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THEIEVSI,OPMENT OF AMECHANICAI CBLENT SPREADER 
AND ACCCCESSOFCES FOR USE IN SOIL C-T CONSTRUCTION 

SUMMARY 

In recent years, it has been found that Portland cement combined vlth certain 
types of soils produces material suitable for low-cost road and airport construction 
This type of treatment is referred to as soil-cement stabllleet~on, and numerous civil 
and rmlltarg axports have utllleed this method i" the conetruction of surfaces and 
base coureee 

It has bee" the general practxe to apply the cement to the sol1 by hand, a,, 
operation that, I" addition to being slow and labor-consurmng. often results In en 
improper dqm-sum of the cement 

With the approval of the United States Army Air Forces and the endorsement of 
the Secretary of War, the TechnIcal Development JXtislon of the Civil Aeronautxs 
hdmirustratlon inltlated the project of developing a mechanIca cement spreader capable 
of provldlng a more speedy and accurate ixethod of applying portland cement to sol1 
that had been prepared for stabilization This project has "ox bee" completed and a 
description of the developent and operatlon of the equipment 1s contained in this re- 
port. 

The spreader ~lll give en eve" distribution of cement over a" area 6 feet 
wide m any controllable amount betrreen 0 3 and 0 75 cubic feet per square yard of 
surface (approxucately 6 to 16 percent by volume of compacted sol1 for &-Inch thick- 
ness) at forward speeds up to 150 feet per Mnute. The quantity of cement 80 spread 
can be controlled within a vai-letlo" of less than 1 percent based on the volume of 
compacted soil. The unit 1s sutable for use mth either bulk or sacked ce-nent and 1s 
desieed to be towed by truck or tractor. 

In order that the equipment may be transported to remote combat areas by air, 
It has bee" deslgned eo that all lmts can be broken down into easily assembled parts, 
each of whxh will conveniently fit Fnto m~lltary transport planes. 

INTRODUCTTON 

The use of soil-cement mixtures for arport paving has been eve" considerable 
study by engineers in recent years In this type of constructlo", the soil to he 
treated 1s first prepared by scarlfyx,g and pulverlzlng The required cement 1s 
added and the mess thoroqhly mixed Water is then added and the soil further mured, 
after whch the mass is compacted and allowed to cure Wkhen the cement hrarates and 
cryst?.lllees, a new structural mtterlal 1s fanned 

The soil-cement ratlo 19 different for each tpe of 8011, and It 1s necessary 
to detemne this relationship by sample tests 1" the laboratory. In general, an 
average construction condltlon ~lll require a cement content of about 10 percent by 
VOlUlB Since depth of treatment 1s usually b inches (thx'kness of compacted material 
there rrould be required 3 x 3 x 6/12 x lo/100 07 0.45 bags (cu ft ) of cement per 
square yard of surface to &tam a cement content of 10 percent. 

Under the present procedure, It 18 general practice to apply the cement to 
the pound by hana. Thu is done by spaang the cement in bags at such transxersd and 
longltudlnal intervals as to give the required proportIon when spread. For example: 
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To stablliae a E-foot roadway to a depth of 6 inches, the requireanenta per lineal 
foot for a 10 percent mrx would be 70 x 6112 x lO/lCQ or 1.00 bag of cement. Tbere- 
fore, 100 feet of roadwy coverir.< 2,OO'J square feet, lrould require 10, bags of 
cement Thu amount would be proportionately applied by ham each sack cover 20 
square feet, or one sack should be spotted eve+4 feet longit;dl"a,ly and every 5 
feet transversely over the required ar*a 

After the bags are in place, they must be broke" open, emptied by hand, and 
the cement spread by garden rakes or by dragging with a spike-tooth harrow. This 
manual operation 19 very slow and labor-consuag and, eve" with painstaking supervi- 
slon and extended manipulation of the a&x-e, it m8 found that under home conditione 
the resultant dutributlon of cement did not prove to be ""iform, later resulting in 
pavement failure. 

With the Increase i" airpart construction, both civil and military, it wa8 
thought necessary to improve and simplify theme procedures by the use of a more rapid 
and accurate method of cement distribution. For this Pea~lo" the Technical Development 
mvlslo" of the Civil Aeronautxs Admlnistratlan undertook the project of developing 
a mechanical cement spreader capable of accurately a"d rapidly applying either bulk 
oi- sack cement to the soil in any controlled predetermined proportion. In addition, 
the entue unit was to be BO constructed that, tier, broke" dam" into easily aseembled 
parts, no one part wa8 to neigh more than 750 pounds and all acre to be of such size 
as to fit into an M transport plane for shipnent by air 

Inauguratmn of this project was appfioved by Brigadier General L P. lhitten, 
Mrector of Base Services, United States Army Air Forces, in a letter dated April 3, 
1942, to the Amstrator, Civil Aeronautxs Administration. Fzdoreement of the 
project and certification of its rmlitary importance mere give" by the 5ecretal-y of 
War to the Secretary of Commerce I" a letter dated April 21, 1942. 

The equpent, developed and built under contract n-lth the Halliburton Ml 
Well Cementing Compa"y of hcan, Oklahoma, is now completed, and after thorough 
laboratory and field testing it has been accepted by the Civil Aeronautica Adminis- 
t,ratLon 

The develo~ent work was dlvlded into two parts, the dwelopment of a 
special spreader for applying the ceaent to the ground, and the devslopent of a 
nethod of starFng and fee&g the cement tu be applied by the spreader. I" this 
connectlo", it was necessary to pro-de for the handling of both bulk and sack cement. 

Dmpment of Spreader 

The basic requrement for the cement spreader was that It be able to apply a 
controlled amou"t of cerrent evenly over a" area 6 feet uide at a gredetermined prc- 
portion mthin an allowable tolerance of plus or -us 1 percent of the volume of 
compacted base. 

It was recognized at the start that the machine should incorporate a methcd 
of dellverlng a meter& amount of cement per unit of area regardless of the fonard 
Speed titer a careful study of several methoda of mecba"ical feeding it nap decided 
that ecrew conveyors would give a higher degree of accuracy and control for this pur- 
pose than any other method It was therefore dead& to build the machine around 
this batilc principle 

The next step was to deterrmne the proper method of diffusing the cement from 
the sci-ewa in order to obtain a" eve" spread on the ground For this purpose a 
testing detice 1~d9 set up conslstug of a &inch feeder screw discharging into a 
small hopper attached to a" mched chute, as show" 1" figure 1-A. As the cement 
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~8s discharged, a piece of cenvas was drew" underneath the outlet spout to svnulate 
approxvcate field conditvxs of spread The deposited material vas the" observed in 
order to note the Lnxfforrmty of dlstrlbution 

Fust tests showed the cement to have a tendency to pile up anc. fall down the 
steeper side of the olltlet spout, resulting in an uneven spread In order to overcome 
this condition and to obtam a better dilfusvan of cement before It reached the out- 
1st spout, a small deflector vane Has soldered to the melde 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 III order to determine the mrumum size of the Inlet 
opening of the chute A vane was Introduced I" the opening allowing the size to be 
varied dui-lng tests The muum.m size was found to be l-l/E Inches, smaller sizes 
than this cauamg the cement to bridge across the opemng, resulting in unex'e" feedIng 

Following these tests, prebnar7, designs were draxr" mcarporatlng this type 
outlet spout However, It was soon realized that the s1iie spout required ahe" using 
a smgle feeder screw was too large for practxal field purposes Trerefore, the de- 
sug was modified by replacing the single feeder by a series of smaller SCIews all 
feeding from a common hopper bar, each of which dischare& Its material to the ground 
through lndlvldual outlet spouts 

To test this design under approxmate field condltlons, a moael machine was 
built ualng 4-mch feeder .screwe powered by a chain drive from sprockets welded to the 
wheels (figure 1-E) The 'rapper iaas filled Tnth cement and the machine pulled over a 
strip of canvas (figure 1-F) Several runs were wde and the soread pattern and 
cperatFng characterxtxs were studied, but no attempt was made at thx time to test 
the metering accuracy of the discharge screws The results obtarrad by these euperi- 
mental rune gave xdxations that a spreader built on these lines would be satisfac- 
tory 

With thx preliminary x&ormation the first sxperlmental unit aas built The 
machine consisted of eleven &inch conveyor swees mounted on a frame built on a truck 
front-wheel axle Power to operate the eci-ews xes obtalned from sprockets welded to 
the wheels running on the rule. In order to make it possible for the machine to oper- 
ate around corners, curvee, etc , five of the screes xere powered from one wheel end 
ax from the other by mane of a split main shaft Between the nbeels and screws were 
5. series of reductions and 8 P.1.V gear tra"smMs1o"l, a1loKlng 8" xlfinite1y "arlable 
speed control The drlvFng force was supplied by dual truck wheels us~."ng 6 00 x 32 
tires. The speed ratlo be'areen the metering screws and the drlvlng wheels rarled tith 
the P-1 Y. tranarmssio" settmgs and averaged approximately 24 to 1 

'This urnt was tested on a proJect at Vernon, Texas, and while the results 
mere not entirely satisfactory from the standpoInt of a fInIshed machlne, consIderable 
lnformatio" and general operating experience were obtalned and incorporated I" subse- 
quent developments. Approxmately 108,000 cubic feet of cement were spread dwlng 

l~h=s control of transmxslon is made possible by the use of a P I V gear 
as manufactured by the Lx& Belt Conpay of Philadelphia To obtain a desred speed 
the hati wheel 1s turned, causing a change XI the diameter of two pax-s of opposing 
coccal wheels The Input shaft turns at e constant speed, but the change in ef- 
fectlve diameter over which the P.1 Y. chain travels causes a change I" speed of the 
output shaft Speed changes are made nhlle the drive 1s I" operation and are contin- 
ually variable, provldlng a" Infinite "umber of speeds mthln its operation range 
mthout steps The gear uses a positive chain drive, ellrmnating any posslblllty of 
a slippage 



this test over an area of about 189,ooO square yards Tlhhile 12 percent cement by vol- 
ume of compacted base vras deaFred on the Job, an ever all of 12 7 percent ~88 obtaIned. 
However, because of slippage of the driving wheels with the high gear ratio mentuned 
above, considerable variation in daily averages was encountered In addition. several 
3ti-uctura1 nealmesses were notei 

A second modelms then desIgned and constructed tc eliminate the cbJectu,wible 
features of the first unit The pru,clpal changes were, 

1 The number of scravs nas changed from eleven L-Inch to eight &-mch 

2 Chain drives from sprockets on the tilting wheels were eltinated and 
a differential drive incorporated for the poner transrmssio" 

3 A mere i-led frame was built to carry the working mechanisms 

4 A larger P I V transmission was used, replecFng the two smaller 
transmissions used on spreader nwnber 1. 

5 larger tires, 7.00 x 20, wei-e used on the drlvu,g wheels in order 
to obtai" better tractlcn 

6 A sugle frlctlcn type clutch was used to replace the two sliding 
~av clutches of model number 1 

7 The discharge tubes were reduced I" length from 42 to 24 Inches 

Upon completion of model number 2, callbraticn tests acre run 111 the laboratory 
to check the amount of cement delIvered agelnst the amount called for by the various 
dial settings controlling the P I V gear These tests were performed by filling the 
hopper with cement and then revolvmg the scre1~9 at a known r p m and neighing the 
amount of material dellvered. From these data operatIona curves xere draw", shmng 
the percent by volume and cubx feet of cement per square yard dehvered by the spreader 
at forward speeds of 0 5 m.p.h , 1 0 m p h and 1 5 m.p h ever the complete range of 
dial settings on the variable speed transrmssicn. 

However, model nwnber 2 tid not entuely meet requued spectixations, so a 
new machine was built similar to it incorporating the necessary improvements. 

The pruxlpal changes were. 

1 A larger and heavier type of P I V tranamisslcn was used, the 
over-all length being 8 Inches mcrs than that used on mcddsl number 2 

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

3 The length of the outlet spouts was xxi-eased from 24 to 32 Inches 
because the frame was raised 1~i order to take care of the larger 
P I v transrmss1on. 

4 Two traling wheels were mounted on each rear cci-"ei- of the frame 
replacIng the single center wheel of model number 2 

5 A new type hltchlng mechanism was used, allomng the spreader to be 
fastened to the framework rather than to the axle of the tuwing 
vehicle 

6 Curved cutlet spouts were used so that the cement mhen discharged 
would be trwellng in a vertical path rather than on a slope as I" 
spreader nwber 2 

This urut, "umber 3, represents the fu!al development of the cement spreader 
and Is the machine accepted by the Civil Aercnautlcs Admiuwtrat~on as meeting the 
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dengn spectixaticns 

De!eption and Operation 

The prlnclpal parts of the spreader assembly are show" 1" figure 2 The 
cement 1s fed from the hopper by eight conveyor SCPews through individual cutlet 
spouts to the ground The quantity of cement to be spread 13 regulated by setting 
the output control dial (graduated to tenths) which governs the gear ratlo betaee" 
the drlvlng mecha"xm and the conveyor scr- by remote control To set the Dachlns 
to deliver a certam quantity of cement, referexe 1s made to the calibration curves 
which uxilcate the dial setting required to deliver the desired amount of cement 
These cw-vec vnll be discussed under "Callbratlcn of the Cement Spreader " 

Puser to operate the conveyor screws 1s obtained by the forward rotatlcn of 
the dual wheels which support the spreader This power is transmitted, by the rcta- 
tic" of the axle, through an automobile differentlal I" such B ma""er that the rate 
of turn of the conveyor screws 1s dusctly proportional to the forward speed of the 
spreader The speed ratio between the dtiferentlal drive and the conveyor screw 
mechanism is controlled by the P I \ gear, a pcsltive type varlabls speed trans- 
rmss~c" regulated by the output control dial 

The drlting mechanism for the conveyor screws 1s powered by a chain linkage 
from the transmssun gear, as uxlxated in figure 2 The mam drive shaft is 1 
Inch 1" dxmeter and 1~ carried on eight radial ball bearings, one for each miter 
gear, and a ccmbinatlon radial aml thrust roller bearing capable of nithstandlng an 
applied thrust of 100 pounds The steel rater gears, which mesh mth ccrrespandvg 
gears on the aght conveyor screwy, are capable of dellverlng 0 5 hp at 100 i- p m 
The gears attached to the conveyor shaft are fastened by means of 2-l/4-inch x 
l/&Inch soft ucn shear pins designed to fall under a shearing force of 1,000 pounds 
In case some foreign cbJect such as nails, bolts, rocks, etc , should become lodged 
I" the screw, these pins ml1 shear, thus preventing possible damage to some vital 
part of the rmctinery 

ES& conveyor sci-~II 1s carried on tnc dust-proof ball bearings The bear- 
u@? on the dlscharge end of the screws have a radul capacity of 100 pounds at 100 
r p m , vhile those on the hopper end have a combined raoul and thrust capacity of 
200 pounds at 1133 r p m The screws a-e 5-3/A Inches m dumeter lrlth a &inch 
pitch and operate on a 1-l/2-inch shaft 111 the caweycr tubes mth a clearance of 
5/1b Inches 

The driving mechanism can be engaged or duengaged by means of a bult-1" 
frxticn clutch located between the drlvmg wheels and the P I V variable speed 
transrmsslc". This clutch has a minimum rating of 3 5 hp at 100 i- p m and 1s 
operated by a conveniently located shifter lever A hand crank 1s prcvlded so that 
the conveyor screws can be operated mam~ally when required 

The indlvldual cutlet spouts, through which the cement is spread from the 
conveyor sci-ews to the ground, are all built into one section, easily attached to 
the cutlet openings of the spreader Each spout has an cutlet size of 6-l/2 xxhes 
tide by 4-l/2 inches deep nth a 1-l/B-mch space between cpen~~ngs The bottom of 
these spouts should be between 4 and 6 Inches above ground during spreading cpera- 
tlons. This distance can be malntalned by rammg or lowering the adJustable tail 
wheels. 

Flgu-es 3 through E shor the prcgresslve assembly of the cement spreader 
All umts are bolted or otherwxe attached I" such a manner as to be easily taken 
apart and reassembled No hclstlng equipment 1s required since all parts are light 
enough to be handled manually The heaviest units are the assembly, ccnslstmg 
of the conveyor tubes and hopper box - 740 pounds, the P I V gear and sub-frame - 
650 pounds, arxi the mu" frame - 470 pounds. Other parts range in weight from 2CC 
pads dcwnto10 pounds 
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The assembled cement spreader, shoan 1" flwe 9, weighs 3,8M) pounds when 
empty and in overall dimensions measures 46-l/2 Inches high, 97-7/S inches tide, an3 
Be inches long. It is supported on dual wheels us="g 7.00 x 20 tires The spreader 
has a discharge capacity range of 25 to 75 sacks of cement peer minute over B maximum 
width of spread of 6 feet. This width can be reduced progressively by blocking off 
e"y required number of conveyor screws in the hopper bottom by me- of metal COYBP~ 
desIgned for this purpose (figure E-D) The spreader can be attached to various 
sized toting trucks by means of a" adJustable hitch having 12 inches of vertical and 
9 xxhes of horlaontal adJustment 

ACCESSORY FQU1FXD-I 

Since the specifications requFred that the spreader be designnsd to handle 
both bulk ana sacked cement, it was necessary to provide methods for storFng and 
feeding the material for each of these conditions In order to obtain a compact 
comblnatlan of units 1t was declded to mount thx equlpoent on the toning truck ahead 
of the spreader. 

A collapsible convoy unit mth mechanically operated feeder screl~s was de- 
sIgned to handle the bulk cement, and a manlally operated cuttr,g table and feedIng 
chute were devised for use vlth sackea cement Both methods are suitable for mounting 
on standard flat bed trucks. The convoy container 1s built to mount on the truck bed 
as a unit, while the cutting table and chute are attached to the rear edge of the 
truck bed leaving ample room for storlw sack cement ahead of it. Each method offered 
separate problems of design 

CSpslble Convoy 

The principal requirements for the convoy uxt were that it be a collapsible 
container having a minimum storage capacity of 150 sacks of cement, ati that it be 
capable of aischarsng the ceme"t Into the spreader hopper at a rate of not less than 
25 sacks per rmnute No unrt part was to be larger than 92 x 65 x 60 in&es or weigh 
more than 750 pounds 

From past experience by the Halllbuton 011 Tie11 Ceme"tx,g Company in the 
handling of bulk cenent by large convoy operation, it was decided that the cement 
should be fed from the storage container IntO the spreader hopper by means of con- 
veyor sci-m pcmered elther by a separate motor or by gear arrangements from the 
supporting truck axle After careful conslderaticn of Irelght, size limitation, and 
ease of hand1ln.g nth various sized trucks, it ras decided to use a four-cylinder 
air<ooled gasolme en&~ for this purpose 

Since bent or dx&arted parts would be hard to take apart and assemble, =t 
was necessary that the unit be built more ruggedly than If it were desIgned for per- 
manent mounting only To meet these requirements, and at the same time keep mthin 
the asight restrictions, it was declded to use corrugated metal welded to flat sheets 
for the construction Ex+xnslve tests were conducted to deterrmne the strength ar.3 
properties of these fabric&Ions sl"ce lnformatlon on this type structure was extreme- 
ly meager As a result of the tests It was found that U-gage corrugated steel welded 
to a like thxkness of flat sheet would be entirely eatlsfactoly 

Rth thx Information, It was decided to build the convoy unt to consist 
of a contaner having removable sides, mounted on a divided hopper composed of t-e 
smetrxal halves and conta~nmg two motor&iven screw feeders nith suitable dis 
charge spouts attached Figures 10 and 11 illustrate the principal parts of the 
assembly. 

The hopper 1s &vlded into two synmetrxal parts held together by an G 
shaped pin at each end and four bolts passing horizontally through the middle cover 
Btrl,, The bottom of each hopper 1s shaped l&z a rounded V and carries one conveyor 
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Sci-Sx and part of the control linkage The sides and ends of each hopper consist of 
X-gage corrugated and ZO-gage flat steel rIveted together with sttifeners placed 
around the top edge and riod bracing at the bottom. The V-shaped portlo" of the hop 
per canslsts of a curved lo-gage steel bottom, riveted to ZO-gage flat sloping sides, 
and all welded to stringer bracing Receptacles are pronded 1" the stiffeners around 
the top edge to receive retaining pins from the convoy side and end panels 

AS a result of tests ana studras of various Sleed conveyor feeders It KSS 
decided that 9-Inch screws operating at about 55 7 p m. would be most satxfactory 
Variable pitch screws were used in order to get an even flow of cement, the flight 
varyl"g from one-half Stardard pitch at the motor and to double standard pitch at the 
discharge end Exb screa feeder 1s ca-rxd on two self-aligning ball bezIngS, of 
the combined radial and thrust type, having a radial load capacity of 1,675 pounds 
at 100 I p m. All bearings are adequately sealed agalnst cewnt dust The Screws 
Sre mounted ILL the hopper bottom mth a rmnimum clearance of l/2 inch Baffles are 
placed at equal lntemls above the Screws 1" order to everJy dlstrlbute the cement 
and also to serve as structural members 

The conveyor screws carry the cement from the convoy through the discharge 
spouts Into the spreader hopper The discharge spouts consist of t-w" tubes fastened 
together Ss S umt by two spacers (flgure 11) The tubes have an inside diameter of 
10 lnchss and carry bsarlngs for the Screw feeders at the discharge ends The spouts 
Slip over the screw extensions and are bolted to the eno panel of the hopper bottom 
It 1s necessary that the convoy be mounted forward of the reaT axle of tte supportIng 
truck; ot?emse the front wheels may be raised from the ground Far thx reason two 
lengths of discharge spouts and extension Screws are provided So that the convoy can 
be adapted to vSr‘1ous sized trucks When the long spouts are used they must be braced 
by a cable from the rear panel 

Bolted to the hopper bottoms are the walls of the convoy which consist of two 
side and two end panels These are constructed of X-gags corrugated metal, mth 
corrugations rurmng parallel to tte ground, welded to X-gage flat Sheet wetal The 
Smooth surface is placed 04 the lnslde to offer less resistance to the flow of cement 
The panels are reinforced by four equally spaced vertxal stiffeners and by horlecn- 
tal stiffeners along the bottom ar~J top edges These sttifeners are wde of lo-gage 
metal and SrS bolted I" place Each vertical support contans S free sliding retaln- 
ing pin Irhch fits Into a corresponding receptacle in ths hopper bottom A" over- 
tanglng ca"vSS flap 1s fastened to the InsIde of the bottom of the panels to prevent 
leakage of cement along the joining edges Folding bar&es are pro-dad on the out- 
side of the sectxons for ease I" nsndling 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 1s covered mth a canvSS top attached to the convoy Sides by rape 
lacing rumng thro,.gh 3/&inch hooks proJectx,g from the top edges of the side and 
end panels The coverIng 1s made to Slope toward the edges by means of two supports 
runmng across the top of the unit 

The motor used to power the conveyor screws 1s a four-cylxder ax-cooled 
engme rated at 13 8 hp at 1800 r p m In order to keep the en&"e Sway from cement 
dust SS much as possible It 15 mounted ahead of the convoy The mounting IS formed 
of hgh tensile Steel channel and carries, in addltlon to the motor, the gasoline tank, 
battery box, chain and sprocket reduction, and part of the control lInkage. The 
mounting 1s attached finely to the assembled hopper bottoms by four pins (fl&re 11) 

The drivmg poser 1s transmtted through the chain reduction to the conveyor 
shaft by meanS of a flenble coupling that can be easily separated The chain reduc- 
tl"" is wellhow& and protected frorc dust, Each gear shaft operates on ball bearlng 
pillar blocks The output sprocket on the final than drive 1s attached to a JS~ 
clutch mhxh floats on the shaft car~lng the motor half of the coupling These JSW 
clutches perrmt the selective engagement of the Screw feeders ati are controlled by 
levers attached to the motor mount Remote control llnkage is provided So t%t the 
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en@@m"t of the conveyor screws, the main motor clutch for the engine, and the 
throttle, can all be controlled from the rear of the convoy by the operator standIng 
on the floor of the spreader This control lInkage 1s divided into three parts, one 
carried by the motor mountx,g, one by the hopper bottoms, ati the other betaee" the 
discharge spouts The latter two parts are ;nerely extension rods and can be easily 
dxengaged Flgui-es 12, 13, and l4 she,, the progressive assembly of the convoy All 
unit parts are bolted together in such a manner that they can be easily taken apart 
ard reassembled No hoist- equipment is necessary since all Darts can be tandled by 
hand The heaviest units are the motor mounting - 575 pounds, the hopper sections - 
560 pou"dB each, ati the motor - 330 pounds The side and end ;ia"els weigh 238 and 
158 pounds, respectively, lrhlle other parts range from 150 to 4 pounds The total 
weight of the convoy 1s 3,225 pounds. 

The assembled umt, shown I" figure 15, Las a capcIty of 160 sacks of cement 
mth a nununum dlscharge rate of 25 sacks per minute. In overall dimensions the con- 
voy and motor assembly =e 104 mches long, 46 Inches mde, and 72 inches high The 
discharge spouts are fwnlshed 1" two lengths, 24 ard 42 Inches, depend- o" the size 
truck to be used When not u, use the spouts are covered by thin metal plates to pre- 
vent leakage of cement. The covei-s are removed and replaced by canvas socks when 
operations are begun (fwrre U-D) '"he" mounted on the truck the convoy should be 
tied d- firmly to the truck bed by chains 1" such a manner that the discharge 
spouts till malntal" the proper relation to the spreader hopper. 

CmsAle Cuttxw Table and Chute 

In order to adapt the spreader to the use of sacked cement, a special chute 
and sack cutting table were de-ieloped This equipment, show" I" figure 16, consists 
of a manually operated circular SEW mounted on a collapsible table with a" adjustable 
chute feeding Into the spreader hopper The chute is deslg"ned to be clamped to the 
rear edge of B flat bed truck by means of two screw clamps and can be tllted to the 
required angle by means of adJustable arms When 1" operatlon the chute should be so 
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 toting truck aheed of the cutting table 

The device 1s operated by placing the sacks singly on the cutting table and 
dramng them aci-ass the saw edge by hand This spats the sacks, all-g the cement 
to fall through the chute Into the spreader hopper 

Thx method of feeding the cement 1s somewhat slower than that using the con- 
voy, however, four me" ca" handle the cement at a rate of 25 sacks per minute for 
short durations of time A slower and more continuous run can be had by bloc!ang off 
scme of the spreader conveyor sci-ems (figure 8-D), glvlng a narrower mdth of applxa- 
tion, and reqrurlng less frequent stopplng of the truck for loading cement 

CALIBRATION OF THE CEMENI SPREADER 

The callbratia" tests of ce,ve"t spreader "umber 3 were made folloKl"g a pro- 
cedure similar to that used I" testink model number 2 The machIne was Jacked up 
from the ground and power was applied to both wheels simultaneously by means of chal" 
drives from a uotor During the tests the hopper was kept fllled vnth cement and the 
r p m of tie wheels and the quantity of discharged cenent liere carefully measured. 
Kn-"g the forward travel of the wheels per revolution, and the width and depth of 
the proposed treatment, It lras possible to calibrate the machIne 1" terms of dial 
setting agal"st output of cement (figure 17 and 1F) These calibration curves 
(larger scale coplee of ahich are included as part of the equipment of each machIne) 
enable the operator to set the transmission control dial at the positlon necessary to 
deliver a predetermined amount of cement Thx quantity may be expressed 1" either 
(1) percentage of cement per volume of compacted depth, (2) cubx. feet of cement per 
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square yard, or (3) pounds of cement per square yard In either case the desired dial 
settmg car be read from the callbratlon curves either drectly oi- after a smple 
prelmmarJ calculation 

For example, lf the quantity of cment requued 1s given m percent volme for 
a 4-, 6-, or S-inch de$h of treatment, the reqmred dial settmg can be read dxrectly 
from the curves of fipe 17 Values for other thxknesses can be computed by propor- 
tlon, smce the requued am1 setting 1s a function of the depth of treatment as shown 
In tne explanation of colum 13 of the data sheet 

If tte quantity 1s given in cubx feet or pounds per square yard, the dial 
settmg 1s read from the curves of fIgwe 18 If expressed m cubx feet, the value 
1s rem alrectly, but ti expressed m pounds per square yard t?e value must be con- 
vertea to cubx feet by alvmlng by 94 (the nelght of cenent per cubw foot) before 
using the curve 

TPe calibration tests were run through the complete range of dml settmgs for 
'anous rates of forward speed Results showed that the machme would deliver 0 25 
to 100 cubic feet of cement per square yard and, further, that within normal operatmg 
lmlts the quantity of cement delIvered was practlcall> mdependent of the iomard 
speed of the spreader (f1gui-e la) 

The observed and calculated results of typlcai check runs on the spreader are 
shown in the data sheet For these tests G-see pos~tmns of the dml were chosen, 
namely, 2 3, 5 1, and 7 2, correspondmg to percentages of E, 12, and 16, remectlvely, 
all based on a 6-mcr depth of treatnent 

3e follomng 1s a brief dmcmslon of the rethods of calculatmg these re- 
sults Tt,e numbers (1) to (17) desIgnate the column numbers referred to m the data 
sheet 

Column (1) - The run number 1s the number desIgnat& to each spread. 
Column (2) - Dial setting 1s the readmg of the tial posltlon 
Colwnn (3) - The nuqber of conveyor screws dellverlng cenent from 

the spreader 
Column (4) - The tune in seconds elapsed during each spreaa 
Colunn (5) - The number of revolutions of the spreader wheels during 

the time XI Column (4) 
Column (6) - The nmber OI revolutions of the conveyor screws during 

the time shown ln Column (4) 
Column (7) - The net weight of cercent spread =n each run 
Column (8) - The r.p m of the spreacer wheels 19 obtaIned by 

dlvldlng Column (5) by Column (4) and xultiplying by 60 
Column (9) - The I‘ p m of the screws equals Colon (6) dlvlded by 

Colunn (4) x 60 
Column (10) - The dxtance traveled by one complete revolution of 

the spreader wheel was measured accaxtely to be 9 2083 it 

k wheel TRY x 9 2oS3 ft 
3 ft : L1nea.r Yds Spread 

Reducing thx equation to Its simplest form, tnen, 
Lmear Yds Spread = Colw (5) x 3 0694 

Coluw (11) Square Yds Spread I Lx,ear Yds Spread x Width 

Spread (6 ft.) = cO1- (lo) x 6 ft 
3ft = Colmm (10) x 2 

Column (12) - Lbs CeEent per sq Yd = Net m't. Cement SPre*a _ Column (7) 
No Sq Yds Spread c01uJm (11) 

Colon (13) - Each square yard of soil-cement stabllleed sectlon 6 m 
thick contans 3 x 3 x 0 5 or 4 5 cu ft 
1 percent by volume, then q 4 5 x 0 01 q 0 045 cu ft 
The aeight of 1 percent by volume : 0 045 x 94 lbs , or 
4.23 lbs 



(1) - 
mm 
NO. 

1 
2 
3 
4 

2 
7 

Colmm (15) - Lba cement per rev of S ~crm = 

Net wt. of cement ape Colu!nn (7) 
No of rev of screw8 which = column (6) 

Column (16) - as. 

Column (17) - The ratio of the mmb+r of revolutions of the amens 
to the nmb& of revolutions of the nheel = 

Y P H. : 9 2083 ft I No. *eel =eV. = Ft per BBC traveled 
Tme in Seconds 

Then, 9 2083 I No. wheel revolutions x 60 I 60 
Tims in Second8 x 5,280 = M P.A. 

Rduclng tbls to its simplest form, 

Y.P R - Colm6& ;4y7S 

TYPICAL CALIBP&TION TBSTS OF THE CEXKWI SPREADER 

Mal 
set. 

2.3 
23 

::z 
5.1 
7.2 
7.2 

(4) (5) 
The I Rev. 

Ii7 of 
SC nheel 

i 

20 3.867 
20 

; 2; 20 . 
20 3.E.m 

Lb can. 
Sq. Yd. 

Run No.: 1 2 2 41_dL1 

Y.P.H 121 121 1.21 1 19 1.19 1 14 1 59 

(6) 
-Aev. 

of 
SCIR 

19.653 
19.603 
19 n1 
28.347 
28 578 
26 903 
37.606 

03) l-4 WCB” 
“I 
by skz. Per 

Volume Sq Yd. 

I 

(7) 

zz 
Spi-aad 

;'6 ; 
789'0 

1130.5 
1149.0 
loq4 5 
1582 0 

(8) 
KPm 

of 
Wheel6 

11.60 
11.57 
11 60 
11 40 
1142 
10 93 
15.20 

(9) 
R p m. 

of 
SCI-ep 

58 96 
58 81 
59 13 
85.04 
85 73 

107 61 
150 42 

FI2L.D TESTS OF THE SPRGBD~ m ACCESSORY BQUIPKFXI 

F&o& Tests 

In order to determine the behavior of the apreadsr and convoy durmg trampa 
tation to and from construction joba, road tests under full load and while empty were 
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conducted at speeds rangz.ng from 15 to 42 miles per hour Dwmg these tests no 
leakage of cement oi- other defects were noticeable 

Because of vibration and impact loads during transport&lo,, there was a 
tendency for the cement to pack at the bottom of the convoy around the conveyor scrsws 
In order to dsterrmne whether this paclang had any effect on the discharge screws, ad- 
ditional tests mere made by tcml"g the loaded convoy ovsr rough roads at va~lous rates 
of speed At the end of these runs the convoy motor was started, the discharge scrsw 
clutches meshed, and the motor control gear engaged There was no difficulty in thus 
startmg the scrsws under full load, and the discharge of cement appeared to be normal 
During tnese tests It sas found that the dIscbarge of the conveyor screws decreased 
slightly as the pressure head of cement decreased However, svs" when the convoy was 
nearly empty the discharge was more than ample to keep the spreader hopper filled 

Acceptance Tests 

The final acceptance tests of the equipment aei-s made during the construction 
of a soil cement section of Oklahoma State Highway Number 17 "ear the tow" of Sterling 
For this job 12 percent of cement by volume, based on a &Inch depth of treatment, was 
required Thx amount corresponded to a dial setting of 5 1 on the spreader output 
control 

DurFng the job a total of 3,200 cubic feed (300,800 pounds) of cement was 
spread over a" area of 6,118 square yards, using both the convoy end cutting table 
methods for storing and feedIng the material to the spreadsr A lo-ton Army truck frw 
Fort S111, Oklahoma, was used to tax the spreader and carry the convoy and cutting table 

Throughout the tests all parts of the equipment worked very well together 
The deliveT rate of cement from the convoy to the spreader hopper was checked several 
tunes during the tests and the average found to be 29 15 cubx feet per rmnuts The 
over-all varx,tlo" between the requxed amount of Cement and the actual measured 
mounts dellvared by the spreader was less than 0 4 percent, based on the volume of 
compacted so11 This figure is as11 mittin the lmts set forth I" the speclfxatlons 

Figures 19 through 22 1llustrete the operations during these tests, the over- 
all results of whah were as follows 

Total amount of cament spread . 
Total area spread 
b.Terage percentage of cement delIvered 

3,200 cubic feet 
_ 6,118 square yards 

mth a 12 percent dial setting - _ 11 56 percent 
Averayqe dellvery rate from convoy to spreader 29 15 sacks pr minute 

CONCLUSIONS 

The results of tests and studras I" connectlo" with this development indxate 
that the use of the mecha~cal cement spreader and its accesson equipment till lmpi-ovs 
and slmpllfy the usual procedures for applying portland cement, or slrmlar materxal, 
to suItable soil that has been prepared for stebilizatlon Use of this equipment 
offers a rapid and econormcal method of dlstrlbutlng bulk and sacked cement evenly 
and in accurately controllable amounts 

The equipment 1s ample XI design, easy to operate and maintal", and thi-ougC- 
out all testing operations has proven to be rugged 1" construction and constantly 
accurate 1" performance 

The sase with whxh the wnt.3 can be broken dorm into lndlv1dual parts end 
reassembled makes this squlpent partxularly suitable for use in combat zones oi- 
other areas where transport&lo" by ax- Is desirable 
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Figure 2. Partial Assembly of the Cement Spreader. 
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Flgure 10. Details of Convoy Hopper. 
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Figure 11. Unit Parts of the Convoy. 
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Figure 15. Assembled Corwoy. 

Figure 16. Collapsible Cutting Table and Discharge Chute. 
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PERCENTAGE OF CEMENT 

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


