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ABSTRACT 

Engineer design tests were performed on a dust-control system, 
i.e. materials and prototype emplacement equipment, from 18 December 1970 
to 2 August 1971. The performance of the dust-control material exceeded 
the criteria of the currently existent Qualitative Materiel Requirement. 
Only minor deficiencies were noted and these deficiencies will be cor
rected by specification changes that' will place closer controls on sup
pliers of dust-control materials. The liquid distributor for dust 
control described herein performed well on-road, off-road, and during 
spraying operations. There were no major equipment failures. The minor 
deficiencies that were encountered could be readily corrected. During 
the tests, modifications·were made that improved vehicle operation. 
Design changes will be required in order.to meet the vehicle weight re
quirement and to improve the maintainability of the vehicle. Based on 
the results of the tests reported herein, it is concluded that the dust
control system is suitable for engineering tests/expanded service tests. 



FOREWORD 

The engineer design tests reported herein were conducted by person
nel of the U. S. Army Engineer Waterways Experiment Station (WES) and 
the U. S. Army Mobility Equipment Research and Development Center 
(MERDC) under Research and Development Project No. 1G664717DH01, 
Task 12, "Dust-Control Material," and Task 13, "Liquid Distributor for 
Dust Control," under the sponsorship of the U. S. Army Materiel Command. 

The tests were conducted during 1971 at various military installa
tions by personnel of the Materiel Development Division, Soils and Pave
ments Laboratory, WES, and Construction and Construction Equipment 
Development Branch, Construction Equipment Division, Mechanical Tech
nology Department, MERDC. The data generated by this study were re
ported to the sponsor; this report was published in order to provide a 
permanent record of the test results. 

Engineers who were actively engaged in the planning, testing, ana
lyzing, and reporting phases of this investigation were Messrs. J.P. 
Sale, Chief, Soils and Pavements Laboratory, R. G. Ahlvin, W. L. Mcinnis, 
R. C. Eaves, and M. M. Culpepper, all of WES, and Messrs. M. H. 
Henderson, A. J. Rutherford, W. H. Leathers, D. L. Cra~, and R. Osmond 
of MEFnc. This report was written by Messrs. Culpepper and Osmond. 

BG Ernest D. Peixotto, CE, and COL G. H. Hilt, CE, were Directors 
of WES during the preparation of this report. Mr. F. R. Brown was 
Technical Director. COL Bennett L. Lewis, CE, was Commanding Officer 
of MERDC. Mr. W. B. Taylor was Technical Director. 
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CONVERSION FACTORS 2 BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to 
metric units as follows: 

inches 
feet 
yards 

Multiply 

. miles (U. S. statute) 
square inches 
cubic inches 
square yards 
pints (U. S. liquid) 
quarts (U. S. liquid) 
gallons (U. S. liquid) 
pounds (mass) 
tons (2000 lb) 
kips (mass) 
gallons per square yard 

ounces per square yard 
pounds (force) per 

square inch 
pounds per square yard 
feet per second 
feet per minute 
miles per hour 
Fahrenheit degrees 

By 

2.54 
0.3048 
0.1944 
1.609344 
6.4516 

16.3871 
0.836127 
o.473179 
0.000946 
3.785412 
o.45359237 

907.185 
453.59237 

4.5273 

33.90574 
0.6894757 

0.542492 
0.3048 
0.3048 
1.609344 
5/9 

To Obtain 

centimeters 
meters 
meters 
kilometers 
square centimeters 
cubic centimeters 
square meters 
cubic decimeters 
cubic meters 
cubic decimeters 
kilograms 
kilograms 
kilograms 
cubic decimeters per 

square meter 
grams per square meter 
newtons per square 

centimeter 
kilograms per square meter 
meters per second 
meters per mJnute 
kilometers per hour 
Celsius or Kelvin degrees* 

* To obtain.Celsius (C) temperature readings from Fahrenheit (F) read
ings, use the following formula: C = (5/9)(F - 32). To obtain Kelvin 
(K) readings, use: K = (5/9)(F - 32) + 273.15. 
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SECTION 1. INTRODUCTION 

1.1 BACKGROUND 

There currently exists a Department of the Army approved Quali ta
ti ve Materiel Requirement (QMR) for development of an effective dust
control system consisting of materials and placement equipment in 
support of military operations. In response to this QMR, the U. S. Army 
Enginee~ Waterways Experiment Station (WES) has conducted extensive re
search and development programs to establish new dust-control materials, 
and the U. S. Army Mobility Equipment Research and Development Center 
(MERDC) has conducted comprehensive programs to design and develop 
equipment for emplacing dust-control materials. 

1.1.1 1967 Engineering and Service Tests 

During the summer of 1967, six commercial dust-control materials 
(three film formers and three penetrants) were subjected to integrated 
engineering and service tests (ET/ST). None of the items tested met all 
of the requirements for an acceptable dllst-control material as stated in 
a U. S. Army Materiel Command (AMC) letter dated 21 June 1967.* 

1.1~2 1968 Military Potential Test 

During the summer of 1968, two new film-forming dust-control ma
terials, a natural rubber latex and a cationic asphalt-neoprene emulsion 
(CANE) that were developed under contract, were subjected to a military 
potential test (MPT) at Yuma Proving Ground (YPG), Arizona. In addition 
to the two new materials, one of the previously tested film-forming ma
terials, a proprietary polyvinyl acetate (PVA) emulsion, was included in 
the MPT as a comparison item. Each material was placed at various ap
plication rates, both with and without chopped fiberglass reinforcing. 
The PVA comparison item and one of the contract-developed items, CANE, 
showed sufficient potential as dust-control materials to warrant ·:further 
development and testing.** 

MERDC supplied three experimental distributors for application 
equipment and monitored emplacement operations in the field during the 
MPT at YPG. All equipment items were generally capable of applying -the 
dust-cont.rol materials-; however, only- an· Etnyre- distr-ibutor-wittr a
Viking gear pump and a trailer-mounted pneumatic distributor were judged 

* 

** 

Letter dated 21 June 1967 to Director, U. S. Army Engineer Waterways 
Experiment Station, Vicksburg, Miss., from AMC, Subject: Equipment 
Performance Reports of USATECOM Project No. 7-7-0888-01-02. 

L. W. Murdock and A. J. Faggion, Jr., "Military Potential Test of 
Dust Control Materials," 28 Feb 1969, U. S. Army Armor and Engineer 
Board, Ft. Knox, Ky. , and U. S. Army General Equipment Test Activity, 
Ft. Lee, Va. 
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to have sufficient potential to warrant further development. These two 
distributors were subsequently modified to correct certain deficiencies 
encountered during the MPT and were equipped to emplace liquid paj.lia
tive either with or without fiberglass scrim reinforcing. 

1.1.3 1969 Engineer Design Test (EDT) 

The PVA and CANE, both with and without fiberglass reinforcing, 
and two modified experimental distributors were subjected to an EDT dur
ing the sunnner of 1969. These tests were conducted jointly by WES and 
MERDC at Eglin AFB, Fla., and Ft. Benning, Ga., each site having en
vironmental conditions and soil types different from those at YPG. Both 
PVA and CANE showed significant potential for fulfilling the dust
control material requirement; however, each material had some deficien
cies. Therefore, two contracts were negotiated to develop an improved 
PVA water emulsion. The contractor who developed CANE refused to nego
tiate a new contract, thereby eliminating CANE. Further design informa
tion for the prototype distributor was established based on the EDT, 
resulting in modification of a development contract for one prototype 
distributor which had been awarded in FY 69. 

Based on the results of the FY 69 EDT, WES and MERDC recommended 
that additional EDT's be conducted using a prototype distributor and an 
improved PVA material. The additional tests were considered necessary 
to evaluate the prototype distributor and to obtain data for design of 
the dust-control system. 

Sites for the additional EIYI''s were selected to ensure coverage 
of the types of soil and climates specified in the QMR. The test sites, 
soil conditions, types of clima~~, and time of year selected for the 
test were: 

a. Ft. Belvoir, Va. Clay (CL), intermediate climate, January
August 1971. 

b. Dyess AFB, Tex. Sandy clay (CL) with a trace of gravel, in
termediate climate, March 1971. 

c. Ft. Bragg, N. C. Sand (SP-SC-SM), intermediate climate, 
April 1971-. 

d. Eglin AFB, Fla. Silty sand (SP-SM), intermediate climate, 
June 1971. 

e. Yuma Proving Ground, Ariz. Sand (SC) with clay, hot and dry 
climate, June 1971. 
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1. 2 DESCRIPTIONS OF MATERIALS AND EQUIPMENT 

1.2.1 DCA-1295 and DCA-1290 

DCA-1295 and DCA-1290 are contract-developed items that consist 
of PVA emulsion modified with plasticized surfacants and other inorganic 
elements. DCA-1295 differs from DCA-1290 in that it possesses greater 
tensile strength and a higher viscosity. Upon cure, the materials form 
a highly_ flexible film possessing good elongation and tensile strength 
properties. For application, DCA-1295 and DCA-1290 are generally diluted 
with one part water to three and four parts concentrate, respectively. 

1.2.2 Scrim 

The fiberglass scrim (Figure I-1) used was a lightweight, plain 
weave, greige finish material. The scrim was style 16-445 by Uniglass 
Corporation which has a 10 by 10 thread count and weighs 1.6 oz per sq 
yd.* The scrim was supplied in 6-ft-wide rolls with an average length 
Of 900 yd. 

1.2.3 Cutback Asphalt 

The asphalt used was a commercially available liquid asphalt. 
The asphalt was not a dust-control material test item but was used to 
test the heating and placing capability of the liquid distributor for 
dust control (LDDC). 

1.2.4 Water 

Prewetting water and water for diluting the PVA material may be 
ta.ken from any available source. 

1.2 .• 5 Emplacement Equipment (LDDC) 

The prototype distributor (Figure I-2) is a rubber-tired, sec
tionalized vehicle consisting of a prime mover (power section) and a 
tanker (distributor section). The vehicle has a speed range of 1/2 to 
35 mph, with low speed being obtained through the engine governor at an 
engine speed of not less than 50 percent of maximum governed rating. 
All wheels are powered, and- the- sections- can be- coupled- or--uncoupie-d~ in-
30 min or less. The power section weighs 14,600 lb, and the distributor 
section weighs 17,000 lb. The prime mover has a single axle with large 
tires for high flotation and good cross-country mobility and has re
tractable wheels that permit the unit to be moved short distances on 
relatively level terrain for coupling with the distributor section. The 
prime mover section utilizes standard off-the-shelf components except 

• * A table of factors for converting British units of measurement to 
metric units is presented on page viii. 
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for a specially designed frame. The distributor section consists of a 
two-compartment stainless steel tank (one 375-gal section for water and 
one 2000-gal section for dust-control material), tandem axles with large 
single tires, an asphalt-heating system, a pumping and distribution sys
tem, and a mechanism for transporting and applying fiberglass scrim. 
The distributor is capable of self-loading from 55-gal drums. It can 
simultaneously apply water for preconditioning soil, fiberglass scrim 
for reinforcing, and dust-control material. It is also capable of heat
ing and applying various grades of asphalt materials, although this is 
not required by the QMR. Detailed physical data are presented in 
Appendix II. 

1.2.6 Tes't Support Eguipment 

The aircraft blast simulator, which was developed by WES, is a 
trailer-mounted C-130 model A aircraft engine oriented in the same posi
tion in relation to the ground as a taxiing C-130 aircraft • Air veloc
ities at various distances behind this engine are given in Appendix II. 

1.3 TEST OBJECTIVES 

The general test objectives of the EDT were: 

a. To obtain data and information necessary for design of the 
dust-control system. 

b. To determine the design adequacy of the prototype LDDC assembly 
and components. 

c. To determine the inherent physical properties of both material 
and equipment, including the effects of environmental stresses and con
ditions on these properties. 

d. To demonstrate significant military and technical characteris
tics of the dust-control system. 

e. To determine equipment/materials interface problems and system 
deficiencies prior to testing. 

f. To evaluate human engineering factors as related to the design 
of the dust-control system. 

g. To perform a maintenance . evaluation of the prototype 
distributor. 

h. To evaluate and determine equipment safety as related to the 
design of the prototype system. 

i. To determine the ability of the prototype equipment to heat 
asphalt and to emplace the ho~ asphalt • 
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1.4 SCOPE OF TESTS 

The EDT's were performed to evaluate the scrim, DCA-1295, DCA-1290, 
and prototype distributor under actual field conditions. The various 
dust-control treatments were evaluated under the prop wash of a C-130 
aircra~ or a C-130 blast simulator and various helicopters. 

1. 5 CONCLUSIONS 

The dust-control system is suitable for ET/EST. 

1.5.1 Dust-Control Materials 

There were only two minor shortcomings observed during testing of 
the DCA-1295 and DCA-1290, and only two minor deficiencies were observed 
relating to the fiberglass scrim. The DCA-1290 was dropped from con
sideration after being tested at two sites. The DCA-1295 had various 
amounts of skim or solids when received and foamed excessively twice 
during tests. It is felt that the shortcomings of DCA-1295 can be at
tributed to several things: 

a. DCA~l295 was delivered to Ft. Belvoir, Ft. Bragg, and Dyess 
AFB during winter months and subjected to cold temperatures. 

b. The DCA-1295 packaging configuration was deficient. 

c. Lax blending controls were practiced by the manufacturer. 

These problems can be overcome by planning, rigid controls, and rede
signed packaging. 

The fiberglass scrim was wrapped too loosely on several cores and 
two cores were too long. In the future, the supplier will be required 
to keep a specific tension on the scrim while winding it around the core 
and to maintain better control of the length of the cores. 

1.5.2 !4m£. 

Conclusions regarding the LDDC were as follows: 

a. The LDDC performed well as an off-road vehicle. 

b. The LDDC performed well on-road, having good accelerating and 
braking characteristics. 

c. The LDDC satisfactorily emplaced dust-control material during 
the EDT. 

d. The LDDC satisfactorily heated and emplaced cutback asphalt. 
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e. The weight of the LDDC prime mover section was within the 
specified requirement. 

f. The weight of the LDDC tanker section exceeded the required 
weight by 2000 lb. 

g. The LDDC angle of departure was inadequate. 

h. The LDDC was hard to steer at low speeds. 

i. Performance of preventive and corrective maintenance of the 
prime mover was seriously impaired by poor accessibility of components. 

1.6 RECOMMENDATIONS 

WES and MERDC recommend that the below-stated deficiencies be cor
rected and the resulting dust-control systems be placed into ET/EST. 

1.6.1 Dust-Control Material 

For the DCA-1295, it is recommended that: 

a. Specifications be written to require close quality control. 

b. Rigid transportation and storage requirements pertaining to 
cold temperatures be observed. 

c. The packaging recommended in WES Memorandum for Record, 
"Polyvinyl Acetate Cycling Test," dated 10 May 1972, be used. 

1.6.2 LDDC 

For the LDDC, it is recommended that: 

a. The distributor angle of departure be increased. 

b. The distributor steering characteristics be improved. 

c. The weight of the tanker section be reduced to meet the re
_quirement .of .the -QMR. 

d. All deficiencies be corrected and all design modifications be 
incorporated into the ET/EST units. 

e. The maintainability of the prime mover section be improved. 

6 



SECTION 2. DETAILS OF TEST 

2.1 INTRODUCTION 

2.1.1 Ma,1or Categories 

The tests were divided into three major categories: 

a. Initial equipment testing with emphasis placed on automotive 
testing. 

b. Evaluation of equipment and materials during placement opera
tions (parts of the ini t.ial testing were conducted concurrently with 
this phase to expedite completion of the test programs). 

c. Operational tests, which consisted of C-130 aircraft propel
ler blast, C-130 simulator propeller blast, downwash of various heli
copters, and ground vehicle traffic on the emplaced dust-control 
materials. 

2.1.2 Test Site Locations and Layouts 

Test sites and layouts were as follows: 

a. Ft. Belvoir, Va. Two helipads, one 100 by 200 fi and one 200 
by 200 ft, were constructed on open areas at the MERDC Proving Ground. 

b. Dyess AFB, Tex. Tests were conducted on the 100- by 300-fi 
south overrun of the only existing landing-mat-surfaced runwa;y. 

c. Ft. Bragg, N. C. Tests were conducted on the runway shoul
ders and overruns of the 3700-fi-long, membrane-surfaced runway of 
Falcon Landing Zone (LZ) (see Figure I-3). 

d. Eglin AFB, Fla. Tests were conducted in two sectors of the 
Underbrush Area, one 150 by 170 fi and one 150 by 300 fi. 

e. Yuma Proving Ground, Ariz. Tests were conducted on two heli
pads, one 150 by 150 fi and one 200 by 200 fi, located at the Castle 
Dome Heliport and on a 6o- by- 200;..ft unreinforced· t·est· area. 

2.1.3 Preliminary Construction 

Each test site was different. Classification data and gradation 
curves are given in Appendix II. The climates ranged from intermediate 
at Belvoir, Dyess, Bragg, and Eglin to hot and dry at YPG. Brief de
scriptions of the preparation of each site are given below in the order 
of testing: 

a. Ft. Belvoir. The first helipad tested was 100 by 200 fi. 
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The natural ground surface was relatively smooth and sloped sufficiently 
for good drainage. A motor grader was used to remove all vegetation and 
major surface irregularities and to cut an anchor ditch around the pe
'riphery. The motor grader caused ruts up to 6 in. deep in two places on 
the pad. These ruts were backfilled using shovels; the backfill was not 
compacted. The surface of the test site was not wetted or rolled, thus 
leaving 1/2 to 1 in. of loose, dry dust. The second pad tested was 200 
by 200 ft and was prepared in the same manner as the first except that 
the surface was wetted and compacted. 

b. Dyess AFB. The overrun area had the remains of an earlier 
placement of dust-control material on it. This was removed by a motor 
grader, which also smoothed the surface. The soil was wetted and rolled 
to a well-compacted, firm surface. String lines were placed as· guides 
for placing the dust-control materials. 

c. Ft. Bragg. The shoulders and overruns had been shaped and 
compacted during construction of the runway. These areas were bladed by 
motor graders to smooth out surface irregularities and the soil was 
wetted and rolled. Adjacent to the runway, the soil was a clayey sand 
with progressively high sand content toward the outer edges, where the 
soil was classified as sand. String lines were placed where necessary 
as guides for placing the dust-control materials. 

d. Yuma Proving Ground. The natural ground surface was smooth 
with very little slope. This was not considered a problem because of 
the low annual rainfall. A motor grader was used to remove loose gravel 
on the surface and to smooth surface irregularities. The surface was 
wetted and rolled to compact the loose soil on the surface. However, 
due to the shortage of water, site preparation was not ideal 
(Figure I-4). 

e. Eglin AFB. The natural ground surface was relatively smooth 
and sloped sufficiently for good drainage. A motor grader was used to 
remove vegetation, major surface irregularities, and large debris. 
Axes were used to remove all roots from the 150- by 170-f't helipad area. 
In the 150- by 300-ft area, the roots were removed to various degrees, 
ranging from zero to 100 percent removal. An anchor ditch was cut 
around the periphery of the 150- by 170-f't area and along a 150-f't side 
of the _other _area. ..St.ring .l.ines were pl.ace.a. as guides for placing the 
dust-control materials. 

2.2 INITIAL TECHNICAL INSPECTION. 

2.2.1 Ob,jecti ves 

Objectives of the initial technical inspection were as follows: 

a. To ensure that the equipment and accessories were in good 
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mechanical condition and that pretest data were recorded prior to start 
of the test program. 

b. To determine fuel and lubricant requirements, accessibility 
of service points, special tools required, and availability of manufac
turer's maintenance and lubrication manuals. 

2.2.2 Method 

Technical inspection was performed. Fuel and lubricant require
ments, accessibility of service points, and availability of manufac
turer's maintenance and lubrication manuals were determined. 

2.2.3 Results 

a. Results of the technical inspection were as follows: 

(1) Overall mechanical condition was good. 

(2) There was corrosion at the seams in the stainless steel 
water and material tanks. There was also heavy corrosion of the gage 
floats and float pivot arms. 

( 3) The air-actuated mechanism for opening and closing the mate
rial spray valves would not function. The air pressure to the main ac
tuating cylinder was insufficient. A pressure reducer which lowered the 
air pressure from 100 to 50 psi was therefore removed. Also, the main 
linkage arm controlling the individual valves was incorrectly fitted and 
caused a resisting force when the valves were opened. 

(4) A hydraulic line for the material bar control cylinder was 
pinched at the platform due to lack of clearance. 

( 5) There was a hydraulic leak at the hose fitting on the left 
steering cylinder. 

( 6) There was an audible air system leak at the pump's speed
control valve. 

( 7) The fuel g_ag_e would not register above one-quarter_ tank .. _ 

(8) The transmission clutch pressure gage indicator fluctuated 
:!:!)O psi at high .engine revolutions per minute (rpm). 

(9) Welding at the rear platform access steps was poor. 

(10) The plumbing and spraying system instruction panel was 
confusing. 

(11) The toolbox was not aluminum or noncorrosive metal. 
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(12) Rear electrical wiring was loose and poorly insulated for 
weather protection. 

(13) Bulbs required replacement in one blackout light and one 
signal light at the rear of the unit. One floodlight did not function 
due to a faulty ground. 

(14) Most service points under the cab have poor accessibility. 
Most maintenance in the undercab area will require fender removal. 

(15) Strainers were lacking at the material tank outlet and in 
the material plumbing system. 

(16) There was no undercoating. 

(17) The present agent plumbing system has many exposed pipes 
that will become hot when they contain asphalt. This system should be 
redesigned to minimi·ze the possibility of the operator being burned. 

(18) The ladder that provides access to the top of the material 
tank was too close to the asphalt heater fuel tank to provide proper 
footing. 

(19) Neither a hand-held material spray attachment or provisions 
on the plumbing system for inclusion of one were initially provided; 
however, they were made available approximately five weeks after testing 
wag begun. 

(20) The pump tachometer gage and the bitumeter gage were diffi
cult for the operator to read in their position at the middle windshield 
area of the cab. 

b. The unit was checked and lubricated with proper lubricants at 
all service points. 

c. Operator and maintenance manuals were not received with the 
vehicle; however, they were made available approximately 30 days later. 

d. An accessible hand-operated fire extinguisher was provided at 
the cab area of the _prime mover. 

2.2.4 Analysis 

The initial inspection revealed that some design changes were re
quired. However, the results of the inspection also indicated that the 
vehicle was in satisfactory condition for initiation of the EDT. 
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2. 3 EQUIPMENT STOWAGE 

2.3.1 Objective 

The objective of this phase of the study was to ensure that all 
on-vehicle equipment (OVE) could be safely stowed in positions that pro
vide proper utility for the crew without undue safety hazards. 

2.3.2 Method 

The OVE was stowed in designated positions and inspected for 
utility and safety. ·The equipment was le~ in position throughout the 
test to allow f'urther observation of the reliability and durability of 
the brackets. Ease of stowage and removal was observed. 

2.3.3 Results 

The results of the stowage tests were: 

a. All material- and water-transfer hoses are stowed in open 
stationary clamps, fitted to the particular hose size, at the top of the 
tank. This provides easy and safe access. A two-man crew can easily 
lift or lower the hoses from the tank. The hoses can be attached to or 
removed from the holding clamps without tools with minimal force. The 
clamps and their mounting attachments showed no signs of failure during 
the 20,000 miles of transport and 1100 miles of driving experienced by 
the unit. All metal fittings on the hoses are noncorrosive and are un
affected by weather. 

b. A stowage box, 24 by 24 by 102 in. , was mounted at the rear
most position on the unit (Figures I-5 and I-6). The box was designed 
for stowage of all OVE (Figures I-7 and I-8) except the transfer hoses. 
~he box was considered to be impractical in its original location, due 
to its size. The stowage box added greatly to the turning clearance 
diameter of the vehicle and presented a problem during maneuvering be
cause the box could not be seen by the driver. Safety in removal and 
stowage of the equipment was questionable because the box was at shoul
der level for the average man. Heavy OVE might be pulled down on top of 
the person removing it. The spray bars were modified as shown in Fig
ure I-9- to include swivel Joints to eifmi-nate the requirement for stow
age of the spray bar extensions. The little remaining OVE could then be 
stowed at more accessible and convenient locations on the machine; 
therefore, the stowage box was removed from the machine prior to testing. 

2.3.4 Analysis 

All stowage facilities for the transfer hoses are adequate. De
sign modification will be necessary to provide safer, smaller, and more 
convenient locations for stowage of the remaining OVE. The stowage box 
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can be eliminated through redesign of the spray bars and addition of 
minor brackets. 

2.4 PHYSICAL CHARACTERISTICS OF EQUIPMENT 

2.4.1 Ob,1ective 

The objective of this phase of the study was to record the basic 
physical characteristics of the equipment. 

2.4.2 Method 

a. The overall dimensions of the unit, including ground clear
ance, angle of approach, and angle of departure, were measured and 
recorded. 

b. The accuracy of the material-tank float gage was determined 
using the following method. The material tank was initially filled to 
maximum capacity with water. The unit was then weighed and the previ
ously determined net weight of the unit was subtracted from this value 
to obtain a water weight. The volume of the water was determined from 
this weight. Water was pumped from the tank until a gage reading of 
1800 gal was registered, and the procedure was repeated. This was re
peated at 300-gal intervals until the tank was empty. 

2.4.3 Results 

All physical characteristics of the unit are listed on the Speci
fication Data Sheet in Appendix II. The tank-gage accuracy test results 
are shown in Table I below. 

TABLE I - TANK GAGE READINGS 

Water Weight 
lb 

2.4.4 .Analysis 

17,140 
14,440. 
12,720 
10,320 

7,840 
5,320 
2,640 

Volume of Water, gal 
Gage Reading By Weight 

2043 
1800 
1500 
1200 

900 
600 
300 

2033 
1742 
1478 
1245 

944 
642 
318 

The height of the smoke stack on the asphalt heater must be 
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reduced 2 in., and the steering wheel height must be lowered 1 in. to 
meet the QMR height limitation of 102 in. The departure angle of 11 deg 
is too low. This will impair rough-terrain vehicle operation. 

2. 5 CENTER OF GRAVITY OF EQUIPMENT 

2.5.1 Ob,jectives 

This phase of the study was conducted to determine the center of 
gravity of the overall vehicle at curb weight and to determine if 
equipment-lifting attachments are properly located. 

2.5.2 Method 

The center of gravity of the LDDC was determined with the mate
fial and water tanks empty. A modified version of the Society of Ameri
can Engineers' Weight Reactor Method was used in order to utilize avail
able test equipment. The precise test method is clarified by drawings 
in Appendix II. Tire reactions were determined with a counterweight 
balance. The li~ing reaction was determined using a strain gage load 
cell. All linear measurements were determined with a steel tape. 

2.5.3 Results 
• 

The location of the center of gravity is shown in the diagram 
below. All calculations are shown in Appendix II. 

11 
~~-----1.--'---Z= r.4--:--, ---::........:----::~---------

~---X = 127 • I 
NOTE: ALL DIMENSIONS IN INCHES 

Cente-r of Gravity· of LDDC · 

2.5.4 Analysis 

It was determined that the center of gravity of the unit is 
satisfactory. 
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2.6 LOAD DISTRIBUTION AND VEHICLE CONE INDEX 

2.6.1 Objective 

The objectives of this phase of the study were to determine 
equipment weight characteristics at various load conditions and to de
termine vehicle cone index. 

2.6.2 Method 

a. The vehicle was weighed to determine its overall curb weight. 
Gross vehicle weights (GVW) were then determined at 1/4-tank intervals 
with the vehicle ranging from unloaded to full. Water was used for the 
GVW determination. 

b. The vehicle cone index was determined in accordance with 
TM 5-330.* 

2.6.3 Results 

a. The vehicle curb weight was 31,600 lb. The prime mover sec
tion weighed 14,600 lb, and the tanker section weighed 17,000 lb. This 
total is 1600 lb over the present QMR weight limitation. The GVW data 
are as shown in Table II below. 

TABLE II - GVW DATA 

Load, gal 

500 (1/4 tank) 
1000 (1/2 tank) 
1500 (3/4 tank) 
2000 (full tank) 

GVW 2 lb 

38,540 
42,720 
46,880 
51,520 

b. The vehicle cone index was 4o.4 for the unloaded vehicle and 
64.1 for the loaded vehicle. Calculations are shown in Appendix II. 

2.6.4 Analysis 

The tanker section weight must be reduced by 2000 lb to comply 
with the weight limitation and vehicle cone index specified in the QMR. 

* Headquarters, Department of the Army, "Planning and Design of Roads, 
Airbases, and Heliports in the Theater of Operations," TM 5-330 (AFM 
86-3, Vol II), 6 September 1968, Washington, D. c. 
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2.7 PRELIMINARY OPERATION OF EQUIPMENT 

2.7.1 Objectives 

Preliminary equipment operation tests were conducted to accom
plish the following objectives: 

a. To ensure proper break-in of the various components. 

b. To determine functional characteristics of the pumping 
systems. 

c. To provide a period of familiarization for the operators 
prior to conducting tests. 

2.7.2 Method 

a. The unit was operated at curb weight on a concrete loop for 
200 miles as follows: 

(1) 50 miles at 8 to 10 mph. 

(2) 50 miles at 12 to 15 mph. 

(3) 100 miles at 20 to 25 mph. 

b. The following operations were successfully performed during 
recirculation and spraying operations. 

(1) The dust-control material was: 

(a) Pumped from an external source into the material tank. 

(b) Pumped from an external source to another external source 
without the material entering the spray bar or the tank. 

(c) Pumped from the material tank through the spray bar back 
into the material tank. 

(d} Pumped out of the- material- tank- to- an e:>1.."ternal- source~ with• 
out the material entering the spray bar. 

( e) Pumped out of the material tank through the spray bar and 
out the nozzles. 

( f) Pumped out of the material tank to the material hand-spray 
attachment. 

(g) Pumped from an external source through the piping and out 
the spray bar nozzles. ~ 
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(2) Water was: 

(a) Pumped from an external source into the water tank. 

(b) Pumped out of the water tank through the spray bar and out 
the nozzles. 

2.7.3 Results 

a. A total of approximately 5000 gal of both DCA materials and 
water were emplaced at various spraying rates. The spraying was accom
plished in a satisfactory manner. 

b. The equipment was operated at net weight on the MERDC con
crete test loop for 205 miles. The LDDC performed in a satisfactory 
manner. The break-in mileage records were as shown in Table III below. 

TABLE III - BREAK-IN MILEAGE RECORD 

Road Ensine Hours Time Milease Fuel 
Speed Fin- Fin- Fin- Used Gears 

Date mEh Start ish Start ish Start ish Gal Used 

28 Dec 70 8-10 9.1 12.6 1020 1600 17.0 53.0 All 
29 Dec 70 8-10 12.6 14.o 0830 1020 53.0 67.0 All 
29 Dec 70 12-15 14.o 17.5 1020 1600 67.0 120.0 3d-6th 
30 Dec 70 20-25 17 •. 5 19.4 1345 1600 121.0 156.o 50 5th-6th 
31 Dec 70 20-25 19.4 22.5 0800 1130 156.o 222.0 5th-6th 

2.7.4 Analysis 

The pumping system functioned very well. The instruction panel 
was found to be too complex; therefore, a simplified instruction panel 
must be provided that more clearly explains the pumping system operation. 

2.8 BRAKING EQUIPMENT 

2 • 8 .1 Ob .1 e ct i ve s 

The objectives of this phase of the study were: 

a. To determine if the vehicle can stop within a distance of 
40 f't from 20 mph. 

b. : To determine if the service and parking brake system can hold 
on a 60 percent slope. 
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2.8.2 Method 

The vehicle was run on a dry paved surface at 20 mph. The ser
vice brakes were activated to lock all wheels. The distance to stop was 
then read from a test fifth-wheel counter. The procedure was completed 
eight times under both loaded and unloaded conditions. 

2.8.3 Results 

The stability of braking was vecy good. The operator did not en
counter uneven application of the brakes at any time. The trailer sec
tion remB.ined straight with no tendency to move to either side during 
braking. Data on braking distances are given in Table IV below. 

TABLE IV - BRAKING TEST DATA 

Test Condition 

Unloaded 

Loaded with 1000 gal 
of water to simu
.late proper GVW 

Road 
Speed, mph 

20 

20 

Stopping 
Distance 2 ft 

27.6 
28.5 
25.6 
29.1 
29.7 
31.1 
30.5 
30.1 

Avg 29.0 

29.4 
31.8 
32.1 
36.2 
30. 7. 
27.0 
31.4 
28.1 

Avg 30.8 

The tests of braking ability on a 60 percent slope are discussed later 
along with the discussion of gradeability tests (para 2.11). 

2.8.4 Analysis 

" Safe stable stops were obtained during all braking tests. 
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2 .9 srEERING EQUIPMENT 

2.9 .1 Ob,1ecti ve 

The objective of this phase of the study was to determine vehicle 
steering characteristics. 

·2.9.2 Method 

The distributor was driven through a planned test course in order 
that its maneuverability could be determined. The distributor was 
driven so as to make the sharpest possible turns to both the le~ and 
the right. The amount of effort required by the driver to turn from 
lock to lock and the time necessary to turn the front wheels from lock 
to lock were measured and recorded. 

2.9.3 Results 

The vehicle could not be steered at low vehicle speeds while the 
transmission was in gear. The steering pump is operated from a power 
takeoff from the transmission and it will not provide sufficient steer
ing assistance when the transmission turns at low rpm's. 

Times required to turn from lock to lock at various engine speeds 
when the transfer case was in neutral and the vehicle was stationary are 
recorded in Table V below. 

TABLE V - LOCK-TO-LOCK STEERING TIME 

Lock-to-Lock 
Engine Steering 

!Em's Gear Time 2 sec Remarks 

600 1 29.5 Very difficult to turn 
600 2 Turn could not be completed 
600 3 Turn could not be completed 

1100 1 6.5 
l100 2 5.9 
1100 3 6.9 
1100 4 6.2 . 
1200 1 5.1 
1200 2 4.8 
1200 3 5.5 
1200 4 4.5 
1300 1 4.9 
1300 2 4.1 

(Continued) 
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TABLE V (Continued) 

Lock-to-Lock 
Engine Steering 

!:Em's Gear Time, sec Remarks 

1300 3 4.7 
1300 4 3.9 

'1400 1 4.3 
1400 2 3.5 
1400 3 4.o 
1400 4 3.6 
1500 1 3.9 
1500 2 3.2 
1500 3 3.8 
1500 4 3.2 
1600 1 3.9 
1600 2 3.1 

.1600 3 3.8 
1600 4 3.2 
1800 1 3.4 
1800 2 2.8 
1800 3 3.0 
1800 4 2.8 

Pressure tests were conducted to determine the characteristics of 
the steering pump. The results are given in Appendix II. 

Due to the lack of time, the vehicle was not run on the steering 
test course. 

2.~.4. Analysis 

The steering pump will have to be driven directly by the engine 
and provide sufficient power to allow the distributor to be safely 
steered at all vehicle speeds. 

2.10 ACCELERATION AND MAXIMUM-AND-MINIMUM SPEEDS-

2.10.1 Objective 

The objective of this phase of the study was to determine the 
acceleration characteristics, maximum speed, and minimum sustained 
speed on a level surface at curb and gross weights. · 

2.10.2 · Method 

Acceleration and speed tests were conducted on a level paved 

19 



surface. A laboratory fifth-wheel generator and electronic oscillograph 
were used to obtain data. The vehicle was accelerated at 5-mph incre
ments to speeds from 5 mph to maximum attainable speed. The test was 
conducted with the unit loaded.and unloaded. 

2.10.3 Results 

All recorded data are included in Table VI below. The IIUm.mum 
sustained road speed was attained at an engine speed of 1400 rpm, with 
the transmission and transfer case in their lowest gear range. This 
speed was 44 fpm. The maximum speed obtained with the vehicle both 
loaded and unloaded was 40.2 mph. 

TABLE VI - ACCELERATION TEST DATA 

Road Time Required to Transmission 
Condition of Speed Attain Indicated Gear 

Vehicle mph Speed, sec Range 

Unloaded 5 1.9 1-2-3 
5 1.8 1-2-3 

10 3.9 1-2-3 
10 3.5 1-2-3 
15 6.8 1-2-3 
15 6.8 1-2-3 
20 11.4 1-2-3-4 
20 12.0 1-2-3-4 
25 19.9 4-5 
25 19.0 4-5 
30 25.5 3-4-5 
35 39.4 4-5-6 

Loaded with 1000 gal 5 2.4 1-2-3 
of water to simu- 5 1.9 1-2-3 
late proper GVW 10 5.3 1-2-3 

10 4.5 1-2-3 
15 9.7 1-2-3 
15 8.3 1-2-3 
20 17.4 1-2-3-4 
20 14.3 1-2-3-4 
25 31.0 4-5-6 
25 21.5 4-5-6 
30 47.5 4-5-6 
35 67.8 4-5-6 
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2.10.4 Analysis 

The vehicle accelerated to its top speed within a reasonable 
time. The power train is considered to be adequate for the vehicle. 

2.11 GRADE.ABILITY 

2.11.1 Objective 

~his phase of the study was conducted to determine the ability 
of the distributor to ascend and descend grades up to 60 percent both 
with and without payloads. · 

2.11.2 Method 

Maximum sustained speeds without penetration or rutting of the 
slope surface were to be determined on a firm dry surface. The vehicle 
was to be operated both with and without payloads on 15, 20, 30, 40, 50, 
and 60 percent slopes. During these tests, all components were to be 
checked to determine if they operated without lubricant, coolant, or 
fuel leakage or without any other malfunction. The ·ability of the ser
vice brake·to stop and control the vehicle and the ability of the park
ing brake to hold the distributor at gross weight on the slopes were 
evaluated. 

2.11.3 Results 

The gradeability test was begun on a 30 percent slope at YPG. 
The service brakes were checked and found to be adequate on this slope. 
It was found that the parking brake system was not capable of holding 
the unloaded vehicle on the 30 percent grade. After the parking brake 
was tested, the vehicle was driven up the slope in fifth gear low range 
(2800 engine rpm at 3 mph). No vehicle malfunctions were noticed during 
this ascension. This was the only grade ascension attempted. 

2 .11. 4 Analysis 

A 60 ·percent grade requirement is unrealistic for this type of 
equipment. The maximum grade requirement for this type of vehicle is 
normally less than 40 ~ercent. The parking.b:ra.ke_ capacity. o~ the ve~ 
hicle must be increased to meet the 40 percent standard. 

2.12 SIDE SLOPES 

2.12.1 Objective 

The objectives of this phase of the study were as follows: 

a. To determine the ability of the distributor to operate sat
isfactorily on a 20 percent slope_. 
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b. To determine the maximum safe side slope. 

2.12.2 Method 

The unit, both loaded and unloaded, was operated in two direc
tions on a 20 percent side slope. The maximum safe side slope for the 
vehicle was determined by operating the vehicle at increasing side 
slopes until the vehicle was determined to be unstable. 

An M48 tank (105,000-lb gross weight) was used as a support ve
hicle (Figure I-10). The distributor was supported by two nylon straps 
attached around the material tank for loaded testing and attached at the 
middle lifting eyes for unloaded testing. Inclinometers were used to 
determine the angle of inclination of the unit. Suspension deflection 
measurements were made at the front and rear axles during static condi
tions of the unit. The measurements were made at the rear axles between 
the suspension bumpers on the walking beam and at the front between the 
tire and the fender rib across the top of the tire. The measurements 
were made only on the downhill side and at 20 percent side slopes. 

2.12.3 Results 

In a simulated loaded condition, the unit was stable and leaned 
to 25 percent on a 20 percent slope. The maximum stable side slope for 
the loaded unit was concluded to be 30 percent. This was determined 
with the unit running with the right side downhill. The maximum side 
slope was not determined with the le~ side downhill because a damaged 
suspension bushing permitted excessive lean to the le~ side. The 
20 percent side slope test was conducted with the le~ side downhill, 
however, with a vehicle incline of 32 percent. 

When empty, the unit was completely stable on the 20 percent 
slope and did not lean. The unit was run to the maximum available.slope 
of 40 percent. The incline of the vehicle was 42 percent and it was 
stable, both when stopped and when operating at low speeds. Again, the 
maximum side slope was not determined with the le~ side downhill. The 
20 percent side slope test was conducted with the left side downhill, 
however, with a vehicle incline of 28.67 percent. 

Hydraulic fluid leakage occurred at the hydraulic tank air pres
sure relief valve on·a-20 percent side slope, right side downhill, both 
when the vehicle was loaded and when it was unloaded. 

Tire clearance was adequate except that in the le~-side
downhill position with the vehicle loaded, the left front tire contacted 
the fender rib. 

The suspension deflections are listed in Table VII as follows. 

22 



TABLE VII - SUSPENSION DEFLECTIONS 

Test Condition 

Loaded, right side downhill 
Loaded, left side downhill 
Unloaded, right side downhill 
Unloaded, left side downhill 

2.12.4 Analysis 

SUspension Deflections, in. 
Front Front Rear 
Wheel Rear Axle Rear Axle 

1-5/8 
3 
1/4 
1-5/8 

3/4 
5/8 
7/16 
5/8 

5/8 
7/8 
1/8 
1/4 

The damaged suspension bushing and conditions leading to the ex
cessive wear of this bushing must be corrected in order for the vehicle 
to be satisfactorily operated on side slopes. 

2.13 CROSS-COUNTRY MANEUVERABILITY 

2.13.1 Objective 

Cross-country tests were conducted to determine the ability of 
the distributor to travel cross-country, with and without payloads, at 
speeds up to 10 mph. 

2.13.2 Method 

The prototype distributor was operated with and without payloads 
for 52.9 miles at speeds up to 15 mph over a cross-country course at the 
Engineering Proving Ground, Fort Belvoir, Virginia. 

2.13.3 Results 

The distributor was operated for 25.0 miles loaded and 
27.9 miles unloaded. The engine speeds varied from 700 to 2600 rpm, 
With gear ranges of 4-6 in low gear and 1-6 in high gear. 

2.13.4 Analysis 

Due to the low departure angle of the distributor, the agent 
spray bar contacted the ground when the distributor ascended or de
scended steep slopes. Therefore, the angle of departure must be in
creased. However, no vehicle damage was evident as a direct result of 
the test. In other respects, the LDDC functioned well as a cross
country vehicle. 
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2.14 FORDING 

2.14.1 Objective 

For<ti,ng tests were conducted to determine the ability of the 
distributor to ford water 30 in. deep. 

2.14.2 Method 

Prior to the beginning of this test, oil samples were taken from 
the engine, drive train, fuel tanks, and hydraulic reservoir. The dis
tributor was driven through water up to 30 in. deep at speeds up to 
5 mph in both forward and reverse directions. A~er 2 min of operation, 
the distributor was stopped and the engine was shut off. After 5 min, 
the engine was started, all lights were turned on, and the fording oper
ation was repeated. At the completion of the test, the unit was driven 
out of the water and accelerated to 20 mph, and then the brakes were 
applied. Oil samples were again taken. All oil samples were analyzed 
for water content. 

2.14.3 Results 

The electrical system functioned correctly after the test. 
Results of the braking tests indicated that the braking capabilities 
were not affected by the fording operations. There were no significant 
increases in the water contents of any of the oils sampled. 

2.14.4 Analysis 

The distributor is capable of fording 30 in. of water without 
operational impedance. 

2.15 COUPLING 

2.15.1 Objective 

This test was conducted to determine if the distributor can be 
coupled or uncoupled in 30 min without special tools and equipment. 

2.15.2 Method 

The unit was uncoupled on level ground by a two-man crew. The 
prime mover section was driven and maneuvered away from the trailer 
section. This was repeated three times. 

2.15.3 Results 

Times required to couple and uncouple the vehicle are given in 
Table VIII as follows. 
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TABLE VIII - COUPLING AND UNCOUPLING TIMES 

First run 
Second run 
Third run 

Coupling 
Time, min 

25 
25 
30 

Uncoupling 
Time, min 

23 
25 
20 

A sledgehammer and crowbar had to be used to remove the coupling 
pins. The locations of the pins (Figure I-11) made them difficult to 
remove. 

The prime mover section was easily maneuvered at low speeds 
awa:y from the distributor section. 

Special tools required were a small crescent wrench or 1/2-in. 
wrench, which was required to break the drive shaft. An 18-in. crescent 
wrench and a 24-in. pipewrench were required to break two of the hy
draulic hose connections. 

2.15.4 Analysis 

The distributor can be coupled and uncoupled easily in the al
lotted time; however, the need for a special crescent wrench and pipe
wrench should be eliminated. The auxiliary wheels did not contact the 
ground in their down position prior to uncoupling of the vehicle. They 
are required to support the prime mover at this time. 

2.16 SPEED AND DISTANCE INDICATOR 

2.16.l Objective 

The objective of this test was to determine the accuracy of th~ 
speed and distance indicator, which is used during spraying operations. 

2.16.2 Method 

The distributor was driven over a measured distance of 5000 ~ 
at speeds of 100, 300, and 500 fpm. 

2.16.3 Results 

Charts of indicated versus actual distance and indicated versus 
actual speed are shown in Table IX as follows. 
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TABLE IX - DISTANCE AND SPEED DATA 

Distance Data 
Operating 
Speed, fpm 

Distance Traveled, ft 
Actual Indicated* 

Percent 
Error 

100 
300 
500 

Actual 

5000 
5000 
5000 

5003 
5002 
5002 

Speed Data 
Vehicle Speed 

Indicated 

<0.1 
<0.1 
<0.1 

Percent 
Error** 

5000 ft 8 
2774 sec = l. O fps 100 fpm = 1. 67 fps 

5000 ft = 
953 sec 5.25 fps 300 fpm = 5 fps 4.5 

5000 ft = B. 5 fps 
588 sec 500 fpm = 8.33 fps 2.3 

* 

** 

2.16.4 

Accuracy of indicated distance was limited by the speed at 
which the test engineer could read the distance from the in
dicator. It is the opinion of the test engineer that these 
figures are accurate to within 8 ft. 

Speed was controlled by the operator with the hand throttle. 
Two factors contributed to inaccuracy in this area. As the 
grade of the test loop changed, the operator had to change 
the setting of the hand throttle. This, coupled with the 
vibrations in the system, which caused the indicator needle· 
to waiver through a 10- to 20-fpm range, made it impossible 
to maintain an accurate speed-indicator reading. 

Analysis 

Constant-s_peed_performance governers and damping of the indi
cator needle are required on the engine of the LDDC. 

2.17 EQUIPMENT TRAVEL MODE 

2.17.1 Objectives 

The objectives of this test were: 

a. To determine the design adequacy of the prototype assembly 
and components in the travel mode of operation. 
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b. To obtain data and information necessary for design of 
LDDC's. 

2.17.2 Method 

The .unit was driven a total of 1000 miles as follows: 

a. 250 miles on gravel loop 

b. 700 miles on concrete loop 

c. 50 miles on cross-country loop 

The vehicle was run 500 miles at curb weight and 500 miles 
loaded to a 42 ,000-lb GVW. Water was used as the loading agent and a 
half tank of water was required to achieve the 42,000-lb GVW. 

2.17.3 Results 

Total operating time for the travel tests was 35.2 hr. Unsched
uled maintenance, modification, and downtime operations are described in 
complete detail in Appendix III. Specific results wer~ as follows: 

a. The transmission would not shi~ into sixth gear. 

b. The transmission manual lock-up valve· would not function 
properly. 

c. The alternator drive belt became worn at the edges and would 
not remain on the pulley. 

d. The retaining nuts for the articulating hinge pins were 
loosened because they were not self-locking nuts, as had been specified. 

e. Fishtailing of the unit was difficult to control at speeds 
exceeding 15 mph. The fishtailing was more pronounced and difficult to 
control when the materials tank was half-loaded than when it was empty 
due to the lateral movement of the water in the tank. The sensitivity 
in the steering also made it difficult to control the fishtailing. How
ever, the vehicle is. considered safe at all- speeds- when- driven- by- an
experienced operator. 

f. Fuel and lubricant mileage was determined during traffic 
tests on the concrete loop, and results are shown in Table X as follows. 
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Test 
Condition Mileage 

Unloaded 150 
Loaded 200 

2.17.4. Analysis 

TABLE X - MILEAGE RECORD 

Diesel Fuel Engine Oil 
Consumed, gal Used 2 qt 

50.1 0 
66.4 1 

Hydraulic Oil 
Used, gt 

0 
0 

The main problem occurring during this test was with the trans
mission. The solenoid-operated manual lock-up valve was replaced with a 
manually operated ball valve to ensure positive operation of the trans
mission manual lock up. The shift linkage was reconstructed, rewelded, 
and adjusted for more positive shifting. A means should be investigated 
to reduce rear end fishtailing of the unit. 

2.18 HUMAN ENGINEERING 

2.18.1 Objective 

A study was conducted to evaluate the human engineering factors 
as related to the design of the LDDC. 

2.18.2 Method 

During the maintenance evaluation of the distributor, human 
engineering factors were pointed out and discussed among the operators, 
mechanics, and test engineers. Areas of deficiency were recorded. 

2.18.3 Analysis 

Design modifications will be necessary to correct areas of 
deficiency. 

2.19 SAFETY EVALUATION 

~2 .-19 .1 -Ob;jectives 

The safety evaluation was made with the following objectives in 
mind: 

a. To determine the safety aspects of the distributor. 

b. To ensure that hazards associated with the operation of the 
unit as a universal distributor were adequately defined and understood. 
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c. To reduce the possibility of injury to personnel. 

2.19.2 Method 

Operational hazards were observed with regard to coupling and 
uncoupling operations at the rear of the distributor, cleaning, install
ing fiberglass scrim rolls, and maintenance. Safety aspects were also 
considered in all tests of the equipment. 

2.19.3 'Results 

The following safety hazards were noted during the EDI': 

a. Center of gravity. The center of gravity of the trailer 
section is behind the rear axle, which will cause the unit to tilt to 
the rear when uncoupled if the rear of the trailer is not supported on 
jacks. 

b. Gradeability. The hand braking capacity of the LDDC should 
be increased to hold the unit on a 40 percent slope. 

c. Toxic and obnoxious fumes. The exhaust system, with the 
tailpipe opening approximately 2 ft from the ground and pointing 
directly downward, causes a cloud of exhaust fumes to envelope the oper
ator's compartment while the unit is stationary. The pipes were ex
tended slightly and pointed outward. This created the same type of 
exhaust-enveloped condition while the unit was operated at road speeds. 

d. Steering. With the vehicle in gear, the unit cannot be 
steered at low vehicle speeds. 

2.19.4 Analysis 

The vehicle is considered generally safe for operation if pre
cautions are taken and necessary modifications are made. Driver and 
operator training will be required to point out the safety hazards. 
Vehicle familiarization is required for safe operation. 

2.20 ASPHALT HEATING AND EMPLACEMENT EVALUATION 

2. 20 .1 Ob,jecti ve 

Tests were conducted to determine the ability of the distributor 
to emplace asphalt. 

2.20.2 Method 

The unit spray system was modified (see Appendix IV and Fig
ure I-12) in order that the distributor could emplace heated asphalt. 
At Fort Bragg, N. C., 22,106 gal of cutback asphalt (see Appendi~ II) 
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were emplaced on the shoulders of an XW18 membrane..:surfaced runway. 

2.20.3 Results 

The distributor was prepared for spraying asphalt by recirculat
ing 150 gal of diesel fuel in the .distributor pumping system to remove 
any residue of water. Two 2-in.-diam Goodyear hot tar and asphalt hoses 
were installed, as shown in Figure I-12, to modify the spraying system 
for asphalt. 

Cutback asphalt was pumped directly from 6000-gal mobile asphalt 
tankers into the distributor material tank with the distributor pump. 
Loading times are shown in Table XI below. 

TABLE XI - VEHICLE LOADING OF ASPHALT 

Gal 

1700 
1900 
2000 

Average Loading Time, min 

14.2 
15.8 
16.7 

Approximately 20,000 gal of asphalt were sprayed during the test at a 
rate of 0.5 gal/sq yd. (See Appendix II for details.) An area of 
24 ,692 sq yd was covered. The spray pattern from the "Spraying Systems" 
Model 3/41G.20 nozzles was good and ground coverage was uniform. No as
phalt buildup or clogging or pump problems occurred during the test. 
Asphalt coated the outside of the water and material spray bars but did 
not hamper their operation. 

During the asphalt-heater tests, it was discovered that a regu
lating valve and a pressure relief valve had not been installed in the 
heater fuel system. After installation of a proper needle valve and a 
relief valve, the heater functioned satisfactorily. Nineteen hundred 
gallons of asphalt were heated from 100 to 150 deg F in 1 hr with the 
distributor heating system. 

The unit was cleaned after the asphalt was sprayed. Diesel fuel 
was transferred from 55-gal drums through the water pump and then was 
sprayed into the material tank through the wash bars. This worked well 
for cleaning the tank, but it was necessary to hand-wipe the bottom of 
the tank to clear out the asphalt. The pipes and' spray bar were cleaned 
by recirculating diesel fuel through the pumping system and finally out 
the spray bar. The diesel fuel was then cleaned out by running water 
through t~e system. The spray bar was hand-cleaned with diesel fuel. 
Total cleaning time was l hr. 
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2.20.4 Analysis 

The LDDC functioned very satisfactorily as a liquid asphalt 
distributor. 

2.21 EQUIPMENT EMPLACEMENT MODE (SUBSTITUTE MATERIAL) 

2.21.1 Objective 

'This phase of the study was to be conducted to obtain data and 
make a preliminary evaluation of the distributor's pumping and spraying 
systems using water as a substitute material. 

2.21.2 Method 

Due to the volume of material already emplaced, this test was 
judged unnecessary and therefore deleted. 

2.22 NIGHT OPERATION EVALUATION 

To date, this test has not been conducted due to difficulty of 
scheduling night work for personnel. 

2.23 EQUIPMENT EMPLACEMENT MODE 

The alternate to this test, as specified in the plan of test, was 
conducted instead and is reported below. 

2.24 ·EQUIPMENT EMPLACEMENT MODE (RECIRCULATE MATERIALS) 

2.24.1 Ob,jective 

This test was conducted to obtain data and determine design 
adequacy of the distributor's pumping and distribution system by recir
culating test materials. 

2.24.2 Method 

The test was conducted as follows: 

a. For the Viking-pump test, the material tank was filled with 
675 gal of a DCA-1295/water mixture at various mix ratios. It was 
filled from open-top drums in which the material was stored. For the 
Sier-Bath pump, the material tank was filled with a 1000-gal mixture of 
DCA-1290 and water at a 3-to-l (DCA-1290 to water) mix ratio. 

b. The material was then circulated throughout the plumbing 
system at approximately 120 gpm with the Viking pump and 100 gpm with 
the Sier-Bath pump. The pumps were run for an average of 15 min and 
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then shut down for 5 min. Longer shut-down times were observed for 
lunch time and overnight. 

2.24.3 Results 

a. The total running time for the Viking pump was 16.17 hr (see 
Appendix II for details of test). The total running time for the Sier
Bath pump was 16 hr. When the unit was loaded for spraying, the mate
rial was recirculated for 15 min, thus adding approximately 7 hr more 
operating time for recirculation. 

b. The average loading time for each load was 20 min. The 
loading crew consisted of one operator and two laborers. 

c. The total amount of material pumped during the test, ex
cluding that recirculated during field emplacement, was 210,000 gal. 

d. In order to conserve testing time, the material was put back 
into the drums only over the weekends, rather than daily as specified in 
the plan of test. At these times and after spraying the material (prior 
to reloading), the unit was cleaned with the OVE. Cleaning times varied 
from 15 to 30 min. 

e. During the recirculation test, the following deficiencies 
were noted: 

(1) Due to the proximity of the material tank inlet and outlet 
ports and because the ports were at the rearmost point of the material 
tank, the recirculated material was not being sufficiently mixed within 
the tank. Therefore, an inlet pipe for carrying incoming material to 
the front of the tank was installed to correct this deficiency (see 
Appendix IV) • 

(2) Water, which is used for cleaning of the material pump 
packing, got into the material through the pump and after 3 hr of pump 
operation, 375 gal of water had seeped into the material tank. A shut
off valve was installed in the water system so that the packing could 
be 'washed only periodically, at the discretion of the operator. This is 
required only during prolonged periods of recirculation, which would not 
occur in actual field operation. 

(3) The material flow holes in the rotor and rotor sha~ of the 
Viking pump continuously clogged, impairing pump starting and operation. 
When material was to be left in the unit overnight, it was pumped back 
to the tank. However, a material film was left in the Viking ·pump, 
which hardened (see Appendix III for details). Consequently, it became 
necessary to leave the Viking pump filled with material overnight to 
prevent material hardening within the pump. An on-vehicle water flush 
system was installed (Appendix IV), allowing all material to be washed 
fro~ the Viking pump. The same water flushing system was utilized with 
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the Sier-Bath pump. All material was pumped back through the tank and 
then water was forced through the pump and either out of the spray bar 
or back into the agent tank. 

(4) The Viking pump completely seized due to frozen material in 
the pump, caused by the pump's being exposed to a temperature of 10 F 
during the day (see Appendix III for details). This produced a bond to 
hold the rotor and it was sealed completely to the pump outer facing. 
Also a 1/16- to 1/8-in.-thick film covered the rotor sha~ at its top. 
When the. rotor was removed, part of the graphite bushing remained on the 
pump facing. The pump was completely dismantled and cleaned. A tempo
rary bronze bushing was installed until a replacement graphite bushing 
could be obtained (see Figures I-13 through I-16). 

(5) As shown in Tables XII and XIII below, the pump tachometer 
and pumps were calibrated. The tachometer was first checked using a 
stroboscope, as both pumps were rated to have a capacity of app~oxi
mately 0.55 gal per revolution. 

TABLE XII - TACHOMETER. CALIBRATION TABLE 
DETERMINED USING STROBOSCOPE 

Tachometer Stroboscope Actual Percent 
Reading !Em's PumE SiEm's* Error 

100 200-205 110-112.8 10-12.8 
110 213-215 117-118.1 15.5-16.4 
120 234 128.6 7.2 
150 300-303 164.9-166.9 9-9-11.2 

* Assuming 100 percent volumetric efficiency of the 
pump. 

The pumps and tachometer were then calibrated by filling 55-gal 
drums with water from a 2-in.-diam hose and recording the filling time. 

TABLE XIII - PUMP CALIBRATION TABLES 

Tachometer 
Reading 

50 
50 
50 

Viking Punw 
Filling Actual 

Time, sec PumE SiEm's 

51.0 
49.0 
49.0 

(Continued) 

·Percent 
Error 

30 
34 
34 
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TABLE XIII (Continued) 

Viking Pump 
Tachometer Filling Actual Percent 

Reading Time, sec Pump gpm's Error 

50 55.5 59.5 19 
50 57.5 57.5 17 

100 30.0 110.0 10 
100 30.0 110.0 10 
150 19 174.o 16 
150 20 165.0 10 

Sier-Bath Pump 
Tachometer Filling Actual Percent 

Reading Time 2 sec Pump gpm's Error 

90 41 73.0 18.9 
90 41 73.0 18.9 

100 39 77.0 13.0 
100 39 77.0 13.0 
120 36 83.3 30.6 
120 36 83.3 30.6 

2.24.4 Anal:t:sis 

A better method of keeping the idler shaft free of DCA buildup 
will be necessary if the Viking pump is to be utilized without excessive 
teardown for cleaning. 

Pump clearances on the Sier-Bath pump were originally increased 
to accommodate the CANE dust-control material. The CANE material has 
since been discontinued from the dust-control material tests. The pump 
clearances must be decreased to provide better pump efficiency when 
pumping the DCA material. 

The Viking pump can be easily and quickly dismantled and cleaned 
after a seizure. The Sier-Bath pump cannot be dismantled at less than 
direct support ievli-; Jlowe:v:er-, -durin-g the EDT, this pump never seized or 
showed a tendency to seize. 

2.25 FIELD EVALUATION OF DUST-CONTROL EQUIPMENT 

2.25.1 Objective 

Tests were conducted to obtain design data for the distributor 
while emplacing dust-control materials in the field under a variety of 
environmental and soil conditions. 
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2.25.2 Method 

The prototype distributor was utilized to emplace PVA dust
control materials at the five different test sites described earlier. 

2.25.3 Results 

Detailed material application data are presented in Appendix II. 
A sun:u:nary of the results is presented below. 

a. The quantity of dust-control material sprayed, the area of 
ground covered, and the equipment operating hours achieved during the 
field evaluation are given in Table XIV below. 

TABLE XIV 

Material s12r~ed* Total Area 
Amount Sprayed Operating 

Test Site T~e 6al sg, :t:d Hours 

Dyess AFB, Tex. DCA-1290 & 4,030 5,670 9.2 
DCA-1295 

Ft. Bragg, N. C. DCA-1295 17,650 23,389 23.6 
Eglin AFB, Fla. DCA-1295 3,937 7,840 1.1 
Yuma Proving Ground, Ariz. DCA-1295 6,340 8,280 12.2 
Ft. Belvoir, Va. DCA-1290 & 3,835 6,610 2.8 

DCA-1~95 

* Quantities include dilution water. 
amounts. 

They do not include hand-sprayed 

b. Loading operations included filling the water compartment, 
filling the material tank with the dust-control material and dilution 
Water, and mounting the fiberglass scrim rolls. 

The prewetting water tank was loaded from external water sources 
Utilizing external pumps-, the- on-vehicle- water- pt.lill.V, or- the- on;...vehicle 
agent pump, whichever was most convenient (Figure I-17). 

The material tank was loaded, using the on-vehicle agent pump, 
from 55-gal drums. The pump speeds for both the Viking and Sier-Bath 
Pumps were adjusted so that each drum was loaded in less than 30 sec. 
In order to prevent large foreign particles from entering the material 
Pump, a strainer with 1/4-in.-diam openings was provided on the end of 
the 3-in.-diam suction hose and a cone-type strainer with either 1/4- or 
1/8-in.-diam openings was installed in the material intake pipe. 
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A special disposable filter, supplied by Union Carbide, was 
evaluated during the field test to determine its effectiveness as a dis
posable intake loading filter. The filter consisted of a 40-mesh cloth 
sock contained within a stainless steel shell. The filter was installed 
by connecting 2-in.-diam hoses at each end of the shell and connecting 
one hose to the left side asphalt extension of the agent plumbing sys
tem. The agent pump was then run in reverse, and material was pumped 
into the main tank. After seven and one-half drums had been loaded, 
flow was completely stopped. The filter was disassembled and the 
40-mesh sock was found to be coated with heavy deposits of the material. 
Union Carbide explained that this type of filter is generally used in a 
loading syst~m with a container pressurized to 30 psi. Since no con
tainer pressurization was applied in this test, the on-vehicle material 
pump did not have sufficient suction to draw the material through the 
40-mesq sock. The Union Carbide filter was determined to be unaccept
able for this application, and loading was then continued with the reg
ular 3-in.-diam suction hose and strainer. 

Dilution water was loaded directl.Y into the agent tank through 
the manhole from external pumping sources, when they were available. 
The on-vehicle water pump and agent pump were also utilized for loading 
dilution water. The needed amounts of dilution water were determined 
prior to loading, and the amount of water loaded was read from the main 
tank gage. 

Six-foot-long rolls of fiberglass scrim were delivered to the 
test sites packed in boxes. The rolls were unpacked and attached to the 
scrim frame as shown in Figure I-18. Some problems occurred when mount
ing the rolls, due to their condition as they were delivered from the 
factory, as will be discussed later. 

The average time to load 2000 gal of dust-control material and 
dilution water, 375 gal of prewetting water, and three rolls of fiber
glass scrim was 45 min with skim-free material. 

c. Prior to commencement of spreying operations, the dust
control material was circulated within the agent plumbing system for a 
minimum of 15 min to ensure good mixing of the DCA and dilution water. 

The distributor was required to spray PVA at spraying rates of 
3, 5_, and 7 lbj sq _yd. _As -5hown -i-n the recorded -spreying data in Appen
dix II, a variety of combinations of vehicle speeds and pumping rates 
was used to determine if the above spreying rates could be accurately 
applied. Uniform emplacement of the material was achieved, and rates of 
application were within acceptable tolerances. Since the materials tank 
float gage was used to measure the material spreyed, the accuracy of the 
determined application rates is within :!:_10 percent. 

During the test, it was found that the best agent fan spray pat
tern was achieved at an optimum pumping rate of 10 gpm per nozzle. Then 
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it was determined that by maintaining this constant pumping rate and 
varying only the vehicle speed, a close proximity to the desired spray-
ing rate could be maintained. 

The application chart shown in Table XV below was established 
for the unit • 

TABLE XV - APPLICATION CHART 

Appli- Desired Required Pumping Rate for Indicated No. 
cation Dilu- Application Vehicle of Nozzles 2 512m 
Rate ti on Rate Speed 12 9 6 3 
lb Ratio gal/sq yd f pm Nozzles Nozzles Nozzles Nozzles 

3 3:1 0.10 675 120 90 60 30 
0.20 337 120 90 60 30 
0.30 225 120 90 60 30 
o.4o 169 120 90 60 30 
o.435 155 120 90 60 30 
0.50 135 120 90 60 30 
0.60 112 120 90 60 30 
0.70 96 120 90 60 30 

5 3:1 0.725 93 120 90 60 30 
0.80 84 120 90 60 30 
0.90 75 120 90 60 30 

7 3:1 1.0 67 120 90 60 30 
1.1 61 120 90 60 30 
1~2 56 120 90 60 30 
1.3 52 120 90 60 30 
1.4 48 120 90 60 30 
1.5 45 120 90 60 30 

These figures may vary slightly under different conditions. To change 
the application rate (gal per sq yd), the vehicle speed (f't per min) 
should be adJusted slightly. Fu.mp gpm should always be 10 gpm per 
nozzle. 

During the test, it was found that dust-control material from the 
nozzle sprEzy splashed onto the fiberglass rolls because they were not 
Properly shielded. It then became very difficult to unroll the fiber
glass, since the dust-control material had soaked into the rolls, hard
ened, and.bonded the layers of fiberglass together. This was corrected 
by replacing the three individual shields on the scrim frame (Fig-
ure I-18) with one shield that was as long as the agent spray bar. This 
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shield was attached to the front of the agent spray bar between the 
spray and the fiberglass (Figure I-19). 

The outside end of the left scrim roll became soaked with mate
rial when it overlapped the previous spray pass. If the entire roll was 
not used before the material cured, it had to be discarded. 

Handling of the hand spray gun was awkward, and the one 3/ 4 KJ.20 
spraying nozzle did not provide good spray control and coverage. An im
proved hand spray gun having a longer control handle and using three H 
1/2 U80100 vee jet nozzles was found to be better in handling and spray 
coverage. The hand spray hose length was increased from 30 to 60 ft to 
decrease the need for operating the vehicle on the sprayed surface dur
ing hand spraying operations. 

During spraying, with the water prewet pump running, the spray 
bars could not be raised to clear obstacles in the spraying path. The 
hydraulic valve bank, which controls these functions, was replumbed so 
that all bars could be raised while the prewet water pump was operating. 

d. During the field test, the material tank, agent pump, and 
distributor system were completely cleaned at the end of each day using 
the following procedure. The agent spray nozzles were removed and 
cleaned in Methyl Ethyl Ketone solvent. The inside of the tank was 
washed with an external hose with water sprayed through on-vehicle wash 
bars, which were inserted into the tank. The tank cleaning water was 
then recirculated through the agent system and pumped out the agent 
spray bar. This procedure was repeated until the water that was pumped 
out of the spray bar was clear. This ensured that.all dust-control ma
terial had been removed from all agent components. The average cleaning 
time was 20 min. 

When dust-control material was to be left in the tank overnight, 
the agent pump and plumbing system were thoroughly flushed out with 
water from the on-vehicle water system prior to storage. 

Frequency of cleaning the nozzles was increased in windy or dry 
areas because the dust-control material would harden on the nozzles more 
rapidly and distort their spray patterns. This required cleaning of the 
nozzles with wire brushes after each spray pass. 

The hose strainer and intake strainer frequently became clogged 
with dust-control material skim during the loading. operation (Fig-
ure I-20). The frequency of cleaning ranged from every two drums to 
once a day, depending on the condition of the dust-control material. 

In the f'uture, it will be necessary to include a spare set of 
agent spray nozzles, a spare hose strainer, and spare inline strainers 
on the LDDC's. This will reduce the cleaning time as the clogged 
strainers. and nozzles can be cleaned while the spare set is being used. 
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e. During the field emplacement evaluation, the following de
ficiencies were noted and will be corrected. 

(1) Dust-control material and soil adhere to the bitumeter 
wheel during spraying, causing inaccurate bitumeter readings. 

(2) The audible signal, which provides communication between 
the operator's compartment and the rear platform, cannot be heard in the 
operator's compartment during spraying operations. 

(3) The fiberglass applicator, with rolls attached, gradually 
dropped down from the raised position while traveling. Also, the fiber
glass rolls rocked and pitched to the point that they almost touched the 
ground while traveling at high speed from the loading site to the test 
site. Both observations indicate a need to keep the fiberglass appli
cator and rolls in the raised position for high-speed operation. 

(4) The Viking agent pump continued to show a tendency to seize 
.during the test. A means to reduce or prevent pump seizing should be 
provided. 

2.25.4 Analysis 

The LDDC satisfactorily emplaced dust-control material (water, 
DCA-1290, DCA-1295, fiberglass scrim) during the field evaluation. A 
number of equipment modifications were made during the field evaluation 
(see Appendix IV). These changes improved the capability and perfor
mance of the prototype unit. Further design changes should be made on 
the LDDC to correct all deficiencies and shortcomings experienced during 
the field evaluation. 

2. 26 MAINTENANCE 

2.26.1 Objective 

Tests were conducted to evaluate the ease of performing mainte
nance and the use of standard tools and to determine man-hr requirements 
for scheduled and unscheduled maintenance. 

2.26.2 Method 

Scheduled maintenance was conducted in accordance with instruc
tions supplied with the distributor. Downtime, repair time, and main
tenance performed were recorded for all unscheduled maintenance. A 
maintenance evaluation of the prototype was conducted by USAMECOM 
Personnel. 

2.26.3 Results 

The total number of scheduled maintenance man-hr was 4.1. For 
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187.7 vehicle operation hours, 101 man-hr of unscheduled man-hr were re
quired. Appendix III gives a breakdown of maintenance man-hr. Results of 
the maintenance evaluation are presented in MECOM's report, "Physical 
Teardown, Evaluation and Review of Prototype LDDC," 7-16 July 1973. 

2.26.4 Analysis 

The ratio of unscheduled maintenance man-hr to operat.ing man-hr 
was normal for a prototype unit. The maintenance evaluation revealed 
that the ease of maintenance of the prime mover should be improved. 

2. 27 TIEOOWN ATTACHMENT EQUIPMENT 

2.27.1 Objective 

Tests were conducted to evaluate the adequacy of the distributor 
tiedown attachments. 

2.27.2 Method 

The distributor was anchored on a railroad flat car, using the 
tiedown attachments at the front, middle, and rear of the vehicle, and 
the wheels were blocked. The flat car was run forward and backward at 
7 mph and impacted against two other railroad cars with their brakes set 
by air. Accelerometer leads were placed on the distributor main frame 
and flat car (see Appendix II). 

2.27.3 Results 

After impact in each direction, a close visual inspection re
vealed no damage to the tiedown attachments. All other components of 
the vehicle were closely inspected. No visible damage was detected. 
The longitudinal deceleration of the flat car at impact was 15 g, but a 
deceleration of only 1.5 g was detected on the distributor main frame. 

2.27.4 Analysis 

The distributor tiedown attachments were adequate. 

2.28 SOIL CHARACTERISTICS, DUST-CONTROL MATERIAL 

2.28.1 Ob.1ective 

Tests were conducted to determine soil characteristics at the 
test sites. 

2.28.2 Method 

When possible during site preparation, soil samples were taken 
and returned to the WES for analysis. Also, on-site strength 
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measurements were made using a cone penetrometer. 

2.28.3 Results 

Classification data and gradation curves for the soils are given 
in Appendix II along with moisture contents and results of strength 
measurements. 

2.28.4 Analysis 

Strengths were greater than required except at Eglin AFB, where 
the soil was sand, and at Ft. Belvoir, where no compaction was at
tempted. At Ft. Belvoir, there were several soft spots where operation 
of the motor g'rader created ruts up to 6 in. in depth. Surface moisture 
was controlled by allowing wet soils to dry and by increasing the pre
wetting water on ary soils. 

2.29 EMPLACEMENT CHARACTERISTICS OF DUST-CONTROL MATERIALS 

2.29.1 Ob,lective 

Tests were conducted to determine the emplacement characteris
tics of the dust-control materials. 

2.29.2 Method 

The 55-gal drums of DCA-1295 and DCA-1290 were delivered to the 
test sites in heated vans, when required, to maintain a temperature 
above 50 F. Brief descriptions of the materials sent to each test site 
are presented below. 

a. The DCA-1295 and DCA-1290 delivered to Ft. Belvoir were in 
good condition. Little or no skim or solid particles were found in the 
material (Filterable Solids Tests, Appendix II). The distributor Viking 
Pump transferred the material from the drum into the dis.tributor tank 
With ease. Little if any solids were retained on the strainers during 
loading. 

b. The DCA-1295 and DCA-1290 delivered to Dyess AFB had more 
skim and solid particles than the materials delivered to Ft. Belvoir. 
As much o~the sur~ace skim as possible was removed prior to pumping. 
The distributor Viking pump transferred the DCA-1295 and DCA-1290 but 
had to be disassembled during the testing to remove solids from within 
the pump. The hose strainer had to be cleaned after loading approxi
mately six to eight drums. The internal strainers had to be cleaned 
after approximately 25 drums. 

c. The DCA-1295 for Ft. Bragg was delivered during a time span 
Of three months. Approximately half of this material had little skim 
and few solid particles, but the other half had heavy or thick skim and 
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solid particles. During loading of the half that had a heavy skim and 
solid particles, as much of the skim as possible was dipped off (Fig
ure I-21). The distributor Viking pump transferred the material with no 
problems. The intake hose strainer had to be cleaned after loading two 
drums. The internal strainers were cleaned after loading 10 to 12 drums. 

d. The DCA-1295 delivered to Eglin AFB was about normal in 
amount of skim and solid particles. The distributor pump transferred 
the material with ease, and the intake strainer had to be cleaned after 
each load. During loading of one tank, the material foamed excessively. 

e. The DCA-1295 delivered to YPG was the same as that delivered 
to Eglin AFB, except that the foaming was greater. 

2.29.2.1 Loading Fiberglass Scrim 

The fiberglass scrim rolls were wrapped in brown paper that 
had to be removed or torn open in order that the direction of roll of 
the scrim could be determined (Figure I-22). The cores of three rolls 
delivered to Ft. Bragg were 1-1/2 in. longer than specified. Several 
times, the equipment hangers or holders had to be driven into the core, 
thus driving the core from within the roll of scrim. Approximately 
5 percent of the rolls had scrim loosely rolled onto the cores, causing 
the scrim to shi~ on the core during unrolling. Two rolls were wrapped 
on the core so loosely that they could not be used after only 100 lin yd 
had been unrolled. 

2.29.2.2 Loading Prewetting Water and Dilution Water 

Water was pumped into the tanks by the distributor pump or 
water truck pumps. 

2.29.2.3 Applying Dust-Control Materials 

DCA-1295 and DCA-1290 were tested at only two sites, 
Ft. Belvoir and Dyess AFB, for direct comparison. DCA-1295 was tested 
at the other sites. The two materials were very similar. The only dif
ference that could be observed in the field was the lower viscosity of 
the DCA-1290. DCA-1290 was diluted four parts concentrate to one part 
water. DCA-1295 was selected as the prime candidate to complete the 
remainder of the _EDI' -at the -other -sites beca-a.se results of laboratory 
tests showed that the DCA-1295 was superior to DCA-1290 in tensile 
strength (Appendix II). Laboratory tests were also conducted on the 
material to determine the corrosion effects on metals. These test data 
are also shown in Appendix II. During the corrosion tests, the amount 
of filterable solids varied. A check was made on types of containers in 
which the dust-control material could be stored. Three materials, clear 
glass, amber glass, and polyethylene, were tested, and polyethylene 
proved to be the best of the three. These test data are also presented 
in Appendix II. 
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DCA-1295 was loaded into the 2000-gal distributor tank and 
then diluted with water (three parts DCA-1295 to one part water) with 
one exception. The diluted material was circulated in the distributor 
for at least 15 min to ensure proper mixing. During this time, an ex
cessive amount of foaming occurred in one distributor load at Eglin and 
in all loads at YPG. At YPG, an excessive amount of foaming also oc
curred in the applied material (Figure I-23). 

The diluted DCA-1295 formed a good spraying fan from the fu.11-
jet nozzles, thus giving good ground coverage. The diluted DCA-1295 
cured on the nozzles and slowly built up, requiring that the nozzles be 
cleaned frequently. The diluted DCA-1295 spattered onto the fiberglass 
scrim rolls due to the force of the liquid hitting the ground and the 
occasional irregular spray pattern from a spray nozzle. This problem 
was corrected by the installation of a splash shield. The diluted DCA-
1295 applied at a rate of 5 lb/sq yd to a smooth, well-compacted surface 
had excessive runoff on 5 percent slopes or greater. At Ft. Bragg, the 
diluted DCA-1295 was sprayed onto a 5 percent slope at a rate of 
5 lb/sq yd with fiberglass scrim. The treatment looked good and the ma
terial was cut off in the anchor ditch. However, 5 min after spraying, 
the DCA-1295 had flowed and floated the fiberglass scrim down the slope, 
thus pulling it from the anchor ditch (Figure I-24). This problem was 
eliminated by lowering the application rate. When the diluted DCA-1295 
Was applied with fiberglass scrim onto sandy soil at Eglin AFB, most of 
the liquid DCA-1295 penetrated into the sand. This left the scrim 
coated with a very thin film of DCA-1295 instead of with the total 
amount. 

In an effort to eliminate this problem, undiluted DCA-1295 was 
sprayed onto the sand at a rate of only 1 lb/sq yd. This material was 
allowed to cure for 4 hr, and then the distributor was driven over this 
treated area, and the area was resprayed with diluted DCA-1295 with and 
~ithout application of scrim. There was a slight improvement of the 
dust-control film, but the distributor broke the original treatment when 
it made the second pass. This caused undesirable cracks. 

Time did not permit more extensive tests in the sand with dif
ferent dilution ratios and undiluted DCA-1295. 

All actual rates obtained were in_ comparison.with-the desired· 
rates as shown in Appendix II. 

2.29.2.4 Prewetting Water 

The amount of prewetting water was varied according to the 
Soil type and soil moisture. The distributor was originally equipped 
With atomizing nozzles, but these were quickly changed to vee jet 
~ozzles •. The amount of prewetting water was sufficient except in a few 
isolated areas. 
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2.29.2.5 Fiberglass Scrim 

Uniform coverage was excellent with the use of scrim. Overlap 
problems were caused by the loosely wrapped rolls of scrim. The scrim 
shifted on the core when on uneven slopes, and the spray hit the scrim 
with such force that it caused the scrim to shif't on the ground. The 
scrim conformed well to the ground contour, i.e., it draped over.small 
obstacles and covered ruts in the sand adequately. 

2.29.3 Results 

High winds were a problem during placement of materials at Dyess 
AFB and.Ft. Bragg. The wind blew the fiberglass scrim from the DCA-
1295. Skim and solid particles were evident in the drums of material at 
all sites, with the Ft. Belvoir material having the least and one ship
ment at Ft. Bragg the most. 

Prewetting water was adequate to control fisheyes at all sites. 
Emplacement records are presented in Appendix II. 

2.29.4 Analysis 

The DCA-1295 and DCA-1290 fulfilled all emplacement require
ments. DCA-1290 was dropped from the tests after application at two 
test sites. The only minor deficiencies of DCA-1295 were the amount of 
skim and solids at Ft. Bragg and foaming at YPG. The fiberglass scrim 
was acceptable. 

2.30 DUST-CONTROL MATERIAL CURING CHARACTERISTICS 

2.30.l Objective 

These tests were conducted to determine the curing characteris
tics of each of the test items under the specific environmental condi
tions at the test site. 

2.30.2 Method 

The materials were applied to the ground surface and checked 
periodically to determine their condition of cure or setting. The ade
quacy of cure of each test item was ascertained by observation of 
-tackine'"'~ -or -stickiness -t-o -the touch, oy foot traffic, and finally by 
trafficking with a 1/4-ton vehicle. 

2. 30. 3 Results 

The weather varied from hot and dry to cool and moist. The DCA-
1295 and DCA-1290 cured within 2 to 2-1/2 hr during dry conditions and 
within 4 hr during moist conditions. Once, rain fell on the dust
control material 30 min a~er placement and washed the DCA-1295 off 
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(Figure I-25). DCA-1295 did pond in small depressions and a surface 
film formed over the material, leaving uncured material underneath. 
Curing time for these ponded areas was dependent upon their depth. 

2.30.4 Analysis 

DCA-1295 with and without fiberglass scrim cures or sets well 
within 4 hr, the time specified by the QMR. 

2.31 DUST-CONTROL MATERIAL SAFETY 

2. 31.1 Objectives 

The objectives of this phase of the study were as follows: 

a. To determine whether the basic materials employed in the 
test are toxic or hazardous to personnel, noncorrosive and noninjurious 
to metals, or toxic or hazardous to water supplies and agricultural 
areas during field use. 

b. To examine the flammability or explosive characteristics of 
the material during handling and application •. 

c. To examine the fire-retardant characteristics after applica
tion on the soil surface. 

2.31.2 Method 

The suppliers of the dust-control material furnished a statement 
concerning the overall hazards inherent in each material (Appendix II). 
Samples of materials were submitted to the Office of the Surgeon General 
for analysis and recommendations (Appendix II) • A flash point test was 
not conducted because the material is a water emulsion and has a flash 
point greater than 212 F. One-half pint of JP-4 fuel was applied to the 
surface of the material and ignited. 

2. 31. 3 Results 

The suppliers' safety statement is presented in Appendix II as 
is the report from the Office of the Surgeon_ Genexa.L- The flash- point
test was not conducted as explained above. The burning JP-4 fuel simply 
burned up. Small-scale laboratory tests were conducted to examine the 
corrosiveness and injury to metals, alloys, rubber, and plastic. Re
sults of the tests are given in Appendix II. 

2.31.4 Analysis 

The DCA-1295 is corrosive and injurious to metals and alloys in 
the liquid state but not in the cured or set state. The DCA-1295 does 
not affect membrane or landing mat when sprayed onto them and allowed to 
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cure or set. Based on test results, it is assumed that DCA-1295 meets 
all the safety re~uirements for a dust-control material. 

2.32 DUST-CONTROL MATERIAL OPERATIONAL EFFECTIVENESS UNDER 
C-130 AIRCRAFT TRAFFIC 

2.32.1 Objectives 

The objectives of these tests were: 

a. To determine the effectiveness of the test items in control
ling dust generated during aircraft operations. 

b. To determine the durability of the surfaces on exposure to 
weathering. 

2.32.2 Method 

2.32.2.1 C-130 Aircraft 

The DCA reinforced with fiberglass scrim had an excellent bond 
to the different soil surfaces. All overlaps were well bonded and all 
edges exposed to aircraft blast were anchored by burying or overlapping 
24 in. onto membrane or landing mat. 

The treatment at Ft. Bragg was subjected to 318 landings and 
takeoffs with no failures from the prop blast. During operations one 
day, 17 planes cut a corner short, thereby driving onto the fiberglass 
scrim-reinforced DCA-1295. As each main gear made the turn, the dust
control film was torn slightly (Figure I-26), but the prop blast did not· 
lift the treatment. Two planes landed on the north overrun, which had 
been treated with DCA-1295 and fiberglass scrim, with no failures of the 
dust-control film (Figure I-27). 

During heavy rains, the drainage water traversed across the 
unanchored edges of the_ dust-control film. Some water seeped under the 
film, causing some blister effect. There were no other visible environ
mental effects found in the dust-control film. These areas were not re
worked and withstood C-130 prop blast. There was an unrecorded amount 
of.random traffic crossing the treatment, with no resultant failures of 
the dust-control film. 

The treatment at Dyess AFB was subjected to prop blast of 
C-130 aircraft. The following conditions were maintained for 1 min: 

a. Ground idle. 

b. 25 percent full power. 

c. 50 percent full power. 
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d. 75 percent full power. 

e. 100 percent full power. 

f. Ground idle to full power. 

There were no failures of the treatment observed from this blast or from 
nine random passes of a passenger car. 

2.32.2.2 C-130 Simulator 

The WES-developed C-130 simulator was used as the test equip
ment at Eglin AFB and YPG. All dust-control treatments subjected to 
tests were in good condition. The edges of treatment to be exposed to 
the C-130 simulator blast were buried for anchorage. The test areas at 
both locations were subjected to two tests each. On the first test at 
Eglin AFB, the engine was at the proper tilt of 2-1/2 deg to the hori
zontal. For all subsequent tests, the tilt angle was increased to 
7 deg, thereby placing a more severe blast onto the treated area. Each. 
test consisted of the same conditions.as for the actual C-130 aircraf't. 

2.32.3 Results 

All results of exposure of the dust-control films to prop back
wash blast of C-130 aircraf't and the C-130 simulator were excellent. No 
failures were observed at any location. Only minor failures (tears) of 
treatment occurred at Ft. Bragg, where the C-130 aircraft turned on the 
DCA-1295. These small tears did not stop operations and did not allow 
any dust to be created by prop blast. 

2.32.4 Analysis 

The DCA-1295 with fiberglass reinforcing performed in an excel
lent manner and should pass the upcoming ET/EST for inclusion in Army 
inventory. 

2.33 DUST-CONTROL MATERIAL OPERATIONAL EFFECTIVENESS UNDER 
HELICOPTER TRAFFIC 

2.33.1 Objective 

The tests were conducted to determine the effectiveness of the 
dust-control materials in controlling dust generated during· helicopter 
operations and the durability of the treated surfaces on exposure to 
weathering. 

2.33.2 Method 

Two landings and takeoffs of a UH-1 helicopter were performed on 
the helipad constructed at Ft. Belvoir, and 289 landings and takeoffs of 
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a CH-47 helicopter were performed at Ft. Bragg on the membrane-surfaced 
runway with shoulders and on the peripheral areas treated with dust
control material. A~er initial testing, intermittent traffic of vari
ous model helicopters was placed on the reinforced helipads at YPG and 
Eglin AFB. 

2.33.3 Results 

No failures occurred in the treated areas at Ft. Bragg. At 
Ft. Belvoir, the landing skids of the UH-1 tore approximately 1-~-long 
gashes in the dust-control treatment in two places. During landings 
and takeoffs, the treatment lifted slightly. The lifting was assumed to 
be caused by the loose powdery dust on the surface, which had not been 
wetted and rolled prior to placement of the dust-control materials. In
termittent traffic continued at YPG and Eglin AFB and minor maintenance 
of the helipads was required. 

2.33.4 Analysis 

Test results show that if a site is properly prepared, the dust
control material will support helicopter operations effectively. 

2.34 DUST-CONTROL MATERIAL OPERATIONAL EFFECTIVENESS 
IN NONTRAFFICKED AREAS 

2.34.1 Objective 

This test was conducted to determine the ability of the dust
control materials to withstand the effects of the environment in non
trafficked areas. 

2.34.2 Method 

A designated section of dust-control materials was marked off at 
all test locations outside the prop wash impingement test zone for all 
items, and for up to 180 days after placement visual inspections were 
made for damage or changes in the surfaces resulting from time and 
weathering. 

2.34.3 Results 

Inspections a~er 180 d~s of weathering showed the materials to 
be in generally satisfactory condition. 

2.34.4 Analysis 

Nontrafficked DCA-1295 with and without fiberglass reinforcing 
will provide adequate dust control for up to six months. 
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2.35 DUST-CONTROL MATERIAL OPERATIONAL EFFECTIVENESS UNDER 
RANDOM TRAFFIC 

2.35 .1 Ob,jective 

The objective.of this phase of the study was to evaluate the 
ability of the airfield shoulder areas that were treated with dust
control materials to withstand random traffic by ground vehicles. 

2.35.2 Method 

A~er completion of the initial operational tests by aircra~, 
random vehicular traffic tests were conducted on the shoulders of the 
test areas at Ft •. Bragg and Dyess AFB. 

2.35.3 Results 

The test area at Ft. Bragg was in an Army operational area. 
Army troops along with Air Force ground crews occasionally drove over 
the treated areas but caused no failures in the DCA-1295 with fiberglass 
scrim treatment. This treatment also Withstood C-130 aircra~ turning 
on it (see Figure I-26) •. 

At Dyess AFB, 14 passes of an automobile were made over the 
treated area, but produced no failures. 

2.35.4 Analysis 

Tests have shown that if a soil can support traffic without 
rutting, the dust-control material can withstand the traffic. 

2.36 DUST-CONTROL MATERIAL OPERATIONAL EFFECTIVENESS IN 
ROADWAY OR TRAFFIC TEST AREA 

2.36.1 Objective 

This test was conducted to determine the ability of the dust
control materials emplaced on a roadway surface to withstand channelized 
Vehicular traffic. 

2.36.2 Method 

Scheduled time at each test site and shortage of fiberglass 
scrim did not permit a roadway to be treated. However, two C-130 air
craf't touched down on the dust-control-treated overrun without damaging 
the dust-control film (Figure I-27). 



2.37 DUST-CONTROL MATERIAL MAINTAINABILITY 

2. 37 .1 Ob,jecti ve 

The test was conducted to determine whether maintenance of the 
dust-c~ntrol films can be accomplished readily. 

2-.37.2 Method 

Throughout testing, treated sections that exhibited minor fail
ures during the operational testing by aircra~, helicopter, or ground 
vehicles were repaired and patched to maintain an operationally accept
able condition. 

2.37.3 Results 

The treated area at Ft. Bragg was the only area subjected to 
continuous operation. .Maintenance was minor; the area where the C-130 
aircraft turned a corner short (Figure I-26) was the only area re~uiring 
any maintenance. This maintenance was performed by one man using a 
pickup truck and small portable gear pump. The dust-control material 
was pumped directly from a 55-gal drum onto a fiberglass scrim patch 
that had been rolled out by hand. Total maintenance time was 2 hr. 

2.37.4 Analysis 

DCA-1295 with and without fiberglass reinforcing can be readily 
repaired and maintained at an operationally acceptable condition. 
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APPENDIX I. PHOTOGRAPHS 



Figure I-L Fiberglass scrim used to reinforce DCA-1295 

Figure I-2. Prototype distr:i.butor emplacing dust-control materials 
I-1 



Figure I-3. Falcon Landing Zone; XW18 membrane-surfaced runway with 
shoulders and overruns treated with dus t-control materials and asphalt 

I-2 



Figure I-5. Front view of mounted stowage box 

I-3 



Figure r�6. Rear view of mounted stowage box 

Figure I-7. Right side view of the stowage box: tool box 
upper, storage lower 

I-4 



Figure I-9. Left extension of the modified spray bar being lowered 
in preparation for spraying 

I-5 



Figure I-10. Side slope test on 30 percent slope with vehicle loaded. 
Support vehicle is an M48 tank ( 105 ,000-lb gross weight) 

Figure I-11. Midsection connecting point o f  LDDC showing coupling 
pins and the auxiliary wheel 
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Figure I-13. Idler gear locked to Viking pump housing by frozen DCA 

I-7 



Figure I-14. Graphite bushing torn away after idler gear removal 
from the Viking pump 

Figure I-15. DCA frozen in the Viking pump 

I-8 



Figure I-17. Loading the prewetting water t ank 

I-9 



Figure I-18. Mounting a fiberglass scrim roll in preparation for 
placing dust-control materials 

Figure I-19. Spraying shield a.tt.ached to material spray bar 

I-10 



Figure I-20. Intake hose strainer clogged with DCA-1295 

Figure I-21. Removing partially cured solids and skim from DCA-1295 

I-11 



Figure I-22. Fiberglass rolls ready to be mounted on the distributor 

Figure I-23. In-place DCA-1295 (showing excess foaming) 

I-12 



Figure I-25. Loose fiberglass scrim after DCA-1295 had been 

washed off by rain 
I-13 



Figure I-26. C-130 aircraft track on DCA-1295 reinforced with 
fiberglass (17 passes ) 

Figure I-27. C-130 aircraft skid marks on DCA-1295 with fiberglass 
reinforcing, Falcon LZ at Ft. Bragg, N. c. 
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USA NO. 08Cl4670 DATE AUG 1971 

SER NO. 
SPECI Fl CATION AND DATA 

PLACE KERDC 

(I) 

i-

~ 
j__~"q-">l l Wl 1~-i~ -·t 
!02 - ~ . l~~i 103 

130 

"" 

: O~o ·' , ,.. 16~ .i,, I I 
~ 32. c ~ t·,-.i2'~ '~+-:-16(·--~~ --1°''· t-&''cjT 

I ~\9 )oj • _,8Y1- · 

(ALL DIMENSIONS IN INCHES ANO WEIGHT IN POUNDS) 

(2) WEIGHT DISTRIBUTION EMPTY: FROl(f AXLE 11,360; TANDf.H REAR AXLES 20,240 TOTAL 31,600 

(3) WEIGHT DISTRIBUTION LOADED: FRONT AXLE 12,500; TA!IDF.M REAR AXLES 39,020 TOTAL 51,520 

(4) GROUND FLOTATION AREA DIAGRAM: (5) TREAD, GROUSER, PAO, SKID OR STANO SURFACE 
CONTACT AREA ANO PRESSURE' 

CONTACT COMPONENT CON"!._~~~~ (§9. IN) CONTACT PRESSLRE (PSI) 
LEFT RIGHT OTHER ~EFT RIGHT OTHER 

FRONT A.<LE 198 214 40 JS 
Front Rear MIDDLE AXLE 190 158 36 38 

RW AXLE 160 198 36 36 

(6) ADOIT>ONAL DIMENSIONS: Frame or chassis: Aile dimensions: FRONT INTER REAR 
Centerline of whul or !rock treod: Height obove ground, front H 1 

16h 
J 

Front 82t Height above ground, rear 32 Aile ground cleoronce 16 'i6 1'16 
Intermediate 82 Outsode d11tan'e between Axle centerline he19hl 
Rear 82' lon9itud1nal membert 38 above Qround 25\ 25\ 2'\ 

( 7) TIRE OR TRACK SIZE ANO TY?E: (8) TIRE PRESSURE ANO PLY: 
a. Tire I: Front Cood:tear 24·21 b. Tracks: Width ___ NA ___ ~"ront __ 3_o ____ p51 ,. PLY 

Rear Good;tur 24·21 
Len9th NA lntermedoate_3_o __ PSI "· PLY Width of dual• NA 

Tread type Rib Sand GrouHr type NA Roar 30 PSI 14 PLY 

(9) ENGINE DATA: PRIME MOVER 
Detroit Diese 1 

POWER PLANT (10) CAPACITIES OF FUEL, LUBE 
ANO COOLANT: 

PRIME MOVER POWER PLANT 

~ode I 6V·53·S50 Cronkcose includona filler ( auort l 12 wlout fi.1 ter 
,___§_trial numb_er 5063·5200 COQ!!_rl~ater 1v1tem lauart l 24 
'-1Jpe V6 Fuel ( aallon) 61 
L.J;_oolonl w•ter Tron•-· '"oon (oll!lrl I 28 
,_110_,_w_l_rld•~· 6 Fina~.L!guart I 11\ ea, axle 
,__!lor~ __ JJnd !f.!.C?ke 3.875 x 4. 5 Others ( 1oec1 h l 
__ 0 __ 1_~p_lacement (cu in.I 318.6 Transfer c•ae (quart) 14 
~-!"!2~-~~ion ratio 17 to 1 

Normal oo~eed ronae 650-2800 r ... 
Mai HP(cord without occe11ori11 

At aoverne!!...!.l>eed Cit RP-M 205 ca 2800 

Ma~1 ~~~~:~T!1t~~~~::e:.:~ .. 40•" l:WO rp• 
Weioht (see item 17) 1410 

(II) ELECTRIC SYSTEM: PRIME MOVER POWER PLANT (12)CLUTCHES, (location a description): 
lanition vollai!..____,, 24V 
S.tort•r volt"" ..... 24V 

_i.tnerator voltaae 28V NONE 
L1ahl1 vo1to.11e 24V 
""'nf botl•ri .. 8 hlltl•rv voltnn• 2 12V series 

(13) TRANSMISSION, TORQUE PRIME MOVER POWER PLANT (14) DIFFERENTIAL OR TORQUE PROPORTIONING OESCRIPT ION 
CONVERTER OR OTHER FOR EACH AXLE: 

REDUCTION (specify): l/3 of power to uch of 3 axles 
TORQUE CONVERTER 6o TRANSMISSION: 
Manu.f.at:.t.-Y.rt.'t- Ai.li .. on· 
Tran111i11ion Model I CLT 3461 (15) BRAKES (service a porkin9): 
Type 6·1p -nhlft North American Rockwell 
llatioa ~.81, 2.74, 1.94 Wedge-type 6" x IS", air aprina with failufe •nd 1Cand,1rd 

1.39, 1.0, .72, chambeu 
~.35 

Torque Converter Model I TC 420 
TRANSFER CASE: (16) STEERING: 
Manufacturer M.R Designed, Articulated, Tyrone ateerina pump, Crou 1teering cylindvra 

P\ID part• 
Transfer Cut Hodel I 116.Rl1·8090•Rlll 
R•tioa 1.S57, 12.142: 1 

(17) ADDITIONAL DATA WHERE APPLICABLE ( oltochments, wei9hts, dimensions, publications, etc.): 

PJ.IM! ltOVEll WEIGHT: 14,600 
TANKER SECrIOll WEIGHT: 17,000 

AllGLI OF APPIOAat: 33.1 D!G. 
AllGLI 111 D!PARTUU: 11 D!G. 

Figure II-1. Equipment specification and data sheet 
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Figure II-3. Classification data and gradation curves, Dyess AFB, 
Ft. Bragg, YPG, and Eglin AFB {sheet 1 of 2) 
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CALCULATION - VEHICLE CONE INDEX 

· According to Method from TM 5-330 (Figures II-6 and II-7) 

UNLOADED 
4 

Contact pressi.lre factor = (3.l8 )(lO ) = 7.56 
(2. 5 )(2 .8) ( 6 )(102) 

. 10 + 25 Tire factor = 100 = 0.35 

Weight factor= (0.033)(10.6) + 1.050 = 1.4 

Grouser factor = 1.0 

Wheel load factor = 31g 8 = 5.3 

17 Clearance factor = 10 = 1.7 

Engine factor = l.O 

Transmission factor = 1.0 

Mobility index= fJ 7 •56 ) i.4 + 5 3 1 7] 1 1 33 84 ~LO 0.35 • - • X X = • . 

From Table 9.2 of TM 5-330 (page II-7) 

VCI = 40.6 

LOADED 
4 

CPF = (5·37 )(lO ) = 12.89 
(2.5)(2.8)(6)(102) 

WF = (0.142)(17.9) - 0.42 = 2.12 

WLF = 536 7 = 8.95 

All other factors same as for unloaded 

MI= (l. 29)(2.l2 )(lO) + 8.95 - 1.70 = 85.7 
(3.5)(10-1 ) . 

From Table 9.2 (page II-7), VCI = 64.1 

.Figure II-5. Calculation of vehicle cone index 
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T k f t track width in in. 
rac ac or = 100 

Grouser factor : grousers less than 1.5 in. high = 1.0 
grousers more than 1.5 in. high = 1.1 

Bogie factor 

clearance in in. 
Clearance factor = 10 

on tracks in contact with 
track s~oe in sq in.) 

Engine factor: ·10 or greater hp per ton of vehicle wt= 1.0 
less than 10 hp per ton of vehicle wt = 1.05 

Transmission factor: hydraulic = 1.0; mechanical= 1.05 

b. Self-Propelled Wheeled Vehicles. 

(1) All-wheel-drive vehicles. 

pressure weight 
~obility = f~ctor x factor + wheel _ clearance engine X transmission 

[

contact ~ 

index tire grouser load factor X factor factor 
factor factor 

wherein, 
contact 
pressure 
factor 

gross weight, lb 
tire width, X outside diam of tire X No. of tires 

in. in. 
2 

Weight range (lb)* 

<2000 
Weight factor: 2000 to 13,500 

13,500 to 20,000 
>20,000 

*gross vehicle wt (lb) 
No. axles 

Tire _ 10 + tire width, in. 
factor - 100 

Grouser with chains = 1.05 
factor: without chains = 1.00 

Wheel load= gross weight, kips 
factor No. of wheela 

Clearance clearance, in. 
factor 10 

Engine _ > 10 hp/ton = LOO 
factor - <10 hp/ton = 1.05 

Transmission = hydraulic = l.OO 
factor . mechanical = 1.05 

(wheels may be single or dual) 

Weight factor eguations 

Y = o.553x 
Y = o.033x + 1.050 
Y = 0.142X - 0.420 
Y = o.278x - 3.115 

X =gross vehicle wt (kips) 
No. of axles 

Y = weight factor 

Figure II-6. Method for calculating vehicle cone index (from 
TM 5-330/AFM 86-3, Vol II) 
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Mobilit;z Index (MI) Versus Cone Index ~VCI) 
MI VCI MI VCI MI VCI MI VCI MI VCI MI VCI --

0 3.0 25 36.3 55 50.2 85 63.8 115 77.4 145 91.0 
0.25 5.5 26 36.8 56 50.6 86 64.2 116 77.9 146 91.5 
0.50 '7 .o 27 37.3 57 51.l 87 64.7 117 78.3 147 91.9 
0.75 ·8.3 28 37.8 58 51.5 88 65.2 118 78.8 148 92.4 
1.00 9.0 29 38.3 59 52.0 89 65.6 119 79.2 149 92.8 
1.50 10.8 30 38.7 60 52.4 90 66.1 120 79.7 150 93.3 
2.00 12.5 31 39.2 61 52.9 91 66.5 121 80.1 151 93~8 
2.50 13.8 32 39.7 62 53.3 92 67.0 122 80.6 152 94.2 
3 15.1 33 40.1 63 53.8 93 67.4 123 81.0 153 94.7 
4 17-5 34 4o.6 64 54.2 94 67.9 124 81.5 154 95.1 
5 19-7 35 41.0 65 54.7 95 68.3 125 82.0 155 95.6 
6 21.5 36 41.5 66 55.2 96 68.8 126 82.4 156 96.0 
7 23.0 37 42.0 67 55.6 97 69.2 127 82.8 157 96.5 
8 24.2 38 42.4 68 56.1 98 69.7 128 83.3 158 96.9 
9 25.3 39 42.9 69 56.5 99 70.1 129 83.8 159 97.4 

10 26.4 40* 43 .4* 70 57.0 100 70.6 130 84.2 160 97.8 
11 27.3 41 43.8 71 57.4 101 71.l 131 84.7 161 98.3 
12 28.1 42 44.3 72 57.9 102 71.5 ·132 85.1 162 98.7 
13 28.9 43 44.7 73 58.3 103 72.0 133 85.6 163 99.2 
14 29.6 44 45.2 74 58.8 104 72.4 134 86.o 164 99.6 
15 30.4 45 45.6 75 59.2 105 72.9 135 86.5 165 100.l 
16 31.0 46 46.1 76 59.7 106 73.3 136 86.9 166 100.6 
17 31.7 47 46.5 77 60.2 107 73.8 137 87.4 167 101.0 
18 32.3 48 47.0 78 60.6 108 74.2 138 87.8 168 101.5 
19 32.9 49 47.4 79 61.1 109 74.7 139 88.3 169 101.9 
20 33.5 50 47.9 80 61.5 110 75.1 140 88.8 170 102.4 
21 34.1 51 48.4 81 62.0 111 75.6 141 89.2 171 102.8 
22 34.6 52 48.8 82 62~4 ll2 76.0 142 89.7 172 103.3 
23 35.2 53 49.3 83 62.9 113 76.5 143 90.1 173 103.7 
24 35.8 54 49.7 84 63.3 114 77.0 144 90.6 174 104.2 

* For MI above approximately 40, VCI obtained from equation: 
VCI = 25.2 + 0.454 X MI • 

(2) Rear-wheel drive onl;z. If the vehicle being considered is not 
equipped with an all-wheel drive, the cone index is computed according 
to the formula for all-wheel-drive vehicles, then multiplied by 1.4 
to obtain the vehicle cone index. 

_(3) .Half-tracked vehicle-s. ·The -all-whe-el-tlrive -formula is used to 
obtain the vehicle cone index of half-tracked vehicles by assuming 
that the vehicle has wheels instead of tracks on the rear end. The 
wheels are assumed to be of the same size and have the same load as 
the front wheels. A grouser factor of 1.1 is used (to account for 
increased traction provided by the rear tracks). 

Figure II-7. Mobility index versus vehicle cone 
index (from TM 5-330/AFM 86-3, Vol II) 
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Transfer Case in Neutral and Steering Turned to 
Ri~ht Hand Lock 

Engine rpm's at which 
Engine Pressure 2 ESi Pressure at Port 2 

Gear r!?!!! IS Port l Port 2 DroEs to Zero 

l 500 500 500 
3000 2400 2600 Failed to·drop 

2 500 400 400 
2200 2400 2700 2400 

3 500 500 500 
3000 2500 2800 Failed to drop 

4 500 400 400 
2200 2400 2700 2550 

5 500 400 400 
3009 2500 2800 Failed to drop 

6 500 300 300 
2200 2500 2800 2600 

N 500 400 400 
3000 2500 2800 Failed to drop 

R 500 400 400 
3000 2500 2800 Failed to drop 

Figure II-8. Results of pressure test on power 
steering pump 
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MATERIALS RESEARCH SUPPORT DIVISION 
U. S. ARMY MOBILITY EQUIPMENT RESEARCH & DEVELOFMENT CENTER 

FORT BELVOIR, VIRGINIA 

SMEFB-MMC 13 Sept 1971 

.Analysis of Oil For Water Content by Karl Fischer 

Report No. 14,643 

Requested by: Construction Equipment Division, ATTN:. Mr. Stephen R. O'Dea 

Authority: A2H01130001 

1. The purpose of this work was to analyze 14 oil samples for water 
content before and after fording tests. 

2. The percentage water was determined by the Karl Fischer method 
utilizing the Beckman KF-3 aquameter. 

3. The analytical results are shown in Figure II-11. 

4. The test results indicate there are no significant increases in the 
water content of the submitted oils. 

Submitted by: 

Approved by: 

Forwarded by: 

FRED McCALEB 
Chemistry Branch 

S ]])NEY LEVINE 
Chief,_ Chemistry_ Branch-

EMIL J. YORK 
Chief, Materials Research Spt Div 

Figure II-10. Request for analysis of oil for water content 
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Water in Oil 
Percentage 

Sample Fording Test* Water** 

Hydraulic reserve Before 0.20 

Hydraulic reserve After 0.15 

Transfer case Before 0.30 

Transfer case After 0.35 

Engine Before 0.35 

Engine After 0.30 

Front axle Before 0.20 

Front axle After 0.15 

Middle axle Before 0.25 

Middle axle After 0.20 

Rear axle Before 0.30 

Rear axle After 0.20 

Transmission Before 0.35 

Transmission After 0.30 

* Before and after river fording tests. 
** Reported to nearest 0.05%. 

Figure II-11. Water in oil as determined 
us1ng l<:arl Fischer method 
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Flash Point, Pensky Martens, F 
Viscosity, Saybolt Furol at 122 F, sec 
Distillation ASTM D 402: 

Over at 437 F volume percent total solvent 
Over at 500 F volume percent total solvent 
Over at 600 F volume percent total solvent 
Residue from distillation to 680 F, volume 

percent 

Tests on residue from distillation: 

Softening point (R&B), F 
Penetration at 77 F, mm/10 

Base shall be asphalt refined from petroleum crude 

Minimum 

100 
40 

12 
55 
85 

57 

113 
50 

oil. 

Figure II-12. Specifications for cutback asphalt 

Maximum 

100 

40 
80 

125 
100 
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Amowit 
Desired Actual Spray Amowit Sprayed 

Application Application Tachom- Vehicle Bar Sprayed (Calcu-
Date Rate Rat.e eter Speed Height (Gage) Gear lated) Engine Length 

_!21L gali:'.sg :z:d s;albg :z:d ~ --1'.E!L ..J:!!,_ ~ ~ ~ ~ _!L Remarks 

27 Apr 0.5 o.43 100 145 10 1850 5L 2130 1300 2404 

27 Apr 0.5 0.42 100 145 10 1875 5L 2220 1300 2496 
27 Apr 0.5 o.44 100 145 10 -1850 5L 2090 1300 2353 Flow too light • Vehicle slowed down. 

27 Apr 0.5 0.69 100 130 10 150 4L 107.5 1600 121 

27 Apr 0.5 0.50 100 130 10 35 4L 34.7 1600 39 
27 Apr 0.5 o.65 100 130 10 200 4L 153 1600 172 
27 Apr 0.5 0.50 100 130 10 2200 4L 2190 1600 2468 

27 Apr 0.5 o.49 100 130 10 2065 4L 2130 1600 2398 
27 Apr 0.5 o.49 100 130 10 2100 4L 2132 1600 2400 
27 Apr 0.5 0.56 100 130 10 6o 4L 53.5 1600 ft) 

27 Apr 0.5 0.56 100 130 10 ft) 4L 53.5 1600 60 
27 Apr 0.5 0.57 100 130 10 62 4L 53,5 1600 60 
27 Apr 0.5 0.57 100 130 10 62 4L 53,5 1600 60 
27 Apr 0.5 0.57 100 130 10 62 4L 53.5 1600 6o 
27 Apr 0.5 o.44 100 130 10 185 4L 210 1600 236 
27 Apr 0.5 o.48 100 130 10 200 4L 210 1600 236 
27 Apr 0.5 0.59 100 130 10 250 4L 210 1600 236 
27 Apr 0.5 0.65 100 130 10 275 4L 210 1600 236 
27 Apr 0.5 0.50 100 130 10 302 4L 302 1600 340 
27 Apr 0.5 0.58 100 130 10 350 4L 300 1600 340 
27 Apr 0.5 0.50 100 130 10 1875 4L 1875 1600 2110 

29 Apr 0.5 o.46 100 130 10 130 4L 142 1600 16o Put down at 120 F; too cool and 

29 Apr 0.5 o.46 100 130 10 130 4L 142 1600 160 
did not penetrate sufficiently 

29 Apr 0.5 0.53 100 130 10 150 4L 142 1600 160 
29 Apr 0.5 0.44 100 130 10 150 4L 169 1600 190 
29 Apr 0.5 0.56 100 130 10 190 4L 169 1600 190 
29 Apr 0.5 o.48 100 130 10 160 4L 169 1600 190 
29 Apr 0.5 0.53 100 130 10 150 4L 142 1600 160 
29 Apr 0.5 0.53 100 130 10 150 4L 142 1600 160 
29 Apr 0.5 o.44 100 130 10 125 4L 142 1600 160 
29 Apr 0.5 0.44 100 130 10 150 4L 169 1600 190 
29 Apr 0.5 0.59 100 130 10 200 4L 169 1600 190 
29 Apr 0.5 0.51 100 130 10 175 4L 169 1600 190 

2 May 0.5 0.56 100 130 J.0 250 4L 223 1600 250 
2 May 0.5 o.86 l.00 130 10 125 4L 7l. 1600 80 
2 May 0.5 0.51 l.00 130 l.O 225 4L 223 J.600 250 
2 May 0.5 0.45 100 130 10 200 4L 223 1600 250 
2 May 0.5 0.69 100 130 10 7'? 4L 54 1600 60 Gage readings could not be taken 

2 May 0.5 0.73 100 130 l.O 80 4L 54 1600 60 
on level ground 
Gage readings could not be taken 
on level ground 

2 May 0.5 o.n 100 130 10 250 4L 175 1600 190 Gage readings could not be taken 

2 May 0.5 o.49 100 130 10 65 4L 66.5 1600 
on level ground 

75 Patching of asphalt previously 

2 May 0.5 0.53 100 130 10 70 4L 66.5 1600 
sprayed on 29 Apr 1971 

75 Patching of asphalt previously 

2 Ma,y 0.5 o.49 100 130 10 65 4L 66.5 1600 
sprayed on 29 Apr 1971 

75 Patching of asphalt previously 
sprayed on 29 Apr 197l. 

2 May 0.5 _ o.49 100 130 10 65 4L 66.5 1600 75 Patching of asphalt previously 

2 May 0.5 100 130 10 6o 4L 66.5 1600 
sprayed on 29 Apr 197l. 

75 Patching of asphalt previously 

2 May 0.5 o.49 100 130 J.0 65 4L 66.5 1600 
sprayed on 29 Apr 1971 

75 Patching of asphalt previously 

2 May 400 
sprayed on 29 Apr 197l. 

2 May 0.4 0.40 100 160 10 1000 4L 1000 1600 1350 Reload 
2 May 450 
2 May 0.5 0.42 100 130 10 75 4L 89 1000 100 
2 May 0.5 0.35 100 130 10 60 4L 89 1000 100 
2 May - 0.5 o.45 100 130 10 80 4L 89 1000 100 
2 May 0.5 o.45 100 130 10 80 4L 89 1000 100 
2 May 0.5 o.48 100 130 10 85 4L 89 1000 100 
2 May 0.5 o.45 100 130 10 80 4L 89 1000 100 
2 May 0.5 o.49 100 130 10 6o 4L 62 1000 -70 
2 May 0.5 _0.52 -100 -130 -10 -135 ·41 62 1000 70 
2 May 0.5 0.56 100 130 10 70 4L 62 1000 70 
2 May 0.5 0.52 100 130 10 65 4L 62 1600 70 
2 May 0.5 0.52 100 130 l.O 65 4L 62 J.600 70 

Figure II-13. Cutback asphalt spraying record, Ft. Bragg, N. C. 
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Run Tacham-
De.te Dilution Type Time Down eter Ga11ons Sample 

_!21.L ~ Material min ~ ~ P\nnped ~ 

19 Jan 4 :1 OCA-1295 15 100 1500 No 

19 Jan 

19 Jan 

19 Jan 

20 Jan 

20 Jan 

20 Jan 

20 Jan 

20 Jan 

20 Jan 

20 Jan 

20 Jan 

20 Jan 

20 Jan 

22 Jan 

22 Jan 

22 Jan 

22 Jan 

25 Jan 

25 Jan 

25 Jan 

25 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

4:1 

OCA-1295 10 5 

OCA-1295 10 5 

OCA-1295 10 Over-
night 

OCA-1295 15 5 

OCA-1295 15 60 

OCA-1295 15 5 

OCA-1295 15 25 

OCA-1295 15 10 

OCA-1295 10 20 

OCA-1295 15 10 

OCA-1295 10 10 

OCA-1295 15 10 

OCA-1295 15 Over-
night 

OCA-1295 15 5 

OCA-1295 15 

OCA-1295 20 2,5 hr 

OCA-1295 15 Weekend 

OCA-1295 15 5 

OCA-1295 15 5 

OCA-1295 15 

OCA-1295 15 Over-
night 

OCA-1295 15 5 

OCA-1295 15 

OCA-1295 15 5 

OCA-1295 15 5 

OCA-1295 15 

OCA-1295 15 5 

OCA-1295 15 5 

OCA-1295 15 

OCA-1295 15 5 

OCA-1295 15 6o 

OCA-1295 15 5 

OCA-1295 15 15 

OCA-1295 15 5 

OCA-1295 15 

OCA-1295 15 

5 

5 

100 

100 

120 

120 

120 

120 

120 

100 

100 

100 

100 

100 

100 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

* Down time is in minutes unless otherwise noted. 

1000 

1000 

1200 

l8oo 

18oo 

18oo 

1800 

1500 

1000 

1500 

1000 

1500 

1500 

18oo 

18oO 

2400 

18oo 

1800 

1800 

18oO 

1800 

1800 

l8oo 

18oO 

18oo 

1Bo0 

1Bo0 

1800 

18oo 

1800 

18oo 

1Bo0 

1800 

1800 

1800 

1800 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Continued 

li;ydraulic 
Drive 
Motor 

Pressure Remarks 

Unit 1oaded with 675 gal of material; ma
terial foamed only s1ighUy; 4700 gal 
total for 19 Jan. 

Engine hours at start .. 28.o. At the end 
of 20 Jan, it was found that 250 gal of 
water had been mixed into the PIA by 
the material pump packing. Therefore, 
the mixture was dumped and a valve in
stalled to stop the water flow into the 
packing; engine hours at finish • 29. 7. 
12, 400 ga1 total for 20 Jan. 

900-700 Unit loaded with 675 gal of material; en
gine hours at start '" 30.0; new mixture; 
engine hours at finish • 31.4; 78oo gal 
total for da;y. 

800-700 

Boo-700 

900-700 

1000-900 Engine hours at start = 31.4; tank inlet 
extension installed to promote better 
material mixing; engine hours at fin
ish m 32.4; 7200 gal total for da;y. 

950-800 

900-800 

Boo 

1000-900 Engine hours at start '" 32 .4 

900-Soo 

900-800 

900-800 

1000-Boo 

900-850 

900-Boo 
900-Boo 

900-Boo 
900-Boo 
900-Boo Temperature of OCA checked 1305 hr 58 F 

900-Boo 
900-Boo 
850 

850 

Figure II-14. Recirculation record (sheet 1 of 2) 
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Run Tachom-
Date Dilution Type Time Down eter 

_!21!.._. ~ Material !!.!!!!__ Time ~ 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

26 Jan 

27 Jan 

27 Jan 

27 Jan 

27 Jan 

27 Jan 

27 Jan 

1 Feb 

1 Feb 

1 Feb 

1 Feb 

1 Feb 

1 Feb 

1 Feb 

1 Feb 

2 Feb 

2 Feb 

2 Feb 

2 Feb 

2 Feb 

2 Feb 

4:1 

4:1 

4:1 

4:1 

4:1 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

5 

5 

5 

5 

5 

120 

120 

120 

120 

120 

Spreyed material 

3:1 

3:1 

3:1 

3:1 

3:1 

3:1 

3:1 

3:1 

3:1 

3:1 

3:1 

3:1 

DCA-1295 15 5 120 

DCA-1295 15 5 120 

120 

120 

120 

DCA-1295 15 5 

DCA-1295 15 5 

DCA-1295 15 Over-
night 

DCA-1295 15 10 120 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

DCA-1295 15 

5 120 

5 120 

5 120 

5 120 

5 120 

5 120 

Over- 120 
night 

5 120 

10 120 

15 120 

5 120 

5 120 

Over- 120 
night 

Material returned to barrels 

17 Feb 

17 Feb 

17 Feb 

2:1 

4:1 

DCA-1295 30 30 

DCA-1290 15 30 

DCA-1290 15 

All of the above runs with Viking pump 

1 Aug 

2 Aug 

3 Aug 

4 Aug 

DCA-1290 15 

DCA-1290 15 

DCA-1290 15 

DCA-1290 15 

5 

5 

5 

5 

120 

120 

120 

100 

100 

100 

100 

Gallons 
Pumped 

1800 

18oO 

1800 

· 18oo 

18oO 

18oO 

18oO 

1800 

1800 

18oO 

18oO 

18oO 

18oO 

18oO 

1800 

1800 

18oO 

18oO 

18oO 

1800 

1800 

1800 

1800 

1800 

3600 

18oO 

18oo 

1500 

1500 

1500 

1500 

Sample 

~ 
No 

No 

No 

No 

Yes 
1 pint 

No 

No 

No 

No 

Yes 
1 pint 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Yes 
1 pint 

Yes 
1 pint 

eydraulic 
Drive 
Motor 

Pressure 

1150 

1100 

1100 

1100 

1150 

1000 

1100-1000 

1300-1200 
1000 

1100-1000 

1300-1200 
1000 

1000 

1000 

1000 

Remarks 

Engine hours at finish = 36,2; 36,000 gal 
total for day. 

Engine hours at start = 36.2; 20 F air 
temperature; 25 mph wind; material tem
perature 50 F; engine hours at finish 
= 38. 5; 9000 gal total for day. 

Engine hours at start = 38.5; vehicle in 
steam room; temperature MSRD = 47 F; 
engine hours at finish = 40.4; 14,400 
gal total for day. 

1200-1100 Engine hours at start • 4o.4; pump had to 
be started in low gear range; engine 
hours at finish= 42.0; 12,600 gal 
total for day. 

1200-1100 

1300-1200 

1000 

1000 

1400-1200 

1000 

900-700 Loaded 1000 gal of material in 20 min; 
10 -rems totaJ. for the day. 

900-700 18 runs total for the dey. 

900-700 18 runs total for the day. 

900-700 18 runs total for the day. 

Figure II-14 (sheet 2 of 2) 
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Date 
1971 

15 Apr 

15 Apr 

15 Apr 

15 Apr 

15 Apr 

15 Apr 

15 Apr 

Dilu-
Type tion 

Material Ratio 

DCA-1295 3:1 

DCA-1295 3:1 

DCA-1295 3:1 

DCA-1295 3:1 

DCA-1295 3:1 

DCA-1295 3:1 

DCA-1295 3:1 

Desired Actual Spray .Amount 
Application Application Tachom- Vehicle Bar Sprayed 

Rate Rate eter Speed Height (Gage) 
lblsg ~d lbbg ~d g-pm's :t'pm in. gal 

5 4.o 100 100 10 180 

5 4.5 100 90 10 200 

5 4.5 100 90 10 200 

5 4.5 100 90 10 200 

5 4.5 100 90 10 200 

5 4.5 100 90 10 200 

5 4.5 100 90 10 200 

Hand Spray Edges 175 

Figure II-15. Spraying record, Ft. Belvoir, Va. 

.Amount 
Sprayed 
(Calcu-

Gear lated) Engine Length 
Range gal ~m's ft 

3L 255 1700 200 

3L 255 1700 200 

3L 255 1700 200 

3L 255 1700 200 

3L 255 1700 200 

3L 255 1700 200 

3L 255 1700 200 
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Amount 
Desired Actual Spray Amount Sprayed 

Application Application Tachom- Vehicle Bar Sprayed (Cal.cu-
Date Tn>e Dilution Rate Rate eter Speed Height (Gage) Gear lated) Length 

.1:.211_ Material Ratio UiLsg ;yd 1.bLsg ;yd ~ ~ in. ~ Range ~ _!!._ Remarks 

9 Mar DCA-1.290 4 :1. 5 8.4 1.00 81..5 ll 590 2L 350 300 
9 Mar DCA-1.290 4 :1. 5 5.4 1.00 95 ll 375 2L 350 300 
9 Mar DCA-1.290 4:1. 5 5.1. 1.00 1.05 ll 325 2L 350 300 
9 Mar. ' DCA-1.295 3 :1. 5 5.3 1.00 1.00 1.0 400 2L 375 300 
9 Mar DCA-1.295 3 :1. 5 5.3 1.00 1.00 8 400 2L 375 300 
9 Mar DCA-1.295 3 :1. 5 5.3 1.00 1.00 8 400 2L 375 300 
9 Mar DCA-1.295 3 :1. 3 2.5 1.00 1.60 8 1.90 3L 224 300 
9 Mar DCA-1.295 3 :1. 3 2.7 1.00 1.60 8 200 3L 224 300 
9 Mar DCA-1.295 3 :1. 3 2.7 1.00 21.0 8 1.50 3L 1.68 300 Lef't spray extension shut off since 
9 Mar DCA-1.295 3 :1. 3 3.2 1.00 1.60 8 8o 3L 75 1.00 1.eft side scrim ran out. 

------------------------------..:·--------------Hand Spray Was Used For Small Patching Areas To Empty tank----------------------------------------------

1.0 Mar DCA-1.290 4 :1. 3 3.8 1.00 1.60 8 90 3L 70 1.00 
1.0 Mar DCA-1.290 4 :1. 3 3.8 1.00 1.60 8 90 3L 70 1.00 Middle and right scrim rolls only. 
1.0 Mar DCA-1.290 4 :1. 3 3.5 1.00 1.60 8 1.65 3L 1.40 200 Middle out at 1.00 f't, right ran 
1.0 Mar DCA-1.290 4 :1. 3 3.6 1.00 1.60 8 1.70 3L 1.40 200 200 f't, sprayed without scrim 
1.0 Mar DCA-1.290 4 :1. 3 3.4 1.00 1.60 8 1.70 3L 1.40 200 all other. 

-------------------------------'·------------Smal.1. Patching With Hand Spray, 250 Gal Remained At End of Day--------------------------------------------
ll Mar 
ll Mar DCA-1.295 
ll Mar DCA-1.295 

3 :1. 
3 :1. 

5 
3 

5,9 
3.4 

Patched With Hand Spray .And Dumped Remaining 1.00 Gal 
1.00 1.00 8 1.50 2L 1.25 1.00 
1.00 1.60 8 85 3L 75 1.00 

Hand Sprayed Patches .And Sprayed Three Open Edges Of' Fiberglass 
Plot With Remainder Of' Material In The Tank 

Figure II-16. Spraying record, Dyess AFB, Texas 

1./8-in. hole intake strainer used. 
Completely :full. af'ter filling 
first barrel.. Polypropylene mat. 
Used for both sprays, 1.00-f't 
lengths. 



Amount 
Desired Ar.tual. Spray Amount Sprayed 

.Application .Application Tachcm- Vehicle Bar Sprayed (Cal.cu-
Date Type Dilution Rate Rate eter Speed Hei<>ht (Gage) Gear lated) Engine Length 
~ ~ ~ lb<'.'.s9 ;:i::d lb,:'.'.s9 ;:i::d ....Sl!!!.'.L _!'.EL in. __.£!!_ ~ ~ ~ _!L Remarks 
21 Apr IJCA-1295 3:1 4.1 100 100 Lowest 300 3L 368 1700 300 First pass - nozzle valves failed to open, 

Position cable off pulley - started spray l2 ft 
beyond desired starting point. Gage 
reading start 1950· Gage reading end 
1650. 

2l Apr IJCA-1295 3:1 4.7 100 100 Love st 36o 3L 385 1700 300 Second pass - scrim rolls fou1ing on 
Fositioo shields and spindles. 

2l Apr IJCA-1295 3:1 4.8 100 100 Love st 370 3L 385 l.700 300 
Position 

2l Apr IJCA-1295 3:1 4.8 l.00 100 Lowest 370 3L 385 1700 300 
Fositioo 

2l Apr DCA-1295 3:1 5.1 100 100 Love st 425 3L 416 1700 325 Fifth pass - increased length of pass 
Position 25 ft. 

21 Apr 450 Patch all areas not covered due to em-
placement problems - first and secood 
passes were patched with hand spray 
attachment. 

22 Apr OCA-l.295 3:1 5.3 105 100 10 425 3L 416 1700 325 
22 Apr OCA-1295 3:1 5.6 105 100 10 450 3L 416 1700 325 
22 Apr OCA-1295 3:1 5.1 105 100 l.O 412 3L 416 1700 325 
22 Apr OCA-1295 3:1 4.4 67 100 10 268 3L 277 1700 325 R4 nozzles disconnected. 
22 Apr OCA-1295 3:1 30 Hand spray 

23 Apr OCA-1295 3:1 5.4 105 100 10 1225 3L ll50 1700 900 Rain. 
23 Apr OCA-1295 3:1 5.6 105 100 10 l26o 3L ll50 1700 900 Rain. 

24 Apr OCA-1295 3:1 1 1.61 105 300 10 36o 6L 384 1900 900 Fiberglass not used. 
24 Apr OCA-1295 3:1 1 1.56 105 300 10 350 6L 384 1900 900 Fiberglass. not used. 

26 Apr OCA-1295 3:1 5 4.5 105 100 10 1020 3L ll50 1700 900 
26 Apr OCA-1295 3:1 5 4.3 105 100 10 470 3L 554 1700 433 GPM sprocket malfunctioned. 
26 Apr OCA-1295 3:1 5 4.1 l.05 100 10 44o 3L 554 1700 433 
26 Apr OCA-1295 3:1 5 5.2 105 100 10 ll85 3L ll50 1700 900 
26 Apr OCA-1295 3:1 3 2.5 105 166 10 270 332 1500 433 
26 Apr OCA-1295 3:1 3 3.1 Bo 16o 10 255 249 433 R3 nozzles disconnected. 
26 Apr DCA-1295 3:1 550 Hand spray. 

30 Apr OCA-1295 3:1 5 4.7 .105 100 10 350 3L 384 1700 300 
30 Apr DCA-1295 3:1 3 3.0 105 16o 10 230 5L 230 1500 300 Reduced amount due to slope. 
30 Apr OCA-1295 3:1 3 3.0 105 16o 10 230 5L 230 1500 300 
30 Apr OCA-1295 3:1 3 3.0 105 16o 10 230 5L 230 1500 300 
30 Apr IJCA-1295 3:1 5 4.3 105 100 10 340 3L 384 1700 300 
30 Apr DCA-1295 3:1 5 4.9 105 100 10 38o 3L 384 1700 300 Reload. 
30 Apr OCA-1295 3:1 5 5.2 105 100 10 4oo 3L 384 1700 300 
30 Apr IJCA-l.295 3:1 3 3.0 105 16o 10 700 3L 695 1700 900 
30 Apr OCA-1295 3:1 3 3.0 105 l.6o 10 300 3L 305 1700 900 
30 Apr OCA-1295 3:1 3 2.6 105 240 10 250 . 6L 287 1500 500 R3 nozzles disconnected. 
30 Apr DCA-1295 3:1 3 2.8 105 240 10 490 6L 520 1500 900 R3 nozzles disconnected. 
30 Apr IJCA-1295 3:1 3 2.8 105 240 10 490 6L 520 1500 900 R3 nozzles disconnected. 
30 Apr Hand spray 8oo Reload. 

1 May IJCA-1295 3:1 l1.7 105 100 10 26o 3L 276 1700 240 
1 May DCA-1295 3:1 5.7 105 100 10 315. 3L 276 1700 240 
1 May DCA-1295 3:1 5.4 105 100 10 300 3L 276 1700 240 
1 May IJCA-1295 3:1 5,4 105 l.00 10 300 3L 276 1700 240 

HAND-SPRAYED EDGES AND MISSED OVERLAPFED AREAS, 500 GAL RETURNED TO DRUMS 

H 
H 
I 
I\) Figure II-17. Spraying record, Ft. Bragg, N. c. I-' 



" 
Amount 

Desired Actual Spray Amount Sprayed 
Application Application Tachom- Vehicle Bar Sprayed (Calcu-

Date Type Dilution Rate Rate eter Speed Height (Gage) Gear lated) Engine Length 
1971 Material Ratio lb£'.'.sg Zz::d lb£'.'.sg :z'.d ~ ~ ~ ~ Range ~ ~ ___r:L_ Remarks 

4 Jun DCA-1295 3:1 5 3.9 100 llO 10 150 3L 192 1850 150 Gage readings. 
4 Jun DCA-1295 3:1 5 4.5 100 llO 10 175 3L 192 1800 150 Gage readings. 
4 Jun DCA-1295 3:1 5 3.9 100 100 10 150 3L 192 1700 150 Gage readings. 
4 Jun DCA-1295 3:1 5 3.9 100 100 10 150 3L 192 1700 150 Gage readings • 
4 Jun DCA-1295 3:1 5 3.9 100 90 10 150 3L 192 1550 150 Stick readings. 
4 Jun DCA-1295 3:1 5 4.2 100 90 10 160 3L 192 1550 150 Stick readings. 
4 Jun DCA-1295 3:1 5 4.7 100 80 10 18o 3L 192 1300 150 stick readings. 
4 Jun DCA-1295 3:1 5 4.7 100 8o 10 180 3L 192 1300 150 Stick readings. 
4 Jun DCA-1295 3:1 5 4.8 105 80 10 185 3L 192 1300 150 Stick readings. 
4 Jun DCA-1295 3:1 5 4.8 105 8o 10 185 3L 192 1250 150 Stick readings. 
4 Jun DCA-1295 . 3:1 5 3.7 105 8o 10 14o 3L 192 1250 125 

Hand Spray Triangles 150 Gal 

4 Jun DCA-1295 3:1 3 3.2 100 160 10 150 4L 1500 150 Respray pass No. 1. 
4 Jun DCA-1295 3:1 Hand Spray Two Middle Landing Areas - 2nd Covering 

7 Jun DCA-1295 Cone 1 1.07 75 400 10 60 2H 56 1500 300 Without glass. 
7 Jun DCA-1295 Cone 1 1.07 75 400 10 60 2H 56 1500 300 Without glass. 

8 Jun DCA-1295 Cone 4 2.9 100 150 10 210 4L 232 2000 300 Without glass (spray over seal coat). 
8 Jun DCA-1295 Cone 4 2.8 100 150 10 215 4L 232 2000 300 
8 Jun DCA-1295 Cone 5 4.5 100 120 10 265 3L 291 1900 300 
8 Jun DCA-1295 Cone 3 2.7 100 200 10 155 6L 175 1500 300 Without glass. 
8 Jun DCA-1295 3:1 5 3.6 100 90 10 275 3L 385 1600 300 Without glass. 
8 Jun DCA-1295 3:1 5 3.6 100 70 10 275 3L 385 1400 300 Without glass. 
8 Jun DCA-1295 3:1 3 2.9 100 120 10 225 4L 230 18oo 300 Without glass. 

9 Jun DCA-1295 3:1 5 3.2 100 70 10 250 3L 385 1400 300 Spray over above. 
9 Jun DCA-1295 3:1 3 2.5 150 120 10 90 4L 110 1800 150 
9 Jun DCA-1295 3:1 3 2.6 150 120 10 95 3L 110 18oO 150 Respray second pass ~irst landing zone. 

Figure II-18. Spraying record, Eglin AFB, Fla. 
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Amount 
Desired Actual Spray Amount Sprayed 

Applic~tion Application Tachom- Vehicle Bar Sprayed (Calcu-
Date Type Dilution Rate Rate eter Speed Height (Gage) Gear lated) Engine Length 
19n Material Ratio lbl'.'.sg ,:t:d lbl'.'.sg ;y:d ~ ~ ~ ~ Range ~ ~ ___fL Remarks 

18 Jun DCA-1295 3:1 5 4.3 100 80 10 220 3L 253 1400 200 
18 Jun DCA-1295 3:1 5 4.3 110 80 10 220 3L 253 1400 200 
18 Jun DCA-1295 3:1 5 4.3 120 8o 10 220 3L 253 1400 200 
18 Jun DCA-1295 3:1 5 4.8 120 70 10 240 3L 253 1350 200 
18 Jun DCA-1295 3:1 5 4.5 120 70 10 225 3L 253 1350 200 
18 Jun DCA-1295 3:1 5 4.8 120 70 10 240 3L 253 1350 200 
18 Jun DCA-1295 3:1 5 4.8 120 70 10 245 3L 253 1350 200 Pump slowed at 1350 rpm's. 
18 Jun DCA-1295 3:1 5 5.1 120 70 10 260 2L 253 16oo 200 
18 Jun DCA-1295 3:1 5 4.9 110 70 10 250 2L 253 1600 200 
18 Jun DCA-1295 3:1 5 4.9 120 70 10 250 2L 253 16oo 200 Same helipad. 
18 Jun DCA-1295 3:1 5 4.5 120 70 10 225 2L 253 1600 200 
18 Jun DCA-1295 3:1 5 5.4 120 70 10 275 2L 253 16oo 200 
18 Jun DCA-1295 3:1 5 5.4 120 70 10 275 2L 253 1600 200 Put one new roll of fiberglass on. 
18 Jun DCA-1295 3:1 5 4.5 120 70 10 225 2L 253 1600 200 

21 Jun DCA-1295 3:1 5 5.2 100 80 10 200 3L 192 1350 150 Second landing zone (no 
21 Jun DCA-1295 3:1 5 3.4 100 8o 10 130 3L 192 1350 150 hand throttle. 
21 Jun DCA-1295 3:1 5 4.2 110 80 10 160 3L 192 1350 150 
21 Jun DCA-1295 3:1 5 4.4 115 8o 10 170 3L 192 1350 150 
21 Jun DCA-1295 3:1 5 4.7 115 80 10 18o 3L 192 1350 150 
21 Jun DCA-1295 3:1 5 4.2 115 8o 10 160 3L 192 1350 150 
21 Jun DCA-1295 3:1 5 4.9 120 70 10 190 2L 192 1600 150 
21 Jun DCA-1295 3:1 5 5.2 120 70 10 200 2L 192 1600 150 
21 Jun DCA-1295 3:1 5 5.2 120 70 10 200 2L 192 1600 150 
21 Jun DCA-1295 3:1 5 5.2 120 70 10 200 2L 192 1600 150 

Hand Sprayed Landing Zone No. 2, 400 Gal of Material 

22 Jun DCA-1295 3:1 5 4.7 120 70 10 250 2L 267 16oo 200 Without fiberglass. 
22 Jun DCA-1295 3:1 5 4.7 120 70 10 250 2L 267 1600 200 Without fiberglass. 
22 Jun DCA-1295 3:1 3 2.9 120 110 10 150 3L 155 1900 200 Without fiberglass. 
22 Jun DCA-1295 3:1 3 3.1 120 110 10 160 3L 155 1900 200 Without fiberglass. 

Figure II-19. Spraying record, YPG, Ariz. 
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.Amount 
Desired Actual Amount Sprayed Spray 

Application Application Tachom- Vehicle Sprayed (Calcu- Bar 
Date Type Dilution Rate Rate eter Speed (Gage) lated) Height Gear Engine Length 
1971 Material Ratio lbLsg, id lbLs9. id S,Em' s f'pn gal gal in. Range r~'s f't 

11 Aug 1290 3:1 3 2.9 120 110 150 155 10 3 1900 200 

11 Aug 1290 3:1 3 2.9 120 110 150 155 9 3 1900 200 

11 Aug 1290 3:1 3 3.7 120 110 185 155 9 3 1900 200 

11 Aug 1290 3:1 3 3.1 120 110 160 155 9 3 1900 200 

11 Aug 1290 3:1 3 3.2 120 110 165 155 9 3 1900 200 

11 Aug 1290 3:1 3 3.0 120 110 155 155 9 3 1900 200 

11 /rug 1290 3:1 3 2.6 120 110 135 155 9 3 1900 200 

11 Aug 1290 3:1 3 2.8 120 110 145 155 9 3 1900 200 

_11 Aug 1290 3:1 ,3 4.1 120 110 215 155 9 3 1900 200 

11 Aug 1290 3:1 3 3.5 120 110 180 155 9 3 1900 200 

11 Aug 1295 3:1 3 3.4 120 110 175 155 9 3 1900 200 

11 Aug 1295 3:1 3 3.4 120 110 175 155 9 3 1900 200 

11 Aug 1295 3:1 3 3.1 120 110 160 155 9 3 1900 200 

11 Aug 1295 3:1 3 3.4 90 110 130 116 9 3 1900 200 

12 Aug 1295 3:1 3 2.6 120 110 50 57.5 9 3 1900 75 
12 /rug 1295 3:1 3 3.4 120 110 65 57.5 9 3 1900 75 
12 /rug 1295 3:1 3 4.7 120 110 90 57.5 9 3 1900 75 
12 Aug 1295 3:1 3 4.4 120 110 85 57.5 9 3 1900 75 

H 
Figure II-20. Spraying record, Engineer Proving Ground, Ft. Belvoir, Va. 
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PURPOSE OF TEST: To subject a Barnes & Reinecke Universal Liquid Dis
tributor PrototYI>e to the Railroad Im.pact Test. 

TEST PERFORMED FOR: Construction Equipment Development Branch 
Construction Equipment Division 
Mechanical Technology Department 
USAMERDC 

TEST COMPLETED: 3 September 1971. 

TEST CONDUCTED BY: Design & .Analysis Branch 
Instrumentation Division 
Technical & Research Support .Office 
USAMERDC 
Fort Belvoir, Virginia 

ABSTRACT : There was no noticeable structural damage to the Liquid Dis
tributor as result of the railroad impact test. Following 
the first impact test, the flat car was removed from the build
ing to a concrete loading platform. where ·the vehicle was driven 
from the flat car and turned 180° • Following the second and 
final impact test the flat car was again moved to the concrete 
platform. and the vehicle was driv~n from the flat car. 

PROCEDURE: The original test request was to prepare tiedown attachment 
test for Universal Liquid Distributor Prototype. The tie 
down attachments were located in convenient places to provide 
sufficient restraint on the vehicle. The vehicle was secured 
to the flat car (impact car) by 3/8-inch chain looped through 
the lifting attachments on the flat car and secured with load 
binders. There were two tiedowns (restraints) on the forward 
end, two on the center (trailer frame), and two on the afi end. 

Four accelerometers were mounted to monitor the acceleration 
levels. The accelerometers were connected to signal con
ditioners and oscillographic recording equipment. The data 
was analyzed and given to Lt. Osmond. 

Two impacts were performed. Impact #1 with the engine 
forward - 7.2 mph. Impact #2. with the engine afi - 7.14 mph. 

The speed at each impact was monitored electronically. 

PREPARED BY: APPROVED BY: 
SOLOMON L. WILLIAMS RICHARD D. SHERWOOD 

C, Design & Analysis Br 

Figure II-21. Railroad Impact Test Report 
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Cone Moisture 
Site Penetrometer ~ 

Ft. Belvoir No measure-
ments made 

Dyess AFB 12 to 15+ 2 to 6 

YPG 15+ 0 to 1.5 

Eglin AFB Sand 1 to 6 

Ft. Bragg 13 to 15 1 to 4 

Figure II-22. Strength and 
moisture data 
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MATERIALS RESEARCH SUPPORT DIVISION 
MlLITARY TECHNOLOGY LABORATORY 

US ABMY MOBlLITY EQUIPMENT RESEARCH .AND DEVELOPMENT CENTER 
FORT BELVOIR, VIRGINIA 22060 

SMEFB-MMC 3 March 1971 

Filterable Solids Test 

Report No. 14,404-1 

Requested by: Mechanical Equipment Division 
ATTN: 2Lt • Osmond 

Authority: Fiscal Code A0556030001 

1. The purpose of this work was to determine the filterable solids in 
four latex samples. The samples were labelled as follows: 26 January 
1971 undisturbed sample 1295; 26 January 1971 4/1 Dilution 1295; 27 Jan
uary 1971 3/1 Dilution ratio DCA 1295 and 1 February 1971 3/1 Dilution 
ratio DCA 1295· 

2. The filterable solids test was determined using the instructions en
closed with the samples. 

3. The results of the analysis are as follows: 

26 Jan. undisturbed sample 1295 

26 Jan. 4/1 Dilution 1295 

27 Jan. 3/1 Dilution DCA 1295 

1 Feb. 3/1 Dilution DCA 1295 

Submitted by: 
DARIO A. EMERIC 
Chemistry Branch 

"/o TOTAL 
SOLIDS LATEX 

53.45 

46.93 

45.52 

46.ll 

FlLTERABLE 
SOLJ])S IN % 
l.04xlo-2 

l.llxlo-2 

l.03xl0-2 

l.32xio-2 

Approved- by: 
~s=m~NE=--Y-L~EV~INE~---------

Forwarded by: 

Chief, Chemistry Branch 

=""'=-""""'"""----------------EM Il.i J. ·YORK 
Chief, Materials Research 

Support Division 

Figure II-23. Results of filterable solids test, 3 March 1971 

II-27 



MATERIALS RESEARCH SUPPORT DIVISION 
US ARMY MOBILITY EQUIPMENT RESEARCH & DEVELOPMENT CENTER 

FORT BELVOIR, VIRGINIA 

EMEFB-MMC 8 March 1971 

Filterable Solids Test 

Report No. 14,404-2 

Requested by: Mechanical Equipment Di vision, ATTN: 2LT Osmond 

Authority: Fiscal Code A0556030001 

1. The purpose of this work was to determine the filterable solids in 
three latex samples. The samples were labelled as follows: 3 Feb. 1971, 
DCA 1295 3/1 Dilution Ratio; 17 Feb. 1971, DCA 1290 3/1 Dilution Ratio; 
and 17 Feb. 1971, DCA 1290 4/1 Dilution Ratio. 

2. The filterable solids test was determined using the instructions 
inclosed with the samples. 

3. The results of the analysis are as follows: 

Filterable 
% Total Solids Solids in 

Latex % -------
3 Feb. 1971, DCA 1295 3/1 Dilution Ratio 

17 Feb •. 1971, DCA 1290 3/1 Dilution Ratio 

17 Feb. 1971, DCA 1290 4/1 Dilution Ratio 

43.29 

28.02· 

28.62 

7.05x10-3 

7 .50 x io-3 

4.86 x10-3 

Submitted by: ______________ _ 
DARIO A. EMERIC 
Chemistry Branch 

Approved by: 
SIDNEY LEVINE 
Chief, Chemistry Branch 

Forwarded by=-----------------
EMIL J. YORK 
Chief, Materials Research Support 

Division 

Figure II-24. Results of filterable solids test, 8 March 1971 
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Test Methods 

The following test methods are used as standards 
for the measurement of the specification physical 
properties of UCAR Latexes. 

1 TOTAL SOLIDS 

a) Oven Forced· circulation, constant temperature, lab
oratory type capable of being maintained at 
135 ± 1°C. 

b) Procedure Transfer three to five g. of the sample 
resin weighed to the nearest _mg. to a tared watch 
glass or weighing dish. 

c) Place the watch glass or dish in the constant tem· 
perature oven and heat for one hour. 

d) Remove the watch glass or dish from the oven and 
allow to cool to room temperature in a suitable 
desiccator. 

e) Weigh the watch glass or dish to the nearest 0.1 mg. 
and record. 

f) Calculation 

dry weight x 100 = total solids, % by wt. 
original weight 

2 pH 

a) Equipment Precision pH meter utilizing the glass 
electrode, such as the "Beckman" pH meter, Model 
G, or equivalent. 

b) Procedure Determine the pH of the sample accord· 
ing to the instructions that accompany the instru
ment used, with special emphasis on cleaning the 
electrodes. 

3 LATEX VISCOSITY 

a) "Brookfield" Synchro-Lectric Viscometer, LV 
model, obtainable from Brookfield Engineering 
Laboratories, Sharon, Mass. 

b) Procedure Measure 200 ml. of the sample resin into 
a 250-ml Griffin tall-form beaker and bring to 20° C. 
in a constant temperature bath. 

c) Measure the viscosity of the sample resin, using the 
spindle number and speed given in the specification. 

4 FILTERABLE SOLIDS 

a) Filterable solids Gently shake (or roll) the jar or 
container of the sample latex for five minutes to in· 
sure homogeneous distribution of the filterable 
solids .. 

b) Weigh out 1000 g. of latex in a suitable container. 
Record the weight of the latex transferred to the 
container to the nearest gram. 

c) Dilute the latex sample with one to three times the 
volume of cold tap water. Stir the diluted sample to 
obtain a homogeneous dispersion. 

d) Obtain the tare weight of an oven-dried screen to 
the nearest mg. Record the tare weight of the screen 
when constant· weight· has·been--obtained.-

e) Slowly pour the diluted latex sample tluough the 
specified mesh screen (assembled as shown in 
Figure 14). In case of excessive seediness, it may be 
necessary to gently tap the top of the screen with a 
blunt rubber rod to facilitate filtration. Moderate 
amounts of pressure may be necessary with ex
cessively seedy latexes. 

Figure II-25. Methods for determining physical properties of latexes 
(sheet 1 of 2) 
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CLAMPS 

GLASS TUBING-
1-19/32" ID 

RUBBER 
GASKET 

SCREEN 

RUBBER 
GASKET 

FIGURE 14-SCREEN ASSEMBLY FOR FILTERABLE SOLIDS DETERMINATION 

f) Wash the collected solids on the screen with a slow 
stream of cold tap water until all foam and milki
ness disappears. 

g) Remove the screen from the apparatus, being care
ful not to displace the trapped filterable solids. 

h) Place the screen in an oven maintained at 135 ± 1° C. 
-for one -hour. -NOTE: Time reqliirea to ary the 
screen plus solids may be reduced to IS to 30 
minutes except where very high filterable solids 
exists. 

i) Remove the screen from the oven, allow to cool to 
near room temperature, and weigh to the ne~rest 
mg. Record the weight of screen plus filterable 
solids when it has come to constant weight. 

j) Repeat the above procedure, paragraphs (a) through 
(i), on an additional portion of the sample latex. 

k) Calculations 
Filterable Solids 

filterable 
A - B x 104 = solids, per 

g. wt. latex x % total solids latex cent by wt. 

A= g. wt. of screen plus filterable solids (paragraph i) 
B = g. wt. of screen (paragraph d) 

5 APPEARANCE 

a) Pour the sample from one container to another and 
observe its color and homogeneity. 

Figure II-25 (sheet 2 of 2) 
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Room 
Temperature 

Aging 140 F for 170 Hr ~ins: 140 F for 340 Hr ~inS: 
T~nsile Elonga- Tensile Elonga- d/O of Plas- Tensile Elonga- 0/0 of Pl.as-

Latex Plus Plasticizer - . ...r£_ tion 2 ~ ESi tion 2 'f2. tici~ Lost ESi tion 2 ~ ticit;y: Lost 
FLEXOL 4-GO - 12 phr 464 388 648 382 5.7 515 360 12.8 
FLEXOL 4-GO - 10 phr 791 375 722 330 7.7 678 324 14.3 
Santicizer 140 - 473 300 596 318 4.2 574 295 6.4 

20 phr 

Santicizer 140 -
10.5 phr 727 400 680 338 5.2 566 296 9.1 FLEXOL 4-GO -
4.5 phr · 

Santicizer 140 -
3.5 phr 830 297 863 272 ll.3 FLEXOL 4-GO -
6.5 phr 

FLEXOL DBF - 590 352 1011 220 50.0 1048 174 61.0 10 phr 
(DCA-70 formulation) 

Figure +r-26. Results of aging tests of latexes with various plasticizers. 

Running Water 
340 Hr 

Tensile Elonga-
ESi tion 2 ~ 

703 283 
744 277 

514 276 

863 250 

650 245 



MATERIALS RESEARCH SUPPORT DIVISION 
U. S. ARMY MOBILITY EQUIPMENT RESEARCH & DEVELOPMENT CENTER 

FORT BELVOIR, VIRGINIA 

SMEFB-MMC 23 Marc.h 1971 

Corrosion Tests of Various Metals 

Report No. 14,407-1 

Requested by: Construction &: Maintenance Equipment Branch, Mech Equip Div. , 
ATTN: Mr. Leathers 

Authority: Fiscal Code A0556030001 

1. The purpose of this work was to conduct corrosion tests of various metals 
partially immersed in DCA material for possible use of these materials in the 
design of the Universal Liquid Distributor. 

2. Sample material of austenitic stainless steel, brass, and wrought alumi
num alloys were obtained. Two wrought aluminum alloy specimens were analyzed 
and sealed,' and two other aluminum specimens were protected with a chromate 
conversion coating. All of these metal specimens were partially immersed in 
the test solutions and sealed in glass containers. The test solutions con
sisted of: A - 2 parts DCA 1290/1 part water; B - concentrated DCA 1295; 
C - 2 parts DCA 1295/1 part water and 1 part DCA 1295/4 parts water. The 
corrosion tests were conducted in accordance with instructions inclosed with 
the work request. 

3. The results of the test at the end of 15 d~s are given in the Appendix. 

4. At the end of 15 d~s of test the best materials are: 304 and 316 
stainless steel, anodized aluminum and aluminum with a chromate conversion 
coating. 

5. The anodized aluminum was sealed with a dichromate solution that gives 
a yellow color to the metal. Some of this color is leached during the test 
giving a yellow tinge to the latex. If the color is objectionable, the 
anodized aluminum can be scaled with water without impairing its corrosion 
properties. The chromate conversion coating in spite of being corrosion 
resistant is not abrasion resistant and should not be used where there is 
possibility of abrasion. 

Submitted by:~~~~~~~~~~~~ 
DARIO A. EMERIC 

Approved by:~~~~~~~~~~~--
SIDNEY LEVINE 

Chemistry Branch Chief, Chemistry Branch 

Forwarded by:~~~~~~~~~~~--
EMIL J. YORK 
Chief, Materials Research 

Support Division 

Figure II-27. Report on corrosion tests of various metals 
(sheet 1 of 5) 
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APPENDIX 

Effects of different DCA latex solutions on austenitic stainless steel, brass 
(65% copper, 35% zinc), wrought aluminum alloys, anodized wrought aluminum 
alloys and wrought aluminum alloys protected with a chromate conversion coat
ing. These metals were partially immersed in the different DCA latex solu
tions for 15 days in a closed system. The different DCA latex.solutions were: 
Solution A (2 parts DCA 1290/l part water); Solution B (concentrated DCA 1295); 
Solution C (2 parts DCA 1295/l part water); and Solution D (1 part DCA 1295/4 
parts water}. The legend used to describe the extent of corrosion will be as 
follows: 

a - no signs of corrosion c - moderately pitted 

b - slightly pitted d - badly pitted 

All exposed specimens, with the exception of anodized and chromate-converted 
aluminum, were brushed with a brass brush before examination and weight 
determination. 

Metal Coupons Exposed to Solution A 

Specimen 

304 Stainless Steel 

316 Stainless Steel 

Brass 

Wrought aluminum alloys: 

1100-0 

2024-T3 

3003-0 

5083-Hll2 

5083-Hll2 Anodized 

5083-Hll2 Chromate 
conv. 

5456-Hll6 

6061-T6 

6061-T6 Anodized 

6061-T6 Chromate 
conv. 

7075-T6 

Condition of Specimens 
Weight 

Changes 
in Grams 

+0.0049 

+0.0012 

-0.0045 

+0.0032 

-0.0011 

-0.0004 

+0.0266 

-0.0012 

+0.0018 

+0.0090 

+0.0013 

-0.0021 

+0.0010 

-0.0025 

Immersed 
Area 

Area Above 
Solution 

a Slightly 
tarnished 

a a 

d d 
dezincifi- black 

cation 

a 

d 

etched 

c 

a 

a 

d 

etched 

a 

a 

etched, 
black at 
interface 

a 

d 

badly etched 

latex film 
formed 

a 

a 

d 

b 

a 

a 

c 

Figure II-27 (sheet 2 of 5) 

Effects of 
Corrosion 

in Solution 
% Filterable 

Solids 

0.030 

0.063 

0.036 

0.000 

0.546 

0.177 

0.000 

0.003 

0.021 

0.015 

0.832 

0.027. 

0.005 

2.55 
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Metal Coupons Exposed to Solution B 

Specimen 

304 stainless Steel 

316 Stainless Steel 

Brass 

Wrought Aluminum Alloys: 

1100-0 

2024-T3 

3003-0 

5083-lill2 Anodized 

5083-Hll2 Chromate 
conv. 

5456-IU16 

6061-T6 

6061-T6 Anodized 

6061-T6 Chromate 
conv. 

7075-T6 

Condition of Specimens 
Weight 

Changes Immersed Area Above 
in Grams Area Solution 

+0.0010 

+0.0002 

+0.0024 

+0.0044 

-0.0028 

+0.0004 

+0.0065 

+0.0101 

+0.0080 

+0.0025 

-0.0002 

+0.0077 

-0.0023 

a 

a 

d 
dezincifi

cation 

etched 

d 

b 

a 

a 

b 
etched 

etched 

a 

a 

etched 

a 

a 

d 
black 

b 

d 

c 

a 

a 

d 
tarnished 

a 

a 

a 

d 

· Figure II-27 (sheet 3 of 5) 

Effects of 
Corrosion 

in Solution 
% Filterable 

Solids 

0.000 

0.004 

0.003 

0.007 

0.27 

1.35 

0.029 

0.014 

0.070 

0.140 

0.026 

0.011 

2.49 
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Metal Cou12ons E~osed to Solution C 

Effects of 
Condition of S12ecimens Corrosion 

Weight in Solution 
Changes Immersed Area Above % Filterable 

§!2ecimens in Grams Area Solution Solids 

304 Stainless Steel +0.0011 a a o.ooo 
316 Stainless Steel +0.0008 a a 0.000 

Brass +0.0036 d d 0.016 
dezincifi- black 

cation 

Wrought Aluminum Alloys: 

1100-0 +0.0031 b c 0.000 
etched 

2024-T3 -0.0012 c d 1.23 
etched 

3003-0 +0.0019 b c o.ooo 
etched 

5083-H112 +0.0023 b d 0.070 
etched 

5083-H112 Anodized +0.0062 a a 0.023 

5083-H112 Chromate +0.0050 a a 0.017 
conv. 

5456-H116 +0.0004 b c 0.074 
etched 

6061-T6 -0.0006 b b 0.005 
etched 

6061-T6 Anodized +0.0016 a a 0.060 

6061-T6 Chromate +0.0013 a a 0.018 
conv. 

7075-T6 -0.0004 c d o.47 
etched, 

black at 
interface 

Figure II-27 (sheet 4 of 5) 
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Metal COU£Ons EX£osed to Solution D 

Effects of 
Condition of S£ecimens Corrosion 

Weight in Solution 
Changes Immersed Area Above % Filterable 

Specimens in Grams Area Solution Solids 

304 Stainless Steel +0.0004 a a 0.022 

316 Stainless Steel -0.0002 a a 0.025 

Brass -0.0035 d d 0.090 
dezincifi- black 

cation 

Wrought Aluminum Alloys: 

1100-0 -0.0015 d c 0.029 

2024-T3 -0.0021 d d 0.032 

3003-0 -0.0009 d b 0.010 
coagulated 

latex 

5083-Hll2 -0.0021 b b 0.015 
5083-Hll2 Anodized +0.0022 a a 0.082 

5083-Hll2 Chromate +0.0010 a a 0.007 
conv. 

5456-Hll6 -0.0015 c d 0.018 

6061-T6 -0.0008 b b 0.71 
6061-T6 Anodized -0.0006 a a 0.040 

6061-T6 Chromate +0.0004 a a 0.004 
conv. 

7075-T6 -0.0016 d c 0.021 

Figure II-27 (sheet 5 of 5) 
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MATERIALS RESEARCH SUPPORT DIVISION 
U. S. ARMY MOBILITY EQUIPMENT RESEARCH & DEVELOPMENT CENTER 

FORT BELVOIR, VIRGINIA 

SMEFB-MMC 2 June 1971 

Evaluation of Containers Used For Latex Storage 

Report No. 14,407-3 

Requested by: Construction & Maintenance Equipment Branch, Mechanical 
Equipment Division, ATTN: Mr. Leathers 

Authority: A0556030001 

1. The purpose of this work was to evaluate other types of storage 
containers for DCA latex because of a coagulation problem encountered 
in the clear glass containers. This test will determine if the latex 
coagulation is due ·to the type of container used. 

2. The containers selected for this work were: amber glass, clear 
glass, and plastic. The DCA latex test solutions used for this work 
were: solution A (2 parts DCA 1290/1 part water), solution B (concen
trated DCA 1295), solution C (2 parts DCA 1295/1 part water) and 
solution D (1 part DCA 1295/4 parts water). 

3. The relative degree of the latex coagulation is reported as filter
able solids. The results of the test are as follows: 

Solution 

A 
B 
c 
D 

Clear Bottle 

0.283 
0.170 
0.302 
0.298 

Filterable Solids in Percent 
Amber Bottle 

0.097 
0.156 
0.034 
0.034 

*Plastic 

0.011 
0.023 
0.019 
0.014 

*High density polyethylene 

4. The results show that there is much less coagulation of the latex in 
the plastic bottle but there is more stringiness. 

Submitted by=---------- Approved by=------------
DARIO Er-1ERIC SIDNEY LEVINE 
Chemistry Branch Chief, Chemistry Branch 

Forwarded by : ------------EM IL J. YORK 
Chief, Materials Research 

Support Division 

Figure II-28. Evaluation of containers used for latex storage 
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UNION CARBIDE CORPORATION 
CHEMICALS AND PLASTICS 

P. O. BOX 8301, SOUTH CHARLESTON, W. VA. 25303 

RESEARCH AND DEVELOPMENT DEPARTMENT July 27, 1971 

Mr. Royce Eaves 
Chief, Stabilization Section 
Waterways Experimental Station 
Vicksburg, Mississippi 39180 

Dear Royce: 

This is to confirm our telephone conversation regarding 
toxicity of plasticizers used in EDCA-1295. 

As I mentioned on the phone, there should be no problem in 
applying this latex for use in a water catchment basin. Since I spoke 
with you, I have obtained additional water extraction data which shows 
the amount of plasticizer extracted by water over a 24 hour period. 
The data were obtained on poly (vinyl chloride) resin but are generally 
applicable to poly (vinyl acetate) resin also. 

Figure 1 shows the actual data obtained at levels > 40 phr. 
Extrapolating the curves to lower concentrations gives a value of 
- 1.5% Flexol 4GO absorbed in water at the 6.5 phr level and - 0.023% 
Santicizer 140 absorbed in water at the 3.5 phr level. I have estimated 
slightly higher than shown to be safe. Using the information you gave 
me regarding application (latex sprayed over seven acres at the rate of 
1 lb. latex/yd.2), I have calculated the amount of plasticizer which 
would be absorbed by the water in milligrams/liter for various levels of 
rainfall. (Figure 2). 

Toxicity range finding studies (Table I) have determined that 
the maximum safe dosage of each of these plasticizers for a 150 lb. man 
are 770 mg. and 105 mg. for Flexol 4GO and Sa.nticizer 140, respectively. 
~his incorporates a safety factor of 1000 which takes into account 
cumulative effects, weight variations, etc. 

As seen in Figure 2, there is no problem whatsoever with 
respect to Santicizer 140 because of its low water extraction. A person 
could drink ten quarts of water at one time with no ill effects due to 

Figure II-29. Letter report on toxicity of dust-control materials 
(sheet 1 of 5) 
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the Santicizer 140. However, larger quantities of Flexol 4GO are 
absorbed by water. Initially, if only 1/4" rain fell, a person could 
drink only one quart of water with no ill effects. Based on the 
volatility data, ,..., 1/3 of the Flexol 4GO is evaporated from the film 
after 24 hours. Therefore, after latex application, water should not 
be used from the catchment basin for at least one week to insure that 
a safe level of Flexol 4GO has been reached. Keep in mind that this 
is for the worst case: ~ 1/4" rainfall during the first week after 
application. For larger rainfalls during the first week, more water 
could be used due to the increased dilution of the Flexol 4GO. After 
one week, plasticizer absorbed by the water could be negligible and 
would diminish with each additional rainfall. 

If I can be of any further assistance, please call me. 

Very truly yours, 

D. D. Kompare 

DDK:b 

Attachments (3) 

Figure II-29 (sheet 2 of 5) 
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TABLE I 

Toxicological Properties of Flexol 4GO and Santicizer 140 

Single oral dose (rats) LD
50 

Minimum lethal dose 

Maximum safe dose (150 lb man) 

·Skin absorption (rabbits) 

Saturated air @ 170°C. 

Saturated air @ 170°C. 

Eye injury (rabbits) 

Flexol 4GO Santicizer 140 

18 ml/kg 

1.5-2.5 gm./kg. 

770 mg. 105 mg. 

20 ml/kg. none killed 

2/6 killed in 30 min. skin irritation 

6/6 killed in 1 hr. 

none none 

Figure II-29 (sheet 3 of 5) 
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FLEXOL 4GO 

MAXIMUM SAFE DOSE= 770 MG 
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OFFICE OF THE SURGEON GENERAL 
WASHINGTON, D. C. 20314 

MEDPS-PO 25 June 1971 

SUBJECT: Request for Toxic Hazard Analyses and Toxicology Report 

Chief of Engineers 
Department of the Army 
ATTN: ENGSO 
Washington, D. C. 20314 

1. Reference letter, WESDV, Waterways Experimentation Station, dated 2 
November 1970, subject as above and 2nd indorsement, MEDPS-PO, OTEG, 
subject as above, dated 14 May 1971. 

2. The descriptions of two chemical compounds have been reversed in 
paragraphs le and ld of second indorsement. These paragraphs should be 
changed to read: 

c. Santicizer 140 (100% cresyl diphenyl phosphate) is a mild 
cholinesterase inhibitor in chickens. No human data are available. 

d. Flexol 4-GO (100% tetraethylene glycol-di(2-ethylhexanoate)) is 
a moderate skin irritant for humans. 

3. There are no changes in the recommendations. 

FOR THE SURGEON GENERAL: 

JEROME H. GREENBERT, M.D. 
Colone 1-, MC 
Chief, Preventive Medicine Division 

Figure II-30. Requests for toxic hazard analysis and toxicology report 
(sheet l of 6) 
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ENGS0(2 Nov 70) 3rd Ind 
SUBJECT: Request for Toxic Hazard Analyses and Toxicology Report 

DA, Office of the Chief of Engineers, Washington, D.C;, 20314, 21May1971 

TC°: Director, Waterways Experiment station, Corps of Engineers, ATTN: 
Chief, Safety Office, Vicksburg, Mississippi 39180 

Forwarded for your information are copies of the Toxicology Report of the 
Hazard Analyses performed by the U. S. Army Environmental Hygiene Agency, 
Edgewood Arsenal, Maryland. 

FOR THE CHIEF OF ENGINEERS: 

L. E. DOLTON 
Assistant for Systems Safety 
Safety Office 

Figure II-30 (sheet 2 of 6) 
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MEDPS-P0'(2 Nov 70) 2d Ind RMG/gew 
SUBJECT: Request for Toxic Hazard Analyses and Toxicology Report 

DA, OTSG, Washington, D. C., 20314 - 14 May 1971 

TO: Chief of Engineers, Department of the .Army, ATTN: ENGSO, 
Washington, D. C. 20314 

1. After extensive literature research, the following data have been 
obtained: 

a. Inhalation toxicity data on the polyvinyl acetate (PVA) emul
sions plasticized with Santicizer 140 and FLEXOL 4-GO, manufactured by 
the Union Carbide Corporation, are not available. 

b. Extensive field testing for dust control by spraying PVA emul
sions has been conducted without any reported adverse health effects. 
All workers spraying PVA emulsions were required to wear gloves, cover
alls, and goggles, however, respirators were not used. 

c. Santicizer 140 is a moderate skin irritant for humans. 

d. FLEXOL 4-GO (100% cresyl diphenyl phosphate) is a mild cholines
terase inhibitor in chickens. No human data are available. 

2. On the basis of the above data the field use of PVA emulsions is con
curred in with the following recommendations: 

a. Workers spraying PVA emulsions should be required to wear gloves, 
coveralls and goggles. 

b. The particle size of the PVA mist generated should exceed 
10 microns in diameter. 

c. Workers should have red blood cell and plasma cholinesterase 
levels checked before exposure and every three months thereafter. This 
requirement can be dropped if no adverse results are obtained after the 
first 12 months of surveillance. 

3. Communication with Waterways Experiment Station, Vicksburg, 
Mississippi, indicates that Flexbond 860 will not be used and as a 
result no toxic_ ha.z..ard- evaluation- was- performed-. 

FOR THE SURGEON GENERAL: 

JEROME H. GREENBERG, M.D. 
Colonel, MC 
Chief, Preventive Medicine Division 

Figure II-30 (sheet 3 of 6) 
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ENGSO (2 Nov 70) 1st Ind 
SUBJECT: Request for Toxic Hazard Analyses and Toxicology Report 

DA, Office of the Chief of Engineers, Wash DC, 20314 5 November 1970 

TO: DA, Office of the Surgeon General, Wash DC 20314 
ATTN: MEDPS-P 

Recommend that services requested in basic communication be provided at 
the earliest convenient date. 

FOR THE CHIEF OF ENGINEERS: 

L. E. DOLTON 
Assistant for Systems Safety 
Safety Office 

Figure II-30 (sheet 4 of 6) 
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DEPARTMENT OF THE ARMY 
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS 

P. 0. BOX 631 

VICKSBURG. MISSISSIPPI 39180 

IN "'"LY Rll"Ut T01 WESDV 2 November 1970 

SUBJECT: Request for Toxic Hazard Analyses and Toxicology Report 

Chief of Engineers 
ATTN: ENGSO 

1. Toxic hazard analyses are required from the Office of the Surgeon 
General, U. S. Army E~vironmental Hygiene Agency (USAEHA) for the follow
ing chemical products: 

a. Sample Numbers SS 1288 2 SS 1290 and SS 1295. Polyvinyl acetate 
emulsions plasticized with Santicizer 140 and FLEXOL 4-GO. Manufactured 
by Union Carbide Corporation, (Attn: Mr. L. H. Wartman), 270 Park Avenue, 
New York, N. Y. 10017. 

b. Sample Number SS 1292. "Flexbond 860" polyvinyl acetate emulsion. 
Manufactured by Airco Chemical and Plastics Company, (Attn: Mr. Don Reagan), 
2802 Rector Street, P. 0. Box 15686, Dallas, Texas 75219. 

2. The items described in paragraph 1 are to be used as dust control ma
terials. These materials are in liquid form and will be shipped to the 
test site in 55 gallon steel drums. The material will be loaded into a 
distributor (similar to a conventional asphalt distributor) by removing 
the lids from the drtuns and inserting a hose which is connected to a ptunp 
on the distributor. The material is then pumped into the distributor 
tank and transported to the desired location where it is sprayed onto the 
ground surface through nozzles. The nozzles are located at the rear of 
the distributor approximately 12 inches above the ground. The material 
is then allowed to air cure for four hours or less. Personnel working 
with this material will be exposed to it for varying periods (from 1 to 
10 hours a day~ for several c_ons_e_cuti_ve_ deys_) ·-

3. The analyses and subsequent report should provide detailed toxicologic 
data on each product with safety precautions to be observed in their appli
cation. Field tests with these chemicals will be conducted at several 
sites across the United States during CY 1971. Therefore, the toxicology 
report should be forwarded at the earliest possible date to provide 
adequate ·information for pretest planning. 

Figure II-30 (sheet 5 of 6) 
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WESDV 
SUBJECT: Request for Toxic Hazard Analyses and Toxicology Report 

4. Samples for analysis, if required, and any further information can be 
obtained from Mr. T. B. Rosser, Chief, Safety Office, Waterways Experiment 
Station, Vicksburg, Mississippi 39180. 

5. Request that the USAEHA be requested to expeditiously provide the 
required analyses and report. 

FOR THE DIRECTOR: 

T. B. ROSSER 
Engineer 
Chief, Safety Office 

2 

Figure II-30 (sheet 6 of 6) 
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APPENDIX III - FAILURES AND UNSCHEDULED MAINTENANCE 

Oper-
ating Date 

Mileage ~ -1.21L_ Incident 

222.6 

248.7 

248.7 

248.7 

246.7 

246.7 

253,9 

253,9 

253,9 

253,9 

253,9 

253,9 

616.7 

619.9 

22.0 6 Jan Leaking steering hydraulic lines. 

26,3 11-14 Jan Unit did not steer at l~ speeds 
with transmission in gear. 

26,3 11-16 Jan Drive shaft at the midsection 
pillow block was loose, 

26.3 

26,3 

13 Jan Fluid leakage at hydraulic tank 
inspection plates , 

15 Jan "T" pipe in water plumbing was 
f'l'actured, 

36,5 28-29 Jan Pump froze and could not be 
started, 

36.6 

42.0 

43.2 

43.2 

62.7 

1 Feb Transmission could not be shifted 
into reverse, 

2 Feb Material pump seized, 

3 Feb Material did not sprey at full 
force from the nozzles , 

8 Feb It was discovered on receipt of the 
unit that the transmission would 
not downshirt at high engine 
speeds, The information for 
correction was received from the 
manufacturer at that time, 

9 Feb Transmission could not be shifted 
into sixth gear, 

25 Feb Pressure loss occurred at the 
material sprey noz:i;lee, 

25 Feb Leakeg_e occurred at the f'lang!! on 
the intake pipe of' the material 
tank. 

6 Mar Clevie on the left side scrim bar 
hydraulic cylinder separated from 
the cylinder rod. 

Down- Repair 
Time Time 
~~ 

10 

16 

32 

15 

1 1 

1 

1 

(Continued) 

Correction 

Replaced hydraulic hose and properly seated the 
new fitting since the original fitting had 
not been properly installed, 

The steer pump flow was not adequate at low 
engine speed due to converter slip, Problem 
was not corrected; however, it is recommended 
that future steer pump be driven by power 
takeoff' not affected by converter slip. 

The retaining nut, which was not a self-locking 
nut (as had been specified), loosened. All 
bearings and seals at the pillow block were 
damaged and were replaced, The spline shaft 
was twisted (Figure III-1) and had to have 
splines at one end machined down in order to 
properly fit, A correct self-locking nut was 
installed, A new spline shaft was later man
ufactured and installed, 

The plate was uneven and did not seal, metal on 
metal, to the tank, The rubber "O" ring was 
too large for the groove provided in the 
plates, A 1/6-in. cork gasket was installed. 

This occurred during manufacture because the 
system was left in subf'l'eezing weather with 
water in it. The "T" was replaced. 

The dust-control material hardened in the pump 
overnight, The unit had been outdoors in 
10 F air, The water was frozen out of' the 
material, allowing the material to harden in 
the pump. The pump was completely dismantled 
and cleaned, The graphite bushing was de
stroyed when the pump was dismantled and was 
replaced with a bronze bushing, 

A sort metal stove bolt serving as a retaining 
pin in the transmission linkage was worn and 
allowed tree pley in the transmission link
age, A standard retaining pin was installed, 

The pump waa dismantled, and all surfaces were 
cleaned of hardened material, The bushing 
was repositioned to seat at the base of' the 
idler gear shaft to prevent future buildup 
of' material in the area where it hardens and 
prevents rotation of' the gear, 

The material sprey bar was dismantled and found 
to be nearly full of hardened material, 
Three outlets to the valves were completely 
stopped up. Thia occurred at the time that 
the material froze in the pump, but was not 
discovered until this time. The bar was 
cleaned and reassembled. 

The transmission plumbing tor the downshift 
inhibitor was corrected per the manufac
turer's instructions, 

The transmission linkage was readjusted, 

A rag was found at the outlet filter from the 
material tank and removed, 

This was noticed after a modification was made 
at the intake, A new gasket waa installed, 
Teflon tape was wrapped on the flange bolts 
to prevent material from leaking out around 
the threads , 

The threads in the clevis were stripped and 
there waa no retaining nut, The clevis was 
rethreaded, and a retaining nut was 
installed, 

(1 of' 3 sheets) 
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APPENDIX III (Continued) 

Oper-
ating Date 

Mileage Hours _l21l..__ Incident 

628.0 

637 .1 > 71.9 

647 .4 72.6 

73.4 

73.4 

661.l 77.6 

664.6 79.0 

81.2 

667 .1 61.2 

668.4 81.5 

695,5 67 ,3 

714.3 108.2 

728.1 118.7 

735.4 120.8 

10 Mar Material pump could not be started 
with the cotta transmission in 
reverse or forward gear. 

26 Mar V belts for the alternator failed. 

30 Mar Slippage occurred in the transmis
sion. It was difficult to shift 
into gear, and the transmission 
stayed in manual lockup although 
the lockup switch was off. 

2 Apr Material pump was difficult to 
turn. 

2 Apr Rod for the left side scrim bar 
lifting cylinder fractured at the 
clevis connection. 

13 Apr Drive sprocket for the pump packing 
water pump came loose on its 
shaft. 

14 Apr Clevis on the right side scrim 
lifting cylinder bent when the 
unit crossed a ditch with fiber
glass rolls installed. 

16 Apr Prewetting water pump did not oper
ate with the scrim bar in the 
float position. This incident 
was caused by hydraulic control 
block modification described 
above. 

16 Apr Burner fuel would not spray from 
the asphalt heater nozzle. 

20 Apr Diesel fuel leaked out the asphalt 
burner nozzle, 

26 Apr Material spray bar valve-actuating 
cable broke because the operator 
backed the machine over the hand 
spray hose, which was bound 
against the cable. 

29 Apr Asphalt heater could not be lit. 

1 May Scrim bar lateral support pin 
fractured. 

6 May The engine oil filter leaked be
cause the oil filter housing hit 
against the storage box while the 
unit was in transit from 
Ft, Bragg, N. C. 

Down- Repair 
Time Time 
~~ 

6 1 

46 6 

2 

1 

6 6 

6 

2 

1 1 

1 

1 1 

1 1 

3 

(Continued) 

Correction 

Material hardened and clogged the flow passages 
in the idler gear shaft. This created an 
adhesive between the bushing and the shaft, 
The pump was disassembled and cleaned. 

The alternator pulley was incorrect in its 
cross section. The pulley was 'replaced with 
one of the correct size, and the V belts were 
replaced. 

The welded end of the transmission linkage was 
found to have a broken weld allowing consid
erable play in the linkage. This was re
welded, and the slippage and gear placement 
were corrected, The solenoid-actuated, 
sleeve-type, lockup valve was found to be 
held open by the transmission fluid pressure. 
A manually actuated ball valve replaced the 
sleeve valve, thus making manual lockup more 
positive. 

The idler gear was removed with great diffi
culty. Material had accumulated at the top 
and bottom of the idler gear shaft. The flow 
holes in the bushing and the shaft were out 
of alignment with each other. Since the 
holes were filled with hardened material, the 
misa.lignment allowed the material to form an 
adhesive between the shaft and idler bushing. 
The bronze bushing was replaced vi th a graph
ite bushing. 

The cylinder was replaced. This failure oc
curred while the unit was being shipped to 
MERDC from Dyess AFB. 

The sprocket was not straight on the shaft and 
was reamed out by the shaft. The sprocket 
was rebored and fitted with a bushing to 
fit the shaft • 

The clevis bent due to the failure of the hy
draulic cylinders to be pushed upward when in 
the float position. The clevis was replaced. 
To correct the non float situation, the top 
hydraulic cylinder outlets were vented to the 
air through a fine-mesh filter screen. It 
was also necessary to modify the hydraulic 
control block. 

Further modifications were made to completely 
remedy the situation, 

The burner nozzle was disassembled and cleaned. 

A shutoff valve was installed in the fuel line 
of the asphalt heater system. 

The broken cable was replaced. 

The fuel needle valve and relief valve were not 
on the unit, The proper valves were shipped 
from MERDC and installed. 

The pin was replaced. 

The housing was replaced and was raised 2 in. 
It is still in a very vulnerable position 
(Figure III-2). Two gallons of engine oil 
were added. 

(2 of 3 sheets) 
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APPENDIX III (Concluded) 

Oper-
ating Date 

Mileage ~ _l2IL_ Incident 

736.1 121.8 

813.4 124.8 

1065.0 141. 7 

1076.4 143. 7 

1077.8 146.3 

1092.9 151.2 

1092.9 152.3 

1128.2 153.1 

13 May Starter motor would not function. 

14 May Drive belts for the radiator fM 
came off because they had been 
stretched. 

9 Jun Sier- Bath pump was spraying 10 to 
20 gpm less than its rated 
capacity. 

17 Jun Material pump tachometer cable 
broke • The cable was bent 
sharply at the actuating sprocket 
connection, and failed due to 
fatigue at that bend. 

18 Jun A leak occurred in the rear brake 
lines because one air-pressure 
line was rubbing on the metal 
frame and a hole had resulted. 

23 Jun While the vehicle was ascending a 
side-slope test bank, the left 
front wheel became free, Al
though all differential lock-up 
controls were in the lock-up 
position, only the free wheel 
would turn while power was not 
delivered to any other wheels. 

23 Jun The hand brakes would not hold the 
unit on a 30 percent grade, 

14 Jul While uncoupled, the prime mover 
could not be driven since no 
power was transmitted to the 
front wheels , 

* Requires redesign. 

Down- Repair 
Time Time 
~~ 

4 

Correction 

The battery was charged, and a used alternator 
was installed, 

The belts were replaced with belts of the same 
size, which quickly twisted and came off. 
fknaller diameter belts were installed and 
adjusted tighter. 

When the spraying was finished, the outlet tank 
strainer was removed and found to be filled 
with hardened material, The filter was 
thoroughly cleaned, 

The cable was replaced. 

The air line was replaced. 

While the unit was uncoupled on 14 Jul, the air 
over hydraulic master cylinder, which actu
ates the front-rear differential lock-up, was 
checked and found to be transmitting insuffi
cient pressure to operate the lock-up. The 
master cylinder was disassembled and found to 
have a damaged seal. The seal was replaced, 
and the cylinder functioned correctly. 

It was found from the manufacturer that the 
hand brake system was not designed to support 
the vehicle on greater than a 15 percent 
slope, Stronger brake actuators are being 
ordered to hold the vehicle on slopes of up 
to 40 percent. 

See incident 23 Jun 1971. Same correction 
required. 

(3 of 3 sheets) 
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Figure III-1. Twisted spline shaft at the center beaming of 
the drive shaft 

Figure III-2. .Underside of di stri but or showing vulnerable 
position of the engine oil filter (far right) 
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Operating 
Mileage Hours 

22.6 22.9 

248.7 26.3 

1.4 31.4 

251.4 31.4 

251.4 31.4 

253,9 43.2 

253,9 43.2 

490.1 56.5 

490.1 56,5 

490.1 56,5 

614.6 61.8 

614.6 61.8 

614.6 61.8 

652.5 73.4 

637,1 71.9 

637.l 71.9 

73,4 

652,5 73,4 

APPENDIX IV - DESIGN MODIFICATIONS 

Date 
..l21L Modification 

5 Jan The air actuator, which operates the valves 
controlling flow to the material spray bar, 
was removed and was replaced vi th a hand 
control. 

15 Jan The storage box and its two outer supports 
were removed, thus increasing the size of 
the operator's platform. 

22 Jan A pipe extension to carry incoming material 
to the front half of the material tank was 
installed. 

22 Jan A shutoff valve between the water tank and 
material pump packing water pump was 
installed, 

22 Jan An elbow and pipe extension were installed 
at the hydraulic fluid tank drain. 

5 Feb A guard rail was fabricated aroWld the pump 
operator's platform. 

8 Feb The transmission plumbing was modified per 
the manufacturer's instructions. 

17 Feb Cone-type straine1·s with 1/8-in. or 1/4-in. 
openings were made to be installed at the 
outlet from the material tank and at the 
left side material transfer inlet, 

17 Feb A drain plug was installed at the bottom of 
the outlet "T" from the material tank. 

17 Feb The air pressure reducing valve on the air 
line to the spray bar nozzle opening 
cylinder was removed. 

22 Feb A vernier calibrated twist knob hand 
throttle control was installed. 

23 Feb An air-actuated cylinder was installed for 
raisi'ng and lowering the bitumeter of the 
fifth wheel. 

24 Feb A modified "T" with one outlet for a 1-in. 
hand spray hose connection and one outlet 
for a 2-in. transfer f!ose was installed. 

2 Apr The two two-way, two-position spray control 
air valves were replaced with one four
way, two-position air valve. 

Reason 

Less cost and weight and a hand control is 
less confusing for the operator. 

The box adds considerable weight, increases 
steering circle, is Wlsafe to Wlload and 
load, and generally is too large a piece of 
equipment for that area of the machine. 

This will ensure better mixing when recircu
lating the material, 

To prevent excessive amoWlts of water from 
entering the material pump and eventually 
the material during extended recycling 
periods, 

The original drain location of the tank 
allows draining fluid to r= onto other 
components below it, 

To prevent the operator from falling off the 
platform. 

To correct the down shift inhibitor perfor
mance and to allow the transmission to be 
downshifted at higher vehicle speeds. 

To prevent large foreign particles or hard
ened material particles from entering the 
material pump. 

This eases removal of the bottom plate be
cause it allows drainage of small amoWlts 
of material or water settled in the "T" 
vi thout removing the plate, 

The reduced pressure in the line was not 
sufficient to properly open and. close 
the material valves. 

To provide a constant and finely adjusted 
speed control for level groWld spraying. 

To prevent the operator's having to stop the 
Wlit to prepare the fifth wheel for spray
ing operations on each turnaroWld, 

To incorporate an asphalt spray system 
modification, using the 2-in. hose, 

To enable the operator to simultaneously 
switch from circulate to spray and back 
without the possibility of deadheading 
the pump. 

29 May A new 2-in. material spray bar was installed To eliminate installation time and required 
to replace the original 3-in, bar, Swivel storage, 
Joints were at each end of the middle bar 
so that the extensions could be folded up 
for storage or down for spraying. A cable 
was connected to a two-way air cylinder 
for actuating the nozzle valves. Two-in., 
quick-disconnect male connections were 
installed at the end of each bar extension 
for asphalt circulation, 

29 May Swivel Joints were installed at each end of 
the middle water spray bar, 

l Apr The plumbing at the rear hydraulic control 
block was modified. 

2 Apr A new material hand spray bar was fabricated 
to replace the present one. 

(Continued) 

This allows the bar extensions to be raised 
or lowered in 20 min less time and requires 
less OVE storage space. 

To ena'tlle the water, scrim, and material 
spray bar to be raised and lowered when 
the water pump is being operated, 

The bar has a single lifting valve actuating 
handle for easier handling. Three vee jet 
nozzles replaced the single fiat spray noz
zle to provide better material coverage, 
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Operating 
Mileage Hours 

652.5 73.4 

652.5 73.4 

652.5 73.4 

652.5 

661. 7 

661.l 

661.l 

664.6 

667.1 

735,4 

1050.4 

1050.4 

1050.4 

1453.9 

73.4 

73,4 

75, 7 

75.7 

77 .6 

79.0 

81.2 

120.8 

134.o 

134.o 

134.o 

APPENDIX IV (Concluded) 

Date 
.121L Modification 

5 Apr The "T" at the material tank outlet was modi
fied by placing a butterfly valve between 
it and the tank and providing a quick
disconnect cap at the bottom of the "T". 

6 Apr Retaining chains were installed for the water 
and material spray bars. 

6 Apr A basket-type strainer with a quick
disconnect coupling and 1/4-in. opening 
was provided for the end of the material 
inlet transfer hose. 

7 Apr Larger orifice (1/4 TT8010 vee jet) nozzles 
were installed on the water spray bar. 

7 Apr A quick-disconnect cap and strainer retainer 
were installed at the material intake 
pipe. 

12 Apr A water hose from the water prewetting hand 
spray connection to the upstream side of 
the material intake valve was installed. 

12 Apr A water line from the Viking pump packing 
water pump to the lubricating hole at the 
base of the material pump rotor shaft was 
installed. 

13 Apr A dipstick was fabricated for the material 
tank. 

14 Apr A hard rubber scraper for cleaning the fifth 
wheel was installed. 

20 Apr A hand-operated ball valve to actuate the 
transmission manual lock-up replaced the 
solenoid-operated valve. 

10 May Sier-Bath pump installed. 

20 May A telescopic adjustable spraying guide was 
mounted at the front bumper, 

21 May A removable splash guard, the length of the 
material spray bar and attached to the 
front of the spray bar, was installed. 

21 May Two-foot extensions were installed at each 
end of the water prewetting bar. 

4 Aug A WABCO twist knob pump speed-control valve 
replaced the lever valve. 

Reason 

The valve can shut off the material tank out
let so that the outlet strainer can be 
checked with the material tank full or 
empty. The quick-disconnect cap provides 
easier access to the strainer. 

To prevent the bars from dropping down during 
traveling and storage. 

To prevent skim and hardened particles from 
entering and clogging the intake cone 
filter. The hose filter will be easier 
and faster to clean during loading. 

WES personnel requested more water flow from 
the prewetting nozzles. 

To provide easier access to this strainer for 
cleaning during loading. 

To provide a water-transfer system for mate
rial pump and pipe cleaning operations and 
water transfer to the material tank from 
an external source. 

To provide a flushing system to keep DCA from 
clogging the rotor flow holes. More water 
pressure is required than is presently 
supplied. 

The float gage is inaccurate at low volumes. 
A dipstick was not provided by the 
manufacturer. 

To prevent DCA buildup on the fifth wheel, 
which would affect its accuracy. 

The solenoid-operated sliding valve was being 
kept open by the transmission pressure. 
The manual valve ensures a more positive 
operation. 

To test second proposed material pump. 

To give the operator better directional con
trol when spraying. 

To provide more complete protection for the 
scrim rolls, yet be far enough removed from 
them so as not to hamper their operation. 

The water spray bar width was insufficient to 
provide the proper prewetting width. 

The lever valve would not control the pump 
speed at intervals in both directions. 
However, the WABCO valve is too sensitive. 
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of the dust-control material exceeded the criteria of the currently existent Qualita-
tive Materiel Requirement. Only minor deficiencies were noted and these deficiencies 
will be corrected by specification changes that will place closer controls on sup-
pliers of dust-control materials. The liquid distributor for dust control_ described 
herein performed well on-road, off-road, and during spraying operations. There were 
no major equipment failures. The minor deficiencies that were encountered could be 
readily corrected. During the tests, modifications were made that improved vehicle 
operation. Design changes will be required in order to meet the vehicle weight re-
quirement and to improve the maintainability of the vehicle. Based on the 
the tests reported herein, it is concluded that the 
for engineering tests/expanded service tests. 
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