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I
1-1 . BREAK BULK CAPABILITY CONCEPT FOR CONTAINER SHIPS

i This concept would provide non-self sustaining container ships wi th the

capability of being self sustaining palletized load ships. The capability would

I allow the removing of palletized loads from cargo containers stowed above or be-

low pontoon hatch covers .

I
The system concept woul d consi st of:

(a) an Above Hatch Vertical Material Handling Subsystem , 
I -

(b) a Universal Pontoon Hatch Cover Subsyst~i,

1 (c) a Below Hatch Vertical Material Handling Subsystem , and

(d) a Replenis hment Subsystem .

I 1—2 . ABOVE HATCH VERTICAL MATERIAL HANDLING SUBSYSTEM CONCEPT - REPORT 1737-11 -1

The subsystem would be stowed in containers , loca ted on a hatch cover. The

subsystem would be removed from the containers and erected by an industrial truck.

The subsystem would have the capability of removing palletized loads from con-

tainers located on the hatch cover and stacked up to four high. The palletized

1 load would be transferred to the replenishment subsystem by an industrial truck.

1-3. UNIVERSAL PONTOON HATCH COVER SUBSYSTEM CONCEPT - REPORT 1737-10-1 & 2

The subsystem would fit any 20’ container hold configuration. The subsys-

tern would be penetrated by the below hatch vertical material handling subsystem .

I The subsystem would allow palletized l oads to be moved from a below hatch con-

tam er through the hatch cover and on to the hatch cover top plate by the below

hatch vertical material handling subsystem.

1 
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1 1-4. BELOW HATCH VERT ICAL MATERIAL HANDLING SUBSYSTEM CONCEPT - REPORT 1737-11-2

1 The subsystem would be contained In a volume of 8’ wi de by 20’ long and a

heig ht equa l to the distance from the l owest below deck container to one con-

I tam er above the hatch cover. The subsystem would have the capability of re-

I 
mov ing palle tized l oads from below hatch containers stacked up to 2 deep , 8 wide ,

and 6 high. The subsystem would lift the palletized load through a penetration

in the un i versal hatch cover up to the hatch cover top plate . The palletized

load would be moved to the replenishment system by an industrial truck.

1-5. REPLENISHMENT SUBSYSTEM CONCEPT

The subsystem would cons i st of a sendi ng assembly and a recei v ing assembly .

I The subsystem would permit horizontal off-loading of palletized loads from the

hatch cover of a sending ship to a receiving ship or a receiving land facility

up to a distance of 150’.

1 1-6. COMMERCIAL APPLICATIONS

I The break bulk capability system would allow off-loading of palletized

cargo in those areas where a full facilities port exist and also , i n those places

[ where the following conditions exist;

I (a) No hatch cover and container removal facilities ,

I (b) No dock facilities , or

i (c) No anchoring facilities .

I 
In those ports wi thout hatch cover and conta i ner handling facilities , but

wi th docking facili ties , the sending ship would off-load the palletized cargo to

I
1 1-2
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I
a receiving land station using a replenishment subsystem . The subsystem would =

consist of a sending and receiving replenishment assembly, or a railway receiv-

1 ing crane , or a motorized receiving crane .

1 In those harbors wi thout docking facilities , bu t with anchoring areas , the

sending ship would off-load the palletized cargo to a smaller break bulk receiv-

1 ing boat or a land receiving station using a replenishment subsystem . The sub—

I 
system would consist of either a sending and a receiving replenishment assembly

or a floati ng receiver crane.

In the open sea, without anchori ng areas , the sending ship would off-load

I the palle tized cargo to a smaller break bul k ship us i ng the send i ng and receiv ing

assemblies of the replen i shment subsystem . The off-loading would be accomplished ,

I while both ships were underway.

I
1
I
I
I
I
1 .

I
I
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1 2-1 .  BELOW HATCH VERTICAL MATERIAL HANDLING SUBSYSTEMS

i Five subsystems wer~e developed for lifting palletized cargo from bel ow

hatch containers up to the hatch cover for further staging to the off-loading

I area. Subsystem Concepts 1 and 2 would have the capability of lifting a small

industrial truck together wi th palletized loads - Concepts 3, 4 and 5 would have

I the capability of lifting palletized loads .

I Each assembly of a subsysten would be enclosed in a 20’ contai ner. The

I 
subsystem would be located in container guides and extend from the tank top to

one container height above the universal pontoon hatch cover. The subsystem

I would penetrate the largest centerline or starboard universal pontoon hatch cover.

The positioning of the subsystem is designed for the most effective above and

I below hatch traffic control , above hatch 3ff-load stdging and above hatch anchored

or underway replenishment operation.

All functi on detai ls of the fig ures are purposely drawn OVERSIZE to cle arly

I illustrate the unique aspects of each subsystem .

I The weights of the subsystems and assemblies are approximate and are calcu-

lated on a safety factor of four.

I
I
I
I
I
i 2-1
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1 3-1. CONCEPT 1 - CONTA1NER~ZED PiN ION LIFTED PLATFORM SUBSYSTEM

This subsystem , Table 3-1 and Figure 3-1 would feature the following:

(a) two or more lift shaft assemblies ,

(b) an adapter assembly,

I
(c) a hatch cover house , and

(d) a pinion lifted platfo rm assembly.

3-2. Lift Shaft Assembly

I The assembly would be enclosed in a 20’O” deep by 8’O” wide by 8(6u high

I envelope and weigh about 4380 pcunds. The lift shaft assemblies would be in-

stalled in the container guides , between the tank top and the adapter assembly.

Standard container fasteners would be used to affix the lift shaft assemblies to

each other and the adapter assembly. The assemblies would guide the pinion

I lifted platform between the tank top and the adapter assembly.

I The container would be separated into two sections , a lift shaft area and

I
an access shaft area. The lift shaft area would be 15’O” deep by 8’O” wide by

8’6” high and would contain platform guide rails , lift racks , and a platform con- :~ 
-

I troller. The access shaft area would be 5’O” deep by 8’O” wide by 8’6” hi gh.

The access shaft would contain a vertical ladder and access area . The access

I would permi t the entrance of personnel to any below hatch container , via the ap-

I 
propriate lift shaft assembly. Al so , the access woul d allow the connecti on of

ancillary equipment, such as fire protection equipment , ventilating equipment and

I electrical power to each below hatch lift shaft assembly and its associated con-

tainers.

I
1 3—1
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I 3-3. Adapter Assembly

i 
The assembly would be enclosed in a 20’O” deep by 8’O” wide by 2’O” high

(retracted) or 8’6” high (extended) area and weigh about 4270 pounds. The assem-

I bly would be installed in container gu ides, between the topmost lift shaft assem-

bly and the hatch cover house. The assembly would penetrate the universal hatch

I cover. The assembly would guide the pinioned platform between the topmost lift

I shaft assembly and the hatch cover house. The final assembly configuration is

dependent upon the type of universal hatch cover selected . The assembly would be

I adjustable in height in order to take up the distance between the topmost lift

shaft assembly and the hatch cover house. The height would be controlled by sup-

I port posts and jack screws. The support posts would regulate the rough height

i adjustment and would consist of inner posts or box section that would telescope

into an outer post or box sections. The jack screws would provide fine height

I adjustment of the assembly.

1 3-4. Hatch Cover House

I The assembly would be enclosed in a 20’O” deep by 8’O” wi de by 8’6” high

envelope and weigh about 5265 pounds . The house would be mounted on and attached

to the adapter assembly.

I The assembly would be divided into two sections . Entrance to each section

would be made via watertight doors. The longer section , l5 ’O” deep by 8’O” wide

I by 8’6” high , would provi de access to the pinion lifted platform and its pallet -

I 
i zed loads at the hatch cover l evel . The smaller section , 5’O” deep by 8’O” wi de

by 8’6” high , would prov ide an entrance to the below deck lift shaft assemblies .

I This section would provide an area for the installation of ventilation equipment

and also furnish a terminal for the connection of electrical power and fire

I fighting equipment.

L 
I
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I
1 The platfo rm racks and guide rails installed in the lift shaft assembly and

hatch cover would be standard lengths , while those installed In the adapter as-

1 sembly would be manufactured In various Incrementa l lengths. The racks and rails

of the hatch cover house would be adjustable In order to mate wi th the racks and

1 raIls of the adapter assembly.

1 The space between the hatch cover house , un iversal hatch cover and adapter

assembly would be closed by a sealing plate and gasket subassembly.

3-5. PinIon Lifted Platform Assembly

1
The assembly would be conta i ned in l3’6” deep by 6’6” wide by 7’O” high area

I and weigh about 3000 pounds. The assembly would consist of a horizontal platform

I 
attached to an open box-like structure . The platform would have rollers which

contact the guide rails to avoid binding , while raising and lowering the platform.

The cargo landing area of the assembly would be 12 16 1t deep by 5’6” wide by

I 7’O” high. The area would support an industrial truck and two palletized loads

weighing up to 16000 pounds. The assembly would be raised and lowered by a set

of ganged pin lons which would engage the vertical racks. The ganged pinio ns

I 
would be driven by an electrical motor through a gearing assembly. The gearing

assembly would be attached to a safety device. The device would sense power loss

or overspeed and bring the platform to a safe stop . The pinions , gearing , motors

and safety device would be mounted in the overhead of the assembly.

The raising or l owering of the platform from or to the hatch cover house to

1 any below hatch lift shaft assembly could be controlled from the platform , any

below hatch lift shaft assembly, and/or the hatch cover house.

I
I
i
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TABLE 3-1. CONCEPT 1 - CONTAINERIZED PINION LIFTED PLATFORM SUBSYSTEM

.1 Index No. Assembly Name

1 1 Hatch Cover House

2 House Door

1 3 Adapter Assembly

l 
4 Pinion Lifted Platform

5 Lift Shaft Assembly

- 1 6 Lift Shaft

7 Access

1 8 Ladder

I 
9 Fla t Rack

10 Support Post

1 Il Jack Screw

12 Access Shaft Door

I 13 Motor

I 14 Gearing

15 Pinion

1 16 Rack

17 Guide Rail

I 18 Safety Device

19 Platform Controller

I
I
I

3-4
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4-1. CONCEPT 2 - CONTAINERIZED ROPE LIFTED PLATFORM SUBSYSTEM

This subsystem, Table 4-1 and Fi gure 4-1 would consist of:

(a) two or more lift shaft assemblies ,

• (b) an adapter assembly,

Cc) a hatch cover lif t house, and

I
(d) a rope lifted pla tform assembly.

4-2. Lift Shaft Assembly

I The assembly would be enclosed in a 20’O” deep by 8’O” wide by 8’6~’ high

envelope and weigh about 4270 pounds. The lift shaft assemblies would be in-

stalled between the tank top and the adapter assembly. The assemblies would be

I affixed to each other and to the adapter assembly by standard container fasten-

ers. The assemblies would gu ide the rope lifted platform between the tank top

I and the adapter assembly.

I The assembly would be separated into two functional sections , the first

section , 15 ’O” deep by 8’O” wide by 8’6” high , would be the lif t shaft area;
I while the second section , 5’O” deep by 8’O” wide by 8’6” high, would be the ac-

I cess shaft area. The lift shaft area would contain the platform guide rails and

a controller. The access shaft would contain a sloped ladder wi th a hand rail

I and an access. The access would allow the entrance of personnel to any container

I 
located below the hatch cover. Al so, the access would permit the installation of

ancillary equi pment , such as fire figh ting , ventilation equipment and power con-

I nections to each below hatch container.

I
4-1
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4-3. Adapter Assembly

The assembly would be contai ned in a 20’O” deep by 8’O” wide by 2’O” high

I (retracted) or 8’6” high (extended) area and weigh about 4160 pounds. The assem—

I bly would be installed between and affixed to the topmost lift shaft assembly and

the hatch cover lif t house. The assembly would project through the universal

I pontoon hatch cover and would guide the platform between the topmost lift shaft

assembly and the hatch cover lift house.

The assembly would be adjustable in height. The adjustment would be re-

I quired , in order to take up space between the topmost lift shaft assembly and the

1 hatch cover lift house. The height of the assembly would be regulated by support

posts and jack screws. The support post , used for coarse height adjustmen t,

I would contain inner posts which telescope into an outer post. The jack screw

would provide fine height adjustment.

4-4. Hatch Cover Lift House

I
The assembly would be enclosed in a 20’O” deep by 8’O” wide by 8’6” high

area and weight about 5655 pounds . The house would be mounted on and attached to

the adapter assembly.

The assembly would be divided into two functional sections. Entrance to

I the sections would be made through watertight doors . The larger section 15’O”

deep by 8’O” wide by 8’6” high , would provide access to the rope lifted platfo rm

together with its pallet i zed load at the hatch cover top plate . Also, the lar-

I ger section would contain the hoist subassembly.

The subassembly would be mounted in the overhead of the hatch cover lift

house. The hois t would be an electrically powered wire rope winch assembly. 
I -

4-2 
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The winch would incorporate an automatic holding brake which would energ i ze after

a power failure . The wi nch would be controlled from the hatch cover lift house ,

I the platform or any lift shaft assembly.

I The platform guide rails installed in the lift shaft assembly and hatch

cover lif t house would be standard lengths , wh i le the pla tform gu ide rails to be

I Installed in the adapter assembly would be manufactured in various incremental

leng ths. The guide rails of the hatch cover lift house would be adjustable , in

I order to mate with the guide rails of the adapter assembly.

I The smaller section , 5’O” deep by 8’O” wide by 8’6” hi gh , would prov i de an

I 
entrance to the below deck lift shaft assemblies. This section would provide an

area for the installa tion of ventila tion equipmen t and also furn i sh a termi nal

I for the connection of electrical power and fire protection equipment.

I The space between the hatch cover l i ft house , un iversal pontoon hatch cover ,

and the adapter assembly would be closed by a sealing plate and gasket subassem-

I bly.

1 4-5. Rope Lifted Platform Assembly

II The assembly would be contained in l3’6” deep by 6’6” wide by 7’O” high

area and weig h about 2560 pounds. The assembly would cons i st of a hori zontal

I platform attached to an open box-like structure . The platform would have rollers

which contact the guide rails to avoid binding, while operating the subsystem .

The cargo land ing area of the assembly would be l2’6” deep by 5’6” wide by

I 7’O” high. The area would support palletized loads weighing up to 16000 pounds.

I
I
I

-
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TABLE 4-1 . CONCEPT 2 - CONTAINERIZED ROPE LIFTED PLATFORM SUBSYSTEM

I Index No. Assembly Name

I 1 House Door

2 W i re Rope

I 3 Adapter Assembly

I 
4 Lif t Shaft

5 Pla tform Controller

I 6 Lift Shaft Assembly

7 Wire Rope Lifted Platform

I 8 Frame and Rollers

l 
9 Gu ide Ra i l

10 Access

I 11 Ladder

12 Access Shaft

1 13 Support Post

I 
14 Jack Screw

15 Access Shaft Door

1 16 Hatch Cover Lift House

17 Gearing .1 

-
I 18 Motor and Brake

19 Winches

1 -

I I
I
I 4-4
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5-1. CONCEPT 3 - CONTAINERIZED SCISSORS LIFTED PLATFORM SUBSYSTEM

Thi s subsystem , Table 5-1 and Figure 5-1 would feature the following:

(a) two or more lift shaft assemblies ,

I
(b) an adapter assembly, and

(c) a hatch cover house.

5-2. Lift Shaft Assembly

I The lift shaft assembly would be conta i ned in a 2O10u deep by 8’O” wide by

i 8’6” high envelope and weigh about 5430 pounds. The lift shaft assemblies would

be installed between the tank top and the adap ter assembly . The assembl i es woul d 
—

I be attached to each other and to the adapter assembly by quick acting and locking

fasteners . The assembly would l ift the palle ti zed load to the hatch cover house.

I
The assembly would be di vided into two secti ons , a lift shaft section and

an access shaft section. The lift shaft section would be l5’O” deep by 8’O” wide

I 
by 8’6” ni gh and contai n the sci ssors lifted platform , a lift shaft , and platform

controller.

As shown in Figure 5-1 , the pla tform and lif t shaft are arran ged so that

I they would be reversed (fore-to-aft) at each container level. The platform and

l ift shaft would occupy equal areas , 7’6” deep by 6’6” wide by 8’6” high.

The subsystem would operate in the following manner. A palletized cargo

I would be loaded on the first level scissors lifted platform . The first l evel

pla tform would lift the cargo to the second level scissors lifted platform . The

I platform would be lifted by a pair of scissors positioned by traveling nuts

I
5—1
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I
1 driven by a motor via gear train. The first level platform would roll the cargo

on to the second level platform . The feed would be accomplished by belted con-

1 veyors contained in the top of both platforms . The belted conveyor would be pos-

itioned by a conveyor roller driven by a motor via a chain. This lifting and

I rolling action would continue until the cargo reached the hatch cover house where

it would be off-loaded .

The access shaft area would be 5’O” deep by 8’O” wi de by 8’6~ high. The

I access shaft would contain a vertical ladder and access area. The access would

I permi t the entrance of personnel to any below hatch container through the appro-

priate lift s1iaft assembly. Also , the access would allow the connection of an-

I cillary equipment such as fire protection equipment , ventilation equipment and

I 
electrical power to each below hatch lift shaft assembly and its associated con-

tai ner.

I 5—3. Adapter Assembly

I The assembly would be enclosed in a 20’O~ deep by 8’0~ wide by 2’O~ high

I 
(retracted) or 8’0~ high (extended) area and weigh about 4000 pounds. The assern—

bly would be i nstalled i n contai ner gu ides , between the topmost lift shaft assem-

I bly and the hatch cover house. The assembly would penetrate the universal pon- —

toon hatch cover. The penetration configuration is dependent on the type of

1 universal hatch cover selected . The assembly would take up the space between the

topmost lift shaft assembly and the hatch cover house.

The assembly would be adjustable in height. The height would be controlled

I by support posts and jack screws. The support posts would regulate the rough

I height adjustment and would consist of inner posts or box section that would

telescope into an outer post or box sections. The jack screws woul d provide fi ne

I height adjustment of the assembly.

5-2
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5-4. Hatch Cover House

The assembly would be enclosed in a 20100 deep by 8b O hI wide by 8~6” high

I envelope and weigh about 5245 pounds. The house would be mounted on and at-

tached to the adapter assembly.

I The assembly would be divided into two sections. Entrance to each section

would be made via watertight doors . The longer section , 15’O” deep by 8’O” wide

by 8’6” high , would provide access to the scissors lifted platform and its pal-

letized load at the hatch cover level. The smaller section , 50 ” deep by 8’O”

I wide by 8’6” high , would provide an entrance to the below deck lift shaft assem-

I blies . This section would provide an area for the installation of ventilation

equipment and also furnish a terminal for the connection of electrical power and

fire fighting equipment.

I The space between the hatch cover house , universal hatch cover and adapter

assembly would be closed by a sealing plate and gasket subassembly.

I
I
I
I
I
I
I
I
i 
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TABLE 5-1. CONCEPT 3 - CONTAINERIZED SCISSORS LIFTED PLATFORM SUBSYSTEM

I Index No. Assembly Name

1 1 House Doors

2 Hatch Cover House

I 3 Adapter Assembly

I 
4 Lift Shaft Assembl y

5 LIft Shaft Section

I 6 Conveyor Roller

7 Scissors Li fted Platform

I 8 Lifting Scissors

I 
9 Traveling Nut

10 Gearing

I 11 Conveyor Motor

12 Lift Motor

I 13 Conveyor Belt

I 
14 Access Shaft Section

15 Fla t Rack

I 16 Ladder

17 Support Post

I 18 Jack Screw 
S

i 

19 Access Shaft Door

I
I

II
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6-1 . CONCEPT 4 — CONTAINERIZED INCLINE PLANE AND FINAL LIFT SUBSYSTEM

I 
This subsystem , Table 6-1 and Figure 6-1 would feature the following assem-

blies :

(a) two or more Incline plane (4A and 48) assemblies ,

I (b) a final lift (4C, 4D or 4E) assemblies ,

I (c) an adapter assembly, and

• I (d) a hatch cover house.

- -: I 6—2. Incline Plane Assembly

The assembly would consist of two assembl ies (A and B) each enclosed in a

20b0h1 deep by 8’O” wide by 8’6” high envelope and each wei ghin g about 6400

I pounds. The 4A and 4B assemblies would be installed , side-by-side , in the con-

tainer guides , between the tank top and the adapter assembly. Standard container

I fasteners would be used to affix the assemblies to each other and to the adapter

I assembly.

I 
Each container would be divided into two functional sections , a l ift shaft

area and an access shaft area . The l ift shaft area would be l8~O~ deep by 8’0”

I wide by 8’6” high and would contain an incline plane and a controller. The in-

d ine plane area of assembly 4A would lift a palleti zed load , 4b 0h1 deep by 4’O” -

I wide by 11011 high , weighing up to 3200 pounds, from 0’ to 4’. The Assembl y A

would consist of:

(a) a 900 turn - incline strip,

(b) a straight loading - incline strip, and

I
1 
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I
(c) a 900 turn - i ncline stri p.

The incline plane of Assembly B would lift the palletized load from 4’ to

8’ and consist of:

I (a) a 900 turn - incline strip,

I (b) a straight incline strip, and

f (c) a 900 turn - incline strip.

I The strips would be made of plates . Assemblies A and B would be joined by

telescoping spanner plates .

The palletized load would be slid up the assembly by a pallet drag rnechan-

I ism. The mechanism would consist of a motor driven continuous chain with pallet

hooks.

I I
The access shaft area of Assemblies A and B would be 2’O” deep by 8’O” wide

I by 8’6” high. The access shafts would contain a vertical l adder and access area .

I 
The access would allow the entrance of personnel to any below hatch container.

Also , the access would permit the connection of fire protection equipment , yen-

I tila tion equi pment and elec tri cal power to each below hatch l if t shaft assembl y

and i ts associ ated containers .

I
Normally, the access shaft would be positioned at the other end of the sub-

I system , but it was placed In its present position in order to show the details of

the subsystem.

1
6—3. Final Lift Assembly

I
The assembly (4C, 4D or 4E) would enclosed in a 20’O” deep by S’O” wide by

I
i 
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I
I 8’6” high envelope and weigh about 5240 pounds. The assembly would be installed

in container guides between the topmost incl i ne plane Assembly 4A and the adapter

II assembly. The assembly would provide a lift capability , for the palleti zed load ,

- from the topmost Incline plane Assembly 48 to the lifting platform .

The lif ting platform would use one of three different concepts , Assembl i es

I 4C, 40 or 4E. Assembly 4C would be a wire rope lifted platform . Assembly 40

i would be a pinion lifted platform . Assembly 4E would be a scissors lifted plat-

form. Assemblies 4C, 40, and 4E woul d be similar in construction and operation

to those shown i n Concepts 1 , 2, and 3, respectively.

1 Assembly 4C, shown in Figure 6-1 , would consist of:

(a) a 90° turn — incline strip,

(b) a straight loading - incline strip, and

(c) a l ifting platform .

I
The 90° turn - incline strip and the straight loading - incline stri p

I would be made of plates , similar in construction to that envisioned in incline

plane assemblies 4A and 4B.

The platform would incorporate a bidirectional moving belted conveyor. The

I belt would accept the palletized load from the straight incline loading section .

I The belt area would be 5’6” deep by 5’6” wide and accept a load weighing up to

3200 pounds.

Assemblies 4A , 48 and 4C, 40 or 4E would be joined by telescoping spanner S

I plates . Each Assembly 4C, 40 or 4E would have an access shaft area to be used

1 
6-3
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I
I for the entrance of personnel and the connec ti on of anc i llar y equi pmen t and

power.

6-4. Adapter Assembly

The assembly would be similar to the type described in Concepts 1 , 2 or 3,

I depending on the type of lifted platform assembly involved .

6-5. Hatch Cover House

The house woul d be simi lar to the type described in Concepts 1 , 2 or 3,

depend ing on the type of lifted platform assembly involved. The house would in-

I corporate a moving belt to accept palletized loads from the belt of the platform .

I

II
1
I

- I

I
I
I
I
I H
I 
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TABLE 6-1 . CONCEPT 4 - CONTAINERIZED INCLINE PLANE AND FINAL LIFT SUBSYSTEM

I Index No. Assembly Name

I 1 Hatch Cover House

2 Access

I 3 Adapter Assembly

4 Assembly C , 0, or £

5 Assembly A

i 6 Palletized Load

7 Lifting Platform

I 8 Palle t Drag Mechan i sm

I 
9 Spanner Pla tes

10 Assembly B

1 11 Support Post

12 Jack Screw

1 13 House Doors

14 Belted Conveyor

- I
I

‘ I
I
I
I

S I

IL ~~ 
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I
7-1.  CONCEPT 5 - MODIFIED CONTAINER AND LIFTING PLATFORM SUBSYSTEM

i 
This subsystem, Table 7-1 and Figure 7-1 would feature the following assem-

blies :

(a) flat rack assemblies ,

I (b) two or more lift shaft assemblies ,

I (c) a lifted platform assembly, and

I (d) a hatch cover house.

1 7-2. Flat Rack Assembly

i The assembly would be enclosed in a 20’O” deep by 8’O” wide by 8’6” high
U 

container. The assembly would be used to stow palleti zed loads in the hold.

The flat rack assembly would be manufactured from existing containers by

I first removing the doors . Next, the sides would be cut from the container. The

doors and sides would be removed from the container in order that the palletized

I loads stowed in the flat rack could be removed from the flat rack and transferred

I
to lift shaft assembly by a horizontal movement subsystem . The weight of assem-

bly would vary in accordance wi th the amount of material removed from the con-

I
7-3. Lift Shaft Assembly

The assembly would be enclosed in a 20’O” deep by 8’0” wi de by 8’6” high

I container. The lift shaft assemblies would be installed between the tank top and

I the universal pontoon hatch cover. The assemblies would be fixed to each other

by standard container fasteners .

I
i 
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I The assembly would be fabricated from existing containers . The method of

manu facturing would require the removal of the doors at each end of the container.

I Next, the si des of the contai ner woul d be cut away and removed . Thi s removal

would provide room for transferring of palletized l oads from the flat racks to the

I lifted platform assembly, via the lift shaft assembly. Then , a portion of the

I top and bottom of the container would be cut away and removed. The removal of

the top and bottom portions of the container would allow the insertion of the

I lifted platform assembly into the shaft area .

I A smaller porti on of the top and bottom of the contain er would be cut away

and removed. The access provided by the removals would allow the insertion of a

1 ladder , power cabling , ventilation and fire protection piping. The weight of the

I 
assembly would vary in accordance wi th the amount of material removed from the

container.

7-4. Li fted Platform Assembly

I The assembly would be a pallet lifting elevator similar to the type used

I 
aboard Naval ships. The assembly would project through the lift shaft assern-

bl ies, the universal hatch cover and penetra te the hatch cover house. The weight

I would vary in accordance wi th the size of the assembly selected .

7-5. Hatch Cover House

i 
The assembly would be enclosed in a 20’O” deep by 80” wide by 8’6” high

I container. The house would be mounted on and attached to the universal hatch

I cover. The assembly would be manufactured from an existing container. First, a

portion of the bottom of the container would be cut away and removed . This re-

I moval of the bottom portion of the conta i ner would allow the lifted platform

i i
i 
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I
I assembly to penetrate the bottom of the hatch cover house. This confi gura ti on - 

-

would permit the off-loading of palletized cargo from the lift platform assembly 
S

I onto the deck of the hatch cover house. The opening of the doors of the house

would allow the palletiz ed cargo to be removed to the off-loading area .

A smaller portion of the bottom of the container would be cut away and re-

I moved. Thi s area woul d permit the i nstalla tion of a lad der and ven ti la tion

i 
equipment and provide a terminal for the connection of electrical power and fi re

- protection equipment. The weight of the assembly would vary in accordance with

I the amount of material removed from the container. The space between the hatch

cover house and the Un i versal hatch cover woul d be closed by a seal i ng pla te and

J I gasket assembly.

:1 1

I ‘
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TABLE 7-1. CONCEPT 5 - MODIFIED CONTAINER AND LIFTING PLATFORM SUBSYSTEM

I Index No. Assembly Name

I 1 Hatch Cover ~ouse

2 Lift Shaft Assembly

1 3 Modified Lifted Platform

I 
4 Personnel Access

5 Access Ladder

I 6 Fla t Rack

7 House Doors

I
I

I

I I
1 H
I
I
I
I
I
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8-1. TYPICAL SUBSYSTEM EMPLACEMENT

I 
The l ift shaft assembl ies would be lowered into the hold , between the con-

tainer guides , beneath the access area of the universal hatch cover. Then , the

I assemblies would be locked together. Next, the hold would be filled wi th con-

tainers (flat racks), whose load consisted of palleti zed cargo. The access plate

I of the universal hatch cover would be removed and the cover would be installed on

the hatch coaming of the hold.

S The adapter assembly would be lowered through the access in universal hatch

I cover , i nto the container gui des , onto the topmost l ift shaft assembly and then

I locked to it. The adapter assembly would be adjusted to the hei ght required to

accept the sealing plate - gasket assembly and the hatch cover lift house. The

I sealing plate would be penetrated by and installed over the adapter assembly.

I 
Finally, the hatch cover lif t house would be placed on top of the sealing plate

and then locked to the adapter assembly.

I 8-2. TYPICAL SUBSYSTEM OPERATION

I The platform would be lowered to the desired below deck lift shaft assem-

bly. The palletized load , selected from a below deck container , would be moved

by the horizontal material handling and loaded aboard the platform . The platform

I together with the palletized load would be raised to the hatch cover top plate .

An i ndustrial truck would remove the palletized l oad from the platform and then

I transfer it to the off-loading staging area.

1

i 
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9-1 . BELOW HATCH VERTICAL MATERIAL HANDLING SUBSYSTEM DETAILED CHARACTERISTICS

Table 9-1 presents the detailed characteristics of subsystems and assem-

blies. The table is divided into nine elements ;

(a) physical ,

- I (b) engineering ,

- - 1 (c) detailing ,

- - :  (d) purchasing ,

- I (e) stowing ,

(f) erecting ,

I 

(g) operating,

(h) main tenance, and

H I
(1) failure .

- ii I
The elements are selected because they would give a starting point of corn-

I parison between each assembly and in turn , between each subsystem.

I Under each concept , the first line is the total subsystem entry , while the

‘ 
lines below the subsystem are the assembly entries .

Opposite each ASSEMBLY , in the ELEMENT column is the criteria entry (e.g.,

I 20 O” , 8’O” , 8 ’6 ” , etc.). The criteria entry is based upon an engineering esti—

mate obtained by examination of all preceding text , figures and tables .

Opposi te each SUBSYSTEM , in the ELEMENT column is the totaled cri teria

- I

I 
— 
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I

I entry (e.g., 20’O” , 8’O’ , 25 ’6” , etc.). The totaled criteria entry provides a

detailed overview of the subsystem characteristics .

The following notes pertain to Table 9-1 : . -

Note Meaning

I (a) Height will increase with each additional

i 
Lift Shaft Assembly required .

(b) Weight will increase wi th each additional

I Lift Shaft Assembly requi red.

(c) Maximum quantity required is six (6) per

I hold.

I 
(d) Like letters Indicate simi larity In design.

(e) Platform Assembly Stowed in Hatch Cover

I House.

(f) Lifted platform and machinery weigh 2600#.

I (g) Worst case using pinion lifted platform

i 
with associated house.

(h) Modif ication of hoisting containers and

I lifted platform assembly.

(1) Sections of Assembly stowing in Lift Shaft

I Assembly and Hatch Cover House.

I The table functions as a source document from which the advantages and dis-

I 
advantages of each subsystem may be obtained . Subsequent paragraphs list the

advantages and disadvantages of each subsystem . The list of the advantages and

I disadvantages of each subsys tem is an internal comparison wi thin each subsystem ,

not a comparison between each subsystem.

I

I 
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TABLE 9-1 . BELOW HATCH VERTICAL MATER]

S ____________________________________ ___________________________ ELEMENTS

I SUSSYSTEM ~~~ PHYSICAL ENGINEERING DETAILING PURC *t$
ASSEMIL Y CONFIGUSATI ON DESIGN DES IGN MENUis — — — QUMTI TY SIMILAR — _________ _____  ________ _________ -

___________________ DEPTH WIDTH HEIGHT WE I GHT REQU I RED (d) SIMP LE INTERMEDIATE COMPLEX ~1!~~ L INTE RME DIATE C~~~I~~ NEW BUILD

I 
CONCEPT 1

Conta i nerized Pini on 20’O ’ 8 0 ”  25~6” 169150 1 A - X X - X X 4 Ass~~~1 iei
— Lifted Platform (a) (b) out of 4

• Lift Shaft Asse~~1y 2O~O~ 8’O” 86” 43800 1 B - - X - X X

— - 
_________ —~~ 

(c) 
— _ _ _ _  _ _ _ _ _

Adapter Assaubly 20’0~ 8’0~ 8’6” 42700 I C - z - X - 8

1 •- -

— 
Hat ch Cover House 20’O” 80” 8’6” 52650 1 D - - I 8 1

Pinion Lifted Pu t— 13’6~ 6’6” 7’0~ 30000 1 £ - - I — - 8 8
for. Asse~~1y

ELEMENTS

- PH YSICA L ENGINEERING DETAILING PURCM$
ASSEISLY CON FIBUM TI OM DESIGN DESIGN I(THI— — — i~.WflIfl SIMILAR — ______ __________ -

- 
_____________________ ~ fI~ !LP!!I ~1~ 1 ~ i~!~i REQUIRED (d) ~~~~~~ INTERMEDIATE COMPLEX SJ~~~~ I NTERMEDIATE C~~PLE X NEW BUILD J

. CONCEPT 2

Con tainerized Rope 20~0” 8 0 ”  25 ’6” 1664Sf 1 A X I X I I 8 4 A,~~~~1ies
• Liftad Platform (a) (b) out of 4

a - Lift Shaft Asseeibly 20’O” 80” 8~6” 42100 1 B - I I - I — I
(c)

Adapter Assuibly 20’O” 8’O” 8~6” 41600 1 C I - I . - 8

a - — —5 — —
Hatch Cover Lift 2O~O” 8’O” 8~6” 56550 1 0 - - I - - I X
Hause

• - Rope Lift ed Platform 13’6” 6’6~ 1,0” 25600 1 E - 8 - — I - B
Asse~~1y
_ _ _ _ _ _ _ _ _  _ _ _  — —  — —
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MATERIAL HANDLING SUBSYSTEMS CHARACTERISTICS MATRIX

ElEMENTS 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PURCHASING STOWING

METHOD SHELF LIFE EMPLACE M ENT METHOD OPERATING METHOD PREVENTIVE MAINTENA N CE FAILURE RATE

CONTAINERS 
—  

___ _ _ _ _  
—  __ _ _ _ _ _ _ _ _  

— — — _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

I BUILD 0FF-SHELF REQUIRED ~~~ MODERATE I,~ !5. SIMPLE INTE RM EDIATE COM PLE X NONE SIMPLE COMPLEX SIMPLE INTE RM EDIATE COMPLEX LOW MOOERATE HIGH

Ie~~li.s None 3 — I I I — — - x - I I - I I —
Iof 4 -

B - I - I - X - - I - - 1 - - I — -

B — 1 — — I I — — x — - I - - I - —

8 — 1 — I — I — — — I I - - I - —

B - ) - I ( . )  — I - I - - - I - - I - - I -

ELD~ KTS ______________________________ _______________________ _______________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PURCHASING STOWING 
METHOO OPERATING METHO D PREVENTIVE MAINTENANCE FAILURE RATE

ME THO D SHELF LIFE 
_ _ _ _ _ _ _

I BUILD 0FF-SHELF _ _ _ _ _ _ _ _ _ _ _ _  MODERATE ~~~ SJ~~~j  NTERMED IATE COMPLEX NONE SIMPLE COMPLEX SIMPLE INTE RMEDIATE COMPLEX LOW MODERATE ~i!.~ j

Ise~~1ies None 3 - I I — — — I — I I — I K —

it of 4

I — 1 — - ~ 
I — — I - - I - - I - —

I - 1 - - I I - - I - - I - - I - -

A — 1 . I - I - - - K - - I - - K -

- >1 (a) - - x I - - - I - I - - I - -
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TABLE 9-1 . BELOW HATCH VERTICAL MATERIAL HA

____________________________ ELDENTS

SUSSYSTEN ~~~ PHYSICAL. ENG INEERING DETA IL ING PURCHASING

ASSEISLY CONF IGURATI ON DESI GN ~ESIGN METHOD
— — — — 

~ XMTITV SIMIL AR
___________________ DEPTH WIDTH 

~~~~~~~ft ~~~ i~~ fl IEON I R(Q {d) SIMPLE INTE RME DIATE ~~~~ .!1~~~I. !!TE!~EDIATE C~~ tEX NEW BUILD OFF-SHE

CONCEPT 3

ContaiMrlzed Scissors ~~•()~ 80 256” 146150 1 A I I I I A I 3 Asse~~1ies None
Lifted Pla tform (a) (b) out of 3

* — — —
Lift Shaft Ass ~~ 1y 20’O” B~0” 8’6” 54300 1 B - - I - - I I -

• - (c)

a Adapter Asss~~1y 20’O” 8’0 8’6” 40000 1 C A — - A - — I -
- Hatch Cover House 20~0” 8~O” 8’6” 52450 1 D - I - - A - I -

• ELE MENTS

- SI*SYSTEM ~~~~~ PHYSICAL ENGINEE RING DETAILING p~Jpr~I3I~~
ASSEISLY CCNFONMA TIC N DE SIGN DE SIGN METH OD

• - 
— — — — I~M1’ITY SIMILAR — __________ ______ ___________ —

___________________ ~ !!I! ~!PTh ~~I~~!1 ~~~~ I REaI IPED ...j~~.... ~j~~~[ I NFE ~ IE OIAT E 
~~ J&! SIMP LE INTE RM EDIATE 

~~~~~~ NEW BUILD ~~~~~
- CONCEPT 4

Containerized Incline 2O~O” 160~ 25’6” 280750 1 A A I I I 1 1 4 Ass~~ 1ies None
- 

Plan. - Lifted (a) (a) out of 4
Platfo rm

Inclin a Plane 20’O” l60~ S•6” 128000 1 6 - A - - I - A
• Ass ~~ 1y (A & 5) (c)

- Fina l Lift Ass~~~1y 20’O” 8’O” 8 6  52400 1 S - I to B - A to I I

j (C . 0. or I) 
— — —— — ______ — __________ — _________ -_________

Adapter ASCING1y 20 0” 8’O” 8~6” 42700 1 C I - - A - . A
- (f)

Hatch Cover House 20 0w B’O 8’6~ 57650 1 0 - B to - I - I tO A A —

(9)

Ii
L f
IS .

-- - -- -
~~~~~ _ _ _ _ _ _
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tRIAL HANDLING SUBSYSTEMS CHARACTERISTICS MATRIX (Continued)

ITS

CISSI NG STOWING PREVENTIVE MAINTENA NCE
METHOD SHELF LIFE 

EMPLACEMENT ME THOO OPERATING METHOD PROCEDURE FAILURE RATE

— CONTAINERS — _______ — _________ — — — ______ —

L OFF-SHELF REQUIRED SHORT MODERATE LONG ~~~~~~ INTERMEDIATE C~~~L~~ j~~~. %~ 
ç~~j~ SIMPLE INTE RMEDIATE C~~~I-I~ LOW MODERATE ~j~~j

isa Non. 3 — I I I - - I I - I I - I I -

- 1 — I — I — — — I — - I — — I —

- 1 - - I I - — * - - I - - I - —

— 1 - I - I - — - I - I - — I - -

ISCMPSING STOWING PREVENTIVE MAINTENANCE
*5nioo SHELF LIFE 

EMPtACENENT METHOD OPERATING METHOD PROCEDURE FAILURE UTE

— CONTAINERS — _______ — __________ — — ______ — ___________ — _______ —
IR_ OFF-SHELF REQUIRED ~~~~~ MODERATE ~~~ ~~~~~~ ¶ NTE~~~D IATE ~~~~~~ ~~~~~~ . ~~~a c~~~)LX ~~~~~~ INTERMEDIATE c~~~~II L~~ MODERATE ~~~

a_~~ ~~~ 4 — A I 
~ — . - I - I I - B I -

4

— 2 - - I X - — - I - I - - I - -

— >1 (e) — I — I — — — I — — I — — I —

— 1 — - I X - - — — - I - - K - -

_  _ _  _ _ _  — — — —- -— ——  — —  — p

— 1 — I - A - — - A - A - - I - - 
S

_ _ _ _ _  ~ AA~~~~~~~- 
__
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TABLE 9-1 . BELOW HATCH VERTICAL MATERIAL HAM

I ______________________________ ______________________________ _______________________ 

ELEMENTS

1 SSYITIM M PHYSICAL ENGINEERING DE TAILING PURCHASING
ASSEIS Y 

COIVIGIRATION DESIGN DESIGN METHOD
I~MTI1T UWTEAE — _ _ _ _  — _ _ _ _  _ _ _ _  _ _ _

F DEPTH ~~~~~ 
HEIGHT WE I GHT RE QU IRED J~j~ ~~~~ j  INTE RMEDIATE ~~~~~~ ~~~~~~ INTE~ tDIATE ~~~~~~ NEW bU I LD 0fF-S~~~~

CONCEPT S

Modified Container 200 80” 25 6” 133970 1 A 1 - - I - - I I
end Lifted Platfo rm (b)

Lift Shaft Ass~~~ly 2 D” ro” 86 ”  45990 1 S A - - I - - - B
(c)

Lifted Platform 136~ 6.6” 86 ”  34500 I £ A — - I - — I —
Au~~~ly (i)

Notch Cover NO~s. 20 0” 8’O” 86”  53490 1 D I - - I - - - I

I-

[
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~L MATERIAL HANDLING SUBSYSTEMS 
CHARACTERISTICS MATRIX (Continued)

ELEMENTS ______________________________________ ______________________________ _____________________ ______________________________ ___________________

PURCHASING STOWING PR EV ENTIVE MAINTENANCE
METHOD SHELF L IFE 

EMPLACEMENT METHOD OPERATING METHO D PROCEDURE FAILURE RATE

CONTA INERS 
— _______ — — — __________ _______ —

NEW bUILD 0FF-SHELF REQUIRED SHORT MODERATE ~~~~ ~~~~~~ INTE RM EDIATE CO~ I EI NONE SIMPL E COMPLEX SIMPLE INTE RMEDIATE C O P I  ~~~~~ MODE RATE HIGH

I I 2 — I I I — — — I — I I - I - -

— 1 1 - - I I — — — - — B - — B — —

— >1 (e) — I I — — — I — — I - — B —

- 1 1 - - B 1 - - - I - B - - I - —

1 
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9-2. CONCEPT 1 - Containerized Pinion Lifted Platform Subsystem

This subsystem would prov ide the following advantages ;

(a) medium sized volume ,

I
(b) medium weight, S

(c) enclosed in three containers ,

(d) moderate-to-long stowage life ,

1 (e) simple emplacement and operating methods ,

I (f) simple—to-intermediate maintenance procedures , and

I (g) low-to-moderate failure rate.

I This subsystem would provide the following disadvantages ;

(a) moderate-to—complex engineering design and design detailin g, and

(b) no assemblies purchased from off-shelf stock.

9—3. CONCEPT 2 - Containerized Rope Lift Platform Subsystem

The advantages of this subsystem would be;

(a) medium sized volume ,

(b) light weight ,

I (c) simple-to—intermediate engineering design and design detailing ,

I (d) enclosed in three containers ,

I
i 
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I
(e) moderate-to-long stowage life ,

(f) simple emplacement and operating methods ,

(g) simple—to-intermediate maintenance procedures , and

I
(h) low-to-moderate failure rate.

The disadvantage of the subsystem would be that no assemblies are purchased

I from off-shelf stock.

I 95_ 4• CONCEPT 3 - Containerized Scissors Lifted Platform Subassembly

Subsystem advantages would be;

(a) medi um sized volume ,

(b) enclosed in three containers ,

I S

(c) moderate— to-long shelf life ,

(d) simple emplacement and operating methods ,

Ce) simple-to—intermediate maintenance procedures , and

I (f) low-to-moderate failure rate.

U Subsystem disadvantages would be;

I (a) heavy weight,

U (b) intermediate-to-complex engineering design and desi gn detailing , and

(c) no assemblies purchased from off-shelf stock.

I
9-7
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9—5. CCNCEPT 4 - Containerized Incline Plane - Lifted Platform Subsystem

The advan tages of thi s su bsystem woul d be; - 
-

(a) moderate-to-long stowage life ,

I S

(b) simple emplacement and operating methods,

(c) simple-to-intermediate maintenance procedures , and

(d) low-to-moderate failure rate.

The disadvantages of this subsystem would be;

I (a) large volume ,

— I (b) heaviest weight ,

I (c) intermediate to-complex engineering design and design detailing ,

(d) no assemblies purchased from off-shelf stock , and

(e) enclosed in four containers .

9-6. CONCEPT 5 - Modified Container and Lifted Platform Subsystem —

I 
Subsystem advantages would p rov id e :

(a) smalles t volume ,

(b) lightest wei ght ,

I Cc) simple engineering design or design detailing ,

I (d) simple modification of off-shelf containers and lifted platform ,

I
9-8
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I
(e) enclosed in two containers ,

(f) moderate-to-long stowage life ,

(g) simple emplacement and operating methods ,

I
(h) simple-to-moderate maintenance procedures ,

(1) low-to-moderate failure rate.

Subsystem disadvantage would be that no assemblies are purchased from off-

I shelf stoc k.

9-7. BELOW HATCH VERTICAL MATERIAL HANDLING SUBSYSTEMS COSTS

I 
Table 9-2 provides an approximate overall cost of each subsystem. The cost

of a subsystem was obtained by multiplying the weight of the assemblies , in

1 pounds , by $1.50 per pound of assembly weight. The cost of the Concept 5 sub-

system would be less than indicated .

I
9-8. BELOW HATCH VERTICAL MATERIAL HANDLING SUBSYSTEMS WEIGHTED CHARACTERISTICS

I MATRIX

I Table 9-3 presents a condensed version of the general characteristics of

each subsys tem. The characteristics are assigned a relative value which provides

U a quick look comparison of each subsystem .

I Oppos ite the SUBSYSTEM , i n the ELEMENT columns , between the horizontal

lines is the criteria entry (e.g., 10880, 38815 , Comp lex , etc.) The criteria

I entry was based upon a va l ue decision obtained by analysis and evaluation ~f all

I preceding ma terial.

I
I
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U
I Oppos ite the SUBSYSTEM , In the ELEMENT columns , to the left of the diagon-

al line Is the weight criteria entry (e.g., 2, 3, 3, etc.). The weighted criteria

I entry was developed by assi gn ing a number to the criteria entry . The number 1

I 
Indica tes most desirable criteria. The numbers 2, 3 and 4 Indicate less desir-

able cri teria. The number 5, indicates the least desirable criteria.

I Opposite the SUBSYSTEM , in the ELEMENT columns , to the right of the dia-

i gonal line is accumulated weight entry (e.g., 2, 5, 8, etc. ) .  The accumula ted

weight entry was obtained by adding together all previously weighted criteria en-

I tries.

9-9. RECOMMENDATIONS

i It is recotmiended that the Modified Container and Lifted Platform Subsystem

be adopted as the most desira b le below hatch ver ti cal material handl i ng subsystem

I becaus e of the follow ing reasons :

I (a) the flat rack assembly, lift shaft assembly and hatch cover house can

be fabricated from existing containers .

(b) the lifted platform assembly could be selected from one of several

I existing subsystems used aboard Naval ships.

I Cc) the existing lifted platform assembly could be readily macH f led to

I 
fit the requ i rements of Concept 5.

It is recoimiended that the other subsys tems be rejected as the most desir-

1 able lift devices because of one or more of the following reasons:

I (a) unproven or limited proof design ,

I
9-10
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I
I (b) l ong lead engineering design , design detailing , and fabrica ti on t ime 

- 
S

requi red , and

I
(c) high costing for subsystem .

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I 9-li
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TABLE 9-2. BELOW HATCH VERTICAL MATERIAL HANDLING SUBSYSTEMS COSTS

COST
WEIGHT (LBS) $1.50/LB

SUBSYSTEM ASSEMBLIES * ASSEMBLIES

I Containerized 38,815 $ 58,222.50
Pinion Lifted
Platform

1 ContaInerized 37,995 56,992.50

I Rope Lifted
Platform

Containerized 41,825 62,737.50
Scissors Lifted
Platform

I 
Containerized 79,275 118,912.50
Incl ine Plane —

Lifted Platform

Modified 36,392 54,588.00
Container and
Lifted Platform

I * Weight is the maximum number of assembl ies required for worst
case emplacement.

1
I
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TABLE 9-3. BELOW HATCH VERTICAL MATERIAL HANDLING SUBSYSTEMS WEIGHTED

ELEMENT

STOWING
OVERA LL OVERALL PURCHASING

ENGINEERING DETAILING CONTAINERS SHELF EMPLACEMENT OPEPA
SUBSYSTEM VOLUME (Cu Fl) WEIGHT (LBS) DESIGN DESIGN OFF SHELF (% ) REQUIRED LIFE M(THOO METh

10880 38815 Co~~1ex Co~~1ex 0 3 Inte rmedIate’ 
— si~~e S1

10880 37995 Inter mediate IntermedIate 0 3 Long SI~~1e Sj~~
ConU1ne~~ ed

- 10880 41825 Intermediate Intermediate 0 3 Inter med iate Si~~1e —~~~~~

~~7Lr~.d 
_ _ _ _ _ __ _  

2~~ _

17680 79275 Interm ediate Intermediate 0 4 Inte rmedIate Simele 5 5 5jj ~~

!;Efl~; >~< ~ < >~i ~ < 
_ _T0265.8 36392 51~~Ie SImple 0 — 2 Long ~1I~~ ST~

~~~~~~~~~~~~~~~~~~~ ~~~ ><~~ <~~~ >~~ >~i~ ><~~ ><~ >~
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I HATCH VERTICAL MATERIAL HANDLING SUBSYSTEMS WEIGHTED MATRIX

ELEMENT

STOW ING
PURCHASING PREVENTIVE

DETAILING CONTAINERS SHELF EMPLACEMENT OPERATING MAINTENANCE FAILURE
DESIGN OFF SHELF (%) REQUIRED LIFE METHOD METHOD PROCEDURES RATE COST

Ccmpl.x 0 3 Intermsdlate - SI~~i. SI~~le _._jjm ple Low 38815 -

2<2<2<2<2<2<2<2<2<
intermediate 0 3 Lont Simp le Simple Simple :SS_ Q~~~

-T- 

~~~799~

int ermediate 0 3 IntermedIate Sfmpl e Simple S1o~ le — Low

>~< 2<2<2<2< i~ 2<2<2<
litt.ruuedlate 0 4 Inter medIate - Simple Simele ~ lmp le Low _ 79215 -

2< >~< 2<2<2<2<2<2<2<_~ SImp1. ___________ — 
2 Long Simple ~~ Imple ii~W~~ T~~ 9j_

g
2
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