
§.25  3a’ 27283 \NS) *

] NS\3
MO = NS\,
or ! ] ! <;L>

4.25 ' 383 ' 27280

28. For a single membrane used throughout the airfield,

a = g =1 or NSE = NSc = NST.

and MO = 3.73(NS/NL)3.

29, For a three membrane system in which the membranes
placed so that each airfield area has the same rate of
damage occurrence, we have

MSBDg = MSBD; = MSBDyp ,

or MO = !§§9§-- 1.42(NS/NL)3
and NSc = aNSy = (4.25/34)1/3Ns; = 0.5 NS,

NSt = 8NSg = (4.25/272)1/3NSg = 0.25 NSg.

30. In general, MO may be expressed as follows:

MC = Ko(NS/NL)3.

From equations 11 and 12, 1t is seen that a practical
range for Ko is

1.42< Kp<3.73.

15
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31, For ccmputations fnvolving availability, only mean
sorties between damage to the runway 1s considered, {.e.,

l = ] + ]
MR  MSBDg MSBDg

~ | NL )3
4,25 34a’) \NS
NS \3

MR = ! (~4;>. (17)

N

| I NL

4.25 34a3

32. If the same material is used for the entire runway,
we have

NSg = NS¢, or a = 1, (18)
and MR = 3,78(NS/NL)3 . (19)

33. If two membranes are selected so that the mean sorties
between damage for runway ends and centers are equal, then

MSBDg = MSBDG,

MR = "SgDE = 2.13(NS/NL)3, (20)
1/3
and NS = aNSg = (ii%i) /* Nsg = 0.5 Nsg. (21)

34. Ir general, MR may be expressed as

MR = Kp(NS/NL)?2. (22)

From equations 19 and 20, it is seen that a practical
range for KR is

2.13 < Ky < 3.78, (23)

16



DEFINITION OF MEMBRANE DUTY CLASSES

35. Membrane duty classes must be defined in terms of
nominal tensile strength levels for each membrane system,
as follows:

a) Heavy, medium, and light duty in a three-membrane
system

b) Heavy and 1ight duty in a two-membrane system
c) Heavy duty in a single membrane system,

J6. For each class of airfield or heliport, the nominal
tensile Yoad (NL) applied by the critical afrcraft was
established and areas to be surfaced were cataloged for:

a) Runway ends (1/3 total runway length)
b) Runway centers (2/3 total runway length)

c) Other traffic areas (taxiways, parking, warmup
areas).

37. The total weight per airfield for a given membrane
system was estimated from an approximate relationship
between membrane weight and nominal tensile strength for
neoprene-coated nylon fabrics. From Fig. 2, WT = NS/3384.
It 1s assumea that package and panel sizes will remain the
same as those in current use., Membrane areas must be about
12-1/2 percent greater than airfield areas to allow for
Joining and anchoring (Ref. 7), and 10 percent must be added
for replacement parts (Ref. 1). Membrane accessories, such
as anchors, antiskid, adhesive, joining material, and
packaging, contribute about 55 percent to the weight of the
membrane., Thus, the total weight of a membrane system for
a given airfield is

W = NS/3384 x Area x 1,125 x 1.} x 1,55
= NS x Area/l765,

or W = (NSg x Ag + NS¢ x Ac + NSp x Ap)/1765

where subscripts E, C, and T represent runway ends, centers,
and taxi-park areas.

38. Optimum nominal tensile strengths for one-, two-, and
three-membrane systems were calculated to give QMR 24-hour
availability, maintenance effort, and service 1ife. Runway
downtime, maintenance effort, and service 11fe equations
(see paragraphs 43, 56, and 63) were each solved for minimum
MSBD, The largest of these three values was converted to

17
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the required NS using the performance model from paragraph
25, This procedure was followed for each airfield class in
each theater, and the matrix of results saved, i.e.,
nominal tensile strength, NS, for runway ends, runway
centers, and other traffic areas.

39, In order to reduce the NS values (par. 38) to a
manageable number, the matrix was grouped into NC numbered
classes csuch that in each class

NS = 0,9 NS
m

min ax’

By assigning NSmax as the value for each class, the weight

per square foot, WT, was calculated for each class and the
matrix of results, NC, NS, and T, was saved,

40, The matrix of NS values (par. 38) was restored using
NC such that NSwc 2 NSgequjreq- The total weightof membrane

and accessories was also calculated and the matrix of
results, NC, W, saved.

41, Optional systems of one, two, and three membrane
weights were generated, each within constraints of applicable
NC from paragraph 40 as shown in Table 7. For each
alternative 1n Table 7, the matrix in paragraph 40 was
redone in terms of avaflable classes (NC). The optimum 1,
2, and 3 membrane system was saved. For this suboptimi-
zation, 1t was assumed that the minimum total tonnage would
approximate the minimum total cost. The actual application
of each of the three optimum systems at each afrfield type
in each theater was then presented in tabular form along
with the total tonnage of material required.

RUNWAY DOWNTIME, AVAILABILITY, AND INSPECTION FREQUENCY

2. The following assumptions regarding runway downtime,
availability, and inspection were made:

a) Inspection frequency is a function of MSBD where
So * number of sorties between inspections (see "Inspection
Frequency," par. 47-48),

b) Inspection for membrane damage may be made in
one-pass along runway.

c) Inspection starts immediately after 5, sorties,

d) Repafir or inspection time for taxiways and parking
areas does not decrease airfield availability.

19



Table 7

Optional Membrane Systems

my; = no.

membrane classes

applicadble to 3-memtrane

systems,

20

NC Sl-) 52-1 52_2 52_3 °"'Sz-n2. ' S3-l 53-2 53_3 ....53-n
; s S o sk -
1 X ! X X
2 X
3 X b
4 i X
- L i
N . .;
- . :
. X 1
NC x X X X snsn R i X N & e
max !
*ny, = my - 1 m, = no., membrane classes
(n3=1)(m3=2) anplicable to 2-membrane
ny = — 5 systems.
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Mean Runway Downtime Per Sortie

43, Let Dr represent the mean ftotal runway downtime per
sortie, in hours, for a given membrane-surfaced airfield/
aircraft/load. There are two distinct components of Dq,
i.e.,

Op = Dy + Dy (24)

where Dy = mean runway downtime for inspection
per sortie,
and Dg = mean runway downtime for repair per

sortie,
01 will be defined as

L)l
Dy = X — 25
r e (vw) * & (25)
where L = lengt) of runway, in feet

YV = inspection vehicle speed (ft/hr)

N = number of repair crews used simul-

taneously, also number of inspection-
repafi: vehicles used simultaneously,

So = number of sorties between inspections
(see discussion of inspection frequency,
par. 47-48);

and Dg will be defined as

5 T2 ) | 26
Dy (T‘ * CxN)" (MSBDE Y MSBDC) (26)

where T, = mean repair time unaffected by crew size
(e.g., drying time of adhesives) in hr,
per damage,
T, = mean man-hours of crew-related repair
time per damage,
C = number of men in inspection-repair crew,
per vehicle,
mean sorties between damage on runway
ends (L/6 on each ead),
MSBD., = mean sorties between damage on runway
center (2L/3).

To simplify, let MR represent the mean number of sorties
between damage to the membrane on the runway, i.e.,

L
MR = — T - (27)

+
MSBDg =~ MSBD

MSBDE

21
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Thus, from equations 24, 25, 26, and 27,

L ] T2 1
e (Tl * CxN) X WR* (28)

Runway Membrane Availability Per 24 Hours

44, For a given membrane-covered airfield and critical
aircraft, the membrane-related airfield availability may be
conveniently expressed in terms of sorties per day and
runway downtime per sortie, as

A = (1 . SXDT) x 100 (29)

24
where S = mean sorties per 24 hours.

45, The QMR states that A > 93 percent based on an average
of seven sorties per day. To meet this requirement, the
following inequality must be satisfied:

0 < D < 0,24 hr/sortie,

It should be noted that repair or inspection time for taxi-
ways, parking areas, and ground vehicle traffic areas does
not cec~ease availability.

46. Reasonable values may be assigned to V, T,, and T,
based on test and field experience. L is known for a given
airfield type., It will be shown lTater that Sp is a function
of MR, Equation 28 then relates the unknowns C, N, and MR,
A sensitivity analysis will determine the relative influence
of ¥V, Ty, T2, Sp, C, and N on MR while Dp is fixed at 0.24,

Inspection Frequency

47. 1In order to keep runway inspection time at a minimum,
it would be useful to relate the frequency of inspections
to the frequency of occurrence of membrane damage. Damage
to T-17 membrane during C-130 operations at Ft. Campbell,
Kentucky (Ref. 2), is summarized in Tables 8 and 9. The
mean number of sorties between damage appears to follow a
negative exponential distribution (NED), as shown in Fig. 3,
18y x
1 HR
flz) = gz e (30)
where f(x) = relative frequency of occurrence of
x sorties between damage,

x = number of sorties between damage,
MR = mean sorties between damage,

22



Table 8

Summary o' T-17 Membrane Damage at ft. Campbell, Ky.

Tear|
No. Date Time T-130 Aircraft
(1965} | | Weight ]Functionx
(1000 Lb)|
PR S ,
] 2 Aug | 1145 [ 103.6 [ 0
2 3 Aug [ 1103 | 110.5 BR
3 5 Aug | 2035 103.5 )
4 5 Aug | 2044 103.5 BR
5 5 Aug | 2053 102.5 BR
6 | 6 Aug | 1045 115.0 | 1D
7 9 Aug | 1130 115.5 | 1D
8 | 9Aug 1202 | 113.5 | 10
9 9 Aug | 1224 113.5 | TR
10 |10 Aug | 1213 119.0 | T
11 10 Aug | 1250 119.0 RU
12 10 Aug | 1427 12.7 )
1310 Aug | 1427 112.7 0
14 (19 Aug | 1730 109.0 D
15 (19 Aug | 1840 106.0 TD
16 |23 Aug | 1411 127.5 T0
17 {23 Aug | 1421 127.5 TD
18 |23 Aug | 1714 125.0 0
19 (23 Aug | 1714 125.0 | 10
20 |23 Aug| -- 125.0 | LR
21 23 Aug -- 125.0 BR
22 |24 Aug| -- 125.0 TD
23 |24 Aug| -- 125.0 0
24 |24 Aug| -- 125.0 TD
75 124 Aug | -- 125.0 BR
26 |25 Aug | 1721 125.0 |
27 |25 Aug | 1743 125.0 RU
28 4 Oct | 1420 110.0 1D
29 4 0ct| 172 113.0 0
30 4 Oct | 1723 95.0 )
31 5 0ct | 1130 120.0 RU
32 5 Oct | 1202 125.0 D
33 6 Oct | 1215 116.0 1)
34 | 7 0ct| 1815 116.0 D
35 10 Nov | -~ 96.0 TD
36 10 Nov! -- 96.0 0
37 10 Nov | -- 96.0 | TD

During C-130 Operations, 2 Aug 6° to 10 Nov 65

Tear Location?

*When tvo tears ozcur during one landing or one takeoff, the second tear
is considered as 0 sorties between tears,
the second tear is considered as 1/2 sortie betveen

Position' Panel

S
30
27
2
18
19

W W N P ~
-t DO NN O

PN WWwMWNRN
Whouwwoo~Noww;

NN
SLWwwCOBaN S

mmMmMmmMmMmMmMmMmMmMmMmmreammmmOoOoOoOmMmmMmmMmMmMmmMmmmmmammmeoOoOommm

and ancther on takeoff,

tears,
ITD = Touchdown 2position Panel
LR = Landing Roll End 1-5
BR = Braking Center 6-26
ST = Steering End 27-31
RU = Engine Runup
TR = Takeoff Roll

23

1/2 sortie = 1 takeoff

No
Accumu=-
lated
1 1
9 .8
34 25
35 |1
36 1
37 ]
62 5
66 )

p—
o
o

157-1/2
173 15
176 3
179 3
186-1/2 7
188 1
211 23
228 17
239 1
24 2

244 o 3

If one tear occurs on landing

3) sortie = 1 takeoff

+ 1 landing, or 1l
landing if nct
accompanied by a
takeoff.

. of Sorties?
Between
Tears

]



Table 9

Frequency Distribution of T-17 Membrane Damage

No. of Sorties

Relative

Between Damage Frequency Frequency (%)

0 4 10.6
1/2 3 7.9

1 5 13.2
1-1/2 1 2.6
4 2 5.3
3 4 10.6
4 3 7.9
5 1 2.6
6 2 5:3
T-1/2 1 2.6
8 1 2.6
9 1 2.6
11 2 5.3
15 1 2.6
16 1 2.6
17 1 2.6
23 1 2.6
23-1/2 1 2.6
25 2 5.3
44+ 1 2.6

38
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Figure 3. Frequency distribution of sorties between damage for
T17 membrane at Ft. Campbell, Ky.
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The cumulative distribution function 1s

1 S e So
F(Se) = gz [ 7° € MR dz = 1-¢'MF, (31)
0
The function F(S,) gives the probability that a damage has
occurred in Sy sorties. For example, the probability that
damage has occurred by the time Sy, equals MR sorties fis

F(MR) = 1 - e™! = 0.632, or 63.2 percent.

48. The survivor function,
By
P(Sg) = 1 - F(Sy) = e™MR, (32)

jJives the probability that no "image has occurred in S,
sorties. So

Let p = F(Sy) = e MR,
Solving for S,, we have (33)
So = &n(1/p) x MR,

49. By using an inspection policy of S, sorties between
inspection in a situation where the mean sorties between
damage is MR, the probability that no damage has occurred in
Sg sorties 1s p. Keeping in mind the risk of a small tear
developing into a faflure (as defined in the QMR) {f not
repafred immediately, a conservative policy might be to

set p = 0,9, {.e., the probability that no damage has
occurred since the last inspection {s 99 percent, or

So = 0.105MR. (34)

This inspection policy will be adopted for the present study
with the following restrictions. In practice, S, must be
equal to or greater than 1 sortie per inspection, with a
minimum of one inspection per day, {.e.,

1 £S5 <5S. (35)

If an inspection is made after each sortie, the priobability
of no damage may be less than 90 percent, provided that QMR
availability, maintenance effort, and service 1ife are met.

50. From the results of the T-17 tests under the C-130
at Fort Campbell (Ref. 2), the probability of no damage
after each sortie was

So 1
p=eMR o ¢ 7.8 . 0,87, or 87 percent.

26
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Thus an inspection should be performed after each sortie
for a C-130 operating on T-17 covered runways. This checks
with fieid experience in Vietnam (Ref. 6).

Downtime Per Damage

51. By combining equations 28 and 33, we have

= L ( TZ ]
Dy [erixln(llp7+ UL E;ﬂ)]ﬁi' (36
Let the mean downtime per damage be DD. Then
Op
Or = &R (37)
L T2
= + —. (38)
where Dy * SiWxin(ize) T Tt Gon

MAINTENANCE MAN-HOURS

52. The tollowing assumptions pertain to maintenance
man-hours:

a) Maintenance man-hours are counted while actually
working on maintenance, but {aclude time to get to job.

b) Mafintenance includes inspection and membrane repair
only.

c) Membrane damage is repafred inmediately after it
is found.

d) Inspection of taxiways and parking areas is done at
least once per 24 hours.

Runway Inspection Man-Hours

53. Mean man-hours per sortie for runway inspection,
MMH;, may be expressed as follows:

= .—.l'__ ]—

MMHI (T3 + va) X 5o x C x N, (39)
- T3

also MMHI (-F-+ DI>x C x N, (40)
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where L, V, N, So. D, are defined {n paragraph 43,
and T, = time to and from runway.

Runway Repair Man-Hours

54. Mean man-hours per sortie for runway repairs (MMHP) is
calculated as follows: )

Ty
[ Tl]
also  MMH, =|Dp - MR X C x N, (42)

where T,, Dp, and MR are defined {n paragraph 43.

Non-Runway Traffic Area Inspection and Repair

55. Mean man-hours per sortie for inspection and repair
of traffic areas other than runways, MMHy o is calculated
as follows:

T
X —l-x C x N+ 2

MMH,, =
T VxN TS MSBDy

’ (43)

where V, N, T,, C are defined in paragraph 43,

and Ly = distance, in feet, traveled during
inspection of taxiway, warmup and
park areas,

MSBDp = mean sorties between damage to membrane
on taxi, warmup, park areas.
Sy = MSBD, £n(1/p), (44)

where &, {is number of sorties per inspection with probabilfty
of no damage equal to p (inftially p = 0.9), provided that
a minimum of one inspe¢tion per day is required, i.e.,

1 <95 <8,

Total Maintenance Man-Hours

56. Mean total maintenance man-hours per sortie, MMH, for
a given membrane-surfaced airfield/aircraft/load is obtained
as follows:

MMH = MMH; + MMH. + MMH,. (45)
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The QMR requires that total maintenance man-hours must not
exceed 150 per month, The average number of sorties per
month 4s given as 200, thus

MMH < %g% = 0,75 man-hour/sortie,

From equations 39, 41, 43, and 45,

T3 1 (L , Ly 1 (1, ]
s | —_— - —— —— 6
MMH [so T (so ¥ s,) T (CxN) ICRR R (H6)
10

= 4 L = ) + ] + ! (47)

MO R MSBDp MSBDg  “SBOc M3BDT

where

In equation 46, L and Ly are known for each airfield type,V, T2,
and T3 can be assigned from current experience,S; = f MRS, and
Sy = £(MSBDT), and MMH < 0.75. The equation then relates

the unknowns C, N, MO. From equations 40, 43, 45, and 24,

MMH may also be expressed as

T3 T
MMH = [§;" T + DT] X C x N + MMHq, (48)

From the QMR Criteria for maintenance man-hours and
availability,

MMM Lax) = 0.75 (49)
DT(max) = 0.2‘. (50)

PLACEMENT RATE

57. Placement rate may be expressed in terms of equivalent
sorties. Let

PRg = placement rate on runway ends (sq ft/man-hr)

PRc = placement rate on runway center (sq ft/man-hr)

PRy = placement rate on taxiway, warmup and park
area (sq ft/man-hr)

Ag = area of runway ends (sq ft)

zrea of runway center (sq ft)

area of taxiway, warmup, park (sq ft)

number of men per crew

number of crews working simultaneously

average number of sorties per day

placement rate for airfield expressed in terms
of equivalent sorties (i.e., the normal number
of sorties which could have been made durin
the time required for placement of membrane).

>
Q
"
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A, Ac_, Ar S
PRS [PRE T PRT] [24xPCxN]' Sl

A typical value of 7 sorties per day may be assigned to S
(Ref. 1). Airfield areas are known for a given airfield
and from paragraph 19-n 1% is recalled that

AC = ZAE. (52)
From current experience with membrane placement (Ref, 2,3,7,
8,9) it appears that the placement crew should consist of
one ur two Engineer platoons (about 35 men each).

58. If a single membrane weight is used throughout an
airfield, equation 51 reduces to

- AAx S
A PREx24xPCxN &3
where AA = AE + AC + AT
and PRE = PRC = PRT.

89, For a two-membrane system with heavy matertial on run-
way and lighter material on non-runway areas, equation 51
is

. | 3RE , Af S
PRS [Fﬁ + m] [rrm = ] (54)
since PRg = PR;.

60. For 2 two-membrane system with heavy material on
runway ends and 1i1ght material on all other traffic areas,
equation 51 becomes

- | AE Ac+Ar S
AL [FR'E * "PRe ] [24xPCxN] (55)

since PRC = PRp.

6. The QMR gives essential and desired placement rates

and weights for heavy, medium, and light duty membranes.
These values are plotted in Fig. 4, along with values
obtained by actual field placement of several membrane types*

*Airfield construction, except for that related directly to
membrane placement (e.g., anchor ditches), and field appli-
cation of antiskid compounds are not included. It is

assumed that factory-applied antiskid compounds will be used.
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(Ref. 2,3,9,10,11,12,14). An approximate relationship
between placement rate and membrane weight per square foot
1s given by

PR = 50/MWT2, (56)

By substitution of equation 56 into equation 51, 52, 53,
54, and 55, placement rates (in equivalent sorties) may be
expressed as @& function of airfield area and membrane
weight, for a given S, PC, and N,

PRS = [AE X HTE2 + AC X HTcz + AT X HTTz] [m-o—:ch—N].

(57)

62. Since membrane duty classes will be defined in terms
of membrane strength instead of weight, and since an
optimum family of membranes may not correspond to the heavy,
medium, and light duty classes proposed in the QMR, a rule
must be established for comparison of predicted placement
rates with QMR placement rates., If a trial membrane system
consists of a single membrane, its placement rate will be
rompared to the QMR heavy duty placement rate; placement
rates for a two-membrane system will be compared with the
QMR heavy and light duty placement rates; and foir a three-
membrane system the comparison {s obvious,

SERVICE LIFE

63. The service 1ife of a membrane on a given airfield is
defined as the number of sorties required to cause the
total area of membrane of that type used for repairing to
exceed 10 percent of the airfield traffic area covered by
membrane of that type. Let

PAE = average amount of membrane required to
repair a damage on runway erds (sq ft)

PAC » averaqge amount of membrane required to
repair 3 damage on runway centers (sq ft)

PAT = average amount of membrane required to
repafr a damage on taxiway, warmup and
parking areas (sq ft)

SL, = service 1ife of runway ends (sorties)

SLo = service 1ife of runway centers (sorties)
SLT = service life of taxiway, warmup and parking
areas (sorties)
S = average number of sorties per day

MSBDE.C'T defined previously
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multiplier to determine the amount of membrane
P to be inftially supplied to the afrfield to
repair membranes in accordance with the QMR;
this will be set at Kp = 0.1.

AEXMSBDE

Then SLE . Kp X PAg (58)
A~xMSBDc

SL. = K_ x 59

c KXo X R (58)
. ApxMSBOy

SLy = Ko x PAy (60)

(Note that Ac = 2Ag from par. 19.)

64. The QMR states that service 1ife must be at least 1200
sorties (~7 per day for 6 months), thus

SLg > SLQ, SLy 2 SLQ, Sty 2 SLQ (61)
SLQxPA

MSBD; > —FE“—EI (62)
SLQxPA

MSBO, » —K%ﬂ_c_n (63)

MSBD,, > SLQXPAp (64)
KPXAT

where SLQ = QMR service life (inftially set at 1200).

65. From paragraph 25, the mean sorties between damage
may be expressed as

NS |3
MSBD = Km[ﬁr] . (65)
and from Fig. 5, the patch area per damage may be expressed
as
. AL 66
PA = 55x y< (66)

1/u
Thus, R 2 [ﬁkgﬁiéx] (67)
P

where A 1s the area of an airfield or portion of an air-
field to be surfaced and NS is the corresponding membrane
strength required for the QMR service life, SLQ.
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EFFECTIVENESS

66. Membrane effectiveness is a function of availability,
placement rate, and service life (see par. 18). Nominal
tensile strengths for membranes will be selected to provide
a minimum availabflity of 93 percent at 7 sorties per day,
maximum maintenance effort of 150 man-hours per 200 sorties,
and minimum service 1ife of 1200 sorties with 10 percent
replacement parts as required by the QMR, Placement rate
will be dependent upon the membrane weight corresponding to
the minimum tensile strength required (see par. 57).

Availability

67. The primary measure of effectiveness 1s the average
24 -hour availability which will be assigned a weight of
70 percent,

68. Avaflability greater than 93 percent for 7 sorties per
24 hours may be expressed as sorties per day which can be
supported at 93 percent availability, i.e.,

24 AQ
§S = § [l - ] (68)
Dp 100
where Dp = mean downtime per sortie (see eq. 28)
AQ = QMR availability (93 percent)
SS = mean sorties per day.

While modest increases in availability above the minimum

93 percent anpear to be desirable (e.g., to accommodate
unexpected peaks in traffic volume), it does not seem
appropriate to assign unlimited effectiveness to increased
availability if the QMR value is at all realistic. Thus,
avaflability of 7 sorties at 93 percent will be credited
with an effectiveness of 1.0 while excess availability will
be credited at a decreasing rate to a maximum effectiveness
of 2.0 according to the fol owing formula:

-§§]
Epy = 2 [1-2 S for SS > S (69)
where S = QMR sorties per day (7) at 93 percent

availability
SS = sorties attainable at 93 percent avail-
~bility
availability component of effectiveness.

Eav

Availability less than that required by the QMR will be
charged off as a linear ratio, i.e.,

SS
E,y = 5T for SS < S, (70)
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EFFECTIVENESS

66. Membrane effectiveness is a function of availability,
placement rate, and service life (see par. 18). Nominal
tensile strengths for membranes will be selected to provide
a minimum availability of 93 percent at 7 sorties per day,
maximum maintenance effort of 150 man-aours per 200 sorties,
and minimum service 1ife of 1200 sorties with 10 percent
replacement parts as required by the QMR. Placement rate
will be dependent upon the membrane weight corresponding to
the minimum tensile strength required (see par. 57).

Avaiiability

67. The primary measure of effectiveness is the average
24-hour availability which will be assigned a weight of
70 percent,

68. Availability greater than 93 percent for 7 sorties per
24 hours may be expressed as sorties per day which can be
supported at 93 percent availability, {.e.,

24 [ AQ]
§S = 1 - (68)
Dy 100
where Dp = mean downtime per sortie (see eq. 28)
AQ = QMR availability (93 percent)
SS = mean sorties per day.

While modest increases in availability above the minimum

93 percent appear to be desirable (e.g., to accommodate
unexpected peaks in traffic volume), it does not seem
appropr.ate to assign unlimited effectiveness to increased
availability if the QMR value {is at all realistic. Thus
availability of 7 sorties at 93 percent will be credited
with an effectiveness of 1.0 while excess availability will
be credited at a decreasing rate to a maximum effectiveness
of 2.0 according to the following formula:

-§§]
Eay = € []-2 S for SS > S (69)

where S = QMR sorties per day (7) at 93 percent
availability
SS = sorties attainable at 93 percent avail-
ability
Env = availability component of effectiveness.

Availability less than that required by the QMR will be
charged off as a linear ratio, f.e.,

£,y " §S~°’- for SS < S. (70)
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Placement Rate

69. Placement rate will be weighted 20 percent.

70, Time required for placement of membrane will be
converted to sorties lost at the rate of 7 per day. From
equation 51, placement rate in terms of total sorties lost

is:
PRS = [52— s Ro A N (71)
PRg PRc PRy | 24xPCxN

The pernissibie number of sorties lost based on QMR place-
ment rates may be calculated as follows:

PRSQ = | AE_ + _Ac A 3
. [PRQE ' PRQ; ' PRQp | Z&xPCxN' (72)

71, Placement rates above and below the QMR rates will
be charged off as a 1inear ratio, i.e.,

. PRSQ
Epr PRS ° (73)

Service Life

72. Service l1ife will be weighted 10 percent.

73. From equations 58, 59, 60, 65, and 66, service life
may be calculated as follows:

. 0.425xAE [NS]“ (74)
SLE 55. X NI.-
4
. 27 . 2xAp [§§]“
Since the effectiveness of the membrane system is desired,
the average service l1ife for the airfield w be used,
1oeo 9
+
SL = SLg S§c+SLT . (77)
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74, Since the QMR service life for membrane is greater than
anticipated airfield service life in all cases (except
heliports), there is no appreciable gain from having
increased service l1ife, except higher recovery value or
lower cost. The recovery value is accounted for in the cost
model. Thus, the maximum effectiveness due to service life
will be 1imited to 1.0, 1.e.,

Eqp, ® 1.0. (78)

75, Service 1ife less than the QMR value will be charged
off as a linear ratio, {.e.,

SL
ESL . SLQ- (79)

A Model for Effectiveness

76, The three components of effectiveness, which are
basically incommensurable, have been placed on a comparable
basis by converting availability and placement rate to
equivalent sorties (service 1ife is expressed in sorties).
Since different orders of magnitude are involved (e.g.,
availability should be of the order of 10 sorties, placement
rate may approach 100, and service 11fe will be over 1000),
each component has been normalized by dividing by the
corresponding QMR value. Finally, an importance value
(wetghting factor) has been assigned to each component,
Thus, the overall effectiveness of a membrane system on a
given airfield 1s given by:

WavxEpy + WprXxEpgr + WspxEsy

(80)
Woy + Hpg + Wg

EFF =

where Woy = weighting factor for availability = 7
Wpr = weighting factor for placement rate = 2
Wg,, = weighting factor for service 1ife = 1
Eny 1s defined {in equation 69 or 70
Epg 1s defined in equation 73
Eg, is defined in equation 78 or 79,
The constraints indicated by equations 69 and 70, and 78 and
79 must be taken into account when applying equation 80,
When each component of effectiveness is equal to its
corresponding QMR value, the overall effectiveness of the
system will be equal to 1.0. Because of the constraints
discussed above, maximum effectiveness will be approximately

2,0, depending on the contribution from placement rate.
Minimum effectiveness could theoretically be zero, al though
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designing for QMR availabiiity and service life will limit
minimum effectiveness to about 0.8 to 0.9, depending on
placement rates.

THEATER OF OPERATIONS MODEL

77. A model of a theater of operations is needed to define
the requirements for membrane duty classes i terms of
planned use, to define the required quantities of each,

and to define membrane transportation distances.

78, After consultations with USACDC, data were assembled
from various sources for five different theaters of
operation corresponding to the five theater scenarios
currently being considered by USACDC. These data are
presented in Table 10.

79. The temperature and elevation data in Table 10 were
used to adjust the sea-level dimensions for airfields as
described in TM 5-366 (Ref. 7). The adjustment formula f{s:

. T-59][ E-IOOO]
R [] * 350 4" * Tooo0

where Lagy = adjusted length of runway or taxiway

L = sea-level length of runway or taxiway
T = mean max temperature of warmest month
(0°F); {1f less than 59°F, use 59°
E = elevation of airfield above sea level

(ft); 1f less than 1000 ft, use 1000,

No adjustments were made to warmup aprons, parking areas,
or helipads. Sea-level dimensions and adjusted areas of
airfields and heliports are given in Table 11. A1l areas
have been increased by 12-1/2 percent to permit anchoring
and joining.

80, Additional airfield data on anticipated airfield life,
critical atrcraft and wheel loading, and surfacing policy
are presented in Table 12 (Ref, 7,8,21,22).

81. Distances were determined for both air and surface mode
of transportation. Three different peints of origin -- the
factory locations of three major suppliers of membrane --
were considered. Air and land distances are in statute
miles while sea distances are in nautical miles. For the
surface mode, tn cases where COMMZ was not accessible by
ship, transportation from the nearest friendly seaport to
COMMZ was considered to be by atr.
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Table 10

Theater Scenario Data

Theater Identification No. 1 2 3 4 5
iMean Max Temp. Warmest Month (0°F) 67 75 85 85 52
|
FMean Elevation of Airfields (ft) 110 1000 7 4000 12000 |
- |
Areal Extent of Theater |
f Length (mi) 400 100 75 65 70 '
[ Width (mi) 250 40 75 65 70
[Number of Airfields
! Battle Arec Medium Lift (BAML) 0 0 4 0 0
i Foarward Area Medium Lift (FAML) 12 6 3 ) 3
Support Area Medium Lift (SAML) 3 2 1 1 ]
Rear Area Heavy Lift (RAHL) 4 1 2 1
| Rear Area Tactical (RAT) 2 1 2 1
; ;
ENumber of Heliports |
: Forward Area CH-47 (FAH) 47 39 13 56 13
i\ i
;ggmbrane Shipping Distances (mi) f
Origin 1 to CONUS Port by Air 1180 1700 1700 1180 300
Origin 1 to CONUS Port by Truck 1410 2040 2040 1410 330
Origin 2 to CONUS Port by Air 350 2440 2440 350 870 !
| Origin 2 to CONUS Port by Truck 470 2980 2980 470 900
I Origin 3 to CONU> Port by Air 590 2000 2000 590 810
l Origin 3 tc CONUS Port by Truck 710 2330 2330 710 930 i
’ CONUS to COMMZ by Alr 4000 5850 8400 6300 4450 |
CONUS to COMMZ - Ist leg by Ship* | 3650 5700 | 7550 | 5000 1450 I
CONUS to COMMZ - 2nd leg by Air 0 0 0 1300 2000 !
i

*Nautical miles
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Table 11

Membrane Requirements for Airfields

ﬁ;:::flﬁ Sea-Level Dimensions (ft) for Airfield Traffic Areas*
FAH BAML FAML SAML RAHL RAT
Runway 1200x300 2000x60 2500x60 3500x60[\0000x156; 8000x108
Taxiway - 2000x30 2500x30 3500x36 10000x60| 8000x60
Warmup - 432x94 432x94 4232x94 1000x 94 1000x94
Parking - - 600x150l 2400x156i 1740x960 | 1236x444
Airfield Area of Membrane Required (sq f*t)
Theater | Position
1 Runway 405,000 173,250 242 ,550(1,801,800 997,920
Taxiway --- 86,630 145,530 693,000 554,400
Warmup --- 45,680 45,680 105,750 105,750
Parking --- 101,250 421,200(1,879,200 617,380
TOTAL 405,000 406,810| 894,960{4,479,75012,275,450
2 Runway 405,000 177,750 248,850:1,848,6001,023,840
Tax iway .ee 88,880 149,310 711,000 568,800
Warmup .- 45,68) 45,680 105,750 105,750
Parking --- 101,250 421,200(1,879,200' 617,380
TOTAL 406,000 413,560 865,04014,544,5501.,315,770
i
4
3 Runway 405,000 146,700 183,380 256,730 ].907.100.1.056.240
Taxiway --- 73,350 91,690 154,040 133,500 586,800
Warmup --- 45,680 45,680 45,680 105,750 105,750
Parking --- --- 101,250 421,200]1,879,200 617,380
TOTAL 406,000 265,730 422,200 877,650(4,625,5502,366,170
4 Runway 405,000 238,390 333,74012,479,230(1,373,1%0
Taxiway --- 119,190 200,250 953,550 762,840
Warmup -—-- 45,680 45,680 105,750 105,750
Parking --- 101,250 421,20011,879,200 617,380
TOTAL 405,000 504,520|1,000,870 5,417,730|2,859,080
5 Runway 405,000 354,380 496,130{3,685,50012,041,200
Taxiway --- 177,190 297,680{1,417,50C!1,134,000
Warmup --- 45,680 45,680 105,750 105,750
Parking --- 101,250 421,200(1,879,200 617,380
TOTAL 405,200 678,500 1,260,690|7,087,950|3,896,330

®*See Table 10 for airfield abbreviations. All areas, except heliports (FAH),
have been adjusted for temperature and elevation given in Table 10, and all
have been increased by 12-1/2 percent for anchoring and Joining.
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Table 12
Airfield Service Data
if Nominal
Type of Anticipated Critical| Gross |[Tire No. Tensile
Field! |Service Life Surfacing {Aircraft| Weight | Width |[Tires? Load*
Days :Sorticaz (lb) (in) (lb/in)
]
AIRFIELD ¢
BAML 3 21 | none c-123 | 48,000 | 15.1 2 795
FAML 14 ) 98 membrane C-130 |110,000(17.5 4 785
SAML 60 E 420 membrane C-5A 769,000 | 14.5 24 1110
RAHL 365 :13,140 mat/mem~ c-141 |318,000}13.7 8 1450
: brane
RAT 3654 13,140 mat/mem- F-101 | 52,000} 7.9 2 1650
! brane
]
HELIPORT ! Skids
FAH 90 ! membrane UH-1D 9,500] 1.5 2 1585
]

5,400 |

lsee Tablce 10 for airfield abbreviations.

ZAnticlpated service life in sorties is based on T sorties per
day except for mat-covered fields which have 36 per day, and
heliports vhich have 60 per day (based on UH-1D helicopter

company with 80% evailability).

3Main gear only,

“For coefficient of friction = 0.5.
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82. Average intratheater air distances (from COMMZ to a
particular airfield) were calculated from theater length
(Table 10) in the following manner:

a COMMZ to Battle Area = theater length

b) COMMZ to Forward Area = 3/4 theater length
c COMMZ to Support Area = 1/2 theater length
d) COMMZ (Rear Area) = 1/4 theater length,

Trucking distances were obtained by multiplying air
distances by 1,25,

83. The decision ts use membrane, mat over membrane, or no
surfacing at all, was based on the anticipated 1ife of the
field., Battle area afrfields with a 3-day 1ife were left
bare, forward area (2-week) and support area (2-month)
airfields and forward area (3-monthg heliports were
considered to be membrane covered, and rear area heavy 1ift
and tactical fields with a 1-year life expectancy were
assumad to be surfaced with mat over membrane,

84. It ts anticipated that a mix of CH-47 and UH-1D air-
craft will be using the forward area heliports. Therefore,
the areal dimensions are based on the larger CH-47 and the
app}ied loads are based on ihe aggressive skids of the
UH=-1D.

COST MODEL

Assumptions

85. The following assumptions regarding the cost model were
made:

a) The total of R&D plus product improvement costs
will be basically insensitive to the number of categories
of membrane finally selected; {.e., this cost is common to
all candidates and may be neglected.

b) Treat supplementary equipment and supplies
(adhesive, anchors, patches, etc.) as percentage of membrane
weight and percentage of membrane cost, based on current
experience,

c) Use theater models to establish relative amounts
of heavy, medium, and light, or heavy and l1ight, or heavy
membrane, and shipping distances from origin to CONUS port,
CONUS to COMMZ, and COMMZ to field.
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d) Assume all airfields required by theater model are
one-year requirement, and charge all costs to first year.

e) Shipping costs in $/ton-mile for overseas air, ship,
intrazone air and truck, will be based on current planning
rates.

Basic Life-Cycle Cost Elements

86. The following cost elements were considered during the
life cycle of a membrane:

a) Initial membrane costs per square foot (including
factory-applied antiskid).

b) Supplementary equipment and supplies, and
packaging.

c) Transportation costs:

1. Origin to CONUS port (consider three points of
origin) by afr or truck

2. CONUS to COMMZ by air or by sea plus air if
necessary

3. Intra*heater by air or truck.

d) Placement costs: men, equipment.

e) Maintenance costs: men, equipment. Assume
sufficient maintenance supplies are °ncluded in initial
shipment (if airfield 1ife is less than anticipated membrane
service 1ife).

f) Resfdual value computed at COMMZ (equal to cost new
at COMMZ of same amount of material recovered, less recovery
cost, less retroshipment costs) will be credited to total
airfield costs. Approximately 90 percent of the membrane
will be recovered. Multiple recovery effects will be
ignored.

g) Costs will be presented as inittal, shipping,
emplacement, recovery, retroshipment, residual, maintenance,
and total cost, by airfield type, theater, and overall.

h) Maintenance and equipment requirements and shipping
tonnages will be presented separately by airfield type,
theater, and overall,

1) R&D costs will not be included, but will be
considered as common surk and/or product development costs.

j) Storage costs at depots are considered to be
small and will not be included.
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Initial Cost

87, Membrane cost per square foot was established for three
neoprene-coated nylon fabrics, T-16, T-17, and WX-18 (sce
Appendix D), from an assortment of data representing various
manufacturers and various quantities (from 100,000 to
6,000,000 square feet). Individual prices varied as much as
10 percent above and below the selected values, Using the
wholesale consumer price index (Fig. 6), the following
formula was derived for projecting the cost figures to

1975:

Crs =y x [1.0 + 0.0081 x (1975-y)]

where Cy;s = cost in 1975
Cy = cost in vear y
y = year for which cost was available.

Projected costs were plotted as a function of membrane
wefight in Figure 7, for which the following relationship
appears to be appropriate:

CI = 2.0 x WT (81)

where CI = initial cost of membrane FOB factory,
1975 ($/sq ft)
WT = membrzne weight (1b/sq ft).

88. The cost of accessories (adhesives, anchors, appli-

cators, etc.) add approximately 10 percent to the initial
cost. It is assumed that all membrane for traffic areas

will be purchased with factory-applied antiskid compound,
which adds about 10 cents per square foot to the inftial

cost. Thus the initial cost of membrane and accessorties

may be computed by

Cl = 2.2 x WT + .l0. (82)

Maintenance Supplies

89, sSufficient membrane maintenance supplies were included
in the {nitial shipment to last for the anticipated life of
a given field (Table 12) based on the anticipated service
11fe (Table 12) of the membrane on that field. Equation 82
then becomes

CiT = [2.2 NT + 0.1] [1 + 0. ;%]A (83)
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Figure 6. Purchasing power of the dollar (Wholesale

Prices - Source: U. S. Department of
Labor, Bureau of Labor Statistics).
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where CIT = total initial cost of membrane,
accessories, and maintenance supplfes ($)
WNT = membrane welight (1b/sq ft)

Sp = anticipated 1ife of airfield (sorties)
S, = anticipated service 1ife (sorties)
A = membrane area (sq ft).

Transportation Costs

90, sStandard planning rates for shipments by truck, sea,
and afr were provided by WES. These data were applied to
each theater as shown in Table 13.

91, For air shipment from the factory to the field,
CSTA = (COPAxDOPA + CCCAXxOCCA + CCFAxDCFA) x TON (84)

where CSTA = total shipping cost by air

COPA = cost per ton-mile from origin to
CONUS port

CCCA = cost per ton-mile from CONUS to COMMZ
CCFA = cost per ton-mile from COMMZ to field
DOPA = afir distance from origin to CONUS port
DCCA = air distance from CONUS to COMMZ
DCFA = ajr distance from COMMZ to field
TON = total tonnage of membrane and

accessories for a given airfield,

92. For surface shipment,

CSTS = (COPSxDOPS + CCCSxDCCS + CCCAxDCCSA
+ CCFSxOCFS) x TON (85)

total shipping cost by surface mode
(truck and ship)
COPS = cost per ton-mile from orfgin to
CONUS port
CCCS = cost per ton-mile from CONUS to COMMZ
CCCA = cost per ton-mile from CONUS to COMMZ
by afr when necessary
CCFS = cost per ton-mile from COMMZ to field
DOPS = truck distance from origin to CONUS
port
DCCS = ship distance from CONUS to COMMZ port
DCCSA = air distance from COMMZ port to COMMZ
when necessary
DCFS = truck distance from COMMZ to field
TON = defined above.

where CSTS
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Table 13

Transportation Costs

TransportatioE_Cost by Theater (5/ton-mile)

4 1 2 3 4 5

{

L p— . e - -
CUNUS - truck 0.047 0.047 0.047 0.047 0.047
CUNUS - air 0.195 0.195 0.195 0.195 0.195
CUNUS to CUMMZ - ship ¢.0049 10,0037 0.0037 0.0049 0.0042
CONUS to CUMML - air 0.051 0.086 0.086 0.051 0.070
COMMZ to field - truck 0.047 0.047 0.047 0.047 0.047
CUMHZ to field - air 0.195 0.195 0.195 0.195 0.195
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Placement Cost

93, Manpower cost is obtained by multiplying placement
man-hours by cost per man-hour. Placement man-hours are
determined by dividing membrane area by placement -ate
(par. 57). For this computation, it was assumed that the
placement crew would consist of military personnel in E4-E6
grades. The average planning cost per man-hour in these
pay grades for an overseas theater of operations is about
$3.20 (Ref. 13). (This figure apuarently represents direct
labor and excludes overhead su:h as food and quarters,)

94, Minimum equipment required for emplacing prefabricated
membrane surfacing on an airfield includes a motor grader to
open and close anchor ditches, and a 2-1/2 or 5 ton truck

to transport membrane and supplies around the airfield

(Ref. 7,8).* From current experience with membrane place-
ment (Ref. 9,10), a relationship was established between
equipment hours and membrane area (Fig. 8). The cost per
equipment hour is estimated as $15.00,

95. Total placement cost may be expressed as the sum of
manpower and equipment operatii.j costs:

3/2

. AxWT?2 6 1 A
cp = 3.20 x AXMTZ 4 45,00 x b [Tﬁﬁﬁ]

C 64 T2 A _1Y?
= . + . SN Y
or P=0.064 x A x W 0.375 []000] (86)

where CP = total placement cost ($)

A = membrane area (sq ft)
WI = membrane weight ?lb!sq ft).

Maintenance Cost

96. Maintenance man-hours per sortie are calculated as
described in paragraph 56. Equipment hours per sortie are
equal to maintenance man-hours per sortie divided by crew
size., The cost per man-hour is $3.20 (Ref, 13)and the cost
per equipment hour for inspection and repairs 1s estimated
as $5.00, Thus, total maintenance cost per sortie is

.Depending on the type of construction unit and location,
other types of equipment may be used. For example, the 8th
Engineer Battalion of the 1st Cavalry Division in Vietnam
used bulldozers, scrapers, loaders, and l-ton dump trucks
(Ret, 20).
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5,001
Cy = MMH [3.20 ¢ 2 (87)
where C., = maintenance cost per sortie for men and

M equipment

C = crew size
N = number of crews working simultaneously.

The cost of membrane maintenance supplies 1s includea in
the 1nitial cost for each field.

Recovery Cost

97. Based on recovery rates achieved for T-17 (Ref. 2) and
WX-18 (Ref. 3), recovery rate may be expressed as a function
of membrane weight (Fig. 9). Equipment hours required for
recovery are approximately equal to those required for
placement. Approximately 90 percent of the emplaced membrane
will be recovered in reusable condition, including the
patched areas. Total recovery cost is given by the

following equation:

7/8 32
C = 3.20 x 0.9 x PXWI7/8 0o 00 x L« [—5—_4

R 75 40 1000
3/2
- 7/8 75 [_A_ 88
or C, = 0.0384 x A x WI7/® + 0,375 [1000 (88)
where Cp = recovery cost ($)
A = membrane area (sq ft)
WT = membrane weight ?lb/sq ft).

Recovered Value

98, The value of the membrane recovered and returned to
COMMZ 1s equal to the cost of the same amount of new
material at COMMZ less recovery and retroshipment costs.
Thus, from equation 82, the initial value of the recovered
membrane is

CIR = 0.9 x A x (2.2 x WT + 0.1). (89)

Shipping costs from origin to COMMZ by air (from ecq. 84)
are:
CSACR = (COPA x DOPA + CCCA x DCCA) x TON x 0.9, (90)

and by surface mode (from eq. 85):

CSSCR = (COPS x DOPS + CCCS x DCCS + CCCA x DCCSA)
x TON x 0.9. (91)
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Figure 9. Recovery rate as a function of membrane weight

52



- - - v

The cost of retroshipment from the field back to COMMZ by
air (from eq. 84) {is:

CSAB = CCFA x DCFA x TON x 0.9; (92)
and by truck (frum eq. 85),
€CSSB = CCFS x DCFS x TON x 0.9, (93)

The net recovered value by air (from eq. 88,89,90,92) s

RYA = CIR + CSACR - CR - CSAB, (94)
and by surface mode,
RVS = CIR + CSSCR - CR - CSSB. (95)

Total Fixed Cost

99. From equations 83, 84, 85, 86, 94, and 95, the total
fixed cost per airfield may be calculated as follows:

CFA = CIT + CSTA + CP - RVA by air (96)
CFS = CIT + CSTS + CP - RVS by surface, (97)

Total Membrane-Related Cost Per Field

100. By multiplying equation 87 by the number of sorties
expected during the life of the field to obtain the total
maintenance cost, and adding this to equations 96 and 97,
the total cost of a membrane-covered field is:

CTA = CFA ¢+ CM x ST by air (98)
CTS = CFS + CM x ST by surface, (99)

A Caveat

101, Since the purpose of the study is to provide a basis
for deciding whether to develop a family of membranes or a
single membrane, it appears that relative costs of various
systems are more important than absolute costs. Accordingly,
no attempt has been made to develop a highly accurate cost
modeiy, However, all significant costs have been considered
and treated systematica?ly so that relative costs should be
reliable.
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COST EFFECTIVENESS

102, The total cost of a membrane system on a given air-
field §s, by itself, a measure of effectiveness, since the
system has been designed for the minimum acceptable level
of effectiveness, based on the QMR. The system which gives
an effectiveness of 1.0 for the least cost should be the
most desirable, Hcwever, in cases where several dffferent
systems have equal or nearly equal costs, a discriminator
is needed.

103. A cost effectiveness ratio may be obtained by dividing
total cost (par. 100) by the effectiveness (par. 76). This
will produce a total cost, adjusted for effectiveness
greater or less than 1,0, for a given membrane system on a
given airfield.

104. For each theater an average cost effectiveness may be
computed by weighting the cost effectiveness of each afr-
field according to the number of fields of that type in the
theater. An overall average for all theaters may be
obtained in the same manner.

COMPUTER PROGRAMS

105. Computer programs develo; ed during this study are
included in Appendix B. All programs are written {in

FORTRAN IV language and have been compiled and executed on
an IBM 1130 computer with 8K core and 500K disk storage,

It should be noted that these progyrams were written for the
specific job at hand and, while they can be modified or
extended to explore different aspects of the same problem,
they are not designed as general purpose programs for either
cost effectiveness studies or airfield surfacing studies.

106, Minimum membrane strength and area requirements were
determined by program JB183 and subroutines AFDAT and CALI1,
as follows:

a) JB183 1s the main program which reads input data
from cards, and calls subroutines as necessary.

b) The AFDAT :subroutine adjusts sea-level airfield
dimensions for the elevation and temperature of a given
theater and computes membrane areas required to surface
those portions of the airfield subjected to traffic, t.e.,
runway ends, runway centers, and taxi-park. Also, the
distances traveled during membrane inspection are computed,
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¢) Subroutine CAL1 computes the minimum membrane
strengths required to satisfy QMR availability, maintenance
effort, and service 1ife, using a one-, two-, or three-
membrane system. Inspection frequencies and the probability
of no damage between inspe~tions are determined. Membrane
strengths, weights, and performance data are printed and
stored.

107, Membrane duty classes are defined by the program called
CLA3S, as outlined 1n paragreph 39,

108, Membrane effectiveness, cost, and cost effectiveness
are computed by program MAIN! and subroutines ISSUE, NSPEC,
EFFECT, and COST, as follows:

a) The MAINY program reads input data from cards,
calls subroutines, and prints results,

b) Subroutine ISSUE determines how a given membrane
system will be applied to a particular airfield by comparing
available duty classes with required duty classes. QMR
placement rates for the system are also identified in this
program.

c) Subroutine NSPEC computes MSBD's and determines
inspection frequency.

d) Subroutine EFFECT computes downtime, availability,
maintenance man-hours, weight, placement rate, recovery
rate, service life, and effectiveness.

e) Subroutine COST computes initial membrane cost,
shipping cost by air and surface modes, placement cost,
recovery cost, retroshipping cost, value of recoverd.d
membrane, maintenance cost, total cost, and cost
effectiveness.
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I1I. MEMBRANE DUTY CLASSES

MINIMUM STRENGTH REQUIREMENTS

109. Following the procedure described in Chapter II,
paragraph 38, and utilizing the relationships established
for avaflability and downtime (eq. 28), maintenance man-
hours (eq. 46), and service 1ife (eq. 62,63,64), minfmum
membrane strenyth requirements were determined for one-,
two-, and threc-membrane systems for each airi eid in
each theater. The minimum strength was selected as the
largest of the three values obtained from availability,
maintenance, and service 1ife considerations, The
selected minimum strengths were then used to calculate the
final values for availability, maintenance man-hours,
service 1ife, membrane weight, MSBD, and {inspection
frequency. The results are presented in Table 14,

DUTY CLASSES

110. Membrane tensile strengths from Table 14 were arranged
in order from smallest to largest and grouped in numbered
classes as discussed in Chapter II, paragraph 39. For each
class

NSInin = 0.9 Nsmax.
and the characteristic strength for the class is taken as
NSmax. For SAML airfields in theaters 3 and 5, it was
found that by using a two-membrane system, the max imum
membrane strength requirement could be reduced to 3064
pounds per inch, This effectively reduces the number of
membrane strengths to be examined to 21 numbered classes
as shown in Table 15, and results in an overall weight
saving for all membrane systems at all airfields in all
theaters, except for the three-membrane system at the two
fields in the two theaters just mentioned.

111, By comparing the minimum required strengths from
Table 14 with the duty classes in Table 15, membrane
requirements may be expressed in terms of numbered duty
classes. These are given in Table 16, along with the
corresponding weight of membrane and accessories to the
nearest ton. In all cases except for SAML airfields in
theaters 3 and 5, the membrane system which gave minimum
tonnage per field was selected.
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SUBOPTIMIZED MEMBRANE SYSTEMS

112, As described in Chapter II, paragraph 41, duty class 21
was examined alone and with 411 possible combinations of
classes 1 to 20 to obtain a two- and three-membrane system
with minimum weight, The optimum combinations of membranes
are listed in Table 17, slong with the total tonnage required
to surface all airfields in all theaters,

113. The actual deployment and tonnage of each of the three
suboptimized membrane systems for each airfield in each
theater are presented in Tables 18a, 18b, and 18c. Deploy-
ment was determined by comparing the required duty classes
from Table 16 with the duty classes available in the sytem,
In each case, the duty class selected was equal to or
greater than the duty class required.

114, From Table 17 and Tables 18a, 18b, and 18c, the
advantage of two- and three-membrane systems over a single-
weight system is readily apparent. Total tonnage may uve
reduced by a factor of 3 by going to a two-membrane, and a
small additional improvement is realized by going to a three-
membrane system. These three systems and others will be
examined fn more detail under Phase II, Chapter V.

MEMBRANES ON MILITARY ROADS AROUND AIRFIELDS

115. Laboratory and field experience indicates that
prefabricated membranes may be used as expedient surfacing
on pioneer roads (Ref. i5,16). T-12 membrane has withstood
615 passes of an M48 tank (Ref. 15) and T-17 membrane has
withstood 2000 passes of mixed, wheeled traffic (M151,

M37, and M35) at speeds up to 30 mph (Ref. 16), all without
damage. There are insufficient data, however, to develop a
reliable model of mean passes between damage as a function
of applied loads from ground vehiclie traffic (tracked and
wheeled) and of membrane strength.

116. Since the lightest material appearing in the optimum
membrane systemsis class 7 (equivalent to T-12) and the
heaviest is class 21 (stronger than T-17), it is evident
that a membrane class will be available which is suitable
for military roads.
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Table 14
Minimum Membrane Strength Requirements and Performance

!

l Air-1 Membrane l Tensile Strength ! Membrane Weight
Theater! field System (Lb/in) i (tons)
! ' ) Runw ay Taxri- Runway | Taxi-
: _End— [ Ueriter | park 1 End !Center park | Total |
1 FAML 1 6§90 690 690 | 6 l 12 26 | 44
| ) 786 | 786 | 690 b7 14 26 47
i | 3 1005 690 690 | 9 I e 26 | a7
H ) b t H '
i SAML 1 . 1752 11752 11752 23 | 46 174 | 243
, 2 | 1752 1752 1752 T R T 174 | 243
3 | 1752 1752 1752 | 23 | 46 174 | 243
1 ' i i f '
2 | FAML | 1 701 700 b 700 6 | 13 26 1 45
~ 2 781 781 i 701 7 s 26 i 48
3 998 701 , 701 9 13 26 | 48
| . | i !
SAML 1 2035 2035 |2035 27 | 54 ' 208 285
! 2 2035 | 2035 466 27 54 46 (127
i 3 2065 11232 466 33 33 46 112
3| FamL 1 699 | 699 1699 ., 6 . 13 | 27 46
2 775 | 775 482 Loy 15 18 40
| 3 [ 991 | 495 482 9 9 18 36
|
SAML ] 3064 | 3064 13064 42 85 ! 309 | 436
2 . 3064 | 3064 457 42 85 | 46 173
3 371z | 1856 457 51 51 | 46 148
4 | FAML 1 ' 839 | 839 839 10 21 36 | 67
2 839 | 839 839 10 21 36 67
3 i 928 | 839 839 12 21 36 69
g i
, SAML ! 1 | 1901 [ 1901 {1903 34 68 206 (308
' 2 1901 {1901 571 34 €8 61 | 163
3 . 2303 | 115) 571 a1 41 61 | 143
5 FAML } 1 ' 1344 {1344 |1344 25 5) 70 | 146
L2 | 1344 | 1344 | 369 25 51 19 | 95
3 | 1628 | 814 369 31 31 19 81
SAML l 1 | 2570 | 2570 2570 69 138 319 | 526
I 2 2570 | 2570 523 | 69 | 138 65 | 272
3 3113 | 1556 523 | 83 83 65 ' 231
[ ' | ’ i
{
D oaes R | o/ o |63 | 0 | 0 an o,
' | [ !

lBAML fields are not included because they are shor.-life fields
and are assumed to be left bare, RAHL and RAT fieide are not
included because they are long-life fields and are assumed to be
mat-covered.
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Table 14 (cont'd.)

Mean Sorties ] ﬂoun-] Man-
Between Tears Ava11.| time | hours| Inspection Service Life
1 b ! o
PR | 1 o 1 o
Runwa Tari- Sortied Prob.2: Runway Tazi-|
End Center| park { : """End |Center | park
——— ﬁ‘r_._. e : | ! — + N -
21 23 184 1 93.0 .,239  ,749 ] .67 1647 1647 1647
4] 34 184 | 94.3 | .193 674 | .76 1199 1199 | 69065
| 8 23 | 184 95.5 | .154  ,609 ; 1 .85 1199| 4269 ! 69065
! . .
161 133 1071 95.3 | .160 .750 ] .93 | 360164 36016 36016
16133 1071 | 95.3 . .160 .750 ° 1 .93 | 10359| 10359 (883319
16 [ 133 i1071 95,3 ' .160 ‘ .750 1 .93 3884 | 62158 1883319
b3 24 | 194 : 93.1 .235 : .749 1 .69 ! 1788: 1788 1788
I | 33 . 194 i 94.2  .197 .688 | 1 .76 | 1199. 1199 74456
'8 24 194 | 95.4 i .156  .620 1 .85 | 1199[ 4677 74456
26| 209 1676 | 97.5 . .085  ,720 2 . .9 66245 66245 66245
26 i 209 20 © 97.5 | ,085 | .750 . 2 .91 19321, 19321 | 9541
46 46 20 { 97.5 . .085 = .750 2 .91 15604; 15604 9541
.3 24 192 i 93.0 .240 ,743 ‘ 1 ' .68 17993 1799 1799
4 32 63 | 94.0 .203 ' .689 1 75 1199 1199 16826
| 8 8 63  94.5 .188  .665 1y A28 1199, 1199 | 16826
} z | il !
89715 5722 99,2 .025  .492 7 .91 345297 :345297 345297
891715 ! 18 99,2 .025  .523° 7 .91 102407 |102407 8823
15871158 | 18 I 99.2 .025 ,523 7 .91 £2705 82705| 8823
! : ! i i
5 41 332 93.7 | .212 .749 ; 1 .80 4475 4475 4475
5] 41 i 332 . 93.7 j .212 .749 | 1 .80 , 2144 2144 172344
7 41 | 332 | 94.3 ' 194 .720 1 .84 | 1199 12865 172344,
21170 I 1366 96.7 | 112 + 734 2 .90 583551 58355 58355|
21170 37 | 96.7 112 .750 | 2 .9C 19729; 19729 ' 23118
37 37 + 37 | 96.7 112 .750 2 .90 15933, 15933 , 23118
211170 1366 96.5 118 © 673 | 2 . .90 395591 39559 39559’
21} 170 28 96.5 118 .693 2 .90 | 20948{ 20948 7908‘
37 37 28 ; 96.5 118 | .693 . 2 .90 16918 16918' 7908
52 422 j 3377 ' 97.7 077 ' .693 | 4 | .91 245606245606 | 245606
521 422 28 97.7 . .077 ! .14 4 .91 97997 ' 97997 | 18654
93 93 28 97.7 . .077 ' .n4! 4 | .91 | 79143 79143' 18654I
' i
0, 0 2 93.5 .222 ' .438 1 .61 0 0 | 1200/

J

2ZProbability of

no damage between inspections.
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Table 15

Definition of Membrane Duty Classes

Duty Class

Tensile Strength

Membrane Weight

—OWORNOANONEBWN=O0O VOO NAEWN =

PO P = et ot et d ot e o et et

(lb/in)

372

413

459 (T16)
511

567

630

700 (T12)
778

865

961 (T17)
1068

1187

1319

1465

1628

1809

2010 (wx-18)
2233

2482

2757

3064

(Lb/aq ft)
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Table 16

Membrane Requirements in Terms of Duty Classes

Duty Class Weight of Membranes
Theater | Airfieid Required 4 Accessories (tons)
7 Runway Taxi- |  Runway | Taxi-
Ends [Center Park Ends |Center | Park
1 FAML 7 7 7 9 19 39
SAML 16 16 16 35 71 270
FAH 0 0 7 0 0 69
2 FAML 8 8 8 11 22 44
SAML 19 13 4 50 53 76
FAH 0 0 7 0 0 69
3 FAML n 4 4 15 15 29
SAML 21 21 3 64 128 69
FAH 0 0 7 0 0 69
4 FAML 9 9 9 16 33 56
SAML 19 12 6 67 64 102
FAH 0 0 7 0 0 69
5 FAML 16 9 1 52 49 29
SAML 20 20 5 RN 222 105
FAH 0 0 7 0 0 69
Table 17
Suboptimized Membrane Systems
No. of membranes Total wt. of membrane
in system Duty Classesr & accessories (tons)
Heavy {Medium | Light L - ]
1 21 - - 65,767
2 21 - 7 20,724
3 21 9 7 17,927
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Table 18a

One-Membrane System - Class 2]
T T Thir- "~ ] Wt. of Membrane | No. Fields| Total
| Theater| field Duty Classes & Access. per Field| in Theater| Weight
' Runway [ Tazi- (tons) . (tons)?

"Ends|Center| park :

boOFAML 21 21 2 | 304 1?2 3,648 |
[SANL ~ 21 21 21 j 639 3 o,
' FAH - - 2 302 47 14,194
, ‘ | il
! 13,759

' i :

' f

2 FAHL 2 21 | 21 309 6 1,854
CSAML 21 1 21 646 2 1,292
FAH - -2 302 39 11,778
' 1] i i i
! 14,924

! |
3 FAML 2 21 21 315 3 945
CSANL 20 21 21 656 1 656
FAK . -2 302 13 3,926
4 L FAML 21 21 21 377 ' 4 1,508
[ SAML 21 21 2 748 : 1 748
" FAH . - 2 302 | 56 16,912
‘ 193,164
5  FAML 21 21 A 507 3 1,521
SAML 21 21 21 | 942 1 942
FAH - -2l 302 13 3,926
1,384

—————— e 4 e e e

WERALL ToTAL 65,267
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Table 18b
Two-Membrane System - Classes 21 and 7
T i T . all
: Air- | Wt. of ltembrane No. Fields Total |

' Theater! field! buty Classes & Access. per Field{in Theater Weight 1

SR SUIRSISEES S S N B e e e i e e e

. Punway | Taxi- {tons) ' (tong) |
EndaTCenter| park 1

A B VTR B 7 69 12 828
: CSAML 21 21 21 | 630 3 LNk
v FAH - - 7 9 69 47 t3,243
| e
! 5,988
C¢ FAML 23 21 21 309 , 6 1,854
' SAML 21 21 7 291 2 582
} FANL 5 : 7 69 39 2,691
f ‘ 5,127
3 i
3 FAML 21 77 107 3 321
‘ SAHL 21 21 17 293 1 298
‘ FAN S -7 69 13 897
i U ; -
[ j 1,516
{
L4 FAML 2 2 21 317 i 4 1,508
SAML 21 21 7 363 ' 1 363
j FAH . e 69 56 3,864
! 5 Fsts
1
5 FAML 21 217 320 3 960
SAML 21 I A 501 : 1 501
FAH . . o, 69 13 897
i ] 2,358

e = e e ————i e 100 st i v e L L e b e e . e e e i i s ——— e e+

OVERALL TOTAL 20,724
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Table 18¢
Three-Membrane System - Classes 21, 9, and 7
Air- Wt. of Membrane No. Fields Total
Theater field Duty Classes & Access. per Field in Theater Weight
T ’”“——v_____ﬁunwa;" T Tari- (tons) T ltons)
Ends Center park

1 FAML 7 7 7 69 12 828
SAHL 21 21 21 639 3 1,917

FAH - - 7 69 47 3,243
5,988

2 FAML 9 9 9 87 6 522
SAML 21 21 7 291 2 582

FAH - - 7 69 39 2,691
3,795

3 FAML 21 7 7 107 3 321
SAML 21 21 7 298 1 298

FAH - - 7 69 13 897
1,516

4 FAML 9 9 9 106 4 424
SAML 21 21 7 363 1 363
 FAH - - 7 69 56 3,864
4,651

5 FAML 2) 9 7 193 3 579
SAML 21 21 7 501 1 501

FAH - - 7 69 13 897
1,977

—_— —— —_— — —— e e e e e —

OVERALL TOTAL 17,827

ST b —

SERENE S G S S
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MEMBRANES UNDER LANDING MAT AND ON NON-TRAFFIC AREAS

117. Membranes used tor waterproofing and dustproofing
subgrades under landing mat are not in direct contact with
applied wheel loads. Therefore, the model developed for
mean sorties between damage (Fig. 1) 1s clearly not
applicable. Laboratory tests have shown that T-16 and
laminated vinyl-coated nylon (Ref. 17) are suitable for use
under AM1 landing mat, which {is relatively smooth on the
underside., For landing mat with a more aggressive under-
surface (e.g., M8), it is douhtful that membranes of lower
strength than T-16 will be effective, It is evident,
however, that membranes for use under landing mat may be
lower in strength than any of those proposed in the optimum
systems for traffic areas (Chap. V). Until such time that
laboratory and field tests indicate otherwise, T-16 should
be considered as adequate for use under all landing mat.
For mat with smooth, flat undersides (such as AM2, MX18,
MX19), lighter and cheaper materials, such as laminated
vinyl-coated nylon or comparabie material, may be used.

118. Areas along the periphery and inner boundaries of
airfield traffic areas which require water/dustproofing are,
for planning purposes, approximately equal to the traffic
area itself, (For sample layout of dustproofing area around
a medium 1ift airfield, see Ref. 2). Because of this large
demand for membrane on non-traffic areas, it 1s essential
that such membrane be &s lichtweight and as inexpensfve as
possible, If these areas avre truly non-traffic areas (i.e.,
restricted from air and ground traffic), then the membrane
is only required to withstand the elements (e.g., wind,
hail), propeller blasts during engine runups, downwash from
hel{copters, and possibly traffic by men on foot and animals.
For this usage, laminated vinyl-coated nylon membranes are
probably sufficient. If occasioral, 1ight, ground vehicle
traffic or atrcraft overruns are to be expected, T-16 would
be more suitable. However, the higher cost of T-16 (approxi-
mately three times greater than laminated vinyl-coated
nylon{ must be compared with the cost of maintaining 1ighcer
materfals. It will be shown later in this study that
maintenance costs are almost negligible compared with the
cost of purchasing, shipping, and emplacing membranes.

EXTRA-LIGHT DUTY MEMBRANE

119. Inftially, the membr nez to be used on non-traffic
areas and under landing mats was to be the 1ightest membrane
recommended for use on traffic arcas as a result of this
study. As the study progressed, however, ft became apparent
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that such a policy would result in unwarranted and
unnecessary increases in system cost. As indicated in the
preceding section, membranes suitable for use on non-traffic
areas and under mats are much lover in strength and weight
than the lightest membrane suitable for use on atrfield
traffic areas. It is recalled from Chapter II that ‘nitial
co't, shipping cost, placement cost, and recovery cost are
all directly related to membrane weight. Ffurthermore, the
non-traffic areas to be waterproofed and dustproofed are
approximately equal in size to the traffic areas.

120. In view of the large requirement for membrane under
landing mat and on non-traffic areas, and considering the
11ght loads involved, it is evident that a separate membrane
duty class is required (apart from those for traffic areas).
While additional study is required to determine the optimum
charactieristics of such a membrane, it appears that vinyl

or ncoprene-coated nylon fabrics, with strength less than
or equal to that of T-16, would be adequate. This duty
class will be referred to as extra-light duty.
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IV. TRADE-OFF ANALYSIS (PHASE I)

THE QMR PARAMETERS

121, The purpose of the analysis and parameters to be
considered were given in Chapter I, paragraph 9. Those
parameters which have been assigned specific values in the
QMR are:

a) Availability

93 percent with 15 percent
replacement parts

1200 sorties with 10 percent
replacement parts due to
failures

0.75 man-hours per sortie

b) Service life

c) Maintainability

d) Relfability and
durability

e) Placement rate

100 sorties between failures

(essentfal) - light 400 sq ft/mhr

- medium 300 sq ft/mhr

- heavy 200 sq ft/mhr

f) Weight (essential) - 1ight 2.0 1b/sq yd
- medium 4.0 1b/sq yd

- heavy 6.0 1b/sq yd.

122. The remaining items, performance, transportability,
producibility, and logistical support, are qualitative and
cannot be readily analyzed. However, "performance' is
implicit in items (a) to (f) above. *“Transportability" and
"logistical support” are closely related to the w:ight of
membranes (item f) and accessories. “Producibility" is
mainly a function of the materials involved and should be
constant for this study since sufficient data were available
for only neoprene-coated nylon fabrics. From past procure-
ment records, it is evident that this material is readily
producible in several weights, plies, and strengths.

123. To meet the QMR specification for relfability and
durability, the membrane must be capable of withstanding
100 sorties between failures. No failure, as defined in
the QMR (see par. 16, Chap, 1), has ever been reported
during field testing or operations. Thus, there is no
basis for establishing a rate of occurrence model for tears
of such magnitude, It must be assumed that membranes,
which otherwise satisfy the QMR, will meet this requirement
also.

124, Placement rate and weight are considered as dependent

variables, 1.e., membrane systems are selected which meet
the QMR with minimum weight. Placement rate is then
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determined from the relationship shown in Figure 4.
Although this relationship is a trade-off betwecn placement
rate and weight, no trade-off is in fact possible because
required strength determines weight and weight determines
placement rate (for a given membr2ne material).

125. The remaining parameters listed in paragraph 121 are
avatlability, maintainability, and service 11fe. By varying
each of these separately above and below its QMR value, the
effect on the other parameters listed (except relfability-
durability) and on total system weight and cost may be
determined. 3Since the results were similar for all air-
fields in all tleaters, results are shown for forward area
medfum 1ift (C-130) afrfields 1in Theater 3 only,

AVATLABILITY

126. Target values of 88 to 98 percent were assigned to
avaflability, while QMR values were used for service life
and maintainability. The influence of these target values
on values actually attained by a2 one-, two-, or three-
membrane system is shcwn in Figure 10, It is evident that
no advantage is obtained from lowering the QMR availability
below about 92 percent since service 1ife has "bottomed out"
at 1ts QMR value and maintenance man-hours and availability
(attained) have leveled off, resulting in no additional
savings in weight or cost.

127. Raising the QMR value to 95 percent or above results

in increased weight and cost, maintenance man-hours have
"topped out" at the QMR value, and placement rates are at

or near the QMR minimums. It {s apparent that 1f avail-
ability greater than the 95 percent {1s required, considerable
savings in cost and weight are obtained from a two- or three-
membrane system. Below 93 percent cost and weight are about
equal for all three systems, but the multimembrane systems
offer advantages of higher avaflability and lower maintenance.

128. The QMR availability of 93 percent is a practical
minimum requtiremen-.,
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MAINTAINABILITY

129. The maintenance requirement was varied from 0.5 to 1.1
man-hours per sortie, as shown in Figure 11, Minimum weight
and cost are obtained in the range 0.75 to 0.90. By setting
the OMR value at 0.90 instead of 0.75 man-hours per sortie,
overall system cost and weight will be reduced by about

7 percent. A relaxation of this requirement is easily
justified since it will be shown later that maintenance
costs are insignificant when compared to overall system
costs.

SERVICE LIF€

120, The service 1ife requirement was varied from 600 to
1800 sorties, as indicated in Figure 12. Availability and
maintenance level off at their respective QMR values when
service 1ife 1s reduced to ¢00 sorties. Considering the
anticipated service life of forward and support area medfum
1ift afrfields (98 and 420 sortfes, respectively), a service
life of about 600 to 650 wculd not appear to be unreasonable.
This means that replacement parts would be nearly expended
by the end of the airfield service 1ife. Additional
replacement parts could then be {ssued when the membrane is
recovered and moved to another field or depot. However, a
reduction in membrane service 1ife would not be desirable
because of the long anticipated service 1ife of forward area
heliports (5400 sorties). Also, the savings in total system
cost resulting from a change in QMR service 1ife would be
insignificant.

131. The QMR specifies that service 1ife must be achieved
with not more than 1C percent replacement parts. The effect
of varying the replacement parts requirement from 5 to 15
percent is shown in Figure 13. For one-membrane systems, the
requirement zppears to be in order considering availability,
maintenance, weight, and cost. For two- and three-membrane
systems, the requirement could be relaxed to 15 percent and
still be in balance with availability and maintenance, but

no appreciable savings in system weight or cost would result.
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V. COST EFFECTIVENESS (PHASE 1II)

SENSITIVITY

132, In the models developed in Chapter II, the parameters
which are not fixed by the choice of a specific theater and
airfield or by the QMR are:

a) Point of origin

b) Shipping distance (air or surface)

Shipping cost (air or surface)

Inspection frequency for runway

Inspection frequency for taxi-park areas
Inspection vehicle velocity (during inspection)
Inspection vehicle velocity (to and from runway)
Mafntenance crew size

Number of maintenance crews

Placement crew size

Number of placement crews

Adhesive drying time

Man-hours per repair

Effectiveness weighing factors.

et st et Ve N et s s st s e

S 3 ~ Xt~ Q O

Point “: qin

133. . .e different points of origin were considered
correspunding to factories of three potential manufacturers.
The difference in overall system cost between the most
expensive and least expensive origin (due to shipping cost)
was about 7 percent. For alternate membrane systems
originating from the same point, however, relative costs of
the systems are not influenced by this parameter. After the
influence of tne point of origin had been established, this
parameter was set at origin number 1 on all subsequent tests.

Shipping Distances and Costs

134, Shipping distances by truck in CONUS are 20 percent
larger than corresponding air distances. In the theater of
operations, truck distances were arbitrarily set 25 percent
larger than air distances. Cost per ton-mile by air is
roughly four times greater than by truck.

135, Shipping distances by sea (converted to statute miles)
are approximately 12-1/2 percent larger than corresponding
air distances. Cost per ton-mile is a.~ average of 16 times
greater by air than by sea.
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136. Cost effectiveness data (Appendix C) were tabulated
for two different modes of transportation: a) all air, and
2) all surface except air when necessary. Although cost
differences due to mode of shipping have a large influence
on the magnitude of overall system cost, relative costs
between various membrane systems are unaffected,

Inspection Frequency

137. The QMR indicates that one inspection of the membrane
per day is sufficient. However, allowing damage to the
membrane to go unrepaired during inclement weather or
risking the possibility of small tears developing into
failures, would appear to defeat the purpose of the membrane.
Accordingly, an inspection policy was adopted for this study
based on a 90 percent probability of no damage between
inspections, as discussed in Chapter II, paragraph 49,

138, As a result of this policy, runway inspections were
usually required after each sortie while taxiway and parking
area inspections were held after each two to four sorties,
If inspections were required after each sortie, the

90 percent probability of no damage criterion was no longer
necessary and was waived. Under these ctrcumstances, it
was found that the QMR could be satisfied on all counts with
a probability of no damage as Yow as 60 to 70 percent,

139. Gn most support area airfields, the large membrane-
covered areas required such large fnspection times that the
QMR maintenance requirement could not be met unless
inspections were held only once or twice per day. This, in
turn, meant that the 90 percent probability of no damage
requirement had to be met. As a result of the self-imposed
inspection policy, membrane strengths were forced higher
than required by the (MR,

140, The inspection policy used in this study has a
significant effect on membrane strength and, therefore,
overall weight and cost of proposed membrane systems. While
it appears to be an entirely reasonable and desirable policy,
it should be considered when selecting an optimum membrane
system,

Inspection Vehicle Velocity

141, The speed at which the inspection vehicle travels to
and from the runway is not a critical parameter, but modest
savings in system cost and wefight result from higher speeds,
as shown {in Figure 14, Fcv final cost-effectiveness compu-
tations, the speed to and from the runway was set at 20
miles per hour.
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142. Runway inspection speeds were varied from 3 to 7 miles
per hour. As shown in Figure 15, speeds below 5 miles per
hour resulted in substantially increased syst>m weight and
cost and decreased avaflability and placement rate. Speeds
of 6 to 7 miles per hour show no improvement, Inspection
speeds were set at 5 miles per hour.

Maintenance Crew Size and Number of Crews

143, The size of the inspection-repair crew has a
significant effect on system weight and cost (Fig, 16). It
s assumed that the entire crew performs the inspaction of
the membrane so that when damage is found it may be repaired
immediately. This means that larger crew sizes consume more
man-hours during inspections, allowing fewer man-hours for
repairs. Thus, higher membrane strength is required,
resulting 1n higher weight and cost. The minimum effective
crew stze has been found to be three men (Ref, 2,3,6), which
was used in ail computations.

144, It is evident from Figure 17 that a more effective
way to use more men is to have several crews of three men
working simultaneously. This substantially increases
availability with only modest increases in system cost and
weight, Still the scheme that satisfies the QMR at lowest
cost {s a single three-man crew,

Placement Crew Size and Number of Crews

145, Since placement rates are in terms of square feet per
man-hour, it 1s evident that the total number of men on the
placement detail will not influence placement cost. The
cost of transporting the crew to and from the airfield is
not considered because it is assumed that part of the
airfield construction crew will place the membrane,.

However, the time required for placement is inversely
proportional to the total number of men involved, i.e.,
with a larger piacement crew, the field will become
operational sooner (see eq. 51). On an effectiveness basis,
however, the ratio of actual placement rate to QMR placement
rate is independent of crew size. This is due to the fact
that placement rate 1s a function only of membrane weight
(eq. 56). Thus cost and effectiveness azre independent of
placement crew size.

Adhesive Urying Time

146.  The effect of adhesive drying time during membrane
repairs was insignificant althougnh system weight and cost
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tended to increase slightly, and availability decreased
somewhat with increased drying time (Fig. 18). A drying
time of 10 minutes was selected as typical for adhesives
currently used (Ref. 2).

Maintenance Repair

147. From Figure 19 it is evident that the models are
rather insensitive to the man-hours required per repair.
There is a slight tendency toward increased weight and cost
with increased man-hours per repair. Field experience in
Vietnam (Ref. 6) indicates that the average repair require;
about 0.6 man-hours of effort and this value was used in
the computations,

MEMBRANE SYSTEMS EXAMINED FOR TRAFFJC AREAS

148. The various membrane systems examined in the cost
effectiveness analysis are listed in Table 19. These
include the suboptimized systems (on a weight basis) from
Chapter II1, some variations on these systems and systems
involving combinations of existing or previously tested
membranes. Detailed data for these systems are included in
Appendix C. Summarized data for the most promising
combinations for snipping by air only are presented in
Tables 20, 21, and 22.

ONE-AEMBRANE SYSTEMS

149. The optimum single membrane duty class (i.e., the
light :st membrane which will meet requirements on the most
severe airfield) 1s class 21 {Table 15). The only field-
test:d membrane which approaches this duty class is class 17
(Wx-18). A summary of cost-effectiveness data for these
two duty classes is presented in Table 20. From Table 16,
it is evident that duty class 17 1s sufficient for all
except support area medium 1ift fields (C-5A class) in
Theaters 3 and 5. For these airfields QMR availability
would be met but maintenance would be marginal and the
probability of no damage between inspections would fall
below 90 percent.
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Table 19

Menbrane Systems Examined

System Code

Membrane Dut; Class

Light

_-Medium

Heavy

(not used)
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Table 20
One-Membrane Systems
Class -~ 21 17
Air- Cost Cost-effect. Cost vost-effect.
Theater “ield Effect, $1000 $1000 Effect. $1000 $1000
1 FANL 1.55 i78 114 1.62 17z 72
SAML 1.55 357 229 1.43 239 167
FAH 1.53 180 17 1.60 121 75
aVergge* 148 12¢ lie 79
Z FANRL 1.55 168 107 1.62 m 68
SAML 1.55 352 226 1.42 236 165
FAH 1.53 167 109 1,60 12 i
average 175 114 117
8 FAML 1.55 176 113 1.62 116
SAML 1.55 368 237 1.41
FAH i.53 172 12 1.60 néa 3
alerdle 1684 119 123 7?7
4 FAML e 5% 192 123 1.62 127 78
SAML 1. 54 38¢% 248 1.31 258 196
FAH k.53 157 102 1.60 108 65
svercae 1638 106 109 68
5 FAML lgroi5 252 162 1.60 i67 104
CAML 1.52 a7 309 .14 318 277
FAH 1.53 152 98 1.60 101 63
Ve e 186 12;% 126 83
VERALL
aVERAGE 177 115 119 76

*Weighted for number of airfields per *reater,
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Theater field Effect.

1

CAir-

FAML
SAML
FAH

Average

FAML
SAML
FAH

Average

FAML
SAML
FAH

Average

FAML
SAML

FAH

|
Average

FAML
SAML
'FAH

Average

OVERALL

AVERAGE

I ]

1.28
1.55
1.69

1.27
1.59
1.69

1.62
1.59
1.69

— b -t
O —
O (e~

1.58

; 1.55

*Weighted for

1.69

—

Table 21
Two-Membrane Systems

2110
6051 '7Cosi;effect.

$1000 $1000
63 49
357 229
72 43
84 §3
60 47
192 120
68 40
72 44
78 48
20?2 127
70 41
78 47
69 59
223 140
64 38
87 4]
119 75
293 188
63 37
86 52
76 47

86

Effect.

1.27
1.55
1.63

1.26
1.60
1.63

1.54

number of airfielda per theater.

21-9

Cost
$1000

58
357
72

83

55
186
68

72

74
196
70

78

64
216
65

67

114
286
63

85

’¢

Cost-effect.
$1000

46
229
44

53

44
116
41

45

45
122
42

48

55
136
39

§2

73
184
38

L3

47



Table 21 (cont'd.)
Two-Membrane Systems

Classes | 17-10

17-7
-Air- Co_st Cost-:ffect. o . C~ost ' Cost-effect'.ﬁ
Theater field 'Effect.  $1000 | $1000 Effect. $1000 $1000
. S L] e e e . WS = D SN —
1 FAML 1.28 63 49 1.24 51 4
"SAML  1.43 239 167 . 1.43 239 167
FAH 1,69 72 43 1.46 79 54
Average 9 50 82 §7
2 FAML 1.27 60 47 1.62 M 68
CSAML | 1,47 160 109 1.50 142 | 94
| FAH 1.69 | 68 40 1.46 76 | 52
Average I 712 44 83 s
3 FAML 1.66 7.0] 42 1.40 59 42
SAML 1.45 168 115 1.49 149 100
FAW 1069 70 | a1 | 1.46 1 77 53
Average 76 | 45 I 78 53
4 FAML 117 69 59 . 1.62 I 127 78
SAML ' 1.35 182 | 133 [ 1.38 164 118
(AR 1,69 64 | 38 | 1.46 73 50
Average 67 a1 } L 78 53
' |
' I | !
5 FAML  '.,52 | 104 68 L 1.64 1 122 74
SAML 1.18 233 198 P 1,20 0 214 178
FAH 1.69 63 37 [ 1.46 72 49
Average 80 52 ! .89 61
N S S i | A _ -
OVERALL
AVERAGE 73 46 | 81 55
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Table 22
Three=-Membrane Systems
ICIasses + ] 21-9-5 21 9 6
: A1r- Cost Cost-effect. Cost Cost-effect.
‘Theater field Effect.  $1000 | $1000 Effect. |$1000 $1000
|
i e ——ni
1AM i 1.37 58 42 i %37 58 42
SAML | 1,55 357 | 229 1 1.55 | 357 229
(FAH 1 1.73 72 4 11,63 72 4
Average 4 83 51 , 83 51
l 4 1
| |
2 FAML 1.36 : 55 40 | 1.36 55 40
SAML 1.61 ] 167 103 | 1.60 170 106
FAH | 1.73 68 19 | 1.63 68 39
Average | 21 | 42 ' 71 €2
3 |fFAML | V.27 - 62 | 49 1,29 65 50
SAML | 1.61 : 175 | 109 | 1.60 179 111
FAH 1.73 70 40 1.63 70 40
Average | 75 45 I | 76 46 ‘
: | |
4 FAML 1.27 64 50
SAML 2l B 2 1.59 201 126
'FAH | 173 ¢ s 3 1.63 | 65 37
‘ ivsrage 67 | 40 .67 39
5  FAML 1.57 104 66 1.57 | 106 67 |
SAML |, 1.56 264 169 1.55 268 172 :
FAH | 1.73 63 36 1.63 63 36
Average ! 82 | 49 83 l 50
OVERALL ! — |
AVERAGE | 76 45 75 45 |
*Weighted for number of airfields per theater.
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Table 22 (cont'd.)
Three-Membrane Systems

Classes - 21-10-5 21-10-6 o
|Air- | | Cost | Cost-effect. Cost |Cost-effect.
'Theater!field Effect. |$1000 l $1000 Effect, | $1000 |  $1000
4?; I | T PR — 4 ———— r——
1 FAML  1.36 | 63 | 46 1.36 63 46
SAML  1.55 357 229 1.55 357 229
FAH  1.77 72 41 1.77 72 4)
Average | R L 51 84 51
2 (FAML | 1.35 | 60 44 1.35 | 60 | 44
SAML | 1.6 167 103 1.60 170 - 106
FAH 1 1.77 68 38 1.77 | 68 38
Average | I 71 42 71 42
: | !
3 |FAamL 1.2 62 | 49 1.29 65 50
'SAML | 1,61 175 | 109 1.60 179 M
FAW. 177 70, 39 .77, 70 39
Average | 76 45 L8 45
| |
] .
4  FAML | 1.25 69 55 1.25 69 | 25
[SAML | 1.60 223 139 1.9 | o200 ! 126
| FAH 1.77 64 36 1.77 i 64 36
Average 67 39 ST 39
]
5 FAML | 1.61 1 1u ‘ 66 1.61 . 108 67
'SAML | 1.56 | 254 | 169 1 1.55 268 172
| FAH 1.77 63 35 1.77 63 35
Average Y PO 48 1 83 l 49
1 1 1 e _i__ e o
OVERALL
AVERAGE 78 44 75 44

i - I vl . -
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Table 22

o e

(cont'd.)

Three-Membrane Systems

Classes - 17-10-7
Air- Cost Cost-effect.
Theater| field |Effect.| $1000 $1000
] FAML 1.24 51 41
SAML 1.43 239 167
FAH 1.46 79 54
Averagye 82 §7
2 FAML 1.35 60 44
SAML 1.50 142 94
FAH 1.46 76 52
Average 4 §3
3 FAML 1.40 59 42
SAML 1.49 149 100
FAH 1.46 17 53
Average 78 §3
4 FAML 1.25 69 55
SAML 1.38 164 118
FAH 1.46 13 50
Average 74 §1
5 FAML 1.58 96 60
SAML 1.20 214 178
FAR 1.46 72 49
Average a4 58
1
OVERALL
AVERAGE 78 54
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TWO-MEMBRANE SYSTEMS

150. A summary of cost-effectiveness data for seven
different two-membrane systems 1is presented in Table 21.
The most cost-effective two-membrane systems are classes
21-9 and 21-10, which are nearly identical in total cost
and effectiviness, Preference is given to the 21-10
combination because it includes existing T-17 membrane.
The 17-10 combination (WX-18 and T-17) would be optimum
except for the restrictions on SAML fields in two theaters
(see par. 149),

THREE-MEMBRANE SYSTEMS

151, The cost and cost-effectiveness numbers indicate that
the best three-membrane systems (Table 22) are 21-10-5

and 21-10-6, which are very nearly identical. Perhaps
preference should be given to the 21-10-6 combination since
duty class 6 is nearly equivalent to the strength of T-12
membrane (class 10 corresponds with T-17 in both cases).
Close runners-up for a second candidate systam are the
nearly identifical 21-9-5 and 21-9-6 combinations. If the
limitations imposed by class 17 membrane on SAML airfields
in two theaters (par. 149) are acceptable, then classes
17-10-7 (WX-18, T-17, T-12) would constitute a less
desirable third choice.

EXTRA-LIGHT DUTY CLASS FOR NON-TRAFFIC AREAS

152. As discussed in Chapter III, paragraph 120, a separate
extra-light duty class is contemplated for use under landing
mat and on non-traffic areas. The specific characteristics
of this class require additional study, but strength,
weight, and cost will be considerably less than for the
lightest acceptable duty class for traffic areas.

9
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VI. MEMBRANE DEVELOPMENT PLAN (PHASE III)

THE QUESTION

153. 1In answer to the basic question posed by the study
objective, the results of Phase Il (Chap. V) clearly
indicate that a family of membranes will significantly
reduce tonnage and ov2rall cost of membrane and accessories
required to provide expedient surfacings for airfields 1in
theaters of operation. For airfield traffic areas, the best
two-membrane system (classes 21 and 10) offers a 57 percent
reduction in cost and a 62 percent reduction in tonnage when
compared with the optimum single-membrane system (<lass 21).
The optimum three-membrane system (class 21-10-6) offers a
58 percent reduction in cost and a 63 percent reduction in
tonnage when compared with the single-membrane system; and
compared with the two-membrane system, the reduction in cost
and tonnage is 1.2 percent and 1.7 percent, respectively.
The only question remaining is whether to adopt the two- or
three-membrane system since the difference betvieen them 1is
small.,

CONSIiDERATIONS

154. The choice of a two- or three-membrane system fis
complicated by several factors:

a) No attention has been given to the disadvantages
or increased logistical costs involved in storing, issuing,
and maintaining multi-membrane systems. It was assumed at
the outset that these effects would be small and therefore
negligible.

b) If the inspection policy is relaxed on only two
support area medium 1ift airfields out of 36 airfields in
all theaters, both the two-membrane and three-membrane
systems could be made up entirely of current and previous
membranes, {.e., classes {7 and 10 (WX-18, T=-17) or
classes 17, 10, and 7 (wWXx-18, T-17, T-12). The three-
membrane system would cost sbout 7 percent more than the
two-membrane system,

c) A point to consider with regard to lowering the
heaviest duty class from 2] to 17 on the surpor: area
alirfields is that the 24-wheel main gear of the C-5A
aircraft may impose higher loading on the nembrane than
that predicted by the TECOM formula (par. 20).
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d) The placement rate for class 17 (WX-18) is
marginal when compared with the QMR. For class 21, the
placement rate would clearly not meat the QMR unless a new
material {s found with the same strength but lighter weight.

e) Class 21 would be more applicahle for emergency
use on rear area fields (normally mat covered) than
class 17,

f) The three-membrane system offers a 3.5 percent
savings in cost over the two-membrane system in Theater 5
and a 5 percent "avings in Theater 3. These theaters are
representative of limited and anti-querrilla warfare likely
to be encountered in the 1975 time frame.

155, The following assumptions will be made:

a) The difference in logistical costs between a
three-membrane system and a two-membrane system is
negiigible.

b) Currently available membranes should be used if
possible,

¢) Inspection policy should not be compromised,

d) Difference in cost between the two-memborane and
three-membrane systems is significant in Theaters 3 and 5.

THE ANSWER

156. With regard for traffic areas and all the considera-
tions discussed above, there 1s no distinnt advantage in

the three-membrane system over the two-membrane system

when overall theater results are considered. When considered
on an individual theater basis, the three-membrane system
offers a significant reduction in cost in two theaters.
Therefore, a three-membrane system with characteristics
listed in Table 23 {s recommended. Until suitable heavy

and 1ight duty membranes are developed, WX-18 and T-12 may

be used as replacements for classes 21 and 6, respectively.

OTHER MATERIALS

157. Since most of the field experience upon which this
study is based was obtained with neoprene-coated nylon
fabrics, the relative merits of different fabrics or
coatings cannot be determined directly. However, ncoprene-
coated nylon {is the most suitable membrane material tested
to date at KES and the only one which has been type-
classified as Standard A by the Department of the Army,
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Table 23

Recommended Three-Membrane System

Weight

Duty Class | Tensile Strength Remarks
(1b/in) (lb/eq yd)
(2)) Heavy 3000-3100 <6 Requires R&D
(10) Medium 300-1000 <4 T-17 or equivalent
(6) Light 550-650 <2 Requires R&D, < T-12¢
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158, To assist in evaluating a candidate membrawe material,
a tradeoff curve of initial cost versus weight (Fig. 20)
has been developed for membrane duty class 21 when applied
to support area airfields in Theater 3. The line of equal
total cost effectiveness indicates how much one can afford
to pay for matertals of various weights but with strength
and performance comparable to duty class 21. Mate:fals
which fall on (or nea:) the Tine are essentially equivalent
to a neoprene-coated nylon fabric of duty class 21. Those
which are represented by a point to the left or below the
line by a substantial margin are “good buys," while those
to the right or above the 1ine are poor investments,

159, A noteworthy observation, based on the 1imited data
presented in Appendix D, 1s that for a given membrane
strength multiple plies of lightweiyht fabric appear to be
less expensive than a single ply of heavy fabric.
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Initial cost in 1975 ($/sq ft)

QMR Wt.
5.0 T
I
I
I
k.0 2, I
¢ I
On | not as good
I
3.0
2.0
1.0
0 0.h 0.8 1.2 1,6 2.0
Weight (1b/sq ft)
Figure 20, Initial cost vs. weight trade-off for

materfals equivalent to Heavy Duty
(class 21) neoprene-coated nylon fabric
membranes (for Support Area Medium Lift
Field in Theater 3).
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VII. SUMMARY

160. Prefabricated membrane surfacings provide the Army
with a rapid means of waterproofing and dustproofing
airfield runways, taxiways, parking areas, helipads, and
airfield roads. The membrane may be used for this purpose
under landing mats or, where sofl strength is adequate, as
the main wearing surface. Use of the membrane enables
fn-situ soil strength to be maintained, reducing airfield
construction and maintenance effort required, and provides
dust control, reducing safety hazards to aircraft operation
and airfield detection.

161, Since World War II, prefabricated membranes of
several designs, materials, weights, and strengths have
reached various stages of development from simple laboratory
tests to field use. One, T-17, has been type-classified as
Standard A by the Department of the Army and has seen
service in Vietnam. A DA approved QMR for Prefabricated
Airfield Surfacings has been developed which 1ists the
desired functional characteristics of three classes of
membranes. The objective of this study was to provide a
bastis for deciding whether to develop a family of membranes
of various weights, or a singl2 membrane of optimum weight,
to satisfy military requirements for membrane as set forth
in the QMR.

162. To accompiish the overall objective, the study was
divided into three major phases:

a) Phase I - a trade-off analysis to determine the
effect on membrane cost and mission effectiveness resulting
from specific changes to the QMR.

b) Phase Il - a cost effectiveness analysis to
determine the most cost effective membrane, or combination,
from those currently available that are capable of
satisfying the QMR.

c) Phase III - a membrane development plan to meet
the study objective.

163, Three families of membranes involving one, two, and
three membrane weights (duty classes), respectively, were
examined for use on afirfield traffic areas. Each family
was optimized for five theater scenarios. Three alterna-
tive policies for deploying a given optimum family on a
given class of atrfield were considered by dividing the
airfield into three sub-areas: runway ends, runway center,
and taxi-park. A fourth duty class was considered for use
on non-traffic areas and under landing mats.
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164, Data on membrane performance, airfields, and atircraft
were obtained from technical bulletins, manuals, and data
packages supplied by WES. Standard planning rates for
military personnel costs and shipping costs were supplied
by AMC. Data on five theater scenarios were obtained from
CDC. Where required data were not available, estimates

and assumptions were made necessary and indicated as such,

165, The criteria for memhrane effectiveness were based on
a suboptimization at the airfield effectiveness level,
without feedback into larger aerial surveillance, transport,
and/or combat systems. HMembrane effectiveness was defined
in terms of availability, placement rate, and service life,
weighted seven, two, and one, respectively.

166, From the available data, mathematical models were
developed for membrane performance, runway downtime,
availability, inspection frequency, maintenance man-hours,
placement rate, service 1ife, effectiveness, and 1ife cycle
costs, including initial, shipping (air and surface mode),
placement, maintenance, recovery, and retroshipment costs.
Appropriate computer programs were developed to provide

the required information on required membrane areas, tonnage,
effectiveness, costs, and cost effectiveness for one., two-,
and three-membrane systems in five theaters of operation.

167. Minimum membrane strengths necessary to meet QMR
availability, maintenance man-hours, and service life were
calculated for one-, two-, and three-membrane families
with three different deployment plans for each airfield in
each theater of operations. Placement rate was considered
to be dependent upon the weight associated with the
minimum required strength, The total number of membrane
strengths required was divided into 21 numbered classes.

168, Suboptimized one-, two-, and three-membrane systems
were selected by determining the membrane combinations
which resulted in minimum overall system weight, These
were class 21, classes 21 and 7, and classes 21, 9, and 7.
Since most membrane cost elements are a function of weight,
this suboptimization effectively reduced the number of duty
classes to be examined to a small number of perturtations
about the three systems, The optimum one-, two-, and
three-membrane systems for airfield and heliport traffic
areas were class 21, class 21-10, and class 21-10-6,
respectively, The optimum two-membrane system offered a

57 percent reduction in cost and a 62 percent reduction in
tonnage when compared to the single-membrane system. There
was no significant difference in cost and effectiveness
between the two- and three-membrane systems wher considered
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on an overall theater basis. When considered on an
individual theater basis, however, the cost saving of

class 21-10-5 over 21-10 rose to 3.5 percent for Theater 5,
and 5 percent for Theater 3., This was considered to be a
significant difference, especfally since these theaters are
typical of 1imited and anti-querrilla warfare which may be
encountered in the 1975 time frame. Therefore, a three-
membrane system, classes 21, 10, and 6, was recommended

for traffic areas.

169. Class 21, with a mean tensile strength of 3000 to
3100 pounds per inch, has not been developed. Until

class 21 becomes available, class 17 ‘equivalent to existing
WX-18) may be used. Class 10 is equivzient to the
Standard A membrane, T-17. Class 6 is very nearly
equivalent to a former experimental membrane, T-12,
Additional research is needed to establish a performance
model for extra-light duty membrane for use in non-traffic
areas and under landing mat. However, past experience has
indicated that this duty class need not exceed class 3
(equivalent to T-16).

170. In conclusion, the results of this study clearly
indicate that significant savings in membrane system costs
can be realized by adopting a family of membranes rather
than a single membrane of optimum weight.

171, 1t is recommended that development continue on the
three-membrane system for traffic areas as outlined above.
It is also recommended that research and development begin
on an extra-light duty membrane for use on non-traffic
areas and under landing mats.

99



10,

- 9w - Tl R v =
VIII. REFERENCES

Dep . .ment of the Army. "“Approved Qualitative Materiel
Requirements for Prefabricated Airfield Surfacings,"
USACDC Action Control No. 7494 (included in Appendix A
for convenience).

D. F. Tandy, 1966, "Integrated Engineering and Service
Test of Membrane, Airfield Surfacing, T-17, Final
Report," USATECOM Project No., 7-4-0347-02/03/04, U. S.
Army Armor and Engineer Board, Ft. Knox, Ky.

J. R, Ford and R, Griffin, 1967, ™Integrated Engineering
and Service Tests of Membrane, Airfield Surfacing, WX-18,
Test Report," USATECOM Project No., 7-4-0347-05/06, U. S.
Army Armor and Engineer Board, Ft. Knox, Ky.

S. G, Tucker, 1965. “Anchor Systems for Prefabricated
Membrane Surfacing for Army Helicopter Landing Pads,"
Technical Report No. 3-675, U. S. Army Engineer
Waterways Experiment Station, Vicksburg, Miss.

Unpublished field notes on T-16 perfnrmance at

Ft. Benning, Ga., during October and November, 1963,
communicated by S. G. Tucker, U. S. Army Engineer
Waterways Experiment Station, Vicksburg, Miss,

“After Action Report on Golf Course Airfield." Letter
to Commanding General, 1st Air Cavalry Division, from
Lt. Col. C. G, Olentine, HQ, 8th Engineer Battalion,
1st Air Cavalry Div., APO 96490, 11 July 1966.

Department of the Army, 1965, “Planning and Design for
Rapid Airfield Construction in the Theater of Operations,"
Technical Manual TM5-366, Washington, D. C.

Department of the Army, 1967. “Planning and Design for
Rapid Heliport Constructisr in the Theater of Operations,*
Technical Bulletin TB5-330-2, Washington, D. C.

S. G, Tucker, 1964, “Construction of Membrane-Surfaced
Runway and Helicopter Landing Pad, Ft. Benning, Ga.,"
Misc. Paper No. 4-620, U, S. Army Engineer Waterways
Experiment Station, Vicksburg, Miss.

S. G. Tucker, 1963, "“Visit to Fort Campbell, Ky., to
Construct T-15 Membrane-Surfaced Runway and Helicopter
Landing Pad, 17-24 September 1962," Misc. Paper No. 4-565,
U. S. Army Engineer Waterways Experiement Station,
Vicksburg, Miss.

100




1.

12,

19,

14,

151

16.

17.

18,

1'9%

20,

2].

22,

~ - - - - -

S. 6. Tucker, 1965. *“Portable Surfacing for U. S. Army
Pioneer-Type Runways, Laboratory and Engineering Field
Tests," Technical Report No. 3-700, U. S. Army Engineer
Waterways Experiment Station, Vicksburg, Miss.

S. G. Tucker, 1965, “Portable Surfacing for U, S, Army
Helicopter Landing Pads, Engineering Field Tests," U. S.
Army Engireer Waterways Experiment Statfon, Vicksburg,
Miss.

Department cf the Army, 1968, "Accounting and Reporting
for the Cost of Military Personnel Services,” Army
Regulation AR 37-29, Washington, D, C.

U, S. Army Aviation Board, 1959. "Service Test of Vinyl
Membrane as Airfield Surfacing Material,” Report of Test,
Project NR AVN 2658, Ft. Rucker, Ala.

S. G. Tucker, 1960. "Portable Surfacing for Military
Access Roads - Laboratory and Tank Traffic Tests,"
Technical Report No. 3-542, U, S. Army Engineer
Waterways Experiment Station, Vicksburg, Miss.

S. G. Tucker and T. W. Vollor, 1967. "“Engineering Tests
of T-17 Membrane Used as All-Weather Surfacing for Two-
Way Military Roads," Technical Report No. 3-772, U. S.
Army Engineer Waterways Experiment Station, Vicksburg,
Miss.

S. G. Tucker and R. H., Grau, 1967, “Tests of Light-
weight Waterproofing Membranes for Use Beneath AMI1
Landing Mat," Misc. Paper No. 4-884, U, S. Army
Engineer Waterways Experiment Station, Vicksburg, Miss.

Department of the Army, 1963. “Planning, Site Selection
and Design of Roads, Airfields, and Heliports in the
Theater of Operations,” Technical Manual TM5-330,
Washington, D. C.

Department of the Army. "Paving and Surfacing
Operations," Technical Manual TM5-337, Washington, D. C,

R. J. Malley, 1967. “Forward Airfield Construction in
Vietnam," The Military Engineer, No., 931, Sept-Oct,
pp. 318-322.

J. J. Felmley, 1968. "“The C-5A Troop and Cargo Handling
Requirements,” SAE Paper 680596, Society of Automotive
Engineers, Inc., New York, N. Y,

Ohio River Division Laboratories, 1964. "“Pertinent
Characteristics o” Military Aircraft,” Misc. Paper
No. 5-1, U, S. Army Engineer Division, Ohio River,
Corps of Engineers, Cincinnati, Ohio.

vl



APPENDIX A

QUALITATIVE MATERIEL REQUIREMENT

FOR
PREFABRICATED AIRFIELD SURFACINGS

102

N T

, o~
e



m-—-——v——w——*-ﬂ--wk' -

Department of the Army Approved
Qualitative Materiel Requirements
for Prefavricated Airtield Surfacings

Section I - Statement of Requirement

1. Statement of Requirement
Prefabricated or expedient airfield surfacings are required to pro-
vide the Army with improved capability to produce the required aircraft
landing facilities, in theaters of operation, which are essential for support
of air mob.ility concepts. Economy in logistics and costs and flexibility in
i design of landing facilities can best be provided by development of mats and
membranes. The landing mats will provide a bearing surface capable of sup-
porting specified aircraft loadings on low strength soils. Use of the matting
will greatly reduce the time and engineer effort required to construct air-
fields by substantially reducing the need for subgrade preparation and by
providing a surface which can be rapidly emplaced. The membranes will pro-
vide a rapid means of waterproofing and dustproofing runways and taxiways
in areas where soil strength is adequate and of waterproofing subgrades be-
neath landing mats. Use of the membranes will enable in-situ soil strength
to be maintained, reducing airfield construction and maintenance effort re-
quired, and provide dust control, reducing <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>