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ABSTRACT 

This report documents an experimental, examination of the attainable 
cargo flowrate for two types of future landing craft:  air cushion and 
planing.  Both forklift and crane off-loading were considered, and the 
performance using 96"xl08" large pallets was compared with that using 
40"x48" pallets.  It was found that the large pallet concept can increase 
the productivity of the forklift by more than 3007» and the crane by 

approximately 2007o  over what is possible with the standard pallet 
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INTKODUCTION 

The Naval Ship Research and Development Laboratory (NSRDL), 
Annapolis,  Maryland,   is participating in the Amphibious Assault Landing 
Craft Program (Project S14-17).    The goal of this program is to develop 
a new generation of high speed assault  landing craft which will be 
operational  in the midrange period  (1975-1980) . 

The effective utilization of these new high speed craft for cargo 
transport will require that complementary high  speed cargo handling 
methods be devised.     Recognizing the  importance of reducing the beach 
cargo handling portion of the ship-to-shore cargo transfer cycle, NSRDL 
requested the Naval Civil Engineering Laboratory (NCEL)  during FY-691 

to study the concept of using a large pallet.     A FY-TO^  follow-on 
developmental  task was also requested  in which three prototype large 
wallets were designed,   fabricated,  and tested. 

The culmination of the examination of  the  large pallet as a form 
of a  large unit  load was the assignment-' of the present  task;   i.  e., 
to experimentally measure the effect of the  large pallet on the cargo 
off-loading abilities of two types of advanced  landing craft -  the air 
cushion vehicle  (ACV)   and the planing hull craft.    Specifically,  the 
primary goal of the task was to obtain a measure of the off-loading 
efficiency,  as a function of pallet size,  of  two types of materials 
handling equipment  (MHE)  for both types of craft.    The two secondary 
goals of the task were to determine the effect of ramp width on the 
forklift off-loading capabilities of the ACV and to compare the effect- 
iveness of an 8x8x20-foot container off-loaded by a crane against that 
of the large pallet off-loaded by either a crane or forklift. 

EQUIPMENT 

Craft 

Simulated cargo holds for each of the advanced landing craft were 
devised so that the off-loading data would accurately reflect the expected 
performance of the craft.    A full scale mock up of the cargo well of the 
Bell C150-50 ACV was  constructed.    As shown  in Figure  I,   the cargo well 
with dimensions of 27'  4" wide by 66'  0"  long was erected on a beached 
P-series pontoon barge located at the U. S.  Naval Construction Battalion 
Center at Port Hueneme, California.    The walls defining the well were 
constructed of 6 foot chain link fencing." Slats were inserted into  the 
fence to give a visual reference of the wall.    Access of the cargo well 
was provided via a  14-foot wide ramp that was  fabricated to meet the 
preliminary design Inclination specification of 14 degrees. 



Figure 1. Mock-up of ACV cargo well 



The planing craft will offer a high transport speed capability, 
but will still address  the beach  in a manner similar to present day 
craft as may be noted in Figures 2 and 3.     It is not anticipated that 
the planing craft will present a substantially different cargo well 
lay-out  than exists with current craft.    Thus the adequate simulation 
of the cargo well was deemed to be more dependent upon the provision of 
a surf environment than a dimensionally correct  full scale mock-up. 
With this  in mind, a representative current day craft  (LCM-8),   as shown 
in Figure 2,  was selected to simulate  the planing craft.    Mechanical 
failures on the LCM-8 during the test program forced the substitution 
of a LCU for  the later portion of the  tests.    The off-loading  tests 
were conducted at the Naval Amphibious Base at Coronado,   California. 
The beach slope at the test site was approximately 1:50. 

Cargo 

The two specific types of pallets compared in this study were the 
standard A0x48-inch double entry pallet and the NCEL 96xl08-inch double 
entry wood pallet. 

The NCEL large pallet was constructed of 4x4 timbers with a plywood 
decking; it weighed approximately 700 pounds including tie-down straps. 
As may be noted in Figure 1, four standard pallets can be accommodated 
on the large pallet, provided the total weight does not exceed the 5-ton 
design limit. 

For the ACV off-loading tests, the mix of weights of the dummy 
pallets was adjusted as closely as possible to reflect the average 
percentage breakdown for POL, ammo, and general cargo usually found in 
an amphibious operation.   The dummy standard pallets varied in weight 
from 676 pounds to 2,669 pounds; the large pallets varied from 6,304 to 
9,852 pounds.  Details of the actual pallet composition can be found in 
Appendix A. 

* 
Details of design, test, and evaluation can be found in reference 2. 

** 
Ton as used in this report refers to a short ton. 

*** 
Stanford Research Institute (page 21, reference 5) 

57. POL (a 2100 lbs. 
207. Ammo (? 3600 lbs. 
757. general cargo @ 1500 lbs. 





Figure 3. Use of LARK V dur ing c rane o f f - l o a d i n g 



An 8x8x20-foot commercial  freight container with a 44,800  pound 
gross weight capacity was also used  for a portion of the  test  program. 

Materials Handling Equipment 

A rough  terrain forklift  (RTFL)   and a crane were the only  two types 
of MHE used  to off-load the simulated crafts.    The 5-ton RTFL,   shown in 
Figure 2,   is bas.d upon a commercial unit that has been modified to 
military specifications.     It represents the highest capacity RTFL current- 
ly available.     A 5-ton capacity precludes its use with a container that 
can weigh up  to 22.4 tons.     The RTFL was equipped with 72-inch  tines 
which are  long enough to allow  two standard pallets  to engaged and raised 
end to end.     A 25-ton rubber-tired crane was used for off-loading the 
ACV.     A 10-ton crawler crane was used  initially to off-load the planing 
craft.    Mechanical failures midway in the test program forced   the 
substitution of a 25-ton crawler crane.    More detailed specifications 
of  the MHE can be found in the equipment list of Appendix B. 

TEST PROGRAM 

Eleven different  cargo transfer  systems composed of various com- 
binations of cargo,  craft,   and MHE were examined.     This  large number of 
different systems made a sampling procedure a necessity.    That  is to 
say,   it was only feasible to experimentally obtain data on off-loading 
times  for a sample of representative  locations  in the cargo well for 
each system. 

Before representative  locations  for the dummy cargo loads  could be 
selected,   the maximum cargo capacity of each of the  landing craft was 
determined on the basis of a square or weight  limit.    The geometric 
constraints used in determining the cargo per available deck space were: 
(a)  no stacking of pallets,   (b)   6"  to 8" clearance between pallets and 
between pallets and well walls   for crane off-loading,  and  (c)   6" to 8" 
clearance between pallets and 20"  to 24" clearance between pallets and 
well walls  for RTFL off-loading.    The additional clearance was required 
for the RTFL since it did not ^ave side-shifting forks.     The average 
weight of one  ton per standard    pallet and 15-ton per container    was used 
to determine  the maximum transportable cargo load based upon weight 
limitations. 

After  the maximum cargo capacity of each craft had been determined, 
the  loading diagrams of Appendix C were drawn to determine possible 
cargo  loading configurations.     These diagrams were  then used  to select 
the representative pallet   locations  to be used  in the test plan. 

Large pallets,   standard pallets and an 8x8x20-foot container were 
off-loaded  from the  \CV with a crane.     The ACV forklift off-loading 
tests  consisted of off-loading  standard pallets and  large pallets. 

_ 

Reference   1,   page 8. 



A second order goal of this  task was to determine  the effect of 
ramp width on the time required  for a forklift to off-load an ACV. 
Only two ramp widths were evaluated - full and constricted to approxi- 
mately one half width.     This comparison was accomplished by constructing 
a  1.4-foot wide ramp  that met  the preliminary design inclination specifi- 
cition of  14°.    To simulate a full width configuration the rnmp was 
placed with one edge  in line with a side of the cargo well.    Off-loading 
tests were then performed with either large or standard pallets placed 
in the well either close  to the  centerline of the ramp or adjacent to 
the ramp side of the well wall.     The ramp was then moved  to a center 
position of the entrance to the cargo well to approximate a constricted 
ramp.     (See Figure  1)  Off-loading tests were then conducted with each 
type of pallet placed adjacent  to the walls and  in the corners close to 
the ramp.    For  this  test  it was not necessary to conduct off-loading 
with the cargo placed close to  the centerline of  the ramp since that 
would be similar to a  full width ramp configuration. 

Both types of pallets were off-loaded from the LCM-8 (LCU) with 
the crane and RTFL.     No container off-loading tests were scheduled for 
the planing craft tests. 

TEST PROCEDURE 

Using the normal one-ton ner standard pallet and the previously 
stated  clearance restrictions,   it was determined  that  the ACV is weight 
limited and can only carry 75  standard pallets or   17  large pallets,  even 
though more deck space is available.    Both of these  loads total to the 
150,000-pound payload  capacity  of the ACV. 

Similarly it was  found by means of the loading diagrams of Appendix 
C that  the cargo carrying capacity of the LCM-8 is deck tpace limited, 
and not weight  limited as was  the ACV.    Specifically,   the LCM-8 was 
found  to be able to carry 27 standard pallets  (27-tons)   or 4 large pallets 
(17.4  tons).    The additional clearance required for the RTFL raduced  the 
standard pallet carrying capacity of the LCM-8 to 24 standard pallets 
(24-tons), when the RTFL was to be used for off-loading.     However  for 
crane off-loading,   6-inch clearance was adequate and 27  pallets could 
be carried.    Either of these loads is far below the actual cargo weight 
capacity of 59.5 tons. 

The forklift off-loading cycle was divided into the following six 
components: 

1. Time  to traverse distance from storage dump to ramp. 
2. Time to climb ramp. 
3. Time to  lift off   load. 
4. Time to reach ramp. 
5. Time  to descend ramp. 
6. Time to traverse distance to cargo   dump and discharge 

load. 



Times   for the above six components of the off-loading cycle were recorded 
for both large and standard pallets placed in a variety of locations   in 
the cargo well.    The elapsed  times for steps 2  through 5 for each pallet 
type were added and  then plotted as a function of the distance of the 
cargo  from the upper edge of  the ramp.    A regression analysis was per- 
formed on each group of data points corresponding  to a  specific  type of 
pallet and ramp width and  the derived emperical equation was drawn on 
the  same graph as the plotted points.    These graphs, which can be found 
in Appendix D,  give a good estimation of the time required for a RTFL 
to off-load a pallet  from any  location in the ACV cargo well.    The total 
time   for a  forklift to   off-load  a fully  loaded ACV was  calculated by 
summing the times obtained  from the pertinent graph for  each pallet 
location on the loading diagram. 

Crane off-loading  tests were performed with  the standard pallet, 
the NCEL large pallet  and an 8x8x20-foot container.    The crane cycle was 
divided  into eight definable components: 

1. Time to adjust  crane position. 
2. Time  to  raise hook Co clear craft. 
3. Time for  the boom to swing to a position over the  load. 
4. Time  to hook-up cargo and  lift-off of the deck of the 

craft. 
5. Time until  the  boom swing  is  started. 
6. Time until  the boom swing  stops. 
7. Time to  set down cargo. 
8. Time to unhook cargo. 

The  times  for  each of  the eight  components of  the off-loading cycle 
were  recorded.     Figure   1  indicates how the crane was positioned so that 
the boom would be able  to clear the thickness of  the Bell ACV well walls. 
Assuming a standard military  load of 15-ton    per  container  (gross),   the 
loading diagram C-3 of Appendix C indicates   that  the ACV can carry a 
maximum of 5 containers. 

As with the forklift tests,  only a representative  sample of cargo 
positions were experimentally off-loaded.    The pallets  and container 
were  placed  in various  positions  in the cargo well to determine  the 
extent  to which the crane could reach the cargo by only using different 
combinations of boom angle and  swing.    The cumulative  times of components 
(2)   through (8)   for all  pallets of one type and containers off-loaded 
from one crane position were averaged to obtain an off-loading time per 
unit of cargo.    Also recorded were the distances   the crane was required 
to move to assume a new position and the time  interval necessary to do 
so;   these figures were used  to calculate the rate  (ft/sec)  at which the 
crane re-positions.     The  total time to unload a fully  loaded ACV was 
calculated by combining  the number of off-loading  times  per unit of 
cargo with the  time required  for  the crane to make the necessary position 
changes. 

Normal  load varies   10-16-ton   (reference  1,   page  5) 



Instead of having to record times  from only a  few of the possible 
cargo locations and  then extrapolate,  as was necessary with the ACV,   the 
relatively small cargo capacity of the LCM-8 allowed n more direct 
approach to the determination of off-loading  times.    The large pallet 
off-loading tests were conducted with the craft  fully loaded;   for  the 
standard pallet off-loading tests,  a two-third cargo  load was used. 

The planing craft test program highlighted  the difficulty in working 
in the surf zone.     Equipment failures also occurred during the first 
three days of the  test program;  three different LCM-8s and one crane had 
mechanical failures.     In order to complete  the test program,  an LCU and 
a different crane were substituted on the fourth and final day.    This 
change in craft and MHE midway in the data taking process did  tend  to 
make an adequate comparison of the effectiveness of the MHE and pallet 
consolidation methods difficult. 

DISCUSSION OF TEST RESULTS 

During the ACV tests  it was observed that the differences  in off- 
loading times were not a function of pallet weight,  but of pallet  type. 
All  large pallets were off-loaded in approximately the same time regard- 
less of weight;   the same was  true of  the standard pallets.     In view of 
these findings,   lightweight pallets with low vertical centers of gravity 

were used for the planing craft  in order to  (a)   increase the vision of 
the forklift operator and   (b)   for a larger  factor of safety for the 
personnel working  in the vicinity of the pallets.     No bias in the  test 
results was observed by performing these substitutions. 

In order to adequately compare the effect of cargo type,  craft 
type,  type of MHE,   and ramp width on off-loading productivity,  eleven 
cargo transfer systems were examined.    Table  I  indicates the calculated 
time required for each cargo transfer system to  transfer the cargo from 
a fully loaded craft  to a temporary cargo dump adjacent to the craft. 
The off-loading  times of Table 1 were used to calculate the off-loading 
rate in terms of tons per hour.    Since the observed off-loading time was 
independent of pallet weight,   the accepted average weight of one ton per 
standard pallet was used  in the calculations  instead of the actual dummy 
pallet weight.    Since  it was felt that a similar conclusion as to  the 
independence of weight in off-loading time for containers would be reached, 
it was not deemed necessary to place a dummy load  in the actual container 
off-loaded.     For  the calculated off-loading rate,  however, a 15-ton gross 
weight was assumed. 

The calculated off-loading rates  for each of the eleven cargo trans- 
fer systems were ranked  in  order of productivity in Table 2.    The off- 
loading rates are expressed both in terms of the  lift weight and the 
actual cargo weight   (adjusted for tare weight of container or large pallet) 
Since the average weight of a standard pallet  is one ton,  the off-loading 
productivity indicated in Table 2 can be considered as being expressed as 
either in tons per hour or in standard pallets per hour.    The comparison 



of the productivity of the large pallet with a RTFL or crane versus (a) 
the forklift with one standard pallet, (b) the forklift with two standard 
pallets and (c) the crane wich the standard pallet can be noted in this 
table. 

Table 2 indicates that oa a ton per hour ranking basis, the 8x8x20 
container is clearly a superior cargo transfer method.  (1.6 times as 
productive as the next alternative.)  The next three most productive 
cargo transfer systems, which are numerically close in terms of produc- 
tivity, use the RTFL and the large pallet.  This gives a fairly clear 
indication of the all around flexibility of the RTFL and large pallet 
with all craft types and well configurations.  The remaining seven cargo 
transfer systems offer low productivity. 

The ranking of Table 2 disregards the differences la manpower re- 
quired by the different cargo transfer systems.  The RTFL functions with 
only two men - an operator and a spotter on the craft. The crane with 
either the large or standard pallet requires six men - an operator, two 
slingmen on the beach, two slingmen on the craft, and one signalman on 
the craft.  Four additional slingmen would be required for container 
off-loading. 

The entries in Table 2 were divided by the number of men required 
for each cargo transfer system to produce a productivity measure in 
tons per man hour.  Table 3 indicated by using tons per man-hour as a 
ranking criterion a considerable change in the productivity order of 
Table 2 occurs.  The forklift and large pallet combination, which was 
previously ranked a distant second in terms of tons per hour, becomes 
substantially more productive than its nearest rival. 

Table 3 and Figure 2 also indicates forklift off-loading was not 
noticeably more difficult for the LCM-8 (LCU) than for the ACV.  This 
was not the case, however, for the crane off-loading. Much difficulty 
was encountered in working in a surf environment.  One of the major 
problem areas was the difficulty of maintaining the required relative 
positions of the crane and LCM-8 long enough to hook up the load and 
lift it clear of the craft. During the first crane off-loading test, 
the LCM-8 bumped the crane, which was down wind, several times.  This 
highly dangerous situation was remedied, as shown in Figure 3, by using 
a LARK V to hold the LCM-8 in a relatively stationary position for the 
remainder of the crane test program.  Unfortunately nothing could be 
done about the surf action which tended to undermine the crane and reduce 
its stability.  For the crane off-loading of the planing craft only the 
personnel directly involved with the cargo handling (crane operator, 
slingmen, and signalmen) were included in the man-hour calculations. 
Strictly speaking, the LARK V crew of two, which was only required for 
crane off-loading, should also be included.  However, since their 
inclusion did not change the relative rankings, they were disregarded. 

As shown by Figure 4, an area of approximately 20 feet in length 

and 9 feet in width on either side of the constricted ramp (360 square 
feet total) was found to be not accessible by the forklift.  This "lost" 
deck space represents approximately 20 percent of the total available 
deck space.  However, since the ACV is weight limited and not area 
limited (for palletized cargo per previous assumptions), this did not 
reduce the cargo carrying capacity of the craft. 

10 



Table 1.  Calculated time each cargo transfer system requires to 
off-load a fully loaded craft 

Craft MHE* Cargo 
Off-Loading 
Time (min) 

ACV Crane 5 containers 11.0 

ACV Crane 17 large pallets 29.2 

ACV Crane 75 standard pallets 62.5 

ACV (full ramp) Forklift 17 large pallets 18.7 

ACV (full ramp Forklift 75 standard pallets 69.6 

ACV (constricted ramp) Forklift 17 large pallets 22.6 

ACV (constricted ramp) Forklift 75 standard pallets 71.5 

Planing Crane 4 large pallets 46.0 

Planing Crane 27 standard pallets 54.8 

Planing Forklift 4 large pallets 4.9 

Planing Forklift 24 standard pallets 28.3 

All tests were conducted with one MHE; off-loaded cargo was placed 
adjacent to craft. 

11 
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The rankings of Table 3  indicate that a 12 percent greater off- 
loading rate of large pallets by RTFL can be expected  if a full width 
ramp  is  available instead of a constricted ramp.    The standard pallet 
off-loading tests  indicated that only a 3 percent off-loading advantage 
was obtained with the full width ramp.   It should be noted,  however,   that 
the non-excessible deck space  in the constricted ramp configuration 
required  the loading diagram to be altered slightly.     As  shovn in Figure 
C-l of Appendix C,  the six pallets that would have normally been loaded 
in the unaccessible area for a full width ramp configuration were moved 
to a position nearer to the centerline of the ramp and closer  to the 
front of  the craft. 

The previously mentioned NCEL analytical study    of  cargo otf-loading 
of  future landing craft estimated  that the large pallet  should  improve 
the productivity of the RTFL by 3.8    and the double stacking of standard 
pallets would  increase forklift effectiveness by 1.8.*    Table 2 and 3 
indicate  that the large pallet did  increase the forklift productivity 
by 3.4 or slightly below predicted value.    The RTFL equipped with 72- 
inch tines allowed two pallets  to be engaged end to end;   consequently 
the effectiveness of the forklift  to move  standard pallets was almost 
doubled.     This procedure eliminated the additional time  that would have 
been required  if shorter  forks had dictated the necessity of the stacking 
the pallets in order to lift two at a time. 

The calculations used to compute the off-loading time for a fully 
loaded craft with a constricted ramp were based upon the  figures of 
Appendix D.    These are "smooth"  graphs in the sense that  several exceed- 
ingly high times are not reflected  in the curves.    Generally speaking, 
with a constricted ramp the pallets placed close to the side walls near 
the front of  the craft are difficult to pick up.    The first few rows of 
pallets   for both crafts are difficult to pick up because  the  forklift 
must maneuver while still on the ramp.     The reduced visibility while in 
this position as indicated by Figure 5,  makes it extremely difficult for 
the operator  to engage and lift the pallet.    For example during the large 
pallet off-loading,  the operator occasslonally engaged  the pallet with 
the  forklift  tines not parallel   to the deck surface.    When this occurs, 
the  large pallet is usually severely damaged. 

Table 2  and 3 point out  that the large pallet  is not as effective 
a method of load consolidation for crane off-loading as   for forklift 
off-loading.     The principal reason is  that the hooklng-on time  is con- 
siderable greater for the safety hook and lifting eye arrangement found 
on the  large pallet  (shown  in Figure 6)   than it is for  the simplistic 
pallet bar slings used for the standard pallets indicated  in Figure 7. 

One problem area that was noted during the off-loading of the LCM-8 
was  that the traction bars  caused considerable damage to  the standard 
pallets  that were accidentally slid on the deck.    This occurred both 
during   forklift off-loading and crane off-loading.     Figure 8 indicated 
the nature of this problem area. 

Reference 1,   page 16. 
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The paucity of published experimental measurements of forklift 
operations is surprising.  In the hopes of providing some additional 
information by which the off-loading times of Tables 1, 2, and 3 could 
be extended, five additional tests were performed. These tests examined 
specific portions of the forklift cycle such as engaging and lifting, 
setting down and disengaging, transport speed on compacted soil and sand, 
and truck loading operations.  The observed average time and standard 
deviation of each of these tests are given in Appendix E. 

The selection of the "optimal" cargo transfer system can not be 
made without definitive standards being first set for (a) the required 
cargo transfer rate and (b) the allowable burden for the system in terms 
of equipment, men and dollars.  Once this has been done, the benefits of 
each transfer system can be weighed against the burden.  The efficiency, 
simplicity, and all around flexibility of the RTFL and large pallet was 
apparent during the test program. However, as neither (a) or (b) were 
specified at the time of this investigation, care should be exercised in 
using the rankings presented in Tables 2 or 3. Special limits based upon 
the cost, equipment, or manpower burdens of the cargo transfer system 
maybe sufficient to change the relative rankings.  For example, the 
advantage of the high off-loading rate (tons/hr) of the ACV-crane- 
container system must be judged in terms of (1) the cost of the containers 
and cranes of suitable capacity, (2) the time required to unload the 
cargo from the containers for inland transport, (3) the high man-power 
requirements, and (4) the loss of usable cargo because of the tare weight 
of the container. Alternatively, if during the amphibious operation 
man-power and equipment will be a scarce resource, the criterion for 
optimality might be to maximize the tons off-loaded per man hour. The 
selection of the forklift-large pallet as optimal under these conditions 
should be tempered by an evaluation of the inherent penalities of (1) 
the cost of pallets, (2) the time to disassemble the large pallet for 
inland shipping, and (3) the reduction of usable cargo capacity due to 
the tare weight of the large pallet. A low required cargo flow rate 
coupled with a scarcity of man-power and equipment could possible make 
the standard pallet and forklift (double pick up) the optimal cargo 
transfer system. The low productivity is off-set by no requirements for 
load consolidation hardware or large manpower requirements. 

The off-loading tests were limited to the use of one MHE. The 
obvious method of increasing tons per hour productivity would be to add 
more MHE. For example, both crafts could be unloaded by two forklifts 
per ramp; a possibility exists that two cranes could be used with the 
ACV but certainly not with the planning craft since the combination of 
wave action and wind would undoubtly make one side of the craft difficult 
to work. 

Load consolidation techniques (large pallet, container) while de- 
creasing the handling time for transfer tend to reduce the cargo capacity 
of the craft.  The usually weight limited ACV will have 157o of its 150,000 
pound payload capacity lost because of the tare weight of the containers 
or an 8 percent loss because of large pallet tare weight. The normally 
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deck space limited LCM-8 was only able to place four large pallets 
(16.0-tons of usable cargo) whereas 27 standard pallets (27-tons) could 
be loaded. This amounts to a decrease of 30 percent in the transferred 
cargo per trip by using the large pallets instead of the standard 
pallets. Obviously the benefits of the decreased unloading time possible 
with load consolidation techniques must be weighed against the penalties 
of reduced craft cargo capacities. 

CONCLUSIONS 

1. The advantage of the increased producitivity of the NCEL large 
pallet and the 8x8x20 container should be weighed against the additional 
burdens they place upon the cargo transfer system in terms of cost, men 
and equipment. 

2. All RTFLs of capacity of 4,000 pounds or greater should be 
equipped with 72" forks with a side shifting capability. This will 
increase the MHE productivity with standard pallets by approximately 
1.8. 

3. Cargo ramps should be full width and of minimal angle to pro- 
vide RTFL operators with a maximum amount of maneuverability and 
visibility. 

4. The grounding depth of the planing craft should be as shallow 
as possible la order to minimize the required crane fording depth and 
travel distance. 

5. In a surf zone, the RTFL will offer a higher productivity 
than a crane. 
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Appendix A 

Table A-l. Pallet Composition 

I.  ACV TESTS 

Six (6) large pallets were assembled from 24 standard pallet, 

* 
A.    Composition of standard pallets. 

Weight 
Percent 

of Total Number          Type 

8.37, 2      POL 

16.7% 4      Ammo 

75% 

58.3% 

16.8% 

Vertical CG (from 
bottom of 

standard pallet) 

(a 2573# block 
96# pallet « 2669 

@ 3800# shells 
100# pallet + 
craddle = 3900 

14  General Cargo (? 1305# brick 
96# pallet = 1401 

4  General Cargo @ 580# brick 
96# pallet - 676 

24.7" 

17.1" 

17.0" 

12.6" 

B.     Composition of large pallets 

The estimated weight of the large pallet  is 700 lb with straps, 

Percent 
of Total    Number 

Vertical CG  (from tines) 
Weight        96" side    108"  side 

16.7% 1 ^ POL,   ^ Gen Cargo 8,840# 20.8" 24.5" 

33.3% 2 k Ammo,  h Gen Cargo**    9,852# 16.0" 20.3" 

50.0% 3 General Cargo 6,304# 15.9" 19.3" 
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II.  PLANING CRAFT TESTS 

Four (4) large pallets were assembed from 16 standard pallets. 

A. Composition of standard pallets 

Type Weight 

General Cargo   @ 1305# brick 
96# pallet = 1401 

General Cargo   (a 870# brick 
96# pallet = 966 

B. Composition of large pallet 

Type Weight 

General Cargo 6,304 

General Cargo 5,434 

General Cargo 4,564 

SRI uses the following pallets mixes 

57o POL (? 2100 lbs 
207„ Ammo (? 3600 lbs 
757o Gen Cargo $  1500 lbs 

The lighter general cargo pallets were required so the large pallets 
containing 2 standard ammo pallets and 2 general cargo pallets would 
be below the 10,000 pound design limit of the large pallet. 
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Appendix B 

EQUIPMENT LIST 

ACV Tests 

(1) Terex 72-31 MP 5T rough terrain forklift (48-inch load center) 
(I) 25T rubber tired self-propelled crane (60* boom). 
(1) 8x8x20 steel container. 

Planing Craft Tests 

(1) Terex 72-31 MP 5T rough terrain forklift. 
(1) 5T crawler crane (50' boom) 
(1) 25T crawler crane (60' boom) 
(1) LCM-8 
(I) LCU (1625 series) 
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Figure  C-l.     Loading diagram - ACV   (standard  pallet) 
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30.0'- 

Crane 
temporary 
cargo dump 

Road 

57.O*- 

47.5' 

38.0' 

28.5'- 

19.0'. 

9.5'- 

n. 
27.3' 

66.0' 

17.0' 

_L 
Forklift temporary 
cargo dump 

. full width ramp 
position 

_ _ .« « constricted ramp 
position 

250.0' distance to 

.30.0,x30.0I fork-, 
lift cargo dump 

Compacted soil 

Figure C-2. Loading diagram - ACV (large pallet) 
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fx3 
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Road 

1 n 

i 

,  2- 
^ ro" 

3 
66'0" 

4 
X Position of 

5 
crane (number 
denotes position 
of crane to lift 

6 
corresponding 
container) 

Figure C-3.     Loading  Diagram-ACV  (Container) 
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6" typical 

Zl'O 

T 
ll'Q' 

Large pallets 

6" - 8" typical 

ommiiD 
in niTn "inn nn 
IJIJIJulJIJIJIJU 
II:DII3DJ: 

21'0"   m\i 42'9' 

Standard pallets 
(Crane off-loading) 

Figure C-4.  Loading diagram - LCM-8. 
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y 
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Standard  pallets 
(RFTL off-leading) 

Figure C-5.     Loading  diagram -  LCM-8 
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Appendix E 

Table  E-l.     Analysis of  Forklift  Operations 
(ACV) 

Cargo 
Move Pallet 250' to 

Cargo Dump (sec/pallet) 
Time to return to 

ACV (no load) (sec) I 

6 large 
pallets 

43.0 
a = 3.03 

09.4        1 
o = 1.95      1 

5 large 
pallets 

34.7 
a = 2.07 

28.8 
o = 3.06      | 

8 standard 
pallets 

30.6 
o = 0.92 

26.0        | 
o = 1.31     ! 

8 standard 
pallets 

32.0 
o = 2.78 

26.1       i 
o = 1.64      i 

o = standard deviation 

Tests  performed on compacted  soil. 

start 

finish 

forward 

reverse 

250l0' 

 cargo 
—   dump 

i_ 
30'0' 

T 
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Table  E-2.     Analysis  of  Forklift  Operations 
(Pallets) 

Cargo 

Pick-up Cycle   (sec) Set-down Cycle   (sec) 
Move 
20,.v 

Start  to 
Engage 

Lift 
Off 

Move 
25' 

Move 
20'* 

Set 
Down Disengage 

5  large 
pallets 

3.0 
7=1.22 

2.8 
o=0.84 

3.3 
0=0.96 

3.0 
-=0.71 

2.4 
o=0.55 

3.2 
o=1.30 

2.4      | 
o=0.55    ! 

5  standard 
pallets 

2.4 
7=0.55 

2.0 
o=0.0 

2.0 
o=0.0 

3.6 
o=0.55 

2.2 
o=0.45 

2.2 
o=0.45 

2.2 
o=0.45 

5 -  two 
standard 
pallets 

2.4 
J=0.55 

2.0 
o=0.Q 

2.6 
a=0.55 

4.2 
0=0.45 

3.8 
o=3.95 

5.3 
0=2.87 

3.0           j 
o=1.15 

o = standard deviation 

At  this  point   the  forklift reduces   speed  and  then  travels  an additional 
51   to  either  engage or   set down  the  pallet. 

Tests  performed  on compacted  soil. 

■    start 
f    finish 

forward 

reverse 

=&3 
pick up  cycle 

 25'0"    - 

e •nu 

set down  cycle 
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Table  E-3.     Analysis  of  Forklift Operations 
(Container) 

Cargo 

Pick-up  Cycle   (sec) Set  Down  Cycle   (sec)         j 
Move 
95.* 

Move Last 
5  ft 

Lift 
Off 

Move 
100' 

Move 
95 r* 

Set 
Down Disengage 

5  8x8x20 
containers 

(empty) 

8.0 
o=1.0 

1.8 
o=0.45 

2.4 
3=0. 5 5 

9.4 
~1.34 

8.0 
o=0.0 

2.8 
3=0.45 

2.? 
7=0.45 

o =  standard  deviation 

At   this  point  the  forklift reduces   speed  and  then  travels  an 
additional   5'   to  either engage or   set down the container. 

Tests  performed on asphalt 

start 

finish 
forward 
reverse 

=SK 
pick up   cycle 

100'0" 

&Q 

set down  cycle 
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Table  E-4.     Analysis   of  Forklift Operations 

Cargo 

Pick-up Cycle (sec) Set Down Cycle (sec)   j 
Move 
145'* 

Move Last 
5 ft 

Lift 
Off 

Move 
150' 

Move 
145'* 

Set 
Down Disengage 

5 
Large 
Pallets 

14.2 
o=0.84 

3.3 
a=0.90 

5.5 
o=2 .38 

19.8 
a=4.92 

14.4 
a=1.34 

4.0 
o=1.00 

3.0   | 
o=0.0 

5 
Standard 
Pallets 

14.2 
a=1.10 

2.8 
o=0.44 

2.6 
o=0.55 

17.0 
0=1.22 

15.6 
a=1.52 

4.2 
o>=1.12 

2.8 
o=0.84 

5 
8x8x20 
Containers 
(empty) 

11.2 
a=0.84 

4.6 
o=2.51 

3.2 
^=0.44 

16.6 
o=1.34 

14.8 
o=1.48 

6.2 
o=2.68 

2.3 
o=0.44 

o = standard  deviation 
* 

At  this  point  the   forklift  reduces   speed  and  then  travels  an 
additional   5'   to  either engage  or   set down  the cargo. 

Tests  performed on  asphalt 

start 

finish 
forward 

reverse 

D 
DD ^-« 
/ü"" """" 

6"   typ  h- 

pick  up cycle 

  ^O'O"   - 

D 
DIJ- ~ 

D 
DB« 

set  down cycle 
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Table E-5.     Analysis of  Forkllft Operations 
(loading 2^T truck) 

Cargo 

Pick-up Cycle   (sec) Set  Down  Cycle   (sec)                1 
Move 
20' 

Move Last 
5  ft 

Lift 
Off 

Move  to 
5'  of Truck" 

Set 
Down Disengage 

Large 
Pallet 

4.0 
o=0.0 

3.3 
a=0.50 

3.5 
o=0.58 

10.0 
0=1.41 

4.3 
o=0.50 

3.0 
o=0.0       | 

Standard 
Pallet 

1?.3 
o=4.04 

4.3 
o=0.58 

6.5 
0-3.11 

13.8 
o=3.10 

12.3 
o=7.97 

10.5 
0=13.67 

1   Standard 
Pallet 

6.5 3.0 2.8 
o=0.96 

11.5 
o=1.29 

6.3 
-=1.26 

4.5         | 
0=1.73 

o = standard deviation 

* 
At  this  point   the  forklift  reduces speed and  then  travels an 
additional 51   to either engage  or set  down the pallet. 

Tests  performed on sand. 

Sample  size 

(a) large  pallet,   5 runs (?  1  pallet  per truck. 
(b) standard  pallet,   1  run (3 4 pallets per  truck. 

25'0, 

start 

finish 
forward 

reverse 

\ 

nun 
6"  typ 

■esn 

2^-ton 
/^   4x4  truck 

25'  0' 
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