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resctriction can be cancelled and Statement A imposed.
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FOREWORD

The investigation reported herein was sponsored by the Office, Chief
of Engineers, and was conducted under Project 17, Operations and Mainte-
nance, Army, “"Develorment of Design Criteria for Construction of Expedient
Ramps to Carry Over-the-Beach Traffic." The tests were conducted to study
the feasibility of using existing cxpedient surfacing materials in con-
struction of ramps to carry over-the-beach (0TB) traffic off-loading mate-
riel from miscellanecus beach landing craft.

The enginecer tests were conducted at the U. S. Army Engineer ¥ater-
ways Experiment Station (WES) during the pericd from April through July
1667. The U. S. Kaval Seabee Battalion Training Center, Gulfrort, Missis-
sippi, and elemeats of the U. S. Arny Engincer Comrend, Vietnam, APO
San Francisco 66307, provided information to supplement the test datz
ohtained. -

Enginecrs of the WES Soils Division who were actively engaged in

planning, testing, and report phases of this study were Messrs. R. G.
Ahlvin and C. D. Buras and CFT V. C. Barber. The work was perforred under

the general supervision of ¥essrs. W. J. Turnoull and A. A. Maxwell, Chiel

and Assistant Chief, respectively, oif the Soils Division. This rerort was

Sabibu 5T 3t £ BFLAT A, § 5 oAl b o it A R

prepared vy CPP Barser. L

COL John R. Oswalt, Jr., C2, was Diroctor of ¥WES during the conduct
of this investigation and the publication of this report. Mr. J. B. )

Tiffany was Technical Dirccior.

Acknovwledzment is made to personnel of the WES Hydraulics Division

for their assistance and cosperation in this investigation.
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inches

feet

tons

pounds per square inch
pounds per cubic foot
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; SUMMARY :
Engineer tests were conducted on a full-scale model beach in a wave §
2 tank of the WES Hydrawlics Division. Thz beach was constructed of sand ap- 3
proximating that found on teaches in the SE Asian theater of operations E
E (T0). Beach slopes ranged from 10 to 20 percent. Waves induced upon the

: ’ beach simlated those found in TG cove and bay areas.

The tests were conducted by installing various itypes of expedient
surfacing materials such as MO pierced steel planxk landing mat and 1419
E aluninun landing mat with and without enchors and with and without T16
menmbrane over a prepured sand beach and subjecting these insiullations to
wave action and vehicular traffic.

The separate ramps were tested by first observing detrimential ef-
fects cauced vy wave action glone and then by a combination of wave action
and traffic locading. These same factors were ovserved in determining
detrimental effects ol traffic and waves on a bare beach. Standazrd mili-
tary vehicles used in ihe trafficking cycles wvere the ¥151 1/L-ton carge
truck and the 135 2-1/2-ton 6x8 cargo truck.

None of the materials or cormovinations thereof satisfactorily stebi
c 3 lized the bezch foreshcre or provided an OT3 rxip appresizbly better than
: the natural, tare sand. 3Benelits geined by instellation of any of these
s OTB ramps are short term Gue to the rapid deterioration of the raxp
= foundation.
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TESTS OF EXPEDIENT RAMPS TO CARRY “VEL-THE-BEACH TRAFFIC

PART I: INTRODUCTION

: Background

1. Present concepvs in the theater of operations (T0) include de-
livery of Army materiel over natural beaches where permanent harbor facil-
jties have not 'heen constructed. Current tactics and logistical commit-
menis roauire thal these unloading operations be executed as hastily and
‘witn as fru coxplications as possible. DNifficulties have been enccuntered
in tiwe raps U ¢l loading o>f waterborne cargo by use of wheeled cargo vehicles
preseat’.y ... che Army Taovle of Organization end Eguipment.
loading ogerations, pierced steel landing mat (MB) has been used for the

In previous un-

construction of expedient over-the-beach {OTB) ranps that extended to a
Pui- b near the water's edge at low tide. This mat has provided a satisfac-
tory rart over the dry sand or backshore area of the beacihies. However,
prodblems have developed in the forestore arcas due to loss of send from
under the mat caused by wave and traffic action, resulting in the immodi-
lization of wheeled cargo vehicles during the unloading operations.

+ Murther knowledge was therefore reguired as ©o methods anéd ra'erizls that

would be more suitable in the construction of expedient OTD ramps.

Previous Investigations

2. TField tests were conducted in May-June 1959 at La Turoalle ZBeach
and Suscinio Beach, on the 3ritiany n~oast of France, on thrce metel landing
mats and three prefabricated memtranes to determine their suitability and
effectiveness as portzble surfacing expedicnits for increasing the trafiica-
bility potential of unprepared beaches for emergeney ofifshore éischurge
orerations.¥ Landing mats tested were PSP, M8, ané Tll. Mermbrones tested

were Tl vinyl-coated cotlon Guck mewbranc, and T12 and T14 neoprenc-coated

i *¥ S. G. Tucrer and Je. L. Garrett, "Beach GStabilization Tests of Landing

- - - ~ - - - - I ”~
¥ats and Prefobricated Mewbranes," Technical Repord No. 3-592, Feb 1902,
U. S. Army Engincer Wulerways Esperimeant Station, CB, Vieksburg, Miss.
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nylon membrances. Test results indicated that, although M8 mat was the ;-
desirable of the materials tested, none of the ramps werc capoble of st
lizing the beach near the water's edge and thus providing o satisfactor:
ramp. It was recommended that o study be conducted to develop a more ci
factory lightweight surfacing expedient for heach stabllization that wey
include investigation of the effeets of wave action, beach slope, tide, :

variations in composition of beach muteriuls.

Purpose and Scope of Tents

3. The purpose of these tests was to (o) develop construction pro:
dures and techniques for using currently available expedient surfacing
materiols that will ensure satisfactory OTB rumps, and (b) consider the
feasibility of other concepts of materials for construction of (1B ramps.
It was specifically desired to dcterminé the cffects of the following
variables on ramp performance:

a. Slope of the beach.

b. Expedient surfacing material.

c. Location of ramp with respeet to the water's edge.
d. Method of anchoring the rump. .

¢. Use of membrane underlay for the runp.

£. Troffic loading. '

g&e Duration of wave and traffic uction.

L. The scope of the test included constructing buuches and testing
full-scale OTB ranip moedels in the Le-shaped wave tonik ol the iivdraualics
Division, Woterways Experiment Station (WES). Varicus C0'3 rumps were plu:
on the beach and subjcctcd'to vehicle loading and wave actlion. Three was!
wave types were used, vhich varied in height Ifrom 0.5 to 0.9 Tt ¥ Ag
testing procceded, data werc collected and ovservations wevre miade pertincr
to the variubles listed above. Due to the naturce of this vre of testing,
the effcets of these varlables were docunmented lurgely by jiotogeaphise In
addition, other ctatementc as to cffeets of variabled v the result of

engincer observation mude with the ald of eross seotlichs, strl hialine

* A tuble of fnctors for converting Britich wnits of Lonuuliient to metr:
unitic Lo precented on puge vid,
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deviation measurements, and opinions of engineers of the WES Hydraulics
Division. i
|

Definitions of Pertinent Toerms

5+ TFor clarity, the meanings of certain terms used in this report
are defined below.

a&. DBeach.¥ The zone of unconsolidated material that extends
landwird from the low-water line to the place where there is
marked change in material or physiographic form (usually the
effective limit of storm waves). A beach includes foreshore
and backshore. :

b. TForeshore.¥ That part of the beach that is ordinarily
traversed by the uprush and backrush of the waves as the
tides risc and fall.

¢. Backshore.* That part of the beach between the foreshore
and the dune arca or coastline and acted upon by waves only
during severe storms.

d. Dnhe arca.  An arca of wind-deposcited cand extending along
the top of the backshore or coastline. Coastal dunes may be
active or partially stabilized by vegetation.

e. Pass. One trip of a test vehicle over the tracking area of
the OTB ramp. .

f+ Run. A strip equal to one width of the landing mat or
membrane.

g. EBrosion. The washing away or removal of soil particles by
water moving under and around portions of the landing mat
or membranc placed in contact with the soil.

h. GScour. A place that has been eroded by the act of a water
current.

!

i. Expedient ramp. A ramp constructed from expedient surfacing
materials or other materials and by expedicent methods for
the purpose of gaining a definite and immediate advantage,
and constructed without regard or knowledge of its long-
vange capability or perfomnance.

Je Tect serdes.’ A grouping of tests according to the beach
slope., '

ko Test run number. The number as sipned to a particular test
clement, il.eo series 1, test run 1,

*  Pziructed Crom Appendix A of Beach Eroalon Board chnnlcul Report No. &,
dated June 1954,
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PART TI: TEST FACILITY AND EQUIPMENY

Test Facility

6. The tests were conducte: in an L-shaped wave tank. Thke tane,

shown in plate 1, is 50 ft wide and is equipped with a wave inducer cx;-,
of creating l.5-ft-high waves. The wave tank was modified by erecting ..

taining walls, approach decks, and approach ramps necessary to contain o

test the sand beach.

T. A locally availavle material, called Campbell Swamp sand, was

selected for the test beach vecause it closely resermbled sands on beack:

located in the TO. Comparison of the classification data and gradatic:

curves for the two sands is shown in plate 2 Efforts were made to durl

tatss o
-

cate natural beach conditions and the sand wee placed in the tanx on az-

sa &

proximately the desired slope and tamped lightly (photograph 1j. The

ot

was filled with water to a depth of 3 £t and the water was allcwed to s:

for a sauturation pericé. A view of the veach and the filled wave tanx °

shown in photograph 2. Preliminary waves were induced to consoliidate o

gand to a natural state. This was verified by density determinations

to testing. Dry densities ranged from §7.4 to 102.5 pef in areas where -

<

moisture content was 22 percent.

Wave Characteristics

8. wave yeriod and height were planned to resemdle the waves on T

vés

beaches ané to determine their respective effects cn varicus rarp Pc:o

elevation of the water in the tanx was 3 ft. Wave types and charaeterisz-

tics were as follows:

Pericd | Height Breaking Height
Type secon ft £t

1

A %)
o
.

\n
Q

0.85
2 0.75 1.00
3 0‘90 lolo

Note: The wave inuuceY could not generaioe higher wuaves ol the
proper peried.
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9. The landing mats und wembranc %osted weré selected to represent
itoms currcntiy avuilable in the Army supply system. Auger- and deadman-
ch unuhoro as required for teustlng were elther improvised or druwn from
extsting locul stonk. The two mutc were selected as representative of two
available types: the MO to represent pierced mats, and the XM19 for heavy-
duty, solid mats. M6, shown in photograph 3, has been used extens 1vcly in
)or light-duty slrfields. XM19 mat \
(pgotograph u) is in extensive use in the TO. \TlG membrane, & flegible

the past as an expedient surfacing

neoprene-coated 'fabric, was hged in conjunction with the landing mat as on

underlay in ap attempt to control crosion. \
\ : .

\\ . l, ‘, _ . \

Test Vehiecles

10. The M151 1/k-ton truck and the M35 2-1/2-ton, 6x6 cargo truck
were used to traffic the rdmps in order to represent the more pypical mili-
Eary cargo vehiclos. Normal wheel configurations were used except the out-
side'whegls were removed from the rear tandems of the M35 in order to im--
pose the 'most severe loaa-condition. Tire pressures were those specified
for highway operation, 25 psi %or the Ml?l and ho\psi'for the M35.
\ ! . \
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PART III: TEST RESULTS
11. Phase T inc'iludcd tests on beaches with slopes of 10 and 20 Ter.

cent. Test runs were conducted on barc beach and ramps of M6 and 19 -

with voriousiwave types and duration and vehicle loading. Phase IT was

conducted to evaluate baffling systems for the ramps. Data from these

tests are shown in table 1. The tests were interrelated and the results
are sometimes discussed concurrently.

Phase T Tests

Slope of the beach

12. In studying the effects of this variuble on OTB &'wr.ps, it was

found that the greater the slope, the greater was the damage sustained by
the ramp. The steeper beach slopg caused each wave to expend :inore 'energ;;
as it broke upon the beach and also allowed a more violent backrush of

water from each wave runup. A more thorcugh study of slope effeccts was

preciuded due to the tendency of the wave action to rapidly chenge the ccs-
structed slope to the nagural 10 percent sl‘pr.c of the beach in the wave
tank. : '

. bk e o IS I ARl LA V5 LAt iadicn Wb - o PN S VAR i
et A e AL 2 00 o e A LM A0 0 R AR B A b e A B e NAN S

WYhen 20 percent siopes were constructed and waves applied,) the bezx:

CTiae.

. ] immediately eroded to a 10 percent slope. Photographs 5 and 6 show a cox- %

i parison of darages sustained by the ramp on 10 and\ 20 percenit slopes, re- ;

;, svectively.. As a result of this study, it was concluded that landing-mst ;;

7 %‘ - : ramps cannot adequately control beach erosion on slopes of 10 percent or E
4 ; greater. ! :
3 4 ; | 1
3 1 § Expedient surfacing material i : :-”2
; % 13. ¥6 and XM19 landing mat were the two expedient surfading mate- 4 g
% , rials tested. In addition, tests were conducted to determine unleading :
" . 5 ability over @ btare beack. The MO mat was damaged alfier 1400 vehicle 2
% passes and some beach erosion occurred under and around the mut. The Mo . é
i mat was not damaged by 3500 passes of the 2-1/2-tom cargd truck, but the @
i rump ctructure was damaged by scour under the ramp and sphscque'nt GC?C‘S"l' z
_ i tion of sand on tvp of the rmmp. Sce photographs T and 8 for these cond:- é
f tions. The bare heach proved to be cupuble of withstanding traffic leadin” ’::
P T6 \ I
= "a :
— T ‘,'~ " s e R — e e ‘,.‘j




and wave action without any surfucing materials. As ruts were formed, they
were rapidly filled again by wave action. Traffic was hulted after 588
passes becduse it was apparent that the sand beach would sustain indefinite
trafficking withoul appreciable damuge (photogruph 9). Testing indicated
that neither plerced nor solid mat was capoable of improving trufficability
over a beach foreshowse for any appreeiable length of time when subjected to
wave action. Ifowever, these tests showed that in offloading extremely
heavy or delicate equipment, XML9 or similar heavy-duty mat could be used

on a short-time basis to maintain a smooth, firm traffic area.

Location of ramp with
respect to woter's edpe

14. Dependernt upon the depth of water in the viecinity of the beach,
the OTB ramp may be required to extend to a pcint several feet beyond the
water's edge. This could occur when a waterborne cargo carrier could not
approach to a point‘near enough to the water's edge to allow lowering the
exit ramp onto the beach and the underwater area ncar the water's édge was
steep enough to require a ramp. Experiences in the TO indicate that when
such a ramp ic extended any appreciable distance beyond the water's edge,
serious damoge may be caused to the ramp by the landing of a waterborne ve-
hicle; such as an LST. Tests indicated that when underwater slopes are 10
percent or less, a ramp is not needed because the submerged sand is suf-
ficiently trafficable in most cases. Tests indicated that essentially the
same crosion pattern occurred when the rump was ended 1 £t short of the
water's edge or 3 ft beyond the water's edge, as indicated in photographs
10 and 11. These photographs were each taken after two hours of wave ac-
tion. The erosion patterns are si- lar, even though the ramp in photograph
10 ended 1 £t short of the water's cdge and the end of the ramp in photo-
egraph 11 was 3 't beyond the water's edge. These two ramps were later sube-
Jeeted to traffic loading and the submerged cand proved copable of bearing
vruffic. Photograph 12 shows an XM1O ramp cxtended 35 £t beyond the water's
OdCO- The photograph was toaken after the tank was drained. This extended
rwnp cﬁhanccd trhrficubllity of the submerged area; however, crogion oc-
rurred under the ramp in o fashion similar to that shown in photographs 10
und 11l. The extended end of the ramp wan buried by eroded sand with

7
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; ﬂ.:_", -; subsequent reduction in the efficiency of the ramp. In summary, it .- :»

Ft . ;5% 3 termined from this test that extension of a ramp beyond the water's ¢ s :; %
: unwarranted in most cases. %
d"ég;'% ; Mcthed of anchoring the ramp ‘ :§§
g% 15. When short, single- or dual-lane OTB ramps are installed wie: - E
:§% . anchors, excessive ramp movement can occur as a result of traffic acti-. . 2 ,;;
":i‘ 3 Photograph 13 shows a displacement of approximately 37 in. of a 12- iy 3
: , ) 16-rt XM19 ramp after 422 passes of a 2-1/2-ton cargo truck. The spall
; E ; ground contact area of the ramp, its swooth bottom surface, and dbraxirn: -- %
\ : Y" 3 ' acceleration of the test vehicle caused the movement. This also occurr.:: :%
4 (: in conjunction with pierced mat, though the movement was not as proncu:r:- :
e I‘ﬁ%h Mat movement did not affect the performance of the mat or the erosior : ...
: ;;‘E‘!. ’ tern; therefore, anchorage is only necessary for the purpose of yreven-:-:

%
b excessive movement of the ramp lrom its original location. In an effcr: -5 §
i rrevent this movement, two basic types of anchors were used. The auger- g
“i3 ] type anchor (photograph 1k), which was available in lengths up to 3 ft, = ° g
1 : not satisfactory when used in the unstable beach. The toe anchors were . f
- mediately overridden by the ramp when testing began, while the side cixn- *
; “ nectors for the side anchors becume disengaged as the mat moved. Fhclti- ' “
graph 15 shows a disengaged side anchor. When this photograph was taxcn, : E
3 the toe anchors had discngaged and were overridden by moverent of the i :2
: . The test facilily did no* perwuit conventional installation of deadrmern o 3
’ i ‘ the backshcre as anchors. Instead, cables were used to anchor the raw; ° i
i 3 ‘ the beach retaining wall as a simulation of deadman anchoring. Factear . 3
_' 1 16 shows the simulated deadman-type anchor which completely prevented - i
'; 3, ment of the ramp. Test results indicated that when anchorage is ncced - ; 3
: deadmen and cables should be used in preference to driven pins or sugsr- ; 3
3 type anchors. .‘1 El
3 Use of membrunc underlay for the ramd §
' = 16. Due to the rapid erosion of the sand subgradc under an OTF = ¢
; an attempt was made to stubilize the sand by covering the ramp aren ..
:— ; adjacent areas with a protective merdrane. T16 membrane was used bec '
ﬁ of its resemblance to membranes now in use in the T0. The mepbrane ¥'- {2
i stalled “rior to placing the XML9 mat and was securcd by placing bros.: ! %
i i
: 8 §od
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anchors at 2-ft intervals. The membrane wos pluced co as to protrude 6 ft
from the mav on all sides (IMOtograph 17). As seen in photograph 18, ero-
sion contlnued under the membrane. (The parallel wrinkles in the membrane
arc a result of some displacement of the ramp before the anchor cables be-
came tight.) After this photograph was mode, the anchors olong the toe of
the membrane were pulled out by wave action. The end of the membrane was
then buried in o "V" diteh in an attempt to obtain better end anchorage.
For photograph 19, the mat was removed to show the depression in the center
of the membrane arca caused by crosion. The tear in the membrane wus
caused by traffic action. A sand buildup can be scen under the toe of the
membranc. This sand came from the erodea parts of the beach shown in
photograph 18. As a result of this test, it was concluded that membrane
would reduce beach crosion only when extended larger distances from the
edges of the ramp (12 ft). As a result of damages sustained by the under-
lay, it was concluded that only the most durable moterilals available should
be used and that the toe should be buried rather than pinned when possible.
Therefore, heavy-duty, well-anchored membranc ektended at least 12 £t on
all sides of a ramp will assist in reducing erosion to a small degree.
Traffic loading

17. Tests indicated that the OTB ramp deteriorated in proportion to
the number and weight of cargo vehicles that passed over the ramp. The M6

malt sustained no damage after 900 passes of a 1/k-ton truck, as shown in
photograph 20, but was distorted after 1400 passes of a 2-1/2-ton truck
(photograph 7). It was determined that pierced mats would be unsatisface
tory for OTB ramp construction due to their inability to withstand loads
imposed by 2-1/2-ton and larger vehicles when these vehicles were loaded to
maximum capacity. The 2-1/2-ton truck did not causc any direct damage to
the X719 mat, but the ramp was depressed into scoured areas and huried by
eroded sond (photograph 16). Though facilitics were not adequate for teste
ing thic ramp with o heavier vehicle, it 1 probgble that heavier vchicles
would further aggravate thls oltuation and, in uddltion, cause mat failure
in locntions wﬁcrc the mat bridged croded arcas. In anticipation of adl
traffic loadings, these tents Indlcated thut only the most durable mats
avniloble should be used og expedient surfacing materials for OTB ramps.

ot
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Duration of wave and troffic action

18. Test run b was conducted for the purpose of studying the e.
of wave duration on an OTB ramp. Photograph 21 shows the beach and »r:
prior to tesiing. Photograph 22 shows that after 3 hours of wave acts
the beach was nearly as severely eroded as in photograph 23 which was
after 15 hours of wave action. Serious erosion has taken place under
ramp in photograph 23. This test indicated that detrimental efiects ¢
waves decreased as a function of hime and that the first 1 tc 6 hours
waves usually caused severe-damage. The duration of traffic action in
Jjunction with the wave action caused additional damagé to the ramp. A
parison of photographs 8 and 12 shows additional Gepression of the mat
subsequent burial by sand in an interval from 1400.to 3500 passes of a
2-172-11.0:1 truckx. These tests lea to the conclusion that OTB ramps wil:

teriorate under continuous action of waves and traffic to a point of
ineffectiveness.

Phase II Tests

19. PFnase II was conducted for the purposes of studying (a) the
fects of vehicle traffic on a bare beach, and (b) the effects of baffle
systems on the ramps. The effect of traffic on a bare beach has been &
cussed in previous paragrapas and will not be repeated here. Baffle sy:
tems were studied by installing balfles made of steel weights in variou:
positions around an M5 ramp and subjecting the beach to wave action. Ti
steel weights were used to simulate materials available in the TO that
could be used as baffling. In conjunction with this test, model barges
were placed in the water in front of the ramp to similate scagoing cargt

craft and to assist in creating more realistic conditions under which ¢
study eflects oi the bariles.

Baffle Systeoms

20. The three basic configurations investigated for the balffles w

identified by their oricntation as reclated to ihe center line of the rat:

10
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90 deg, 45 deg, and purallel. Photogroph 24 shows the location of 90- and
h5-deg baffles with respeet to the ramp with the model barge chown in the
forcground. Fhotograph 25 shows parullel 45-deg baffles. In this photo-
graph the model barge has been sunk in order to provide more stability.

2l. Tests indicated that a 90-deg buffle would probubly be unsuc-
cessful due to the high amount of encrgy it must absorb from each wave., A
more deliberate construction effort would be required for this type of baf-
fle than cxpedient installation would Justify. Photograph 26 shows effects
caused on the 90-deg baffle position after 1 hour of wave action. The 45-
deg barfle absorbed less energy and, therefore, appeared to maintain its
original position after 1 houf of wave action. However, as seen in photo-
graph 27, this configuration permitted infiltration of water and subsequent
erosion under the ramp. The parallel baffle remuined unmoved during test-
ing but allowed infiltration ol water onto the ramp, which caused crosion
under the ramp's center. In addition, serious erosion occurred at the toe
of the ramp near the baffle as a result of backrush concentration of water
between the bufflec and model bargé. Photograph 28 shows the parallel bal-
fle and ramp after 3 hours of wave action. Photograph 29 shows wave ef-
feets on the MO ramp with barge and without a baffle system. It can.be
seen that the baffles prevented little; if any, erosion under the M6 ramp.
Test results indicated that few benefits were gained from the use of baf-

fles in conjunction with OTB ramps.
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PART IV: SUMMARY OF RESULYS, CONCLUSIONS, AND RECG/MIZIDATICN:;

(L)

y g *‘M“?E\W

Summary of Results g

22. Results of these tests indicate that though none of ti Cr;e .

ent surfacing materials scem adequate, XM19 mat underlain with a ¢

—Corey -
ol oot o

was more satislactory than any other materials. Though serious eros:--

Ll S

took place under the XML9 ramps, it appeared more cupable of carryins - .

quired loads than the other mat. The following specific resulis were
obtained. -

Landing mats and membranes and beach

23. 2. XML9 landing mat was the most nearly adequate of the mut.
tested.

b. M6 mat was not satisfactory for OTB ramp construction.

c. The T16 membrane underlay assisted to a small degree isn

venting erosion under the ramp, but the T16 soon sustai:z- .
serious damages.

d. The bare beach and the bare, submerged sand beyond the
water's edge carried all traffic imposed on it.

Anichors and vaffles

2k, a. The auger-type anchor was not successful in anchoring O7-
ramps. :

b. Deadmzn-type anchors adeguately anchored the ranp when
properly installed.

¢. The parallel, L5-deg, and 90-deg bafiles tested dié net - -
preciably prevent erosion of the OTB ramp.

d. Of the three baffle configurations, the G0-deg ©
nearly prevented ercosion of the beach, though it &
tained more demage than the other vaffles.

o
v Ll bt L W Gty b b T e s e

Conclusions
25. Based on the results of this study, the following cenciuslln §
are believed adeguate: : 4

a. Nonc of the materials or combinations satisfuctorily &% . --
lized the beach foreshore or provided an 073 ramp apist "--
ably better than the natural, bare sand.
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b. Benefits gained by installation of any of these OTB ramps

- werc short term due to the rapid deterioration of the ramp
foundution. : |

Recommendations

26. In view of findings presented in this report and as a conse-
quence of other research and correspondence, it is recommended thut:

&. An OTB ramp be installed by using existing expedient surfac-
ing materials only after bare beach offloading has proven
unsuccessful, and then only for very short-term use.

b. Efforts should be made to establish the need for o design

for an OTB ramp at a level between the bare beaches and the
hasty use of available materials and the level of permanent
piers and docke. If the need for an OTB ramp design is
verified, new concepts of expedient ramp construetion--such
as portable laminated wood decks, armored vehicle-launched
bridges, or articulated ramps made of concrete or MUT6 deck
balk--chould be investigated.
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