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THE DEVELOFMENT OF A MECHANICATL CEMENT SFREADER
AND ACCESSCRIES FOR USE IN SCIL CEMENT CONSTRUCTION

SUMMARY

In recent years, it has been found that portland cement combined with certain
types of solls produces material sultable for low-cost road and alrpert constructlon
This type of treatment 1s referred to as soll-cement stabilization, and numerous civil
and military airports have utilized this method 1n the construction of surfaces and
base courses

It has been the general practice to apply the cement to the so1l by hand, an
operation thet, in additlon toc being slow and labor-consumng, often results in an
improper disgpersion of the cement

With the approval of the United States Army Adr Forees and the endorsement of
the Secretary of War, the Technical Development Division of the Civil Aercnautics
fdeimievration Initiated the project of developing a mechanical cement spreader capable
of providing a more speedy and accurate method of applying portland cement to so1l
that had been prepared for atabilization Thils project has now been completed and a
deacripticn of the development and operation of the equipment i1s contained in this re-
port.

The apreader will give an even distribution of cement over an area 6 feet
wide 1n any controllable amount between O 3 and O 75 cubic feet per square yard of
surface (approximately é to 16 percent by volume of compacted soil for 6-inch thick—
ness) at forward speeds up to 150 feet per mimita., The quantity of cement so spread
can be controlled within a variation of less than 1 percent based on the volume of
compacted soll, The unit 15 suatable for use wath elther bulk or sacked cement and 1is
dasigned to be towed by truck or tractor.

In order that the equipment may be transported to remote combat areas by air,
it has been designed so that all umts c¢an be broken down into easily assembled parts,
each of which will converdently fit Into milaitary transport planses.

INTRODUGTION

The use of soill-cement mixtures for airport paving has been given considerable
study Ly engineers 1n recent years In thas type of construction, the soil to be
treated 15 first prepared by scarifying and pulverizing The required cement is
added and the mass thoroughly mixed Water 1s then added and the soil furthsr mixed,
after whach the mass is compacted and allowed fo cure  When the cement hyarates and
crystallizes, a new structural msterial is formed

The soil-cement ratic 1s different for each type of aoil, and 1t 18 necsssary
to determine thls relationship by sample tests in the laboratory, In general, an
average construction condition will require a cement content of about 10 percent by
volume Since depth of treaiment 1s usually 6 inches (thickmess of compacted materiel)
there would be required 3 x 3 x 6/12 x 10/100 or 0.45 bags {cu ft ) of cement per
aquare yard of surface to obtain a cement content of 10 percent.

Under the present procedure, 1% 1s general practice to apply the cement te

the ground by herna. This is dcne by spacing the cement in bags at such transverse and
lengatudinal intervals as to give the required proportion when spread. For example:
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To stabilize a 20-foot roadway to a depth of 6 inches, the requirements per lineal
foot for a 10 percent mix would be 20 x 6/12 x 10/100 or 1.00 bag of cement. There-
fore, 100 feet of roadwasy covering 2 00D sguare feet, would require 100 bags of
cement  This amount would be proportionately applled by having each sack cover 20
square feet, or one sack should be spotted every 4 fest longltudinaily and every 5
feet transversely over the required area

After the baga are 1n place, they must be broken open, emptied by hand, and
the cement spread by garden rakes or by drageging with a splke-tooth harrow. Thia
manual operation 13 very slow and labor-conguming and, even with painstaking supervi-
sion and extended manipulation of the mixture, it wes found that under some conditions
the resultant distribution of cement did not prove to be uniform, later resulting in
pavenent fallure.

With the increase in ajrport construction, both civil and military, it was
thought neceseary to improve and slmplify these procedures by the use of a more rapid
and accurate method of cement distributlon. For thils remson the Technical Development
Invision of the Civll Aerconautics Administration undertook the project of developing
a mechanical cement spreader capable of accurately and rapldly applylng elther bulk
or sack cement to the soll 1n any controlled predetermined proportlon. TIn additlon,
the sntire unit was to be so constructed that, when broken down into easlly asesmbled
parts, no one part was to welgh more than 750 pounds and all wers to be of such size
as te f1t into an Army iransport plane for shipment by air

Inaunguration of thls project was approved by Brigadier General 1. P, Whitten,
Director of Base Services, Unlted States Army Alr Forces, 1n a letter dated April 3,
1942, to the Administrater, Clvil Aeronsutics Administration, Endorsement of the
project and certification of its military lmportance were given by the Secretary of
War to the Secretary of Commerce 1n a letter dated Aprll 21, 1942.

The equipment, developad and built under contract with the Helldburton 0il
¥Well Cementlng Company of Iunean, Oklahama, 18 now completed, and after thorough
laboratory and field testing 1t has been accepted by the Civil Aeronautles Adminis-
tration

Tne development work was divaded into two parts, the development of a
epecial spreader for applying the cement to the ground, and the development of &

method of storling and feeding the cement to be applied by the spreader. In this
connection, 1t was necessary to provide for the handling of both bulk and sack cement.

THE CEMENT SFREADER

Development of Spreader

The basic requirement for the cement spreader wae that 1t be able to apply a
controlled amount of cerent evanly over an area 6 feet wlde at a predetermined pro—
portion wathin an allowable tolerance of plus or mimua 1 percent of the volume of
compacted base.

It was recognized at the start that the machine should ancorporate a method
of delivering a metered amount of cement per unit of aree regardiess of the forward
apead After a careful study of several metheds of mechanical feeding 1t was declded
that screw conveyors would give a higher degree of accuracy and control for thils pur-
pose than any other methoed It was therefore decided to bulld the machine around
thise basic principle

The next step was to determine the proper method of diffuslng the cement from
the screws in order to obtain an even spread on the ground For thils purpose a
testing devlce was set up consisting of a 6-inch feeder screw dlscharging into a
small hopper attached to an i1nclined chute, as shown in figure 1-A. As the cement



was discharged, a plece of canvas was drawn underneath the outlet spout to simulate
approx1urate field conditions of spread The deposited material was then observed in
order to note the wniformity of distribution

First tests showed the cement to have a tendency to pile up ana fall down the
gteeper side of the outlet spout, resulting in an uneven spread In order to overcome
this condition and te obtain a better diifusien of cement before 1t reached the out-
let spout, a small deflector vane was soldered to the inside of the chute (figures
1-B and 1-C) The results of this arrangement showed a fairly even cross section of
spread (figure 1-D)

Tests were then conducted in order to determlne the mimmum size of the inlet
opening of the chute A vane was introduced in the opening allowing the asize to be
varied during tests The mimamum size was found to be 1-1/8 inches, smaller sizes
than this causing tha cement to bridge across the opening, resulting in uneven fesding

Follewing these tests, preliminary designs were drawn incorporating this type
outlet spout However, 1t was soon realized that the size spout required when using
a single feeder screw was too large for practical field purpcses  Trerefore, the de-
s1gn was modified by replacing the single feeder by a series of smaller screws all
feeding from a commeon hopper box, each of which discharged 1ts material to the ground
through i1ndividual outlet spouts

To test this design under approximate field conditions, a moael machine was
built uaing 4-inch feeder screws powered by e chaln drive from sprockets welded tec the
wheels {figure 1-E} The ropper was filled with cement and the machine pulled cver a
strip of canvas (flgure 1-F) Several runs were made and the avread pattern and
operating characteristics were studled, but no attempt was made at this time to test
the metering accuracy of the discharge screws The results obtained by these experl-
mental runs gave indications that a spreader built on these lines would be satlsfac-—

tory

With this preliminary information the flrst experimental unit was built The
machine consisted of eleven 4-Inch conveyor gcrews mounted on a frame built on a truck
front-wheel axle Power to operate the screws was obtalned from sprockets welded to
the wheels running on the exle. In order to make 1t possible for the machime to oper-
ate around corners, curves, etc , flve of the screws were powered from one wheel and
s1x from the other by means of a split main shaft  Between thre wheels and screws were
a geries of reductions and a P.I.V gear transmissionl, allowang an infinitely variable
speed control The driving force was supplied by dual truck wheels using 6 00 x 32
tires. The speed ratio between the metering screws and the driving whesls varied with
the P.1 V. transmission settings and averaged approximately 24 to 1

This unit was tested on a project at Vernon, Texas, and while the results
were not entirely satisfactory from the standpoint of a finished machine, conaiderable
information and general operating experience were obtained and incorporated in subse-—
quent developments. Approximately 108,000 cubic feet of cement were spread during

lThis control of transmission is made possible by the uge of a P I V gear
as manufactured by the lank Belt Company of Philadelphia To obtaln a desired spsed
the hand wheel 1s turned, causing a change in the diameter cf two pairs of opposing
comical wheels The input shaft turns at 2 constant speed, but the change in ef-
fective diameter over which the P.I V. chain travels causes a change in speed of the
output shaft Speed changes are made while the drive 1s in opsration and are contin-
ually variable, providing an infinite number of speeds within its operation range
without steps The gear uses a positlve chain drive, eliminating any possibility of

& slippage
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this test over an area of about 189,000 square yards While 12 percent cement by vol-
ume of compacted base was desired on the job, an over all of 12 7 percent was obtained.
However, because of slippage of the driving wheels with the high gear ratio mentioned
above, considerable variation in daily averages was encountered In addltion, several
structural weaknesses were noted

4 second model was then designed and constructed tec eliminate the objectionable
features of the first unit The princaipal changes weres:

1 The number of screws was changed from eleven 4-inch to eight é-inch

Z Chain drives from sprockets on the driving wheels were eliminated and
a differential drive Incorporated for the power transmission

3 A more rigid frame was bullt to carry the worklng mechenisms

4 A larger P I V +transmission was used, replacing the two smaller
transmissions used on gpreader mumber 1.

5 larger tires, 7.00 x 20, were used on the draiving wheels in order
to obtaln better traction

6 A single friction type clutch was used to replace the twe sliding
jJaw clutches of model number 1

7 The discharge tubes were reduced in length from 42 to 24 inches

Upon completion of model number 2, calibration tests were run in the laboratory
to check the amount of cement delivered ageinst the amount called for by the various
dial settings contrelling the P I V gear These tests were performed by f1lling the
hopper with cement ard then revolving the screws at a known r p m and welghing the
amount of material delivered. From these data operational curves were drawn, sheowing
the percent by volume and cubic feet of cement per square yard deliverad by the spreader
at forward speeds of ¢ Sm.p.h , 1 Omph and 1 5 m.p h over the complets range of
dial settings on the variable apeed transmssion.

However, model mmber 2 did not entirely meet required specifications, so a
new machine was bullt samilar %o 1t incorperating the necessary Iimprovements.

The praincipal changes were.

1l A larger end heavier type of P I V +fransmission was used, the
over-all length being & inches more than that used on medel number 2

2. The frame was bullt of lighter but structurally stronger material

3 The length of the cutlet spcuts was increased from 24 to 32 inches
because the frame was railsed in order to take care of the larger
PIV +transmssicn,

4 Two trailing wheels wers mounted on each rear corner of the frame
replacing the single center wheel of model mmber 2

5 A new type hitching mechanism was ased, allowang the spreader to be
fastened to the framework rather than to the axle of the towing
vehicle

6 Curved outlet spouts were used sc that the cement when discharged
would be traveling in a verticel path rather than on a sleps as in
spreader number 2

Thig umt, number 3, represents the final development of the cement spreader
and is the machine accepted by the Civil Aeronautics Admimsetration as meeting the



design specificatlons

Descraption and Operation

The principal parts of the spreader assembly are shown in figure 2 The
cement 15 fed from the hopper by elght conveyor screws through individual outlet
spouts te the ground The quantity of cement to De spread is regulated by setting
the cutput control dial (graduated to tenths) which governs the gear ratio between
the driving mechamism and the conveyor screws by remcte contrcl To set the machina
to deliver a certain quantity of cement, reference 15 made to the calibratien curves
which indicate the dial setting required to deliver the desired amount of cement
Thase curves will be discussed under "Calibration of the Cement Spreader 7

Power to operate the cenveyor screws 15 obtained by the formard rotation of
the dual wheels which support the spreader Thls power is transmitted, by the rota-
tlon of the axle, through an aubomoblle differential in such a manner that the rate
of turn of the conveyor screws 13 directly propertional to the forward speed of the
spreader The speed ratlo between the differontial drive and the conveyor screw
mechanlism is centrolled by the P I V gear, a pesitive type variable speed trans-
mission regulated by the output control dial

The draiving mechanism for the conveyor screws 13 powered by a chain linkage
from the transmission gear, as indicated in figure 2 The main drive shaft 1s 1
inch in diemeter and 1s carried on eight radial ball bearings, one for each miter
gear, and a comblnation radial and thrust roller bearing capable of withstanding an
appllied thrust of 100 pounds The steel miter gears, which mesh with ccrrespondirg
gears on the eight conveyor screws, are capable of delivering 0 5 hp at 100 r pm
The gears attached to the conveyor shaft are fastened by means of 2-1/4-inch x
1/4-1nch goft 2ron shear pins designed to fail under a shearing force of 1,000 pounds
In case some foreign object such as nalls, bolts, rocks, etc , should beccme lecdged
in the screws, these pins will shear, thus preventing possible damage to some vital
part of the machinery

Eact conveyor screw i1s carried on twe dust-proof ball bearings The bear-
1ngs on the discharge end of the screws have a radial capacity of 100 pounds at 100
r pm, while those on the hopper end have a combined racial amd thrust capacity of
200 pounds at 100 r pr The screws are 5-3/4 inches in diameter with a &-inch
pitch and operate on a 1-1/2-inch shaft in the conveyor tubes wath a clearance of
5/16 inches

The driving mechanism can be engaged or disengaged by means of a built-in
frictlon clutch located between the driving wheels and the P I V variable speed
transmission. This elutch has a mlnimum rating of 3 5 hp at 100 r pm and 1s
operated by a conveniently located shifter lever A hand crank 15 provided so that
the conveycr screws can be cperated manmally when required

The individual outlet spouts, through whilch the cement is spread from the
conveyor screws te the grovund, are all built intec one sectlon, easily attached to
the outlet openings of the spreader Each spout has an outlet size of 6—1/2 inches
wide by 4-1/2 inches deep with a 1-1/B-inch space between opemings The bottom of
these spouts should be between 4 and 6 inches above ground during spreading opera-
tions., Thls distance can be maintained by raising or lowering the adjustable tail
wheels.

Figurea 3 through 8 show the progressive assembly of the cement spresder
All umts are bolted or otherwise attached in such a manner as to be easily taken
apart and reassemblied No hoisting equlpment 13 required since all parts are light
enough to be handled manually The heaviest umits are  the assembly, consisting
of the conveyor tubes and hopper box - 740 pounds, the P I V gear and sub-frame -
650 pounds, and the main frame — 470 pounds. Other parts range in weight from 200
pourkis down to 10 pounds



The assembled cement spreader, shown in figure 9, welghs 3,800 pounds when
empty and in over-all dimensions measures 46-1/2 inches high, 97-7/2 inches wide, and
88 inches long. It is supported on dual wheels using 7.00 x 20 tires The spreader
has a discharge capacity range of 25 teo 75 sacks of cement per minute over a maximem
width of spread of & feet. This width can be reduced progressively by blecking off
any required number of conveyor screws ln the hopper boltom by means of metal covers
designed for this purpese (figure §-D) The spreader can be attached to various
sized towing trucks by meens of an adjustable hitch having 12 inches of vertical and
9 1nches of heorizontal adjustment

ACCESS50RY EQUIPMENT

Since the specifications required that the spreader be designed to handle
both bulk am sacked cement, 1t was necessary to provlde methods for storing and
feeding the material for each of these conditions In order to obtain a compact
combination of units 1t was decided to mount this equipment on the towing truck ahead
of the spreader,

L collapsible convoy unlt with mechanlcally operated feeder screws was de-
signed to handle the bullk cement, and a manially operated cutting table and feeding
chute were devised for use with sackea cement  Both methods are sultable for mounting
on standard flat bed trucks. The convoy container 1s built to mount on the truck bed
as a umt, while the cutting tables and chute are attached to the rear edge of the
truck bed leaving ample room for storing sack cement ahead of 1t. BEach method offered
separate problems of design

Collapsible Convoy

The principal requirements for the convoy unit were that it be a collapsable
centainer having a minimum storage capaclty of 150 sacks of cement, and that it be
capable of gischarging the cement into the spreader hopper at a rate of not less than
25 sacks per minute No unit part was to be larger than 92 x 65 x 60 incres or weigh
more than 750 pounds

From past experience by the Hallibirton 01l Well Cementing Company in the
handling of bulk cement by large convey operation, it was decided that the cement
should be fed from the stcrage container into the spreader hopper by means of con-
veyor screws powered either by a separate motor cr by gear arrangements from the
gupporting truck axle  After careful conslderatlcn of weight, size limitation, and
eagse of hamdling with various sized trucks, it was decided to use a four-cylirder
air—cooled gmsoline englne for this purpose

Since bent or distorted parts would be hard tc take apart and assemble, 1t
was neceasary that the unit be built more ruggedly than i1f it were designed for per-
manent mounting only To meet these requirements, and at the same time keep within
the welght restrictions, 1t was decided to use corrugated metal welded to flat sheets
for the constructicn  Extensive tests were conducted to determine the strength apd
properties of these fabrilcations since information on thils type structure was extreme-
1y meager As a result of the tests 1t was found that 18-gage corrugated steel welded
to a 1like thickness of flat sheet would be entirely satisfactory

With thas 1nformation, 1t was decided to build the convoy umt to consist
of a container having remcvable sides, mounted on a divided hopper composed of two
symmetrical halves and containing two motor-driven screw feeders with suitable dis—
charge spouts attached TFigures 10 and 11 1llustrate the princlpal parts of the
assembly.

The hopper is divided 1nte two symmetraical parts held tegether by an L-
shaped pin at sach end end four holts passlng horizcontally through the middle cover
strip The bottom of each hopper 15 shaped like a rounded V end carries one conveycr



gcrew and part of the control linkage The aides and ends of each hopper consist of
18 gage corrugated and 20-gage Ilat steel riveted together with stiffeners placed
arcund the top edge and rigid bracing at the bottom. The V-shaped portion of the hop-
per consists of a curved 10-gage steel bottom, riveted to R0-gage flat sloping sides,
and all welded to stringer bracing Receptacles are provaded in the stiffeners around
the top edge to receive retaining plns from the convoy side and end panels

As a result of tests ano studies of varlous sized conveyor feeders 1t was
decided that 9-inch screws operating at about 55 r p m. would be most satisfactery
Variable pitch screws were used 1n order teo get an even flow of cement, the flight
varyang from one-half stardard piteh at the motor end to double standard patch at the
discharge end Each scraw feeder 18 carried on two self-aligning ball bearings, of
the combined radial and thrust type, having a radial load capacity of 1,675 pounds
at 100 r p m. All bearihgs are adequately sealed against cement dust The screws
are mounted 1n the hopper botteom waith & minimum c¢learance of 1/2 inch  Baffles are
placed at equal intervals ahove the dcrews in order to evenly distribute the cement
and alsc to serve as structural members

The conveyor screws carry the cement from the convey through the discharge
spouts intc the spreader hopper The discharge spouts consist of two tubes fastened
together as a umit by two spacers (figure 11) The tubes have an inslde diameter of
10 1nches and carry bearings for the screw feeders at the discharge ends  The spouts
8lip over the screw extensions and are bolted to the enc panel of the hopper bottom
It 15 necessary that the convoy be mounted forward of the rear axle of tre supporting
truck; otherwise the front wheels may be raised from the ground For this reason two
lengths of discharge spouts and extension screws are provaided ao that the convoy can
be adapted to various sized trucks When the long spouts are used they must be braced
by a cable from the rear panel

Bolted to the ropper bottoms are the walls of the convoy which consist of two
side and twe end panels These are constructed of 18-pgage corrugated metal, wath
corrugations running parallel to tle ground, welded to 1lP-gage flat sheet metal The
smooth surfiace 1s placed on the inside to offer less reaistance to the flow of cerent
The panels are reinforced by four equally spaced vertical stiffeners and by horizon-
tal stiffeners aleng the bottom and top edges These stiffeners are rade of 10-gage
netal and are bolted 1in place Hach vertieal support contains a free sliding retain-
ing pin whach fits into a correspending receptacle 1n the hopper bottom  An over-
ranging canvas flap 18 fastened to the i1nside of the bottom of the panels to prevent
leakage of cement zlong the joining edges  Folding handles are provided on the out-
s1de of the secticns for ease in handling during assembly The sides are held
together against the outward thrust of the cement by tie rods, 12 through the sides
and 9 through the ends

The unit 15 covered waith a canvas top attached to the convoy sides by rope
lacing runmng through 3/4-inch hocks projecting from the top edges of the side and
end panels  The covering 18 mede to slope toward the edges by means of itwo supports
ranmng across the top of the umit

The motor used to power the conveyor screws 1s a four—-cylinder air-cocled
engine rated at 13 8 hp at 1800 r pm In order to keep the engine away from cement
dust as much as possible 1t 15 mounted ahead of the convoy  The mounting 1s formed
of hgh tensile steel channel and carries, in addition to the motor, the gasoline tank,
battery box, chain and sprocket rediuction, and part of the centrol linkage. The
mounting is attached firmly to the assembled hopper bottoms by four pins (figure 11)

The driving power 1s transm:tted through the chain reducticn to the conveyor
shaft by means of a flexible couplaing that can be easily separated The chain reduc-
tion 1s well housed and protected from dust. FEach gear shaft operates on ball bearing
prllar blocks The output sprocket on the final chain drive 13 attached to a jaw
clutch which floats on the shaft carrying the motor half of the coupling These jaw
clutches permt the selective engagement of the screw feeders and are controlled by
levers attached to the motor mount  Remote control linkage is provaded so that the
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engagement of the cenveyor screws, the main motor clutch for the engine, and the
throttle, can all be controlled from the rear of the convey by the operator standing
on the floor of the spreader This control linkage is divided into three parts, cne
carried by the motor mounting, one by the hopper bottoms, and the other betwsen the
discharge spouts The latter two parts are merely extension rods and can be easily
disengaged Figures 12, 13, and 14 show the progressive assembly of the convoy  All
unit parts are bolted togetrer in such a manner that they can be easily taken apart
and reassembled No holsting equapment 1s necessary since all parts can be randled by
hanrd The heaviest unlts are the motor mounting - 575 pounds, the hopper sections -
560 pounds each, and the motor — 330 pounds The side and end panels weigh 238 and
158 pounds, respectively, while other parts range from 15C to 4 pounds The total
welght of the convoy 1s 3,225 pounds.

The assembled umit, shomm in figure 15, *as a capacity of 160 sacks of cement
with a minimum discharge rate of 25 sacks per minute. In over-all dimensions the con-—
voy and moter assembly 18 104 inches long, 45 inches wide, and 72 inches high  The
discharge spouts are furmished i1n two lengths, 24 and 42 1nches, depending on the aize
truck to be used When not 1n use the spouts are covered by thin metal plates to pre-
vent leakage of cement. The covers are removed and replaced by canvas socks when
operations are begun (figure 14-D) When mounted on the truck the convoy should be
tied down firmly to the truck bed by chains in such a manner that the discharge
spouts will meintain the proper relation to the spreader hopper.

Collapgible Cutting Table and Chute

In order to adapt the spreader to the use of sacked cement, a apecial chute
and sack cuttang table were developed This equipment, shown in figure 16, consists
of a manually operated circular saw mounted on a collapsible table with an adjustable
chute feeding into the spreader hopper The chute 1s designed to be clamped to the
rear edge of a flat bed truck by means of two screw clamps and can be tilted to the
required angle by means of adjustaeble arms  When in operation the chute should be ao
aligned that the discharge end clears the top of the spreader hopper by about 1 inch
and extends over the forward edge about 2 inches The sacks of cement are stored on
the bed of the towlng truck ahesd of the cutting table

The device 1s operated by placing the sacks singly on the cutting table and
draming them acroas the saw edge by hand Thas splits the sacks, allowlng the cement
to fall through the chute into the spreader hopper

This method of feeding the cement 15 somewhat slower than that using the con-
voy, however, four men can handle the cement al a rate of 25 sacks per minute for
ghort durations of time A slower and more coniirnucus run can be had by blocking off
seme of the spreader conveyor screws {figure 8-D), giving a narrower wadth of applica-
tien, and requiring less frequent stopping of the truck for loading cement

CALIBRATION OF THE CEMENT SPREADER

The ralibraticn tests of cement spreader number 3 were made following a pro-
cedure simllar to that used in testing mcdel mmber 2  The machine was jacked up
from the ground and power was applied to both wheels almultanecusly by means of chain
drives from a motor During the tests the hopper was kept filled with cement and the
r pm of the wheels and the quantity of discharged cement were carefully measured.
Knowing the forward travel of the wheels per revolution, and the width and depth of
the proposed treatment, 1t was possible to calibrate the machine 1n terms of daal
setting against outpub of cement (figure 17 and 18} These calabration curves
(larger scale copies of which are included as part of the equipment of each machine)
enable the operator to set the transmission comtrel dial at the position necessary to
deliver a predetermined amount of cement  This quantity may be expressed in either
(1) percentage of cement per volume of compacted depth, (2) cubic feet of cement per
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square yard, or (3) pounds of cement per square yard In either case the desired dial
setting car be read from the calibraticn curves either directly or after a simple
preliminary calculation

For example, 1T the quantity of cement regquired 1s given in percent vclame for
a 4~, 6—, or 8-inch depth of treatment, the required dial setting can be read directly
from the curves of fipgure 17 Values for other thicknesses can be computed by propor-
tion, since the required aial setting 13 a function of the depth of treatment as stown
in tne explanation of cclumn 13 cof the data sheet

If tre quantity 1s given in cubic feel or pounds per square yard, the dial
getting 1s read from the curves of figure 18 If expressed in cubic feet, the value
1s read airectly, but 1f expressed 1n pounds per square yard tne value must be con-
vertea to cubic feet by aiviaing by 94 (the weight of cement per cubic foot) before
1s5ing the curve

Tre calabration tests were run through the complete range of dial settings for
various rates of forward speed  hesults showed that the machine would delaver O 25
to 1 00 cubic feet of cerent per square yard and, further, that within normal cperating
limats the quantity of cement delivered was practically independent of the forward
speed of the spreader {figure 1%)

The observed and calculated results of typical check runs on the spreader are
shown 1n the data sheet  For these tests three positions of the dial were chesen,
narely, 2 3, 5 1, and 7 2, corresponding to percentages of 2, 12, and 16, resmectively,
all based on a 6-1ncr depth of treatnent

“re following 1s a brief discassion of the methods of calculating these re-
sults The numbers {1) to (17} designate the column numbers referred to in the data
sheet

Column (1)} - The run number 1§ the number designated to each spread.

Column (2) - Dial setting 15 the reading of the dial pesiticn

Column (3) - The number of conveyor screws delivering cepent from
the spreader

Column (4) - The time in seconds elapsed during each spreaa

Column {5} - The mumber of revolutions of the spreader wheels during
the time in Column {4)

Column {(6) — The number or revolutions of the conveyor screws during
the time shown 1n Column (4)

Column (7) - The net weight of cement spread zn each run

Columm (8) —~ The r.pm of the spreacer wheels 13 cbtained by
dividing Column (5) by Column {4) and miltiplying by 60

Column (3) — The r pm of the screws sauals Column (&) divided by
Column {4) x 60

Column (10) - The distance traveled by one complete revclution of
the spreader wheel was measured accurately to be 9 2083 ft

No wheel Tev x § 2083 3%
3 It = Linear ¥Yds Spread
Heducing this equation to 1ts simplest form, tnen,
linear ¥ds Spread = Columr (5] x 3 0694
Columr (1l) — Square Yds Spread — Linear Yds Spread x Width

Spreag (6 ft.) - Column (lg)ff 6t _ Golumn (10) x 2

Column (12) — Los Cement per Sq Yd - Net Wt Cement Sprese _ Column (7)
No Sq Yds Spread ~ Column (11)
Column (13) - BEach square yard of soil-cement stabilized section & in
thick eontaing 3 x 2 x 0 5 or 4 5 cu ft
1 percent by volume, then — 4 5 x 0 01 - 0 045 cu ft
The welght of 1 percent by velums = 0 045 x 94 1lbs , or
4.23 1bs
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Percent by volume = 1bs per s, yd o Column (12)
4 23 1be 4£.23 1bs

Column {14) - Sacks per sq. yd = Lbs cement per sq, yd or, Column {12)
94 lba. per sack 94

Column (15) - Lbs cement per rev of & screws -

Net wt. of cement spread Column (7)
No of rev of screws which = Golymn (6)

Column (16) - Lbs. of cement per rev. of 1 screw — QQLE%E_LLE)

Column (17) - The ratic of the mmber of revelutions of the screws
to the mmber of revolutions of the wheel - Column %6§

Column (5

M P H. = 92083 rt x No. wheel rev. _ pt per sec traveled
Time in Seconds

Then, 9 2083 x No. wheel revolutions x &0 x &0
Time in Seconds x 5,280 = M P.H
Reduclng thils to 1lts slmplest form,

M.P H = Column (5) x 6.278
Column (4)

TYPICAL CALIFERATION TESTS OF THE CEMENT SPREADER

(1) (2) (3) (4) (5) {(6) (7) (g) (9)
“Tme “Rev. Hev. Welght Tpom R p m.
Run Dlal No. in of of Cement of of
Ho. Set. Serews Sec Theel Screw Spread Theels Screw
1 2.3 8 20 3.867 19.653 793 0 11.60 58 96
2 23 8 20 3 858 19.603 | 796.5 11.57 58 81
3 2.3 8 20 3.867 15 711 789 0 11 60 59 13
4 5.1 g 20 3.B800 28.347 | 1130.5 11 40 85.04
5 5.1 8 20 3.808 28 578 | 1149.0 11 42 85 73
6 7.2 g 15 2733 26 503 | 1094 5 1C 93 107 61
7 7.2 8 15 3 BCO F37.606 | 1582 0 15.20 150 42
(10) (1) (12) {13) (1) (15) (16) (17}
Percent Tb. Cem. | Ibs. Cem [Ratlo
Iin. Yds.| Sq. Yds | Lb Cem. by Sks. Per | Per Rev | Per Hev |Rev. Screw
Spread Spread Sq. Yd. | Volume |S8q Y¥d. | 8 Screws{ 1 Screw |Rev. Wheel
11.87 23 T4 33 40 7.90 | 0.355 40.35 5.04 5.082
11.84 23 68 33.63 TO95 | O 358 40 63 5.08 5 081
11.87 23.74 33.24 7 86 | 0.354 40 03 5 00 5 092
11 66 23.33 LB.46 11 46 | 0.516 39 88 4 99 7 460
11.69 23 38 49.15 11 62 | 0523 4021 5.03 7 505
8.39 16.78 65 24 15 42 | 0.694 40.68 5 09 9 Bid
11.66 23.33 67 B2 1603 | 0721 42 o7 5.26 9 896

Run No.: 1 2 3 4 5 6 7
M.P.H 121 121 1.21 119 1.19 1 L& 159

FIELD TESTS OF THE SPREADER AND ACCESSORY EQUIPMENT
Road Tests

In order to determlne the behavior of the spreader and convoy during transpor
tation to and from construction Jobs, road tests under full lcad and while empty were
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conducted at speeds ranging from 15 to 42 mlles per hour During these tests no
leakage of cement or other defects were noticeable

Because of vibration and impact loads during transportation there was a
tendency for the cement to pack at the bottom of the convoy arcund the conveyor screws
In order to determine whether this packing had any effect on the discharge screws, ad-
ditional tests wera made by towlng the loaded convoy over rough roads at various rates
of speed At the end of these runs the convoy motor was started, the discharge screw
clutches meshed, and the motor control gear engaged There was no difficulty in thus
starting the screws under full load, and the discharge of cement appeared to Le normal
During tnese tests 1t was found that the diactarpge of the conveyor screws decreased
slightly as the pressure head of cement decreased However, even when the convoy was
nearly empty the discharge was more than emple to keep the spreadser hopper filled

Accoptance Tests

The final acceptance tests of the equipment were made during the ceonstruction
of a soll cement section of Cklahoma State Highway Number 17 near the town of Sterling
For this job 12 percent of cement by volume, based on a 6—inch depth of treatment, was
required This amount corresponded to a dial setting of 5 1 on the spreader output
control

During the job a total of 3,200 cubic feed (300,800 pounds) of cement was
spread over an area of 6,118 square yards, using both the convoy and cutting table
methods for storing and feeding the material to the spreader A 10-ton Army truck from
Fort 8111, Oklahoma, was used to tow the spreader and carry the convoy and cutting table

Throughout the tests all perts of the equipment worked very well together
The delivery rate of cement from the convoy to the spreader hopper was ¢hecked several
times during the tests and the average found to be 29 15 cubic fest per minute The
over-all variation between the required amount of c¢ement and the actual measured
amounts delivered by the spreader was less than O 4 percent, based on the volume of
compacted seil This faipgure 1s well wlthin the limita set forth in the specifications

Figures 19 through 22 1llustrate the operations during these tests, the cver-
all results of which were as follows

Total amount of cement spread . 3,200 cublc feet
Total area spread . 6,118 square yards
Average percentage of cement delivered

with a 12 percent diml setting - . 11 56 percent

Average delivery rate from convoy to spreader 29 15 sacks per mimute

CONCLUSICNS

The results of tests and studies in connection with this development indicate
that the use of the mechanical cement spreader and its accesgory equipment will improve
and simplafy the usual procedures for applying portland cement, or similar material,
to suitable soll that has been prepared for stabilization Use of thls equipment
offers a rapid and economical methed of distributing bulk and sacked cement evenly
and 1n accurately controllable amounts

The equipment 1s simple in design, easy to operate and maintain, and through-
out all testing operatlons has proven to be rugged in construction and constantly

accurate in performance

The ease with which the unmits can be broken down into individual parts and
reasgsmbled makes this equipment particularly sultable for use in combat zones or
other areas where transportation by air 1s desirable
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Figure 1. Initial Stages in the Development of the Cement Spreader.
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FRONT VIEW

L

REAR VIEW
Figure 2. Partial Assembly of the Cement Spreader.



C — MOUNTING MAIN FRAME D — MAIN FRAME

Figure 3. Progressive Assembly of the Cement Spreader.
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C~ PILV. REMOTE CONTROL AND BRACKET D — TRAILING WHEEL SUPPORT

Figure 4. Progressive Assembly of the Cement Spreader. (Continued).
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A — MOUNTING CLUTCH B — CLUTCH AND SHIFTER MECHANISM

C — MOUNTING TUBES AND HOPPER BOX D —TUBES AND HOPPER BOX IN PLACE

Figure 5. Progressive Assembly of the Cement Spreader. (Continued).

LT



C — FENDER D — FLOOR PLATE

Figure 6. Progressive Assembly of the Cement Spreader. (Continued).
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C — OUTLET SPOUTS ‘ D — FRONT GEAR

Figure 7. Progressive Assembly of the Cement Spreader. (Continued).
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C — HAND CRANK D —~ BLOCKING FEEDER SCREWS

Figure 8. Progressive Assembly of the Cement Spreader. (Continued).
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Figure 9. Assembled Cement Spreader.
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Figure 10. Details of Convoy Hopper.
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| —<—PANEL (SHEET METAL WELDED
TO CORRUGATED) f

fz

MOTOR MOUNT!NG 8

MOTOR ASSEMBLY

Figure 11. Unit Parts of the Convoy.



C—MOTOR CONNECTION D — EXTENSION SCREWS
TO CONVEYOR SCREWS

Figure 12. Progressive Assembly of the Collapsible Convoy
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A — EXTENSION SPOUTS

C — ERECTING SIDES D — SIDE AND END SECTIONS

Figure 13. Progressive Assembly of the Collapsible Convoy (Continued).
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C — FRONT VIEW D — DISCHARGE SPOUTS

Figure 14. Progressive Assembly of the Collapsible Convoy (Continued).
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Figure 16. Collapsible Cutting Table and Discharge Chute.



DIAL SETTING
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Figure 17. Calibration Curves of the Spreader Dial Setting vs. Percentage of Cement
Per Volume of Compacted Base-Various Thicknesses of Treatment.
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Figure 18. Calibration Curves of the Spreader Dial Setting vs. Cubic Feet

of Cement per Square Yard-Various Forward Speeds.
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Figure 19. Operation of Spreader and Convoy During Field Tests



Figure 20. Cement Leaving Discharge Spouts of the Spreader
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Figure 21.

Area of Cement as Applied

by the Spreader.
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Figure 22. Operation of the Spreader When Using Sacked Cement.



