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Abstract 

Dimensions and performance specifications of boxes for 

domestic and regional lneighboring countriesi distribution of 

fruits, vegetatles and fisheries products are defined. 

Procedures for testing are proposed. Boxes and a basket vere 

designed to be aade out of ~ood and bamboo. Yang Para 

<Hevea brasiliensis1 v00d is indicated. Criteria for diaensions 

are based in observed conditions of distribution •handling, 

transportation, storage• ~ith the improv~ment of certain 

conditions •easier handling, nesting. heigher stacking• and 

foreseen possibilities of palletization !ISO sizes•. Criteria 

for performance testing are based in discussion of traditional 

test methods, adapted to possibilities of the country. specially 

considerinq the capabilities of the Thai Packa~ing Centre. 
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1. INTRODUCTION 

1.1 Joh Description and Program of Activities 

Annex I shows the Job Description of the Expert in 

Packaging with the purpose of "strengthening the 

of Thai Packaging Centre staff to develop packaging 

Transport 

capability 

for fresh fruits and veretables, made from indiglno~s materials, 

for local distribution and export to nearb~ countries". This Job 

Description is actuall~ related to a mission \.:ith a duration of 

three months, according to the Project Document. 

ronsiderinr the necess~t~ of a certain time period 

for preparinq the 1·roposed prototypes of packages and assembl~ 

of t.est equipment, -is specified b~- the expert in the first part 

of his missioH. the? expert's mission \.:as split. into t\.:o_ the 

first in ~a~ and the second in December, January 1991. 

Then. t.he outputs expected to be produced during the 

first month of the mis~ion were : 

the development of specifications of transport 

packaging for fresh fruits and vegetables, and marine products; 

- the design of prototypes itwo or more• of packages for 

these products, to be made out of indigenous materials with 

utilization of lo~ cost equipment 110~ capital technologyl, for 

domestic and regional distribution. 

"Fresh fruit.~ and \·eg?t.al>les" also include garden plants, 

flo\JP.rs. medicinal plant.s. "Marine products" i11clude fresh 

fisheries products, ~11 icf· or refrigerat.ion, unproces~ed. Rather 

than defininP spPcifir: producLs for ~ spe~if ic packa~e it was 
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preferred to classify groups of products for each class of a group 

of packages. A specific package should be adequate to a se~ies of 

products. 

In the second part of the aission an analysis of 

alternative designs, with experiaental study using the proposed 

specifications, shall he perforaed. A study of impleaentation 

of the project, an analysis of manufacturing and distribution 

of the standardized packages, including the treatment of 

uood against contamination, the production of a Manual to be 

published and a Seminar, a&e proposed for the second part of the 

mission. 

1.2 Sur~eY of Present Situation 

Descriptions of the usual packages were presented by the 

Thai Packa~ing Centre for fruits and vegetables •references 1, 2, 

3, ~· and by the Kational Materials Handling Bureau of Australia 

1Food Handlin~ Project, ASEAN-Australia Economic Cooperation• for 

fisheries products <reference 5). Field observat.ions were also 

made by the con~ultant with photographic documentary in Appendix 

I. 

2. RESULTS 

2.1 Specifications 

2.1.1 Dimf'nsion!'; 

l11P. fcilln10inl} dimension!'\ of boxes or crates wer£• 



Designation Base ext. dill. capac it~· approximate ext. 

'mm 1 ( l ) height. <am 1 

A Pallet box 

B 100 600 x 510 100 450 

B 50 600 x 510 50 235 

c 40 500 x 370 40 310 

D 30 600 x 250 30 230 

2.1.2 Performance 

The performance of the packages •boxes or crates. 

sacks were not considered• is defined by a series of tests : 

- compression 

- l Ht.in~ 

- drop 

- \"ibrat..ion 

- repet..it..ive shock 

- impact. 

- st.ability of stack 

The methodology of these tests is presented in 

Annex II. 

Another aspect of p~rf ormance, import.ant for 

reusable boxes or crates, ~s the sanitary tr~atment. This is not 

covered in the present part of the project. 



,....--------------- --- ---

2.2 Desirn of alternatives 

Three wooden boxes were designed, in sizes B 100, B 50, 

C 40, and a bamboo basket in size D 30. 

Drawings and specifications are in Annex III. 

3. CRITERIA 

In order to minimize the economic costs of physical distribu­

tion. besides minimizin~ the investment and operational costs of 

the packages themselves. packagin~ has to be designed in such 

a "a~· that it gi\"es good protectio·n to the products and it is 

efficient in operation. 

Eff icienc~ in use of space, in stora~e a~d transportation, 

and in handlin~. is related to the geometr~. capacities and 

performance of the packages. The protection of the product also 

depends on performance. These two aspects. then, must be 

considered : geometry and perform&nce. 

3.1 Dimensions 

The following criteria are recommended for 

establishment of standard dimensions of boxes and crates : 

the 

A limitation and rationalization of internal 

capacities 

handlinq. 

so that the gross wei~ht. 1mass• is compatible with 

~anual handling limits the mass to 40 kq •BO kv with 

t100 pprson5•. The rc:1t.ionalizat.ion must t.akP int.n cons iderat. i (1n 

the traditional commercial practice~ and the r ~cr-s::.ar~· 

correct.ions of eventual ohsPrved prohl Pm~~. In peneral, the 
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capacities should be as large as possible, or as convenient in 

each case, in order to reduce the specific· cost of packaging 

<S per kg of content, or S/Cl. The possible, or adequate, has 

to be defined in each case. 

For fresh fruits and vegetables, in particular for 

f lm•ers, the height. of the container must be limited by the 

sensib~lity of the products to compression by its own weight, 

in a dynamic en~ironment. It was observed that the present 

packages use in Thailand. are mainly large and very deep baskets, 

which consequentl~ cause damages or losses b~ internal compres-

sion. 

~hen mechanical handling is a~ailable. pallet boxes are 

a possibility 1size A in the proposed designation•. This is only 

to be considered in industrial operations 1agroindustry or 

fisheries industry•. 

Manual handlin~ limits the maximum capacity of packages 

to 100 1. For products ~ith a higher apparent density, su~h as 

fishes, this would mean a gross mass around 80 kg 1two persons 

handling1. This large capacity is suitable for low apparent 

density products, like leafy produce, and large fruits. such as 

pineaple, papaya, watermelon and melon. bananas and onion5. 

The BGO size has the same base dimensions as BlOO but 

smaller hei~ht, around 220 internal 1it. is impossible to specif~ 

the hf'i~ht. nf the box, since th ... .internal \'Olume and external 

basP dim~nsions are d~f ined, but the thickness of the ~alls 

depend on each specific desi~11 and material 1
• The reduced 

hei~ht is recommf'nciNl for products sensiti\'e to compressio11, like 
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certain fruits, flowers and fishery products •tomatoes. 

aangostines, longan, grapes, roses, fishes sensitive 

burst, are typical examples>. 

litchis, 

to gut 

The C40 packages a~e suitable for products with higher 

density and resistance, like citrus and green mangos, 

cucumber, peppers, garlic, etc. 

The D30 sizes are adequate to more sensitive 

products, like grapes, berries, flo~ers •orchids• ~ith stalks 

(that require long and shallo~ boxes•. 

The dimensions should be convenient for handling. A 

maximum dimension of 600 mm is proposed for manual handling. 

Mechanicnl handling or transportation poses important 

restrictions to dimensions. The external basic dimensions of the 

packages must be adequate for palletization. The ISO pallet sizes 

are considered : 1100 x 1100 and 1200 x 1000 mm. The square 

pallet is indicated for transportation in ISO freight containers 

and trucks, ~ith an internal width between 2250 and 2350 mm. 

The 1200 x 1000 mm is indicated for rail transportation, aainly 

in Europe and USA. 

The domestic and regional 

Thailand is basically done by truck, 

typical trucks given in Annex IV. 

land transportation in 

~ith the dimensions of 

Palletization is important, but more as a trend le> 

tlae future. Presently more important are the handlinr •or short 

haul1 equipment to be used, consistinf of manual carts. 
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T~o ~heel carts are normally used in Bangkok, as 

observed at the Park Klong Talat aarket. They require that the 

boxes be placed over two wooden cleats in order to facilitate 

the entrance or removal of the supporting platform. 

_...,.,., .. -.-

This type of cart is preferentially used ~hen a manual 

handling of the packa~es is difficult 1like ~ith the large 

baskets observed1. If the boxes can be handled it is better to 

put them over a 4 ~heels cart. or 2 ~heels ~ith a "Johnson bar". 



8 

The pletform of this cart. to be compatible with the 

sizes of the boxes proposed and -ith the narrow spaces observed 

in the markets, should have 500 x 740 •m. 

r---.. 
L.T-" -- --

I 0 0 
740 0 

Ill 
I ; -r-. 

~ - .I 
,- - - -

a a 
Carts with larger wheels and a suspension system 

could be de¥eloped for motorcycle haul by small producers or 

retailers. 

It was verified that motorcycles are an important 

mode of transportation in the country, not only for persoPs. 

Reusable boxes or crates, in order to have better 

efficiency of transportation when empty, must be able to collapse 

or nest into each other. The geometry of the packages. then, 

must he such that onP or two can he put. inside other two, or 

they have & trapezoidal shape that allo~s certain penPtration of 

one another. 



The trapezoidal shape is good for plastic boxes. For 

other materials this shape reduces substancially the stacking 

strenght. so the faces must be parallel. 

The ratio between length and width of the packages 

should permit the interlocking stack. 

3.2 Performance 

In the opinion of the expert, the standard for performance testing given by 

ISO and ITC (Ref. 6) should be reviewed in some aspects. It is Yery 

important that tests be ::-ealistic. A·.:oiciai_,lc costs could rise 

from standards ~ith excessive se~erity. that ~ould lead to high 

cost of packaging. or ~ith insuf icient or inadequate severity, 

leadinr to losst:>s in the real distribut.io11 en\·ironment. The 

severit.\ le~el must. be defined for L\pical specific conditions : 

a reusable packare should be stronger than a disposable one, for 

instar1re. requiring- diffe1·ent. safe•Jy factors. 

~.2.1 Compression 

The test must be a static compression test rather 

than a dynamometric compression, in order to be closer to the 

real stacking conditions. The dynamometric press doesn't allo~ 

racking, which is a common cause of collapse, mainl~ of wooden 

structures. 

The safety factor, if we consider stacking in a 

truch, ship pr· airpla11f', should he hirh£>r than thP d..-namic factor 

• o r \. P r t. i r. a l A sa f pt.\ fact.or of 
,, 
•.' . 

t. hen , i '' Cl m i 11 i mun .• If t.f'~,t. ha~, t.n simulat.P a st.atic st.ach, l ' fi 
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is a minimum, 2 is better. The ~orst case, ~ith respective 

stacking heigh, should be considered in testing. 

It is very important, in the static compression 

test, that the load be applied without impact. Then the 

specification of the velocity of descent of the load plate <not 

mentioned in ISO 2234> should be determined. 

An arrangement of packages in two levels, in a 

real stacking configuration, under the ioad plate, is important 

in the case of interlocking stack. 

3.2.2 Lifting 

There is no reference literature on lifting 

testing but it is considered important since one of the ~eak 

points of packages ma~ be the bottom or handles. that break in 

handling. 

3.2.3 Vibration 

The proposed procedure is based on ASTM D999, 

with some variations introduced with regard to a relation 

between test duration and lenght of truck transportation. 

This correlation was found in studies made at the Technolo-

gical Research Institute of s. Paulo State, Brazil. 

studies are, nevertheless, recommended. 

Further 

The expert feels that ISO 2247 is so~ehow far fro~ reality. 

Acceleration of 0.75 + 0.25 G is too vague. A stack ~ith the 

samP height as in transportation is necessar~. if possible ~ith 
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interlocking if it is to occur. One of the problems with 

vibration is a flexural fatigue or weakening of the bottom of a 

box, in a stack. It is important, then, to reproduce the 

stack conditions in a test, when possible. 

-------- - .. -- -

...... _____ .......... 

Horizontal vibration is not important in truck 

but is important in rail transportation. The effect of 

horizontal accel~rations, if an horizontal vibration table is not 

available. ma~· in some extent. be observed in horizontal •or 

inclinei shock tests of the unit load •see ahead : 3.2.7. 

-Stabi 1it~·1 . 

3.2.4 RepPtitive shock 

The proposed procedure is based in ASTH D999 c. 

It. is however import.ant, again, to have a real stack 

configuration. If it is then more severe than ASTM, the duration 

must. be much short.er. One minute is proposed <5 for reusable 

packages> but an experimental study is st.ill necessary. 

This ter.,t. onl~; reproduces conditions found with 

unlashed stacks at rear of a truck. so has minor importance. 
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2..2.5 Drop 

The drop test is iaportant but is highly subject 

to discussion in relation to drop height. Actually there are two 

conditions in real handling : operational and accidental falls. 

The usual standards. like ISO. BS, ASTM. AFNOR. refer to 

accidental falls. The proposed procedure is based in ISO/ITC 

recommendation (Ref. 6>. 

A study of a ne~ procedure for operational drops. 

~ith a large number of small impacts. as in real handling, is 

proposed as a ne~ approach. 

The shocks against the corners are considered 

more critical and realistic than against the edges. 

In the case of boxes ~ith more than 50 kg, to be 

handled b~ t~o persons, another procedure must be defined. A 

rotational drop may be indicated 1accordinr to VS MIL.STD.•. 

This is also valid for pallet-boxes. 

shouldn't 

It is questionable if a 

be applied to reusable packages. 

different severity 

Drop tests of empty 

boxes may be applied to reusable ones. ~ith higher drop height, 

to simulate handling risks when empty. 

3.2.6 Impact 

This test gives an idea of the resistance of a 

box or crat.e to an impact localized over a critical point. It is 

based in an AF~OR standard ~ith a proposerl altPration of the 
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dart. The enerf~ of 15 J is indicated but ma~ be too hivh. 

Experimental investigation is recoamended. 

3.2.i Stability 

Two possible procedures are envisaged to verify 

the stabilitr of packages in a stack or unit load : the 

determination of the angle of instability or the verification of 

stability by an horizontal shock. 

The first procedure is better when a quantitative 

result is searched. like a friction coefficient. The second is 

better to analyse th~ behavior of a unit load. where the stacking 

configuration. like interlocking, ma~ interfere in stability. 

4. CRITERIA FOR PRO~OSED ALTERNATIVES 

4.1 ~ooden Boxes 

The reusable wooden boxes are. torether with bamboo 

baskets or boxes, a good alternati~e in terms of costs of 

production and operation. Low capital labor intensive technology 

is applicable in decentralized small industries for their 

production. One-way wooden boxes. like virebound. would be more 

expensive in operational cost, since the multiple trips reduce 

LhP specific operational cost, and would be more harmful to the 

forest resources. On the other hand, a serious problem with 

reu~ahle wooden hnxes is the possihilit.~ of contamination. An 

anal\sis of careful bacteriolorical treatment of the wood is 

nPr.essar~·, pos~..\i}Jl~· tJ~· a speeial ist consul taut.. Lal1els or 

marks i11 t.h., bnxr•s for control of this treat.mf"nt. mr1;• he 
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necessary. In the case of fishes. a plastic liner must be 

applied in the boxes talso to reduce heat transfer of ice•. 

Other problea with reusable boxes is that they have to be 

returned and this cost of transportation of eapty used boxes may 

be higher than that of new ones. It is difficult anyway to 

evaluate this cost. It aay be even zero w~en a truck has to go 

back empty, then it can take hack eapty the boxes correspondini 

to three or four truckloads of full boxes. nested, at practically 

no cost. More critical is the loss of boxes, b~ pilferage or 

by going astray. This loss of return makes the usP of aore 

expensive boxes impossible, like the plastic ones used in 

fisheries. In the case of fisheries plastic boxes should be 

used only on board vessels, where better ~onditions of control 

are possible. 

The desiqn of ~ooden boxes was based in the following 

criteria : 

Use of boards with a standard width of 100 mm. in some 

parts cut in two 50 mm pieces •actuall~ around 49 mm for the saw 

thickness1, and with a thickness of 20 mm for the lRrger boxes 

BlOO and BfiO - and 15 mm for C40 . 

• Use of the tree-way corner in the bottom . 

• No lids. 

One box is adjusted to the top of the other by lateral 

iUides to improve stability of stack . 

. Gaps between boards smaller than 20 mm . 

. Lateral guides also used to keep ventilation spaces 

bet~een boxes in unit load. 
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- aood 

The specification of walerials rather than determine 

species should be based in an important mechanical properly of 

~ood. like its hardness. The use of reforested t~aber is 

nevertheless recoaaended when possible. 

According to P. Sano •Ref. 7>. the ~ood used for 

aanufacture of boxes in Thailand are. ~ainly, the following : 

Karmpoo - Saaanea Saman Kerr; MIMOSACEAE 

Yang - Diplerocarpus spp.; DIPTEROCARPACEAE 

Yang Para - He~ea brasiliensis Muel. Arg.; ErPHORBIACEAE 

~~e~ - Bombax spp.; MALVACEAE 

Somponr - Telrameles nudiflora R.Br.; DATISCACEAE 

Sompon~ and have a production around 

10000 cu.m/year 1dala of 197~•-

Yan2 Para is b~ far the most promising species. Il is 

the a cultivated lree. "The production of the limber from 

replanlinr sheme is about 2,5 million cu.m/year ~ith 

possibility of increasing up lo 6 million cu.m, if the sheae 

run in full scale". 'data of 1973 - Ref. 7>. 

the 

is 

Reforestation is a veri important issue to 

depletion of forest area. reaching 10~/year •Ref. 8>. The 

sho~s the trend in uses of land in the country <Ref. 7>. 

avoid 

graph 
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The cultivation of Yan~ Para is. therefore. a valuable 

resource besides its use for latex. 

wood. 

The desi~n of proposed boxes is based. then. in this 

Other woods, with similar or higher hardness mav however 

also be used. 

The hardness of Yang Para is 530kgf1Janka hardness•. 

A dynamic measureaent of hardness is better, however not usual. 

A procedure based in ASTM D 239~ section 18 1Fallini-Ball 

Indentation Testl may be developed, presently with research being 

carried out in Brazil by IPT. 

The usual practice of sawmill is to prepar~ timber or 

boards for ci\'il construction, thus ~ith large thickness. The 

norm&} thickness of 25 mm, reduced to 20 mm bv dressing the Lwo 

faces, is indicated for the lar~er boxes •BlOO and B50 1 but would 



1 j' 

be excessive for the smaller ones cC~U and D30•. Specially 

equiped sawmills are recoaaended for a better economy of 

aaterial, in a large scale production, giving thiknesses of 12 or 

15 ••. 

- Nails 

Since softwood is used, the use of special nails aay 

be necessar~·. 

Annular!~ or helically threaded nails are a good 

solution but not a~ailable, ~ith lo~ cost, in Thailand. Coated 

nails •aY be better as they have, besides the retention 

properties, scme protection against corrosion, and are easier to 

produce. A 5erious problem of corrosion is foreseen in the boxes 

for marine products. 

- Treatment. 

The wnod boards must b'.\· dn·, dressed the t...-o faces for 

cleanliness. A treatment for preservaLion may be combined 1."ith a 

sanitary one. This subject remain to be studied, possibly ~ith 

the participation of Lhe Forest Products Research Division. 

- Product.ion 

The production of the boxes by small industries in a 

lo.... capital labour intensive system sho~ld he combined with a 

technology that can bring a minimum economic cost. So the use of 

assemhly template~ is nPcessar...- for woodPn hoxes as .... ell as for 

th~ bambno onPs. kPqul<1rit....- a11d a C(•rtain preci~;ion 1n dimen5ion 

i~ vPr~· import.ant., "h~st. rf'quires t.emplat.Ps alsn for cut.tin\:' and 

drillinq Lhf' t.000<1 and Lo folcl t.hP hambon. 
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An example of industrial facilit~ able to prcduce 200 

boxes/day, size C40, •odel proposed, ~ith 10 people working 8 

hours/day, is given in Annex V. This is just a first idea to be 

discussed and i•proved in the second visit of the consultant, 

through •eetings with industry and govern•ental agencies for 

industrial pro•otion. 

1dth 

cdue 

This 

4.2 Ba•boo Boxes 

The bamboo box was designed in the D30 size. A proble• 

thin intert~ined bamboo walls is a low rigidity in bending 

to internal pressure• or buckling 1due to compression1. 

was considered by the proposal of a small ~all in the ends 

and a reinforcement in the large side walls by means of a handle. 

A reinforcement of the edge. b~ a double bamboo structure tied by 

a natural fiher thread, gives better stiffness to the walls. 

The material proposed is a Sisuk or Ruak bamboo cut in 

widths around 20 mm and '"ith thickness around 1 mm. A module of 

30 mm is proposed for wea~ing. in both directions. A template 

•ust be used in manufacture. 

The stacking pattern is given in the figure, wi~h an 

interlock system that increases stability and compression strength. 

----- ---- -
----·. ----- -
..... __________ ~ 
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5. RECOMMENDATIONS 

The use of boxes, in substitution t.o the very 

traditional baskets, is a radical change in the s~·ste• of 

distribution of fruits and vegetables. It is not onl~· a quest.ion 

' 
of packaging since it involves also aspects of handling, storage 

and transportation. The iapleaentation of this project. requires, 

t.hen, an in depth analysis of logistics and economics, ~it.h 

participation of specialists and interested parts. This ~ork is 

to he understood as a contribution to this broarder analysis. 

A first recommendation is that a Seminar on Regional and Domestic 

Distribution of Fruits and ~egetables be programmed, ~here the 

problems of packa~inq. logistics and economics, can be thoroughly 

discussed. The r·eriod of .January 1991 is suggested by the 

consultant. 

A Thai Standard on boxes for fruits and vegetables, not 

lo forget fisheries products, may be developed usinr the present 

~ork as a reference. Further work is foreseen is this project. 

regardintr selection, qualit~· and treatment of wood. but a clo:-e 

cont.act ~ith authorities and researchers in technology of forest 

prLducts in recommended. 

Prototypes of the propo~ed alternatives, made out of 

Yang Para and bamboo, shall be manufactured in a small quantity 

for laborat.or~ tests and later in a larger quantity for field 

tests. Exlensi~P f iPld tests are also important for the 

in\·olveme11l of D1orf.' people and for a demon$Lrat.ion effect. 
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New alternatives may be developed that result in 

reduction of economic costs of packaging. The Thai Packaging 

Centr~ bas already a very good capability in developing these new 

alternatives or to cooperate vith industry on this subject. ·some 

new and very simple equipment is however still necessary, 

specially the static compression tester. A special structure for 

this test is recommended, ideally in the climatized laboratory. 

The construction of templates for the manufacture of 

boxes will be important for a stud~ of production rationalization 

and for demonstration purposes. Ko equipment is necessary to 

import for the manufacture of boxes, since ~he Institute already 

has a good machine shop for wood work. The budget allocated in 

the project for tools with this purpose •S 20000• may be 

reallocated. 

For the second visit of the consultant it 

that a series of actions be taken and conditions 

before his &rrival: 

- Proposed laboratory equipment operational: 

Static Lompression tester, masses; 

. impact tester; 

• simulative contents for testing; 

is expected 

established 

Thai Technical Standards, as draf proposals or 

approved, for Test Methods and Specifications; 

Templates for manufacture of boxes, at least one 

model, for preparation of prototypes, studies of industrial 

production and demonstration; 
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Prototypes of boxes. accordinq 

materials specifications. in the follo\Oing 

laboratory tests (With dummy load1: 

B 100 5 

B 50 9 

c 40 7 

D 30 9 

- Seminar prepared; 

to dral>ings 

quantities 

and 

for 

Contacts "ith Industries and Government Agencies 

interested in the project ·~griculture. Forest Resources. 

Transportation. Distribution•, including preparation of pilot 

production and field tests iii possible. to be performed during 

the mission of the consultant. but not necessarily•. 
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ANNEX I 

Job Description and Background 



UNITED NATIO~S INDUSTRIAL DEVELOPMEP..'T ORGAl'\'IZATIO~ 

Title 

Duration 

Date required 

Duty station 

Purpose of project 

JOB DESCRIPTION 
DP/TBA/87/019/11-01/J-13320 

Expert in Transport Packaging 

One month 

November 1989 

Bangkok (Thai land), "'i th possible tr~·.-e: "i thin the 
country 

The purpose cf the project in ccnnection "'ith the 
expert mission is to strengthen th~ capaLility of TPC 
staff to develop packaging for fresh fruits and 
vegetables, made from indigenous materials, for local 
distribution and export to nearby countries. T"'o 
project outputs are expected to be produced during the 
missicin: 

(a) t.-o transport package prototy.pes 111ade from 
indigenous materials and "'ith the utilization of 
small hand touls, "'ith particul31- 3i>~itu<ir· of 
coapsible or nested stacking when empty and stable 
load stacking up to a wdl-definl!d height when 
filled with the foreseen products contents; 

(b) specifications of transport packaging applicable to 
rural areas and small-scale producing capabilities, 
for three selected products within the categories 
of horticultural and marine products. 

------------------------------------------------------------------ -------

APPi 1cat1ons and communacataons recard1nc this Job Descr1pt1oc should ~e sent 

t 0 . 

r r 0 ; t· c t f t· r s <· n ri <· 1 N t· c. : u ~ t. c.. t' r. t. s e c.. t 1 0 ri , l 11 d u ~ t r • a : f• ~· t.· r es t ~ '' r. '.:. : ~ .. • ~· • c· r: 

l 1 N r [ · , \' I [ "' N A I N i L H ~ A i I ,~, ~ A L C £ ~ T f'. t: , f (· ?. (· ;. _j Ci 1. • , \' l t ti h A , A l' :· 7 ;. : J.. 
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The expert will be assigned to TPC where he will work 
in consultation with the National Project Director and 
in close co-operation with the local technical 
cow1terparts designated for the mission. He will be 
specifically expected to: 

1. Get acquainted with the Thai Packaging Centre (TPC) 
in ten1S of operational structure and installed 
testing equipment and human resources for research, 
development and quality control on transport 
packages and respective materials; 

2. Co-operate with the National Project Director (~'PD) 
in the selection of four to six categories of 
fruits and vegetables as well as two or three 
marine products commonly subject to voluminous 
transportationidistribution nilhin the national 
market and exportation to nearby countries; 

3. Provide information on international or national 
specirications on transport packaging of similar 
products in countries at a high level of 
rationalization and standardization; 

•i. Co-operate with the NPD in search and gathering of 
information on the main types and models of 
traditional transport packages, made of indigenous 
materials, normally used in Thailand for the 
selected categories of fruits and vegetables; 

5. Collect information and data on the stresses and 
hazards commonly encountered by these packages 
along their actual circuits of transportation, 
storage distribu·t ion and empty return in terms of 
dynamic and static compression, drop, impact, 
vibration, etc.; 

6. Execute a programme of laboratory simulation of the 
stresses of normal or probable occurence in the 
actual circuits of transportation and distribution 
within the national and nearby. importing markets, 
for performance evaluation in the light of the 
international standards concerned and 
idcntific.<ltion of main we~k points; 



Oual i ficat ions 

Languages 
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7. Stu<ly and development of improved 01- alternative 
transport package models for two of the 
aLovc-selected categories of fruits and vegetables, 
also made indigenous materials and of possible 
manufacture with the utilization of small hand 
tools. The new models must have improved strength 
and handling characteristics and also a better 
economic performance, in tenas of balance between 
packaging plus transportation costs and the value 
of average product losses end damages in the 
concerned consignments; 

8. Make an analytical study of the afore-mentioned 
information (section 3) on international or 
national transport packagaing specifications in the 
light of their adaptability to the prevailing 
conditions of rural areas and small-scale producing 
facilities of Thailand; 

9. Elaborate tentative detailed recommendations on 
national transport package specifications for at 
least three of the important horticultural and 
marine products identified on section 2; 

10. Discuss the draft specifications at joints meeting 
with representatives of the concerned producers, 
packagers, lransportLrs, consignees and package 
manufacturers, for appraisal, revision and final 
form elaboration of the specifications above 
(section 9); 

11. Co-operate with the NPD on programming of further 
works on transport packaging specifications for the 
remaining selected products, as well as of further 
works on study and development of transport 
packages made of indigenous materials for the 
remaining categories of fruits and vegetables which 
were selected according to section 2. 

Packaging technologist with a university degree or 
equivalent experience and specific specialization in 
transport packaging applied research and development, 
in the light of products to be packaged, storage an<l 
distriLution systems as well as available raw materials 
and converting tools. Appropriat~ expericncP related lo 
interm<~diate u~chnology and technology adapt at ion to 
country's <:ond it ions. 
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Background inforaation 

The maJor packaging problems in Thailand ere based upon th~ fact that 
118Ilufecturers 1 customers, exporters, end transporters, etc., have not paid 
attention to the importance of proper packaging. Most of them concentrate 
their efforts only in low-cost production without paying attention to loss and 

damage due lo improper packaging. There is also a lack of well classified 
infonaation on packaging which causes serious obstacles in marketing, 
particularly in the foreign market. 

The Government has greatly put its effort to solve these problems by 
establishing the Thai Packaging Centre covering R & D, testing, consultation 
and promotion. SOile packaging problems remain unsolved up lo now, although 
the activities have been carried out for four years. It is due to the leek of 
experience of officials in the Center in special packaging, and the lack of 
appropriate facilities, such as, a computer including data system, 
photocopying and training equipment for prototype-making. Thus, the 
enhancement of technical personnel and service capabilities as well as the 
strengthening of R & D together with availability of equipment are very 
essenti<sl. 

R & D activities will help exporters and industrialists in selecting the 
most profitable packaging design and methods for their products. 

Research should result in efficient and cost-effective export packaging 
which protects the product at a minimum overall cost and at the same time 
meets all the requirements of the market. Such research activities require 
financial assistance which should be supported by the Government and 
international organizations so that the results can be disseminated to all 
concerned. 

In the export of horticultural products, the existing transport packages 
used are bamboo baskets, wooden crates, fibreboard boxes, plastic crates and 
boxes. At present, there are no proper export containers for fresh produce 
which gives adequate protection at minimum cost. Research and development is 
absolutely necessary to develop suitable export packaging, in terms of 
strength and standard dimensions. 

The packaging problems of t~ese products are not only being experienced 
for exports but also for locally consumed products. Severe damages are 
inflicted on fresh fruits end vegetables due to inadequate containers and 
packing methods. 

Marketing of fresh fruits and vegetables always involves transportation 
from producers in far away places which are scattered all over the country, to 
a central market place, mainly Bangkok. Transportation is usually made by 
road 84 per cent of which are transported by trucks. 

Traditional bamboo baskets of various shapes ere popular and used all 
over the country because of their low cost and avAilability. However, these 
b~skets are responsilile for· th<· higlwst amount of product losses, since they 
have a low compression strength and they are weak in supporting, han<ilint, and 
stacking during lransportat ion. Ttwir· round shAJ•(· also does not maJ.i,. tlwm 
suitable for achievin~ grealc-r ut i 1 izat io11 of spa····· 
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Another c.:intaim.·1· pn~senl ly Leine ;.ised is th•? ..-uo<kn ci·ate ...-hid1 is 
mainly mad .. • of para rubber wood, mixc,f h~irdwooJ, recycled wood planks from 
incoming boxes l'>r pal lets whi1.:h are not ade'-luale enoucl: to ...-i thstanJ 
distort ion and micro-organism contamination. Though it ha_<; an excel lent 
stack inc st r·ength, it is qui le heavy and its surface is hJrd and rough and may 
ha\.'e sharp edges which will damage the product. 

Corrugated fibreboard boxes are used for certain high-value c0111111odities 
like lychees. These boxes are increasingly used as export containers for 
fresh produce. Plastic crates and boxes are a!so used for certain commodities 
and reused. They have good slacking strength and are resistant to water and 
humidity; however, the price is higher than containers made from other 
materials. Considering the advantage and disadvantage together with the 
availability of the containe•s, it is necessary to improve the containers in 
strength, shape, diaension and quality of aaterials. Although the Centre has 
studied several types of packaging designs for fresh fruits and vegetables 
containers such as rectangular containers from indigenous material like b3lllboo 
which enables better stacking strength and space utilization, there are still 
some weak points regarding stacking and handling of empty containers. Furth~r 

work should be carried out to obtain the proper prototype which can be 
produced from individual material or composite materials, either at the 
cottage- or small-scale industries level. 

For marine products, the demand for foreign markets is increasing. Th>:­
proble:ns an: not only the quality of product itself Lul also packaging qu<:l i ty 
which cannot adequately protect products from physical and biological 
hazards. In addition, the graphic design does not meet the international 
market requirement; hence, the development of suitable packaging for prQcessed 
marine products should consider both structural and graphic design emphasizint 
on the international standards. 

As for natural health foods which are produced fro~ medicinal plants, 
there has been an increasing demand particularly in the developed countries. 
Though Thailand has abundant ra~ materials, the export market share is very 
low due to many causes concern!!d with production, quality control and 
packaging. At present, most of the medicinal plants are exported in the fon:: 
of bulk containers, such as jute sack and woven plastic sack, which result in 
low-product value. 

Most of the packaging industries throughout the country have no 
laboratory facilities and also do not have access to testing facilities. 
Therefore, the Centre, which is the only organization of the country that 1s 
well-equipped and has a standardized laboratory, will play an important role 
in this matter. In order to get accurate and reliable results, utilize the 
existing equipment in a more effective and efficient manner and provide 
guidance and advice to the industry, the strengthening of official testin(; 
capabilities is urgently required to fulfill the country's need. 
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ANNEX II 

Test Methods and Perforaance Specifications 
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t. COMPRESSION 

1.1 Equipment 

plate ~ilh certain aass «500- kg. for instance'• ~ith 

three eyelets lo tie it vith cables or chains to a hoist 

(Figure•; 

hoist. electric or aanual. vith velocity of descent 

adjustable to 10 + 5 ••lain. ¥ith capacity higher than 1000 daK. 

fixed lo a roof or structure sufficiently strong and high; . 
floor. under- the plate and •inch. horizontal and 

resistant. ahere th~ poinl in a vertical under the hook of the 

ainch should be marked •ith long crossing lines; 

calibrated aasse~ •25 kg. for instance. for easy 

chronometer and aeter; 

in the case of packa~es made ~ith hy~roscopic aaterials: 

ambient conditioner ~ble lo keep temperature of 
. 

20 + 2 C and relative humidil~ of 65 + 5%, or 

lhermohygrorraph. and wa~s lo determine ~aler content 

of hygroscopic materials. 
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1.2 Procedure 
l 

_/~\ 
/ ' 

/ ' 
~ ~, 

Lo4D 

arran~e the boxes in t~o levels of stack. ce~tered 

ur.der hoist hook, ~ith simulation of real stacking positions; use 

crossinq lines as reference; 
• 

calculate load considering : high of stack in the 

truck. ship or plane; multiply the gross ~eight of a box by the 

number of boxes expected over the t~o levels; multiply by a 

safet~ factor of 3 or 4; 3 for disposable boxes, 4 for 

returnable, and have the load rounded up to a multiple of 250 N 

(~5 kgf>; 

place calibrated masses over the deadweight nPlate. 

the total ~eight beeing the calculated load, positinning so that 

the plate remains horizontal; 

apply the plate with the load over the packages. with 

a velocit~ of 10 ! 5 mmtmin; keep the plate attached to the 

hoist, ~ith loose ties, for safety; keep the load for one hour. 

chPck the ahilit~ of the packaeinf to withstand 

compression. observP deformations. 
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2. LIFTING 

2.1 Equipaent 

Ballast •eight with aass twice that of expected usual 

content of the package. with fora and size as siailar as possible 

to those of expected content. 

Small textile bags with sand aay be a good siaulative 

load for fruits and ~egetables. 

2.2 Procedure 

~ith the packa~e in an horizontal floor. place in it the 

ballast simulating the expected content - •ith t~ice the mass of 

the most dense expected content. 

Control temperature and humidit~ in case of h~groscopic 

materials. 

Raise the package manually in the same manner, if 

possible. of noraal operation, without significant accelerations. 

If necessary, use two people. 

Observe if the bottom, walls or handles of the package 

break or have irreversible deformations. 
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3. VIBRATION 

3.1 Equipaent 

3.1.1 Vibration table able to vibrate in frequencies 

sweeping fro• 3 to 100 Hz, back and forth, at a variation rate of 

one octave/ainute, in vertical si~usoidal motion with constant 

acceleration aaplitude of 0,3 G. 

3.1.2 Means to 

µackages to be tested, 

transportation by truck, 

110\"ements. 

stabilize over the table 

in the same height as 

~ithout restriction 

a stack of 

stacked in 

to \'ertical 

3.1.3 Expected contents of the packages, or the ones 

~ith higher density, or simulative load. Small bags ~ith sand 

or/and sa~dust are good simulati\"e for cer~ain fruits and 

\"egetables. 

3.2 Procedure 

Stack the packages, with the contents, over the center 

of the table, applying the means of stabilization. 

For disposable packages apply 10 sweeps of vibration, or 

one for each 100 km of transportation by truck. 

For reusable packages apply 100 sweeps of ,·ihration 

1 approx. 1 i hours'. 

Observe for dama~es. 
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Control temperature and humidity if materials are 

hygroscopic. 

4. REPETITIVE SHOCK 

4.1 Equipment 

4.1.1 Vibration table able to vibrate in sinusoidal 

vertical motion at 5 Hz -ith displacement amplitude of 12 •• 

•acceleration amplitude of 1,1 G• 

4.1.2 Same as 3.1.2 

4.1.3 Same as 3.1.3 

4.2 Procedure 

For reusable packa~es, keep the vibration for 5 minutes. 

For disposable packaqes, keep the vibration for one minute. 

Observe for damages. 

5. DROP TEST 

5.1 Equipment 

5.1.l Release device attached to a hoist, able to 

release the load ... ithout any horizont~l a~celeration, and a 

flexihle. slin~ .belt. i.;ith e~•elet. at.tached to ihe release de\·ice, 

a~ in FigurE>: 
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5.1.2 As in 3.1.3 

5.1.3 Meter or calibrated length bars 

5.2 Procedure 

5.2.1 Adjust the package on the sling so Lh~t b 

diagonal is horizontal and the plane ~hich cont~ins this diagonal 

and the edges in the height of the package is vertical ix in 

Figure1. 

h 
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5.2.2 Adjust the drop height h 

So that : H = 70-P is the gross ~eight of the 

package, with the contents specified in 5.1.2 

5.2.3 Drop the package and check any damage. Repeat 

for the four bottom corners, in the same specimen. 

6. IMPACT 

6.1 Equipment. 

6. 1 . 1 Pendulum, ~ith a mass of 5 kg, consist.in~ of a 

st.eel bar ~ilh a dart. accordinQ lo Figure, ~ilh adjustable hei~ht. 

\ 
\ 
' \ 

'. 
\ 

\ 
\ 

\ 

' ' I \_ .ii\. ! -·-·-· _J 

6.1.2 Backstop to hold the package against the impact.. 

6.2 Procedure 

Adjust the package, the backstop and the hei,ht of the 

pendulum so that the dart touches the center of a fa~e of the 

packa~e. or a specific part of it. 
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Raise the pendulum to a potential ener~y of 15 J. 

E = ltl. bh 
~h 15 J/50N = 0,3 m = 30 cm 

Apply the i~pact by releasing the pendulum. Check for 

damages. 

Note Other possible dart forms 
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7. STABILITY 

7.1 Equipment 

TA.BL'E:. t 

Flat and stron~ plate fixed by a hinge in one end and 

suspended by the other end to a cable fixed to a table with 

controlable vertical movPment 1dynamometric compression tester). 

or to a lo"' speed electric winch. with velocity of 10 i 5 mm/min. 

upi..-n.rds. 

i.2 Procedure 

Place the package over the plate in near horizontal 

position fixing it against slide. Place another package over it. 

in stacking configuration. 

package 

obsen·eci. 

Incline the plate up to 45° and check if 

sled or tilted. Reeister the an~le "'hen a 

the upper 

slide is 
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ANNEX Ill 

Proposed Alternatives 
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ANNEX IV 

Dimc~sions of t~pical trucks 

and arran~eaent of boxes 



Dimensions and weight of trUC'ks C'OllllK>nly used in Thailand 

Type Brand Width Length Height Gross Tare Net Vohne 
f ml lml lmL kgl (kg) _llcgl fm3l_ 

4 tyre Isuzu l.~ 3.08 1.10 4,200 1, 900 2,300 

6 tyre Isuzu 1.68 4.17 (1) truckbed open 4 ,llOO 2,340 2,460 
0.58 

I 2 ) t rUC'kbed covered 
0.38 

6~1 Isuzu 2.33 4.50 0.60 12,000 4,900 7,100 6,210 

I 

6 wheel Steyr 480 2.33 4.55 (1) truckbed coverro 10,000 4,500 5,500 ( 1) 5,300 
1-~ ,, 

0.60 
(2) truckbed extension (2) 9,011 

0.35 

6 wheel Steyr 590 2.25 4. 70 I l) truckbed covered 8,500 4,300 4,200 ( 1) 5,288 
0.50 

(2) truer.bed extension (2) 9,518 
0.40 

6 whf>f> l Hi no 2.35 4.75 0.60 12,000 5,000 7,000 6,698 



Truck 

Type Brand Width Length Height Gross Tare Net Vo line 
f•l hnl .. ._fml lkal f kal lkal (m~ 

10 wheel Steyr 680 2.35 S.80 (1) truckbed covered 18,000 6,500 11,500 (1) 6,815 
0.50 

(2) truckbed extension (2) 12,949 
0.45 

10 llheel Hi no 2.40 5. 75 (1) truckbed covered 21,000 7,500 13,500 (1) 8,280 
0.60 

(2) truckbed extension (2) 22,080 
1. 00 

10 llheel ISU!U 2.30 5.60 ( 1) truckbed covered 21,000 7,300 13,700 (1) 7,728 
0.60 

(2) truckbed extension (2) 18,678 
,, 
o:> 

1.45 

8 wheel 2.25 5.70 - - - 12,000 
(Trailer) 

8 wheel 2.45 6.75 - - - 11, 300 
(flatbedl 

8 whef>l 2.30 9.00 - - - 13,600 
(semi-trailer) 

8 wheel 2. 75 8.00 - - - 25,000 
( 1011boy) 



• 

rox 
TROCK Arrangement Nmber per truck 

NmbPr per layer x layP.rs + addition~l 

Tyres W/L (11111) m (kg) kg/rt1- B100/50kg 850/40kg C40/30 kg D30/20 kg 

4 lSSO 2300 470 A 46 A 57 B 76 2A 11S 
3080 15x3• I 15x'\~12 24xJ+4 30x3+2S 

6 1680 2460 350 c 49 c 61 D 82 2C 123 
4170 20x2+9 20x3•1 JSx2+12 40x3+3 

6 2330 7100 670 E 142 E 1l1 F 236 2E JSS 
4500 31><4• 18 31><5+22 54x4+20 62x5+45 

f, 2330 5500 520 E 110 E 137 F 183 2E 275 
4550 31x1+17 llx4+ IJ 54xl+21 62x4•27 

6 2250 4200 397 G 84 G 105 F 140 2G 210 
4700 32x2•20 32x3+9 54x2•J2 64xJ•l8 

t· 

'° 
6 2350 7000 620 E 140 E170 F 233 2E 350 

4750 J4x4•4 J4x5 57x4+5 68x5+10 

10 2350 11500 860 E 230 E 282 F 383 2E S75 
5800 *42x5+20 42x6+30 66x5+5J 84x6+71 

10 2400 13500 990 H 270 H m ,1 450 2H 675 
57!'>0 *42x6•18 42x8+1 70x6+30 84x8+3 

10 2300 1J700 1060 E 274 E 342 F 456 2E 685 
'800 *J9x7+ 1 39x8+30 66x6+60 78x8+61 

ii 2250 12000 800 G 240 G 300 F 400 2G 600 
5700 40x6 40x7+20 66x6+4 80x7+40 

8 2450 11300 680 I 226 I 282 J 376 21 565 
6750 52x4•18 52x5+22 83x4•44 l04X5+45 

8 2300 13600 6SO E 276 E 340 F 435 2E 680 
9000 66x4•12 66x5+10 10Bx4+3 l32x5+20 

* 111axl11R111 stack ls 5 
for limitatioh of trucks dimensions, stability 
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ANNEX \ 

Manufac:lure of boxes 
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Production estimatPs 

Fruits 

\"e~et.ables 2 !1 t.ont~·ear 

Total i.;ith some increase in future 

consen·at i •;e 8 M ton/~·ear 

optimistic 12 M tont~·ear 

assuming 10 M tont~·ear 

- 6 in boxes = 120 !1 krt,,.eel\ 

- '· i II baskets ,~ 

- l i11 sar:s 

assuming boxes reuserl ead1 i.;eek 

1 OOll 

k~tbox boxes 

a$Slltr.in~ B 1 (I (I :.;oy :.c "' .. k';7 50 'j 2 ll 

B Su ::O'/ :-::r_; -1 (I 90(1 

(" -1 () :·:()'/. :~G :~ ll 120U 

D :-: (l 1 ()'I 12 2l.1 l; {_I( I 

assumin~ life of bnx 1 ~ear, production ~ill be: 

T:q:ie 

B 100 720 

B 50 900 

c 40 1200 

D 2- (l 600 

t.ota l = ~0000 boxes/da~ 

as$uminr 1011 sm:11l industries. prnctur·t. in11 must. hf' 

200 hoxf:'s/da.\·. f.'ad1 indust.n. 
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Manuf aclurr of hoxes 

~ecessarY machinery and installations 

1 - disc sa1.: 

one 

model 

approx. cost ~llllllO Bt. 

p i l la r d r i l l '" i t. h spec i a 1 .i d r i 11 d >:- •• i <· "-' 

0111' 

modf'l 

:t r·r r · -'·. cv=' t 

1 "'n; l' l ~ ~ · l' f 1_11· co rr1 E- r :_, 

t. '. " 

IL<•· I• 1 

ap1·J"••\ .. c-of,t.::.: :x ll1(1f 1 l:t. 

-! - 1 .. ::.1 :·,'. . ..- fr 1· E.·nci~ 

(:l.. 

l Ulll' llt. 

Tl'mi l <i t.f• for !':. ide~ and bot ton. 

011 f' 

approx. cost. 

f: - Hamm~r 

~~ i ~-

lUUll Bt. 

a r• pro :x. r o st. : t~ x :~ o o B t. 

7 - Cart.!'- for· hancilin~/::'t.ora'1•·. t.reat.mf·J.t. 

:·. l : .. 

11.·•d• 

;qq !'fl',, f'I,' f. 
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6 - Treatment tank 

one 

approx. cost : 10000 B~ 

total cost of equipment : 40000 B~ 

ArPas. arr3n~ement 

Th~ fulln~ine covered areas are necessar~. 

$f oro :J-~-. o/ I 
I .....,0. o1 I 

'30 ,,,..,z 

-~c:h,-ne 

sh•,.o 

64 ,....% 

I ~/oro':}a. •/J 
L
, ,i,o >< C2 S 

30 ,...,z 
- - ... --

accord in~ 

An arranpPment of the machine shop is proposed in 
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The boards are received from the sat.:mill already in 

the ~idth and thickness specified 1100 and 20 mm. 15 mm•. If the 

~ood is expected to dry the storage area must. be much larqer. 

T~o boards at. a time are taken from the storage and 

placed over roller racks on line with the disc sa~. Two parts 

are sai.·n at. onet:>. i.;it.h le11ghtc::. ~i\·e11 by templates. The parts go 

for !Jorin;< in a .l drill machine. and are placej in a cart. one 

cart. for eaeh it.em. ThP cart t.:ith the parts is dippPd in the 

l."ood t.reat.me11t. t.ank .. .\ft.er some time. and some time for dn·iu~. 

t.he cart i::- t.&l>en t.n the machine siiop. Part.!:-> are dist.rihut.ed t.o 

the t.emplat.P:-. and nai !Pi.I. t\ssemlded boxe~. arf:' taken t.o tiae 

1 

1 

4 

sot.: 

drill 

' 
operat.1011 

handlin~ •one supervisor• 

nailing 
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.Sro~AGE 

i I ------- --- d 
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--a. 
r· 

4 Jr~1j 
I . c=>r•"j rv.'4.c;..·,,..c. 

c.J.RT 
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TEMPLATE FOi< C40 BOX 

I 
ITE~ 

1 

2 

'J ,. 

4 

5 

440 

3.tO 

50 

50 

50 

x 

x 

x 

x 

x 

MA TL RIAL 
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I: I~: 

340 x 20 

260 x 20 

20 x 440 

20 x 340 

20 x 120 

I 
QP. 

1 

2 

2 

2 

4 

loo 

M 

WLLOLD .STEEL PLATL 
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Appendix I 

Photographic Documentary 

A - Pictures taken at ~he Park Klong Talat market. in Bangkok, in 

Damnernsaaduak (Floating Market) and in Naak.lornpathom, showing 

some of the usual packages and handling operations. 

B - Pictures of proposed boxes. prototypes made at the Thai 

Packaging Centre. The wood used is not the specified Yang Pa.-a, 

but a harder and darker one (Yang). 



')l:>Kt?.~.=, 5~;:!1(: ·, . .-:.:~: ?=1:-e:- •. ~:- 5y:::.:::~::.~ .. :.:1t....::·.:; :~cm ~S-=-·: :;~~(.::::..£. :~0:::.;.> 

·~::::~!"·2!'1.t :2~s ..J: -:!'~n3:::-:.t'-°:-:(.~: .. 

t 

• 

' 



: ....i - -·-

~,.l .: ·:c ,.,·: ... :: ! • ·: ! i::; ..... 
l ' ; ~ ' .' ..... ; 'I:'~• 

~· - . ... . ......... 
' ~ I . :·: --. 



: . ' 
'!I 

......... , ........ ···--·· ····-·· ......... 

.:.J.C~ • 

, 

-"'·· ... c: ... :-- '- _. 

'.!St'!. ) : 



) 

' 

......... -_ .. - . ..... -· 
'..t..,-~ :· / ) . .":'-i.· ... ' ' 



.. ~ : :: ·:: 

•, 

.1'·• 
' . ·' ·"· •. %' -i-· ''• 

·);'.;~*·· 

' ••-.;. . ~ 
~ .... -?· . -~:~ . • 

.•. 

.. , 
. "·'~ ~ ·~, .... ,. .. 



.... 

' 

-, . 
• .JJ "' 



. -. . . ,.. 

~~i~ 
·~· ' . " .. J 

~--~:~~:-~. '.-: .. 
~· / .. 

. . 

3ox BlCO stacked over a 350. 

• 

Box 3100 insid~ ~ 350. 



... 
-~-~. -. , .... ~\ 

':>ox J.:00, 

.:..:lternal view. 




