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INTRODYCTION
The study 15 on the conceptual desxgn and ercctlon works of the

intake in Dok Krai Reservoir. N
The fbllowxng two altolnatlves havo been raiscd and studied,

1) P:lc Fountatlon

2) Steol and COHLTCtO Caisson

o Thc both of the ﬂbDVO follows the ‘order of erectlon, that 1s, cons

- st;uctlng a tcmporary bridge at first and using it to build the

_intake structure.

Hencefore, tho design, erection, construction term and construc-

tion cost will be explained,
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DESION
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5 .

-- Temp0rary Bridge |

"‘L (1) Dlmension

Section

_3.21

of Temporary Bridgc
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Fig, 2-2  Sido View of Tenporary Bridgo

Rig.2-2) Sidc View of o
v Tcmporary Bridgo ‘
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(2) Dosign Conditions

. Lgad'“'

‘a) Livo mad N ,
- JIS T—20 (20 tcn tluck)' :

bj; coeffxcxent of Impact

i cOeff of impact
SR | k Span

e nead 1oad
h ;Steel cove1 plates 2,000 X1 000 x 206 for TLZO
._are used The dead load W is : 180 kg/m

Allowablo:Strcss

Because of the temporary fole of bridge, 50% 1ncrease is
‘_tolerated.‘ ' ‘

:(3)'_Cal¢u1at10n of Slab Plate f

- As the plates for T- 20 are uscd no calculatlon is made. -

‘(4),'CalculatiOn of Beams with 2 Om interval (Fig 2-1, 2- 2)
A55umed as a s:mple beam of 3.0 m span..

Bendlng Moment

_ * Live Load':"tho rear'ﬁhcéi 1oad tst '

Mt pr_lxs::s 6.0 v

1

* Impact : Mi = 6.0x 0.38 = 2,28 t™ |
K Dead Weight siab plate w = 180 kg/cm uidth = 2 m,‘
- beam of M- formed steel 100 kg/m
- uniform 1oad = 0,18 x 2 + 0.1 = 0.46 t/m._;
Md—~x046x32=052tm

Total Bending Momont = 6,0 + 2, 28+ 0.52 = 5.8 t®

0-2~A~5



 _ Shearing korco

- * Lwo Load St = 8 0 x (l + TO ) = 19 67 -_ as s”hm_‘fn-:bélow.'_“_f

&'t 8 t

';;}:ﬁ;jiﬁ;

. Tmpact Si S 13, 67 X 0.38 = 4 81 ot
B Dead Welght Sd X 0 46 x 3, 0 = 0 69 :
-_"'Total Shearing Force 12 67 + 4. 81 ' 0 69 18 17

':'N‘Stress

':The beam is an shaped formed steel oF N- 300x300x10x15i
;as shown below.- 1' _J '

ﬂ = SODKSODXIOXIS*

Arca: A ?‘IlgLs‘Cm? 'Seciidﬁ Mbdulus = 1, 360 cm3
'fi'GeOMQtrical Moment'df Inertia § Ix = 20,400 cm

* bendlng stress ﬁ‘“ t M = 8,8 x 10S + 64? kg/cm
E Zx 1,360

g allomble strcss ‘T’b = (1,300 - 0.6 (5) yx o

n

- (1,30 - 0.6 (392 x 1.5 « 1,612 xg/en?
e hending stross '< allouable stress - -'sﬁ = [.3

T



o _.__""1'5170""' 2
REEARRR 673 kg/cm 3

'tl ':_ th_i-c_:kne_ss of web
— oty t thickness of £lange
' 'allowable stress t‘ = 800 x- 1.3 = 040 kg/cm

LTS

Shearing Stress ( allowable stress -

‘Deflccthn L

P13 - st

48ET ' 3R4EI o o

o rodx10%%3008 . sy, exseo" |
48x2.1x10%20,400 ' 38x2., Tx109x20, 400,

0. 145 + 0 011 s 0 156 cm - : _
- 8/1 = 0.156!300 = l/l 900 is far less than
allowable rat:o of deflcétién/span : 1/400.

ll.

(5),_Calculation of Column (Plle) wlth 2m 1nterval

o fThc figure below shows the two: rear ‘whéels rest on.
the bean, causing the maX imum forCe acting on the
column (pile)

| S 5000 e
6004s... 1750 - nfen.- 2650 e

8tx 1,38 8 tr 138
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N = ——w-( Sxo 46xm§~+8xl 38x(3 a1, 65) ) = 19, 73

j:Column's dead weight 0 1 x 20 egt :
The ax1a1 COmpfessiVO ¢orce acting on the column (pila)

is- 21 73 t. :
.The. column is also - 300 X 300 X 10 % S and is :
| assumed in “the condition shcwn below. S
._ e 21’}73 =t ' . s 5 Y
ol ninge
o e e
.-‘ ._'a;‘ .Ei’ R g;‘;.
b b ke
.:'A:ﬁfj?T.-: a | -717. S
,J.- s i?l,'_-Jl- L . :

' For cal¢ulati0n of the allowable stress, 70% of 20 m
,is taken into accOunt.' -
" axial c0mpressive stress : 21, 730/119 8=181 kg/cm

allowable stréss (? 200 000/[174 ) x 1.3
L) 200 oao/(‘ A00,2 1.3 = 269 Kg/on’

_ 1y ; radius of gyration on y axis “
{6) Bearing;Strength of GrOund_

Pisregarding the impact, and considering the pile's
- own weight the axial force becomes -

N~w~$x046x30+8x04ﬂGQ)+20=M62

-.The assumed ground condition ¢
10

_‘.bearing strongth (as blow c0unt) ! n=
j enbeeded Length of pile S l=3.0m
bearing strength of embedded part: ‘_ﬁ = 10 (average)
Hs 2

© factor of safety H

10-2-A=5



2.2,

i\ -

_Tho allowablo strength of bcaring is ¢

R
F (30 Ap + n As) ‘ g jﬁ?3

L

 qa=l

-y

(30 X 10 X 0 3 + 10 X0 WA X 4 X 3 0}

e

n

17.
- Ap :1 apparent sectional area of pile'
155' Perlphoral area of cmbedded part

n

e

Tntiko'Stfuctufe

Tho alternatxves so- callcd the concnete caisson and the
jacket are now under comparison. |
Hero, for tho jacket a plle foundatlon method ﬁnd for
the concroto caisson,a concrete wlth steel- fo:m method
both using thc tompolary bridge, are dlscussed

"_(1) Pile Foundatlon Mothod

Using the temporary brldge, tho pllos are dllven to -
the pre-determined. p051tlons. Followed will be the
"erectlon of platform, plaC1ng the slabs of platform,
1nstallat10n of the ca51ngs and the erectlon of
brndge from the intake to the shore,
Two problems are ralsed c0ncern1ng the method,

* The houizontal displacement due to the horizontal
“forco shall bo contro]lcd | '

% .Thc geological survey shows that the subsoil is
hard'rock like one, Possnbllity of driving the
piles must be checked S
For the first, the usage of diagonal pilos-can
control the horizontal dlsplacemont, as shown on
Table 2 . _ . '
‘For the second, the newly &eveloped "Gﬁn Pile"

_scems to solve it, -

10~2~A~4



. .ai

~ the dlagona) plles are to bo driven by the diesel

hamméffénd the gun piples by the vibro-hanmer. .

. Though it is a kind of limiting requirement, the B

mcthod wxl! be able to ensure shortening of thB :'
construction peried '

Vertjcal Load : 2,630 b 3
Horizontal-Load : 1k = 276 bz =216t

w&rking independently

Dircction of ngd : see the figure below .

2

T

The vertical load is the dead load, excluding that of
-.casings which are supported by the ground.

.. The horizontal load consists of the inertia of dead :

b)

' wo;ght and casings and the dynam1c pressuve of ‘wator,
_Point of Action of Loads ! the centor of fldor siab

Dinensions

‘Thé elevations are assumed:

Top of piles 54.5 m, ground surface 40.0 m, bottom

 of piles 35,0 m,
- C0nsequently the length of piles is 19.5m, 4.5 0
-of whith is above the ground surface.

‘Compared Cases of Calenlation

Two size of pile : 609.6 mm dia. of 16.0 mn thickness

Two numbers of pile : 20 no.s and 25 no.s
Angle of diagonal pile : 0, 15, 18.4 (tan
Earthquake : yos and no

-1

10-2-A~ 19

and 812.8 mm dia, of 19.0 wm thickness

1/3), 20 deg.



d) Results of Calculatlon

The tedults of comparative analysis are shown on

- Tablo 21,

Recommendation

-ConSLdezlng the hOrizontal displacement, strcss
“in the pllOS, the most tecommendable is the .7_'

_model 125518, the layout of which lS shown on -

Flg. 2- 3.

10-2-A- 11
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(2)

Concrete wzth Stecl- forms Method _

The steel calsson mentloncd here does not mean a
caisson of steel made . but doos a concrete calsson
using steel forms to facilitate the constxuct:On '
works, as explalned belowt ' '

Bécause of the laght wcight thv tempora\y dock can -
be of smaller depth, '

‘Beécause of the same reason, smallér bOats ¢an make

h _tuggxng of the caisson,

Box like steel forms can he fqbrxcated in pieces at ..

;ho factory and aa_thcy can replace a part of
" ¢oncrete form end stress-hearing %cinforc¢ment,
‘the site works can be saved to shorten the constiuc-.

“ tion period.

~ The basic,structufal design of concrete caisson is mostly

:fOleHQd as originally deﬁigned and d part of lower

portlon has been modified because of the change of

construction method, . - .

‘Chécking of the steel boxes are made later in the

ccnstructlon planning.

Fig. 2 4 shows the plan and seutlons of intake structure.'

10-2-A-14
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B X 'CONSTRUCT'[()&

3, .l 'l‘émpbrary Brid'ge '_
| 'fhe flow (order) of constlucuon steps and the machme :
required fOr thc steps are shown‘i

. How of‘ Stuﬁ:_.r"_; _' , "l\_lgig.l_';:i'ml;;(_l.‘{.‘

F‘“bﬂﬂhﬁeut of s"i{o? “1 :

T -

: bulidozm a

duving COIurmS

.--m-‘»——;:-__ _-.__.r——.ﬁ......___ P — -._ -

e e e

fi)tin_g_ lo_gltudmal beams J

i 1 {i__ru'cii crang.
vibro-hammer

et S P b P ——

fixnn diagonal rr_ncfﬁl:let' SR R '{il."uok _cra'n'o'.”:

¥

Welder .

r?iicin‘g lateral beams .

funqg floOP slab

— e ]

ihstallatmn of handxall [ [

3.2. Pile'l’oimdation

The major and minor flows and tho machinery are shown
on the next p'lge‘ '

10-2-A~16



B llain~l‘lo_!;__.

Flow details .
‘ ;a&;ﬁaiy 1
: bE..!._qge RUSSNSCIN B
o fhtakc -"—Ti‘“]uv*preﬁaratOry works .
: 5L§tIUCt‘§g*-—"~* spile machine
I set up
| drx?fﬁﬁi;w%“_ *lead frame.
" (;Il@{ 3 tpite driving
e *pile head
g?:;lﬂg ‘Ireatment
R *blacang of p1les
g?ii?fqn *form of slab contrcto. 
L “F_]:-"_, . *fixlng relnforce bar
rwump & pipe ] |
_ installation *metal hOPkS
.éz.rgﬁlfdlng s ]*cutout works
i _house ;__H*_]f!*caStnng concrete
{Foad=;pipe- ""“']-J».*pier o
briﬂ&i_ﬁiﬁﬁﬁl?f_n *upper structure
IR S etebases: | YOIV
. inschtion 6 ipipel;ue |
test ?Hﬁ.,."_ﬂ“;. *instrumentation -
) - §electrical equip-
ments

3.3, caisson with Steel-form
2222000 With oteel-form

The flow, machines and materials

10-2~A~
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‘5ot of ite
cmachine
*truck crane

o for tlaﬂSpo:t
) 1ing :

*wclder'3
fconcrete
plant
*truck miXer

*concrete.
pump car

*machines for

steelworks”

e

IR T S
’ 1, .

T W e ey

“rsteel pile

609.6nm dia. .
X 19.5. 3 R
X 25 RO.s.

*concreSe
1153 ™
*steol baf féf{ 3
reinfavce, ‘

*concrete

fOHD

 *stee}

are shown on the next page:'
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. steel panel

‘lat factory

N

. -[of bottom and .
_floofs slab _;_J'
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fabrication

A e e e =

steol box

o S T
- [launching ]

, [fggg}pg ' _J | temporary brldgg*
; ' i .

casting concrefé]

e of caisson body

fexcavation of |
[temporary dock
ingied "‘Z‘:'.l’_"_"""‘ —

R DR g rit

orec'tTOn of“"*“ |

GI'GE—EIOH Of

ounding with
rgken stone

[:QVO]}ng mound |

i ey e o

casting concrets

pump & pipo
1nstallat10n

- —

housing
gonsgructiOn
[road- piﬁérqq’rﬁ
bridge

—— -t

[inspection §

tost run

S o P SR —

MachiﬁeS.plang;_ :Materialsi'

*témporary_bridgc
(rofor 3.1.) - .
*steel -

concrete plant
truck mixer

concrote pump
. car

*sottling
submersible
pump
winch
tug boat

diver

The steps of bonstructiOn are as follows:

(1) Temporary Dock

The depth of temporary dock is decided on the draft, when

the steel box is taken out to water.

To stabilize the

box, a part of the bottom is filled with concrete in the

temporary dock.,

e e

ey ’
ih’. PR T

For the existing ground tevel of $4.0 m

R TORPEINRrAr S W U - AP

*temporary dock - o
* power shovel ~ H-700x300
‘well point . 20.ton -~
tsteel box. - 1-250x125.
track crane  =350x150
. weldel o 8 t?"‘--l .
*mounding L:%gg;gg l
cram shel) 18 tonn '
diver Plates
Ytugging - 62 ton
W}nch *broken stone
tug hoat 2000 m;'h '
tconcrete ‘
casting *qﬁncret#

adidads




“and nOrmal water 1evel 50 6 m, “the bottom of tOmpOIaly dock
will be 47.5 as thc quulled dlaft is 2.2 m. ‘the tempo- ‘;]""
ravy dock can bo excavatcd wlthout qheot nilos. Howover, - ,
“the ground wator shall be liftcd by tho well-po:nt method ‘ﬂé*"“
| until the completxﬁn of stcel box. '
'f;While the excavatlon of temporary dock is under way,
: fabrication of tho palts of ‘steel box . in the factcry and .
- erection of the temporaly bridgo can be promoted s;maltaneOusly.f?ﬁ

_ (2)  Lrect1on of Tcmporary Brldge ‘ 5
- In case of the caisson with steel fomm method tho length P
- of bridge will be 30 " longer than in thc case of pile IR

"foundatlon. : : L :
'-'_The cOnCept is that the foundatlon of calsson is better be
madc of moundlng wtth broken stono. instead of dledgxng whlch
- 1equ1res the dredger boat of lemﬁrkable size, And it needs
" the caxsson $ location be about 30 n further ashore than
_-that of p1le foundatlon. When the stccl box is taken to
water from the dock, the temporaly brndge wlll have to stand
"agalnst the horizental- force pulling the box o

- {3) - Launching of Steel Box _
| . After completing the erectlon of stccl box the Well pdxnt

‘method is stopped and the reservoirs watex will be 1ntro-  7
-;-duced to the dock as the carth is dug away.

4 TUgging of Steel Box -
* The steel box is pulled out of the temporﬂly box by wxnchnng
~from the temporary brxdge and tugged, assisted by small
_ boats, _ _
" The temporary dock is backfilled then,

:(55.3Building of Caisson! ts Body _
o '__Concrete is placéd into the steel box being moored to the .
' temporary bridge. The ordor of- cbncrcta placing is as

shown on the next pago with the figures e circies. .

10-2-A- 19



R stcel box ' Tj SRER A I |
-~ (fo ST ) NECUREE R 1 S | N
._fjgu@:-awﬂ@;f®L#4
N ,:-‘_;@:,'-f?u“'__!.fxc ___;:‘133":‘1?— .

Hale, to stﬁbillzo the steel box 300 m concrete of (:)
_ ‘of the flgure is cast in the tempozary dock
_ Progress of CaissOn and Draft o

‘ Shown on F:g 3- 1 is the lncrease of caisson's welght versus
thc change of dnaft following the progress of caisson by
castlng concretc '

f;fij'.When the steel box is pull out of the dock and moored
© . to the brxdge.;, S
(:) part 300 33 already cast and 2 2m draft

(i1) When 3'm height of(f\part (wall) is cast, w)th 2 n thlck N
* base stab, the total height Y is now S m, 4 3 m draft :

10-2-A-30
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. ®lg.3-1 Total 'h_cight v, wolght G dvafe . L
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S

,.
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= ‘Settling.to
... boxtom

A g
_steel box |
e 5 _

6 s w0 B 8
: . caisson's totul height (m)
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S i)

Hhen 3 n noro h01ght of(:)pazt is cast, making tho total
* hoight y =8, RERR

J':The draft reachos 6 0 m and comes to hé:tdp of Stcel box .

'-.j[iv)
L hexght Y Al m,  ~‘ 7.8'm draft

@

When im more helght of(:)part is. cast, mqung the total helght

“When 3 more height of(i\part is cqst making the total
R hcight )- MmO 9.5 mdraft B

':';{vi) _When 3. S m more height of(:)part ts cast mak:ng the total
 héight y 17,5 m and completing the wall. 11.6 m draft

,‘.Thén,:the cajsson 1slsettlcd at the bottom. The botton _
- s1ab(3) floor slabs(3),(5),{(6), will be cast after the -

L ®

':s¢ttling to complete the intake structure,

_Settling of Caisson _ _
f_As explalned before, the dlaft of caisson is 1.6 m when
: completed As the ground surche (bottom surche of the

' reservoir) 1s 37.0 m, - ‘the catsson s posxtlon is like the

np1cture below

L3

2777 already casted

11771 yet to be casted
£ T m ek e em ot e e e e ey 56,50
1'...;.,».I- F-.-. ———————————— - + - -
‘. . T e A | 50.6
A | SR 1‘,1,.‘ -,.h"..o—
Uy . ( . . L
. r.“ : .« LTI RISt ﬁ‘
. . } . : - . . : %t. :“; :
F-_:'H.— LK ¢ —-‘-—."_ 1?"- '_ "’b*’: .A
...... 7 v e Y
| o ; 3? 00
) "2& ‘“"‘%" ] "‘"?ﬂ\‘““ “”’%" B el ‘ AR

4
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B  T0 settlo the: caisson, about 800 m watér must be taken

in and 51x éOmpartments at the both side, having 1 300 ms'
space,- can be used for both introduc:ng water and
cOntrollng the 115t of calsson..

- ] 0 '*9"44 -2 3



PESIGN oF sts;sr.' BOX

Design Conditlons

(1)

Load
- As for tho bottom platc, thc
13 & t/m '

wqtcr plcSSUPe after.

;settlxng i.e. qo = = Id t/m is c0n31dered

o and - as for the wall plate, the prcssure during c0n— :

E sttuct10n i.e. qo._

@ A | -
" As the Ioads can bc taken as shOnt tenm load the

::' 4.2,

=

2.5 t/m 1s considercd.

4

AIIOWablc stress

‘aIIOWable stress 1s nncreased by 50% 0£ the permanent

0]19
O“a = l 400 kg/cm x 1:5.= 2 100 kg/cm

Desngn of Bottoﬂ (see attachcd drawing No. S)

'Ihe

_bclow
first 1n moorlng

the

bottom plate 1s under the condltlon shown on' the plCtUTci
' Paxt 1 was cast in _the dock and part 2 was cast- at
Then, the steel bottOm is sub;ccted to

Water plessure horking upwards.

JOROR
O A T SO
~TAT == o
A H:700. x 300 x 15 x 24",
N
=iy Sl :—';——4:—.'-.—:.“.‘.*""'—4—2'1-#—- !—-“l-z—-r-“-s- B L e s Tar B
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.!5d_@l<'~* - 7000 = :,"‘19004 | S R
17000 . - e ke h.i‘.oﬁihs- D
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(l)

(?)'
‘ 'A 2 m beam of the both free cnds,

oMs

3

t BN
i

Maln beam

__ll_‘k;"‘
S

T U

.

n;v““u“““n

- ‘9-;-'--‘-&

uniform load,

M=

f% x2x 14 x 72 »
S H-700 x 300 x 13 x.24 has the sectlon modulus 5 760 cm
B 11, 5 X 10 /s 760 '

Laferal beam

beam 15 assumed..

; x 2 x 14 X 22
With 1-.350 x 1?5 x 7 x 11 of the sectlon modulus ??S cm2

the stress is:

._0‘

Stlffner

The stiffner with 9 Fm_ skln plato nm

= 1,400 000/775

IL“_,H _
i;L;/w_,

;:::i?;:t:'t'_-:?

.L_'__'__ ——

3 A7m beam of the both ends f1Xed
wlde strlp of the water pressure 14 t/m

'115'

— S

latgral. boam : '
6 Main beam

Styffner

Sub_lcct to 2m

as an

= 11 SOD 000 kg cm -

= 1 996 < 2 100 kg/cmz_

14 t-m

gy

namely a simple

= 1,400, 000 kg-cn.

beamsand it is under 1 p wide pressure,

M = % Wy x 22 o g tom
= 700,000/360 =

10-2-

= 700,000 kg-cm
1,944 < 2,100 kp/en® =

360 cn> is the section modulus. of only
'I%Oxmxzoxs '

o
the sti

~An25

15806 & 2,100 kg/cm2= 0}_ .

akes a composite T

ffner,l

»



a3

Besign of Hall (see attached drawing No 5}

:, jThe main beams and laterals aro under the triahgle‘watei': -

'ptossure..H-

‘(l) Ma1n beam

1-250, X 125 % 5 X 8 are’ alranged Wlth 4 m : Jntervals._'
" As the bottom part is enbedded the beam is a
cantilever, ' '

BN 1—5x25x4x252 42tf —420000kgcm

o0 =420 000/285 =1 473(2 100 kg/cm = 04

o (2).;Latelal boam :

The 1nterVals are 1 m and the beanm is a 51mple bcam.'-

M= x25x42-5tm SOGOGOkg/cm'

The beam, b- 200 x 90 x 9x 4, has 260 cnz séc;ioh '
_modulus, o ' R
0 = 500, 000/260 = 1,928 < 2, 100 kg/cm = G,

10-2~A~26



: '_CONSTRUC’I‘ION _SCI’_fEDuLE

‘ ’I‘wo constmctlon schcdulcs, the tempmary brldgc Pile Foundatmn |

_ and the tempoxary bndge - Concrete Calsson mth Steel - fom,
- are shown on Table 5 1, 5- 2._ e
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S

ﬁfLLIOF]QUANfITY ANa CO&S%RU&TiON COST'_.}”_7_;”-"

' :611} Apploximato Bill of Qggntity

S Stab plate

(l) Tcmpcraxy Bridge

The table below.COVers the quantlty of steel of the P

tempoxary brldge.

1tem"?'~_ Déscription"_

Pil.'é,';:j' :

';Latefal bcam': ERLLE

o ,-_Longltudlnal I SODxQOxIDxIS 5
T bemn S ;

I:_Bra01ng L 90x90x7 L

"'Liuandrailjj-_ » 6Sx65x6
‘h:flﬁaﬁdrailf-:_VFBésoxé
'ibtai'

;(é)i-Aoueduct Brldge
L Pile

i's;ggiifﬁrf-éOI-

: y:sbbxsoogibxls  Z,GGO;QT:'D  ‘:§4 .ﬁ-'.ﬁ
A | 4ggﬁé'"_--jf'5594'_".

'._336;6:.{; |

1,470.1. 9.6 |

B Lﬁﬁgth(ﬁ) Unit WGigﬁi(ggfﬂj .ﬁ°i3hﬁt£5

©gsom?
'.'ésﬁfdﬂfl”
46,9 .

438 167

4
924 58 3
0.0 24 o9

l'u.332‘1'tQﬂ

N 508 mmﬂ X 14 mmt X lS m L(ave ), 28 no S,

“total’ weight 1 71 8 tOn

. * Concrote 175 m3 -

o ”Plpe bridge

{3) fPlle Poundation

Lx PRle

: asing
(precast piate)

’ fllling pile

l 350 mmﬂ x 210 m, total helght

176 ton

ﬁoq 6 mmg x 16 mmt x® 20 nL, 25 no, 3,,
G T total woight : 117 ton =
-*'.Céncrete qutform 20 5 nx 25 5 m x 1 Sm t

754:m_ L

o
11_6_""

Total 1,153

TlOf??AfSO;”



* Steol Bars assumed 70 kg loinf01cement pel »o
o concrete fbl plﬁtform and casnng,
R - oete, ' o 80 ton
* Concrete form assumed 1 mz'foim'pcr m° concrete .
' 'I_H | as the sturcturc is massiVe, 1,153_m2
Lo Mzsccllaneous steel for spac:ng of piles and bracing,:

<fapprox 25 ton.

[4);_Concrete Cﬂlsson with Steel fo:m'
ik Steel Box ' : ‘

————m B

j}g_ﬂ_ﬁ_&_;g'_t*igﬁ Unit weight(kg) Weight (ton)
: Plate, 9 t . 871 m2 70,65 61.6
H-700x300. - 102 n 1850 18,9
1-350x175 90m - 4e.6 45
1-250x125 B2m a5 g4
L-250x00 28w 204 . gg
L-200x00  4s0p 23.3 TR
Total - - . L 106.3 ton

* 'Tbnpbrary Dock
The earth volume, excavatlng and backfllllng 1nclud1ng
1t for launch1ng, is approximately 16,000 ms.
- The well point, 170 m long, shall be worked for, 1 months..
* 'Mounding ' ?
The broken stone for mounding is 2,000 > and the
lof.v'el.ing area 650 lnz. ' '
* Concrete Works'of Caisson
Concrcte 2,920 m » steel 'bar 150 t, concrete form
4,720 m ‘and timbering for flooxrs 4,570 m (void)

Cbnstmctioﬂu Cost

With the preceeding bill of quantity and assumcd construction
unit cost , the following table shows the construction cost,

10<2-A-31



| Table Sﬁ*ﬁ' COnstructioh'C6St-(miliicn Yen) -
R **~‘—***‘-f-fff""*ff**‘*'*“‘f"

Pile Foundation Mothod . Caisson with Steel:form Method
e 0 T e

. Works - T Cost __ Works . Cost
B e i T T

’ _Tﬁmporary bridge - 217.5 .téhpqraf?lﬁri&gg _ ‘  252,0

Aqueduct BT 3132 Aqueduct 350,09

'; Uppér'siyuéfﬁfé. ' ?32;3‘=_: upper ;trugturé -: ”i 269.3 -
:Lékpr stfuétﬁfe “  o 80,9 .._‘ _ ldwer StluchTE:H . . 8i:6

' :Piéthrm  .; a a: '5227{7 | _Caiéson‘ o 337.9

B ,’i_‘gggl_ S  758.4 R T 0.8

—_———

The cQSt:dbes'not in¢lude‘thé_houéing and the pumps ,

10*2HA&32
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 No.il  Study on Selcction of Contro} Valve
‘ and Emevgency Shut-off Valve

s MARCH 1982

Preparved by YOSHIKAZU NISHIDA
o Pipeline Engineer
Detalled Design Team
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. '_lafaonucflon '-

'f-At tho inlct of 1cceiVlﬂ8 wcll thc plpellne qutem needs a flow

'-:control ValVO and an ‘emergency shut of f VﬁlV0.~ The reasOnlng for

‘cxlstencc qnd the functlon of vaIVes.ale descrlbcd 1n chorts'
No.4, 7-1, 7- 2, 8 and 6. AR T

‘The paper will dlscuss wlth the hyd:aullc characterlstlcs ﬂnd the_

_operatlonal rcqualcments of tho%c V?lVPS, and then Hlll concluded‘

V.ahout thc sclcation of type of ‘the valve.

U2
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NN

 DESTGN CONDITIONS -

_ilow Rato

-Thc flow lato of pnpellno gnows from thc 1n1txal stage of

 ',Joperat1on yeal by yeavr until the flow ratc réaches the dcsngn-

2.2(

. Mater lLevels

";rﬁte.

” Fven 1n the latel stage, the flow rate wll! fluctuate duc to

::the seasonal Lhange of mun1c1pal demand and changc of ploduc-' _ ‘-'

'ltion actlvxty in industrleb._ .
: Hore, 3 flguncs wlll be conSJdeled for discu551on. co

'  Q-d' - désign:capﬁcity 2'62 mSISCQ '
Qmax - ostimated rate of low demand in
: .. the later stage 1.57 n”/séc

- Q min-: . estimated rate of mean demand
X -~ -in the initial stage 0.30 m3/sec.

]ellne _
[he pﬂper deﬁls Nlth only the part of plpellne bctheen Head Tank

: and Rccolv1ng Wcll

Diameter . - 1350 mm

Length S 19.0km . |
" Coefficient ¢ =126 Willian lHazen formala's C

- -of roughness -

“The water level of_Rccciving Well is selected as 61.50 m and under
the pipeline conditions HcédiTﬁnk's level at Qd becomos+101.20 m

REEy



3'Tw6 different wator leVOls, when they are COnnected by 2 plpellne, o

5 'pi;o_fe‘ ﬁ;_:’_Q.S’aijO’r,'- 'A_ND ‘i’agﬁssm';s; R‘eﬁucnbn*;n'pfm_:f:;}rim o

'Ef;causes flow of waté:. Tha flow rate can bé. ¢0ntxolcd by a viave .

f-whlch is installcd usually at tho downstfeam end for the purpOSQ.'f;““'
-uThrottllng the vaIVG,glvasan amolint - of lesistance to the plepline, f}

:x*in the. folm of d1fference of static pressure between tho both
k‘iéides of valva. Qf7 ‘ : SEI |

_; ;Thc diffelenco (reduct1on} Of pressure can cauSe a phenomena called-fu
"fcavntation at the valve which is- accOmpanied by vibratxon and weara i

; ;1ing and 1t may result in the dqmagc of it, 1n extreme casos. ;35
"ﬂj'Cav1tat10n must he checkcd by all mcans L e

ﬂydlaullc Prﬁfile

“j7 Hazen fornula and thc two tﬂnk levels shown.x_ , ‘
_iﬁlrom it one can clearly understand “the c0nt101 valve C V. gchS
::_39 n pressule reductlon in the 1n1tial stage of operation.
“"Even 1n the later stage Q max 1, 57 m’ /sec can be attaine& by

: 521;ﬁ;?;§2532 ¢ ;I<- 2 08&

1;24 3 m pPeSSUle reductiOn by ¢ V., it iq apparent
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i ‘ Q. min 0 30 m3/sec, ; 0 038%5
u./ S z;:\,f Réceiving Well' L
e T N T et JLULI
Tl +.85, sg

.,_A.ﬂ‘...,.,_..._..

ﬁ 1350, l = 19 km 0 = 120

11

-Fig 1 15 drawn under the flow ratc Q mln s 0 30 mslsec 1n W:llnam_ ;" ﬂ

¥

470m]. ‘ ‘il! :ﬂ.ﬂ

e
Can

. H1232.00m D



3.2,

Cavitation

Ll

“The oceurenco of-cavitation can be discussed on two Factors: .

: ff.'f(l) Cav1tation Coeff101cnt G'

.6, the cavitatlon coeff:cnent, is calculatod by the
following fmmula‘ . : co

W2 e Ma - Wy W24 10,03
ooz T Tar -z

BN -

"1 upstream side static head -(m)
12 downstveam side ™ " (m)
“+Ha i atmospheric _pl-"essui‘é,‘- 1031 m

Cliv 't ovapor pressure of water, 0.3 m
- under novital temperature

Vf(_) inherent C1V1tat10n Vqlue, Gv

Table l shows the 1nhclcnt caV1t1t10n VaIUe of various
tprS of Vaivc‘ The valuc is ca!lcd “dynﬁmlc cavztatlon
: value“‘and hcneafter in thlS paper it will be rcfored as
'7 1cv and CV A e _7:- S e

: ;Tabléxl Type of Valve and jcv

R e
' gate o 3.0
Cbutterfly 2.0
Covete 1.5
' multiport 0.3

(3) ‘Réqqirement:of prcvbnting Caﬁitation'

_ The fequigement of prevcﬁtiné cavitation is,
> v '
Tb plchnl eavitation means to find methods to decre ase ¢
and they will be explalncd in the followlng chﬁpter.

L= 35



-:3,3. Gladual Reductlon of Pressure by Splittlng

(l) Single Step Reductlon 7
_ Fig 2 shOws a single step rcductxon of hcad by using

‘”: only one: valVe.- .

F‘iq. 2 Reductwn of Pressure,' single step

ST e g min 20,30m /sec e
Vi h__h-;_ﬁ__j_ +100 50 m
_Hﬂhﬂx,pr935uﬁc 1, _ - __r' = o
‘ e _“__F_i;_ ....... *35 Bo .
- co . 4 r .
. Lo w3 f’ : EE & Receiving Well.-
Lmax = Lo fsee/ &G A |
; EEPENEN - S S 81,50
e v Wl
et 56.83m - W B ST e

~ ____1'3,1;99«__g:é_n_ts@_l;_-yglv_él

For the cases, 0 will be :

B

B m
Hi =

43.67 moor min_= 0.30 1 /scc 0= 0.38°
28.97‘m.br Q max 1.5? "o =06

I
1t

(2) Multlple Steps Reduction

‘By using sevexal vaIVes and decreasing thc pressure at each
step, G{)G@ ‘can be attalned in each of splitted plpcllﬂe
'thus making preventinn of caV1tat10n poss1b1e for the whole

'plpelxne.
The number of neccssary valves depends on the type cmployod

there, as. can be seen on I'ig.3

Ca

-
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qu. 3 Reductlon ot Pressure

ifl) Gate Valve GV = 3, 0 L
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| Fig 3 l « Fig 3 4 Pressure Reduction by Types of Valve

or 4 steps S
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. (3) Rete Valve

B :’:'f'ig. 3

Reduction of Pressure, 3 & 1 step

6Y = 1,5

[
ol ark sl miefioedeet —.—.:?::‘t"
SRS AU BN SN v o RN

436

jig 30.80 -
%;4-47 N

V2

30,80
14,47
1.5

28,97

- 14.47 4,67

1.7

" {4) Multiple Sleeveport Valve Gy = 0.3

1

{

28.97 o

in

O min
- H2

42,87 .-

__Pressure Line

44.37 m

,_ﬁ_ -

oy M |
vl

P —re—

43,67
4,67
0.37

'_(0.37).

B
- H2

Q max

28,97
4,67
0.60 .

11-8

101.20.m - 0 min ,4100.50.m -

0 max u $85,80 m

- Pressute Line

o 2310120 6 nin 4100,50 0

Ao Qmax__y $85.80.m_



'((3)€ Sunmary of Multlplo Steps Reduct:on

:Pig 3-1 to 3 4 lead that more than 2 vatves are needed
"cexcept in tho case of multiplc sleeveport Valve.r It 15
'also shown On Table 2. ' '

Table 2 'Numbe'r‘ -of-v-a_m

‘In1t1al Sfage | klnal Stage f}..::

__;Ifﬁg;;_;ﬂ : o of Qﬂelatlon o ef Ogcrationf e
: Gate ' N ".. | s . ~£; X 5 Ly
A s
"~ Rote S N gl

1 1

Multlplc Slecveport

:*(4)__Sketch and Mcchanxsm of Mult1plc Sleevcport VaIVG

-gThe vaIVO $ sketch hl]l be sclf ev1dent of the low _—

characterlstic Cv:

Fig.4 miltiple Sleeveport Valve

'ji[: Closed ?ositibn'

119



(2) Openréosition

!Mk\.\xﬁ.\ss\ﬁj L\._“__ i i _:‘:'._.._7_ e

Ty -

(5) Study on rconomy and Easiness of Opelation

- With the 4 types of valve, comparison on cconony and
‘casiness of . operation shall be discussed.
. Table-3 shows the pri¢e of comparison.

N Table -3 Compariggh'df Value Price* '

. . Necessary Unit prihc. -~ Améunt
Type  Number - (1,000¥) . (1,000 ¥)
Gate S 700 © - 3,500
Butterfly 4 400 1,600
Rote. 3 . 3,500 10,500
‘Multiple ' _ . '
Sleeveport i 3,700 3,700

* ex-factory in Japan

About fhe casiness of operation, the less number is always
better becaJse in case of several valves, each Onoimust
satisfy the condition (the share of preSSuré rcduttibﬂ)

It needs delicate adjustment accompanied by measurement

of prcssuxe and once the flow rato is changed, 1echecking :
and readjustment are needed, | SR

'11410



ﬁxf 3;4.7 Selection of Type of VaIVO

hL‘ In solectlng the type the cconomy, easinoss of opelat1on, control-
'capability and - neccssary land area will bc tho chtors of'
' wevaluation..;_ e ' R A
- . The table below is 1 | ‘ : |
S ,_:* ‘ ach of the 3 factors is gzven the prlority points,
| the total of hhlch 1s 100._ -

Tho pr1011ty poxnts are shaled by 4 types of Valvé. R

The sum Qf each typc s, point on 5 factofs is. compared

o Table-ﬂ,  'Compafiéon 0?_?1?3.

S Factors easy Control " Land
Type  Fcomomy © Operation  Capability  Area - Sum
~Gate o .. s Sy 1 s
_ &Jtterfly 20 EEE A S .4 -2 30"
Rote ﬂsf\S‘ jf s 8 3 'i9:

S Multiple . o a T
L Sleeveport g 0 13 10 43S

- fotal " - TR A S T
: '(priority 40 ot 2 10 100
© point) - . S _ S

From the table, thé_decisidniis_on the multiple sleeveport type.

Li-11



._4'_:

BMERGENCY SUUT-OFR VAWE

.

: In casc of unexpcctcd acc*dents including the power failure, an

emorgency shut of f valvc must. clOse the p1poline in order to

l._prcvent it f10m belng cmptied

SNE

Requxrcments on Closnng Time

:1fHowever, short closing time is not nccessarlly preferable as.jﬁ-

it tends to. cause the water hammer offbct. Too long CIOSJng'

o time is clcarly meaningless.‘ R _ _
- For. the pro;ect, abOut 16 mlnutcs seem suntable, cons:dcring__f:

:': ,the capacity of head tauk.;

4.2.

'hnother d051rable chalacterlstxc is that the flow rate be
‘d601eased in propOrtlon to the lapse of closing t:mc '

Mcchan1sm of Avallablé Tynﬂ

The most wxdely used one is butterf!y type wnth mechanlsm in
which a. counterweight closes the Openlng by its own wexght,-l

- in place of motor. o T L o ‘
To restore the valve in open p051tion, the countcrwelght shall

be llfted by manually and/or by a small motor which can be

: ;drivon with battery, even in case of the power failure.

4.

The problem with the type using a counterwelght is that it -
‘¢loses too fast qnd the possible longest ClOSlng txme will be
about 90 scconds due to the gear mechanlsm. ' e

_ P:oblem of Butterfly Type '

-~ The foreg°1ng dlscussxon denies the use of available type.

~ Moreover, the butterfly type is not SUitable because of the
_followlng reasons with computer analyszs.
* The buttorlly type, when it is clOscd at a constant spead,
_ thrOttles the flow rapidely nearing the full- closed position,-
" as shown on Fig.5. ]

1119



T

o Fig.5 Butterfly Valve Characteristics

Max 100 ]

l—gggfeffly
ST

cose g TN ‘Multiple Sleeveport

Full close

Macimum Rate (%) L
7

Angle of Opening (deg.}

It certalnly causes “the water hammer and does not agree wlth
the chﬂractelnstlcs descrlbed in 4 1. ]

ik ‘Iu ordor to avoid the water hqmmer pr0b1em in us:ng the type,__.
the closing time shall be at least 25 mlnutes whxch cdn-

"tradlcts the condltlon in 4.1,

. 14;4.- Multiple SleeVeport Type

Thc characterlstics of the type, as shown on lig S does agree

o W1th the condltlon in 4.1,

11-13



5.1,

.-:i's";z',"

REC@#!ENDATI&Q'ANQ ADDITIONAL POKER SUPPLY.

Seloctlon of Type

. The: mult;ple Sleevcp01t valve shall be choosen as 1 vaIVe can_: ERREE

-do the both rolos of flow ‘control and emcrgency shut off

wlthout cadsxng the water hammcr ploblcm. |

Powcn Sulgjy

The va]ve shwll bc closcd both by mﬁnually and by c]ectr1c1ty

i about IO minutes. o T
© The estimated motor 1at1ng is 3. 7 kv and the genefatOr at Mib :
~ Ta Pud shﬁll be able to suPpl) the pOWel and the battcry shall

‘ } upply extla cu1rent 1n starting the genelator

1114
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- _”ruTROQum*ioN

ii'The wall- thlcknoss of steel pipol1ne is an- 1mportant subjcct

; 'hthh nceds sonlous study in the plOJCCta . . _
: Dok Krai - Mab Ta Pud pipeline is a vital altety on whlch

‘~'_;th¢ modern 1ndustrlal complex must live qnd grow. Also 1t

o lisa prcccdent in: the size of plpeline and the dlstance of
o tlansmlbs:on in |hdl]dﬂd ' : o L
* " The f0351b111ty stud) team: proposcd 11 9 mm thlckness on thc
- bas1c c0ns:dcrat10n of - 1ntcnnal ptcssu:o and OXtelnal load ‘
”"Thc detnllod dOSlgn tcan llkcs to’ sludy it more’ wldely, taklng‘
'.chcount of thc 1nformat10ns collcétcd hetc 51ncc it sta:tcd

‘ h01k1ng 1n Nov 1981‘,



ﬁnﬁhiuiuggv;CQstogRATyon S

1-(:) Cost

fA rough estlmate on 3 thickness Nlll bc made, 11, 9fmn,
.“ll 1 mm, and 10,3 nm._= ' ' '
' '1he assumptlon is }.
:_: “The dnametel is 1. 35 m 1.0, (1nsnde dlamcter]
::] ¥ The specxfiu glaVlty of stcol 13 7 840 kg/m
.fﬂ_* - The plpellnc lcngth 1s 2? 000 my ;-f

“ Por 3 d:ffelcnt thlckncss, thc total ‘wateiial helght lS :‘

thlckness (mm) ‘ ll 9 1_ llgl ‘ 10.3_
' welght (ton) '7 10 7?8 o 9 QS? : ' 9,318
= Assumlng the cost is toughly 1, 100 US$/MT {Metr;c Ton),
J'the cost is 1  ' '

"',Sglgkness (m) 1L i 103

¢ost (10%) 11.86°  '10.95 . 10.25
Ccost*(10%8)  266.76 - 246,44 230,62

\36 mllllﬁn Baht diffexence betheon 11 9 and 10 3 mm thlckness

.;_secms to be worth mak1ng fulther study.“'

'_(é) C011051on AIIOWance and Protect1Ve Coating

;1 A quotatlon from "Stcel Plpe, Besxgn and Installatlon"
'._Anerlcan ﬁaterwo;ks ASSOCiatlon Manuall 11, says ¢ '
Adding a fixed rule- of- thumb thicknoss to the pipe wall as
a corrosion allowance is not a latlonal solution of a cor1051on
~preblem, | This is especially true in the water works field,
where applOVcd coating matérials and coating procedures prevail,
It is proforable to use the |cqu11cd nomxnal wall thickness pipe
and then apply the proper pnotectlve coatxng for the condition

encountered



- An understandlng that tho thickncss shall be studncd on str:ctly N

®

tcchnlnal rcqullcmcnts is necdcd hcte.'

local Road hnH'Traffic Conditions

The plpelxno runs’ along the RID road bctwecn Dok Kral and R0uto o

- 3191, Route 3191 and 3,
- Thé- r0ad is wide in its right of way and only the center part
;  of it is’ paved and used The traffic is not henVy and the road

pavement cOndition IS well kept plobably of good suhsurface

propaxatlon general so:l Lond1t1on, !ow undelgnound water

 table and not-so-big traffic,

:Thcre 1% no possibility of hcavily loadcd tlULkS |unn|ng along

" on the water pipe but,aCIOSS it trucks will have to go to

(4)

prxvate propcrtxos and small roads. '

Hydraulic Condition

'-'fhe plpcllnc 1s subjected to about 7.0 hg/cmz under norinal

NO) |
‘The excavated cafth-is:Suitable for backfilling 5ftcr laying

'ﬁipes{

ope:atlon and to about 10.0 kg/cm2 when water hammel occurs,

Backfilying -_a_n_d_:co.m_n' asii_éﬁ

In Thailand, éoﬂpaction after backfilling is well practiced

~ and as the backfill earth is rather good, careful and skilled

(6)

c0mpact1on - will make propor.condxtlons to distribute

the extelnal.load evenly on the piﬁe.

Textbook for Study

The author uses “Criteria in Calculdting Pipe Thickness of
Buried Waterwor#s Steel Pipe' published by Japan Watewrworks
Steel Pipe Association and revised in Sepf, 1980,

The c}iteria refered to not only.Japanese technical literatures
but also the recent literatures published by American Waterwovks
Association and American Society of Civil Engincers.* |

kALK, "oward ¢ Modulus of Soil Reaction Values of Busied

_ Flexible Pipe, Jan, 1977, Proc, of ASCE
AHA + Steel Pipe Manunal, 1979

12



3. FOUNDATION AND BACKFILLING

-‘3,1.1 F0undﬁti6h
, 'The bottom of tho tlench should be clcan, flat and flee '
B lfrom stones and hard lumps S0 that the pipe wlll llc
;.'dlrcctly on oarth ln the bottOm of the trcnch (AWWA
: quual ll) Hcle the 3011 is sqndy c]ay, p0531b1y flce
'f'from stones nnd h11d lump. . .
;_'The trench bottom undel lalge stcel plpe may hc ahnpcd
_ _3advantageous!y for are contqct 1nstead of liae contact.'
E (AWWA Manual 1) _ L w
N _J'FOI the plecct, about 0. 3 m thlck qand hcd_at the bottom .
ef thc tzench wnll be spccxfrcd lor ‘the most part‘- The '
sand bed, under the load of plpe, will settie and an alc‘ '
T'contact wnll be made bcthcen the carth and’ the plpe ‘

f3;g,"BackF1111ng

:;_Aftcl thc plpc bclng lnld bqtkf:llxng both side of the .
. jlplpe and compacting must be donc wnth good care. ’
. AWWA Manual 11 says : - |
x The depth of backfilllmUSt be more thnn'ﬁ in. 'abov0 :
the horizontal center11ne of pipc wath a dlamcter

. greater than 12 in.

-"4_,The backfllled eanth shou]d bo tamped in layers whose
*thicknoss may Valy 4 in. to 12 in. N dcpendlng on soil
p1opelties, degrcc of compactlon requlled and method

of compabtlon

* 'Thc f111 should rise thc same ‘on ‘each side oF and

coincidontally be tamped in layers
L}

JICA team will specity about the matters in fOllOHlng tctms,
. S0 that the above requlrcmcnts are satisfied.

12+



* About 2/3 of'pipe'dinmetér or .. about 9 in, above
tho ce‘ntorline of 'pipc‘ backfill. ST

" * Each Layer about 12 in. thlckness w:ll be tampcd by

a tamper or compactor we1gh1ng 80km, thrce ttmos on

‘ail OVOI the backf:llcd su:face‘ z' '

£ 1he fllll“g and tamplng of thc ‘same level layel at-
- ;thc both 51dé 1s a- "must" in plpelaylng works. )

‘lThc gradc of comp1ct;0n aFtcr backfalllng :a cxpacqch '

. as coetfiulcnt lﬁ whlch is uscd in calaullt:ng the

- dcflcctlon and bcnd:ng strcsq of thc pipe.

REEE
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13 e | .

LOAb$  -

'ff1§?15‘ Class1f1cation

" The main loads 1ncludo the 1nternal pxessuro, earth lOads
_”'“;automoblle load rallway load aud other load acting on
o the pipe. ER K :

" The subordinate loads includo the IOad during ‘construc- ;._.f—”

o tlon and the water hammel. ]

' :*f}54}é;  Ea1th Pxessurc |

& The modcl of earth ptessuro S d1str1but10n follows Iowa
S fOrmula proposed by Spanglex, as shOWn on r1g I.-

. ;ﬁ_‘.' R Pig'l : Earth Pressure Dlstrlbution o
_= .‘ '-." : r 1 : .
3 _-!Jljlili 'gi[]gl Vertieal Load -
S A R | ‘
R R : ] ‘
SN ST
S e R I RO
CEW o N Eose i
s RIS | '-
:;"%;ﬁ c 5 e ‘§=_;: g Passive Eazth Prossure SRR
R NS N
Rt
[Iff?iﬁ!ff 3 Reaction Force Lo
-4 f ER I 0 N N S O A

'_?Q : Angle of Contact

ay vertical'pbaa'-‘

'  Ordinany DltCh'

 the Ordinaly dltCh means a dltCh excavated without the use
S of sheet pile.. .
luere, two cases are conceivable. - One case whéré the cover
_depth (the depth between the surface of backfilled ditch
‘and the top of pipe) is less than 2m and another case whcr

~ 1/ the cover depth is more than 2 m,

12- 7



In the formcr case, the carth 10?d of the unit welght multi-

.'Pllcd by the cover depth works upon the plpc but -in the

_!atter case, the earth’ toad, belng rcduccd by lntclnﬁl fr:c—r

tlon of the chkf:]lcd earth, acts Hlth less stlength, in

]?tenn of unit area, on: thO PIPG*

Former case is formularized

¥s W (Cover depth 1= 2m)

. Latter Casé'is'fotmuldrized :

iwvu='_Cd‘}?T$ . 3 - Hafsfﬁn‘sfformula L

Wlth thc two formulqr :

X

'fWV': vertlcal ca;th p]CSSU!e, kg/Lm2
‘zfﬁé-f- ealth s unit- volume welght, normaliy
10.0017 kg/cn | |
s cover depth, cm _
cd j::cqcffiéicnt npplicaﬁie'to thé_dilch ;
k ¢ Rankin's coefficient of thé éarth prcssdré'

B anglc of interaal frlctnon of the :
b1ckflllcd carth '
'ﬂ'f. anglc of frlgtlon hcthCCn thc hackfll]cd

carth and thc surface of dltth wall
_ (ubually ﬂ‘ =@ is dbbﬂMCd)
_.Aﬂ:'-coefflclent of friction betwcen thc backfll]cd
o ‘¢arth and the surface of ditch wall
B : width of ditch at_thc top of pipe

In case where the cover depth'is.in'between 2mand 3mand -
the valuec of carth prcssurc, calculatcd by Marston's f0nnulé,
is found to J¢ less than the case of =2" , the eavth
pressure at t = 2™ shall be used in the calculagion.

1]
R St
. 2ku! _ T

et 1L a1 =
+sin M tan 9



The quotation is.pictured on Fig. 2,

.
1 IR B

o Fig.2 . Appiiﬁation of Earth Prossure Formula.

dotted Yine : not applicable -

t

Vertical Earth Préssure -
kg o

-
-

s _.:

il ¢ Cover depfh"(m)'

' Ditch with Sheet Pile
Vu$§ the formdla-for H = 2m and extrapolate linearly..
" (2) - Passive Earth Pressure

"

(a) Coefficient B'

The pquivé_earth pressure on Fig.1 is caused by the-
 &ebemafi0ﬁ of pipe and it is a reaction foréee working
'horizdntéliy.On,thé side of pipe. B, the coefficient
S U of reaction by the_earth,,Can‘bc‘coﬁSidéred‘as a kind
of spring coefficient (The spring clongates propor-
tiOnally'tb the WGight{ﬁorking on it) and it thangés
- on the degres of cdmgactioﬁ'aﬁd-tﬁe nature of back-
" fitled earth,’ . : :
- In practice, Table 1. is épplicablc to find B'.

12- 9



Z"fii afine’n‘graiﬂ¢d W,

W
- o ..

: *"f'fi?“  Table 1. B' Value (kg/cmz)

| AL

3(Translat10n of U S. B. of Reclamation data, 1977)

-

o ey Ac iht g

‘plasticity i
middlo to higp

‘No

Hghtly
chpacted

P Dp< 85%
n D.<40$

B* depending on COmpactlon

WQ.MW*—

- properly.

P.D,
7 85- 90%

R D,
2 40- 70%

compacted

IR 3

Pino - grained

plastioity
nil to mlddlo

-.n i e

44 s s

8

~jmore than 28% - |

| .coarso gra{n;'.;; o
plastioity t
nil to middle

coarso - grained
W. moro than 12%

fine grain,; f*

-J‘ N

28

L0

'.—-— o o

coarse-~ grained
H less than 12%

- M0

;'-rRelativo pphs;ty

f.-'-' I B ot RTE o ’F"-l;l - ‘

f W

ig

, fine grain, :
r ’." :‘ ‘J- f' “ts ";;_-:L--‘y. _r..f.'-“_ . Femvepie
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) _ _
7 As B' of the undlsturbcd carth before excavatlon 137"
"genelally lavger than ' of the chkfllled ecarth,’ ‘

‘APPllcation of 1 R,

_'_except in’ the.case of soft gnound ACCO!dlﬁgly [
s of the backflllcd calth is to be uscd foa calcula~.

ft10n.‘ th:o the ground is soft B of both the

"_gzound carth and the backf:lled eazth is. compwred

~and the ﬁmaller valuc is uscd whllc whelé thc wldthga

'i.of dltch is sufflcxently wido (for lnstance tlmes'

@

of diameter), B' of the backFilled earth is. used
»'disregqrding the ground condltlon. JNEE :

Stanﬂhrd'of E'

'-_i_ﬂhére the sahd is used Qith0ut‘¢bmpactioh and/br 

":thc:excavnted carth is good and Iightly:édmpacte&
: after backfilling, E' = 14 kg/cmz.can be'a_standard{

-'(3j Reaétioﬂ Porce at Foundaticn e e

(a)

()

Dlsttibution of Rcactlon Force .

“‘The dxstrlbutlon of reactlon force at the foundatlon,'

shown on Fig.1, is shaped complicatedlly depending

on the fbundatlon mqterlal, thlckness, horkablltty
- and. the deflectiOn of pipe, etc. ‘

Here. an assumption is given ‘that the force is eVenly

'dlstrlbuted on the width of foundation, deslgnqted by
the angle of contact betwecn the- pipe and foundat1on

béd. (Fig n

Angle of Contact
2 :

‘The angle of contact’ is assumed as 90 deg. here, as

a standaxd, _
‘The designer can decide the angle when he has suffi-

ciont reasons to do so, needless to say.



(4) Dcad Hoight of Pipc, hater Wo:ght and Active Palth Pressuro

In the calculatlon of pipe thicknoss buried undorglound
_ the bending moment caused by tho pipe s ‘dead weight and
'fgguator weight acts against the bending moment cansed by the
f'fiactlvo earth pressure from the sido. .. il s
. in‘lCOnsequently, the effect of these ._forccs can be dis- '7' 
R regarded, as they are. canceled: out. L o
.‘";Pamphrasing the ‘above : o
, ;ffThe bending momcnt at. tha bottom of pipe is taken as’ M' .
" and assumo that M' is the sum’ of Ml, M2, MS Md whore Ml ‘
;is caused by the vertical load M2 by the pipe's dead
‘1woight M3 by the wator welght and M4 by the active caxth o
Ji{pressu1e.f" S -
O Then, R o
UM S M e M2 e M3 - M
_,'  Generally provcd 15 M2 + M3 < M4
 Accordingly MU M
 'F01 calculation only Ml must be takcn into c0n31derat1on :
"and it results in the safer side of design.-

e

An examp}e 1s_shown_on Flg;S.

; .
P

Fig 3 Varlous Loads and Moments
100 e w.,=3;n kg/em? % = 0. 0017 kg/cm
S ' =17 dcg

3

cm

™
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|

|

i

{

i
i
%

1‘.'5'_00 IRERR

-| <3 é ‘/{"'. o : - |
1 ,000 ""'“‘”‘"\/& ’l' *H‘aa‘ ‘f’é‘- Rimah b M

Moment ygeom
&
\IO-

\
v

NP =l Eein ] - .-._.,,._.,,._.-;,.._ .._.-i;_;.; .\., ot :
SO0 530, 321 ok (ater)

e

o T T 5.0,102 ‘iSB.ﬁLdéaﬂ)_fo
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2800 [z o= g | g gl
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,.! 2 3 4. Oqt,u)
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A3 Load by Truck
'-c;ffljffangle of Load Distiibutidn
'!r,The concentratcd load of truck's whcol at the surface of -

é‘road deoreases by the depth as it is d;strlbuted wlder : ~'
iévo, Koglor's method is followed w1th the anglo of ‘

o distributiOn as- O 45 . (Fig 4)

s {éj}.CaICulat1on of Load Distllbutxon -
Fig. 4 shows how to reason the dlstrlbutxon 1.

co R

"pigig nlsttibucign af-Load, :

RS S . |i-~ _

; zﬁavzs”;} <

,’i H l{ _/,\. ‘Y.

Sy TN e :
M0 dsdegls o TN :‘,f'\ R

o .-TT-M':,'W‘“.“-'._' <+ -,;-/.--4.— -v—'.-'f !’ - -\—rw— v--- . -'--? S »—rw—rw-;\ L - i.._B

NV P ""“; g I ...._...___‘I_

i n = -}—-*--ﬂ-;é-—'u—-:—-‘é——-—-wc—e-—'b- ---------
Cohad tan®9]i. nko+ (- :
Vo H &%9-9@--W-H L {. -’..?C,, o b-., e e -fq-.u.'..!.{' _Fap.gr.; A

S Ve f}h-i il ‘ *“'7“““ ‘r Lo
R i P @%]Lﬁﬂ R
sroes e B A 1/ ! ..-;._ . e
; ‘ ‘ , - /’ - « £ i . )
o ;.'-,4-—%-'—4—-«,-' S
N — L T oo : E i

. . s ! ! . : ) . *

Two Classos

IR R

"In Japanese Standards, two classe¢ T-14, T-20 are used,
vepresenting the total weight of a truck as 14 and 20 tons.
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:;Split of Load : -

. The wexght is- split into 20% on tho front whecls and 80% on
. the rear whco]s.trg- : :

:_--Eﬂch rear whecl 8 ton (P in Fig 4) in the casc of T-20.

_ 'Sgleadlng over Surface of Road
The welght is spnead over'the road surface by the contact

area. of a tyrc.
For the rear wheel tyre, the width (b ia r:g 4) is 50 o
and tho length (a in Flg 4y is 20 cm.'_ S

i Distance of wheol
The distance of rear hhecls 1s desngnatcd as L in Flg 4 and

is spec1fled as 175 cm,

:Wldth of Occupancy _

'.uA truck's width of OCCupﬁncy is d051gnated as L*C ln Flg 4,

" thus making ‘¢ as the distance of wheels of adjaccnt two trucks.
é'is spécified as 100 cm and L+C bezomes 275 cm,

| Denth of Pipe ‘
The earth!s cover depth of pipe is Il in llg. 4,

| ‘,Anglé of Distribution _

The load 15 distributed downwards ovenly with the angle of
45 deg. ' ' ' ‘

s seen in Fig.d, the distribution of the 1oad on the top

of pipe is not uniform in an oxact sense but it is considered

'uniform pracltlcally

' -With the meationed reasaning and dcsiénation, the unfiform
“strength of load can be expressed : '

Wt 4 ) 2n P(1+1)
L+ (-DC + b+ 2 tan 0') (a + 2l tanO)

Ht stnength of load, kg/em
n ¢ number of trucks
i &+ coefficient of fmpact



+ ' [The °°°ff1°ie“t of imPaCt varying acco:dlng to tho dcpth
- is gnvcn as Ihble 2. i

..Taﬁie 2"1; Cocffigient of Impact

. U : cover depth (my . i :.bbeff;:of'impact
COHCLS s
1s<u<6s oo . ees-o0tn

s 0

| ,-simpfified Formula a

‘:Substltutzng the spcc1f1ed and given values to P L C, b, a

:"_ and 0, the fbrmula becomes :

Wt ~ . BOOD(IH]n _ .
T T ’275 n- 50+2|I) (10+H)

‘,n is the number of t\ucks wh1ch “un over across the pipe.

'sxmaltancously.w Bven if the road is wide enough, i cannot
: bo largex in accordance WIth thc Hldth {flere, n = 1or2
fj-gt most is sufficient, '

o 8000(1+1)
" 25 (1o*u)

P '_'.‘-8000(“1)
nEEo WS e (o

" 4.4, Load by Railvoad
- It is omitted here. .

4.5, load during ¢onstruction .

- ~_ During the construction stage,'é'bulldOZer may hﬁve to run
_over across buried pipes. This kind of work must be avoided
”as much as possitic, - ' ’

Mexe ‘the concept will be explained but the condition will be
_excluded in the latcr calculation. '
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- Distribution of Load

+
L

Fig 5 l.oadJ Bulldozer B

Pz ‘fhm*f?<; A b e

dw | ﬁl}wa

by

‘ o m*: m rJ rer
B QO

londi

;-;Gne diffefcnte.hore is that fﬁo lodd by two caferpilleis'
- is ovcrlapped to becomc blggel hezo It comes flom the

'- ‘”assumed 1nsuffi01ent compaction of earth

e fommula s ;Mg = n gy (1) (b )
WB.: strcngth Of load kg/cm s r 21 taug

[}

AH
oo
TN

'fi_; coeff1c1ent of 1mpact narmal ground i
o _ ‘ soft giound 1

. .gp: contact prossure of caterpillcl, kg/qm
- b_-: #idth of raterpille:.'cm o

: numbcr of vaterpillel |

.‘_ 3 "3 cover depth of carth cm

| 0 ¢ angle of distribution

_Q_t her Load :

After layiug,nf pipe, othor loads like move co?ering.Of'
f‘earth cr0551ng calverts and retaining walls may be placed
on the pipe. fox each con31dcrat10n must be paid._

' Internal Pr055ure
_Normally the internal pressure f01 design includes the
nax imum plessure under normal opeaatlon and the wator hammer

pressure,

12-1¢



s -':’I‘OI‘.[ERANCE- W Dn‘x-‘;.ﬁcrron AND stutss

_:Sgl. Tolelcnce > in Def]cction and Stress

(1) Dcflcctlon -

- The zatlo of def!cctxon is cxpxcssod as the 1at10 of
"deflcctlon to n0m1n1l diameter,
_1hc tolclancc is’ dlffclcnt on’ thc 1nsnde plOtOCthﬂ
‘of coatlng or llnlng ' ' ,
-Wlth tar-cpoxy coating’ 1t is 3 whilc with'ccmcng_mbrtar
 '11n1ug 1t 15 5%, o o o
‘A steel ptpe, in splte of Laqulllty f01 010ngatlon and
_ _ductlllty, should be cautxous]y ploloctcd agdlnst rust
- and coxnos1on. Accordingly, the deflcutlon must be
_SPGC1fled so that the inside protectlon shall not be

. ‘damaged due to over dcf]cctlon _

(@ Strcésﬁ
" The allowable stress depénds on the chalacterlqtlcs of
_f‘stce! used for the purpose. o . ‘
In case of STPY 41 of Jis, Lulbon atcet Pipo for
Genclal Plplng'by Are Woldlng, 1,400 Lg/cm is specified.

.(3) Plate Thickncgs,'Mill To]crance

JIS specifies the tolerence of plate thickaess and the
tolercnce of deflection and stress of the pipe has taken
. account of it. Calculation shall be made on the nominal

plate thickness.

(4} Corresion Allowance

~Already discyssed in 2.

(5) Effcctivencs$ of Welding

“Welding, whether done in the shop or on the site, does not
Teduce the strength of material. The Welded part's stlength
can be equal to that of muthOP mater;a}.
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5.2/

Tblercncc in case of Short Term Load

()zlte dxffcrcnt flom ‘the casc of pexmanent loqd an L
1nstantcneous load or a short term load can be et wnth

-the 1ncrease of tOlOlunCG-

'=Internal PrcsSurc

’lror thc sum of normali plessure and water hammcr p:cssure,

:the tole:encc is 150 of the spec1flcd One.

Fxtcrnul Lo1d

For the sum . of . earth pressurc and ovellylng loads as

',the maln load, thc tole:cncc is !;05 of the 9poc:ftcd ong. -



'

6.1,

' DESTGN CALCULATION

:SelcctiOn of Loads

o The f0110w:ng comblnatlon of the loads shall bc con51dcrcd

in d031gn ca!uulatlon

'§0mbiﬁétion-of Loads'

“Case . Main load -  Subordinate lead
1 0 Nowmal pressure. - :
A " v . " water hammer pressure
3 . carth pressure plus ' o
' - overlying loads as main. load .
4 carth pressure plus . ' load during
: “overlying loads as maxn load constract ion -

'56,2f

cnrcumfcrentxﬂl stress.

Ciftumfcréntial'Stross by Imtcrvnal P%ossure

'Thc fOllONlng equatlon shall be used in calculqtlng the -

rl

Gt =‘_; _ G_t o stless, kg/cm _ .
-?F" P :'_tnternal pressure, kglcm2

D i average diametor of pipe, cm

t : thickness of pipe wall, cm

j_Instead of the avcrage diameter, the nominal-diamctcr can

e USCd as the" error is negligibly small,

Déf!ecfiggﬁgnd Stress by External foad

The deflection and Stress of stecllpipé'undor the earth -

IPYGSSUIG and overlying loads 15 calculated by the following
rlformula ! '

L

- Deflection

Ax = 2kx . (Wv + I'Jt)l{

B Y 0.061 :'R3

12=13



- Bending Stress

- ey Kb . REET 3 (0.061 Xb - 0.083 ROI'R
o bom g Gty S "ér v 0,061 T'RS '.) —

.i]*’:-'hotlzontal dcflcction, cm
b . bendiag stress at plpe bottom kgICm
f :igcoeff1c1ent by shapc, 1.5 |
“Z'f ;qcctlon modulus, cm3
‘ Wy o veltncal earth pressure, kg/cm2
Wt :__IOad by tluck, kg/cn2~ h _
R : 'avclagc radlus of . plpe cm» .'
¢ modulus of elastnc:ty of steel 21000000 kg/cm

s

: geomctr1cal moment of lneltla. cm :
: _ 3

L'y COCfflC!Oﬂt of passive carth pressave, | kg/cm
Kb COeff1c1ent of bcndlng moment at pipe bottom

Kx ¢ coefflclent of thlZOHtal dlsplacemcnt o

({) Dlstrlbutxon of rxtexnal load and Larth Pressuxc

_ Already shown on F1g i
AX is the deflectlon at the center of plpc and 0 b,
is the bending stress at the bcttom, where the st:ess is

the largest along the ring.

(2) CodfficientVKb, Kx
- Kb and Kﬁ-ﬂcpehds on the angto of contact between the pipe
and'foundation bed, as shown below : '

Table of Kb and Kx

Angle of Contact (deg.) kb Kx {0.061Kb-0,083Kx)
6 . 0189 0,103 0.00307
90 - 0.157  0.096 0.0016t
120 : 0.138  0.089 0.00107

150 T 0.128°  0.085 0.00082



(3) f o _ :
_ £ 15 a coeff1c1cnt to conVcrt the bcndlng stress in the Hﬁll
B 1nt0 the axial stress.  With the rcctnugu ar section of

pipc wall, f cquals 1.5.

"{,(4) 'Special Case
 w1th a stcol plpellne, the des:gn is madc without c0n51der1ng ?
‘the intern%l pressure, except in the casc of extaaondinaly _
"ﬂhlgh pressure. Then the. result of ca]culatlon is on tho safer :
kisidc of tho existing condition. '
) Acc01d1ngly hele, the calculatlon is made 1ndcpendcntly on -
'u the 1ntc:nal pressule and on lhe external loads.
"Some spccnal case. FCQUIIOS the calcuiatlon to be made on
a 31m11taneous and comblned cons:dc:ntlon whl(h qhqll bo

. ‘efered to other lltexatutcs.



7. 'STANDARD THICKNESS

_ Tqble 3, 4 shows thc nomxnal plpe s:ze and standard thickncss in
- relation to: the COVer depth of carth, '

: -LThé tables are calcu!atcd under tho FbIIOW1ng COHdlthﬂS.: '

..'f:ealth weight: pex unit volume : s - 1. 7x 07?3 keg/cn _T:'
‘-:COCFfICICDt horizontal dlSplacement K= 0. 096" ‘ =”
.,.coefflclcnt of bcndxng moment at plpe bottom }_xb_:509157_

Load of truck ‘; T - 20 2 numbel S .

jcoeff1c1ent of p3531v0 carth plessure ¢ B'

W

14 kefen”
“ ;angle of . inteznal f11ct10n of the . _ '

) ackfxllcd ca:th R _ I ¢  20 deg
'f"yldth of cxcavated diteh shown on thc tablo below :

© Pipe dia () ditch videh (m) rspgpium  diteh wideh ()

Co3s0 700 1000 S 2000
vo408 . 800 Umoo 2000
A4S0 800 T . j0 2500
S00 1000 1350 . 3500
600 . 100 . 1500 - 3000
7000 1300 1600 3000
80 - 1s0 . - 1800 3000
%00 . - 2000 20000 3500
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8. amwmxmvasnmv

B 'Pnev1ously in 2. of this 1ep0rt a comparativo éstxmat:on was _-'
made on’ IO 3 ll.l and’ 11,9 ma thlckness. o
_ 'Hereaftcr a technlcal chocklng of the 3 diffelent thlcknoss :
il be made fbllowing the stcps and the methods eXplained in .
" Chap. 3 - Chap. 7.

8.1, Cbnditions o

(1 Internal Pressure

. The noxmal pressurc is 7 kg/cm and’ the normal plus water ;

_a_.hammel pressure 1s 0 kg/cmz.

. (2).3P1pe Mater al and Manufacturing

'Matcrlal JIS STPY 41, allowable stross | ,400 kg/cm

Manufacturlng't' arc welding of seams, stlalght and/or
7 ' | Spllal in factory _
the same of butt jOlntS at site’

Coating . ' 1 tar—epOxy 1nside of plpe ',  : ':;
(3) Pipe layxng and barth lnad Pressurc o '

Fig.6 shows thc standard sect1on oF pnpclaylng.

Fig.ﬁ Sectlon of Pipelaylng

o : Unit ‘'m
2.8
P
T e e S y
Ezfggg )
. N -

Remarks @

* “The gas plpcs cover depth is 1 and 1.5 w,

* The dotted line shows the section for joint weldlng
* The width at tho top of pipe is 3.42m ,
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' Wzth the figure, the cover depth can changc from 0. 8 m to
.; 3.4m: f01 calculation._.- o _ _
| ?Thc,condltlons used in Chdp, 7 aré used hero, Thcy are :
-*_fﬁeight of ‘earth's unit volume : s = 1.7 x 10 % xglem®
* Kx and kb are 9. 096 and 0.157 respectwely. The case
: :.f1s for 90 deg‘ of contact.- '
'f. B! = 14 kg/cm , ¢

_r@} InuibyTnmk .

I F-20 of JIS is uscd . The number of trucks is 1 and 2 for
. ca1culat1on. ' B

e (S)Z:LOQd by:Réiirdad_and'Durihg Construction

The loads arc omitted for calculation,

8.2 Calc:ulat.i:(::m*of Laad

(1) Vertical Earth Load (Pressure)
‘ 'll- < 2m = _ g f  ‘ S
' fTha enrth pressure 1ncroases proport10nelly to the cOVer depth.
H > 2m SRR
o in MarstOn s formula is a function of il.  Cd and Wv are
_calculated accord1ngly..
0.8 me i ¢ 3.4 m _ .
Hith two equations mentioned above, Wv from 0.8 m to 3.2 m is
_ 'tabulétcd on Table 5. Noticable is Wy for H = 2,2 m is lower

than that for Il = 2.0 m and it is ¢orrected the mean value of
Wv for I = 2.0 m and 2.2 n.

Table 5 H vs. Wy

N W keg/end) N (o) W (kg/en?)

0.8 10.136 2.2 -0.344- 0,350
1.0 0170 2.4 0. 361

1.2 0,204 2.6 0.387 -

1.4 0,238 2.3 0.413

1.6 0.272 | 3.0 0.438

1.8 0,306 3.2 0,463

2.0 0,340 3.4 0.487



@t

'Wv-;:Verficalfééith(pr§§aée (kg/;m”
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e
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Fig. 7 is shown as a graph for Table 5 values,

<
i

i
i
!

an 7’ n vs..h‘v

(=
[

- i ls. - _‘ P .2.0-‘ :.._-.‘ . 72.5 |

I Cover depth (m)

.bbad (pfeéshrélfhy Truékz

Coeff1clent of 1mpa¢t

‘The coeff1c1ent of 1mpact varles 11nearly wlth thc cover

depth

 Ior the rangc of calculat;on, it is

!iqﬂll
0.8 .
1.0
1.2
1.4
1.6
1.8"
2.0

i o H (m)

0.5 L2220

0.5 2.4
0.5 - 2.6
0.5 - 2.8
0.49 3.0
0.47 3.2
0.45 3.4

122

i

0.43
0.41

0,39
0,37

0.35

©0.33
0,31

I S
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Wt for 1 truck

”i-Suhstltutnng H and i into the formuln, Wt for 1 tlack

‘?”ls Cd]CﬂlﬂlCd and tabulwtcd as. ﬁhown on Tablc O,

O

) ]:;0 ._
1.2

1.4

1.6
1.8

2.0

Truck

Wt Uﬂcﬁ)‘

0.346

0.257

L0199

0.158

0‘129_

©.0.106

0.088

Wt for 2 trucks -

" The same steps make

1 (m
0.8
1.0
1,2
1.4

R
1.8

2.0

Table 7.

' 3‘313}36 I vs. Wt for 1

2.2
2.4
2.6
2.8
3.0

3.2

3.4

i

H vs, ¥t for 2 Turcks

12-25

Table 7
He_(kg/en®) 1 (m)

0.404 2.2
0.312 2.4
10,249 2.6
0,205 2.8
0.171 3.0
0.144 3.2
0,123 3.4

| ;_0;07_5_
- 6.061
. 0.0585

0.048
0.042
0.037

- 0.033

0.105
0.092
“9.081
0.071
© 0.063
0.057
0.051



(3) Sum of Loads

: From the forg01ng rcsults the depth vcrsus tho sum of
‘  10ads can bc tabulated for the:- case of l ttuck and 2

_tnucks

ER IO

: :- 1_4 0

L2+

1.4
L6
1,8

.20

0.8
1.0
1.2
1.4
1.6
1.8
2.0

j‘:’_l_ble 9_' .Il vs. (Wy W), for 2_t i‘tacks_ N

It s shown on Tqble 8 and 9.

"bl1hble'8J it vs, (Wﬁ + Wt), Fof.[ggtgék‘

v 4 Wt - ﬂ_(_fll U Wv v Wt

(I\;_,/un) .‘- ' _(ki-!'/‘tm?)‘ ‘

 10+432 20,425
0427 2.4 el
0.403 . 2.6 0,442
0.396 2.8 o6l

0401 3.0 - 0.480

6.412 - 3.2 . 0.500
. 0.428 - . 3.4 0 L 0.520

WS m) . Wes W

Gerend o (kg/cmz) o
S 0.5400 . 2,2 0,458
0482 24 . o4s3
-_”0.453f 206 0.468 :
0.443 2.8 = a,484
0443 - 3.0 ~0.501
0.450 3.2 ©0.520
0.463 3.4 - 0.538



" Table 8 and 9 are pictured ds Fig, 8

SR .-lFig it Vs, h'v fHE

SRR T ‘ ......l..,._ 2_-_t!'tlck$ LA e

N e ek

S T PO

P 1 I R 200 2, 5 3 0 36

SRR AR IR U o
o QB e e g A

H Cover depth (m)

fPay attcntion to the fOIIOW1ng features f'

';f,In caso of 2 trucLs the mlnxmum pressule, about 0.45
| ffkg/cmz, cOvers a w1dc range of N from 1.2 to 1 4 m

% The ninlmum prbssure of about 0. 40 kg/cm covers a
" marrow rango of i, l 2t01.6 A for 1 truck

'f';#"’rhe ¢0ver q'epth less than Imis not safe.

‘Though the pressuro 1ucrease linearly aftcr 2, 4 m with -
. © the cover depth, tho curve is not steep as that in
i -B;fi"'f“fthc shallow range less than ] m., |



(2)

. Caleulati_on of Stress and Doflcction

.Internal Pfessufé

Thc stross caused by the internal p:essule is ten5110
one and for 7.0 kg/cm2 of the nonmul pressure aud :

- 10 kg/cm2 of the nowmal plus water hammer piessule
the stress can be comparcd to the allowable value as’

ﬂo!lows

Normal:Prcssuré

"wall Thiuknoqq (mm) §£§g§§‘(kg[cm2) Allowable Stress(kg/psz

10 30 458 I 1,400

S T A 1,400
e 397 1,400

Normalkplus W:ton Hummcl Faossutc

‘ Eg!léiﬁjg}ncSS (i) Stress (kg/tm ) éllggggjgﬁ§tfcssjkg/cm%)f

0.3 Coess - 2b0
ELTS IS | 608 2,100
e 567 2,100

For the internal pressure, the pipe is quite safe.

Externat {.oads

Deflection

Thé deftection is calculated by the formula :

_ 2Kx(Wv + We)Rd
A x = BT + 0,0611'R3

When the values Kx = 0.096, R = 135/2 = 67.5, | = 2.1 x 105,

B' = 14 aresubstituted in the fommula, it is transformed to :

‘- 2 x 0,096 x 67.5" (Wvstit)
2T XT05% T x €3 +70.061 x 14 x 6753
12
22.78

12-3i



Bending Stress

' H'Slmllarly, tho or:glnal fbrmular is turncd into :
st e 3 f_- S
0_b [ 5b‘}“f2f.x !0 (Wy.+ Wt)-ip.(Wy.+.b;):

"Tﬁblé 6f -

= fIn the above tho formu131 d and g are the funutvons of t.__g
--For t =1, 03 1 11 “1.19 cm they are 4 i

33510 dfﬁd.'and 6

I

103 8786 . 2.79 % 10°
1.11 S ne 2620 x

1.19'" S 1as2 2.457 x ' n

(3) Calcu]atlon of Deflcctlon

'TWO tables of Wv + Wt, Tablc 8 and 9 f01 1 and 2° truckS;

s are already prepnaed o : . ' .

_ Snbstitutlng the values into the fo:mula of deflectlon,
the deflections can be calculatcd. ' '
Here, the deflectlons at N = O 8, 3.4 m and at the minimum
(l 4 m} are shown and comparcd to the tolerance, as
shOWn betow & o B '_ - -

Qgﬁléctions (em)

. Thlckness for l.trUCk for 2 trucks Tolerance

(INTI) 0 I k. 4ﬂl 73 .‘m I}-. &m __.71111 3.49m YT -

——— e —_——

16.3 4.2 3.5 4.6 A7 3.9 4.7 6.75
1.1 3,8 3.1 4.1 4.3 3.8 4.3  6.75

“11.9 3.4, 2.8 3.7 3.9 3.2 3.8  .6.75

For all cases, the deflections are well within the tolerancs,

1:>~* 2



(4] CalculatxOn of bendlng stress -

f’-1he allowable stress 13 given as 1,400 kg/cm hcre.
‘   As quoted befoue, O’t f)(ﬁv%ﬁt) and p are already
_ 'calculated _ —

-'.-',Then substitutmg U"a 1,400 into O't the limt of
- f(WVth) can be calculatcd for the three snzes of
" i‘-th1ckness : That is i

"

1

‘_'"]wv-ffwt: st 400/B

thxckness o fgk

e __ 1,400/
Temy o T (kg?c*?
__;,10;3_; o -52.796'.  001
oMLY et gussg
s 2457 osee
£ _is non- d:mentionﬂl._

.The results are to be consulted thh Table 8 and 9, and
3 -_'the two tables are 1ncorp0rated to be made into Table 10
~ for coventence. ' '

Table 10_H vs. Wy _+ Wt

e

m) - for 1 truck = ‘ for 2 trugq_si
. 0.8 0.482° ©0.540.
1.0 0.427 ©0.482
1,2 - 0.403 0,453
1.4 0,396 0.443°
1.6 0,401 - 0,443
1.8 0.412 0.450
2.0 0,428 0,463
- 2.2 0.425 ' - 0.455
2.4 0.425 0.453
2.6 - 0.492. 0.468
2.8 S 061 0.484
3.0 0.480 . : 0,501
3.2 " 0.500 | 0.520
3.4 . " 0,520 . 0,538
' Findings

t 10 3 mn eXceed the allowablo stress in the case of
M= 3.4 m for | truck and Il = 0.8, 5.0, 3.2, 3.4 m for 2 trucks,
* 11 I nm oxceed the allowable stress in the case of :

= 0.8, 3,4m for 2 t:ucks,
4011, 9. mm ave aceptable for all ft of both 1 and 2 tauchs

12"3 o
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*

'015cussion o

jSo far it was found that i

F01 the 1nterna1 plessure, the thlce sizes are all acccptablc.

fFor thc deflect10n, the three sizes are al! acceptable
_For the bendlng stress, 1.9 mm is all acccptqblc

'nWJth H=0,8m and fbl 2 trucks lO 3 and 11. 1|m1f31505 P’Oblcm-
}Tho covel depth less than 1 m shall be clearly prohlbited
-~ in the spcciflcatnon, desplte the thlckness.

-Nlth I = 3.4 0 and for 2 trucks, 11, 1 i exceed the

allowablc stress by 0, ?ﬁ or 51 kg/cm ‘Practically
xt is tolciable.f . -

To qumlne about- 10.3 mm,. Tablc 11 is prepalcd puttlng

'_'the Flgurc of stress in it.

'13510'11_ M Vs. Wy + Wi, for 10.3 ma(kg/cn?)

0 (m) for 1 truck © for 2 trucks
- 0.8 1.348 : 1.510
0 0194 ' 1.348
1.2 1.127 | 1.267
1.4 1.107 1.239
1.6 1.121 : 1.239
1.8 1.152 - ~ 1.258
2.0 1.197 1.295
2.2 1,188 1.272
2.4 1.188 - 1.267
2.6 1,236 - 1,309
2.8 1.289 A . 1.353
3.0 1.342 : _ t.401
3.2 1.398 1.454
3.4 1.454 . 1.504

As in the case of 11.1 mm, if S0 kg/cm2 excess of the ailowable

~stress is tolerated, there. vemains only the case of 1 = 3.4 m
and 2 trucks,

A solution is that the cover depth is to be ctearly specified’
loss than 3,2 m.

12-3



 ‘C0nclusively, 10.3 mn can bc usod by spec1fy1ng the cover depth
- betwccn l 0 n and 3 2 n and by allow1ng the stress up to

1 450 kg/cm ;", _ _ ~ '
"'Necdlcss to_say, ll 1 mm can be usable w1th morc rcllabnllty
”: than wlth 10 3 mn.

R, éompactiOn

'_'F'; the coeff:Cnent coming flom the natulc of ealth and the
degree of compactlon, means very much in the hendlng stress.
1h0 formula to calculatccrt is transformed 1nt0 H

' S 72 + 0.103 l '
N =-HEs + 0.107 &7, £2 -—X 10 (WV + Wt)
“The Calculatlon so far was madc on ' = 14 kg/cm .
I01 compariqon, the case of E' = 7, 14, 28 kg/cmz will be

shown as below r

Table of on B! Values_

B! (kg/cn?)
w7 0w s
LT _ 03 3 . 3

1,03 B Y LA PP A (U 21810
1.11 . 32715 2.621 1.991

Lts 3.005 2,457 1.890

As it can be understood, g is a coefficient which affects the

: value of bendlng stress proportionaly, If instead of E' = 14 kg/cm
= 28 kg/cm is applied, the stress witl decrcase by about 24%.

’The importance of thorough compaction cannot be over-cmphasized.

With 10.3 and 11.1 mm pipe, the Spe01f1cat10n of compaction shall

bo fully obselved and superv;scd during the construction,

[y
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10, CONCLUSION
' Witﬁ_;hé fOfgdiug éaléulﬁtiOn'and_distussidn;'thc author concludes:

10 3 and 11 1 mn wall- thickness can be used f01 the plojcct.
Tho feasibillty study s rocommond1t10n is 11.9 mmn.

-k 'Good_wotkmahship:iSjnecessary when the two sizes are used.

12-30
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; f5=1;- iﬁffoduction :
' 2;: Obj§cf of Receiving Woil and Receiving Reservoir

. 2.1, Receiving Well

B 2.2{, Rcééiving_Réservoir
3. Receiving Well
3.1, Steadiriess of bivided Flow'_ .

(1) Txansmlsq1on Systcm to Swttahlp, Industxlal
_and Urban Water for Sattahip

: (2) Urban Water'for Mah Ta Pud
3 Industl1al Water for Mab Ta Pud

(4) Stcadlness of Downstream llow
3.2, Size and Structure of'Recciving Well
4. Receiving Reservoir

4,1, Size
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IR P Inttoductmn

ThlS paper 1s to detoxmme the size and stmcture of the Recewmg
Hcll fmd the Recew:ng Reservo:r in Mab Ta Pud. '

2. ._Objéc't'-'of R'éceiiin'g.i\’éll‘ & Reﬁgci:vihg Reser\}oir;

201, "'Re'céivin'g Well
The leceng well's exnstencc is to stah:llze the flow s

' turbulance which comes in fmm the transmlssmn llne and make _

| metermg, contlollmg and dlvuhng the flow easy 'md accurate.

'l'he mcewmg hel] in Mab- T'l Pud is’ to dewde the Flow mto
3 us‘lges, ‘that 1s, the 1ndust1 ial and mban water fOI‘ Sattalup area,
“the 1ndust1 ml water for Mab ' Ta Pud area and thc urban watet‘ for

.thc same 'n‘oa, as shown in Fig, 1

r_lgo 1, 'Di'_Vis:ion of low

~ Walsr Transmission g
£y Sottoip colig
we!l Urban Water

=5

Pump fant —
P- - Supply
- For Urban

Rocewing
Reservoir

R lLSupply for Factory

2.2,  Receiving Roservoir

’No major purposes are quoted here, The first is storing
water to meet the needs in the cases of power failure, crroneous
operatmn. 'ﬂao second is clearing wntor in case of extraordmary
high tunbldity.
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‘Reteiving Well

o 3:1.: stcaainess”of Dividca'vlow

To d001de the stlucturc of 1ece:vnng well, lt is nccessary

~to study ‘about the downstrcﬁn condltlons under hhxch ‘the d1V1dcd
- flow is to be drawn from the woll “the stc1d1ncss e

n'(ll 1ransm1531on System to Sqttahlg Industrlal a U;han Water

fOr Sﬂttahlp

1he fiow to be branched off from thc reCelv1ng well and be

_SGnt to Sﬁttahlp can be clther stcady or unsteady‘_

Steady _ . o . o
“The pumps'which lift water tb'the head fank'éreirun S0 thqt"
-fthe watel level of the head tank is kept constant at a certain
helght.: The flow rate is contlolled by the flow cont:ol valvc
at the pumps dclzvely and by changing the numbcr of runnlng
-nipuﬂps. It is shown on Plg. 2. on the followxng page.

“.Unsteady .

ffThe head tank shqll have sultqble cap1c1ty Thcn the pumps are
‘controllod by thc high and low water level of thc head tank

| _Anothcr 1cqu1tcment is that the valvc at Sattah:p is in the
p051t10n of apploxnmate rate of the sct Flow.
It is. shown on-Fig, 3._on the aext tn_thc fpllowing_pége;

- ihc control system by unsteady flow is the one whlch is to be

' adoyted be'wccn Dok Kral pumps and Mab Ta Pud rcc01VJng well

- Por opcratxonal c0nvcn10nce, the same system will be plcferable.
M01eover, the system is safer in case of erroncous operation at the
downstr eam end (Sattahlp here] as it is discussed in the other
repolt.

L]

Hereafte\, the discussion will be aleng the control system by

‘qunsteady flow as° the flow out of the receiving well is unsteady.

- (to be continued to 2 pages after)
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ﬂecm Tank Water
ounOst_consIani

@ ey ana
1 .
b i i
I

i
..J‘

- H&bd Tank

== s

. a«kwﬁ§ weu‘ 
-Vb°°*e"ﬂécede
. S o ‘ o . - pump wall
. sotlohip S . Mab Yo Pud

Operatlon of thlS systcm 1s feasible by both manuqlly ﬁnd clectri-
cally._ The manual operatlon will start from ﬁn appxoxlmate control
: of the de11v0ry valvé and Watchlng the level in the head tank,
‘thc Operator adjusts the valve untll an cquxllblxum is atta;ned _
~and both thc leval and the flow bccome steady ~In case a

~change occurs in thc system and the lovel takes extra- hxgh or
"low p051t10n, the alarm shall be act1vat¢d and correction be
_'made. . '

- The flgure shows that by COOldlnatlng the control valve and the
pump with the flow ang the level meter elcctrncally, the said
manual’ openatlon can be turned 1nto the automatic operation.



ikg.IS Unstehdy Flow

ST S i g Seg Heod Tonk Mhlor

HWL . _ ,,f;’///}// s vorhbw

Recalving well

T
Bacshf pump
SRR ‘ - S o . _ . ﬂbcmvuu weu
:Sof'tahip R oo C Mob Ta Pud

The system also can be operatcd both by manually and electllcnlly
When the level in the head tank rlseg and rcaches to the high .
water IGVel becauso of the excess flow ovcr the set rate at the
 end, an alarm is given to the Operator to stop one pump of the

*'.runnlng pumps.’ Then the level falls down to the low water IeVe!
‘one pump is stalted by atarm,

- The system also can be worked automatlcally by connect:ng the
‘“pumps and the high and low level w1th elect11c c11cu1t

( contlnued from 2 pages bcfore )
| ; (2] Urban Water for Mab Ta Pud

The water for urban use must be treated ia fittration plant.
" The filtration plant is usually operated with steady
"ratoas it requires proper and exact fbcdlng of chemxcais in
the process. To cover the remarkable hourly fluctuat1on of
treated water demand, clean wator .tank (reservoir) of sufficient
~ capacity must by prepaved, ' . '
The flow out of the recelving well, therefore, is steady.

(3) industriai Wator for Mab Ta Pud

'Tho receiving roservoir's first purposo mentioncd in 2.2, can bo
translatcd to that it can meet changing condition of the down-
stream demand. The supply to Industrial plants are prefe:ably to be
stcady but is assumed to be unsteady for the time belng

13~



(4) Steadiness of Downst:eam F!ow

'Summarlzlng (l) to (3), the two flows to Sattahip and Mab Ta Pud
. industries are found unsteady and. the on¢ to Mab Ta Pud’ fxltration
~ plant is found stcaQy

'-_-3 Size and Structure of Recanvzng Well

The 1ece1v;ng hell in genexal con51sts of 3 parts, the ‘inlet, thc
‘ almlng and the dutlet, S Do _
 The inlet and the ca]mlng is d1V1ded by a pelfbratcd wall and the -
'calming and’ the outlet is d1v1ded by a wall w1th a welr 0n the tOp.
"The 1nlet and the followxng calmxng parts have a constant level,
'_be1ng COntrolled by the inlet VaIVe When the measuremcnt of flow
‘1 15 necessary at the recelvxng wéll, 1t can be done by recading the

,‘3 ,ovcrflow dcpth on the weir and by calculating the flow, aftct in-

- troducing the depth into a specific formula,.

i the fiow is to be controlled, it can be donc by ad}ustlng the

overflow dcpth with a movable welr,
A typical profile is shown on Fig. .

Fig. 4 Pfofile of Receiving Well

inlet ~ calming °“tlet Water levet sensor

COniroIVuNe

. Over flow . Welr_{Movobla weir }

The capacity expreqsed in terms of the retention time is mostly
more than 1.5 minutes with ‘the inlet and the calming parts put
togethor, although the downstrean condition is to bo considered
in dotermining the capacity.
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lim 0, the exlstence of recewmg reservols can meet wWor rms duc to

qcc1dents and the receiving well does not neecd any extrn cap’tcxty

‘ The capacity m decided for N mmuth' retention time.
’I‘he dlmcntmns are to bc 0m Breadth X 22 5 m Lcngth X 3.5m Depth

' mth 787..' m3 capacuy‘_

As oxllhmcd before in 3‘ .

the two flbws to S"ztfaﬁip and Mab Ta Pud :

.uldnstncs are amsteady hhzle that to Mab T'u Pud Fl!tmtwn p]:mt is -

Csteady. It thcsc-ﬂows of different mtmc is taken out ol the samc

part. of rccmvmg well,

thc mlet valve must he cont:ollcd cca‘:c—

lcssly and dclu.atcly so that: the level is kept conc;tant.

To vemove the dlffu:ulty, the flow slmil be tllVlde as c.hmm on

3Fxg 5.

“To Head Tank

]

. r-ﬂ- -4 - Fiow. ¢0Mro=t valua

#7117

‘Movable welr {2} —. ().= 5,'58’(

0.0
%__mmovobie_ weir (1),

. . o \ h2.5
ﬁ Depth £ 3,00 —— ) i
| ;l S V1Y ‘b:__ﬁﬁ.;.,:ﬂ.-:.:f?.::ﬂ
| ' fecalving wall : ‘1
I _ i
:I f;x: r . :L. v e
'} Pump station
"l for Sattahip
SR T bl Recelving |
}}‘T'\f', 1l“r 1| Ressevoir
[§-F (P ,= Fksedimenta- £
Il t ! p[vion basin} g Potable \Viat
T | 5 -
Lrt(ﬁ;_]'{ 1 treatment pland
- . [ ‘
) s
L—;“.bt::::_ﬂ H | _ !
S S S
-—Heoder pipe 4 )

!ndrusmol Woter Supply

(11)

ld‘*:

|

Potable Water Supply



4,

RS B Sizc

Recexvnng ROSOTVDIP

e

ihe rolcs of reco1ving lcseiv01r, storago and. treatmcnt, are

E f; dnscusscd al:eady. -

':4Tb dctcrmlno the ¢ capacnty from the standp01nt of storage is

.'::dlffICUIt‘ﬂS it is the blgger the better, From the standpoxnt of

lf]treatnent 1t wlil need at ‘least 3 hlS xetentlon tlmc.;

3 hrs is the mlnlmum in dcsngnlng the scdlmentatlon h351n in a -

”zf:ltratlon plant.

. The capﬂc1ty will be. calculatcd

ﬂpaCIty

3 hrs, x [S?ttﬂhlp plus Mah Ta Pud :nduqtr:eq)

li

21,385 m3 or approximately 21,000 °

Sattéhip : 0. 82 m /sec Mab Ta Pud 1ndustltes ; 1.16 m?/séc

' 4,2]"Stfuclure .

: 1he lcc01V1ng rcscrv01r can hc built of CIthCI lcznf01ced

‘ conc:ctc or Cﬂ]th material, An- enrth basin has long becn conSIdcncd'

11

-whe
et sultablc 1n caseﬁ:emarkqblc leakage of water is foresecen, In

K reccnt ycats however, vn::ous mcthads have been 1nvontcd and

carrlcd out in many cases to llnc the inside of dam and the bottom
of bwsln with rubher shect or plastic film to prevent leakagc,

: the said defect. _ _ _ _ _
_Hav1ng the above in mind, a compalat1Ve study of . u31ng aeznforced

conerete nud earth material with rubbel sheet hqq becn made about

. ‘the cost of constructlnp the rccc:v:np rcqervo1r “The finding is the

relnf01ccd contrctc is ldlhul guslly than the carth minteriul, *

(1) P]astic fllm is not resistent to ultra-violet ray and must be
emhcddcd deep enough below the surf1ce of earth.

-  (2] The surface earth covering the plastic film, especially near

thc water level, is continuoutly scoured off by the ripple and
‘wave coming from the wind and flow turbutance.

’

* Sce attached sheet

1:3 -



(3) Tho carth ahove thc plastlc fllm is wet and help hccd's_grOWth

It is not f1v0urablo from the matntenanco po:nts.

Wlth thc abovc discussnon, the cho:ce ‘is an carth asm,
covcred mth rubbcr shcct on the surf'ice

BT ,'Figi_.'6;f’.lést_.i.c-'.Filf&_gwﬁpi’gr‘Shc'fi
3 SRR ) :(,'/Weed_grohlh '

e 2N\ N~Scovrinig by wind

tubber sheet

‘ ‘ Plaslic fim
5- 03 Covering :

4.3 Sh‘ipe and. D:mcnsmns

’lhe slmpe and d;mcnsions, are shown on Fig. 7,
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Fig. 7__ Shape and Dimension of Receiving Reservoir
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. APPROXTMATE CONSTRUCTION COST
. OF RECEIVING RESERVOIR ~

TJ';';;gptePigﬁ . 7- 1 . Dcsériﬁfion ."  . Cost iOﬁO-ﬂzf  Rank .

——— L | A

. Gonerete vl botton 43 g

' Cerct‘Oti}'-'}’ind_ .i’fonci‘Ct(\_wa]'l,"._ o 379.._. SRR
ﬂﬂf?h' U - rubber sheet bottom - : Co e

- _aﬁéffh dﬁd: o ;6utside_slopé s 269 3
" Rabber Sheet . - with grass planting : ; :

; Eéfﬁh énd _f“__6u£5ide‘sl0pé o ' 3 5
Rubber. Sheet . with rock fitling - L B

- .Héffhiaﬁd“.'-': 0utside“510pe e e
. Plastic Film = with grass planting I .

Farthand . outside slepe . 186, o2
Plastic Film . with vock filling. . B '

Barth and-  inside and outside . 302 4
‘Plasti_c= Film i slope with ‘I-Qck fi]ling O SRR
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. TNTRODUCTION

uOn'Novﬁnbpr 26th 198!, a !etter of rcquest qu submltted to _:. 
RID to conduct the topograph1c su:vey _ ' P
The lettel was attached with the spcc1f1catlon d1f1n1ng

the purpose, sutVey sites, period of mo:k contcnt of uonk '

'etc.-_

RespOndnng the lequcst, RID - prov:dcd the countcxparts, ;'
survey team, to work WIth the JICA sunveyex

The survey work, starting from DPecember 2nd 1981, Lontz-
nued untll the middle of Feblu‘ny 1982 as it had hccn
'-schedulcd 1n1t1ally

The surveyerts report hcneby contains . the lOSUltS of survey

' and his comments on them.
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. RESULTS

Two liéf bf.mapﬁ resulted fron the survey is shOWn below. ‘They
'are lelded on the practical use and the refetence usé, ANl the

- maps are. hy Al SIze

2 ﬁﬁ;cms for Practical Use

fffggi - 1}313'3; .Sca1g. Sgﬁﬂ9f map. Qriginalﬁ ﬂ9§térg§fint,.i‘.Remérks_
1 pipeline 171000 23 RIH . DD team |
Co o Route. . o o -
2 ' pok Krai 1/100 1 M
S ome o
.3 DK Res. 371000 2 - v - Tokyo 6more in 2.2
- Sounding - B : R SR o
4 . lead Tank 1/500 T _ woo ‘ : _1; .
. Site B S
5 Receiv. 1/s00 1. o w
: Weil Sitc ' . - : '
6  Crossing  1/500 } . wm T w.o " pighway 36. 3
36, 3 o | o T o

Total 3 30

2.2, Maps for RClebﬂCG Use

No. . Titlo - Seale Mo, of maps 9:,1.8*131@_- Master Copy __Remarks
7 Dok Krai 171000 6 RIO ~  Tokyo 2 more in 2.1.
' " Res., Sounding. - : - ' :
8  Borehole - 1/1000 1 - fokyo for locating
- Point : points from
~ land

9 Longitudi- 1/1000 33 RID
' nal Section :
of Pipeline s

10 Cross See- RID : 100n interval

tion of Pipeline . ' at Feas. study
: : S0 m interval
1% Rivers. - 1/500 23 RID at D.b,

along Pipeline



3. f_su'RvEfERis_ (mmm_ o

: _3.];__P01nt of Refelcnce fo: Lovel Su1vey (ho. l & 2}

='Th0 point OF reference f01 the lcvcl suxvey is: PTT. A- 3
. Bench Mark tho olevatlon 54, 776 | S
,_fff?The p01nt is clOsely Iocatcd to RID 222393 OK (136 48- -31)

il-:é;Z;T.POIHt of Reference fOl Coondlnates and Plan Survey (No 1 & 2)

-RID 22393 OK (136 48 32) the elevatlon 55 063

"f$;3;‘-Err0?_df Surqu -
it was done by the tzavease suxvey.

:-5The ellor is. 1/10000
; . The error of the lcvel survey is negllglbiy qull:

| ; 3g4.' éontbur:
No._4 5, 6 are with 0.25 m contour llnc and thc_
'othels are wlth 1 0 m contOu: llne. '

i';s;s.' For Désign of . vacr Cxossnng

' No..ll shall bc refened
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" 'REFLECTION

:_Frankly adm:tting, the suxvey hOlk has a dxsqdvantago.

'-_ In ordinary way, the pipeilne atignment preceeds the

su:voy wo:k but here it is revelsed And ordinarzly thcif

‘ longntudlnal section (profllc) shall be surveyed along
. the pipcllne allgnmcnt but hele it is 3mpossnblc.H'

: In Japﬂn, the alignment w1ll be set on the maps and the l
“-llongltudlnal scctlon will be made flom maps ‘No. 1,

" For practlcal purposc the matcrlals thus w01sed Wll] be f '

-useful hDthbl the surveyex must ccmment about 1t.
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|

INTRODUCTION

 The olectrlcal equipmcnts 1n the projcct can be d1v1dcd 1nt0 =

three parts, tho power rcceptlon and supply, the control and

_'instlumentatlon and the. communlcat1on. : .
'_-The power reccptlon and swpp]y in Dok- Kra1 is most cr1tlcal

in the whole system and needs - an inten51Ve and exten51ve study.-

t.ConseQuently it OCCUpleS lhc largcst pwrt of this repoxt.
..Tho control and instrumentation here is, s0 to say, 51nple as_--
- thc objects of sensing are few, . the feed buuk and scquence_f

‘  control 1% rather s:mple.

The: communlcatlon, use of telephone and radlo to conVey znfbr

- - mations VOcally, is 1nportant; Not enly the hardwarc rcquxres_"
‘rrellablllty but. also the software, mostly the capabllxty of
'Udperatoxs must be upgraded., : ' ‘

_,T\anslator s (WAKAMOTO) note.

‘As the tlanslator’s ab111ty for bolh undclstandxng ‘and OXpless—.‘:
::1ng is l:mlted major items of the Orlginal report w11l be .

~ taken up here,
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2.

@)

| Eu)

POHER SUPPLY-AND DEMAND

Dok Krai

A 22 kv txansm1551on lnnc from Aopha1 Substatlon runs close

@

A tow voltage llne runs along Route 3191 and 1t can feed

- @)y

(s)

Confirmation*_,

'to Dok.Krai Reservoir, S
: The potier demand of 3,300 ky may be supplled from the llneQ

Head Tank

the. head tank's consvmptlon of 10 kw.

R0661V1ng HWell and Resonvoxr :'

A low vottage 11ne runs along Route 3 and it can fced the

recoiv:ng well and roservoir’s consumption of 20 ku,

Durxng Cohstruction

The locatlons (1) to (3) needs 20- 30 kw supply durlng

constructlon sfage‘

<

The dotailed design team shall confirm Provincial Blee-

_'trlcity Autho:1ty of Fhalland about the above said -

matters.
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3. RECEPTION AND TRANSFORMATION AT DOK KRAI
' -"3.3,- Demand' :
'4The max imun poher demand belng assumed that 1nd1v1dual

L ’loads oceur simaltaneously, is shéwn below ¢

: Table'bf Loéds

:;Item_':'_fK. - *.;‘ éapaéity_tkq)"
Intake pumps S ruhhiné;:. » GOd:X $
1 stand-by o PR
"jDeliQéTy Vachs $ n6i5.  _: - " é;2 x5
- F!odf draihagé ﬁﬁmp - : 3.7
" Exhaust fans, air | Qﬁo
conditioner : s
: Other anxiiiaries:: R 30
ClLightings s
Total 3,110.7

3.2, Voltage

As mentioned in 2., the size of demand may be fcd flon
the 22 kv, 50 Hz transmission line, '

¥

3.3, .1 System Recept jon

~ When plural supply systems coming from different sub-
stations exist and where the supply is of importance,
the plural supply lines must be utilized,
ihough the pumps at Dok Krai arve appavently important,
the area is covered by only one supply system of Ao -

 Phai Substat{on.

. Inevitably here, the reception is on 1 system,



*

 '.'3.§§_.TiansforﬁatiQn'-

.[I) Numbcr of Ma:n TransPommcr

' Nouadays a tlansfbrncr is 1eliable and pxactlcally
_ free from failure. HOwever to mako the nalntonance _
_;Tea51er thO transformers 1n parallel use arc decideds S

(@ 3Transf01mat10n of Voltago

. The use at Dok Krai can be classificd into, the hlgh
‘r'ff ten510n for pump motors, the 108 ten51on for pump s
| alves, flow control vaIVes, f100r dralnage pumps,_;§3ﬁ
" oxaust fans and other power loads, the domestiex -use- '
"-voltage for llghtlng, sockets, lnstrumentatlon etc. o

It is done as on blg |

:'Fjg.i Transfoimation and Uses. - -

——-»high tehsjdn‘(s.s K¥) ——*4-#-pUmp mofdrs.

—~» low fehsioﬁ;;-Vu]ués;small
{380 V) - . pumps,fans, etc,.

'~~—ﬂ~>domestic -use’ "nghtlng,
1nstrumentat10n etc

"The Voltages are 3.3 kv, 380 v and 220 v in accordance
',wnth Thai standards. ‘The former two are 3 phases and
 the lasf sxnglo phase,
- (3) Type of Transtrmer StatiOn

'Three types are conc1dered Outdoor and Cpen, Outdoor
'and Closed, Indoor and Closcd '

16~ ¢



s

L:The épen typo is tho one which is constructed by
L using outdoor typo gadgets and stcel materlal at tho
U sire and the closed type is the onc cnclosed in a -
 ;stee1 cublcle (cabxnot) with 1nd00r typc g1dget and
;]ff anufactuzed at thc factory LT
‘ fiCompaxlng the lhrce, ‘the Indoon nnd closcd typc is f[',;'
f'iﬁfchOSCR on the saFety, easincss of opcratlon and pain-
| ””*tenance, although it is most expcnS1ve of the three

. as lt. needs hOUSlng- o .‘ % .. . .‘._-_.. 1 .

': _(§)}ste of Two Transformers, 22 kv/3 15 kv ;ﬂ ;.
?‘Thc rcqu1rement assumed here is. that a transfornef
‘ can stand the load consnstlng of 3 pump mbtors, 1ow ;f"

"‘¢: tens10n uses and - llghtlng, etc.- T e
"Hhcn 5 pumps are run, two transformcrs sha]l be

V‘.‘used, and . then lf traanonmér Falls, 3 pumps- can

o be run.' Fach tlansformer s capac1ty is 3, 000 KVA
S wlth some. alloqucc.

vff'(S);'Capac1ty of LOw Voltagc Transformor 3 060’v/1854220 v

o H1th the transformer, both 380 vV X 3 phase and 220 v x :f

‘ single phase can be taken out,’

. With some allowance, the capacity is 200 KVA.



4.

41

4.2,

ENGINE-DRIVEN GENERATOR FOR snnashncfoSE'

_§gckgrouhd 

~The Ssituation of electricity'supply in Dok Krai area is

1elat1vely good with only 2 to 3 times' faxlule ina
year, For ‘the power failure, a IGSCIVOIP for 3 hlS'

(at thc de51gn flow rate) storage capacity is alneady
prepared. . co ' '

For further precautlon, the detalled desngn tcam Studled

i'abcut the generator and found - that to: operatc thc pumps

the generator's capacity must be in 1,000 to 2 600 kw,

which is obviously unacccptable for reasons of the LDSt
.dlffxcultles in operation and mnlntenqncc :

-After dlSCUSSlng the m1ttcrs w1th Mt Boonthnl, RibD, it
-was decided that an engine- dlzven generator should be'
| plcpaled fbx thc limited uscs of domand '

'chuiremcnts and'Conditions

-;:'Of the demands shown on the table ln 3.1, ; the wthe of

4.3.

'llghtlng, floor dralnage pump and exhaust fans and air

conditioner and the half of other auxiliaries shall be

supplied,

From the rcqu1;enents, a genelator of 125 KVA with an englnc

-of 150.9 PS (French horse- -power) shall be used

The fuel 1sdnosolgas oil by name, called in Thailand,
1hc estimated fuel consunpt1on is 38.4 litter per hour and

” a 390 1 fuel tank will meet about 10 hrs‘lun, which

seems satisfactory for the purpose,

Genorated Voltage and Engine Cooling

_As the generatdy must be designed in relation with the

public power supply, two alternatives can be conceived.,
The first is the one of 3 000 V generated voltage,

The second is of 380 V with a 380 V/380-220 V transfoimer.
From anticipated cost and. the operation and maintenance .
viewpoints, the second shall be fhe.choice:

16 -~
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'Of the two altelnatavcs in coollng tho englne, the air cooinng
shall bo better than the water cooling. ) B )
“The. former is noisier than the latter and it can bo tolerated
at Dok Krai. Also the former neodq no. care about tho qualzty
of coollng water hhth is rather 1mpor ant w;th the latter.

"Startlng "P of Enginc, Restoration df Power Supply'

_ TwO methods, us1ng comprosscd air and battcly, can be
:_conc01vcd _

' Gcncrally the air method is ea51cr in nalntenance and

" may be preferable where the frequcncy of using generator
is low ln a case like this '
 However in Thalland, tho buttcry starting is w1dcly used
Cin 100 I50 KV range. _ _ o ’
The two will be studied further bcforc making dccision{'

Usually the onglne qtalts automatlcal]y when the pnbllc

supply falls and after the power 1s restoxcd, the operator
_.stops the englne and switches to the public supply manually
3Needless to say, the ?utOhﬂth opcnatlon can be also. worked

by thc manual one,

: thn the public supply is restnled, it shall be announced
by the signal lamp on the ~ontrol panel, together W1th the

sound of buzzer or bell.
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:. S.1. ]

'UHIN’FERRUPTABI}E, PONCR SOURCR W.ps)

iiolé of U. PS. o

'._:In case: of the power fallurc, automatlcnlly the diesel

| engine- driven genCrator starts up. L
: HONOVGP, it normally takes 1-2 nlnutes t1!l the gcnenato

reaches the full capaCIty and it may take more tlme in case j

‘of nncxpcctcd ma!functxons.-

v.r, S. is to supply the elect11c1ty wlthout 1nterrupt10n
for both the normal and abnormal start up opcfatlon of

generatOI.

' ',Once thc gcncrato: uonks fully U P 5' stops automﬁtlcally.u

- s.2.

3

“CbmpOnehts and Funttion

u.p, S. is conposcd of battery, 1nVGrtcr, Sensor nnd ‘automatic

SWltCheS
The battcly is aulomatlcally charged by thc publlc supply
and hy the genclator when it is NOrklng.

‘The inverter is to invert’ dlrcct ¢urrent of the battexy to’

' alternat1VG cutrent fov the use of wlrless, 1nst1umcntat10n

and control panel _
The ‘sensors and automat1c switches ave for sensing thc

~ power failure, genexators' start of supp!y, poner restoxat:on

' and respOndlng the cond1t1ons, sw1tch1ng to the necassary

leactlons.

[bads

(l) Alternative Current
The sun of consumption by alternative cﬁrrént is estimated
about 2,000 VA and it leads to the imput of 1nvcrter as
27 A " |

(2) Direct Current' ,
The sum of direct current including ope:ating the high
voltage circuit bre nker -the 1nvertor imput and emc:gency
' llghtjng will amount about 117 A.
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. _S;4.I_Battery and Rcctifior

‘f‘Comparlng the churactérlstlcs of batteiy and applxcatlan

N for the lequlrcmonts hore, the alkaline battcly is hetter_

-;‘_than the !ead battczy _ o :

. The chonco is the alkallno battery with Nlckcl and
tt ;_Cadmlum olcctlodes. '

The lcctlflet is of 130 V. 70 A.
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FLOW METER

Three: types Of flow mctcr are wxdcly uch in the watcauonks fac1ll~

tles. Tbey ave tho differential. prcssu10, electromqgnetlc and -

_.qupcnsonic, classxflcd by tlic physannl prlntaple thoy cmploy in

measur:ng.

‘AFtcr campallnp thc thlPD on vulnnua fﬂctoaq lho dCEIQIﬂn iq

' on thc supc:son;c type bccnuqe ot the to]]ownng rcaqonq-

(i) It is not ﬂffCLth hy thc changcq of wntor qudllty and
' turb1d1ty I

(2) _The plnc alxangemcnl for it does not need a hy- pass llne.r

[3) a51ly ma1ntalncd

) Thc”cost is rclatzveiy low.

- (5) The accuracy is'fclativgly high.

-
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RER

7‘1'

LEVEL METER

o

Moasurlng Po:nts and Pu;poac '

 ‘Th0 dcpth of watcr at thc 1ntakc tower. must bc lcfered for‘_
‘the operatlon of | pumpq , As the depth cgn hc:cpnvertod_to.-"
~_the dam s water lcvcl it can be h;cd”as an iquthafiqﬁ fqt
wide use ‘akso. . Lo . ﬂ' -
The head tank’s level shnll be uscd for thc pump opelatlon. _
_ ‘The 1ece:v1ng well's lcvcl ts for readlug the quantlty -
of st01cd water thele and lt can: bc used Ebr thc OpelﬂtIOH :

' ﬁof plpolxnc syqtem

7.2

§2}cctigg*of.Typc

(l).,!ﬁtukc'Tbkor: _
VIF the"sensing'ﬁqrt is installed bufdoﬂrﬁ;wthe méin-‘
:tcn1nLc bccones appalently dlffltult lt_mﬂSt be

;1ndoors.
3The dlaphragm type of relatlvoly low cost and hlgh

~

a accuracy flts the condition.
(2} lead 1hnk 0
‘Due to the operation of pump, the level repeats ups
and downs pcriodiéh]ly,." . S
Other requivements are!

* _0utdoons 1nstallat10n
* Rclqtlvely h]gh accuvacy 1nd low cost

- * _Less cnergy consumption. As the.sens1ng‘of level

:is'cleétrically comected to-the pump's switch, the
pover. for the level meter shall bc transmitted from

Dok Klal,
The float ‘type is most sunt%blc hcrc

(3) Recciving Reservoir

- Approximate measuring is sﬁtisfactory and a simple
float and reversely graduated gaige seems the choice.
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gy msmmummﬂon AND CONTROL

8.1.. I}g@L§ﬁeet
The flow shcet of who!e plpollne systcm 1nstrumentation is
B shown on lng 2 of next page. _ : '
The contaol systcm and operation is discusscd.in_other

'_lcp01ts

8.2, Emorgency
1y Communication

In casc of cmcrgany, the tOTmUHlLdtlﬂﬂ bctwccn stﬁtluns

-]ﬁ nost urgcnt and important . _ _
The public telephone must be installed at the threce
stntions, Dok Krai, head tank and the receiving well,

‘Anticipﬁting that omorg@ncy will jam the telephone and -
the w1leloss comnunication thWLOH Dok Krai and the 3

' 1ece1VIng well becomes a lcqu1lcmcnt.

(2) u.pr.s. at Roceivjng Ncll
U.P.S, shall be prepared at the receiving well to supply -
chrrency'to'the wireless Lransmitter-receiver and
tho'omcrgdﬁcy lighting.
Duration of the failuve of powei supply may be 48 hrs
at most and U.P.8 must he d051gncd accordlngly

(3) Automatic - Closing Valve

Mitomatic - closing valve, in case of the power failure
c10503'automatiénlly by a counter weight. The time for closrng is
10 minutes due to the reduction of pressure and the time
is tong enough not to cause water-hanmer.

" Consequently, U.P.S, capacity does not cover for

closing the valve,

(4) Walkie-Talkie

As is cxplained in other report, the walklc talkie shati
~ be prepared,

16~15
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Ce cOu.r:cf__th or_ml-*oaumons N THATLAND.

9.1, Manufquturlng of llectllcal Fq_lpmcnts

(1)

SWIthbOﬂid _

In Thailand, the swltchboard up to 20 000 Volt can

: be manufactuned wnth the components, mostly imported
- from 0?01scas‘- The appcalance and workmanshlp ale a
' .llttle inferior to those of ‘the 1mp0rted

Price'3

:';Assumlng thﬁt a swntchboald’s cost is 100 in uvclscas

'countrlcs, thc sclling prlcc in Thailand’ Hlll be 180 to-

200.

- As the most componeats arg impéscd the import duty,

:} ~the domestic pfoduct will be sold at 140 to 160,
- -About. the eXQmptlon of 1np01t duty, No.13/2522 of Boa:d

®

of Investmcnl Act must be studlcd

Becision

- The decision shall be on import of the switchboard.

9.2, 'Sténdégﬁs in Thailand

'O}

(2)

”Staﬁddlds
The standards of electrical equipments are sct up

by the M:nistry of Interior,

Cqblc

The standards: about cable gcnenally follows JIS, however
the (VW cables which are w1dely used in Japan are
excluded.  Further stuﬁy is necessitated on the matter.
The contyol cableés here seem to be of single wire

type instead of strand type,

9.3, Consideratidn

A well experlenced engineer has advised the team to con-

sider about the following matters:
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(1) Floor Space S . _
~ The ekisting-facilities of waterworks are géncrally
"nrlanged in too narlow space, causing much incovenience
in OpOratlon and maintenance, _
Moré spa01ous de51gn is preferable.'
(é}"Protcct1on ) o _
"-Thc complete plOtCCthn of nain c1rcu1t is de31rable
- (3):=0pcrat10n _ : :
o _Where automatlc operation is involved, manual opera-

' t10n also must hc made p0551blc.

' '(4)_ Vermln g Rat _
'1he plotectxon from VCrmnn “and rat's harm must bc

 - con51dered

(s) Ventilation _
- Because of the sensxtlveness of contlol cquxpments,

Ventllatlou must be regarded

(6) Réliability; Safcty, Easiness of Maintenance
Thé_abdﬁe is'thc'first priority, ncedless to say,

"*(7) Innovatxon |
New techn010gy and ploducts must be adoptcd as far

as p0551b10.

(8) low Voltage
j.LOwer voltage is prefcrablc for a low capaC1ty
generator '

(9} Start up of Generator
Starting* up of a low- voltage generator is usually
worked by battery. As it is infrequently used, the
oporator tends to forget charging of battery and
resulting malfunction has been experienced often.
1t needs studying.

1617



Tl

940

(10) Snllne Alr _ , _ .
Nhoro the saline a11 may causc harm on elcctrlcal
equipments hOUsing for protuctiOn must be con51dczed_

Ilow,and Lchl Meter

. f}At Samsen Flltrat1on Plant, tho vcntur1 tube type 1s

_uscd ln méasullng the raw watcr flow. Due to sticklng

of sllme to the dlffcrcntlal pressulc tubc, the accuracy
) has 1emarkably docrcascd ' ' Co

'<:’The type of lcve] meter ‘is tho air purgc and f]oat

:'F:The condltlon of installatlon and tho prlcc sha!l be

- studied in sclcctlng thc type

| ?-_*9'.5.' |

. Eare P1rts gzl

A'afThe quantlty of spare parts must possabl) bc lalge

"fenough for several years' use.

0,60

:'[1] POWer Fqu1pments

';Sets of the control ‘and protection velays, 013551f10d -
-.on usage are nECdcd Lamps and fuses shall be
”i.plcparpd Jn-abundancc. o ' ' '

(er;lﬁslxuhehtﬁtibn .
“The parts of electnonic equlpment 1nc1ud1ng senl-;

if.:cmductms and the wealable parts of. recordels
shall bo prcparcd in suff1c1ent quantlty._

i"r:'nﬂzo_ﬂ_ﬁ_tgen

Of the eQQiﬁmenté'USCJ'hE'Dbk:Kfai thc tranforncr 15
”;thc hoaviéqt and ldFLLSt. rhcw01pht1q 17 ton and the
sizo is approximntcly Amxdmx4masa paCkﬁpe
51ho road. c0nd$(10n f:om nngkok to Dok Krai will not
-Causo thc transportatlon any 1ncnnveninnc0

161 5



10. |

CONTACTS WI'TH mi,ﬂ'-:k'-ﬁt:r’:&cms B

e,

Ta

:.PIOVIHCIHI Flcctr:cn;z_ﬁuthorlty, PbA

' Dur:ng c0nstruct10n and’ after the completlon of plpellne, -

H'fOleCtPIClty is necdcd at Dok Kral, the head tank, the

1rccc1V1ng viell, _ _ R
‘ Conf1rmat1on about the supply capac1ty of eXlsting PFA '
' llne and appl:catlon f01 the aboxo muqt bc plcpﬂlcd '

:'Thc demand and pzospcctlve supply llne of PFA has '

”:..pxcv10usly been ekplalned 1n thls pﬁpel s 2. Poher

' Supply and Demand.

'--One addltzonal explanatlon here is that during the

. =:.: lo.zl |

3construct10n stage, the contlnctors ‘shatl plOVlde

leescl cngzne dr1Ven gcncrators for WOldlng works.

_Mlnlstry of Inter1or

_“As the pump stat1on at Dok Klal uses electr1cal equxp—

)1mcnts of hlgh tension and lalge capac1ty, an appll—

“:catlon of thc regulatlon of f)rh plotectlon can be

expccted

S A study is needed about the Jurisdictlon, detalls of

' ,regulat:on, plocess “of appllcatlon and othel pPOCedules

) 1'0:..3'.,'

'Telephone O:gan1zat10n of Thailand , TOT -

| 'The avallablllty of public talcphone system in the

aréa befoxe August 1984 must be studied and then the

'appl1cat1on of telephone at the three stations shall

be subnxttcd

=fIn case of ¢scarce p0551b111ty of the above condition,
the importancc of wtleloss communxcation 1ncreasos

remarkably._

16-13



10.4.

H:nlstry of - Tblecommunication, MOT

.Two wlroless statlons, Dok Kral and the receiv1ng Eell
._must be. plepared. : _ ) ' :
A study is needcd about the process of appllcatlon, '

p0551ble allocatlon of flcqnency, p05q1b]0 SPGC‘flLatlonﬁ‘

- ".of cqmpmcnts, prospcctlvc locatlon, structmc and typc

~ of antenna, quallf1cat1on of wireless: operatex, etc.,

1 6w i3
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2. CoMPARISON
3. Sumfﬁnﬁr OF COMPARISON

4. CONCLUSION OF COMPARISON

1711



2

INTRODUCTION

In the fcasiblllty study repoxt, scveial typos of comblnatlon
of pump-intake sttucture was compa:ed and it concludcd B- 3 as
thé choice. ; ' '

To ICChCCk the soundness of conclus:on, the dotallcd d051gn
team will take up an altelnatIVO and compare it with B- 3,

:;1hc alternatlvc ~is the onc_named B-1 in the f0351bilify :

study,

et ~2



2, 'c@é&?aﬁr_éon

The two altcrnatives named ‘B~ l 'md B 3 in the feambihty study,

: _5 'will he lc maned herc as A and 3 respcctwoly _ o

i ‘:_.Fach of A and B is shown on the fzgures A-1 to A-5 and Bi1.to B-5.
Thc comparlson of Aand B is summer 1zed and tabulated on’ ‘lable {

o :,‘ and understanémg the table. . shal! be helped much

.:'.by the dtawmgs A-1. to A 5 'md B- ! to B S ‘

17-1-3
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SUMMERY OF COMPARISON

As 1t is scen on the. foxegoing tablo of compar:>0n and the attached
-drawings, flg A I to A-5 and B-1 to B- S ‘a table of advantagcs and

-”jdlsqdvantagos can bc thc sumnely

.:ilt is thHH on the ncxt page.

 As 15 easnly undc:stood _the advantage and dlsadvantage 1s 1elat1ve, '

gthat 1s A's advantage is B's dlsadvantage and vice versa.
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" CONCLUSTON" O ‘;:O,iimnlsbn -

'The requlrcmcnts on pumps are the low cost, reliabiiityfaﬁdﬁF _f

w"i‘easzness of maintenance,
f;l B shall be the choice from the aspects
‘i_Paraphtasxng the above. _ﬁ" '

“‘f(a)

less breﬁkdown and malfunctlon 1s ce:taln as thc equxpmcnts '

B '-:;iarc kept dly

e
: lll:ls uscd
L@

in: cﬂqe of repalrlng, 1t can be casier

no anx111&ry equ1pment hthh may causc d]fflculty

jloWet'césti;

higher efficiency

17-1~10
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. Fig.A-2 Plan
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INTRODUCTION AND MYORAULIC CONDITIONS

Introductlon

..-..-ﬂ.—.,_.—-_...-..-.-..e-.-.-‘--

The- papers 7-1 Comparatlve Study of Flow. COHt]Ol System

" and 7-2 Hydranllcs and Operatlon of Pump Unit humbcr

1.2

120

[ =] -

=4
(=

Evalvation (m)

60+

© 407

_Contlol have lead to the dcc1sxon .on flow conttol systcm.

' Under thc d001510n, ‘the 1cqu1rcments about tho pumps

‘characterlstlcs and control valve shall be studicd,

IThls paper, - stﬂatzng from rovncwlng the pump charactcxistlcs,'

ipumps beh%VIOur in the palallel run, suggests m0d1f101t10n
. of thc concept of Pump Unit NUnhcr Contvol and it a]so '

exam1nos the soundness of vatve contiol,

?Hydraulic Condxtlons

picture below:

r,g 1 Pum] Head

116,90

DAL RSP R e
o
-U H
a :
o {
] ;
e
& ) :
3
47 o
oI SO
— T ot n
AL
i oe
a8y
¢ ‘ //i’/.
J_&_t_iiﬁ .Q'__,_;___.___.; S, //‘)l -
42001M e N
™

PRTIe g

1

actual discharge head Pipe loss

Punp related, loss

15.70

-

420

L2820 .

'-The pumps total head Shﬁll be 73 m, ‘as is shonn on the

—



'The dcsign'flow rate is 2.62 msfséé‘omplofing five pumps and

1he.qapécity per-punp is 2.62 x 60 + 5 = 31.44_¥.31;5 mslmin.



2,

PP CHARACTERISTICS AND PARALLEL RUNNING OF PUMPS

thp Characfofistiéé

The origlnal pump's charactellstxcs is assumed as shown

on Fig.2. o )
‘Wlth the optimim operatlon point of 79 m “head, 845 R

- eff1cxency and 31 5'm /mlu capaC1ty, the calculﬂted shaft

| horsepower is 483k, .
The pump and notor shall bo i

0.5 m dlametcr 31.5 i /m:n capacnty, 79 m tota]

T jh0ad §40 kw motor ratxng of 3 000 volt and 6 poles :

2.2,

Parallél Rudiiing of Punps

"'Whén;l fo 5 bf fhe'Said pumps are run ia pﬂiallél the head-

vi"capaclty cu:ve will be the onc shown on F1g 2.

‘On thc flgure, two kinds of curves are dlawn

'The head CGPQCIty curves, flVe with numbercd Flom 1 to 5

shows thc lelatlon of head Vs, Capacity under the parallel
'opclatlon of 1 to S pumps. It shall_be noted that thc_fva
curves converge at the lcft hand end where. thé capacity is zero, -

The less of head curvcs show that the 1nc1ease of loss is

-parabollc and at the lcft hand end the curves show the actual
.dlschargc head (the dlffeacncc of water levels, Dok Krai and
‘,head tank) and at the lnght hand cnd the curve for LWL, the
- head- capaC1ty curve numbcrcd 5, the vertical line of 157.5 " /mln.

.'-(31 5 x 5) and the hor1zontal line of 79 [ (d051gn head) meet .

The operatiOn_point of pump(s) is a cross point of the head- -

capacity curve and the loss of head curve,

A part of Fig. 2 is taken and shown on the next page.
» - . .
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“
Hl L M

- pﬂJquﬁ_};;%_fﬁ””ff_

Gl e gl

" Capacity (.«ﬂ‘/;,;\'tal) ‘

 _'If no control is glvcn to the va]vc, in case of 1 and 2
punps, the flow will be 41 and 79 m /scc with the chJVery

head of 61 and 65 m 1e5pect1vely

©- In case of I pump, 30% nore than 31 5 " /nnn expectcd
flow and-in case of 2 pumps 25% more than 63.0 n' /m:n
~will be naturally settled down in the actual d1scharge
- It a spGC1flcd flow tate, fo: instance 35 n3/m1n, shall

- be obtalned the control of valve (thlottllng is the case)

: will change the loss of head curve artnfxuallly to meet

" the two curves.,

. The cross point mOVeS from the point, 41 m /m1n and 61 m,

to the point s m /min. and 73 m, by throttllng the valve
to give 73 - 61 = 12 ] loss art:fic:ally Under the con-
dltion, the loss of head moves to the new position shown with
‘the dotted liqc. o

~ Bssential Difficulty

As shown on Fig:2 s a pump's characteristics is decided
tchtétivc]f.dn the head and capaéity, conéidﬁling the condi-
tions'of full capacity, ~ Also the’ decision on the optimum head
and capacity {s uspally made independently from the pipeline 5
conditions ythat is, considering the hehaviour of single unit
“of pump.

17-2~7



-Hhen the pumps are run in ﬁarallel however the natnral
pOznt of operation is not always the optimum one,.

. : FOT examplo On the for0301ng plcture, the optlnmm po:nt,  :_ o

o315 /nin.and 79 m, can bo obtained by throttllng and

- *giv:ng about 19 " loss to the valve.
'.QiThe apparont cfftC1cncy of pump is 84% as seen on Ilg 2
7jjbut the actuql eff1c1ency is applOX1nately 84 x 60/79 64% .

'3'1nstead

‘f3MoreQVe1, the change of rescrv01r level causcs movmnent of
 thc poxnt of opelat1on thus affectxng pump 5 eff1c1cncy

ST As is‘Seéh 6n Pig 3 o the most effnc1cnt point of operatlon :

) can only. be attalned WLth 5 pumps running and LWL of the

. réserv01l.

1728



3. PUMP LI f_émi'aﬁa CONTROL, AND APPLICATION

3 ‘M
_'ZLAS is discussed in- the rcp01t “i@draullcs and 0p01ntions of
BN Pump Unit Numbcr Control", the concept is to ch1ngc the -

f number of 1unn1ng pumps pellodlcally in o:der to obta:n the
des;rcd flow rate. o ' ' :
Suppose, for 1nstance, the 605110d rate is 2. 3 tlmes of
a pumps capacity, 31.5m /m1n herc “Then the numhet of

-‘_ 1unning pumps wlll follow thc patteln shown below" -

C o Tig.s

No. of Runniﬁg!?umﬁ

"Time

:As 1t is per10d1cal, the tlme can be divided into cycles
The phy51¢al meanlng of cycle is explalned in the quoted
repor _ '

-W1th1n evcry cycle; 2. pumps runs - steadily and 1 more

“pump runs for 0.3 parts of a cycle and rests for 0.7 parts.
Thﬁs, 2.3 times of a pumps capacity.can be obtained.
lbﬁcvcr'in practice, it dces not behave in the way,

3.2, Actual Flow Pattorn

. ‘ . - : .
Again a part of Fig.3 is taken and shown on the next page.



:1h0 two 1unn1ng pumns are echcted to dlschargc 63 m /mln.

o ‘and accordingly the loss.of head curVe shq!l be moved to
.the p051t10n of dotted line, by contlollng the vaIVe‘_-'
“Then; the 3rd pumps starts and the point of opelatlon goes
to the' cross p01nt of the head cap1c1ty curve and the dotted
.”loss of head” curve._  ' ' _ , :
fAs is seen on tho plcture, the Srd pump cannot d:scharge the
L-expccted va!ue of 31 5 mn /mln and conseQuentiy has to run
:1onger t1mc than 0, 3 parts of a cycle.

'fjiThe flow pattern has comc from that the VRIVO is controlcd s0

7}that 2 running pumps diQLhﬁrgO 63 m /mln. Instead, when the Valve
:15 controled in the way where 3 running pumps discharge 94 5
m /mln, then 2 runnlng punps will dlecharge more than 63 m /mln.

\he,axtnal t\h\_pailovn Jirters fion the eoncoxvod (pre-supposad)
-one,
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Though the actual pattern does not- follow tho cdhééi?@& ote

'exactly, it does not cause any ploblem in operation.
The problem does exist in the pumps characteristics and the

control of flow by the valve.
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4, puMp cs_mmcwmsncs, VALVEE CONTROL, ‘CAVITATION

1 f4 1. Plow Chatag£g£1§t:cs
| fThe pump is usunlly expectcd to work around the 0pt1mum point’
“of opelat1on. It means that 1t has a limited range of
operatlon._ :L' B ) . . ‘ o
“As 1s seen on Flg 2 » the thGP limit ig,at 0 capacity, or
at the’ tht off Operatlon R '
"-The uppe1 11nit, as Pig,?2 shohs also, can be oxtended only
.1at thHe sac:1flco of eff1c1ency and by the 1ncrcase of m0t01
.k-l‘atlng. . . R
4.2, .zfymggn_t_g@_t_
As it has been dlscussod in the previous chapter,-operating
_ ‘pumps at the optxmum point of operatlon needs delicate )
- contlol of the vaIVe, in order to adjust the toss of hoad CHIVC
'and cspcc1ally in Pump Unit Number Contlol,perlodncal control

of the valve is lmpractlcal

4;3.'_Cav1tat10n

L On Flg 3 whén one pump is'funning at LKL and the optimum
poznt of operation. (?Qtn 3.5 /m:n} is to be kopt, the
“control valve has to make 79-48 = 31 m head loss.

The loss, rcducing the prcssure, may possibly cause cavita-
tion hhlch will result in noise, vibration and coarrosion in

the extncme case.,

To avoid the trbubleéome control of valve and cav:tatlon, an
alternativc can be presented and studied, '



s ALTERNATIVE -

‘ﬂf5£l}V:Refié§*énd Pﬁiﬁté of'Alternafive ' RE L

fallvsing 1 to 5 punps of which chalactetistlcs are shown On Fig.;_. N
' ; and running thea in palallel for. Pump Unlt Humhd; cOntrol system  ,i-
_ “to obtain S the desired flow rato, is. the apprﬂach made so far, ©
:}‘ln the forcgoing chaptors 1t was-seen that kS :5;?_71-'- ' '

) .r*";iu‘The opt;mum poiht of oporat:on can be decided in comb1nat10n '

.:_ :;¥ "‘of ‘the characterlstlcs of both pump, and p1pe'in9. In case

s Lf_of the parallel runnxng of pumps, rathor the opti&yﬂ rango

- of opelation, instead of p01nt must be consideled &3 the

if‘optimum p01nt changOS p051t10n4 ,_" s

_‘fif'Bspeczally in Pump Unit Numbcr Cuntlol System, the numbor
| ':of runnlng pumps changcs pcrlodltally Because of the -
- pipellnc chalacterlstics, the actuqll flow pattorn cannot
_ :eXactly follow the theovotlcalone, eVen though the two patte1ns
o are practically Slmllar and’ close. - :

. In order to cowvcrge the thO flow patterns, continuous and
e delicate control of Valve is rcqulred and it 1s not pfactical

*'.The exlstance of control valve may cause cavitation._," ;7<1

® Keeplng the pnmp(s) at the optlmum poxnt of Ope?atiOH by -
‘ cOntroilng the valve scems efflcxent apparéntly but. actually
.“the head loss of Valve decrease the apparent officxency

- Frda th@ée'findingé;_én altérhative_is:cOnceiQed=r O
_.f_‘ﬁliminaiihg the control valve, ‘ COnsideratlon on coutrol
- and cavitat1on begomes unnecessary then..

.*-:Using tho pumps which have a wider practical range of opera~
. tion, although tho motor rat;ng mist be raised.

The alternative can be shown on Fig. o and]o ronccrninL the pusp
‘characterlstics and parallel runnrng of pumps,

17-2-13
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.
o

5.3.

Inn1CVement

The altcrnatlvc ‘is actu1lly an improved one.

Thb Jlffeléﬂuc ix ;

* Inul(ad nf 540 kw motor, 630 kw m0t01 is uch for punpset

* The coutrol valvo is eliminated and thc cOanol;ng

opcaat:on becones unnccossaly._

Tabte 1 shews the comparison of the original and atternative,

FfflClcncy

Original -

-

As is discussed in 2.3., the pumps apparent efficiency is

“remakably decreased in the pipeline.

The’diffcréncc of apparent efficiency and actual one is

“showst, in case of Ihi:

control A-b - ‘actual
ﬁgﬁgﬂptﬁ A‘tMalﬁgﬁ B: valve loss [ Utnlmwy(g)
) ; : o o
1 79 19 076 64
P 19 16 . D.80 67
3 74 13 .84 76
4 79 8 0.90 76
5 79 0 - 1.00 - 84
Alternative o r B4% x C

Against the oviginal, the alternative's cfficicncy is always
actual, 70-753%, '

In the earlier stage of pipeline's operation, the effliciency

is rather better than the original, though when the floW

rate becomes hLigk in the later stage, it will be reversed.

17-2~16
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6,

CONTENT
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~ 7 2.1, Hovks in Field
2,2, Works in Officc

FIELD STUDY
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73,2, Recording
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© 4.3, Agencies tQ'be Contacted with o
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The author stayed and workcd in Thailand from the mlddlc of Deccmber

o 1981 to the end of J1nualy 1982,
' 5.3H1s a551gnment schcdule thereﬁafter is that he works for one and

fhﬁlf months in Japan bef01c his second vxsit he:e for anothcn month,

"';Hls rep01t wtll include hlb act1V1tles and flndings herc, hls

'1ntont10n about the works in Japan and his thlnklng about ‘coordi-

natlon. -
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— ACTIVITIES ks

"{.FrOm J1n. 13 to Jan. lS 1982 3 days wero spcnt 1n the ‘ﬂ ;;:' ":
;1nVestigati0n of fiold c0nditi0ns.: ' o
"fThe findlngs are descrihcd lator in the report. j' T

R

Horks in Fleld

Horks in Office

"‘;:Tho latter half of December 1981 and the: beginnlng of

'V?*January.IQSZ were used in studying on the mqttors about{';_

';i * £the burylng depth of plpe and the clearance £rom - the L

' 33$ pipe, tho riverbed c1055ing in 1e11t10n to the :

"'=¥tgfthe pipe thickness 1n rclat1on to the burying depth

‘L‘?i fthe c0ntrol of f10w 1n relatlon to pressure reduc- g

-tiOn R
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Dlstance , ‘
Instcad of measur1ng, ‘the metcr of automoblle hhlch

“‘jcan bo rcad by 0.1 kn was uséd to check. the dlstance.

'lt 13 only fOl cOnf:rnatlon.

'Undulatlon of Plpellnc Route

”fflhlnly foa locatlng tho drain and air valves:
Detalls of CloSsing Rivcr and nghwqy
5(4)"!0Lat10n of nght of Way, - Flcctrncity Polc,
-  Bu11d1ng, ctc.,.f '
(5)'\ChpcklngﬁUndorgrOUﬁd Facilities
Rccdfding '
Photoglaphy . .
ALY the route. 1nd the locatlons of inportance were
;shot by thc camera, : _
The plctunes are plqccd in order in an album Nlth
_ nccessary romarks like the dlstancc and noticable
'_:fcaturcs.- ' '
-{2) Sketches
B iAt the placcs where special con51deaat10n ahout the
c0nst1uct10n method ‘and/or the authorization by.
releVant agcncy is needcd, sketches wérce made on
the spot.
Maps |

3

A mwp was usod to put in the locations of 1mportance
wherc th& pnctures were shnt and the skctches were

nade.'



. mStUssroN' A_ND' mcrsron MADE ON RIRID *swm'

On Jan. 22 1982, a meeting was held at Mr. Rqoptﬁai's officé
attonded by Mr. Boonthal, Mr. Wakamoto and Mr. Nishida, pipetine

ongineer.

The fol lowing is_{hc diSCussiOn and decision made there and then,

4.1, Whlch S1de of Road

[l) Dok Kra: to R0ute 1191

(2)

(3)

1)

The both 51de of road (of RID)} can be used

Wdlt thc complctlon of _survey map and make dClelOﬂ.

A]ong Route 3191, beforve reaching Ronte 36

~The cast side of Route 3191 shall be used as the

- same side must be used after the crossing of Route 36.

Along Rdute 3191, paraliel. to Gas Pipé!inc
The west 51de is scheduted for use of PTT and

the east s:dc must be used

Along Route 3 L o | '

The sea side has more undulntlon and less working

spaccltor construction than the hill side and

morébver.th¢ électricity line's voltage is 115 kv

on the seaside and 22 kv on the hilt side.

Undcr the said condition, the choice witl be the
sea 51dc, houeVer another consideration must be
taken 1nto.

Route 3, bccause of its importance on nation-wide
road netHonk, is going to be paved wider in the

foresceable future and the sea side.is apparently

cannot be used for it. If the pipeline is laid on
the'hill.side,-lhé protection ‘against possible heavy
traffi¢ in the future must be seriously considered
nRowW. : _ '

The decision is the sea side,

Cdnseﬁuéntly; the pipeline must cross Route 3 at the
T intersection of Route 3 and 3191,

18-



oz g_tmyguers
= (1) PllVatB Propcnty concernlng llvxng _
”Aftc: cnossing Route. 36, the pipelinc will have to
run on a plivato land now used as the yard.  The
purchase of Sm wldth will solve it bt compen-
- .sation. for a brlck fence and a small hut is needed-
'hore.' MOV1ng the hOUSO ﬁJlther scems unnecessary.i
' :In othel place of the pnOspcctlve 5 m wldth, the .

- _lﬂnd is mostly fann:ng and t:ec ptantatlon

(2) River Crossing _ o g
' [xccpt ‘one case, the iivér croésing is‘td be made
::by bunylng the plpe under the river bcd
At tho point R-19. (about 19.7 km from Dok Krai and
R d051gnated for river}, a river rns parallel to
Route 3191 and the gas pipetine is exletlng, burled
Cin-the” 1oad bank.
__Mr._Boo»thal ordeled that the water pipe shall be
7iput on the 51ddlc supportgd by the pile. The
'-saddles and piles placcd in a.row will support the
: plpe so that it will makc a continuous equal-span
:x blldge

'4;3. Agénpics to be Contacted with
The biﬁe?lafing must be exccuted under the understanding,
.authqfization_and'pobpératiOn'by the relevant agencies.
They are : PTT 00“1 IFAT PEAT (Provincial Electricity
_ Authorlty'of Thailand?) TAT (Tclccommunicatnon Authority
_ Of Thail1nd?)
The matters to bc raised betwecn the agencies and the
:dctalled dcsipn team are not elaborated herc, as the
assistant leader will do so in the other papers.

& Mr. Hakdmoto's Comment.

it is taken up in Chapter. 4 of Memorandum at Bcginning
of Fob. 1982,
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5;1. 'Pnpe Thickncss

: A lcp01t t1tlcd “Thlckness of Plpe" is bonng prepaled.
So.far the thickness 11,9 mn has bccn taken and 10. 3 mm

: sh%ll be. checkcd ncwly,

-5.2{‘ Method of Prcssure Rcduct10n

'As Has reportcd in "Memorandum for Meetlng w:th Mlnutes"

_uqed fbr Janun:y 14th mectlng, technical .and cconomlca}

.study of the suhject :s 1mp01tant and these matters are
' ibctter studled in Jqpan on the requ:temcnts whlch have

becn dcc:ded hele.- -
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WOR KS- IN JAPAN

'_The maps of plpellne 10utc will be conpleted he:c in the middle
_ ot chluary and the geologlcal study will be avaliable at the
~end of February 1982. '
fThe pipelxne al:gnmont w1ll be madc in Japan in thc latt01 half

.- of lebruary and if p0531ble, the naps FJlicd with al:gnment will

be sent to Thallnnd Otherwlse, the ﬂuth01 will bring thcw _
to Thailand on h:s ncxt visit in the middle of March 1982, " In

the meantime, the assistant leader will contact wnth the relevant

- agencies for puhlic relation purpose and when the materiqla are

thc co»t of constructlon

preparcd he will start tnlklng with them officnnlly

The author, after detcrmlning the plpcllnc allgnment, will have
to prcpaic the matollals to be used for the meetings with the
tc!evant agcnc;es, ‘as mentloncd ‘above.

Then hc can procoed to make. the bll] of quantity for cstlmat:ng

18~
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