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June 15th 1984

Mr MANUS KORWINICH
birector General
Department of Highways
Menistry of Commumcation
Kingdom of Thalland

Dear My  .MANUS:

I have the pleasdre in presenting the Repert of the Techni.cal
Cooperation for Construction Equipment in Kanchanaburi Egquipment Training

Center, Departmept of Highways, Govexmment of Thailand.

This report contens subjects in relation to construction equipmrent
which should be studied and serutinized more intensly plus the executive

summary of its utility in the past two years,

X
H .

While in Kanchanaburi Eguipment Training Center for two years, I have
had several useful experiences which were ralher difficult to obtain in my
native couniry Japan,- When I geﬁ back to Japan, T shall make good use of
this experience which yourhave selflessly extended to me, I am deeply
grateful to you and your staff for all the assistance and cooperation in

this our muﬁually beneficial efforts.

I wish, you and the Pepartment of Highways, alsc the Kanchanaburi

Equipment Training Center, all the luck and prosperity in the years to come.

Sincerely Yours,

%m‘afu' ?am/,w«/@

Jinichi YAMADA

.

Japanese Expext
Japan International

Cooperation Agency

JEA LisrAaRY

e



INTRODUCTION

We four Japaﬁese mechanical Experts (Kazuo WATARMBE, Hiroshi FUKUMOTO,
Kazushige MUTOH, Jinichi YAMADA) , weve sent to Kanchanaburi Equiprent
Training Centex, Department of Highways, Government of ‘Thailand from Japan
Internétional Cooperaﬁion Agency (JICA) for alternately four years
{1. July. 1980 to 21, June. 1984) for the primary purpose of intence the
DUTIES OF CONSTRUCTICN EQUIPMENTS.

All four US sexrved 3in turns:
My, Kazuo WATANMABE ~ 1, July 1980 to 30, June 1981

M. Hliroshi FUKUMOTO } 1. July 1980 to 30.June 1982
Mr. Kazushige MUTCH

Mr. Jinichi YAMADA - 22. June 1982 to 21l.June 1984

My Auties coverd organization and supervision of training program for
fhal mechanical engineers and techniciang in egquipwment maintenance and
oyerhauling., (See reference)

I have executed below the systems and procedures for the proper
management of equipment in copperation with the CHIEF of Workshop and

HIS ASSISTANTS.



Reference:

1. Background Information
The bepartment of Highways has established a Construction and Training

Center in Kanchanaburi, Initially the purpose is to construct a highway
between Xanchanaburi - Thongphaphum using eguipment financed by OECF.

The JICA has also éupportea by sending a team of 3 mechanical englneers to
train Thai counterparts in eqﬁipment management and maintenance. The team
of mechanical engineers will expire in June 1982, 1t is envisage that one

mechanicai engineer is still needed to fulfil the original plan.

2, SBpecification for the post,
{a) Post title
Mechanical Engineer (Heavy Equipment)
{b) Duties for which the expert will be responsible
These should preferably be listed, and it is inportant to give as much
detail as poasible, _
He will orgapinze and supervise éhe training of Thai mechanical’
engineer and technicians in eguipment maintenance and overhauling.
{¢) Authority undex whom expert will be responsible.
‘Pepartment of HighwayszThailand.
{3} ¥umbex of personel required,

one,
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DUTIES

.

1. DATA COIIECTION and ANALYSIS.
I have analyzed productinity repalr cost and fuel consumption from

actual data. It was difficult to collect aclual data from daily record
and monthly record because these data are not listed under individual
equirpmeqt. And this was not enough for analysis.
In oxdexr to analyse the above it is reguired rationally to collect

data on construction eguipment. 7%Therefore I wrote these down (see

attached sppendix-l1),

2. VALUATION OF OLD EQUIPMENT IN JAPAN,

Kanchanaburi Equipment Training Center was established to evaluate
utiity of old equipments but it was not a unified evaluation system.

In order to evaluate old equipment, D.O.H have set up evaluation
systemn of oid equipment suitsble to the conditions of Thailand for
future planning,

For reference, I have introduced evaluation system of old equipment

from Ministry of Constxuction in JAPAN. (See .attached appendix-2)

3. COSTING OF CONSTRUCTION WORK,

D.C,H have listed down the unit price of each kind or type of
construction work, but, there are nc details covering fuel comsumption,
working days or working houxr of equipment, equipménf‘ownership cost, fleet
of equipnents, arrengement of operator etc.

For reference, refer to appendix-3 where I have delivered a lecture

for Thai engineers in Kanchanaburi Equipwent Training Center last year 1983,

4, BUDGING REPAIR-EXPENDITURES,

Budget of repair expenses has been estimated be means of percentage in
construction cost in Kanchanaburi Equipment Training Center,

However, only the CIVIL ENGINEER can decide on the parcentage of repair
expenses, The mechanical engineers can likewise recommend on these since
they sre also able to understand equipment use plan, equipment pause plan,
egquipment reinfoce plan, repair plan, eQuipment disposal plan, etc.

Therefor it is required to forecast next Ffiscal year's construction
plan (eapth volume, used equipment, construction period, condition of

job site, etec, See attached pppendix-4).



5, PROGRAMING PROCEDURE.
{See attached appendix~5)
6. HAND BOOK FOR MECHANICAL ENGINEER.

In ordex to manage equipment efficiency, D.C.H. published the hand
book for Mechanical Engineer,
{Example of contens shows attached appendix-6}

7. TUAI ENGINEERS HAVE RECELVED THE TRAINNING

OF JICh IN JAPﬁN AS COUNTER PARTS OF JAPANE SE LEXPARY.
a. "Maintenance cof construction machihery" couxse,
Mr. Thaveesak, Mechanical engineer {(May to Aug 1983)
b. "Highway construction" couwrse.
Mr. Somkual, Civil cngineexr {(Sep to Nov 1983)
B, SUPPLY OF INSTRUMENTS AND GOCDS "0 Kanchanaburi Equipment Praining
Centex. ‘
{See attached appendix-7), .
8, DPREPARATION OF TEXT BOOKS.
These Text Bocks were made by Mr.Thaveesak, mechanical engiheer and.

Mr.Peerapal,'mechanical engineer, and were translated into Thai-language.

{See attached text Books).
a. Selection of equipwment for Read Construction Work.
{Section 1: Properties of Soil & Method for Selection of Equipment) .
b. Procedure and Estimate of Equipment Management suggested by Japanese
Expext.
c, Selection of Equipment for Road Construction Work.

(section 2: Calculation of Operating Capacity and Equipment Fleet
Design}.
10. AUDIO-VISUAL EQUIPMENT.

Slides and video tapes were bought from Japan and movies borrowed

from JETRO were shown by engineers of the Kanchanaburi Equipnent Training

Center for all the staff.
11, DIAGRAM SCHEDULE and PLANNING EQUIPMENT USE.

These introduce the Diagram Schedule and Planning equipment use for

civil/mechanical engineer in Kanchanaburi Equipment Training Center's

.



future construction planning, (See attached appendix-g).
1z, FUNDMl’ENTAL KNOWLEDGE OF _MAIN'I‘ENANCE.

(See attached appendix-2}
13. OTHERS |

{See attached appendix-10)

I wish to thank Mr.Vicha, Project Director, Mr.Thaveesak, Chief of
workshop, Mr.Peerapol, Mechani.cal Engineer, Mr.Weerawat, Mechanical

Engxneer and their staff who have assisted and coqpexated with me in the -
performance of my cuties.
Finally, I wish the Department of Highways and Kanchanaburi Eqguipment

Center more prosperity in the futuxe.



appendix-1

DATA COLLECTION and ANALYSIS

December 8, 1983.

Kanchanaburi Eguipment Training Center

Jinlchi vYaMADA



Fox collecting data on equipmeﬁt and analysis, DOH should £ill in the
Equipment's Record {(FForm~1) when purchasing some equipments, and, in ordex

to collect data and analyze statistically, DOH has on hand individual

equipments.

All operator of D.C.H, should write down the Paily Recoxrd (Form~2) for

cach kind of equipments every day.

Angd then D,.0,H. should post to the Monthly Record (Form-3) from Daily

Record evexry 1l0th of each month.

Average Fuel Comsumption, Production Rate and other items should be

computed.

Also, post the Annual Working, Maintenance Recoxd in the Equipment's
recoxd (Form-1) from the Monthly Recoxd within the 15 th of the ending month

every new fiscval year and calcwlate Annual Average Operating Hour, Annual

Operating Day and other items,
Then  furthey check each data from the cowputed result of each item.

D.0.H, should collect all these data and analyze statistically Economic
Lifetime, Average Fuel Comsumption, Average Annual Operating Hour, Repalring
Cogt/hour and other itemes till November in accorxrdance with the hnalysis

System Flow Chart sbout Control of Equipment (Form-4).

D.0.H. should declare to each Equipment Center and other Divisions the

results of the analysis statlstically after due consideration.

D.0.B. should perform above-mentioned procces and system every year

periodically,
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Equl

pments Record is very important for the proper management

of equipments, planning of the malntenance procces, and decision for

period of disposal and evaluation of old equipments. It is necessary

to record data factually and sccurately, )

Points of Out Line:
To entexr each iltems in detail as per equipment epecifications,
To enter with modified recoxd, the cost and capacity ofter
modification.
To record working content of repaixr and repair cost;
Entex every month from daily record as follows:
‘o enter working volume and Km which foremen or operatexr
have measured. _ o
To enter contents of rapair point and change of parts
fwhich is in corporated in Maintenance Repair and
Equipment Modification).
Overall cperating time is the actual working hour of each
equipment and the time consumed when transfer operater
whithin 10 finutes.
Operating day is the sum total of operating time when added
up equivalgnt to days B
Modlfied record contents modification of functions and

capacity of eguipments.
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appendix-2

VALUMIION OF OLD EQUIPMENT IN JAPAN

October 5, 1983,

Kanchanaburi Equipment Training Center

Jinichi yaMaba



o Bare
How to Valuate Old Equipment ln JAPAN
Fundamental Formula of Valuation of 0ld Lquipment
v “{(P - a) s = b}' B
Where Vv ¢ Valuation
P 3 Purchase Price
_ﬁg :+ Cosgl of Lost and Unrepalrable Units
3 : Remaln Cost Rate
: Egtimated Repair Cost
. t Utillzation Efficiency
(1) Purchase Price (P} can be reduced up to 30%
depend on weakness &f the equipment.
| | ( sce Figure = 1)
30 . . ’ oPg -1 o
; - T
‘-U + w
o 25 : ; .
8§ 20/—
3
3 15
o
Y 10
5
ol .
1 P 3 7 5 3) g 9 T 11

l.Lapse year



(2) Sﬁ'is Remain Cost Rate

Where S ¢ Remain Rate = 0.1
X ¢t Usgeful Life
% ¢ Working Hours
x .
/é : Working Hours Rate
If X = 4,000 x = 3,500
7’ ' 3509/'
£ = . /4000 = 0.875 ¥ 0.88
therefore
S§ = 1.32

X

"X o : -
But when /Qﬂis aver 1.3 X is maximum 0.0501a See the

table - 1

(37 Y is corrected Usefule Life

Where the Fomula

Arp
¥ = .¥yex Wr (Use integer V¥alue) |
y ¢ Economic Life yeaf See the Table =k
Ar i Average annual operating hours P
Wr ¢ Average actual annual operating hours
from purchasing:dayo
Table . 2
Y &6|7 18| 9l10f1a] 22 19sa[as]16fi7 [18]29]20F24
! |
Equipment kife . % : ;
5 Y®ars and below 93|88 8482 18017877 {75 (747373 172 172171 71] 79
Equipment Life
6_year and over  |86177 70671626458 |56[55] 5533 {52]52 |50 509
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ey

Y.

Method ef using hhe table - 1
= 5600

When X

%

There fore Si is 0,200,

-
e

2000,
0.70
by

[
e

X

L] IS % j',':; X W,X__ Py X X X ,-! X,
CX eX AR e X X [ 1K § X sX X L SX
= 001l 0978 cfioeTy 05.47- 05y [ 029 | 079 0.062" |, 105 [ 0.0891
002 .0:55 lozsi 0,‘,_')5!. 054 | 0288 § 080, 0158 1.06 | 0687
003! osm.s'i ', 0.29%, ‘-f=0,ff;i3;-' 055 | lp2sz | ust | oiss 107'5 0.0851,
0.04! 20.912-3; 0307 | “05o1, ] 056 Jo27 1| vs2 | 051, | ree! 't oosaz
-o.os!. 081 '9.3'1" 0490, | 0.87 "E?.,ﬁéég 083} 0148, _‘109 0.0813
006% 0,3‘7_;?', 10.321. q{upi ,0:5:'&_;,_1 5‘3:?‘?? {084, .0.1’45!. =110 0.0794
0.071] 0851 0337 0.468°" 0BG ) 02570 ] 0.85 10,441 111 0.07176
" ;_o.paé .0332* ?34, _1{0'.457- ;‘{‘Q&‘:@f tozs;* sosa ',.0.1_33.“ }.1;2: 0.0759
u.ogi 0813 ' 03l 0,447 0.617] 10245 ’087 0.135", | 1.13) 0.0741"
0101 o;';!wf' 1036 0«;3?- ___:015,62, '0@40 0.88 ‘0'1%3?: 1140 | 00728,
'o.uj; ‘ b.’;gﬁfé T ,0421; 063’ 1”,’0;'2,3'45 0.89 ’0129r v "5.0708 '
oaztl 07b9 | 038 f04;7 o844 {0,429 090 012() B 0.0692
oaall, o1 [L038 .04o7| 0.65 021241 091, 0133 137, .?Qbs':ﬁ
014 190726 p4o ;[}3981 ,-(j.,sp ﬂo{a;a'-. 0.82. !0120 113 olossx
. ot p,'{q;af{.f'i ‘oul! .a?sa .;:lbj,ljes?{_ loarg. | ood | ToRLE 119 0.0646
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Exapple When Y = 6 ycar Arx = 1,100 hr , Wr = 850

’1;-100? ¢ r 2

s 6 x2tiilo= T7.7647 = 7 year
¥ 850 . Y

~Therefore corrected useful life Js 77% when above 6 year used

(4) E 3 ytiligation Efficiency
(1) C (Hackneyed Correction Rate) = A x B and always 50% or more.
If A x_B is less than 50% Use the 50% rate (A reduction within
50%)
In case the equlpment life 1s over the Useful life
year and Working hours rate(ﬁ') is within 0.4 the minimum rate

of C can be reduced.%rom 50% to 30% (If A x'B,is less than 30%
use the 30% rate.) (A reduction is within 70%)

PR

(2) D (Correction Rate of Machine Type) are: shown. in table ~ 3

Table — 3

Classifl Equipment ' Correction Rato

of MHachine 'ype
Vehicle _

100%
Versatility equipment CT0S e 907,
Hot versatility equipment OO~ YU




are

Nt

2. The 0ld equlpment lg value _of‘scfan when can not veluate as equinment.,

Tn this case use the tablm - 4

Beach kind of equipmen‘b material‘rﬂbmpo-nent ( % )

Table - 4
Scrap
iron —
bt
. 42 n
Equipment  {Specification Y S
1 U\S#J )
S BRI O % .g K
@ rg ord Q' 8 L] ! ®
E G | & | B F § {4 8] 8
& |e]s |8 144
. £ -
Truck LA-365 50.0[149 RR.0] 0.1 ] 0.3 |24 04 |03 | 946
Light vehicle | 4 x 2 331214941 9441 1.0 |07 (0.1 {041 1.6 | 4.5
’ L x4 3Le2(26,2 [17,0] 0.5 |07 [0.1 | 0.6/0.4 | 3.1
{Tractor shovel Gra;x;l.er.-;ﬁ(fpe 3.8 1247 0.1 | 0.3 {0.5 |02 A
) Wheel tyve 65.1] _ [R5.1] 041|001 0.4 |08 |02 | 8.2
Metor grader 65'4T 2.4 P23.4] 0.1] 0,21 0.210.1 |0.1 (8.5
L4 T . ‘ : l
Wheel dozer |18 (jggg 551 0.4 120.2] 04 (01 ] 0,1 ~ | — B3eL




b

T T SR GNP . RS

: M .m Immpo.wlu m— 1 llvnllm.f ’
M H 3 N
w I N — SROSURTI905 TN | OCT m
L - B T j - ; |
h ' H m i Ihi \16%&! = § 03T I =3 !
t { N 7 qUoTHiLE b 43 R he 1%.
m - e I —— { . iy
: 1 “ - w PIF IR | O 2
1 - Po- '
B ! i g
: : ! “ 254845 STIRIpAE | OB (&
”_ - | m : :
g ; ] * _ : SRR T oI B
f A : | * — TP FeR 430 040 'S
m W:». m Ll'llitri.)nlbl»uln.ll.l.!_nvuw- .
— __ i W WSS FUIRIE 1 Vo x
. i { ! : | S Y- !
w — W : : Theysky FRTaeeys | O8U 8
; ﬂ _ | : : i o
! I m T e L 061
- w | ; s SR
| - m i ershy TR TR Bea 2
] t ¢ H T i 3 .
; _ , SUTEE | 0EC .“
w =1 M i U Pt i Tz . _
: . : X
: ﬁ ! ] UTRI] IBACH 0Tg m _m
i ! ! i i
W e R N grsssyy 000 | M
m : j | e _
M — m ; w T e L F §
| . i - g 32
| m i 2 o
! { i v e P L
M _. : - 5 L5 m.ow, !
W m .m | " % B
S : . A=A
i ! ! h i -
: i ! _ _ s 1
i s s T ] ! 1 m 2 - m
{ —~ ! i : e}
w..i - _ M i (3 X E) woTgenL  TEERL
m i L i .
! ol | axXo9=3 P |
i t M { n.Tn i
. “ .
; - [
i “aoa e T N T 20 H
[(G) eady SuTMosy T 993y UOTI0NIL0H W m. i
H | NN - 2
L . EXV=0 | & & o |
: 2 ook o= )
i _ R O i
i ! 'y 2} = _..\nt ﬁ W , H i
j _ (8) SUBORISE L 2 & m 3
UeTYBZTITIL JO BI%Y 8§8aI03g o 8 ~ ! 8
| M m ) AR S
i | | _roanarien Jo anes §0TR081I07 | S
/ | m = gS(3 - d) =H UMM
3 m H —
{ i m _ X o =
i 7 W (q) 4505 ITedey pPoqEBTLSE
| | W | ‘
i - : ; .
m m W {8) s3up eTqeaTedsdup pue 4807 JO 35900
| .
t i { g . i
“ . ; ) ) seQ upewey |
M : | g e
; ? m X et et e mma by i
m m n H %) SIMOE SUPION |
“ j | | W |
1 i i . i|®1.....i.......l| im.ﬂ,m,llu
) : .
1 } . B ! —— et
: : + 7 LTy o5y enls) SFeATES
m : | | AR ;
m ,m w S|
| , w W N
j “ 4 ; m 9q8g SSBULIN
: | ] X '
i | \ i . H
I i ' | {
.. ,_ i : ! S !
__w — w | / 509K § SR
§ - : !
| H i 0
| m _ i N e ST
| W _ | | . m
i 1 | ' :
¢ H . - ) " i
W ] _ oy OSUTYOBRN m
.,ﬁ H H —— r i m—— — - .lﬂ
L | i . QOHMU 7
213q : P s
doTiRniey, swoudtniy pld

of




b

FOTY e e

Crremamte b 4 BB e s A TR

p oo

Classification

Code No.

Apys et Re s e L n R A A e N

e bl

L PR CONSTRUCTION BOQUIPMENT OWNERSHIP COST

Capacity (t)

Specification -

* ‘indicates the type
widely used in Japan

Rated Cutput (p-s.)

wWeight {t)

—-
fend

Original Puxchasing Price’
{zhousand yen} :

%
-

Economic Life (ys@x)

8

,i

—_—
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3
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ek
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COSTING OF CONSTRUCTION WORKS

Septerber 28, 1983,

Kanchanaburi Equipment Training Centex

Jinichi YAMADA
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1., Cost of Contracted Construction Vork
When caleulating the cost of construction work the Ministry of
Constyuction gives a contractor, the cost of the cohtracted work which
is broken down as follows.
pPirect work
cost
| ... Ret work
| Indirect Cost of common cost
- cost of work work cost — temporary work
Coat of .
contracted General .. Cost of field
work . inistrati
administration administration
work

(1)

(2)

(3)

{Items of Contracted work Cost)
The items for costing costruction work on contract shall be as follows.
blrect work Cost '
Ags for the direct work cost, each division of work shall be further
divided into type, kind,adetail and name according to the place and
type of work, and, calculations shall be made for the three elements
of cost materials, labor, and direct expenses,
In&irect Work Cost

The indirect work cost shall be the cost of work and expenses other

- than the cost mentioned above in all the divisions of work and shall

be divided into the common temporary work cost and field administration
cost,

Ceneral Administration Cost

The general administration cost is necessaxy For the contractor to
carxry on its corporate operations and it shall comprise the general
administrative expenses and profit added and shall be developed by the
nee of‘the following the general administation cost rate,

Genera) administration Cost rate = General administration cost
Cost of work




Basic plan

Detail
plan

Control

'plah

2. Procesure of Construction plan

Understand the construction

condition

Draft basic conception

Estimate roughly construction

period and cost

|

Detail plan
' |

Check constrution period

Plan for Equipment Materials

Estimate construction cost

Plan for arrenging eguipment

B
]

Drawing up practical estimate

Explanation in field
Contract document
Pesign docwment

Condition in job site

Congtruction method
for main works
Selection for main

eguipment

Selection of optimum
eqguipment

Selection numbexr and

capacity of eqguipment

and facility

Collection method
Repairing system
Personal formation
for construction
Guidance system

Education system



Exemple Earth volume ot accounts

3.

r

Barth volume of accounts

ﬁ Deduct | Takeo:f Accumul - Pirection
o " Excavation Filling volume voliume ‘atelof side
&= 2 Moon o volume  volume
> @ jSection & .- 1Earth Section |Mear +Fartk: Percent Compens- 3 3 3 3
mmo » larea ,mmnﬁ%om Jvolume area mmmMMOﬂ volume jswelland ation (=" ) (=7 (m™)
*WHN = area hrirkage volume
2 2 2 .3 2. 2 3 3
| Am) (=™} (=) (m™) m (m) (=™} (m™) €] (m™~)
w ¥ } J .
T——
, ) S —
HEE 2346 | 2.3 + Y6340
_ ! ,-
12 2C.00 29.4 26.5 530.0 | 1.3 4.5 96.0 0.9 10667 + 423,31 +1386.9 10647
1 .
]
wm.N-?HN 1258 S5 17.5 215.8 Gel 3.5 .ﬁalm " 54.2 Anﬂwnﬁaﬂm.ﬁ..ﬂv + 164.6 +1e551.5 54.2
w .Im . .
13 TaSG 4.2 dov 36.8 12.6 Y.6 72.0 " 80.0 + 100.C + 58.81 +1.608.3 3645
i - .
14 | 20.00 2.6 3.4 60,0 18.5 156 312.0 " 34647 - { - 275.71 +1.329.4 &8.0
15 {20.04 © Ta3 2640 21.3 | i5.v 395.0 " 442.2 - 416.21 + 913.4| 26.0
N )
. {
i
&
-
o
o

Cowipensatingy volume =

- H

-
- -

Excavation

Filiing

Earthn wolume /C
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Estimaiion Torm
-
Item Tyons Eind Deteil Size Tnit] @'ty Tnit Amount Renork
: Price
Eerth work T szt
. 3
Cutbing . ‘ m m
Sediment » '

g

b
15
|....l
for
&
3

Soil Field »

Spiil From
srrw 0l t

Furehese :
soil .

Slove vrotec—

Form
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Soddiag 7
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6. Unit ~ nries form & Method of diacrinbion
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Unit - price Digging and pushing of Motorscraper

7. Example Unit = price Digging and Pushing of Motor scraper

3
Capacity : 117 (335P5)
Soil : Samdy soil
Earthmoving distance : 500"
Working EZfficency : 0.65
W Item W w M M M |
_ ! Description i Size Unit | Q' jUnit price! Amount m Remark
m e e ” i m “ ui
mmwﬁmﬁwmw expence | o _ _ W o W W
! ’ : - 5 : m i :
: i . m - : ! u "
i Light oil £ P11 4248 ! M
; : ; | :
w : m M_ m W
m ! . ; ! “
M i Miscelianeous : set  § 1 | i M
' m “ m i i
: : | t :
Labor expence i M | m i
: m m
_w W ,. ] w W P
m | Driver .. " person| 0,20 | m !
; , w P N i m ! .
! Wmmwmﬂmnd driver m n 0.10 | — :
! oL w !
] | i 1
| Laber personal n 0.04 M
, — W
mxmymbnm of eguip “ ﬁ -
ment ! e : m
i mme . M |
Mmaﬁpwsnnﬁ ownership m hp 1 : i
m cost w t ; mw
g = goxk = 1i¥le1l = 9.7
L 1425 ﬂw
) o ¢ Struck capacity = 11"
3 k : Load coefficient = 1.1
V = E&0%XgxE = BO* 0,7 % 0.85 = 74.2% /hr L : Percent swelland shrinkage = 1,25
1.7 + 0.0068 L  1,7+(0.0068%500) - .

\ ; * ~
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BUDGETING PERAIR ~ EXPENDITURES

January 23, 1984,

Kanchanaburi Eqguipment Training Center

Jinichi YAMADA



The present Budget System for repair expenses is the rate of

congtyuction cost at Kanchanaburl Equipment Center. DBut I think every

mechanical engineex may not undexstand content of repalr cost rate,

In my concept every mechanical engineer needs inguiry concerning the

following in order to provide reasonable system of demand budget for

repalr expenseg:

1.

Compare the repalr expenses rate from actual construction cost
and the repair cost in the past,

Calculate the rate between actual repairing cost and equipments
cost.

Calculate the ratio between the nuwber of repair units and

the total wnits of eguipment,

Analyze economic iifeutime of eguipment from actual operating
hours and actual ;épairing cost.

Undexstand the next year planning construction and estimated
operating hours of indeviduval equipments. |

Investigate and analyze production rate per houi of individual
equipments for each condition of soil and each condition of
job site,

Estimate operating hour of individual equipments as mentioned

above 5,6 and estimate repair expense from 3.

Then D.,O.H. should rearrange same equipment or same bxand of

equipment to same areca because D.O.H. has many kinds of equipments and

many old equipments., It is better to dispse old equipments or take rest

period for tachine equipment to recuperate,



Othexwhich, D.O,H, should purchase same equipments of same
specifications,
¥ think that D.O.H. can manage eguipments and can control spare

paxrts easily.
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appendix ~ 5

PROGRAMMING PRCCEDURE

February 27, 1984.

Kanchanaburl Equipment Training Center

Jinichi YAMADA



:‘Prooeduro of Programming

1. Syqﬁem inslyels
1

i

To gragp preasioely and olearly the present process of management

whioh 18 %o be converted into EDP gyastem.

This will be acoomplished by utilizing the work flow chart that

hae been wused by DOH in handling the work manually,

2. Systom Design

System deelpn aims at forming a system belng easily computerized

by exsmining the presant systom in parallel with system analysia.

This will réquire not being selzed by conventional gjstems with
an agalatance of ataff who underatond present conditions very

well, That is, the followinge whould be clarified,
; ;
A

D) System targst —-mmmww ~wwwe Purpoges of tho EDP System

CjInput/Out put Format

C)Prooaas short wmomemwwweaw System meanogement proceduve

(® Dominant logic chari
{:)Mastor £11® «mewmmncwweew Tape,Disc-pec,etc.,

3. Process Chart
To draw the management process of the system degigned.

(Ap example)

TN

Stooked - . T Order Forxwarding
Master |91 ‘ Stocked '
File _ e } Searching ocut
Branaautiop . (Retrioval)
Metching
NMaster Crder list
File New
PN




4,

S

bogic Chart

Logie chart shows logically the monogement process by computer,

An example 48 shown in the atteched sheet,
Coding

Dobug (Programme test)

acoomplish the sbove,

EDP system ia to be designed wainly by the staff of a certain

division that deals with the systenm,

Staff in computer sectlon nasist Ltho above staff by training them

the EDP aystewm design.

A better EDP system will be obtained by ocllacting concaptiona of
staff in the relating seéfions and compling them into an integrated

one.
To undfy the orgunization end the woxk flow smong 1OM,

Digposal of: unnecessary equipments and parts asnd re-formation of the

arrangement. (According to tho construction volume)
Uniform management system of the paris,

Record of equipment

Purchase — Arrangement > Disposal (Standardization)

Egstablishment of an instent delivery of goods system with an
appéopriate gtock.
Amount of stook and demand projeotign. Collection and analygie-

of sotuel data by sitatistical method,

Stock ~--= Ladger by item of goods
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appendix-6

W
-

HAND BOOK FOR MECHANICAL ENGINEER

Requlations concerning Equlpments
Administexr regulations concerning Rquipments
Definition of Oﬁerating hour
Planning for Budget of repairing for Fquipments
Concerning Eguipments and Vehicles
Concerning Standerd with paint of equipments
Concerning Communication Low
Concerning Cord-number of Eguilpments
Purchasing (Contract) and Inspection Concerning equipments
Standerd of purchasing for vehicles and equipments
Outline of Inspection for equipments
Concexrning Valuate 01ld equipments
Outline valuate 0ld equipments
Aggregation (Estimate} concerning Machinery cost
Cost of Construction Equipments (dn Estimation table of the
construction equipments ownership cost)
Outline of Lstimation éonstruction works
Othex “
Outline of draw up the Record concerning eqguipments
Outline Handle for unnecessary equipments (Concerning disposal
old equipments)

Management of equipments by the computer system
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" | Tachuesl Equipmont of JICA

appendix-7

" (Coods of Supply)

No Dlacription of Goods Yypo & Model | @ Ty omArk

W Video TV Sony KV-2024 B I Sob-
"B Video Rocorder JVC HR wAT0Q: I Sot

"3 Video Camere, 7 - T Set . h
" 14de Projector Super Cabin IIT 1 rot Magazine & ZooM
Yens F9.8 |

5, Recory Machine SHARP SF-8#750 T et

s Stoam Clenner MARUMA HO.800 T Set | 220V 50 M4

7. Movie Projectoy BIMO Y6um/mi6CIMO | X Seb 220 V¥ 50 K2

8, Overkond Frojector ‘EEMG HP~3000 I set W/ Trany

9, Casoote Tapo Recordoey I Seb

N

Yo recloved eack goods of tho 1ist,

SONY OFS.F58

Mers, 30, J983

Reclover aignature

4/: J?},f;ﬂﬂ'» \-ﬂ{- s

Supplier algnature

7/5;:5,5‘.::-/;( P {/ e B Ls] 6/’(



Technleal bHooks of JICA,

{Goods of Supply)

o ra——

28,

.

NO Deséription of Goods oty Remarlk
1e HiQhway Engneexing 1 Copy T om Thed
2a Ho@@g Location & Dasign 10 Té
3e So{ilMuchanics 1" ?;
T4 ?éinfprced Concrie Paglan 1 TKT
5o &o;créte Technology 1" T
Gs .Engineeriqg Keonomice 0" T
7a ;Tractors f 1 " T
% ?Microcomputer 1 " T
Se Engineering Quality Control p T
104 Automative Afir Conditioning i " Y
1%e |  Timber & Steel Design , 1 " T
124 | - Small Internal Combustion éngine 1" )
13e ﬁgﬁic Flow Chart 10" T
14+ | Refrigerator Standsrd Specification g v T
15, | Fiber Glass L m r
164 | VPlastic Coating g M P
17 Buiidihg Safety Standard 1 " iy
18, | Applhodidofel. 1" ?
19, | Pandamental of Compvier Y P
20, | ¥ile Bearing Load 3 o T
éi. Concfete Testing Handbook 7 0 T
22¢ lSEeai»Structure Bullding standaed 7 " T
23, .";4$L‘t§r Building Standard 1 T
24e Timﬁer Buflding Standard 1 " T
25, | Nbpde's A;chitecturnl Catalog File 2 vol i
26, %80 Micréproeceasor i copy T
2%+ | Computexr & Accounting 3 ! T |
Relnforce Concreterﬁuildiné Construction Inspaction i T



s e

NO Dagcription of Goods Q’ vy ftemark
29 | Structure Detal) 1 copy T
30, | Human Relatlons in Industiy i " T
31e | VMorkshop Adminletration Ploblenm g T
2. | Fortrgn ¢ 1 M T
33, | Joke on Workshop Sefety " T
34. | Surveying Pundamontals " Ew Engliah;
3%e | Advanced Surveying L [
36s | Rumote Sensing and Inage Intmrpnetation i v I
370 | Matrix Structur 1 Analysls 9 E
38, | Statlically Indeterminate Structures 1 " B
39. | Soil Mechenics in Engineering Practice . " E
40e | Soil Mochunlce 1 ¢ %
41s | Autometive Ency Cldapedia 1 0" B
42, | Mechanical Englneer's #/B Vo1 1 YO &
A3e | Mechanical Englneex's H/B Vol 2 1 " E
Ady Hodern Pergonel Maﬁugemant 1 " T
45« Conference Axxnngémsnt Taahnd gque i " T
464 Cay Uging and Maintenance 1 " T
470 ‘Astronomy Fractice T " 7
£84 Eleatrical Constructing Standerd 1 " T
49, |Constructing Data " o
50 |Moriar YTachnique 1 v iy
510 |Raglc Sheat-HMetal Vork 1 o 7
526 [Metal Work Data 1" T
53« |Machining %heoxy 1 m
S54e [Metallurgy 12 1 " T
58, [Metallurqgy .2 1 " P

1 " by

Bagic Intergrated Clrcuit




SHO Bescrlption of Goodn @ty Remaxk
57 | Highway En{;i.r'iéqri.ng H/D ' 1 copy E
S Englneering Heagsurement & Instrumentution 1 " E
59 A Course in Wbrkahop Tachnolhgy 1 " E
604 Element of Hydeaulics & Hydreulic Machinery 2 " E
619 BElementary Workshop Calculations 1 8 E
624 Factory Plant & Worke Ssrvices 1 " . E
634 | Hydeaulles & Hydaullc Machinery Tt " 5
64, Mechanical Estimating & Coeating 1 " b
&5 Hechanlical Costiny Estimation 1 " 5
663 r;lech.!.ne besign Fheory & Practlce 1 H v
67 Baglc Heat Tranafer 1 " 2
584 . Enginaaring Thermadynanics withll\pplicntfl.ona 1 " B
59a Electrical Wiring 1 , - T
60s Gaology for Englueer - N 2 " T
61l Congtirveting Datwa o 1 " T
624 Art pf Leadershi.p Vv 1 " T
63, FPlowering Plant Growing - , 1 " P
Gde A Plant‘ Inproving 1 " 7
65a Workshop Fundamantal ‘ 1 " T
660 | The Fallure of Building Case Btudy 1 " s
674 Blasting Dperation . 1 " B
68« Clvil Engineering 1 " T
696 Construction Work Menagement 1 " T
70. | Prafting 1 " 7
7la Baglc QsCe 1 t T
72 Q.Ca Technic . 1 " T

30 Mar 1983

Ve recleved each goods of the list

Raghaer: plguatore
2,/ '}}J r“llv?/ﬂ’l{‘_—'

Bupplior signatura A ol .
,{3} . _ _ ,_/,-,-urr'/(’(---459//@/%-{



Tochnios) BQuipmont of JICA

(Conds of Supply)

- e ey

1 g 2

No { Degoriptlon of (oods Tyone & Modo), by Ronoske
I Floating Jeal Togter MARDMA B 2305 T#I yoo
2o Sound Seope £9788,38 -1 3 Pog
34 Portable Spot Woldee ANZEMWEL «~ ¥X51 | I Voo - A el ¥
Lo | Whool Aldgnnen’; Gauge ANZEN, 8 - 430 | L Poa
Bia 74 W6 CC 1 Seb Frenonted by ISUZU

Cutting Engine

Hoy. 2, 1983

Yo rooierved osch foods of the liat

Naclever slgaaturs

//:‘ 5}3;99)\,4-';"1. a

Supplior plgnatwre

] 1 [ |
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prisy

Tduentlon $2ide (5§ - 903)

YLonndng Organdzing Controlling

Edueation S1lde (8 ~ 901)

Effoctive Communicalion

Eduontion VIR (TSEAAR 90T ~ O)
D X545 ~.J, Diedel Engine Series

Replaclog Vaive Seab

Pdueation VPR (CSEZAR 4902 - 0)
D XI55 = 4 Diepel Engine Serles

Hoplacing Nozzle Holder.31GGVO

«

_Education VIR (PSEZYE 4901 ~ 0)

D 155w/ Disael Englne Series

Ajuatmant of Injection Nozzlos

Bduaation - VIR {TSEZTU 0600 ~ 0 )

Trouble Shootihg of Flocbrical Sysbem

Educzsbioﬁ VIR (TSEZTY 0600 « 0)

Inspoclkion & Aﬁjuﬁtméﬁt.;f'ﬂlautrical Sysben
/P Flln For 0.0,P

WP x 4 Fos TP-G % A6 Tea

TP K x 76 Yeg TV e G x40 Tes
TPL Px 62 PFeg TP X x 56 Fos
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Toechnical Nooks of JICA .

(Goods or Hupply)

N3
No. Boscerliphion of Geods Quantity fomark
i
) fonstruction -Eguipnent
Seprvice Manual (Coutrol) 30 . B
) Pext Book
Machine Seleccion - L) 200 7
! K
3 Text Look
(Hachine 3eleciion - 2) 200 T
4 Text Bouk
\Management of Pqu.pment) 00 iy
5 Technilcal Movies 2 L

June g, 1984

We recieved each goods of the lisk
Reciver signature

supplier sigoature
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appendix-8

DIAGRAM SCBEDULE and PLANNING EQUIFMENT USE

May 9, 1984,

Kanchanaburi Equipment Training Center

Jinichi YAMADA



Contents

Coordinated Type Progress Schedule (QTPS)

Out Line

Procedure in the CTPS

The lnportance of planning equipment use



Schedule diagram and Planning equipment use

Usually the stage work planning is used by show p dlagram and represece
ntative of them are Bar chart type progress schedule, piagram of stage

work control, Coordinated type progress schedule and Net work etce.

Schedule diagram have to easy-to-use for stage work control but
tdo much complicated schedule diagfam is atheoretical, 1ts not practical
use. However its too much simplicity,lts can not perform stage work
control écientifically. And also these are used generally coﬁbined
Planning equipment use. Then describe about Coopdinated type progress
schedule (Figure~1) and the ilmportance of planning equlpment use (Figure-
2B,
( About Bar chast type progress schedule, Diagram of stage work contral

and Net work omitted.)

N



Coordinated Type Progress Schedule {CTPS3)

1. Out line
The CTPS 13 modified by dement of the construction peint ér survey

point contained in the kar~chart. i is therfore rossible to comprehend
and calulate the state of progress of each division accurately. This

rrojects the cause of delayed constructlons as aqgainst the related struct-
ures construction schedule and also the diversity of construction equipments
parallel with each division work equipment. 1¢ 1s possible te examine the
cause of late construction such as for speedy construction to fit struct-

ures and arrange/assign construction equepments into which section.

The CTPS is made-by a combination working section which, devides each
kingd of work while calculating needed workling days with thce work wvoluwme
per day and the construction volume. Therefor, it Is possible to determine
the appropriate and inappfgpriate elementss Lo cstimate conatructien cost
{lL,e. proper investigtion of construction period and part, combined number
of equlpments to be used, method of combining construction equlpments,etc.

from the CTPS). Aleo allow for ipvestigation of construction method.

2. Procedure in the CTPS.

+1) The mass diagram is seen in Lhe upper part of the drawlng while
tne CTPS 1s found on the lower parl in symwectry wihth the mass
diagrame .

{2) ‘The vertical axisz dhows calender months and the horizontal axis
ghows Lhe survey point on the CTPS.

{3) At the right side of thé same schedule is tound the graph of
earthmoving volume and the number list of main construction

equipments needed (symmetiy months of the CTP3).

1, Items to enter In the CTPS.

.

The barious functions in cach kind /type of work are entered in the

CTPS which manifest the relationship bhetween the working days and the



work points IThese will have to consider calender days in the working

day's rate). Fniry items as follow:

(1)

Preparatory works ! Ureparatory drainage works, Englneering

survey, Job site Ilnspection prior to construclion workse.

{2) Temporary works : Construction works of the temporary office,‘
the werehousing and the temporary housing for the'workers, elc.
{3) Construction road ¢  approach of job site, the temporary
bridge,
(4}  Clearing and grabbing : These can be accomplished process of
.cutting and filling which also include stripping.
{5} Various earthwork 1 The cutting work devides the bedrock
into some working blocks and eslimale working doays'of cach .
kind of construction equipments from earth volume of the blocks
(6} Bridge coﬁsﬁrucﬁion : §Uperstructure works, Substructure works,
Foundation work;.
(7} Retaining.wall works : Concrete retaining-wall, Block retaining-
wall, . etc.
(8) Culvert construction : Box culvert, Pipe culveri,cltc.
(4) Irrigation and drainage works : Maln works related to these.
{10} shifted coustruction works : Shifted channel, Shifted road,etc.
{11} Other construction works ¢ Enter in the schedule other constru-
ction which have Iinfluence on ahbove.,
Example :
Farthworking volume {(cutting) : 40.000m3
Working days rate | H 0.7
Operating hour per day _ : 6.5 H/D
Production rate
Tractor showel . d 50m9”
Pump Truck . H 13m;H

working days = _40.000 ‘. 123 days

50%645



Calender days = 123x% 1 % 176 days

0.7

If calender days should be assumed obout v0 days neccesary number

of Tractor shovel = 176 % 2.

20

Neccesary number of Dump truck = 50x2 . 8

13

It is equally nessesary to investigate the arrangement of equipments at

Job site when increase equipments to be used.

(Explanabion of Flgure.i)

1o

2

4,

5.

Vertical line in the drawlng showg schedute of culvert and over

bridge, therefor the Culvert near 2.4 Km point shows that const-
ruction period is neccesary July of the first year to September
of the same year.

Slanting line shows the Slope Pavement, etc. The slope Pavement
(15.000m2) near 2 Km polint shous that éonstructiou period is
neccesary from February Lo May of second year,

Zigzag»jine shows schedule of earthworke.

Number of'SIanting line of earthwork and slope pavement shows
working volume of the section and a plan of working volume per
daye

Theréfor in Jun of the figst year the party 1 of eartnwork is
engaged to construct eartnvolume (20.000m3) at 3.4 Km point
and the party 4 of earthwork is engaged to blg volume construct
earthwork. But the parties of 2 and 3 wlll not yet work and they
will wait untill) after construction of culvertland over bridge

1s accoupiished.
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The.importance of planning equipment use.

Some equipments may réquire an increase or deerease in the number of
units used in the work process. Planning is therefor necegsary In oxder
to decrease vicissitude (1.0, that the number/units of equipments used
per unit hour should be in proportion with‘number/units of equlpments)

The Planning Procesg: -

1s Design York Schedule (Figure-2) considering, the number of units
of cach type of equipment requlred for daily use,and the projected
congtruction period,.

2. As shoﬁh in Figure~3 consolidate all schedules, for each type of
equlipment used in all\staqes of work process, into a MODIFIED
SCHEDULE OF EQUIPMENTS USED (Figure-4). The series of steps/stages
in the work process-caﬁ be made flexible {vhere each steps/stage can
be inter changed or re;hrranged)to oblain optimum performance at
economi.cal cost as shown in Figure-5.

To design a specific Schedule of Uge for each‘Kind of equipment
refer to the MODIFIED SCHEDULE OF EQULPMENTS USED. Spare-equipment
supply listing 1n combination with plan of construction and condition
of job site will polnt out trouble rquipments, and thereby dispose of
the same,

A very conygnient "PROGRESS CHARI is then drawn /and plotted out,

bgsed on woxk PLAN and EQUIPHENT-USED PLAN, which should contain:

1.: Btaff plan/schedule (l.e. drivers and assistants assigned to operate
cach groups type of equipments)

2s equipment-supplies plan/schedule

3. maintenance and repair plan/gcheduletat job site)

4, spare~parts replenishment and disposal plan/schedule

5. fuelling and lubrication plan/schedule.



s L
P [ I |
“ w W A T TIQ0T | PDn...lu.hwﬂO\ﬁ
(I B S U ” ,
w P m W T A O0Z | XoaBasuan
N
T 3 T T
Loy L 01 dung
B 1o o7 [ ®39I0U0H
_ L) o 1 mn.lrm S SSaIancs
: i i v
i ! i ! L]
i I | W =Tt o -
_ h v — — G iaE TIUn,
w _ L IR g
H H |
i | ! e ! ToAO .
T e e
[ [ R S T 3
| L CET e s ABRERE
| _ : d ;
| ! A Tk s T
| L ANy t 3 08T IgE TTams |
! N R ) 4 S— ! oo [SAOUS e
| RN EEERERRInann B 2635837 | UOTIEFUNOZ
|m ...... (I R B e 1 L T ToIEeInoT
| IR Lo Lobob ﬁ L e ]yt ﬂam_. I pumg
Ll | AAGELE ¢ | Tve0i0 | T W m;ﬁ
i |
1 ! i ; - fr»
BB EEENORE Lol €x OF s35a000
— ] SA0US 2bpt=
ﬁ “ ‘ RSN SETES R T ﬂ oy oeq oﬂﬂmmuﬂmw &
_, T e ST iods
- m AL SR wt__ SRR A g FUT Momu%n@ﬂ
o P T ETI | | t A ¥ |
R EmmEE IR
! P ! i N ! ! ofy ¥oeg UAvauﬁp i Sx0aTRY
i i i ! N [ [o0Us .
[ w . m AEEEE ﬁ N S e nouumme
m [ : — et e T W L F TIETL
* m w # b“~w+ BTN r. H__ pyor m JOW
] W M ” m : *w” R i PRI T WMH 0T ISTIOW oI TL
M B w "mAmm G algl gl & ;oto_ i T 3" et RN Supueg
——— ; ] . K | e
C T R A A R T T beE¥yBel Uiraedicit )
R it _ _ P Peq xd=E DIIN®IRHH- . puw
ll‘a e #ﬁ " “ = N . H -'.E ~5 " = -, T -
L w B _ _ i i bis eit T Mouwawm.wcﬂmﬂwum#muxm
: , I N R B .f O T TSR0US|  Buteqns
. e EIRIRE RN IR b 103082y . °
i T ) T T | s o —— oy — e
m AR ANy LT TIVITIT] € | TWERELTT | zazopiing ?
_“ L L ! 1 : - PR — Butaeeysy.
,mmﬁ T ¢ G ¢ e cjelels : € 36T | 13330764 |
' 1 ) i i :
T oo _ o I T T FET04 -
B DRREERERENLDE Hal | xezopiing |
“m .ﬂ Qmm “_ w‘.m. Dr % _ w.m, 4ods _ T m\: .\_ q .\‘ ﬂ\", ¢ H .v.nw 13 mmmm.ﬂ.ﬂ A.HO..D.N ) o
9 | ity Fib iFr ik B S (19 h
ok N - I B L R R e B ety xxom 10 adig
| 525t ezsT ” . 252 oN SRR
! ; 1 imy s o e e At s
¢-813 wpLzeEn :rpn.m..s.r.mwcmn/ow...ﬂ.. ZysLunnn
MIoM IO PUTH UYoee 3o pesn sijudwdinbes jo IInpayds
B e R N R R R T :
: # ‘ ﬁ | 1 ; b ﬁ ﬂ _ : m ﬁ m 398 T ZYI0
_ f : P | A IR _ , L
! ; | ' b | i 1 i 1 R o w-—
T W 7 AR | A Lo i aG9e SIIIEOS TauunL
T T S | | 4o ,rOAumwwuxm
i _ I i W T H H i _ - T “ W ., - T o T T
| . : L | ﬁ A B . n W _ HOOG’ 9% coHuum&hoo+uc¢& UO TIEpUROS
: | ; | d | b : { o : 2T . pued |
o m I T T R “ =1 —
“ m m | i m i m M | T wesyg D4 sbptag
i 1 | i i | i !
T I * — “ 7 ST TTeRasuey oy e e
| w w — { . i g s3eaoue) &3 IABAIND
- , ! i Lo - e—
~ M 1 L _ M f I _ BU paIg Juswaaed
i “ ! : 3 ; i 1 ’ u i
i | | L ; g o0¢ ¥ SuwRes| .. 2dets
W % ; “ ! “ _ _ muoomkﬁﬂv H20X 1308 " Buryueg
P _ " _ FJUIALTLIS | p JuTILABIXNY
lﬂ\lll - - - C vl wmw - - - - , - . +
i By I
| r o ooo~wm_ pue wrMMMWMW
" _ L r=i.;k|,ﬁ;i:. SEEUYEID A101813d517“$513TITI53 HIoM
. _ i w — — S 1 LyezodwsaLzaing M;Opmummmnmm
_ _ s SR
alglale|sliiainloivlslélaialeisslinlnloeisigoiaiv]e]a|s] | wos )
, ‘ At Exmming
m 875¢T 8zs? 125% 10 7S 30 edk _
r.--.:. R PO D PPN IR - ! .- |
-314 DLLBGLRLANRNY
. “ 2TNPaYss UOTIIDNIISU.



T

-

T , e fop L e e e S
_ M q SRR ; ! __ L ; :M o ~ ~ M oo& 05 ¢IUBD
m — e R
:T; b t::;fiﬂ.fa; B ooz ! 207275UBH
TR I I BRI I I o T
P RN e —
H ; ‘,,v _.m. I :m L ,‘ ; 3¢ QST .HO.&W%.H.MLOU
w : A A T
&T: Lot bbbt ¢t oF SERg  ¥3BROUCD
‘.Nt..u.lull..lls..l. . * .- i n.m| B
: ; m_ cobn T
m i bkl _M RV R I030edLg;  PURS
} ..q i I i ! i R R _ R
i m PR | i ~
N ¢ E*%Jﬁ ; ;mEYenT o 3T pues
BRn it ;1( LoL "oee IIPRAS  Foon
k w — N S L S0 S S - e e R——
C o Dot Paleivieintiadiy oo 3 10T aTrON mu.&
P , i : MM _
B AP TN B - —
ﬁm.ﬁﬁ: :me 9&&9 5t 9 84 9 @' 6l 9:99 ,mwmm@“m&,w 31T oIz dEng
Dot LS S S S Do h H 4, ,..,..s.i..: A .
Cd w b P oo S s SR gw €70 :I;
_ Lo ﬁﬁ.w.«.._‘;.,.m,,\.\.mm,ﬂm wﬁmwm:.;:,ﬁw { sowddeyg TSAOUS O TmeXpAE
" SN SR - : _‘. T P _
: Pl ,, 2o Por v SRV PR o T
| T wwmxﬂ n 5.2 580 312)202.¢,V thL w1 Thsous oR00nz
. H P R sl * . m pv— ek b aemades .“ L o - s et e e —
v : : by S
; M v_.wa wﬁe‘%qﬁqqqqqm_m@mw_mwm “mjﬁm & 871 TSLOUS  AOIDRIL
—- i L : A I | L WS S ;
: . b R T
: Qm.:w Zi ¢! m\_q v ﬁ Vi vivivivigigciiiligl dure 15 ¢ a3z0piIng
- fer e M -:rs;AlJu.;: 4 .w b :W--wlA:ireﬁlha.wzersii!--|r|.
b | 2? ﬁmﬂﬂmwﬂmwm mwﬁﬁm ARARARI VIR SR M ast a320pTNg
IR S SR S S S SR S B SO O UL SN RN SOV S U SO S e e . — )
~_ w .r m .+ » H 1 E N i 4 ﬂ i H : T T T I
[ AP SV R . i) i
| i INRIRIR SR trﬂﬁﬁ i ZS;:L: REE 2920pTINg
, | i i IR N N T . P
] . i ; M B! j I H T
QT.Q clz{vmlnjolalsleiols vie s i ol m‘wTw&nTwﬁm:
: _ 47y P | | Pl K3 oeden IUTYRRK

gzse

N
~

YHRLIELNCUSOELUIL] L LURKY

juswdinbs pury Yse® jo pasn sjuswdinbs Jo aynpsycg



¥ ’
o Lo | H
RN oo
A
i m f m to ! M m 1
4 ¥ H 3 H 1
M w SRR momr¢¢aﬁaro, : Aaon
N : i H : D rman o
[ M w . | | HRtizRzIsSuOD
A » FO UOTITFLIT
Pl 1o _,
i M M e m . iTe 2pnIdut
. _, ; w\lfl.\lfj..[l .u..m_.ﬂ.rum)r.m.....m I =NIOUT IO I/SED
' ; . P
' P : ' 1
4 ll,ql...l.a....‘”i. - e e e R i H arsLng
H . : X OJ-U.WVﬂHpJO . . - ™~
o ! uoT §1 .
o ! el B AeuUsLpRee |
_— — e .
i T W ” ; LBt L MDG
- - — : °Fprxg: D ¢ =t
: T : (agoncenmn (o
w O R e IRSATRD .
H | b ! i i i i : ] ;
= ? T “ “ : |t:¢j4Jm5mownwr.£|_
: Py Lo X ,” uS ,Duﬂ,,spur? RTTIETTe v
N 1 ! ! H ' ¥
i M S AR X @ ¢ ¢ VT [ —
i e e B EE IR At iy~ W e i
' ) : i ) w R . # = A A ulf 1 ;
P I . = i : : L ' i
B N H T i
_ Do P _ — — | T T #jpsuscesuineans [BZPT 10 @sep
i : : H | i : ) : ¢
) T . H ] - - 3 : H i
! ' 1 ; i ﬁ . _ ; ..._1 € ' W
S A A A - L =¥ S eEeumeay
i : I . ; ! N R m
h R S h e T : e — ” :udwcmvmwadmwrrc
i " N -~ e ‘ a b UL 3 !
! D N N U K : : ; i obeRInuscunuy |
r : W : - , — _ e TR L
! | R e e R T A m UOTIBPUNOT T g, SLARSEMMLLe
' ! ] ! ! B
! I ! , -
w ; mem e BURLOTLT Oy
w wmmﬂnmw o) M BuRbdmoy (e
Bt ]
AABAID T
. &
BUIHGEgReUTIEAEIXT | m
U0 |ONAISAo SUmEeID ! w
O S I — —~ L m———-
P : M

RIiom

Ligupnesueinene. . OTIONISUOD

23218
CRIRT e 8sED

WY LRl
~ F

I o NV oL

Z2usLgpeunue

1
;
t
B i S N i st T mee e Ty .
T T g UOTREHERES . _rSuSEmeWHGmB
|
I
1

obome . D Rpimey (-2
1I0ATED ;€
TOTSCESTSUTITAEORT. ==
U monxaIsqo Su .ﬂﬂmﬂu ke N
e flssﬁir R
: M
- b
T . : !
' }
z WJ_\EFCWQQWGJ Nnﬂ.ﬂ»‘.@ “ '
L E ) _ AIOH
bd !
—e. ... i “DT20NI3SUOD
Touuny, [ F | 11238
..... : L1783 30 @sE)
UoTIETPUNOY ! q |
: |

G.m,rosn [+

” °bp TIg m o M geursBues Ty
H R D
| uawbaﬂum & | engultecs ey
” . . nLarLImsy (%
" “ m SUTAUREREUTIEAT O : '
Lo W ; el ﬁ?3%!illi ﬁOdUUﬁHumDO mﬁﬂhmmﬁu ¥ o
S U SO SOV T S U DS SO SN S A U A B SR S R e
R . _ S : Pt P i
wAmmﬂ”«.._wmfw: icti6.8 £:9.6: V. ¢ 7% 32_. w8 .Tﬁ.ﬁm,mifmm Bk urgaasan
WU G S S S S e e i L

6257 828z [2se JEom - &0 EaAL
. _ !

H.CWbmmtE.-h_WPFCF?WFGz&&HPFP‘@ﬂCﬁr?? ffﬂuvrcnrrmﬁﬂ_u
{(g- wuswam woxy W I°7 §° 1) pesn sjuswdinby 70 sInpeusg : erdusxa v



appendix-9

FONDAMENTAL KNOWLEDGE OF MATINTENANCE

Maxch 23, 1984,

LY

Kanchanaburi Equipment Training Center

Jinichi YAMADA



%o

2e

3.

Conteﬁts

Monagement of Maintenance

1~1 Comprehension of fundamental work techniques

1-2 Planning and implementation of work method and work
procedures

1-3 Records Maintenance

1-4 Accurate judgement and improvement of technique

1-5 Coutrol of tools and parts

1-6 Opderliness and cleanliness of work éhop

Normali ty and Abnormality
2=-1 Elements of machine
22  Normality
2«3 Restoration and improvement of element when it is
abnormal . |
E

2-4 Precaulions for_reﬁéiring equi pmeénts

2=5 Abnorwality

Prucedure for lubrication control
3~1 Selection of lubrilcation oil
3~2 General lubrication instructions

3-3 Strage of lubrhg¢ating oil

L5

10

10



Fundamental Knowledge of Maintenance

1a Manggement of Maintenance

The present. D.O.H. has wany kinds of eguipments (about 15.000 -
units in all ).

D.O.H should perform the succeding in order to use many kinds of
equipments effectively. The wmsintenamce of these equlpment must be carried
out so thaF it's utility can be fully digplayed. Maintenance should
cover careful Inspection and servlicing through the use it testers and
measuring instruments in accordance with sgpecifled standards so that the
utliity of eduipments can be fully demonstrated. Maintenance work must
be performed accurately and efficiently. Foyr this purpose, there are
many precautions which all formen and servicemen should fully'understand in
the performance of thelr maintenance work, such as @

(1) Comprehensionlﬁf fundamental work techniques

(2) Planning and implementation of work method gnd procedures
(3} Recor&s Maintenance

(4) Accurate judgment and improyement of technigue

{(5) Control of tools and parts

{6) Orderiiness of work shop

1 - i Comprehension of::fundamentalwork techniques

Inorder. to perform the accurate maintenance of equipments, the
fundamental work movements of malntenance workers must be accurate
and precise. For the correct performance of malntenance work, all
mechanlces should fully undesstand all fundamental work procedures
for malntenance of equipments (i.e.the use of machipe tecols, the use
of measuring instruments, washing method, the remov.al and installétion
of mechanical parts,elg .),and they shodld falthfully carry out such .
procedures, Inaccurately repai¥ed and maintained equipments will not

be able to withstand actual construction work thege will have to be

sent back to the work.shoé'for repalr even 1if it appeared to in -



perfect condition at the time of delivery. It 1s therefore necessary
to perform relnspection of cquipwments after maintenance work hag been
completed. It is cqually necesgsary to confirm that eguipments are thor-

oughly repaired and serviced by using testers and measuring instruments.

1 - 8 - Planning and Limplementation of work methed and work procedures
Duplication of functlons deecreases the efflceincy of mainténance
work on equipments. In order to avoid thls maintenance of equipments
must be systematically carried out in accordance wlth a well devised
plane. Since there are mwany kinds of maintenance work, these is not one
single case where same kind of malntenance job ls performed repeatedly,
but there may be cases where there is a similarity in equipment by model
and there s no big difference hetween the conditions of equibments when
they are sent to the work shop. {herefor, it 1s possible to devisge
malntenance methods and wqpk procedures which for use as maintgnaﬁce
standord for each type of ;quiﬁmento it is necessary to prepah& a
standard manual for work procedures for each model of equlpment and to
have allmechanics fully understand and implement such procedures.
It ia also desgirable that other peference matcerials {i;e. color class-—

ified drawings and photographs suitable each type of equipment) be

prepavred.

1~ 3 Recoxrds Maintenance

Management records are useful for selecting proper me thods of work
execution and calculating the cost of construction by means of checking
the actual operation record of necessary equipments, and the amount of
varlous expenses sequired for the operation éf these equipments. Iy 1s
also necéssary to continuously record thé yaesult of measuring of equlp-
wment parts to find out the degree of wear and tear ofparts not replaced
at the time of maintenance. As a method of recording, all operators are

required to write down the day's woirk in a dally record sheet which are

then gonsgolidated into a monthly record of equlpwents. ‘The of monthly



record 1s then entered in the history book of equipments. The contents of
maintenance work are ilncorporated in the maintenance record of equipment,
whlle the outline and ¢ogt of mailntenance work are recorded in the history
book of equipment. At the work shop, efforts should be made to estaﬁlish
a preventive malntenance gystem applicable to the malntenance of all equi-

puents after the date of its purchasge,

1 =4 Accurate judgement and improvement of techniques
Mechanecs are required to have both theoretical knowlege and actual,
on-the~job experiance to be able’ to comprehend the conditlon of equipments
accurately and make a correct judgement in the proper repalr and mainten-
agce of the.aamga‘ This can prevent, minimize if not anticipate future
problems corvering maintenance of such complicated equipments.. Knowlege
of equipment condition can Le down with accuracy. The regponsible mechanic
nust first ask the opefgto;_of the equipment also the condition of the
equipment, (how it has been functioning)} and second he wust operate and
imspect the equipwent by himself. Review of past maintenance records ls
equally important and, to make an objective judement of the equipment
conduct proper inspection by using testers and meaguring instruments.
Therefore D.,O.H. will have to train and develop qualified/skilled mechanics.
After which, sent these skilled mechanics for work shops to improve level

of general-technolagy includlng facility tools, and reinforcement of

inspection and testing functions.

1- 5 Control of tools and parts

Te perform maintenance of equipments efficently, DP.O.H must pay atten-
tion to the proper management of tools and parts, and procure reguired
spare parts and tools. The kinds, quantity and quality of tools must be
lselected by studying the requirements of maintenance. Effective utility
of special tools and machines and regular tools can improve the efficiency
of maintenance. Mechanics must be able to judge the condition and cause of

faulty equipment by utilizing measuring instruments ip the inspection of same.



Poor tools and inadequate facilities can not aid mechanics at work
shop in excuting repatr and maintenence of eguipments in perfect condltion.
Time 1s wasted ln the repalr of equipments and availability of equipments
ls decreaseds. Poorly maintained machines pbse as hazard for operators |
and mechanicfs D.OsH have to giQe due consideration in the procurement
and maintenance of tools and repalr facilities. Necessary pacts must be
stocked as per economical standard. Proper stock and prompt delivery

system 1s most important for the function of parts control. Also full

attention ls necessary for dustproofing and moistureproofing.

[

1 - 6 Orderliness and cleanliness of work shop
-
It is important to keep tools and cher devices in order, and the work

shop clean at all time to preserve the safety of mechanics, improve effici.
ency and perform accuraﬁe maintenance. Parts of each section of equlpments
must be separately stored 4s to similar parts) location must be accurately
confirmed and mgmorized vhen equipments are disassewmbled and reassembled.
Otherwise,lt would become lmpossible to judge cach piece of parts whether
it is gooé or poor after disassemblys. Also tlme and motion is wasted in
locating proper parts thereby decreasing work efficiency to reassemble.

It is deslirable that shelves with door be progided for stoxing parts and
tools (three-~dimensional) to protect it from dust. Since dust is harmful

to equipments especially when theyawe disassembled and reassembled, the work

shop must be kept clesan at all tlwmes.

2 Normality and Abnormality

(Function ,heat Lreatment of material,points of rapalr}

2 -1 Blements of machine

The elements of a machine are individual parts which composes a wmach-
ine like for a instance a ey, a shaft and a gear,etc. Since a machine is
composed of the combination of these individual elements, 1f a weak elément

is mixed in the combination of a machine,it may problem and malfuntion all



the time and it creates a weak polnt in the machine. Cospgsequently,a
perfact machine can be compesed on condition that all individual machine
elements used in 1t are in perfect working conditions Since machine
elements are ;equirod to perform respective functions, they are most :
rotlonglly designed. and manufactured in shape, accuracy, aul tability,mater—~
1al and heat tfeatmont to perform such functions. In maintaining a mach-
ine, at flrst all madhine elements must be inspected in accordance with a
standard for maintenance, as to each element:

Ae You should check Lt whether 1t is normal or not.

B« If it is not normal,you should determine whether it should be
siwply repaired or improved after reviewing the causes of its
abnormality.

C. Then,you should determine whether it is to be replaced with a
new part, or it shpuld be internally repaired (restoration orx
improyement),then perform the work.

Do Lastly, you should make inspection of the element ,

2 -2 Normality

The normal condition of an element means that it has no abnormallty
such as damaged portion and excessive wear,etc. vhen it is in 1t's
normal condition, it should be properly scrviced by cleanlng,and chalnging

0il or grease as required and then restored back in the machine.

2 =3 Restoration and improvement of element when it is abnormal
Due to its nature,an equipment, even though it is a perfect product,
may generate abnormalities such as partial damage or excessive wear of
certaln parts, etce Depend on sever working conditlons erroncous operation,
jmproper maintenance or other cases. In this case,it 1s enough to simply
regtore the féulty part and improve one of tﬁe above 1tem which caused the
troubleq Onthe contgary , theré 15 a possibllity that a certain product

partially has potential weak pelnts.



In such a case,it is desirable than you should consult with the
equipment?a pnmducer/%anufacture. such weak pelints must then be imp-
roved,these maasures can be considered: the change of material and
the reinforcement of the part for damaged partsand the change of the
material,face hardening,installation of hardened bush,etc. for wear
of part,and improvement of hardness of part by heat treatment for the
collapse of part,and it 1s necessary to take countermeasures sulitable

to the phonomena.

2 -~ A Brecautions for repalring egulpments

{1} Elewénts wust be carefully stored and protecged from'rust
and damage , '

(2} The accuracy and fitting -#Xlowance of elements muét'be wéll
recognized,

{3) As methods of heat treatment, there are quenching and temp-

.

ering methods which must be almed at giving toughness to a part and
.induction hardening and carburizing to harxden the surface of a part.

{4) 1In repaliring a part by welding, the influence of thermal

stress must be avolded as much as possible.

2 -5 Abnormality
Ao Damage
The damage of a part is generally composed of breakage, viel=
ding {elongation,collapse) and cracks
B. Breakage
The breakage of a part is such a phenomenon that it is torn
or broken and 1t begins with the generation of cracks in many cases.
Is is important to deted the condition of crack éarlier and repalr it
ecaller as well. In order words, preventlive maintenance is very lmpo-~

rtant.

€. Ylelding

This is such a phenomenon that a bolt elongaites or neck of a



spline twists belng yielded by repetitive impacts and excesasive load,
And such a phenomenon where a key collapses being struck is a kind of
impact yielding. This phenomenon can be easlly detected by external
ingpection,
D. Crack
Welded beads portions, the toot of tooth of a gear and notched
portions such as the botlom of key and spline may generate cracks as
they are repeatedly applied with lmpact 1oads.‘ These portions must be
inspected by colér check, magnetic wethod and supersonic wave flaw detction
method at the time of overhauling.
E. Abnormal abrasion
(a) Nibbling abrasion, seizure
This 3 s caused by poor lubrication or dust entered the
machine by the breakage of seal,
{b) Abrupt abraéﬁbn
‘A machine clement wears out quick;y and fasier than esti~
mation.
(c) Pitching
Such a phenomenon that small holes are generated on the
tooth surface of a gear or rotating surface of a roller
pearing is called as speckled abrasion phenomenon and it
is generally called pitching. As this abrasion is seen, the
abrgsion of the wachine element progresses raplidly,but sume
pitching phenomenon stops at certain degree,
(d} - Fretiing corrosion
This 1s a kind of corroslve abrasion and this appears in
the race of a roller bearing, in Lhe joinct of axis and a
housing in some cases. The progressing condi tion of abrasion
of a machine elewent can be classified as follows from the

relatioh between the speed of abrasion and the



(1)

(2)

lapse of time.
Initiasl abrasion

The abraslion of a machine element takes place from the
beginning of lts use to the time when 1t becomes f£it.
Constant abrasion

Constant abraslon means such abraslon after a machine
element was once properly fitted into lts positlon, and the
abratlon of some elements gradually and linearly increasing,
that of other's ones increasing sharply from a certain polint,
and that of another gradually saturating. (#his abrasion
includes pitchiné abraslon stated above.) The characterisﬁics
of progressing condition of these kinds af abrasich will be
usefull 1n.det¢rmining the limit of use of machine elements

at the time'oflqverhauling of equipments based on the limit
4

. of use for old parts provided in the sﬁandard'for wmalntenance.

Excessive play

The term means,such a phenomenon in a gap between machine
elements becames larger than its designed value and 1s caused
by the callapse of a waterlal or the abrasion of an element,
for inastance. The excessive play of the major parts of a
machine such as swing rollers of a shovel,upper and lower
rolliers 1inks and rollers of a bulldoger,qulckly increases
and 1t inrturn'gives adverse influence on the overall impact
and vibration of the machine unless 1t is quickly repalred.

consequently,it is important to quickly repalr an excessive
play between machine elements in the éarly stage of lts
generation. In the case of & play between ordinary machine

parts,for instance, when a key becomes loose, it generates

an excessive play and eventually breaks its counterpart (for

instance, a boss). These excessive plays may he caused'by



such a reason that a key was installed loose at the time of
lts initial assembly or by loose bolts for which periodical
tightenixu;ﬁas neglected in many cases. Therefore, case should
be exercised to berform pericdical tightening of bolbts and

machine elements.

G Fitting of machine elements

If the fltting betﬁeen a key and a key groove,a shaft and
the inner race of a roller bearing ls not appropriate, those
excessive plays between elements are generated and they become
the cause of a serious trouble or malfunction of a machine.
In short, as to the maintenance of wachine eleméngs, like
that of a whble machine, 1t is important to carry.out preventive
maintenance’of‘those elements for the purpose of preventing
troubles andraﬁrasion of those elements, and then it 1s nece~
ssary to inspect them for abnormality, wake judgenent and take

necessary actions to correct or repair those abnormalities

thus detecped.

3 Procedure for lubilcatlon control

If you know the fact that 25 to 30 % of the machine fallures are
directly or indirectly caused by lubrication, you wlll understand tpat
lubrication control is very important in the system of preventive
maintenance. And lubrication gives not only a direct merit of decreasing
lubrication accidents but also another merit to see,that the llves of
pasts are elongated, allowing repair expenses to be saved. Lubrication
control is not limited to supply of lubricating oil. It includes many
technical problems such as oil leak and selectioen of proper Jubrication

o1l and the problem of organizatlon.

3 -1 Selectlion of 1ubricating oll

(1) ask the opinions of the machine maker and 0il dealers and
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examine the manual.
{2) Select the kinds of oll which can over as wide ranges as
possible(a small number of kinds of oil allows the control
to be aimplified),
(4) Investigate the performance and prices of 1ub£1cants
thoroughly. It shouid not oeccur that low - priced lubr-
icating oll aften causes fallures and deterlorates parts
fast.
{9) The.propriety of afterservice is also important point.
3 -~ 2 General lubricarion instructions

There are many kind of equipments in D.O.H, lubricaticn is =
highly essential part of dally maintenance, determine to a leat extent
the life of parts and equipments. when having recieved a eguipment, be
sure tocheck water and oll levels and make sure that the equipment is
ready for operation. -

(1) Service intervals are based on service weter readings.

(2) Always place the equipment in a level position when
checking the oll level.

(3) Thoroughly wipe clean all lubricating points with wire brush,
rag, etc., before applying lubricants.

{4) Draining the oil must be done while the engine is warm
immedliately after the engine stops.

(5) Lubricate those miscellaneous polnts,notequipped with
fittings, llke pins and yokes, wlth englne oil.

3 - 3 Storage of lubricating oil
The storage of lubrilcating oil and grease requires careful
control.
A Storage
(1) Indoor storing is hest .

(2) For inevitable outdoor storing,the drums should not be
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placed directly on the ground,but on wood,etc, If the
temparat?re chaﬁges suddenly, more water is llable te be
gathered. The reason is that the container expands and
contracts due to temperature defference between day and
night, to,al;ow open alr to enter through the clearances

of the contalner, causing the moiéture in air to be absorbed
in oil and condenséd. I1f oil is exposed to derect rays

of the sum, the oxidation of oil 1s promoted, to deteriorated
the oil. In case of outdoor storage, covering is requied

to aveld direct rays of the sun.

(3) ‘A drum stored in outdoor open sir should be placed on its
side to allow easy recognition of the brand.

(4) when the drum is placed upright, it hzd better be kept a
little incljining with the mouth pilece above,not to a allow

‘ water to be collected.

(5) The cover of a container should be closed tightly.

(6} 01l of the sanme item should be placed at the same location.
Arrangement shouid be planned to faclilitate the use of the
oldest product remalning there.

Opening and c¢losing

The contaiqer should be slowly opened without giving impact.

Especially: Thailand is very hot, 0il expands due to high temperature,

and an unexpected acclident may be caused, The; loosened air plug

should be tightened without fail,
¢ Washing of the container
(1) The container should be used aftef removing water,
dust, metal powder,ctc, perfectly.
{2} wWhen washing oil used, additional washing should ke

done, using the same oll as contained in 1it.

(3) After the end of washing, the cover should be closed

without fail,
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