| CHAPTER 9
CONSTRUCTION AND DISBURSEMENT PROGRAMME
FOR THE FIRST PHASE PROGRAMME

Dde to the coﬁstraint of time of implementation and amailability
of financial sources, the follow1ng constructlon and disbursemeat’
programme is recommended as the first phase ' programme for the dralnage

implementation covering the 5 years from 1981 to 1985,

9.1 Implementation“Programme

In order to.establish the most reelistic drainage implementation
schedule for the flrst phase programme, follow1ng basic concept is
given for determlnatlon of the works necessary. to meet the order of

‘priority for the drainage requirements.

(1) 'Prepare the immediate measures including rehabilitation and
impfovement of trunk and'secondary'drains together with re-
construction of bridges and box culverts for alliviation of the

existing flood problems.

(2) Provide the enmbankment elong the Sg. Kedah and install the gates
at the outlets of drains, to protect the low-lying area from the
nuisance flooding'causing by the backing up of water from the

high river water level.
(3) Provide the pumping station, reservoir and floodway to protect
the flooding when critical storms coincide with the high river

water level.

(4) Establish the total drainage system to meet estimated increase

of runoff as the future requirements.
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On the basis of the results of the preliminary engineering design,
the facilities requived for each work itemized the above are classified

as shown in Table 9.1.

Using the abové claqsificatiOn, an implementation schedule for
the first phase progranme is developed taking the order of priorlty
among those fac111tlcs referred above into account. HOWever, the
_facilitles requlred in item 4} are climlnated in the works necegsaly
.for the first phase dralnage 1mplementation programme, since thoqe

facilities would be provided to meet the future urban development
programme. Thus, the devélopment of the implementation programme for
the firsc phase drainage requ1rements is made based on the works re-
qu11ed from item 1) to 3). In determlnlng the schedule, three sets
Qf alternative comnstruction programme are considered, identifing their

advantages and disadvantages. The three alternatives are as follows:

Alternative 1: Mlnlmum 1mprovement requ1rements to allev1ate
the existing flood problems by constructing the
trunk and secondary drains, at a cost of about
M$3.7 million on 1979 price level as shown in
Table 9.2 and F'iguré 91

Altérnatiﬁe 2t  Alternative 1 plus protection 6f'flooding in
low-lying area from.rivef water, by_pro?iéipn of
embankment and installation of gates, at 'a total
cost of M$4 4 million on 1979 prlce ijevel as
'shown in Table 9 3 and Flgure 9 2.

Alternative 3: Alternative 2 plus construction of bumping'

' station reservolr and floodway to‘prqtgct‘tha
floo&ing caused when_ériticél storms coincide
with the_high‘rivefﬂwétérrlevel, at the cost
of M$11.4 million on the sanie price level as

above, as shown in Table 9.4 and Figure 9.3.
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Alternative i covers only for solving the existing'inoodatioﬁ,
problems caused by short duration of high 1ntcnsity local storm, _
‘Howevcr, in view of the actual situatlon of ‘the area, the firgt phase
programme is considered not advisable Lo limit only to remedy the pro-
Lblem of local inundation but rather to include river flooding which
.occurs in long duration low intensity storm. On the other hand, although
Alternative 3 is the most comprehensive of all the measures purposed
‘the flood problems in the Study Area which have been experlenced go far
are caused mainly by tho short duration and magnitude of the flooding
does not'necessarily wafrant the investment required for this Alterna-

native 3.

In view of the above conditions, Alternative 2 is considered
sufficientl& adequate, and the cost required for this altérnative
‘seems to be reasonable to Implement as the firsﬁ phase programmeo
It is. therefore recommended that Alternative 2 is selected and be

-implemeoted as the first phase programme starting from 1981 to 1985.
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Table 9.1 Classified Facilities Required for Determination
of First Phase Implementation Schedule

Des-— ' . ‘Existing Proposed . :
eription Proposed Activities Lleng,Lh_ Size (m) Size (m) E}marks .
’ ‘[construction of 7.0 5.4 . E. :  Earth Drain
s trunk drains . o Eoo® 0.9|RB 3.5 % 1.9 RB: Rabble Wall Drain
[ R20, R19, R18, R17, |Total - S \S i ]
?,‘ RL6, RIS, R4, R13,[2,655 m . (Upper wideh) x (Depth)
% - . |[R7, R6, RS, R4, E.'20.0 < 1.5 RBl_l.{) x 2.2 (Bottom width) _
sy . |R3, RZ, RL . 6. : 8.0 . :
=
(=] .EJ‘ AR X
4 2 Reconstruction . 3.0 %°7.0 6.0 x 20.0, : .
u £ |of bridges - S : Y (Width) x (Length)
‘3'2 R14, RS, Rl -] 5.0 x36.01 9,0 x 40.0 :
g8
] Construction of nit 1.80
A4
3 r;  {secondary drains Total 5.5 4 RE 0.84 = 1.44
& 2 0 [rla-1, RGO 40 m [E 1N x L0 o8 :
gD : ' om0 x 1.40
8w 2.57
L5 -
g Co_ﬁversicn of. . o 0.11 2x - 2x: -2 Nos. Parallel
“E!_g pipe to box Total : {~11.68 x 1.53|“9: R.C. Pipe
o culvert 3G-m 5 0,10 9y S 1«1t - Box Culvert
o R27, R23 S 11,22 x 1,22
” - - -
£ Iastallation of 1.0 x 2.0 x 2 | (Wideh) x (Height)
o gates at outlet .
w“ @ - - nil Y x (Hos.)
O b4 of drains : 2.0 x 2.0 %5
== w |r20, R28, 16 : :
Lo I I
SRR
9 :]\Q i Construction of
2 g2 Band along Sg. Refer to
LB ok Kedah between 600 m nil Figure 7.6
e Jalan Raja and )
S railway
o . :
2 é‘ Consfructflon-of _ wil 120 m3/min.
5 ol Pumping Station
a ' a.x ;
53 o O et
dg o
wi 87 & 3
g3 aa 3lconstruction of . 127,000 m
o O a0 X - nil )
D g '3 u|Reservoir 5.7 hva
g O w ar .
@ |
i
Hed O3 " ’ . ) :
e 0 -4 . HEConstruction of . 11.0 {Upper width) q
S Y8 Y sodvay 800 m nil RB g's % 22 | (3oreom wideny © (PePER)
1 H ard 2 . .
[ O U .
" lconstruction of
secondary drains 1.1 1.5 E : FEarth Drainmn
g9 @ [RI15-1, RLI-5, RIL1-4| Eps ¥ 1-1RE 573 %12 |pg: Rabble Wall Drain
g o 3 |R11-2, RLl-1, R10-1 ["3;;0 . y 3
w1 3 |R8-1, R1-1, R21 ’ 5.5 5.5 (Upper width) -
28" [re2, R24, R28, P2 E o * 068 377 x 18 | ip teom widrhy * (PP
o q e, P7, P9, PlI, o
“dagw |P13, Pls, 16, LS,
‘0¥ o L4, L3, L2
SN - -
3 &
% g, 5 {Construction of 6 i dth i
Ak & bridge RL1-5 - 5.0 x 10.0 .0 x 25.0 . (Hldt ) x (Length)
wn @ H - * -
o 3] ) R - : . .
=¥ @ & |construction of. 1.4 2 0.4]1,31.37 x 1.37{[7):  Box Culvert
'3 ‘5'5%‘ box ¢culvert .. - iTotal o S 3 E': Earth Drain
B 6 g |R11-3, R25, F3, P6,1295 m -{ 5.5 o ¢ (2% .12x:’ 2 Nos, Parallel
. |p8, P10, P14, P16 1.0 P07 1.83 x 0.92(Upper widih)
o~ : L - ¥ (Depth)
s L1 (Bottom width) P
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9.2 Disburéemenf Programme

- 0n the basis of the construction schedule and cost estimates as
developed prebibusiy, a reasonable disbursement programme including
both construction and maintenance cosfs over the 5 years span of the
first phase drainage implementation progfammé 1s made as shown in
Table 9.5. The disbursement prbgraﬁme for the construction works
includes those.césts of detailed engineering design, supervisional
works for‘construction, construction of trunk and secondary drains
énd bund alignments, conﬂingency allowance and land acquisition for
bund. At starting the Project in 1981, the detailed.engineering
design is required prior to the commencement of the construction’
wo?ks. The cost allocated in 1981 for this work is to the all design
works fof facilities required in the first phase progfamme. The
maintenance costs include payroll for the étaff required in the works,

cost of'cleaning and desilting wvorks and repairing cost for facilities.
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CHAPTER 0
FINANClAL CONSIDERATION

10.1 Required Capital

The capital costs required for the prOpoeed dralnage constructlon
to be 1mplemented for five years from 1981 to 1985 and subeequent
malntenance/operatlon exptndltures are estlmated 1nelud1ng allowance
for prlce escalatlon assumed at 8 percent per annum as shown in Table
10.1 -'10.4. Such costs estimation are broken down largely to three
categorles of works each related to trunk draln, secondary draln and
bund allgnment to indicate the substance of the required fund for the

project.

10.2 Source of Fund

_ As 1nd1cated in the Table 10. l the substantial portlon of the con-—
‘struction cost is related to the trunk dralns equlvalent to. approxi-
mately 80 pereent of the total cost and this mlght be borne by MPKS
which is to be responsible to undertakekthe project implementation as.
proposed in "Institutional Study.Report' (Volume VI). Tt may
therefore necessary for HPKS to ensure the requlred fund and
establlsh an annual dlsburbement programme prlor to the prOJect

1mplementatlon.

The various funds for the public utilitieslworks are nornally'
consldered to be financed by the income from general taxation of the
public office boncerned.supplemented by subsidies or loans from federal
and/or state goverament or by revenue eolleetlon from the benef1c1ar1e5'
of such utllltles. Such fundlng arrangement is, however, dependent on
the neture of the ﬁorks and financial capablllty_of executive agency.
The drainage construction and improvement works are normally considered

for improvement'of environmental sanitation of the community as a whole
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by way of" mitigation of floods and elimination of general nuisance
whlch are caused by natural phenonmna stch as stormwater runcffs. The
tax payers normally regards such dralnage works as public services to
be undertaken by the government. funds and such funds are to be prov:ded
from the governments of dlffelent level out of their general revenues

as_implementetion programme of national development plan.

Table lG 4 shows progected statement of receipts and expendltures
of MPKS for proposed dralnage constructlon and malntenance. MPKS is
to receive a loan from the federal government for capltal works under
the condltlon now avallable in the country. No operatlng revenues
are 1neluded in the statement since MPKS$ has not found it feasible to
levey direct charges on benef1c1ar1es of dralnage services. MPKS is
propoeed to cover the coste of the services by geneéral tax revenues
of 5 percent to the property tax in accordance with the provisions of

the deai Government Act.

_ According to the table, deficit is expected after 1986 and there-
: after. However accumulated cash surplus from 1981 to 1985 can cover
such deficit upto 1991. In order to cover expected expenditures after

1991, MPKS is expected to prepare fund to recover such deficit.

It is noted in the amnual report of State Budget for 1979 that
State Government recelved ‘subsidy amountlng to M$ 13 million from the
Federal Geovernment ‘and approx1mately M$ 4 million was allocated to
drainage eotivities._ It is therefore reeommended tnat a_certain
arrangement be made between the State Government and the Federal
Treasury to finance the'egreed amount of fund for the project in a

form of annuel elioeation to MPKS.
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CHAPTER 11
BENEFITS

11.1 Anticipated_Benefits

Proper’ construction and operaLlon of dralnage systems are expected
to result in certain types of benefits towards inhabltants of the areas
concerned. These benefits 1nc1ude ‘either quantlflable or nonmquantlfla—

ble benefits as follows:

(a)  Reduction of flood damage
(b) Improvemﬁnt of Public Health and Convenience of Community

(c) Increase of Land Value

The items above are discussed in the following sections.

11.2 Recognition and Measurement of Benefits
11.2.1 Reduction of Flood Damage

On urban area, local'flooding can and does cause considerable
nuisance and hardship tb those affected, which can be alleviated by
proper remedial work on the drainage system The impléméntatibn of
such works ﬁill result in considerable benefit to the communi ty at
large, in terms of public road and private properties becoming flood
free, and aléo, in a more significant bepefit, on the'living conditien
of people whose houses and business premises are previously flood - '

prone.

‘The quantifiable benefit expected by preventing flooding is
equivalent to the amount of damages due to thé flood. In the absence
of data concerning flood damages the quantity of benefit is not figured.

However, it should be kept in mind that the expenditure ﬁo recover
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flood damage is the recurrent cost upon residents or the municipality
and will increase unless flood relief measures are undertaken, whereas
initial investment with comparatively small amount of Fund for operative

and maintenance. will be sufficient for preventibn'of the floodings.

11.2.2 Improvement of Public Health and Convenience of Community

Beneflts under this item can be understood éasily when situations -
in which certain area is Ilooded and all kinds of waste water including
sullage, human excreta-end discharge from industfy; are mixed each

other spreading coliforms, disease germs and toxic materials.

It is generellj‘fecoghized through ébundant experiences in the
past that after flooding the cases of waterborne disease increase.
Together with that of the sewerage system, contribution of the drainage
system to publie.health improvement can be expected te be &efy signi-
'fiCant espec1ally in areas where people depend on bucket system and

pit privies for dlsposal of excreta.

11.2.3 Increase of Land Value

With the prov1510n of infrastructure lncludlng drainage system,
development programme, for both publlc and prlvate sectors, w1ll be
greatly stlmulated and land values 1ncreased The value added to the
land tends to equal oY exceed the prorated share of the total 1nvesL—

ment 1nvolved.

The added land value will be major economic benefit which will
stimulate larger scale of financial transaction, and will cause
additlonal source of taxatlon for the revenue in favour of the

government agenc1es concerned
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11.3 Benefits Justification

As has already been described in the previous paragraph, majof
pdrtion of the benefits by the drainage iﬁprbveﬁeht is hardly quantiw
fiabie in monetarf terms. Nevertheless, there will no doubt be high
SOCiai benefits if the pfojebt is completed because the system will
make significant floodfree land for further development, upgrade fhé

existing 1iving environment, and also contribute to.improving the

inconvenience of the community life.
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ANNEX A
PUMPING STATION AND RESERVOIR

1.  General

In providing an adequate drainage system for the Study Afea, puﬁp—
ing station and reservoir are required to drain off the runoff when
~ the volume of the runoff exceeds the storage capacities of drains.
The proﬁision of these facilities shall be incorporate system together
| -with installation of the outlet gate. 1In order to select the most =
suitable pumping station and reservoir, foilowing'coﬁprehénéive_étudﬁ'
is made including selection of types of pump, and determination of
the reasonable capacities of pump and reservoir to be apﬁlied for the

drainage system.

2. Selection of Pump Type

For selection of theidrainage pump, two types of pump namely
centrifugal and screw pump are tOnsideréd and studied with due
attention to their advantages and disadvantages as the drainage ?ump
to be appiied_tn the Study Area iﬁcluding characteristics of the operat-
ing.COHHitions'and construction, and operation and mainténance costs

to be required,

2.1 Construction, and Operation and Maintenance Costs

2.1.1 Construction Cost

Using the typical structure of each:tyPe"of pﬁmping station as
proposed in Figures A.1 and A.Z, conStrhction'cOSts are estimated
based on the basic costs described in Table 8.1 of'Cﬁapter 8, The
estimated constiuction costs -are expteésed in cost function curves

for easy reference. The costs reflected by cost function curves



include civil works, plumbing, mechanical equipment and other miscel-

laneous items.

Iﬁ:déveloPing the cost function éurves, fouf different capacities
of 60‘m3/miﬁ, 240 m3/min; 420 m3/min and 600 m3/miﬁ are consldered and
their constru#tion costs for each of pumping statlon are made.as.
summarized in Table A.1 with the cost function curves pfesented in

Figure A.3.

Table Al Lonstructlon Costs of Each Pumping Station
by Different Capacity

{at 1979 Price Level, M$1, 600)

i-‘_‘—— i \ .
Tl Capacit} 60 m3/min - 240 m3/min 420'm3/min 600 m3/min
Types of Pump ““““«‘_ﬁﬁ . . i
Centrifugal Pump 1,056 1,789 - 2,407 . 3,861
Screw Pump 1,242 2,455l " 3,300 5,310

2.1.2 Operation and Maintenance Costs

Operation and maintenance. costs are also eStimated by use of the
cost function curves. In developing the function curves, following

assumption is made;

(1) Fiequency of operation is 15 tiﬁes_a'year in working of per

3 hours.

(2) .Heavy 01l used for diesel engine is calculated in the

following equatiom.

= 0.44 x Hp x N
where V : Requlred heavy oil (gal/hou1)
| CHp : Horsepower of engine
N . : Numher of pump-
0.44: Constant



(3) "Unit cost of heavy o0il is M$1.8/gal -

(4)  Three operators are requlred at the pumping station with

three working shifts.

(5) Wage of operator is M$800/month

(6) Repairing and replacement costs of equipment are to be.

1 percent of capital cost of civil works and 2 percent of

‘mechanical equipments.

On the basis of the above assumption, the operation and maintenance

costs of each type of pumping station in terms of the four different

capacities as in the estimation of construction cost are estimated as

shown in Table A.2. Using these results, cost function ‘curves are

then developed as presented in Figure A.4.

Table A,2 0 & M Costs of Each Pumping Station by Different Capacity

Type of Pump

T~—.__Capacity

Item._‘\‘“‘*ﬂaaﬂ_

(at 1979 Price Level, M$1,000)
60m3/min 240m3/min  420m3/min  600m3/min

Wage 28.8 28.8 . 28.8 . 28.8
Centrifugal Heavy 0il 3.6 12.8 20,0 29.9
Pump Repair & Repla- : o _ _
cement 15.5 26,0 41.4 68.3
Total 47.9 67.6  90.2, 127.0
Wage 28.8 1 28.8  28.8 28,8
Heavy 0il 3.6 14.3 - 26.6 46,5
Screw Pump Repair & Repla- _ .
cement 21.5 36.7 49.3 79.4
Total 53.9 . 79.8 104.7 154.7




7.2 Comparison and Recommendation on- Drainage Pump

Although, screw pump is generally Simplé, easy to overhauling and
maintenance.works and éomparatively-free from corrosion even operation
is in 1ow.speéd revolution, the screw pump is essentially high construc~
tion cost to be reguired as shown in Table A.l, in comparison with the
centrifugal pump. From the cost comparison, centrifugal pump are -thus
recommended as the. drainage pump in‘the_Study Area., The advantages
of the centrifugal pump especially axial flow pumps are applied to

the wide range of head Fluctuations, and free from cavitations in pumﬁ.

3. Reservolr

:The reservoir-incdrpbrated with the pumping station is the most
considerable measure to reduce the expenditure reﬁuired for the
drainage system to drain off the rumoff. In'determining the desiraﬁle
capacity of fhe reserveir, various sizes of reservoir are considered
on fhe basis of the design volume of stormwater runoff discharging
from each catchmeqt afea delineated in the actual design works, and
compared in selection of the most adequate capaéitj of reservoir
.together with the pumping cépacity.‘ Details are presented.in the

succeeding section.

For the study, cost estimates are qudired. The.estimated costs
are to those_capacitieé varying from 500 w3 to 150,000'm.3 uéing the
tyéical struéture as ﬁreéented in Figure A.5, and baéic cost described
previously.’ Those coéts are expressed by cost function curve as

presented in Figure A.G.
4. Case_Stﬁdy for Pumﬁing Station and Reservoir

" In the study on selection of "Alternative Routes of Trunk Drain"

as reference in section 7.1, Chapter 7 of this report, three sets of

A-4



pumping station and reservoir are required by the alternative consi-
deration. In this conditions, the capacity vequired for the reservoir
for each case are computed by use of the inflow hydrograph curves
developed as presented in Figﬁre A.7. Parameters of three case used

in this study are summarized in Table A.3.

Table A.3 Parameters Used for Case Study'.

X Flow ° Composite
Alternative Item %Ei?_ IntzznT;me time Runoff
o ' {min.) Coefficient
Alternative 1| Case 1| 295 7 80 0.61
Case 2 239 7 - 80 0.56
Alternative 2 - -
Case 3 56 _7 17 : 0.84

Using the above inflow hydrograph curves, the estimated storage
capacity of reservoir by alternative pump capacity for each case is

summarized as shown in Table A.4.

Table A.4 Combinations of Pump and Reservoir

Alternative Case Pump gapécity Storage gapacity
- . : {m3 /min.) (m?)

60 151,000

Alternative 1 Case 1 120 127,000

180 108,000

60 110,000

Case 2 120 83,000

: 180 67,000
Alternative 2

: 60 31,000

Case 3 120 ' 20,000

180 15,000




- For each cases referred in the above Table, the total construc—
‘tion costs of pumﬁing station ‘and reserveir inélhding land acquisiltion
cost are estimatéd'as shown in Table A.5, and compared for determination
of the most desifable-éapécity of reservoir together with the pﬁmping

capacity,

Accdrding'to Master Plan proposals prepared by SPID, practical
size of storage pohd is to be not more than 2 percent of the total
area concerned by the éyétem, so that same ratio is applied for
determination of the reservoir:capacity. The recommended pump and
reserﬁoir capacipiés for each alternative cases are presented in

Table A.5 with indication of the under linme.
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FIGURE A -1
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FIGURE A-2 -

PUMPING STATION (Screw Pump )
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FIGURE A4
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FIGURE A - 6
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ANNEX B
FRONTE JACKING METHOD

1. Generél

“The "Fronte Jacking Method" is the unique method of tunnelling
without the application of opén-cut me thod or pipe jacking method.
The types of structures which can.be used by this method are steel
pipes, concrete pipes, steel segments, reinforced concrete boxes,
H-type steel I-type steel etc. The diameters of pipes used by this
method are ranged from ¢150 mm to $3,500 mm and the lengths from 20.0 m
to 100.0 m. Also, box~type reinforced concrete structures of various
eizes (width=1.5 m, height 2.0 m, léngth=15.0 n of small size to
width=21.0, height=10.0 m, 1’en'gt_h.=30.0 m of giant type) have been
aﬁplied by this method. . This method, even in case of the soft grqund,
can manifest‘tremendOus force without need of ground reaction, by using

the reciprocal pulling system.

2. Advantage of the Method

(1) HNo féar of eéarth sinking ot earth depression.
(2) There is no pipe buckling comparing to the other drive method.
(3) For the construction, there is no subsidy of either ‘chemical
grouting, or well point, or freeziﬁg dpefatiohsf
(4) -There is no need of reaction wall, even in soft ground
conditions. .
(5) " Large underpass beneath thin earth-covering rallway can be
éonstruét'safely'with this methoﬂ'Bf using piﬁe—roofing and
- guide-rail systeﬁ.' _ ‘ '
{6) Law cost of pulling materials because of its siﬁpliéity.‘

(7) Works can be arranged safely, economically and répidly.



3. Kind of the Method
(1) OneHside—puiling Method

~ Set pulling jack device to one side of the pre—-arranged
pulling material, and to the opposite side fasten the structure.
Then ‘pull forwardly in one direction. Reaction force is received
fronﬁthe ground. This méthod is ﬁsed to pull pipes or cother small

type structures.

ONE-SIDE-PULLING SYSTEM

Pulling direction

Fronte-~jack Precast segment
Reaction wall

BLIND-TYPE ONE-SIDE PULLING : SEMI-BLIND-TYPE PULLING

3rd stage:—Casing removal
-Pipe pulling and
earth consolidating

P

_ by cutting—-edge Fronte-jack - . . Pipe
,/ﬂnxnl__\ g ) J p
150t . _z‘ ‘\\H . T . 1
Frontgjjac%?/’ _ N 1 _ P.C. gables :
: I i : .@G- g . . : Door
7 ' 9

Blind cutting-edge Semi-blind cutting-edge

Pipe




(2) . Réciprocal Pulling System

Set the structures to both sides of the preuconstructed
pulling material, set pulllng Jack device to the structiure of
one side, fasten cone to the structure of another slde. By .
reciprocally taking reaction force'from the opposite structure,
the structure are:puiled reciprocaily.‘ This method is used for

constructlons of giant- type structures which need tremendous

force.

RECIPROCAL-PUiLING SYSTEM

'Fronte-jacks - l
11ling directions

P PR T S T N ey WD e bl PG s S ”3/7/7

¢ - 13 [ R = A
o S
( /// PIAPS [P Pt

‘ Precast _ ' : l '

Precast
segment segment
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4. Pipe-roofing and Guide-rail-incorporated Box~-type Underpass—pulling
System

Under thin earth-covering railway, build horizontal roof-like
structure with a nunber of pipes by arranging them is one row and
inserting them transversally to the thin earth-covering railtrack.
(this operation may be done_ﬁy_machine or by manpower.) At 10 to 30
em below the pipes, dispose the upper slab of the box-type underpass,
the main underpass is mounted on the guidEHrails'constrﬁcted through
the small headings éxcavated‘duriug advéncé work. The lower slab of
the underpass will slide on these guide—rails. It is a safe and
practical method of pulling wide underpass straight along any

inclination direction under thin earth-covering railway.

TYPES.OF EARTH-COVERING PiPE'ROOFING AND GUIﬁE RAIL

UNDERPASSES INCORPORATED PULLING SYSTEM
Pipe-roof _ '
upper guard Cross—-sectional view
Abutment— ulling and friction #318
_ B . cutter Pipe roof 31
Ehr-i! Lo~ Steel L=48m S66tubes)
Footwa;T$ Pgie -
Roadway

_ Jack—packlng
Sheebrmmwros et/

piles ew g] llm

By laying beam
Pile on the boxes,
train can run

while pulling - Temporary reinforcement -
ggigggiif operation wall :
& undergoes. ( Reference on next page )
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