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'CHPATER.V-'WAREHOUSE LOCATION AND ITS CAPACITY
The Selection of Warehouse chation

The selection of warehouse 1locations has been determined in

'coqrdination with the pfoductioh volume -and marketing system of rice

as -béckground; ~ The locatlons were analyzed and studied carefully to

deéide whethef'or not it would enable PWQ to carry out, functionally and

economically, receiving, storing and selling products nationwide, and to

achieve their goals.

(1)

Warehouse Locations for Regional Warehouses

'Regidnal'warehouses are to be built.-at the key marketing centers of

agricultural products in thé regions by dividing Thailand into 5

fegions:- the Central region, the Lower-Northern region, the

~Upper-Northern. region, the WNortheastern region and the Southern

region. At present, PWO does not have any specified regional
offices or warehouses, and all regional services have béen provided

through the central operation in Bangkok. If regional services are

'fequired_locally, a responsible staff member is dispatched to each

region, Since PWO 'has never had detailed information about the

regions and - efficient 1local activities, it has always been at a

. disadvantage. PWO, with this project as a turning point, is eager

to--establish a functional warehouse network system that connects

‘major marketing centers in the regions of the country.

The main reason for dividing the country into 5 regions is not only
on the basis of agricultural product type or production volume, but
places an emphasis on strengthening PW0's regional activities. If
it was. decided to divide the country by placing an emphasis on
produétion volume, it would be ideal to subdivide the Central region

into an Eastern sub-region, Central sub-region and Western sub-

‘reglon., When PWO's activities become more active, and the need for

subdivided regions becomes greater, this plan could be put into

effect according to the enhancement plan of PWO.
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The location: 0[ the huilding qite% fo1 the rogional warehouses are -

qelected to be the fol]owing, whlch will be- ‘the key maxketing

centers of agricu]tural products in each-regiﬁn.

Central TEEION . evevasarerss Nonthaburl

.Lowerwﬂorthern reglon ......;-NakhoniSawan

_Upper~Northern region +iiies. Lampang -

Northeastern region RN ‘Nakhonﬁﬁatchasima-'

“Southern reglon i araaeiny Surat’ Thani

Nonthaburi in the Central Region

The prop05ed warehouse 1ocat10n is in Banka%or district’ in'
Nonthaburl Prov1nce' about 20 km north from the center of the

city of Eangkok and is situated on . the east side of the Chao

- Phraya river. Thls site is near the 1nterchange which connects

Highway No. L (Central hlghway), No, 2 (NorthuEasL hlghway),
No. 3 (South-East highwayl ‘and No. 4 (Southern: highway), all
of = which are used to deliver agricultural..products into

Bangkok metropolitan ‘area.  In a&ditiond"this site has the

_advantage of avoiding the usual trafllc jams in the ‘eity cof

Bangkok. Since this locatlon is fac1ng the- Chao Phraya rjver,

‘it is expected to be an excelient river port.in the future, :

"The regiou ig coverlng the central plain and the- highest rice

producing area ‘in Thailand The rice supplies about one- thlrd
of the export rice from Thalland and is estimated to supply

between 2 - 2.5 million ‘tons dnnuaily of- milled rice. At

_present,  rice produced in- the dry -season is- also inéreaéiﬁg

remarkably.
Nakhon Sawan in the_Lower4Northern-Region- 

The,prb?osed_warehéuse 10catioﬁ is about 10 km soﬁﬁh_from'the
center of the eity of Nakhon Sgwaﬁ, and is_éituated'aléng the
railway road at the site of Nakhon Sawan staticn.,'ThiS'site 18

an important traffic lbcation_ because  it is accessible to

'Highwéy No. 1 (Central highway). It ig to be an marketing '



'__centgr of agrlcultural products in the future and in addition,

o is in the digtrict which 1s being planned by the "Municipal

Authorities” as an industry development site,

The annual production volume of rice is about 3 million toms of
. paddy.V Thig reglon is famous for its good quality, and the

‘products are estimated to be about half the production volume

and exceeds about one million tons of wnilled rice.

This town 1s a traditional agricultural prodﬁct marketing

~center, and is surrounded by famous production districts of

corn, sorghum, green beans and peanuts, - This town is also
expected Lo become a larger regional market if the river port

is improvéd.

Lampang Waréhouse in the Upper-Northern Region

 The proﬁqsed warehouse location is situated about 10 km south

from-downtowh Lampang where Highway No. 1 from Chiang Rai and
Highway No. 11 from Chiang Mai interchange. This location is
écknowledged as an important traffic  center in the Upper-
Northern region. That is, since this building site is near

both Chiaﬁg Rai, where rice is prdduced”in the Upper-Northern

- region, -and_'Chiang Mai, where commercial products such as

beans, tobacco, sorghum and peanuts are produced, the location
is situated as a market base where these products are resold to
Bangkok. . About a half million tons of milled rice are supplied

annually outside this region, but the volume is mnot to be

.despised 1f other agricultural products are added to the rice.
This region is far away from the central (Bangkok) market.

. This places sales of agricultural products at a disadvantage.

Thus, 1t would be beneficial for farmers if public warehouses

were built by PWO,
Nakhon Ratchasima in the Northeastern Region
The propesed warehouse location 1s about 15 km west from the

center of the city of Nakhon Ratchasima. It faces Highway No.
2 which links both Bangkok and the Northeastern region. The
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production volune of rice in the No1theastern rogion is almost:
the same as the volume of the Central region but only about 450_
thousand tons of milled rice -are  estimated to be _Supplied
outside this reglou because of the large population._ Tradi-
tionally,- a large quantity of glutinous ‘rice - is produced

consimed - and distributed - in this reglon: Since “theve'. 1s uo
international . market.'for -glutinous rice; except the Chinese
market din ﬁeighboring countries, L.e.y Laqs, Cambodiq, Hdhg
Koﬁg apd Singapore, the Government 1is stfongly'promotiﬁg'td'
farmers in this region that-'they"produce--nonglutinous rice

instead.

Inhébitants ~in this region are facing severe  natural
impairments of the soil. and watef_.supply~ which reduces-
productivity. Théir income is low compared with other regions.
This fact is becoming a social ahd-:économi¢él problem in-
Thailand. PWO will help solve this 'prob]em ”by pfoﬁiding
warehouses and marketing system in this’ region and 1ncreasing_

farmers® income and enhancing their welfare conditions,

Surat Thani in the Southern Region

The propesed warehouse Iocatlon is npear the site of a. railway
station which ig about 10 km west from downtown Surat Thani and

comnected to Highway-ﬂo. 41 by a‘l0 km voad.

The Southern region is short of rice in term of production: but

'1produces tin as a - mineral product, fish "as a marine product,

coconut  and gum as’ agricultural products, Warehouses as a
function of the distribution center in this region wlll promote

the welfare of the regioﬁal population. They will be able to.

“obtain good rice fairly. ~ PHO 1is scheduled to receive rice

delivered from the Central reglon and to store the wvice in the’

proposed warehouses. PWO will then sell the rice to the

inhabitants at stable prices after grading and packing.
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(2)

Wafehouées Lodatipn for Provincial Wafehousing

: Accotdjhg to the_'Agro»Eéoﬁomic Zone in Thailand, guided by the

Ministry'of Agriculture and Agricultural Cooperatives, Thailand is

divided into 19 regions based on the surrounding agricultural

ptbductidn’ﬁolume and actual econoimic status.

' Fig{ 5-1 " represents a similar Agro-Economic Zone prepared by

elements of food crop.productiOn volume like rice and its marketing

system,

In this project, the provinclal warehouse is planned to be built at
the biggest marketing base in each division corresponding to the

food crop production and its marketing system. The reasons are as

follows:

1) TE the pfovincial" waréhouées | were built in principal
'pr0v1ncés pfoduciﬁg the;main food crops 1like rice, the number
of 1oﬁations.w6uld be over 40, TIf all warehouses could be
'acﬁually constrﬁcted, it would not be economical considering

PWO's current operating capability.

2) PWO has to pfovide one warehouse at the agricultural product
marketing center in each division and it is more practical for
PWO to perform their services to the neighboring provinces in

the same divisibn.
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Fig' 5-1 SELECTION OF LOCATIONS OF WAREHOUSES BY OIVISION
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3).

4)

In the Central region, 1t is not practical from am economical
viewpoint to bulld warechouses in each province because of
ghort transportation. to the Bangkok markets. Warehouses built

in  this area. shall be 1limited to production areas of

'dquble*ntopping_or-provinces producing many other commercial

crops.  On the other hand, ecquipment and systems must be

preparved for locations  having problems with procurement and

storage, -

“Warehouse spaces at PWO's existing warehouses in the Khon Kaen

district, Bangkok district, cr other regional warehouses
planned to.be built newly in some regions in this projeét, must

not be duplicated.

After carefully considering the above mentioned, the location

for warehouses at the provincial level have been selected to be

the following 10 sites:

Central region ......... Suphan Buri.
Chai Nat
Saraburi
Lower-North region ..... Phitsanulek
_ Phichic
"~ Upper-Morth region ..... Chiang Mai
_ Chiang Rai
Northeastern region ... Udon Thani
Surin

Ubon Ratchathani
a. Suphan Buri

This province pro&uces the highest volume of rice in the
Central region. Since canal 1irrigation is especially
advanced, the production veolume of rice during the dry
season as well as the rainy season is far higher compared
with other .provinces. This province is close to Bangkok
and is a traditional rice-producing area, therefore mno
reﬁarkable problems are present in the field of rice
marekting. However, recently there have been problems

‘concerning paddy harvestéd during the 7rainy season,
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Most farmers do not have proper drier_aﬁd:relgase“wgt
paddy at low prices."lf-ﬁhe'pfoblems‘godld‘be_resolved,
sice harvested during - the rainy'se&éoh in® this province

would be expected to increase dramatically. .
Chai Nat

The Chai Nat dam is located in this pfo#ince;' A large
quantity of rice is produced during;béth the rainy and dry
seasons; This province ‘has the potential’ of eﬁabiﬁng
farmers to produce a larger volume of other valuable
agricultural products such-as'ﬁeﬁﬁuts‘bf*beaﬁs by using
irrigated water, Chail Nat -eity 1is . the =agricu1tufal

product collecting and distributing center in the Ceuntral

- region, which, because it is the farthest ‘from Bangkok,

has had a growing need for building the storage facilities

arcund this city.
Saraburi

Saraburi city -is famous for its regional égfiéultdral
product collecting and-distfibutihgfceuter'for corn, green
beans, . soybeans, sorghuﬁ ag. well as rice. Large
rice mills are located here and a lafgé'quéntity 6f.ekport
rice is delivered to Bangkok. As shipping facilities at
the Tarua port nearby have been expénded, collécting corn
is not as active now, but Saraburi city dis still the
central location for collecting.gréen beans, sorghum, ete.
Due to the large rice mills located around this'city and -
the convenient traffic conditions, this city is expected

to remain the central location of the regional market.
Phichit

This province produces the  second iafgést volume  of ricé

" to ‘Nakhon Sawan in the Upper-Northern régibn. '.Larger

volumes of rice, corn and sorghum-are collected here than

in Kamphaeng Phe:_behause it is close to' the east and the

crops are shipped to. Bangkok.



Phitsanulok

This province produces a large quantity of rice of a
superior quality and has been famous for its agricultural
product collecting and distributing ‘location since olden

times. 1In addition,'cblletting new crops such as sorghum,

‘goybeans and peanuts has been very active recently. This
'-prdvihce is also an important tyaffic location because it

‘{s accessible to the Upper-Northern vegion and North-

éastefﬁ region, - All types of agricultural products are

pﬁrchased.and sold at the market which reminds us of an

0ld trading location,

Chiang Mail

Due to the dense population, the marketing wvolume outside

“this province is not high in spite of the large quantity

of riée production. This province 1s also well known for

" its production district of tobacco of a superlor quality,

~and so?beans. PWO has rtecently been trying to enter the

market rto ~stabilize farm prices for dried garlic and

onion.
Chiang Rai

Chiang Rai is a biggest Ttice production province in the

Northern region. In the past, glutinous rice was produced

-in higher guantities than nonglutinous rice in this area.
‘However, nonglutinous rice is recently being produced more:

" fhan 'preViouEly; thus improvihg the ratio. Under the

evisting price mechanism  farmers receive comparatively

" lower prices for agricultural products than farmers from

other districts due to transportation costs to the Central

market, Tn addition, the unit price of fertilizer and
agricultural supplements "is high. = These combined facts
put ~ pressure on the farmers' income, By building

appropriate warehouses in this district, PWO will benefit

" farmers and increase thelr activities.



(3)

h. Udon Thani

Udon Thanl was a deficit area in the Northeastern reglon
for produciﬁg rice, since olden times. 'However, now ﬁhis
repion has become self-sufficient in  rice with the

- guidance of the Government,

Ry providlng warchouses in this avea. and -stabilizing the
price of rice by actively buying rice produced in this
: reglon at Government support pricea,r the venefit would

. mainly go to the lower income inhabitants -of  this

district,
i. Surin

This province produces the largest quantity of rice in the
Northeastern ‘region. 1f the neighboring distrlcts of
Buri Raé an&:Sisa'Ket_are-1nc1uded, a large volume of rice
is distributed outside this disﬁriét._ This district
produces more nonglutinous rice than glutiﬁous' rice as

compared with other districts in the Northeastern region.

j. Ubon Ratchathani
This distriet, situated along the ﬁekong, is a ;raditiohal
glutinous rice producing area in this region. Many milled
rice mills are operated. HoWeQer, the rtice marketing
volume outside of this district is relatively low due to
the larga population. This distriet is close to the
national border between Thailand and Cambodia, therefore,
public peéce-and brder_problems ére present.. From this
standpoint, this district is important in maintaining

economic stability.
Warehouse Location for Port Warehouses
In this project, loading rice onto vessels is planned to be operated

at both a river port, ‘and a seaport, - The reasons for this are as

follows:



1) -

2)

.Even*_if rice shipping . facilities around Bangkok are not

modernized, these locations may still remain the current center
of rice shipping in Thailand. Normally, when loading rice to

the mother ship, the locading 1s done .at the river port

“{Bangkok), within the limit of the mother ship's draft. The
'IEmaining loading 1s dome by loading usirg a lighter after the

mother’ ship moves to off Koh 51 Chang. This loading practice
method has been employed for about a century around the Bangkok
port, Interrelationships ‘among water transpoftation, land
tranéportation and port facilities have been established during
the past ~ 100" years, and each has performed dts duties

functionally.

However, an aspect of international trade of Thai rice, which
has changed dramatically, is the switch to long distance sea
tranSport, bulk contract or large ship's assignment as compared
with:- the past when rice was transported to Hong Kong or
Singépbre by using small vessels. Because of the change, the
Bangkok port’ must modernize and ' increase its functions.
However, limitations are present at the river port and
improvement 1s not easy because of the large number of
privétely owned obsolete piers and facilities present in the

port area.

The Thai Government is now actively tackling the construction
of the "Eastern seaport" in order to attract heavy and light
industries, and the ~farm product processing industry, to

distribute the dense population in Bangkok, and to develop the

~ Fastern  and Northeastern districts. It - has been clarified

through the survey implemented .by the - Study Team that; for
example, “when shipping farm products from the Laem Chabang
port, if the products are limited to those produced in the
Northeastern region and Eastern district of the Central regionm,
the.shipménf is wvery economical. However, for products from

other regions, the usual shipment from Bangkok pert and off Ko

81 Chang'is rather economical. This 1s because land transpor-

tation, especially truck fuel costs, are high and water

transportation costs with lighter are currently cheaper.



For willed rice export, the éhip?ingjlimit&tibn.volume from

the.Laem Chabang port is assumed to'total:1;2=a.1{5 willion
“tons, by adding. about- 0.5 - 0.6 willion tons from “the
Northeastern region to 0.7 - 0.9 miilion tons -gathered from

other districts. These other districts are. considered to be
.more econcmical distrihfs-whenfproﬂuéts are transported from
the eastern side of central region:te the Laenm Chabang port,

. rather than Bangkok.

In the fﬁture, Lazem Chabang port mayqtake'overfthe'Bangkok port
by improving the current economic disagvantages 0f the above
land.transportétioﬁ.' If'this_take hvérIQCCurs, it.willﬁbe
necessary to establish a new systeﬁ to transporf exporﬁ.miiled
rice directly, with verv. low 'tfansportation -cbéts, from the
nilled rice mill at fhe:produétion site td tﬁe port.’ This.méy
be done by enhancing wafer “tfansportation,‘cepability.-aftér

improving canal and river transportation in the central plain.

-In order to enhance its shipﬁingrcapability in river'pbrt;‘PWG

(L]
St

'must'improve and expand the existing warehouses 'in Rajbdréna
and the central regionai.'warehouse. which is newly. planved
under the project in. Nonthaburi must be ‘used. for export
purposes. This permits efficient milled.rice shipment because
as a mother ship approaches the pier at Rajburana; the prbduéts
can  be loaded onto tﬁe‘ ﬁessel'-from both the'fRéjBurana
warehouse, land éide,- and anthaburi,' river - side- by using
" “barges. Next, PWO Wiii construct a.nmdernized_warehouse and
processing facilities in Laem Chabang in the:seaport area. The
plan here is to implemént,promﬁt and. functional handling to an

-apprcaching large sized ocean~going vessel,
5-2  Determination of Warehouse Capacity

" The warehouse capacity-mﬁst_be~ec6ndmicai and appropriate to PUO &
Inventory - Management, Easically, the capacitj-nof ~ the pfovincial
warehouse, regional warehbﬁgg and:porﬁ wérehonse nust be determired after
coneldering various elements such as the capacity of exisfing7waréhouses;
stbiageuperiod;:Warehousefspace turnover to opérate, and - purchase and

selling schedule.



- A detalled stud? has already beeu_completed'at Fhase T regarding the
regional handling volume of milled rice by PWO, The Report ("Purchase
valume for each month when PHO intervenes in 10 percent of the vice

market" Table 10-1) has been issued,
A practical study has been performed as a result of this report and
phé cb@ténts,have been: referred to the basic data,. for determination of

the varehouse capacity,

Aecofding to the Phase I Study, the amnual handling volume for each

regioh.ihjwhich PWO. ig involved is as follows:

Ceﬁtfaljregion : 225,000 tons

Loﬁet%Nptthern region 115,000
Uppet-Horthern region 52,500
Nbrtheéstern region. 57,500
Sohﬁﬁern region - (10,000)*

Total QSO,OOOItons

‘* Rice operation in the Southern region is included inm

the handling volume ‘in the Central region,

_ Ehe'attaéﬁed Tables 5-1, 2, 3, 4, 5 indicates the detaile of PWO's
-énnual~in?ent6ry operations for each month. This table indicates PWO's
maximumrinQentofy:volume in each region. The warehouse capacity required

In eath'regicﬁ‘is as follows:
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Central region 135,000 tons

LoweréthEﬁefn reglon 70,000
Upper~Northern region 35,000
Northeastern region 35,000

Southern region : © 5,000

‘Total 280,000 tons

 (1) Capacity of a Provinecial Warehouse

In this project, the warehouse capacity of ten provincial level

warehduses'beiug planned is determined to be 5,000 tons each. This is

due to the following:

a)

55

c)

5

When consldering provincial activities, a warehouee capa01ty of

5,000 tons is the most approprlate size,

‘When operating a warehouse, personnel expenses for office

workers, superintendents or  guards, and- business and
maintenance expenses are incurred, If the warehouse capacity

is less than 5,000 tons, the burden on management is increased.

When PWO operates a warehouse, it can be managed by the

standafdization of a 5,000 ton unit system.

When constryucting a warehouse, this capacity is convenient and

economical for a wunlt structure snd materials,

{2} Capacity of Regional Warehouses

1)

Central Region

The required capatity in ‘this ' region 1s a total of

135,000 tons. However, because three provincial warehouses

Cwith a capacity of 5,000 tons each have already been planned in

Suphan Buri,’thai Nat and Saraburi, and two existing warehouses.

with a capacity df g5, 000 tons (50,000 tons for Rajburana and

'45 000 tons for Bukkalo) already exist, the required capacity

tor the warehouse to be constructed in anthaburi is

25;b00 tons, However, 10,000 tons of mllled rice precured in



3

4)

this reglon would be transferred to the'Sguthern_régiOn; and

warehouse needed in this Pfoject is 203000 tons. -

Tower—Northern Regien

The required capacﬂty in rhis reglon is a total of 70 000 tons,
To. provincial warehouses with a capac1tv of 5,000 tons each'
will ~be comstructed in Dboth Phichit and Phitqanulok
Therefore, a warehouse ‘with a capacity of 60, Q00 tons will be
required in Nakhon Sawan and will function as a regional

warehouse.
Upper-Northern Region

The requlred capacity in ‘this region ic a total of 35,000 tons

Two p10v1nc1a1 warehouees with a capacity of 5, GOO tons each
will be prov1ded in both Cniang Mai and Chiang Rai. Therefore,
a warehouse w1th a capacity of . 25,000 touns w111 be.required in

Lampang and. w111 function as a regiOnal walehouse.
Northeastern Region

The required capacity in this region is a total of BS,OQOItons.
Three provincial warehouses with a capacity ofES;OOOIfons each
are schédﬁled to be built in .U. Thani, U. Rétchéthahi; and
Surin. Therefore; a wérehouse with a capacity of 26.600 tons
will be required in Nakhon Ratchasima and will function as a

regional warehouse,
Southern Region

PHO's annual handling Volnﬁe':in_:this reglon épprdaches
10 000 tons;: Therefofé, a .Waréhou%e with a' capacity of
5,000 tons w111 be required in Surat Thapi and will function as
a reglonal warehouse, based on the assumption that the rate of

storage space turnover 1s two tlmes.

Warehouse spaces of 30,000 tons and 5,000 tbns, have been
transférred ffom'Nékhon Sawan and Lampang regional waxehouses

respectlvely to the Laem Chabang port ‘becausge of the follow1ng

5-20



~ 1, -Almost all of the milled rice collected by PWO in each
'region.is to be transferred to a terminal warchouse or
PWO's warehouse in Bangkok for export rice or consumption
inlBangkbk. It 1s more econemical to directly transfer
the millgd rice hoﬁght by PWO in the regions to a port

warehouse for storage.

2, When PWO is in charge of the export of milled rice, most
shipments are handled by the government-to-government
(G/G) trade system, Normally, this trade system handles a

_ large qﬁantlty of producté as compared with private
foreign trade, and planning for the trade system seems to
be difficult. In order to cope with this problem, PWO

‘must reduce the stock in local level warehouses and make

use of port warehouses whenever possible.

3. This means that milled rice procured by PWO is transferred
_ﬁo directly and stored in the port warehouses without

_stdring in regilonal and provincial level warehouses.
(3) Capaéity of the Port Warehouse (Laem Chabang)

The wéfehouéeftq be constructed in Laem Chabang in the seaport area
;_is_designed tq“éhip.mi1led rice for export, This is accomplished by
impleménfiﬁg processing quality rice after collecting milled rice from
each local level warehouse, and storlng it for & short time. The Study
Phase 1 has suggested the pecessa1v capacity of the port level warehouse
.-CQ be 35,000 tons. However, if a large vessel of over 20,000 toms is
assignéd and prodﬁcts are loaded into this ship, a warehouse capacity of
35,000 tons may be insufficient, as export rice includes many types.

Thus, the efficient use of space is further necessary.

As planned in the "Capaéity' of a Regional Warehcuse" mentioned
ébové, a.tbtal of 135, 000 tons of space {30,000 tons from Nakhon Sawan,
l5 000 tons from Lampang) have already been transferred to the seaport
warehouse in Iaem Chabang. Therefore, the warehouse capacity planned for
Lhis port 1s a total of 70,000 tons. Such a large warehouse enables PWO
to store various typee of rice and cope with large vessels, big quantity

contracts with G/G base and continuous ship loading
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Regarding warehouses in the 1lver port alea, in this’ project, the
existing warehouse in Raiburana and  the regional wnrehouqe to be
constructed in Nonthaburi wnder this pro3ect are to imprOVe these dreas
facilities for ‘export shipment. According to this implementatian plan,

PHO's export facilities in the river port area will recelve overall

Amprovements.

The following table is a summary of the éapacityfof'the provincial
warehouses regional warehouses and the port: level warehouse classified

by reglent

Regional Warehouse - Provincial Warehouse
Name -of Region Location & its Capacity. Locatlon and 1ts Capacity
Central region Nonthaburd 20,000 tons-Suphan Buri - 5,000_tons'
. Chai Nat 5,000
©Saraburi - 25,000
Lower~Northern Nakhon Sawan 30,000 '?hitséﬁﬁlok -5,00b:
o ' Phichit’ 5,000
Upper-Horthern Lampang 20,000 Chiang Mail _5,000
Chiang Rai 5,000
Northeastern Nakhon Ratchasima Udonn Thani 5,000.
20,000 surin 5,000
Ubon Ratchathanj
: 5,000
Seuthern Surat Thani . 5,000 = -
Total 95,000 tons Total 50,000 tons
Warehouse in ﬁroducing areas “Subtotal 145,000 tons
Port warehouse at Laem Chabang | 70,000 tbns
Total 215,000 tons
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_CHAPTER VI WAREHOUSE CONSTRUCTION
f~1 Survey. of Planned Construction Sites

The survey was conducted in and around Bangkok, south eastern
_region, north eastern, northern region, central ryegion and soﬁthern
region, -: The number of survey sites totaled 35. A presurvey had been
conducted by PWO in each of the regions except central and southern

reglons.

1) Several warchouses are currehtly'uséd by PWO at Nonthaburi, Bukkale,
~ Rajburana in and around Bangkok.. The survey was made on these
existing warehouses as well as the planned construction sites in

‘Ndnthabﬁri and Bukkalo.
a. Nonthaburi

A 20,000 ton warehouse is planned to be built in Nonthaburi along
With‘packing facilities for domestic rice, processing facilities for
export rice and shipping facilities, A  storage Technology
Improvement and Training Center is proposed to build in this area
along with several testing warehouses. The site has a total area of
77,408 m2L _This iricludes a pond with an area of 8,690 mz, a ijute
factory with an area of 15,468 m2 (built with ferro concrete for the
main’ structure and brick for the walls), 10 warehouses with an area
of ?,910.m2,_currently being used bnyWO {built with ferro concrete
fér.the_main stfucture and brick for the walls), a power generating
room with an area of. 412 e (built with ferro concrete for the main
structure and unknown for the other parts), water tanks and other

buildings. It is necessary to demolish the existing buildings,

The site faces the Chao Phraya river to the west, a road with a
width of 6 m to the east, a carbide factory to the south, and to the

" north there are private houses on both side of a emall stream with a

width of 4 to 6 m.

The sité is. located at the northern tip of Bangkok, mnear the

Chao Phraya river., Compared with other sites of PWO's warehouses,



2)

3)

jt is convenient to load rice onto barges, but the pre%once of quven

bridges c1oq51ng the river mqkes it difficult for la1g01 boats to go

down the river.

Bukkalo

Facilities for the doméstic shpplyﬁﬁf_fipe are plduned to be built-
in Bukkalo. There are four‘exiétiug warehouses-at the sifé; -Three
of them have an area of 2,400-m2 each, énd én office is attached tof
onte of them, The last warehouse 1is shaped in such_ way as to

2
conform with the outline-of the site and has an area’ of - 7 450 m",

The total area of the warehouseq is 14, 650 m?. ‘The eaves of the
warehouses allow operatlons o be perfﬁrmcd in a]l typeq Df weather

in adﬁition, two quays for barges are availab‘e along the. east side
of the Chao Phraya river. For about 150 m, there is an. entry path
adjacent to the road west of the site, There_is a vacant lot with
an area of 5, OOO m2 between the eﬁtry path and'the gate;' It would
be possible to install processing facllltlee for the domestic supply

of 1vice with an avea of 1,000 m? on the vacant lot.

Rajburana

The most modern warehouse of PWO exists *n Ragburana. There is a

quay to the ‘west side of the site with an extension of 57 .t and 2

total length of 140 m. An ocean-going - vessel may use this quay.

The warehouse has an area of'16,700 mz'with fire-extinguishing.

The survey was conducted to see 1f the facilities_fof processing of
exported rice may be added teo the exdsting warehouse; as well as to
identify the load and other factors of the structure of the building

which are required.
The site survey in the.south eastern region covered LAEH CHABANG and
MAP TA PHUT, which are the planned ports; and SATTAHIP PORT, which

is the existing port.

The site survey in northeastern, northern, central and southern

region was conducted between October 29 and December 4. A total of

32 possible construction sites were visited, and the local factors



“-guch as the price of commodities, the capability of procurement, the
legal-regulation of planned urban zones and the natural- conditions
" concerning earthquakes, etc. were <collected from each provincial

office (See Appendix F-1).
6~2 Survey
6-2-1 Traditional Warchouses

The survey covered both traditional wooden warehouses and recently

built warehouses.

The traditional wooden warehouses are characterized by a high level
floory which is between 1.0 m to 1.5 m above ground. “the floor plates
are piled,.each?With'a length of 30 mm to 36 mm. = The high level floor
serﬁes the_ﬁurpdse of preventing leakage of the stored paddy and prevents
moisture: rising. from the ground. The pillars of the high level floor
wére éithér_ filled ground to column or fixed to a cornerstone. No

- mousetraps were spotted around the £loor.

There are two doors to the entrance; one is a sliding door facing
the outside, and the other is a dropping door with concave grooves facing
the iuéide; These graoves may be increased or decreased depending upon
the ﬁolume of paddy. There is a space of about 1 m between the exterior
'siidiﬁg'door and the ‘interior dropping door. The space serves as a step

fbr taking in and out paddy, and protects the paddy from rain.

The outer wall is boarded inside as firmly as the floor plate. The
structure of the wall may be. observed from the outside. The window is
above 1,5 m from waist level and opens from both sides. It may be used
for lighting. In Thailand wooden doors are designed to open both ways
and to briﬁg'wind inside. Such Soors are also adepted In local govern-

ment offices. Thig allows one to feel cool if one gsteps inside a room.

3Simpie shingle"roofiﬁg is considered a prototype of trdéofs din
Thailand; 'Currently thére dre a number of corrugated asbestos slates.
Bateen, with a:thickness of betwéen 20 to 24 mm, is stuffed under shingle
roofing as substitutes for bricks. A roof has a steep slope. A monitor

roof is laid to allow ventilation from the window to the roof top.



Anothey feature of the warehouse is ]alger eaves around the roof
which jut out about 1.5 to 3,0 m. They protect .the- surface of -the’ walls
as well as keep the surface of the ground dry. Thg eaves . give the

impression of stability to the high floor level building.

§-2-2 Recently Bullt Warehouses:

The structure of larger warchouses ‘s built with ferro concrete.
instead of wood or steel-frane. The survéy-ﬁas conducted on private
warehouses in. Nonthaburi, Bukkalo, Rajburana, Ban Pal  and - Ubon
Rachathani. Each of the warehouses have a span of 30 m to 40 m and 1s as,

high as 8 m to 10 m from ground 1evel to the eaves, Thei1 floor level is

rather low.

Other wérehouses were also'spotted during the car drive, but none of
the rice milling warchouses had a’ high floor level,- Probably the floor
level is made low to make the ground ‘level-to-eaves: level higher, and to
obtain a higher efficiency of operation by allowing trucks to come inside
the warehouse. There were a couple of cement warehouses which kept. in
moisture. The floor level of these is approx1mately 900 wmm above ground.
Neo structural cracks- were bbserved in the floor -and .wall surfaces.
Structurally sophisticated methods were adopted for large-span robfs.
However, a number of leaks were obéefved,_probably as a result of in-
stalling several valley flashings inside the ﬁarehouse. Entrances wgré

often seen on the eaves side, and none were noticed on the gable side.

Regarding ventilation, wire mesghe with a height of 1 m is ingtalled
at the top  of the eaves side, or wonitor voofs  avre installed., : Where
" operations were conducted with entrances open, it was more cool inside

the warehouse than ocutside.

As well as for ventilatioh4 wire meshe at the entrance i1s also
designed to keep away birds, insects and rats. ‘Some meshes are as large
as 50 mm, through whiéh. birds can fly freely. No mousetraps were
observed' in 'ény_ of the warehouses., Sheet fumigation was adopted' to
exte:minéte insects, whicﬁ iz the only viable method .in view of the

openness of the warehouses,



There were-drainqge systems within the site,'but several places of

the road were observed to have sunk, pogsibly due to rain water,

There were also truck scales, elevated tanks, offices and permeation

tanks, but no lightning rods,

~The fence was as high as 2 m to keep away: burglars, but there were
no other precautionary measures, There were a variety of fences, usually

in four lower blind blocks and four upper perforated blocks,
6~2~3  Natural Conditions

A bﬁrnt_t:ee was cbeerved in a forest during the trip of the site
éutvey. It;waé probably caused by iightniﬁg. becording to the meteoro-
ldgicalﬂdata from the past 30 years, lightning occurs for about 90 days
 pef yéér on tﬁe aﬁerage; this breaks down to 103.1 days/year for Chieng
Raf, 86.1 days/year for Chiang Mai, 82.8 days/year for Lain Pang,
89.6=déys/year:'fqr Phisanulok, 84.8 days/yéar for Udon Thani, 95.6
Vdayé/yeér - for Khon Ken, 84.5 days/year for Ubon Ratchatani, 90.9
dayé/yéar for Surin and 83.3 days/year for Nakhon Ratchasima. However,
no 11ghtning rods were observed in any of the the rice mills or cassava

factories on the plain
6-3 Construption Costs

Data on price of materials, labor expenses, losses and expenses wére
collected with the cooperation of the Senior Architect of the Public
Works Dept in Bangkok. The regional unit prices of coarse aggregates,
cement, gasoline and petroteum were collected from each provincial office

(See Appendix F-2).

Coarse aggregates include earth, pebble, gravel and sand The price
of coarse aggregates differs from region to region' highe1 in a producing
fegion and lower in other regions, as indicatcd by the Tab}e 6~1. On the
other hand, the prices of cement, gasoline and petroleum become higher in

pféﬁortibﬁ to the distence from the central reglion,

The survey also covered the volume of matexials 4va1]able.r Earth is

the most dltficult to procure. The prlce of earth in Bangkok is four



times as high as in local placee.; IL is rather hﬂgy o procure earth in
the mountainous regions, but there ls 1o a]Lernative but -to dig dn the
plain regions. A traveler in Thailand may observe that both . sides of a
road look 1ike rivers. This is because .the roads. are dug in such a way
~ that piles earth upon the road, It is the same; with ‘both- sides of 'a
railraod. The unit prices were obtained wlth ‘the. cooperation of the

Public Works Dept., and- they were further enfomeed by other suxvey 8 on

actual prices.

_Table 6-1 Cost of Materials _ o
| (Unit:._Behts).

I o B .
. Distance | Soil Bgulder Ballast .| Sand Cenient’ | Diesel
becation |y | ) | J{i’{s‘? ey | ke | (0
Bangkok 0 110 1200 190__”_ 185 | 80~ 6.7
Sura Buri 85 1 40 150 160 2000 81 6L79 "
Suphan Buri -] - 120 . 70 |- 2000 | 200. | 180 . -85, | 6.91
Chal Nat _ 155 50 | 150 150 ] 120 -} 82 . 6.91
N. Sawan 205 40-] 180 | aso | ce0 {82 8.9
‘N. Ratchasima 225 - 60 240 C 180 150 - 76. 639
Phlchlt 339 50 210 200 | 130 180 7.0
: Phltsanulok SI355 30 180 ZQO' 120 80 - -y 7.0
Surin. ) . 385 50 190 | 210 - [ 85 '} 82 . - = -
Khon.Kaen-: 392 40 240 180 40 . 85 7.0
U. Thani 482 30 | 200 240 180° 85 - 7.2
Lampang 555 50. 150 220 70 85 7.0
'U. Ratchathani | - 592 | 50 | 190 212 | 86 | 82 7.0
Chiang Mai 665 40 | 220 | 180 60 | 87 7.1
Surat Thani 675 25 160 . 220 50 83 7.1
Chiang Rai 775 40 200 180 60 93 7.2

6~4_;Basie Design
6-4~1 Site Planning

A buildlng should be designed confolming to the profile of site.
Based on meteorological data obtaiued, consideration should be given how
to utllize wind direction. It is 1mportant for the bullding to be
exposed to a m1nimum of sunshine, therefore,'the bu11ding shou]d prem.
ferably be designed to  stand easf to West so that it would absorb'
sunqhine from mnorth and south The warehouse should be able to be

accessed from both sides Dependlng upon its scope, eaeh warehouse would
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have fQCilities.such as a truck scale, guard fnom, office, overhead tank,

.wellg:permeation tank, . dralnage system, entrance for water flow, earthen

pipe ard a lightning rod.

6~4-2. Plans 6f Architectua1 De5ign

1)~ Provincial Warehouse

a,

2)

A local warehouse . for rice collection is built on the assumption

_ that 5,000 tons of milled rice would be stored for a couple of

" months,

Pillars are minimized in a warehouse, and pfoducts may be taken in

“and out ffom‘bbth'sideé of the building. Such a setup would enhance

éffiéieﬁby of haﬁéling and cother processes of tﬁe operation, as well

as ensure a smooth cargo load up.

Shutters are installed on the doors of the entranée, and mousetraps

"are instblled underneath the floor. A steel side door is designed

2’

for each building ag an emergency escape,

Based on a pallet of 2 mx 1.6 ﬁ;'the plane of a building is com~

puted_ffdm piling up 27.bags in height (See Chart).

The opening for ventilation is made larger, and monitor roofs are

inStailed at the top of the roof. This would help lower the temper-

ature within the warehouse.

Regional Warehouse

As there are more than two buildings, the eaves of them are pro-

truded so. that operations may be conducted even in rainy weather.

Manual labor is moétly conducted in regional warehouses. The width

of a building is 25.5 m and the calculation of area is based on

length.

As a model case, forklifts are used for handling in Nonthaburi. The
calculation of area should take into consideration the operation by

paliets for forklifts (See Appendix).
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3)

643

Faves of a reglonal warchouse are wade larger than those of a
provineial warehouse -in order to mlnimize-hain and water. -Ventila-

tion is 1nstalled in more rooms and 1ower temperatures are obta{ned

by the installation of monitor roofs,

Port Warehouse

70,000 tons of rice may be stored in an aggfegatb'shipbing;ﬁéréhOGSé

for eXports. Processing facilities for emport rice with an area of

18,000 m are also to be built,

A compulsory ventilation system is required for two~storied wave-

houses.

Asphalt water-proof robfs_should be_adopted_for:a building which has

a large plane. = They should also be adopted for the prégessing

facilities for export rice.

Design of Machine Facility Building :

~ Buildings are-designed mainly by steel frame which ‘can reduce the

pillars to match the machines installed.

As rice praceSSing facilities need .many pits,l floox ‘level is
designed 500 mm - 1, 000 me above the ground level to avoid

inundating the underground water.

Natural ventilation system with louver on the wall is adopted to the

‘ bﬁildings; In case of one storied building, the air 3& exhausted

from the monitor roof.

¢~4-4 Calculation of Area and Space of a Warehouse

(1)

Provincial Warghouses

The maximum storage of a provincial watehouse is designed to be

5,000 toms. A pallet of 2.0m x 1.6 m 15 used és the plane unit.

" The caléulation of the. piling amount ia based on a ?7 deck - piling,
whlch is currently adopted in Thailand

"Five 100-kg baps are piaced on a pallet,

6-8



@)

(3)

Calculation of area

Number of pallets : 6(11 + 13 + 11) + 5(11 + 13 4 11) = 385 pallets

Amount in a deck : 385 sheets x 5(5 bags) = 1,925 bags

Amount in 27 decks: 1,925 bégs x 27 decks = 51,975 bags
' 5,197.5 tons

51,975'bags x 0,1 ton

Hedght

Helght of a pallet: H 180 mm Heipht of a milled rice bag: 217 mm

180 + (217 = 27) = 6,039

Space for piling : 1,700
1,700 + 6,039 = 7,739

Space under the roof: &L 7,750 mm
The funections for taking in and out products and the local methed of
bag fumigation are taken into consideration for the arrangement of

pallets.

Regional Warehouses

The area of regional warehouses and other warehcuses, except in

Nonthaburi, 1s calculated as twice the area of a provinclal

warehouse. The amount of pallets in the three intermediate places
in larger. Therefore, a space of 1 m is provided in between to

reduce the proportion of block for fumigationm, etc.

Port Warehouse (Nonthaburi...river port, Laem Chabang...seaport)

As forklifts are used for the warehouse, hallways are designed to be

larger than in other warehouses. The amount of piling of milled
rice is_based on 3.5 m, the maximum 1oading'amount of a forklift,

and 18 bags, 5 100-kg bags are placed on a pallet.

Calculation of area

Number of pallets : B8(15 + 18 + 22 + 15) x 2 = 1,120 pallets
Amount in a deck : 1,120 sheets x 5 bags = 5,600 bags

Amount in 18 decks: 5,600 x 18 = 100,800 bags
100,800 x 0.1 ton = 10,080 toms

6-0



Height of a pallet: o 180 hm Height of a mx]]ed rice bagy -217 mﬁ
Height of paliet piling: 180 +.(6'X 217) =-1,482 nm |
Piling of 3 decks : 1,482 x 3 % 4,446 mm

Space for piling : 1,700 mm
1, 700 + h,446 = 6,146 T

According to ‘the aBoﬁehmeﬁtioned calcﬁiatiéns;'tﬁe'épaee“under the
roof ig 6,150 mm, which is the same as that of a provincial wareu
.house considering the amount of the. space needed fot operation under
the eaves, in Thailand. Pallets are designed te be on one side of
the b]ane with 360 pallets in 8 x 15 x 3 decks as a unit block, and
pallets on both sides of the plane are below 15 of that of a one

side plane. (See Fig. 6-1, 2, 3, 4)
6-5 Deéign of Architectural Structure

Foundation: Some sites require pilings and others do not. Indeﬁeh-
dent footing is adopted beéneath the pillars. Beams are arranged undtr-

ground in order to bear the perpendicular load of the walls.

Floor: A method for receiv1ng loads of a warehouse by floor plates,

whether there are pilings or not, is adopted

Wall: Light blocks are piied to make walis. A ring beam is set at
a height of 4 m from the floor surface, which may be used as a connection

between the heads of blocks.

Robf Corrugatéd asbestos siates are used as matefials for the
roof, and llght iron trusses are used as part of Lhe roof structure The
structure of truss is adopted to preven* Ioads of the roof from opening
laterally. The eaves are ehtended.for about 3 m for a provincial ware-
house and for 5> m for other warehouses. This helps avoid sunshine. This

arrangement is also applied to the gable side,

6-10 .
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6~7

1)

2)

3)

)

Design.of the Facility

A gimple Qater supply such as a digged well at provincial warehouse
and an elevated water tank at reglonal warehouse is provided at each

-site‘of=Wareh6uée,

Sanitary drainage systems are installed, Drained water flows into a

' perﬁeation tank, Fach site has a permeation tank.

Cfnitial fire extinguishéfé are installed in provincial warehouses,

whereas two fire hydrant facilities are installed in regional ware-

houses.

Aﬁ‘illumination of 200 1x is provided in a warchouse. Transmission

for each site is also considered part of the construction costs.,

Lfghtﬂiﬁg rods are installed in each warehouse,

Calculafion of Construction Costs

_Céiﬁulation of construction costs was based on the unit price of

materials, labor expenses and processing expenses, which were

obtained with the cooperation of the Public Works Dept.

The currency of Thailand was devalued by 17% during the survey, but

the calculation was based on the value before devaluation.
Estimates'were made in bahts.

Detailed estimates were made on the construction costs ¢of a ware-

. ' . 2
house of 5,000 tons. The total amount was divided by 1,683 m
(avarage floor area of 5,000 tons warehouse) to obtain the unit

price per m2 of the construction works. The value was applied to a

 warehouse of I0,000 tons. Costs of facilities were estimated

separately.
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Table 6-2 Construction Costs of a_SQOQOFton‘WaréhQuSe SN

“(Unit:  Bahts)

Construction costs - " Construction costs

Item without piling .'- : including piling
Teﬁpdrary w0rk$ . 185,640, |  ,:_ _.{185}640}~'
Piling works E . o _j.: 94,24B.-
Soil.wofks_ - | S .38¥095-f | ‘ "11385095.—
Praming works . 279,202.- 279,202, -
Fefré concreté works : 935,040}f, 1,025;922.f
Concrete works ©1,188,855.~ _1,188,855.~
 Block works 143,260.4 IéB;%ﬁb}—
Steel frame works - _537;590,~ _ '537}59U.u
Roofing works 512,882, _;512;852,f
Tromeave works . . 149,400.- 149,400,
Plaster works  418,440.- 418,440, -
Piping works = 313,400~ ﬁ "f,3137:,'4_00k.-
Painting works 398,000, - 398,000, -
Carpentry works ' 286,000, ~ © 286,000,~
Miséellaneous works 'SO,QOO(w :30,QOO.~
Total 5,415,804~ 5,600,934, -
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CHAPTER VIL FOUNDATION AND CIVIL ENCINEERING
7-1 Soil Condiltion
7-1-1 Outline 6f So0il Condition
The soil'cqndition of the 5urﬁey site is divided into three types.
The first type is the delta deposit of the Chao Phraya River, the second
1s recent river deposits like the Mun River, and the third is stiff soil

_1ike Laferite.

.The locations and survey sites of these types are shown in Table 7-1

and Figure 7-1.

Survey Site Soil Condition
(a)-'Central & Lower Nonthabufi Delta déposits of the
Norfh Area | ' Sdphan Eﬁti Chao Phraya River are
Nakhen Sawan widely distributed,
Phichit The depth is approxi-
Phisnulok mately 10 -~ 30 m below
the surface.
(b) Northeast, Uppéf K-Ratchasima Recent river deposits.
North & South Area Ubon Ratchathani Alluvial depesit not
Chiang-Mai deep.
Lampang
{c) NottheaStSIUpper Chai Nat ngtiy sloping, hilly
North Atéa & Part  Saraburi land & mountains.
of Centrai Area Udon Thani Laterite is widely
| Surin distributed,
Chiang Rail

Table 7-1 Survey Site and Soil Condition

Loecation

Surat Thani
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" of Chao Phraya River.

Each foundation

" requires pile.

The 'basin ~of the Mun
River etc., generally
-footing foundation:

Latérité'ﬁidély
distributed; footing
foundation available.

:Fig. 7-1 Map”bf Survey $ites and Soil Types
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Detailed Soil Condition of Three Types

‘1The detailed soll condition of the three types is provided in the

follpwing'articles from the data which was obtained in the fileld survey,

(i) ‘Central and Lower North Area

Main Boring_data which was obtained in the field survey is shown in

the Appéndix GQI, Seil Test data (1), Figure 1 Nonthaburi, Figure 2

Ayuttaya, Figure 3 Phisnulok,

This data is categorized as follows:

(a) anthaburi

(b)

(c)

'Uppérfpart is high water content (i.e. high compressibility).

Clay with a thickness of 22 meters. _
Tips of pile should be situated into fine to medium sand under

22 meters.
Ayuttaya

The layer above 8.5 meters is partly Natural Water Content >
Liquid Limit. It indicates that the layer has an insufficient
bearing capacity for spread foundations, Therefore, pile

foundations are required.

The bearing layer is clay that is situated 8.5 to 14.5 meters

below the surface, or sand deeper than 14.5 meters,

Phitsanulok

Soft clay is depesited above 3.5 meters, and pile foundations

are required.

The bearing layer is ‘near 8.0 meters in fine sand, or dense

sand deeper than 13.5 meters.

On the basié'bf the above data, every site in this area requires a

pile foundation.



(2)

(3)

The study énd Calculétion-of'pile_beariug capécities_are carried.out
by regional distribuﬁioh as:foildwa:
a) Nonthaburi data ... Néﬁfhabﬁfi
h) Ayutfaya.déta Ceene Suphaﬁburi
¢) Phisnulek data e Nakhon Sawan
Phichit
Phisnulok

Northeast, Upper North & South Atea-J

Appendix G-2, Soil Test Data (?), Figure 4 shows boring data in
Chieng Mai. = This data indicates that the minimum §.P.T-N of the

.1a)er'unde1 top soil is 25. Therefore, in Appendlx G—2 Flgure 4,

the allowable bearlng capacity of the spread foundation is approxi—

mately 25 to 30 t/m .

‘According teo plate bearing test data in Ubon Ratchatani, - the

wltimate bearing  capacity Ru and Settlement § 1in the test are as

follows:
Ru = 30.0 t/m>, § = 0.32 inch % 0.8 cm
Ru = 20.9 t/m’, S = 0.39 inch % 1.0 cm

Allowable bearing capacity'Ra in Ru = 20;9 t/mz, is as follows:
Ra = Ru/Fs = 20.9/2.5 % 8.4 t/m>, (Fs = 2.5)

This value indicates that spread foundations are available at the

testing site.

As a result of this data, spread foundations are.available'in this

area. But foundation style should be decided by the allowable

bearing capacity of each 31te."

Northeast, Upper North Area & Part of Central Area

Appendix G 2, Soil Test Data (2}, Figure.5.Pléfé Beéfing'Tést shows
the 3011 condltlon. in Chieng Rai and Udonthani Then u!timﬂte
bearing capacity Ru and Settlement S in Chiang Rai are'as fOIIOWS.

L . |
= 34 t/m § = 20 mm: presumed value
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And Ru & S iun Udonthani,
- S . N r' . . N
. Ru = 17.8 t/fu” § = 0.05 inch to 0.085 inch # ! mm to 2 mm

Ru & S of this data are presumed too small because the load level is

ljow and the settlement is also too small,

This data indicates that the load could not obtain the ultimate

condition in this test.
Thefefore, calculation of Ra uses the fornmer,
”Ra = 34/2.5.= 13.6 %/mi
In fﬁis'érea, individual footings are available.
772',§éismoiogy

-Accbrding_to the seismological report of Thailand, seismic activi-
ties compiled by the Network Headquarters Studies and Research DMvision
of the Meteorological Department during 1975 to 1983, earthquakes in
Thailand were distributed from the northern center with a magnitude in

the 3 to 5 range,.

_ The pfobabilities of seismic occurrences in Thailand by zone are
- shown in Appendix (-3, Figure 6. Each =zone shows the approximate
destructive intensity of earthquakes. The greater part is included in
zone 0. Zone 0 means no damage. The northern part is include in zomne 1.

This means minor damage.

Appendix G-4, TFigure 7 shows the distribution of earthquake
epicenters in Northern Thailand. The majority of earhquakes occur in
neighboring countries. Farthquake epicenters are mostly distributed in

the following places:

'(1)' Butma'from the South to the North
(2) Along the border between Burma, Laos and Thailand

(3)  Andaman Sea
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" The selsmic force of thé foundétion doéigﬁ'is'cbﬁéfdéréd'iﬁ each of
the Department of Public WOrk s branches in the northern. area, As a
result of the heaL{ng fn this area, earthquake damages pose no threat to

. warehouse foundations,
7-3 Civil Engineering
7--3-1  Survey -

A survey of each site was carried out during an investigation trip.
The survey plans axe shown in Appendix G=5, Figule 7y Survey Note._ 0f-
course, a plane table sutvey should be carried out in each selected site

in detailed design.
7-3-2 TFoundation

As mentioned in Article 2, the soil condltion of - the site is divided
into three types. As a result of the study of - theoe types, the
foundation style has been divided into two types; pile foundation and

: spread'foUndation.
(1) Pile Foundation
(a) Method of Computation
Ultiméte_Eearing Capacity-Ru and Ailowébleﬁﬁearing'Capacity Ra
of piles were:calcuiated'by daﬁa-pnTAppeudix G-1, FigUres'l; 2

and 3, following Meyerhoff's equation,

Pile tip is situated in sand layer

Ru = 40Nap + &8 g + CulLc)é
R

Pile tip is=situateg;in cohesive layer

= 8CphAp + QE§~LS_+ Cule) d

Ra = Ru/Fs  Fs = 2.5

7.6



~where Ru: Ultimate Bearing Capacity of single piles, (tons)
" Ra: MAllowable Bearing Capac1ty of single piles, (tons)
Ap: - True sectional area of pile tip,'(m )
N @ N average of the layer of pile tip (average of N
" between below and. 4d above from piie tip. d = pile
diameter) ' '
Ns: Average of S.P.T-N of sand layer, (blow/ft)}
Cp: Cohesion of pile tip soil'(t/mz) '
= 1/2qu, qu = N/8, % c = N/16 (kg/cn’)
10/16N (t/n’)

i

I.s:. Pile leagth of sand bed (m)
Cu: Cohesion of so0il, (t/mz)
Le: Pllie length of cohesion seil layer, {(m)

t Length of pile perimeter, (m)

(L) COmputation of_Pile

'anthaburiIArea

The load of the facilities being plamned is as follows:
35 x 13C x 2 houses = 4,550 m2 x 7
W = 20,500 tons x 2 houses

Packing Facility 5.0 t/m’ A = 25 x 20 = 500 m’
N o ' W = 2,500 tons

jo=g
il

" Warehouse 4.5 t/m2

‘ 2
Export Processing F. 4.5 t/m2 A=25%x75=1,87T5m

W = 8,840 tons

Conditioned W.H. 4.5 t/m> A = 15 x 20 = 300 n°
' W =1,350 tons
Fumigation F. 4.5 t/m2 A =10 x 20 = 200 mz
- W = 900 tons .
Controlled A.W.H. 4.5 t/m2 A = 10 x 20 = 200, 5 x5 = 25 mz
' ’ ) W = 900 toms, 113 tons
Trailning Center 3.0 t!m? A = 35 x 50 = 1,750 mz

W= 5,250 tons

Pile is RC and its length is 24 meters,

Ailowéble Bearing Capacity Ra 1n each diameter is as follows:

-7



'”Ru.(tjf _ng Ct)  -

Pile diameter (mm) N
300 20 56 . 23
350 20 71 31
400 20 100 e

Suphan Buri, Chai Nat Area

The load of facilifies 1s as follows:

Suphan Buri ' |
| wWarehouse 4.5 t/ml C A= 25,5'% 66 = 1,683 m
' ' - W =.7,574 tons

2

1 Warehouse A= 1,683 m%, W= 7,574_m2t
2 Paddy storage 5.0 t/m’ A = 207 % 46 = 920 m?
o W= 4,600 tons f
3 brying r. 5.0 t/m” A = 16 x 40 = 640 0’
' W= 3, 200 tons

4 Silo Silo- | 20 tons/i bin x 18 = 360 tons
Foundation - 1,330 tons o
Contact pressure 4'£ons/m2

When pile dr1v1ng is to 10 5 meters, the Allowablé Beafing'capacity

Ra 1is as follows

Pile Diameter (mm) N . Cp (t/mz) Ru (£) Rg'(t)
300 20 12,5 7 2.8
350 : C20 - 12.5 9.6 - .. 3.8

400 20 L2.5 2.6 3.0

Therefore, when- pile driving is to 10,5 meters, the Allowable

Bearing Capacity Ra is insufficient.

When plle driving is to 16, 5 meters, the Allnwable Bearing Cap301tv

" 48 as follows:



' Pileibiameter.(mm) N Ru (t) Ra {t)
250 ' 40 78.5 31
300 40 113 45
350 ¢ 40 154 62

~Nakhon Sawan ?hidhit, Phisnulok Arca
~ The load'of facllities is as follows:

Nakhon Sawan

. . ) q
= 1% x 130 x 2 hours = 4,550 m" % 2

1 Warehouse A5 t/m” A
o W = 20,500 toms
2 Packihg Facility 5,0 t/m2 A = 500 mz; W= 2,500 tons
"3 _Grading-Faciiity o 5.0:t/m2 A = 500 mz, W = 2,500 tons
_Pﬁicﬁig_.
' Warehouse | 4.5 t/m2 A = 25,5 % 66 = 1,683 m2
' W = 7,574 tons
~ Phisnulok
1 Warehouse 4.5 t/m2 A = 25,5 x 66 = 1,683 mz

W= 7,574 tons

When plle driving is to 8.0 meters, the Allowable Bearing Capacilty

Ra is as follows:

Pile Diameter (mm) N Ru {t) Ra (t)
300 , 10 28 11
“350 10 38 15
400 : 10 - 50 20
2

Tﬁat7'is, when 400 mm, one pile requires 4.0 m . This is not

poséiblé; therefore, pile driving to 8.0 meters is not available.

When pile driving is to 15.5 meters, the Allowable Bearing Capacity

Ra is as follows:



_Pile Diameter (mm)

250
300
350

Laem Chabang

=

50

50

Ru (£) Ra (8)

98 .39
141 56

92 17

The soil condition of the filled ground is-as;fbllOWS:

v +0.0

v -7.0

Earth‘fiiling

v -10.0 Silty fine sand

Sand (very stiff, N 50)

The load of the facility is as follows:

1 Warehouée
2 Warehouse
3  Warehouse
4 Wgrehguée
5 Warehouse

6 Warchouse

7 Export Proces- -
sing Facility

§ silo

iF 4.5 t/m2
¥ 4.5 t/m2
2F 9.0 tfmz
2F 9.0 t/m
2F 9.0 t/n”
2F 9.0 t/m2
5.0 t/m
.Silo
Foundation .

Contact;pressure :

7~10

'qundation'cohcrete

(t =1.2 m)

A =35 %130 = 4,550 u’
W o= ZQ,Sdb-tons S
A =35 % 130 = 4,550 m°
W = 20,500 tbns
A =35 % 130 = 4, 550 m
W= 41, 000 tons
2 =35 x 130 = 4,550 m2
W = 41,000 tons '
A =35 x 70 = 2,450 m2
W= 22, OSO'rons-
A =35 % 705 2,450 m?
W= 22,050 tons
2 A =35 x 80 = 2,800 m>
W = 14,000 tons :
45 tons/l bin x 8 = 360 tons
= 1,092 tons
w;Li-t/ﬁz .
Silo. (é = 6,0 m, h = 20.0 m
R, C t = 0.3 m)-



When-pile'drivihg 1s to 12,0 meters, the Allowablé Bearing Capacity.
Ra is as follows:

Pile ﬁiametef (mw) -~ N | Ru (t) Ra (t)
250 50 98 39
300 : ' .50 141 56
350 50 192 76

400 s0 251 100
{c) Plle Arrangement
9
when 4.5 t/m“, the pile number for each area is shown in Table 7-2.

Table 7-2 Summary of Pile Number by Area
' ' Gmm1éj'ﬂm%

Pile Diaﬁeter, Ra Load Pile Humber
' - . ) :
CGmm) o (B) (£/100 m") (pleces/100 w’)

Nonthaburi Area

300 23 | 450 20

350 31 450 15
400 80 450 2

Suphanburi, Chai Nat Area

250 31 450 15
300 45 450 10
350 - 62 450 8

Nakhon Sawan, Phichit, Phisnulok Avea

250 39 450 12
300 56 450 8
350 77 450 6

Accﬁrding to-Table 2, the Allowable‘Béaring Capacity of piles is in
the tgnge 6f.30'to 60 tons. And in the case of continuous footing,
the maximum area that two pilles arranged on a cross part of the

footing can support is as fqllows:



Load supportabie area of two piles
2 % (30 to 60) % 4.5 = 13 m® to 27 w’

Then the footing space is as follows:
(2.5 mx 5.0 m) to (4.0 m x 8.0 m)

Appendix G-6, Figure 8§ Standard Pile Foundation shows a standard

pile arrangement plan.
(2) Spread Foundation

The foundation style of the rest of the area is spfead footing.
When the foundation beam space is'(Z}S mx 5.0 m) to_(é.O n x 8.0
m), the relation between the Alldéable S0il Pressure qa.aﬁd the

width of the footing Bf is.as foilows;

_J'[h;«I.Lf_J_L;-

qa (t/u’)  BE (w) BEREREERN
8 1.0 to 1.5. ] 1 L
15  .0.55 to 0.85 - N
30 0.27 to 0.42 RS
BRENEEREEE
L1 '
, 2 . . : e
That is, ga 15 t/m Bf 1.0 m to'l.5 m Continuous footing
. 2 _ _
qa 15 t/m Af 2,0 mto 5.0'm - Individual footing

(Af: width of individual footing)

Appendix Figure 9 shows the standard continuous footing plan, and

Figure 10, the'standafd-individual'footing.plan.
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7--3~3. Access Road
An access road between a main road aﬁd a planning site is
constructed of soll and gravel from the region.  As shown in Appendix
G-6, Figure 11, the effective width is five meters.
~ Nonthaburi needs a bridge, and the plan is shown in Appendix G-7,
Figure 12, '

7-3-4 Siding

In . general, sidings are constructed and operated by the State
Raillway of Thailand, . '

The sites where sidings can be constructed are as follows:

Chiang Mai, Nakhon Sawan, Nakhon Ratchasima, Surin, Udon Thani,

Surat Thani
Standard profile of sidings is shown in Appendix G-7, Figure 11,
7-3--5 Banking
Most of the survey site is wet land and at a level lower than the
road or -surrounding land. So, most of the survey site requires soil
banking. Soil from the region is used.

7-3-6 Drainage

Concrete pipe is used for drainage {$ = 400 mm), and drains rain and
miscellaneous water from all of the land., Drainage basins are built

every fifty meters.
A standard plan is shown in Appendix G-7, Figure 1l.

7-3-7  Wharf

A wharf is being planned on the Chao Phraya River at the Nonthaburi

gite,



The design of the wharf was carried out by follbwjn'g' the harbor

structural standard code.

 The Japan Harbor Association

Harbor Struétural Sténdafdfcbde' 

Appendix G-9, Figure 17 shows the plan and profile of the wharf,

(a)

Calculation Data

Water Level at Nonthaburi

According to the data surveyed by the Harbor Department, the tidal
différence at Bangkok Bar (38 km from the mouth of the Chao"Phraya
River) dis 2.20 meters. This data was "applied to the tidal

difference at Nonthaburi.

The high water level at Nonthaburi was EL + 2.0 meters, as a result
of the observation of the flood mark on the shore protection at

Nonthabﬁri.

Therefore, the low water level at the site is EL -0.2 mneters.

- Water Depth

Size

Data on the watey depth, which was surveyed in November, 1984 is

shown in Appendix G-2, Figure 5.

of Barge

The type and size of barges which have been used on the-Chao Phraya
River are shown in Appendix 10. 'According'to.this_data compiled by
the Harbor Department, the biggest barge is 1000 gross tons with

most barges under 400 gross tons,
Therefore; the length of the wharf is adopted to 100 meters. This

is the length to which two vessels of 400 gross tons can be moored

at the same time,
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Diwmenslong of the Wharf

According to the above méntionéd sténdard code, when using a
“forklife, the width of the apron 1s 15 to 20 meters, In
conslderation of working efficiency, a 20 meter width is adopted,
Other-éonditions are as follows: .

Planning water depth ~5.2 meters

‘Dimension apren 20 m x 100 m
Dimensions.of one aprﬁn hlock 20mx 20 m
Height of upper bed EL + 2.50 nmeters

Seismié Power

‘As shown in Appendix G-3, Figure 6, the Bangkok area 1is not
threatenéd'by earthquake damage. Therefore, the seismic power of

this wharf is not taken into consideration.

Lead Condition

(1) Dead load 2.0 t/nm?
(2) Live load 1.0.t/m2
(3) Crane load 50 tons
(4) TImpulsive load and tractive force Both 30 t/one block

Therefore, the load of one block is as follows:

Vertical load . {1} 20 x 20 x 2.0 = 800 tons
| “{2) 20 x 20 x 1.0 = 400 tons

(3) 50 tons

Total 1,250 tons

Horizental load {4) 30 tons

7-15



_Soii Cundition_
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(b) Apron Plan

Foundation Pile

Dimehsions of pile:

Space of pile:

Watermtévéi;ﬁWateteDgﬁﬁh?andDupr? aed

Soil ConditibnﬂamdthﬁhabpfﬁanLbebtri

. Steelle Pil% frk 500 me,~ & k2] oms, 1257 24,0 m
5.50 metersy) Ib: piecesfione blocks: hicek

Detailed'caléulations ar@:ﬁhownnﬁnrﬁppendik¢qqthhét{Lw?

Pile arrangement is shown iin ‘Appendix GoBy:Fkgure 153 pure 13,

- Dimensions of Slabr_

Pavement
Siab
Girder

Pile head

__Heighf;

Thicknesgd?  clicems: {0 o
Thicknes§hi3Geem: 25 cr ‘ _ _
Hedl00 :em (00 oWidth:  maxicnk00wem. 00 cp

mine  60ngm. &0 om

Height: Heil00:cm- 100 rw

Details are in'AppendiXEGf&pﬁEig&fé,1Tigu%v HE

S 7-16 716



Other Faéilities

Fender beam: Y typé, space of beam 11,0 meters
Bend post: Tractive force worked to bend post 15.0. tons
.set same place with fender beanm

Grating: Set between each block

These are arrahged as In Figure 7-3,

“me"nﬁ - _fender beorm —Arl0_
rﬂ§§:1% Concrete\;zazzjﬂ _
o bend post—t
. - ! 5150 . . | | | prating
. ?_dgﬁLﬂ | | | ati
¥ nooo

ol 30 5500=16500  _____ 11750]

| 20,000 '
(Unit: mm)

Fig. 7-3 Fender Beam, Bend Post and Grating
{c) Rétaiﬁiﬁg Wall

This ‘is constructed with concrete and cobblestone. Details of the

calculations and profile are shown in Appendix G-11.
(d) - Slope Stability
The stability slope gradient after dredging was calculated by the

use of Taylor's figure. The result of the calculaticn is 1:2.0.

Details of the calculation are shown In Appendix G-11.
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{e) Total Plan

The wharf total plan is shown in Appendix G-9, Figuve 17.

volume of each material is as follows.

Pavenment ' 2,000 mg
Concrete 1,610
Reinforced bar 150 tons
Fender beam ' 20 meters
‘Rend poét : _ 10 pieces‘_'
. Grating 175 pieces
Steel pile - . 80 pleces
Cobblestone 1,275 m3

7-4  Civil Engineering Cost Estimates
(1) Total Cost
The total costs were estimated 1in detail for thtee_cases.

Case 1: MHighest costs of warshouses + Shipping Facilities

P2
.

Case Lowest costs of warehouses + Shipping Facilities

Case 3t Cowmparisen of Seaport and River Port

Toral Cost ?oreigﬁ .Cuirency Local Currency

('000) (B'000) - (B'000)
Case 1: 64,236 ' 33,889 ' 30,347

Case 2: 57,790 .. 32,859 _ . - 24,931

Note: Details are given in Table 7-3, Table 7-4 and
Appendix G~-12. '

- Case 3: Loecation of Shipping Facilitiea. Total Cost

(B'000)
(1) Wonthaburi = . 50,429
(2) Nonthaburi + Laem Chabang 36,153

Note: Details are given in Appendix G-12, ¢-21, €-22
and C-23, ' '

7-18-
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Case-1

ITtem No.

G2
G4
c-5
Cc-6
C~7
C=9

. C=10
c-11
c-12
C-15
Cc-16

. C-17
c-19
20
c-21
c-23

e

Suphan Buri

~Baraburi
Chai Nat
- Lampang -

. Chiang Mai
!Chiang Rai
Nakhon Sawan -
‘Phisnulok

Phichit

‘Nakhon Ratchasima
~Surin
Ubon Ratchathani
Udon Thani

Sufét Thani

No.
No.

No.,

No.

%]
el

22

12

River Port (Nonthaburi-l)

Seaport (Laem'Chabang)

.. Total

ngb]e 7-3 Civil Engineering Cost of the Project

Foreign Local
Total Cost Currency Currency
(#'000) (¥1000)  (%'000)
4,950 1,600 3,350
999 - 289 710
485 273 212
1,633 - 401 1,232
2,748 . 781 1,967
877 283 594
6,506, 35209 3,297
2,240 136 1,504
2,023 852 1,171
2,272 769 1,503
1,306 393 913
494 259 235
1,081 307 774
469 250 219
26,303 17,426 8,877
9,850 6,061 3,789
64,236 33,889 30,347



Table 7-4 Civil Engineering Cost of the Project

Case~2
g Forelgn . Lécal
Iten No. : Location - Total Cost Currency  Currency
| _ ($'000)  (£'000)  (¥'000)
¢-1 ‘Suphan Buri No. 28 2,881 1,318 11,563
c-3 “Saraburi  No. 31 577 328 - 249
C-5 Chat Nat . 485 213 212
c=6 Lampang - 1,633 401 1,232
c-8 Chiang Mal  Wo. 23 921 1 - 413 508
c~9 ‘Chiang Rai - 877 . 283 594
c-10 Nakhon Sawan - 6,506 - 3,209 - 3,297
c-11 Phisnulok 25240 S 736 1,504
C-12 ‘Phichit - 2,023 852 1,171
C~14 Nakhon Ratchasima Mo, 11 753 403 350
c-16 Surin . 1,306 - - 393 ‘913
C-17 Ubon Ratchathani 594 . 259 235
c-18 Udon Thani No. 1 472 284 218
c-20 ‘Surat Thani | 469 < 250 219
c-21 River Port (Nénthaburiwl) 265,303 '1?;426 8,877
C-23 ‘Seaport (Laem Chabang) - 9,850 . 6,061 3,789
Total 57,79 32,859 24,931

{2) Components of the Cost
The cost estimate of the project was made in the following manner:

{1) Access road:
Acecess voad between the exisﬁing road ahd'the gate of the
land, to include the cost of an existing narrow.road
(2) Bankiﬁgf
Banking of the proposed land
(3) Drainage: ' -
M&in drainage df the ﬁroposed land
(#) Foundation: . -

Piles, excluding footing, beam and slab.

720



(3)

(5)

(6)

(7

Siding:
As & rule, siding is constructed by thé State Rallway of
Thailand. |

Pre-engineering works:
Pre~engineering works include the survey works for
- proposed lands and soil tests,

Others:

The costs exclude preparation, contingency and overhead.

Dgtéiled information on the cost estimate is shown Iin Appendix G-12,

Unit Cost

The cost of civil engineering construction works was estimated on

the basis of the pr&vailiﬁg.unit costs offered by The Public Works

Department, State Railway and others.

The components are as follows:

(a)

Unit Cost

Labor unit prices (common with each site)

Descrigtion Unit Prices (B)

Labor day 80.0
Foreman day 130.0
Driver day 100.0
Operator day 200.0
Carpenter : day 150.0
Steel Worker day 150.0
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Unit price of materials (common to each site)

Description Unit Priceé () | _ 'Remarks
Rail 0 bar 1,666,660 Tbs/m, L= 8 m
Side Plate C2pes . 1380 o
Bolt oset - 5.1

Fish Plate ~ pcs 17.5

Spike ' _ ‘phs"ls.h'. t‘f{ﬁ_.h_‘

Reil pes  4,200.0 60 lbs/m, 1 = 8 m
Sleepers " par  Ta%0.0 ¢
Turnﬁoint Sleepers set 14;060.0

Turnpoint - . | séf ' 5i,b§0;0

Saféty Peg pcs . 360.0

Steel Pile $#500 mm

i5m  pes  33,600.0  Bangkok,

1 =
1=13m pcs 29,300.0  (include
1 =10m . pcs 22,950,07_:'transportation)
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(b} Proportion'Of FYoreign and Local_Cutreqcieé_

Deécriﬁtion_ | ?érééntéée”.
- F®/C LG

Cément_ ' : 60 40
- Steel Bar n?O - 30

Steel Pile | 100 0
R.C. Pile 60 - 40
Concrete Pipe _ | 50 Y

Fuel & 011 80 20

Labor 0 100
Construction thipment _
Depreciation Cost | 100 0
Répair Cost 8O- . 20

" Administrative Cost 0 100

{c) Operation Cost of Construc¢tion Equipmen;

Total ~_¥/c_  _L/C

(B/br) (B/hx) - (B/hr)
Bulldozer | 11.0 tons 329.4 . 225.9 103.5
Backhoe 0.4 m 266.5  175.6 90.9
Truck Crane 10.0 tons 313.4 ' 2i0.4_ - 103.0
Pilelﬁiiving.ﬁachine | D;40' e 685.4., f;ﬁ98§8_y - 186.6
Roring Machine 5.5 kW 191.0 - 135.7 55.3
‘Dump Truck 8.0 tons - 259.6 190.8 68.8

7-5 Pre~Engineering

A survey and.'geological investigation  of 'each_ site ' should be
completed before beginning a detailed design. 4 description of required
items is as follows: - o

(1) Survey

Plain table and cross sectional surveying at each site.

=24



(2) Ceological Investigation

Boréholé Drilling

Suﬁhan Buri 1 =20m

3 pcs

" Saraburil - - Wm I pe
Chai Nat 10 m 1 pe
Lampaﬁg ' 15 m 4 pcs
Chiang Mail 15 m 2 pes
Chiang Rai 15 m 2 pes
Nakhon Sawén 5 m 4 pcs
Phisnulok 20 m 2 pces
Phichit 20 m 2 pes
. Nakhon Ratchasima 15 m 2 pcs
Surin : ' 10 m 1 pe
Ubon Ratchathani 10 m 2 pcs
Udon Thani 1¢-m 2 pecs
Surat Thani 10 nm 1 pe-
Nonthabﬁfi 40 m 9 pcs
Laem Chabang 20 m 2 pcs

Physical Test

By using samples of each borehole

Standard. Penetration Test

Measuring the N value in each borehole
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CHAPTER VIIT MACHINERY AND EQUIPMENT
8~1'_Basic COﬁCEpt of Machinery and Equipment Designs

First, the basic designs for machinery and equlpment are carried

“out, then_thé'fundamEntal areas requiring detailed design are determined,
The principal work for the basic design involves the following:
(A) to deslgn an outline that includes the integration process

(B} to formulate an alternative plan for comparisen bhefore the final

selection of an optimum plan

-{C} to surﬁey fhe following items for the purpose of final evaluation:

° Sdcid¥éCOnomic appropriateness

° Feas1bi1ity of the project in terms of technclogy, financing and
profitability

e Opérating an eprganization structure

° Adaptability of opérating management
§-2 Macﬁinéry and Equipment for Regional and Provincial Warehouses
8-2-1 Approéch to the Machinery and Equipment Program

The méchinery and equipment to be selected must be adaptable to the
rice diétriﬁution system in Thailand and must correspond to the current
state of technical and ecomomlcal conditions. From the techmical stand-
point, these facilities must be compatible with the rice distribution
system and also must be éxpandéble to the private sector as an incentive

project from an economical point of view.
Concrete ideas for the approach include:
a. Machinery and' equipment related to the warehouse are not only

féquiréd_to'havé individual machinery teéhnoiogy but must alsoc be

':éuperiof'in'ﬁbmbing each m&chinery function including g0§d operability,



b. New Technology dIn Thailand is compatativeiy advanced but gome
problems ave likely to be piesent in machine maintenance and’ manage-
ment . Special'consideration.of.functions such as,maintenance free

operation is therefore required.

c. Current manpower oriented. loading worka are to be mechani?ed step by

step, while works requiring a ]imited amount of manpower ‘are also to

. be mechanized.

d. A plan for the'scaleiof'machinérv and equipment'must:héfsef on the
basis of the lowest limit of a given condition (planned processing_

volume). An excess capacity must be avoided

e, Cuality control for tice stored in warehouses has been cond0cted
using intuition or by measuring.with-the eye. In order‘;o_imprOVe
quality control, the scientific approach using machinary_aad tools

must be employed.

f. It is dimportant to keép'thinga in good order both inside and outside
a warehouse in order to maintain a good istorage ‘environment.
Constant attention should be gilven to gears and tools for possible

repair and renewal.

8_2—2 Fﬁndamental Design for Maéhinery and Equipment

for Reglonal Provincial Warehouses

The machinery required for the local warehouses is the standard type
commonly used in handling agricultural products in general It 1nc1udcs
common machineq such as the truck and platform scales, conveyor,:stack~

.era, bag«cioslng machines and inspection machine%.: However, waréhause
machlnery and equipment with the following different funrtions__are
required depending on the local climate of agricultural producta where

warehouses are to be built.
{a) Grain Cleaning and Grading Facilities:
,_Local warebouses are not used fully throughout the year‘ 'This empty
space could be usad more efficiently to improve marketability and -

stockabllity in the area of Nakhon 8awan and Lampang, where
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(c)

_schﬁd&ty craps - (beans and miscellaneous cereals) as well as rice

'9r0ps-are well produced. So facilities with functions. for grain

cleaning, grading and packing are to be proposed. These facilities

‘provide an unhulled tice’ processing capability.

- Iffbroken_grains-of'riqe or cereal ‘are intermixed with ‘beans or
‘miscellaneous cereal, a rich breeding greund for harmful insects is
‘Creatéﬂ}' Insects do not breed easily in clean grain, but they breed

'easily'in'brdkeh grains of rice or mold, so that grain cleaning is

the most important process. The broken grains of rice must be
removed, because even with humidity control, mold increases more

quickly in broken grains than in whole,
Small-sized Rice Cleaning and Packing Facilities

The facilities are designed to improve rice marketing in the main

regional cities and becomes a so called "Rice Distribution Center",

. The’ facilities provide warehouses, Cleaned rice to be stored in

“warehouges 1s mixed with 2 - 3 different types of rice according to

market 'needs, and packed into small plastic bags., PWO rice is
supplied directly to domestic consumers by packing 100 kg-rice iInto
jute bags without small plastic bag packing. TFacilities are thus

not required to provide the equipment with the full processing

~capability to cover the total expected sales volume. It is proposed

that five regional warehouses be equipped with these facilities.
Grain Processing Facilities
Grain processing facilities are to be proposed for the safe storage

of agricultural products harvested in the rainy season for double-

cropping. These facilities are to be designed to carry out pre-

" cleaning, drying and packing for high humidity grains,

Processed grains packed in bags are to be stored In a flat ware-

house. It is proposed that these facilities be bullt at two
reglonal warehouses in Nakhon Sawan and Rakhon Ratchasima, which are

key locations in rice distribution.



8~2~3 Machinery and Equipment Designs for Regional and Provincial

wglehouseq

Measurement tools (truck scale, platform: scale) conveyors, stackers,

. pallets, bag sewing machine and inspection ingtruments are arranged as in

table 8-1-(1), (2), as machinery and tools_for'regionql warehouses.

(a)

Each maéhinefy tool and its use. is described in the followiug:

 Tfuck Scale -

This scale is used to provide faci]ities for the delivery of cargo
by measuring trhck, at the time of rice delivery at warehouses. -4 6
or 10 ton (l0-wheel ;ruck)_capaclty truck is-the:most widely‘used
truck in Thailand, Thus rice traﬁSportatioﬁ also curréntly depends

on these trucks.

There is the opinion that the -10-wheel. truck should be changed to a
trailer truck due to present road maintenance, but as no concrete
plan for this opiniqﬁ'ﬁas been proposed, the truck scale for the

10~wheel truck i1s described in this - proposal.

‘Since the ‘truck scale requires a- pit for its .installation, ‘a

drainage avea may be ﬁee&ed, depending on fhé installation site.

. However,; the proposed local warehouses are:ﬁot:to be ‘built in low

lying areas, so that a drainage area is not required.

Weighihg éystem Mechanical lever

Display. system : Manual. poise slider

Printing system Engraving

Weighing capacity 30 ton_ _ ,
Platform ' . 3 x 6.5 5.7 m, steei plate -
Pit drainage Septic tank or drainage ditch

8-4
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(b)

(c)

Platform Scale

The platlorm scale is used as a sampling check to receive the packed

.rice. This scale is also used in the repacking process when a bag

:1s_broken. The welghing capacity is therefore covered up to 500 kg
(approximately 5 bags).

Since the accuracy of the platform scale may be incorrect due to
frequent movement, the number of scales to be imstalled is set at

one set for each warehouse,

- Weighing capacity’ 10 - 500 kg
Platform size About 500 % 700 wm

Conveyor and Stacker

The planned packing procedure for local warehouses is applied to the
current method in Thailand. However, mechanical conveyor and
stacker systems are employed to rationalize loading work in the

warehouses,

. 'The counveyor machinery and equipment are combined into twe types;

flat type and slope type. In this proposal, for the warehouse

design, three conveyors satisfy the needs of every warehouse because

each conveyor can be connected from every door with a maximum

~distance.

A set of three convéyors (2 conveyors for horizontal feeding,
1 conveyor for slépe feeding) 1s arranged for a 5,000 ton capacity.
Electric power 1is availlable at each site so that the conveyor is
operated by a motor. Since the packed rice weighs 100 kg the
cbnvéyor ‘must -be able to manage this weight. The slat chain

conveyor is suitable,

The .slope. type of conveyor requires the full length of elevation
because the above mentioned packed rice bags are piled up to 27 bags

(about 6 m in high).



(a)

{e)

(£)

Type Chain moving type, flat or slope

Power type Electric motor
' Capability 600 = 1000 bag/houl (100 kg rice)
Length : 6 - 8m -
Width About 500 - mm _
Max, tilﬁing height 7 m (slope type)

Small Bag Sewing Machine .

The small bag sewing machine 15 used when smﬁll-vqlumé'of Te-
packing is required, as when bags are broken iﬁ a warethsé._-This
machine is used evérywhere in the warehouse "~ as it'is-needéd" It
muét therefore “be portable and the power SOurce.:nust be single-
phase., The conventional jute bag (for 100 kg rice or SOZkg rice)
and the chemical fiber cloth bag (for 50 kg.fice)-cau be used with

this machine. One sewing machine is allocated for each warehouse.
Cleaning Tools feor Warehcuses
For warchouse operating management, it is very important to clean

the inside and outside of the warehouse to maintain the quality

control of the stock. A manual sieve is useful for cleaning grains

.scattered on the floor.

1f a hand-cart 1s always provided for moving packed. grain bags a
short distance, it is very helpful for proper rearrangement- works,
For packed rice handiing, an extended scupper and concave platform

are also convenient,
Inspection Instruments

One coﬁplete set of inspection instruments is. provided-.er each
warehouge to inspect incoming grain.' Additional instruments are
also necessary for grading paddy in a warehouse vhere 1t is handled.
An inspection room in the provinecial levelk (reﬁionalﬁ warehouse)
should adioin the truck scale - display room and be located In the

same building for optimum convenience.

g-8



(g)

The inspectlon instruments include: Graln moisture meter, Micro
meter, Table balance, Karton (Seed sample pan) chemical reagent,
probe, divider, Dockage tester or sieve set, Grain identification

board, Test rice husker, Test milling machine, Test dryer.
Pallet

Pélietizétion_ is not planned at the local .warehouse level for
6pératfng a warehouse, so the pallet is designed to protect packed
grain bags. Stock or wooden pallet is. widely used for grain
Qareh@uses in Thailand. In this proposal, a pallet shown in
Fig. 8-1, which 1is widely used in Thalland, is designed to meet the

purpose,

size: 1.0x 1.0m
Height: 0,11 =
Weight: About 24 kg

Hardened wood is used as  lumber and anti-ant processing is also

implemented.

i)
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LEFT SIDE VIEW  TOP VEW BOTTOM VIEW

Fig. 8-1 Example of Fxisting Pallet
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Machinery and equipment already m9nt10ned in the ‘above: are arranged

Ain Table 8-2, and described in the following.

Table 8-2 ~Planning for Machinery and Equipment for Warehouses -

Name of Machinery .§rote3q _ Procéssing .:'Sité:F

and Equipment o . =Capabil-i_ty o

1. Grain cleaning’ Réceivingg Cleaning; [l ~ 2 ton/hr, © |Lampang:
facilities Grgding, Bagging, | o _  Nakhoplsawan.

2. Small-sized : Clganihg,'Re—milling;z ton/hr. . o Lampang .
cleaning rice Mixing, Weighing, o . - |Nakhon Sawan
packing facili- {Packing - h O - Nakhon Ratchasima
ties - IR I S . |Nonthaburt

Surat Thani

3. Grain processing|Cleaning, Drying, . 200 tons/day for |Nakhon Sawan

facilities Weighing and receiving products Nakhon Ratchasima
Packing (140 tonq/day for | '
drying) ¥
4. Forklift Delivery 2.5 tons/base ‘1Same as 2.

site) -

(one base for each

-

{h)} Grain Cleaning Facilities

These facilities provide equipmehf with proceésés_govering cleaﬁiﬁg,
grading and packing for green beans, soybeans and rice.. The process
chart is shown in Fig. 8-2.. Tﬁe' procéqqing* cépability mast be
established to- ‘conforn to the planning volume of the collection of
products, but the scale of fac111t1es is to be set to the minimum
for this type of plant. This is because the facilities are designed
to use the warehouse efficiently, by using vacant spaces during the

off season.

Given &esign conditions

Object grains: - ?add;, green bean, soybean
Processing capability: 1,000 ~ 2,000 tons/year
' {1 -2 tons/hour)

Process: Receiving, Cleaning, Grading, Packing

Main components

Receiving hopper, Pre cleaner, Rolling Lleaﬁer, ‘Thickness,

Width, Length graders, Stonnez, WQighing and packing device

8-10
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(1)

(1)

Small-sized Rice Packing Facilities

There has been the tendency for conﬁenti@pa} sales:in retail mode
weight for domestic rice éohsumption'tb éhangé to smallwsizéd packed
rice of 5 Eg, called prepaékégéd'rice.3 Because of thiq'treﬁd'lin
this oproposal, a émall~sizéd pilat plant design js offered to
improve not. only the retail distribution in 10ca1 cities, but also
to handle the healthy cleaning of rice ias food, The quilityrscale
is planned to have a Z-ton pef hour procéssing capability'béséd on

the capability of the small packing machine,

Normal facilities arve expected to process 10 - ZO'tbns‘déiiy aﬁd
2,500 - 5,000 tomns annually. " The process includes éleaning,

re-milling, mixing and'weighing'and ﬁacking as preprocessing.

Any. grading p1ocess for domestic consumption rice is not neceqsary.
However, PHO 1is selling a rice nmixture - called "orcha rice" as
bC0n0m1C3] rice, so that rice mixture plocessing is. indispensable.
Re—mllllng capabillty is designed in a small scale, because only
deteriorated rice and high quality rice are re-milled with the
facilities. The flow chart is shown in Fig, 8-3 and the reference

layout is shown in Fig. 8-4,

Given dééign conditions

Processing objects: Milled rice

Total processiﬂg velume: 2,500 - 5, OOO tons/year
Processing capability: 2 tons/hour _
Process: Cleaning, Re-milliing,

Mixing, Weighing and packing
Main components

Receiving hopper, Cleaner, Rotary shifter, Stonner,

Polisher, Mixiﬁg device, Wéighing'and Packing machine

Grain Procesgsing Facilities

The facilitiee are to be planned for processing' primarily high

moisture paddy to be harvested.in the rainy season, Paddy, which
contains more than 17 - 18 percent. moisture is difficult to store in

a warehouse, The rice must be dried as soon as possible to be fit

8-12
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fq}:_storagef However, not all paddy in a warehouse receives drying.
Prpblems due to the: high moisture content of paddy must be con-

sidered, The ratio is assumed to be 50 -~ 70 percent.

iRecéntItﬁr¢shiug works in Thailand have employed the throwing type
k :of_tbresher method, so that high moisture.paddy has not been applied
S ito ﬁhe;;hxeshing works. The :grain. processing facilities are de-
signed Eo_cqver thia fact. Since drying rice straw is required as
'preprqcesging_for threshing work,  chaff 1s dried to some extent.
Limiﬁing the moisture of‘ﬁaddy.for\the throwing type of thresher is
expégtedrto be 18 ~ 30 percent. In some paddy, the limitation value
is 24 perceut, Prbcessing .at the pgrain processing facilities
inclu&és ciéaning; welghing, drying and bagging, as well as pre/post

dry”proéessing as stated above,

The facilities are basically designed as open-air type facillities,
buﬁjworking sites for receiving and packing are to be kept inside.
In:adﬂition, since ﬁroducts are to be stored in a2 flat warehouse the
'ﬁaéking:site and location of the warehouse must be connected func-—

tionally becausq of independent weather works. In this proposal
.howevéi. the packihg site is to be apart from the warehouse to

prevent fire.

The flow chart is shown in Fig. 8-5. The reference laycut is shown

in Fig. 8-6.

Given design conditions

Processing objects: Paddy and other grains
Total processing volume: 10,000 tons/year

‘Number of days to be received: 60 days

Maximum receiving velume: 200 tons/day
Volume subject to drying: Maximum receiving volume x 50 - 70%

‘Moisture reduction: Maximum 10% (from 24.5% to 14.5%)
Main ' components

Recetiving hopper, Pre-cleaner, Sampling device,
Welgher, Receiving and tempering tank, Dryer,

Wéigﬁiug qnd paéking deyice-

" 8-15
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