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ABffOULCT 

Experimental application equipment for the preparation of remote 
lATvHng and take-off sites for tuTbo-Jet VTOL aircraft va» designed, 

fabricated and demonstrated* Tures full scale remote sites vere prepared 
In Engl *r\A and the Federal Republic of Germany. Evaluation of these 
sites was accomplished vith the F.112T and the VJ101C-X2 aircraft re* 
suectively. These remote sites vare prepared by spraying a modified 
chlorinated polyester resin and fiberglass icving over essentially 
unprepared ground. Modifications to the application equipment, further 

development of materials and fabrication techniques vere made as a 
result of the experience gained in the preparation and evaluation of 
these remote sites. 

Preliminary remote site design criteria vere developed for deter¬ 
mining site thxckness, site size and shape. Experimental pads vere 
prepared over various soil types and tested using typical vheels and 
tires to obtain data for determining site strength requirements. A 
methodology for determining site size and shape w&b further refined by 
conducting dowrarash flow field studies using models of the P.112T, 
VJ101, XC-142 and DO-31 aircraft. Dynamic pressure data obtained during 
remote site evaluation vere correlated with model test data. Logiatics 
support tasks for VTOL site preparation and site operation vere examined. 
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SECTION I 

INTRODUCTION AND SUMMARY 

1. INTRODUCTION 

The results of Air force Contract mF33(615)-1092 (Reference 1) 
established the feasibility of using a sprayable, rapid-curing light¬ 
weight, low-cost arterial system for use as a remote landing and take¬ 
off site (remote site) for turbojet VTOL aircraft. Under Air Force 

or tract AF33( 0.5 )-2367 (Reference 2,1 this filled chlorinate polyester 
resin system was successfully modified to eliminate settling of the 
temperature resistant fillers. Also an automatic catalysing method 
for spraying resin and catalyst simultaneously was demorstrated, a 
method for predicting remote site size requirements was established, 
and an advanced application system for preparing full-scale remote 
sites was defined. In addition, weight and cost comparisons showed 
that the Rapid-Site preparation system compared favorably with reusable 
membrane and metal plank remote site concepts. 

The purpose of the present program is to develop an operational 
remote site preparation system for VTOL aircraft. 

Tne specific objectives are: 

Develop and optimize a VTOL aircraft blast-resistant 
material for field use. 

Design and fabricate optimum field equipment for applying 
the optimized material. 

Establish remote site preparation techniques. 

\ * # 

Prepare full-scale remote sites for evaluation by 
operational VTOL aircraft. 

Evaluate the remote site preparation system by analysis 
of data and operational results. 

Establish drawings, specifications, and operational hand¬ 
books for an optimum remote site preparation system. 

Prepare a field commanier's handbook for the design and 
preparation of remote VIOL site«. 

The above objectives will be accomplished over a 30-month period 
with four additional months for the preparation and submission of design 
drawings, specifications, final reports, handbooks, and the delivery of 
an experimental operational site preparation system. 



2. PROGRAM SIMMAKY 

Tta» progri« U divided loto three ooneecutive phases of tea 

Months duration each. 

pmm X • Oenaral Development at Material and First Order Equipment 

An application system suitable for preparing field test sites 
for the P.1127 (English) and the 7J101C-X2 (Oerman) VTOL aircraft will 
be designed and fabricated. Two remote sites will be prepared In 

and one remote site will be prepared in the Federal Republic 
of Oernany. Site design and preparation t/ichniques will be established. 
AiMlysis, laboratory tests, data correlation and definition of problem 
areas for further study, test and improvement will be performed using 
the final results from Contract AF33(6l5)-23^7 and the results from 
rerote site evaluations* Improved concepts and alternate methods for 
sits preparation will be studied and tested to reduce the weight of 
the overall-eite preparation syatem and to minimize the number of 
personnel required to prepare a remote site. A Phase n program 

definition will be prepared. 

Fhmmeji - Optimization of Materiale and Equipment 

Improvements of the m teria Is and application equipment will be 
pursued as indicated by the results and recommendations from Phase I 
as dsflnsd in the Phase II program definition. Redesigned or modified 
equipment will be fabricated for preparing additional field test sites. 
Site design requirements will be established and ¿he following sites 

prepared« 

One site, VJ101C-X2, Federal Republic of Germany 

Two sites, Balzac or Mirage UI-V, France 

Two sites, P.1127 and/or X-14, U.S.A. 

One site, X-l4, U.S.A. 

Concepts for improving system performance, reducing weight. 
Improving techniques snd reducing personnel requirements wild be studied, 
tested, and evaluated to establish the bas<8 for the design of the final 
remote site preparation system. Analysis, data correlation, and defini¬ 
tion of problem areas for final study and/or optimization will be made. 
Site design requirements for other VTOL aircraft, such as XV-4a (Lockheed), 

XV-5A (Ryan), XC-lítô (LTV) and DO-31 (German) will be interpolated from 
data obtained. A Phase HI program definition will be prepared for the 
design and demonstration of the final remote site preparation system. 

.i 4H»d< 
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Phaa« III - De#ign and Test of Keniote Site Preperatloii System 

Final materials and equipment optimization will be determined by 
analysis and trade-off studies. An optimized experimental field site 
system will be designed and fabricated. Maximum usage of previous 
equipment will be made. Two field test sites (P.U2T type) will be 
prepared to demonstrate tbe optimized system. All test date will be 
analyzed and correlated to determine basic site design parameters and 
conditions applicable to specific and general VIOL aircraft rapid alte 
preparation methods. Design drawings, specifications for materials and 
equipment, and handbooks for the operation and l** Inte nan oe of equipment 
will be prepared. Also, a design handbook for use by forward area com¬ 
manders in preparing remote VTQL sites under various terrain and weather 
conditions for various VTOL aircraft will be prepared. This handbook 
will include specific and general site design curves, graphs, and data. 

SIM4ARY OF WORK ACCOMPLISHED 

Material Formulation 

A material formulation which was believed to be the most suit¬ 
able considering anti-settling resistance and retention of temperature- 
resistant properties was selected from the twenty-seven formulations 
investigated under Contract AF33( 615)-2367. ÄM» selection was baaed 
upon centrifuge and static aging test data as well as compatibility with 
the resin additive system and other selection criteria. The material 
consisted of a chlorinated polyester resin, high temperature additives 
and small percentage of a pyrogeneous silica thixotropic agent. 

This formulation was presented to commercial compounders for 
scale up batching. This was successfully accomplished with production 
batches of 3>000 pounds and a total quantity of approximately 90,000 
pounds of compounded resin being produced. 

i 

Following full scale field trials in Europe drying September 
and October I965 (see Section V) several problem area*, were investi¬ 
gated; ie. shrinkage, strength-flexibility and site i abri cat ion methods. 
These investigations included the evaluation of unfilled polyester resins 
for non-afterburning VTOL applications, evaluation of new reinforcement 
methods and further development of thermal-er os ion resistant polyester 
resin mixtures. Substantially a new materials system was developed 
utilizing unfilled polyester resin reinforced with woven fiberglass roving. 
Urn use of a composite construction for afterburning applications was 
evaluated by applying a high temperature resistant cap over a base pad 
prepared with unfilled resin. 

A resin application system was designed and fabricated using 
a three-quarter ton truck as the prime mover. A power take-off was 
incorporated for driving an air compressor and a dual resin pumping 

3 



system. The air supply was used to automatically catalyze the resin in 
the air dispersed resin nozzles and to operate the continuous filament 
fiberglass spray guns* Four Archillthics continuous filament fiberglass 

svstema were provided. Four mobile resin tanka of 400«gallon capacity 
vere designed and fabricated. The application equipment was designed to 

provide approocimately 10 gallons (100 pounds) of resin per minute. 

After »«awing routine subsystem checkouts and adjustments to the 

application equipment, a full size site (70-foot diameter) was laid out 
wnd partially fabricated at LTV to verify the equipment operation and the 
site preparation technique prior to shipping the equipment to Europe. 

The application equipment was used to prepare three remote VTQL 

eitaa in Europe (see Section V). At a result of this experience, a 
number of modifications were designed and incorporated into the equipment 
upon its return. Modifications were made to increase resin pumping rates. 
Improve operational characteristics and to utilize unfilled resin and 
woven fiberglass roving reinforcement. The modified equipment was used 
to prepare a 120 foot diameter helicopter site under Contract AF33(ol5)- 

3631. 

3,:11:,11 Jj iib: jl:!;e:ä .:33:3:131 3:3 

- Site Thickness Criteria 

A wheel load test facility wee constructed utilizing a 15-foot 

diameter by 5 fret deep steel soil box and a hydraulic loading structure 
was provided with a maximum loading capacity of 60,000 pounds. Thirteen 
wheel loa'I test pads were prepared and tested over two soil types. Aver¬ 
age California Bearing Ratio (CER) ranged from 2.0 to 8.6. Test pads 
were made using several different polyester resins in combination with 
sprayed fiberglass reinforcement, only, and woven fiberglass roving with 
sprayed fiberglass. Tire size and pressures simulated these used on the 
P.1127 and VJ101C-X2 aircraft. Both single and dual wheel configurations 
were used. Tire pressures were 100 and 200 pal. Element specimens from 
each test pad were tested to determine allowable tensile and bending 
stresses fluid modulus of the pflid material. Similar data was obtained for 

tho remotTalte. prepared in Europe. 

- Site Size and Shape Criteria 

A method for calculating VTOL landing pad diameter as a func¬ 

tion of downwash fluid erosion characteristics which had been previously 
established was further refined to include the effects of multiple Jets. 
In support of this effort literature surveys for additional soil erosion 

and downwash flow field information w^re made. 

Downwash flow field studies were conductea using models of 

the P.1127, VJ101, XC-142 and DO-31 aircraft. Teats were also conducted 
to determine the ^feasibility of reducing site size by the use of fences 
at the edge of the pad. Both water table and a cold flow air nozzle 



downwash test set-up were used in the fence studies. Dowmmsh dynamic 
pres s vire s and temperatures were recorded during flight operations of the 
P.1127 and VJ101 aircraft from VTOL sites prepared in England and Oermany 
respectively. These data were analyzed for correlation with model test 
data. A study of the aerodynamic lifting forces which might be created 
by a VTOL aircraft over a landing pad was made. 

Remote Site Preparation 

Site layout and preparation techniques were evolved for preparing 
remote VTOL sites of TO feet diameter. Small scale sites were prepared 
using the smaller experimental application equipment developed under 
Contract AF33(615)-2367. A full size 70-foot site was laid out at LTV, 
Dallas, and the first order equipment for Europe was used to fabricate a 
major portion of this site prior to shipment of the equipment to Europe. 

During September I965, two remote sites were prepared in England 
for evaluation with the Hawker Siddeley P.1127 aircraft. One site was 66 
feet in diameter and utilized approximately 17»000 pounds of material; the 
other site was 50 feet in diameter and utilized about 12,000 pounds of 
material. Flight operations were successfully conducted froto both sites. 

In October 1965, one site was prepared in the Federal Republic 
of Germany for evaluation with the EWR Sud VJ101C-X2 airplane • This site 
was approximately 60 feet by 65 feet in size located adjacent to a concrete 
taxiway and runway. Approximately 24,000 pounds of material was used. 
Two hover flights were made with the VJ101C-X2 airplane. No landings or 
take-offs were made from this site. 

Logistics Analysis 

The logistics support tasks for VTOL site preparation and site 
operation were examined. A generalized VTOL Rapid Site deployment concept 
evaluation model was developed which relfects the primary factors dictated 
by VTOL operation. The studies were directed to the logistics require¬ 
ments, system operational cost and examination of potential improvement 
areas where cost effectiveness is most sensitive. 
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SECTION II 

material pormuiätion 

i. SUMMARY 

The results of Air Force Contract AF33(615)-1^92, Reference (1), 
estábil she! the feasibility of ising a sprayable, rapld-ciglng^^llg^ 
weiKht low-cost material system for use as a remote landin« and takeoff 

sit?for turbojet VTOL aircraft. . This material system was a 

chlorinate?polyester resin system modified vith res^t^ 

additives and fiberglass reinforcement. The 
system and of the expertnental application system 
strated durtn« this effort were investigated under AirJ^C* 

AF33(6l5)-2367, Refere«« ( 2 ). «“^ 
investigated were the settling and compaction of the soida maxertaxa 

used inthe resin to obtain the Jet blast 
and the elimination of hand-mixing the catalyst î°eBe 
site application. Significant progress was made toward resolving thes 

problem areas : 

a. A basic anti-settling formulation was established. 

b. An automatic catalyzing method was demonstrated. 

As a result of the above progress, the early Phase I teat sites used 
material formulation as modified under Contract AF33(6l5)-2367. The Prtn 
cipal effort of the first half of Phase I consisted ^ The 
compounding process for the high temperature additive-filled resin. The 

material System developed for utilization with afterburning VTOL tu^Jet 

aircraft was subjected to full-scale field trials in Europe 
first half of Phase I of this contract. These field trials indicated the 

need for improvement in the following areas: 

(1) Reduction of shrinkage 

(2) improvement in overall strength-flexibility characteristics 

(3) Improved site design and fabrication techniques 

The above mentioned problem areas were SiaS’ 
perience and knowledge gained from the subject European field trials 

Improvements were incorporated into the Payions . ?£df^^a^0n 
and a substantially new materials system utilizing unfilled resin re 

inforced with woven roving was evaluated. 

2. MATERIAL SELECTION 

A rapid curing, thermal-erosion resistant material was developed 

under Contract AF33(6l5)-1092, Reference Zl 
fully demonstrated by tests with the APL JÔ5-GE5 afterburning Jet 

7 



tert facility and the KASA-Anea X-14 aircraft, the above teats were 
caudueteA turfng eaterlal vhlch bed been prepared in the laboratory. Solid 
■ateríala which had be&i nixed into the basic reain tended to aettle out 
amt for® a tenacious sedimxrt in the bottom of the shipping containers, 
the above problem was alleviated by research conducted under Contract 
AF33(615)-2367, Reference (2). A formulation having several orders of 
magnitude better settling resistance than the original formulation has 
been demonstrated, thin waa accomplished by the addition of an in¬ 
organic thixotropic agent subsequent dispersion of the solids into 

the liquid resin by ball milling. 

A nunber of antisettling agents vers investigated under the above 
cariraot. These Included both inorganic and organic materials. Bach of 
Sil ise materiale was evaluated at a nunber of concentrations. The se¬ 
lected fornulation utilised approximately 2$ Cab-0-811 M-7, a pyro- 
geneous silica manufactured by the Cabot Corporation. 

■»Ma selection was based on the follcwlng criteria: 

a. The material would impart a degree of thixoti py or other 
phenomena which would prevent or significantly retard ti s sedimentation 

of the high temperature additive particles. 

b. The antisettling agent would not degrade the thermal-erosion 

resistance of the original cosqpcund. 

c. The antisettling agent would not significantly degrade the 
flexural strength of the original formulation (combined with fibrous 

glass reinforcement). 

d. The finished compound containing the antisettling agent would 
be capable of being punped at a reasonable rate using pumps similar to 
those utilised on Contract /1733(615)-1092, Reference (l) . 

e. The antisettling agent would yield no adverse reaction with 

the resinous material. 

Selection of the Cab-0-SiÍ M-7 agent was based largely on its 
compatibility with the original resin-additive system, "owever, this 

material .ras equal to or better than the other materials tests on all 

critical points. 

Centrifuge and static aging tests were conducted under Contract 

AP33(615)-2367 to ascertain the degree of settling resistance imparted. 
These indicated that most of the materials tested yielded an appreciable 
degree of antisettling stabilization. Therefore, the combined criteria 

had to be considerod. 

The torch tests indicated only slight variation in thermal erosion 
resistance was loparted by most of the materials tested. This was due 
in part to the relatively low (less than %) antisettling agent to total 

material ratio. 



Resistance of the selected system to afterburning Jet engine ex¬ 
haust inçlngeœent vas demonstrated using the APL J85-GB5 Jet engine 

test facility. 

Flexural strength of laboratory specimens made from the selected 
formulation and % glass fiber compared favorably with laboratory data 
for the original formulation. Biese values ranged from 7>000 to 9#300 

psi as compared with a value of 9# 500 psi shown in APL-TDR-64-1251 
Reference (l), for the original formulation. However, specimens cut 
from field-sprayed sites yielded considerably lower values of 3*500 to 
4,500 psi. This was probably due to lower glass content in the field 
applied specimens as well as the natural deterrents encountered in 

application of the material over rough terrain. 

A trade-off of settling resistance versus viscosity was ¿required. 
Figure 1 shows that the trends of the viscosity and settling resistance 
curves are similar. Therefore, the concentration of additive which 
would yield reasonable assurance of settling stability and yet not pro¬ 

duce excessive viscosity was chosen. 

It was subsequently demonstrated through punping tests that good 
flow rates could be achieved with the selected formulation using 10 and 

1Ô gpjx rating Viking gear pujqps. 

a. Liaison With Resin Compounders (Large Scale Material Production) 

Once the material formulation had been established in the lab¬ 
oratory, it was necessary to determine if the material could be manu¬ 
factured on a commercial or large scale basis. 

Previous experience on Contract AF33(615)-2367 indicated that 
open roll mills were unsatisfactory for this application. Open mills 
allowed severe loss of volatiles (styrene) and produced material of un¬ 
predictable cooçposition. It is conceivable that this process could 
have been developed by compounding the solids with non-volatile poly¬ 
ester and subsequent addition of styrene. Äe development time required 
and ultimate complexity of such a process prong: ted investigation of 

alternate methods. 

The laboratory specimens had been jorpounded using ceramic Jar 
Tnj 11« and cylindrical alundum grinding media. Commltation with com¬ 
mercial compounders Indicated the possibility of utilizing large capacity 
bal i mills for this purpose. However, the compounders recommended utili¬ 
zation of steel mills and steel grinding media. This provided better 
temperature control than ceramic lined mills and better grinding effi¬ 

ciency due to the denser grinding media. 
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Two compounders successfully prepeired the selected fonnul&tloc 

on a comnercial basis. These firms were: 

Andrew Bream Conçany, Irving, Texas 

Tropical Paint Company, Cleveland, Ohio, 
A Division of Hooker Chemical Corporation, 

Niagara Palls, New York 

Hie Andrew Brown Company was selected to compound the material 
for the European portion of Phase I. This selection was based solely on 
timing convenience to UTV as the finished materials produced by both 

firms were essentially identical. 

One firm encountered some difficulty during the early portion 

of the scale-up operation. The energy developed during the milling 
operation was not removed at a sufficiently high rate, producing partial 
polymerization within the mill. This deficiency was remedied by increas¬ 

ing the cooling efficiency of the mill. 

Current production batches are 3,000 pound/batch. The 60,000 
pounds required for the European operation were produced in approximately 

three weeks of actual ml 1.11 ng time at this rate. 

b. Chemical and Physical Analysis 

nviomi f»A.i and physical analyses were developed to provide in¬ 

spection criteria for the compounded resin. Diese analyses Include: 

Chemical 

Styrene content 
Antimony oxide content 
Silica content 
Boric acid content (by difference) 

Physical 

Flexural strength 
Tensile strength 

0 Settling resistance 
Thermal erosion resistance 

Viscosity 
Curing rate 

Tbs rrocedtvres and requirements for both the chemical and 

physical analyses are detailed in Appendix IV of Reference (2). 
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o. Curia« Mt« Tasto 

Slaple testo wer« perfoziaed to determine the probable in-situ 
curing characteristic* at the BirchaB*Newton (English) site« These tests 
QOBSisted of pouring 6 x 6-inch pods on the turf at Tttretain-Newton. The 
weather was exceptionally bright end clear; therefore* some tests were 
performed in the shade to approxifflate the normally cloudy conditions. 
Figure 2 shows the results of these tests* It is noted that the lower 
HOC peroxide concentration provided slightly faster cure rates. This 
would indicate that the higher percentage has exceeded the amount re¬ 
quired for this particular pramotion-teiqperature condition. However, 
since the total involved in oach case was very short and the data 
somewhat fragmentary, no great significance should be applied to this 
phenemenon. Taken collectively, these curves agree in general with the 
data collected at LTV prior to the European operation. Figures 3 acd^. 

d. Post-European Reduction of Shrinkage 

Polyester resins have relatively high shrinkage during cure. 
Tliis shrinkage was modified to a large extent hy incorporation of high 
filler content (Uo£ in the B-3-B formation used in European trials). 
The residual shrinkage had been observed since early field trials with a 
yfwH,to.»» formulation of Moffett Field, California In 1964 (Contract 

AF33( 615 )-1092, Reference (1)). 

The observed shrinkage posed no problem at that time as the 
edges of the site were unrestrained and no observable stresses developed. 
In addition, the primary site was small (25-foot diameter) and was in¬ 
crementally expanded to 59 feet in diameter with a lightweight "dust 

skirt" only. 

The European sites experienced considerable cracking. Due to 
shrinkage of the resin and a low percentage fiberglass reinforcement, a 
built-in stress was developed with sufficient magnitude to initiate 
cracking. Moreover, it is probable that unobserved cracks were Initiated 
which would cauoe failure at applied stresses far below the ultimate values 
Indicated by laboratory and wheel load tests. This theory appears to have 
been substantiated as additional cracking occurred without application of 

stress and with application of stresses below the predicted ultimate values. 

The more significant parameters which govern the shrinkage of a 

reinforced resin system are as follows: 

Reactivity of the resin system (curing rate) 

(a) Promotion level at a given temperature 

(b) Ester functionality 

(c) Crosslinker functionality and concentration 

(1) 







B
A

T
C

H
 *

1
4

9
1

9
 

9
,0

4
0
 P

S
I 



(2) Bulk filiar concentration 

(3) Pibroua filler (reinforcement) concentration 

Of parameters, the increased concentration of fibres 
y»-» appears to be the most effective singular deterrent to 

shrinkage. An increase in bulk filler concentration decreases shrinkage 

to a lesser extent and inhibits the aoxlity of the system to accept 
higmr percentages of fibrous reinforcement• Therefore, the overall 
effactivity of filler-reinforcement systems in shrinkage reduction is 
highest at high reinforcement concentrations and, as a consequence 

thereof, at lower bulk filler concentrations. 

The effect of resin reactivity on shrinkage, while less than 

reinforcemsnt concentration, is still significant. 

By varying the promotion level of the system and performing 
the experiments isotheimlly> the effect of rapid versus less-rapid 
cure was determined. Formula B-3-B was selected for this experiment to 

provide a realistic reference for future studies. It was shown that 
the more rapid curing rates tended to produce somewhat more shrinkage 

than less rapid ones. 

The exact functionality and concentration of the polyester and 

croeslinker systems under investigation are proprietary with the manu¬ 
facturer. However, certain deductions nay be made in this respect from 
the general literature on these material species. It is reasonable to 
expect that the more flexible resins contain longer chain groups between 
unsaturations th** less flexible resins. It follows that the degree of 

unsaturation for a given molecular weight is likely (although not 
necessarily) to be lower for the longer chain groups and hence these 
resins should be somewhat less reactive. It can be shown that as the 
progression is made from Hetron 32A to 31 to 42 that the flexibility 
(manufacturer's data) increases while the shrinkage decreases. 

e. Shrinkage Apparatus and Procedure 

The test apparatus consisted of an aluminum mold with mechani¬ 
cal to an electrical potentiometer which converted mechanical 

movement, initiated by shrinkage of the plastic, into an electrical 
signal. This electrical current was used to excite a recorder which 
was calibrated to measure shrinkage directly in inches. A mechanical 
key was used in one end of the mold to prevent shrinkage from both ends, 
thus permitting all shrinkage to accumulate at the end of the mold on 
which the mechanical linkage to the potentiometer was located. The mold 
was heavily coated with a release agent to prevent adherence of the test 

material. The test apparatus is shown in Figture 5. 





the polyester meteríais tested were the B-3-B resin and a num¬ 
ber of the Betrau polyesters; e.g., 31, 32A, Ul and 353» Resins were 
tested with various levels of praaotion, varying both cooalt napherenate 
and dlmathylaailine. A standard level of catalyzatic» of 1.^( methyl- 

ethyUcetone peroxide was used through the entire series of tests. The 
amount of bulk filler contained In the base resin was varied, and the 
amount of glass reinforcement was also varied. Table I depicts these 
values and variations; also, a number of graphs are included depicting 
hardness, exotherm. wh-thnung» data. 

The polyester material to be tested for shrinkage character¬ 
istics was promoted and catalyzed to the desired degree, then poured 
into the aluminum mold along with the desired amount of fibrous rein¬ 
forcement. In all cases, care was taken to assure intimate contact of 
the resinous msterial with the sliding mechani cal connection to the 
potentiometer. As the polyester material cured and began to shrink, the 
shrinkage was recorded automatically on the recorder. This curve was 
plotted shrinkage versus time to produce the data contained herein. 

Table I contains all data in tabular form. The graphs shown 
in Figure 6 depict cure rate, Shore D hardness, and exotherm rates. 
Exotherm data are reported as the change in tenç>erature of the specimen 
during the chemical reaction. Data are reported for 48-inch shrinkage 
specimens' in Table I. 

f. Post-European Strength and Flexibility Study 

The overall strength of a given reinforced-resin system ap¬ 
pears to be controlled most effectively by the nature and concentration 
of the reinforcement. Heve ver, this statement shouJUi not be construed 
to suggest that the strength characteristics of the resin are unim¬ 
portant. It is probable that higher ultimate elongation resins 
tend to produce reinforced materials with higher resistance to cracking 
failure. 

Hetron 353 resin was selected for initial thermal-erosion re¬ 
sistant f annulations (Contract AF33(6l5 )-1092) because of its ability to 
accept large quantities of ablative additives and its relatively high 
heat distortion temperature. This criteria still appears to be valid 
where extreme thermal eroeion resistance is required; i.e., afterburalne 
turbojet VTOL aircraft. 

(l) Resin Development 

The European trials Indicated that the strength character¬ 
istics of the B-3-B material system based on the above resin were marginal. 
In addition, it appeared that some trede-off of thermal-erosion resist¬ 
ance in favor of Increased strength-flexibility was in order. 
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TABLE I JHRITKAGE CHARACTBRISTICS 

Promotiwn Level 
Type i 
Bulk 

Filler 
jt Bulk 
Filler 

Type 
Reinforce¬ 

ment 

Rein¬ 
force¬ 
ment 

Pts/lOO 
Shrinkage 

i Resin Type 
Test No. 

Cobalt Naph- 
thenate ^ 

Dimethyl- 
aniline i> 

B-3-B 
A-2 

0.0 0.0 HoBOo 
SD2O3 

35 
6 

— — 1.04 

B-3-B 
A-3 

0.5 0.0 H3BO3 
Sb203 

35 
6 

— — 1.17 

B-3-B 
A-4 

1.0 0.0 H3BO3 
Sb203 

35 
6 

— — 1.15 

B-3-B 
A-5 

2.0 0.0 H3BO3 
Sb203 

35 
6 

-- — 1.15 

B-3-B 
a-6 

0.5 0.05 H3BO3 
Sb203 

35 
6 

— -• 1.25 

B-3-B 
A-7 

1.0 0.1 ^^3 
Sb203 

35 
6 

mm 1 
1.44 j 

B-3-B 
A-Ö 

2.0 0.2 H3BO3 
Sb203 

35 
6 

I 1.30 
1 

Hetron 353 
B—1 

0.0 0.0 

H3BO3 20 

“* i 2.20 

î I.9I Hetron 35: 
B-2 

0.5 0.05 — 
1 
! 1 

Hetron 35: 
B-3 

0.5 0.05 H3BO3 30 — — I.52 

1.21 

O.98 

Hetron 35: 
B~4 

0.5 0.05 H3BO3 40 — — 

Hetron 353 
B-c 

0.5 0.05 H3b°3 50 — — 

B-3-B 
D-2 

0.5 0.05 H3BC3 
Sb203 3I PPG-533-6O 3.06 0.45 

0.42 B-3-B 
D-3 

0.5 0.05 H3BO3 
Sb203 

35 
6 

PPG-533-6O 5.27 

b-3-b 
d-4 

0.5 0.05 ^3 
SD2O3 

35 
6 

PPG-533-6O 7.05 O.23 



TABLE I 3HRIMCAGI CHARACTStlBTICS (Concluded) 

-- 

Promotion Level 
Type 
Bulk 

Filler 

$ Bulk 
Filler 

Type 
Reinforce 

ment 

Rein¬ 
force¬ 

ment 
Pts/lOO 

Shrinkage 

i «•«in Type 
Teat Bo. 

Cobalt Naph- 
thenate f 

Dlinethyl- 
anlline f 

32-A 
d-6 

0.5 O.05 

0 

— — — — 2.02 

32-A 
D-7 

0.5 0.00 — — PFQ-533-6C 5.25 O.354 

32*A 
D-8 

0.5 0.Ü — — PFG-533-60 11.02 O.25O 

31 
1-1 

0.5 0.05 — — — 0.0 1.42 

353-y5^ 
Styrene 5> 
C-l 

0.5 0.0 — 2.35 

42 
E-2 

0.5 0.0 — — — 1.04 

E-3 

0.5 0.0 — 

” 
! 

PPG-533-6( 11.02 None 

50^-31 
501^-42 
E-4 

0.5 0.0 — -• PPG-533-6< I7.5 None 

75^-31 
2$i-k2 
e-6 

0.5 0.0 — — PPG-533-6< 14.3 O.O3I 

75lt-31* 
25%-42 
E-7 

1.0 0.1 H3BO3 
a®2°3 

14 
3 

PPG-533-6 c 7.25 0.001 

* No graph available for this specimen 
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A lit«ratura seaxch revealed that Hetrone 32A and 31 with 
oaet etreogthe of 9300 and 6600 pel reepectively would offer a 
défiait« iaproveaent over Hetron 353 (oaet teneile etrength 3300 pei). 
fhe literature alao revealed a unique material, Hetron 42, which, while 
low in r&renath, would yield IQOjt elongation. These material» farmed 
the "totii Idingbiocke " ft-cei which the »elected formulation» were made. 

Utilisation of the shrinkage, torch teat, and AFAPL Jet 

engine test data «nahled the investigator to narrow the field cf 
strength testing considerably. Hetron 32d* the highest strength candi* 
date, proved to be highly reactive and produced an unexpectedly high 
shrinkage, unmodified Hetron 31 produced lower shrinkage but the data 

indicated that modification with Hetrou 42 would be beneficial. 

Subeeqpently, a formulation consisting of 75^ Hetron 31 

and 2% Hetron 42 wae evaluated both as a primary resin for low (aon- 
aftefburaing) temperature operation and as a base resin to be com¬ 
pounded with ablative fillers for afterburning applications, during 
Jet engine tests at AFAPL, however, it was ascertained that low boric 
acid concentrations did not produce the desired resistance to after¬ 
burning Jet engine exhaust and high boric acid concentrations produced 
excessive viscosity. The unfilled 31/42 material, when incorporated in 
the reinforcement system discussed below, yielded excellent strength im¬ 
provement compared with the previous reinforcement and B-3**B resin system. 

Torch test sad confirming Jet engine exposure data indi¬ 

cated that boric acid concentrations on the order of 28 to 30$ would be 
reqtrLred to successfully resist afterburning environments. Incorpora¬ 
tion of this concentration of boric acid required a lower viscosity 
base resin than the Hetron 31/42 mixture. A conpromise resin consisting 
of 75* Hetron 353 and 25$ Hetron 42 provided the base for additive com¬ 
pounding. The strength of this system is on the same order as the B-3-® 
resin but the new system should be somewhat moire flexible. It is there¬ 
fore intended that the afterburner exhaust resistant material (75/25 - 
353/42 filled) be used as an overlay on the high strength material 

(75/25 - 31/42 unfilled). 

(2) Reinforcement Development 

The overall strength of the systems under investigation is 
determined by both the concentration and nature of reinforcement. 

One method of incorporating higher concentration of glass 

reinforcement is utilization of a woven roving fabric. While this re¬ 
inforcement has only limited conpatibility with the filled resins used 
exclusively in previous research, the fabric is quite adaptable to un¬ 
filled resins. The combination of the woven roving and sufficiently 
fluid resin produces a conposite with approximately twice the strength 
of the previous filled resin-low reinforcement system. 



It should be noted that similar concentrations of sprayed 
glass roving produce laboratory flexure values as high or higher than 
the woven roving. It should be further noted that sprayed roving speci¬ 
mens fractured whereas the woven roving specimens did not. Ttm values 
shown for woven roving were derived from the loading at which the sped- 
rens deflected sufficiently to be extracted from the test fixture by 
the loading mechanism. 

In actual practice, a combination of sprayed and woven 
roving appears to be superior to either system above. The sprayed 
roving tends to aid in distribution of resin over the woven roving and 
provides a somewhat better surface layer for resistance to turbojet en¬ 
gine exhaust. The woven roving provider a more uniform covering than 
sprayed roving. In fact, the existence of the woven roving aids in 
maintaining uniform distribution, of the sprayed roving. Conversely, 
relatively unprepared sites may require tailoring of certain areas due 
to rocks, grass, or other obstructions, in these situations, the sprayed 
roving allows a greater degree of freedom to fabricate thé localized 
area in the optimum manner required. 

The major disedvantage of the woven roving is that dis¬ 
pensing thereof creates an additional task which could tend to increase 
cretr requirements slightly. This is somewhat offset by the relatively 
high speed at which the woven roving can be dispensed and the elimina¬ 
ción of 905t of site layout time through use of pre-marked woven roving 
fabric. 

Table II contains Flexural Strength data for the various 
fiberglass and re*in systems. 

g. Post-European Field Test Sites 

Five post-European field test sites (PESTS) were fabricated 
during the span of Phase I to evaluate the applicability and compati¬ 
bility of selected resin and reinforcement systems. The field fabrica¬ 
tion conditions and test data are eut follows: 

(1) Post-European Field Test Site No. 1 

Nozzle: 5/15 inch circular external with Food 
Machinery Catalyst injection tube 

Resin: 

Promotion: 

Catalyst: 

75/25-31/42 

• 5# Cobalt Naphtherlatej .05# DMA. 

Lupersol DDM, 75 steel ball on Glass-Craft 
pot. Approximately .75 lb/min flew 

Resin 
Flew Rate: 36 lb/min (estimated) 
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Aabient 
Condition« : Snow faJJLiu«, 32-30°*, etrong wind fron 

behind «prayers 

Pad Density: 4 ib/ft^ 

Procedure: A 10 x 10-foot pad vm conetructed with 
PPG-533-60 «prayed roving and approxinately 

300 pounds of resin. Hie pad was rather 
•low curing end had not cured two hours 

after spraying. After approociaately 64 
hours, a Shore D hardness reading was taken 
and showed to be 55-90. ihere appeared to 
be sone uncured resin underneath the pad in 
various spots, but all exposed surfaces had 

cured. 

(2) Post-European Field Test Site Mo» 2 

Nozzle: 

Resin: 

Promotion: 

Catalyst: 

Ambient 
Conditions : 

Procedure: 

3/8 inch circular external with long tapered 
peripheral internal 

75/25-31A2 

.yf» Cobalt Naphthenate; .05fr DMA 

Dupersol DDM, 75 steel ball on Glass-Craft 
Approximately .73 lb/min flow. 

fair, 60°F, slight breeze from behind 

sprayers 

A field test pad was fabricated using the 
above mentioned resin. The pad was rein¬ 
forced with 24 oz/yd2 woven roving glass. 
The technique employed was to thoroughly 
spray one 3 x 4-foot sheet of woven roving 
with resin, then half covering this with 
another sheet of the same size. The 
second sheet was then thoroughly sprayed. 
Hils resulted in a completed pad that had 
a 3-foot x 2-foot center section of approxi¬ 
mately 2.0 lb/ft2 and a 2.0-foot x 3-foot 
section on either end that was approximately 
1.0 lb/ft2 density. The lap Joint in the 
center section appeared to be vety well 
bonded. Also, the entire pad was bonded 
to the ground quite securely. Since the 
75/25 resin system is one cf slow cure, 
this pad required approximately 2.5 hours 

cure time. 
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m 
(3) Port- FteM Mo. 3 

Pronotloo : 

OKtaJytt: 

3/8 inch circtilar external wlv<h leng tapered 

peripheral internal 

75/25-31/U2 

.% Cobalt 

Lupereol DDDM, 75 steel 

pot. Approodjoately .75 Ib/aln flov 

.051( DM* 

on CUase-Craft 

BmIh 
Flov Kate: 36 lb/ain (estimated) 

Ambient 

Condition«: Fair, 72°F, alight breeee from behind 

aproyers 

Procedure: An 8-foot x 50-inch atrip of 24 oz/yd2 

roving 

roving placed on the ground. 

sprayed with approximately 27 
pounds of resin. A second layer of roving 

vas placed slightly over half of the first, 

fhis was in turn sprayed vlth resin. A 

third strip above. A time 

period of approximately 45 seconds vas re¬ 

quired for spraying each layer. An attempt 

vas made to incorporate sprayed roving into 

containing resin. This attenpt 

vas unsuccessful due, in part, to a rapid 

cure (5 minutes). 

(4) Post-European Field Test Ho. 4 

The nozzle, resin, promotion, catalyst flov rate, and am¬ 

bient conditions were identical to FEFT Ho. 3# except that the breeze vas 

at a right angle to the linear fabrication dimension. 

Procedure: An initial layer of sprayed riving vas ap¬ 

plied. A layer of voven roving vas applied 

over the sprayed material. The voven roving 

vas vetted thoroughly vlth reain and over- 

sprayed vlth spray roving. Tvo additional 

layers vere added as before, yielding an 8- 

foot vide site vlth a 2 Ib/ft2 4-foot vide 

center section and 1 lb/1 
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(5) Poet-Fíuropean FielA Test Ho. 5 

All canditlone identical with PEPT Ho. 3 

Procedure: One layer of woven roving vae applied to the 
terrain. A flash of resin was sprayed on 

the outside edge to facilítete "sticking” 
of the sprayed glass roving, thereafter, 
the sprayed roving and reala were applied 
simultaneously to farm a 1 lb/ft2 layer. 
Two additional ahlngle layers were applied 
as in PEPT Ho. 3 and Ho. k. This alte had 
excellant quality and this procedure waa 
used to fabricate the Ho. 1 Post-European 

Wheel Load Site (PEWLB 1). This procedure 
was also utilised to fabrícate the 120-foot 
diameter helicopter landing site on Con¬ 

tract AF33(6l5)-3631. 

h. Post-European Thermal Erosion Resistance atedies 

The European trials indicated that the thexmal-eroaloa resist¬ 

ance of the B-3-E formulation was adequate for the P.1127 and VJ1J01-X2 
aircraft. However, factors such as excessive shrinkage and marginal 
strength characteristics indicated the need for modification of the 
material system. 

The cmyacetylene torch teat developed In previous Investiga» 
tions was utilised as a screening device . Ä« severity of this teat was 
maintained at the previous level although It was r^coguiied that systems 
containing low or no high torperature additives would probably not coai- 
plate 10 cycles. Die relative number of cycles was used as an indruc of 

thermal erosion resistance. 

A parametric study was made employing Hetron 3l/k2 (24505) and 
Hetron 353/42 as base resins. Both systems contained 30 antlncoy oxide 
fSb2°3) and 0.5jt Cab-O-Sil M-5 as basic additives. The boric acid 
(H3BO3) was varied from 0 to 35^- This study indicated that boric acid 
concentration on the order of 20 to 30f> would be required to produce 
torch resistance on the order of that obtained with previous formulations. 
As it is not practical to compound this level of filler in unmodified 
31/42, the investigation reverted to 353/42 as the basic ra^ln. Subse¬ 
quent (Phase II) investigation may produce a higher strength material 
based on monomer modified 31/42, but the eminence of full scale tests 
early in Phase H prompted the utilization of a material system whldh 
had somewhat more predictable properties. In addition, the 353/42 based 
system is primarily a modification of formulation B-3-B and Is similar In 

all properties except shrinkage. 
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Torda tests on aeteri&ls Intended for ut ill nation in nan- 

•ftextuntine applications merely indicate a reasonable probability of 

■ocoessful pasease of AFAPL jet engine tests. 

The AFAPL J85-GE5 engine provided three levels of ex¬ 
haust inpingement severity. The first level was a power flux density 

equivalent to that produced by the P.1127 aircraft. Calculated tempera¬ 
tures at this power level appear to be somewhat higher than the site 
tesperatures indicated for that aircraft during European trials. Bie 

second level was full nllltary power output of the JB5-C255 engine. 
The third level was full afterburner power. 

(1) Post-European Jet Engine Tests 

This test was performed to ascertain the resistance of 

Hetron 75/25-31/1*2 (subsequently 21*505) to the P.1127 aircraft rated en¬ 

gine was fabricated as follows: 

(a) FEJET No. 1 - The actual spray time for this site was 
five minutes. Ihe resin system was Hetron 75/25-31/1*2 promoted with 
0.9¿ Cobalt Naphthenate and 0.09JÍ dimethylaniline. Approximately 15-20 
pr»mA« of resin was lost in the punping system. The resin was extremely 

cold (35°P) and was allowed to warm up for about 3 hours prior to spray¬ 
ing but was still fairly viscous. The catalyst consisted of one pound 
(0.9*) of Cadox MDP (fO* MEKO2 in dimethylphthalate). A clogged catalyst 
nn* produced poor dispersal of the catalyst which produced a non-uni¬ 
formity of cure rate . Portions of the site yielded a Shore D hardness 
of 55 to 60 2.5 hours after fabrication. Other sections had not yet be¬ 
gun to cure at that point. This site contained approximately 8* FPG-533- 
60 roving. The site was test fired. The curve simulating P.1127 
characteristics was used throughout. This site passed 10 full cycles 
of P.1127 aircraft rated engine without failure. 

(b) PEJET No. 2 - This site was prepared in a similar 
manner as Site No. 1. The catalyst malfunction had been corrected but 
difficulty was experienced with the AFAPL pump. The net effect was a 
very intermittent pimping rate that required over 30 minutes for site 
fabrication. This site contained 7*5* PPG-533-60 roving and appeared 
to be of relatively good quality despite the punping problems. (Note: 
Resin for this site been stored in a heated area and was not overly 
viscous (UÔ00 cps at 729F). The site had a Shore D hardness of 30, one 
hour after fabrication, and Shore D 50, four hours after fabrication, 
when the engine test comnenced. The resin system contained Hetron 75/25- 
31/1*2, with lA.O* H3BO3, 3*0* SbgOß and 1.0* Cab-O-Sil (M-5). The en¬ 
gine test consisted of two cycles of the P.1127 power curve, two cycles 
of full military power, one short afterburner cycle and one full after¬ 
burner (7 seconds afterburner - 20 seconds total) cycle. 
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(c) PEJET No. 3 - This resin system used on this site see 
Hetron 75/25-31/^, sith 28.0)t H3BO3, 30)6 BbÿOj and 1.0)6 Cab-O-Sil (H-5). 
Extreme difficulties sere encountered slth the puoqp system. quality 
of this site see poor. LTV personnel and the Air Fcree agreed that this 
site would not he tested. 

(d) PEJET No. k - This site sas a ccnposite structure 
ccoisisting of 2 Ib/ft2 Hetron 2h5Q5, 2k oz/yd2 soven roving, and FPG-533- 
60 spray roving plus 2 Ib/ft2 of a thennal-erosion resistant resin ant! 
ppp-533-60 spray roving. The therml-erosiQn resistant resin (Q-5) sas 
composed as folloss: 

66* Hetron 75/25-353/½ 
30* H3BO3 
3)6 Sba03 
1* Oab-O-Bil M-5 

The site sas subjected to 11 cycles of 20 seconds total, 6 seconds after¬ 
burner with the J85-GE5 Jet engine. No failures occuf^red. Erosion in a 
severe cavitation area at the edge next to the concrete made it advisable 
to discontinue test. The test area of the site sas in excellent condi¬ 
tion at the cessation of testing. 

(e) PEJET No. 5 - This site sas fabricated using tso 
layers of 2k oz/ydr soven roving. The outer area of the site sas im¬ 
pregnated with Hetron 353 to compensate for resin lost in air shipment. 
The test area of the site was sprayed slth 75/25 176-1/126-3 
(with O.75* Cobalt Naphthenate added). MEK peroxide (Cadooc MU*) was band- 
mixed (O.79*) into the resin (catalyst Injection was net possible due to 
temporary loss of equipment in shipment). PPG-533-60 sprayed roving was 
sprayed concurrently with the resin. The site density was appruximetely 
2.8 Ib/ft*- with 15* glass content (principally soven roving). 
resin material had been shared far approximately three nvwfehw in un- 
Uned containers and appeared to be near the of Its effective 
storage life. Consequently, the material underwent a more rapid liquid- 
gel transition (6 minutes) than bad been predicted by tests performed 
when the resin was new. This site was cured to a firm gel (solid) with¬ 
in 15 minutes from preparation. The Shore 0 hardness was 60/55 In ore 
hour and 80/8O when tested the next morning. The test was discontinued 
after 5 cycles at F.U27 rated engine because of délamination. 

(f) PEJET No. 6 - This site was composed of 11.6* PPG- 
533-60 sprayed glass and Laminae 75/25 176/126 resin. This site passed 
10 cycles of normal reted power plus 3 cycles of full military power. 
On cycle number 14, an 8-inch tear occurred in the blast area. 



(g) PEJET No. 7 - This sit« was conçosed of one layer of 
24 os/yd2 woven roving, to "layers" of PPO-533-60 sprayed roving and Hetron 
24505 (.05 IMA. added) resin. Some "run through" of resin was noted, but 
this was less than experienced with the laminae material. This site 

passed 10 cycles of normal rated power (P.UL27) plus 7 cycles of full 
military power. The site did not "fail" but pinholes which formed on 
cycle 17 indicated the advisability of cessation of testing. This sys¬ 
tem has the added advantage of giving an indication of when to perform 

repairs; i.e., the appearance of woven roving. 

(h) PEJET No. 3 - Ibis site was composed of Hetron 24505 
resin, two layers of 24 os/yd^ woven roving and a cap of 1 Ib/ft^ resin 
with sprayed roving only. Total site density was 3 lb/ft2 (Note: Each 
1 lb/ft2 layer was spreyed independently) • This site appeared to have 
less resin "run through" than the one layer site above. This site was 
subjected to 10 cycles of normal rated power (P.1127) pins 12 cycles of 
full military power. On cycle 22., one layer of woven roving gave way. 
This occurred early in the cycle, and the engine operator allowed the 
angina to run the cooplete cycle. The net result was a lifting and 
gradual broadening of the fracture area but no catastrophic failure. 
Ibis layer returned to nearly its original position when the engine 
power was cut off. The bottom 1 lb/ft2 remained intact. 

Torch test data may be found in Table III. PEJET re¬ 

sults for individual sites are shown in Table IV. 

i. Material Storage Stabilization 

(1) Teat Method 

The test method for storage stability consisted of taking 
the content of the top «jyi bottom layers of each sample formulation 
tested and recording tee top/bottom ash content ratio after exposing the 
saaqples to dynamic aging. As the ash content ratio approaches zero, 

greater settling of fillers is indicated. 

(a) Ash Content 

This value was derived using ASTM method D-1506-59 

using a bum-off temperature of 1200°F. 

(b) Dynamic Aging 

This test consisted of subjecting the sample to ex¬ 
cessive centrifugal force in a centrifuge to accelerate the settling of 
fillers. This test cannot be applied directly to determine the storage 



stability of resin compounds but can be used to derive relative compari¬ 
sons to resin systems of known stability. 

(2) Test Results 

Although the material developed under Phase I of this con¬ 
tract, referred to as B-3-B, had some disadvantages, it had very good 
storage stability. Therefore, this material has been included in this 
test as a reference point for the relative values obtained. Table V 
includes the B-3-B formulation as well as the two base resins used in 
this test. The fórmala number is assigned to each formulation as 
follows: 

The first figure indicates the base resin used; hence, 
P indicates Durez 24505. 

The second figure indicates the percent of boric acid 
used; hence, "1" indicates Ojt, 2 indicates 7%, etc. 

The third figure indicates the compounder of the 
formulation; hence, "L" indicates LTV's laboratory, 
"B" indicates Andrew Brown Co. 

Any additionoT. figures indicate a special variation 
in content. 

Ideal stability would have a constant ratio of 1.0 fwy" 
zero revolaations to 100,000 or more revolutions. Experience has shown 
that a ratio of 0.5 at 10,000 revolutions at 1667 rpm can be tolerated. 
Therefore, this point has been set as a mi ni mum. 

Using Table V as a guide, refer to Table 71 for the 
following observations: 

(a) Of the formulations given, other than B-3-B, Q5L 
exhibited the best storage stability. 

(b) Despite the fact that Q5L and Q5B had the same 
proportions of fillers, Q5L was somewhat superior indicating better com¬ 
pounding in a small laboratory mill as compared to the larger commercial 
mill. 

(c) The values given for 5000 revolutions are helpful 
in distinguishirg between two materials which might have practically the 
same value at 10,000 revolutions. 





T
A

B
L

E
 
H

I
 

P
O

S
T

-E
U

R
O

P
E
 

T
O

R
C

H
 
T

E
S

T
 

D
A

T
A
 

(C
o
R

c
lu

d
e
d

 )
 

'TT' 

fi : il fl' : ii i liii h |t H ■' ¡|4:¡! if i li |!‘J|> 
. läul; ..." i' A #! 





JST IMPINGEMENT TÏST DATA SUM4ARY 

[TE 
VTURE °F 

Ö37 

^37 

.197 

•197 
.197 

SITE 
PRESSURE 

PSF 

706 

706 

1400 

l400 
1400 

SITE 
VELOCITY 

FPS 

1660 

NUMBER 
CYCLES 

10 (1) 

1660 2 (1) 

1940 2 (2) 

1940 1 (3) 
1940 1 (4) 

6 

RESULTS 

Cycles 1-5 
Resin eroded sweeping out 
glass fibers} char developed 

Cycles 6-7 
Some reticulation in char 

Cycles 8-9 
Slight flutter incurred 

Cycle 10 
No change; no failure; test 
terminated 

Slight char; some erosion of 
resin; sweeping away of glass fibers 
Same as above; cherry red 3rd 
and 4th cycle 
No change 
Erosion in hot area; test termi¬ 
nated 

a 

! 'Equipment and materials not 
compatible. 

119 ( 

032* 

1400 

716 

1940 11 (4) 

16Ö0 (1) 

Heavy char on 1st cycle. 
Slight cavitation after 2nd cycle. 
Increased cavitation on 3rd cycle 
Uniform char with long fissures 
forming in criar after 4th cycle 
No change on 5-7th cycle. 
Erosion near cement column on 8th- 
9th cycle. Test terminated; 
failure. 

Cycle No. 1 - Six-second run; ; 
shut down for repairs. 

Cycle No. 2 - Much smoke; glass 
leaching out; woven roving 
exposed. 

Cycle No. 3 - Woven roving exposed 
in area 28 x 15 inches 

Cycle No. 4 - Resin cooked out of 
upper layer cf woven roving. 

Cycle No. 5 - Delaminated; Test 
discontinued. 
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TABLE IV POST-EUROPE JET ENGINE EXHAUST IMPINGEMQ 

TEST NUMBER 

AND DATE 
COMPLETED 

PAD 
DENSITY 
LB/FT2 

MATERIAL SYSTEM 

TYPE AND 

PERCENT (%) 
REINFORCEMENT 

SITE 
TEMPERATURE *F 

PE JET 
6 

4-12-66 

3.0 Laminae 176-1/126-3 

75/25¾ 
PPG-533-60 sprayed 

roving s**' 11.2¾ 
822 
1197 

PE JET 

7 
4-13-66 

3.0 Hetron 24505 (Factory 
mixed 7525 31/42) 

PPG-533-60 sprayed 

roving^ 5.7¾ 
24 oz/yd2 woven 
roving 13.5¾ 
(bottom) 

PEJET 
8 

4-14-66 3.0 Hetron 24505 

NOTE 

(2) 
(3) 
(4) 

P.1127 Power Curve 
Full Military Power 
Short Afterburner Cycle 
Full Afterburner, 7 sec. AB-20 seconds total 

PPG-533-60 sprayed 
roving-^ 5.0¾ 

woven 24 3z/yd2 

840 

1197 

roving 15-0¾ 
(bottom) 

840 

1197 

67 
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CHAUST IMPINGEMENT TEST DATA SUMMARY (Concluded) 

SITE 

TEMPERATURE *F 

SITE 
PRESSURE 
PSF 

SITE 

VELOCITY 
FPS 

NUMBER 
CYCLES RESULTS 

822 
1197 

701 
lUOl 

16U0 
19^0 

10 (1) 

A (2) 
14 

840 

1197 
733 

l4io 

Cycle No. 1-2 - Resin ablation and 
glass fiber blown from surface. 

Cycles No. 3-5 - Increase in char 
Cycles No. 6-9 - Increasing glass 

bleedout 
Cycle No. 10 - No failure 

Cycle No. 11 - Much smoke, severe 
erosion 

Cycles No. 12-13 - Increasing erosion 
Cycle No. 14 - Pad failedj 8-inch 

tear; pad was approximately 1/8-inch 
thick at tear line. 

1705 
1940 

10 
_7 

17 

ai 

840 

1197 

Cycle No. 1 - Resin ablation; glass 
fiber swept out on surface. 

Cycle No. 2 - Good char developed 
Cycles No. 3-6 - No change 

Cycle No. 7- Slight glass ablation 
Cycles No. 8-9 - Char reticulation 

increase 

Cycle No. 10 - Slight bleedout. 

Cycles No. 11-12 - Impingement area 
cherry red; charred area increased 
from 45 to 48-inch diameter. 

Cycles No. 13-14 - No change 
Cycles No. 15-16 - Woven fabric 

exposed 

Cycle No. 17 - 10 pinholes in a 6-inch 
diameter ring; test terminated 

728 
l4l0 

1690 
1940 

W (1) 
12 (2) 

Cycle No. 1 - Charring developed 
Cyc4e No. 2 ** Charring increased 
Cycles No. 3-10 - Good char; no 
woven roving showing. 

Cycle No. 11 - Slight, glass ablation 
on surface 

Cycle No. 12 - Red glow 
Cycles No. 13-15 - No change 
Cycle No. 16 - Woven roving showing 
Cycles No. 17-19 - No change 
Cycle No. 20 - Some white glass 

showing at seam 

Cycle No. 21 - 6-inch diameter of 
woven roving removed 

Cycle No. 22 - Delamination of top 
layer of woven roving cloth; test 
discontinued. 





TABUE VI COMPOSmOH OF 9 FORMJIATIONS - $ COMPOSITIOW 

Formula Ho. Formulation 

PI 

P3B 

P^B 

Q1 

Q4L 

Q5L 

Q5B 

Q5L1 

Q5BI 
î 

1 
B-3-B 

-—. 

Durez 24505 

75 Hetroo 31» 25 Hetron 42 (no fillers) not centrifuged 

Ball milled by Andrew Brown Company 

82.5 Durez 24505, l4 H3BO3, 3 80203, 0.5 Cab-O-Sll M-5 

Ball milled by Andrew Brown Company 

68.5 Durez 24505, 28 H3BO3, 3 Sb203, O.5 Cab-O-Sil M-5 

Mixture of Hetron 353 and 42 resins 
75 Hetron 353» 25 Hetron 42 (no fillers) not centrifuged 

Ball milled in laboratory 

66-Q1, 28 H3BO3, 4.5 Sb^, 1.5 Cab-O-Sil M-7 

Ball milled in laboratory 

66-Ql, 30 H3BO3, 3 SbgOj, 1.0 Cab-O-Sil M-5 

Ball milled by Andrew Brown Company 

66-Ql, 30 H3BO3, 3 Sb^)v 1.0 Cab-O-Sil M-5 

Ball milled in laboratory 

66-Ql, 30 H3BO3, 3 Sb203, 0.5 Cab-O-Sil M-5 

lall milled by Andrew Brown Company 

66-01, 30 H3BO3, 3 Sb203, 0.5 Cab-O-Sil M-5 

Ball milled by Andrew Brown Company 

56 Hetron 353, 32 H3BO3, 5-5 Antimony, 2 Cab-O-Sil M-7 





BEcnoH in 

3.0 APPLICATION mUIPMOTT 

1. 31M4ARY 

Application equipment capable of preparing full-scale VTOL landing 

sites urns designed, fabricated, and modified during the Ríase I effort. 
This equipment «as mobile over Improved and unimproved surfaces, «as sell* 
sufficient in the field, and contained required subsystems for dispensing 
of raw materials. 

, V The equipment concept and arrangement vas based on studies con¬ 
ducted during Contract AF33Í 615 )-2367 (Reference(2)). The design effort 
was directed at obtaining demonstration equipment that was reasonably 
lightweight, air transportable, and utilising off-the-shelf components 
to the maximum extent possible In order tc expedite early tests of a full- 
scale system. 

The equipment consists of a prime mover vehicle, four resin tank 
trailers, snd miscellaneous equipment. The prise mover Includes sn air 
compressor, dual resin pumps, catalyst Injection equipment, fiberglass re¬ 
inforcement spray applicators, spray hoses, and associated monitoring and 
control equipment. Two complete systems for applying catalysed resin and 
flL^rglass were provided, each with Individual controls. 

The equipment «se designed rubricated early In Ríase I, 
was ready for operations only 2 I/2 months after contract go-ahead. 
Following site applications In England and Germany, modifications were 
designed and fabricated during the latter part of Ríase I. These modifi¬ 
cation)» were Incorporated to correct excessive pressure losses in the 
resin system, to Improve operational characteristics, and to add certain 
equipment Items where needed to permit use of rolled fiberglass roving and 
unfilled resin. Details of these modifications are presented in subse¬ 
quent paragraphs. 

In order to identify the equipment designs, the application equip¬ 
ment as used in ibaglend and Germany has been designated "Pre-Europe," 
»dille the modified equipment la referred to as "Post-Europe. " These terms 
will appear In subsequent paragraphs and on copies of LTV drawings included 
In this report. 

2. PRE-EUROPE CONCEPT STUDIES 

Six basic application system concepts were evaluated under the 
previous contract. Riese systems were analysed and coaçared for ground 
mobility, total system weight, number of vehicles required, versatility 
(adaptability of system to other uses or variations in total material 



quantity), probable coat and laad tine for development, and variou« other 
factors. As a result of these trada-offs, a system concept vas selected 
vhieh vas optimized for the follov-on test programs in which further de- 
velopoent of materials and techniques vas of primary concern. The selec¬ 
ted concept vas capable of being rapidly assembled, versatile in regard 
to application technique used, air-transportable and demonstrated ade¬ 
quate off-road mobility. The prime mover selected vas a four-wheel drive 
truck (Figure 7) capable of sxpplylag adequate power to drive all sub¬ 
systems by utilizing the truck engine through a power takeoff unit. Four 
tank trailer trucks were provided to transport the necessary quantity of 
liquid resin material (Figure 8). 

3. PRE-EUROPE EQUIPMH1T DESCRIPTION 

a. Prime Mover - Truck 

A Dodge WM-3OO Power Wagon, four-wheel drive vehicle was 
procured and modified to accept the Rapid Site application equi|aient. 
The general arrangement of this equipment is shown in Figure 9* This 
commercial vehicle was equipped with a power takeoff, winch, limited 
slip differentials, and a 125 bp six-cylinder engine. Basic vehicle 
details are shown in Figure 10 and a weight breakdown of the added 
equipment is shown in Figure 11. 

b. Tank trailers 

Four 400-gallon tank trailers were designed and fabricated 
for transport of the liquid material to the site. These trailers were 
designed to be compatible in size, weight, and volume with the prime 
mover. A general arrangement drawing for the tank trailer is shown in 
Figure 12. The tank is a nominal 400-gallon capacity, fabricated of 
comercial steel. TOie tank ends are removable for cleaning and the 
interior is lined with a corrosion preventative coating. Two hatches 
are provided at the top for access to clean or Inspect the tank. Pro¬ 
visions are made for mounting air driven resin mixers through these 
access hatches, if required. Resin outlet valves are provided at each 
end of the tank. A four-wheeled running gear was provided composed of 
standard off-the-shelf components. The trailer tires selected were the 
same size as those used on the prime mover to reduce spare requirements 
and to provide off-road mobility. The rear wheels were provided with 
electric running brakes and parking brakes. All running gear 
cosponents were designed for highway and cross country conditions. An 
aft pintle hook was provided on each trailer to permit towing of two 
trailers in tandem over isproved surfaces, and brake and running lights 
were also provided on each trailer. A resin delivery hose of adequate 
length connects the trailer to the prime mover pump section system. 
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DODGE WM—-300 
MILITARY TYPE 
many WOULD WUt H MODELS or THIS FAMOUS WOSK- 
HOSSC AAE STILL IN USE. AND ITS DESIGH REMAINS A 
FAVOSITE WITH MANY TRUCK USERS BECAUSE OF ITS 
OUTSTANORM DAY-AFTER—DAY STAMINA. THE RUGGED 
Ul HF DOOM 1SI SIX FROVIOES THE ROWER, TEAMED 
WITH A 4—SPEED SYNCHRO-SHIFT TRANSMISSION. THE 
WM-MO IS AVAILABLE AS A«UTILIME PICKUP WITH AN 
»-FOOT BODY (SHOWN ABOVE ) AND AS A# CHASSIS- 
CAB OR#CHASSIS—COWL. ALL HAVE A II* PL VHEEL- 
SASE AND OVW RATTMOS OF «.TOO OR »,900 LB. 

300 MILITARY TYPE DOOM WM 

STANDARD EQUIPMENT 

US HP DOOM ISI SIX NOMINAL BODY LENGTH 
ENGINE 

M IN. OIL FILTER 
(AT PAD) 
FRONT SHOCK ABSORBERS 
CHANNEL-TYPE FRONT 
BUMPER 
DOOR LOCKS 
VINYL SEAT UPHOLSTERY 
DRIVER* S ARMREST 
DUAL SUN VISORS 
RUBBER CAB FLOOR MAT 
WITH JUTE PAD 
VACUUM WINDSHIELD 
WIPERS 
WHEEL WRENCH 

1S-AMP ALTERNATOR S4 IN. INSIDE WIDTH (MAX) 
CLOSED CRANKCASE 

WIDTH BETWEEN WHEELHOUSINGS «» IN. VENTILATION 
4-SPEED SYNCHRO-SHIFT 
TRANSMISSION 
2-SPEED TRANSFER CASE 
4.SI SECTION MODULUS 
FRAME 
1,790-LS FRONT AXLE 

» l/2 CU FT 

•,900-LB REAR AXLE 
215 SO IN. OF BRAKE LINING 
II IN. CLUTCH 

SELECTED OPTIONAL EQUIPMENT 

. FRONT-MOUNTED 10.000 LB WINCH 
. FRONT TOW HOOKS 
. 40-AMP ALTERNATOR 
. RADIATOR OVERFLOW TANK 
. REAR SHOCK ABSORBERS 
. TACHOMETER 
. VACUUM BOOSTER HYDRAULIC BRAKES _ 
. 4—SPEED TRANSMISSION WITH POWF.R TAKEOFF. OFF OF 

TRANSFER CASE TO OPERATE FRONT END WINCH OR FOR 

OTHER PURPOSES 
. FRONT AND REAR END DRAW BAR (PINTLE) 
. DUAL MIRRORS (LONG ARM) 5 IN. X 7 IN. 
. RECIRCULATING HEATER 
. DIRECTIONAL SIGNALS 
. FRONT WHEEL LOCK OUT HUBS 

Figure 10. Truck, Dodge WM-300 Power Wagon, General Arrangement 



Truck, Enpty . 5,230 

Frames 
Compressor.  150 
Pump..•••.. 350 

PTO 8s MTG BKTS (w/Pulley). 150 
Con^pressor and Receiver.1,025 
Resin Pumps. 80. 
Resin Pump Shafts, Pulleys, Belts, Shield. 220 
Control Panel (w/Valves ). 40 
Resin Flow Meters. 50 
Resin Plumbing and Valves. 250 
Catalyst, Air, Solvent Plumbing. 250 
Catalyst Pot. 120 
Solvent Pot.    90 
Fuel Tank. 150 
Glass Pots. 480 
Hoses and Storage Rack. 170 

Material 
Catalyst.*. 100 
Solvent. 106 
Fiberglass. 120 
Fuel. 120 

Cover. 50 
Fire Extinguisher. 100 
Fender Extensions, Oper. Seat, Wise. Bkts, Cookie 
Cutter Mtg. Plate.   33O 

Total 9,896 

Figure 11. Estimated Weight Breakdown, Prime Mover Rapid Site Application 
Equipment 
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c. Subsyatem Description 

(1) General 

The application equipment mounted on the prime mover 
consists of pumps, control valves, lines, catalyst tank and metering 
valves, fiberglass application equipment, air compressor and associated 
power transmission equipment. A control panel for the control and moni¬ 
toring of the various operations was included (Figure 13). Power for 
the operation of the various subsystems was provided by the prime mover 
engine through the vehicle power takeoff, from which it was directed to 
the air compressor and fluid pumps by an arrangement of shafts, pulleys, 
belts, and clutches (Figure I4). A subsystem schematic diagram shown in 
Figure 15 presents power, fluid flow and controls of the truck mounted 
equipment. A detailed description of the equipment subsystems and their 
operations is contained in the Preliminary Equipment Operation Instruc¬ 
tions (Reference 3). 

(2) Power Transmission Requirements 

The basic power transmission is shown schematically in 
Figure 14. The truck engine supplies power thiough its transmission and 
transfer case to a power takeoff (PTO) unit which in turn supplies power 
through a series of belts to drive the contre es or Jack shaft and the two 
resin pump jeck shaft drives. The conqpressor is driven at a nominal 870 
rpm and requires approximately 20 hp to produce system air flow require¬ 
ments. Power celivered to the fluid by each resin punqp at a 5 gpm flow 
rate, 70°F rest’* temperature, was calculated to be O.91 hp per punç. 
Assuming a 50 percent pump efficiency and a 50 percent drive efficiency, 
the power input to each pump system is approximately 3.65 horsepower. The 
total power requirements is a nominal 20.3 horsepower. Friction slip 
clutches were incorporated in each pump drive to protect the transmission 
and the pumps from the results of physical Jamming of either pump. Three 
pump speeds producing nominally 2 gpm, 5 gpm, or 7 gp® flow rates may be 
selected through an idler arrangement that engages and disengages different 
ratio belt drives. 

(3) Conpressed Air Supply 

A two-stage air conpressor with a rated output of 8l cfm 
at 100 psi is provided to supply the resin pole gun nozzles, the fiberglass 
dispensing 'inits, and for pressurization of the catalyst supply tank and 
the solvent flushing system. 

(4) Catalyst Injection System 

The catalyst injection system delivers a metered amount 
of catalyst to the resin spray nozzle where it is mixed with the resin. 
The supply tank is pressurized at 00 psi. Catalyst is allowed to pass 
through a needle valve and a flow meter and is then introduced into an 
air supply line where the catalyst is transported to the resin pole gun 
nozzle. Mixing of catalyst and resin is performed by the "tuned" nozzle 
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SHEAVE 1. 1500 RPM; 23.68 HP} 7.9 O.D. ,4 GROOVE X' 
(WITH PTO). 

2. 1120 RPM; 23.68 HPj 10.5* P.D. X4'SHEAVE, 4 GROOVE. 
3. 1120 RPM-, 23.68 HP; 18.4 P.D. V'B SHEAVE, 5 GROOVE. 
4. 870 RPM; 20.00 RP; 23.5"O.D. 5 GROOVE' B*SHEAVE 

(WITH COM PR.). 
5. 1120 RPM; 1.84 HP; 2.65*3V SHEAVE, 4 GROOVE. 
6. 275 RPM; 1.84 HP; 10.60*3V SHEAVE, 4 GROOVE. 
7. 275 RPM; 1.84 HP} 5.00* 3V SHEAVE, 3 GROOVE. 

8. 121 RPM; 1.84 H 
9. 275 RPM; 1.84 H 

10. 275 RPM; 1.84 H 
11. 400 RPM; 1.84 H 
12. THREE POSSIBLI 

121 RPM AND 1. 

.378 RPM AND 
13. se:e pump data 

□ OOGE WM 300 

FRONT AXLE 

GOV 

o 
iQ. 
ENGINE 

WINCH CLUTCH f 

K 
U 
u. u 
ID V) 
z< 
<u 
K 
h 

EXISTING DRIVE 
SHAFT (REMOVE) 

HI VWH 
III 4 WH I 

l.9fi;t 4 WH I 

TRANSMISSION 

PUMP DATA 

FLOW 
(GPM 

RPM DRESS 
(PSIG) 

(b) 

HP 

(a) 

TORQUE 
(FT—^) 

121 75 
(EST) 

0.2 8.7 

5 275 94 0.9 17.2 

7 378 120 1.4 19.5 

BYPASS 378 175 1.75 24.3 



8. 121 RPM} 1.84 HP; 10.60* 3V SHEAVE, 3 GROOVE. 
9. 275 RPM} 1.84 HP; 4.75^3V SHEAVE, 4 GROOVE. 

10. 275 RPM} 1.84 HP; 6.50"3V SHEAVE, 3 GROOVE. 
11. 400 RPM; 1.84 HP; 4.75^3V SHEAVE, 3 GROOVE. 
12. THREE POSSIBLE CONDITIONS AS FOLLOWS: 

121 RPM AND 1.84 HP, 275 RPM AND 1.84 HP 

.378 RPM AND 1.84 HP. 
13. SEE PUMP DATA BELOW. 

Figure 14. Power Transfer Schematic 
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chiilwher before being dispensed onto the ground In a spray pattern. A dual 
system is used with separate flov controls to each resin spray system. 

(5) Resin Pumping System 

This equipment provides two independent spray units 
each supplied by an internal gear pump fated at 5 ®pm at a pump discharge 
pressure of 160 psi. Resin is pumped through a hose to the pole gun 

fitted with an internal air mixing nozzle. Appropriate shutoff valves, 
relief valves, and flow meters are used to control pressure »od flow. 

The pole gun is shown in Figures 16 and 17. This unit, 
desl&iea by LTV, is similar to comercial guns used for spraying gunlte, 
but modified in two ways. First, the catalyst-air line is inserted fron 
the rear of the gun rather than from the orifice end. This simplifies 
dls&ssemialy and cleaning. Secondly, the body length is adjustable, per¬ 
mitting the operator to vary the position of the orifice relative to the 
catalyst-air line exit. This permitted "tuning” of the nozzle during 
operation to suit resin flow rate, viscosity, and other factors which 
"tune". (The "tuned" nozzle effect is discussed in Reference 2.) 

(6) Fiberglass Dispensing System 

Fiberglass is dispensed by two operators with continuous 
roving feed units. These glass dispensing units are pressurized supply 
pots containing the continuous fiberglass roving. The fiberglass is 

transported through a hose and blown onto the surface by air pressure. 

d. Equipment Checkout and Operation 

Detailed equipment checkout and operating instructions were 
provided in Reference (3), Preliminary Equipment Operation Instructions. 

4. POST-EUROPE MODIFICATIONS 

During the fabrication of landing sites in England and Germany, 
several deficiencies and operational problems were observed in the Phase 
I application equipment, as described in Section V of this report. Modifi¬ 
cations to correct all of these problems were considered too costly, but 
many of them were incorporated during the latter part of the Phase I pro¬ 
gram. In general, these modifications wexvt made either to correct per¬ 
formance deficiencies or to improve operations.', techniques. Altnougb the 
application equipment could have been used for further site preparation 

without modification, the changes were made to expedite construction of 
sites considerably larger than those originally anticipated for the Rapid 
Site Ríase I program. In addition, several large sites to be laid during 
Phase II were added to program plans during Ríase I, and the improvements 

to the equipment were felt to be necessary for adequate support of these 
sites. 
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Tb« following list describee the post-Europe modifications In 
sunm&ry fora. Details of each modification are presented In subsequent 

paragraphs. 

Resin Pump Drive System Improvement - Provides Infinitely 
! * : : ab le re sIn pump epeed between 2 and 7 (SP*» laçrored speed 
control, more reliable operation. Por details, see paragraph 

a, page Ô8. 

Increased Diameter Resin Unes and Spray Hoses - Permits 
higher flow rates in resin system at low ambient temperatures. 
Simplifies suction plumbing. Permits use of longer spray 
hoses for larger sites. Modified hose storage rack to accommo¬ 
date larger hoses. For details, see paragraph b, page 97. 

Quick Acting Resin Shutoff Valves - Provides means of shutting 
off resin flow from prime mover through control action at con¬ 
trol panel. For details, see paragraph c, page IO3. 

Miscellaneous Prime Mover Modifications - Several modifications 
to Improve operational characteristics on fluid system, glass 
system, intercom, and soil disc. For details, see paragraph d, 

page IO6. 

Improved Pole Gun - Two pole gun configurations, vised in low or 
high ambient temperatures, provide Improved tuning, reduced 
operator fatigue, and greater flexibility of operation. Also 
usable with unfilled resins. For details, see paragraph e, 
page 110. 

High Pressure, Large Capacity Olasa Pet - Provides in^roved re¬ 
liability operation. Also permits use of larger glass rolls, 
reducing time manpower required for refill. (Design com¬ 
pleted during Phase I, but hardware not to be available until 
Phase II.) For details, see paragraph f, page 115* 

Tank Trailer Improvement - Includes addition of several storage 
boxes; incorporation of provisions for hoisting, fork lifting, 
and tiedown; front spring modification to improve stiffness; 
correction of electric brake malfunction; and fabrication of 
metal shipping skids for air shipment. For details, see para¬ 
graph g, page 120. 

Portable Resin Transfer Pump - Design and fabrication of 27 gpm 
trailer mounted pump, transmission and gasoline engine provides 
separate equipment for transfer of resin from shipping containers 
to tank trailers. Permits refill operations while prime mover is 
being used for site application on sites larger than 15,000 pounds. 
Also available for subsystem tests and evaluation during Phase II. 
For details, see paragraph h, page 127* 
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ÍÍUÍJWB^MÍí 
r, doriatL FItérala»> Dl»p«n»«r - Providas assas of traas- 
Lag aad spplylag vovan roving flbsrglass fros rolls. Ra- 

qulrsd for sita applications using unfilled rosins. Por de¬ 
tails, saa paragraph i, paga 129. 

legs Support Boca - TP be attached to prlæ aovar, provides 
sigiport for resIn hoses, reducing manpower requirements and 
operator fatigue. (Boon and test stand designed and fabri¬ 
cated during Phase 1 for test during Phase II.) For details, 
see paragraph J, page 132. 

macellaneoua Bculweeat - For details, see paragraph k, page 135* 

a. Resin Puqp Drive System Improvement 

Careful analysis of operational problems encountered In the 
original resin pug» drive system was conducted before a new drive system 
was proposed. The cost of redesign, coqponent prices, and coaqponent 
availability were Investigated to obtain an optimum system within the 
confines loosed by the prime mover. Downtime to install the new system 
was held to a minimum, compatible with Its Impending field use In the 
Phase I schedule. The system modification, therefore, was so designed 
that approximately 30% of tbs fabrication work could be accomplished be¬ 
fore disassenfcly was started on the pre-Rurope Installation in the prime 
mover. « 

The following problem areas were reviewed and considered for 
the redesign: 

Ptnp speed Indicator 
Variable puq> speed control 

Increase of resin system pressure to 200 psi 
Positive pun© "stop-start1’ capabilities 
Increase discharge line size to reduce line loss. (Discussed 

In detail In paragraph b, page 91 • 
Increase pump rpm 
Increase resin flow rate 

More rapid and corrective control of entire resin system. 

Figures 18, 19, and 20 show details of the post-Burope resin 
puqp drive system. This system replaced in its entirety that part of the 
pre-lhirope system behind the air coeq>ressor. TSie new as sent) ly was Joined 
to the drive Jackshaft by an applicable coupling. For assembly purposes 
Jack pads were provided on the frame assetJbly for veirtlcal adjustments^ 
lateral movement was accomplis bed by loosening the U-bolt tiedowns. In 
this manner, no part of the FTD, main drive Jackshaft, or air coapresqor 
had to be shifted or disturbed to adapt to the new punp system. 

Figure 21 schematically defines shaft number II which drives 
the two air clutch drive mechanisms. To properly balance the system so 
that maximum rpm from the aaln drive could be reduced, the single 'V1 belt 
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ITEM NOMEMCLATE 
/ COMPRESSOR 

2 SHEAVE 23.5 ÛD. 
3 AUTO. PULLEY 
4 riMlNC PULLEY l.Sl PD. 

5 PILLOW BLOCK 

¢, COUPLING 
7 PUMP 
0 PTO 
9 SHEAVE 7.9 OT> 

10 VAR I ©PEED PULLEY 
M pulley io.gFD 

IZ SHEAVE I 0-5 P.D. 

13 SHEAVE 10.4 PD. 
14 friNUNG PULLEY 1.91 PH 

13 REDUCTOR 
\<e> COUPLING. 
17 A'R CLUTCH 1.7 PD 
15 SPEED CONTROL. 

SCHEMATIC-POWCK TRANSTEC STTE 

FT RPM AVAIL HP 
1 1500 ZI.CoQ 
n 1 IZO 23 C«0 
ra 870 20-OO 
IV ?.e>7 5 OO 

V 1.04 

HORSl 
PUM.P DATA 

ï POWER ¿ ELO * $ ZOOPJ1 

SPEED 
(*r>n) 

ViSi. 
2.S 

.OSITÏ 
7.S 

(5SU > 
Z 5 

t/ooo; 
IOO* zsef 

too 

ISO 

zoo 

zso HP .95 U /.2 I.S /.7 
6PM 4.1 4..1 4.1 4.0 4.0 

300 
HP 1./ /. 3S /.4S f.7S ..z,Q— 
rJ>* s.o S.O S. 0 4.9 4.9 

2 so 
wp t.Z I.S /.6 ¡.as ZJ 

\GPM 6.0 6.0 S.S S.3 S.Z 

400 
HP I.3S /.€ /.a ZJ 2.4 
cm €.7 6.7 6.0 S.7 S.6 

Figure 21. Power Transmission Schematic 
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I. BtLTTENSlON DATA'. 
ADJUST LOCATION OF PILLOW BLOCKS 

(with SET SCREWS IND\CATE.O BV SYMBOL f) 
UNTIL EACH BELT CAN BE DEFLECTED 
PER INCH OF SPAN WITH THE FOLLOWING 
LOAD APPLIED AT CENTER OF SPAN: 

ADJUST 1 N 
•sequence 

LOAD) 
) O \bS 

5 it?S 
Z IbS MtN. 
Z IbS N\N 

deflection should not exceed 
MORE THEN'4" AT APPROX. CENTER 
SPAN WIT VA \_l Cr HT LOAD APPLET) 
WIT H THU MB OR. FIN OTP. 

TENSION \N EACH BELT ^SHOULD BE 
CHECKELD AFTER. F\R<bT HOUR OP 
RUN FOR TEN «blON DECAT 

FOR EACH SHAFT, AD J U ST “PILLOW 
BLOCKS m EQUAL increments. 
KEEV\NG ALL ‘SHAFTS PARALLEL 
WITHIN .OG> 

2. PUMP SYSTEM NO. I SAME AS 
SYSTEM NO. E ENCEPTAS SHOWN 

3. SERVICE REQTS'. 
A. GREASE R’.LLOW Bi-OCKS EACH 

I C HOURS OF OPETUATnON 
B CHECK PTO EACH 2 HOURS OF 

OPERATHON.FILL WITH SAE 50 
HON DETERGENT ENGINE OIL 

C. SERVICE AND ADJUST COMPRESSOR 
AND PUMPS PER BINKS MFG CO AMD 
VIKING PUMP CO. MAINTENANCE 
MANUAL IN EQUIP OPER-in STRUCT\ONS 
AND MAINTENANCE DATA MANUAL 
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pulley number waa uaed. To provide an Infinitely variable apeed to 
the pumps, the tranamlaaion aaaemoly ahown ln Flgurea Iß and 20 vaa 
uaed. Pump rpm can be adjuat:d while eyatem la running (hy the operator 
at the control panel, Hhrough the flex shaft (Figurée 18 and 20) and 

gear reductor to the variable tranamlaalon by positive grip timing belts. 
Pump speeds ranging from 90 rpm to approximately 500 rpm at 1150 rpm 

constant main Jack shaft speed were available at either pump. Resultant 
flow rate from the puag>s can be Infinitely adjustable from 1.5 to 7 
gallons per minute, at pressures ujn to 200 pal. At reduced assures, 
the flow rate can be Increased to over 9 gallons per minute, .spending 
on resin viscosity. 

1¾½ air actuated clutches are controlled from the operator's 
panel (Figure 22) by a control valve, providing instant 0N-0FF capability. 
This control Is Interlocked with the control for the resin outlet valves, 
necessitating the resin pump to be disengaged before the resin valve is 
closed. This prevents build up of maximum pump pressure mid resultant 
Increased pump wear. 

The post-Europe drive system also Includes a tachometer 
generator ^Figure 20) for each of the resin punqps, with indicators mounted 
on the control panel. The indicators (Figure 23) read in 10 rpm Incre¬ 
ments for fine adjustment of the resin pungí speed, corresponding to a pump 
output change of 1/25 gpm for each 10 rpm change. 

An easily removable safety grating was provided over the 
drive system to protect personnel from possible Injury. It also provides 
an area on which to store hoses and miscellaneous Items during short moves. 

b. Increased Diameter Resin Lines and Spray Hoses 

As described in Section V of this report, the European teats 
indicated the possibility of excessive suction losses in the resin pumping 
system or excessive pressure drops in the system, or both. Following the 
European tests, a complete theoretical analysis of resin flows from 1 gpm 
to 7 gpm was conducted. The analysis was based on B-3-B resin at varying 
temperatures (40°F through 80“F) with average viscosities as shown on Figure 
24. 

To confirm the resulta of this analysl , flow tests were conduc¬ 
ted on the pre-Europe system at room and reduced ♦ sqperatures. Tb minimize 
costs, the tests were basically field type tests aud the low temperature 
tests were conducted with resin that was cooled In the tank trailer by am¬ 
bient storage overnight during February. Figures 25, 26 and 2? show the 
test setup and Figure 28 Is a graphical comparison between one of th***'» 
tast runs and the equivalent theoretical calculation. This Is a repre¬ 
sentative conparlson of test data and calculated data at low temperatures, 
and, as shown, the pressure drops were approximately the same. Tfewever, 
for the suction Unes, the calculations Indicated smller losses at low 
temperature than those actually measured during the test At hi gher 
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Figur« 22. Resin Pump Clutch Control 

Figure 23. Operator's Control Panel 
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Figure 24. Viscosity vs Temperature 
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Application Equipment Pressure Drop Characteristics, Rapid Site Phase I, Pre-Europe Test 
vs Theoretical Calculations (b-3-B Resin) 



temperatures, the calculated suction losses were in approxinmte agree¬ 
ment with test data, but some deviation was noted in the discharge pres- 
sure losses. It is possible that a portion of the observed deviation, 

calculation vs test, is attributable to the spread in viscosities noted 
in Figure 24. 

t- collectively on field experience, test inforn»tion and 
.heoretical analysis, certain resin plumbing changes were felt required 
„o provide adequate flow rates at low temperatures. These changes were: 

Increase suction plumbing diameter from 2.5 to 3 inches. 

Increase discharge plumbing from the combination I.5 and 1 
inch system to 2 inches. However, as of the date of this 
report, the post-atrope configuration has not been fully 
completed because of schedule limitations. 

1î?tîd to tho8e consldered absolutely necessary for 
the immédiate usage of the equipment at Eglin and Edwards Air Force Bases. 

A summary of calculated pressure drops at various flows and 
temperatures is shown on Figure 29 for the present post-Europe plumbing. 

For comparison, a similar curve for the pre-Europe system is shown basïd 

an* ™ average viscosities shown on Figure 24. Configurations I, ll^T 
and il B use a 2 l/2-inch suction line. Configuration III is based on a 

d¿ií£ Ph^e°ílfne WhÍCh ^11 Pr0bab;iy be stalled on the equipment 

., , , if PiÄnned that further tests and analyses will be conduc¬ 
ted during the Phase II rapid site program. 

__ „ Objectives of this work will include more accurate determina- 

efíeCtS 0f 8hear ^ station on resin viscosity, under 
both suction and pressure conditions. tr 

c. Quick Acting Resin Shutoff Valves 

manna 11 experience during the European tests showed that 
the manually operated resin shutoff valves on the prime mover resin spray 

^~Sf~™TatlSírt^y- Stte ^cation with poll S 
^n it was desirable to shut off the resin flow for 

valves^rSecondlvt^vi-hh n0t 06 d°ne raPi<i;^ the manual 
In if th the reBin pressure shutoff at the prime mover, 

i„ Le ^ the ^ of tbe il™etral stretch 

on the f0”«01"« =°nilitione, the resin shutoff valves 
»'«.^Tin replaced with the pneumatically operated valves 
shown in Figure 30. These valves are operated with a four-way pneumatic 

S^aïve Pari:, ^ *>'“-’»? valve 1. interlock Sít^tS 
air valve which controls the resin pump on-off" clutch to assure that the 
clutch cannot be engaged if the resin outlet valve is closed 

« 





CONFIGURATION II Aî CONFIGURATION II B: 

1.6 GFM at 40 F 
2.4 CFM AT 50°F 
3.8 GPM AT 60°F 
5.8 GPM AT 70°F 

*8.8 GPM AT 80°F 

Figure 29. Application Equipment Pressure Drop Characteristics - Rapid Site 

Phase I (B-3-B Resiné 

* LIMITED BY PUMP DRIVE, 
- 500 RPM, MAX. 
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d. KUcellaneous Prim Murer Midlflcatlona 

Several «Inor «odiricatlona «ere nade to the prime «over 
eyetema to loprove operational deficiencies» Prior to the European tests, 
schedule limitations precluded final installation of the Intercom system 
amplifier. During these tests, the amplifier vas sisply placed on the 
seat of the cab. Figure 31 shows the amplifier mount added during the 
post-Burope modifications. This mount places the simplifier over the 
rlght>hand seat area, which was considered a reasonable location in view 
of tbe fact that personnel other than the driver are seldom transported 
in the prime mover. Control knobs face the rear, making it possible to 
adjust them from either the driver's position or from the right-hand doorway. 
Hie figure also shows hooks provided prior to the European tests for 
storage of the Intercom headsets. 

A number of modifications were made to improve fluid system 

monitoring and control. As noted In Section V of this report, the cata¬ 
lyst Injection system did not provide as high a catalyst flow for a given 
flowmeter reading during the European tests as it did during pre-European 
checkout. Consultation with the catalyst supplier provided an indication 

the reason for this: a high sensitivity of catalyst viscosity to tem¬ 
perature. It was suspected that at low temperatures, increased catalyst 
viscosity might induce a higher flowmeter reading at a given flow rate 
than at higher tanter&tiares. A flow test was conducted on the catalyst 
system which confirmed this, and also revealed the need for a higher 
capacity flow meter tube to be used during cold weather. Wallace and 
Tlemán» the flowmeter manufacturer, recommended the proper low tempera¬ 
ture tube, and this unit was purchased and Installed. Details of the 
proper tube usage for given tesperature conditions are specified In 
Reference 4. This reference also includes a calibration curve form which 
will be completed during Phase II for use by the control panel operator. 

Two temperature gages were added to the control panel to 
assist the operator In selecting the proper catalyst flowmeter reading 
for a given resin flow rate. These gages appear in Figure 23 Just to 
the left of the catalyst flowmeter for system number two. The lower 
gage la a probe-type unit which Is Inserted in a fitting through which 
catalyst flows befo,*e entering the flowmeters. Temperatures read on 
this gage are used by the operator to select the required catalyst flow¬ 
meter reading (in percentage of full flow) for a given resin flow rate. 
The upper gage le a similar probe-type unit, mounted on an insulated 
plate which includes a perforated white ehroud for the probe, and is 
used to measure free air temperature. Temperature measured on this gage 
Is used by tbe operator to select the percentage of catalyst to be used 
for tbe resin to effect proper cure rate. The reading le also used as 
a basis for selecting percentages of promoter Ingredients to be used. 

H>e small electrical box shown in tbe lower right-hand corner 
of the control panel on Figure 23, together with the microphone shown with 
It, vas utilized during site preparation at LTV in April 1966 In conjunc¬ 
tion vith a public address system speaker mounted on the right-hand front 
bumper of the prime mover. The box is an amplifier, and provides the 
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operator with toIum and "on-off" control* for the syatea. The toggle 
•witch nounted on tae upper flange of the control panel la pert of the 
Intercom system. It la moved to the left for operator «wt ratlin 

with the realu spray operator nuadber 1, to the right for spray operator 
number 2. (The public address system was evaluated for use In applica¬ 
tion operations in which the number of operating personnel «yoeedf the 
nuai>er of available headsets In the Intercom system.) 

1 : ! 

. T** pre-Äirope catalyst system included a line mounted filter 
(item 42, figure 15). While useful lit filtering out contaminants which 
might affect the accuracy of the catalyst flowmeters, the filter was 
difficult to service, for the post-Europe modification program, the fil¬ 
ter was removed from the system and replaced with a plain flared tube 
unions A screen, mounted on the end of the standpipe In the catalyst 
pot, was Installed to replace the filtering action of the Mimi mounted 
unit, as shown in Figure 32. This unit can be checked each the 

pot is refilled, and replacement or cleaning Is more readily accomplished• 

Paragraph b, page 98 of this report described analysis and testa 
conducted to determine resin system pressure drops and the resultant modi¬ 
fications made to the resin system plumbing and spray hones* Figures 
were also presented in that section which will be used as a guide In 
future operations In selecting proper combinations of flow rates msxl- 
mum hose lengths for given resin teiqperaturea. To assist the operator In 
making these selections, and to serve as an Indication of system perfor¬ 

mance, resin temperature and pressure gages were added to the system, ss 
shown in Figure 33. The temperature gage is mounted on system msaber one 
only. 

Two changes were made to the fiberglass dispensing systsm. 
One of them was necessitated by the addition of the control panel exten¬ 
sion shown in Figure 22. This added panel obscured the fiberglass system 
air pressure regulator gages from the view of the control panel operator, 
so they were moved to the upper left-hand corner of the control panel. 
The second change to the fiberglass system was ««do to inprove systsm 

performance. During the European tests, it was observed that air pressure 
at the fiberglass pots dropped during operation of the pots from 30 psl to 
about 15 psl. Analysis indicated that this was caused, as might be expec¬ 
ted, by line losses between the glass system regulators and the pots. ' 
(During the original pre-European design, this was net anticipated, since 
the pots were originally to be used while mounted on the vehicle fenders.) 
However, operational experience showed that, the pota did «^function re¬ 
liably if glass hoses longer than 20 feet were used. As/é résuit, the 
pots were placed on the ground during operation to permit the use of short 
glass hoses (but this necessitated the use of long air 11™* hoses from ths 
prime mover to the pots.) One solution of providing for line losses would 
have been to increase the output pressure from the glass system regulators 
but this would have oveipressurized the pots when glass flow was stopped. ' 

The solution finally selected is shown in Figure 3^. An air pressure regu¬ 
lator set at 30 psi was Installed at the Incoming air connection 00 thr 
glass pot. (Several regulators were evaluated for this application.jpThe 

4 
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Figure 31. In te rcc» Amplifier Mount 

Figure 32 Catalyst Screen 





•elected one Is not shown In the figure, but Is called out on the system 
schematic, Figure 35, paragraph 1, page IU5. Addition of the regulator at 
the glass pot would permit removal of the upstream regulator. However, 
for the Phase I program and possible further testing In Phase II, the 
main regulator was left installed and will be adjusted to higher output 
pressures as required by the line losses, 

Figure 36 shows two guide pins which were added to the soil 
disc (or 'cookie-cutter") adapted plate which is installed on the left 
rear wheel of the prime mover. These pins were added to simplify installa¬ 
tion of the disc attach bolts, providing support and proper positioning 
of the disc relative to the adapter plate while the bolts are being in¬ 
stalled. The disc itself was also modified. Welded-on rings were added 
to the periphery to increase the width of the disc and widen the groove 
made by the disc in the terrain. In addition, an extension was added to 
the disc mounting surface which relocated the plane of the disc four 

inches further toward the outside edge of the prime mover wheel when 
installed. Both of these changes were made to correct deficiencies noted 
during the Buropean tests; namely, difficulties experienced in spraying 
glass and resin into a narrow groove, and a tendency for the groove to 
collapse from tire loads imposed on the ground too close to the groove. 
Both of these changes are shown in Figure 37, paragraph g, page ISO. 

. e. Improved Bole Guns 

During European operations, certain inadequacies of the FM 
equipment pole guns and the LTV pole gun (Figures l6 and 17 ) became 
apparent, the most pronounced being the difficulty of maintaining a tuned 
condition during low flow rates. These guns also proved to be heavy and 
awkward over an extended period of use. 

Because of these basic problems, redesign was instituted to 
provide : 

A pole gun capable of tuning at all resin flow rates 

Easier handling over extended time intervals 

Reduced weight, or minimum weight to accomodate new resin 
hose requirements as discussed in previous paragraphs. 

The problem of timing was greatly reduced by the introduction 
of a catalyst injector nozzle (Figure 38) which used a series of small 
holes in the tapered plug. This nozzle provided the best tuning conditions 
and most uniform catalyst injection with the present resin being used. 
Complete testing is anticipated using various resin formulations and at 
varying temperatures to determine if a family of catalyst nozzles will be 
required or advantageous for varying operations. 

Two basic design items were incorporated into the pole gun to 
reduce the awkwardness reported by the gun operators. First, swivel 
fittings were introduced to reduce the resistance to torsional rotation 
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Figure 36. "Cookie Cutter" Disc Guide Pins on Right Rear Wheel of 

Dodge Truck 

Figure 37» "Cookie Cutter" Disc Stowed on Resir Tank Trailer 
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of the resin hoses, allowing the operator freer rotational noveaent of the 

pole gun (Figure 39). Secondly, a new spray head (Figures 39 and 4o) v^s 
designed that set tbs spray nozzle at a »ore normal angle to the ground 
when in use. This was done to relieve tbs unnatural stance and grip re¬ 
quired to use the earlier design. Finally, an effort was ande to reduce 
the overall weight of the pole gun, and the associated operator effort 
required to move large resin hoses. The initial design of Figure 39 did 
not prove to be a weight saver for two reasons. First, the resin sys¬ 
tem flow evaluation, previously discussed in paragraph b, page 98, dic¬ 
tated the use of larger resin hoses than used in the pre-Europe design; 
and secondly, the use of two 1 l/2-lnch swivel fittings plus the incor¬ 
poration of a ball-type shut-off valve on the gun (Figure 39) resulted in 
a heavy design. The weight of resin in the hose and gun, added to this, 
resulted in excessive weight to be handled by the operator, particularly 
on warm days or for extended time intervals. This weight could be re¬ 
duced by the elimination of one swivel fitting and the ball valve. 

The second consideration for weight savings proved additionally 
rewarding. A one-inch tube, with one-inch swivel fittings, was adapted to 
the 1 1/2-inch spray head (Figure 4l). To this, a 0 to 8-foot piece of 
one-inch hose was inserted before attachment to the main retin hose. This 
reduction in size, and the elimination of the ball valve, a drastic 
savings in weight, and the unit performed satisfactorily during tests con¬ 
ducted at LTV under ambient temperatures of 65* to 85#F. Because of pres¬ 
sure drop in the lines, pcaticularly at lower tem^ratures, the light¬ 
weight pole gun must be replaced by the larger, heavier unit when operating 
at temperatures lower than 65*F. 

f. High-Pressure Glass Pot 

Operations prior to and during the European tests revealed 
several fiberglass system deficiencies, as described in paragraph d, page 
107 and several minor modifications were made to correct them. However, 
it was felt that an improved glass pot would be required to overcame two 
deficiencies inherent in the pre-Europe glass pot: permissible pressure 
and pot size. 

^ ^During the post-Europe design program, the Archilithie Corpora¬ 
tion demonstrated a commercial type of high-pressure glass pot which opera¬ 
ted at 100 psi air pressure. This unit was also capable of use with 70- 
pound rolls of continuous roving fiberglass, up to 120 end roving. Labora¬ 
tory tests showed that the unit could spray glass through hoses up to 60 
feet long, without the malfunctions experienced with the low pressure 
(30 psi) pre-Europe system. 

, . ^ ^ demonstration unit, however, was constructed of steel, 
ana weighed approximately I80 pounds enqpty. Preliminary design recom¬ 
mendations were made for an aluminum unit. 
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figuro« l»a «aft li3 ahov the prolinlimry glas« pot d«8lgn fur- 
nlslwd to tlM Archlllthlc Corporation by LTV. The «h«ll 1« a rolled 

«bell with a deep drawn bottoa. The Ud 1« built up of aluodnum 
<late to provide a binged attachment to the shell. The overcenter cam- 
type latch bar 1« provided with an Interlock to prevent opening of the 
Ud until the air pressure hose Is disconnected. The glass roll will be 
Inserted into the pot from the top with a pall. Other features, such as 
handles, glass hose connections, roUef valve, pressure gage and a ball 
for guiding the glass within the pot, will be similar to the pre-Europe 
configuration. Uee of this type of pot will eliminate the use of the 
flberboard glass container as a part of the pressure vessel, 

Construction of a single unit was subcontracted by Archilithic 
late In the Phase I program, but material shortages delayed its completion. 
Testing of the single unit will be conducted by LTV during Phase II. 

g. Tank Trailer Inqprovement 

Several improvement modifications were Incorporated on the 
resin tank trailer. Two storage support shelves were added on the right- 
hand side (figure 44) and a full length shelf replaced the shelf on 

the forward left-hand side (Figuro 45). Biroe storage boxea were added 
to the full length shelf. The catalyst container was mounted on the for¬ 
ward right-hand shelf (Figure 44), and the remaining shelf was left open 

for possible future use. Because of problems encountered In unloosing the 
fiberglass containers, the original container (Figure 12) was replaced by 
a container which had a full height, fully removable cover (figure 44). 
Bils container required modified sqpport shelves on the front rear 
ends of the tank trailer to support the container base ( Figure 46). 

IXiring the European operations, a gradual settling was observed 
in the forward springs. This problem was reviewed with the supplier of - 
the running gear, and resolved by the installation of front spring kits 
to Increase the spring rate and total capacity. 

Trailer brake wiring, inçroperJy installed prior to the 
European teats, was reworked to provide correct braking action. "Curly 
cords and larger connectors were added to the tank trailer wiring to 
improve operations and reduce connector damage. These are shown in Figaro 
45« 

Tb reduce the Inherent difficulty of mounting the soil disc 
on the tank trailer with five bolts, a new disc mount was designed, using 
a single wing nut type of attachment to hold the soil disc. Figure 37. 
The mount aleo provides for storage of the bolts used to attach the disc 
to the prime mover wheel. 

Major tank trailer modification design was Initiated to pro¬ 
vide added handling and shipping features. The first of these was the 
design and installation of a hoist beam, Figures 47 and 48, capable of 
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Figure U3. High Pressure Glass Pot - 100-psi 
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Figure 46. Support Shelf Modification Fiberglass Boxes 
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lifting an oqpty trailer weighing 2250 pounds. The been design wss in 
accordance with the requirements of MIL-S-Ô512B* A second handling im¬ 
provement was the addition of forklift tubes with a tiedown ring attached 
to each tube. Figure 49« The forklift tubes and tiedown rings were also 
designed for handling an empty trailer. A shipping skid to be used for 
future sdr shipments or shipments that require removal of the trailer 
wheels was also designed and four units fabricated, as shown in Figure 

50. 

h. Portable Resin Transfer Pump 

The Rapid Site applicat ion equipment was originally designed 
to support fabrication of sites using no more than 1400 gallons of resin. 
To transport this resin, and to supply it to the prime mover during spray 
operations, four tank trailers, each holding 400 gallons of resin, were 
provided. However during the latter part of Phase I, revised Air Force plans 
indicated a need to fabricate larger sites. Analysis of site construction 
techniques shotted that in order to sustain continuous spraying operations 
refilling of the tank trailers would be required approximately every forty 
minutes after the four trailers of resin were consumed. Rather than 
purchase additional tank trailers and because the tank refill area might 
be distant from the landing site, a portable realn transfer pump was 
designated and fabricated. 

In addition to its use as a tank refill pump, the transfer 
pump will be used during Phase II as a test bed for miscellaneous subsys¬ 
tems, such as promoter injection and catalyst pumping. 

The portable resin transfer pump was designed to meet the 
following requirements: 

Readily movable, in rough terrain or on improved roads, on a 

trailer. 

Road speeds up to 40 miles per hour on improved roads. 

Road brakes and parking brakes required. 

Assuming a realn specific weight of 11 pounds per gallon, 
viscosity of 5000 cps at 40*F and 21,500 cps at 7kwT, pump 
shall be capable of pumping realn at 12 to 27 gallons per 
minute, respectively, at 200 psl. 

Shall be self-powered, not dependent on external power 
sources, with a gasoline engine. 

Structure shall be bolted (rather than welded) to allow 
for future structural changes with minimum rework time. 

Speed reduction from engine to pump shall be accomplished 
with belt systems to allow for future puag) changes. 





System shell provide for future doubling of pump horse¬ 
power (through pressure of flow rate Increases). 

Figures 51 and 52 show the portable transfer pung> partially 

complete and unpainted. The structure on which the system couçonents 
are mounted permits lifting or hoisting with forklifts or overhead 
hoists as desired. The unit is driven with an air cooled Kohler Model 
K662, 2-cylinder, four-cycle gasoline engine. This engine will provide 
24 hp at 3600 rpm and 15 hp at I8OO rpm. The engine includes a 5 1/2- 
gallon fuel tank, starter, generator, engine speed governor ind neces¬ 
sary gages and controls. Maximum horsepower req’iired to drive the resin 
punqp (27 gallons per minute, 200 psi, resin viscosity 5000 cps) is only 
6, but the large engine was used to provide for future growth. 

* 

Running gear for the system is a four-wheel comnercial trailer 

with brakes on the rear wheels only. It is capable «f being towed on the 
highway at speeds up to 40 miles per hour. The primary brake system is 
an inertia operated unit with the master cylinder mounted in the tow bar. 
Parking brakes are manna-tiy operated with a lever mounted on the tow bar. 
The primary brake system Includes automatic backup and breakaway prov..- 

slons. 

Driving power from the engine to the pump is transmitted 
through a compound belt transmission and two timing-belt drives (Figure 
53). The transmission, similar to the unit used in the prime mover resin 

pump drive, provides a 5•1 variation in pump rpm, from 98 to 490. This 
is accomplished while the system is running by turning the large knob on 
the engine mounted haJ f of the transmission. This in turn chai\ges the 
pitch diameter of the pulley. Pitch diameter of the driven half of the 
transmission is accomplished automatically. On-off control of the resin 
pi imp ia provided by the manually operated clutch between the engine and 

the transmission. 

The combination belt cover and platform over the drive system 
provides both safety protection and storage space for miscellaneous equip¬ 

ment, and hoses. 

Other features of the transfer pump Include the suction and 
discharge hoses, a special tube attached to the suction hose for insertion 
into the resin drums, and the high pressure flow meter installed in the 
discharge line. This unit, capable of operation at 5OO psi, records the 
total amount of resin pumped through the system. 

i. Woven Roving Fiberglass Dispenser 

During the latter part of Ríase I, a woven roving fiberglass 

material was evaluated Tor use with lower viscosity, unfilled resins. Hie 
material was found satisfactory for use in sites not requiring the 
high temperature resin. The first attempt to use the material in the 
préparât:» on of a site involved hand carrying the material to the site and 
unrolling it by hand. Hie process was time-consuming, as the woven roving 
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i» overlapped 50^ of the width of the roll. A device was obviously 
required for transporting to the site and for the actual dispensing of 

dl“Pîf^r üî* deai«n®d' ^:00 X Ô Industrial 
pnmasatlc tires (Figure 5*0. This ponalts glass to be transported 
fraa ÎJ?10? Í11® loc*tion to the site. Two tube assemblies were con¬ 
structed, to be Inserted Into the ends of the glass rolls with a 
handle extending from the end of each tube. A slotted an was pro- 
vlded on each end of the dispenser into which the handles were In- 

* “J11 hook-type keeper (with spring tension), mounted on 
eachof the dl-Penser ans, holds the handle In the slots. A flange 

keeps the glass roll centered between thelmns. 
aboui:^..83?** la ^ the dispenser is rotated 
•bout the glass roll and the roll is pulled by the iterator, laying 
the glass cloth on the terrsin. The wheels of the dispenser arel above 
boa^dt!SesUíínShí?Í%?,eXTtl0n,,a<i 8hCWn ln Fieure 55. Because the card¬ board tubes on which the glass doch is rolled are not strong enough to 
dSSTti^sSîî*' ® ,*lffenJ-n« tube ^s provided to support the dass 
urlng transport. It Is a single tube with both ends swaged to facili- 

i °* **,*** endB lnto the end tube assemblies as they are 
i«nithe glAa8 1:011 liner8* The single tube is of sufficient 

*UPPOrt ^,1^11 bet%reen both of the end tube assemblies. 
During the design program, longer glass rolls were also used, requiring 

80-î2ni°înÎT ^ be to handle eUhfr ao Inch or 100-inch rolls. The arms were made removable for use in three 
th£fedntubríí2¡ii Thi8w^Uo longer supporting tubes between 

sssenbllee. Because of the extreme width of the 100-inch 
rolls, the operator's handle was extended for better control during 
transport and dispensing. The extension provides an additional 14 Inches 

0rigln&l *»»*1« and Is supported by a brace from the 
ok?08« 1 Îî?6 df*penaer* ®»la addition was incorporated Just prior to 
îuÂ^ïr”"" to W««~5U «d 55 Ä «- 

was mounts ordered ^r the Sglin Air Force Base Site 
™ ? ï“înC5* ï; D* c&rdboard tub€8‘ Since the design diameter 
use on V* D* Unsï'r a la*ge washer type guard was provided for 
centered^ th/ïïî insuring that the glass roll would remain 
centered on the dispenser during dispersing operations. 

J. Hose Support Boom 

test, vu protle“" «Perlene«» during the Européen 
^°8 on «round from the 

. — KJ®®» This has become a more serious problem since the 
vhleh increa^^he““^! 

lengths of these hoses, as described in paragraph b, nace 98 Futur*» 
esi! p-»i«- « thT^:pií;r,xr«cis^n' 
while applying the site materials from shorter hoses suspended on a boom. 

. K To further eval.uate the potential usability of this concent 
''îf de8ígned ^ fabricated Tor test. The systL conslstT^T' 

three-part, segmented, 25-foot long truss-frame boom (Figure 56), a 3-foot 
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Figure 5I+. Woven Roving Dispenser in Position for Transport of Fiberglass 

Figure 55 Woven RoviM Dispenser in Position for Utorolling Fiberglass 
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Prime Mover Boom Assembly Spray Hose Support Figure 56. 
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spring loaded balance arm, and a 3-plane-rotation svivel Joint. The 
resin and catalyst hoses (see Figure 57) will be supported by the boom 
with resin flo»’ going through the balance arm, the swivel, and 

another length of hose to the pole gun. 

Preliminary evaluation will be conducted using a test stand, 

Figure 58. This unit will permit the boom to be mounted at two different 
heights above the ground, to evaluate the most desirable elevation for 
the boom when mounted on the prime mover. Secondary Tests will be per¬ 
formed with the boom mounted on the prime mover and with actual spraying 
operations being conducted. (Note: To permit these tests with the boom 
mounted on the prime mover, the boom was designed as a tubular trusswork 

frame for minimum weight). 

It is planned that preliminary and secondary evaluation tests 

on the hose support boom will be conducted during Phase II of the Rapid 

Site program. 

k. Miscellaneous Equipment 

During all of the Phase I application equipment design pro¬ 
gram, enphasis was placed on miscellaneous equipment items to the same 
degree as on the primary equipment items, the prime mover and the tank 
trailer. Some of the larger items of miscellaneous equipment such as 
the portable resin transfer pump and the woven roving glass dispenser, 
have been discussed in previous paragraphs. This paragraph will discuss 
some of the significant but smaller equipment items without which applica¬ 

tion operations could not have been conducted. 

Figure 59 shows the portable solvent pump, used primarily for 
transfer of solvent to the solvent pot on the prime mover and for cleanup 
operations « The punq? is a five gpm unit, a positive displacement type 
manufactured by Viking. It is driven by a one horsepower air motor which 
operates on 100 psi air from either the prime mover or shop supply. A 
control valve on the motor air supply provides control of pumping rate. 
To minimize weight, the unit is mounted on a base of formed aluminum sheet. 

Additional items of miscellaneous equipment, as well as the 
major items, are listed on the chart of Figure 60. Most of these items are 
conventional in nature and are self-explanatory, but the following items 

are presented with a description of their use: 

The barrel lift and the drum hook were provided to supplement 
existing material handling facilities at application sites. 
In spite of thé experimental nature of the Rapid Site pro¬ 
gram, and the probability of finding available military 
handling equipment at whatever locations were selected for 
site operations, these items were added to the inventory 
as a contingency. During the European tests, particularly 
in England, they were quite useful because of the remoteness 

of the facility from the military base. 





ITLM DESCRIPTION REQUIREMENTS 

1 
SPRING balanced 
BASE ARM SECTION 

a" npt flanged 
5WIV/EL ELBOW- 
5PRWÍGS MUST 
HANDLE A 
MOMENT LOADING 
OF G.GOa »N.-LB. 
MATL. - STEEL 

l SWIVEL JO\VAT 
ELLBOVV 

3 PLANES OF 
ROTATION - SEE 
detail “A\sieE- 
i“; MATL- STEEL 

NOTt 

1. FULL PRE.-SET STOP ADJUSTMENT AT 
ANY ANGLE IN VERTICAL PLANE. 

2. MAXIMUM LOADS APPLIED AT THIS JOIWT 
BY CONTRACTOR ARE: C.COE m.-LBS 
MOMENT AND IÔ4.4 LBS SHEAR. 

Figure 57. Boom Mounted Swivel Joints 
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1 
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2 
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1 
5 Bags 

2 
3 
3 
4 

Notfd 

1 

1 

1 
2 

6 

1 
1 Ea. 

1 
2 

2 

78-OO5OO-I 
78-OO5O5-I 

Tank Assy 
Prime Mover 
Drum Opener 
24” Pipe Wrench 
10" Pipe Wrench 
First Aid Kit 

Ges Cap, Locking 
Marble Dust 50 lb 

Drinking Water Can 
Barrel Faucet 
Oil Gate Valve 
Safety Cans-5 Gal 
Instrumentation 
Equipment 
Solvent Portable 
Pump Assy 
Instrumentation 
Trailer 
Portable Spotlight 
Drop Cloths 
(Roll Polyethylene) 
Caps with "Rapid 
Site" 
Personnel Coveralls 
Plastic Gloves 
Plastic Overshoes 
Face Snields & Í12) 
Safety Glasses (Sun) 

Johnson & Johnson 
Industrial First Aid Kit 
Rex No. A550 
Southv ¡st Sales Co. 
Inc. Dallas, Texas 
Gotkool No. PR5 
Sherman Ne. IO5 
Perfection No. 75 
Justrite No. IO8OO 
78-OO525 

78-00519 

F28k6150NF & 
28K6183N 
28K5534 

Furnished by 
LTV Safety Dept 

Brake Actuation Kit 1100-3 

Intercom Sev 
Solvent Pump Hose 
Hose Band Tool 
Fire Extinguisher 

Tank Paddles 

78-00509-14 & -15 
J001 
20-R(Exting.-20#) 
20-RB(MTG BKT) 

LTV 
LTV 
Briggs-Weaver, Dallas 
Briggs-Weaver, Dallas 
Briggs-Weaver, Dallas 
Dallas First Aid Supply Co. 

Dubs Auto Parts, Grand Prairie 

Briggs-Weaver, Dallas 
Briggs-Weaver, Dallas 
Briggs-Weaver, Dallas 
Briggs-Weaver, Dallas 
LTV 

LTV 

Sears, Roebuck & Co. 

Sears, Roebuck & Co. 

Hadco Engineering Co., 
Los Angleles, Calif. 

Band-It Co.; Denver, Colo. 
Briggs-Weaver 

Tamco Plastic Supplies, 
Lima, Ohio 

E0100 
Nob 
Nob 

EOIOO: 

E0100 
E0100 

EOxOO 
Eoioq 
EOlOd 

EOIOO 

EOIOQ 

EOIOC 

EOIOQ 

EOIOQ 

eokk: 

... i.! 
EOIOC 
EOIOQ 

KO LOC 

1 Line Marker 
1 Grease Gun 

2 Tire Gage 

* 
1 Parts Catalog 

1 Service Manual 

1 Adapter 
1 Shank Coupler 
1 Drum Hook 
1 Barrel Lift 

QTÏ REQD NOMENCLATURE 

56-169 
Alemite IO56-SE 

Diamond-U1040 

Chrysler Parts Cat. Dodge 
Truck, S-Series, Ser. No. 
1,230,000 

Dodge Truck, Models 100-TOO 
Conv. Fwd. Control 4x4 
7239-IO37 Part F 
7239-IO23 Part C 
No. 4l 
Morse Mod. 85 

VENDOR PART NO. 

Cullum & Boren, Dallas 
Briggs-Weaver EOIOC 

Service Station Supply & Equip EOIOC 
Co., Dallas 

(Same as below) EOIOC 

Dodge Truck Operations, Dodge Div., EOIOC 
Chrysler Motors Corp., Detroit,Mich. 
Gates Rubber Co,; Dallas, Texas E010 
Gates Rubber Co. EOIOC 

Morse Mfg. Co.; Syracuse, N.Y. EOIOC 
Morse Mfg. Co.; Syracuse, N.y. EOIOQ 

VENDOR KEQ. 
PRO 

Figure 60. Accumulation Chart - Rapid Site Phase I Application Equipemnt 



, Dallaa 
»ifaavar, Dallas 
■Weaver, Dallas 
First Aid Supply Co. 

»to Parts, Grand Prairie 

Weaver, Dellas 
Weaver, Dallas 
Weaver, Dellas 
Weaver, Dallas 

Roebuck & Co. 

Roebuck & Co. 

ingineering Co., 
leles, Calif. 

; Co.j Denver, Colo. 
•Weaver 

»laStic Supplies, 
>hio 

& Boren, Della s 
-Weaver 

I Station Supply A Equip 
illas 

is below) 

iruck Operations, Dodge Div., 
>r Motors Corp., Detroit,Mich 
lubber Co,; Dallas, Texas 
lubber Co. 
Ifg. lo.; Syracuse, N.Y. 
fß. Co.; Syracuse, N.y. 

VENDOR 

EOIOO34.I5 R/lO/65 
Noted 8-6-65 
Noted 8-6-65 

EOIOO3U.12 
• 

EOIOO3U.IO 8-3-65 
eoioo3^.io 8-3-65 

EOIOO34.IO 8-3-65 
EOIOO34.IO 8-3-65 
EOIOO34.IO 8-3-65 
EOIOO34.IO 8-3-65 

7-23-65 

7/19/65 

EOIOO34.5 7-14-65 

EOIOO34.5 7-14-65 

EO10034.14 8-6-65 

EOIOO34.14 8-6-65 

EOIOO33.26 7-12-65 

EOIOO33.20 7-8-65 
EOIOO34.3 7-8-65 
EOIOO33.27 7-12-65 

E010033.14 7-1-65 

EOIOO34.4 

EOIOO34.4 7-20-65 

EOlOO33.il 6-29-65 

EOlOO33.ll 6-29-65 

EOIOO33.8 6-28-65 
EOIOO33.8 6-28-65 
EOIOO34.I 7-2-65 
EOIO034.I 7-2-65 
RKQ. NO. DATE 

PROC. STATUS 

8/27-65 

7-23-65 

7-22-65 

7- 22-65 

8- 16-65 

8-16-65 

7-23-65 

7-I6-65 
7-15-65 
7-I5-65 7/I6/65 

7-9-65 7-12-65 

7/16/65 

7/16/65 

7-9-65 

7-9-65 

7-6-65 7-8-65 
7-6-65 7-8-65 
7-23-65 
7-23-65 
ANTIC. ACTUAL 
RECEIPT DATE 

2 Spare Sets Cutting Blades 
Petty Cast No. 5485 
Petty Cash No. 5485 

Insignias Ordered by EOIOO34.IO 

Insignias Ordered by EOIOO34.IO 

For the Land Rover 

With 6652-A Hose & 2 Extra 
6304-b Couplings 

Test-System Campatibility Only 
Test-System Campatibility Only 

MISCELLANEOUS 

1 Equipment 

/1 
P 



A resin hose wrench, Figure 6l, was designed for use on the 
resin hose suction lines, because no suitable commercial 
wrench of reasonable cost could be found. 

The earth anchor wrench, fabricated during the final week of 
the program for use during Phase II operations at Eglin, is 
used to drive auger-type earth anchors into the soil at the 
bottom of the edge preparation ditch. Details of the earth 
anchor, its load carrying capabilities in various soils, and 
the use of the wrench or equipment which might replace it, 
will be described in reports on the Phase II program. 

1. Equipment Checkout and Operation - Post-Europe 

Following the tests, design, and modifications descrioed in the 

foregoing paragraphs, the post-European application equipment was checked for 
proper operation. The checks consisted of leakage testa and operational 
tests of the various subsystems, individually and collectively. Inasmuch 
as operating personnel for Phase II application operations included person¬ 
nel who had made the modifications, very little training was required. To 
verify that the entire system was capable of applying *aaterials satisfacto¬ 
rily, resin and glass spraying operations were conducted at LTV, as shown 

in Figure 62. 

To document the changes in operational procedures required by 

the post-Europe modifications, the Equipment Operations Instructions (Ref¬ 
erence 3) were rewritten. Reference(4). This new set of operations in¬ 
structions includes the photographs of this report, with components identi¬ 

fied by letters indicated on the system schematic, shewn in Figure 35« 
This schematic is also included in Reference (4), 

Figure 63 shows the major items, the prime mover and the four 
resin tank trailers, following completion of all of the post-Europe modifi¬ 
cations, being tested for satisfactory operation of the tank trailer sus¬ 
pension and brake systems. Figure 64 is a general arrangement drawing of 
the prime mover, which reflects the changes made to the various subsystems. 
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5. ADVANCED SYSTEMS CONCEPTS STUDIES 

a. Introduction 

Advanced application equipment concept studies were initiated 
early in the Phase I program, but were not emphasized to a high degree 
until completion of the design of the first order application equipment 
(the pre-European equipment cf Section III of this report). While the 
European tests were being cond-rted, several concepts for improved appli¬ 
cation systems were generated and evaluated. In general, these concepts 
were based on the recognition of the need for operational systems which 
would require fewer operating personnel and be capable of preparing slteu 
more rapidly than the first order equipment Just designed. It was aJso 
recognized that the use of handheld spray nozzles for either resin or 
glass application should be eliminated, is possible, for several reasons. 
First, such operations require considerable experience and skill on the 
part of the operator. Second, handheld systems were limited to flow rates 
of approximately 5 to 7 calions per minute per operator. Third, use of 
such cyotemo tended to produce variations in thickness which, in turn, 
caused vreak spots or wasted material. 

The foregoing, then, was the basis of the requirements for ad¬ 
vanced concept studies. For seme of the systems considered during the 
study effort, assumptions were made as to the desired spray rate, the 
shape of the pad to be applied, the size of the pad, and other factors 
which would affect the type of system and the application technique to 
be used. None of the studies was highly detailed, and most of the analy¬ 
sis conducted on the concepts was qualitative in nature. However, these 
studies did result in a greater appreciation of the problems involved in 
applying reinforced fiberglass to large areas of terrain, and the effects 
of the problems on the equipment requirements. 

In the paragraphs to follow, each of the concept» generated 
during the study period will be described and pictured. For each concept, 
a discussion will be included of the following points: 11) Objectives 

2) Ground Rules and Assumptions 
3) Concept Description 
4) Operational Advantages and Disadvantages 
5) Problem Areas and Items Requiring Development 
6) Conclusions 

b. Concept Number 1 

The objective of this concept was to provide a system waich 
would be utilized only for application oí small diameter round pads (70 
feet or less). The concept required a small number of personnel for 
setting up operations, with minimum personnel required during actual 
operation. It was assumed that the terrain would be level and cotapera- 
tively smooth, requiring no touch up to a uniformly applied resin coating. 
Spray rete was not specified. 



Figure 65 shows this concept in operation. The center pivot 
mounted overheed spray bar Is powered by a two-wheel driving mechanism at 
the outer end. Driving velocity would be set by the operator as a func¬ 
tion of the spray rate and the desired pad thickness. The spray bar dis¬ 
penses both resin and continuous roving fiberglass, which are furnished 

from the dispensing unit at the periphery of the site through suspended 
line. Initial set-up Is accomplished with a multiman crew, with the 
spray bar being assembled from several short pieces. The number of 
pieces used would vary with the diameter of the site. 

Advantages of the system Include a high degree of mechaniza¬ 
tion and low number of personnel required for spray operations, uniformity 
of application, and adaptability to varying diameters of pads. Disadvan¬ 
tages Include lack of adaptability to pad shapes other than round ones, 
high set-up time, need to patch or provide a pad surface at the center 
after completion of the rest of the pad, probable susceptibility to stop¬ 
pages In the resin or glass systems with resulting unsprayed areas, and 
the long lines associated with the geometry of the system. This latter 
item would increase the line sizes needed for given pressure drops as 
compared to systems which have lines extended only as far as the radius 

of the site. 

Because of its many disadvantageo, this system Is concluded to 
be relatively impractical. 

c. Concept No. 2 

The objective for this concept was to provide a system similar 
to concept number one, but to eliminate the use of the driving mechanism 
at the end of the spray bar. Uhls was replaced with a driving system at 
the center of the site. 

The concept is shown In operation In Figure 66. Note that 
the spray bar is a shorter unit than that of concept number one, and 
travels along the self-supporting beam. 

Advantages for this concept are essentially the same as those 
for concept number one. Its disadvantages Include those for concept number 
one plus the following: increased weight because of the cantilever con¬ 
struction, more cumbersome to handle with probab.'ue higher set-up time, and 
a more complex plumbing system required because of the traveling spray bar. 

This concept, like concept number one, is concluded to be 
relatively Impractical. 

d. Concept Number 3 

This concept was generated as an alternate to nimben one and 
two, utilizing the same baalc objectives. As shown in Figure 67, the con¬ 
cept is basically a self-propelled dispensing system controlled or pro¬ 
grammed to follow a helical path about the center of a round yeA. Th » 
storage tanks aboard the vehicle would requir« refilling at Interval/ . 
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Advantages of this concept include: short plumbing lines; 
self-contained, except for power und control lines; capable of either re¬ 
mote or direct control; usable with pads of other shapes by ng the 
programme or controlled path. Disadvantages Include : necessity to 
drive the unit on the site area (not desired in soft ground because of 
probability of rutting or otherwise roughening the surface); probable 
high cost for programmed, mechanised system; probable high weight as a 
result of using electrical power for propulsion, pumping and control 
functions. 

Concept number three, lllte the first two concepts, also pre¬ 
sents sever 1 problem areas or areas that would require considerable 
analysis and development effort before hardware could be produced. These 
areas include: development of a multlnozzle spray bar, preferably one 
that was airless to improve efficiency; devo loprcnt of a continuous roving 
fiberglass dispensing system which is less susceptible to malfunction than 
the one in use on the Phase I equipment; development of control systems 
which would reduce the amount of operator control required to set the 
proportion of glass, catalyst, and prometer ingredients to resin. 

e. Concept Number k 

Ihis concept was generated as an improvement over the Phase I 
system. The handheld nozzles were replaced with an articulated boom with 
a spray bar mounted on the end of the boom. The bar dispensed both resin 
and glass. 

Figure 6Ô shows the concept in operation. The boom is attached 
to the prime mover (same vehicle as the Phase I system) with a Joint that 
provides both rotation end elevation control. Simultaneous movement of 
the boom's second Joint provides reach and height control for the spray 
bar. A third control input would orient the spray bar relative to the ve¬ 
hicle, permitting application in almost any direction relative to the 
centerline of the vehicle. An additlonskl change in the vehicle (over the 
Phase I system) would be the addition of a separate power source for 
driving the resin pimps and other system elements. This would permit the 
vehicle to be driven slowly across or around the sl^e during application 
operations. The boom position would be controlled by a boom operator on 
the vehicle. 

Advantages for this concept include: virtually no set-up tia»; 
versatility of use, with no cotmnitment to any particular pad shape; small 
number of operating personnel; self-contained system, not dependent on ex¬ 
ternal‘power sources or control systems; adaptable to use with handheld 
spray guns for touch-up or other operations. Disadvantages include: prob¬ 
able high weight and cost because of a complex boom articulation system; 
development required (similar to that described for concept number three) 
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on the spray bar; probable overloading of the vehicle by the addition of 
an engine, the boom, end aseociated controla* Of conree, with regard to 
the latter item, a similar concept could be Incorporated in a larger 

vehicle. 

f. Concept Number 5 

This concept, shown in Figure 69, la almost identical to con¬ 
cept number four, but with the spray bar replaced with single large nozsles. 
This approach would provide the operator with a system less critical with 
regard to positioning of the structure on which the nozzles are mounted. 
Other characteristics, and the advantages and disadvantages, are essen¬ 
tially the same as for those of concept number four. 

g. Concept Number 6 

The objective of this concept was to provide a vehicle-mounted 
system which could be utilized for application of sites of any shape, with 
a miniimim amount of set-up time, minimum personnel, over level and com¬ 
paratively smooth terrain, using spray bars attached directly to the ve¬ 
hicle. This concept would necessitate the vehicle's being driven over 
the site area, but it would permit use of vehicle-mounted spraying equip¬ 
ment, short fluid lines, and consequent ml n1 mum weight system* 

The concept is shown in Figure 70. Dual spray bars, parallel 
to the direction of movement of the vehicle, were selected, together with 
a parallelogram mechanism to move the spray bars laterally during operation. 
Tnis provides full coverage of a rectangular area from the spraying system. 

Advantages of the concept Include: minimum length plumbing, 
high mobility possible with the use of a variety of prime mover vehicles, 
10t limited to any particular pad shape* Disadvantages include: probable 
high cost, development required for multi-nozzle sp. y bar, width of appli¬ 
cation area limited by short parallelogram mechanism. 

This concept, or variations of it, appears promising for fur¬ 
ther study. 

h. Concept Number 7 

This concept was genere' ad to conbine the desirable features 
of concept number one with the features inherent in a vehicle mounted sys¬ 
tem which traverses the site area. Shown in Figure 71, the concept features 
a pivoted spray bar mounted on the rear of a prime mover. Elevation of the 
spray bar would be adjustable to provide for minor variations in terrain. 
Spray bar rotation about the vertical pivot would be power-driven to pro¬ 
vide uniform coverage. Note that total spray bar rotation is limited to 
about 2k0 degrees. Application operations would be conducted with the 
vehicle stationary until a cotqplete 240 degree segment of the site had 
been sprayed. The vehicle would then be moved forward, and another seg¬ 
ment applied, with some overlap of the Initial segment. Waste from over¬ 
lap might be reduced through selective cutting off of fl id flow from 
nozzles in the overlap area. 





55g 

(/) (/) 
(/) W 

OC ;;í: 

cc U. 

r 

F
ig

u
re
 7

0
. 

A
p

p
li

ca
ti

o
n
 B

®
u
li

n
«
it

 





Advantages of thir concept Include: large area coverage, 
minimum length plumbing, good mobility, minimum set~up time. Disadvan¬ 

tages include: probable high cost, development required for multi-nozzle 
spray bar, overlap and attendant vaste of raw materials, not readily 

adaptable to touchup operations or spraying small areas. . 

This concept also appears to vazrant further study. 

I. Concept Number Ô 

An alternate concept for nturiber 7 is portrayed in this concept, 
in which the objective was to eliminate the overlap characteristics of con¬ 
cept number 7* The vehicle is equipped with a track system running paral¬ 
lel to the longitudinal centerline of the vehicle. (See Figure 72.) A 
transverse spray bar is suspended from this track by a powered trolley. 
With the truck in a given position, the spray bar can be moved from the 
rear to the forward limits of the longitudinal track. The vehicle will 
then be moved forward, while the spray bar la moved aft to ita moat rear¬ 
ward position on the longitudinal track. This process will be repeated 
until the desired area is covered. This concept lends itself to the 
present prime mover which cannot spray and travel at the «mw* time. 

Advantages for the concept include: lays rectangular area 
with no overlap; spray bar output across the spray bar ia uniform; pro¬ 
vides precise control of pad thickness; lends itself to programmed appli¬ 
cation. Disadvantages Include: probable high cost; high set-up and dis¬ 
assembly time required for travel of the vehicle through close quarters; 
not readily adaptable to touchup operations or spraying small areas. 

This concept, like concept number 7, appears to warrant further 
study. 

J. Concept Number 9 

This concept was another one generated to n«. possible im¬ 
provements to the first order Phase I equipment. In particular, it was 

based on the possible use of the equipment for preparing large sites 
approximately 250 feet in diameter. For a site of this size, it would 
be necessary to traverse the site with the prime mover, rather than 
placing the prime mover at various positions at tie periphery of the 
site, since hoses of 125-length would be prohibitively large and heavy. 

Since the prime mover wcuM be traversing '".he site, the con¬ 
cept chosen was one in which support, boor s would be added to support the 
resin and glass hoses, as shown in Figurt 73« This would permit rapid 
movement of the vehicle from spot to spot during application operations, 
and would also reduce operator fatigue. To minimize numbers of operations 
personnel, the use of a multi-nozzle spra¿ bar was suggested, permitting 
one operator to apply resin. In like manner, a single operator was em¬ 
ployed to apply glass, using a multi-nozzle dispenser mounted on the 
second boom. 







Modification« to the application «yetan aleo Included the 
Inatallation of larger reeln pnacie, increaelng the spray rate to 28 ml- 
looa per minuta. The site as Burned for the operation was of the following 
characteristics t ^ 

Diaaeter 250 feet 

Density 4 Ib/sq ft for 100-foot diameter 
2 Ib/sq ft for balance of site 

Resin B-3-B, 11 Ib/gallon 

Total Resin, Weight 113,000 pounds 

Fiberglass Continuous End Roving, 5% of resin by 
weight of 5650 pounds total 

Actual Spraying Time 113,000 7 (28 x ll) » 334 minutes » 
5.6 hours 

Other modifications to the Phase I equipment which would be 
required to accommodate the above site applicati cn include the addition 
of a piuqping system for transfer of the resin from shipping drus» to the 
tank trailers, since four 400-gallon tank trailers would not be adequate 
for the entire site without refilling. 

Advantages of the concept include: accommodation of large 
site sise with ndninaan change to existing system; aiaptable to a variety 
of site sizes and shapes; reduced operator fatigue; reduced time required 
for preparation to move. Disadvantages include: Increase! weight on the 
vehicle, possible overload condition impending; development required for 
mlti-nozzle spraying systems; need for additional storage caused by the 
addition of two support booms; possible rutting or grooving of the site 
from the vehicle tires; probable high cost of lightweight booms. (Note: 
The possible vues of a hose support boom appeared so promising that the 
design and fabrication of a test unit was coupleted during the Phase I 
program. For additional details see paragraph J, page 132.) 

This concept, possibly with a larger vehicle or one with a 
higher payload, warrants further study. 

k. Concept Number 10 

In view of the possible overloading of the vehicle in concept 
nunt>er 9, this concept was generated as a scheme by which mschaaized appli¬ 
cation might be performed with the same basic prime rover. In addition, 
the concept offered a method of transporting the fiberglass for the pad 
on the application system, rather than transporting it separately as on 
the Phase I equipment, tttie would eliminate the time spent in trans¬ 
ferring the glass to the application system. 

This concept is shown in Figure 74. The Phase I prime mover 
is used as the towing vehicle, modified to Increase the reein pumping 
rate, and with a separate engine added to drive the air conpressor 
the resin puaq>s. The addition of the separate engine allows the vehicle 
tc be moved at a constant rate during application operations. The resin 
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and glus are diapeoaed fro« a spray bar moontod oo ttar trailer ahoim In 

figure 74. The trailer also transports several large glass pots, each 
feeding a glass nozzle on the spray bar . The glass pots are reloaded at 

lass frequent intervals than those used on the present Phase I equipment 
because of their Multiple number and their large sise. Requirements for 
the system for this concept were as follows: 

Total Resin 

Total Oless 

Resin Spray Rate 

Olaaa Spray Rate 

Actual Spray Time 

Spray Rate per Nozzle 

Number of Glass Pots Required 

Amount of Glass per Pot to 
Eliminate Reload during 
Operation 

113*000 pounds 

% at resin by weight or 
9630 pounds 

56 gal lons per minute 

314 pounds per minute 

3 hours, approximately 

(Glass) 3½ ponida per minute 

9 

630 pounds 

Assuming that each glaas nozzle covers an area 3 feet vide, 
the spray bar would be 24 ieet long. Prime mover vehicle velocity during 
spray operations would be approximately 0.06 miles per hour. (Use of a 
dual 12-foot spray bar would increase the vehicle velocity to 0.12 miles 
per hour). 

Advantages of this concept are: increased performance of the 
Phase I system without overloading the prime mover vehicle; addition of a 
mechanized system without eliminating the system; elimination of 
glass reload during the application operation. Disadvantages include: 
probable high cost; need to add an engine, and perhaps a larger capacity 
air compressor to the present vehicle; increased set-up time induced by 
connection of resin and air lines between prime mover the trailer. 

Variations of this concept warrant further study. 

1. Concept Nunfcer 11 

The objective of this concept was to provide a single-vehicle, 
highly mechanized system capable of applying a 2=0-foot diameter site 
without reload of any materials. The vehicle would transport all of the 
resin, glass, and catalyst for the entire site, and would perform the 
operations with a mini mum number of personnel. The followirg data was 
assumed for the materials to be applied: 



Preliminary eetlaated payload, weight for a eyatem mcetlag 

requirements vas as follows: 

Resin 
Resin Tank 
Resin Pu8g> 
Fiberglass 
Glass System 
Catalyst 
Plumbing and Miscellaneous 

15^,150 

A large wheeled vehicle vas asstsaed for transport of the above 
payload, with a 1:1 ratio of vehicle to payload weight. Suitable wheel 
systems, those currently available, are the LeTournean Electric 
Wheels mi th, 120-inch diameter, pel, rated at 84,000 pounds each. 

This concept is shown in Figure 75* The resin is contained in 
an elíptica! cross section tank, 5 feet high, 12 feet vide, 28.5 feet long. 
The catalyst tank is 36 inches in diameter, 43 inches high. The fiberglass 
container, vhile not defined as to specific method of operation, is 54 

inches in diameter by 36 inches long, two required. 

Total estimated weight of the system is 346,000 povnds, which 
would limit the transportability of the system to railroad and large air¬ 
craft of C-5A size. For transport by other means, dlsassemUy of the sys¬ 

tem would be required. 

The dispensing system is mounted on a remotely-controlled, 
hydraulloally-actuated articulated boom, and terminates in two large 
nozzles, one for resin and the other for glass. To maintain the nozzles 
at a constant height above the terrain during operations of reaching or 
traversing, the control system would be closed loop and programmed to pro¬ 
vide the proper interaction between control cylinders. Trim controls 
would be provided to permit initial orientation and oeigbt settings of 

the nozzles to the terrain. 
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AdvantaßeG of the concept include: only one vehicle required; 
inventory of materials is simplified; all Materials are preloaded, re¬ 

ducing time and personnel for reload during operations; system is adaptable 
to touchup operations or applications to surfaces other than horizontal. 
Disadvantages include: extremely large size of vehicle makes transport 
difficult; not economical for use on small sites. 

:!o further study of a single system this large is recommended, 

m. Concept Number 12 

This concept was generated to provide many of the advantages 
of previous concepts, within a framework of inproving the performance of 
the Phase I system and providing a system of reasonable cost, adaptable 
to a variety of transporting vehicles. Adaptability to several vehicles 
suggested that the system be self-powered and mounted on a frame or pallet 
which could be mounted in trueles, trailers, or tracked vehicles. The pal¬ 
let could also be transported by helicopter or cargo aircraft if within 
size and weight limits. To evaluate the feasibility of the approach, a 
space layout of increased detail over previous concepts was generated, as 
shown in Figure 76. 

The pallet mounted system includes tnc engine and «-ll conpo- 
nents for '-pplying and controlling application rate of the resin, catalyst, 
and fiberglass. All materials except resin are contained on the pallet. 
(Fiberglass reload is required.) The resin would be transported on an 
adjacent vehicle in pallet mounted tanks to provide versatility of ve¬ 
hicle selection also. 

Maximum resin spray rate of 28 gal Ions per minute, to permit 
applying 113,000 pounds of resin within 6 hours of actual spraying time. 

The pallet includes a boom, the center support for which is 
shown in Figure 76. However, this could be replaced with a spray bar sys¬ 
tem if desired. * 

Preliminary selections of functional components are shown in 
the material list on Figure 76, together with estimated weights. The punp 
shown is a multi-stage screw punp, capable of providing 225 pel. Should 
the resin nozzle require higher pressure, the pump selection would be 
modified to include additional stages. 

Advantages of the concept include: adaptability to various 
transport vehicles; adaptability to handheld and mechanized spraying sys¬ 
tems; reasonable size, compatible with transport and logistics problems; 
self-powered, eliminating dependency on transport vehicle powerplant and 
permitting transport vehicle to traverse site during application. Dis¬ 
advantages include: weight penalty of pallet over an integrated system 
which is supported by the transport vehicle chassis. 
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Fißuro 77 shows an alternate configuration of concept number 
12* This system, also palletized, is based on the use of dual Viking pumps, 
and is considered more adaptable to handheld operations than the system of 
Figure 76. Two operations would be utilized for resin spray operations, 
similar to the Phase I equipment system. For mechanized operations with 
a spray bar, the output from the two pumps would be directed through a 
manifold. 

Further study of these or similar palletized concepts is recom¬ 
mended. Additionally, further study is recommended to determine the opti¬ 
mum application rate for the system. 
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SECTION IV 

SITE DESIGN REQUIPEMEffTS 

1. SITE THI S CRITERIA 

A program of simulated aircraft wheel load tests on rapid site pads 
over selected soils was initiated to determine the relationship of the 
applicable variables to the allowable wheel loads. 

a. Purpose of Tests 

The rapid site landing pads should be constructed to the mlniatm 
thickness that will support the applied aircraft and ground vehicle load*« 
without pad material failures or excessive deformations, in order to mini¬ 
mize material costs, material shipping costs, logistics problems, and 
spraying time. The variables affecting the landing pad wheel load capa¬ 
bility are: 

Wheel (Tire) Contact Pressure 

Tire Inflation Pressure 

Soil Properties 

landing Pad Thickness 

Allowable Stresses in Bad Material 

Flexibility (Modulus) of Rad Material 

In sunmary, the purpose of the wheel load pad tests are: 

(1) To develop, from the test data, an empirical site (pad) 
thickness design criteria. 

(2) To provide pad material composition evaluation data. 

(3) To reveal unTorseen problem areas in rapid site pad 
design construction. 

b. Test Equipment and Procedures 

An overall view of the initial load test facility is shown in Figure 
78. The test soil is packed into the steel retaining tank, which is 
15 feet in diameter and 5 feet deep. A hydraulic load cylinder, installed 
vertically, is designed to provide a maximum load of 60,000 pounds. The 
lower %nd of the loading strut will accept both single and wheel 
configurations, and the ram used for soil modulus measurement. A load 
cell connected between the hydraulic cylinder and the support structure 
measures the applied wheel load. The test tires are taken from an operational 
fighter aircraft main landing gear and are comparable to those used on the 
P.1127 and VJ101C-X2 VTOL airplanes. 



Two major modification» war« made on the load test facility 
during the program. Hows of vertical scale» were used during the first 
test to measure the vertical deflection at intervals along the pad. It 
was found that these readings were negligible three inches beyond the edge 
of the tire. Therefore, the scales were removed for the remaining tests 
and only vertical deflections at the center of the pad were measured. 
Three additional loading peint» were added in accordance with Contract 
AF33(615)-3631 (Rapid Shelter Flooring and Helicopter Landing Sites). 
Figure 79 shows an overall view of the modified load test facility. 

All soil preparation for the wheel load tests performed during 
this testing period was supervised by Mason-Johnston and Associates, 
Consulting Soil Engineers. These consultants did all the basic soil test¬ 
ing, except for the "Ram" test used to determine soil modulus. The pre¬ 
paration and testing of the soil by engineers knowledgeable in soil mechanics 
insures that controlled and known soil conditions are maintained. All soil 
testing was performed in accordance with the criteria set forth by the U.S. 
Air Force on the design of flexible airfield pavements (see Reference 5). 

The soil selected for the first series of wheel load pad tests 
(Soil No. 1) was "desert sand." This particular soil was chosen because 
its load carrying capability could be varied considerably, and because it 
was readily available. Soil No. 2 was "washed sand" because of its simi¬ 
larity to the soil found at Eglln Air Force Base, Florida. Figures 80 
and 8l show the pertinent results of the laboratory soil classification 
and compaction tests. Details of the test procedures, terminology, and 
discussion of results can be found in Reference Photomicrographs of 
the two soils axe shown in Figure 82. 

Each soil was packed into the retaining tank in approximately 
12-inch layers. The compaction was done with a gasoline-powered tamper, 
as shown in Figure 83. During the compaction of Soil lk>. 1, water was 
sprayed on the soil at each interval to give a controlled amount of mois¬ 
ture. This was supervised by the soil consultant who made periodic moisture 
content and density checks with radiation Instruments. These instruments 
are shown on the right of Figure 83. The density measuring device emits 
gemma radiation which is reflected back by the soil in direct relation to 
the soil's bulk density. The moisture measuring device «nits neutrons 
which are reflected back by the water molecules in the soil. These instru¬ 
ments permit rapid, accurate evaluation of soil moisture and density. 
Soil No. 2 was compacted in a similar way but no moisture was added. The 
surface of the sand was smoothed and leveled by scraping with a long 
straight edge that spanned from rim to rin of the retaining tank. After 
each test, the soil in the vicinity of the loading point (approximately 
5 feet in diameter and 2 feet deep) was dug up and recompacted to its 
original state. 

The landing pad material was applied to the level surface of 
the soil. Figure 8k shows the spraying operation; one operation was 
applying the fiberglass and the other was covering It with resin. Each 
pad is designated as follows in the order that they were tested: 1,2,3, 
4,1R,2R,2 1/2R-1, 3R,5,6,7 and 0. Pad tests No. 1 through No. 3R were 
performed on Soil No. 1 and the remainder on Sell No. 2. 
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Figure 78. Wheel Load Pad Test Facility - Befoie Modification 

Figure 79. Wheel Load Pad Test Facility - After Modification 
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Figure 00. Sieve Analysis and Compaction Test Results for Soil Jfunber 1 
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Figure 8l. Sieve Analysis and Compaction Test Results for Soil Nüster 2 



SOIL NUMBER 1 

SOIL NUMBER 2 

Figure 82. Photomicrographs of Soils Number 1 and 2, 10 X Magnification 
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11m following soil Boasurements verti taken at différait Inter¬ 
vals during the testing program, to account for changes on the soil 
conditions. 

(1) California Bearing Ratio (CBR) 

This test vas performed in accordance vith the procedures 
set forth in Reference 5. The CBR test setup is shown In Figure 85 • 

(2) Moisture content and density. 

(3) Coe.« Penetrometer 
A standard Corps of Engineers cone penetrometer was used 

to measure ’’cone index" vhich Is an Indication of the soil's shearing 
resistance. 

(4) "Ram" Test 

A 6.66-inch diameter ram was attached to the load strut 
and forced into the soil. Ram deflection readings were taken at even load 
intervals. From this data, the soil modulus and soil deflection character¬ 
istic were obtained. The test setup is shown in Figure 86. 

Prior to test No. 1, five CBR, moisture content, and density 
readings were taken. Cone index was measured at this time as well as before 
each of remaining pad tests. A ram test was also performed. After wheel 
load test »0. 3, the soil properties were rechecked to determine what 
effect, if any, the prssible drying out of the soil might have. Three 
readings each of CBR, moisture content, and density were made. 

The moisture content of the soil was increased prior to test 
No. 4 in an effort to decrease the CBR value of the soil. This was done 
by digging up the center portion of the soil (about 6 feet in diameter) 
and recompacting, while adding water. The soil was soaked with 400 to 

500 gallons of water for approximately a 24-hour period. Five readings 
each of CBR, moisture content, and density were made following the soaking, 
and preceding test No. 4. Also a ram test was conducted In the same 
manner as was done previously. 

A span of about seven months took place between test No. 4 and 
No. LR, which caused a change in the soil properties. Four readings each 
of CBR, moisture content, and density were taken prior to test No. 1R and 
age in after No. 3R. A ram test was also performed with the soil in this 
condition. 

Prior to test No. 5, Soil No. 1 was removed from the soil box 
and replaced by Soil No. 2. This soil was prepared in the same manner 
as before; however, no additional moisture was added. Again, four read¬ 
ings each of CBR, moisture content, and density were taken and the ram 
test was performed at two locations four feet apart. 

Table VII shows a detailed summary of the soil properties for each 
pad test. Average values of the CBR, moisture content, and density read¬ 
ings are shown in each case. Density is indicated as a percentage of the 



Figure 85. Equipment Required to Obtain CBR Values 

Figure 86. Ram Test for Determination of Soil Modulus and Deflection 
Characteristic s 
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WHEEL LOAD DATA 

tireC8) 

INFLATION 
«RESSURE 

PSI 

100 
200 

100 
200 

100 

MAXIMUM 
T0TA1 
LOAD 
IB. 

15,000 

FAILURE? 

YES • NO 

MAXIMUM 
PAD 

DEFLECT. 
INCHES 

12,000 1.7 

200 

100 
200 

100 
200 

100 
200 

100 
200 

100 
200 

100 
200 

100 
200 

100 
200 

100 
200 

1Ô0 
200 

15,000 
19,000 

0.000 
1 
30,ooo(M 

5.000 

15,000 
- • Il I llfc -- ...I. . I .»11..1..1 

22,000 

15,000 
22,000 

15,000 
22,000 

15,000 
22,000 

15,000 
22,000 

15,600 
22,000 

X 

X 
1.9 

1.2(5) 

X-^ILL 

.75 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

.62 

.97 

1.22 
1.367: 

.3ü;- 

.U9 

2.45(6)- 

T.7Õ T67 

l.oo_ 

ï. 30 
15,000 
22,000 

15,000 

22,000 

15,000 
22,000 

X 
X 

X 

X 

X 
X 

1.45 
2.02' 

1.02 
I.70 

.50 
1. lê 

NOTES: 

TU CBR vas not taken. The values are proportioned 
from the measured readings. 

(2) Subscripts indicate the nunfcer of layers of voven 
roving. 

(3) Average thickness within 2.5 feet radius of wheel 
centerline. 

(4) Soil supported load after pad failed. 
(5) Under center of north wheel. 

(6) Severe wrinkling of the pad occurred. 
(7) Soil too soft to obtain reading. 

(8) Tire Data: 
Test tires: 26 x 6.6, l6 ply, 300 psi standard 

inflation pressure 
P.1127 tires: 26 x 6.5, 14 ply, 105 psi standard 

inflation pressure 
VJ101C-X2 tires: 25.5 x 6.5, (N.A. ply), 206 psi 

standard inflation pressure 

' pad matíuXls 

A—Formula B-3-B (contract AF 33(615)-2367) 

B—Resin: Hstron 75/25—31/42 (24505 ) 
with 0.5)( Co. Naphth. and 0.05)( DMA 

Glass reinforcement: PPG 533-60 spray roving 
and woven roving* 

0—OoogxMite System 

First Layer 
Resin: Hstron 75/25—31/42 (24505) 

with 0.5)( Go. Naphth. and 0.05)( DMA 
Glass reinforcement: PPG 533-60 spray roving 

and woven roving* 

Second Layer 
Resin: 66)( Hstron 75/25)(-353/42, 

30)( H3BO3, 3)( Sb203, and 1% CAB-O-SH M-5 
Glass reinforcement: PPG 553-60 

spray roving* 

D—Resin: Laminae 75/25—176/126; Glass reinforcement : 
PPG 533-60 spray roving and woven roving* 

* Each pad contains 3-9)( spray roving except for pad 
#8 which contad.ns about 10)(. 





maximum density obtained from the laboratory compaction test of each soil. 
Cone Index values are shown as the average of several readings. Figures 
87 and 88 show the results of the ram tests performed on Soil No. 1 and 

Figures 89 and 90 that on Soil No. 2. 

Wheel load tests without a pad were performed on Soil No. 1 
before pad test Nb. 1R and on Soil No. 2 before pad test No. 5* This 
was done using single tires at both 100-psi and 200-pal tire Infla¬ 
tion pressures for each soil. Figure 91 shows the 200-pei tire on Soil 
No. 1 under a load of 12,600 pounds and Figure 92 the 100-pei tire on 
Soil No. 2 at 7,600 pounds. The load vs soil deflection curves for these 

tests are shown in Figures 93 and 94. 

All the pads were tested at 100- and 200-psl tire inflation 
pressures, each using the slhgle wheel except pads No. 3 and No. 4 
which used the dual wheel configuration. For each test, the load was 
increased in specified increments until the pad failed or the tire load 
limit was reached. Pads No. 3 and No. 4 were each instrumented with 

four strain gages and pads Nb. LR and No. 7 with 6 gages to indicate the 
upper surface stresses on the pads. Strain readings were taken at speci¬ 
fic load Increments. 

For pad tests No. 1 through Nb. 3R, the pad was loaded with the 
100-psi tire and then immediately with the 200-psl tire. For pad tests 
No. 3 through No. 8, the completion of additional load struts made it 
possible to load the 100-psi tire a^ one point on the pad, and the 200-pei 
tire at another. 

Tire contact area measurements were made at various load levels 
during pad tests No. 1 through No. 4. These measurements were difficult to 
make and their accuracy was questionable since there was a lot of scatter. 
Therefore, the tires were calibrated in the laboratory on a universal test 
machine. They were loaded against a steel plate and the tire footprints 
were measured at 2000-pound increments of load. The tire was coated with 
ink and an imprint was made on a sheet of paper placed between the tire and 
the steel plate. Figure 95 shows a plot of wheel load vs tire contact area 
for each tire. Both of the tires that were tested showed close agreement, 
so these curves will be used to indicate the tire contact area at any load 
level. 

After each pad was removed from the soil, it was cut into four 
90-degree segnents (or quadrants). Thickness ir isuremants were made at 
six-inch intervals along the cut edges of the pads. Table VIII gives a 
thickness survey of each pad over a 2-1/2-foot radius from the center of 
the load. A summary of the pad data for each test, including the type of 
material, weight, and average thickness is shown in Table VII. 

Four tensile and four bending specimens were cut from each of 
the test pads. For pads No. UR through No. 8, specimens were cut both in 
the direction of the woven, roving fibers and at an angle of 45°. The 
specimens were tested to failure to determine the allowable tensile and 
bending stresses and modulus of the pad material. The results of these 
tests are shown in Table IX . Similar specimens were cut from the remote 
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Figure 86 Soil Modulus vs Pressure, Ram Test on Soil Number 1 
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Figure 93. Load vs Deflection for Wheel Load Test Without Pad, Soil 
Number 1 
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THICKNESS 
, LOCATION 

AVERAGE 
THICKNESS 

NOTES: 
PORTION OF PAD USED FOR THE 100-PSI TEST ONLï. 

PORTION OF PAD USED FOR THE 200-PSI TEST ONLY. 



NUMBER (THICKNESS T.S IN INCHES) 
• ->t» ! c/-* ' 

i 5(i-/ 1/2R-2 

.^5 

.35 

.15 

.26 

.27 

.21 

.40 

.20 

.17 

.44 

.10 

.30 

.20 

.20 

.18 

.29 

.23 

.25 

.27 

.20 

.26 

3R 

.12 

.05 

.05 

.03 

.10 

.12 

.10 

.25 

.10 

.20 

.10 

.15 

.10 

.10 

.10 

.12 
• 35 
.45 
.05 
.10 

.14 

5(2) j 6(1) i 6(2) 1 7(1) 1 7(2) ! 8(1) 8(2) 

.54 

.65 

.92 

.50 

.40 

.50 

.62 

.54 

.70 

.80 

.50 

.60 
•55 
.40 
.45 

.65 

.45 

.68 

.66 

.70 

-59 

•70 
.55 
.60 
.67 
• 50 

.50 

.60 

.70 

.70 

.50 

.65 

.50 

.62 

.45 
• 30 

.60 

.60 

.65 

.65 

.45 

.53 

.60 

.75 

.75 

.90 

.95 

.65 

.75 

.60 

.70 

.60 

.70 

.70 

.60 

.65 
•70 

.60 

.65 

.55 

.50 
•75 

.68 

• 30 
.50 
.20 
.60 
.50 

.17 
• 30 
.17 
.65 
.25 

.70 

.65 

.85 

.65 

.80 

.60 

.50 

.55 

.50 

.60 

.50 

.40 
• 33 
.35 
• 35 
.45 

• 35 
.40 
.30 
.30 
.38 

.45 

.45 

.45 

.33 

.28 

.40 

.50 

.45 

.40 
• 35 

.38 

.40 

.45 

.42 
• 35 
.40 

.45 

.43 

.40 

.43 

.25 

.45 

.40 
•35 
• 35 
.40 

40 
• 35 
.40 
.35 
.45 

.39 

.45 

.45 

.40 

.40 

.40 

.55 

.50 

.65 

.50 

.45 

.65 

.70 

.80 

.65 

.65 

.60 
• 1*5 
.45 
.45 
.45 

53 

.25 

.41 
_ 

LOCATION OF 
THICKNESS 
MEASUREMENTS 
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¾¾

¾ 
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TABLE IX PAD MATERIAL ELEMENT SPECIMEN TEST R3 

Pad 
No. 

Tvoe(il TENSILE SPECIMEN TESTS BENDING SPECIMEN TESTS Pad 
No. of Spec .1 Thickness 

Mat3rlal No. In. 
Ft u 
PS I 

E 
PSIxlOU 

Spec . 
No. 

Thickness 
In. pSï 

EhU)ó 
PS 1x10° 

1 

.r ; :44.. 
2 ! .36 

A 3 i.29 
4 

1,050 
1,050 
1,420 

. 66 

.90 

.78 

1 
2 
3 
4 

.31 

.29 

.24 

.24 

3,130 
4,550 
3.970 
5.970 

.84 

.69 

.69C64) 

.75 

AVG. 1,170 “731“ AVG. 4,400 .74 

2 

-1 T72B- 
2 1 .46 

A 3 i.50 
4 i .54 

9IO 
9Ö0 

2,210 
1,500 

.77 

.72 
1.00 

.86 

1 
2 
3 
4 

T37: 4,030 
.45 : 3,810 
.42 2,870 
_j_59_3i 5.00,1 

.81(./ 3 ) 

.67 

.63 

. 66 
5 

AVG. 1,420' “7U4- AVG. ==5¾¾ .6^ 

— 
j 

3 

. 

1 730“ 
2 .30 

A 3 .40 
4 . 5I 

"T774^r 
2,060 
1,750 
1,500 

. öl 

.91 

.81 

.80 

T" 
2 
3 
4 

.17 4,4lo1 

.20 4,820 

.25 4,400 

.15 ' 5,090 

.67 

.03 

.57(^3; 

.69 
6 

AVG. ï1 1, fUo .83 AVG. ^_ 4,õbO 1 .09 

i ■ 

4 ; a 

1 -T.T5 
2 I .19 
3 i .20 
4 .12 

i,¿90 
1,100 
1,750 
2,040 

.87 
• 55 
.80 
•96 

1 ¡ .20 
2 ; .20 
3 ! .25 
4 i .17 

4,540 
5,220 
4,450 
4,320^ 

.o8 

*73/a 
.09(^0,, 
.91 

7 

AVG."“!- 1,700 .60 AVG. . H4,ü30 • .00 

1R 

-rrrr 
2 

B2 3 . i 
2 4 (3): 

- 
,20 
.22 

*> i. 
• H 

10,400 
9,420 
3,390 

.57 

1 CÍ7 
2 
3 
4 (3) 

.19 

.19 (4) 

.32 

.24 

13,700 
13,300 
'18,100 
10,200 

. 52 

.59 

.39 

_42_ 
8 

ÁVG . 7,190 .49 AVG. 13,020 

2R 

. 1 .(3):- 
2 i .25 

, B2 3 I*20 
4 (3) .23 

0,790 
11,000 
10,700 
5,100 .20 

1 1 { 3 ) .24 ( 0 9,SOO 
2 .22 7,300 
3 .20 ( » ).15,200 4 .21 (^/14,900 

• 37 
.55 
.03 
.06 

English 
Site i! 

XVG. a,4óô 1327 ' AVG. i 11,720 .55 

2 1/2 
R-l 

b2 

1 .24 
2 (3) .3? 
3 (3) .31 
4 .26 

11,b00 
7,230 
4,950 

10,000 

- 
1 ,.22 20,400 
2 (3) .30 7,800 
3(3) .27 12,000 
4 .22 . /15,200 

1. Çr 
.uc 
.44 
•53 

German 
Site 

AVG. 0,450 - AVG. 15,350 • Ti 

1 1/2 
R-2 

"l 
2 (3) 
3 
4 (3) 

.19 

.23 

.18 

8,9$o 
4,820 

11,400 
8,760 

~7oT 
.30 

.48 

1 

2 (3) 
3 
4 (l) 

7T3220,200 
.20 >11,200 
.19 13,700 
.21 7,500 

. bo 

.53 

.79 
NOTES 

(D 
AVG. 8,440 .48 AVG. _ .50 (2) 

(3) 

(4) 

hr 
! 

t 



I 

«rial 

TËÏÏ? ÎIL2 3 PEC I M£il TESTS BENDING bPECIMEN TESTE 
Spec . 
No. 

Thickness 
In. 

* ¿u 
?SI 

g p 
PSIxlOc 

Spec . 
Ko. 

Thickness 
In. 

F- 
p§!í PSIxlO^ 

1 
3(3) 
4 

71¾ 
.15 
.15 
.10 

7¿30 
9370 
3ol0 
12,300 

.“5 
1 
2 
3(3) 
4 

.11 

.14 

.14 

.16 

£¿00 
5o70 
5000 
9700 

7T2” - 
.53 
.21 
•57 

ÄVG . T775 AVG. 7390 j .51 
~T~ 
2 

•Bl 
ttt” 
.62 
.59 
.68 

^,i^o j .oV 
3,990 Î .07 
“,36o .53 

?'ÔI? ‘I? 

T~ 
2 
3(3) 
4 (3) 

TT“13,000] .53 
.54 i 3,4001 .55 
.51 16,600 .50 
.50 j 3,300 .50 

Avd. 37¾ TT5 1 AVG. Î 9,770 .52 

. 

i<3) 2 
i 3 

**(3> 

".11 
.13 
.14 
.14 

*75007 
4,940 
6,500 .50 
7,500 - 

í 
2 
3 

.4 

; - ! - 
1 : : 

i Avó. 5,6oó .50 AVG. - 
iCTT 
2 
3(3) 
4 

7T5- 
.44 
• 3Ö 
.28 

A,47o .90 
2,960 
4,830 .26 
6,48o .ol 

¿(3) 
2 
3(3) 
4 

7o5 ; 6,400 
.42 ;21,6OO 
.40 :19,60o 
.26 } 8,600 

_.6l 
1.06 
.6l 
.83 

ÄVG. 4,680 .t>6 AVG. ;14,000 7Tb 
1 
2(3) 
3 
M3) 

F-Sõ 
.29 
.69 
• 43 

7,040 .67 j'l 
4,690 .45 2(3) 
3,860 .35 3 

•}? >(3) 

. 30 

.25 

.46 

.40 

17,900, .57 
10,700; .56 
14,300 ¡ .99 
24,600 .37 

A VS. 5,280746 AVG. 10,670 .62 
~r~ 
2 .43 

1,430-.09 fT™ 
2,240 .74 2 

! 
. 46 
.67 

4,010 .69 
^,330 .56 

1 

AVG. 1 .ti_. AVG._ A,1fO «62 
"T~ 
2 

737“ 
.58 

1,505 
1,330 

• 73 
.64 

r 
2 

. 08 

.51 
3,230 7TT~ 
7,360 .61 

« 

ÀVG. i 1,420 1 .68 AVG. _1 5,290 »*1 

scriptlon of the pad materials is given in Table 4.1.1. 
ing Modulus (Eb) values shown In parentheses, ( ), are strain gage values. 
ie specimens were cut so that the principal stress direction is oriented at 
with respect to the woven roving fibers. The remaining specimens are 
inted parallel to the fibers. 
specimen did not rupture. The test was stopped when the deflection reached 
inches over a span of 6.0 inches. 
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pads that were fabricated in Qagland and Germany. A description of these 
remote sites is given in Section V of this report. Their material proper¬ 
ties are also shown in Table VII. 

c. Discussion of Wheel Load Tests and Sunmary of Results 

Bad No. 1 - Ifo failure occurred with the 100-psi tire; however, a 
visual Inspection revealed a small resin crack approximately six inches long, 
along the edge of the tire mark on the pad. Figure 96 shows the 100-psi 
tire at a load of 15,000 pounds. When the 200-psi tire reached a load of 
8,000 pounds, the pad cracked completely around the tire. The load was 
gradually increased to 12,000 pounds at which time the pad area beneath 
the tire failed in shear. This failure is shown in Figure • 97. Figure 98 
shows the deflected shape of the soil after removal of the failed pad. 

Bad No. 2 - The 100-psi tire produced no fail .*es nor were any 
cracks noticeable. The 200-psi test produced excessive cracking noises 
as the load reached 18,000 pounds. Failure of the pad occurred at 19,000 
pounds and is shown in Figure 99. 

Bad Wo. 3 - The 100-psi tire produced no failures nor were any 
cracks noticeableiFigure 100 shows the wheîls and pad with a total applied 

load of 30,000 pounds (15,000 pounds on each tire). The 200-psi tire test 
produced a pad failure at a load of 45,000 pounds. Figure 101 shows this pad 
failure. The location of the strain gages and normal pad stress vs wheel 
load are shown in Figure 102. The results were reduced from the strain 
gage readings for both the 100-psi and 200-psi tire inflation pressures. 

Bad No. 4 - For the 100-psi test, slight cracking noises were 
heard at 11,000 pounds and again at 26,000 pounds. Th?re was no indica¬ 
tion of failure to the pad when the 30,000-pound load was applied but, 
after holding this load for seven minutes, the pad failed. This failure is 
shown in Figure IO3 . The 200-psi test was not performed due to the pad 
failure. Figure 104shows the results obtained from the strain data. 

In each of the above tests, the deflections were not accurately 
determined at various load levels. However, the maximum deflections were 
obtained and are summarized in Table VII. 

Bad No. 1R through 8 - None of the pads in this series of tests 
failed by rupturing nor were any cracks apparent. Each of these pads used 
woven roving and were treated with a flexible resin. This was not the 
case for the first four pads. Deflection measurements were made at various 
load increments because it was necessary to establish the limits of the pad 
deformation. Load vs deflection and tire contact pressure vs deflection 
curves for each of these pad tests are shown in Figures 105 through US . 
Figures U4 and 115 show the strain gage locations and nominal pad stress 
vs wheel load for pad tests No. 1R and No. 7, respectively. Pad No. 3R 
buckled severely and had excessive deflection. This can be seen in 
Figures H6 and 117. Except for pad No. 3R, the others deformed in much 
the same manner. Some typical cases are shown in Figures nft through 121. 



Figure 96. Test Number 1 - 15,000-lb Load Applied, 100-psi Tire 
Inflation Pressure 
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Figure 96. Test Number 1 - Deflected Shape of Soil After Removal of 
Failed Fad 
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Nominal Pad Stress vs Wheel Load, From Strain Gage Data 
Fad Test Number 3 

Figure 102 
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Figure 106. Wheel Load and Contact Pressure vs Deflection, Pad Test 
Number 2B 
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Figure 107. Wheel Load and Contact Fressure vs Deflection, Pad Test 
Number 2-1/2H-1 
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Figure 106. Wheel Load and Contact Pressure vs Deflection. Pad lest * 
Number 2-1/2R-2 
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Figure 110. Wheel Load and Contact Pressure vs Deflection. Pad Test 
Number 5 
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Figure 112. Wheel Load and Contact Pressure vs Deflection, Pad Test 
Number 7 
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Figure 114. Nominal Fad Stress vs Wheel Load, From Strain Gage Data - 
Pad Test Number 1R 
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Figur« 116, Test Number 3R - 15,000-lb Load Applied, 100-psi Tire 
Inflation Pressure 

Figure 117. Test Nuniber 3R - Deflected Shape After Removal of Load, 
200-psi Tire Inflation Pressure 
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Figure 120. Test Number 6 - 15,000-lb Load Applied, 100-psi Tire 
Inflation Pressure 

Figure 121. Test Number 7 - 22, 
Inflation Pressure 



TtbU VU pr*«*nt» a «mary of th« basic data obtainsd iron the 
Hiase I wheel load teste described above, including, soil, pad, and wheel 
load data. 

d. Analysis of Test Results 

Three basic types of tests were involved in Phase I of this 
program Soil Tests, Wheel Load Tests, and Blenent Specimen Tests. 

The laboratory soil tests show Soil Ko. 1 to possess a better 
load-carrying capability than Soil Mo. 2. This also is true under simu¬ 
lated field conditions which were regulated in the soil box. Soil Mo. 1 

had a higher CHR than doll Mo. 2 for each of the wheel load tests. It must 
be noted that the first soil was under two major soil states while the 
second soil was only under one. Soil Mo, 1 showed no significant change 
in CHR when its moisture content was approximately doubled. It can also 
be assumed that an increase in moisture content will only Increase the 
CBR for Soil Mo. 2. In general, the soil states used for the wheel load 
tests are indicative of the poorest conditions to be encountered in the 
field for these two soils. 

The cone penetrometer readings vary considerably more than CBR 
and comparisons between the two show no definite trend (see Table VII ). 
This observation bears out the statement made by the consulting soil 
engineers and by authors of several soil mechanic textbooks, that there 

is little correlation between CBR values and cone penetrometer readings 
for most types of soil. However, additional soil teste must be conducted 
before a definite statement can be made regarding the cone index-CHR 
relationship. The soil type has a very significaut effect on this relation¬ 
ship. 

The results of the ram tests show that the soil modulus is not 
a constant value over the entire range of loading pres*- v«, it can be seen 
from Figure 80 that Soil Mb. 1, in its soaked states, ^ad an average 
modulus of 110 pel/inch, which was fairly constant until approximately 
50 psi pressure was applied to the ram. Figure 8? shows that beyond this 
range, the deflection Increased rapidly with little increase in pressure. 
This phenomenon indicates that the sand has experienced a "shear" failure 
of a conical shape under the zam load. Both Soil Mo. 1 in its dry state 
and Soil Mo. 2 had a nonlinear modulus for all pressure levels. Because 
of their low moisture content, there was little cohesion between the sand 
particles which enabled the soils to displace out of the way when the 
was applied. 

The wheel load tests without a pad give an indication of the 
large deflections that occur when the wheel load is resisted by only the 
bare ooil. Soil Mb. 2 defoxwed more than Soil Mo. 1 at comparable load 
levels. This can be seen from the load vs deflection curves shown in 
Figures 93 and 9**. One can also see the manner in which the aoll 
deformed. The soil deflected uniformly to a certain load level then 
a small increase in load produced ^vSy large deflection. Each tíme 
one of these plateaus was reached, a shear plane formed under the wheel. 



Tiiey progressed outwa.'d and can be seen by exadnlng the soli cracks In 

Figure 91 • 

With addition of a pad, the deflections were reduced by approxl~ 
nately a factor of 12 for the average of all the wheel load testât Thl 
shows that In general, any of the pads fabricated for this progrès were a 
significant inprovenant over applying the wheel loads to the bare soil. 
Even with the thinnest pad, Xo. 3R, the soil would deflect about one-sixth 
that using no pad (assuslng a comparable load level). 

The maxlmun deflections varied considerably for each pad test 
since the soli condition, type of pad, and pad thickness were not constant 
throughout the testing program. Definite correlations Incorporating these 
variables will not be made at this time but In the latter phases of the 

program. 

In general, comparable pads on Soil Ho. 2 deflected more than 
those on Soil Mo. 1. This Is to be expected since the second soil law a 
lower CBR than the first soil. Figures 205 through 113 show that the 
relationship between load and deflection is not a linear one. However, an 
approximate linear relationship can be established for each pad by Joining 
a straight line between the origin of the load vs deflection curve end the 
coordinate at the maximum applied load. As an example. Figure 205 shows 
that the following relationship between load and deflection can be established 
for pad test Ho. iH; £ • .0341 P, where £ Is In Inches and P In kips. In 
this case, the line was drawn from the origin to the coordinate (22k, 
•75 in.). The empirical formula Is In close agreement when using the 
100-psi tire but unconservative In the early stager of loading for the 
200-psi tire. However, It must be remembered that the 200-psl tire uns 
loaded In the same pad location after removing the J.Q0-psl tire load. This 
type of empirical formula agrees favorably for each of the pads. Figures 105 
through 123 show this relationship for pad tests Ho. 1 R through Ho. 8. 
A certain amount of Judgement must be used to form a reasonable yet conser¬ 
vative correlation between load and deflection. 

From the strain gage data, the nominal stress was calculated by 
multiplying the strains by the average modulus of the pad. '"he resuite 
give an Indication of the stress level on the upper surface of the pad for 
each load Increment. These nominal stresses do not completely describe the 
true stress stats since the pads were not Instrumented with strain rosettes. 
To get a complete picture of the stress distribution In the pads, strain 
rosettes would be required on both the upper and lower pad surfaces at 
various locations. 

Inspection of the curves in Figure 102 shows that tha stress Is 
tensile at each of the gage locations. For the 100-psi tires, the stresses 
at gages 1, 2, and 3 Increase with load at a similar rate. At gage 4, the 
stress reached a maximum at a 20,000pound load and then started to decrease. 
The stress at all four gages Increased very rapidly with llttla load using 
the 200-pal tires. A discontinuity In each curve can be seen at a total 
load of about 17,000 pounds. The stresses at those points are at approxi¬ 
mately the same level as the maximum stresses using the 100-psi tires. 
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Th*»« ob««rv»tion* cUarly Uidic*t* that th* d«pr«««ioo Uft ln th« «oll 
by th* prtvtou* Loadlaf pr«v«nt«d th« pad «nd »oll fron «ctin« tojwth«r 

until th« 0«p WM cLo««d. 

Th« •train gßgß r«*ult§ fron pad te«t Ho. 4, m show» in 
Figur« 104t »bow a »ipiificantly low«r str««« Uv«l than for t«at Ho. 3. 
Tht gaga layout pattern um ehang«d fron that ua«d for th« prnriou» taat 
but a conpariaoc of gMC* 1 fron «ach pad shows this difforano« in straM««. 
Hotli pad« war« loaded with th« dual vtwal configuration and pad Ho. 4 wm 
elightly thickor than pad Ho. 3» Ow 2 and h war« orianted in the tran«- 
varsa dlraction and th««« «trM««« war* coap.ras«iva up to faillira. The 
diacontinuiti«« at a load of about 23,000 pound« vara causad by the initia¬ 
tion of crack« in th« pad which prograasad up until fallara. 

Fad« Ho. 1» and Ho. ? w«ra both liwtrunantad in th« «ama way with 
each ¿age orientad in a radial direction with raapact to the c«at«r of the 
• Ingle wheal Loading point. Both pad« «trained in a «inilar manner as can 
be seen in Figura« LU and 115. Th« etra«««« war« primarily taaeila with 
tho«« at a six-inch radlue b«lng generally larger than at a twalve-inch 
radio«. Th« «trM«e« fron g^« 5 incr«M«d to a maximum value and than 
dacraMad with additional load. The gaga 5 stras» In pad Ho. 7 with the 
100-pul tire went to coapression at 9,600 pounds. The tira footprint 
andad up coaplataly covering gage 5 on both pads. Hare again on pad Ho. 1R 
we can cea tha affect of the gap left between the pad and th« soil when the 
200-p«i tira was applied. Fed Ho. 7 wm testad at two separate locations 
and therefore did not expert me« this affect. 

The results of the strain gaga and deflection data give an indi¬ 
cation of tha «trass distribution on th« upper surface of th« pad. Both 
radial and circumferential, «traase« decrsM« «s th« distance fron th« center 
of the load gets larger. The radial «tr«s«e« are tensile except ln th« 
iBMdlate area of the tire footprint where they era in compression and the 
circumferential stresses are compressive. The «trass pattern m sean in 
gage 5 of pads Ho. 1 R and Hd. 7 along with tha large deflections (on the 
order of 5 times the pad thickness) indicate« the presence of moafoiane 
stresses. It can ba concluded that tha upper surface of the pac 1« defineo 
by a biaxial state of stress formed by a combination of plate bending and 

membrane forces. 

Ths element specimen test results as summarized in Táble IX show 
a significant amount of scatter among th* four specimens of each pad. The 
average scatter between the aairiimun and minimum values la 2.0 for tensile 
strength, 2.0 for flexural strength, 1.7 for tension modulus aal 2.2 for 
bending modulus. The specimens cut from pads Ho. 1R through Ho. 8 bed 6o£ 
more scatter then tho*« from pads Ho. 1 through Mo. 4 and those fabricated 
In Europe. These large variation« in material properties are due to a 
number of factors. The amount of sprayed glass was not uniform from 

point to point in the pads nor were the fibers oriented in an Isotropic 
manner. It wm also difficult to keep the woven roving at a constant level 
due to the soil surface Irregularities. The thickness variations had a 
definite effect since the pads were composite structures rather tha*. being 
homogeneous. Therefore the mechanical properties are not independent of 
the pad thickness. The scatter in thickness for each pad can be seen in 



Tábl« VIII» Tütur« Improveoente In glass dispersion and uniformity In 

the resin will decrease the scatter In the landing pod mechanical proper¬ 

ties. 

From structural standpoint, there were two basic types of pads 
used in Phase I. Those fabricated initially, pads Ho. 1 through Ho. 4 
and the European pads, consisted of spray roving and a heat resistant 
resin. Those constructed after the remote site tests in Europe, pads Ho. IB 
through Ho. 8, used a combination of woven roving, sprayed glass, and a 
more flexible resin than before. The post-Europe pads were approximately 
three times stronger and 25+ more flexible than the previous type. Th* 
results of the Bogllsh and German pad specimen testa closely agreed with 
those cut from pads Ho. 1 through Ho. 4. For all pad types, the tension 
modulus was approximately equal to the bending modulus, and the flexure 
strength was about twice the tensile strength. These conclusions are 
evident upon examination of the element specimen test results given In 
Table DC . 

The Phase I testing program demonstrated the relationship between 
a pad’s load-carrying capability and the previously discussed variabler. 
From tb results, a functional desleí criteria can be generated. This will 
be done after additional data from Fhaaes II and in becomes available. 



2c SITE SIZE AMD 8BA7E CRITBIIA » 

Th* priamry purpo*« of tbm Rapid Sit« Unding pad 1« to priant 
to VTOL air craft toy ■ininlslng «roaion of th* ground surface Iron tba dovnvash 
of tb« VTOL aircraft In bor*r nod«. To Incur« that «roaloo la prevented or 
kept within acceptât U 11*1 ta, a know Lad«« of factors Influencing erosion la 

refiilred. St la generally accepted that eroalon caused hy downwaah la func¬ 
tionally ralatad to the downwaah velocity and velocity profila at tha point 
wham «roaIon occur«. Kuhn showed In MASA WD 56 that tha eroalon threshold 
for e given pound «vrfac« (snow, send, water, etc.) nay he established In 
tema of e raxlsaao allowable dynamic pressure occurring In the downunsh at a 
glvan point. Tharefora, If tbs variation In dynamic pressura along the 
pound Is known throughout tbs downwaah flow field, the areas of the pound 
surface which will be eroded nay be established basad on the particular 
Crowd surface ero# ion threshold. 

In previous work under Air Force Contract Humber AF33 (615)-2367, s 
method for calculating landing pad dimeter as a function of downwash and 
erosion characteristics was developed based on theories and experimental 
data for downwash created by a single uniform Jet impinging normally on 
a flat plate. This method of predicting downwash dynamic pressures and 
the resulting pad si»« required to prevent erosion does not Include the 
effects of multiple Jets but assîmes that the flow field behaves as if 

it were produced by « single Jet. Therefore, s series of studies were 
undertaken to refine the method to include the effects of multiple lets 
since the present program is concerned with multi-ei^lne aircraft. The 
tasks undertaken to establish the data necessary for refinlx« the method 
were* 

e# 

è 

0 
0 

A survey of downwash and erosion literature 

Model flow field studies both at the University of Texas and at IffV 

Model downwash fence studies 

Actual site flow field measurements 

These tasks are discussed in the following paragraphs. The symbols 
used on the curves and in the discussion ares 

D Diameter of equivalent single uniform Jet 
M Height of exhaust exit above pound 

%ax Maxiimm pound dynamic pressure at a giran location 
% Average exhaust exit dynamic pressure 
r Radial distance from center of flow field 
tf Distance from center of flow field to fence 

0 Angle between r and forward portion of fuselage centerline 



I 

1h 

Pertinent characteristics to be used with the aircraft considered in this 

Two literature surveys were Initiated to acquire information 
applicable to sizing the rapid site pads: 

(1) A search for erosion information 

(2) A search for downwash flow field information 

The sources of downwash flow field information considered to be directly 
applicable to the problem of sizing the rapid site pads are listed below 
along with a summary statement of the contents of each report. The search 
for erosion information yielded no new erosion data. 

(1) Brady, W. G. and Ludwig, G., Theoretical and Experimental 
Studies of Impinging Uniform Jets, Trecom Tech. Rep. 63-11. This report 
contains a theoretical treatment of the flow field of a single uniform Jet 
and substantiating experimentil data. The theoretical predictions of 
radial velocity decay and ground boundary layer velocity profiles are in 
good agreement with the experimental data which are presented for nozzle 
heights up to 4 diameters and radial distances out to 1.8 diameters. This 
range of variation is considered to be within the "near field" portion of 
the flow field. 

(2) Higgins, C. C. and Wainwrlght, T. W., dynamic Pressure 
and Thrust Characteristics of Cold Jets Discharging from Several Exhaust 
Nozzles Designed for VTOL Downwash Suppression, NASA TN-D-2263, April 1964. 
This report contains "far field" downwash data, nozzle heights to 30 dia¬ 
meters, and radial distances to 9 diameters. 

(3) Walker, S. C. and Wolfe, G. W., Results of a Small Scale 
Downwash Test Program, LTV Report No. EOR-131O8, December i960. This report 
contains a quantity of "near field" experimental data. 

♦Prediction of pad diameter is baaed on a o^, at the edge with no fences 
of 3 PSP which is the erosion threshold ofdry sand. 
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(4) l8«ly, F. D. Mad Wolfe, 0. V., A Method of CelcuXatiBg 
the Airflow Field Beeultln* froo VTQL Alrcmft Dommuh, ITV Import 
Mo. KB-13112, December i960. Thie report contmlne a method of calculat- 

IjqC the velocity at any point In the flow field of a single uniform jet 
directed perpendicular to a flat eurfhce. The method resulted from a 
combination of theories and experimental data and, as a result, is senti- 
empirical. Dowuwash radial velocity variations predicted by the method 
are in good agreement with the experimental data of items (l) through 
(3) above. 

(5) Turner, G. D., The Interaction of Two ffcrallel Sonic Jets 
Impinging on a flat Plate, M. S. Thesis, University of Texas, January 1965. 
This report contains a quantity of ground plane static pressure data and 
radial velocity data for various nozzle spacings and nozzle heights. 

(6) Mewsom, W. A. and Tosti, L. P., Slipstream Flow Around 
Several Tilt Wing VTOL Aircraft Models Operating Hear the Ground, NASA 
TM-D-1362, September 1962. This report provides qualitative Mid some 
quantitative downwaah data for flow fields generated by VTOL aircraft with 
two and four propellers. 

(7) O'Neal, G. B., A Method of Calculating VTQL Aircraft 
Landing Mat Size, LTV Report Mo. 2-53910/5^-7, April 1965. This report 
contains e coeçarison of the experimental data contained in items (l) 
through (5) above with the results of the theory of item (4). The agree¬ 
ment is considered good. The method of estimating mat size Is 
based on the theory of item (4). 

The above listed references contain information which is directly 
applicable to either understanding or predicting the behavior of VTQL air¬ 
craft downwash flow fields. A blbliogrephy of all the references surveyed 
is included in the appendix in the Mid-Point Report. 

b. Model Flow Field Studies 

The University of Texas performed downwash flow field tests 

using models of the P.1127, VJ101, MC-142, and DO-31 aircraft. The teets 
were conducted using the University's model downwash flow fhciUt“*^™ 
has an airflow capacity of one pound per second and will properly simulate 
the required downwash dynamic pressures. The instrumentation is sufflci-airt 
for measuring the downwash ground Jet dynamic pressure variation. 

Models of the above aircraft were constructed with nozzle arrange¬ 
ments as shown in Figures 222 through 225. Results of the tests of the 
F.II27, ÍTJ101, and XC-142 models are shown in Figure 126 through I3I. 

The data obtained, in the model tests consist of ground flow 
dynamic pressure, voraus distance along radial lines oriented 0, 30, 
45, 60, 75, 90, 1207150, and 1Ô0 degrees relative to the centerline of 
the model for various model heights aber e the ground. The data presented 

in Figures 227# 229# 131 rwm'i the maximum extant of the dynamic 
pressure contour lines. In other words, for a given allowable a /qv at 
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Figure 124. Model Nozzle Arrangement for XC-142 
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Figure 126. P. 1127 Model Dowmmeh Data From the University of Tens (a) 
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Figur« 126. P. 1127 Model Downv&sh Data Fran the University of Texas 
(Continued) (c) 
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Figur* 126. P.1127 Model Dovnwasb Data From the Uhlvereity of Texas 
(Continued) (f) * 
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Figure 128. VJ101 Model Oomnmah Data Fron the University of Texas (a) 
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Figur« 128. VJIOI Model Dowmmsh Data From the Ukxiversity of Texas 
(Concluded) (1) 
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Figur« ISO. XC-142 Model Dovnwash Data From the University of Texas 
(Continued) (d) 
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Figure 131. Linee of Cooetrut o-/op for XC-1^2 Model 
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the edge of the rapid site pad, the corresponding ch^v/q£ contour would 
be the shape and absolute minimal pad size required to prevent erosion 
with no allowances made for landing tolerances. Take for example the 

P-1127 countour line for (Wv/qg - .001 which corresponds to the erosion 
threshold for dust and dry snow if q£ - 1100 psf. The minimum pad radius, 
with no allowance for landing tolerances and assuming either no wind or a 
constant wind direction, would be 29D or 84 feet. Since D - 2.91 feet for 
the P-1127, the required pad diameter for operation over snow or very fine 
sand would, therefore, be .’68 feet. 

The theoretical lines shown in Figures 126 sheet 4, 128 sheet 6 
and 130 sheet 1 were calculated based on the following assumptions: 

. The downwash flow field is generated by a single Jet with a 
uniform exit velocity profile. 

. The jet impinges normally on a flat surface. 

. The flow is incompressible. 

. The ground jet Reynold*s number is constant. 

. The ground Jet has its maximum extent when the nozzle height 
above the ground is 3.914 nozzle diameters. 

. The flow field produced by any-aircraft, with any geometrical 
arrangement of propulsion devices, may be approximated by the flew field 
of a single circular nozzle having an area equal to the sum of exhaust exit 
areas and having the same exhaust dynamic pressura. 

The agreement between the theoretical calculations and experimen¬ 
tal model cata aire shown in the above figures. It is considered that the 
data substantiates the theory well enough that the theory may be used to 
estimate pad sizes. However, the theory is being modified somewhat to more 
accurately predict downwash dynamic pressure variations throughout the flow 
field for any aircraft height. Predictions of optimum pad sizes will result. 

c. Model Fence Studies 

Tests were conducted to determine the feasibility of reducing the 
required size of the landing pad by attaching fences to the edge of the pad. 
Two basic types of fences were connidered: (l) solid fences which cause the 
downwash to separate from the ground and (2) porous fences which uerve to 
slow the downwash without separating it from the ground. 

Preliminary tests were conducted on the UEV water table to quali¬ 
tatively evaluate the effectiveness of several fence designs. The water 
table test section was setup to simulate flow in a two-dimensional wall- 
jet fith the model fences attached to tie wall of the table. The effective¬ 
ness of each fence was determined by observing the flow past the fence 
which was made visible by injecting dye into the water. 
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The result* of tta* water table teeta ahowed that the most effec¬ 

tive solid fences were the oner with a sharp edge at the top of the fence 

and that the porous fences were effective In slaving the flow. 

It was not possible to obtain quantitative data froai the water 

table tests since the Reynold's number was quite different from that pro¬ 
duced by actual downwash. Therefore, a test rig was constructed to provide 

an actual downwash flow field. 

The downwash rig is similar to the one at the University of Texas 

in that model nozzles are attached to a plenum chamber which is attached to 
a compressed air supply and that the exhaust from the nozzles impinges on a 

large grotnxl board. The rig has severs! capabilities In addition to those 

of the University's facility: 

. The models may be run at greater heights above the ground. 

. The downwash impingement angle may be varied from zero to 

ninety degrees. 

. The instrumentation is capable of measuring velocity profiles 

in the downwash flow along the ground. 

Three testa were conducted on the downwash rig. The first test was to 
determine the correlation between theory and experimental data for a single 
uniform nozzle as a means of checking the equipment to insure its proper 
functioning. The second test was conducted using a model of the P-1127 to 
establish a correlation with and an extension of the University of Texas 

«Sata. The third test was to obtain a qualitative evaluation of the down- 
wash fences which appeared most effective in the water zahle test. 

A sample of the results obtained in the single nozzle test is 
shown in Figure 132 which shows the close agreement between theory and test 

data. 

For the second test a model of the P.1127 was constructed similar 

to the one used at the Uhiverslty of Texas. Dynamic pressures in the down- 
wash flow the ground were recorded along and 90° to the model center- 
line projected onto the ground. These data are presented in Figure 133 
for comparison with the data from the Uhiverslty of Texas as shown in 
Figures 326, 128 , and 130 . Comparison of the two sets of <3ata shows 
slight discrepancies at the lower model heights. For the higher model 
heights, the agreement is considered good. It was concluded that the 
correlation was adequate for purposes of establishing effects o« fences 

on the flow field. 

The fences shown in Figure 33^ were selected for air flow tests 
based on their performance on the water table. The fences were attached 
in turn to the ground boarr. as shown in Figure 135 * Downwash velocity 
profiles vero measured at several points upstream and downstream of each 
tm.ce for one model height. The data obtained are shown in Figure 136 
from which can be seen the effects of fence height, position, and porosity. 
Results are not shown for the one-half and three-quarter inch tall 
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SCREEN FENCES 

Figure 13^. Fences 
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Figure 135- Fence Arrangement on Ground Board 





Figur« 136. Screen Fence Effects in Reducing Dowmmsh Velocities 
(Continued) (b) 
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Figure 136. Screen Fence Effects in Reducing Dowromsh Velocities 
(Continued) (d) 
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Figure 136. Screen Fence Effects in Reducing Dowmmsh Velocities 
(Continued) (e) 



Figure 136. Screen Fence Effects In Reducing Downwash Velocities 
(Concluded) (f) 
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•olid fences slues the flow behind these fences was separated from the 

ground as shown In Figure 137. 

As shown In Figure 136» the screen fences are effective In 
reducing downwash velocities along the ground without separating the down- 
wash from the ground. The following conclusions may be drawn from the 

data: 

• The downwash velocity change across the fence Increases with 

decreasing screen open area. However, a minimum limit for screen open area 
exists In that spillage over the top of the screen will become too great 
If the open area is too small thereby making the screen behave as a solid 

fence. 

• For the test condition run, the fence height for maximum 

velocity loss appears to be ¢).667 nozsle diameters, but the velocity loss 
for the other heights is almost the same. It, therefore, appears that 
actual fence height has little effect so long as the height is somewhat 

greater than the boundary layer thickness. 

. As an example of the reduction in pad diameter required, 
consider the case for a soil surface for which an erosion threshold 
is 3 psf. The pad diameter required for the P.1127 with no fence would 
be 100 feet. With a one-foot diameter roll of screen wire placed around 
the pad 6 feet in from the edge, the pad diameter required for 3 psf at the 
edge would be 73 feet - a reduction of 27 feet for an area reduction of 
4700 square feet. It should be remembered that this example is based 
solely on model test data and that scale effects, such as Reynold's number, 
could alter the requirements somewhat. Full scale tests are required to 

substantiate the model data and conclusions made. 

Results of the solid fence tests indicate that solid fences may 
not be practical for turbojet powered aircraft since these fences separate 
the downwash from the ground and create vertical velocity components. These 
vertical velocities will aggravate the hot gas reingestion problem common 
to most turbojet aircraft. The solid fences may, however, be practical for 
other types of aircraft having "cool * downwash. In this case, reingestion 

is not as great a problem. 

For the test conditions run, the results quoted in the screen 
fence example above are the same for a solid, vertical fence 6 inches tall. 

d. Site Flow Field Measurements 

Downwash dynamic pressures and temperatures were recorded at the 

edge of the pad for several vertical landings and takeoffs of the P.U27 
TOOL aircraft In and the VJ101 TOOL aircraft in Germany. Instru¬ 
mentation consisted of five pressure-temperature rakes positioned in one 
quadrant of the pad as shown in Figures 142 and 148 (see Section V). 
Each rake contained three total pressure probes and one total temperature 
thermocouple. Each pressure was '•''nverted to an electrical signal by a 

Il|rYi ¡Äffyi 
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SOLID 
FENCE 

Figure 137. Separated Flow Behind Solid Fence 
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ölff«r*atlftl pressure transducer. The outputs of the transducers and 
thermocouples were continuously recorded by a light bean recording oscillo¬ 
graph. The position of the aircraft relative to the pad vas recorded by 
two motion picture cañeras positioned on pad counterlines at right angles 
to each, other. 

In analysing the data fren the P.1127 and VJ101 flights, tvo 
averaging techniques were employed to reduce the variation In the independent 
variables Çi, 0, and H) and to reduce the scatter In the data. The first 
reduction vas to assume that the height. H, vas constant. According to the 
theory, this assumption Introduces a maximum error of about plus or minas 8 

percent for (fesax* Th« other technique vas to average the data ever 10 degree 
Increnents In & . The temperatures were essentially equal to ambient, and 
therefore are not shown. 

The flight test data recorded for the P.1127 are of qualitative 
value only since one of the Instrumentation cameras failed. This failure 
made the accurate determination of the aircraft position relative to the 
total pressure rakes Impossible. However, the aircraft position vas deter¬ 
mined approximately from the motion picture film from the camera looking 
head-on at the aircraft. 

The results of the flight test data reductions are shown compared 
with the model test data In Figure I38. The solid lines are drawn throu^i 

the model data. The large amount of scatter In the VJ101 flight test data 
makes it difficult to draw conclusions. However, since the flight test data 
In general brackets the model test data, it appears safe to conclude that the 
model adequately simulated the complex full-size flow field. It would not be 
appropriate to compare P. 1127 flight test and model test data because of 
the error Introduced when the camera failed. However It is encouraging to 
note that the model test data and theoretical predictions show good agreement. 

e. Aerodynamic Fed lifting Forces 

The pouring or laying or spraying of rapid site landing mats over 
unprepared ground leads to surface Irregularities on the mat. These Irregu¬ 
larities or bumps when subjected to dovnvash velocities produce aerodynamic 
forces which may lift a portion of the mat. 

The problem of landing mat lifting vas approached assuming the 
bumps to be of cylindrical shape as shown In Figure 139* This shape was 
chosen due to Its simplicity and relatively large pressure coefficients 
which will tend to give conservative results. The results as shown In 
Figure 140 were obtained from a test carried out using the IHV water table. 
The test was conducted to simulate a dovnvash Mach No. of 0.5 as this closely 
simulates, within the limits of the water table, the flow velocities of a 
turbojet VTOL aircraft dovnvash. 

The forces produced on the mat are related to the pressure coeffi¬ 
cient by the following equation (l): 

i 

Cp - pressure coefficient » (Plocal - p«*o )/<!«**» 
a ^ * free stream dynamic pressure - PSF 

dx ■ an Incremental length - ft. 

where: 
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The most severe condition for mat lifting Is the case where the 
bump is low ,ed on the edge of the mat. In this case the downward force. 
Figure iV # sheet 1 produced on the mat ahead of the bump is not present 
and the lifting or upward force Is at a maxi msn for an aircraft approaching 
the edge of the mat. 

Using equation (l) the force on a bump and associated mat located 
at the edge of the mat is: 

F - 3*^7 q« r 

where r is the radius of the bump in feet, and the force is given in pounds 
per foot of bump width. 

Some examples of the possible lifting forces obtained with various 
VTOL aircraft approaching the edge of a landing mat at a height of 25 feet 
are as follows: 

XC-142 

P.1127 
VJ101. 
DO-31 

%nax ground 

51 psf 
383 psf 
462 psf 
760 psf 

Bump Radius 

2 inches 
2 Inches 
2 inches 
2 inches 

Lifting Force 

29 lb/ft 
222 lb/ft 
267 lb/ft 
440 lb/ft 

Typical mat densities range from 2 to 5 psf. The mat weight or restraining 
force expressed in pounds per foot of bump width range from 3.7 to 9.2 lb/ft. 
A comparison of this force to the above lifting forces show that if proper 
edge restraint is not employed the mat edge will lift. Once the edge begins 
to lift, the downwash will get under the mat and fold back or lift the 
remainder of the mat. 
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SECT K» V 

REMOTE SITE PREPARATION 

1. BASIC TECHMIQUES 

The general process for fabrication of remote sites is outlined as 
f oUcnrs : 

a. Equipment 

The required equipment consists oft 

(1) The V94-300 Dodge truck prime mover with application equip¬ 
ment as described in Secticm IH. 

(2) Resin tank trailer, 400-gallou capacity, four required. 

(3) Miscellaneous equipment Îa) Handling 
b) Cleaning 
c) Safety and personal 
d) Site layout 

Equipment operational procedures are shown in reference (4), 
superseding those of reference (3)« The latter was used for the European 
tests to be described in this section. 

b. Site Fabrication Procedure 

(l) Preliminary 

Site preparation requires the following preliminary steps: 

The application equipment must be loaded with necessary raw 
materials (resin, glass, catalyst, solvent). 

Min>r site obstructions (small shrubs, rocks, etc.) must be 
removed. This inc.judea the moving of high grass. 

The site must be laid out into convenient sections to assist 
in even distribution of the material. Each section should be three to six 
feat wide and of proper area to require ten (or a multiple of ten) gallons 
of resin per section. A small area at the center of the site may exceed the 
six foot dimension as this area may be sprayed from various positions more 
readily than subsequent sections. Figures l4l and 142 show typical layouts. 
An athletic field line marker has been used in Phase I for site layout. 
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(2) Fabrication 

Fabrication la begun by apply!*« a airirl pattern of fiber¬ 
glass roving on the ground. This is applied in a manner such that one 

layer provides sufficient reinforcement for one pound of area density 
total resin~glass weight. This amount is best described as a thin veil 
through which the ground can barely be seen. The resin is applied Immediately 
following the spraying of the glass. 

The quantity of resin is monitored by the equipment operator 
who relays this information to the resin spray operator. Additional layers 
of glass are applied and wet with resin until the desired area density is 
obtained. A small portion of resin is conserved for use "touching up" 
exceptionally troublesome spots such as weeds, stiff glass clumps, etc. 
It is advantageous whenever possible to apply the resin spray from dia¬ 
metrically opposite directions on alternate passes. Figure 1^3 depicts a 
typical combined spray operation. 

Two basic techniques have been explored. One technique 
provides application of the full density material at one time. An alternate 
method is to apply approximately one half the material and allow this layer 
to gel. The remainder of the material is then applied over the gelled 
layer. This latter technique is useful in preventing run-through of the 
resin material, but may contribute to unevenness in the finished site. 

(3) Personnel Requirementc 

The minimum personnel required for site fabrication are as 
followsï 

(a) Equipment operator 
(b) Resin spray operator 
(c) Glass spray operator. 

However, in order to fabricate a large (50- to 70-foot dia¬ 
meter) site in a reasonable time (3 to 5 hours) additional personnel are 
required. ®iese include one additional resin and glass spray operator and 
one to two equipment service operators. 

Tue equipment operator (l) actuates the pump controls and (2) 
monitors and regulates the flow of resin, catalyst and air to the respective 
guns. (Notes Detail operation was described in references 3 and 4.) 

The resin spray operator and glass spray operator work in 
conjunction to spray a relatively uniform fiberglass reinforced plastic mat 
over the prescribed site area. 

The equipment aervice operator (l) changes glass spools as 
they are depleted and (2) corrects any malfunctions which may occur in the 
glass spray system. This function may be performed by the glass spray 
operator on small sites but assistance of the additional personnel is re¬ 
quired for large scale sites. 





Miscellaneous functions such as relocation of equlpeient, 
change ovt of resin hoses, etc, are shared by the crew. Reference (3), 
Preliminary Equipment Operation Instructions, contains detailed field 
operational procedures. 

2. REMOTE SITE TESTS 

a, Sunnary 

Pull scale remote field sites were prepared and tested to 
determine operational problems and to establish feasibility of the overall 
system concept. These sites were prepared in Europe in order to utilize 
existing turbojet VTOL fighter class aircraft currently flying. Two sites 
were prepared for the P.1127 aircraft in England and one site was prepared 
for the VJ101C-X2 aircraft in Germany during the 1 September through 15 
October 1965 period. 

The Kestrel Tripartite Evaluation Squadron based at the West 
Raynham Royal Air Force Base successfully operated the P.1127 aircraft 
from both a 66-foot diameter site and from a 50-foot diameter site. The 
Gemen site was approximately 60 x 65 feet in size at the Manching Air Base. 
This site successfully withstood the initial 40-second hover flight of the 
VJ101C-X2 aircraft at a 14-foot altitude. On the second test the edge cf 
the site lifted due to flight procedure. Furtlier tests were therefore 
cancelled. 

Photographic and downwaah velocity4*temperature data were obtained 
from the 66-foot diameter English site and the German site. 

b. Application Equipment Shipment 

The application equipment, consisting of the WM-300 true* and four 
tank trailers described in Section III was skid-mounted and air-shipped to 
the Bircham Newton Royal Air Porce Base near Pakenhem, England and trans- 
ahippel to Manching, Germany. All necessary support equipment and spares 
required for remote operations were transported. 

c. Materials Shipment 

The Rapid Site resin mixture was air-transported to England in 
standard closed top 55-gallon drums and transferred to the tank trailers 
for movement to the site. The methyl-ethyl ketone peroxide catalyst was 
obtained- locally, surface shipped in 40-pound containers or air-shipped 
in «mall one-pound containert. Solvent was obtained locally. The fiber¬ 
glass roving was shipped in 30-pound cartons which could be loaded dir¬ 
ectly into the glass spray apparatus. 
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Results of the remote tests Indicated that further Improvements were 

required In the following areas: 

. Elimination of material shrinkage and resultant cracking. 

. Minimization of downwash-Induced erosion effects at the edge of the 

site. 

. Equipment designed for rapid and easy site fabrication. 

3. RIMOTE SITE FABRICATION- £WGIAND 

a. Site Selection and Preparation, Site No. 1 - England 

An unused grass field aerodrome was selected as the location for 

the first site to be prepared for the P.112T aircraft. The surface was 
level and approaches were clear of obstruction. Soils data was gathered 
for the aera and sumnarlzed In Table X. Cone penetrometer readings in¬ 
dicated California Bearing Ratios above 4.5 (Core Index of about 190) from 
the surface down to about 12 Inches depth; specifically, 4.5 at 3 Inches, 
7.5 at 6 Inches and 12.0 to 14.0 at 12 inches. Moisture content was 16. 
by weight. The site was uncultivated and covered with a high grade turf. 
Various types of grasses (grown to a height of approximately 30 inches) 
covered the site and had produced at least two inches **f dense, wiry root 
system. From tue surface downward, bore-hole samples produced about one 
foot depth of topsoil, followed by about two feet of sand-gravel-flint 
material. Prior to fabrication the 66-foot diameter site was mowed to a 
nominal 2-inch grass height and loose grass was removed. The site was 

out utilizing a chalk line marker in preparation for the actual 

spraying operation. No further site preparation was required. 

b. Site Fabrication 

The site was fabricated to a diameter of 66 feet using tte basic 
site fabrication techniques described above. The site was fabricated 
starting at the center ani completing one semicircular half at a time apply¬ 
ing the full resin and glass reinforcement quantities to produce the required 
total thickness. Figure 143 illustrates the various sectors and the densities 
achieved. A total of 1439 gallons of resin and 1000 pounds of fiberglass 
was applied producing a site with a density of 5*5 lb/ft^ at the center and 
tapering to 4.00 lb/ft2 at th* edge. The total site weight was approximately 

17,000 pounds. The edge was fabricated by pressing a slot Into the soil 
approximately 1 inch wide and 4 inches deep and filling with the resin glass 
mixture. The slot was forced by attaching a special steel wheel to the rear 
wheel of the prime mover end driving around the periphery of the site. The 
chronological sequence of events for site fabrication are shown as follows: 

17 September I965 

Time 

08OI 1st 2 trailers arrived on site 





AREA COVERED 
AREA A - 5.25 LB/FT1 
AREA B - 5.17 LB/FT* 
AREA C - 4.00 LB/FT* 
AREA D - 4.00 LB/FT* 

Figure lW*. Site No. 1 P.U27 Site Layout Bircham-Hevton 
Airfield, Btagland Prepared 17 September I965 



— 

0®°9 2nd 2 trailer» arrived on site 

0633 Spraying of flbergla»» conmenced 

0035 Spraying of resin connenced 

IO50 x»t half pad ccnpleted 

1100 Truck moved 

Truck relocated and »praying restarted 

^312 Pad completed 

^335 2 trailers removed from site 

135+2 2 trailers removed fron site 

131+3 Si't* cleared and declared operational 

The pad vas completely sprayed in 4 hours 39 minutes 

.nd <»"»*** with removml of .11 oqulp.-nont 

c. Plight Operations 

aircraft ocrírreí^ !i 45“fo®t altitude, 30 to 50 knots with the 2.1127 
îw£ ™£.hour 9 minutes after conpletion of spraying operations 

Were **** at atitudes of 40 and 30 feítfeSectiv^ív* 
Inspection shoved an edge crack vhich war not considered haz^doís ?o ^‘ 
further operations. (Plgure 14$.) nazardous to 

of sprayin^fse^fL^rUrfn was made 1-1/2 hours after conpletion 
timePífi^e iírlkeh. A second edge crack was observed at this 

lUl< After refueling the aircraft on the pad (refueling truck 
off pad), a vertical take-off was made folloved by two more verfic-T?« 
ixurs and take.offs a 1  r l y w more vertical land- 
the ooíraí^¡ at 13-foot altitude was included in 
the operations. Operations were secured as the weather began to close in. 

Q 4-^v ?° further flights were conducted from this Ko. 1 site until oi 
^,íU- °« crlri.i^-vlf.5 at 

?ad discovered during the flyby's, propagated 

as 3/4-inCfaPvide. H^r^s^eï'^kîfs^e^iSiÎe6 oîhe^ ^ 
to extend through the raterial, verTTslrï™ t appearing 

^ P** “ae 
.^„e/¿f ^ patched areas. Th. 
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-'í 

1^15 P.1127 took off from grass strip 

1^*21 l»t flÿby at 45 feet altitude 30 to 50 knots 

2nd flyby at 40 feet altitude 30 to 50 knots 

- Pad inspection - no defects 

1^7 3rd flyby - 30 feet altitude - 5 to 10 knots 

Inspection showed edge crack 

1^32 1st vertical landing - transition 52 feet 

- Inspection showed 2nd crack 

- Refueled aircraft while on pad 

1st vertical take-off - transition 40 feet 

2nd vertical landing - transition 32 feet 

- Inspection ok 

1510 2nd VTO - transition 55 feet 

- Inspection ok 

1513 3rd vertical landing - transition 18 feet - 
30 second hover 

1516 3rd vertical takeoff - transition 50 feet 

- Inspection - no further defects 

Secured operations 

Instrumentation was withheld from this series of tests in order 
that flight testing might commence as soon as possible after fabrication. 

A second series of tests was performed to obtain downwash aal 
temperature data. These tests were perfonned four days after the first 
series, following instrumentation Installation and site repairs. (A second 
site was also fabricated during this time period. ) 

Instrumentation consisting of 5 rakes with 3 pressure pickups and 
one temperature pickup each were installed on 21 September. Photographic 
coverage by USAT consisted of two fixed cameras 90* opposed 500 feet from 
the site and one documentary camera. Three additional vertical landings 
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and take-offs were made; one of the vertical landings (actually almost STOL) 
was made extremely low over the edge - 8 feet altitude - with touchdown 
of the main gear only 6 feet from the edge of the pad. No edge lifting 
occurred. Little temperature effect was noted - maximum surface temperature 

as measured by thermo patches being about 450*F. 

Chronological sequence of events during the instrumented flights 

are shown below: 

Time 

1700 Take off from grass strip 

1705 4th vertical landing - hover - 43 seconds at 
25 feet 

1709 4th vertical take off - 40 feet over edge - 50 
feet approach total hover 34 seconds 

1713 5th vertical landing - 8 feet hover 5 to 10 
seconds - center 

. Refueled 

1740 5th vertical take off - 55 feet over edge 

1743 6th vertical landing - 8 feet over edge - touch¬ 
down 6 feet from edge (extremely low - tail fin 

only 2 feet off deck) 

1746 6th vertical take off - 20 feet over edge 

Secured operation 

A total of 26 landings and takeoffs (including those above) were 
made on this site. Further flight operations were discontinued due to 
additional cracking of the pad. Taxiing operations were made with a fully 
fueled P.1127 airplane subsequent to this cracking without any apparent 
effect on the pad or the cracked areas. 

d. Pilot ' s Comments 

The following comments were submitted by Major J. K. Campbell, 

USAF, who flew all test flights on Site No. Is 

(l) When approaching the pad for a decelerating transition and 
vertical landing, the pad was easy to see in dull or in bright conditions. 
With 1 to 2 miles visibility in dull weather the pad was seen at about 
the same time as an adjacent black hangar was seen. With 2 to 3 miles 
visibility, in bright sunny (but hazy) conditions, the pad was seen sooner 
than anything else in its vicinity since it acted as a large mirror. This 



vmm not attributed to it* pink color so much os Its slick reflective surface. 
If cBeauflage is considered important, a removable cover should be provided 

vhen pod is not in use, or the surface should be "roughed1’ up in an effort to 
reduce reflective glare. To the contrary, if camouflage Is not Important, 
then the reflective quality is good, as it provides on excellent visual 
marker at a remote site and Is an aid to the pilot. 

(а) As the aircraft vas transitioned to a hover at 50-feet altitude 
directly aver the pad. the 66-foot diameter pod could not be seen, but the 
aov»5d strips (radiais) provided necessary visual references for the pilot to 
initiate vertical descent. From altitudes lower than about 50 feet, no visual 
reference marks were needed because portions of the edge of the pod could 
be seen over the sides of the cockpit. Cbvlously, if smaller pod diameters 
are used, lover transitioning altitudes will be required or visual references 
will be required. (See Figure 148). 

(3) It was Interesting to compare the appearance of the circular 
(polyester) pod to other square (metal) pods which have been evaluated; 
specifically, it was much easier to assure good orientation and centering 
over a circular image than over a square image. Ibis conclusion be 
extended to assume that a pilot con center more easily with visual reference 
to an arc than with reference to two corners, particularly when the pilot 
must orient on aircraft hot section - rather ♦'-hjw his body — over a spot 
on the pad. 

(4) îhe 66-foot diameter pod size was adequate for takeoff and 
landing, but not for ground maneuvering. 

(5) The prolonged effects of high velocity, high temperature 
exhaust gases did not have any adverse effects on she pad, except to make 
large black smoky spots directly under each hot nozzle (see figure 14-9). 

(б) Intencional havering near the rim of the pad did not lift 
or break up any portiai of he pod. Also, intentional low (wheels at a 
3-foot height) and slow (less than 5 knots) landing approach and takeoff 
cjdmbout did not uproot the edge of the pad. 

(7) landing Impact, 1 to 3 feet per second, did not damage the pad. 

(8) The braking action (tire to dry surface) was poor; 
specifically, on polyester the tires slipped at about 40# engine fan speed 
(1,750 lbs horizontal thrust), while on concrete the tires will held 
against 6o£ engine fan speed (3,900 lbs horizontal thrust). The surface 
was slick to walk around on and felt os if it was coated with talcum 
powder. In a cross-wind, at vertical lift-off, same sideways slippage 
occurred - more noticeably than when operating from concrete. 

(9) Taxiing onto and off xhe pad did not cause any additional 
cracks. 
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e. English Site No. 2 

(1) Site Selection 

This site was selected primarily to demonstrate the 
applicability of the sprayed reinforced plastic system to terrain which 
would be unsuitable for rigid planking. This site was slightly rolling 
in nature with a shallow ditch running across the area. The site was 
covered with a grass covering less dense than the first site grown to a 
height of 3 to 6 inches. The site was mowed to 1- to 2-inch height ^ 
and sectors marked with chalk line marker. Moisture content was 17.5 
percent and CBR ranged from 3 at the surface to 14 at the 12-inch depth. 

A summary of CBR and Cl data is shown in Table XI. 

(2) Site Fabrication 

The site was fabricated to a diameter oi 50 ^”®et with a 

density of 5.25 lbs/ft5 at the center tapered to 5.00 lbs/ft¿ at the 
edge (see Figure 150). The site was poured in quadrants leaving a 1-foot 
tie section open between each quadrant in an effort to minimize the 
effects of shrinkage experienced on the first site. These tie strips 
were joined one hour after the basic site was completed. A chrono¬ 

logical sequence of events is shown below: 

Time 

O855 Completed edge 

0952 Started spraying 

1100 I/S pad completed 

1200 Started 2nd half 

1310 Small edge crack - 2 hours after section was 

sprayed 

1320 \ Pad completed except for tie strip 

ll*20 Started tie strips 

1502 Completed spraying 

The completed site required approximately 979 gallons of material 
and contained approximately 5-percent glass reinforcement. The total site 

weight was approximately 12,000 pounds. 

No instrumentation was installed on this site although USAF 

photographic coverage was provided. 
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Table XI 
SOIL DATA SUE MO. 2 BIRCHÂM-MEWON 

CBH AMD CI READ mas BY ÆXZ FENETROÆTER 

Cm - EEFPH Cl - DEPTH 

POUtT 3" 6" 9” 12" 3W 6M 9" 12" 

1 

2 U 
& 

3 § 

k « 
S! 

5 g 

7 ! 

s s 

9 i 
10 

3 7 9 14 

3 7 12 14 

4 8 14 

3 1/2 7 1^ 

4 7 9 lU 

3 8 12 14 

3 7 11 l1* 

3 1/2 8 14 

3 1/2 7 14 

4 8 13 14 

100 240 290 — 

ißo 260 290 -- 

100 290 

120 28O 29O -- 

170 240 29O — 

I60 260 29O — 

no 290 

MOTE: SITE AMD OROUMD COITO PT IONS 

lj Molature Content « 17.5^\ 
2) Grass covered to ?y—inches high. 



AREA COVERED 
AREA A - 5.25 LB/FT* 
AREA B - 5.17 LB/FT* 
AREA C - 5.00 LB/FT1 

. Site Mo. 2 P.1127 Site Layout Bircham-Hevton 
Airfield, England Prepared 

Figure 150 



f. Filmst Opwratlona 

Ab iBltiBl borer/alow flight «as conduct«! at an altitude of ko¬ 
to 50-fB#t approoclmtaly 1^1/2 bouro after c cap let lota of tbs site. Furtber 
r^eratloDS were AlscootlAued eben a surface crack approxlmtel^ 2 feet long 
was discovered.. This crack was apparently a shrinkage crack and not a re~ 
suit of the borer flight. This area was repaired and flight testing resumed 
on 22 SeptMtiir «ban two vertical landings end one vertical takeoff were com¬ 
pleted. A chronological sequence of events Is «bovn below: 

20 September 1965 

Time 

1625 1st hover - 40 to 50 feet over edge - found crack 

Stopped flights to repair crack 

22 September I965 

1104 1st vertical landing - 80 feet over pad 

1114 1st vertical takeoff - iOO-foot transition 

1143 2nd vertical landing 

1243 Plane was towed off (Seme damage resulted from 
aircraft wheel loads during towing operation.) 
(See Figure 151) 

4. SHE SE1ECTI0N AMD PREPARATION - GERMAN* 

The third site was prepared at the EWR-Sud facility at the Ingolstadt/ 
Manching Air Base, Germany. The site selected by EWR personnel was 
adjacent to the Intersection of a concrete taxiway and a ramp area. The 
site was bare sandy soil with little vegetation to which sand had been 
applied to a depth of 2 to 3 inches and leveled. CBR readings were not 
taken in the loose soil. The 60- by 65-foot site was laid out as shown 
In Figure 152 using a chalk line marker. 

a. Site Fabrication 

A site 60 by 65 feet was laid out (Figure 153.) with two perpen¬ 
dicular sides Joining the taxivay and runway respectively and a 35-foot 
radius on the "free" edge. The site was divided inv'-* four "quarter" 
sections leaving an open tie strip between the sections and along the 
concrete taxiway and runway (see Figure 15%). The site was prepared over 
a period of two days, 9 and 10 October. Approximately 2-1¾ lb/ft2 was 
sprayed over the site leaving the tie-strips open, then filling in the tie- 
strips between the sections and finally overspraying the first half of 
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TAXIWAY 500' 

Figure 153. VJ101C-X2 Site layout, Ingolstadt/Manching Air 
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th« »ite with another 2-1/2 H./«2 lay«. (Ihe-strip. to the “f' 

left open at thia tine.) Spraying continued until afte£_?ar^^ ^ ‘ 
Tine on site 9 October was approximately 7-^2 h“”; 

rates, and previoualy, transfer ratea ‘^inT^ 
the day was 13*C (55*F); over-night low 6 C (43 F). Table Xil contai 

cempiété meteorological data# 

On 10 October the aite was ccrapl^ted by putting down a cookie- 
cutter edge on the "free" aide, coupleting the tie-atrips to the concrete 
and then overspraying the second half of the pad. About 4-1/2 hours 

were used to complete the site. 

On 11 October cracks in the corner and along taxiway and runway 
were patched, mstnimentaticn was Installed. On 12 October more crack, were 

found in the same area, plus a major crack (figure «« «tending «ross 
one corner. Bonding to the concrete was such that the surface of the 
concrete had sheared; in other instances the site “*terial failed. The 

edge along the runway was sawed free and loose pieces as it was 

apparent that material shrinkage would cause repetitive cra^^g i 
further attempts to Join to the concrete were made (Figure 156). The 
large crack was successfully repaired by over-spraying as ¿one in 
England. The taxiway edge was not sawed loose and c°“^able 
attachment. Temperature overnight went down to frost with considera 

fog. 

A total of 1,990 gallons of resin and approximately 1,000 pounds 
of fiberglass reinforcement were used to complete the site. The bobal 
weight of the site was approximately 24,000 pounds. A time sequence 

the fabrication operation follows: 

9 October 

Time 

1033 

1115 

1220 

1227 

I23O 

1345 

1457 

1602 

1717 

Arrived on site with last 2 trailers 

Started spraying 

1st trailer used up - changed over to 2nd trailer 

Restarted spraying 

Finished 1st half - 1st coat 2-l/2 3b/ft2 

Started 2nd half 

Finished 2nd trailer - changed over to 3rd 
trailer - 2nd half incomplete, lacked 4 sectors 
on west edge. 

Started spraying tie strips - 1st half 

3rd trailer used up - changed over to 4th trailer 





Table XU (Continued) 
AMBIENT 'EATHER CONDITIONS SITE NO. 3 MANGRINO, GERMANY 

Date Time Temperature Pressure 

Relative 
Humidity 

13'October I965 

14 October 1965 

0000 
0300 
0600 
0600 
1000 
1200 
I6OO 
2000 
2200 

f 

0000 
0300 
0600 
0600 
1200 
ISCO 

V°c 
5°C 

2°C 

li°C 

1T°C 

5°C 

4.5°C 
4.5°C 
4&5°C 
5¾ 
0¾ 
10°C 

736 mm 

737 mm 

736 mm 

736 mm 

ãã
! 
3 

5 3
 

!S
 î 
3 

1 1
_

1 





Figure 156. Runway Side Crack, German Pad. 
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1st half - 2nd coat coupleted 

Started 2nd half tie strip and overcoat 

Tie strip completed - stopped operations 

I«rge bump or wrinkle appeared in edge of 1st 
half next to taxiway 

Started cookie-cutter edge 

Completed cooKie-cutter edge 

Started tie strips to concrete taxiway 

Completed tie strip to taxiway 

Started runway side tie strips 

Started 2nd coat (on 2nd hall*) 

Found small radial cracks in edge of pad where 
tie in to taxiway and runway was made (corner) 

1801 

1817 

1823 

11 October 

Completed pad 

Started overspray on corner to patch cracks 

Completed operations 

1965 

Found large radial crack in patched area 3 to 
4 feet long in corner adjacent to runway - Also 
some lifting and cracking along runway side due 
to shrinkage and poor bond to concrete due to 
sand or dirt on concrete. 

Also crack parallel with taxiway beginning at free 
edge next to taxiway - extended into light cover plate 
area - 6 to 8 feet long. V 

Patching operations 

Instrumentation installed 
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12 October I965 

Pad developed crack overnight across corner next 
to underground exhaust system and runway side. 
Patched this crack by over-spraying. The entire 
edge along the runway side was sawed loose to 
relieve further stressing of the pad. The pad 

was lifted 1 to 2 inches in several areas along 
this edge. 

b. Flight Operations 

On 14 October the VJ101C—X2 nude a vertical take-off ng 

power fr0IB rurway and made a kO-second hover at a 15-foot 
altitude after an approach over the edge at a kO-foot altitude (Figure 15T) 
The approach and departure were from the taxiway side of the site that 
was attached to the concrete. The free corner of the side adjacent to the 
concrete apron appeared to lift and flutter as the aircraft hovered near 
by. A landing was made on the taxiway 10 feet from the edge of the pad, 
and a slight heat discoloration near the edge of the pad was noted. 

A second vertical take-off using military power was made from 
the under-ground deflector installation adjacent to the Rapid Site pad. 
The agreed flight plan was to approach the site frcm the side attached 

to the concrete taxiway. This was not done with the aircraft translating 
horizontally from the apron side over the pad. This approach flight 
path exposed the raised free edge oí the site, that had previously been 
sawed loose from the apron to prevent shrinkage stresses (figure 156), 
to the full downwash velocities at the aircraft approached the edge, 
with the aircraft at an altitude of approximately 60 feet the downwash 
e-î+ITd+UnÎîr t?e fr®! ed&e lifted a large portion of the site 3 to 5 
fee.. Into the air. The edge attached to the taxiway remained bonded and 
the remainder of the site undulated above ground until the aircraft got 
oyer the site. The pad remained in one piece and did not break up. The 
aircraft landed on the taxiway and flight tests we *e discontinued. 

A time sequency of events ia as follows: 

14 October 1965 

1013 Vertical take-off from runway 

1015 Hover over pad at 15 feet - time over pad 40 

seconds. Cane over edge at kO feet on approach. 
Corner of pad lifted - leaving pad 15 feet over 
edge. Touchdown - 10 feet frcm edge of pad. 
Slight discoloration of pad near edge. Small 
standing waves over surface of pad. 

1217 Started engines 





Vertical take-off front scoop installation, high 
above pad - 60 feet - total tía» on pad 30 seconds, 
pad lifted 3 to 5 feet. Standing waves over pad. 
Air exited from underneath pad on opposite side 
from aircraft. 

The following observations were male on the performance of the first 
order application equipment during the preparation of remote sites in 
England and Germany. 

The equipment functioned reliably without any significant mal¬ 
functions. The punping rates were low as a result of the low temperatures 
encountered. There was no delay to site fabrication due to equipment failure. 

The WM-300 Dodge truck performed adequately under all operating 
conditions. The truck had adequate mobility for all off-road conditions 
while pulling loaded resin tank trailers. It provided all system power 
for pumping, mixing, air compressors, and resin transfer without any mal¬ 
functions. There was no evidence of engine overheating during stationary 
operations of five to seven hours. Maintenance was limited to normal 
vehicle servicing. 

c. Resin System 

The experience in both England and Germany indicated that the 
resin system was incapable of maintaining the design flow ra ;es of 5 gpm 
and 7 gpm. Ambient temperatures in England were 45* to TCV, and the 
maximum pumping rate attainable was 3 to 3.2 gpm in both the 5 gpm and 7 
gpm transmission settings. There appeared to be excessive suction losses 
in the suction manifold to the pumps. In addition, as resin viscosity 
increased, the output plumbing, flow meters and hoses provided an excessive 
line drop. As a result, pump output pressures increased to the relief valve 
setting of l60 psi and flow remained in the 3 gpm range. During transfer 
from drums to trailer, when short output lines were utilized, the output 
pressures remained below relief pressure, but flow rates remained low at 
both 3 gpm and 7 gpm settings, indicating a suction side starvation. Also 
noted was a definite lagging of the No. 1 pump flow rate compared to the 
No. 2 pump at all settings. No. 1 pump flow rate would increase when No. 2 
pump was shut down. Prior to fabrication of the site in Germany, the truck 
plumbing was inspected for obstructions and leaks, the pump end-clearances 
were reset, all belts were tightened, the relief valve pressures were in¬ 
creased to x75 psi» and the inlet screens were removed in an attempt to in¬ 
crease the flow rate. These improvements were offset by a reduction in 
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«ablent tenç>eraturea to a daily range of 30#F to 50*F. The flow rates re¬ 
mained for the moat part about 3 BP«n, dropping aa low as 2.5 gpm when 
teille rature a were near freezing. (Note: Actual reain tesoperatures are not 
known.) The resin intake and output shutoff gate valves were very slow 
acting and required excessive time to open and close. The resin flow 

meters functioned properly throughout the testa and appeared to be accurate. 
Both the LTV designed pole guns and the FM equipment pole guns were used. 
The guns were difficult to tune and would not stay in tune as a result of 
the low reain flow rate and an apparent mismatch of catalyst air to resin 
flow. These guns had been used in the Dallas trials successfully prior to 
the European tests. The pole guns, in con function with the large resin 

supply hoses, were difficult to handle, and the strain imposed on the 
operator over a period of three to five hours was physically exhausting. 
A swivel joint was badly needed at the gun to prevent hose twist from 
Imposing an additional torsional load to be resisted by the operator. 

The catalyst hose taped to the resin hose kinked and collapsed on several 
occasions, causing a reduction in catalyst flow and dropping the gun out 
of tune. TBie use of a swivel fitting on the resin hose would assist in 
keeping both the resin and catalyst hoses straight and out of the operator's 
way. 

d. Catalyst System 

Total catalyst usage was below that predicted for the English site, 
even though the flow meter indicated adequate flow. Exact reason for the 
limited usage was not known. A flow meter calibration was suggested upon 
return of equipment to ITV. 

e. Transmission System 

The shaft and belt systems functioned adequately. There was no 
belt breakage experienced. Pimp RFM appeared to be correct, but a tacho¬ 
meter was not available and was suggested for incorporation into the 
Phase I equipment. All belts were readjusted prior to the German site to 
prevent slippage. The idler installation would not release on the No. 1 
pump, and the pump continued to drive, producing up to 6o psi line pres¬ 
sure. The pump brake was inadequate to stop this pump and the resin 
output valves had to be closed during every shutdown. 

f. Air Ccnqnressor 

The air supply was adequate and the ccmpressor functioned without 
problems. The air produced at the glass pots was extremely wet. The water 

traps removed large quantities of water from the lines and had to be drained 
frequently but could not remove sufficient quantities to provide dry air 
to the pots under extreme moisture conditions. The compressor cycled and 
unloaded frequently, causing an PPM fluctuation in the pumping system. An 
engine speed governor would be desireable. 



g. Glass System 

The glass system had frequent malfunctions that added to the 
crew workload. None of the malfunctions resulted in major delay to the 
site fabrication, but were a continuing nuisance. The glass guns were 
improperly heat-treated prior to leaving Dallas, and the valve plugs 
were scored, resulting in leakage and incomplete cutting of the glass 
strands. Leakage of the glass pots was minor. The use of the shorter 30- 
foot hoses and the pots located on the site proved adequate, but required 
additional labor to move and service the units. Host of the malfunctions 
were in the gun or were attributable to the wet air supplied to the pots. 

h. Intercom System 

The intercom functioned properly and provided adequate volume 
control throughout the tests. Because of feedback through the open mi¬ 
crophones, the number of headsets was reduced to four. This reduced the 
overall system noise level, but information needed by the glass operator 
was lacking since all messages had to be relayed from the resin operator 
to the glass operator. This situation could have been improved by pro¬ 
viding "push-to-talk" switches for the glass operator. Intercom lines 
to the glass operator would complicate the system because of the dual 
glass pot arrangement, the location of the pots away from the truck, and 
the necessity of switching from one pot to the other. The use of a wire¬ 
less system would present other problems, especially where radio silence 
is required. Quality of the intercom system was generally low, as pur¬ 
chased, providing problems of shorting, bad connections, cold solder Joints, 

etc. 

i. Resin Mixers 

The air-driven mixers were used to combine the color dye and the 
promotor with the base resin mixture in the 55-gallon shipping drums. The 
mixers were not used in the 400-gallan tank trailer. Mixer operation was 
slow but satisfactory. The mixers were heavy and difficult to move from 
drum to drum. A portable air-powered lifting dolly would have been useful. 
The only problem encountered was with the mixer exhaust muffler that iced 
over during high humidity conditions. This shut down mixer operation 
but was corrected by removing the mufflers. 

j. Portable Generator 

A 1,200-watt portable generator was used to power instrumentation, 
and miscellaneous small jobs requiring 115 volts AC. The unit used was 
marginal and operation was not reliable. 

k. Power Winch, Prime Mover 

Winch operation was satisfactory. It was used frequently to 
carry resin drums to the site. The winch clutch lever was damaged 
slightly in shipping and required straightening. An "A" frame or a 



powered lifting holet on the front of the truck could have been used to 
advantage to lift or move various heavy items of equipment. 

1, "Cookie-Cutter" Wheel 

The cookie-cutter elwel vas used on all three tests. It provided 
a good clean edge slot on both sites in England but vas not quite vide en 
enough to permit proper filling vith glass and resin. In soft soils the 
veight of the truck ora the tire next to the cutter vheel tended to press 
the soil back into the slot behind the cutter vheel. The slot vidth should 
remain as small as possible to conserve resin, but a beveled rim should 

be added at the ground line radius of the cutter to spread or "vee" open 
the slot to permit entry of resin and glass. This vas done by hand in 
England. The slot vas not effective on the German site due to the fact 
that loose fill dirt and sand sifted back into the slot and the final 
slot depth vas limited to 1 to 2 inches. Additional study vill be re¬ 
quired to determine the optimum edge treatment desired. 

m. Tank Trailers 

The four 400»gallon tank trailers had excellent drainage and 
recovery of resin. The hydraulic Jacks vere used to tilt the trailers 
toward the drain valve and all but 5 to 10 gallons were recovered from 
each load. Permanent Jacks should be installed on the rear of each 
trailer to speed the setup time. The trailers were towed at speeds up 

to 30 mph and trailed the towing vehicle properly. Ora unprepared ground, 
only two full trailers were towed at a time, but on surfaced roads, three 
full trailers and a half-lull trailer were towed together. The bumper- 
hitch structure should be strengthened to permit the towing of all four 
full trailers. There is a severe downward deflection of the forward axle 
and spring assembly while stopping due to downward load supplied by the tow 
bar. This should be strengthened and heavier springs added to the front 
axle. The trailer brakes had to be disconnected because of inproper wiring, 
aggravating front axle deflection. The tank manhole covers needed better 
seals. A mastic was used to prevent leakage caused by sloshing of the 
resin in the tankage during road travel. Filling of the tanks were 
extremely slow because of the low pumping rate, and on one occasion it 
was supplemented by lifting drums with a fork lift and pouring the resin 
into the top of the tank. It is reccnmended that a supplementary high 
volume-low pressure pump be considered for the filling operation. 

n. Shipping Provisions 

The wood tank trailer shipping skids were severly damaged during 
the long distance transport and were generally unsafe. Subsequent shipment 
should be made with improved skids. Hoisting lugs and appropriate cable 
slings for hoisting with a crane should be provided for all equipment. 
Provisions should also be made for fork lift pick up points. Facilities 
in many areas were very limited, and equipment was not available for 
handling heavy loads. The trailer skids should be fabricated of steel. 
A general purpose hoisting sling is required for handling of large equip¬ 
ment boxes. The truck shipping skid will require slight modification to 
the U-bolt axle attachment to speed loading and unloading of the truck. 
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SECTION VI 

LOGISTICS ANALYSIS 

1. LOGISTICS SUPPORT CONCEPT EVALUATION 

Operational effectiveness of the VTOL rapid site deployment concept 
is dictated by such parameters as: aircraft performance, operational con 
ditions, enemy air offensive capability, VTOL site preparation techniques 
and logistics support requirements. The interrelationships of these 
parameters are shown in Figure 157* This generalized evaluation model 
consists of three basic elements: Element A concerts the determination 
of VTOL site requirements, site locations and fite configuration. “The 
operational parameters of interest include: aircraft/mission performance 
VTOL downwash characteristics, aircraft-on-site survivability, and logis¬ 
tics support requirements. Element P is designed for evaluating the VTOL 
rapid site preparation (RSP) techniques. The basic evaluation criteria 
will be the VTOL pad requirements, site preparation time, required man¬ 
power, logistics support requirements, and cost. Element C emphasizes 
the concept, al analysis of logistics support operations. The scale of 
comparison will be: mobility, mission time requirement, and operational 
cost. The required inputs include the deployment concept of RSP opera¬ 
tion and means of logistics support. Current studies have been directed 

to the logistics requirements of RSP spray system, preliminary evalu¬ 
ation of RSP system operational cost, and examination of potential im¬ 
provement areas where cost reduction is most sensitive. Discussions 
pertaining to these problem areas cure presented in the following para¬ 

graphs. 

a. Logistics Requirements of RSP Spray System 

Operational requirements of the RSP spray system can be 

divided into three categories 

(1) Prior site preparation 

(2) Logistics support 

(3) Site preparation 

The prior site preparation responsibilities are to clear the 
site location by mewing/chopping grass or shrubs, and by removing large 
loose rocks, and to mark the site for spray operation. The logistics 
support responsibilities are to deliver RSP equipment and material to 
the site location, to provide transportation for RSP personnel, and to 
pick up RSP equipment and unused material from the completed site. The 
site preparation x'esponsibility is to construct the VTOL pad according 

to the design specification. Table XIII sunraarlzes the tasks associ¬ 
ated with the RSP spray concept, designated responsibilities, re¬ 
quired equipment/material and estimated number of personnel required. 
Table XIV gives the overall dimensions and weight of current RSP 

spray equipment. The prime mover Includes the Dodge power 
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Figure 15Ô. VTOL Rapid Site Teployment Concept Evaluation Model 



TABLE XIII OPERATIONAL REQUIREMENT OP RSP SPRAY CONCEPT 

Task ResponsiMIity Required Equipment 

Estimated No. 
of Personnel 
Required 

Prior Site 
Preparation 

(1) Clear the site location 
- clear grass & shrubs 

or loose rocks 

(2) Mark the site for RSP 

. Grass chopper/mower 

. Hand rakes 

. Site marker 
material 

men 

Logistics 
Support 

(l) Deliver RSP equipment 
& material to site 

(2.) Pick up RSP equipment 
& material from 
completed site 

(3) Provide transportation 
for RSP personnel from 
basing area to site 

Air or surface trans- 
portational vehicles 

Site 
Preparation 

(l) Site construction 

1 

RSP equipment and 

material 

~10-l4 men 
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TABLE XIV CURRENT VEIGEIS AND DIMENSIONS OF PHASE I RSP SPRAY BQUIFMHfT 

ITH4 TANC TRAILER PRIME MOVIE 1 

Dimensions, Overall: 
Length 

Width 
Height 
Ground Clearance 
Wheelbase 
Tread 

121" 
(181" w/towbar) 

74 5/8" 
78 7/8" 

13 5/8" 
60 3/4" 
64 3A" 

219 3/16" 

79 1/4" 
78 I/0" 

• 10 5/8" 
126" 
64 3/4" 

Weights, Pounds: 

Itapty 

Material 
Resin 
Catalyst (12 gal.) 
Ace-cone (l8 gal.) 
Gasoline (20 gal.) 
Fiberglass 

Subtotal 

Total (with Materials) 

2,250 

4,800 

4,800 

7,050 

9,560^2^1^ 1 

100 
108 
120 
120 

448 

10,008 

NOTES: 

f 1) Bare truck, prior to modification, 523O pounds 
(2) Consists of measured weight of 8,910 pounds plus estimated 

values for following: 
Glass Pots (4) 
Hoses 
Hose Racks 

480 lbs. 
120 lbs. 
50 lbs. 



wagon (WM-SOO), air canpreBBor, re8in/catalyst pumps, control panel, 
fiber glass pressure tanks, hoses, and other miscellaneous items. Since 
this equipment has been assembled for field test purposes, considerable 
changes in equipment weight and/or size are to be expected as development 
proceeds. Because of the inherent advantages of rolling-fluid-trans- 
porter (or roili-tank) over the tank-trailer in transportability, weight 
saving, and investment cost, the roili-tank haw been selected for use in 

the current study instead of the tank-trailer. 

Since the VTOL pad configuration is determined by the size of 

the VTOL aircraft, expected wheel loads, downwash characteristics, 
traffic frequency, and roll-off requirements, the required VTOL pad size 
and thickness will establish the amount of RSP material needed for VTOL 
site preparation. For example, a 70-foot diameter pad with a UO-foot 

basic pad of 5 pounds/square foot and a 15-foot dust cover of 3 pounds/ 
square foot will require approximately 14,700 pounds of polyester-resin- 
and-fiber-glass, but only 8,000 pounds of the same material will be re¬ 
quired if the basic pad and dust cover material is reduced to 3 pounds/ 
square foot and I.5 pounds/square foot, respectively. In current study, 
the required RSP material was assumed to be 14,700 pounds per pad, but 
this requirement was later varied in order to examine its influence on 

cost sensitivity. 

b. Preliminary RSP Mission Cost Evaluation 

In view of the logistics support responsibilities described in 
Table XIII, the major task is to utilize the available means of transporta¬ 
tion for effective logistics support operations. To achieve this objec¬ 
tive, proper design of delivery networks and staging points will be 
required, so that the necessary number of support personnel, vehicles, 
and mission time can be minimized. Figure 159 presents two potential 
logistics support concepts for the VTOL site application. Concept A 
uses the rear supply depot of the combat area (or area of interest) as an 
operation base for rapid site preparation. RSP equipment, material and 
personnel will be transported directly from the rear supply depot to the 
VTOL site location. Concept B employs the rear supply depot as a staging 
area but establishes a forward RSP operating base in the vicinity of the 
proposed VTOL site locations. MSP equipment, material and personnel will 
be sent from the rear supply depot to this forward RSP operating base and 
then transferred to the site location. The material routings may be by 
air, by surface vehicles, or a combination of both Applying these opera¬ 
tional concepts or their variations to the '/POL site deployment model, 
the oi>erational effectiveness of specified logistics support concepts can 

be evaluated. 

To simulate a VTOL RSP operation, a generalized, dispersed /POL 

site deployment model was developed. It was assumed that all dispersed 
VTOL sites would be selected during peace time or in the early phase of 
military operations, and these sites would not be prepared until an alert 
was commenced. Within three days after initial alert, X nuaber of VTOL 
pads would be prepared, and preparations for X additional VTOL pads 
scheduled for each day following until the ratio of available /POL pads 



1ST 
DISPERSED 

2ND DISPERSED 
SITE OR 

SUBSEQUENT SITE 

RSP MATERIAL ROUTING-► 
RSP EQUIPMENT ROUTING-► 
EMPTY RESIN CONTAINERS (TANK-TRUCKS ROLLI—TANKS ROUTING--*►- 

ROUTINGS MAY BE BY AIR, BY SURFACE VEHICLES, 
OR A COMBINATION OF BOTH. 

Figure 199* Logistics Support Operation 
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to occupied pads is four to one. To represent various levels of RSP 
operations, the total number of prepared VTOL pads tinder consideration 

were 24, 4o, and 72. 

Figure l60 presents the logistics support model chosen for the 
current investigation. It describes the relative locations of rear sup¬ 
ply depot, VTOL dispersed sites, and forward RSP operating base, and 
shows the routings of RSP eq,uipinent and material by means of airborne 
logistics support vehicles, such as the C-142 or CH-47• The air trans¬ 
portation cost Inputs are tabulated in Table XV. Table XVI gives the 
assumed weight azrt unit cost of the RSP spray equipnsnt and material. 
Since the number of sets of RSP spray equipment required to a support a 
RSP operation depends on the required site preparation time, travel time 
between site locations, available working hours per operational day, and 
level of RSP activity, the performance capability of RSP equipment will 
have a direct effect on the cost of the RSP operation. Figure I60 de¬ 
scribes the required sets of RSP equipment as a function of RSP system 
performance capability and the required number of VTOL pads to be pre¬ 
pared in one day. For example, if it is required to prepare l8 VTOL 
pads in one day, and each set of RSP equipment is capable of producing 
only two VTOL pads per day, then nine sets of RSP equipment will be re¬ 
quired in order to satisfy the mission requirement. 

« 

The cost parameters to be examined in current study Included: 

(1) Transportation cost for VTOX, site preparation equipment 

and material 

(2) Capital investment 

(3) VTOL site preparation cost 

These parameters eure described below: 

Transportation cost 

(a) Transportation cost of the VTOL site preparation 
equipment and material from the Rear Supply Depot 
to the Forward RSP Operating Base, or to the VTOL 

dispersed sites. 

(b) Transportation cost for retrieving the TOOL site 
preparation equipment and unused material after 

site completion. 
• 

Capital investment 

(a) Total cost of VTOL site preparation equipment and 
material which is necessary to support a specified 

RSP mission. 



RSP MATERIAL ROUTING-► 
RSP EQUIPMENT ROUTING-► 
EMPTY RESIN CONTAINERS (ROLLI—TANKS) ROUTING 

Figur« l60. Logistic« Support Evaluation Model 
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TABLE XV ASSUME» AIR TRAMS PORT ATIC* COST 

From To 
Mean 
Travel 
Distance 

Air Transportation 

Typical Cost 

Carrier ¿/ton-mile 

Reax Supply Base 

Rear Supply Base 

Forward RSP 
Operation Base 

VTOL Dispersed 
Site 

VTOL Dispersed 
Site 

Forward RSP 
Operation Base 

VTOL Dispersed 
Site 

VTOL Dispel aed 
Site 

liOO ml 

400 ml 

20 mi 

2 mi 

C-l42 $1.90 

C-IU2 $1.90 

CH-47 $2.86 

CH-1>7 $2.86 



TABLE XVI RSP SPRAY SYST»! INPUT DATA 

Weight Uhit Cost 

BSP Equipment 

500-gal. roll!-tank 

BSP spray material 

Container for RSP spray 
material (55-gal. drum) 

« 

Resin tranafer pump 

10,000 lb. 

145 lb. 

14,700 lb. 

80 lb. 

525 lb. 

$ 16,131 * 

$ Ö00 

$ 0.46l6/lb. 

$ 1,132 

• Baaed on 100-unit production coat 





VTOL alie preparation cost 

(a) Total amortization and maintenance cost for the 
VTOL alte preparation e<|uipnent — assumed to 
be 2fp equipment coat and roili-tank cost for 
each prepared VTOL pad. 

(b) Total VTOL site preparación material coat. 

(c) Total VTOL site preparation equipment and material 
transportation cost. 

(d) Prior site preparation cost and manpower cost 
(these factors are neglected in current study). 

Table XVII gives the typical RSP spray requirement and material 
which are needed for supporting a specified RSP operation. Based on fore¬ 
going assumptions, the mlssian costs of above RSP system evaluation model 
is tabulated in Table XVIII. 

Examination of other VTOL site materials indicates that the ex¬ 
truded aluminum mats (such as the AM-2 mats or the Dow^ MX-18 mats) ana 
the nylon- (or dacron-) neoprene membrane material are potential candi¬ 
dates. The membrane material is limited to the dust cover application 
because of low structural strength, wear resistance temperature 
restriction. The AM-2 mat is 1 l/2 inches by 2 feet by 12 feet in size; 
weighs approximately 6 pounds per square foot and costs about $96 per 
panel. The MX-18 mat weighs 4.7 pounds per square foot and costs about 
the same as the AM-2 mat. The 2-ply nylon-neoprene (T-17) membrane 
weighs about 3 pounds per square yard and costs $5.40 per square yard. 
Although the cost of T-17 membrane is about the same as the RSP 
material in dust cover application, the laying of T-17 mambrane is much 
less laborious with associated time saving over the RSP system. However, 
the teclinical problems in mating the basic pad resin material to T-17 
membrane can be quite difficult and must be solved before the advantages 
of membrane material can be realized. 

The AM-2 mat is designed primarily for use in SATS (short air¬ 
field for tactical support) application, ae Interlocking device enables 
it to be placed rapidly over a well-graded surface with only a relatively 
small crew and a few hand-tools. The placement rate of AM-2 mats is about 
3OO square feet per manhour. To employ the AM-2 mats as VTOL site material, 
current experience at LTV indicates that the ixsllvidual mats must be 
firmly Interlocked and edge-protected in order to prevent them from being 
blown away by the downwash. An incident which illustrates this require¬ 
ment occurred during the C-142 flight test program at Edwards Air Force 
Base. The C-142 was hovering at about 30 feet altitude at that time, and 
a slow turn was executed. During this maneuver, the aircraft translated 
slightly to a point above the edge of the Convalr aiiinnum matting which 
formed a section of the runway (see diagram below). After a total of about 
two minutes in hover, the matting began to undulate and 15 segments, 1 1/4 
inches by 4 feet by 4 feet in size and approximately 60 pounds each, 
broke loose and were blown away. In addition a 210 foot section of the 



TABUS mi RSP SYSTEM MISSION REQUIREMENT 

Total No. 
of VT OL 
Pads to be 
Prepared 

Sets of 
RSP 
Spray 
Equipment 
Required 

Total No. 
of RoUi- 
Tanks 
Required 

Total No. 
of Resin 
Transfer 
Pumps 
Required 

Total RSP 
Material 
Required * 
(tons) 

72 

48 

24 

6 

4 

2 

90 

60 

30 

6 

4 

2 

529.2 

352.8 

176.4 

(* Assumed 14,700 lbs RSP material per pad) 



TABUS Win TYPICAL MISSION COBi OF RSP SPRAY SYSTEM 

Total No. 
of VTOL 
Bads to be 
Prepared 

No. of VTOL 

Bads to be 
Prepared per 
Day 

No. of VTOL 

Ruis per 
Dispersed Site 

Total Site Preparation 

Cost 
RSP 
Concept* 

(1) 

AM-2 Aluminum 
Mat. Concept4- 

(2) 

100Í 

72 

48 

24 

18 

12 

6 

2 

2 

2 

$1,045,322 

$ 695,170 

$ 347,583 

$1,848,789 

$1,232,543 

$ 616,296 

56.5% 

56.4* 

56.4* 

Total No. of 
VTOL Bads to 
be Prepared 

Avg. Site Preparation 
Cost per Pad 

Capital Investment 

RSP 
Concept* 

Am-2 Aluminum 
Mat. Concept 

RSP 

Concept* 

(1) 

Aluminum 
Mat. Concept* 

(2) 

[a{ x 

72 

48 

24 

$14,518 

$14,483 

$14,483 

$ 25,678 

$ 25,678 

$ 25,679 

$676,136 

$450,757 

$225,378 

$1,148,612 

$ 765,758 

$ 382,854 

58.9* 

58.9* 

58.9* 

Total 
No. of 
VTOL 
Bads to 
be Pre¬ 
pared 

Avg. Capital 
Investment per Bad 

Total Trans¬ 
portation Cost 

Avg. Transportation 
Cost per Bad 

RSP 
Concept* 

TSm-2 

Aluminum 
Mat. 
Concept4- 

RSP 

Concept* 

(1) 

ÄM-2 

Aluminum 
Mat. 
Concept4- 

(2) 

{è}x ltx* 

RSP 

Concept* 
AM-2 Alumi¬ 
num Mat. 
Concept4- 

72 

48 

24 

$9,391 

$9,391 

$9,391 

$15,953 

$15,953 

$15,952 

$522,113 

$346,364 

$173,181 

$700,177 

$466,785 

$233,392 

$ 7,252 

$ 7,216 

$ 7,216 

$ 9,725 

$ 9,725 

$ 9, 725 

74.6% 

74.2* 

74.2* 

* 

+ 

14,700 lbs. RSP material per pad 

70-ft. diameter site 



Rummy < 

50 ft 

- 

100 ft 

50 ft 

M9-M2 Aluminum mats 

Convair aluminum mats 

M9-M2 Aluminum mats 

£2£ll£.PrOP*llar 4oWM“h -4 “»Pi«- 

^vííMrr-eort 
ttwwftwtcr» vlUlupoM. larger pemltle. to the AM-2 coneept thento 
the RSP system. The VTOL site preparation costs of these two cmvm*. 
ara summarized in fDable yuttt Tne— - ,. mmtoo wp concepts 

-f ^ignl^foef S^^^To^tir sî^L'eT 
the SSÄTTE =oet. for 

O © 

§ X 100* 
RSP 

Concept* 
AM-2 Aluminum 
Mat Conceptt 

Average Transporta¬ 
tion cost per pad $7,252 $9,725 74.65t 
Capital Investment 
per pad 

$9,391 $15,953 50.95t 
Average VTOL Site 
Preparation Cost 
per pad 

# AflcrrrnvnH lk fW~i __j _ e^w 

$14,483 $25,678 56.55t 

»»«uuosu. x*p,vaaj pounds nor mat* 
T Assumed 70-foot diameter pad) 
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Current inve.tlgstloní. at IITV Indicate that the required anount of resin 

î“**!*1 preparation can he reduced free. 5 pounda/.quare 

foot î01 ï*“1' pouia*/ 
square foot to 1.5 pounds/square foot for the dust cover, without de- 
grading the pad *s usefulness. For a 40-foot diameter basic pad and a 
ip^fbot dust cover, this will result in 46* of material saving, and thus 
further enhance the competitive position of the RSP System. 

c. RSP System Cost Parameter Sensitivity 

To de Ermine the priority of importance for the RSP system 

îhPrï£B>eïlt Jrogx,*“Ba' *** ^Ject study examined the problem aïeas where 
the RSP mission cost could best be minimized. This cost sensitivity 

^Sïial eîlCClL0t ^ «^I^Vnaterial weight and RSP 
°n the ^ 8y8tem transportation cost, capital in- 

íimil^ t^thVT0L 8Íte Pr®paration C08t* Th® mission ground rules were 
similar to those presented in above paragraphs. The study findinas are 
presented in Table XIX. Figure 162 provides the graphic presentation of 

indicated by ^ ^iot> *** mission cost of RSP system is highly sensitive to the RSP material require- 
Afectad only aiightiy by the change of e^pmenHeight or 

^for exainPle^ a 50* reduction of RSP material 
provl,de a a9«9* reduction in mission transportation cost a soi r» 

duction in capital investment, ami 46.5* in ^¡îS^r^tîofco”" 
^ereas a 50* reduction in equipment weight or a 100* spSi 

?*2ÎJÎT0L 81 te PreParatiou cost reduction. Based^ 
Í!¡ 18 lndlcative ttl&t the improvement of RSP technique 

in Sf Sf r#<IUirr!*nt ihoul,1 b® toP Priority 
!?Pt improvenient program. Current investigations con- 

ted at LTV indicate that the employment of woven fiber glass cloth as 
basic reinforcement material can provide a satisfactory basic pad with 

^BqUare f00t ^ “terial and a dust cover of 1.5 pounds/square 
foot. In comparison with the above 14,700-pound pad (a 40-foot diameter 

five pounds/square foot and a 15-foot dust cover at thS^T 
h reduction cf ^ material requirements will re- 

pï^tîœ ¿Mt“ 08 ma a 43* saving of VTOL site 

p, ^ Provide guidelines for RSP material spray rate inprovement, 
igure 163 relates the tine available for spray operation at each VTOL 

pad location as a function of RSP system performance canabilitv knd 

oer^d ^ ÏÜÎÏ ^8^1,8^ Bite* Th® travel time between dis- 
persed sites isassuaed to be 3/4 hour. The RSP material spray time is 
assumed to be 80* of the total site preparation time. This time assign- 

°f“Vi8 bî?ed °n PaBt experience at LTV where a 22,605-pound pad was Se- 
STn “tual spiay tl« wasf our*hours 

ib ■fautes, while the remaining time was for equipment set-up, clean- 
Fieure^;^'^ miace:UÄneous operations. As shown in 
Figure 163. the available spray time depends on the number of pads to be 

^ number of pa^ P®1, di®- 
F?r if the RSP system has to prepare 4 VTOL pads 

at two dispersed site locations in 12 hours, then the maximum available 
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TABÏE m SVRfid SYSTEM COST PARAMETER SBBITIVXTlf 

Means of Improvement 

(l) Increase RSP spray 
rate by 100^ with 

no increase in RSP 
equipment weight 
and unit cost 

Comparison Factor 

% Cost Reduction 

72 pads 48 pads 24 pads 

(2) Reduce the RSP 
spray equipment 

weight by 50^ with 
no change in per¬ 
formance and unit 
cost 

(3) Reduce the required 
RSP spray material 
weight by: 

(i) 10* 

(ii) 20* 

(iii) 50* 

(a) Total pad 
preparation 
cost 

(b) Capital invest¬ 
ment cost 

(c) RSP Equipment 
Cost 

(a) Total pad 
preparation 
cost 

(b) Total Trans¬ 
portation cost 

(a) Total pad 
preparation cost 

(b) Capital investment 

(c) Total transporta¬ 
tion cost 

(a) Total pad prepara¬ 
tion cost 

(b) Capital investment 

(c) Total Transporta¬ 
tion cost 

(a) Total pad prepara¬ 
tion cost 

(b) Capital investment 

(c) Total transporta¬ 
tion cost 
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REDUCTION IN RAPID INCREASE IN RAPID SITE 
SITE EQUIPMENT WEIGHT EQUIPMENT SPRAY RATE 

I ■ 1 TMliinrif"" 
40 60 80 

PERCENT CHANGE 

Figure 162. RSP Spray Syatem Coat Parameter Sensitivity 
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(TOtïl! H JW1 “F* *! 

spray time 1s 135 minutes. However, if the RSP requirement Is six pads at 
three locations in 12 hours, then only 84 minutes per pad is available for 
spray operation. Consequently, this time constraint defines the ^ 
spray rate requirement for a specified RSP operation. 

Based on the maximum pumping capacity of the current RSP system, 
the spray time for 14,700 pounds of resin material is 128 minutes. As in¬ 
dicated in Figure I63, this material application rate will enable the RSP 
system to prepare two 14,700-pound pads at each of two dispersed alves in 
s total of 12 hours. Any higher VTOL pad preparation requirement will re¬ 
quire improved RSP material application technology. This problem area will 
be examined further during the Phase II program. 



I ' ¡r !!Hlf [ 

■Si! i 

280 

240 

V» 
220 

200 

BASIC assumptions: 

1. 12-HR WORKING DAY. 

2. 3/4 HR TRAVEL TIME 
BETWEEN DISPERSED SITES. 

3. SOjgOF TOTAL VTOL PAD 
' PREPARATION TIME IS FOR 

RSP SPRAY OPERATION. 
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El! 
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RSP SYSTEM 
PERFORMANCE 
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PER DAY) 
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hi 
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40 

NUMBER OF VTOL PADS 
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1 

Figure 163. RSP System Generell zed Performance Requirement 
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SECTION VII 

CONCLUSIONS AND RECOMMENDATIONS 

1. CONCLUSIONS 

a. Material Formulation 

A >^gH temperature filled polyester resin (Formulation B-3-B) 

with good anti-settling properties was successfully produced in large 
scale quantities. The resin was unaffected by normal handling and 

shipping by truck, airplane or ship. 

Long-term storage (9 months) of the B-3-B resin foraulatian 
showed no apparent degradation when stored in sealed 55 gallon drums. 

Hie combination of B-3-B resin formulation and a low percentage 

fiberglass reinforcement resulted in shrinkage cracks In full scale VTOL 
sites. Incorporation of a more flexible resin component material reduced 

the shrinkage of the high temperature resin formuLatlons. 

The thermal eroaion resistance of an unfilled, fiberglass 

reinforced, fire retardant resin appears to be adequate for non¬ 

afterburning turbojet VTOL aircraft of the P.1127 type. 

VTOL sites if increased st sngth are also obtainable by 
increasing the percentage of fiberglsu s reinforcement. The use of woven 
fiberglass roving in combination with sprayed fiberglass roving gave 

superior results to sprayed roving only • 

A composite pad made by using an unfilled resin as the base 

layer and a high temperature filled resin as the top layer provided 
adequate thermal-erosion resistance when exposed to a Jo5*<SE-5 after¬ 

burning turbojet engine. 

b. Application Equipment 

The first order application equipment performed reliably during 
preparation of full scale sites in Europe. Resin spray rates were too 
low at lower ambient temperatures. Also resin transfer pimping rates were 

too low for practical field operations. 

Many malfunctions were encountered in the fiberglass spraying 
system. Problems were caused by manufacturing defects, excessive rjolsture 
in the air supply and design limitations which necessitated the use of 
low air pressures. A preliminary design for a higher pressure system 

was completed. 

Hand held spraying systems appear to be of limited usefulness. 
Remote controls and mechanization of the material application procese are 
required both to speed up the operation as well as to improve the overall 
uniformity of the remote site. However, hand held systems are needed to 

provide for repair, touch-up and edge preparation. 



S , :;¡e 1 sucata 

(1) Sit« ThlckzMiBi Crlterl» 

No correlation between CBR and cone index wm apparent 
in defining the load-carrying capability of the soil. 
Cm the average, soil deflections were reduced by approxi¬ 
mately a factor of twelve for wheel leads applied over 
2 to 3 lbs/sq. ft. density pads rather than on bare soil. 

be results of the strain gage and deflection data Indi¬ 
cate that the etr eras on the upper surface of the pad 
axe defined by a cjüblnatlon of plate bending and membrane 

forces. 

' The post-Europe pads were structurally superior to the 
previous type of pads. None of these pads failed by 
rupturing or crocking as did the pre-Europe pads. Hov- 
evex, the lightest test pad experienced excessive 
wrinkling. The woven roving reinforcement and the Im¬ 
proved resin system were mainly responsible for the more 
desirable pads. 

The results of the wheel load and element specimen tests 
shoved a significant amount of scatter which can be 
attributed mainly to variations In thickness and glass 
content along the pads. 

(2) Site Size and Shape Criteria 

lhe previously developed theory for single uniform Jets 
agrees fairly well with the model test data In-so-far as 
estimating landing pad alza requirements is concerned. 
The predicted site sizes are consistently 3 to 7 percent 
smaller than those determined from model teat data. The 
theory la to be modified to more closely predict downwuah 
velocities along the ground for multiple source flow fields. 

The concept: of using fences along the pad edge to de¬ 
celerate the dovnvash appears very promising, and pad 
diameter reductions of as much as 30 percent axe expected 
based on model test data. 

The analysis of pad lifting forcea has shown that tuxbo- 
Jet VTOL aircraft producing exhaust dynamic pressuras in 
the range of 300 to 1,000 PSF produce aerodynamic forces 
over bung>0 on the pad great enough to lift or roll back 
the edge of the pad. Some means of edge restraint is 
required to prevent the edge from being lifted. 



mm 

d. Remote Site Preparation 

Two VTOL remote sites were prepared in England from which P.1127 
airurait flight operations were successfully conducted. While cracking of 
both sites occurred, a patching technique was successfully employed to re¬ 
pair the cracked areas. A total of 26 take-offs and landings were made 
from the 66-foot site. No edge lifting occurred. Taxiing of the aircraft 
over this pad did not harm it. No significant heat effects from the air¬ 
craft exhaust were noted. 

Primary cause of the cracking of the English sites is believed 
to be the shrinkage of the polyester resin combined with a low percentage 
fiberglass reinforcement. Quite possibly the tenacious grass-root struc¬ 
ture to which the pad adhered contributed to the build up of shrinkage 
stresses by restraining the pad. In the German site, the restraint was 
provided by the bonding of the pad to the concrete taxiway runway 
adjacent to the site, the surface of the concrete being sheared in 
several places. 

A turned-down edge around the periphery of the pad was com¬ 
pletely effective in preventing downwash getting under the P.U27 sites. 
The VJ101C-X2 aircraft downwash caused severe lifting of the Qexman pad 
due to an exposed edge which was not made in this mannsr. 

The strength of the remote sites appeared to be marginal for 
the P.1127 and VJ101C-X2 aircraft wheel loads although one P.1127 alte 
did withstand taxi tests successfully. 

e. Logistics Analysis 

A VTOL rapid site deployment concept evaluation model was 
developed for this study which reflects the Interactions of major factors 
dictated by VTOL operation. 

The average transportation cost of rapid site preparation 
equipment and material in supporting a 72-, 48-, or 24-VTOL pad prep¬ 
aration mission is about 74$ of the AM-2 aluminum mat concept. In tenus 
of capital investment per pad, or average VTOL pad preparation cost, the 
same comparison yields a corresponding value of 59$ and 56$ respectively. 
These values are based on a 70-foot VTOL pad, 14,700 pounds of polyester 
resin-fiberglass material per pad, and operation conditions as described 
in Section VI. Current studies indicate that the required resin material 
can be reduced by as much as 46$ for the same size pad without degrading 
the pad's usefulness. 

The cost sensitivity analysis Indicates that the rapid site 
preparation mission cost of the above logistics support evaluation model 
is highly sensitive to the required amount of material, but relatively 
insensitive to the change of equipment weight or material spray rate. 
For example, a 50$ reduction in material can provide a 48.5$ reduction 
in VTOL site preparation cost, whereas a 50$ reduction in equipment weight 
or a 100$ Increase in spray rate, yields a corresponding cos* reduction 
of only 2.2$. 
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2. RECOME NDATIONS 

a. Matarla! Formulation 

Both filled and unfilled realn systems should be evaluated 
for Improvement In one or more of the follcwlns properties: 

(1) processability 

(2) lower cost 

Various catalysts and promoter systems should be Investi¬ 

gated as to their storage, curing, and shipping characteristics. 

' An investigation should be made to Improve reinforcement 
material with respect to strength, cost reduction, or processability. 

b. Application Equipment 

The operational experience and concept study results from 
Phase 11 should be applied to a more extensive program of concept study 
and subsystem development during Phase 11. Several system concepts 
should be subjected to preliminary design analysis, and estimates pre¬ 
pared of system weight, size, cost, and other characteristics. 

Simultaneously with the foregoing, detailed design, analysis, 
and development testing should be conducted on critical subsystems conmon 
to the several concepts mentioned above. These include: improved resin 
spray nozzles for use singly or on spray bars, eliminating, If possible, 
the use of air as a catalyst Injecting and resin dispersing medium; 
automatic Injection and proportioning of catalyst and promoter during 
resin pumping to eliminate the operator control and monitoring function 
of the present system; Improved (or different) system for dispensing 
continuous roving fiberglass, to reduce malfunctions and simplify 
reloading operations; improved design of pole guns, hoses, and supporting 
devices to reduce operator fatigue; multi-nozzle spray bars and booms 
for mechanized systems; Improved monitoring and control systems for the 

foregoing. 

c. Site Design Requirements 

(1) Sito Thiciness Criteria 

Additional wheel load pad tests are needed before a 
functional site-thickness design criteria can be 
finalized. These tests mu it be performed on different 
types of soil with various C3R values. Also, It will 
be necessary to test a number of pads of constant thick¬ 
ness on each type of soil. 
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InçrovwnentB In p«d pr«p«rmtlon technl<iv»8 are neoeteary 

In order to control the glaee contentt the location and 
continuity of the glase fibers, and the overall pad 
thickness from point-to-point# This trill give a more 
homogeneous pad, eliminate any unnecessary weak spots, 
and reduce the amount of scatter in the test restate. 

Cone penetrometer readings should be discontinued as a 
criteria for a soil's load-carrying capability which 
can be defined more accurately by CBR. However, cone 
index can still be used as a check for maintaining con¬ 
stant soil conditions when repreparing the soil between 
pad tests. Also, no attempt should be made to control 
or monitor minor variations of CBR in a specific soil. 

It will be mcessary to incorporate the effects of 
repeated loads (i.e. rolling wheel loads that occur 
during the pad demonstration tests) in establishing a 
aits-thickness design criteria as well as defining 

allowable deflections for static loads. 

(2) Site Sise and Shape Criteria 

Reliable downwash data must be acquired for actual 
aircraft operations over the landing sites to prove the 
theoretical predictions and to correlate with model test 
data. Ground Jet roll-up and recirculation should be 
investigated to define the environnent in which the 

aircraft must operate. 

The concept of downwash fences at the edge of the 
i Anting iite should be investigated through further 

model testing and full-sized tests to fully establish 
the advantages and disadvantages of the fences. 

d. Remote Site Preparation 

Additional capabilities for hoisting and handling materials 
or equipment in the field are desirable for a self-sufficient field 

operation. 

While the "cookie-cutter" wheel made a suitable groove in 

some soils for the turned down edge of the pad, modification of the 
method is required to provide an improved edge under various soil con¬ 
ditions • This improvement should be coordinated with other edge treat¬ 

ment studies. 

The preparation of remote sites of large size (3#500 square 
feet or more) requires application equipment with greater capacity and 
automated operation to decrease total fabrication time and to reduce 

personnel effort. 
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a. Loglatlca Analyla 

Additional afforta ahould ba diractad toward tha examinations 

of logistics support raqulramants! rapid sita praparation mission cost 
evaluation and the rapid sita praparation system coat parameter sensitivity. 

Tha findings from current studies in rapid site praparation 

system performance requirements and cost sensitivity analysis should be 
used to establish guidelines for the Phase II rapid site preparation 
system performance effectiveness tradeoff analysis will be required as 
better understandings are gained in VTOL pad design, resin material 
selection, resin spray techniques, application of other potential rapid 

site preparation material, and VTOL site utilisation. This tradeoff 
study can help in defining the characteristics of second generation 

rapid site preparation spray equipment. 
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