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The primar) purpose cf the work {lescribed herein wes the de-
termination of the fessibility of providing a stabilized surface
of beach sand through (1) the use of emulsified asphalt, (2) the
mixed-in-pilace procedure, and (3) “"compaction by traffic" of the
gtabilized area. 'The area sc stabllized was planned to facilitate
the crossing of a beach area by vehicles during the off-lcading
rhage of an amphibious operation: ~onducted at Canp Del Mar,
\,alifomia uur:lng April-May- 1953 :

' MATERIA.S AND EQUIPMEKT

..Tha beach soil stahilized was a medium fine 3and as 1ndicated
in the grain size distribution curve of Figure 1. The moisture con-
tent jed from 1.1 to 9 3 per cent, the la.rger velue being obtained
near t:he tt)relsr.zr:re~ area. £ 1

_ '.l'hr:'r m&sfﬁe&mhalt +a~d was slov-getting, Type ss-2
(Amex‘ican ‘Bitunule & Asphalt Co. designatior DRM) which contained
approximately 60 per cent £0lid phase and 4O per cent liquid. ,
Penetrstion of -the agphalt used in this emulsion was 40 - 90 (ven-
dor's figures). _
Tl o s % *

A Wood Koudnixer equipped wlth &hﬁ’lcal spreader and a vibra-
ting screed and drawm by & D-8 tractor was employed as the wixing-
spreading unit. -Two.standard pantoonmcont:aining the emulsified
asphalt were mounted on an Athey wagon and towed alongside the
Roadmixar during the stabilization operaticn.

Compaction of the mixed mterial vas p.cccmplished by 5 ton,
6x6 dump trucke (Gross wt. =.22,000 lbs.). Limited use yas made
of a loaded wobble-wheel roller during the first portion of the
work, but the largest share cf the early compactiom was r:ealized
through the use ¢of the dump trucks. o

PROCEDURE

The area *+3 be stébilized was staked out roughly, and wire,
Jogs, and other debris were removed from the path of the mixer.
The path to be travelled was backrvladed with a dozer, and the

siope frun the beach proper to an gecoess vosd approximately 300 ft.
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from the shore was flattened to facilitate operation of the Road-
mixer. The quantity cof emuision necessary for the stablllzatien
of this particular soil was estimated at 6 - 7 per cent (by weight
of dry . soil). B8ince emulsified asphalt does not lend itself to
metering through the type meter with which the Roadmixer was
equipped it was necessary to pre-calibrate a pressure gage on the
mixer at the speed of travel of the machine to establish the
quantity flowing through the pumps. Figure 2 is a sketch of the
area stabilized. The areas indicated on the sketch as Road #1 and
Road #2 and two-thirds of that area shown -s Parking Area were
stabilized on 16-17 Aprii. The remainder was completed on 20 April.
The reason for the time interval was that it was considered de-
sirable to have a section of the area stabilized immeaiately prior
to the otf—loading operation.

o - The amulsion which was received from the wvendor in tank trucks,
was pumped into the pnntoons on the Athey wagon. A flexible hose
connected the pontoons to a pump on the mixer during iue itravellirg-
mixing operaticn. The mixer was set to pick up approximately 8 inches
of the loose sand over a width of 11 £t, 6 in. After mixing, spread-
ing, and some initial compaction. from the vibrating ascreed the

average thickness was found to be approximately 7 inches.

“Mixing and spreading was accumplished at the rate of approxi- . o -
maitely 13 feet per minute and the pump on the mixer was set to de-
livar from T2 to 80 gallons per minute in order that the mixture"-
vould-ctontain 6 - 7 per cent emulsion. This rate had to be varied
vhen ths speed of travel changed, such as on curves and on inclines,
and the sufficiency of the emulsion in the mixture at these places
was established by observation. Similarly, in those areas near the
foreshore where the sand wans wet, the percentage of emulpion had to
be adjusted.sc that the final mixture was not too '"mushy'.

Adjacent lans were placed with an overlap of approximately
rne foot and compaction by the dump trucks kneaded the material
together to form one roadway. In some places gaps vere left be-
twveen adjacent lanes during mixing. These gaps were subsequently
filled with material from s windrow of the mixture which vas made
for this purpose.

Coupaction by the dump trucks followea immediately after the
nixing operation and continued until a reascnadbly smooth surface
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2 o was cbtained. When the ridges which were formed between the dual
s tires of the trucks by sinkage into the mixed material were
) "ironed out” it was conaidered that adeguate corpaction had been
3 vbtained.,
f The corner of the area near the causeway section (see Figure 2)
S wvas enlarged by making severasl passes across the area. This in-
be creased the asrhalt content of the material at this cormer, which
E wae considered desirable since it was expected thet this area would
‘ 4 be subjected to the most severe traffic conditions (turning move-
P ments, passage of tracked vehicles, etc.).
: RESULTS
; ) .?. ' In all some 3709 square yards of beach area were stabilized
‘ o by the method described using approximatel s 17,000 gallons of
N . emulsified asphait. An aerial view of the entire area after the
stabilization was completed is shown in Figure 4.

L= f” S . Compaction by means of the heavy dump trucks prbduced a tight;
flexible surface or skin which was able to support all wheeled
vehicies operating over it. Tracked vehicles which used the road-

; : way broke the surface but these breaks were repaired by tamping,

- s w L 2 rolling, cr ty the subsequent traffic of wheeled vehicles. The

!' - s el : only bréak-through of the surface due to wheeled vehicles occurred

[ e . under a‘heavily loaded semi-trailer making a tight turn at the en-

| : ﬁ e larged corner near the causeway. This break-through was patched

e . with material from a windrow. i L
5 = . The thickness of the skin increased with time, .ipAicating that
: o the emulsion was breaking or setting from the surface downward.
~ s Figure 3 shows the variation of moisture content with depth of the
o mixed material at one, four, and five days after placing and is an
= indication of the rate st which the asphalt emulsion was breaking.

Samples of the material from the completed roadway were taken
7 end indicated residual asphslt ccntents as shown in Table 1. The
: last two samples listed in the table we:re taken in the area of the
: enlarged ocorner near the causeway. The average residusl asphalt
¥ = content of the samples taken (excluding the two mentioned above)
¥ was 4.4 per cent, indicating that 7.3 per cent of emuisicn was used.

Z There were no differences apparent between the area stabilized
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on 16-17 April and that stabilized on 20 April as far as their
relative abiiities tc carry the traffic of the off-lcading
operation were concerned. &

The average density of the mixed materiasl after initial com-
paciion was 98 1b. per cu. ft. Compression tests on 2-inch cubes
cut from the surface {two weeks after placing) varied from 112 to
184 psi and averaged 155 psi. The average density of the saxples
used for compressim tests was 105 1b. per ft.

Figure 5 18 8 view of the Parking Ares during initiel ccmpac-
tion and Figure 6 shows the same area under traf{ic during the
off-iosding operation. In Figure 7 may be seen the effect of
operation of tracked vehicles on the surface at the enlarged cormer
near the causevay ;

CONCLUSIONB i

From the work on the rstabilization of the beach area. a.t Camp
Del Mar the following conclusions are. dra.vn o g -

1. Stabilization of a beach ares through the use of slow
setting emulsified asphalt and employing the mixad in-
place procedure is feasible e e
S i B
2. The percenta.ge of emulsion used +8 not particularly W,
critical. In the work performed.at Camp Del Mar the - _
uantity varied from 5.7 per cept to 13.5 per cent-. g
by weight of dry scil) and there vere no differences
spparent in the performance of the areas having widely .
different percenta.gea of aapha.lt._ Ehpat

3. The maistnre content of the sand being stabilized does-
not appear to be a critical factor. In thir w~—k the ;
moisture content of the natural soil varied from 1.1
per cent to 9.3 per cemt, the higher value obtaining
in tbhe foresnore area a8 indicated above. Thae mixture
resulting from the addition.of the emulsion to the soil
of high moisture content was quite "mushy" immediately
after mixing, tut after compaction there was:-po eppacent
difference between the perfomance cf this area and the
performance of those areaa of lower initial moiature
content . S d5n -
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. Compaction 1y traffic after ipitial compaction is

_effective in increasing the density and bearing
capacity of an aspha«t-atabilized sand. Some initial
compaction is necessary, however, and this may be
started irmediately after the material has been mixed
and spread. It appears that the most effective

~compaciion is obtained by pneumatic rollers such as
the wobble-wheel type or heavy trucks. A kneading
action such as is obtained by a wheel or group of
wheels advancing through (as distinguished from on)
the mixture is believed necessary.

-5, -Cbservation of the actual off-loading phase of this

~ - gperation and of the wheeled vehicles not using the
stabilized roadway indicated that a military applica-
tion of this method of stabilization is feasible. It
.was apparent that wheeled vehirles, particularly those
toving loaded treilers experienced difficulty in tra-

- versing loose, ary sand of the beach. Thus the use
of this type of roadvay offers possitilities for
expediting such an operation.

RBCOMEKDA!I‘IONS

o T M,,on. the-limit.ed work accourpnsned it is recommended
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e ‘.‘“ ~ 1:‘"‘21:5_ ggvzei:opmsn%—af sta‘*ui..ation equipment which is
> nge,mnemx‘a‘ble and smaller in size and thus more
essily tmnsportablr

2. The dmlepmmt of purips and meters which will more
. easily and more accurately deliver the emulsion to
tha m:lxer, . i 100

3. Ths-development of compacticn equipment of either
the vibratory or preumatic type which can be oper-
azed on the mixed waterinl immediately following

oz Anreading. In this connection it is suggested that

sFarw the possibility of cambining the tanks containing
—- = 7 "the emulaion and t.he ccmpactor be ‘investigated;
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The establiskment of minimum rcadway thicknesses

pecessary vor military operatians, cambining with
this the investigation of minimum asphalt coutents

for variousz thicknesses;

The estabvlishment of the limitations of this method.
Particular emphasis should be placed ¢n determining
the types of beaches cn which this method of stabili-
zation would or would not ve applicable.
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Pable 1. Asphait Content

Sample Depth Percent Percent® |
Number (inches) Aephalt Emulsion !
1 5 3.k g

2 6 b.2 7.0

3 5 3.5 6.0

L 5% 4.2 7.0

5 5 5.8 9.6

€ 5 4.3 7.2

7 b 3.6 6.0

8 54 5.0 8.3

% 5% 5% 9.2

10# 44 8.1 13.5

114 5% 7.6 12.7
Average

1-9 b fud

*# Based on 60% residual asphalt in emulsion.

# Samples taken from area in which mixer made more
than ore pass.




| e
! | Y ? gt i i
! L Nt by :
] e 1 pom. B s T e ~ . e s st «:!_

gl ouanuo.ﬁ ,o%pf,_ Gl b A o G R
BRRTY: Sﬁ.bzﬁﬁ% i i 0 i -

yc;&_H

>: a ~..* A

! E] !l_.u:.l.il.___nl] ..lj-ﬂ..{.mﬂ. T 4! .M ..|!_ Y

p——

P SR

ki

4

ik R
T .

A

-

e et b i ——r

N I

A 15 A S

L e f g =]

RSy T8
!. e

|

FUEE S 2L

el s it syt e

e ey e i

-z

,u_pm¢Ju mjrow

v A 2AYN i aaed SLLL 3NHONIY
Ve ; :




[

4

viuJo FITR0 ‘XeH 1egq dwe)
wi9esyT(Aess WOUeE O Weld ‘¢ [ Fatvh A
18 =l 19TE0E h_‘
= Jeoy (R a4 Jupyeyxy
_ / \ \ \ [ | _,
. X
| | I
P I
| “ /|
1# veoy 2¢ veoY _. —~ !/
// i ™ Y
\ T Teanzang h.\
[ eugLiuy /
P - | __ x \
! e - i | £
/ specy PIZT114938 i 5
_ n ITWCBY DOTFISTNAY Lo £t
s /
| | /
j o~ \ b o >
i _ i i i
D o e
TS -
| _ N T |_H.._|l _—
_ % vey Sujired e =
_
_
. | 92 ‘uppwe]
.I‘I!L\,l*[:..l..blll{ II\‘“\\\'IHII!II \\I!lln}ll..\:\\\l\ll. e
e
! un140ag Lurnesnsg
NYXIOO 0r1d1a0vd

L=




YIuI0 JIT#0 ‘TR Yoq dwre .
oA TETTIAsE YoveE Jo Weld ‘¢ sxndi g

ws 108 =T 10103

peod I Fuyae Xy

C

l\‘ M m \\ f 1 | |
\ \ I ]
- ¥
. i
_ _ I
Ly NINESSVG |
: 14 veoy 2é vpwuy _ | S A \ ]
5 | TeIn L / /
\ \ _ L ewyTywY \ \
-/ |
\ \ ...ln.!:..i. " \\\lﬁ\. _ _ \\‘\
/ spwoy PO3T1TQEIE | | \ ¥
\ / 3Teydsy DPOTJYS TN o o
_ \ | P
. K _ | /7,
_ . ! | . d
| oo
|

I a o T
P L fs P
! ., -1
| —_——— T

uﬁ A wexy Fupred

y@y ujpue

e S e e e e
: ' - e
s b e R e i et
i
1~ o .e.wwym Lunosney
Y NVYE20 01d4d10Vd
_.Lé.r-._
; o e B T i W= Woin. - 31 (T 00 TN E
. l&r ».n ..,.».g‘..a‘. S ﬂ.”h.f,‘m&_ . : _ﬁ,../ff W Wid...ﬂr !g« g%. B Pl
Gl = 4..,‘.,” L LR




Depth Below Surface (Inches)

v

n

w

=

w

Hoisture Coantent - Percent

1 2 3 4 5 6 7

e

< |

BN NEE

N

NN T D

| Q

( Parameter - age in days after placing )

Pigure 3. Hoisture Content vs. Depth




Figure 4.

rigure 5.

Aerial View of Stabilized Area (Light-
colored strips - emulsified asphalt;
darker strips - aniline-furfural).

Parking area cduring initial compaction.




Fizure 6. Parking area under traffic during off-
loading operation.

Effect of operation of tracked venicles
on siabilized area.

Figure 7.
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